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Abstract 

Earth’s appearance is the result of the dynamic interplay of endogenic (i.e., deep-rooted) 

and exogenic (i.e., surface) processes, which leave their fingerprint in the detrital mineral 

record. Therefore, clastic detritus can be used to reconstruct formative controls on ancient 

landscapes and their development over space and time through both geological and climatic 

processes. Arguably, the most widespread approach to establish source-to-sink relationships in 

clastic detritus is detrital zircon U-Pb geochronology. However, a growing body of literature 

suggests that zircon-centric studies have some intrinsic limitations related to both 

methodological and geological controls (i.e., experience bias). 

This thesis presents approaches to mitigate sources of bias in detrital zircon 

geochronology in the context of source-to-sink studies and heavy mineral sand deposits. From 

a methodological view, statistically robust results are important for detrital geochronology, 

since most studies employ statistical tests that are sensitive to the relative abundance of age 

modes. Findings of this research suggest that representative age distributions can be obtained 

using bulk-mounting techniques, whereas conventional sample preparation methods (i.e., 

handpicking) have significant operator-induced selection bias, which may limit what geological 

conclusions can be reached in studies using such approaches. Results of this work further imply 

that geological bias, inherent to detrital zircon datasets, can be mitigated through integration 

with other minerals (e.g., rutile) and different tracers (e.g., trace elements, Lu-Hf isotope 

geochemistry). Furthermore, novel tools to understand intermediate geological histories of 

detrital zircon, including sediment storage and sediment recycling, are presented. Novel tools 

include the use of radiation damage (α-dose) of zircon that allows for determining the degree 

of progressive sediment recycling and/or transport in modern and ancient sedimentary systems. 

Additionally, it is shown that xenotime outgrowths can survive sedimentary transport processes, 

which contrasts with conventional wisdom on the topic. These observations demonstrate that 

transported xenotime outgrowths are suitable as a new target for sedimentary provenance 

analysis. The geochronological and geochemical study of xenotime outgrowths on detrital 

zircon can refine source-to-sink reconstructions, and may be key in the understanding of the 

timescales of sediment storage and recycling processes. 

Moreover, this thesis presents two case studies demonstrating the range of processes 

archived within sediments, over much of the lifespan of our planet. Firstly, time constrained 

detrital zircon Hf isotope data is interpreted in the context of an ancient 4.0-3.8 Ga crustal 

nuclei, which experienced multiple episodes of crustal reworking, eventually supporting crustal 

growth in SW Australia. Secondly, (U-Th)/He analysis of iron oxides from the Jacinth-

Ambrosia heavy mineral sand deposit (Nullarbor Plain) suggests induration development at 2.7-

2.4 Ma. This age is consistent with formation in response to the global Plio-Pleistocene climate 

change, suggesting ferruginous indurations in heavy mineral deposits may be an excellent tracer 

of landscape evolution. Moreover, the direct dating of continental response to climatic shifts 

has direct implications for biogeographic models and their response to aridity.  
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Chapter 1 

1 Introduction 

‘Making the connection between […] the forces shaping present -day erosional and 

depositional landscapes and the long-term historical record — requires integration and 

ingenuity. If successful, we may indeed “see a world in a grain of sand” as the poet 

William Blake suggested.’ (Allen, 2008). 

Sediments are the natural repository of Earth’s evolution and archive the denuded remains 

of past landscapes (Figure 1-1). Fortunately, sedimentary rocks are relatively abundant in the 

accessible rock record (Blatt and Jones, 1975), so it is no surprise that the detrital record has 

been targeted to address some of the most intriguing questions in Earth history (Section 1.1). 

Importantly, detrital minerals can be used as a tool to fingerprint geological processes in their 

source terranes (Cawood et al., 2012). Hence, grains of sand often provide a more complete 

understanding of Earth’s evolution than crystalline rocks that may have limited exposure or 

preservation potential, impeding direct or representative sampling (Pepper et al., 2016). 

Sedimentary detritus captures a broad range of processes including those related to changes in 

mantle composition (Barham et al., 2019) and tectonic processes shaping orogens (Zhang et al., 

2019), but also records shallow crustal processes such as volcanic eruptions (Barham et al., 

2016). Just as astonishing are the timescales studied through the lens of detrital minerals, 

ranging from the formation of crust during the Hadean (Wilde et al., 2001) to currently active 

sediment transport pathways (Garzanti et al., 2018). Ultimately, the detrital record remains 

unmatched in its potential to reconstruct the highly dynamic geological history of our planet 

through time and space. 

The use of detrital mineral grains to study Earth’s geological history is an insightful yet 

challenging task. Broadly speaking, the detrital record is subject to a natural sampling bias. For 

instance, labile phases are less likely to survive during sedimentary processes (Morton and 

Hallsworth, 1999) and hence, resilient phases such as zircon became the main target to study 

the detrital record. Moreover, physical processes such as hydraulic sorting may significantly 

modify sedimentary compositions (Garzanti et al., 2009). Therefore, bulk sediment approaches 

(e.g., thin section analysis or whole rock geochemistry) are less reliable to understand 

sedimentary systems that suffered hydraulic sorting (e.g., heavy mineral-rich sands). In 

principle, single-grain studies (i.e., studies only analysing a single mineral phase) should 

mitigate effects of such biases as differential behaviour during weathering and/or sorting is 
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assumed to be negligible (von Eynatten and Dunkl, 2012). The most widely used approach in 

single-grain sedimentary provenance analysis is detrital zircon geochronology (>1000 papers 

per year based on Google Scholar results for "detrital zircon geochronology"). However, several 

researchers have demonstrated significant bias using zircon in single-mineral studies, which 

consequently highlights some limitations with this mineral in provenance studies (Sircombe 

and Stern, 2002; Malusà et al., 2013; O’Sullivan et al., 2016; Markwitz et al., 2017; Andersen 

et al., 2019; Barham et al., 2021; Cantine et al., 2021; Zutterkirch et al., 2021). 

Zircon is an accessory mineral that primarily occurs in intermediate and felsic rocks, i.e., 

zircon can only test for a predictable fraction of source rock lithologies, so it is no surprise that 

mafic lithologies are only marginally recorded in the detrital zircon record (Malkowski et al., 

2019). Similarly, rocks that have high Zr concentrations (broadly equating to elevated zircon 

fertility) will be overrepresented (Moecher and Samson, 2006) using zircon as a provenance 

tool. Also, zircon typically forms during magmatic or high-temperature metamorphic processes, 

and hence rarely records low- or medium- temperature processes using the U-Pb system. Thus, 

it is inevitable that zircon is a poor tracer of magma-poor orogens (O’Sullivan et al., 2016), 

perhaps even missing entire orogenic cycles (Krippner and Bahlburg, 2013). Also, in contrast 

to the commonly assumed negligible effect of grain sorting can be misleading, as different grain 

sizes classes may record distinct ages modes (Lawrence et al., 2011; Malusà et al., 2016). 

Moreover, zircon’s famous resilience creates a significant issue, as zircon grains can survive 

several sedimentary cycles (Section 1.2). This means that once zircon is in a sedimentary system 

it remains within that system through numerous transportation and deposition steps, which is 

problematic, as multi-cycle zircon can hamper the interpretation of the detrital zircon record 

(Barham et al., 2021). Consequently, such mineral-specific limitations obscure the geological 

information retained in the study of detrital zircon alone. 

The impact of geological biases of zircon (but also other minerals) can be exacerbated by 

methodological biases (cf. Chew et al., 2020). Although certain methodological biases can be 

mitigated by careful sample preparation or generally a reduction of sample handling, other 

issues remain important using existing methods. As of now, there is no standard workflow 

considering mineral preparation, i.e., different laboratories using different techniques and 

instruments to obtain their mineral separates. Error-prone preparation steps are expected to be 

those largely controlled by human operators. For instance, grains for detrital zircon U-Pb 

analysis are commonly selected using handpicking aiming for representative selection of grains. 

However, there is a clear risk of human-induced selection bias supported by findings based on 

artificially rounded grain population (Sláma and Košler, 2012). Moreover, analytical 
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procedures can bias grain distributions towards larger grains (and/or isotopic domains). 

Specifically, spot size for in situ laser ablation studies (typically 25-50 μm for U-Pb analysis of 

zircon) may exclude small grains from analysis. This limitation can become a significant 

influence on age distributions of detrital minerals if different age-components within a sample 

have distinct grain sizes (e.g., Figure 5 in Moecher and Samson, 2006). Similarly, most core-

rim zonation’s of zircon grains retain important provenance information (Zimmermann et al., 

2018), but are not resolvable as rims are usually only a few micrometres in size. The combined 

examples necessitate improvement of the methods used in detrital geochronology to avoid 

artificial bias into a record that is already prone to geological biases. 

Sedimentary provenance analysis strives for a complete reconstruction of the processes 

responsible for the observed characteristics of sediments (von Eynatten and Dunkl, 2012). This 

inverse approach includes understanding the formation conditions of minerals in the source area 

(e.g., crystallization from a melt), the processes generating the sediment (e.g., uplift and 

erosion), the physical and chemical alteration during transport and deposition, and the post-

depositional and diagenetic overprinting. In many cases, the ultimate source of sediments, i.e., 

the crystalline basement, can be constrained quite well using geochronological or geochemical 

measures of similarity to crystalline basement (e.g., U-Pb zircon). However, the intermediate 

part of the geological history of detrital grains (i.e., any processes between source and sink) is 

arguably the most challenging period to resolve yet may be critical to refine source-to-sink 

interpretations. This issue is well exemplified through the presence of multi-cycle detritus 

obscuring provenance interpretation (Meinhold et al., 2011). Robust source-to-sink 

relationships rely on discrimination of (i) first-cycle sands that are directly sourced from the 

crystalline basement and experienced a simple transportation history and (ii) multi-cycle sands 

derived from the erosion of sediments (i.e., sediment recycling) that typically have more 

complex intermediate grain histories. Determining these two very distinct possibilities has 

significant geological meaning, both for provenance and crust evolution interpretations 

(Andersen et al., 2016). Consequently, identification of intermediate processes within 

sedimentary systems is critical in holistic source-to-sink reconstructions, which may be very 

important for heavy mineral sand exploration (Section 1.3), where upgrading is directly related 

to the degree of sediment recycling (Hamilton, 1995).  
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1.1 The detrital record 

The past two decades experienced an almost explosive interest around in situ analysis of 

detrital minerals encouraged by the broader availabilities of ion probes and especially laser 

ablation systems (Spencer et al., 2016). The most prominent detrital mineral to study geological 

processes through time is zircon (Fedo et al., 2003). Zircon’s popularity originates from its 

resilient character during mechanical and chemical alteration, ultimately protecting a wealth of 

geological information recorded in the zircon grain’s composition. Despite being a robust U-

Pb geochronometer allowing the accurate constraint of high-temperature geological events 

(Kinny et al., 1988), zircons Hf isotopic composition is a powerful tracer of crust-mantle 

differentiation and has become a key tool to unravel Earth’s crustal evolution in absence of 

other information, e.g., during early Earth (Kemp et al., 2010; Kirkland et al., 2021). Integration 

with other isotopic systems in zircon, such as O isotopes that monitor melt sources (Valley et 

al., 2005) allows zircon to effectively capture dynamic changes in Earth’s system, such as the 

emergence of subaerial continents (Spencer et al., 2019). Low-temperature processes of detrital 

zircon can be traced using (U-Th)/He thermochronology (Reiners, 2005; Huber et al., 2018). 

With a He closure temperature of around 180 °C (Reiners et al., 2004), He isotopes are 

important to understand burial and uplift of detrital zircon grains, which is particularly 

advantageous in combination with U-Pb dating (Rahl et al., 2003; Evans et al., 2015), as it can 

uniquely distinguish a volcanic zircon component within any sediment (Barham et al., 2019). 

Moreover, trace elements of zircons are a well-established proxy of magmatic formation 

environment, e.g., magmatic and metamorphic zircon grains usually show distinct trace element 

patterns (Hoskin and Ireland, 2000; Verdel et al., 2021). Even zircon grain shapes hold 

significant promise as a provenance tool (Resentini et al., 2018; Makuluni et al., 2019; 

Markwitz et al., 2019). Collectively, the variety of techniques that can be applied to individual 

grains of zircon makes detrital zircon the gold standard in sedimentary provenance analysis. 
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Figure 1-1: Examples of the wealth of information hidden in the detrital record. (A) A heavy mineral 

rich beach near Black Point in southwest Australia that is an archive of Earth history. (B) From top 

to bottom: The global detrital zircon Hf isotope record (Puetz and Condie, 2019), the global detrital 

zircon O isotope record (Spencer et al., 2022), the global detrital rutile U-Pb record (Pereira et al., 

2021). 

Additional insights into sedimentary systems can be gained through the integration of 

different techniques using a single mineral (e.g., U-Pb, Lu-Hf, (U-Th)/He; e.g., Kirkland et al., 

2020), the pairing of minerals that reflect distinct formation environments (e.g., Rösel et al., 

2014), or a combination of both (e.g., Gaschnig, 2019). Fortunately, there are several more 

detrital mineral phases other than zircon holding valuable provenance information, including 

but not limited to rutile (e.g., Pereira et al., 2020), apatite (e.g., O'Sullivan and Chew, 2020), 

monazite (e.g., Zotto et al., 2020). Rutile has a wide range of possible applications using 

different geochemical and geochronological measures (cf. Meinhold, 2010) and U-Pb ages can 

fingerprint tectonic settings and are sensitive to recent metamorphic events in the source area 

(Pereira et al., 2020). Apatite forms in a wide range of conditions, and integration of age dating 
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and geochemistry can thus be effectively used to discriminate source rock lithologies 

(O'Sullivan et al., 2018). Less often applied compared to rutile and apatite, monazite is a 

promising phase to address provenance of metamorphic sources and to constrain crustal 

evolution histories of source areas (Mulder and Cawood, 2021). Generally, favourable 

combinations of minerals are those recording distinct formation environments (von Eynatten 

and Dunkl, 2012), such as zircon and rutile that are typically sourced from magmatic and 

metamorphic rocks, respectively. Although recent work suggests the importance of other 

mineral phases to mitigate bias in detrital zircon geochronology, the study of such alternative 

mineral systems is relatively recent, and zircon remains unrivalled in its use in provenance 

studies. Ultimately, mineral-specific limitations clearly demonstrate the demand of additional 

tools to better understand complexities of sedimentary systems. 

1.2 The importance of sediment recycling 

A long-standing problem in sedimentary provenance analysis is ‘the evaluation of the 

abundance of detritus of first-cycle as opposed to polycyclic origin’ (Blatt, 1967). Blatt also 

noted a scarcity of ‘tools or data with which to make this distinction exist’ – a comment that 

remains legitimate today as it was more than half a century ago. Identification and 

quantification of sediment recycling continue to be notoriously challenging yet are crucial to 

the interpretation of source-to-sink systems, which is also implied by observations from modern 

sedimentary systems. Here, clastic sediment routing systems (e.g., rivers and longshore 

systems) show protracted and complex sediment transportation histories often comprising 

transient sediment storage with lag times in the range of millions of years (Garzanti et al., 2018; 

Fülöp et al., 2020; Michal, 2022). 
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Figure 1-2: Simplified concept of the influence of sediment recycling (storage, burial, and uplift) on 

the detrital zircon age distribution. (A) Following erosion from crystalline basement rocks(first-cycle) 

zircon are transported and (B) deposited in a transient sediment storage. This intermediate unit may 

‘store’ the detritus for a considerable amount of time prior (C) uplift and recurrence of erosion (multi-

cycle). (D) If sedimentary systems are dominated by such recycling processes, zircon ages of first- and 

multi-cycle origin are indistinguishable, which can hamper provenance interpretations. 

The demand of new approaches and tools to address sediment recycling is well 

exemplified by U-Pb geochronology of detrital zircon in the context of source-to-sink studies 

(e.g., Meinhold et al., 2011). Typically, we understand the U-Pb age of a detrital zircon as the 

crystallization age of the ultimate source rock that hosted the zircon (Gehrels, 2011). Hence, it 

can be tempting to interpret the age to reflect a primary signal of the geological history of the 

crystalline part of the source area (i.e., assuming the corresponding zircon grain has been eroded 

from freshly exhumed bedrock). However, without further information other than the U-Pb age, 

this interpretation remains ambiguous (Garzanti and Andò, 2019). There is a comparable (or 

perhaps much higher) likelihood that this ultrastable zircon grain derives from a sedimentary 

source that reflects an entirely different, perhaps ancient, sediment routing system, which 

received the zircon from a distal or exotic source (Figure 1-2). Therefore, the individual U-Pb 

age becomes meaningless to understand the immediate source area of the depositional system 

it has been sampled from. 

In the geological record, a well-studied example are the multicyclic detrital zircon grains 

derived from Grenville-aged rocks present in sedimentary successions throughout former 

Laurentia (Moecher and Samson, 2006; Potter-McIntyre et al., 2018; Moecher et al., 2019; 

Zotto et al., 2020). Here, high zircon fertility and multiple episodes of sediment recycling are 

proposed to explain the dominance of Greenville-derived detrital zircon. Importantly, 

Grenville-derived zircon grains appear in sedimentary strata that show no evidence for a 

sedimentary connection to actual Grenville-aged rocks (Zotto et al., 2020). In lack of other 
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proxies suggesting a multi-cycle origin, such relationships remain unnoticed and may result in 

misleading paleogeographic reconstructions. Several ideas have been proposed to address the 

degree of sediment recycling (Moecher et al., 2019; Auchter et al., 2020; Zotto et al., 2020; 

Barham et al., 2021). If present, labile phases (e.g., feldspar) can be assumed to represent first-

cycle detritus and can provide complementary insights to ultrastable phases such as zircon 

(Tyrrell et al., 2007; Barham et al., 2021). Zotto et al. (2020) suggested that mineral phases 

forming during intermediate sediment storage (e.g., diagenetic monazite) can provide proof of 

sediment recycling. Additionally, it has been shown that zircon compositions (such as U 

concentrations) can differ significantly between source and sink, e.g., Musgrave Province 

zircon grains (source) show high U concentrations compared to low U concentrations in detrital 

zircon in the Amadeus Basin (sink) (Markwitz and Kirkland, 2018). Such differences suggests 

that intrinsic zircon characteristics may be altered during sedimentary processes (e.g., 

transportation) and can be employed to improve source-to-sink reconstructions. Collectively, 

integration of a broad spectra of proxies hosted in the detrital record is expected to lead to an 

improved understanding of sediment storage and recycling to allow deciphering of a unique 

archive of Earth’s geological history. 

1.3 Heavy mineral sands 

The basic understanding of the genesis of heavy mineral deposits has remained 

unchanged for several decades (Baxter, 1977; van Gosen et al., 2014). Enrichment of detrital, 

highly resistant heavy minerals (density > 2.85 g cm-3) within clastic strata are defined as heavy 

mineral sands (Hamilton, 1995). Mineral abundance is the result of fertility of the catchment, 

hydrodynamics during deposition, and several upgrading processes. Heavy mineral sands can 

be found in a variety of different sedimentary facies, e.g., residual, colluvial, fluvial, glacial, 

littoral, aeolian, and marine facies (Elsner, 2010; Perks and Mudd, 2019) and accommodate a 

range of economically valuable resources. Coastal environments (e.g., beach, coastal dunes, 

marine storm deposits) host, by volume, the greatest heavy mineral sand deposits. Coastal 

placers are the primary target for exploiting Titanium (Ti)-bearing phases (e.g., rutile TiO2 and 

ilmenite FeTiO3) and zircon (ZrSiO4). Titanium feedstock is mainly required for pigment 

production (TiO2 pigment), where it is used to imbue whiteness, brightness and opacity in 

several products (e.g., paints, inks, ceramics, and paper) (Elsner, 2010; Perks and Mudd, 2019). 

Zircon, based on its opaqueness and its high resistance to heat, chemical, abrasion, in decreasing 

order of demand, is used for ceramics, refractory and foundry, chemicals, and metal making 



 

9 

(Baxter, 1977; Perks and Mudd, 2019). In Australia, key heavy mineral sand deposits are 

located in Mesozoic-Cenozoic sediments hosted in large sedimentary basins, namely the 

Canning Basin, the Perth Basin, the Eucla basin, and the Murray Basin, while some smaller 

districts can be found on the east coast of Australia (van Gosen et al., 2014).  

Other detrital placer deposits of economic interest include those containing a high 

concentration of gold (Au), diamond (C), or cassiterite (SnO2) (Minter et al., 1993; Elsner, 

2010; Phillips et al., 2018). More recently, Rare Earth Elements (REE) receive attention given 

the high numbers of material necessary to achieve the critical change into a more sustainable 

future (Goodenough et al., 2018). Here, heavy mineral sands enriched in REE-bearing 

phosphates, such as monazite (Bern et al., 2016), but also other minerals, such as garnet 

(Zirakparvar, 2022), can play an important role. For about 50 years mineral sand exploitation 

has been an important part of the Australian, and in particular the Western Australian, industry 

(Baxter, 1977). Nonetheless, there has been a significant decline in production in recent years 

(Figure 1-3A) associated with the absence of discoveries of tier 1 heavy mineral deposits 

making a rethink of exploration strategy necessary. 
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Figure 1-3: (A) Economic indicators relating to heavy mineral sands based on data from the 

Department of Mines, Industry Regulation and Safety of Western Australia. (B) A photograph of an 

actively mined heavy mineral sand deposit (Cataby; Perth Basin) provided by Iluka Resources. The 

lower part of the photograph shows intercalated layers of black material (heavy minerals) and beige 

material (light minerals) that have been separated based on their contrasting size, density, and shape 

(selective entrainment). 

Source rock lithology is a fundamental control on the mineral assemblage of a heavy 

mineral deposit. Igneous and metamorphic rocks are the primary source of heavy minerals. For 

instance, high-grade metamorphic rocks are believed to be the primary source of Ti-bearing 

minerals (Force, 1991). Additional contributions of heavy minerals may be derived from the 

erosion of intermediate sedimentary sequences (van Gosen et al., 2014). Climate conditions 

govern weathering and therefore play a key role in liberating single grains to be made available 

for denudation, as well as the persistence of minerals once liberated (Morton and Hallsworth, 

1999). Tectonic processes influence both source rock(s) composition and topography, and 
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hence, have a significant impact on the final composition of the heavy mineral assemblage and 

sediment transport, respectively (e.g., Olierook et al., 2019). For instance, Hou et al. (2008) 

suggested differential vertical movement in the Eucla Basin, related to dynamic topographic 

tilting of the Australian continent, established localized recycling of coastal sediments 

enhancing formation of heavy mineral deposits significantly. Another key element of the 

formation of heavy mineral deposits is the depositional environment, i.e., the energy regime, 

which allows efficient enrichment of heavy minerals. Most deposits share similar sedimentary 

facies related to energy disturbance traps along former shorelines. These sediments are exposed 

to reworking due to fluctuating sea levels. Heavy mineral deposits in littoral settings are located 

in “deltas, the beach face, the shoreface, barrier islands, dunes, and tidal lagoons” (van Gosen 

et al., 2014). These highly energetic and dynamic environments favour the separation of light 

and heavy minerals based on their different densities. Beach sediments that are subject to 

continuous wave action (e.g., swash zone) will form lamellae structures (intercalation of heavy 

(usually dark) and light (bright) minerals; Figure 1-3B). This is based on the reduction of energy 

of the transporting medium, i.e., the energy of the wave flowing back can only remobilise light 

minerals, and remaining heavy minerals form lag deposits (Elsner, 2010). As a function of the 

energy of the depositional setting, deposits will show different properties. For instance, wave-

dominated coasts are subject to winnowing of finer deposits (Porter-Smith et al., 2004), which 

contributes to the observation that strandline placers are rather coarse grained, linear, high 

grade, and low-volume, while off-shore placers are often fine-grained, sheet-like, low-grade, 

and high-volume (Perks and Mudd, 2019). Collectively, there are a number of deeper 

regionally-active geological controls that align with more local trap mechanisms to develop 

economic heavy mineral sand deposits, with substantial similarities recognised between 

titanium-zirconium (Ti-Zr) heavy mineral placers at a global level (Hamilton, 1995). Ti-Zr 

heavy mineral placers (i) often occur in trailing continental margins, (ii) are frequently hosted 

in coastal plains overlying Mesozoic sediments, (iii) are characterized by an escarpment 

separating the hinterland from the coastal plain, and (iv) their hinterland is composed of 

Precambrian rocks. In addition, Hamilton (1995) identified intermediate storage as a crucial 

factor regarding upgrading of heavy mineral occurrence, and that preservation is commonly 

related to dynamic climatic changes (i.e., glacial and interglacial cycles). Deposits may be 

covered during marine transgression, which is the most efficient means of preservation (Baxter, 

1977; Hamilton, 1995). Furthermore, post-depositional weathering can upgrade deposit quality, 

e.g., alteration of ilmenite to leucoxene (Mücke and Bhadra Chaudhuri, 1991). 
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In many cases, essential features of heavy mineral deposits have been presented, but they 

rarely have been tested nor quantified. Particularly challenging there are yet few tools that allow 

for (i) identifying intermediate sources nor (ii) quantify the degree of recycled sediments. The 

latter may allow to directly measure an upgrading of heavy mineral abundances, a key 

parameter of the deposit quality. 

1.4 Study areas 

This thesis focuses on different areas within Australia that are prospective for heavy 

mineral sands (Figure 1-4) and attempts to contextualise the study of heavy mineral deposits 

with observations derived from regional sedimentary systems. Therefore, most studies use 

sample material from mineralized horizons (i.e., heavy mineral sand deposits) in combination 

with unmineralized sediments (background). The first study area (Chapter 2-4), the Scott 

Coastal Plain covers ca. 1000 km2 of southwest Australia and consists of siliciclastic sands that 

unconformably overly the Perth Basin (Baddock, 1995). The Scott Coastal Plain has reported 

heavy mineral sand deposits of economic relevance (Baxter, 1977) but is not actively mined. 

The second study area is part of the vast intracratonic Canning Basin in northwest Australia 

(Chapter 5-6). Both chapters focus on the depositional system and its sediment routing system 

of the Thunderbird heavy mineral sand deposit that is hosted in the Lower Cretaceous Broome 

Sandstone. This site is the oldest known heavy mineral sand deposit (Boyd and Teakle, 2016) 

and contains fluvio-deltaic sediments renowned for their diverse dinosaurian ichnofauna, 

significant for the understanding of paleoecology during supercontinent dispersal (Salisbury et 

al., 2016). The third study area (Chapter 7) is restricted to the world-class heavy mineral sand 

mine Jacinth-Ambrosia located in the western Eucla Basin. Here, sediment recycling and 

longshore transport processes have upgraded heavy mineral concentrations (Gartmair et al., 

2021) forming Earth’s largest zircon mine (Iluka Resources). The study focusses on the post-

depositional formation of ferruginous indurations and their relationship to the climatic 

evolution of the Eucla Basin. Detailed descriptions of the geological background of each study 

area are provided in the specific chapters. 
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Figure 1-4: Schematic overview of study areas of this thesis compared to the geology of mainland 

Australia. AB – Amadeus Basin; AFO – Albany-Fraser Orogen; AR – Arunta region; DO – Delamerian 

Orogen; GC – Gawler Craton; HCO – Halls Creek Orogen; KR – Kimberley region; LO – Lachlan 

Orogen; MP – Musgrave Province; NEO – New England Orogen; OB – Officer Basin; TO – Thomson 

Orogen; PC – Pilbara Craton; RP – Rudall Province; WMO – Wunaamin Miliwundi Orogen; YC – 

Yilgarn Craton. 

1.5 Objectives of this thesis 

The objectives of this thesis are as follows: 

• Test appropriate mineral preparation techniques to obtain robust age distributions 

allowing statistical comparison 

• Characterize and identify source area(s), reconstruct sediment routing systems including 

associated intermediate storage areas of important heavy mineral sand deposits 

• Utilize a multi-mineral approach (zircon, rutile, xenotime) to address provenance of 

heavy mineral sands and test new provenance tools to reconstruct intermediate 

sediment storage and sediment recycling  

• Target authigenic mineral phases of heavy mineral sand deposits to obtain temporal 

constraints of (post-)depositional processes 
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1.6 Thesis structure 

This thesis comprises eight chapters of which six are substantial chapters that address the 

outlined objectives (1.5). Chapter 2-5 are published in peer-reviewed international journals, 

while Chapter 6 and 7 are under review as of the time of writing. 

 

Chapter 2. Every zircon deserves a date: selection bias in detrital geochronology 

compares conventional mineral selection (handpicking) and bulk-mounting to study an 

important (and potentially common) methodological bias during sample preparation. Results 

suggest that a human-induced selection bias during handpicking can impact the detrital zircon 

age distribution significantly. Therefore, these findings demonstrate that bulk-mounting 

techniques should be the preferred method to obtain statistically robust (i.e., representative) age 

distributions, paramount for the statistical comparison of detrital populations. A partial 

correction for this handpicking bias was proposed on the basis of grain colour. 

 

Chapter 3. Gaining from loss: Detrital zircon source-normalized α-dose 

discriminates first- versus multi-cycle grain histories tests the use of radiation damage of 

detrital zircon (α-dose) to address the degree of sediment recycling within any sample. This 

study shows that the α-dose of detrital zircon can be a powerful tool to discriminate first- and 

multi-cycle grain populations, which is critical to accurately reconstruct sedimentary systems 

using detrital mineral geochronology. Thus, this approach provides a means to measure the 

influence of progressive sediment recycling and/or transport on the detrital zircon cargo, helpful 

to refine provenance models. Importantly, sediment recycling directly relates to the upgrading 

of heavy mineral concentrations suggesting α-dose may play a valuable role for the exploration 

of heavy mineral sands. 

 

Chapter 4. A persistent Hadean-Eoarchean protocrust in the western Yilgarn 

Craton, Western Australia utilizes Lu-Hf data of detrital zircon from the Scott Coastal Plain 

to unravel the formation of the earliest crustal nuclei in southwest Australia. Here, time 

constrained Hf data suggest that source fractionation occurred during a 4.0-3.8 Ga period of 

extensive crust formation. This ancient crust may have been subject to widespread crustal 

reworking based on the occurrence of strongly unradiogenic Hf signatures within Hf mixing 

arrays occurring in the Yilgarn Craton and conjugate terranes. Interestingly, similar trends are 
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found in other areas hosting Archean crust globally hinting at a secular change in crustal 

formation. 

 

Chapter 5. Reorganization of continent-scale sediment routing based on detrital 

zircon and rutile multi-proxy analysis explores the sediment dispersal during the Early 

Cretaceous in NW Australia. The work integrates geochronological and geochemical data of 

the accessory phases’ zircon and rutile extracted from the Broome Sandstone in the Canning 

Basin. Results of multi-proxy analysis suggest a large-scale sediment routing system with 

headwaters in central Australia. The data are further implying that central Australia may have 

been an important drainage divide during the Early Cretaceous. Also, sediment dispersal after 

and during separation from India and Antarctica, respectively, appears to be established on a 

template inherited by the pre-existing Gondwanan drainage system. Furthermore, this work 

highlights the importance of multi-proxy analysis to deconvolve complex source-to-sink 

relationships. 

 

Chapter 6. Older than they look: recycled xenotime outgrowths on detrital zircon 

reports on geochronological and geochemical data from xenotime outgrowths on detrital zircon 

from the Broome Sandstone (Canning Basin) in NW Australia. The collected data imply that 

xenotime outgrowths have been transported in tandem with their detrital zircon substrate, which 

is in stark contrast to the conventional interpretation of xenotime outgrowths, assumed to be 

too labile to survive sedimentary transport. Therefore, the results suggest that the application 

of xenotime outgrowth to date authigenic processes should include careful evaluation of other 

proxies. Furthermore, this chapters discusses the potential of xenotime outgrowths to capture 

intermediate stages of source-to-sink processes, namely sediment storage and sediment 

recycling, which are important to approach holistic provenance interpretations. 

 

Chapter 7. Directly dating Plio-Pleistocene climate change in the terrestrial record 

aims to temporally constrain aridification in the terrestrial realm, which is notoriously 

challenging due to scarcity of well dateable terrestrial products of aridification. Here, we 

present results of (U-Th)/He analysis of goethite from ferruginous indurations from the world-

class zircon mine Jacinth-Ambrosia in the eastern Eucla Basin in southern Australia. Integration 

with mineralogical and geochemical examination implies formation in response to the 

decreasing availability of mobile water (e.g., groundwater) and a change of redox conditions. 

The age data correlates the formation of the ferruginous indurations to the Plio-Pleistocene 
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transition that recorded a global shift from humid to arid conditions. The presented results are 

indicating that ferruginous indurations provide a suitable candidate to better understand 

continental paleoclimate and hence, to temporally anchor changes of biogeographic patterns. 
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Chapter 2 

2 Every zircon deserves a date: selection bias in detrital 

geochronology 

This chapter is published as: 

Dröllner, M., Barham, M., Kirkland, C.L., and Ware, B., 2021, Every zircon deserves a date: 

selection bias in detrital geochronology: Geological Magazine, v. 158, no. 6, p. 1135–1142, 

doi: 10.1017/S0016756821000145. 

(Minor post-publication changes and clarifications have been made based on examiner 

comments) 

Abstract 

 Detrital zircon geochronology can help address stratigraphic to lithospheric scale 

geological questions. The approach is reliant on statistically robust, representative age 

distributions that fingerprint source areas. However, there is a range of biases that may influence 

any detrital age signature. Despite being a fundamental and controllable source of bias, 

handpicking of zircon grains has received surprisingly little attention. Here, we show 

statistically significant differences in age distributions between bulk-mounted and handpicked 

fractions from an unconsolidated heavy mineral sand deposit. Although there is no significant 

size difference between bulk-mounted and handpicked grains, there are significant differences 

in their aspect ratio, circularity, and colour, which indicate inadvertent preferential visual 

selection of euhedral and coloured zircon grains. Grain colour comparisons between dated and 

bulk zircon fractions help quantify bias. Bulk-mounting is the preferred method to avoid human 

induced selection bias in detrital zircon geochronology. 
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2.1 Introduction 

Detrital zircon (DZ) U-Pb geochronology is a powerful tool in deciphering Earth’s 

sedimentary archive, able to answer a myriad of research questions, including, sediment transfer 

(e.g., Luo et al., 2014), maximum depositional ages (e.g., Nelson, 2001), tectonomagmatic 

processes (e.g., Wotzlaw et al., 2011), paleogeographic correlations (e.g., Samson et al., 2005), 

or crustal evolution (e.g., Amelin et al., 1999). According to Fedo et al. (2003), we can 

distinguish between two strategies in DZ geochronology: (i) qualitative analysis that strives for 

representation of every age mode within the detrital record, regardless of their relative 

abundance (e.g., Gehrels and Ross, 1998) and (ii) quantitative analysis that endeavours to obtain 

representative age distributions (e.g., Li et al., 2019), or a combination of both strategies (e.g., 

McWilliams et al., 2010). Although sound reasons exist to carry out qualitative analysis, the 

advent of high-n acquisition techniques (e.g., Pullen et al., 2014) and readily available statistical 

tools (e.g., Sircombe and Hazelton, 2004) have certainly provoked a shift towards quantitative 

analysis as the preferred approach during the last 10-15 years, allowing for quantifiable 

similarities among different geological domains. Quantifying relationships between samples 

makes use of the relative abundance of age modes (e.g., Nie et al., 2018), which is often 

facilitated using statistical assessment to maintain objectivity (e.g., Vermeesch, 2013). 

The underlying assumption for a geologically meaningful interpretation of inter-sample 

comparison of DZ age distributions is that the analysed samples are a true reflection of the 

sediment sampled, and that this can be used as a proxy of the whole deposit and the relative 

proportion of crystalline rocks in the source region. However, this foundational assumption 

may be undermined by a number of biases that can be simplified to those associated with (i) 

geological processes, and (ii) methodological approaches (Chew et al., 2020; Figure 2-1). 

Intrinsic biases are inherent to geological processes, for instance variations in mineral fertility 

(e.g., Moecher and Samson, 2006), variable erosion rates (e.g., Spencer et al., 2017), 

sedimentary sorting effects (e.g., Lawrence et al., 2011), or selective upgrading, such as 

removal of metamict grains during transport (e.g., Markwitz and Kirkland, 2018). Several 

studies have highlighted the necessity to quantify methodological limitations in DZ 

geochronology data sets to allow robust interpretations (e.g., Ibañez-Mejia et al., 2018). 

Methodological biases can be divided into analytical biases and biases induced during sample 

processing. While substantial efforts have been made to establish a common practice for 

analytical procedures (e.g., Garzanti et al., 2018) and data processing for in-situ U-Pb analysis 

(Košler et al., 2013; Horstwood et al., 2016; Spencer et al., 2016), less agreement exists in 
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workflows and equipment used for zircon separation between laboratories. Mineral processing 

procedures have significant potential for introducing systematic biases (Sláma and Košler, 

2012; Chew et al., 2020). Any systematic bias that alters the true proportions of age modes, 

inevitably enhances risk of erroneous interpretation based on statistical inter-sample 

comparison. 

Figure 2-1. Simplified overview of sources of bias in detrital zircon geochronology. Biases may be 

intrinsic to laboratory procedures (methodological bias) or may be a function of the zircon material 

itself and its geological environment (geological bias). 

Chew et al. (2020) reviewed biases in single-grain provenance analysis and concluded 

that preferential operator-selection of certain mineral populations was responsible for selective 

bias during handpicking. However, mineral handpicking, conceivably the part of zircon 

separation most likely affected by human induced selection bias, has not received much 

consideration in the literature. Although automated mineral mapping may reduce the need for 

handpicking (e.g., Hrstka et al., 2018; Lünsdorf et al., 2019), handpicking remains the most 

used mounting technique applied in DZ geochronology (Gaudette et al., 1981; Sláma and 

Košler, 2012; Supplementary Figure 2-1). Handpicking may have some benefits in some fields 
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of geochronology, for example where more pristine volcanic crystals may lead to more precise 

crystallization age determination, and improve maximum depositional age constraint. 

Nonetheless, because zircon shape and colour is known to vary with geological history and 

composition (e.g., Markwitz and Kirkland, 2018), different age modes will likely be 

characterized by different grain characteristics that could influence their selection in any DZ 

study. This study provides the first evidence of preferential selection bias (based on grain shape 

and colour) induced during handpicking in a natural sample. Consequently, this work highlights 

a significant methodological pitfall concerning the use of relative age peaks in DZ U-Pb 

geochronology. 

Figure 2-2. Geological map of the Scott Coastal Plain in Western Australia. Red rectangle on inset 

indicates study area. GB001 indicates the Governor Broome heavy mineral sand deposit used in this 

study. 

2.2 Geological setting 

The Scott Coastal Plain (Figure 2-2) represents a suitable area to evaluate selection bias 

in DZ. The area has a well-understood crystalline basement with distinct age modes, grain shape 

and colour variability (Makuluni et al., 2019). The plain is a piedmont alluvial surface 

comprising strandlines with heavy mineral sand deposits of economic significance (Baxter, 

1977). The succession of siliciclastic coastal sediments unconformably overlies Paleozoic and 

Mesozoic strata of the Perth Basin and is bordered by the Neoproterozoic-Paleozoic Pinjarra 
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Orogen, the Proterozoic Albany-Fraser Orogen, and overlies the Archean Yilgarn Craton 

(Baddock, 1995). 

The South West Terrane of the Archean Yilgarn Craton contains Meso-Neoarchean 

zircons with a predominant age mode at ~2700-2600 Ma (Mole et al., 2019). The Albany-Fraser 

Orogen reflects the Proterozoic modification of the Yilgarn Craton and records key 

tectonomagmatic events at 1710-1650 Ma, 1345-1260 Ma, and 1215-1140 Ma (Kirkland et al., 

2011). The Leeuwin Complex is one of the few inliers of the Pinjarra Orogen and comprises 

age modes at ~1100-1000 Ma, ~750 Ma, and ~520 Ma (Collins, 2003; Fitzsimons, 2003). 

2.3 Methods 

This study was motivated by the observation of a significant discrepancy between age 

spectra of bulk-mounted and handpicked subsamples (the two most commonly employed grain 

mounting techniques; Supplementary Figure 2-1) of heavy mineral concentrates from the 

unconsolidated Governor Broome heavy mineral sand deposit (34° 15' 21'' S, 115° 24' 24'' E). 

In this work, no experimental design to test selection bias existed a priori, i.e., age data were 

primarily acquired during conventional zircon U-Pb geochronology sessions for the purpose of 

sedimentary provenance analysis. The 53-1000 µm grain size fraction underwent separation 

using a liquid with a density of 2.96 g/cm3 and isodynamic magnetic separation resulting in a 

zircon-dominated mineral separate permitting selection of the widest possible range of grain 

characteristics while picking zircon grains. Handpicking was performed using a stereo 

binocular microscope and needle, attempting representativeness. A representative split (coning 

and quartering) of the heavy mineral concentrate (bulk-mounted) and handpicked grains were 

affixed in the same resin mount enabling consistency for image analysis. 

DZ U-Pb geochronology was performed using laser ablation-inductively coupled plasma-

mass spectrometry (LA-ICP-MS) at Curtin University’s John de Laeter Centre (Perth, 

Australia). Full details of the sample preparation and U-Pb geochronology procedure are 

provided in the Appendix (Supplementary Table 2-1, Supplementary Table 2-2). 

Grain shape and colour analyses were performed for concordant measurements (i.e., 

measurements intercepting Concordia) on transmitted light images (Supplementary Material S3 

online at http://journals.cambridge.org/geo) acquired after geochronological measurements 

using an automated Zeiss AXIO Imager M2m microscope system. Grain shape analysis was 

conducted in ImageJ (Abramoff et al., 2004). To facilitate colour comparison of the two 

populations the numbers of colours were simplified to 14 RGB-values determined by the 

http://journals.cambridge.org/geo
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ImageJ plugin ‘Color Inspector 3D’ (using histogram mode). Frequencies of these indexed 

colours were calculated for individual grains using a Python script. To assess relative colour 

difference between grains, we use the sum of these colour frequencies, omitting rim artifacts 

(R40,G40,B40; ~dark-grey) and background resin transmission (R128,G128,B128; ~grey), 

labelled Σ Colour [%]. 

Figure 2-3. Results of DZ U-Pb geochronology. (A) Normalized Kernel density estimates for bulk-

mounted and handpicked populations. Arrows show different age modes used in this study and pie 

charts visualize fraction of age modes in the two populations. P=Phanerozoic. (B) Cumulative age 

distribution and metrics to diagnose similarity in inter-sample comparison. 

2.4 Results 

229 concordant DZ ages range from the Paleoarchean to early Phanerozoic. Bulk-

mounted (n=concordant analyses/all analyses=149/221) and handpicked (n=80/177) 

populations show polymodal age distributions with varying intensities of major age modes at 

~630-510 Ma (% bulk-mounted/% handpicked=13/3), ~760-640 Ma (39/14), ~1110-900 Ma 

(15/3), ~1300-1150 Ma (13/35), ~1800-1500 Ma (3/15), and ~2750-2500 Ma (11/25) (Figure 

2-3, Supplementary Table 2-3). 

The two populations show no significant difference in grain areas (Figure 2-4A, 

Supplementary Table 2-4); individual bulk-mounted grains range from 5706 to 18605 μm2 

(9540[mean]±2389[SD] μm2) compared to 4983 to 25435 μm2 (9295±2815 μm2) for 

handpicked grains. In contrast, the aspect ratio shows significant differences between the two 

populations ranging from 1.03 to 3.47 (1.54±0.43) for bulk-mounted grains compared to 1.12 

to 4.49 (1.97±0.60) for handpicked grains (Figure 2-4B). Similarly, grain circularity 

(4π*Area/Perimeter2; 1=a perfect circle) indicates distinguishable populations. Bulk-mounted 

grains range from 0.52 to 0.89 (0.74±0.07) compared to 0.38 to 0.86 (0.70±0.09) for handpicked 
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grains. Principal Component Analysis (clustering visualization amongst multivariate data) 

based on grain shape parameters shows bulk-mounted and handpicked populations form partial 

overlapping clusters and indicate aspect ratio is a primary characteristic defining differences 

between the populations (Figure 2-4C). 

Σ Colour (high values=colourful grains) of bulk-mounted grains ranges from 6.02 to 

20.45 % (12.36±2.92 %) compared to 7.50 to 33.49 % for handpicked grains (16.08±6.05 %, 

Figure 2-4D, Supplementary Table 2-5). The handpicked population features higher skewness 

of Σ Colour than the bulk-mounted population (0.85 compared to 0.26). The Shapiro-Wilk test 

for normality rejects the null hypothesis that the handpicked population is normally distributed 

(p-value < 0.05). 

Figure 2-4. Results of grain characteristics. (A) Area (IQR=Interquartile range) and (B) Aspect ratio 

of bulk-mounted (blue) and handpicked (red) populations. (C) Principal Component Analysis of bulk-

mounted and handpicked populations. Principal Component 1 and 2 have variance values of 62.37% 

and 32.88%, respectively. (D) Colour histogram of bulk-mounted (blue) and handpicked (red) 

populations. 
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2.5 Discussion 

2.5.1 Provenance 

To facilitate comparison, DZ ages are grouped into naturally occurring age modes in the 

study area (Supplementary Table 2-6). Age modes 630-510 Ma, 760-640 Ma, and 1100-900 

Ma can be linked to the proximal Leeuwin Complex (Pinjarra Orogen). Ages within 1300-1150 

Ma and 1800-1500 Ma intervals are most likely derived from the Albany-Fraser Orogen, and 

ages between 2750 and 2500 Ma are likely sourced from the Yilgarn Craton. Hence, all age 

modes can be readily correlated to proximal crystalline sources and their former east Gondwana 

equivalents, in accordance with regional sedimentary rocks (i.e., Perth Basin) that show similar 

original source areas (Olierook et al., 2019). Consequently, we interpret the sediment was 

derived from reworking of local sediments and primary basement erosion. 

2.5.2 Handpicking induced sampling bias 

The qualitative interpretation of sedimentary provenance (i.e., identification of source 

regions) is only marginally different between bulk-mounted and handpicked populations 

(similarity coefficient of ~0.79). However, commonly used population comparison metrics that 

are more sensitive to the relative abundance of age modes (Kolmogorov-Smirnov and Kuiper 

tests) suggest the bulk-mounted and hand-picked subsamples are statistically distinguishable, 

which contradicts their true relationship (Figure 2-3B). Our data suggest handpicking of zircon 

separates can produce a biased (i.e., non-random) zircon population. Any subsequent statistical 

evaluation comparing the handpicked population to a reference age distribution may lose 

geological meaning. 
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Figure 2-5. Comparison of bulk-mounted and handpicked population for the four major age modes. 

Upper row shows schematic drawings of the average grain based on length of major and minor axis, 

circularity, and Σ Colour. Lower row displays transmitted light images of representative zircon grains 

based on average aspect ratio and Σ Colour of their population. 

We correlate the sampling bias of age modes to preferential selection of more euhedral 

and more colourful zircon grains (Figure 2-5). In contrast to the size-control picking bias for 

synthetic zircon populations proposed by Sláma and Košler (2012), we cannot resolve 

significant difference between the grain size (here area) of bulk-mounted and handpicked 

zircons for our natural sample. However, results of artificially rounded (air-abrasion) zircons 

displaying ‘spherical or near-spherical shape’ (Sláma and Košler, 2012) cannot be readily 

compared to the natural counterpart used in this work as the latter are expected to exhibit more 

natural complexity, e.g., primary crystal morphologies. Thus, use of synthetic samples are 

likely incapable of fully unravelling controls of potential handpicking bias as it can diminish 

naturally existing sources of bias during handpicking. Non-random sampling during 

handpicking of a natural sample is most prominent in the aspect ratio among grain shape 

parameters. The median aspect ratio of the handpicked population intersects the bulk-mounted 

population above its 75th percentile (Figure 2-4A), and aspect ratio accounts for substantial 

variance between bulk-mounted and handpicked populations based on Principal Component 

Analysis. Hence, we interpret a significant preference for euhedral (high aspect ratio) grain 

shapes. Similarly, differences in the colour frequencies, e.g., non-normal distribution of the 

handpicked population (skewed towards more colourful zircons) compared to the normally 

distributed bulk-mounted population, and the significant higher abundance of coloured grains 

in the handpicked subsample, are interpreted as preferential selection of coloured grains (Figure 

2-4D). These interpretations are consistent with Visual Object Recognition models stressing 
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the role of shape (Biederman, 1987) as well as colour (Bramão et al., 2011). Hence, zircon 

grains showing features of higher visibility or stereotypical appearance (e.g., euhedral grain 

surfaces or colour), are more readily perceived and thus can become overrepresented during 

operator selection. 

Figure 2-6. Comparison of bulk-mounted-normalized aspect ratio and colour for major age modes. 

Relative bias indicates relative offset to bulk-mounted population and is calculated as (fraction of age 

mode handpicked)-(fraction of age mode bulk-mounted)/(fraction of age mode bulk-mounted)*100. 

The bubble size scales with fraction of age mode in the handpicked population. Error bars are 1SD. 

Variations in grain characteristics are correlated with changes in the proportion of age 

modes. In this study, the oldest age mode grains (AFO.1, AFO.2, and YG) are overrepresented 

in the handpicked subsample. Overrepresented age mode grains in the handpicked fraction 

show higher aspect ratios (mean of 1.95) and a higher proportion of coloured grains (~17 %) 

relative to the bulk-mounted subsample, while the younger age mode LC.2 lacks significant 

colour difference to its bulk-mounted equivalent (~12 %) and is underrepresented (Figure 2-6). 

While grain shapes can become extensively modified during transport, grain colour remains 

more faithful to its origin. The ability to quantify the dissimilarity in colour between bulk-

mounted and handpicked zircon fractions thus provides a means to constrain the magnitude of 

selection bias and potentially address its influence on the DZ age fingerprint. We used the 

colour difference between the bulk-mounted zircon population and handpicked zircon grains to 

measure bias derived from preferential selection of coloured grains (Figure 2-7). Adjusting the 

proportions of age modes in the handpicked sample according to the calculated colour bias 

improved overall similarity (Calculation of colour bias, Supplementary Table 2-7). 

Nonetheless, persistence of significant differences compared to the bulk-mounted age 

distribution remains and is attributed to a complex interplay of grain characteristics controlling 

grain selection, as well as non-unique age-mode grain colour relationships. Regardless, 
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capturing the relative colour differences between bulk-mounted and measured handpicked 

zircons can identify the presence and magnitude of bias. 

Results presented in this study cast doubt on the often assumed randomness of handpicked 

age distributions used for inter-sample comparison. Although handpicking may be a preferred 

approach when targeting specific populations (e.g., to constrain the maximum depositional age) 

or to capture every age mode of the detrital record (e.g., detection of minor DZ population(s) 

that are diluted by dominant DZ population(s) from extremely fertile source rocks; Moecher 

and Samson, 2006), studies interested in representative age distributions should whenever 

possible avoid handpicking. Not only individual studies and those referring to them, but also 

studies making use of the global detrital record, will be positively impacted in terms of 

statistical robustness by omitting a potential source of bias. Increasing numbers of publications 

relating to global compilations of DZ as a tracer of the Earth’s crustal dynamics (e.g., Reimink 

et al., 2021) are inevitably incorporating original bias into their interpretation, potentially 

impairing this powerful approach. These findings also demonstrate that documenting grain 

mounting techniques is imperative for reliable inter-sample comparison. 

Selection bias in DZ geochronology is an ultimate function of variability among zircon 

shapes and colours, as well as zircon concentration of the mineral separate. Lower concentration 

of zircons and more uniform characteristics might reduce the chance of inducing sampling bias 

during handpicking. Analytical conditions of this work are consistent with the vast majority of 

published DZ studies, i.e., single hand-picking operator and small to medium n [sample size] 

of analysed zircons. Following the calculation of Vermeesch (2004) 149 and 80 (concordant) 

grains means no fraction of the population comprising more than 0.041 and 0.068, respectively, 

is missed at the 95% confidence level. Therefore, the examined number of grains are sufficient 

to characterise the zircon cargo of the parent population. Hence, we conclude these results are 

a valid reflection of possible bias relevant in most DZ studies interested in statistical inter-

sample comparison. Consequently, we argue that the use of automated mineral mapping to 

target analysis of bulk-mounted grains offers important advantages in decreasing sample-

treatment induced bias and improves robustness of DZ data. 
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Figure 2-7. Assessing the degree of bias. (A) Colour histogram of bulk-mounted (blue) and handpicked 

(red) populations used to calculate the adjustment of age modes. (B) Σ Colour distribution for major 

age modes of the handpicked population. For details and calculation see the discussion, the Appendix, 

and Supplementary Table 2-7. 

2.6 Conclusions 

Handpicking of DZ from a natural sample produced a statistically different age 

distribution compared to bulk-mounting of the same material. This bias would considerably 

impact subsequent statistical evaluation if unrecognized. Significant variation of grain shape 

and colour suggests preferential manual selection of euhedral and coloured grains. Thus, 

assessing discrepancy between bulk-mounted and handpicked zircons can be used to evaluate 

the degree of representativeness of handpicked grains. These results highlight the importance 

of minimizing sample handling steps whenever practicable. Zircon bulk-mounting is the 

preferred approach for DZ geochronology studies reliant on representative age distributions. 
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2.8 Appendix 

Supplementary Figure 2-1: Compilation of mounting techniques in recent publications (n=100). 

Studies using handpicking are significantly more numerous than those employing bulk-mounting (68 

handpicking versus 7 bulk-mounting). The first 100 publications presenting new detrital zircon 

geochronology data listed in Google Scholar using “detrital zircon geochronology” as the search term 

from 2020 have been manually evaluated regarding the applied mounting technique. 

2.8.1 U-Pb geochronology 

The 53-1000 µm grain size fraction underwent heavy liquid separation at 2.96 g/cm3 and 

isodynamic magnetic separation resulting in a zircon-dominated mineral separate. Coning and 

quartering was performed to maintain representativeness of the zircon separate. One aliquot 

was used for handpicking, another for bulk mounting. Handpicking was performed using a 

binocular stereo microscope and a needle to transfer zircon grains from a glass petri dish onto 

sticky tape. The handpicking operator was attempting to sample a representative zircon 

population and has no diagnosed colour vision deficiency. Bulk mounting was done on the same 

mount, ensuring consistency of the resin medium for imaging. Zircon grains were embedded in 

epoxy resin in a 25 mm diameter mount and polished to maximise exposure of the grains 

mounted. To avoid mixtures of age components cathodoluminescence imaging using a Tescan 

Clara FESEM (Czech Republic) was performed before analysis. Both, bulk-mounted and 

handpicked grain populations contained mostly zircon grains (estimated at >95%) that were 

identified based on backscattered electron and cathodoluminescence response. Zircon grains 

were analysed by laser ablation-inductively coupled plasma-mass spectrometry (LA-ICP-MS) 

at Curtin University’s John de Laeter Centre (Perth, Australia). Sample preparation (including 

handpicking) and geochronological analysis (including spot placement) were conducted by two 

independent operators. The majority of both the handpicked and bulk-mounted zircon grains 

(approximately 80 % and 70 %, respectively) were analysed. Remaining grains usually did not 

allow spot placement within single growth domains, or avoiding fractures and/or inclusions. 

Handpicking 

Bulk-mounting 

No information provided 
n=100 
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Analysing the majority of zircon grains and having spot placement undertaken by the same 

operator for handpicked and bulk-mounted grains precludes analytical bias between 

populations related to operator selection. 

An excimer laser (RESOlution LR 193 nm ArF) was used with a laser fluence of 4.5 J 

cm−2 and repetition rate of 5 Hz for ~ 30 s of analysis time and 20 s of background capture. 

Two cleaning pulses preceded all analyses. The sample cell was flushed by ultrahigh purity He 

(341 mL min−1) and N2 (3.6 mL min−1) and ablations were 30.0 µm circular spots. The U-Pb 

isotope analyses were acquired using a sector field ICP-MS ELEMENT XR 

(ThermoScientific). Prior to each analytical session, a line scan ablation of the NIST612 glass 

was used to tune instrument adjusting settings to obtain a high intensity, stable signal, and low 

oxide rates (232Th16O/232Th, 0.05 %). Measurements of masses 202Hg, 204Pb, 206Pb, 207Pb, 232Th, 

and 238U were performed in low resolution mode using electrostatic scanning (e-scan, i.e., peak 

jumping) from a set magnet mass at 202Hg. In the low-resolution mode of a magnetic sector 

field ICP-MS large, flat peak tops and fast electronic scanning from a locked magnet position 

enable an improved measurement of the peak signal intensity by allowing multiple sampling of 

the peak tops across the peak. Time resolved intensity data were acquired in a pulse-counting 

detection mode for mass 202Hg and using the ELEMENT XR’s triple detection mode for the 

remaining masses, 204Pb, 206 Pb, 207Pb, 232Th, and 238U. Due to low abundance, and because a 

more precise 207Pb/235U ratio can be calculated from the 207Pb/206Pb and 206Pb/238U ratios and 

the natural abundance of 238U/235U, 235U was not analysed. Interference of 204Hg from the carrier 

gas on 204Pb was quantified by monitoring 202Hg (the most abundant Hg isotope and contains 

no major interferences). As total 204Pb counts were low for concordant analyses, no common 

Pb correction is deemed necessary. Operating parameters for both the ICPMS and laser 

instruments can be found in Supplementary Table 2-1. 

Data reduction was performed using iolite4 (Paton et al., 2011). 91500 zircon 

(Wiedenbeck et al., 1995) was used as the primary reference material. Secondary reference 

materials GJ1 (Jackson et al., 2004), and Plešovice (Sláma et al., 2008) were measured as 

unknowns at regular intervals to allow confirmation of precision and accuracy. Results of 

reference materials are listed in Supplementary Table 2-2. External reproducibility was 

obtained from the GJ1 reference. Ages are quoted at 2σ absolute uncertainty.  

To avoid arbitrary discordance filters, we only use concordant ages as defined where the 

two-sigma error ellipse intercepts the Concordia curve. Additionally, to avoid changing 

between different ratios for age calculation, and to make optimum use of both U/Pb and Pb/Pb 

ratios, Concordia ages are used in all calculations. Statistics for U-Pb ages were performed 
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using DZstats (Saylor and Sundell, 2016). Statistics for grain shape and colour analyses were 

performed using PAST4.03 (Hammer et al., 2001). Zircon age spectra are visualized as kernel 

density estimates and cumulative age distributions using the IsoplotR software (Vermeesch, 

2018). 

2.8.2 Calculation of colour bias 

We test a partial correction calculation based on the discrepancy of colour (here: Σ Colour 

[%]) between bulk-mounted and handpicked population. The difference in colour populations 

can be visualized and quantified using histogram binning of Σ Colour (Figure 2-7A). Grains 

with >18 % Σ Colour are overrepresented in the handpicked population while those with <16 

% Σ Colour are underrepresented. We calculated the ratio of the fractions ‘bulk-mounted grains 

>18 % Σ Colour’ over ‘handpicked grains >18 % Σ Colour’ to determine the degree to which 

handpicked grains of this colour need to be reduced. A ratio of 0.12 suggests reducing 

components of age modes >18 % Σ Colour by 88 %. Similarly, we perform a relative addition 

by calculating the ratio of the fractions ‘bulk-mounted grains <16 % Σ Colour’ over 

‘handpicked grains <16 % Σ Colour’. A value of 1.48 supports increasing the components <16 

% Σ Colour of every age mode by 48%. For instance, age mode LC.2 has 0 counts >18 % Σ 

Colour and 10 counts <16 % Σ Colour resulting in subtraction of 0 counts and addition of 5 

counts, respectively. Thus, age mode LC.2 increases from 11 to 16 counts. Adjustment of the 

new age population was done by randomly adding pre-existing ages or discarding ages of the 

different age modes (bootstrapping). In total, the overrepresented age modes AFO.1, AFO.2, 

and YG reduce their relative proportions of the total population while the underrepresented age 

mode LC.2 increases its proportion. Calculated metrics of inter-sample comparison using the 

new age distribution show higher similarity. Supporting documentation of the calculation is 

provided Supplementary Table 2-7 and visualized in Figure 2-7A,B. 
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2.8.3 Data tables  

To maintain a format suitable for this thesis data tables are simplified and present the raw 

data necessary to replicate the findings of the study. All uncertainties are given as the 

standard error of the mean, unless stated otherwise. The original data tables and additional 

supplementary data can be obtained through https://doi.org/10.1017/S0016756821000145. 

 

Supplementary Table 2-1: Operating and Acquisition Parameters. 

ELEMENT XR     S-155 Resolution Laser      
Sample Gas (L/min) 0.983  Spot Size (μm) 30 
Auxiliary Gas (L/min) 0.95  Laser Energy (mJ) 4.1-4.5 

Cool Gas (L/min) 16  Repetition Rate (Hz) 5 

RF Power (W) 1254  Delay Between Analyses (s) 20 
Analysis Time 1.04 min  Gas Blank Duration (s) 20 

Runs/Passes 1250/1  Ablation Duration (s) 30 

Mass Window 4  Carrier Gas (He) Flow (mL/min) 335-340 
Integration Window 100  Carrier Gas (N2) Flow (mL/min) 3.6 

Samples/Peaks 100    
Settling Time (ms) 1    
Deadtime (ns) 13    
Mass Resolution Low    
 
Isotope 202Hg 204Pb 206Pb 207Pb 208Pb 232Th 238U 

Sample Time (ms) 1.0 2.0 1.0 4.0 1.0 1.0 1.0 

Detection Mode Counting Triple Triple Triple Triple Triple Triple 

 

Supplementary Table 2-2: Results of U-Pb zircon reference materials. 

Standard Age (Ma)* ± 2σ MSWD n 

91500 (Primary) 1063.9 2.6 0.22 41 

Published age 1062.4 0.4 Wiedenbeck et al., 1995   

GJ-1 605.3 1.2 0.74 46 
Published age 601.95 0.40 Jackson et al., 2004   

Plešovice 340.8 2.1 7.8 39 

Published age 337.13 0.37 Slama et al., 2008   
*  206Pb/238U Ages given    

 

Supplementary Table 2-3: Results of detrital zircon geochronology. 

Spot 

238U/ 
206Pb 

2σ 

% err 

207Pb/ 
206Pb 

2σ 

% err 

U 

(ppm) 

2σ 

abs err 

Th 

(ppm) 

2σ 

abs err 

Preferred 

age (Ma) 

2σ 

abs err 

bulk-mounted          

gb1 - 2 7.1633 1.45 0.0790 1.68 694 8 559 14   

gb1 - 4 5.5008 1.38 0.0725 1.94 176 2 123 1   

gb1 - 6 4.7816 1.37 0.0770 1.88 182 2 105 1   

gb1 - 8 11.2832 1.35 0.0576 1.88 675 4 77 1 546 7 

gb1 - 11 8.7026 1.81 0.0674 2.97 64 1 42 0   
gb1 - 14 10.9456 1.59 0.0618 2.65 155 2 5 0   

gb1 - 16 5.9026 1.26 0.0737 1.70 531 3 331 3 1011 11 

gb1 - 18 7.5607 1.78 0.0715 2.65 72 1 78 1   
gb1 - 19 9.0450 2.90 0.0680 4.88 41 1 84 1   

gb1 - 21 10.2930 1.86 0.0637 2.90 99 2 113 1   

gb1 - 23 2.1104 1.86 0.1785 2.13 385 7 201 7   
gb1 - 25 6.3124 1.64 0.0746 2.29 142 2 230 2   

gb1 - 27 5.4413 1.31 0.0759 1.80 287 5 112 1 1088 12 

gb1 - 28 2.1232 1.85 0.1702 1.91 677 8 98 1 2529 25 
gb1 - 30 7.0875 1.72 0.0708 2.13 229 6 160 1   

https://doi.org/10.1017/S0016756821000145
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Spot 

238U/ 
206Pb 

2σ 

% err 

207Pb/ 
206Pb 

2σ 

% err 

U 

(ppm) 

2σ 

abs err 

Th 

(ppm) 

2σ 

abs err 

Preferred 

age (Ma) 

2σ 

abs err 
gb1 - 32 9.7452 1.34 0.0736 1.79 630 9 106 2   

gb1 - 34 5.3080 1.52 0.0770 2.21 111 4 189 3 1114 15 

gb1 - 36 4.9603 1.17 0.0801 1.58 649 10 458 6 1186 12 
gb1 - 37 9.0716 1.83 0.0639 3.04 74 1 79 1 676 12 

gb1 - 39 8.5757 2.35 0.0656 4.09 33 0 32 1 713 16 

gb1 - 41 6.7960 1.87 0.0960 1.59 1358 47 459 14   
gb1 - 43 8.4874 1.75 0.0650 3.02 81 1 64 2 720 12 

gb1 - 45 4.7489 1.46 0.0819 2.07 138 3 106 3 1233 15 

gb1 - 46 8.8789 1.67 0.0635 2.62 124 2 138 3 689 11 
gb1 - 49 5.8748 1.35 0.0737 1.89 298 2 179 1 1015 12 

gb1 - 51 14.5114 2.78 0.0576 5.48 57 1 39 2 430 12 

gb1 - 53 8.6342 1.57 0.0635 2.45 172 1 196 2 707 10 
gb1 - 56 11.0148 1.28 0.0593 1.88 607 10 739 12 561 7 

gb1 - 58 9.1380 2.10 0.0648 3.08 376 10 481 9   

gb1 - 60 3.6391 1.27 0.1563 1.60 330 5 221 4   
gb1 - 62 8.7412 1.47 0.0632 2.32 202 3 160 2 699 10 

gb1 - 65 2.0288 1.16 0.1704 1.41 627 8 143 2 2572 17 

gb1 - 67 10.6163 2.65 0.0623 4.90 32 1 38 1 582 15 
gb1 - 69 8.3634 1.86 0.0630 3.11 77 1 76 1 727 13 

gb1 - 70 4.8723 1.56 0.0792 2.34 125 2 68 1 1200 16 

gb1 - 71 8.6033 1.63 0.0655 2.26 235 2 166 1   
gb1 - 72 9.6334 2.23 0.0635 3.74 134 1 96 2 639 13 

gb1 - 73 5.9303 1.77 0.0751 2.67 93 1 62 0 1010 16 
gb1 - 74 9.1232 2.55 0.0618 3.76 175 2 185 3 670 16 

gb1 - 75 5.3342 1.43 0.0744 2.10 205 2 136 2 1101 14 

gb1 - 76 5.4927 1.43 0.0743 2.04 218 2 127 1 1075 13 
gb1 - 77 9.2377 2.42 0.0613 4.16 36 1 43 1 662 15 

gb1 - 78 2.3857 1.39 0.1460 1.70 211 3 166 2 2275 20 

gb1 - 79 8.7926 1.55 0.0615 2.53 243 2 292 3 693 10 
gb1 - 80 5.3437 2.24 0.0812 3.63 35 1 42 1 1115 22 

gb1 - 81 9.2028 2.69 0.0630 4.67 44 1 93 3 666 17 

gb1 - 82 9.0566 2.48 0.0633 4.09 366 5 323 5 676 16 
gb1 - 83 7.8657 1.58 0.0681 2.27 368 26 139 5   

gb1 - 84 8.7382 1.76 0.0626 2.69 129 4 88 3 698 11 

gb1 - 85 1.9239 1.45 0.1772 1.88 63 1 69 1 2661 22 
gb1 - 86 5.3277 1.45 0.0756 2.20 147 2 173 1 1106 14 

gb1 - 87 8.1323 1.31 0.0666 1.97 377 4 394 6   

gb1 - 88 8.7418 1.39 0.0623 2.16 322 2 362 2 698 9 
gb1 - 89 6.0941 1.53 0.0745 2.22 552 3 1386 10   

gb1 - 90 9.4012 1.93 0.0632 3.27 78 1 69 1 653 12 

gb1 - 92 6.6399 1.57 0.0754 2.03 713 7 346 4   
gb1 - 93 8.1465 1.92 0.0678 3.69 157 3 76 2   

gb1 - 94 8.6497 1.46 0.0628 2.45 215 3 194 2 705 10 

gb1 - 95 9.1822 1.51 0.0621 2.44 213 2 133 2 667 9 
gb1 - 96 6.5249 1.87 0.0778 2.79 119 2 80 1   

gb1 - 97 8.6872 1.58 0.0634 2.37 200 3 111 2 703 10 

gb1 - 98 10.1497 1.62 0.0616 2.43 292 3 138 1 607 9 
gb1 - 99 1.9411 1.75 0.1855 1.87 409 4 243 2 2692 24 

gb1 - 100 8.8867 1.62 0.0645 2.58 241 2 162 1 690 10 

gb1 - 101 6.7966 1.73 0.0718 2.73 187 2 180 1   
gb1 - 102 10.1063 2.10 0.0654 3.57 70 1 42 1   

gb1 - 103 5.5592 1.37 0.0760 1.93 276 3 233 1 1069 13 

gb1 - 104 1.9604 1.37 0.1777 1.67 260 2 183 1 2643 20 
gb1 - 105 9.0515 2.02 0.0646 2.90 386 5 512 8   

gb1 - 106 8.3805 1.63 0.0677 2.75 149 4 159 6   

gb1 - 107 4.9981 1.31 0.0800 1.91 271 7 377 16 1178 13 
gb1 - 108 4.9389 1.91 0.0857 2.92 64 0 71 2   

gb1 - 109 6.8522 3.08 0.0735 4.23 32 1 28 1   

gb1 - 110 5.5737 1.79 0.0783 2.79 68 1 73 2 1071 17 
gb1 - 111 9.1371 2.72 0.0641 5.02 27 0 23 0 671 17 

gb1 - 112 8.7038 1.34 0.0640 1.91 498 6 276 4 703 9 

gb1 - 113 7.4510 1.56 0.0701 2.22 266 4 164 3   
gb1 - 114 8.4378 3.93 0.0885 4.69 46 2 45 1   

gb1 - 115 11.7380 1.37 0.0592 2.05 907 6 30 1 528 7 

gb1 - 116 11.4792 1.66 0.0588 2.72 199 5 46 3 539 9 
gb1 - 117 5.4782 1.39 0.0761 1.91 294 4 345 6 1083 13 

gb1 - 118 5.5974 1.62 0.0779 2.42 116 2 116 1   

gb1 - 119 4.9009 1.66 0.0793 2.54 88 1 103 2 1195 17 
gb1 - 120 3.7840 1.42 0.0957 1.82 267 5 155 1 1518 17 

gb1 - 121 4.9408 1.26 0.0798 1.74 416 6 338 14 1189 13 

gb1 - 122 4.7778 1.51 0.0797 2.17 146 2 91 1 1220 16 
gb1 - 123 8.8106 2.12 0.0633 3.59 54 2 58 2 694 14 

gb1 - 124 11.8457 1.53 0.0567 2.49 301 5 168 2 522 8 
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gb1 - 125 1.4893 1.29 0.2634 1.51 480 4 79 1 3282 19 

gb1 - 126 5.4476 1.47 0.0742 2.07 247 4 166 3 1082 14 

gb1 - 127 7.4090 1.79 0.0671 2.70 311 2 105 1 817 13 
gb1 - 129 11.4691 1.34 0.0563 1.92 741 11 174 3   

gb1 - 130 1.4432 1.53 0.2567 1.70 163 1 99 3   

gb1v2 - 1 8.6249 1.43 0.0628 2.01 340 6 205 4 707 9 
gb1v2 - 2 3.4347 1.46 0.1003 1.97 88 1 144 2 1642 18 

gb1v2 - 3 8.0144 1.41 0.0677 2.14 203 5 99 2   

gb1v2 - 4 5.7628 1.39 0.0734 1.80 314 2 154 2 1031 12 
gb1v2 - 5 5.4016 1.77 0.0745 2.52 107 1 183 1 1090 17 

gb1v2 - 6 4.8757 1.22 0.0773 1.53 766 10 263 4   

gb1v2 - 7 5.4399 1.37 0.0734 1.89 243 9 211 2   
gb1v2 - 8 9.1607 1.59 0.0620 2.27 375 2 561 3 668 10 

gb1v2 - 9 11.9181 2.31 0.0612 4.03 55 1 25 0   

gb1v2 - 10 9.5834 1.60 0.0610 2.56 134 2 99 2 640 10 
gb1v2 - 11 1.9079 1.48 0.1824 1.65 352 7 175 3 2691 21 

gb1v2 - 12 4.9518 1.35 0.0787 1.92 190 4 138 3 1183 14 

gb1v2 - 13 4.9276 1.37 0.0780 1.87 206 5 149 2 1184 14 
gb1v2 - 14 1.8803 1.43 0.1799 1.66 138 2 79 2   

gb1v2 - 15 8.7524 1.49 0.0629 2.10 467 9 295 7 698 10 

gb1v2 - 16 9.7468 1.25 0.0668 1.76 839 14 332 6   
gb1v2 - 17 2.0653 1.21 0.1717 1.45 405 7 188 4 2560 18 

gb1v2 - 18 9.1028 1.70 0.0636 2.68 95 2 58 1 674 11 
gb1v2 - 19 9.3694 1.52 0.0629 2.34 194 1 131 1 655 9 

gb1v2 - 20 8.7197 2.23 0.0653 3.74 37 1 59 1 702 15 

gb1v2 - 21 9.0482 1.34 0.0623 1.90 477 3 337 3 676 8 
gb1v2 - 22 8.0340 1.43 0.0658 2.05 301 5 125 1 758 10 

gb1v2 - 23 8.5707 1.44 0.0630 2.20 208 3 126 2 711 10 

gb1v2 - 24 5.1887 1.53 0.0899 1.71 465 8 415 8   
gb1v2 - 25 10.3068 1.53 0.0610 2.35 376 7 64 1 598 9 

gb1v2 - 26 3.6144 1.46 0.0982 1.79 249 3 101 1 1578 17 

gb1v2 - 27 9.7762 1.69 0.0600 2.38 201 6 83 1 627 10 
gb1v2 - 28 8.4221 2.65 0.1558 6.21 169 4 121 4   

gb1v2 - 29 4.9809 1.79 0.0785 2.70 61 1 101 2 1177 18 

gb1v2 - 30 7.7606 2.35 0.0649 3.78 44 0 35 1 781 17 
gb1v2 - 31 8.9758 1.76 0.0669 2.67 192 8 100 2   

gb1v2 - 32 8.8748 1.37 0.0623 2.03 416 8 125 3 688 9 

gb1v2 - 33 4.8124 1.42 0.0784 1.99 196 2 267 3 1208 14 
gb1v2 - 34 8.4030 1.42 0.0622 2.19 277 2 174 2 723 9 

gb1v2 - 35 1.9954 1.22 0.1744 1.50 287 4 117 5 2609 18 

gb1v2 - 36 7.2442 1.85 0.0672 2.05 291 7 148 4 835 14 
gb1v2 - 37 1.9673 1.63 0.1781 1.79 207 5 121 3 2641 23 

gb1v2 - 38 5.8513 3.53 0.0781 6.01 18 1 21 1 1025 32 

gb1v2 - 39 8.8394 1.84 0.0633 3.11 153 1 116 1 692 12 
gb1v2 - 40 11.4108 1.43 0.0589 2.17 380 5 379 4 542 7 

gb1v2 - 41 9.1912 2.95 0.0667 4.69 29 1 25 1   

gb1v2 - 42 1.9497 1.19 0.1859 1.47 482 8 228 4 2688 18 
gb1v2 - 43 8.4424 1.85 0.0658 2.85 109 4 65 2 724 12 

gb1v2 - 44 8.8458 2.20 0.0670 3.61 180 2 107 2   

gb1v2 - 45 11.1869 1.36 0.0591 1.87 790 24 169 4 552 7 
gb1v2 - 46 8.8792 2.94 0.0640 5.45 21 0 24 0 689 19 

gb1v2 - 47 10.4210 2.07 0.0581 3.17 156 2 70 1 589 11 

gb1v2 - 48 9.1185 1.70 0.0620 2.74 141 3 84 1 671 11 
gb1v2 - 49 8.6703 1.50 0.0591 2.40 188 3 124 2   

gb1v2 - 50 7.6056 2.85 0.1491 8.72 67 1 64 1   

gb1v2 - 51 8.7349 1.38 0.0586 2.10 370 7 202 3   
gb1v2 - 52 10.1942 1.62 0.0560 2.23 378 7 41 2   

gb1v2 - 53 10.0596 3.51 0.0577 6.56 16 1 13 1 609 20 

gb1v2 - 54 4.8916 1.55 0.0726 1.79 525 22 430 15   
gb1v2 - 55 10.4040 2.25 0.0588 4.12 51 1 73 1 591 13 

gb1v2 - 56 11.5923 1.25 0.0571 1.91 1402 17 133 9 532 6 

gb1v2 - 57 4.9291 1.32 0.0754 1.96 236 5 162 4   
gb1v2 - 58 10.2432 1.87 0.0594 3.19 111 2 59 1 600 11 

gb1v2 - 59 5.3961 1.33 0.0725 1.83 452 11 156 3   

gb1v2 - 60 2.3655 2.23 0.1973 2.22 75 1 69 1   
gb1v2 - 61 5.3248 1.35 0.0741 1.90 305 7 230 2   

gb1v2 - 62 6.7469 1.50 0.0846 2.41 338 2 257 4   

gb1v2 - 63 7.8671 1.55 0.1123 4.38 371 6 173 3   
gb1v2 - 64 8.7316 1.64 0.0681 3.06 161 2 248 3   

gb1v2 - 65 8.7272 1.72 0.0706 2.85 164 2 124 2   

gb1v2 - 66 8.7123 1.73 0.0630 2.98 108 2 85 2 701 11 
gb1v2 - 67 8.5516 1.69 0.0698 2.76 168 5 126 4   

gb1v2 - 68 8.3102 1.67 0.0679 2.35 223 2 130 2   
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gb1v2 - 69 8.9549 2.98 0.0675 5.12 22 0 18 0   

gb1v2 - 70 5.7162 1.50 0.0759 2.21 165 3 259 3 1044 14 

gb1v2 - 71 6.2791 2.59 0.1726 5.01 63 1 59 1   
gb1v2 - 72 8.3993 2.22 0.0635 3.66 54 1 46 1 725 15 

gb1v2 - 73 4.7839 1.37 0.0802 1.88 268 5 222 3 1220 14 

gb1v2 - 74 11.2610 1.98 0.0584 3.22 225 3 60 0 548 10 
gb1v2 - 75 4.5999 1.74 0.0829 2.59 81 2 60 2 1268 19 

gb1v2 - 76 6.0299 1.94 0.0743 2.98 75 3 88 4 994 17 

gb1v2 - 77 8.8893 2.24 0.0648 3.92 49 0 52 0 689 14 
gb1v2 - 78 10.6371 1.47 0.0593 1.86 1115 46 95 5 579 8 

gb1v2 - 79 6.4156 2.20 0.0733 3.46 103 2 135 3 939 19 

gb1v2 - 80 9.4944 1.69 0.0685 3.11 486 5 261 9   
gb1v2 - 81 5.3820 1.30 0.0754 1.80 433 4 507 4 1096 12 

gb1v2 - 82 3.3674 1.42 0.1005 2.02 127 3 256 12 1665 18 

gb1v2 - 83 8.7027 1.53 0.0639 2.52 208 1 177 2 702 10 
gb1v2 - 84 9.3330 1.47 0.0619 2.28 259 5 83 1 657 9 

gb1v2 - 85 4.9654 1.46 0.0789 2.09 170 3 148 2 1181 15 

gb1v2 - 86 2.0921 1.22 0.1604 1.49 421 8 436 11 2488 18 
gb1v2 - 87 7.6957 1.40 0.0715 1.85 584 9 258 3   

gb1v2 - 88 2.2424 1.37 0.2057 2.56 876 16 275 36   

gb1v2 - 89 8.4951 1.66 0.0633 2.56 183 1 143 1 717 11 
gb1v2 - 90 5.6096 1.31 0.0745 1.85 472 7 169 2 1057 12 

gb1v2 - 91 8.5572 2.57 0.0649 4.66 39 2 38 2 714 17 
gb1v2 - 92 3.4357 1.56 0.1002 1.83 735 6 323 9 1641 19 

gb1v2 - 93 4.8553 1.65 0.0780 2.33 206 3 132 2 1199 17 

gb1v2 - 94 8.7179 2.45 0.0711 3.85 66 2 53 1   
gb1v2 - 95 8.8213 1.58 0.0621 2.54 173 3 106 2 692 10 

gb1v2 - 96 10.5343 1.46 0.0583 2.36 353 5 110 1 583 8 

gb1v2 - 97 5.0341 1.50 0.0781 2.18 165 4 124 3 1166 15 
gb1v2 - 99 4.7377 1.36 0.0807 1.84 349 4 225 4 1231 14 

gb1v2 - 100 2.0413 1.27 0.1725 1.50 492 8 126 2 2576 18 

gb1v2 - 101 4.8275 1.32 0.0806 1.89 266 2 144 1 1213 14 
gb1v2 - 102 9.3417 2.61 0.0951 5.21 39 0 15 0   

gb1v2 - 103 8.6654 2.32 0.0630 3.86 57 2 28 1 704 15 

gb1v2 - 104 4.8317 1.53 0.0786 2.17 144 2 119 2 1205 16 
gb1v2 - 105 6.9500 1.45 0.0684 2.21 373 6 196 3 867 11 

gb1v2 - 106 10.9387 1.66 0.0590 2.45 484 11 272 5 564 9 

gb1v2 - 107 9.0311 1.31 0.0626 2.02 702 7 500 4 678 8 
gb1v2 - 108 8.7491 1.48 0.0627 2.16 631 4 478 4 698 10 

gb1v2 - 109 6.5664 2.64 0.0747 4.31 31 1 31 1   

gb1v2 - 110 7.2478 2.15 0.0777 2.35 575 5 494 16   
gb1v2 - 111 12.0332 1.54 0.0640 2.68 324 8 167 3   

gb1v2 - 112 11.1409 1.60 0.0761 5.06 311 3 301 3   

gb1v2 - 113 9.1457 1.70 0.0613 2.79 159 3 56 1 668 11 
gb1v2 - 114 5.6953 1.46 0.0730 2.06 258 1 217 1 1040 13 

gb1v2 - 115 9.3630 2.10 0.0623 3.64 80 2 51 1 655 13 

gb1v2 - 116 8.6933 1.51 0.0627 2.50 215 3 133 2 702 10 
gb1v2 - 117 5.3354 1.38 0.0742 2.02 247 2 160 3 1100 13 

gb1v2 - 118 11.2672 1.58 0.0603 2.18 663 21 53 1   

gb1v2 - 120 8.5820 1.84 0.0637 3.04 115 3 119 3 711 12 
gb1v2 - 121 1.9020 1.35 0.1780 1.63 165 1 136 2   

gb1v2 - 122 8.6020 1.72 0.0623 2.71 153 2 103 1 708 11 

gb1v2 - 123 8.6924 1.49 0.0619 2.23 381 9 390 4 701 10 
gb1v2 - 124 8.5214 1.62 0.0626 2.55 212 3 170 3 714 11 

gb1v2 - 125 6.2849 3.73 0.0758 5.40 20 0 17 0 961 32 

gb1v2 - 126 1.9749 1.34 0.1743 1.62 213 3 160 2 2618 20 
gb1v2 - 127 8.5771 1.81 0.0620 2.83 136 2 130 1 709 12 

gb1v2 - 128 8.7218 1.83 0.0637 2.87 352 2 257 4 701 12 

gb1v2 - 129 2.0041 1.31 0.1773 1.53 426 13 277 8 2619 19 
gb1v2 - 130 8.1173 1.75 0.0655 2.42 353 2 157 1 751 12 

           

handpicked          
hpgb - 4 1.9202 2.63 0.2241 2.21 222 12 191 6   

hpgb - 6 8.7860 3.20 0.0856 6.16 266 7 201 6   

hpgb - 9 11.6575 1.49 0.0596 2.02 865 5 440 5   
hpgb - 13 2.2626 1.80 0.1780 1.59 598 26 599 59   

hpgb - 14 7.8222 2.60 0.1216 8.52 656 10 560 22   

hpgb - 17 3.8649 2.71 0.0989 3.32 203 9 126 4 1510 32 
hpgb - 19 9.7573 1.61 0.0627 2.47 553 9 331 5 631 10 

hpgb - 20 2.1662 1.37 0.1819 1.58 515 4 425 3   

hpgb - 22 3.0356 1.75 0.1719 1.60 1155 29 785 29   
hpgb - 24 9.1933 4.77 0.0777 5.16 250 8 340 4   

hpgb - 26 11.5177 2.00 0.0624 3.89 762 11 116 1   
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hpgb - 30 6.4485 1.87 0.0809 2.45 709 11 349 8   

hpgb - 31 9.0447 4.22 0.0723 6.30 164 4 116 3   

hpgb - 36 9.7426 4.90 0.0811 6.42 171 5 126 1   
hpgb - 37 12.4066 1.57 0.0606 2.12 868 23 103 5   

hpgb - 39 5.1591 1.99 0.1057 3.26 257 8 182 4   

hpgb - 40 8.6968 2.57 0.0674 4.86 416 8 282 7   
hpgb - 42 2.0710 1.49 0.1786 1.60 478 10 356 9   

hpgb - 43 10.2150 2.10 0.0707 2.93 456 6 260 2   

hpgb - 49 3.1501 2.43 0.1080 2.22 218 6 212 6 1771 28 
hpgb - 52 5.2371 2.79 0.0810 2.94 327 7 264 2 1144 26 

hpgb - 55 2.6228 2.14 0.1723 1.55 1066 16 478 32   

hpgb - 57 2.1838 1.90 0.1811 1.80 315 7 228 5   
hpgb - 58 8.1287 2.35 0.0669 3.02 222 4 160 3 753 16 

hpgb - 59 8.6912 2.11 0.0660 3.27 393 8 205 4   

hpgb - 61 5.1814 1.76 0.0792 2.23 219 14 129 4 1143 17 
hpgb - 62 3.6032 2.95 0.1455 2.21 381 13 97 8   

hpgb - 63 6.8779 1.45 0.0926 1.70 1197 13 485 6   

hpgb - 65 3.4454 1.55 0.1030 2.43 274 5 150 2 1650 20 
hpgb - 66 10.9563 2.42 0.0677 3.27 358 19 100 2   

hpgb - 67 5.1458 2.49 0.0845 1.98 249 6 226 3   

hpgb - 68 5.9785 3.55 0.0900 6.21 108 2 184 3   
hpgb - 69 7.6602 6.46 0.0817 8.27 64 2 69 3   

hpgb - 72 11.9661 1.67 0.0599 2.57 344 5 63 1   
hpgb - 73 4.8073 1.55 0.0830 1.75 520 19 191 3 1228 16 

hpgb - 74 2.0058 1.62 0.1783 1.70 115 1 37 0 2625 22 

hpgb - 77 2.5945 1.69 0.1670 1.68 282 7 110 5   
hpgb - 82 9.1989 2.48 0.0735 3.29 122 3 93 2   

hpgb - 83 1.8421 1.92 0.1872 1.85 338 13 85 2 2743 25 

hpgb - 84 2.5976 2.41 0.1698 1.78 860 17 172 2   
hpgb - 91 5.2045 2.51 0.1093 6.02 94 2 62 1   

hpgb - 94 2.9743 2.46 0.1833 2.12 553 7 524 10   

hpgb - 95 3.6587 1.63 0.1002 2.16 347 5 138 1 1573 20 
hpgb - 96 10.8992 2.48 0.0758 2.92 709 22 684 49   

hpgb - 97 9.7425 2.32 0.0686 3.29 197 2 166 2   

hpgb - 98 4.9949 1.98 0.0808 2.04 257 6 181 6 1185 19 
hpgb - 99 10.0144 2.00 0.1148 4.40 724 7 1194 31   

hpgb - 100 4.6108 4.74 0.0856 4.34 212 16 109 3 1283 46 

hpgb - 101 4.1401 1.93 0.1047 1.76 526 15 259 5   
hpgb - 102 9.2056 1.73 0.0717 2.85 474 11 496 18   

hpgb - 103 3.2248 1.57 0.1101 1.71 450 11 281 7 1763 19 

hpgb - 104 5.6809 2.21 0.0802 3.72 83 2 100 3   
hpgb - 105 1.5449 1.50 0.2549 1.56 250 3 253 2 3216 21 

hpgb - 106 8.2800 2.09 0.0680 3.23 93 2 82 2   

hpgb - 107 2.0090 1.62 0.1832 1.62 347 3 451 7 2652 21 
hpgb - 108 2.2472 1.76 0.1718 1.66 456 17 304 6   

hpgb - 109 2.5996 2.42 0.1864 1.62 663 7 1172 53   

hpgb - 110 4.9809 1.83 0.0797 2.41 315 4 117 1 1181 18 
hpgb - 111 8.6230 2.74 0.0678 4.37 259 7 207 3   

hpgb - 112 6.1039 2.10 0.0791 1.88 651 11 193 3   

hpgb - 113 7.6201 9.65 0.1383 10.52 118 5 102 2   
hpgb - 114 5.2272 1.38 0.0788 1.79 498 4 400 3 1133 13 

hpgb - 115 3.9357 1.75 0.1050 1.96 197 5 162 6   

hpgb - 116 5.2951 2.19 0.0887 2.06 521 4 72 3   
hpgb - 117 8.5713 2.42 0.0731 4.56 177 6 183 8   

hpgb - 118 8.2351 4.74 0.0763 6.58 103 2 94 1   

hpgb - 119 4.5763 3.33 0.0792 2.93 247 6 192 3 1243 31 
hpgb - 120 8.5412 1.74 0.0691 2.92 290 6 556 11   

hpgb - 121 9.4092 3.14 0.0704 5.33 193 4 171 1   

hpgb - 122 10.9177 2.03 0.0627 3.32 245 3 53 2   
hpgb - 123 1.5443 1.90 0.2601 1.63 226 6 459 9 3240 23 

hpgb - 124 2.4095 1.96 0.1716 1.55 818 29 587 28   

hpgb - 125 4.8493 1.59 0.0789 1.95 244 3 356 12 1201 16 
hpgb - 126 2.1211 1.51 0.1857 1.52 547 5 467 10   

hpgb - 127 10.3843 2.45 0.0649 3.54 386 19 186 14   

hpgb - 128 2.2644 1.80 0.1771 1.55 504 10 341 7   
hpgb - 129 1.9732 1.46 0.1753 1.56 510 9 223 5 2622 20 

hpgb - 130 2.1497 1.64 0.1689 1.53 834 17 133 4   

hpgb - 131 2.0294 1.59 0.1763 1.56 420 13 414 22 2605 21 
hpgb - 132 8.8490 2.11 0.1121 3.58 280 6 334 7   

hpgb - 133 8.4616 2.07 0.1002 6.30 455 5 549 4   

hpgb - 134 8.4824 2.49 0.0653 3.52 213 3 181 2 721 17 
hpgb - 135 2.0507 1.56 0.1705 1.64 232 6 118 2 2561 21 

hpgb - 136 4.2532 3.79 0.0873 3.07 126 4 66 2 1364 37 
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hpgb - 137 14.6256 2.25 0.1355 2.82 422 7 464 8   

hpgb - 138 10.4692 1.80 0.0597 2.61 384 8 31 0 588 10 

hpgb - 139 1.3961 2.05 0.2864 1.75 204 2 174 2 3414 25 
hpgb - 140 12.2171 1.91 0.0669 3.25 265 3 308 4   

hpgb - 141 7.4136 1.98 0.2289 3.97 327 4 196 6   

hpgb - 142 3.3604 1.70 0.1024 1.81 259 4 145 2 1675 20 
hpgb - 143 5.1529 3.00 0.0806 3.98 210 3 102 3 1152 30 

hpgb - 144 1.9414 1.50 0.1790 1.66 158 3 79 2 2657 21 

hpgb - 145 2.8745 1.44 0.1242 1.66 512 5 144 2   
hpgb - 146 10.1630 3.96 0.0672 5.27 71 1 53 1   

hpgb - 147 2.1247 1.58 0.1847 1.60 412 7 219 9   

hpgb - 148 5.0853 1.63 0.0788 2.26 138 1 119 1 1159 16 
hpgb - 149 1.9510 1.36 0.1806 1.55 364 6 236 4 2662 19 

hpgb - 150 3.1405 1.43 0.1097 1.85 184 2 138 1 1785 19 

hpgb - 151 1.9848 1.66 0.1845 1.66 395 4 167 1 2670 22 
hpgb - 152 2.4599 1.79 0.1826 1.55 527 7 487 22   

hpgb - 153 5.0065 1.44 0.0800 1.82 436 6 331 9 1177 14 

hpgb - 154 4.5574 1.57 0.0817 1.82 514 11 314 8 1270 16 
hpgb - 155 6.1607 1.50 0.0972 1.61 1181 17 551 8   

hpgb - 156 4.0459 1.89 0.1092 1.82 442 21 350 16   

hpgb - 157 4.8063 1.99 0.0826 1.97 580 8 422 4 1228 19 
hpgb - 158 8.5049 2.20 0.0719 3.52 108 2 87 1   

hpgb - 159 2.2126 1.57 0.1728 1.57 359 9 122 2   
hpgb - 160 4.9143 1.54 0.0803 1.92 317 5 176 3 1196 15 

hpgb - 161 7.3812 2.83 0.1012 5.15 261 7 73 5   

hpgb - 162 5.2615 1.57 0.0826 1.67 989 25 587 20   
hpgb - 163 9.1527 1.66 0.0649 2.54 229 4 305 5   

hpgb - 164 5.1862 1.78 0.0829 2.45 172 2 247 4   

hpgb - 165 4.9887 1.56 0.1203 4.49 517 6 384 4   
hpgb - 166 3.6788 1.66 0.1097 1.59 708 14 556 33   

hpgb - 167 10.7532 1.98 0.0874 3.66 283 3 347 11   

hpgb - 168 4.9601 1.47 0.0795 1.85 286 5 131 3 1184 15 
hpgb - 169 2.3350 2.32 0.2656 1.68 903 10 1199 17   

hpgb - 171 4.3536 1.53 0.1076 2.15 817 14 242 11   

hpgb - 172 8.6309 1.93 0.0653 2.86 133 3 118 3 710 13 
hpgb - 173 5.0383 1.44 0.0798 1.67 464 5 448 5 1171 14 

hpgb - 174 2.6125 2.44 0.1698 1.57 550 19 436 18   

hpgb - 175 8.8650 1.49 0.0662 2.09 407 5 344 3   
hpgb - 176 5.9303 1.62 0.0752 2.11 207 3 105 2   

hpgb - 177 7.6881 2.27 0.0772 2.51 238 16 198 15   

hpgb - 178 5.0901 1.73 0.0807 2.34 130 2 111 3 1164 17 
hpgb - 179 7.9678 1.97 0.0707 2.38 208 3 81 1   

hpgb - 180 8.5882 1.70 0.0645 2.53 148 2 106 2 712 11 

hpgb - 181 6.2302 2.36 0.0743 3.04 63 0 92 1 968 20 
hpgb - 182 4.7558 1.69 0.0795 2.14 153 3 87 2 1222 17 

hpgb - 183 5.1224 2.34 0.0813 2.67 319 5 369 6 1162 23 

hpgb - 184 1.9190 1.79 0.1825 1.88 124 3 121 4 2686 24 
hpgb - 185 1.9173 2.30 0.1756 2.24 159 2 115 1 2644 30 

hpgb - 186 6.2820 1.84 0.0750 2.33 160 3 124 2   

hpgb - 187 4.5534 1.52 0.0844 1.99 176 2 83 1 1283 16 
hpgb - 188 4.5834 1.78 0.0809 2.12 209 15 69 1 1261 18 

hpgb - 189 2.0891 1.42 0.1821 1.49 521 11 372 10   

hpgb - 190 8.9324 1.82 0.0633 2.47 319 5 217 4 686 12 
hpgb - 191 8.7870 1.61 0.0636 2.49 180 4 101 3 696 10 

hpgb - 192 4.7985 1.74 0.0789 2.35 107 2 102 2 1212 18 

hpgb - 193 8.6928 1.55 0.0635 2.12 261 4 157 2 703 10 
hpgb - 194 3.5536 1.85 0.1007 2.11 112 4 94 3 1610 22 

hpgb - 195 1.7688 2.19 0.2479 1.58 610 16 707 33   

hpgb - 196 11.1325 1.81 0.0604 3.38 156 5 133 4 555 10 
hpgb - 197 1.9618 1.77 0.1832 1.99 47 1 45 1 2670 25 

hpgb - 198 4.7658 1.71 0.0812 2.63 91 3 71 3 1227 18 

hpgb - 199 3.3723 1.83 0.1010 2.02 342 4 164 2 1663 22 
hpgb - 200 11.6892 1.82 0.0613 2.78 370 8 144 5   

hpgb - 201 9.2916 1.68 0.0620 2.31 423 6 89 1 659 10 

hpgb - 202 8.5362 1.72 0.0679 2.66 151 2 132 1   
hpgb - 203 8.7175 1.77 0.0620 2.76 136 2 251 3 699 12 

hpgb - 204 1.9807 1.43 0.1775 1.56 373 10 185 5 2631 20 

hpgb - 205 9.0861 1.51 0.0659 2.12 363 8 251 5   
hpgb - 206 2.1973 1.42 0.1699 1.53 510 11 140 1   

hpgb - 207 4.9862 1.98 0.0786 2.59 210 3 354 5 1176 20 

hpgb - 208 9.9017 1.80 0.0662 2.27 330 11 130 1   
hpgb - 209 4.8706 1.96 0.0779 2.23 227 5 373 7 1192 19 

hpgb - 210 4.7329 1.40 0.0805 1.66 872 17 146 1 1230 14 
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Spot 

238U/ 
206Pb 

2σ 

% err 

207Pb/ 
206Pb 

2σ 

% err 

U 

(ppm) 

2σ 

abs err 

Th 

(ppm) 

2σ 

abs err 

Preferred 

age (Ma) 

2σ 

abs err 
hpgb - 211 4.8009 2.26 0.0782 2.78 291 4 202 4 1207 23 

hpgb - 212 9.0583 2.01 0.0689 2.88 158 4 380 19   

hpgb - 213 4.8921 1.58 0.0801 2.33 136 3 190 6 1199 16 
hpgb - 214 8.5639 2.45 0.0650 4.21 35 1 34 1 714 16 

hpgb - 215 1.9340 1.59 0.1792 1.56 313 6 125 2 2659 21 

hpgb - 216 3.3896 2.08 0.0992 2.36 167 2 155 2 1647 25 
hpgb - 217 1.9206 2.06 0.1775 1.92 263 7 197 5 2653 26 

hpgb - 218 1.6858 1.99 0.2142 2.06 72 1 32 0 2958 27 

hpgb - 219 5.6372 1.87 0.0740 2.14 546 17 306 9 1051 17 
hpgb - 220 4.6105 1.51 0.0790 1.92 223 4 201 4   

hpgb - 221 3.3635 1.35 0.1005 1.60 440 5 163 1 1664 16 

hpgb - 222 8.0748 1.73 0.0735 4.17 397 13 286 8   
hpgb - 223 10.2177 2.20 0.0639 2.64 954 11 342 4   

hpgb - 224 4.9509 1.64 0.0782 2.14 389 5 142 3 1180 16 

hpgb - 225 8.7628 2.09 0.0637 3.04 179 2 178 3 698 14 
hpgb - 226 5.7662 1.55 0.0898 1.94 662 20 520 30   

hpgb - 227 2.0420 1.39 0.1742 1.52 519 6 290 3 2586 19 

hpgb - 228 3.4276 1.34 0.0996 1.66 375 5 148 2 1640 16 
hpgb - 229 4.7483 1.56 0.0842 1.97 556 4 117 2 1242 16 

hpgb - 230 2.5623 1.94 0.1686 1.62 674 28 446 13     

 

Supplementary Table 2-4: Results of grain shape and colour analysis. 

  

Area 

(μm2) 

Perimeter 

(μm) 

Major axis 

(μm) 

Minor axis 

(μm) 

Aspect 

ratio* 

Circula-

rity§ 

Round-

ness† 

Effective 

Diameter# 

Compact-

ness& 

Σ Colour 

(%) 

Bulk-mounted          
Min 5706 307 95 62 1.03 0.52 0.29 85 0.54 6.02 

Max 18605 601 253 140 3.47 0.89 0.97 154 0.99 20.45 
Mean 9540 403 135 90 1.54 0.74 0.69 109 0.83 12.36 

Std. error 196 5 2 1 0.04 0.01 0.01 1 0.01 0.24 

Variance 
570716
3 3230 779 188 0.18 0.01 0.02 174 0.01 8.54 

Stand. dev 2389 57 28 14 0.43 0.07 0.15 13 0.10 2.92 

Median 9223 398 128 89 1.42 0.74 0.70 108 0.84 12.15 
25 prcntil 7927 364 117 81 1.22 0.69 0.58 100 0.76 10.02 

75 prcntil 10712 433 145 99 1.72 0.79 0.82 117 0.91 14.27 

Skewness 1.27 0.99 1.72 0.41 1.75 -0.61 -0.33 0.83 -0.59 0.26 
Kurtosis 2.50 1.60 4.00 0.46 4.00 0.23 -0.48 1.22 -0.04 -0.22            
Handpicked          
Min 4983 308 96 53 1.12 0.38 0.22 80 0.47 7.50 

Max 25435 914 382 113 4.49 0.86 0.90 180 0.95 33.49 
Mean 9295 410 151 79 1.97 0.70 0.55 108 0.74 16.08 

Std. error 315 9 5 1 0.07 0.01 0.02 2 0.01 0.68 

Variance 
792472
2 6701 1632 134 0.37 0.01 0.02 222 0.01 36.63 

Stand. dev 2815 82 40 12 0.60 0.09 0.15 15 0.10 6.05 

Median 8963 404 149 79 1.89 0.70 0.53 107 0.73 14.26 
25 prcntil 7494 359 123 70 1.53 0.65 0.45 98 0.67 11.20 

75 prcntil 10323 443 164 85 2.23 0.76 0.66 115 0.81 20.33 

Skewness 2.61 3.08 2.57 0.49 1.35 -0.72 0.28 1.57 -0.07 0.85 
Kurtosis 12.65 17.24 12.30 0.35 2.89 1.19 -0.36 5.80 -0.32 0.01            
KS-test statistics (Bulk-mounted 

vs Handpicked)        
KS-D 0.13 0.08 0.33 0.41 0.40 0.26 0.39 0.13 0.39 0.32 

KS-p 0.36 0.90 2*10-5 3*10-8 6*10-8 0.002 1*10-7 0.34 1*10-7 3*10-5 
*calculated as Major 

axis/Minor axis           
§4π*Area/Perimeter2         
†4*Area/(π*Major axis2)         
#2*√(Area/π)          
&(√(4*Area/π))/Major axis               
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Supplementary Table 2-5: Grain colour and aspect ratio of individual grains. 

Spot Preferred age (Ma) 2σ abs err Age mode ∑ Colour (%) Aspect ratio 

bulk-mounted      
gb1 - 8 546 7 LC.1 15.18 2.05 

gb1 - 56 561 7 LC.1 16.78 1.72 
gb1 - 67 582 15 LC.1 10.13 1.20 

gb1 - 98 607 9 LC.1 15.92 1.57 

gb1 - 115 528 7 LC.1 11.49 1.17 
gb1 - 116 539 9 LC.1 7.17 1.45 

gb1 - 124 522 8 LC.1 13.44 1.55 

gb1v2 - 25 598 9 LC.1 15.77 1.38 
gb1v2 - 27 627 10 LC.1 11.52 1.70 

gb1v2 - 40 542 7 LC.1 9.50 1.35 

gb1v2 - 45 552 7 LC.1 13.15 1.67 
gb1v2 - 47 589 11 LC.1 10.39 1.36 

gb1v2 - 53 609 20 LC.1 10.61 2.30 

gb1v2 - 55 591 13 LC.1 9.91 1.19 
gb1v2 - 56 532 6 LC.1 18.93 1.40 

gb1v2 - 58 600 11 LC.1 7.81 3.63 

gb1v2 - 74 548 10 LC.1 11.86 1.10 

gb1v2 - 78 579 8 LC.1 11.40 1.06 

gb1v2 - 96 583 8 LC.1 12.14 1.69 

gb1v2 - 106 564 9 LC.1 6.65 1.48 
gb1 - 37 676 12 LC.2 8.36 2.27 

gb1 - 39 713 16 LC.2 12.67 1.17 

gb1 - 43 720 12 LC.2 13.96 2.92 
gb1 - 46 689 11 LC.2 14.10 1.81 

gb1 - 53 707 10 LC.2 10.37 1.47 

gb1 - 62 699 10 LC.2 10.00 1.68 
gb1 - 69 727 13 LC.2 9.48 1.18 

gb1 - 74 670 16 LC.2 11.68 2.19 

gb1 - 77 662 15 LC.2 10.90 1.23 
gb1 - 79 693 10 LC.2 16.02 1.42 

gb1 - 81 666 17 LC.2 9.88 1.47 

gb1 - 82 676 16 LC.2 10.88 1.65 
gb1 - 84 698 11 LC.2 9.25 1.31 

gb1 - 88 698 9 LC.2 8.07 2.25 

gb1 - 90 653 12 LC.2 13.79 1.22 
gb1 - 94 705 10 LC.2 13.80 1.39 

gb1 - 95 667 9 LC.2 11.08 1.19 

gb1 - 97 703 10 LC.2 8.93 1.57 

gb1 - 100 690 10 LC.2 13.75 1.03 

gb1 - 111 671 17 LC.2 13.08 1.19 

gb1 - 112 703 9 LC.2 13.46 1.03 
gb1 - 123 694 14 LC.2 8.43 1.30 

gb1v2 - 1 707 9 LC.2 7.58 3.18 
gb1v2 - 8 668 10 LC.2 16.22 1.10 

gb1v2 - 15 698 10 LC.2 11.17 2.01 

gb1v2 - 18 674 11 LC.2 11.62 1.21 
gb1v2 - 19 655 9 LC.2 13.35 1.54 

gb1v2 - 20 702 15 LC.2 11.67 1.95 

gb1v2 - 21 676 8 LC.2 14.99 1.19 
gb1v2 - 22 758 10 LC.2 9.21 1.40 

gb1v2 - 23 711 10 LC.2 6.94 1.24 

gb1v2 - 32 688 9 LC.2 15.32 1.07 
gb1v2 - 34 723 9 LC.2 15.18 1.22 

gb1v2 - 39 692 12 LC.2 9.84 2.42 

gb1v2 - 43 724 12 LC.2 10.65 1.30 
gb1v2 - 46 689 19 LC.2 7.93 1.31 

gb1v2 - 48 671 11 LC.2 8.64 1.37 

gb1v2 - 66 701 11 LC.2 14.28 1.46 

gb1v2 - 72 725 15 LC.2 13.70 1.95 

gb1v2 - 77 689 14 LC.2 9.02 1.26 

gb1v2 - 83 702 10 LC.2 9.89 1.18 
gb1v2 - 84 657 9 LC.2 16.48 1.64 

gb1v2 - 89 717 11 LC.2 9.97 1.53 

gb1v2 - 91 714 17 LC.2 11.49 1.28 
gb1v2 - 95 692 10 LC.2 11.33 1.47 

gb1v2 - 103 704 15 LC.2 13.37 1.63 

gb1v2 - 107 678 8 LC.2 15.47 1.13 
gb1v2 - 108 698 10 LC.2 9.46 1.43 

gb1v2 - 113 668 11 LC.2 12.29 2.61 

gb1v2 - 115 655 13 LC.2 17.30 1.36 
gb1v2 - 116 702 10 LC.2 12.68 1.49 
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Spot Preferred age (Ma) 2σ abs err Age mode ∑ Colour (%) Aspect ratio 

gb1v2 - 120 711 12 LC.2 14.18 1.50 
gb1v2 - 122 708 11 LC.2 8.53 1.95 

gb1v2 - 123 701 10 LC.2 10.00 1.97 

gb1v2 - 124 714 11 LC.2 11.49 1.28 
gb1v2 - 127 709 12 LC.2 6.02 1.93 

gb1v2 - 128 701 12 LC.2 14.26 1.48 

gb1v2 - 130 751 12 LC.2 12.35 1.43 
gb1 - 16 1011 11 PJ 14.26 1.38 

gb1 - 27 1088 12 PJ 14.91 1.27 

gb1 - 49 1015 12 PJ 13.34 1.11 
gb1 - 73 1010 16 PJ 12.10 1.26 

gb1 - 75 1101 14 PJ 8.69 1.56 

gb1 - 76 1075 13 PJ 12.92 1.46 
gb1 - 86 1106 14 PJ 8.42 1.80 

gb1 - 103 1069 13 PJ 15.55 1.77 

gb1 - 110 1071 17 PJ 7.18 1.49 
gb1 - 117 1083 13 PJ 13.50 1.55 

gb1 - 126 1082 14 PJ 13.78 1.31 

gb1v2 - 4 1031 12 PJ 20.24 1.17 
gb1v2 - 5 1090 17 PJ 10.99 2.11 

gb1v2 - 38 1025 32 PJ 14.67 1.84 

gb1v2 - 70 1044 14 PJ 11.95 1.63 
gb1v2 - 76 994 17 PJ 8.38 2.36 

gb1v2 - 79 939 19 PJ 7.76 2.75 
gb1v2 - 81 1096 12 PJ 15.45 1.63 

gb1v2 - 90 1057 12 PJ 13.73 1.19 

gb1v2 - 114 1040 13 PJ 11.98 1.42 
gb1v2 - 117 1100 13 PJ 14.53 1.10 

gb1v2 - 125 961 32 PJ 9.62 2.06 

gb1 - 36 1186 12 AFO.1 17.12 1.66 
gb1 - 45 1233 15 AFO.1 10.79 1.87 

gb1 - 70 1200 16 AFO.1 15.55 1.46 

gb1 - 107 1178 13 AFO.1 8.63 1.55 
gb1 - 119 1195 17 AFO.1 14.42 2.02 

gb1 - 121 1189 13 AFO.1 14.35 1.63 

gb1 - 122 1220 16 AFO.1 17.27 1.10 
gb1v2 - 12 1183 14 AFO.1 12.88 1.09 

gb1v2 - 13 1184 14 AFO.1 12.09 1.94 

gb1v2 - 29 1177 18 AFO.1 16.47 1.34 
gb1v2 - 33 1208 14 AFO.1 10.41 1.09 

gb1v2 - 73 1220 14 AFO.1 13.30 1.05 

gb1v2 - 75 1268 19 AFO.1 9.95 1.33 
gb1v2 - 85 1181 15 AFO.1 11.22 1.73 

gb1v2 - 93 1199 17 AFO.1 10.12 1.41 

gb1v2 - 97 1166 15 AFO.1 12.48 1.16 
gb1v2 - 99 1231 14 AFO.1 18.09 2.11 

gb1v2 - 101 1213 14 AFO.1 14.80 1.71 

gb1v2 - 104 1205 16 AFO.1 14.79 1.76 
gb1 - 120 1518 17 AFO.2 13.04 2.58 

gb1v2 - 2 1642 18 AFO.2 10.57 1.09 

gb1v2 - 26 1578 17 AFO.2 10.03 1.27 
gb1v2 - 82 1665 18 AFO.2 10.01 1.27 

gb1v2 - 92 1641 19 AFO.2 13.64 1.47 

gb1 - 28 2529 25 YG 20.45 1.33 
gb1 - 65 2572 17 YG 12.22 1.36 

gb1 - 78 2275 20 YG 10.61 1.06 

gb1 - 85 2661 22 YG 13.14 1.37 
gb1 - 99 2692 24 YG 16.96 2.14 

gb1 - 104 2643 20 YG 14.88 1.72 

gb1 - 125 3282 19 YG 12.15 1.16 
gb1v2 - 11 2691 21 YG 14.03 1.77 

gb1v2 - 17 2560 18 YG 14.80 1.21 

gb1v2 - 35 2609 18 YG 18.17 1.77 
gb1v2 - 37 2641 23 YG 12.22 1.31 

gb1v2 - 42 2688 18 YG 12.15 1.83 

gb1v2 - 86 2488 18 YG 18.84 1.22 
gb1v2 - 100 2576 18 YG 14.11 1.58 

gb1v2 - 126 2618 20 YG 11.03 1.22 

gb1v2 - 129 2619 19 YG 16.25 1.28 
gb1 - 34 1114 15 UNGROUPED 9.40 3.26 

gb1 - 51 430 12 UNGROUPED 13.68 1.49 

gb1 - 72 639 13 UNGROUPED 11.62 1.73 
gb1 - 80 1115 22 UNGROUPED 14.37 1.12 

gb1 - 127 817 13 UNGROUPED 13.56 1.43 
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Spot Preferred age (Ma) 2σ abs err Age mode ∑ Colour (%) Aspect ratio 

gb1v2 - 10 640 10 UNGROUPED 12.13 1.19 
gb1v2 - 30 781 17 UNGROUPED 8.57 1.29 

gb1v2 - 36 835 14 UNGROUPED 13.87 1.10 

gb1v2 - 105 867 11 UNGROUPED 11.16 1.24 
handpicked      
hpgb - 138 588 10 LC.1 10.96 1.34 

hpgb - 196 555 10 LC.1 10.33 1.76 
hpgb - 58 753 16 LC.2 9.67 2.17 

hpgb - 134 721 17 LC.2 9.97 3.51 

hpgb - 172 710 13 LC.2 14.46 1.82 
hpgb - 180 712 11 LC.2 9.59 1.98 

hpgb - 190 686 12 LC.2 13.16 3.01 

hpgb - 191 696 10 LC.2 10.98 1.60 
hpgb - 193 703 10 LC.2 9.93 2.84 

hpgb - 201 659 10 LC.2 10.39 1.63 

hpgb - 203 699 12 LC.2 11.05 2.88 
hpgb - 214 714 16 LC.2 13.50 2.18 

hpgb - 225 698 14 LC.2 16.99 1.15 

hpgb - 181 968 20 PJ 7.92 4.76 
hpgb - 219 1051 17 PJ 8.90 2.41 

hpgb - 73 1228 16 AFO.1 15.72 2.01 

hpgb - 98 1185 19 AFO.1 8.09 1.14 
hpgb - 100 1283 46 AFO.1 12.56 1.46 

hpgb - 110 1181 18 AFO.1 7.50 1.60 
hpgb - 119 1243 31 AFO.1 33.49 1.81 

hpgb - 125 1201 16 AFO.1 22.89 3.57 

hpgb - 143 1152 30 AFO.1 26.95 1.42 
hpgb - 148 1159 16 AFO.1 13.81 1.67 

hpgb - 153 1177 14 AFO.1 23.71 2.15 

hpgb - 154 1270 16 AFO.1 18.29 1.92 
hpgb - 157 1228 19 AFO.1 20.11 2.35 

hpgb - 160 1196 15 AFO.1 14.49 1.28 

hpgb - 168 1184 15 AFO.1 10.25 2.14 
hpgb - 173 1171 14 AFO.1 12.55 1.29 

hpgb - 178 1164 17 AFO.1 9.34 3.17 

hpgb - 182 1222 17 AFO.1 21.79 2.09 
hpgb - 183 1162 23 AFO.1 15.47 1.76 

hpgb - 187 1283 16 AFO.1 12.81 1.63 

hpgb - 188 1261 18 AFO.1 16.46 2.62 
hpgb - 192 1212 18 AFO.1 9.36 1.22 

hpgb - 198 1227 18 AFO.1 17.78 2.85 

hpgb - 207 1176 20 AFO.1 9.96 3.46 
hpgb - 209 1192 19 AFO.1 14.05 2.61 

hpgb - 210 1230 14 AFO.1 25.17 1.44 

hpgb - 211 1207 23 AFO.1 13.36 1.37 
hpgb - 213 1199 16 AFO.1 11.14 2.36 

hpgb - 224 1180 16 AFO.1 23.61 1.61 

hpgb - 229 1242 16 AFO.1 24.30 1.87 
hpgb - 17 1510 32 AFO.2 12.74 1.60 

hpgb - 49 1771 28 AFO.2 17.47 1.94 

hpgb - 65 1650 20 AFO.2 11.36 2.11 
hpgb - 95 1573 20 AFO.2 12.50 2.45 

hpgb - 103 1763 19 AFO.2 15.27 1.91 

hpgb - 142 1675 20 AFO.2 11.04 2.98 
hpgb - 150 1785 19 AFO.2 28.82 1.92 

hpgb - 194 1610 22 AFO.2 18.30 1.96 

hpgb - 199 1663 22 AFO.2 12.87 2.24 
hpgb - 216 1647 25 AFO.2 13.89 1.48 

hpgb - 221 1664 16 AFO.2 18.84 2.10 

hpgb - 228 1640 16 AFO.2 22.26 1.86 
hpgb - 74 2625 22 YG 14.77 2.19 

hpgb - 83 2743 25 YG 15.35 1.11 

hpgb - 105 3216 21 YG 12.78 1.28 
hpgb - 107 2652 21 YG 16.15 1.71 

hpgb - 123 3240 23 YG 18.66 1.38 

hpgb - 129 2622 20 YG 13.10 1.70 
hpgb - 131 2605 21 YG 28.53 1.89 

hpgb - 135 2561 21 YG 20.46 2.81 

hpgb - 139 3414 25 YG 27.69 2.19 
hpgb - 144 2657 21 YG 22.74 1.49 

hpgb - 149 2662 19 YG 24.96 2.34 

hpgb - 151 2670 22 YG 13.00 3.33 
hpgb - 184 2686 24 YG 17.62 1.97 

hpgb - 185 2644 30 YG 31.19 1.36 
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Spot Preferred age (Ma) 2σ abs err Age mode ∑ Colour (%) Aspect ratio 

hpgb - 197 2670 25 YG 12.20 1.87 
hpgb - 204 2631 20 YG 20.56 1.67 

hpgb - 215 2659 21 YG 13.36 1.88 

hpgb - 217 2653 26 YG 15.03 1.39 
hpgb - 218 2958 27 YG 11.67 2.04 

hpgb - 227 2586 19 YG 25.01 1.22 

hpgb - 19 631 10 UNGROUPED 8.76 2.48 
hpgb - 52 1144 26 UNGROUPED 22.16 1.49 

hpgb - 61 1143 17 UNGROUPED 20.38 1.52 

hpgb - 114 1133 13 UNGROUPED 20.18 2.01 
hpgb - 136 1364 37 UNGROUPED 12.14 2.00 
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Supplementary Table 2-6: Grouping of age modes. 

  LC.1 LC.2 PJ AFO.1 AFO.2 YG UNGROUPED 

Start (Ma) 510 640 900 1150 1500 2200 - 
End (Ma) 630 760 1110 1300 1800 3500 - 

Total n 22 69 24 47 17 36 14 

Bulk-mounted (n) 20 58 22 19 5 16 9 
Handpicked (n) 2 11 2 28 12 20 5 

Bulk-mounted (%) 13.4 38.9 14.8 12.8 3.4 10.7 6.0 

Handpicked (%) 2.5 13.8 2.5 35.0 15.0 25.0 6.3 
Relative Bias* -81.4 -64.7 -83.1 174.5 347.0 132.8 3.5 

*(Handpicked (%)-Bulk-mounted (%))/Bulk-mounted (%)*100  

 

Supplementary Table 2-7: Colour bias calculation. 

Histogram (Figure 2-7A)    
Bin Bin start Bin end Bulk-mounted fraction Handpicked fraction 

1 6.0152 7.9774 0.061 0.025 

2 7.9774 9.9396 0.154 0.100 

3 9.9396 11.902 0.235 0.150 
4 11.902 13.864 0.249 0.200 

5 13.864 15.826 0.188 0.125 

6 15.826 17.788 0.074 0.075 
7 17.788 19.751 0.027 0.050 

8 19.751 21.713 0.013 0.063 
9 21.713 23.675 0.000 0.075 

10 23.675 25.637 0.000 0.063 

11 25.637 27.599 0.000 0.013 
12 27.599 29.562 0.000 0.038 

13 29.562 31.524 0.000 0.013 

14 31.524 33.486 0.000 0.013 
 

Partial Colour Correction  

 Fraction  
Range Bulk-mounted Handpicked Handpicked mod factor 

6-16 0.886 0.600 1.48 

18-34 0.040 0.325 0.12 
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Chapter 3 

3 Gaining from loss: detrital zircon source-normalized α-dose 

discriminates first- versus multi-cycle grain histories 

This chapter is published as: 

Dröllner, M., Barham, M., and Kirkland, C.L., 2022, Gaining from loss: Detrital zircon 

source-normalized α-dose discriminates first- versus multi-cycle grain histories: Earth and 

Planetary Science Letters, v. 579, p. 117346, doi: 10.1016/j.epsl.2021.117346. 

Abstract 

Detrital zircon U–Pb ages are widely employed as an archive of geological processes 

through time. Changes in detrital zircon age patterns within sediments reflect changes in source 

areas that are often related to tectonic and/or climatic processes. However, discrimination of 

first-cycle and multi-cycle detrital zircon with primary crystalline and secondary sedimentary 

sources, respectively, can be challenging using only crystallisation age constraints. Here, we 

present U–Pb geochronology of detrital zircon from modern fluvial and littoral environments 

on the Scott Coastal Plain in Western Australia to investigate the use of α-dose to identify 

sedimentary recycling. The majority of 1032 concordant U–Pb ages are interpreted to be 

ultimately sourced from the local basement. However, U–Pb ages do not reflect the areal extent 

of source rocks and indicate significant reworking of coastal plain sediments. A novel metric – 

source-normalized α-dose – demonstrates predominant detrital zircon routing via recycling 

through intermediate storage. This metric is defined as the ratio of the average α-dose (a 

measure of metamictization) of detrital zircon belonging to a characteristic age group and the 

average α-dose of zircon grains within the corresponding source crystalline basement. Average 

values of source-normalized α-dose of detrital zircon populations < 1 are interpreted to reflect 

selective removal of more labile (metamict) grains via attrition and diagenesis, indicating 

greater grain transport and recycling, whereas values of c. 1 signify shorter transport and a first-

cycle origin. Application of this approach to ancient clastic systems is supported by consistency 

of results with independent indicators of progressive sedimentary recycling and/or transport. 

Source-normalized α-dose is an internal measure using zircon grain chemistry (U and Th), and 

avoids bias associated with multi-mineral measures of sediment recycling that may be related 

to source fertility. Additionally, source-normalized α-dose uses measures typically captured 

during routine U–Pb geochronology. Source-normalized α-dose of detrital zircon provides an 

additional method to address sedimentary source-to-sink transport and recycling, and ultimately 

allows more robust interpretation of U–Pb zircon data.  
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3.1 Introduction 

Provenance analysis using detrital zircon (DZ) U–Pb geochronology is widely employed 

in reconstructions of ancient sediment routing systems (e.g., Dickinson and Gehrels, 2008), and 

in the understanding of tectonic and climatic processes (e.g., Huber et al., 2018). However, 

interpretation of DZ can be limited by the supply of multi-cycle DZ grains due to their physical 

and chemical stability, effectively masking propagation of geological signals from source-to-

sink (Romans et al., 2016; Barham et al., 2021). Changes in the DZ signature in basins do not 

necessarily reflect coeval changes in their source areas, and primary signals may instead be 

overprinted or buffered by intermediate sediment reservoirs and processes intrinsic to the 

sedimentary system (autogenic). Thus, a major challenge in DZ studies is the discrimination of 

first- and multi-cycle detritus (e.g., Meinhold et al., 2011), i.e., sediment cargo derived directly 

from crystalline basement and intermediate sedimentary reservoirs, respectively. 

Geological setting represents a first-order control on DZ composition (Cawood et al., 

2012), and governs the propagation of environmental signals (e.g., variations in sediment 

production due to uplift) through a sedimentary system (Romans et al., 2016). Although some 

sedimentary systems display rapid signal responses (e.g., Covault et al., 2010), even 

mountainous sediment routing systems may involve intermediate sediment storage with 

residence times exceeding 100 kyr (e.g., Blöthe and Korup, 2013). While such relatively short 

periods may be less significant within the deep-time sedimentary record (>107 yr), other 

systems, such as coastal plains or sedimentary basins in general, enable significantly longer-

term storage and recycling, thus decoupling detrital mineral age signatures from geological 

processes driving sediment production within crystalline source regions (Phillips and Slattery, 

2006). Ultimately, this process will impede primary basement signal propagation by 

introducing significant lag times, effectively suppressing the detrital record of processes 

external to the sedimentary system (allogenic) (e.g., Fülöp et al., 2020). Capturing sediment 

storage and reworking is critical given these processes significantly influence (bias) geological 

interpretations (Chew et al., 2020). 

Although the significance and implications of recycling, i.e., burial and re-exposure to 

erosion, within sedimentary systems have been recognized for several decades (Blatt, 1967), 

identification and quantification of sedimentary recycling remains challenging. Capturing the 

multicyclic nature of DZ can be achieved by integrated analysis of more labile mineral phases 

along with zircon (e.g., feldspar; Tyrrell et al., 2009) or in combination with mineral phases 

growing during diagenetic or low-grade metamorphic conditions (e.g., monazite; Zotto et al., 
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2020). However, integrated attempts using other mineral phases associated with DZ may suffer 

from source compositional bias, only indirectly inform about sourcing of DZ via sedimentary 

recycling, and cannot differentiate first- and multi-cycle zircon grains within the DZ population. 

While the integration of (U-Th)/He thermochronology and U–Pb geochronology of DZ can 

distinguish contributions of individual zircon grains derived by sedimentary recycling (e.g., 

Rahl et al., 2003), the “double dating” approach remains time- and labour-intensive, restricting 

its use in high-n studies. Resentini et al. (2020) have recently integrated Raman spectroscopy 

and laser ablation-inductively coupled plasma-mass spectrometry (LA-ICP-MS) U–Pb 

geochronology to distinguish sub-populations of DZ based on grain thermal histories and 

degree of metamictization. Metamictization, i.e., self-irradiation damage of the crystal lattice 

by radioactive decay, progressively lowers crystallinity, forming metamict (amorphous) zones 

in zircon (Nasdala et al., 2001). Ultimately, metamictization reduces chemical and structural 

robustness of zircon (Chakoumakos et al., 1987; Balan et al., 2001). Findings by Markwitz and 

Kirkland (2018) and Resentini et al. (2020) suggest selective removal of progressively more 

metamict zircon grains during sedimentary transport and recycling, which in turn is reflected 

by the decline of zircon grains displaying high α-dose (i.e., high number of α-decay events). 

Thermal annealing, as part of the grain history, may prevent the loss of crystallinity (Nasdala 

et al., 2001). Therefore, healing of radiation damage, e.g., during episodes of exposure to higher 

temperatures, may preserve high α-dose zircon grains. An absolute measure of crystallinity (and 

hence, metamictization) requires additional analysis (e.g., Raman). However, U and Th 

concentrations of DZ are commonly measured during conventional U–Pb geochronology of 

zircon grains, and together with age information can be used to calculate an apparent α-dose as 

a first-order proxy of metamictization (Murakami et al., 1991). Using an intrinsic internal 

measure to address sedimentary recycling of DZ, such as α-dose, makes subsequent 

interpretation independent of assumptions about relationships to other mineral phases and their 

shared origins. In addition, α-dose can be calculated for previously analysed materials and 

employed in future works with no modification to existing approaches. 

This study employs DZ U–Pb geochronology to test the use of α-dose as a proxy of 

sediment transport and recycling in DZ. To decipher variations of DZ α-dose in the sedimentary 

system, we (i) devised a high-density sampling strategy of littoral and fluvial environments in 

a modern, discrete coastal plain with well-characterised crystalline basement hinterland in 

southwest Western Australia, and (ii) normalized α-dose values of detrital zircon to the average 

α-dose of the corresponding source rock. We interpret the dominant controls on DZ 

composition and implications for provenance analysis through the geological record. 
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3.2 Geological setting 

The Scott Coastal Plain (SCP) in SW Australia (Figure 3-1) covers an area of ca. 1000 

km2 characterized by Cenozoic, dominantly siliciclastic sands containing heavy mineral sand 

placer deposits of economic relevance (Baxter, 1977). The coastal plain comprises several 

unconsolidated to well-consolidated transgressive dune and shoreline systems of variable 

thickness unconformably overlying Palaeozoic to Mesozoic rocks of the Perth Basin (Baddock, 

1995). Drainage systems with catchments of variable size and sediment supply (Qs) flow across 

the SCP and ultimately discharge into the Southern Ocean (Figure 3-1B). The largest outlet is 

the Hardy Inlet estuary located at the western end of the study area. The Hardy Inlet is the 

confluence of the largest river system, the Blackwood River, and the Scott River. The eastern 

SCP is drained by two isolated, relatively minor river systems, the Donnelly River, and the 

Warren River. The coast in SW Australia is interpreted to get limited supply of terrigenous 

material by fluvial discharge (Short, 2010). The microtidal coast is wave-dominated by the high 

energy south-westerly swell (Figure 3-1C) of the Southern Ocean that also transports sand 

onshore forming coastal dune systems (Short, 2010). 
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Figure 3-1: (A) Location of study area (dashed rectangle) and onshore areal extent of relevant 

lithologies discussed in this study; PB – Perth Basin, PJO – Pinjarra Orogen; AFO – Albany-Fraser 

Orogen; YC – Yilgarn Craton; WA – Western Australia, NT – Northern Territory, SA – South Australia. 

(B) Digital elevation model of study area with catchments of drainage systems studied in this work; 

dashed lines indicate crystalline basement. Area, Water discharge (Q), and total suspended sediment 

load (Qs) derived from the global terrestrial sink catchment (GTSC) database (Nyberg et al., 2018); 

Qs calculated using the BQART formula of Syvitski and Milliman (2007). (C) Geological map of study 

area. Physiographic extent of Scott Coastal Plain (after Baddock, 1995) is indicated by dashed white 

line. Sample locations are indicated with a red dot (names corresponding to sample IDs are provided 

in Figure 3-2). Dashed grey lines (offshore) indicate secondary coastal compartments following the 

nomenclature by Eliot et al. (2011). Blue dots and square brackets in (B) and (C) indicate positions 

of references used in Figure 3-3. 
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The crystalline basement bounding the study area consists of the Neoproterozoic-

Palaeozoic Pinjarra Orogen (PJO), the Proterozoic Albany–Fraser Orogen (AFO), and the 

Archean Yilgarn Craton (YC) (Figure 3-1C). The YC is the dominant lithology by area in SW 

Australia, and is subdivided into several terranes, with the South West Terrane most proximal 

to the sample sites. Zircon grains derived from the South West Terrane mainly formed during 

the Meso-Neoarchean at c. 2700-2600 Ma (Mole et al., 2019). The South West Terrane and the 

AFO create the eastern boundary of the SCP. The AFO represents the Proterozoic modification 

of the YC margin and is characterized by zircon age modes of 1710-1650 Ma, 1345-1260 Ma, 

and 1215-1140 Ma (Kirkland et al., 2011). The PJO crops out sporadically in the form of a few 

inliers along the western margin of Australia, such as the Leeuwin Complex, which is a 

promontory forming the western border of the SCP (Figure 3-1A). The Leeuwin Complex 

records ages at c. 1100-1000 Ma, c. 750 Ma, and c. 520 Ma (Collins, 2003). 

3.3 Material and Methods 

Fifteen samples were collected from different environments of the SCP in order to 

establish the spatial variation of DZ age populations within the system (Figure 3-1C). Fourteen 

samples represent modern sediments, with one taken from a beachrock (quartzose calcarenite) 

at Flinders Bay (sample FLD005) assumed to be part of the Tamala Limestone (late Pleistocene; 

Baddock, 1995). Sampling was focused on drainage systems (Hardy Inlet estuary and 

Blackwood, Scott, Donnelly, Warren rivers) to capture sediment discharge, and littoral 

sediments to resolve DZ variations along the coast, with a single coastal dune sample (FLD004). 

All fluvial samples were derived from sand bars. All modern littoral samples were collected 

from the swash zone. Sample locations and brief descriptions are given in Supplementary Table 

3-1 in the Appendix. 

Sample handling was conducted with consideration of minimizing methodological bias 

and sample treatment. The grains of the consolidated beach rock sample (FLD005) were 

liberated using high voltage electrical fragmentation (selFrag Lab, Switzerland). All samples 

were processed using a riffle splitter to obtain representative material. Samples were sieved 

using a 500 μm mesh. About one kilogram of the <500 μm fraction underwent heavy mineral 

separation using the Jasper Canyon Research (JCR) water-shaking table (Dumitru, 2016), heavy 

liquid separation at 2.85 g/cm3, and a single-step separation using the Frantz isodynamic 

magnetic separator to enrich zircon content. A split (coning and quartering) of this zircon-rich 

separate was bulk-mounted, i.e., grains were embedded in epoxy resin in a 25 mm diameter 
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mount and polished to maximum exposure. Zircon grains were identified utilizing automated 

mineral identification based on energy-dispersive X-ray spectrometry using a TESCAN 

Integrated Mineral Analyzer (TIMA). To avoid mixtures of age components, 

cathodoluminescence imaging using a TESCAN Clara FE-SEM was performed before analysis. 

Cores (where texturally relevant) of detrital zircon have been selected for spot analysis to allow 

correlation of detrital zircon to their ultimate source rock. Zircon grains were analysed by laser 

ablation-inductively coupled plasma-mass spectrometry (LA-ICP-MS) at Curtin University’s 

John de Laeter Centre (Perth, Australia). Full documentation of analytical procedures is 

provided in the Appendix (U-Pb geochronology). The α-dose was calculated for each 

concordant analysis following Murakami et al. (1991), using the Eq. (1) modified after Holland 

and Gottfried (1955). 

𝐷 = 8 
𝑋𝑈×𝑁𝐴 ×0.9928 

𝑀238×103
× [exp(𝜆238𝑡) − 1] +  7

 𝑋𝑈× 𝑁𝐴×0.0073 

𝑀235×103
[exp(𝜆235𝑡) − 1] +

6 
𝑋𝑇ℎ×𝑁𝐴

𝑀232×103
[exp(𝜆232𝑡) − 1] (1) 

D (α-dose) corresponds to the α-decay events/mg. XU and XTh are U and Th 

concentrations (in ppm); t = age (in Ma); NA is the Avogadro constant; M238, M235, and M232 

are the isotopic masses of 238U, 235U, and 232Th, respectively; λ238, λ235, and λ232 are decay 

constants (in yr-1) for 238U, 235U, and 232Th, respectively. The calculation assumes natural 

abundances of 238U (c. 0.9928) and 235U (c. 0.0073) isotopes based on a 238U/235U ratio of 137.88 

(Steiger and Jäger, 1977). We calculated a new metric – source-normalized α-dose – for 

individual zircon grains based on the interpretation of their ultimate source rock (see Section 

3.5.1) by normalization to the median of the α-dose of zircon grains from their interpreted 

source rock, i.e., a value of 1 indicates similar α-dose values of DZ and grains in the interpreted 

crystalline source. Source rock data were compiled from primary crystalline basement rocks 

obtained from the geochronological database of the Geological Survey of Western Australia 

(http://dmp.wa.gov.au/geochron). 

3.4 Results 

In total, 1032 concordant DZ U–Pb ages were obtained (Figure 3-2). The ages range from 

Paleoarchean to early Phanerozoic. The predominant age modes are at c. 730-500 Ma, c. 1100-

880 Ma, c. 1240-1120 Ma, c. 1700-1600 Ma, and c. 2710-2580 Ma. These age modes represent 

c. 88% of the total age spectra measured. The 730-500 Ma age mode accounts for c. 52% of all 

http://dmp.wa.gov.au/geochron


 

58 

 

ages. The youngest and oldest concordant zircon grains are 408 Ma (sample SCO001) and 3533 

Ma (sample BPT001), respectively. Full documentation of DZ U–Pb ages are given in 

Supplementary Table 3-2. 

Figure 3-2: Normalized kernel density estimates (bandwidth 15 Myr) of detrital zircon U–Pb ages of 

the study area; Augusta sample of Sircombe and Freeman (1999) is from a similar location as sample 

AUG_1; N – number of samples; n – number of analyses (concordant/total). Interpretation of source 

is color-coded: green – Pinjarra Orogen; blue – Albany-Fraser Orogen; red – Yilgarn Craton. 

3.4.1 Fluvial samples 

The DZ age distributions in the fluvial samples in the western and eastern SCP differ 

significantly (Figure 3-2). The western drainage systems (Blackwood and Scott rivers) both 

show a prevalence of early Mesoproterozoic-Phanerozoic ages (1100-500 Ma; c. 72%) and 

minor occurrences of 1240-1120 Ma and 2710-2580 Ma age modes. The Hardy Inlet estuary 

(confluence of Blackwood and Scott rivers) presents a similar DZ spectra, but with a more 

pronounced dominance of DZ ages between 1100 and 500 Ma (c. 87%). The eastern rivers 

show distinct DZ populations. The Donnelly River is dominated by DZ ages between 2710 and 
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2580 Ma (c. 82%). The Warren River has a greater variety of ages but higher abundances of 

DZ ages at 1240-1120 Ma (c. 14%), 1700-1600 Ma (c. 37%), and 2710-2580 Ma (c. 31%). Both 

eastern rivers (Donnelly and Warren) document no, or only very little, 730-500 Ma and 1100-

880 Ma DZ age modes. 

3.4.2 Littoral samples 

The modern littoral samples show qualitatively similar polymodal age distributions with 

the 730-500 Ma and 1100-880 Ma age modes dominating throughout (c. 70-82%). Age modes 

1240-1120 Ma, 1700-1600 Ma, and 2710-2580 Ma are minor components. Beachrock sample 

FLD005 DZ shows a high similarity to the modern littoral DZ composition. From west to east 

the early Mesoproterozoic-Phanerozoic grains (age modes 730-500 Ma, 1100-880 Ma) decrease 

in abundance whereas older age modes 1240-1120 Ma and 1700-1600 Ma increase. 
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Figure 3-3: (A) Normalized kernel density estimates (bandwidth 15 Myr) of DZ age spectra of relevant 

reference samples; N – number of samples; n – number of analyses (concordant/total). Interpretation 

of source is color-coded: green – Pinjarra Orogen; blue – Albany-Fraser Orogen; red – Yilgarn 

Craton; [1] – sample GB001 (bulk-mounted) from Dröllner et al. (2021), [2] – Sircombe and Freeman 

(1999), [3] – Lewis (2017), [4(*)] – Olierook et al. (2019) *and references therein. (B) 

Multidimensional scaling using K-S statistics of DZ age spectra of samples of this study and Perth 

Basin sediments of different age. GB – Governor Broome; FB – Flinders Bay; BP – Black Point, WH 

– Windy Harbour, AFO – Albany-Fraser Orogen; Ri. – River, Fm. – Formation. 

3.5 Discussion 

Understanding of DZ sources (Section 3.5.1) and local controls on the spatial variation of 

age modes (3.5.2 and 3.5.3) are required to understand and assess the utility of metrics for 

gauging the degree of recycling within DZ systems. Therefore, potential DZ sources (3.5.1) and 

the sedimentological controls on the DZ age distributions (3.5.2 and 3.5.3) are established at 

the outset. These sections allow the contextualization of the relationships relevant for 
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subsequent discussion of the significance of the source-normalized α-dose metric (3.5.4) and 

its potential use in ancient sedimentary systems (3.5.5). 

3.5.1 Potential sources of detrital zircon 

The well-established geology of the study area allows for confident correlation of major 

DZ ages with regional crystalline basement source rocks that have been defined using a multi-

decade sensitive high-resolution ion microprobe (SHRIMP) zircon geochronology program. 

Age modes at 730-500 Ma and 1100-880 Ma are assigned to the PJO (Collins, 2003). Age 

modes at 1240-1120 Ma and 1700-1600 Ma are related to derivation from the AFO (Kirkland 

et al., 2011). The YC is interpreted as the source of 2710-2580 Ma grains (Mole et al., 2019). 

Potential sources of recycled DZ are the Perth Basin and the often poorly consolidated 

Cenozoic sediments of the coastal plain. Perth Basin DZ show significantly higher proportions 

of Mesoproterozoic and Archean ages (Figure 3-3A) compared to most samples of this study 

(Figure 3-2). Therefore, based on quantitative differences and limited exposure of the Perth 

Basin in proximity of the study area, Perth Basin sediments are unlikely to represent immediate 

sources of DZ. The similarity of DZ compositions of coastal sediments to those of Cenozoic 

paleo-shoreline sediments on the SCP (reference [1] in Figure 3-3A) suggest a closer 

relationship, perhaps by sedimentary recycling, consistent with Kolmogorov–Smirnov (K-S) 

statistics (Figure 3-3B). 
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Figure 3-4: (A) Comparison of present-day spatial extent of main lithologies in the catchment of the 

different drainage systems versus proportion of DZ ages corresponding to source rocks. Note that, 

although as a fraction of the catchment the Blackwood/Scott drainage does not cover as much of the 

Perth Basin as the Donnelly River, it exceeds it four times in terms of area.; PB –Perth Basin, PJO – 

Pinjarra Orogen; AFO – Albany-Fraser Orogen; YC – Yilgarn Craton. (B) Zirconium (Zr) content of 

the different source. Data have been obtained from the online database of the Geological Survey of 

Western Australia (dmp.wa.gov.au/Geochem), only igneous and metamorphic rocks >60 wt% SiO2 

have been used; LC – Leeuwin Complex, SWT – South West Terrane, CI – Confidence interval. 

3.5.2 Do rivers reflect their catchment geology? 

The eastern and western drainage systems of the SCP show significant differences in their 

DZ populations and areal distribution of source rocks within their catchments (Figure 3-4A). 

The Donnelly and Warren River DZ populations correlate to the relative spatial distribution of 

source rocks in their respective catchments. This supports direct sourcing of the DZ cargo in 

the eastern rivers, i.e., high degree of first-cycle sands, or absence of recycled or exotic material. 

In contrast, the relative proportions of DZ age modes in the Blackwood and Scott river samples 

do not correspond to the spatial extent of relevant source rocks within their catchments. For 

instance, the PJO occurs in less than 1% of the area of the catchment but is the ultimate source 

of the majority of the DZ ages (c. 75%; Figure 3-4A). The opposite is observed for the YC. 

Although being the most extensive crustal component (c. 90%) in the catchment, only c. 9% of 

DZ ages in the Scott-Blackwood samples can be linked to the YC. 

dmp.wa.gov.au/Geochem
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The mismatch between the representation of crustal units within DZ age populations and 

areal extents within the hinterland catchment of the largest sediment drainage system (based on 

sediment supply Qs and catchment area) can be attributed to a combination of (i) zircon fertility 

(e.g., Moecher and Samson, 2006), (ii) erosion rates (e.g., Spencer et al., 2018), and (iii) 

sedimentary recycling (e.g., Meinhold et al., 2011). Although the zircon fertility, constrained 

by the Zr content of source rocks, is significantly higher in the PJO (c. 4:2:1 ratio to AFO and 

YC), zircon fertility cannot entirely account for the observed dominance of PJO-derived DZ 

given a c. 5:1:1 ratio to AFO- and YC-derived DZ in the Blackwood and Scott rivers samples 

(Figure 3-4). Equally, significantly higher erosion rates for the onshore PJO within the drainage 

systems are unlikely to explain the great differences. Enhanced erosion rates are more likely to 

occur in the incised upper reaches, but lithologies of the upper reaches (YC) are the least 

represented sources. In addition, the passive margin setting displays negligible differences in 

topography and erosivity of the different source rocks (based on lithology factor after Syvitski 

and Milliman, 2007). However, the supply of multi-cycle detritus of sediments is expected to 

exceed primary supply from denudation of crystalline basement (first-cycle) in drainage 

systems such as the Blackwood River, which meanders through a variably consolidated alluvial 

sediment veneer (e.g., Fülöp et al., 2020). In fact, the Blackwood and Scott river samples DZ 

composition shows striking similarity with Cenozoic SCP sediments suggesting sedimentary 

recycling is a key control of the DZ composition of the western drainage systems. Active 

recycling processes are supported by the presence of AFO-derived DZ despite a lack of 

corresponding sources in the catchment. Comparison of relative DZ abundances also implies 

that sedimentary recycling of the Cenozoic sediment veneer appears to be more important than 

recycling of underlying Mesozoic and Palaeozoic strata of the Perth Basin (Figure 3-3). 

However, given the proven zircon cargo within the Perth Basin, these sedimentary rocks may 

have been a source of DZ for pre-Pleistocene sediments of the SCP, which are in turn inferred 

to be the dominant source of modern fluvial DZ. Sedimentary recycling thus masks propagation 

of geological signals from source-to-sink, i.e., providing very limited information about the 

ultimate crystalline basement catchment geology. This is contrary to the often-assumed 

representativeness of fluvial sands for their catchment (Caracciolo, 2020), suggesting that 

fluvial samples need to be carefully evaluated based on their geological setting to avoid 

misinterpretation. 
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3.5.3 Environmental controls of coastal plain detrital zircon composition 

Coastal morphology and swell direction affect the dispersion of DZ in littoral sediments 

of the study area. The negative correlation of PJO- and AFO-derived DZ is suggestive of a net 

west-to-east sediment longshore drift system, consistent with the dominant swell direction 

(Figure 3-5A) and corresponding increasing roundness of detrital grains (Supplementary Figure 

3-1). The negative correlation is also consistent with decreasing similarity of littoral DZ age 

spectra towards the east when compared to the most western DZ age spectra (Figure 3-5B). The 

steady increase of AFO- (and decline of PJO-) derived DZ is best explained with progressive 

dilution of the PJO longshore drift signal and increasing proximity of AFO bedrock at the 

eastern end of the study area. The DZ composition along the coast is also influenced by the 

presence of headlands. At both Black Point and Point D’Entrecasteaux headlands, the relative 

abundance of PJO-derived DZ declines from west to east, whereas the relative AFO-derived 

DZ abundance increases (Figure 3-5A). Therefore, headlands appear to generate a shift of DZ 

age distributions and influence propagation of DZ populations along the shore. This is 

consistent with clustering in multidimensional scaling (MDS) space, which corresponds to the 

eastern (Yeagarup Beach) and western part (Flinders Bay) of the study area that are separated 

by the Black Point Headland (Figure 3-1C; Figure 3-3B). 
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Figure 3-5: (A) Spatial variation of littoral DZ sample age modes assigned to source rocks; PJO – 

Pinjarra Orogen; AFO – Albany-Fraser Orogen; YC – Yilgarn Craton. (B) Different metrics used in 

DZ geochronology to compare similarity between samples. All values refer to the comparison with the 

most western beach sample near Augusta. (C) Results of inverse Monte Carlo modelling (Sundell and 

Saylor, 2017) using K-S statistics to constrain contribution of different idealised sources. The “PJO 

first-cycle” fraction is likely to be overestimated by the model as the “PJO first-cycle” parameter is 

not entirely first-cycle sand, but contains grains not representing PJO first-cycle sand (e.g., AFO-

derived grains). Note: most western sample is Hardy Inlet (different to Figure 3-5A). 

The coastally exposed PJO is subject to one of the highest wave energies in Australia 

(Porter-Smith et al., 2004). Thus, preferential erosion of coastal outcrops supplying first-cycle 

sands and transportation by the eastward sediment longshore drift system, as well as increased 

zircon fertility (Figure 3-4B), are interpreted to contribute to the widespread PJO-derived DZ 

in littoral sediments across the SCP. However, as the modern littoral sands exhibit significant 
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occurrences of non-PJO aged grains, supply of multi-cycle DZ, either by riverine discharge or 

sedimentary recycling of older coastal sediments, are expected to influence DZ composition 

along with enhancing single source dominance. To test the contribution of direct sourcing 

versus sedimentary recycling in modern-day littoral sands, we assume that the DZ from 

Augusta, proximal to the outcropping PJO (Figure 3-1C), are the best approximation of first-

cycle sands derived from the PJO. Moreover, we assume the Blackwood and Scott river samples 

DZ approximate the DZ age distribution of the Cenozoic sediment veneer (Section 3.5.2). 

Following these assumptions, we model the contribution from “PJO first-cycle” (source rock 

proximal sand derived by coastal erosion), “recycling” (Blackwood and Scott river sand), and 

“catchment erosion” represented by the Donnelly, and Warren rivers (Figure 3-5C). To 

constrain mixing proportions, we apply an inverse Monte-Carlo modelling using the MATLAB 

code written by Sundell and Saylor (2017). As expected by sediment supply (Figure 3-1B), the 

model attributes limited contributions to the littoral DZ age distribution by the Donnelly River 

(YC signal) and Warren River (AFO signal). An exception is the Yeagarup Beach DZ (sample 

YGP001) showing a small but distinct spike in Warren River contribution, which is interpreted 

to relate to local influence by the sample’s proximity (c. 2 km) to the Warren River mouth. The 

proxies for PJO-derived first-cycle sand and recycled sand show linear decreases and increases, 

respectively. Such patterns imply first-cycle sediment is particularly dominant proximal to the 

outcropping PJO and becomes less evident with greater distance. 

Ultimately, DZ ages and model results suggest DZ composition becomes substantially 

more influenced by erosion of coastal sediments eastwards and, that the minor drainage systems 

(Donnelly and Warren) do not influence the littoral DZ cargo considerably. Furthermore, this 

implies that autogenic processes (i.e., onshore transportation, sediment storage, and 

sedimentary recycling) are a first-order control on DZ composition in this setting. Integrated 

with preferential erosion of one source, and minimal sediment supply of other sources, coastal 

plains’ DZ age distributions may not be representative for the extent of bedrock of their 

catchment, but are essentially the consequence of environment controls, i.e., significantly 

biased. However, if this bias, fundamentally dictated by sedimentary processes, is recognized, 

it can be used to assess intermediate sediment storage and sediment pathways (Caracciolo, 

2020). 
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3.5.4 Source-normalized α-dose: a new tool to quantify transport and recycling in DZ 

geochronology 

Source-normalized α-dose compares α-dose (that is a first-order approximation of the 

degree of metamictization) of individual DZ grains to the average α-dose of grains within its 

source rock. The concept primarily assumes selective removal of less durable (i.e., metamict) 

zircon grains during sedimentary processes as demonstrated by previous studies (Sircombe and 

Stern, 2002; Malusà et al., 2013; Markwitz and Kirkland, 2018; Resentini et al., 2020). The 

difference in the α-dose of zircon grains that develops between ultimate source and sink is a 

measure of the active time in the sedimentary system, i.e., the total exposure to processes 

responsible for the removal of metamict grains. Thus, DZ populations that were subject to 

multiple sedimentary recycling events are expected to exhibit significantly lower α-dose values 

compared to grains in pristine source rocks that have not experienced destructive dissolution 

and abrasion processes of a sedimentary cycle. Accordingly, recycled zircon populations, or 

those with protracted sedimentary histories are expected to exhibit source-normalized α-dose 

values <1. Conversely, first-cycle sands, which do not experience considerable transport and 

reworking, are hypothesised to show values of c. 1. Consequently, source-normalized α-dose 

may help to constrain the degree of transport and reworking of DZ age modes corresponding to 

distinct sources. Age bins of DZ and source rock zircons used for calculation of source-

normalized α-dose are given in the Appendix (Source-normalized α-dose). 
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Figure 3-6: (A) Boxplots of source-normalized α-dose of modern sediments for assigned source rocks, 

for instance, Pinjarra Orogen box plots (green) include only DZ that display ages corresponding to 

the Pinjarra Orogen. No boxplot (but median) is shown if n (number of concordant analyses) is <5. 

(B) Median of source-normalized α-dose for littoral samples and linear regressions; PJO – Pinjarra 

Orogen; AFO – Albany-Fraser Orogen; YC – Yilgarn Craton. (C) α-dose values of zircon grains from 

interpreted source rocks; LC – Leeuwin Complex; SWT – South West Terrane. α-dose values of DZ 

and sources are given in Supplementary Table 3-2 and  Supplementary Table 3-4, respectively. 

The high similarity of the α-dose values of the PJO age mode in the Augusta beach DZ 

population and its source rock (expressed by a source-normalized α-dose of c. 1; Figure 3-6A) 

suggests that this population has not been significantly modified, and is likely first-cycle. The 

significant decline of source-normalized α-dose values of PJO-derived DZ (source based on U–

Pb ages) from the most western to all eastern littoral samples (Figure 3-6B) is consistent with 

(i) mechanical breakdown during longshore transportation and (ii) increasing contribution of 
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multi-cycle DZ derived from older coastal strata. Significant supply of multi-cycle DZ (both 

through the Blackwood-Scott system and contiguous coast-backing sediment reservoirs) from 

the coastal plain is consistent with the significant decline in source-normalized α-dose east of 

Augusta. These sediments have spent considerable time within the coastal system during 

Cenozoic sea-level fluctuations and have consequently been subject to protracted physical 

transport attrition, chemical weathering during storage, and multiple sedimentation and erosion 

events capable of destroying metamict zircon grains. Higher source-normalized α-dose values 

are evident for rivers that more accurately match their catchment geology (Donnelly and 

Warren) consistent with higher proportions of minimally transported material and the general 

applicability of source-normalized α-dose to distinguish proportions of first- and multi-cycle 

DZ. High α-dose of the YC basement (Figure 3-6C) in combination with lower fertility can in 

parts explain scarcity of YC-derived grains (although YC by far exceeds PJO and AFO in terms 

of present-day area) in the littoral sediments (Figure 3-2) and in other clastic strata of the Perth 

Basin (Olierook et al., 2019). However, comparatively low abundance of Archean DZ is also 

the result of generally increasing zircon fertility per mass of magma through time (Keller et al., 

2017). 

The multi-cycle nature of AFO-derived DZ is suggested by the absence of AFO source 

rocks in the river catchments, and consistent with low source-normalized α-dose in the 

Blackwood/Scott River (c. 0.4). This is supported by comparison to PJO-derived DZ in the 

same samples that show higher values and are, based on source proximity, less likely to be 

affected by sedimentary recycling than the AFO-derived DZ. AFO-derived DZ in the Perth 

Basin are believed to be in part sourced by recycling of a now-fully eroded (or not sampled) 

sediment veneer covering the YC (e.g., Veevers et al., 2005; Olierook et al., 2019). Low source-

normalized α-dose value of AFO-derived DZ in the southern Perth Basin support a multi-cycle 

origin (Figure 3-7A). The southern Perth Basin source-normalized α-dose is higher compared 

to the present-day Blackwood/Scott River (although low-n limits interpretative power). 

Therefore, this observation further supports the interpretation that the lower source-normalized 

α-dose AFO-derived DZ population of the present-day Blackwood/Scott River has been subject 

to selective removal of higher α-dose zircon grains within the underlying Perth Basin and 

coastal plain facies during recycling. Consequently, comparison of DZ and source α-dose 

(documented through source-normalized α-dose) aids in discrimination of first- versus multi-

cycle contribution in DZ populations, using chemistry typically captured during routine U–Pb 

geochronology. Furthermore, comparison with possible intermediate sediment storage 
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reservoirs indicates that source-normalized α-dose can be applied in the deep-time geological 

record. 

3.5.5 Implications for sedimentary provenance analysis in the deep-time geological 

record 

To validate the use of source-normalised α-dose in DZ provenance analysis more broadly, 

we test this tool on DZ populations derived from the Grenville Orogen, North America. The 

dominance of Grenville detritus in Phanerozoic clastic strata in North America, specifically in 

former Laurentia, is well-studied and assumed to be primarily the result of exceptional zircon 

fertility and multiple sedimentary recycling episodes (e.g., Moecher and Samson, 2006; Potter-

McIntyre et al., 2018; Zotto et al., 2020). Moecher et al. (2019) proved recycling using textures 

of detrital diagenetic monazite. Widespread sedimentary recycling processes are also supported 

through indirect observations, i.e., by comparison with older strata exposing similar DZ age 

spectra (e.g., Potter-McIntyre et al., 2018). Therefore, well-established sedimentary recycling 

relationships allow for testing source-normalized α-dose as a general application in DZ 

geochronology. 

Figure 3-7: Boxplots of source-normalized α-dose to track progressive sedimentary recycling of (A) 

Albany-Fraser Orogen (AFO) derived DZ in modern fluvial sands (this study) and Mesozoic basement 

in SW Australia (data from Olierook et al., 2019 and references therein), (B) Grenville-derived DZ in 

different clastic sedimentary rocks from former Laurentia: McNairy Fm. (Potter-McIntyre et al., 

2018), Grundy Fm. (Zotto et al., 2020), Wading Branch Fm. (Chakraborty et al., 2012); source rock 

data (n = 398) from Southworth et al. (2010); age bin = 1190-1020 Ma, and (C) Takidani-intrusion-

derived first-cycle river sands (source rock (n=17) and DZ data from Ito et al. (2017); age bin = 1.75-

1.23 Ma). 
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Results suggest source-normalized α-dose establishes the same relationships as other 

measures of cyclicity, when applied to ancient geological settings. The basal Lower Ocoee 

Supergroup (Wading Branch Formation) is interpreted to be sourced primarily from the 

underlying Mesoproterozoic Grenville basement (Chakraborty et al., 2012). Its Grenville-

derived DZ population source-normalized α-dose of c. 0.9 supports limited transport and a 

predominant first-cycle origin (Figure 3-7B). Zotto et al. (2020) advocated that the 

Neoproterozoic Lower Ocoee Supergroup and Cambrian lithologies are the main source of DZ 

supplying the proximal Carboniferous Grundy Formation, which shows a significantly lower 

source-normalized α-dose of its Grenville-derived DZ population (c. 0.7). Hence, source-

normalized α-dose captures a multi-cycle history that agrees with the previously published 

interpretation. Moreover, the source-normalized α-dose of younger fluvial strata of the 

Mississippi embayment (Cretaceous McNairy Formation) shows even lower values (c. 0.6; 

Figure 3-7B). The continuous decline of source-normalized α-dose is interpreted to document 

progressive sedimentary recycling and transportation. Furthermore, the 10th percentile α-dose 

is relatively constant, even though the 90th percentile drops significantly in the Grenville-

derived DZ, which suggests that the metric relates to a geologically meaningful process: the 

destruction of more labile metamict grains.  

To test results of source-normalised α-dose in the absence of sedimentary recycling, we 

compared the α-dose of Takidani granodiorite zircon crystals and DZ of the same age within 

the Azusa River in Japan using data published by Ito et al. (2017). The river sample was taken 

in close proximity to its igneous source; therefore, it reflects a first-cycle sand directly sourced 

from the intrusion. As expected, based on apparent relationships, the first-cycle sands of the 

modern Azusa River in Japan display a source-normalized α-dose of c. 1.1, i.e., capturing the 

same variability of zircon α-dose as the proximal source rock (Figure 3-7C). 

In addition to evaluation of the multi-cycle proportion of individual DZ age modes, 

differences in source-normalized α-dose between two DZ modes may allow quantification of 

information loss, e.g., which age mode was more affected by sedimentary recycling (i.e., loss 

of metamict grains) and, therefore, will be less preserved in the detrital record. In this study, 

our findings suggest no preferential information loss between the main PJO and AFO DZ 

populations (Sircombe and Stern, 2002; Figure 3-6B). However, being an internal mechanism 

that fundamentally explores loss of more labile grains through time, source-normalized α-dose 

allows for replication of results derived by other mineral proxies, i.e., it provides first order 

constraints on sedimentary transport and recycling of DZ. 
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3.5.6 Application and limitations 

A fundamental assumption of source-normalized α-dose application is the accurate 

discrimination of the source using the DZ age fingerprint or other proxies (e.g., integrated 

geochemical techniques). That is, only age populations that can be traced back to a specific 

source allow for source-normalized α-dose calculation. Therefore, the use of this metric is 

favoured for diversified age spectra of distinct sources. Likewise, regions of well-characterised 

basement rocks (i.e., sufficient numbers of analyses) that capture their source natural variability, 

will provide more accurate results. Non-normalized α-dose values cannot be compared between 

different age modes, i.e., preferential removal of DZ populations, as a proxy for bias, cannot be 

detected. However, in the absence of suitable source rock data, a simple comparison of α-dose 

values of the same distinct age mode between samples may be capable of demonstrating relative 

recycling. As with source-normalized values, a decline of high α-dose grains through 

successively younger depositional units should be considered an indication of likely 

sedimentary recycling. 

The concept does not factor in annealing as part of the grain history (Nasdala et al., 2001), 

and consequently considers continuous accumulation of α-decay damage from crystallization. 

Therefore, source-normalized α-dose is expected to represent a minimum constraint on the 

degree of multi-cyclicity. However, in this study the observed disparities in source-normalized 

α-dose between DZ populations are clearly best explained by removal of highly metamict 

grains, suggesting annealing is secondary to the sedimentary recycling signal. 
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Figure 3-8: Schematic visualization of the concept of source-normalized α-dose. Progressive 

sedimentary recycling and/or transport of DZ will lead to increased selective removal of metamict 

grains, which results in lower source-normalized α-dose values. Stages I-III track shift of abundance 

of low and high α-dose DZ through multiple episodes of sedimentary recycling. 

3.6 Conclusions 

An investigation of modern coastal plain sediments reveals environmental control and 

progressive sedimentary recycling dictating DZ composition. The DZ age modes of the major 

drainage system flowing through the Scott Coastal Plain is characterized by a significant 

mismatch to the areal extent of source rock in the catchments but similarity to those of DZ 

within Cenozoic strata, thus challenging the use of fluvial DZ age spectra as a measure of 

catchment geology. Supply of first-cycle sands from a basement outcrop, which is exposed to 

preferential erosion, via a net west-to-east longshore drift system, has been identified 

controlling DZ on a local scale. However, the dominant mechanism controlling overall coastal 

plain DZ composition is interpreted to be progressive recycling of sediments in successive 

coastal systems. Ultimately, these findings demonstrate intrinsic controls of DZ composition in 

coastal plains, resulting in prevalence of multi-cycle DZ. This process buffers propagation of 

primary geological signals from source-to-sink limiting the use of the detrital record as a direct 

fingerprint of the source area. Consequently, these results highlight the need for careful 

evaluation of first- and multi-cycle DZ signal to maintain a meaningful geological 

interpretation. 
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Source-normalized α-dose, a novel metric comparing α-dose of DZ and zircon crystals 

retained in their crystalline source rocks, constrains the degree of grain transport and recycling. 

Selective removal of more labile (i.e., metamict) zircon grains, correlating with active time in 

the sedimentary system, leads to a decrease of source-normalized α-dose values (Figure 3-8). 

A value close to 1 is characteristic of first-cycle material and reduced transportation of grains, 

with values progressively decreasing in tandem with progressive transportation and reworking. 

Understanding complex grain histories can improve the interpretive power of provenance 

analysis using DZ in multi-cycle sedimentary systems by filtering for primary geological 

processes in the source area. Source-normalized α-dose can be readily applied to published DZ 

datasets and will improve recognition of a significant bias in DZ geochronology due to the 

multi-cycle nature of zircon. 
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3.8 Appendix 

Supplementary Figure 3-1: Roundness of detrital particles (>32 μm) of sample sites used to establish 

net west-to-east longshore drift. Grain shape data are based on exposed surface area of bulk-mounted 

heavy mineral separates using backscattered secondary electron images. Data were extracted during 

automated phase identification using Tescan Integrated Mineral Analyzer (TIMA). Roundness is 

calculated as 4*area/(π*major.axis2). 

3.8.1 Source-normalized α-dose 

For calculation of source-normalized α-dose DZ age bins of 1099-505, 1974-1101, and 

3112-2560 Ma were assigned to PJO-, AFO-, and YC-origin, respectively. Ages of source rock 

zircons used for normalization are within uncertainty of DZ age bins. Ages significantly outside 

age brackets were not included in source-normalized α-dose calculations; this outlier fraction 

contains c. 2% (n = 16/953) of all concordant ages (not including sample FLD005 [beach rock] 

that is not part of the modern sedimentary system). 

3.8.2 U-Pb geochronology 

Zircon grains were analysed by laser ablation-inductively coupled plasma-mass 

spectrometry (LA-ICP-MS) at Curtin University’s John de Laeter Centre (Perth, Australia). 

For analysis of samples BRI002, DON001, SCO001, WAR001, HAR005, BPT001, 

BPT002, BPT004, FLD001, FLD004, FLD005, YGP001, WHI001, and WHI004 a RESOlution 

193 nm excimer laser with a laser fluence of 3.2 J cm−2 and repetition rate of 10 Hz for ~ 30 s 

analysis time was used. Background time capture was 30 s and two cleaning pulses prior to 

analysis were conducted. The sample cell was flushed by ultrahigh purity He (0.68 L min−1) 

and N2 (2.8 mL min−1). Circular ablation spots of 50 μm were used for reference materials and 

unknowns. Isotopic analysis was conducted using an Agilent 8900 Triple Quadrupole ICP-MS. 
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Data reduction was performed using iolite4 (Paton et al., 2011). GJ1 zircon (Jackson et al., 

2004) was used as the primary reference material. Secondary reference materials 91500 

(Wiedenbeck et al., 1995), Plešovice (Sláma et al., 2008), and OG-1 (Stern et al., 2009) were 

measured as unknowns at regular intervals to allow confirmation of precision and accuracy. 

Results of reference materials are listed in Supplementary Table 3-3 in the Appendix. External 

reproducibility was obtained using 91500 following the procedure described by Horstwood et 

al. (2016) implemented in iolite4. U and Th concentrations are calculated using GJ1 as the 

primary reference material. 

For sample AUG_1 a RESOlution 193 nm excimer laser with a laser fluence of 1.3 J cm−2 

and repetition rate of 7 Hz for ~ 30 s analysis time was used. Background time capture was 30 s 

and two cleaning pulses prior analysis were conducted. The sample cell was flushed by 

ultrahigh purity He (0.68 L min-1) and N2 (2.8 mL min−1). Circular ablation spots of 33 μm were 

used for reference materials and unknowns. Isotopic analysis was conducted using an Agilent 

7700x Quadrupole ICP-MS with high purity Ar as the carrier gas (flow rate 0.98 L min-1). Data 

reduction was performed using iolite3 (Paton et al., 2011). GJ1 zircon (Jackson et al., 2004) 

was used as the primary reference material. Secondary reference materials 91500 (Wiedenbeck 

et al., 1995) and Plešovice (Sláma et al., 2008) were measured as unknowns at regular intervals 

to allow confirmation of precision and accuracy. Analysis of 91500 and Plešovice reference 

materials has given an age of 1064.5±2.5 Ma (MSWD = 0.83, n = 25/25) and 333.9 ±0.9 Ma 

(MSWD = 1.07, n = 14/15), respectively. External reproducibility was obtained using error 

propagation by iolite3. U and Th concentration are calculated using NIST 610 as a primary 

standard with 29Si as internal reference isotope, using Trace Elements DRS in iolite3 and 

assuming 14.76% Si in zircon. 

All ages are quoted at 2σ absolute uncertainty. As a discordance filter, we treat ages 

within a Concordia distance of -1-5%, following Vermeesch (2021), as concordant. 

Additionally, to avoid changing between different ratios for age calculation, and to make 

optimum use of both U/Pb and Pb/Pb ratios, Concordia ages (Ludwig, 1998) are used in all 

calculations. Statistics for U-Pb ages were performed using DZstats (Saylor and Sundell, 2016). 

Zircon age calculations were performed using the IsoplotR software (Vermeesch, 2018). Kernel 

density estimates (Figure 3-2, Figure 3-3A) and multi-dimensional scaling (stress of 0.29; 

Figure 3-3B) were plotted using detritalPy v.1.3.23 (Sharman et al., 2018). 
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3.8.3 Data tables 

To maintain a format suitable for this thesis data tables are simplified and present the raw 

data necessary to replicate the findings of the. All uncertainties are given as the standard 

error of the mean, unless stated otherwise. The original data tables and additional 

supplementary data can be obtained through https://doi.org/10.1016/j.epsl.2021.117346. 

Supplementary Table 3-1: Age and locations of samples. 

Sample ID Sample Age 

Location 

Lat Long 

Riverine     
BRI002 Blackwood River sand Recent 34° 9'47.62"S 115°11'39.95"E 

DON001 Donnelly River sand Recent 34°19'47.31"S 115°46'35.29"E 

SCO001 Scott River sand Recent 34°15'36.78"S 115°16'9.59"E 

WAR001 Warren River sand Recent 34°30'24.93"S 115°59'33.11"E      
Estuarine     
HAR005 Hardy Inlet sand Recent 34°18'47.69"S 115° 9'54.86"E      
Coastal     
AUG_1 Augusta beach sand Recent 34°20'45.87''S 115°10'11.70"E 
BPT001 Black Point beach sand (western side) Recent 34°24'44.81"S 115°32'26.70"E 

BPT002 Black Point beach sand (western side) Recent 34°24'44.81"S 115°32'26.70"E 

BPT004 Black Point beach sand (eastern side) Recent 34°24'56.32"S 115°33'32.80"E 
FLD001 Flinders Bay beach sand Recent 34°20'45.34"S 115°25'25.81"E 

FLD004 Flinders Bay dunal sand Recent 34°20'46.52"S 115°25'34.68"E 

FLD005 Flinders Bay beachrock late Pleistocene (?) 34°20'58.22"S 115°25'54.62"E 
YGP001 Yeagarup Beach beach sand Recent 34°35'39.79"S 115°48'33.91"E 

WHI001 Windy Harbour beach sand (western side) Recent 34°48'41.06"S 116°00'05.38"E 
WHI004 Windy Harbour beach sand (eastern side) Recent 34°50'16.70"S 116°01'00.23"E 

 

Supplementary Table 3-2: Results of detrital zircon U-Pb geochronology. 

Spot  

238U/ 
206Pb 

2σ 
abs err 

207Pb/ 
206Pb 

2σ 
abs err 

U 
(ppm) 

2σ 
abs err 

Th 
(ppm) 

2σ 
abs err 

Preferred 
age (Ma) 

2σ 
abs err α-dose 

BPT001-1 1.8766 0.0700 0.18828 0.00140 133 1 122 1    

BPT001-2 8.9158 0.0805 0.06338 0.00101 155 4 123 3 686 3 4.09826E+14 

BPT001-3 11.8195 0.1022 0.05896 0.00140 120 6 162 2 524 2 2.69505E+14 
BPT001-4 9.9425 0.0994 0.06435 0.00158 71 2 104 4    

BPT001-5 8.9784 0.0891 0.06230 0.00138 85 2 105 4 681 3 2.42693E+14 

BPT001-6 8.6825 0.0790 0.06310 0.00104 184 4 257 6 703 3 5.59208E+14 
BPT001-7 9.1843 0.0871 0.06314 0.00143 94 3 170 5 667 3 2.91158E+14 

BPT001-8 7.1452 0.0999 0.07466 0.00234 27 1 21 0    

BPT001-9 7.8921 0.0945 0.06827 0.00179 52 1 81 1 771 4 1.78876E+14 
BPT001-10 1.9089 0.0699 0.18717 0.00082 163 4 153 3 2717 4 1.75977E+15 

BPT001-11 8.8966 0.0887 0.06160 0.00159 75 1 61 1    

BPT001-12 8.6800 0.0763 0.06402 0.00070 355 9 276 8 705 3 9.62846E+14 
BPT001-13 6.8499 0.0832 0.07239 0.00173 55 1 61 1    

BPT001-14 5.9920 0.0732 0.07468 0.00072 260 6 227 5 1010 5 1.02813E+15 
BPT001-15 7.0844 0.0832 0.06981 0.00099 149 4 160 3 857 5 5.21102E+14 

BPT001-16 14.8558 0.2030 0.05532 0.00316 27 1 40 1 420 3 4.9461E+13 

BPT001-17 6.8702 0.0839 0.07169 0.00068 300 1 178 3 895 5 9.93877E+14 
BPT001-18 8.8905 0.0863 0.06344 0.00095 233 4 193 4 688 3 6.22521E+14 

BPT001-19 4.9782 0.0742 0.08059 0.00142 79 1 79 0 1185 7 3.74489E+14 

BPT001-20 6.1448 0.0862 0.07464 0.00204 37 1 65 1 976 6 1.65254E+14 
BPT001-21 5.7754 0.0778 0.07559 0.00085 185 3 201 5 1042 6 7.85984E+14 

BPT001-22 1.3701 0.0697 0.31087 0.00090 330 5 285 3 3533 2 4.56671E+15 

BPT001-23 8.5836 0.0837 0.06371 0.00118 124 2 99 1 711 3 3.40599E+14 
BPT001-24 8.7314 0.0815 0.06323 0.00101 168 2 208 3 700 3 4.94038E+14 

BPT001-25 10.7015 0.1138 0.05934 0.00197 56 1 40 0 576 3 1.21661E+14 

BPT001-26 1.7488 0.0705 0.21435 0.00258 21 1 27 1 2937 9 2.60159E+14 
BPT001-27 8.8626 0.0820 0.06286 0.00117 118 4 114 4 689 3 3.23395E+14 

BPT001-28 5.5666 0.0753 0.07690 0.00132 78 2 228 5 1071 6 4.61072E+14 

BPT001-29 7.2714 0.0816 0.07049 0.00121 95 3 143 5    
BPT001-30 8.7992 0.0814 0.06316 0.00103 170 5 159 4 694 3 4.68311E+14 

BPT001-31 1.8533 0.0699 0.18692 0.00084 242 5 180 2    

https://doi.org/10.1016/j.epsl.2021.117346
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Spot  

238U/ 
206Pb 

2σ 

abs err 

207Pb/ 
206Pb 

2σ 

abs err 

U 

(ppm) 

2σ 

abs err 

Th 

(ppm) 

2σ 

abs err 

Preferred 

age (Ma) 

2σ 

abs err α-dose 
BPT001-32 9.1350 0.0973 0.06819 0.00207 154 2 196 3    

BPT001-33 6.3430 0.1030 0.07571 0.00113 128 3 124 3    

BPT001-34 1.8611 0.0699 0.18605 0.00099 138 4 135 4    
BPT001-35 9.0901 0.1166 0.06273 0.00240 30 1 24 1 673 4 7.80916E+13 

BPT001-36 10.2170 0.0783 0.05983 0.00077 359 8 261 6 602 2 8.21943E+14 

BPT001-37 8.9357 0.1040 0.06342 0.00234 75 2 88 2 684 4 2.12062E+14 
BPT001-38 11.7556 0.0843 0.05792 0.00090 244 5 173 3 526 2 4.87087E+14 

BPT001-39 5.3703 0.0737 0.08665 0.00065 386 11 248 8    

BPT001-40 1.6546 0.0698 0.23514 0.00126 109 2 140 1 3086 4 1.42555E+15 
BPT001-41 8.9763 0.0927 0.06348 0.00148 74 2 153 3 682 3 2.43711E+14 

BPT001-42 8.9443 0.1210 0.06357 0.00275 23 1 47 2 684 4 7.59223E+13 

BPT001-43 5.4292 0.0876 0.07699 0.00261 21 0 42 1 1091 8 1.09965E+14 
BPT001-44 2.2547 0.0700 0.17082 0.00055 480 14 194 5    

BPT001-45 8.8253 0.0766 0.06242 0.00068 335 11 202 5 692 3 8.59542E+14 

BPT001-46 8.6939 0.0794 0.06335 0.00099 255 3 212 2 702 3 6.95577E+14 
BPT001-47 8.8248 0.0877 0.07378 0.00155 109 1 159 2    

BPT001-48 6.0400 0.1194 0.07710 0.00108 174 5 157 6    

BPT001-49 10.5900 0.0808 0.06037 0.00080 359 8 185 4 582 2 7.61318E+14 
BPT001-50 8.6984 0.0807 0.06271 0.00097 196 5 212 5 701 3 5.5958E+14 

BPT001-51 9.9538 0.0896 0.06068 0.00122 156 7 77 4 617 3 3.49248E+14 

BPT001-52 1.0100 2.8813 0.04766 0.11386 0 0 0 0    
BPT001-53 9.9959 0.1238 0.06218 0.00221 36 0 48 1 615 4 9.53964E+13 

BPT001-54 9.2621 0.1582 0.05912 0.00316 15 0 14 0    
BPT001-55 8.5769 0.0818 0.06369 0.00097 161 7 118 4 712 3 4.36605E+14 

BPT001-56 5.5860 0.0755 0.07623 0.00089 189 6 150 4 1071 6 7.80764E+14 

BPT001-57 5.5104 0.0733 0.07612 0.00085 204 4 202 3 1081 6 8.82879E+14 
BPT001-58 9.0137 0.0984 0.06580 0.00252 140 2 91 2    

BPT001-59 8.7113 0.0839 0.06278 0.00119 116 3 167 4 701 3 3.53454E+14 

BPT001-60 8.1045 0.2299 0.07510 0.00664 6 0 5 0    
BPT001-61 8.5526 0.0882 0.06272 0.00153 91 4 155 11 713 3 2.96165E+14 

BPT001-62 8.6123 0.0823 0.06316 0.00114 137 3 118 3 708 3 3.78103E+14 

BPT002-1 5.7572 0.0736 0.07428 0.00076 193 4 229 5 1036 5 8.33632E+14 
BPT002-2 5.4676 0.0878 0.07636 0.00094 156 3 126 2 1089 7 6.58705E+14 

BPT002-3 8.6117 0.0907 0.06325 0.00164 60 1 96 3 708 4 1.9023E+14 

BPT002-4 8.6268 0.0892 0.06405 0.00142 86 1 82 0 708 3 2.42732E+14 
BPT002-5 11.0373 0.0884 0.05914 0.00107 210 7 347 15 559 2 5.30211E+14 

BPT002-6 12.0976 0.1265 0.05732 0.00192 55 1 91 1 512 3 1.27947E+14 

BPT002-7 6.2670 0.0845 0.07289 0.00127 83 3 138 6 960 6 3.58787E+14 
BPT002-8 8.7585 0.0766 0.06283 0.00073 288 7 232 5 697 3 7.75397E+14 

BPT002-9 8.6907 0.0796 0.06330 0.00103 203 2 208 1 703 3 5.75103E+14 

BPT002-10 5.7753 0.1028 0.08683 0.00370 33 1 55 1    
BPT002-11 5.4613 0.0790 0.07721 0.00142 57 1 133 3 1089 7 3.12733E+14 

BPT002-12 7.7490 0.1004 0.06931 0.00249 28 1 33 1    

BPT002-13 8.6487 0.0806 0.06465 0.00103 159 5 147 6 707 3 4.44032E+14 
BPT002-14 8.6507 0.0908 0.06172 0.00147 76 4 72 3    

BPT002-15 6.1364 0.0809 0.07323 0.00147 72 0 94 3 977 6 2.98335E+14 

BPT002-16 10.9664 0.1166 0.05800 0.00147 93 1 104 5    
BPT002-17 7.2759 0.0816 0.07118 0.00115 107 2 182 3    

BPT002-18 8.1528 0.1010 0.08318 0.00315 44 1 55 2    

BPT002-19 6.7129 0.0761 0.07116 0.00111 126 2 166 2 900 5 4.82391E+14 
BPT002-20 7.4291 0.1471 0.07299 0.00389 10 0 11 0    

BPT002-21 5.4066 0.0724 0.07658 0.00080 263 10 191 2 1098 6 1.09798E+15 

BPT002-22 9.1173 0.0916 0.06465 0.00117 140 2 128 3 673 3 3.71528E+14 
BPT002-23 9.1713 0.0828 0.06320 0.00076 321 6 379 5 669 3 8.93436E+14 

BPT002-24 9.2047 0.0943 0.06289 0.00125 111 3 139 4 666 3 3.10081E+14 

BPT002-25 9.6312 0.0834 0.06066 0.00095 194 4 118 2 637 3 4.59224E+14 
BPT002-26 11.0584 0.0887 0.05856 0.00109 217 4 305 4 558 2 5.24536E+14 

BPT002-27 8.9264 0.0847 0.06472 0.00153 168 4 112 3 685 3 4.32671E+14 

BPT002-28 1.9889 0.0699 0.17817 0.00091 142 3 94 2 2635 4 1.40211E+15 
BPT002-29 4.9371 0.0708 0.08016 0.00046 816 18 1038 12 1196 5 4.12532E+15 

BPT002-30 8.7940 0.0825 0.06282 0.00108 164 2 157 2 694 3 4.54466E+14 

BPT002-31 6.8156 0.0902 0.07250 0.00107 138 6 183 10    
BPT002-32 5.7739 0.0808 0.07589 0.00171 51 1 59 2 1034 6 2.19038E+14 

BPT002-33 8.1462 0.0966 0.06986 0.00185 85 2 165 6    

BPT002-34 5.9748 0.0841 0.07415 0.00186 41 1 94 2 1000 6 2.05533E+14 
BPT002-35 9.5460 0.1482 0.06511 0.00386 14 0 15 0    

BPT002-36 4.1971 0.0730 0.09660 0.00120 180 2 413 9    

BPT002-37 10.2810 0.0866 0.05951 0.00090 226 10 86 5 598 2 4.78871E+14 
BPT002-38 8.6997 0.0899 0.06346 0.00157 78 1 103 1 702 3 2.33661E+14 

BPT002-39 4.8448 0.0724 0.08053 0.00102 118 4 106 3 1209 7 5.61188E+14 

BPT002-40 10.9829 0.0823 0.05948 0.00063 558 13 239 5 562 2 1.12195E+15 
BPT002-41 8.5498 0.0845 0.06272 0.00119 104 2 95 2 713 3 2.9249E+14 

BPT002-42 6.8355 0.1157 0.07210 0.00235 59 1 77 1    
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BPT002-43 5.4204 0.0770 0.07559 0.00093 155 6 162 3 1089 6 6.85596E+14 

BPT002-44 5.0115 0.0727 0.07902 0.00101 138 3 296 7 1173 7 7.93642E+14 

BPT002-45 10.5724 0.0959 0.05762 0.00101 164 5 121 3    
BPT002-46 8.8209 0.0937 0.06412 0.00091 202 3 299 1 695 3 6.15504E+14 

BPT002-47 8.6178 0.0796 0.06361 0.00099 180 5 166 5 708 3 5.0354E+14 

BPT002-48 8.5572 0.1006 0.06871 0.00176 308 2 459 5    
BPT002-49 8.5152 0.0902 0.06529 0.00121 143 2 135 3 718 4 4.08056E+14 

BPT002-50 8.5787 0.0802 0.06521 0.00068 439 18 229 8 715 3 1.14676E+15 

BPT002-51 5.2087 0.0769 0.07716 0.00168 49 1 44 1 1131 7 2.16931E+14 
BPT002-52 5.1358 0.0736 0.07939 0.00095 167 2 191 2 1156 6 7.94971E+14 

BPT002-53 7.6966 0.0778 0.06685 0.00089 217 4 128 2 790 4 6.33307E+14 

BPT002-54 8.8280 0.1066 0.06182 0.00190 47 2 53 2    
BPT002-55 8.0077 0.1216 0.06307 0.00255 21 0 24 1    

BPT002-56 8.7135 0.0926 0.06358 0.00142 76 3 114 5 701 3 2.33799E+14 

BPT002-57 8.5757 0.0773 0.06533 0.00082 239 5 294 7 714 3 7.16595E+14 
BPT002-58 10.8723 0.0946 0.06117 0.00134 115 2 221 4 568 2 3.08955E+14 

BPT002-59 5.3756 0.0731 0.07692 0.00071 246 5 181 2 1106 6 1.03624E+15 

BPT002-60 9.5129 0.1399 0.06397 0.00251 27 1 15 1 645 5 6.30486E+13 
BPT002-61 8.5957 0.0759 0.06370 0.00066 458 20 519 22 711 3 1.34078E+15 

BPT002-62 8.6620 0.0970 0.06301 0.00169 56 2 43 1 704 4 1.51339E+14 

BPT004-1 5.8146 0.0743 0.07365 0.00103 135 3 41 1 1024 6 4.81504E+14 
BPT004-2 6.1714 0.0808 0.07569 0.00134 144 2 250 7    

BPT004-3 5.7996 0.1010 0.08762 0.00111 171 4 245 13    
BPT004-4 8.9780 0.1094 0.06225 0.00132 134 4 123 6 681 4 3.61289E+14 

BPT004-5 8.7311 0.0826 0.06501 0.00092 231 6 253 15 702 3 6.63587E+14 

BPT004-6 5.7965 0.0910 0.07627 0.00116 125 1 111 2 1039 7 5.10847E+14 
BPT004-7 8.7054 0.0849 0.06241 0.00111 142 2 179 5 701 3 4.19714E+14 

BPT004-8 5.7690 0.0790 0.07493 0.00095 163 4 164 4 1038 6 6.78121E+14 

BPT004-9 8.6101 0.0819 0.06830 0.00113 165 5 166 6    
BPT004-10 11.0343 0.1045 0.05786 0.00154 85 2 37 1    

BPT004-11 5.9153 0.0799 0.07311 0.00136 64 1 105 2 1008 6 2.89462E+14 

BPT004-12 8.6333 0.0774 0.06405 0.00089 210 5 231 5 708 3 6.07724E+14 
BPT004-13 12.1561 0.0949 0.05869 0.00119 150 4 150 3 510 2 3.07707E+14 

BPT004-14 4.8478 0.0921 0.08228 0.00313 60 1 110 1 1212 10 3.36588E+14 

BPT004-15 1.5047 0.0698 0.27064 0.00173 315 8 419 13 3309 5 4.45358E+15 
BPT004-16 8.5903 0.0754 0.06308 0.00068 473 13 555 11 710 3 1.3929E+15 

BPT004-17 1.7246 0.0702 0.21384 0.00196 43 2 60 3 2948 7 5.43788E+14 

BPT004-18 8.7695 0.0903 0.06388 0.00142 98 3 172 4 697 3 3.14528E+14 
BPT004-19 10.4012 0.0849 0.06106 0.00065 480 12 151 4 593 2 9.93618E+14 

BPT004-20 8.3825 0.0795 0.06332 0.00078 241 5 224 7 726 3 6.92593E+14 

BPT004-21 3.5919 0.0762 0.09836 0.00173 122 2 72 2 1587 11 7.15483E+14 
BPT004-22 8.9478 0.0957 0.06292 0.00176 59 1 79 1 683 3 1.72573E+14 

BPT004-23 8.8852 0.1075 0.06416 0.00159 75 4 93 6 689 4 2.17266E+14 

BPT004-24 1.9128 0.0703 0.17961 0.00189 44 1 64 1    
BPT004-25 5.8815 0.1069 0.07565 0.00256 23 1 38 1 1016 8 1.06042E+14 

BPT004-26 8.6729 0.1007 0.06251 0.00196 46 2 75 3 703 4 1.46105E+14 

BPT004-27 8.5539 0.0897 0.06808 0.00178 68 2 139 3    
BPT004-28 8.5216 0.0851 0.07040 0.00173 124 3 142 5    

BPT004-29 8.5057 0.0859 0.06204 0.00116 104 2 99 2    

BPT004-30 9.1647 0.1191 0.06285 0.00250 55 1 110 2 668 4 1.75282E+14 
BPT004-31 8.3830 0.0924 0.06382 0.00151 80 1 82 3 727 4 2.33656E+14 

BPT004-32 6.3400 0.0858 0.08378 0.00094 237 6 170 6    

BPT004-33 9.0565 0.0963 0.06302 0.00091 182 3 140 4 677 3 4.71649E+14 
BPT004-34 5.4027 0.0727 0.07627 0.00063 387 10 283 6 1097 5 1.61611E+15 

BPT004-35 8.7773 0.1584 0.06969 0.00360 131 3 193 7    

BPT004-36 9.1608 0.0859 0.06410 0.00129 147 4 173 6 669 3 4.08559E+14 
BPT004-37 9.5789 0.1236 0.06066 0.00237 30 0 37 0 640 4 8.13888E+13 

BPT004-38 8.6518 0.0943 0.06416 0.00165 61 1 85 2 706 4 1.8666E+14 

BPT004-39 4.8550 0.0750 0.08106 0.00086 181 6 134 5 1213 7 8.39981E+14 
BPT004-40 8.6360 0.0834 0.06355 0.00099 197 5 191 9 707 3 5.57294E+14 

BPT004-41 8.9306 0.1101 0.07933 0.00407 43 1 63 2    

BPT004-42 5.9410 0.0771 0.07487 0.00133 88 1 154 2 1009 6 4.06362E+14 
BPT004-43 9.0556 0.0862 0.06303 0.00116 142 2 128 2 676 3 3.78775E+14 

BPT004-44 5.6006 0.0850 0.07687 0.00172 40 1 39 1 1064 7 1.7117E+14 

BPT004-45 6.7822 0.0901 0.07468 0.00106 252 3 367 12    
BPT004-46 8.2781 0.1045 0.06541 0.00144 127 4 169 7 737 4 3.99852E+14 

BPT004-47 4.2113 0.0817 0.08033 0.00168 36 1 50 0    

BPT004-48 3.6883 0.0712 0.09876 0.00092 168 3 94 2 1584 7 9.79718E+14 
BPT004-49 8.7469 0.0980 0.06312 0.00138 89 4 139 8 698 4 2.76872E+14 

BPT004-50 8.8028 0.1194 0.06533 0.00256 26 1 58 3 694 4 9.02955E+13 

BPT004-51 5.5432 0.0733 0.07656 0.00093 159 4 218 8 1078 6 7.38806E+14 
BPT004-52 8.4771 0.1168 0.06485 0.00234 55 3 60 3 720 5 1.60605E+14 

BPT004-53 8.7156 0.0790 0.06392 0.00093 212 5 211 5 701 3 5.978E+14 
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BPT004-54 8.6405 0.0886 0.06344 0.00128 98 3 138 4 706 3 3.00544E+14 

BPT004-55 10.9698 0.0837 0.05916 0.00081 278 7 567 16 563 2 7.53639E+14 

BPT004-56 2.9319 0.0704 0.12043 0.00084 164 3 218 4 1956 6 1.37103E+15 
BPT004-57 1.9544 0.0707 0.18499 0.00102 389 12 487 11 2697 4 4.41466E+15 

BPT004-58 8.6411 0.0863 0.06289 0.00137 99 2 102 2 706 3 2.81787E+14 

BPT004-59 11.2985 0.0829 0.05818 0.00075 398 7 15 0 547 2 7.11718E+14 
BPT004-60 5.3090 0.0779 0.07571 0.00176 44 1 54 1    

BPT004-61 4.9971 0.0741 0.08048 0.00122 83 1 114 2 1183 7 4.21984E+14 

BPT004-62 8.6240 0.0796 0.06335 0.00105 160 4 170 5 708 3 4.60496E+14 
BPT004-63 8.4890 0.0986 0.06349 0.00181 50 1 86 1 718 4 1.64626E+14 

BPT004-64 7.0220 0.1226 0.06895 0.00353 14 0 4 0 859 7 4.23645E+13 

BPT004-65 5.6737 0.0797 0.07552 0.00081 190 4 173 4 1056 6 7.9333E+14 
BPT004-66 7.4763 0.1060 0.07714 0.00133 139 6 195 8    

BPT004-67 8.8715 0.0895 0.06313 0.00138 91 1 90 2 689 3 2.52288E+14 

BPT004-68 8.6860 0.0806 0.06378 0.00083 248 7 269 8 704 3 7.11482E+14 
BPT004-69 8.6318 0.0845 0.06612 0.00121 139 4 188 6 709 3 4.23391E+14 

BPT004-70 6.9991 0.1169 0.07019 0.00140 103 3 129 4 867 7 3.77509E+14 

BPT004-71 11.9573 0.1154 0.05786 0.00161 77 2 125 3 518 2 1.78686E+14 
BPT004-72 8.2979 0.0847 0.06705 0.00121 139 1 228 1 736 4 4.60655E+14 

BPT004-73 8.8105 0.0850 0.06244 0.00132 188 2 300 5 693 3 5.8408E+14 

BPT004-74 1.4894 0.0699 0.25796 0.00108 158 4 121 3    
BPT004-75 6.1275 0.0795 0.07396 0.00155 68 1 135 3 979 6 3.18833E+14 

BPT004-76 5.4981 0.0749 0.07557 0.00095 166 3 132 3 1079 6 6.90639E+14 
BPT004-77 1.9793 0.0703 0.17782 0.00189 38 1 58 1 2632 9 4.43813E+14 

BPT004-78 8.0252 0.1318 0.06943 0.00324 17 0 24 1    

BPT004-79 8.6852 0.0852 0.06310 0.00101 139 3 167 5 703 3 4.06306E+14 
BPT004-80 7.6278 0.0856 0.07105 0.00129 118 4 102 4    

BPT004-81 8.5318 0.1006 0.06604 0.00179 143 9 105 6 716 4 3.89874E+14 

BPT004-82 11.9739 0.0926 0.05831 0.00108 203 4 174 3 517 2 4.09868E+14 
BPT004-83 10.7073 0.0862 0.05924 0.00101 213 4 129 2 576 2 4.54492E+14 

BPT004-84 8.6883 0.0773 0.06276 0.00090 208 3 248 5 702 3 6.07802E+14 

BPT004-85 8.6242 0.0886 0.06101 0.00150 80 3 84 2    
BPT004-86 8.9006 0.0857 0.07160 0.00143 128 3 197 5    

BPT004-87 8.6814 0.0870 0.06286 0.00126 104 2 125 2 703 3 3.04071E+14 

BPT004-88 9.0087 0.0807 0.06329 0.00095 241 4 257 7 680 3 6.66603E+14 
BPT004-89 9.2890 0.1115 0.06216 0.00147 97 3 67 1 660 4 2.41889E+14 

BPT004-90 8.6720 0.0791 0.06384 0.00094 194 4 199 5 705 3 5.51822E+14 

BPT004-91 2.7657 0.0704 0.12590 0.00118 89 1 95 1 2034 8 7.37612E+14 
BPT004-92 2.0043 0.0698 0.17833 0.00079 294 8 230 7 2636 4 2.98108E+15 

BPT004-93 4.8399 0.0715 0.07981 0.00065 341 12 251 7 1201 6 1.56046E+15 

BPT004-94 8.4908 0.0817 0.06356 0.00106 162 6 145 5 718 3 4.58782E+14 
BPT004-95 5.3660 0.0729 0.07551 0.00082 196 5 268 5 1096 6 9.24704E+14 

BPT004-96 8.5548 0.0955 0.06279 0.00159 50 0 68 0 712 4 1.51732E+14 

BPT004-97 8.8318 0.0866 0.06210 0.00144 91 1 115 1 691 3 2.64892E+14 
BPT004-98 10.2340 0.0900 0.06195 0.00089 213 6 268 4 603 3 5.40305E+14 

BPT004-99 8.6845 0.0869 0.06259 0.00126 95 2 229 4 702 3 3.40371E+14 

BPT004-100 6.5295 0.0800 0.07151 0.00091 204 3 179 1 926 5 7.40676E+14 
BPT004-101 8.7302 0.0762 0.06425 0.00075 401 8 286 6 701 3 1.06745E+15 

BPT004-102 8.8273 0.0865 0.06375 0.00142 96 1 100 1 692 3 2.70054E+14 

BPT004-103 8.7335 0.0851 0.06318 0.00110 126 1 124 2 699 3 3.53596E+14 
BPT004-104 10.5709 0.1154 0.06067 0.00185 62 1 53 1 583 3 1.41131E+14 

BPT004-105 6.1323 0.0781 0.07424 0.00086 182 3 106 3 987 5 6.62786E+14 

BPT004-106 2.1639 0.0700 0.17272 0.00075 280 6 436 7    
BPT004-107 8.4987 0.0870 0.06380 0.00129 96 3 79 2 718 3 2.67109E+14 

BPT004-108 9.5664 0.0857 0.06099 0.00072 374 16 223 1 641 3 8.87923E+14 

BPT004-109 8.4004 0.1012 0.06583 0.00109 173 5 178 5 728 4 5.08152E+14 
BPT004-110 6.9293 0.1086 0.07301 0.00123 123 1 85 1    

BPT004-111 5.5772 0.0737 0.07560 0.00088 190 4 274 8 1068 6 8.83799E+14 

BPT004-112 5.1546 0.0723 0.08202 0.00082 271 6 274 6 1178 6 1.28626E+15 
BPT004-113 4.9211 0.0772 0.08137 0.00187 42 1 102 2 1197 8 2.56565E+14 

BPT004-114 4.9982 0.0765 0.08070 0.00151 59 2 71 2 1182 8 2.91097E+14 

BPT004-115 4.9124 0.0725 0.08090 0.00095 150 3 192 4 1202 7 7.6141E+14 
BPT004-116 6.3465 0.0968 0.07247 0.00083 233 8 193 6 956 6 8.66052E+14 

BPT004-117 8.5830 0.0974 0.06438 0.00182 52 1 80 1 711 4 1.64488E+14 

BPT004-118 8.4425 0.0809 0.06427 0.00128 118 2 117 3 722 3 3.41658E+14 
BPT004-119 8.7311 0.0996 0.06425 0.00184 89 2 170 3 700 4 2.93816E+14 

BPT004-120 8.8387 0.1604 0.08990 0.00597 37 1 44 1    

BPT004-121 2.0414 0.0710 0.17505 0.00174 245 5 136 5 2604 8 2.34713E+15 
BPT004-122 11.0899 0.1013 0.05874 0.00138 94 2 96 2 557 2 2.11303E+14 

BPT004-123 5.9068 0.0750 0.07418 0.00093 175 4 192 4 1015 5 7.26E+14 

BPT004-124 8.7608 0.0983 0.06484 0.00078 310 7 173 4 702 4 7.98386E+14 
BPT004-125 8.6599 0.0989 0.06328 0.00171 60 1 108 2 705 4 1.94765E+14 

BRI002-1 5.0566 0.0797 0.07998 0.00189 39 1 99 2 1167 8 2.36982E+14 
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BRI002-2 7.1983 0.1537 0.07239 0.00375 45 1 49 1    

BRI002-3 8.5483 0.1329 0.06848 0.00307 44 1 63 2    

BRI002-4 8.2651 0.0855 0.06939 0.00148 476 8 400 9    
BRI002-5 9.0145 0.0895 0.06994 0.00121 260 5 202 5    

BRI002-6 6.2249 0.1111 0.07696 0.00297 72 2 73 2    

BRI002-7 8.8165 0.0822 0.06707 0.00093 373 10 361 12    
BRI002-8 1.9771 0.0699 0.18819 0.00102 199 4 250 4 2725 4 2.28635E+15 

BRI002-9 8.5492 0.1211 0.06566 0.00245 75 1 90 1 714 5 2.227E+14 

BRI002-10 2.1110 0.0700 0.17480 0.00100 336 3 268 3 2602 5 3.37215E+15 
BRI002-11 5.6117 0.0878 0.07524 0.00110 247 5 137 3 1061 7 9.6065E+14 

BRI002-12 8.7333 0.0954 0.06398 0.00148 130 2 216 4 700 4 4.12354E+14 

BRI002-13 3.6599 0.0729 0.10016 0.00147 104 2 137 3 1592 10 7.05127E+14 
BRI002-14 7.7402 0.0838 0.06788 0.00141 141 3 162 4 786 4 4.57236E+14 

BRI002-15 5.3810 0.0752 0.07621 0.00114 124 1 109 1 1099 6 5.32665E+14 

BRI002-16 8.6370 0.0860 0.06610 0.00126 165 2 142 3 708 3 4.58032E+14 
BRI002-17 8.7601 0.1301 0.06127 0.00292 29 1 115 3    

BRI002-18 8.6950 0.0933 0.06495 0.00158 316 2 580 9 703 4 1.03518E+15 

BRI002-19 5.9979 0.0813 0.07510 0.00140 152 2 141 2 1001 6 6.01862E+14 
BRI002-20 5.4463 0.0789 0.07568 0.00088 337 8 221 12 1086 6 1.37376E+15 

BRI002-21 4.8005 0.0718 0.08299 0.00135 353 12 482 39 1230 8 1.86368E+15 

BRI002-22 5.7146 0.1684 0.07668 0.00653 9 0 10 0 1041 14 3.87662E+13 
BRI002-23 8.7677 0.1021 0.06309 0.00164 167 3 158 4 697 4 4.61553E+14 

BRI002-24 1.9428 0.0703 0.18184 0.00147 203 2 246 4 2677 7 2.2748E+15 
BRI002-25 9.3566 0.0964 0.06626 0.00112 257 5 131 3    

BRI002-26 9.0664 0.1511 0.06222 0.00418 14 0 10 0 675 5 3.58348E+13 

BRI002-27 9.1677 0.1871 0.06810 0.00425 109 4 110 3    
BRI002-28 6.3494 0.0857 0.07986 0.00169 305 11 572 30    

BRI002-29 2.5609 0.0726 0.17749 0.00136 304 1 220 4    

BRI002-30 1.9667 0.0705 0.17630 0.00166 52 2 88 3    
BRI002-31 5.9948 0.0779 0.07431 0.00113 148 3 150 2 1001 6 5.96893E+14 

BRI002-32 6.5342 0.1334 0.07514 0.00424 25 0 31 0    

BRI002-33 1.9476 0.0698 0.17827 0.00072 414 9 214 5    
BRI002-34 4.8569 0.0747 0.08194 0.00132 99 2 110 2 1215 8 4.92307E+14 

BRI002-35 1.6131 0.0699 0.23718 0.00144 127 2 196 3 3110 5 1.74659E+15 

BRI002-36 9.4082 0.1067 0.06229 0.00157 103 2 87 4 652 3 2.6082E+14 
BRI002-37 10.1445 0.1986 0.07263 0.00452 61 1 85 1    

BRI002-38 5.5403 0.1001 0.07712 0.00321 17 0 28 0 1072 9 8.15808E+13 

BRI002-39 6.3430 0.0901 0.07271 0.00180 87 3 165 5 947 6 3.88064E+14 
BRI002-40 5.4893 0.0748 0.07497 0.00109 255 2 167 1 1077 6 1.02882E+15 

BRI002-41 4.8312 0.0749 0.08097 0.00129 108 2 109 2 1214 8 5.2577E+14 

BRI002-42 5.2599 0.0885 0.08006 0.00268 32 1 61 2 1126 8 1.68733E+14 
BRI002-43 8.3203 0.1145 0.06819 0.00249 73 0 56 0    

BRI002-44 5.0529 0.0726 0.08140 0.00077 672 12 606 10 1190 6 3.15245E+15 

BRI002-45 6.6660 0.0791 0.07177 0.00096 211 5 155 1 909 5 7.31742E+14 
BRI002-46 11.1079 0.0994 0.05912 0.00132 214 4 365 8 556 2 5.42613E+14 

BRI002-47 3.7586 0.0716 0.11415 0.00127 97 2 85 2    

BRI002-48 12.4155 0.1556 0.06452 0.00293 37 1 66 2    
BRI002-49 9.2279 0.2473 0.06474 0.00637 15 0 22 0 664 8 4.39796E+13 

BRI002-50 4.0759 0.1571 0.08484 0.00978 3 0 0 0    

BRI002-51 11.3642 0.0991 0.05888 0.00143 135 5 97 2 544 2 2.78613E+14 
BRI002-52 10.8767 0.1027 0.06586 0.00145 180 4 171 5    

BRI002-53 8.5556 0.0834 0.06519 0.00115 219 3 223 3 714 3 6.31077E+14 

BRI002-54 5.5156 0.0744 0.07568 0.00102 157 2 126 3 1076 6 6.53771E+14 
BRI002-55 9.0594 0.0899 0.06315 0.00162 109 3 147 3 675 3 3.14796E+14 

BRI002-56 10.5261 0.0917 0.08705 0.00158 475 11 481 20    

BRI002-57 8.9437 0.0894 0.06325 0.00114 159 4 159 4 684 3 4.36887E+14 
BRI002-58 7.5384 0.0935 0.06738 0.00131 172 5 180 5 805 5 5.60476E+14 

BRI002-59 2.8497 0.0704 0.12523 0.00095 170 3 237 5 2023 6 1.48474E+15 

BRI002-60 7.9467 0.0916 0.06833 0.00195 54 1 122 2    
BRI002-61 8.4972 0.0968 0.07198 0.00183 298 8 197 3    

BRI002-62 4.9619 0.0822 0.08112 0.00205 30 1 59 2 1188 9 1.68196E+14 

BRI002-63 11.8123 0.1839 0.06835 0.00401 60 1 245 2    
BRI002-64 5.6805 0.0790 0.07391 0.00156 80 4 442 31 1045 6 6.26183E+14 

BRI002-65 9.1246 0.0887 0.06368 0.00105 189 4 156 6 672 3 4.93958E+14 

BRI002-66 3.0706 0.0729 0.17907 0.00078 596 26 692 24    
BRI002-67 10.2002 0.1309 0.06520 0.00159 167 2 70 1    

BRI002-68 6.6202 0.0831 0.07200 0.00125 123 2 248 6 913 5 5.37149E+14 

BRI002-69 2.0271 0.0700 0.17433 0.00078 791 31 868 38 2599 4 8.40932E+15 
BRI002-70 9.4544 0.1085 0.06651 0.00185 75 2 75 2    

BRI002-71 9.1120 0.0864 0.06259 0.00125 176 8 141 7 672 3 4.56842E+14 

BRI002-72 8.6145 0.0822 0.06496 0.00119 161 4 170 4 709 3 4.64143E+14 
BRI002-73 2.5573 0.0711 0.18752 0.00081 456 21 302 10    

BRI002-74 5.6520 0.0834 0.07668 0.00146 139 1 102 1 1057 7 5.60575E+14 
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BRI002-75 11.3514 0.1040 0.06173 0.00142 137 3 194 4    

BRI002-76 5.8357 0.0755 0.07489 0.00102 138 4 131 4 1027 6 5.633E+14 

BRI002-77 2.1754 0.0710 0.17204 0.00079 289 11 61 4    
BRI002-78 8.4767 0.1389 0.06798 0.00133 142 3 149 2    

BRI002-79 5.9001 0.0839 0.07887 0.00096 287 4 378 15    

BRI002-80 12.0632 0.1099 0.05974 0.00158 150 3 279 5 514 2 3.60565E+14 
BRI002-81 9.1313 0.0855 0.06601 0.00128 163 5 173 5    

BRI002-82 10.5925 0.1341 0.05792 0.00244 47 1 122 2    

BRI002-83 1.5612 0.0702 0.25262 0.00205 245 5 123 2 3200 6 2.84381E+15 
BRI002-84 5.5270 0.0881 0.08172 0.00225 237 6 213 5    

BRI002-85 10.1137 0.1520 0.06587 0.00238 159 2 97 6    

BRI002-86 2.8172 0.0727 0.12191 0.00228 25 0 28 1 1974 13 2.05832E+14 
BRI002-87 9.1555 0.0791 0.06297 0.00087 540 11 572 14 669 3 1.46785E+15 

BRI002-88 8.8606 0.1502 0.06272 0.00345 18 0 20 1 689 6 5.13519E+13 

BRI002-89 12.0154 0.1085 0.06539 0.00146 494 4 276 14    
BRI002-90 1.8598 0.0700 0.19974 0.00135 117 2 202 3 2823 5 1.51115E+15 

BRI002-91 6.7031 0.0874 0.06991 0.00198 52 1 88 2 897 5 2.12511E+14 

BRI002-92 2.0353 0.0705 0.17454 0.00094 660 11 134 11 2601 4 5.83703E+15 
BRI002-93 6.0788 0.0759 0.07554 0.00097 255 6 373 9 996 5 1.11141E+15 

BRI002-94 8.7805 0.0851 0.06722 0.00134 213 5 282 8    

BRI002-95 1.9997 0.0712 0.17525 0.00137 231 7 153 8 2614 6 2.26837E+15 
BRI002-96 8.7976 0.2955 0.06823 0.01113 83 2 160 4    

BRI002-97 11.8281 0.0851 0.05962 0.00083 396 6 106 2 524 2 7.1603E+14 
BRI002-98 8.7367 0.1727 0.06748 0.00366 40 2 91 3    

BRI002-99 8.7044 0.1241 0.06451 0.00253 77 1 84 1 702 5 2.21763E+14 

BRI002-100 8.9617 0.0886 0.06483 0.00126 167 4 274 7 684 3 5.14831E+14 
BRI002-101 9.0235 0.0960 0.06847 0.00158 297 5 330 9    

BRI002-102 8.6398 0.0867 0.06422 0.00116 169 6 222 7 707 3 5.08865E+14 

BRI002-103 11.7213 0.0917 0.05848 0.00110 252 5 223 6 528 2 5.22504E+14 
BRI002-104 5.5331 0.0741 0.07572 0.00109 144 3 155 3 1074 6 6.295E+14 

BRI002-105 9.6784 0.1265 0.06368 0.00211 56 1 72 2 635 4 1.50849E+14 

BRI002-106 1.9546 0.0702 0.18428 0.00139 101 1 132 2 2690 6 1.15979E+15 
BRI002-107 9.3326 0.1113 0.10194 0.00414 68 3 64 1    

BRI002-108 5.5913 0.0768 0.07702 0.00084 245 7 134 3 1077 6 9.67489E+14 

BRI002-109 2.0248 0.0713 0.17798 0.00277 22 1 31 1 2629 12 2.47572E+14 
BRI002-110 9.2848 0.1330 0.06590 0.00345 29 1 37 1    

BRI002-111 9.1874 0.0960 0.06503 0.00168 89 3 88 4    

BRI002-112 2.0976 0.0701 0.18093 0.00072 786 32 618 42    
BRI002-113 9.2713 0.0968 0.06451 0.00179 85 2 61 2 661 3 2.14083E+14 

BRI002-114 9.0290 0.0949 0.06748 0.00145 118 3 87 3    

BRI002-115 2.0010 0.0700 0.19000 0.00087 288 6 269 5    
BRI002-116 9.5774 0.1457 0.06734 0.00181 421 10 128 3    

BRI002-117 11.8422 0.1433 0.13652 0.00264 504 5 408 8    

BRI002-118 2.4242 0.0713 0.15575 0.00233 245 2 81 2    
BRI002-119 8.9159 0.1011 0.06428 0.00149 275 1 243 1 687 4 7.42019E+14 

BRI002-120 2.1461 0.0700 0.17047 0.00083 290 6 152 3 2560 4 2.70859E+15 

BRI002-121 1.9924 0.0700 0.17795 0.00095 1640 22 85 1 2633 4 1.41844E+16 
BRI002-122 2.0026 0.0703 0.17276 0.00093 497 6 304 2    

BRI002-123 8.9501 0.2383 0.06663 0.00554 18 0 12 0    

BRI002-124 2.1625 0.0700 0.16462 0.00079 969 25 259 9 2502 4 8.36962E+15 
BRI002-125 1.8875 0.0699 0.19022 0.00117 291 1 166 1 2743 5 2.94011E+15 

DON001-1 8.1851 0.0815 0.09270 0.00074 1038 69 129 5    

DON001-2 1.9987 0.0698 0.18146 0.00096 223 5 226 5 2665 4 2.39126E+15 
DON001-3 2.0208 0.0699 0.17397 0.00062 463 11 123 3 2595 3 4.14951E+15 

DON001-4 2.0092 0.0701 0.17920 0.00123 536 17 421 8 2644 6 5.45767E+15 

DON001-5 2.1718 0.0713 0.17327 0.00108 191 1 81 2    
DON001-6 2.0918 0.0704 0.18334 0.00085 355 11 240 10    

DON001-7 12.1311 0.1803 0.06531 0.00352 70 0 159 1    

DON001-8 2.0722 0.0709 0.17955 0.00168 78 0 34 0 2643 7 7.36637E+14 
DON001-9 2.2518 0.0703 0.17390 0.00096 429 13 201 11    

DON001-10 2.1541 0.0703 0.17362 0.00081 455 18 300 7    

DON001-11 2.6213 0.0734 0.17265 0.00098 349 10 370 16    
DON001-12 2.1569 0.0703 0.17988 0.00133 137 6 94 4    

DON001-13 2.0170 0.0706 0.18109 0.00089 589 14 223 7 2661 4 5.54499E+15 

DON001-14 2.0634 0.0702 0.18125 0.00124 119 3 150 4    
DON001-15 6.3162 0.1083 0.17146 0.00148 416 6 2640 44    

DON001-16 2.1589 0.0708 0.18068 0.00209 61 2 58 2    

DON001-17 3.0491 0.0727 0.15182 0.00087 477 29 262 9    
DON001-18 1.6298 0.0699 0.25632 0.00149 305 5 216 5    

DON001-19 2.0036 0.0707 0.18215 0.00143 106 5 60 1 2670 6 1.04003E+15 

DON001-20 2.2544 0.0710 0.17046 0.00118 352 12 178 3    
DON001-21 3.7198 0.0723 0.09984 0.00155 177 2 54 1 1573 10 9.69268E+14 

DON001-22 4.7604 0.0739 0.08055 0.00079 551 8 623 9 1220 6 2.76697E+15 
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DON001-23 3.0562 0.0719 0.15966 0.00109 379 9 161 3    

DON001-24 1.9157 0.0700 0.17763 0.00089 1759 46 619 29    

DON001-25 3.0615 0.0712 0.15967 0.00110 434 18 122 5    
DON001-26 1.9199 0.0701 0.18565 0.00112 172 2 134 3 2703 5 1.79038E+15 

DON001-27 2.0674 0.0710 0.17509 0.00188 79 3 121 7 2603 9 9.05893E+14 

DON001-28 2.1735 0.0739 0.17966 0.00230 54 3 30 2    
DON001-29 1.9250 0.0720 0.18277 0.00235 68 1 67 1 2679 10 7.30368E+14 

DON001-30 1.9370 0.0702 0.17912 0.00074 441 9 363 12    

DON001-31 2.0019 0.0712 0.18274 0.00210 82 1 111 2 2673 9 9.3812E+14 
DON001-32 2.0781 0.0703 0.17621 0.00092 492 19 394 13 2616 4 4.96652E+15 

DON001-33 2.0117 0.0706 0.18017 0.00076 897 27 86 2 2653 3 7.89971E+15 

DON001-34 12.1387 0.1268 0.06243 0.00233 150 4 155 2    
DON001-35 2.0215 0.0699 0.18330 0.00070 443 13 287 6 2682 3 4.44976E+15 

DON001-36 2.0601 0.0704 0.17481 0.00126 194 6 105 3 2602 6 1.84842E+15 

DON001-37 9.5121 0.0996 0.07032 0.00162 262 10 184 5    
DON001-38 2.0402 0.0702 0.17842 0.00126 218 4 167 3 2636 6 2.19948E+15 

DON001-39 2.3485 0.0709 0.17069 0.00190 56 1 51 1    

DON001-40 3.8982 0.0724 0.11042 0.00137 125 3 175 7    
DON001-41 2.0469 0.0717 0.18127 0.00138 111 4 170 4 2661 6 1.30601E+15 

DON001-42 2.0237 0.0700 0.17199 0.00092 256 7 109 3 2589 4 2.37294E+15 

DON001-43 2.0560 0.0703 0.17897 0.00146 93 3 77 2 2640 6 9.49027E+14 
DON001-44 4.9631 0.0779 0.08462 0.00137 362 5 580 10    

DON001-45 9.5755 0.1174 0.06668 0.00239 141 4 147 4    
DON001-46 1.7843 0.0699 0.18627 0.00095 359 7 247 5    

DON001-47 1.9905 0.0709 0.18401 0.00103 496 5 798 5 2688 4 5.98237E+15 

DON001-48 2.1509 0.0712 0.17988 0.00148 107 2 179 5    
DON001-49 2.6315 0.0711 0.16814 0.00112 715 14 281 2    

DON001-50 1.9144 0.0701 0.18716 0.00103 356 8 212 4 2717 4 3.58086E+15 

DON001-51 2.0048 0.0717 0.17656 0.00122 417 4 326 4 2620 6 4.20643E+15 
DON001-52 2.0363 0.0737 0.17160 0.00121 1195 66 440 29 2575 6 1.08593E+16 

DON001-53 2.0879 0.0700 0.17778 0.00115 164 6 109 4 2629 5 1.62433E+15 

DON001-54 2.1289 0.0701 0.17464 0.00107 324 8 261 2    
DON001-55 2.0269 0.0701 0.16464 0.00075 1918 24 901 28    

DON001-56 2.0432 0.0701 0.17378 0.00093 389 6 192 4 2593 4 3.65793E+15 

DON001-57 2.0250 0.0724 0.16701 0.00084 493 7 230 3    
DON001-58 2.8959 0.0732 0.17558 0.00121 960 32 2729 63    

DON001-59 3.2560 0.0707 0.14979 0.00094 515 15 260 7    

DON001-60 2.0029 0.0700 0.17447 0.00088 344 4 158 2 2611 4 3.23247E+15 
DON001-61 2.0736 0.0700 0.17349 0.00122 172 3 89 2 2589 6 1.61914E+15 

DON001-62 2.3338 0.0699 0.16711 0.00061 1133 20 108 3    

DON001-63 2.0495 0.0699 0.17586 0.00101 195 1 110 1 2613 5 1.87632E+15 
DON001-64 1.9165 0.0700 0.18236 0.00093 342 8 175 4    

DON001-65 2.2035 0.0703 0.17722 0.00143 430 10 528 15    

DON001-66 1.9537 0.0702 0.17877 0.00148 208 4 161 5    
DON001-67 1.9475 0.0726 0.18012 0.00160 497 14 100 3    

DON001-68 1.9806 0.0700 0.17427 0.00071 433 9 296 11    

DON001-69 1.8264 0.0699 0.17376 0.00068 1544 27 367 9    
DON001-70 2.3104 0.1046 0.17463 0.00811 24 1 17 1    

DON001-71 2.0237 0.0715 0.17709 0.00107 289 5 231 3 2624 5 2.92714E+15 

DON001-72 2.1004 0.0702 0.17572 0.00149 198 5 128 2 2608 7 1.93121E+15 
DON001-73 8.5901 0.0931 0.06479 0.00181 100 1 127 2 711 4 3.00006E+14 

DON001-74 2.1152 0.0700 0.17888 0.00115 167 4 101 4    

DON001-75 2.5342 0.0771 0.16943 0.00073 563 19 569 16    
DON001-76 2.3113 0.0712 0.23479 0.00087 516 16 4685 148    

DON001-77 1.9629 0.0720 0.18021 0.00289 22 1 10 1 2654 13 2.11904E+14 

DON001-78 2.1433 0.0702 0.17612 0.00088 266 8 81 2    
DON001-79 2.1360 0.0718 0.17733 0.00172 69 3 44 2    

DON001-80 2.2396 0.0711 0.17010 0.00100 309 13 123 5    

DON001-81 2.4125 0.0885 0.16778 0.00133 1942 183 494 36    
DON001-82 2.0988 0.0705 0.18160 0.00080 414 23 199 13    

DON001-83 2.3373 0.0912 0.17634 0.00219 241 19 303 20    

DON001-84 2.1711 0.0716 0.17530 0.00082 659 27 131 2    
DON001-85 5.3635 0.0747 0.08231 0.00069 534 31 29 1    

DON001-86 2.1477 0.0715 0.17793 0.00255 84 3 54 2    

DON001-87 2.4181 0.0708 0.17726 0.00081 1125 84 190 10    
DON001-88 2.0769 0.0699 0.17340 0.00089 242 6 146 4 2589 4 2.32725E+15 

DON001-89 3.2215 0.0740 0.14638 0.00115 222 8 76 2    

DON001-90 2.0739 0.0716 0.17907 0.00292 89 3 72 2 2631 12 9.09072E+14 
DON001-91 6.1118 0.0775 0.07520 0.00099 185 6 197 8 990 5 7.44268E+14 

DON001-92 2.3906 0.0715 0.16712 0.00200 83 6 84 3    

DON001-93 2.0432 0.0699 0.17689 0.00077 313 7 187 4 2623 4 3.04181E+15 
DON001-94 2.2471 0.0717 0.17942 0.00096 600 26 197 5    

DON001-95 2.8675 0.0713 0.15383 0.00119 385 5 175 4    
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DON001-96 2.0397 0.0699 0.17541 0.00090 287 4 189 3 2609 4 2.80823E+15 

DON001-97 2.8555 0.0707 0.16509 0.00058 983 47 388 21    

DON001-98 2.0853 0.0701 0.17266 0.00089 393 16 90 5 2582 4 3.47541E+15 
DON001-99 1.9621 0.0805 0.22874 0.00218 857 25 217 13    

DON001-100 2.7110 0.0726 0.16669 0.00136 192 1 192 4    

DON001-101 2.3695 0.0707 0.17909 0.00118 499 15 430 6    
DON001-102 2.2550 0.0726 0.17947 0.00127 125 5 75 4    

DON001-103 2.1095 0.0741 0.17381 0.00095 430 2 490 9 2593 4 4.59793E+15 

DON001-104 5.2992 0.0821 0.08190 0.00132 320 14 309 5    
DON001-105 2.0397 0.0699 0.17278 0.00086 434 7 139 2 2584 4 3.91881E+15 

DON001-106 2.0882 0.0710 0.18835 0.00135 312 6 344 8    

DON001-107 2.0749 0.0700 0.17490 0.00081 267 7 162 5 2604 4 2.58465E+15 
DON001-108 2.1628 0.0704 0.17449 0.00110 159 6 53 2    

DON001-109 2.1562 0.0705 0.17151 0.00071 487 11 367 7    

DON001-110 2.0855 0.0699 0.17406 0.00090 356 6 130 3 2595 4 3.25941E+15 
DON001-111 1.7629 0.0698 0.21001 0.00110 387 9 331 8 2905 4 4.38972E+15 

DON001-112 2.0026 0.0700 0.17514 0.00085 508 11 154 4 2611 4 4.61626E+15 

DON001-113 2.0562 0.0709 0.17536 0.00069 953 60 182 7 2608 3 8.43494E+15 
DON001-114 3.4247 0.0750 0.13360 0.00132 1090 21 220 4    

DON001-115 9.7573 0.0768 0.06222 0.00047 1510 27 68 4 633 2 3.13386E+15 

DON001-116 2.1273 0.0706 0.17346 0.00246 109 2 125 2 2580 11 1.15976E+15 
DON001-117 2.0593 0.0707 0.17898 0.00172 165 4 66 4 2639 8 1.54708E+15 

DON001-118 1.8812 0.0697 0.16753 0.00047 1752 11 307 2    
DON001-119 1.7122 0.0699 0.17617 0.00109 256 1 145 2    

DON001-120 2.0084 0.0699 0.17575 0.00084 380 9 226 5 2612 4 3.67448E+15 

DON001-121 2.1368 0.0700 0.17537 0.00097 273 7 164 5    
DON001-122 5.2671 0.6836 0.17140 0.02080 21 2 10 3    

DON001-123 2.1800 0.0700 0.17364 0.00075 401 12 363 12    

DON001-124 2.0954 0.0757 0.17273 0.00149 102 3 56 2 2581 7 9.64952E+14 
FLD001-1 9.0175 0.0936 0.06355 0.00166 81 2 115 2 679 3 2.3797E+14 

FLD001-2 2.0400 0.0705 0.17921 0.00099 374 8 274 7 2644 4 3.7707E+15 

FLD001-3 6.8624 0.1104 0.07157 0.00244 76 1 126 3 880 7 3.03247E+14 
FLD001-4 2.1181 0.0711 0.19180 0.00125 227 16 162 12    

FLD001-5 11.4783 0.1127 0.06721 0.00174 466 10 60 2    

FLD001-6 8.6387 0.0911 0.06322 0.00149 130 4 127 4 706 3 3.6622E+14 
FLD001-7 8.7866 0.0911 0.06520 0.00155 103 3 108 3 696 3 2.90893E+14 

FLD001-8 8.3555 0.0823 0.06385 0.00092 264 7 213 5 729 3 7.4341E+14 

FLD001-9 10.9951 0.1621 0.06099 0.00278 49 1 34 1 562 4 1.03397E+14 
FLD001-10 8.7889 0.1068 0.06379 0.00230 77 2 76 2 695 4 2.14444E+14 

FLD001-11 11.5302 0.3047 0.16178 0.01292 16 0 68 2    

FLD001-12 1.9319 0.0706 0.17684 0.00137 114 1 70 1    
FLD001-13 5.0944 0.0867 0.08021 0.00240 120 4 189 11 1159 9 6.21708E+14 

FLD001-14 5.0014 0.0723 0.08022 0.00092 316 6 274 6 1183 6 1.46454E+15 

FLD001-15 9.3514 0.1256 0.06807 0.00208 255 3 382 3    
FLD001-16 9.1927 0.1858 0.07146 0.00488 70 1 103 2    

FLD001-17 10.8256 0.1300 0.06151 0.00237 180 3 105 7 570 3 3.78442E+14 

FLD001-18 7.4177 0.0855 0.07161 0.00136 216 10 147 8    
FLD001-19 1.8663 0.0701 0.18254 0.00095 222 1 260 2    

FLD001-20 8.9110 0.0853 0.06335 0.00076 687 25 673 28 687 3 1.88822E+15 

FLD001-21 21.0528 0.2881 0.14408 0.00315 952 72 933 90    
FLD001-22 10.0401 0.1131 0.06674 0.00199 325 3 380 4    

FLD001-23 11.6742 0.1747 0.07347 0.00232 93 3 149 8    

FLD001-24 6.5924 0.1210 0.12046 0.00130 556 14 652 19    
FLD001-25 9.3603 0.1195 0.06722 0.00202 180 2 330 9    

FLD001-26 2.5216 0.0717 0.17816 0.00208 181 6 415 18    

FLD001-27 5.7727 0.0789 0.07458 0.00111 172 4 140 5 1034 6 6.89848E+14 
FLD001-28 8.5734 0.0944 0.06248 0.00201 65 1 78 1 711 4 1.93978E+14 

FLD001-29 10.9088 0.1112 0.07098 0.00157 298 12 417 23    

FLD001-30 6.1843 0.0786 0.07811 0.00136 287 6 211 5    
FLD001-31 1.9505 0.0711 0.17921 0.00088 340 3 442 20    

FLD001-32 9.6118 0.1512 0.06282 0.00183 188 11 80 5 639 5 4.30484E+14 

FLD001-33 4.9755 0.0781 0.08263 0.00166 185 4 316 10 1192 8 1.00432E+15 
FLD001-34 6.6366 0.0869 0.07618 0.00202 144 3 189 3    

FLD001-35 10.5590 0.0862 0.06170 0.00093 345 17 319 18 585 2 7.98613E+14 

FLD001-36 8.6992 0.0865 0.06333 0.00122 158 4 223 6 702 3 4.79708E+14 
FLD001-37 8.6355 0.1077 0.06192 0.00219 55 2 55 1    

FLD001-38 8.3994 0.0916 0.06390 0.00145 126 5 119 6 725 4 3.62702E+14 

FLD001-39 8.7469 0.0968 0.06284 0.00151 111 4 112 7 698 4 3.10926E+14 
FLD001-40 9.0218 0.1166 0.06808 0.00250 135 2 152 3    

FLD001-41 2.2145 0.0716 0.17335 0.00120 266 7 123 4    

FLD001-42 8.4145 0.0851 0.06500 0.00138 148 1 191 2 725 3 4.5514E+14 
FLD001-43 9.3639 0.0928 0.06314 0.00129 235 10 338 14 655 3 6.70466E+14 

FLD001-44 11.9451 0.1061 0.06079 0.00121 457 8 78 3    
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FLD001-45 2.1071 0.0703 0.18128 0.00146 412 11 325 15    

FLD001-46 2.1431 0.0714 0.17861 0.00094 611 4 304 8    

FLD001-47 5.8498 0.0834 0.09809 0.00103 714 17 475 8    
FLD001-48 9.1609 0.1217 0.06396 0.00179 436 7 367 11 669 4 1.1353E+15 

FLD001-49 9.3197 0.1471 0.06804 0.00216 336 3 416 7    

FLD001-50 9.0703 0.0890 0.06370 0.00091 266 15 391 28 676 3 7.88476E+14 
FLD001-51 2.5692 0.0704 0.17222 0.00129 193 9 227 13    

FLD001-52 1.7668 0.0699 0.17672 0.00104 273 4 117 2    

FLD001-53 10.2725 0.1339 0.06459 0.00236 243 8 113 5    
FLD001-54 5.3634 0.0793 0.07692 0.00126 152 3 236 4 1105 7 7.4677E+14 

FLD004-1 9.0307 0.0878 0.06328 0.00122 217 3 211 5 678 3 5.87899E+14 

FLD004-2 10.5308 0.1067 0.05854 0.00159 111 3 21 0    
FLD004-3 8.0741 0.0836 0.06652 0.00141 143 4 220 9 754 4 4.77448E+14 

FLD004-4 8.5032 0.0974 0.06599 0.00198 80 2 110 2 718 4 2.48225E+14 

FLD004-5 7.2730 0.0777 0.06954 0.00088 301 11 196 7 837 4 9.44432E+14 
FLD004-6 8.6379 0.0914 0.06359 0.00140 135 3 147 4 707 4 3.89267E+14 

FLD004-7 9.0504 0.0927 0.06341 0.00144 187 6 192 8 676 3 5.11274E+14 

FLD004-8 5.5218 0.0744 0.07555 0.00106 216 6 187 5 1075 6 9.09229E+14 
FLD004-9 8.8627 0.0918 0.06275 0.00158 104 2 82 1 689 3 2.76069E+14 

FLD004-10 1.9378 0.0700 0.18770 0.00111 192 4 120 3 2721 5 1.94883E+15 

FLD004-11 8.6265 0.0974 0.06400 0.00170 135 2 116 1 708 4 3.73211E+14 
FLD004-12 8.8045 0.1046 0.06367 0.00167 99 4 102 4 694 4 2.77005E+14 

FLD004-13 5.2803 0.0753 0.07633 0.00107 190 4 170 3 1115 6 8.32913E+14 
FLD004-14 9.0767 0.1311 0.06337 0.00234 89 3 120 4 674 5 2.58066E+14 

FLD004-15 11.8570 0.1037 0.05931 0.00157 154 3 278 6 522 2 3.72376E+14 

FLD004-16 4.8432 0.0825 0.07931 0.00204 95 2 121 4    
FLD004-17 7.7670 0.0962 0.06732 0.00116 174 6 221 7 784 4 5.7569E+14 

FLD004-18 9.3883 0.0912 0.06304 0.00112 191 4 123 3 654 3 4.67899E+14 

FLD004-19 2.2231 0.0747 0.15771 0.00211 36 1 69 2 2427 11 4.16188E+14 
FLD004-20 8.6546 0.0981 0.06544 0.00223 66 2 63 2 706 4 1.86696E+14 

FLD004-21 9.2220 0.0913 0.06328 0.00128 189 5 247 6 665 3 5.33729E+14 

FLD004-22 8.9872 0.0954 0.06525 0.00177 104 4 174 7 681 3 3.2004E+14 
FLD004-23 9.1370 0.0894 0.06427 0.00142 180 2 205 2 671 3 4.98501E+14 

FLD004-24 5.7140 0.0742 0.07501 0.00079 300 5 236 5 1047 5 1.20804E+15 

FLD004-25 5.9269 0.0740 0.07479 0.00104 180 4 129 3 1013 5 6.92219E+14 
FLD004-26 9.2393 0.1056 0.06605 0.00196 71 2 83 1    

FLD004-27 5.9045 0.0742 0.07430 0.00079 395 9 194 3 1017 5 1.45664E+15 

FLD004-28 5.4774 0.0744 0.07596 0.00098 217 4 403 2 1084 6 1.09998E+15 
FLD004-29 5.4866 0.0918 0.07439 0.00136 154 3 145 3    

FLD004-30 9.8625 0.0957 0.06439 0.00169 188 5 140 3    

FLD004-31 4.9884 0.0723 0.08142 0.00108 507 8 194 4 1191 7 2.13771E+15 
FLD004-32 5.4727 0.0976 0.07987 0.00220 170 1 188 11    

FLD004-33 10.5641 0.1009 0.06101 0.00140 537 5 191 2 584 3 1.10265E+15 

FLD004-34 5.3923 0.1187 0.07647 0.00431 17 1 32 1 1097 11 8.70478E+13 
FLD004-35 10.4220 0.0906 0.06011 0.00102 269 6 82 2 591 2 5.52681E+14 

FLD004-36 8.8545 0.0836 0.06355 0.00112 216 5 292 3 691 3 6.38647E+14 

FLD004-37 8.5767 0.0878 0.06231 0.00109 172 3 168 3    
FLD004-38 8.6607 0.1058 0.06400 0.00199 69 2 92 2 705 4 2.0857E+14 

FLD004-39 9.5736 0.1625 0.06465 0.00294 165 2 200 3    

FLD004-40 5.8012 0.0732 0.07576 0.00088 280 9 105 2 1037 5 1.02546E+15 
FLD004-41 11.3347 0.1235 0.06082 0.00135 162 3 59 2 546 3 3.1279E+14 

FLD004-42 9.9582 0.1253 0.06620 0.00214 126 6 77 3    

FLD004-43 5.7968 0.0801 0.07497 0.00105 174 3 170 7 1033 6 7.19496E+14 
FLD004-44 9.0402 0.1363 0.06422 0.00279 109 3 150 5 677 5 3.17158E+14 

FLD004-45 9.0220 0.0953 0.06291 0.00177 93 3 92 3 678 3 2.52381E+14 

FLD004-46 5.8171 0.0763 0.07515 0.00125 221 1 546 5 1028 6 1.16995E+15 
FLD004-47 10.6036 0.1360 0.06028 0.00237 66 3 125 4 581 4 1.81466E+14 

FLD004-48 12.0231 0.2607 0.13592 0.00816 11 0 59 5    

FLD004-49 8.9237 0.0969 0.07244 0.00289 210 1 155 5    
FLD004-50 10.9035 0.1144 0.07749 0.00211 299 2 519 7    

FLD004-51 10.4308 0.1068 0.07254 0.00271 343 5 77 1    

FLD004-52 8.8142 0.0820 0.06252 0.00105 259 11 202 7 693 3 6.91051E+14 
FLD004-53 8.6959 0.0809 0.06367 0.00096 418 11 477 15 703 3 1.2121E+15 

FLD004-54 8.9455 0.1051 0.06276 0.00094 530 35 610 40 684 4 1.49735E+15 

FLD004-55 9.1138 0.0878 0.06280 0.00140 154 3 141 2 672 3 4.08222E+14 
FLD004-56 2.3963 0.3213 0.19036 0.03606 3 0 1 0    

FLD004-57 8.4194 0.0774 0.06348 0.00080 435 11 287 7 724 3 1.18214E+15 

FLD004-58 8.5489 0.0854 0.06321 0.00133 170 4 162 6 713 3 4.83318E+14 
FLD004-59 8.5360 0.0967 0.06405 0.00163 106 2 84 1 715 4 2.91569E+14 

FLD004-60 2.8615 0.0718 0.15882 0.00057 1251 48 922 49    

FLD004-61 5.6484 0.0907 0.07433 0.00194 76 6 121 10 1051 7 3.56742E+14 
FLD004-62 8.7339 0.1041 0.06264 0.00182 70 2 88 2 699 4 2.07166E+14 

FLD004-63 2.2144 0.0712 0.18100 0.00104 457 5 371 4    
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FLD004-64 8.3141 0.0859 0.06593 0.00104 324 4 478 8 735 4 1.04235E+15 

FLD004-65 10.1901 0.1083 0.06233 0.00156 143 4 111 6 604 3 3.31793E+14 

FLD004-66 9.3802 0.1071 0.06400 0.00187 79 3 79 3 654 4 2.07685E+14 
FLD004-67 2.6664 0.0710 0.16894 0.00096 364 13 177 7    

FLD004-68 8.7043 0.0991 0.06492 0.00198 180 2 231 3 702 4 5.35471E+14 

FLD004-69 9.7137 0.1556 0.06524 0.00343 92 1 107 2    
FLD004-70 10.5603 0.0936 0.06102 0.00113 406 4 454 5 584 2 9.74113E+14 

FLD004-71 2.4827 0.0729 0.17039 0.00137 400 14 554 37    

FLD004-72 8.9341 0.1160 0.06452 0.00247 71 1 136 2 685 4 2.29605E+14 
FLD004-73 1.8870 0.0703 0.18747 0.00095 217 5 152 4    

FLD004-74 8.9132 0.1185 0.06778 0.00237 78 1 72 2    

FLD004-75 8.8071 0.1056 0.06525 0.00263 52 1 51 1 694 4 1.44851E+14 
FLD004-76 11.3707 0.1400 0.07198 0.00105 515 24 572 29    

FLD004-77 8.9421 0.1025 0.06359 0.00189 90 2 82 2 684 4 2.42061E+14 

FLD004-78 8.7188 0.1227 0.06269 0.00246 78 4 59 3 700 5 2.09843E+14 
FLD004-79 7.7172 0.0764 0.06778 0.00089 462 11 203 4 790 4 1.30878E+15 

FLD004-80 1.9266 0.0710 0.18165 0.00137 168 2 293 8    

FLD004-81 1.8852 0.0702 0.18358 0.00119 242 6 209 5    
FLD004-82 9.4883 0.1093 0.06169 0.00154 157 2 108 1 646 4 3.8265E+14 

FLD004-83 5.6527 0.0771 0.07567 0.00111 166 4 282 8 1056 6 7.96556E+14 

FLD004-84 2.3761 0.0703 0.16945 0.00148 175 4 96 3    
FLD004-85 5.6178 0.0752 0.07517 0.00108 184 6 154 4 1059 6 7.58246E+14 

FLD004-86 8.9532 0.1082 0.06707 0.00242 105 1 117 1    
FLD004-87 10.3244 0.1332 0.10050 0.00397 60 1 61 1    

FLD004-88 9.0274 0.1515 0.06561 0.00253 253 3 319 5    

FLD004-89 8.9173 0.1096 0.06512 0.00263 75 2 106 3 686 4 2.24045E+14 
FLD004-90 12.9562 0.1323 0.07764 0.00113 626 23 258 5    

FLD004-91 8.9737 0.0812 0.06324 0.00096 259 5 249 5 682 3 7.05099E+14 

FLD004-92 10.1986 0.1145 0.06695 0.00196 226 4 246 6    
FLD004-93 8.6245 0.0889 0.06447 0.00120 223 6 311 10 709 3 6.82437E+14 

FLD004-94 7.6462 0.1377 0.06477 0.00227 51 3 105 5    

FLD004-95 11.3920 5.5183 0.15123 0.07888 1 0 1 0    
FLD004-96 8.6272 0.0776 0.06329 0.00094 368 10 315 9 707 3 1.016E+15 

FLD004-97 6.2337 0.0792 0.07255 0.00125 143 3 49 1 963 5 4.84214E+14 

FLD004-98 8.2248 0.0797 0.06642 0.00092 343 4 477 10 743 3 1.10111E+15 
FLD004-99 8.6200 0.1168 0.06539 0.00274 63 2 79 3 708 5 1.88302E+14 

FLD004-100 8.6403 0.0884 0.06283 0.00117 279 7 350 9 706 3 8.30223E+14 

FLD004-101 8.7305 0.0959 0.06348 0.00178 121 2 109 4 699 4 3.33816E+14 
FLD004-102 8.4432 0.0904 0.06492 0.00174 136 3 180 4 722 4 4.19392E+14 

FLD004-103 8.9562 0.1015 0.06468 0.00193 159 3 160 5 683 4 4.3607E+14 

FLD004-104 1.9069 0.0699 0.18781 0.00098 442 7 442 4 2722 4 4.83074E+15 
FLD004-105 4.8032 0.0736 0.08072 0.00111 166 6 219 13 1218 7 8.62743E+14 

FLD004-106 8.5956 0.1042 0.06232 0.00210 63 1 78 1    

FLD004-107 1.9657 0.0699 0.17610 0.00106 412 5 156 8    
FLD004-108 1.9486 0.0700 0.18326 0.00115 224 8 400 10 2682 5 2.77408E+15 

FLD004-109 5.1089 0.0726 0.08042 0.00092 239 4 220 3 1168 6 1.1024E+15 

FLD004-110 2.2892 0.0701 0.17560 0.00096 267 11 182 8    
FLD004-111 9.8339 0.1220 0.06444 0.00125 583 5 333 4    

FLD004-112 5.8456 0.0772 0.07589 0.00128 318 7 295 5 1026 6 1.29093E+15 

FLD004-113 9.5376 0.0910 0.06264 0.00086 311 8 378 11 645 3 8.37937E+14 
FLD004-114 1.9155 0.0702 0.17963 0.00109 187 3 105 6    

FLD004-115 11.0238 0.1345 0.08341 0.00137 456 15 502 14    

FLD004-116 3.0968 0.0798 0.16008 0.00086 637 26 264 20    
FLD004-117 9.8710 0.1285 0.06477 0.00193 176 5 195 6    

FLD004-118 3.0690 0.0719 0.12349 0.00115 354 2 208 3    

FLD004-119 13.9825 0.1863 0.09226 0.00148 805 8 486 9    
FLD004-120 1.9356 0.0703 0.18195 0.00117 655 8 250 10 2685 5 6.22919E+15 

FLD004-121 8.6640 0.1487 0.06348 0.00286 39 2 73 3 704 6 1.28832E+14 

FLD004-122 8.9341 0.1286 0.06880 0.00314 141 2 203 4    
FLD004-123 1.9446 0.0700 0.18265 0.00096 321 8 112 5 2676 4 3.01813E+15 

FLD005-1 11.1503 0.1947 0.06046 0.00398 34 1 37 1 554 5 7.6039E+13 

FLD005-2 10.2515 0.1785 0.06541 0.00391 59 0 52 0    
FLD005-3 11.3269 0.0880 0.05954 0.00114 214 5 143 3 546 2 4.3859E+14 

FLD005-4 8.5192 0.1007 0.06375 0.00173 171 2 172 2 716 4 4.9304E+14 

FLD005-5 8.6132 0.0819 0.06393 0.00122 284 6 466 10 709 3 9.08262E+14 
FLD005-6 1.9625 0.0706 0.18188 0.00127 163 4 262 9 2669 6 1.95534E+15 

FLD005-7 8.5667 0.0878 0.06289 0.00116 184 6 162 5 711 3 5.14657E+14 

FLD005-8 9.4965 0.1050 0.06260 0.00196 83 2 121 2 646 3 2.3445E+14 
FLD005-9 12.6318 0.1095 0.05959 0.00141 181 3 219 3 492 2 3.72186E+14 

FLD005-10 1.8860 0.0703 0.19849 0.00200 109 1 107 1 2811 8 1.22239E+15 

FLD005-11 8.9040 0.0821 0.06291 0.00121 217 6 546 16 687 3 7.72428E+14 
FLD005-12 8.8631 0.1247 0.06403 0.00259 42 1 35 1 690 5 1.13469E+14 

FLD005-13 11.3073 0.3831 0.06557 0.00235 246 9 567 55    
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FLD005-14 8.6987 0.1069 0.06270 0.00232 54 1 78 2 701 4 1.65049E+14 

FLD005-15 8.6973 0.0888 0.06601 0.00154 158 4 181 6 703 3 4.57784E+14 

FLD005-16 8.9115 0.1008 0.06088 0.00195 68 1 75 1    
FLD005-17 9.0956 0.1423 0.06094 0.00344 23 1 80 2    

FLD005-18 8.6949 0.0977 0.06164 0.00163 135 3 122 4    

FLD005-19 4.1641 0.0764 0.09477 0.00196 110 1 139 3    
FLD005-20 9.8968 0.1071 0.06257 0.00184 96 4 83 4 621 3 2.34071E+14 

FLD005-21 8.5054 0.0906 0.06458 0.00156 105 3 101 4 717 4 3.01382E+14 

FLD005-22 5.6413 0.0843 0.07522 0.00289 97 3 146 5 1053 7 4.5112E+14 
FLD005-23 5.0027 0.0787 0.08148 0.00148 104 2 145 4 1185 8 5.32939E+14 

FLD005-24 8.5171 0.0837 0.06377 0.00116 182 5 184 6 716 3 5.23876E+14 

FLD005-25 1.6149 0.0703 0.23473 0.00258 67 1 72 2    
FLD005-26 10.0189 0.1347 0.06314 0.00285 77 0 97 1 614 4 1.99793E+14 

FLD005-27 9.1480 0.1490 0.06486 0.00356 25 0 23 0 669 5 6.64937E+13 

FLD005-28 9.7217 0.1323 0.06388 0.00315 181 3 168 2 632 4 4.53622E+14 
FLD005-29 8.7974 0.1075 0.06327 0.00215 57 1 141 4 694 4 2.0361E+14 

FLD005-30 6.6538 0.1085 0.07103 0.00307 32 1 46 1 904 7 1.24622E+14 

FLD005-31 6.0093 0.0761 0.07405 0.00119 191 4 226 4 998 6 7.9257E+14 
FLD005-32 8.4047 0.0996 0.06252 0.00199 71 0 93 0    

FLD005-33 6.0416 0.0815 0.07414 0.00118 263 1 145 1 994 6 9.60659E+14 

FLD005-34 9.3622 0.1238 0.06143 0.00251 46 1 55 1 654 4 1.24919E+14 
FLD005-35 8.5419 0.1143 0.06322 0.00245 45 1 357 4 714 5 3.00964E+14 

FLD005-36 7.5487 0.1064 0.06487 0.00255 51 1 50 2    
FLD005-37 8.6502 0.0865 0.06388 0.00129 187 8 220 8 706 3 5.48298E+14 

FLD005-38 1.9227 0.0704 0.18252 0.00197 46 1 58 1    

FLD005-39 5.7049 0.0745 0.07511 0.00083 358 15 218 12 1048 6 1.39323E+15 
FLD005-40 8.7119 0.0956 0.06437 0.00141 134 3 118 4 702 4 3.68717E+14 

FLD005-41 10.3947 0.1766 0.06790 0.00256 78 1 58 1    

FLD005-42 11.5394 0.1338 0.05824 0.00245 91 3 217 6 536 3 2.48269E+14 
FLD005-43 8.3895 0.0856 0.06393 0.00135 148 3 170 6 726 3 4.44836E+14 

FLD005-44 5.5283 0.0750 0.07527 0.00106 148 3 137 3 1072 6 6.28333E+14 

FLD005-45 8.9475 0.0925 0.06195 0.00154 100 2 124 2 683 3 2.87787E+14 
FLD005-46 2.1141 0.0704 0.17558 0.00135 260 3 261 4    

FLD005-47 10.1001 0.0995 0.06216 0.00121 406 10 326 16 610 3 9.56434E+14 

FLD005-48 9.6726 0.1478 0.06157 0.00304 39 1 72 2 634 5 1.15711E+14 
FLD005-49 5.3574 0.0746 0.07670 0.00104 199 4 210 4 1105 6 8.91393E+14 

FLD005-50 6.2912 0.1162 0.09596 0.00286 56 1 46 1    

FLD005-51 8.8909 0.1108 0.06211 0.00213 55 1 90 2 687 4 1.69534E+14 
FLD005-52 8.2887 0.0819 0.06380 0.00119 193 3 196 5 734 3 5.71017E+14 

FLD005-53 9.3358 0.0878 0.06245 0.00116 171 3 175 3 657 3 4.53308E+14 

FLD005-54 11.3553 0.2297 0.06042 0.00420 30 0 132 1 544 5 1.07975E+14 
FLD005-55 8.8553 0.0848 0.06190 0.00104 262 3 383 4 689 3 7.88908E+14 

FLD005-56 8.9807 0.0890 0.06408 0.00176 126 3 153 3 681 3 3.59615E+14 

FLD005-57 9.2112 0.1031 0.06263 0.00195 69 2 125 4 665 4 2.12318E+14 
FLD005-58 6.7113 0.0893 0.07333 0.00148 134 3 160 5    

FLD005-59 12.2031 0.1092 0.05892 0.00138 233 11 199 8 508 2 4.61907E+14 

FLD005-60 9.5494 0.1223 0.06194 0.00210 97 3 51 1 642 4 2.28171E+14 
FLD005-61 9.4259 0.1660 0.06481 0.00454 26 1 29 1    

FLD005-62 1.8757 0.0701 0.17920 0.00148 143 3 42 1    

FLD005-63 3.4401 0.1028 0.17844 0.00090 476 17 603 15    
FLD005-64 8.6773 0.0837 0.06456 0.00123 201 7 143 4 704 3 5.36819E+14 

FLD005-65 5.5900 0.0744 0.07555 0.00097 208 7 210 6 1065 6 8.90506E+14 

FLD005-66 7.6127 0.1386 0.07424 0.00109 250 6 368 13    
FLD005-67 8.8559 0.0797 0.06330 0.00094 284 6 372 8 691 3 8.34017E+14 

FLD005-68 8.9042 0.1715 0.06477 0.00329 52 2 59 2 687 6 1.47533E+14 

FLD005-69 10.5805 0.0853 0.05995 0.00100 391 15 27 1 582 2 7.50403E+14 
FLD005-70 2.0022 0.0699 0.17849 0.00089 448 10 275 5 2638 4 4.39583E+15 

FLD005-71 5.7319 0.0756 0.07554 0.00118 221 6 142 3 1043 6 8.60322E+14 

FLD005-72 10.9390 0.1062 0.06002 0.00150 126 3 65 1 564 3 2.58314E+14 
FLD005-73 8.3074 0.0893 0.06476 0.00152 122 4 162 7 733 4 3.82781E+14 

FLD005-74 8.5188 0.0821 0.06360 0.00123 212 5 212 5 716 3 6.091E+14 

FLD005-75 5.5879 0.0769 0.07648 0.00102 303 10 188 4 1070 6 1.20914E+15 
FLD005-76 8.5526 0.0878 0.06318 0.00147 170 4 164 5 713 3 4.83665E+14 

FLD005-77 11.5426 0.1384 0.08706 0.00196 433 13 606 16    

FLD005-78 5.4167 0.0735 0.07638 0.00107 222 5 210 4 1094 6 9.66454E+14 
FLD005-79 17.4094 0.2979 0.08871 0.00214 425 7 196 4    

FLD005-80 7.4556 0.1027 0.07348 0.00204 202 4 121 3    

FLD005-81 7.5714 0.1030 0.09728 0.00162 506 9 241 6    
FLD005-82 2.0556 0.0704 0.17518 0.00118 230 9 167 7 2606 5 2.28456E+15 

FLD005-83 8.9481 0.0820 0.06480 0.00092 419 6 816 7 686 3 1.36422E+15 

FLD005-84 9.3141 0.1119 0.06384 0.00219 59 1 86 1 658 4 1.68918E+14 
FLD005-85 5.4963 0.0755 0.07534 0.00138 194 5 160 4 1077 6 8.1089E+14 

FLD005-86 7.1333 0.0855 0.07066 0.00138 428 7 138 2 850 5 1.26979E+15 
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FLD005-87 11.4177 0.1837 0.15082 0.00536 31 1 19 1    

FLD005-88 2.2640 0.0709 0.17314 0.00197 253 5 174 2    

FLD005-89 8.3465 0.0972 0.06505 0.00201 66 2 110 3 730 4 2.18012E+14 
FLD005-90 8.9134 0.0956 0.06415 0.00172 105 3 155 4 686 3 3.16063E+14 

FLD005-91 7.0113 0.0917 0.07243 0.00156 225 8 380 26    

FLD005-92 8.9087 0.1335 0.06974 0.00284 270 3 304 3    
FLD005-93 3.4279 0.0741 0.10304 0.00142 286 7 135 5 1667 10 1.72279E+15 

FLD005-94 6.2266 0.1298 0.07100 0.00401 19 1 21 1 960 9 7.37285E+13 

FLD005-95 8.5116 0.0927 0.06363 0.00173 86 2 187 5 716 4 3.02969E+14 
FLD005-96 2.7904 0.0719 0.14603 0.00107 285 7 68 1    

FLD005-97 3.0379 0.0784 0.16140 0.00263 90 4 137 8    

FLD005-98 5.1193 0.0799 0.08833 0.00174 139 4 318 17    
FLD005-99 3.0388 0.0730 0.15146 0.00172 889 10 214 11    

FLD005-100 4.9716 0.0754 0.08225 0.00114 242 2 103 3 1199 7 1.0365E+15 

FLD005-101 13.7280 0.1951 0.06174 0.00216 496 40 35 3    
FLD005-102 8.6562 0.0896 0.06345 0.00112 221 6 272 7 705 3 6.52889E+14 

FLD005-103 8.5115 0.1238 0.08010 0.00377 60 2 64 3    

FLD005-104 8.5735 0.0874 0.06347 0.00134 143 4 165 5 711 3 4.205E+14 
FLD005-105 8.8005 0.1239 0.06445 0.00239 71 1 84 2 695 5 2.04132E+14 

FLD005-106 11.7370 0.1738 0.13926 0.00496 35 0 48 0    

FLD005-107 5.9853 0.0807 0.07613 0.00165 254 6 437 9 1002 6 1.16486E+15 
FLD005-108 2.2022 0.0703 0.16887 0.00145 448 6 300 2    

FLD005-109 8.7809 0.0954 0.06476 0.00144 223 5 333 9 697 4 6.83505E+14 
FLD005-110 8.6639 0.0830 0.06294 0.00102 227 4 208 3 704 3 6.31585E+14 

FLD005-111 8.5343 0.1160 0.06521 0.00246 51 2 59 3 715 5 1.50588E+14 

FLD005-112 3.2943 0.0882 0.17526 0.00103 407 19 378 15    
FLD005-113 2.1527 0.0747 0.17580 0.00082 854 30 454 29    

FLD005-114 2.2116 0.0719 0.18480 0.00143 223 2 121 2    

FLD005-115 6.8467 0.0719 0.07657 0.00037 2552 15 147423 2621    
FLD005-116 8.6773 0.1152 0.07163 0.00205 251 4 336 4    

FLD005-117 5.4524 0.0916 0.08413 0.00268 160 12 185 15    

FLD005-118 1.9589 0.0702 0.18594 0.00138 206 4 377 24 2705 6 2.59275E+15 
FLD005-119 10.1402 0.1273 0.06536 0.00307 261 5 221 5    

FLD005-120 6.3175 0.0833 0.08273 0.00141 338 8 400 13    

FLD005-121 8.1789 0.0873 0.06299 0.00117 224 7 307 11    
FLD005-122 9.1609 0.1096 0.06469 0.00186 125 2 85 1 669 4 3.14911E+14 

FLD005-123 1.8246 0.0701 0.18202 0.00071 320 8 278 5    

FLD005-124 8.7433 0.0892 0.06673 0.00155 541 7 612 9    
FLD005-125 11.5946 0.0932 0.06128 0.00129 591 10 80 1    

HAR005-1 4.8077 0.0758 0.07968 0.00156 73 2 91 2    

HAR005-2 10.0444 0.0968 0.06263 0.00127 148 3 515 7 613 3 5.3801E+14 
HAR005-3 9.2830 0.1080 0.06393 0.00190 146 2 323 3 660 4 4.78408E+14 

HAR005-4 8.8760 0.1013 0.06492 0.00188 72 3 67 2 689 4 1.97403E+14 

HAR005-5 9.3166 0.1473 0.06301 0.00291 34 1 36 1 658 5 9.15719E+13 
HAR005-6 9.1843 0.1062 0.07162 0.00210 83 1 142 1    

HAR005-7 9.0289 0.1091 0.06753 0.00179 80 2 76 1    

HAR005-8 11.7628 0.0889 0.06037 0.00087 473 12 25 0 527 2 8.19518E+14 
HAR005-9 9.8040 0.0956 0.06267 0.00138 174 4 147 2 627 3 4.25865E+14 

HAR005-10 4.8682 0.0727 0.08078 0.00097 167 2 226 2 1208 7 8.66504E+14 

HAR005-11 9.7824 0.0986 0.06270 0.00113 220 6 238 5 629 3 5.64263E+14 
HAR005-12 10.2329 0.1342 0.07165 0.00297 47 1 47 1    

HAR005-13 9.2111 0.0918 0.06381 0.00107 217 2 174 2 666 3 5.58893E+14 

HAR005-14 17.2524 0.1290 0.07554 0.00091 1008 41 68 4    
HAR005-15 11.2050 0.1366 0.06022 0.00245 48 1 36 1 551 3 1.00356E+14 

HAR005-16 8.3800 0.0930 0.06441 0.00165 90 3 129 4 727 4 2.85571E+14 

HAR005-17 9.5849 0.1252 0.07970 0.00348 53 2 55 2    
HAR005-18 10.0707 0.1668 0.06431 0.00315 32 1 35 1    

HAR005-19 11.6960 0.1652 0.06332 0.00271 41 1 81 2    

HAR005-20 8.1855 0.0879 0.06674 0.00109 268 3 327 2 746 4 8.37419E+14 
HAR005-21 10.1118 0.0864 0.06448 0.00094 350 11 219 11    

HAR005-22 10.8883 0.1968 0.20035 0.00823 19 1 78 3    

HAR005-23 10.8465 0.0884 0.05939 0.00093 305 14 55 1 569 2 5.87792E+14 
HAR005-24 8.8574 0.1027 0.06817 0.00199 69 0 97 1    

HAR005-25 8.8116 0.0910 0.06500 0.00151 142 4 182 4 694 3 4.17812E+14 

HAR005-26 8.7967 0.1177 0.06556 0.00255 42 2 46 2 695 4 1.18473E+14 
HAR005-27 9.0328 0.0835 0.06378 0.00134 161 3 158 4 678 3 4.36038E+14 

HAR005-28 5.6739 0.0783 0.07480 0.00111 150 4 205 1 1049 6 6.75183E+14 

HAR005-29 8.6204 0.0937 0.06311 0.00088 315 10 296 12 708 4 8.86076E+14 
HAR005-30 10.6352 0.0870 0.06099 0.00091 370 9 82 2 580 2 7.34245E+14 

HAR005-31 8.8728 0.1502 0.06228 0.00322 19 0 23 1 688 6 5.39102E+13 

HAR005-32 6.2772 0.0820 0.07370 0.00113 125 5 136 7 962 6 4.89607E+14 
HAR005-33 1.8839 0.0702 0.19258 0.00139 101 1 197 2 2763 6 1.32699E+15 

HAR005-34 9.0896 0.1309 0.07084 0.00309 26 0 75 1    
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HAR005-35 6.0890 0.0860 0.07518 0.00224 89 2 102 2 984 6 3.60642E+14 

HAR005-36 5.5849 0.0757 0.07638 0.00129 125 2 136 3 1067 6 5.4388E+14 

HAR005-37 4.1271 0.0763 0.11188 0.00164 71 1 151 2    
HAR005-38 8.9767 0.1123 0.07698 0.00223 66 2 74 3    

HAR005-39 8.5610 0.0910 0.06667 0.00168 93 2 99 3    

HAR005-40 9.6433 0.1391 0.06287 0.00138 155 6 116 6 638 4 3.78543E+14 
HAR005-41 9.4293 0.1518 0.07070 0.00339 23 1 31 1    

HAR005-42 9.2275 0.0919 0.06178 0.00134 155 3 136 4 663 3 4.04167E+14 

HAR005-43 9.4292 0.1061 0.06318 0.00194 96 10 38 1 650 3 2.22497E+14 
HAR005-44 8.7024 0.1109 0.06642 0.00270 32 1 71 1    

HAR005-45 8.8250 0.0829 0.06324 0.00107 237 6 209 11 693 3 6.44906E+14 

HAR005-46 4.7299 0.0774 0.08090 0.00182 91 1 153 2 1234 8 5.09966E+14 
HAR005-47 8.8463 0.0956 0.06245 0.00182 65 1 75 1 690 4 1.85878E+14 

HAR005-48 9.4364 0.1302 0.06794 0.00325 53 2 41 2    

HAR005-49 2.0390 0.0701 0.17534 0.00095 226 8 135 5 2608 4 2.18511E+15 
HAR005-50 2.0070 0.0704 0.17529 0.00081 291 11 182 5 2608 4 2.8292E+15 

HAR005-51 8.9176 0.1536 0.06601 0.00349 14 0 28 1    

HAR005-52 10.9014 0.1331 0.06886 0.00190 384 3 254 14    
HAR005-53 10.5919 0.1849 0.06231 0.00138 145 2 59 9 585 5 3.01238E+14 

HAR005-54 10.8227 0.1291 0.06281 0.00197 77 1 25 1    

HAR005-55 8.6285 0.0793 0.06386 0.00086 340 11 342 11 708 3 9.68919E+14 
HAR005-56 10.7951 0.0836 0.06136 0.00081 448 6 187 2 572 2 9.14679E+14 

HAR005-57 8.5192 0.0831 0.06385 0.00110 191 3 197 3 716 3 5.5312E+14 
HAR005-58 10.4544 0.1712 0.06462 0.00423 46 1 51 1    

HAR005-59 1.8787 0.0782 0.18560 0.00588 7 0 5 0    

HAR005-60 8.5354 0.1183 0.08371 0.00363 31 1 75 2    
HAR005-61 11.7118 0.1014 0.07206 0.00089 557 22 250 9    

HAR005-62 9.4742 0.1388 0.06268 0.00314 29 1 98 4 647 5 1.10399E+14 

HAR005-63 10.1379 0.1259 0.06214 0.00253 41 1 139 4 607 4 1.46372E+14 
HAR005-64 6.6128 0.0828 0.07350 0.00107 437 5 264 4    

HAR005-65 8.6680 0.1339 0.06357 0.00265 37 1 21 1 704 5 9.56577E+13 

HAR005-66 8.9136 0.1636 0.07793 0.00413 13 0 18 0    
HAR005-67 7.9771 0.2335 0.07271 0.00216 80 7 53 3    

HAR005-68 10.1304 0.0874 0.06699 0.00081 515 18 229 6    

HAR005-69 7.9147 0.0930 0.06906 0.00097 272 7 383 16    
HAR005-70 10.2174 0.0818 0.06193 0.00070 510 12 52 1 604 2 1.02386E+15 

HAR005-71 1.6573 0.0701 0.23756 0.00196 81 2 56 2 3102 6 9.51754E+14 

HAR005-72 8.9642 0.0945 0.06643 0.00122 378 5 994 27    
HAR005-73 6.5248 0.0860 0.07256 0.00088 290 6 264 6 932 5 1.06605E+15 

HAR005-74 6.2525 0.0758 0.07358 0.00064 378 14 119 2 975 5 1.28585E+15 

HAR005-75 10.9127 0.4366 0.08779 0.01192 3 0 13 1    
HAR005-76 9.2726 0.1145 0.06036 0.00213 48 1 67 1    

HAR005-77 6.2797 0.0883 0.07249 0.00107 204 6 84 0 959 6 6.97881E+14 

HAR005-78 11.0331 0.2169 0.06468 0.00428 14 0 23 1    
HAR005-79 8.8154 0.1303 0.06502 0.00307 29 0 48 0 693 5 9.1672E+13 

HAR005-80 1.7686 0.0706 0.24928 0.00123 420 9 584 19    

HAR005-81 8.5491 0.0987 0.06222 0.00191 62 1 100 2    
HAR005-82 5.5737 0.0763 0.07576 0.00111 151 5 292 10 1068 6 7.63564E+14 

HAR005-83 9.4176 0.1385 0.06313 0.00293 29 1 75 2 651 5 9.98828E+13 

HAR005-84 9.3423 0.0937 0.06267 0.00120 174 2 206 3 656 3 4.74094E+14 
HAR005-85 11.0081 0.1562 0.06636 0.00114 322 12 310 11    

HAR005-86 9.0284 0.1738 0.06200 0.00362 15 0 59 2 677 6 6.40738E+13 

HAR005-87 1.9284 0.0700 0.17963 0.00094 289 7 370 15    
HAR005-88 7.2830 0.0861 0.07158 0.00092 294 5 208 2    

HAR005-89 5.5403 0.0732 0.07555 0.00094 215 4 373 3 1072 6 1.05656E+15 

HAR005-90 9.6413 0.0867 0.06326 0.00111 425 10 280 14 638 3 1.01655E+15 
HAR005-91 1.8698 0.0708 0.18397 0.00176 133 4 82 1    

HAR005-92 9.1302 0.1513 0.06488 0.00364 16 0 60 1 671 5 6.56381E+13 

HAR005-93 1.7352 0.0704 0.24748 0.00131 189 7 179 8    
HAR005-94 9.2269 0.1783 0.06753 0.00443 16 1 16 1    

HAR005-95 9.1160 0.0978 0.08066 0.00303 156 1 109 4    

HAR005-96 8.7500 0.1127 0.06575 0.00283 45 1 51 1 698 4 1.28319E+14 
HAR005-97 2.0518 0.0701 0.18915 0.00075 676 19 343 14    

HAR005-98 12.0429 0.1002 0.05880 0.00107 210 7 191 6 515 2 4.26246E+14 

HAR005-99 9.5620 0.1213 0.10874 0.00456 81 1 76 3    
HAR005-100 8.7351 0.0854 0.06374 0.00139 138 3 185 6 699 3 4.12119E+14 

HAR005-101 8.8476 0.0951 0.06454 0.00164 125 2 286 2 691 4 4.33766E+14 

HAR005-102 9.1466 0.1306 0.07003 0.00270 37 1 54 1    
HAR005-103 8.8756 0.0857 0.06983 0.00142 173 5 315 5    

HAR005-104 8.5473 0.0909 0.06417 0.00146 124 4 130 4 714 4 3.59416E+14 

HAR005-105 8.7924 0.0914 0.06576 0.00167 107 2 203 3 696 3 3.50982E+14 
HAR005-106 11.7639 0.0956 0.05907 0.00133 705 6 184 2 526 2 1.2783E+15 

HAR005-107 7.6030 0.1343 0.06297 0.00335 40 1 40 2    
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HAR005-108 11.4574 0.1153 0.05845 0.00192 86 3 55 2 539 3 1.7446E+14 

HAR005-109 8.8244 0.1036 0.05995 0.00194 59 2 66 2    

HAR005-110 11.5849 0.0935 0.05898 0.00106 264 5 338 6 534 2 5.97227E+14 
HAR005-111 9.0602 0.1332 0.06990 0.00348 28 1 41 1    

HAR005-112 9.9300 0.1406 0.06192 0.00248 38 1 47 1 619 4 9.87061E+13 

HAR005-113 1.9819 0.0702 0.17987 0.00109 155 2 216 5 2651 5 1.76953E+15 
HAR005-114 9.4851 0.1288 0.06618 0.00338 33 0 84 1    

HAR005-115 9.7567 0.1043 0.06442 0.00177 129 5 234 9    

HAR005-116 13.8157 0.1463 0.07563 0.00111 981 36 310 20    
HAR005-117 8.7676 0.0831 0.06511 0.00091 364 10 429 12 699 3 1.05685E+15 

HAR005-118 7.4342 0.1782 0.17890 0.00130 1257 30 493 21    

HAR005-119 9.4554 0.1084 0.08429 0.00257 151 4 245 12    
HAR005-120 8.8048 0.0878 0.06500 0.00129 246 4 586 7 695 3 8.68971E+14 

HAR005-121 1.7059 0.0697 0.21863 0.00092 342 6 52 1 2974 3 3.41528E+15 

HAR005-122 1.9637 0.0700 0.18289 0.00102 283 1 151 2 2678 5 2.773E+15 
HAR005-123 10.3145 0.1927 0.05956 0.00359 29 1 32 2 596 5 7.09166E+13 

HAR005-124 9.5045 0.1887 0.06810 0.00450 15 0 26 0    

HAR005-125 10.1001 0.0910 0.06547 0.00133 216 2 213 2    
SCO001-1 5.4566 0.0774 0.07538 0.00126 138 8 148 6 1084 7 6.08579E+14 

SCO001-2 5.1002 0.0840 0.08023 0.00224 58 1 108 2 1158 8 3.14075E+14 

SCO001-3 11.9202 0.1033 0.08331 0.00121 369 11 72 2    
SCO001-4 8.6279 0.0811 0.06433 0.00121 221 6 214 6 708 3 6.25194E+14 

SCO001-5 9.8481 0.1156 0.06570 0.00140 326 2 537 16    
SCO001-6 5.4946 0.0823 0.07623 0.00137 106 1 136 3 1081 7 4.85528E+14 

SCO001-7 8.4680 0.1160 0.06335 0.00187 202 5 201 5 720 5 5.84296E+14 

SCO001-8 5.2677 0.0754 0.08030 0.00138 157 2 124 2 1132 7 6.87315E+14 
SCO001-9 5.7482 0.0799 0.07323 0.00137 110 2 124 1 1032 6 4.68685E+14 

SCO001-10 9.6419 0.1585 0.06545 0.00256 171 3 53 1    

SCO001-11 8.7896 0.0894 0.06408 0.00138 125 2 121 3 696 3 3.4712E+14 
SCO001-12 6.4420 0.0878 0.07389 0.00132 137 1 175 2 939 6 5.44631E+14 

SCO001-13 5.7919 0.0753 0.07519 0.00137 207 4 168 3 1031 6 8.25781E+14 

SCO001-14 7.8901 0.1196 0.06143 0.00304 32 1 40 1    
SCO001-15 2.1219 0.0709 0.18101 0.00085 396 14 198 14    

SCO001-16 7.3770 0.1252 0.07667 0.00164 152 2 138 2    

SCO001-17 4.5408 0.0758 0.08332 0.00151 105 2 190 1 1281 8 6.22278E+14 
SCO001-18 9.9664 0.0937 0.06628 0.00136 169 4 161 4    

SCO001-19 9.7913 0.0922 0.06133 0.00131 164 7 190 10 627 3 4.25026E+14 

SCO001-20 5.4364 0.0776 0.07549 0.00162 168 1 181 2 1088 7 7.4474E+14 
SCO001-21 8.6618 0.0837 0.06258 0.00107 226 2 247 5 704 3 6.5002E+14 

SCO001-22 3.8882 0.0786 0.09612 0.00229 76 1 64 1 1494 12 4.40076E+14 

SCO001-23 2.0267 0.0701 0.17589 0.00113 252 7 152 4 2613 5 2.44452E+15 
SCO001-24 11.1970 0.1340 0.06638 0.00219 104 3 27 1    

SCO001-25 11.1810 0.1046 0.05917 0.00154 123 3 27 1 552 2 2.31316E+14 

SCO001-26 9.3018 0.1763 0.07636 0.00484 50 1 67 1    
SCO001-27 5.5128 0.0810 0.07794 0.00191 106 2 252 5 1080 7 5.82762E+14 

SCO001-28 1.9833 0.0701 0.18135 0.00146 122 1 116 1 2664 6 1.29333E+15 

SCO001-29 5.6590 0.0767 0.07740 0.00139 215 6 284 7 1058 6 9.67837E+14 
SCO001-30 8.6771 0.0998 0.06251 0.00204 72 2 164 5 703 4 2.53894E+14 

SCO001-31 6.7228 0.0872 0.07534 0.00153 215 5 273 6    

SCO001-32 5.8588 0.0814 0.07696 0.00127 300 5 260 4 1028 6 1.20775E+15 
SCO001-33 5.4081 0.0773 0.07878 0.00141 221 3 225 3 1103 7 9.81982E+14 

SCO001-34 9.0504 0.0909 0.06443 0.00124 399 9 349 9 677 3 1.05948E+15 

SCO001-35 4.2091 0.0848 0.09355 0.00233 54 1 68 1    
SCO001-36 5.6162 0.0850 0.07655 0.00164 160 5 217 2 1062 7 7.29672E+14 

SCO001-37 8.4019 0.1129 0.06278 0.00163 198 2 181 1    

SCO001-38 5.7963 0.0762 0.07502 0.00108 178 4 232 5 1032 6 7.79899E+14 
SCO001-39 6.4530 0.0855 0.07824 0.00136 289 8 289 13    

SCO001-40 15.3096 0.1990 0.05646 0.00254 120 3 267 6 408 3 2.43365E+14 

SCO001-41 9.0235 0.1022 0.07964 0.00232 100 2 104 2    
SCO001-42 5.7998 0.0792 0.07537 0.00138 129 3 179 3 1031 6 5.73288E+14 

SCO001-43 8.6464 0.1127 0.06492 0.00246 65 1 81 1 706 4 1.9251E+14 

SCO001-44 11.5159 0.0956 0.06779 0.00123 357 8 233 9    
SCO001-45 5.7539 0.0781 0.07455 0.00173 121 2 122 2 1035 6 5.03276E+14 

SCO001-46 5.6512 0.0842 0.07466 0.00209 81 2 133 5 1051 7 3.84714E+14 

SCO001-47 9.9519 0.0949 0.06199 0.00126 158 3 131 2 618 3 3.79123E+14 
SCO001-48 9.6421 0.1226 0.06144 0.00212 61 1 65 2 636 4 1.58552E+14 

SCO001-49 7.0913 0.1082 0.07337 0.00184 84 3 65 5    

SCO001-50 6.1047 0.0798 0.07961 0.00156 166 5 144 6    
SCO001-51 8.6792 0.0855 0.06325 0.00129 135 3 125 3 703 3 3.75852E+14 

SCO001-52 8.7184 0.0949 0.06392 0.00165 97 2 108 2 701 4 2.80148E+14 

SCO001-53 6.7682 0.0850 0.07013 0.00116 151 2 154 3 892 5 5.43734E+14 
SCO001-54 8.7501 0.0861 0.06286 0.00155 137 3 126 4 698 3 3.77096E+14 

SCO001-55 10.1224 0.1597 0.06881 0.00343 192 9 292 14    
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SCO001-56 12.2005 0.1040 0.06399 0.00138 237 4 167 3    

SCO001-57 8.8954 0.1397 0.06315 0.00308 65 1 58 1 687 5 1.76567E+14 

SCO001-58 5.6362 0.0740 0.07471 0.00095 231 8 330 10 1054 6 1.05829E+15 
SCO001-59 5.3673 0.0811 0.07953 0.00136 281 5 249 3 1114 7 1.23139E+15 

SCO001-60 5.7642 0.0793 0.07656 0.00100 329 4 229 4 1046 6 1.2998E+15 

SCO001-61 9.2311 0.0869 0.06456 0.00141 136 1 157 1 664 3 3.72663E+14 
SCO001-62 9.5421 0.2210 0.06856 0.00479 78 2 55 2    

SCO001-63 1.9746 0.0711 0.18789 0.00252 83 2 104 3 2717 10 9.52854E+14 

SCO001-64 7.9750 0.0944 0.07057 0.00162 154 1 153 2    
SCO001-65 2.0195 0.0711 0.18415 0.00246 61 1 85 2 2683 10 7.06838E+14 

SCO001-66 8.3195 0.0923 0.06348 0.00144 107 2 114 1 732 4 3.1903E+14 

SCO001-67 1.9460 0.0701 0.17893 0.00138 118 4 128 5    
SCO001-68 8.8011 0.0935 0.06547 0.00182 89 2 133 2 695 3 2.70805E+14 

SCO001-69 9.1703 0.1073 0.06483 0.00210 84 2 72 2 668 4 2.1908E+14 

SCO001-70 6.2156 0.1228 0.07935 0.00431 32 1 85 2    
SCO001-71 10.1327 0.1177 0.06355 0.00213 130 3 86 1    

SCO001-72 10.2649 0.1548 0.06907 0.00303 125 2 138 1    

SCO001-73 7.4357 0.1112 0.07313 0.00308 91 1 88 1    
SCO001-74 6.1320 0.0810 0.07465 0.00152 218 8 178 7 980 6 8.26015E+14 

SCO001-75 6.2580 0.0960 0.07643 0.00289 56 1 153 3    

SCO001-76 9.2712 0.0974 0.06282 0.00167 97 3 116 4 661 3 2.66549E+14 
SCO001-77 9.0183 0.0882 0.06257 0.00123 142 3 243 4 678 3 4.39322E+14 

SCO001-78 5.4995 0.0807 0.07693 0.00167 70 2 69 2 1081 7 3.01502E+14 
SCO001-79 9.8415 0.1084 0.06241 0.00187 113 1 223 2 624 3 3.36121E+14 

SCO001-80 9.6568 0.1075 0.06324 0.00196 90 1 80 1 636 3 2.25377E+14 

SCO001-81 13.7162 0.1513 0.05592 0.00195 93 3 169 4 454 2 1.9629E+14 
SCO001-82 9.0324 0.0883 0.06295 0.00117 290 6 303 9 678 3 7.96791E+14 

SCO001-83 2.6761 0.0702 0.16667 0.00133 435 7 65 1    

SCO001-84 5.8065 0.0806 0.07498 0.00154 192 1 181 4 1028 6 7.84001E+14 
SCO001-85 9.0504 0.1232 0.06380 0.00218 142 2 110 1 676 4 3.68679E+14 

SCO001-86 2.1037 0.0717 0.20032 0.00216 85 0 77 0    

SCO001-87 8.7693 0.1294 0.07536 0.00395 78 1 81 2    
SCO001-88 9.3357 0.1423 0.06621 0.00322 99 1 82 1    

SCO001-89 5.5117 0.0898 0.07791 0.00224 42 1 53 1 1079 8 1.91861E+14 

SCO001-90 6.5924 0.0906 0.07363 0.00093 260 4 362 8    
SCO001-91 6.1476 0.0993 0.07514 0.00158 169 4 130 4 981 7 6.34841E+14 

SCO001-92 9.3990 0.1302 0.08511 0.00348 40 1 100 2    

SCO001-93 8.8433 0.1209 0.06503 0.00261 72 3 107 4 691 4 2.18886E+14 
SCO001-94 3.5230 0.0769 0.10751 0.00279 146 2 147 2    

SCO001-95 9.2503 0.0984 0.06450 0.00161 175 7 165 8 663 3 4.60267E+14 

SCO001-96 7.0397 0.1004 0.09096 0.00324 45 1 87 2    
SCO001-97 1.9638 0.0701 0.18273 0.00138 132 3 97 2 2677 6 1.34977E+15 

SCO001-98 12.2171 0.1121 0.06150 0.00133 387 10 24 1    

SCO001-99 4.3988 0.0824 0.10579 0.00194 139 1 93 4    
SCO001-100 1.9637 0.0702 0.18343 0.00133 170 6 262 2 2683 6 2.02217E+15 

SCO001-101 4.8896 0.0847 0.07830 0.00246 61 2 73 3    

SCO001-102 6.1206 0.0773 0.07365 0.00123 232 3 191 6 981 5 8.8293E+14 
SCO001-103 6.2950 0.0789 0.07566 0.00109 265 8 126 2    

SCO001-104 9.1244 0.1243 0.06917 0.00304 81 2 123 2    

SCO001-105 9.5588 0.0993 0.06798 0.00186 123 3 156 4    
SCO001-106 9.0882 0.0990 0.06933 0.00198 154 2 150 2    

SCO001-107 11.8223 0.1255 0.06234 0.00173 213 3 110 3    

SCO001-108 9.5192 0.1221 0.06476 0.00192 152 2 128 2    
SCO001-109 5.7905 0.0778 0.07495 0.00089 278 4 145 4 1035 6 1.05054E+15 

SCO001-110 4.9279 0.0733 0.07961 0.00092 192 4 158 3 1189 7 8.8737E+14 

SCO001-111 10.6132 0.1283 0.06129 0.00233 71 1 54 1 581 3 1.58052E+14 
SCO001-112 5.7202 0.0798 0.07595 0.00164 182 2 209 1 1043 6 7.83436E+14 

SCO001-113 7.4506 0.0758 0.07278 0.00077 448 7 216 5    

SCO001-114 11.2812 0.1020 0.05932 0.00168 113 3 46 1 548 2 2.1992E+14 
SCO001-115 5.8781 0.0750 0.07413 0.00095 243 4 238 6 1018 6 9.88359E+14 

SCO001-116 5.6353 0.0739 0.07601 0.00095 236 6 372 8 1061 6 1.11791E+15 

SCO001-117 8.4350 0.0884 0.06597 0.00111 212 10 243 12 725 4 6.34015E+14 
SCO001-118 5.7073 0.0739 0.07489 0.00088 236 4 318 5 1046 6 1.05713E+15 

SCO001-119 4.9311 0.0740 0.07945 0.00085 198 2 121 3 1187 6 8.75611E+14 

SCO001-120 9.0073 0.1011 0.08337 0.00254 79 2 105 3    
SCO001-121 1.9671 0.0711 0.18496 0.00145 158 6 150 5 2696 6 1.69291E+15 

SCO001-122 2.3943 0.0708 0.18102 0.00088 759 26 844 14    

SCO001-123 9.1798 0.1146 0.06632 0.00213 225 4 229 6    
SCO001-124 8.9016 0.0819 0.06332 0.00102 282 7 201 6 687 3 7.3478E+14 

SCO001-125 9.3767 0.1023 0.06689 0.00209 138 1 139 1    

WAR001-1 3.5576 0.0719 0.10198 0.00106 148 3 125 3 1640 8 9.44621E+14 
WAR001-2 3.3809 0.0708 0.10417 0.00092 170 4 116 3 1693 7 1.08537E+15 

WAR001-3 2.2049 0.0705 0.17936 0.00157 187 3 263 3    
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WAR001-4 3.3021 0.0715 0.10329 0.00111 142 4 189 5    

WAR001-5 1.9987 0.0709 0.18163 0.00221 47 1 31 1 2664 10 4.6663E+14 

WAR001-6 1.9945 0.0699 0.17940 0.00117 157 4 154 4 2646 5 1.66162E+15 
WAR001-7 2.2415 0.0700 0.16930 0.00072 352 8 70 1    

WAR001-8 3.8214 0.0713 0.11981 0.00091 409 11 555 9    

WAR001-9 5.4756 0.0771 0.08028 0.00116 213 2 189 1    
WAR001-10 2.3210 0.0702 0.17274 0.00113 260 12 302 9    

WAR001-11 3.2743 0.0758 0.10551 0.00175 88 1 92 3 1721 12 6.15833E+14 

WAR001-12 2.6815 0.0705 0.16261 0.00093 395 17 720 44    
WAR001-13 2.3949 0.0701 0.16936 0.00089 262 9 144 4    

WAR001-14 3.3867 0.0732 0.10454 0.00123 106 4 95 4 1694 9 7.06179E+14 

WAR001-15 2.0128 0.0697 0.17848 0.00060 505 11 310 6 2638 3 4.95315E+15 
WAR001-16 3.6659 0.0763 0.11823 0.00056 1915 57 1270 111    

WAR001-17 3.3850 0.0719 0.10384 0.00093 214 7 256 13 1688 7 1.50712E+15 

WAR001-18 2.1627 0.0700 0.17494 0.00101 206 7 268 10    
WAR001-19 1.9511 0.0699 0.18031 0.00107 164 3 122 3 2667 5 1.67432E+15 

WAR001-20 3.6626 0.0736 0.09978 0.00159 70 5 78 6 1585 10 4.53088E+14 

WAR001-21 2.3416 0.0703 0.14355 0.00114 161 4 119 4    
WAR001-22 2.3749 0.0704 0.17429 0.00100 359 4 126 6    

WAR001-23 2.2941 0.0707 0.17232 0.00141 197 2 191 2    

WAR001-24 2.8227 0.0722 0.18916 0.00264 241 4 597 20    
WAR001-25 4.9950 0.0885 0.08232 0.00254 40 0 37 1 1183 9 1.88703E+14 

WAR001-26 3.5411 0.0751 0.10194 0.00146 129 1 115 1 1635 10 8.31689E+14 
WAR001-27 1.9758 0.0707 0.17829 0.00220 54 1 143 1 2637 10 7.51052E+14 

WAR001-28 10.9595 0.1151 0.05953 0.00183 119 4 123 4 563 3 2.70552E+14 

WAR001-29 4.8849 0.0768 0.07909 0.00179 59 2 53 1    
WAR001-30 1.9437 0.0700 0.18302 0.00119 117 3 95 2 2680 5 1.21199E+15 

WAR001-31 4.0487 0.0733 0.09754 0.00086 230 5 125 2    

WAR001-32 3.9728 0.0725 0.10049 0.00114 227 7 209 8    
WAR001-33 2.5565 0.0707 0.16295 0.00100 374 7 160 3    

WAR001-34 2.5405 0.0704 0.16133 0.00086 482 7 360 17    

WAR001-35 1.9166 0.0700 0.18118 0.00150 103 3 220 5    
WAR001-36 3.3665 0.0762 0.13581 0.00175 333 12 585 14    

WAR001-37 1.7761 0.0699 0.21972 0.00132 239 5 72 1 2977 5 2.47131E+15 

WAR001-38 3.4288 0.0716 0.10395 0.00085 345 7 257 4 1686 7 2.22465E+15 
WAR001-39 2.4625 0.0714 0.18288 0.00111 423 8 1007 34    

WAR001-40 4.7560 0.0736 0.08104 0.00086 209 6 127 6 1227 7 9.53599E+14 

WAR001-41 2.1926 0.0703 0.16081 0.00115 462 9 515 14 2462 6 4.66554E+15 
WAR001-42 2.2478 0.0704 0.17442 0.00086 531 10 1452 15    

WAR001-43 1.9519 0.0705 0.18241 0.00201 40 1 32 1 2674 9 4.15783E+14 

WAR001-44 2.2474 0.0719 0.16842 0.00134 139 5 239 3    
WAR001-45 2.0362 0.0741 0.18239 0.00402 57 3 86 5 2656 16 6.71766E+14 

WAR001-46 3.6141 0.0708 0.10093 0.00074 323 8 120 9 1628 6 1.85811E+15 

WAR001-47 3.4824 0.0709 0.10239 0.00083 276 6 197 4 1659 7 1.73567E+15 
WAR001-48 2.4139 0.0705 0.17403 0.00069 482 16 296 5    

WAR001-49 2.0184 0.0698 0.17763 0.00074 385 5 345 2 2630 3 3.98125E+15 

WAR001-50 2.2616 0.0705 0.17663 0.00099 315 3 350 3    
WAR001-51 3.6632 0.0747 0.10422 0.00139 171 3 161 5    

WAR001-52 1.9327 0.0701 0.18130 0.00108 286 5 400 1    

WAR001-53 4.9593 0.0721 0.08026 0.00063 414 7 281 10 1193 6 1.8614E+15 
WAR001-54 3.4042 0.0738 0.10496 0.00151 225 3 224 1 1691 10 1.5274E+15 

WAR001-55 3.6594 0.0723 0.10429 0.00078 310 8 331 20    

WAR001-56 2.0005 0.0734 0.17850 0.00347 22 1 26 1 2635 15 2.43029E+14 
WAR001-57 2.3674 0.0706 0.16913 0.00132 323 3 177 5    

WAR001-58 1.9078 0.0701 0.18159 0.00098 224 9 135 7    

WAR001-59 2.8429 0.0753 0.15169 0.00075 424 16 300 16    
WAR001-60 3.4044 0.0735 0.13127 0.00093 379 17 233 13    

WAR001-61 2.3324 0.0720 0.17277 0.00131 131 5 122 4    

WAR001-62 3.4951 0.0718 0.10326 0.00118 133 3 195 4 1662 9 9.67248E+14 
WAR001-63 2.1247 0.0700 0.17089 0.00094 263 6 142 3 2564 4 2.4711E+15 

WAR001-64 3.4817 0.0709 0.10265 0.00103 181 5 186 7 1659 8 1.21454E+15 

WAR001-65 3.6735 0.0715 0.10269 0.00112 159 5 79 2    
WAR001-66 1.9273 0.0701 0.18042 0.00102 196 6 273 19    

WAR001-67 2.2959 0.0703 0.17999 0.00101 218 4 386 9    

WAR001-68 4.7983 0.0761 0.08032 0.00125 112 1 156 5 1216 8 5.88299E+14 
WAR001-69 2.0816 0.0699 0.17636 0.00098 212 5 282 6 2617 4 2.36717E+15 

WAR001-70 4.7541 0.0721 0.08449 0.00107 470 30 443 13 1253 7 2.33728E+15 

WAR001-71 2.0088 0.0699 0.18636 0.00093 243 10 305 15 2708 4 2.76854E+15 
WAR001-72 4.9854 0.0759 0.08039 0.00125 191 11 360 27 1184 7 1.06265E+15 

WAR001-73 2.0388 0.0699 0.17709 0.00082 245 8 519 17 2625 4 3.14066E+15 

WAR001-74 3.6180 0.0727 0.10288 0.00148 196 2 153 4 1627 10 1.22822E+15 
WAR001-75 2.2264 0.0709 0.17837 0.00073 548 18 3243 184    

WAR001-76 2.2432 0.0700 0.16984 0.00106 202 5 207 4    
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WAR001-77 3.7671 0.0719 0.10454 0.00106 393 8 243 3    

WAR001-78 5.2239 0.0771 0.08014 0.00100 218 14 610 46 1148 7 1.3529E+15 

WAR001-79 2.0203 0.0704 0.17713 0.00080 558 11 402 13 2625 4 5.57112E+15 
WAR001-80 1.9598 0.0701 0.18221 0.00137 114 1 114 1 2672 6 1.22213E+15 

WAR001-81 2.6467 0.0736 0.16236 0.00102 485 20 938 44    

WAR001-82 2.0423 0.0701 0.17543 0.00076 410 12 378 13 2609 4 4.2316E+15 
WAR001-83 3.3911 0.0710 0.10386 0.00112 167 5 109 6 1685 8 1.05742E+15 

WAR001-84 2.1863 0.0715 0.17705 0.00132 173 3 187 2    

WAR001-85 1.8938 0.0700 0.18272 0.00105 311 6 323 5    
WAR001-86 1.8464 0.0700 0.18840 0.00146 79 2 72 1    

WAR001-87 2.8762 0.0722 0.15280 0.00086 349 10 364 5    

WAR001-88 4.7533 0.0739 0.08218 0.00141 105 3 3 0 1235 8 4.23958E+14 
WAR001-89 4.7936 0.0717 0.08448 0.00083 266 6 280 4 1256 7 1.35403E+15 

WAR001-90 5.0424 0.0728 0.08090 0.00081 306 7 240 3 1185 6 1.39853E+15 

WAR001-91 1.9320 0.0701 0.18278 0.00096 190 7 321 5 2689 4 2.32628E+15 
WAR001-92 3.6630 0.0743 0.10639 0.00134 308 5 244 6    

WAR001-93 3.0999 0.0708 0.11006 0.00115 155 2 370 4 1800 8 1.41747E+15 

WAR001-94 3.4596 0.0718 0.10404 0.00101 158 5 139 7 1681 8 1.04419E+15 
WAR001-95 2.6361 0.0780 0.16146 0.00125 195 3 268 9    

WAR001-96 2.5345 0.0703 0.16568 0.00121 393 5 123 2    

WAR001-97 3.3750 0.0707 0.10408 0.00080 242 2 146 2 1693 6 1.51749E+15 
WAR001-98 3.3702 0.0708 0.10407 0.00096 163 3 164 3 1692 7 1.11089E+15 

WAR001-99 2.5111 0.0713 0.16451 0.00145 265 11 278 9    
WAR001-100 3.4445 0.0708 0.10411 0.00097 134 3 62 4 1684 7 8.12039E+14 

WAR001-101 3.4879 0.0740 0.10165 0.00132 177 5 204 5 1643 10 1.20363E+15 

WAR001-102 2.9638 0.0780 0.21594 0.00204 211 12 688 23    
WAR001-103 1.7113 0.0698 0.24095 0.00117 188 4 134 3    

WAR001-104 2.2491 0.0700 0.17010 0.00105 231 8 203 11    

WAR001-105 3.8691 0.0779 0.09955 0.00164 165 2 149 5    
WAR001-106 3.2549 0.0722 0.10344 0.00119 179 2 124 1    

WAR001-107 3.3710 0.0732 0.10417 0.00125 166 2 130 5 1691 9 1.08028E+15 

WAR001-108 3.3901 0.0715 0.10408 0.00118 105 2 129 1 1688 9 7.41021E+14 
WAR001-109 3.4586 0.0804 0.10481 0.00222 169 3 265 37 1668 13 1.25704E+15 

WAR001-110 2.5005 0.0704 0.16660 0.00081 463 14 177 4    

WAR001-111 1.9353 0.0706 0.18298 0.00079 394 9 329 26 2685 4 4.11619E+15 
WAR001-112 2.1539 0.0701 0.17129 0.00087 288 8 201 6    

WAR001-113 3.5130 0.0708 0.10411 0.00089 376 2 173 2 1679 7 2.27099E+15 

WAR001-114 2.1776 0.0699 0.17998 0.00109 394 14 545 25    
WAR001-115 2.2450 0.0713 0.17905 0.00132 287 3 779 13    

WAR001-116 1.8030 0.0702 0.20951 0.00134 221 11 336 16 2900 5 2.83428E+15 

WAR001-117 2.7843 0.0702 0.15290 0.00106 303 9 189 6    
WAR001-118 5.0122 0.0730 0.08168 0.00078 871 7 281 4 1199 6 3.65035E+15 

WAR001-119 3.0812 0.0716 0.09964 0.00077 335 7 176 6    

WAR001-120 4.7795 0.0763 0.09987 0.00103 388 8 1111 66    
WAR001-121 3.8013 0.0731 0.12977 0.00127 155 2 90 1    

WAR001-122 2.3873 0.0701 0.16933 0.00133 137 6 112 6    

WAR001-123 1.8287 0.0702 0.18399 0.00099 222 3 180 4    
WAR001-124 2.7142 0.0705 0.15799 0.00086 355 14 313 8    

WHI001-1 8.8836 0.1018 0.06567 0.00188 171 2 295 13 689 4 5.39044E+14 

WHI001-2 1.6359 0.0699 0.27195 0.00100 218 5 175 6    
WHI001-3 9.4622 0.1152 0.06766 0.00231 53 1 111 8    

WHI001-4 8.7623 0.0965 0.06373 0.00168 79 1 118 2 697 4 2.41924E+14 

WHI001-5 6.0991 0.0793 0.07651 0.00135 92 3 142 5    
WHI001-6 5.5889 0.0813 0.07733 0.00180 77 1 85 1 1066 7 3.35677E+14 

WHI001-7 3.1204 0.0712 0.12888 0.00133 108 1 296 2    

WHI001-8 3.6023 0.0721 0.10180 0.00145 230 2 122 1 1620 10 1.36072E+15 
WHI001-9 1.9643 0.0701 0.18512 0.00121 109 2 125 1 2698 5 1.21429E+15 

WHI001-10 8.6491 0.0843 0.06380 0.00118 159 2 126 1 706 3 4.33017E+14 

WHI001-11 6.8126 0.1152 0.07357 0.00353 17 1 17 1    
WHI001-12 8.8861 0.0923 0.06386 0.00141 109 3 89 2 688 3 2.89761E+14 

WHI001-13 8.8933 0.0892 0.06369 0.00132 120 2 109 3 688 3 3.25437E+14 

WHI001-14 5.5365 0.0761 0.07433 0.00127 106 3 105 3 1068 6 4.53706E+14 
WHI001-15 11.2272 0.0914 0.05992 0.00095 278 5 297 5 551 2 6.22486E+14 

WHI001-16 4.9309 0.0746 0.08049 0.00130 112 3 119 3 1194 7 5.43796E+14 

WHI001-17 8.9221 0.0896 0.06490 0.00129 148 2 257 4 686 3 4.64833E+14 
WHI001-18 10.1761 0.1250 0.05981 0.00213 50 1 85 1 604 4 1.36984E+14 

WHI001-19 8.5484 0.0857 0.06334 0.00126 108 2 106 2 713 3 3.07689E+14 

WHI001-20 9.4532 0.0978 0.06379 0.00120 181 6 149 4 650 3 4.55596E+14 
WHI001-21 5.4060 0.0791 0.07922 0.00158 91 3 89 3 1103 7 4.00983E+14 

WHI001-22 5.6466 0.1633 0.07687 0.00638 9 0 11 0 1053 14 4.11379E+13 

WHI001-23 8.7829 0.0923 0.06305 0.00148 81 3 50 1 695 3 2.09843E+14 
WHI001-24 5.3253 0.1465 0.07510 0.00634 7 0 9 0    

WHI001-25 5.5459 0.0991 0.07459 0.00248 65 2 101 3 1068 8 3.09614E+14 
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WHI001-26 10.9317 0.1223 0.05935 0.00194 59 1 201 4 564 3 1.96375E+14 

WHI001-27 11.0384 0.0965 0.05937 0.00122 162 4 223 5 559 2 3.90003E+14 

WHI001-28 8.6704 0.1321 0.06381 0.00275 23 0 41 0 704 5 7.43985E+13 
WHI001-29 5.6434 0.0726 0.07527 0.00081 261 6 69 1 1057 5 9.5117E+14 

WHI001-30 9.7796 0.0853 0.06313 0.00124 182 3 299 3 629 3 5.16959E+14 

WHI001-31 4.7974 0.0723 0.08282 0.00098 174 4 199 5 1235 7 8.86661E+14 
WHI001-32 5.9539 0.0760 0.07632 0.00110 154 1 129 3 1013 6 6.08208E+14 

WHI001-33 8.7471 0.0821 0.06314 0.00090 276 8 192 6 698 3 7.28809E+14 

WHI001-34 5.8084 0.0742 0.07696 0.00117 142 2 145 2 1036 6 5.93359E+14 
WHI001-35 11.4778 0.0828 0.05901 0.00065 583 10 198 3 539 2 1.10238E+15 

WHI001-36 8.8116 0.1297 0.06190 0.00284 23 1 31 1    

WHI001-37 5.7112 0.0819 0.07735 0.00184 59 1 90 2 1046 7 2.74363E+14 
WHI001-38 11.0959 0.1141 0.06027 0.00192 68 2 59 2 557 3 1.4892E+14 

WHI001-39 5.9496 0.0819 0.07527 0.00118 127 3 185 3 1011 6 5.62075E+14 

WHI001-40 7.3952 0.1012 0.07004 0.00122 158 4 66 2    
WHI001-41 7.5448 0.0827 0.07050 0.00077 366 12 200 6    

WHI001-42 9.2114 0.0937 0.06394 0.00161 103 2 110 3 665 3 2.78091E+14 

WHI001-43 3.2874 0.0717 0.10605 0.00120 97 2 94 2 1726 9 6.66112E+14 
WHI001-44 8.7518 0.0865 0.06347 0.00157 108 4 114 4 698 3 3.05657E+14 

WHI001-45 5.5796 0.0731 0.07602 0.00066 334 6 447 6 1074 5 1.53246E+15 

WHI001-46 6.0531 0.0795 0.07487 0.00151 95 2 114 2 991 6 3.92992E+14 
WHI001-47 9.0572 0.0871 0.06361 0.00128 141 3 188 4 676 3 4.08291E+14 

WHI001-48 6.8406 0.1268 0.07873 0.00128 183 6 121 2    
WHI001-49 3.4582 0.0709 0.10472 0.00084 217 4 130 3 1695 7 1.36202E+15 

WHI001-50 8.7910 0.1014 0.06382 0.00185 67 2 95 2 695 4 2.02234E+14 

WHI001-51 8.8781 0.0938 0.06325 0.00179 82 2 84 2 688 3 2.26921E+14 
WHI001-52 6.3201 0.0749 0.07405 0.00068 422 13 188 5 968 5 1.46583E+15 

WHI001-53 8.8611 0.0773 0.06379 0.00085 370 9 262 6 691 3 9.6998E+14 

WHI001-54 6.4949 0.0802 0.07104 0.00142 85 2 56 1 925 5 2.9352E+14 
WHI001-55 8.7800 0.0925 0.06303 0.00157 112 1 189 3 696 3 3.54242E+14 

WHI001-56 11.3618 0.0862 0.05896 0.00070 537 17 259 5 544 2 1.057E+15 

WHI001-57 3.6797 0.0716 0.10247 0.00111 118 1 243 2    
WHI001-58 2.1990 0.0706 0.17337 0.00143 100 4 277 10    

WHI001-59 5.8859 0.0814 0.07812 0.00149 166 6 138 5    

WHI001-60 5.5978 0.0743 0.07623 0.00106 148 3 132 3 1067 6 6.1945E+14 
WHI001-61 2.3265 0.0702 0.17270 0.00111 150 2 193 3    

WHI001-62 1.9919 0.0702 0.17684 0.00162 71 2 124 3 2623 7 8.53353E+14 

WHI001-63 8.8037 0.0918 0.06264 0.00142 94 3 91 3 694 3 2.59842E+14 
WHI001-64 5.3301 0.0793 0.07774 0.00189 54 1 103 2 1111 7 2.83942E+14 

WHI001-65 8.8123 0.0954 0.06609 0.00175 78 3 93 3    

WHI001-66 8.5826 0.0926 0.06208 0.00183 74 2 88 2    
WHI001-67 0.1807 0.2604 0.06480 0.25103 0 0 0 0    

WHI001-68 6.4296 0.0865 0.09379 0.00132 344 2 233 5    

WHI001-69 8.8940 0.0854 0.06338 0.00096 206 5 231 6 688 3 5.82683E+14 
WHI001-70 3.7329 0.0741 0.10031 0.00148 60 1 132 1 1578 10 4.67698E+14 

WHI001-71 8.8853 0.0981 0.06284 0.00158 129 2 159 3 688 4 3.71485E+14 

WHI001-72 6.5164 0.0766 0.07297 0.00118 130 2 192 4 927 5 5.29533E+14 
WHI001-73 2.0657 0.0700 0.18652 0.00070 531 5 489 16    

WHI001-74 8.8718 0.0846 0.06358 0.00105 208 4 221 5 690 3 5.82162E+14 

WHI001-75 8.7947 0.1057 0.06315 0.00218 53 1 160 2 694 4 2.04598E+14 
WHI001-76 5.4342 0.0766 0.07728 0.00112 130 2 152 2 1096 6 5.90615E+14 

WHI001-77 8.5963 0.0822 0.06350 0.00110 189 5 194 5 710 3 5.42415E+14 

WHI001-78 5.0750 0.0742 0.08214 0.00094 181 4 155 2 1187 7 8.37016E+14 
WHI001-79 8.5953 0.0852 0.06406 0.00125 134 3 119 4 710 3 3.7507E+14 

WHI001-80 8.7485 0.0866 0.06304 0.00128 134 2 119 2 698 3 3.66279E+14 

WHI001-81 8.7081 0.2420 0.06098 0.00606 6 0 7 0    
WHI001-82 5.5151 0.1016 0.07735 0.00250 30 1 56 1 1078 9 1.53178E+14 

WHI001-83 8.5882 0.0856 0.06282 0.00133 135 4 146 5 710 3 3.90086E+14 

WHI001-84 11.2840 0.0945 0.05945 0.00126 210 2 116 1 548 2 4.21528E+14 
WHI001-85 1.8549 0.0701 0.19844 0.00181 62 1 21 1 2812 7 6.09946E+14 

WHI001-86 1.8941 0.0701 0.18162 0.00153 65 2 84 3    

WHI001-87 8.1875 0.1025 0.06537 0.00235 72 0 32 1 743 4 1.93013E+14 
WHI001-88 10.4120 0.0859 0.06084 0.00102 237 4 174 4 592 2 5.35214E+14 

WHI001-89 8.7257 0.0795 0.06524 0.00085 340 3 299 5 703 3 9.37888E+14 

WHI001-90 4.7092 0.0722 0.08107 0.00092 193 5 174 4 1234 7 9.37916E+14 
WHI001-91 6.5763 0.0789 0.07274 0.00122 132 4 96 2 919 5 4.62048E+14 

WHI001-92 8.7510 0.0897 0.06419 0.00139 124 3 133 3 698 3 3.52367E+14 

WHI001-93 8.2632 0.0895 0.06594 0.00096 256 4 320 5 740 4 7.9756E+14 
WHI001-94 8.5363 0.0840 0.06874 0.00138 132 4 188 2    

WHI001-95 8.7251 0.1024 0.06417 0.00200 58 1 95 2 700 4 1.82735E+14 

WHI001-96 5.7512 0.0848 0.07640 0.00209 36 1 50 1 1037 7 1.60477E+14 
WHI001-97 8.7443 0.0845 0.06340 0.00131 183 10 190 12 698 3 5.16516E+14 

WHI001-98 10.6062 0.1044 0.05910 0.00186 72 2 126 4 581 3 1.92554E+14 
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WHI001-99 6.3972 0.1142 0.07611 0.00364 16 0 21 0    

WHI001-100 2.0138 0.0700 0.17726 0.00112 149 4 268 9 2626 5 1.80794E+15 

WHI001-101 4.9544 0.0773 0.08289 0.00188 57 1 53 1 1194 8 2.69654E+14 
WHI001-102 11.8484 0.1570 0.06289 0.00270 38 1 54 2    

WHI001-103 8.7024 0.0919 0.06330 0.00147 94 2 117 3 702 3 2.76652E+14 

WHI001-104 6.7768 0.0764 0.07262 0.00089 214 5 262 7    
WHI001-105 5.5917 0.0752 0.07616 0.00092 223 4 127 3 1069 6 8.79843E+14 

WHI001-106 8.9489 0.0896 0.06363 0.00134 116 4 119 4 684 3 3.20395E+14 

WHI001-107 5.2028 0.0758 0.07864 0.00160 71 2 80 2 1137 7 3.31652E+14 
WHI001-108 5.5875 0.0746 0.07551 0.00101 242 2 291 2 1065 6 1.07584E+15 

WHI001-109 11.2891 0.1021 0.05900 0.00148 121 2 310 6 547 2 3.4552E+14 

WHI001-110 6.1157 0.1034 0.07787 0.00345 18 0 30 1    
WHI001-111 1.6390 0.0699 0.23894 0.00164 81 1 126 1 3112 5 1.12176E+15 

WHI001-112 8.9583 0.0803 0.06348 0.00113 185 5 208 6 683 3 5.18763E+14 

WHI001-113 5.4325 0.0727 0.07626 0.00079 278 7 159 3 1093 6 1.11841E+15 
WHI001-114 12.0778 0.1193 0.05873 0.00163 87 1 127 2 513 2 1.95778E+14 

WHI001-115 8.7973 0.0775 0.06343 0.00077 372 7 225 4 695 3 9.60184E+14 

WHI001-116 3.8254 0.3146 0.14916 0.00459 100 3 71 2    
WHI001-117 8.6648 0.0935 0.06304 0.00175 84 2 97 2 704 4 2.45467E+14 

WHI001-118 6.6359 0.0883 0.07341 0.00129 117 4 172 6    

WHI001-119 9.9968 0.2361 0.06570 0.00550 7 0 16 0    
WHI001-120 6.6779 0.1014 0.07086 0.00214 35 0 39 1 901 6 1.30442E+14 

WHI001-121 8.8836 0.0877 0.06317 0.00137 118 3 86 3 688 3 3.09316E+14 
WHI001-122 5.8616 0.0843 0.07622 0.00164 69 1 65 1 1022 7 2.79864E+14 

WHI001-123 8.4389 0.0865 0.06280 0.00126 137 2 129 2 721 3 3.93365E+14 

WHI004-1 8.5608 0.0880 0.06345 0.00148 74 1 118 1 712 3 2.37004E+14 
WHI004-2 8.5022 0.0881 0.06981 0.00230 115 3 165 2    

WHI004-3 5.7183 0.0976 0.07610 0.00334 70 2 24 1 1041 8 2.55336E+14 

WHI004-4 8.4345 0.0925 0.06461 0.00167 75 4 64 4 723 4 2.11076E+14 
WHI004-5 12.2666 0.1107 0.05867 0.00143 117 2 199 4 505 2 2.69888E+14 

WHI004-6 8.8797 0.0854 0.06435 0.00117 131 3 158 3 689 3 3.76964E+14 

WHI004-7 4.9795 0.0802 0.08139 0.00195 62 2 97 4 1185 8 3.27849E+14 
WHI004-8 6.1294 0.0740 0.07487 0.00077 272 10 123 7 992 5 9.71389E+14 

WHI004-9 8.6006 0.0820 0.06416 0.00111 148 3 145 3 710 3 4.19727E+14 

WHI004-10 2.1298 0.0701 0.17391 0.00089 205 5 453 13    
WHI004-11 8.5700 0.1274 0.06499 0.00260 73 4 97 9 712 5 2.21286E+14 

WHI004-12 4.8405 0.0720 0.08019 0.00062 330 6 260 5 1205 6 1.53097E+15 

WHI004-13 7.2293 0.0993 0.06879 0.00194 58 2 141 5 837 5 2.47102E+14 
WHI004-14 6.6185 0.0772 0.06954 0.00103 160 4 35 1 908 5 4.9702E+14 

WHI004-15 4.9194 0.0717 0.08110 0.00067 350 8 243 6 1207 6 1.59583E+15 

WHI004-16 6.5881 0.0767 0.07035 0.00114 116 1 131 1 913 5 4.34827E+14 
WHI004-17 9.3419 0.0936 0.06535 0.00165 95 4 138 8    

WHI004-18 8.8800 0.0841 0.06320 0.00113 136 2 147 3 689 3 3.81131E+14 

WHI004-19 8.8931 0.0869 0.07990 0.00163 134 1 142 2    
WHI004-20 4.9062 0.0758 0.08167 0.00183 49 1 73 2 1201 8 2.58094E+14 

WHI004-21 5.6944 0.0996 0.08999 0.00333 33 1 40 1    

WHI004-22 12.4268 0.0872 0.06263 0.00086 391 10 597 15    
WHI004-23 12.0997 0.0982 0.05690 0.00135 139 3 207 4    

WHI004-24 5.5046 0.0783 0.07729 0.00183 43 1 49 1 1080 7 1.9096E+14 

WHI004-25 8.6274 0.0832 0.06372 0.00109 264 4 270 3 708 3 7.52458E+14 
WHI004-26 10.3840 0.0980 0.06015 0.00117 176 1 271 7 593 3 4.62846E+14 

WHI004-27 3.3672 0.0709 0.10394 0.00102 121 3 105 3 1690 8 7.9904E+14 

WHI004-28 7.4768 0.0801 0.07083 0.00098 168 3 153 2    
WHI004-29 7.3294 0.1041 0.06899 0.00127 131 3 141 5 829 5 4.42064E+14 

WHI004-30 8.8377 0.0847 0.06226 0.00127 125 3 121 2 691 3 3.43559E+14 

WHI004-31 4.8854 0.0747 0.08490 0.00121 105 2 157 3 1228 8 5.67299E+14 
WHI004-32 5.8594 0.0790 0.07737 0.00114 164 3 533 7    

WHI004-33 9.6917 0.1073 0.06453 0.00162 187 1 157 2    

WHI004-34 10.5800 0.1011 0.06270 0.00156 99 1 350 6    
WHI004-35 8.0196 0.0922 0.09657 0.00515 140 4 180 6    

WHI004-36 4.9338 0.0721 0.07951 0.00085 163 3 463 9 1188 6 1.05381E+15 

WHI004-37 10.6312 0.0807 0.05920 0.00087 315 8 61 2 579 2 6.1877E+14 
WHI004-38 10.5386 0.1085 0.06099 0.00194 152 2 104 1 585 3 3.34901E+14 

WHI004-39 6.2970 0.0800 0.07315 0.00139 90 3 108 3 955 5 3.58063E+14 

WHI004-40 4.9009 0.0733 0.08251 0.00136 102 3 125 4 1209 7 5.15846E+14 
WHI004-41 1.3827 0.0699 0.30588 0.00177 78 3 56 2 3508 4 1.04055E+15 

WHI004-42 5.4372 0.0846 0.07651 0.00217 31 1 64 1 1090 8 1.63369E+14 

WHI004-43 1.9885 0.0701 0.18104 0.00150 59 1 73 1 2661 7 6.60362E+14 
WHI004-44 8.5573 0.0883 0.06492 0.00101 199 2 184 2 715 3 5.62633E+14 

WHI004-45 10.4945 0.0996 0.06220 0.00083 433 5 110 4 589 3 8.77725E+14 

WHI004-46 1.9486 0.0701 0.17981 0.00146 74 2 117 4    
WHI004-47 7.2828 0.0771 0.07512 0.00089 278 3 173 2    

WHI004-48 2.4026 0.0701 0.16007 0.00092 249 5 167 5    
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WHI004-49 8.5010 0.0852 0.06450 0.00126 120 3 102 3 718 3 3.36946E+14 

WHI004-50 6.9602 0.0802 0.06966 0.00127 114 1 177 4 868 5 4.39133E+14 

WHI004-51 1.8779 0.0701 0.18316 0.00122 139 10 128 8    
WHI004-52 4.8509 0.0754 0.08059 0.00134 82 4 137 8 1209 8 4.51215E+14 

WHI004-53 4.9286 0.0782 0.08056 0.00185 45 0 112 1 1193 8 2.75548E+14 

WHI004-54 8.9525 0.0951 0.06503 0.00164 131 4 127 4 684 3 3.58273E+14 
WHI004-55 9.0792 0.0898 0.06547 0.00106 198 6 156 9    

WHI004-56 5.4804 0.0752 0.07569 0.00073 196 4 199 6 1082 6 8.54452E+14 

WHI004-57 9.1561 0.0856 0.06186 0.00071 353 9 78 1 668 3 8.04742E+14 
WHI004-58 11.1546 0.1127 0.05921 0.00171 66 1 128 2 554 3 1.72774E+14 

WHI004-59 10.8311 0.1200 0.06389 0.00220 53 2 55 2    

WHI004-60 8.6778 0.1012 0.06268 0.00192 49 1 94 2 703 4 1.6232E+14 
WHI004-61 10.9202 0.0995 0.06093 0.00141 121 2 42 1 565 2 2.41145E+14 

WHI004-62 8.5965 0.0874 0.06325 0.00142 93 2 140 3 710 3 2.9005E+14 

WHI004-63 11.2903 0.1178 0.06302 0.00120 269 1 729 6    
WHI004-64 8.9507 0.1075 0.06475 0.00185 162 3 163 3 684 4 4.44371E+14 

WHI004-65 8.4714 0.0827 0.06544 0.00099 164 2 151 3 722 3 4.69109E+14 

WHI004-66 10.5090 0.1145 0.06057 0.00109 165 2 143 4 587 3 3.79818E+14 
WHI004-67 9.2245 0.0938 0.06439 0.00143 85 2 73 2 665 3 2.21229E+14 

WHI004-68 2.8766 0.0709 0.14383 0.00129 87 2 97 2    

WHI004-69 5.9861 0.0876 0.07472 0.00086 210 6 188 7 1011 6 8.3513E+14 
WHI004-70 8.6338 0.0817 0.06474 0.00104 201 4 196 5 708 3 5.69796E+14 

WHI004-71 8.8294 0.0964 0.07049 0.00172 102 3 152 4    
WHI004-72 8.4818 0.0811 0.06819 0.00133 155 4 127 4    

WHI004-73 1.9196 0.0702 0.18358 0.00112 142 4 92 3    

WHI004-74 7.6381 0.1185 0.07043 0.00301 24 1 28 1    
WHI004-75 1.8905 0.0701 0.18630 0.00087 209 4 207 6    

WHI004-76 4.9253 0.0756 0.07901 0.00164 57 2 50 2 1189 8 2.64205E+14 

WHI004-77 1.7026 0.0698 0.21714 0.00105 116 3 80 1    
WHI004-78 2.0203 0.0699 0.17688 0.00071 269 8 161 5 2623 3 2.61465E+15 

WHI004-79 5.7412 0.0752 0.07433 0.00102 129 2 127 2 1038 6 5.36682E+14 

WHI004-80 6.7905 0.0805 0.07466 0.00088 228 5 196 4    
WHI004-81 4.5414 0.0731 0.08327 0.00138 76 1 127 2 1281 8 4.41543E+14 

WHI004-82 8.3901 0.1074 0.06293 0.00212 34 0 63 1 726 4 1.14581E+14 

WHI004-83 6.8245 0.2370 0.22402 0.02192 97 2 123 3    
WHI004-84 8.5277 0.1043 0.07390 0.00251 45 2 39 2    

WHI004-85 8.7140 0.0827 0.06338 0.00114 144 4 211 5 701 3 4.41487E+14 

WHI004-86 10.5833 0.0883 0.06064 0.00102 238 5 86 0 583 2 4.88008E+14 
WHI004-87 8.6599 0.0884 0.06522 0.00141 91 2 101 2 706 3 2.62555E+14 

WHI004-88 2.0251 0.0700 0.17799 0.00067 424 11 554 11 2633 3 4.74812E+15 

WHI004-89 5.4323 0.0725 0.07730 0.00087 202 5 149 5 1099 6 8.4822E+14 
WHI004-90 8.9932 0.0884 0.06359 0.00147 85 2 131 3 680 3 2.57338E+14 

WHI004-91 9.3989 0.0920 0.06155 0.00145 113 4 118 3 652 3 2.98972E+14 

WHI004-92 11.9773 0.0999 0.05788 0.00128 129 4 170 8 517 2 2.85025E+14 
WHI004-93 3.2284 0.0704 0.10464 0.00077 201 5 204 5    

WHI004-94 8.5231 0.0835 0.06231 0.00113 126 2 153 3    

WHI004-95 4.9546 0.0737 0.08216 0.00115 128 4 234 6 1201 7 7.13675E+14 
WHI004-96 5.6389 0.0767 0.07563 0.00090 201 6 145 6 1060 6 8.11236E+14 

WHI004-97 8.6109 0.0835 0.06338 0.00112 124 3 98 3 709 3 3.39458E+14 

WHI004-98 8.6723 0.0894 0.06938 0.00235 103 3 143 5    
WHI004-99 5.7129 0.0736 0.07807 0.00078 217 3 201 3 1067 6 9.16814E+14 

WHI004-100 6.3638 0.0735 0.07277 0.00070 324 6 251 3 954 5 1.18836E+15 

WHI004-101 8.6514 0.0881 0.06632 0.00143 90 2 191 4    
WHI004-102 6.0768 0.0725 0.08400 0.00057 588 16 313 7    

WHI004-103 7.3493 0.0870 0.07208 0.00202 63 1 93 1    

WHI004-104 11.8585 0.0925 0.05802 0.00109 193 5 282 8 522 2 4.40279E+14 
WHI004-105 8.7255 0.0844 0.06322 0.00109 158 3 196 9 700 3 4.63721E+14 

WHI004-106 7.3458 0.1213 0.07085 0.00082 259 6 145 9    

WHI004-107 8.7666 0.0840 0.06409 0.00116 154 3 136 2 697 3 4.22528E+14 
WHI004-108 4.9058 0.0801 0.08380 0.00184 31 0 46 1 1208 8 1.66659E+14 

WHI004-109 5.0346 0.0725 0.07867 0.00093 155 3 123 2 1166 6 6.97734E+14 

WHI004-110 4.9680 0.0738 0.08028 0.00122 90 1 126 0 1187 7 4.62099E+14 
WHI004-111 8.5565 0.1054 0.06369 0.00239 33 1 76 2 713 4 1.17547E+14 

WHI004-112 8.3583 0.1516 0.06713 0.00395 16 1 14 2    

WHI004-113 7.0922 0.2113 0.07182 0.00224 47 2 68 5    
WHI004-114 6.9070 0.0861 0.07750 0.00187 89 3 100 1    

WHI004-115 5.3842 0.0781 0.07699 0.00126 411 5 282 2 1102 7 1.70807E+15 

WHI004-116 5.1125 0.0809 0.08429 0.00167 123 3 125 4    
WHI004-117 1.7053 0.0698 0.21487 0.00109 157 4 249 4    

WHI004-118 4.7547 0.0723 0.08020 0.00091 179 6 158 6    

WHI004-119 4.4396 0.1014 0.09889 0.00292 223 7 257 9    
WHI004-120 8.6979 0.0889 0.06495 0.00125 188 5 192 6 703 3 5.33907E+14 

WHI004-121 11.1627 0.0863 0.05959 0.00107 232 8 247 9 553 2 5.22887E+14 
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WHI004-122 11.6280 0.0921 0.05845 0.00115 184 6 245 7 532 2 4.17498E+14 

WHI004-123 8.7014 0.0829 0.06463 0.00118 122 2 172 3 703 3 3.71718E+14 

WHI004-124 4.9058 0.0725 0.07974 0.00086 142 1 135 1 1194 6 6.76009E+14 
WHI004-125 8.5358 0.0789 0.06363 0.00100 175 2 127 2 715 3 4.76033E+14 

YGP001-1 7.9780 0.1483 0.07407 0.00418 18 0 32 1    

YGP001-2 9.0576 0.0966 0.06284 0.00178 74 1 86 2 675 3 2.06644E+14 
YGP001-3 10.7106 0.1174 0.06178 0.00189 73 2 69 2 576 3 1.67668E+14 

YGP001-4 5.6115 0.0746 0.07588 0.00084 263 5 151 7 1066 6 1.03449E+15 

YGP001-5 6.5071 0.0806 0.07475 0.00117 149 1 106 0    
YGP001-6 11.0479 0.0989 0.05950 0.00123 146 3 117 2 559 2 3.15132E+14 

YGP001-7 11.4962 0.1269 0.05721 0.00214 58 1 12 0    

YGP001-8 8.6210 0.0897 0.06581 0.00162 115 3 232 8 709 3 3.90982E+14 
YGP001-9 7.8968 0.0997 0.06574 0.00166 80 1 125 2 769 5 2.73903E+14 

YGP001-10 3.1675 0.0709 0.11023 0.00099 157 4 203 4 1796 7 1.19508E+15 

YGP001-11 2.0913 0.0701 0.17573 0.00107 216 3 188 5 2610 5 2.20825E+15 
YGP001-12 9.2928 0.0972 0.06398 0.00190 78 2 86 2 660 3 2.10284E+14 

YGP001-13 9.8124 0.1632 0.06282 0.00326 22 0 15 0 626 5 5.15072E+13 

YGP001-14 10.8079 0.0932 0.05864 0.00114 210 5 166 4 570 2 4.61213E+14 
YGP001-15 4.6466 0.0773 0.09389 0.00243 68 1 92 1    

YGP001-16 4.8665 0.0720 0.08235 0.00089 322 4 213 6 1222 7 1.47656E+15 

YGP001-17 3.3266 0.0716 0.10291 0.00124 101 1 97 1 1682 9 6.77195E+14 
YGP001-18 4.5688 0.0736 0.08523 0.00102 190 4 157 3 1293 7 9.51793E+14 

YGP001-19 8.7308 0.0847 0.06299 0.00113 190 3 309 4 699 3 5.97721E+14 
YGP001-20 5.5755 0.0765 0.07622 0.00108 160 3 170 3 1070 6 6.94357E+14 

YGP001-21 4.6120 0.0777 0.09095 0.00073 476 18 306 36    

YGP001-22 14.3275 0.2553 0.11519 0.00880 39 1 106 2    
YGP001-23 6.6336 0.1225 0.07448 0.00356 48 1 76 1    

YGP001-24 5.6326 0.0781 0.07643 0.00119 132 2 149 2 1061 6 5.78168E+14 

YGP001-25 4.2869 0.0738 0.08981 0.00076 347 4 190 4 1395 7 1.77704E+15 
YGP001-26 5.7942 0.0803 0.07598 0.00113 400 2 134 1 1036 6 1.45408E+15 

YGP001-27 2.2288 0.0701 0.17510 0.00080 461 10 323 10    

YGP001-28 8.6080 0.1426 0.06531 0.00357 23 0 41 1 709 6 7.49627E+13 
YGP001-29 9.8394 0.1340 0.06178 0.00272 98 1 105 1 624 4 2.49837E+14 

YGP001-30 10.2217 0.3449 0.07386 0.00849 8 0 13 0    

YGP001-31 5.4585 0.0762 0.07762 0.00131 98 1 73 0 1092 7 4.07428E+14 
YGP001-32 7.2564 0.1075 0.07090 0.00278 30 1 69 1    

YGP001-33 10.7794 0.0982 0.05930 0.00131 128 1 165 2 572 2 3.10625E+14 

YGP001-34 7.2551 0.0856 0.07000 0.00121 156 2 158 2 837 5 5.25759E+14 
YGP001-35 8.6150 0.0976 0.06999 0.00218 67 1 32 1    

YGP001-36 5.8314 0.0877 0.07509 0.00213 36 1 43 0 1023 7 1.52387E+14 

YGP001-37 9.4967 0.1384 0.06287 0.00300 26 1 37 1 646 4 7.28398E+13 
YGP001-38 1.9223 0.0710 0.18518 0.00207 33 1 26 1 2700 9 3.39317E+14 

YGP001-39 2.3362 0.0710 0.19577 0.00151 83 3 74 3    

YGP001-40 6.6371 0.0983 0.07221 0.00114 178 2 199 3 915 6 6.67406E+14 
YGP001-41 8.6409 0.0986 0.06479 0.00242 44 1 66 1 706 4 1.37333E+14 

YGP001-42 6.5670 0.0983 0.07635 0.00219 102 4 198 10    

YGP001-43 8.6340 0.1117 0.06523 0.00185 176 9 147 7 708 4 4.83934E+14 
YGP001-44 8.5969 0.0873 0.06387 0.00121 157 3 232 5 710 3 4.89117E+14 

YGP001-45 5.0291 0.0849 0.08020 0.00267 29 1 71 2 1171 9 1.72771E+14 

YGP001-46 8.4884 0.0873 0.06283 0.00119 136 2 118 2 717 3 3.81504E+14 
YGP001-47 11.8530 0.0861 0.05822 0.00085 362 7 193 5 522 2 6.90905E+14 

YGP001-48 8.7005 0.0885 0.06312 0.00133 131 3 140 3 702 3 3.74819E+14 

YGP001-49 6.8508 0.0958 0.07257 0.00245 103 1 59 0    
YGP001-50 2.4467 0.0837 0.16545 0.00417 29 1 10 0    

YGP001-51 9.1403 0.0952 0.06363 0.00164 94 2 102 2 670 3 2.56945E+14 

YGP001-52 11.3899 0.0931 0.05961 0.00123 168 3 378 8 543 2 4.53818E+14 
YGP001-53 4.9913 0.0792 0.08143 0.00172 56 1 103 2 1184 8 3.09245E+14 

YGP001-54 5.5281 0.0734 0.07629 0.00076 342 2 235 9 1081 6 1.39458E+15 

YGP001-55 2.9414 0.0708 0.12407 0.00104 154 4 94 2    
YGP001-56 11.3320 0.0845 0.05844 0.00092 383 8 404 8 545 2 8.47986E+14 

YGP001-57 11.0301 0.1056 0.05975 0.00162 114 2 170 2 560 3 2.81009E+14 

YGP001-58 6.4142 0.0840 0.07412 0.00140 346 3 572 9    
YGP001-59 9.5585 0.1580 0.05755 0.00332 18 0 16 0    

YGP001-60 5.4867 0.0758 0.07673 0.00122 91 2 98 2 1084 6 4.02457E+14 

YGP001-61 8.4975 0.1272 0.06353 0.00300 23 1 32 1 717 5 7.10803E+13 
YGP001-62 11.1032 0.1262 0.05858 0.00215 65 1 87 2 556 3 1.546E+14 

YGP001-63 11.6572 0.0952 0.05717 0.00129 174 4 387 5    

YGP001-64 4.7815 0.0765 0.08133 0.00212 73 1 64 0 1225 8 3.49517E+14 
YGP001-65 6.0088 0.0880 0.07365 0.00148 73 1 123 1 996 6 3.29594E+14 

YGP001-66 9.4200 0.0971 0.06247 0.00161 287 5 1001 16 651 3 1.10892E+15 

YGP001-67 10.5215 0.2225 0.05975 0.00526 16 0 32 0 585 6 4.42308E+13 
YGP001-68 9.6748 0.0924 0.06118 0.00117 167 4 168 5 634 3 4.2558E+14 

YGP001-69 11.3897 0.1117 0.06126 0.00170 91 3 162 4 543 3 2.27507E+14 



 

101 

 

Spot  

238U/ 
206Pb 

2σ 

abs err 

207Pb/ 
206Pb 

2σ 

abs err 

U 

(ppm) 

2σ 

abs err 

Th 

(ppm) 

2σ 

abs err 

Preferred 

age (Ma) 

2σ 

abs err α-dose 
YGP001-70 8.1024 0.1786 0.09281 0.00331 41 0 35 1    

YGP001-71 3.4211 0.0710 0.10188 0.00087 173 2 94 1 1657 7 1.0495E+15 

YGP001-72 9.8430 0.1534 0.07097 0.00381 21 0 40 1    
YGP001-73 9.4070 0.1125 0.06283 0.00184 107 1 118 4 652 4 2.85172E+14 

YGP001-74 6.3171 0.1405 0.07969 0.00410 13 0 14 1    

YGP001-75 11.3145 0.0947 0.05896 0.00115 192 5 150 4 546 2 4.04235E+14 
YGP001-76 9.1077 0.0945 0.06310 0.00164 82 1 143 2 672 3 2.53296E+14 

YGP001-77 9.4370 0.1227 0.06448 0.00270 33 1 39 2 650 4 8.89106E+13 

YGP001-78 7.7710 0.1362 0.07011 0.00392 14 0 24 1    
YGP001-79 10.7404 0.0891 0.06033 0.00103 261 6 117 3 574 2 5.38482E+14 

YGP001-80 6.0801 0.0776 0.07381 0.00150 174 3 158 6 985 6 6.77719E+14 

YGP001-81 7.0531 0.0992 0.07400 0.00171 57 1 54 1    
YGP001-82 9.6251 0.1622 0.06615 0.00374 27 1 39 2    

YGP001-83 2.7298 0.0711 0.16726 0.00072 480 16 261 8    

YGP001-84 2.0302 0.0706 0.17785 0.00186 61 1 92 2 2630 8 7.11881E+14 
YGP001-85 15.1021 0.3165 0.05953 0.00500 14 0 26 0    

YGP001-86 8.7575 0.1032 0.06389 0.00204 47 1 63 1 698 4 1.39689E+14 

YGP001-87 2.7129 0.0704 0.15978 0.00111 207 12 230 15    
YGP001-88 8.7855 0.0945 0.06593 0.00179 65 3 88 5    

YGP001-89 11.0734 0.0817 0.05957 0.00053 753 15 203 4 558 2 1.45189E+15 

YGP001-90 5.4285 0.0741 0.07603 0.00104 185 3 190 2 1091 6 8.14119E+14 
YGP001-91 11.7894 0.2428 0.06325 0.00465 15 0 15 0    

YGP001-92 4.9604 0.0732 0.08110 0.00118 133 2 176 4 1193 7 6.75324E+14 
YGP001-93 9.2453 0.1007 0.06198 0.00179 69 1 61 1 662 3 1.79701E+14 

YGP001-94 9.8939 0.1000 0.06381 0.00193 80 2 17 0    

YGP001-95 11.7027 0.0997 0.05955 0.00128 229 2 3 0 529 2 3.93756E+14 
YGP001-96 8.5132 0.0886 0.06381 0.00105 208 3 286 6 717 3 6.42162E+14 

YGP001-97 4.9646 0.0867 0.08477 0.00266 32 0 43 1    

YGP001-98 7.8702 0.0807 0.06983 0.00136 120 4 173 5    
YGP001-99 8.6579 0.0835 0.06273 0.00118 181 6 159 5 704 3 5.00288E+14 

YGP001-100 9.2161 0.0918 0.06244 0.00130 131 4 161 6 665 3 3.6594E+14 

YGP001-101 11.3858 0.0862 0.05925 0.00095 351 6 348 5 543 2 7.63842E+14 
YGP001-102 4.0533 0.0729 0.09108 0.00129 83 1 55 0 1432 9 4.45056E+14 

YGP001-103 9.5866 0.2063 0.06633 0.00566 10 0 36 0    

YGP001-104 6.4470 0.0899 0.07289 0.00227 36 1 50 1 932 6 1.45581E+14 
YGP001-105 6.9161 0.0811 0.07219 0.00134 126 4 227 5    

YGP001-106 2.0410 0.0706 0.17962 0.00178 52 1 107 3 2645 8 6.64209E+14 

YGP001-107 8.4587 0.0884 0.06516 0.00145 171 3 161 3 721 4 4.90641E+14 
YGP001-108 2.0134 0.0700 0.17424 0.00082 479 9 291 5 2599 4 4.62199E+15 

YGP001-109 8.6026 0.0811 0.06373 0.00114 200 4 173 4 710 3 5.5612E+14 

YGP001-110 8.9776 0.1100 0.06347 0.00220 45 1 35 1 681 4 1.16818E+14 
YGP001-111 8.9246 0.1019 0.06239 0.00170 67 1 476 10 685 4 3.99791E+14 

YGP001-112 4.8214 0.0771 0.08406 0.00165 88 1 102 1 1228 8 4.49183E+14 

YGP001-113 5.9079 0.0773 0.07555 0.00088 204 2 172 3 1023 6 8.12866E+14 
YGP001-114 8.9559 0.0801 0.06337 0.00084 361 7 360 4 684 3 9.90377E+14 

YGP001-115 8.6245 0.0878 0.06363 0.00165 109 3 105 2 708 3 3.07685E+14 

YGP001-116 9.4740 0.1654 0.06911 0.00390 20 1 67 3    
YGP001-117 5.2368 0.0856 0.08152 0.00258 42 1 87 1    

YGP001-118 3.1115 0.0717 0.11421 0.00134 121 3 244 7 1849 9 1.07193E+15 

YGP001-119 11.1507 0.0916 0.05770 0.00146 131 4 216 6    
YGP001-120 2.7596 0.0708 0.12474 0.00130 70 3 104 3 2020 8 6.21953E+14 

YGP001-121 1.8469 0.0708 0.19957 0.00265 25 0 19 0 2820 10 2.75482E+14 

YGP001-122 2.9022 0.0715 0.16581 0.00130 132 3 102 2    
YGP001-123 6.6712 0.0851 0.07323 0.00142 170 3 174 2    

YGP001-124 6.6045 0.0804 0.07459 0.00100 194 6 189 2    

YGP001-125 6.6516 0.1326 0.07608 0.00396 26 0 39 1    
AUG-1 - 1 10.8814 0.2250 0.06460 0.00170 782 26 456 66    

AUG-1 - 2 9.0992 0.2732 0.06850 0.00570 76 1 80 2    

AUG-1 - 3 8.6655 0.1577 0.06380 0.00230 519 8 372 9 705 6 1.3885E+15 
AUG-1 - 4 10.6496 0.3289 0.05840 0.00770 33 2 38 2    

AUG-1 - 5 2.1231 0.0811 0.18290 0.00280 281 18 249 34    

AUG-1 - 6 8.2508 0.1906 0.06590 0.00400 150 8 172 5 738 8 4.5751E+14 
AUG-1 - 7 8.9767 0.1773 0.06250 0.00180 549 22 264 10 681 6 1.35253E+15 

AUG-1 - 8 9.3633 0.2893 0.06740 0.00270 422 8 185 5    

AUG-1 - 9 8.5397 0.2261 0.06580 0.00170 474 11 347 34 721 9 1.30196E+15 
AUG-1 - 10 9.2166 0.2124 0.06450 0.00430 114 2 60 1 665 7 2.77353E+14 

AUG-1 - 11 8.8417 0.2580 0.06600 0.00500 93 3 126 5    

AUG-1 - 12 20.9644 0.6153 0.17410 0.00450 1710 37 1151 36    
AUG-1 - 13 9.6432 0.3906 0.06330 0.00210 503 10 550 11 644 12 1.32265E+15 

AUG-1 - 14 9.3197 0.4169 0.07000 0.01100 25 1 21 1    

AUG-1 - 15 8.9206 0.1751 0.06300 0.00290 250 3 202 3 685 6 6.63065E+14 
AUG-1 - 16 8.5106 0.1521 0.06290 0.00270 472 13 254 8 716 6 1.23704E+15 

AUG-1 - 17 2.1882 0.0417 0.17530 0.00120 903 14 172 36    
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AUG-1 - 18 9.6712 0.2151 0.06100 0.00320 339 5 85 3 634 7 7.3912E+14 

AUG-1 - 19 11.3507 0.2190 0.05820 0.00270 348 11 6 0 544 5 6.17181E+14 

AUG-1 - 20 8.5763 0.1471 0.06340 0.00180 467 10 575 13 711 6 1.39305E+15 
AUG-1 - 21 8.0128 0.2568 0.06750 0.00370 325 12 402 16 761 11 1.03859E+15 

AUG-1 - 22 8.6655 0.2253 0.09100 0.01100 136 4 165 4    

AUG-1 - 23 9.7371 0.4266 0.05800 0.00650 28 1 41 1    
AUG-1 - 24 8.5324 0.2184 0.06360 0.00410 87 4 65 2 715 9 2.38051E+14 

AUG-1 - 25 6.1387 0.1206 0.07320 0.00280 217 11 159 11 975 9 8.06139E+14 

AUG-1 - 26 7.6570 0.4456 0.15300 0.03300 80 3 96 5    
AUG-1 - 27 8.8339 0.2341 0.06710 0.00800 58 1 58 2    

AUG-1 - 28 8.2645 0.1639 0.06230 0.00210 423 10 286 11    

AUG-1 - 29 8.7642 0.1536 0.06400 0.00200 478 19 421 19 698 6 1.30877E+15 
AUG-1 - 30 9.3197 0.1998 0.06370 0.00290 261 8 111 6 658 7 6.13871E+14 

AUG-1 - 31 9.5238 0.4626 0.06600 0.01800 13 0 43 1    

AUG-1 - 32 9.4073 0.3186 0.05890 0.00420 79 8 24 1    
AUG-1 - 33 6.7568 0.1735 0.07240 0.00300 183 4 122 2 895 11 6.14558E+14 

AUG-1 - 34 8.7489 0.1760 0.06530 0.00310 253 3 264 5 699 7 7.16726E+14 

AUG-1 - 35 10.1937 0.2286 0.06130 0.00180 618 13 137 3 605 6 1.27703E+15 
AUG-1 - 36 8.8968 0.2216 0.06860 0.00510 85 2 70 1    

AUG-1 - 37 13.5501 0.4223 0.09070 0.00270 804 17 789 37    

AUG-1 - 38 9.2937 0.5010 0.07400 0.00290 499 37 383 42    
AUG-1 - 39 1.8664 0.0418 0.17870 0.00190 555 13 487 12    

AUG-1 - 40 6.5660 0.1380 0.07190 0.00270 271 7 127 4 917 9 8.94741E+14 
AUG-1 - 41 2.2401 0.0502 0.17490 0.00240 505 13 298 11    

AUG-1 - 42 9.1324 0.2669 0.06790 0.00290 249 9 185 12    

AUG-1 - 43 9.4967 0.2886 0.06440 0.00220 797 13 645 43 651 9 2.00652E+15 
AUG-1 - 44 9.3721 0.2372 0.05660 0.00460 88 3 225 7    

AUG-1 - 45 9.2507 0.2054 0.06320 0.00230 522 14 676 17 663 7 1.46897E+15 

AUG-1 - 46 4.8900 0.0909 0.08020 0.00260 194 4 168 3 1200 10 9.11036E+14 
AUG-1 - 47 8.8028 0.2247 0.06550 0.00310 152 12 50 2 696 8 3.69933E+14 

AUG-1 - 48 10.2564 0.2840 0.06790 0.00520 73 2 53 2    

AUG-1 - 49 7.5188 0.2940 0.07640 0.00620 50 2 44 1    
AUG-1 - 50 8.6580 0.1799 0.06350 0.00240 305 6 229 6 705 7 8.22308E+14 

AUG-1 - 51 1.7606 0.0372 0.21530 0.00500 203 7 85 6 2928 15 2.1244E+15 

AUG-1 - 52 9.6618 0.4107 0.06840 0.00630 44 1 47 1    
AUG-1 - 53 10.8085 0.1869 0.05980 0.00170 564 6 167 3 571 5 1.11914E+15 

AUG-1 - 54 1.9775 0.0352 0.18410 0.00150 363 14 92 3 2684 6 3.35212E+15 

AUG-1 - 55 9.2251 0.2893 0.06370 0.00770 46 2 65 2 664 10 1.32143E+14 
AUG-1 - 56 2.0683 0.0372 0.18420 0.00320 175 2 75 1    

AUG-1 - 57 1.9011 0.0795 0.19600 0.01200 10 0 4 0 2755 35 9.99904E+13 

AUG-1 - 58 9.9800 0.3785 0.06280 0.00740 46 3 57 6 616 11 1.18938E+14 
AUG-1 - 59 14.7059 0.9516 0.09770 0.00320 1063 16 2150 130    

AUG-1 - 60 9.0253 0.2036 0.06000 0.00320 222 8 225 12    

AUG-1 - 61 8.9526 0.3527 0.08510 0.00980 43 1 52 2    
AUG-1 - 62 11.2867 0.2675 0.05790 0.00310 207 4 91 3 547 6 4.05116E+14 

AUG-1 - 63 9.4607 0.2864 0.06780 0.00870 43 1 71 3    

AUG-1 - 64 7.3153 0.1445 0.07390 0.00190 304 12 251 7    
AUG-1 - 65 10.3842 0.2157 0.06220 0.00400 278 8 48 1 593 6 5.57894E+14 

AUG-1 - 66 9.0171 0.2521 0.05440 0.00640 55 5 36 4    

AUG-1 - 67 12.5628 0.5208 0.05870 0.00240 711 62 104 17 496 10 1.1847E+15 
AUG-1 - 68 9.0171 0.3090 0.05200 0.00580 51 2 65 4    

AUG-1 - 69 11.1111 0.2346 0.06530 0.00300 258 13 25 1    

AUG-1 - 70 9.6899 0.2066 0.06390 0.00230 369 6 236 4 635 6 8.77175E+14 
AUG-1 - 71 8.6133 0.1855 0.08190 0.00820 419 10 286 27    

AUG-1 - 72 9.5238 0.2721 0.07100 0.00470 84 3 92 5    

AUG-1 - 73 9.8328 0.3191 0.06020 0.00240 326 5 119 10 624 9 7.16826E+14 
AUG-1 - 74 2.0309 0.0400 0.17820 0.00410 95 1 82 1 2611 14 9.7047E+14 

AUG-1 - 75 9.3110 0.2254 0.06420 0.00400 116 6 275 20 659 8 3.87905E+14 

AUG-1 - 76 11.2108 0.2137 0.06300 0.00190 509 14 148 12    
AUG-1 - 77 9.6246 0.1945 0.06860 0.00410 226 12 194 10    

AUG-1 - 78 12.1507 0.2657 0.05610 0.00360 203 6 75 3    

AUG-1 - 79 9.2081 0.2205 0.06350 0.00250 370 8 323 14 666 7 9.65923E+14 
AUG-1 - 80 9.5147 0.3983 0.06980 0.00680 258 29 66 14    

AUG-1 - 81 8.6505 0.3367 0.05300 0.01100 25 2 55 7    

AUG-1 - 82 8.8574 0.2118 0.06680 0.00280 244 7 247 16    
AUG-1 - 83 9.5511 0.3558 0.06530 0.00650 64 2 42 1    

AUG-1 - 84 8.5106 0.1883 0.06240 0.00300 238 4 265 6    

AUG-1 - 85 8.6655 0.1727 0.06150 0.00360 188 3 189 4    
AUG-1 - 86 10.9170 0.4171 0.07130 0.00900 48 2 55 3    

AUG-1 - 87 9.3985 0.2473 0.05920 0.00570 111 2 110 3    

AUG-1 - 88 9.1158 0.3241 0.07620 0.00920 35 1 36 1    
AUG-1 - 89 9.0334 0.2122 0.06260 0.00350 242 5 214 5 677 7 6.43884E+14 

AUG-1 - 90 10.3627 0.4081 0.06260 0.00320 411 13 147 10 597 11 8.64021E+14 
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AUG-1 - 91 9.2081 0.2120 0.06370 0.00460 129 9 63 2 665 7 3.11416E+14 

AUG-1 - 92 2.0833 0.0521 0.17930 0.00260 576 21 305 19 2626 11 5.52572E+15 

AUG-1 - 93 6.1125 0.1681 0.07820 0.00320 167 4 237 19    
AUG-1 - 94 8.7108 0.1973 0.06300 0.00430 118 5 120 3 701 7 3.32848E+14 

AUG-1 - 95 8.8810 0.1656 0.06490 0.00240 364 6 413 7 689 6 1.03313E+15 

AUG-1 - 96 8.7719 0.1770 0.06570 0.00440 206 6 132 5 697 7 5.36293E+14 
AUG-1 - 97 9.0253 0.2607 0.06310 0.00410 86 1 96 2 678 9 2.39809E+14 

AUG-1 - 98 9.2081 0.3137 0.06550 0.00760 45 1 61 4    

AUG-1 - 99 8.2508 0.2042 0.06740 0.00220 449 8 328 6    
AUG-1 - 100 9.2678 0.1632 0.06870 0.00250 364 5 211 5    

AUG-1 - 101 13.5135 0.5844 0.06390 0.00180 962 21 496 65    

AUG-1 - 102 9.4429 0.4191 0.06000 0.01200 18 1 48 3    
AUG-1 - 103 6.5703 0.1338 0.07380 0.00240 356 5 107 4    

AUG-1 - 104 9.0171 0.2439 0.05990 0.00700 54 3 63 6    

AUG-1 - 105 8.7489 0.1760 0.06310 0.00540 85 4 50 1 698 7 2.19961E+14 
AUG-1 - 106 5.1151 0.1151 0.07750 0.00340 119 7 110 6 1150 11 5.43398E+14 

AUG-1 - 107 9.9206 0.3248 0.06080 0.00420 140 9 71 2 619 10 3.15335E+14 

AUG-1 - 108 8.8183 0.1866 0.06190 0.00250 221 6 152 4 692 7 5.77583E+14 
AUG-1 - 109 9.3023 0.4240 0.06800 0.01100 34 2 33 2    

AUG-1 - 110 1.7794 0.0443 0.21970 0.00630 56 5 24 3 2937 19 5.89799E+14 

AUG-1 - 111 2.1882 0.0814 0.18320 0.00230 702 21 550 48    
AUG-1 - 112 9.2336 0.2728 0.07090 0.00200 810 16 529 13    

AUG-1 - 113 8.9928 0.2022 0.06290 0.00150 817 28 1036 27 681 7 2.35099E+15 
AUG-1 - 114 10.5042 0.5296 0.07500 0.02100 15 0 19 1    

AUG-1 - 115 8.6580 0.1949 0.06290 0.00240 262 4 248 5 705 7 7.32444E+14 

AUG-1 - 116 5.5556 0.1111 0.07370 0.00290 235 4 179 7    
AUG-1 - 117 8.3333 0.1597 0.06200 0.00210 385 6 334 8    

AUG-1 - 118 11.4811 0.2109 0.06110 0.00200 653 14 50 2 540 5 1.1647E+15 

AUG-1 - 119 8.3195 0.5191 0.03800 0.01600 12 1 12 1    
AUG-1 - 120 1.9646 0.0386 0.18210 0.00290 118 3 56 2 2666 11 1.13524E+15 

AUG-1 - 121 9.1075 0.2322 0.06720 0.00250 773 13 646 13    

AUG-1 - 122 9.0744 0.2800 0.06660 0.00420 157 4 61 3    
AUG-1 - 123 12.2850 0.3169 0.06080 0.00390 211 16 26 2    

AUG-1 - 124 11.2486 0.2784 0.06250 0.00200 932 55 54 3    

AUG-1 - 125 9.0992 0.3726 0.06900 0.01000 35 1 35 1    
AUG-1 - 126 8.8028 0.1627 0.05790 0.00310 206 4 127 3    

AUG-1 - 127 5.6465 0.1243 0.07840 0.00230 266 5 312 5 1062 10 1.17215E+15 

AUG-1 - 128 9.5238 0.2177 0.07130 0.00430 255 10 49 1    
AUG-1 - 129 3.0239 0.0576 0.11470 0.00210 234 3 290 6 1857 11 1.82548E+15 

AUG-1 - 130 8.6655 0.1727 0.06480 0.00280 200 6 160 6 705 7 5.44444E+14 

AUG-1 - 131 10.1833 0.4148 0.07250 0.00730 33 1 45 1    
AUG-1 - 132 8.6655 0.2027 0.06450 0.00440 107 2 127 3 705 8 3.14213E+14 

AUG-1 - 133 2.0492 0.0630 0.18230 0.00220 465 10 522 18 2664 9 5.08878E+15 

AUG-1 - 134 7.8616 0.4079 0.06250 0.00890 21 1 24 1    
AUG-1 - 135 8.7489 0.2143 0.06380 0.00130 642 15 907 22 702 8 1.95309E+15 

AUG-1 - 136 11.7509 0.4004 0.06180 0.00920 54 1 28 1    

AUG-1 - 137 8.5911 0.1993 0.06260 0.00370 137 3 108 3 710 8 3.73411E+14 
AUG-1 - 138 8.5837 0.1842 0.06190 0.00190 430 7 329 7    

AUG-1 - 139 9.0744 0.2306 0.05920 0.00340 198 3 123 3    

AUG-1 - 140 2.1213 0.0495 0.18320 0.00510 63 2 34 1    
AUG-1 - 141 8.3126 0.1866 0.06360 0.00270 258 4 199 4 732 8 7.24412E+14 

AUG-1 - 142 11.4155 0.2737 0.05890 0.00140 832 45 72 6 542 6 1.49489E+15 

AUG-1 - 143 8.6207 0.1858 0.06310 0.00230 368 11 180 5 708 7 9.43157E+14 
AUG-1 - 144 5.2411 0.0961 0.07990 0.00290 223 7 263 9 1130 9 1.04629E+15 

AUG-1 - 145 9.1912 0.4562 0.07200 0.01200 19 1 19 1    

AUG-1 - 146 7.0175 0.2610 0.06820 0.00600 42 2 56 2 859 15 1.54066E+14 
AUG-1 - 147 10.8578 0.4008 0.07350 0.00360 674 19 294 9    

AUG-1 - 148 11.5340 0.2262 0.05920 0.00240 610 22 6 0 536 5 1.06473E+15 

AUG-1 - 149 5.3763 0.1359 0.07670 0.00200 327 10 93 3 1102 12 1.24649E+15 
AUG-1 - 150 8.6133 0.2077 0.06900 0.00500 94 2 94 2      
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Supplementary Table 3-3: Results of zircon reference materials. 

Standard Age (Ma)* ± 2σ MSWD n 

GJ-1  (Primary) 601.62* 0.4 - 97/97 

Published age 601.95 0.40 Jackson et al., 2004   

Plešovice 337.42* 0.12 6.27 38/38 
Published age 337.13 0.37 Slama et al., 2008   

91500 1060.33* 0.91 0.83 96/97 

Published age 1062.4 0.4 Wiedenbeck et al., 1995   
OG1 3472.1^ 3.9 3.59 94/97 

Published age 3465.4 0.6 Stern et al., 2009   

*Concordia age     
^207Pb/206Pb age     

 

Supplementary Table 3-4: Summary of basement data used to calculate Source-normalized α-dose 

values 

 PJO AFO YC 

α-dose basement+ (median) /*1015 0.75 1.42 3.01 

n (individual zircon grains) 151 1475 254 

N (samples) 11 108 20 
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Chapter 4 

4 A persistent Hadean–Eoarchean protocrust in the western 

Yilgarn Craton, Western Australia 

This chapter is published as: 

Dröllner, M., Kirkland, C.L., Barham, M., Evans, N.J., and McDonald, B.J., 2022, A 

persistent Hadean–Eoarchean protocrust in the western Yilgarn Craton, Western Australia: 

Terra Nova, v. 34, no. 5, p. 458–464. 

(Minor post-publication changes and clarifications have been made based on examiner 

comments) 

Abstract 

Deciphering the composition and extent of Earth’s earliest continents is hampered by the 

scarcity of preserved Hadean–Eoarchean material. Here, we report U–Pb and Lu–Hf data of 

detrital zircon from sediments proximal to the Archean Yilgarn Craton in Western Australia. 

This detrital cargo, in part derived from the crystalline basement of the southwestern Yilgarn 

Craton and its conjugate terranes, helps to resolve the ancient substrate of the craton. Zircon Hf 

isotopes point to a Hadean–Eoarchean crustal vestige that has remained isotopically coherent 

over 2 Gyr of episodic crustal reworking. Geophysical characteristics suggest a distinct 100,000 

km2 region of ancient protocrust beneath much of the western Yilgarn Craton, cropping out in 

the Narryer Terrane. Comparison with global data reveals similar Hf isotope trends in many 

other cratons documenting the widespread existence of voluminous protocrust and implying 

extensive reservoir extraction at c. 4000–3800 Ma. 
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4.1 Introduction 

The scarcity of well-preserved primary Hadean–Eoarchean material (e.g., Goodwin, 

1996) impedes understanding of Earth’s earliest continental crust. However, the geochemical 

legacy of ancient (>3800 Ma) crustal seeds may survive reworking, conveying information on 

early crust-mantle differentiation into younger continental crust and ultimately the detrital 

record (e.g., Griffin et al., 2004; Guitreau et al., 2019). The study of the Archean Yilgarn Craton 

(YC) in Western Australia (Figure 4-1A) has enabled significant advances in the understanding 

of the spatial and temporal development of early Earth’s crust (e.g., Cassidy et al., 2006). The 

Narryer Terrane, in the northwestern YC, preserves some of the oldest continental crust on the 

planet (>3700 Ma; Kinny et al., 1988) and hosts Earth’s oldest terrestrial minerals (>4400 Ma; 

Wilde et al., 2001). Detritus in metasediments across the YC, granite chemistry, and isotope 

geochemistry (e.g., Sm–Nd, Lu–Hf; Figure 4-1B,C) all hint at extensive cryptic components of 

an ancient protocrust of Hadean–Eoarchean age extending beyond the exposed Narryer Terrane 

(e.g., Wyche et al., 2004; Morris and Kirkland, 2014; Petersson et al., 2019). Detrital minerals 

are an important archive to decipher the evolution of our planet from the otherwise fragmentary 

ancient crustal record (e.g., Griffin et al., 2004). In this study, we perform U–Pb and Lu–Hf 

isotope measurements of detrital zircon to elucidate the post-Archean fate of early crust and its 

importance for crustal growth. 

4.2 Geological setting  

The YC is dominated by characteristic Archean granite-greenstone crust and experienced 

major crustal growth at c. 2750–2600 Ma (Cassidy et al., 2006). The Albany-Fraser Orogen 

(AFO) is autochthonous to, and represents the dominantly Proterozoic hyperextension of, the 

southern and eastern margin of the YC (Figure 4-1A). Major tectonomagmatic events of the 

AFO took place at c. 1710–1650 Ma, 1345–1260 Ma, and 1215–1140 Ma (Kirkland et al., 2011; 

Spaggiari et al., 2015). The 1215–1140 Ma event in the AFO was coeval with magmatism in 

the western Musgrave Province in central Australia (Figure 4-1A), despite being rooted on 

different basement (Kirkland et al., 2013). The western margin of the YC is bordered by the 

Pinjarra Orogen (PJO), which is largely covered by the Perth Basin (Figure 4-1A). The PJO 

evolved since the Mesoproterozoic along the western margin of the YC (Ksienzyk et al., 2012), 

and tracks the breakup of western Rodinia at c. 750 Ma and the final amalgamation of 
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Gondwana at c. 520 Ma (Collins, 2003). The Gulden Draak and Batavia Knoll offshore 

microcontinents (Figure 4-1A) were once part of the PJO (Williams et al., 2013). 

Figure 4-1: (A) Present-day locations of crustal units discussed in this work. Inset shows geographic 

extent of Yilgarn Craton (YC) within Australia, and A and B indicate major occurrences of Arid and 

Barren Basins, respectively. (B) Spatially interpolated magmatic whole rock Sm–Nd and (C) zircon 

Lu–Hf two-stage depleted mantle model ages (TDM
2) of the Yilgarn Craton. Isotopic data obtained from 

dmp.wa.gov.au/GeoView. 

4.3 Methods 

Samples in this work were selected to represent the crustal growth of SW Australia. We 

integrate (i) detrital zircon of modern littoral and fluvial sediments on the Scott Coastal Plain 

(Figure 4-1A; Western Australia), which represent multicyclic sediments that are sourced from 

the local crystalline basement (PJO, AFO, and YC; Sircombe and Freeman, 1999; Dröllner et 

al., 2022), and (ii) published detrital zircon data of the Perth Basin, Hillier Bay, Arid Basin, and 

Barren Basin (meta)sediments, all of which have been recognized as significant archives of 

detrital minerals derived from the PJO, AFO, and/or YC (Spaggiari et al., 2015; Olierook et al., 

2019; Kirkland et al., 2020). Detrital zircon grains have been analysed for their U–Pb and Lu–

Hf isotopic compositions using laser ablation split stream-inductively coupled plasma-mass 

spectrometry at the John de Laeter Centre, Curtin University. Detailed analytical procedures, 

dmp.wa.gov.au/GeoView
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sample locations (Supplementary Table 4-2), and references for literature data (Supplementary 

Table 4-1) are provided in the Appendix. 

Hf model ages use a two-stage evolution referenced to either depleted mantle (DM; TDM
2) 

or CHondritic Uniform Reservoir (CHUR; TCHUR
2). Model age calculations were performed for 

concordant zircon analyses utilizing the R package ‘detzrcr’ 

(github.com/magnuskristoffersen/detzrcr) and use the 176Lu decay constant of Söderlund et al. 

(2004), the CHUR composition of Bouvier et al. (2008), and the DM values after Griffin et al. 

(2000). The latter are adjusted to the CHUR and decay constant values used herein. Model age 

calculations utilize a crustal 176Lu/177Hf ratio of 0.013 that is estimated from linear regression 

(see discussion). 

4.4 Results and Discussion 

4.4.1 Provenance  

Based on U–Pb geochronology (Figure 4-2, Chapter 3) and Lu–Hf isotope geochemistry 

(Figure 4-3A,B, Supplementary Table 4-3), Scott Coastal Plain detrital zircon grains were 

sourced from local crystalline basement including the YC (c. 2710–2580 Ma), the AFO (c. 

1700–1600 Ma and 1240–1120 Ma), and the PJO (c. 1100–880 Ma and 730–500 Ma), or their 

equivalent pre-breakup terranes in Antarctica and India. The zircon Hf isotope data show low 

similarity to the Musgrave signature (Figure 4-3A) and suggest no significant derivation from 

central Australian lithologies. The source-to-sink correlation of the Scott Coastal Plain detritus 

to proximal sources is consistent with previous interpretations (Sircombe and Freeman, 1999; 

Dröllner et al., 2022). 

Figure 4-2: Kernel density estimates of U–Pb ages of detrital zircon from this study, Perth Basin 

(Olierook et al., 2019 and references therein), Hillier Bay (Kirkland et al., 2020), and AFO 

metasediments (Arid and Barren Basin; Spaggiari et al., 2015). 

github.com/magnuskristoffersen/detzrcr
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Figure 4-3: (A) Lu–Hf evolution plot of the crystalline basement of SW Australia and conjugate 

terranes (ST – Superterrane) [References for literature data are provided in Supplementary Table 

4-1]. (B) Lu–Hf evolution plot of detrital zircon in SW Australia [References for literature data are 

provided in Figure 4-2]; pink array visualizes temporal evolution of the proposed Yilgarn-protocrust; 

inset shows expected evolution trajectories for Pb-loss and different 176Lu/177Hf ratios. (C) Lu–Hf 

evolution plot of the global compilation (Puetz and Condie, 2019) of areas hosting Archean crust. 

Coloured data points are used for linear regression. Grey vertical bars show time frame of termination 

of Hf trends indicative of protocrust mantle extraction. 
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4.4.2 Crustal Evolution 

The Lu–Hf isotope geochemistry of detrital data (Figure 4-3B) broadly resemble that of 

zircon from regional crystalline basement rocks (Figure 4-3A). This suggests that the detrital 

data can be used as a proxy of regional crustal evolution, and provide a more complete record 

where inadequate preservation or exposure of the crystalline basement restricts direct crustal 

sampling. Most detrital zircon have sub-chondritic ɛHf(t) indicating crystallization from melts 

with crustal contamination. The three pronounced vertical arrays, at c. 2700 Ma, 1200 Ma, and 

500 Ma, suggest mingling and mixing of evolved crustal and juvenile mantle-like sources 

(Figure 4-3B; Vervoort and Kemp, 2016). 

The crustal units with ages that correspond to Hf-isotopic mixing arrays (2700 Ma YC, 

1200 Ma AFO, and 500 Ma PJO), all evolved in spatial proximity. Therefore, these indicative 

trends, that are best explained by mixing and are distinct from ancient Pb-loss trends (Figure 

4-3B), are interpreted as a coherent ancient source terrane located at the juncture of these crustal 

units in SW Australia. The lower bound of the mixing arrays defines a continuous evolution 

trend towards an apparent Hadean–Eoarchean extraction (pink bar in Figure 4-3B). The slope 

of this evolution trend is consistent with a linear regression of the upper 1% of TDM
2 of the 

detrital record of SW Australia (Figure 4-3B). The slope of the evolution trend, based on the 

linear regression, corresponds to a 176Lu/177Hf ratio of 0.013±1 (2σ). Using a larger proportion 

of the data, e.g., the upper 2 or 5%, results in slopes within the uncertainty of the regression of 

the upper 1%. Hence, the proposed 176Lu/177Hf ratio of 0.013 is considered meaningful to 

extract compositional constraints on the ancient source terrane be they mixed or reflecting 

single reworked components. 

The granite-greenstone YC shows a bimodal composition with SiO2 modes at c. 50 and 

73 wt% corresponding to 176Lu/177Hf of 0.029 and 0.005, respectively (Figure 4-4A). A 

176Lu/177Hf ratio of 0.013 suggests crust with 59 wt% SiO2 and approximates the average value 

for the YC based on lithological abundance and concentration (Figure 4-4A). However, a 0.013 

176Lu/177Hf value falls outside the YC compositional modes (Figure 4-4A), i.e., this value 

neither corresponds to felsic nor mafic sources. This could imply that the apparent 176Lu/177Hf 

slope (Figure 4-3B) reflects a mixed source, petrologically analogous to the bulk average of 

Archean granite-greenstone crust. Based on binary mixing of felsic and mafic reservoirs 

(Supplementary Table 4-4), a 176Lu/177Hf ratio of 0.013 is more mafic than the average exposed 

YC or Pilbara Craton (Figure 4-4B), but comparable to the lower Warrawoona Group of the 

Pilbara Craton (Figure 4-4A). Significantly, the 3530-3420 Ma Warrawoona Group, which is a 
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volcano-sedimentary succession of mainly tholeiitic and komatiitic basalts, has been considered 

a compositional analogue of early Earth protocrust (Smithies et al., 2009). 

Using a 176Lu/177Hf ratio of 0.013, maximum TDM
2 ages are around 4000 Ma and TCHUR

2 

are around 3800 Ma. This evolutionary trend is best considered to represent a mixed source, 

given it does not correspond to a compositional mode in most Archean crust. Nonetheless, 

model ages derived from it provided a minimum constraint for the oldest component in that 

mixture. The proposed evolution array resembles the lower bound of time-integrated Hf 

evolution arrays of other areas hosting Archean crust globally (defined using the upper 1% of 

TDM
2; Figure 4-3C). These trends also suggest unradiogenic crustal reservoirs that were 

episodically subjected to phases of crustal reworking with widespread protocrust formation at 

or before c. 4000–3800 Ma. 
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Figure 4-4: (A) 176Lu/177Hf ratio of (meta)igneous rocks of the YC calculated using whole rock 

geochemistry obtained from dmp.wa.gov.au/GeoView. Red and blue line show running average and 

the 176Lu/177Hf value employed for model age calculations, respectively. Green square indicates 

average composition of F2 sections of Warrawoona Group (Smithies et al., 2009). (B) Binary mixing 

model of endmembers of Figure 4-4A, i.e., a felsic and a mafic component with 176Lu/177Hf values of 

0.029 and 0.005, respectively. Intercept of mixing model and 176Lu/177Hf of proposed evolution array 

of ancient crustal vestige indicates greenstone fraction. Fraction of greenstone for YC and Pilbara 

Craton is based on present-day extent (dmp.wa.gov.au/GeoView). (C) Relative frequency of TDM
2 and 

(D) TCHUR
2 Hf model ages of the global compilation (Puetz and Condie, 2019). Black and red lines 

show locally estimated scatterplot smoothing of the relative frequency and the rate of change (of the 

relative frequency), respectively. Blue dashed lines indicate a homogeneity test (Pettitt’s test) that 

reveals relative frequencies of TDM
2 and TCHUR

2 change at c. 3700 Ma, rejecting the null hypothesis that 

the data are homogenous at >99% confidence level. 

dmp.wa.gov.au/GeoView
dmp.wa.gov.au/GeoView
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The global consistency of this isotopic legacy, capable of resisting dilution by repeated 

interaction with juvenile melts, likely requires a significant volume of protocrust. However, 

frequencies of model ages are likely altered by mixing processes that blur the temporal 

resolution of the primary extraction (Figure 4-4C,D). Despite this, a high rate of change in 

global Hf model ages at 4000–3800 Ma (TDM
2 and TCHUR

2, Figure 4-4C,D) implies an increase 

in protocrust formation consistent with a fundamental planetary geodynamic change point at 

this time (Figure 4-3B,C). This globally distinct change is less likely purely a relic of 

preservation bias (e.g., Hawkesworth et al., 2009), which would be expected to have resulted 

in a more gradual change. Regardless, the rate change identified indicates a shift in largescale 

crustal processes (whether tectonic or compositional) relating to the formation or preservation 

of ancient crust at this time. In addition, homogeneity tests suggest a change in crust 

production/preservation rates after c. 3700 Ma (Pettitt’s test; Figure 4-4C,D). 

Significant volumes of pre-existing ancient crust are consistent with isotopic evidence for 

incorporation of ancient material in other parts of the YC (Morris and Kirkland, 2014; Mole et 

al., 2019), and support interpretations of early Earth fractionation processes (e.g., Bennett et al., 

2007). The similarity between CHUR and DM reservoirs on the early Earth results in a 

comparatively small difference between calculated model age modes using either model, with 

little implication for the timing of a broad secular change to Earth geodynamics (Figure 

4-4C,D). Likewise, only endmember scenarios of crustal 176Lu/177Hf ratios (Figure 4-4A) alter 

model results significantly, e.g., a 176Lu/177Hf of 0.005 equates to a maximum TDM
2 of c. 3700 

Ma. However, modest variations consistent with the uncertainty of the regression (i.e., ±0.001), 

do not meaningfully change the dominant time of apparent crust extraction. 

The trends of the most evolved zircon grains in Australia and Canada (Figure 4-3C) that 

are dictated by zircons from Jack Hills and Acasta, respectively, appear distinct to the broad c. 

4000–3800 Ma source pattern seen globally (Figure 4-3C) suggesting earlier protocrust 

formation soon after planetary accretion, which is consistent with various distinct early 

geodynamic states (e.g., Smithies et al., 2021; Drabon et al., 2022). The significant offset from 

other evolution trends towards higher 176Lu/177Hf (Figure 4-3C) is most likely a reflection of 

different formation mechanisms for these two zircon populations, perhaps via some direct or 

indirect impact melt origin (e.g., Johnson et al., 2018). Such an observation implies no genetic 

relationship in geodynamic environment between the Hadean protocrust of Jack Hills and 

Acasta, and the YC protocrust. 
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4.4.3 An ancient vestige of protocrust hidden beneath the Yilgarn Craton 

Gravity data (Figure 4-5A) suggest that the crust of the SW YC is significantly thicker 

and denser than that in the eastern terranes of the craton (Aitken et al., 2013). A similar dense 

gravity response is identified in the Narryer Terrane and in an apparent interconnected western 

edge of the YC that stretches some 1000 km southward (Figure 4-5A). This geophysically 

anomalous area is coincident with older model ages of magmatic rock (Figure 4-5B). Reading 

et al. (2003) used seismic refraction data to identify a high-velocity zone in the lower crust of 

this area (Figure 4-5C), interpreted as deep remnants of a Yilgarn protocrust stretching north to 

the Narryer Terrane. Its eastern boundary trends northwest and aligns with several iron ore and 

gold deposits (e.g., Katanning, Karara), consistent with mineralization associated with a deep-

seated crustal boundary (Outhwaite, 2018). Including the Narryer Terrane, a minimum extent 

of c. 100,000 km2 can be inferred for this protocrust. Such a large volume of differentiated crust 

would have been associated with enhanced buoyancy (e.g., Santosh et al., 2009), a factor that 

likely controlled its preservation and allowed the craton to grow, as recorded eastward. The 

large volume could also imply coalescence of individual crustal seeds. 
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Figure 4-5: (A) Spherical Cap Bouguer gravity anomalies obtained from dmp.wa.gov.au/GeoView; 

blue to red correspond with low to high values. BW and BE are approximate endpoints of (B) showing 

a schematic cross section of YC after Korsch et al. (2013); colour coding based on Sm–Nd TDM
2 (Figure 

4-1B); model age interpretation of Yarraquin Seismic Province after Morris and Kirkland (2014). (C) 

Seismic interpretation of YC cross section (line C in Figure 4-5A) after Reading et al. (2003); diamonds 

show receiver positions (Figure 4-5A); grey lines are best-fitting models; Moho is the base of the high-

velocity gradient zones (orange). 

  

dmp.wa.gov.au/GeoView
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4.5 Conclusions 

U–Pb and Lu–Hf analysis of detrital zircon indicate the existence of an ancient crustal 

substrate beneath the SW of the Archean YC. This substrate is interpreted to be a remnant of 

Hadean–Eoarchean protocrust residing at depth outside the Narryer Terrane and 

compositionally similar to Archean granite-greenstone crust. This protocrust was subject to 

major episodes of later magmatic reworking over some 2 Gyr, as evidenced by at least three 

excursions towards more radiogenic average ɛHf(t) values. The persistence of this cryptic 

terrane is supported by geophysical measures that define a large block of distinct crust on the 

western edge of the YC. The global zircon Hf isotope record also highlights an apparent c. 

4000–3800 Ma period of extensive crust formation, which contrasts with isotopic records from 

Acasta and Jack Hills that likely reflect a distinct, earlier, geodynamic state. Extensive 

protocrust formation at 4000–3800 Ma appears to have provided crustal seeds that supported 

episodic continental growth well-beyond the Archean. 
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4.7 Appendix 

4.7.1 Zircon laser ablation split stream analysis of Lu-Hf isotopes (MC-ICP-MS) and 

U-Pb ages (QQQ-ICP-MS) 

Hf isotopes and U-Pb ages in detrital zircon were simultaneously measured by laser 

ablation split stream at the GeoHistory Facility in the John de Laeter Centre, Curtin University. 

All grains were mounted in 25 mm epoxy rounds and ablated using a Resonetics Resolution M-

50A incorporating a Compex 102 excimer laser, coupled to a Nu Plasma II multi-collector 

inductively coupled plasma mass spectrometer (MC-ICP-MS; for Hf isotope determination), 

and an Agilent 8900 triple quadrupole inductively coupled plasma mass spectrometer (QQQ-

ICP-MS; for age determination). Following two cleaning pulses and a 30 s period of 

background analysis, samples were spot ablated for 30 s at a 10 Hz repetition rate using a 50 μm 

beam and laser energy at the sample surface of 3.0 J cm- 2. An additional 15 s of baseline was 

collected after ablation. The sample cell was flushed with ultrahigh purity He (320 mL min-1) 

and N2 (1.2 mL min-1) and high purity Ar was employed as the plasma carrier gas, split to each 

mass spectrometer. 

For Hf isotope analysis, all isotopes (180Hf, 179Hf, 178Hf, 177Hf, 176Hf, 175Lu, 174Hf, 173Yb, 

172Yb and 171Yb) were counted on the Faraday collector array. Time resolved data were baseline 

subtracted and reduced using the data reduction scheme Hf Isotopes in Iolite 4 (Woodhead et 

al., 2004; Paton et al., 2011), where 176Yb and 176Lu were removed from the 176 mass signal 

using 176Yb/173Yb = 0.7962 (Chu et al., 2002) and 176Lu/175Lu = 0.02655 (Chu et al., 2002) with 

an exponential law mass bias correction assuming 172Yb/173Yb = 1.35274 (Chu et al., 2002). An 

effective 176Yb/173Yb correction factor was monitored using standard corrected ratios on 

secondary zircon reference materials with varying Yb content. No correlation was apparent 

between the abundance of interfering isotopes (Yb or Lu) and corrected 176Hf/177Hf ratios. The 

interference-corrected 176Hf/177Hf was normalized to 179Hf/177Hf = 0.7325 (Patchett and 

Tatsumoto, 1980) for mass bias correction. 

Zircon grains from the Mud Tank carbonatite locality were analysed together with the 

zircon unknowns in each session to monitor the accuracy of the results. Ninety-nine analyses 

of Mud Tank yielded a 176Hf/177Hf value of 0.282507 ± 3 (MSWD = 0.7), identical within 

uncertainty to the recommended value (0.282504 ± 44; Woodhead and Hergt, 2005). FC-1, 

Plešovice, GJ-1, R33 zircons were run to verify the method yielding weighted average 

176Hf/177Hf values (FC-1 = 0.282176 ± 6, MSWD = 1.7, n = 46; Plešovice = 0.282468 ± 4, 

MSWD = 2.6, n = 51; GJ-1 = 0.282003 ± 4, MSWD = 1.8, n = 97; R33 0.282761 ± 4, MSWD 
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= 3.3, n = 85) within uncertainty of the accepted values (FC-1 = 0.282184 ± 16, Woodhead and 

Hergt, 2005; Plešovice = 0.282482 ± 13; Sláma et al., 2008; GJ-1 = -.282000 ± 5, Morel et al., 

2008; R33 = 0.282767 ± 18, Vervoort, 2010). 

The corrected 178Hf/177Hf ratio was calculated to monitor the accuracy of the mass bias 

correction and yielded an average value of 1.467243 ± 2 (MSWD = 1.9) and 1.46689 ± 4 

(MSWD = 0.5) for zircon sessions, respectively, which is within 200 ppm of the true value 

(178Hf/177Hf = 1.46717; Spencer et al., 2020). Calculation of 176Lu/177Hf ratios of the YC, based 

on whole rock geochemistry obtained from dmp.wa.gov.au/GeoView, and calculation of 

176Lu/177Hf ratio of the Hf evolution trajectory, based on εHf/Ma slope, employed formulas 

provided by Spencer et al. (2020). 

For the QQQ-ICP-MS U-Pb analysis, the following isotopes were monitored: 201Hg, 

204Pb, 206Pb, 207Pb, 208Pb (0.1 s dwell time on all Pb isotopes), 232Th (0.025 s dwell time), and 

238U (0.025 s dwell time). The primary zircon dating reference materials used in this study was 

GJ-1 (608.53 ± 0.37 Ma; Jackson et al., 2004) with 91500 (1062.4 ± 0.4 Ma; Wiedenbeck et 

al., 1995), OG1 (3465.4 ± 0.6 Ma; Stern et al., 2009), and Plešovice (337.13 ± 0.37 Ma; Sláma 

et al., 2008) are analysed as secondary age standards. Concordia ages (Ludwig, 1998) calculated 

for zircon age standards, treated as unknowns, were found to be within 1% of the accepted 

values. The time-resolved mass spectra were reduced using the U-Pb Geochronology data 

reduction scheme in Iolite 4 (Paton et al., 2011 and references therein). 

204Pb was used as a semi-quantitative screening tool for common Pb (Pbc) and was 

monitored during the data reduction. For concordant analyses, 204Pb contents were below 

detection limits. Hence, concordant data used in geological interpretations were not corrected 

for Pbc. In contrast, analyses with detectable levels of 204Pb were outside the accepted 

discordance thresholds. All ages are quoted at 2σ absolute uncertainty. As a discordance filter, 

we treat ages within a Concordia distance of -1-5%, following Vermeesch (2021), as 

concordant. Additionally, to avoid changing between different ratios for age calculation, and to 

make optimum use of both U/Pb and Pb/Pb ratios, Concordia ages (Ludwig, 1998; 

Zimmermann et al., 2018) are used. Age calculation and visualization of kernel density 

estimates were performed using the IsoplotR software (Vermeesch, 2018). Pettitt’s test follows 

the principles described by Pettitt (1979). 

  

dmp.wa.gov.au/GeoView
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4.7.2 Data tables 

To maintain a format suitable for this thesis data tables are simplified and present the raw 

data necessary to replicate the findings of the study. All uncertainties are given as the 

standard error of the mean, unless stated otherwise. The original data tables and additional 

supplementary data can be obtained through https://doi.org/10.1111/ter.12610. 

Supplementary Table 4-1: List of references of (i) U-Pb and Lu-Hf data of detrital zircon and (ii) 

whole rock geochemistry used in this study. 

Name Reference(s) 

(i) U-Pb and Lu-Hf data of detrital zircon 

  

Perth Basin Olierook et al. (2019) and references therein 

Hillier Bay Kirkland et al. (2020) 

AFO metasediments (Arid and Barren Basin) Spaggiari et al. (2015) 

Batavia Knoll Halpin et al. (2017) 

Gulden Draak Knoll Gardner et al. (2015) 

Naturaliste Ridge Halpin et al. (2020) 

Albany-Fraser-Orogen (Biranup Zone, Nornalup Zone, Fraser Zone, Recherche 

Supersuite, Esperance Supersuite, Tropicana Zone, Northern Foreland) 

Hartnady (2019), Kirkland et al. (2011), and 

http://dmp.wa.gov.au/geochron 

Musgrave Province Kirkland et al. (2013) 

South West Terrane Mole et al. (2019) and references therein 

Youanmi Mole et al. (2019) and references therein 

Eastern Goldfield Superterrane Mole et al. (2019) and references therein 

Narryer Terrane Kemp et al. (2010) 

(ii) whole rock geochemistry 

  

Yilgarn Craton (Figure 4-3A,B) dmp.wa.gov.au/GeoView 

Warrawoona Group (F2 section) Smithies et al. (2007) 

 

Supplementary Table 4-2: Sample locations. 

Sample ID Sample Age 

Location 

Lat Long 

Riverine     
BRI002 Blackwood River sand Recent 34° 9'47.62"S 115°11'39.95"E 

DON001 Donnelly River sand Recent 34°19'47.31"S 115°46'35.29"E 

SCO001 Scott River sand Recent 34°15'36.78"S 115°16'9.59"E 
WAR001 Warren River sand Recent 34°30'24.93"S 115°59'33.11"E      
Estuarine     
HAR005 Hardy Inlet sand Recent 34°18'47.69"S 115° 9'54.86"E      
Coastal     
BPT001 Black Point beach sand (western side) Recent 34°24'44.81"S 115°32'26.70"E 
BPT002 Black Point beach sand (western side) Recent 34°24'44.81"S 115°32'26.70"E 

BPT004 Black Point beach sand (eastern side) Recent 34°24'56.32"S 115°33'32.80"E 

FLD001 Flinders Bay beach sand Recent 34°20'45.34"S 115°25'25.81"E 
FLD004 Flinders Bay dunal sand Recent 34°20'46.52"S 115°25'34.68"E 

FLD005 Flinders Bay beachrock Late Pleistocene (?) 34°20'58.22"S 115°25'54.62"E 

YGP001 Yeagarup Beach beach sand Recent 34°35'39.79"S 115°48'33.91"E 
WHI001 Windy Harbour beach sand (western side) Recent 34°48'41.06"S 116°00'05.38"E 

WHI004 Windy Harbour beach sand (eastern side) Recent 34°50'16.70"S 116°01'00.23"E      
Heavy mineral deposit     
GB001 Governor Broome (Scott Coastal Plain) Pre-Pleistocene 34°15'21'' S 115°24'24''E 

 

https://doi.org/10.1111/ter.12610
http://dmp.wa.gov.au/geochron
dmp.wa.gov.au/GeoView
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Supplementary Table 4-3: Results of zircon U-Pb geochronology and Lu-Hf isotope geochemistry 

(see Supplementary Table 3-2 for full documentation of U-Pb data). 

Analysis No. 

Age 

(Ma) 

2σ 

abs err 

176Hf/ 
177Hf 

2σ 

abs err 

176Lu/ 
177Hf 

176Yb/ 
177Hf 

178Hf/ 
177Hf 

2σ 

abs err εHft  

2σ 

abs err 

BPT001-1   0.280911 0.000036 0.00095 0.03433 1.46727 0.00010   
BPT001-2 686 3 0.282417 0.000027 0.00056 0.02166 1.46727 0.00011 2.1 0.9 

BPT001-3 524 2 0.281829 0.000036 0.00054 0.01890 1.46722 0.00012 -22.3 1.3 

BPT001-4   0.282288 0.000036 0.00074 0.02826 1.46728 0.00011   
BPT001-5 681 3 0.282311 0.000033 0.00080 0.03001 1.46731 0.00011 -1.9 1.2 

BPT001-6 703 3 0.282430 0.000032 0.00162 0.06663 1.46729 0.00012 2.4 1.1 

BPT001-7 667 3 0.282359 0.000039 0.00076 0.02700 1.46727 0.00012 -0.5 1.3 
BPT001-8   0.282058 0.000036 0.00035 0.01213 1.46728 0.00011   
BPT001-9 771 4 0.282038 0.000036 0.00072 0.02588 1.46723 0.00011 -9.6 1.3 
BPT001-10 2717 4 0.281099 0.000037 0.00049 0.01571 1.46719 0.00012 1.3 1.3 

BPT001-11   0.282483 0.000048 0.00142 0.05716 1.46730 0.00012   
BPT001-12 705 3 0.282432 0.000031 0.00110 0.03648 1.46723 0.00012 2.7 1.1 
BPT001-13   0.281994 0.000035 0.00048 0.01700 1.46725 0.00012   
BPT001-14 1010 5 0.282010 0.000032 0.00063 0.02358 1.46729 0.00012 -5.2 1.1 

BPT001-15 857 5 0.281983 0.000024 0.00030 0.01198 1.46726 0.00011 -9.4 0.9 
BPT001-16 420 3 0.282298 0.000038 0.00054 0.01816 1.46713 0.00012 -8.0 1.3 

BPT001-17 895 5 0.282042 0.000030 0.00105 0.03923 1.46725 0.00009 -6.9 1.1 

BPT001-18 688 3 0.282310 0.000032 0.00064 0.02498 1.46729 0.00013 -1.7 1.1 
BPT001-19 1185 7 0.282196 0.000035 0.00070 0.02494 1.46718 0.00011 5.2 1.2 

BPT001-20 976 6 0.282048 0.000040 0.00134 0.04840 1.46729 0.00014 -5.1 1.4 

BPT001-21 1042 6 0.282033 0.000038 0.00101 0.03804 1.46721 0.00014 -4.0 1.3 
BPT001-22 3533 2 0.280712 0.000044 0.00271 0.10756 1.46725 0.00009 1.2 1.6 

BPT001-23 711 3 0.282379 0.000030 0.00044 0.01661 1.46726 0.00013 1.3 1.1 

BPT001-24 700 3 0.282319 0.000035 0.00079 0.03065 1.46726 0.00013 -1.2 1.3 
BPT001-25 576 3 0.282348 0.000033 0.00059 0.02124 1.46724 0.00011 -2.8 1.1 

BPT001-26 2937 9 0.280731 0.000031 0.00042 0.01506 1.46734 0.00012 -6.5 1.1 

BPT001-27 689 3 0.282263 0.000031 0.00043 0.01593 1.46726 0.00011 -3.3 1.1 
BPT001-28 1071 6 0.282163 0.000030 0.00130 0.05011 1.46732 0.00011 1.1 1.1 

BPT001-29   0.282055 0.000034 0.00098 0.03613 1.46728 0.00012   
BPT001-30 694 3 0.282271 0.000033 0.00050 0.01883 1.46728 0.00012 -2.9 1.2 
BPT001-31   0.281091 0.000029 0.00043 0.01338 1.46721 0.00010   
BPT001-32   0.282443 0.000031 0.00203 0.07946 1.46720 0.00012   
BPT001-33   0.281800 0.000033 0.00052 0.01928 1.46731 0.00010   
BPT001-34   0.281124 0.000034 0.00068 0.02212 1.46730 0.00012   
BPT001-35 673 4 0.282390 0.000039 0.00049 0.01823 1.46723 0.00014 0.8 1.4 

BPT001-36 602 2 0.281877 0.000030 0.00013 0.00498 1.46722 0.00012 -18.8 1.1 

BPT001-37 684 4 0.282332 0.000037 0.00052 0.01967 1.46724 0.00011 -1.0 1.3 

BPT001-38 526 2 0.281623 0.000031 0.00032 0.01120 1.46731 0.00013 -29.5 1.1 

BPT001-39   0.281769 0.000033 0.00067 0.02411 1.46727 0.00013   
BPT001-40 3086 4 0.280815 0.000033 0.00101 0.03748 1.46728 0.00011 -1.3 1.2 

BPT001-41 682 3 0.282412 0.000032 0.00161 0.06716 1.46734 0.00012 1.3 1.1 

BPT001-42 684 4 0.282379 0.000037 0.00067 0.02356 1.46732 0.00012 0.6 1.3 
BPT001-43 1091 8 0.282152 0.000033 0.00054 0.01952 1.46728 0.00011 1.7 1.2 

BPT001-44   0.281099 0.000029 0.00044 0.01550 1.46729 0.00010   
BPT001-45 692 3 0.282340 0.000030 0.00066 0.02540 1.46725 0.00011 -0.6 1.1 
BPT001-46 702 3 0.282320 0.000031 0.00069 0.02668 1.46722 0.00012 -1.1 1.1 

BPT001-47   0.282325 0.000034 0.00084 0.03191 1.46722 0.00012   
BPT001-48   0.282098 0.000032 0.00060 0.02172 1.46730 0.00010   
BPT001-49 582 2 0.282475 0.000028 0.00039 0.01436 1.46724 0.00012 1.9 1.0 

BPT001-50 701 3 0.282302 0.000035 0.00075 0.02904 1.46731 0.00012 -1.8 1.3 

BPT001-51 617 3 0.282317 0.000029 0.00051 0.01829 1.46733 0.00015 -3.0 1.0 
BPT001-52   0.202058 0.119800 0.00105 0.15258 1.45574 0.04221   
BPT001-53 615 4 0.282194 0.000036 0.00038 0.01378 1.46736 0.00012 -7.3 1.3 

BPT001-54   0.282407 0.000034 0.00018 0.00605 1.46735 0.00013   
BPT001-55 712 3 0.282259 0.000031 0.00043 0.01600 1.46723 0.00011 -2.9 1.1 

BPT001-56 1071 6 0.282073 0.000033 0.00089 0.03384 1.46730 0.00015 -1.8 1.2 

BPT001-57 1081 6 0.282055 0.000034 0.00072 0.02658 1.46731 0.00014 -2.1 1.2 

BPT001-58   0.282500 0.000053 0.00163 0.06429 1.46736 0.00012   
BPT001-59 701 3 0.282434 0.000034 0.00066 0.02463 1.46739 0.00014 2.9 1.2 

BPT001-60   0.282004 0.000038 0.00029 0.00964 1.46734 0.00011   
BPT001-61 713 3 0.282334 0.000029 0.00110 0.04231 1.46742 0.00012 -0.5 1.0 

BPT001-62 708 3 0.282289 0.000039 0.00051 0.01916 1.46729 0.00011 -2.0 1.3 
BPT002-1 1036 5 0.282022 0.000035 0.00074 0.02788 1.46735 0.00011 -4.3 1.3 

BPT002-2 1089 7 0.282035 0.000030 0.00043 0.01548 1.46733 0.00013 -2.4 1.1 

BPT002-3 708 4 0.282279 0.000036 0.00077 0.02956 1.46738 0.00010 -2.4 1.3 
BPT002-4 708 3 0.282396 0.000028 0.00050 0.01869 1.46737 0.00013 1.8 1.0 

BPT002-5 559 2 0.281922 0.000029 0.00035 0.01419 1.46741 0.00011 -18.2 1.1 

BPT002-6 512 3 0.282067 0.000035 0.00045 0.01626 1.46738 0.00014 -14.1 1.3 
BPT002-7 960 6 0.282034 0.000036 0.00072 0.02693 1.46741 0.00012 -5.5 1.3 
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BPT002-8 697 3 0.282316 0.000023 0.00053 0.02048 1.46738 0.00011 -1.3 0.9 
BPT002-9 703 3 0.282295 0.000032 0.00057 0.02138 1.46738 0.00012 -1.9 1.1 

BPT002-10   0.281796 0.000035 0.00043 0.01577 1.46734 0.00014   
BPT002-11 1089 7 0.282044 0.000031 0.00074 0.02694 1.46733 0.00010 -2.3 1.1 
BPT002-12   0.281942 0.000043 0.00075 0.02782 1.46729 0.00013   
BPT002-13 707 3 0.282310 0.000030 0.00049 0.01811 1.46734 0.00012 -1.2 1.1 

BPT002-14   0.282368 0.000031 0.00053 0.01961 1.46729 0.00012   
BPT002-15 977 6 0.282008 0.000034 0.00069 0.02519 1.46747 0.00011 -6.1 1.2 

BPT002-16   0.281793 0.000028 0.00018 0.00641 1.46735 0.00011   
BPT002-17   0.282044 0.000036 0.00107 0.03962 1.46739 0.00011   
BPT002-18   0.282078 0.000040 0.00069 0.02487 1.46740 0.00012   
BPT002-19 900 5 0.281996 0.000035 0.00072 0.02669 1.46741 0.00013 -8.2 1.2 

BPT002-20   0.282073 0.000045 0.00034 0.01161 1.46741 0.00013   
BPT002-21 1098 6 0.282061 0.000038 0.00124 0.04711 1.46734 0.00012 -1.9 1.3 

BPT002-22 673 3 0.282354 0.000039 0.00062 0.02302 1.46736 0.00012 -0.5 1.3 

BPT002-23 669 3 0.282307 0.000032 0.00082 0.03243 1.46731 0.00014 -2.3 1.1 
BPT002-24 666 3 0.282331 0.000038 0.00056 0.02126 1.46742 0.00012 -1.4 1.3 

BPT002-25 637 3 0.282363 0.000028 0.00045 0.01596 1.46740 0.00012 -0.9 1.0 

BPT002-26 558 2 0.281971 0.000030 0.00018 0.00635 1.46744 0.00011 -16.4 1.1 
BPT002-27 685 3 0.282476 0.000047 0.00166 0.06130 1.46741 0.00011 3.6 1.6 

BPT002-28 2635 4 0.281131 0.000039 0.00083 0.03063 1.46747 0.00014 -0.1 1.4 

BPT002-29 1196 5 0.281917 0.000036 0.00133 0.04858 1.46735 0.00012 -4.9 1.3 
BPT002-30 694 3 0.282350 0.000037 0.00068 0.02659 1.46741 0.00011 -0.2 1.3 

BPT002-31   0.281995 0.000041 0.00075 0.02850 1.46735 0.00015   
BPT002-32 1034 6 0.282026 0.000043 0.00085 0.03023 1.46735 0.00014 -4.3 1.6 
BPT002-33   0.282070 0.000037 0.00062 0.02274 1.46739 0.00012   
BPT002-34 1000 6 0.281825 0.000029 0.00004 0.00161 1.46737 0.00012 -11.6 1.0 

BPT002-35   0.282058 0.000036 0.00040 0.01353 1.46741 0.00014   
BPT002-36   0.281832 0.000044 0.00162 0.05844 1.46737 0.00012   
BPT002-37 598 2 0.282523 0.000032 0.00071 0.02491 1.46749 0.00013 3.8 1.1 

BPT002-38 702 3 0.282346 0.000031 0.00059 0.02217 1.46750 0.00014 -0.1 1.1 
BPT002-39 1209 7 0.282087 0.000032 0.00058 0.02102 1.46745 0.00010 2.0 1.1 

BPT002-40 562 2 0.281742 0.000028 0.00009 0.00397 1.46741 0.00013 -24.4 1.0 

BPT002-41 713 3 0.282352 0.000036 0.00048 0.01769 1.46742 0.00011 0.4 1.3 
BPT002-42   0.282000 0.000035 0.00072 0.02686 1.46739 0.00012   
BPT002-43 1089 6 0.281996 0.000042 0.00107 0.03958 1.46738 0.00014 -4.3 1.5 

BPT002-44 1173 7 0.281884 0.000037 0.00056 0.02138 1.46747 0.00013 -6.0 1.3 
BPT002-45   0.281889 0.000031 0.00011 0.00386 1.46729 0.00013   
BPT002-46 695 3 0.282081 0.000035 0.00111 0.04122 1.46745 0.00012 -9.9 1.3 

BPT002-47 708 3 0.282327 0.000033 0.00059 0.02228 1.46748 0.00011 -0.7 1.2 

BPT002-48   0.282464 0.000056 0.00235 0.09620 1.46746 0.00015   
BPT002-49 718 4 0.282395 0.000036 0.00059 0.02241 1.46746 0.00012 2.0 1.3 

BPT002-50 715 3 0.282116 0.000035 0.00059 0.02007 1.46743 0.00011 -8.0 1.2 
BPT002-51 1131 7 0.282204 0.000030 0.00052 0.01905 1.46739 0.00013 4.4 1.1 

BPT002-52 1156 6 0.281803 0.000036 0.00031 0.01122 1.46751 0.00011 -9.1 1.3 

BPT002-53 790 4 0.282347 0.000034 0.00072 0.02691 1.46752 0.00011 1.8 1.2 
BPT002-54   0.282293 0.000040 0.00069 0.02556 1.46747 0.00011   
BPT002-55   0.282250 0.000038 0.00063 0.02203 1.46734 0.00013   
BPT002-56 701 3 0.282300 0.000035 0.00083 0.03166 1.46738 0.00013 -1.9 1.2 
BPT002-57 714 3 0.282445 0.000034 0.00104 0.04148 1.46754 0.00012 3.4 1.2 

BPT002-58 568 2 0.282409 0.000045 0.00039 0.01573 1.46748 0.00015 -0.8 1.6 
BPT002-59 1106 6 0.282066 0.000039 0.00079 0.02940 1.46749 0.00011 -1.2 1.3 

BPT002-60 645 5 0.282384 0.000039 0.00029 0.00993 1.46732 0.00012 0.1 1.4 

BPT002-61 711 3 0.282380 0.000040 0.00144 0.05678 1.46735 0.00012 0.9 1.4 
BPT002-62 704 4 0.282380 0.000031 0.00035 0.01230 1.46735 0.00012 1.2 1.1 

BPT004-1 1024 6 0.282419 0.000038 0.00086 0.02850 1.46747 0.00013 9.4 1.3 

BPT004-2   0.282057 0.000046 0.00102 0.03996 1.46759 0.00013   
BPT004-3   0.281583 0.000042 0.00087 0.03048 1.46754 0.00010   
BPT004-4 681 4 0.282373 0.000036 0.00048 0.01816 1.46750 0.00012 0.4 1.3 

BPT004-5 702 3 0.282294 0.000037 0.00069 0.02704 1.46747 0.00013 -2.0 1.3 
BPT004-6 1039 7 0.281875 0.000031 0.00044 0.01572 1.46744 0.00011 -9.2 1.1 

BPT004-7 701 3 0.282171 0.000035 0.00051 0.01926 1.46750 0.00014 -6.3 1.2 

BPT004-8 1038 6 0.282005 0.000039 0.00031 0.01144 1.46749 0.00014 -4.6 1.4 
BPT004-9   0.282257 0.000037 0.00048 0.01773 1.46740 0.00009   
BPT004-10   0.282105 0.000036 0.00030 0.00990 1.46749 0.00013   
BPT004-11 1008 6 0.282223 0.000039 0.00111 0.04141 1.46748 0.00014 2.0 1.4 
BPT004-12 708 3 0.282352 0.000036 0.00057 0.02185 1.46752 0.00015 0.2 1.3 

BPT004-13 510 2 0.281924 0.000034 0.00040 0.01443 1.46749 0.00010 -19.2 1.2 

BPT004-14 1212 10 0.281803 0.000036 0.00062 0.02302 1.46745 0.00013 -8.1 1.3 
BPT004-15 3309 5 0.280774 0.000034 0.00117 0.04081 1.46761 0.00012 2.0 1.2 

BPT004-16 710 3 0.282359 0.000036 0.00124 0.04863 1.46747 0.00012 0.2 1.3 

BPT004-17 2948 7 0.280798 0.000030 0.00061 0.02148 1.46748 0.00011 -4.3 1.1 
BPT004-18 697 3 0.282369 0.000039 0.00118 0.04577 1.46742 0.00014 0.3 1.4 
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BPT004-19 593 2 0.282017 0.000035 0.00017 0.00643 1.46751 0.00011 -14.0 1.3 
BPT004-20 726 3 0.282289 0.000032 0.00060 0.02321 1.46746 0.00012 -1.6 1.1 

BPT004-21 1587 11 0.281702 0.000038 0.00060 0.02233 1.46755 0.00017 -3.2 1.3 

BPT004-22 683 3 0.282361 0.000038 0.00094 0.03562 1.46753 0.00013 -0.2 1.3 
BPT004-23 689 4 0.282387 0.000043 0.00067 0.02485 1.46747 0.00012 1.0 1.5 

BPT004-24   0.280892 0.000040 0.00067 0.02427 1.46747 0.00013   
BPT004-25 1016 8 0.282078 0.000037 0.00063 0.02180 1.46752 0.00011 -2.7 1.3 
BPT004-26 703 4 0.282421 0.000045 0.00098 0.03679 1.46749 0.00013 2.4 1.6 

BPT004-27   0.282153 0.000032 0.00049 0.01821 1.46750 0.00012   
BPT004-28   0.282240 0.000033 0.00055 0.02058 1.46746 0.00012   
BPT004-29   0.282329 0.000039 0.00047 0.01753 1.46752 0.00013   
BPT004-30 668 4 0.282188 0.000051 0.00070 0.02682 1.46747 0.00018 -6.5 1.8 

BPT004-31 727 4 0.282393 0.000026 0.00048 0.01768 1.46747 0.00010 2.1 0.9 
BPT004-32   0.281708 0.000037 0.00090 0.03282 1.46745 0.00011   
BPT004-33 677 3 0.282359 0.000031 0.00061 0.02380 1.46751 0.00012 -0.2 1.1 

BPT004-34 1097 5 0.282041 0.000037 0.00095 0.03576 1.46748 0.00012 -2.4 1.3 
BPT004-35   0.282321 0.000056 0.00093 0.03743 1.46742 0.00016   
BPT004-36 669 3 0.282284 0.000036 0.00054 0.02022 1.46749 0.00011 -3.0 1.3 

BPT004-37 640 4 0.282395 0.000036 0.00053 0.01827 1.46748 0.00012 0.3 1.3 
BPT004-38 706 4 0.282297 0.000041 0.00090 0.03436 1.46747 0.00013 -1.9 1.5 

BPT004-39 1213 7 0.281875 0.000029 0.00045 0.01649 1.46754 0.00011 -5.3 1.0 

BPT004-40 707 3 0.282277 0.000032 0.00078 0.02968 1.46731 0.00012 -2.5 1.1 
BPT004-41   0.282340 0.000039 0.00082 0.03004 1.46735 0.00015   
BPT004-42 1009 6 0.282049 0.000034 0.00095 0.03445 1.46750 0.00012 -4.1 1.2 

BPT004-43 676 3 0.282408 0.000033 0.00091 0.03421 1.46747 0.00012 1.4 1.2 
BPT004-44 1064 7 0.282011 0.000030 0.00041 0.01500 1.46742 0.00012 -3.8 1.1 

BPT004-45   0.282036 0.000030 0.00100 0.03768 1.46739 0.00011   
BPT004-46 737 4 0.282356 0.000035 0.00058 0.02230 1.46743 0.00010 1.0 1.2 
BPT004-47   0.281688 0.000031 0.00062 0.02307 1.46750 0.00014   
BPT004-48 1584 7 0.281635 0.000036 0.00062 0.02180 1.46754 0.00013 -5.7 1.3 

BPT004-49 698 4 0.282124 0.000033 0.00054 0.02049 1.46735 0.00011 -8.1 1.2 
BPT004-50 694 4 0.282331 0.000047 0.00086 0.02820 1.46743 0.00014 -1.0 1.6 

BPT004-51 1078 6 0.281957 0.000042 0.00084 0.02989 1.46745 0.00012 -5.7 1.5 

BPT004-52 720 5 0.282414 0.000045 0.00076 0.02782 1.46735 0.00011 2.6 1.6 
BPT004-53 701 3 0.282285 0.000034 0.00056 0.02149 1.46751 0.00012 -2.3 1.2 

BPT004-54 706 3 0.282279 0.000038 0.00082 0.03136 1.46745 0.00011 -2.5 1.3 

BPT004-55 563 2 0.282155 0.000034 0.00011 0.00439 1.46741 0.00012 -9.8 1.2 
BPT004-56 1956 6 0.281409 0.000037 0.00105 0.03665 1.46745 0.00013 -5.9 1.3 

BPT004-57 2697 4 0.281225 0.000041 0.00206 0.07359 1.46741 0.00017 2.4 1.5 

BPT004-58 706 3 0.282206 0.000031 0.00036 0.01313 1.46754 0.00014 -4.9 1.1 

BPT004-59 547 2 0.282395 0.000030 0.00018 0.00777 1.46743 0.00013 -1.7 1.1 

BPT004-60   0.282008 0.000035 0.00054 0.01902 1.46738 0.00013   
BPT004-61 1183 7 0.282215 0.000031 0.00070 0.02578 1.46748 0.00011 5.8 1.1 
BPT004-62 708 3 0.282242 0.000040 0.00055 0.02091 1.46746 0.00011 -3.7 1.4 

BPT004-63 718 4 0.282135 0.000033 0.00050 0.01838 1.46751 0.00011 -7.2 1.1 

BPT004-64 859 7 0.282478 0.000045 0.00072 0.02458 1.46752 0.00013 8.0 1.6 
BPT004-65 1056 6 0.282000 0.000035 0.00049 0.01815 1.46743 0.00014 -4.5 1.3 

BPT004-66   0.281974 0.000040 0.00094 0.03498 1.46739 0.00011   
BPT004-67 689 3 0.282366 0.000032 0.00049 0.01874 1.46754 0.00013 0.3 1.1 
BPT004-68 704 3 0.282192 0.000032 0.00052 0.01971 1.46744 0.00012 -5.5 1.1 

BPT004-69 709 3 0.282172 0.000034 0.00052 0.01977 1.46745 0.00011 -6.1 1.2 
BPT004-70 867 7 0.281988 0.000035 0.00011 0.00506 1.46751 0.00010 -8.9 1.3 

BPT004-71 518 2 0.281941 0.000034 0.00055 0.02028 1.46745 0.00012 -18.5 1.2 

BPT004-72 736 4 0.282074 0.000034 0.00062 0.02250 1.46747 0.00013 -9.0 1.2 
BPT004-73 693 3 0.282338 0.000034 0.00101 0.03972 1.46753 0.00009 -0.8 1.2 

BPT004-74   0.280763 0.000041 0.00092 0.02971 1.46750 0.00013   
BPT004-75 979 6 0.282138 0.000038 0.00176 0.06375 1.46756 0.00011 -2.1 1.3 
BPT004-76 1079 6 0.282022 0.000031 0.00086 0.03162 1.46747 0.00010 -3.4 1.1 

BPT004-77 2632 9 0.280904 0.000034 0.00036 0.01327 1.46749 0.00010 -7.4 1.2 

BPT004-78   0.282086 0.000047 0.00043 0.01448 1.46754 0.00013   
BPT004-79 703 3 0.282228 0.000033 0.00056 0.02112 1.46746 0.00012 -4.3 1.1 

BPT004-80   0.281746 0.000029 0.00036 0.01351 1.46757 0.00012   
BPT004-81 716 4 0.282303 0.000049 0.00039 0.01414 1.46729 0.00021 -1.2 1.7 
BPT004-82 517 2 0.282037 0.000029 0.00035 0.01294 1.46740 0.00014 -15.1 1.1 

BPT004-83 576 2 0.282446 0.000035 0.00018 0.00663 1.46743 0.00012 0.8 1.2 

BPT004-84 702 3 0.282282 0.000030 0.00069 0.02641 1.46743 0.00010 -2.4 1.1 
BPT004-85   0.282250 0.000033 0.00035 0.01292 1.46750 0.00012   
BPT004-86   0.282403 0.000043 0.00118 0.04479 1.46742 0.00013   
BPT004-87 703 3 0.282333 0.000038 0.00056 0.02113 1.46751 0.00010 -0.5 1.3 
BPT004-88 680 3 0.282376 0.000036 0.00109 0.04279 1.46749 0.00011 0.2 1.3 

BPT004-89 660 4 0.282315 0.000031 0.00047 0.01738 1.46748 0.00011 -2.1 1.1 

BPT004-90 705 3 0.282268 0.000031 0.00055 0.02093 1.46744 0.00010 -2.8 1.1 
BPT004-91 2034 8 0.281378 0.000046 0.00080 0.02976 1.46747 0.00012 -4.9 1.6 
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BPT004-92 2636 4 0.281107 0.000036 0.00106 0.03865 1.46752 0.00011 -1.3 1.3 
BPT004-93 1201 6 0.281703 0.000037 0.00046 0.01694 1.46739 0.00011 -11.7 1.3 

BPT004-94 718 3 0.282427 0.000032 0.00064 0.02449 1.46753 0.00013 3.1 1.1 

BPT004-95 1096 6 0.282053 0.000036 0.00075 0.02829 1.46752 0.00013 -1.9 1.3 
BPT004-96 712 4 0.282322 0.000042 0.00077 0.02919 1.46750 0.00011 -0.8 1.5 

BPT004-97 691 3 0.282369 0.000040 0.00077 0.02940 1.46750 0.00012 0.4 1.4 

BPT004-98 603 3 0.282083 0.000031 0.00090 0.03386 1.46756 0.00012 -11.7 1.1 
BPT004-99 702 3 0.282238 0.000037 0.00086 0.03335 1.46753 0.00012 -4.1 1.3 

BPT004-100 926 5 0.282014 0.000034 0.00054 0.02009 1.46748 0.00012 -6.9 1.2 

BPT004-101 701 3 0.282336 0.000029 0.00068 0.02623 1.46746 0.00013 -0.5 1.0 
BPT004-102 692 3 0.282256 0.000040 0.00039 0.01443 1.46755 0.00010 -3.4 1.4 

BPT004-103 699 3 0.282329 0.000036 0.00056 0.02103 1.46745 0.00012 -0.8 1.3 

BPT004-104 583 3 0.282383 0.000036 0.00061 0.02128 1.46740 0.00011 -1.5 1.3 
BPT004-105 987 5 0.282004 0.000029 0.00072 0.02606 1.46754 0.00010 -6.0 1.0 

BPT004-106   0.280967 0.000032 0.00055 0.02060 1.46743 0.00011   
BPT004-107 718 3 0.282383 0.000035 0.00042 0.01556 1.46744 0.00013 1.6 1.2 
BPT004-108 641 3 0.282143 0.000026 0.00035 0.01311 1.46743 0.00011 -8.6 0.9 

BPT004-109 728 4 0.282211 0.000029 0.00049 0.01844 1.46741 0.00013 -4.3 1.1 

BPT004-110   0.282148 0.000033 0.00060 0.02141 1.46750 0.00011   
BPT004-111 1068 6 0.282065 0.000036 0.00084 0.03292 1.46749 0.00009 -2.1 1.3 

BPT004-112 1178 6 0.282028 0.000032 0.00106 0.03947 1.46748 0.00012 -1.2 1.1 

BPT004-113 1197 8 0.281609 0.000038 0.00067 0.02547 1.46745 0.00012 -15.3 1.3 
BPT004-114 1182 8 0.282182 0.000039 0.00080 0.02931 1.46741 0.00012 4.6 1.4 

BPT004-115 1202 7 0.282121 0.000044 0.00181 0.06807 1.46748 0.00012 2.0 1.6 

BPT004-116 956 6 0.282000 0.000034 0.00092 0.03400 1.46746 0.00012 -7.0 1.2 
BPT004-117 711 4 0.282352 0.000038 0.00074 0.02695 1.46755 0.00012 0.2 1.3 

BPT004-118 722 3 0.282346 0.000029 0.00052 0.01964 1.46749 0.00014 0.4 1.1 

BPT004-119 700 4 0.282390 0.000038 0.00128 0.04909 1.46750 0.00012 1.1 1.3 
BPT004-120   0.282356 0.000039 0.00072 0.02582 1.46742 0.00012   
BPT004-121 2604 8 0.281154 0.000051 0.00066 0.02170 1.46752 0.00013 0.4 1.8 

BPT004-122 557 2 0.282333 0.000034 0.00017 0.00672 1.46748 0.00011 -3.6 1.2 
BPT004-123 1015 5 0.282030 0.000034 0.00087 0.03198 1.46747 0.00013 -4.6 1.2 

BPT004-124 702 4 0.281702 0.000032 0.00076 0.02731 1.46747 0.00012 -23.0 1.1 

BPT004-125 705 4 0.282361 0.000043 0.00108 0.04106 1.46753 0.00010 0.2 1.6 
BRI002-1 1167 8 0.281685 0.000029 0.00041 0.01450 1.46735 0.00006 -13.1 1.1 

BRI002-2   0.282045 0.000032 0.00034 0.01223 1.46725 0.00009   
BRI002-3   0.282404 0.000031 0.00077 0.02739 1.46729 0.00007   
BRI002-4   0.282053 0.000026 0.00123 0.04496 1.46731 0.00007   
BRI002-5   0.282309 0.000025 0.00072 0.02623 1.46722 0.00005   
BRI002-6   0.281734 0.000030 0.00039 0.01338 1.46724 0.00007   
BRI002-7   0.282311 0.000039 0.00107 0.04090 1.46727 0.00006   
BRI002-8 2725 4 0.281107 0.000040 0.00206 0.07483 1.46724 0.00007 -1.1 1.4 

BRI002-9 714 5 0.282344 0.000032 0.00065 0.02338 1.46728 0.00008 0.0 1.1 
BRI002-10 2602 5 0.281109 0.000030 0.00074 0.02545 1.46731 0.00007 -1.4 1.1 

BRI002-11 1061 7 0.282027 0.000027 0.00108 0.03784 1.46727 0.00006 -3.8 0.9 

BRI002-12 700 4 0.282345 0.000025 0.00130 0.04719 1.46727 0.00005 -0.5 0.9 
BRI002-13 1592 10 0.281727 0.000033 0.00101 0.03747 1.46727 0.00008 -2.7 1.2 

BRI002-14 786 4 0.282017 0.000032 0.00047 0.01627 1.46728 0.00006 -9.9 1.1 

BRI002-15 1099 6 0.282010 0.000024 0.00087 0.03059 1.46723 0.00007 -3.4 0.9 
BRI002-16 708 3 0.282014 0.000030 0.00092 0.03206 1.46726 0.00005 -11.9 1.1 

BRI002-17   0.282448 0.000045 0.00118 0.03909 1.46729 0.00008   
BRI002-18 703 4 0.282422 0.000034 0.00138 0.05014 1.46728 0.00009 2.2 1.2 

BRI002-19 1001 6 0.282049 0.000025 0.00038 0.01322 1.46733 0.00006 -3.9 0.9 

BRI002-20 1086 6 0.282056 0.000025 0.00080 0.02831 1.46733 0.00006 -2.0 0.9 
BRI002-21 1230 8 0.281864 0.000029 0.00086 0.02819 1.46729 0.00006 -5.7 1.0 

BRI002-22 1041 14 0.282068 0.000042 0.00036 0.01153 1.46732 0.00007 -2.3 1.5 

BRI002-23 697 4 0.282386 0.000030 0.00055 0.02051 1.46723 0.00006 1.2 1.1 
BRI002-24 2677 7 0.280929 0.000032 0.00103 0.03418 1.46730 0.00007 -6.6 1.1 

BRI002-25   0.282356 0.000042 0.00065 0.02282 1.46728 0.00008   
BRI002-26 675 5 0.282367 0.000038 0.00037 0.01224 1.46732 0.00006 0.1 1.3 
BRI002-27   0.282407 0.000026 0.00046 0.01659 1.46711 0.00009   
BRI002-28   0.282078 0.000040 0.00092 0.03295 1.46725 0.00008   
BRI002-29   0.281136 0.000031 0.00070 0.02437 1.46731 0.00008   
BRI002-30   0.280941 0.000032 0.00043 0.01487 1.46735 0.00006   
BRI002-31 1001 6 0.282020 0.000027 0.00062 0.02189 1.46732 0.00006 -5.1 1.0 

BRI002-32   0.282064 0.000036 0.00048 0.01560 1.46733 0.00007   
BRI002-33   0.281101 0.000026 0.00049 0.01510 1.46736 0.00007   
BRI002-34 1215 8 0.281855 0.000032 0.00045 0.01543 1.46735 0.00006 -6.0 1.1 

BRI002-35 3110 5 0.280705 0.000029 0.00088 0.02859 1.46727 0.00007 -4.4 1.1 
BRI002-36 652 3 0.282407 0.000034 0.00067 0.02391 1.46724 0.00006 0.9 1.2 

BRI002-37   0.282442 0.000038 0.00106 0.03335 1.46734 0.00007   
BRI002-38 1072 9 0.282085 0.000032 0.00054 0.01764 1.46736 0.00008 -1.1 1.1 
BRI002-39 947 6 0.282043 0.000032 0.00087 0.03091 1.46737 0.00007 -5.6 1.1 
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BRI002-40 1077 6 0.282032 0.000029 0.00072 0.02511 1.46730 0.00006 -3.0 1.1 
BRI002-41 1214 8 0.281857 0.000034 0.00068 0.02369 1.46727 0.00008 -6.1 1.2 

BRI002-42 1126 8 0.282164 0.000023 0.00053 0.01803 1.46734 0.00006 2.9 0.8 

BRI002-43   0.282355 0.000028 0.00046 0.01564 1.46735 0.00008   
BRI002-44 1190 6 0.281733 0.000032 0.00065 0.02214 1.46727 0.00007 -11.1 1.1 

BRI002-45 909 5 0.282075 0.000023 0.00040 0.01350 1.46734 0.00007 -5.0 0.8 

BRI002-46 556 2 0.282149 0.000030 0.00083 0.02866 1.46738 0.00006 -10.4 1.1 
BRI002-47   0.281408 0.000033 0.00044 0.01526 1.46733 0.00006   
BRI002-48   0.282102 0.000032 0.00042 0.01473 1.46732 0.00006   
BRI002-49 664 8 0.282400 0.000036 0.00056 0.01803 1.46736 0.00007 1.0 1.3 
BRI002-50   0.282295 0.000028 0.00028 0.00723 1.46743 0.00005   
BRI002-51 544 2 0.281681 0.000027 0.00068 0.02489 1.46736 0.00005 -27.2 0.9 

BRI002-52   0.281698 0.000041 0.00172 0.05512 1.46727 0.00011   
BRI002-53 714 3 0.282320 0.000025 0.00065 0.02331 1.46729 0.00005 -0.8 0.9 

BRI002-54 1076 6 0.282030 0.000021 0.00056 0.01955 1.46735 0.00005 -3.0 0.8 

BRI002-55 675 3 0.282362 0.000033 0.00066 0.02405 1.46735 0.00007 -0.2 1.1 
BRI002-56   0.282474 0.000043 0.00198 0.07668 1.46717 0.00006   
BRI002-57 684 3 0.282349 0.000026 0.00075 0.02728 1.46733 0.00006 -0.5 0.9 

BRI002-58 805 5 0.282037 0.000031 0.00100 0.03490 1.46732 0.00008 -9.0 1.1 
BRI002-59 2023 6 0.281386 0.000032 0.00106 0.03769 1.46745 0.00007 -5.2 1.1 

BRI002-60   0.282073 0.000026 0.00078 0.02703 1.46739 0.00007   
BRI002-61   0.282327 0.000027 0.00057 0.02088 1.46722 0.00006   
BRI002-62 1188 9 0.281834 0.000029 0.00061 0.02182 1.46727 0.00006 -7.5 1.0 

BRI002-63   0.281830 0.000025 0.00035 0.01182 1.46720 0.00008   
BRI002-64 1045 6 0.282076 0.000035 0.00117 0.04255 1.46728 0.00006 -2.5 1.2 
BRI002-65 672 3 0.282273 0.000027 0.00045 0.01605 1.46737 0.00005 -3.3 1.0 

BRI002-66   0.281320 0.000058 0.00332 0.12088 1.46709 0.00010   
BRI002-67   0.282066 0.000035 0.00020 0.00665 1.46730 0.00006   
BRI002-68 913 5 0.282032 0.000034 0.00092 0.03221 1.46730 0.00006 -6.8 1.2 

BRI002-69 2599 4 0.281355 0.000042 0.00192 0.06921 1.46701 0.00008 5.2 1.5 

BRI002-70   0.282125 0.000028 0.00072 0.02394 1.46732 0.00007   
BRI002-71 672 3 0.282393 0.000042 0.00064 0.02630 1.46731 0.00006 0.9 1.5 

BRI002-72 709 3 0.282274 0.000030 0.00052 0.01873 1.46731 0.00006 -2.5 1.1 

BRI002-73   0.281034 0.000031 0.00176 0.06434 1.46719 0.00007   
BRI002-74 1057 7 0.282010 0.000028 0.00070 0.02441 1.46730 0.00007 -4.2 1.0 

BRI002-75   0.281657 0.000028 0.00014 0.00480 1.46734 0.00006   
BRI002-76 1027 6 0.282017 0.000020 0.00057 0.01989 1.46732 0.00006 -4.6 0.7 
BRI002-77   0.281108 0.000023 0.00041 0.01218 1.46729 0.00007   
BRI002-78   0.282022 0.000027 0.00048 0.01648 1.46729 0.00006   
BRI002-79   0.282012 0.000030 0.00092 0.03346 1.46726 0.00006   
BRI002-80 514 2 0.281986 0.000025 0.00038 0.01325 1.46739 0.00006 -16.9 0.8 

BRI002-81   0.282290 0.000028 0.00060 0.02175 1.46727 0.00007   
BRI002-82   0.281625 0.000029 0.00034 0.01191 1.46733 0.00005   
BRI002-83 3200 6 0.280736 0.000025 0.00056 0.01656 1.46726 0.00006 -0.5 0.9 

BRI002-84   0.281908 0.000023 0.00059 0.02020 1.46727 0.00007   
BRI002-85   0.282375 0.000030 0.00066 0.02524 1.46714 0.00008   
BRI002-86 1974 13 0.281474 0.000034 0.00035 0.01024 1.46729 0.00007 -2.2 1.2 

BRI002-87 669 3 0.282417 0.000024 0.00133 0.04742 1.46733 0.00007 1.3 0.8 

BRI002-88 689 6 0.282363 0.000036 0.00041 0.01360 1.46736 0.00007 0.3 1.3 
BRI002-89   0.282372 0.000031 0.00133 0.04879 1.46725 0.00011   
BRI002-90 2823 5 0.280859 0.000031 0.00079 0.02627 1.46730 0.00008 -5.4 1.1 
BRI002-91 897 5 0.281868 0.000031 0.00069 0.02443 1.46736 0.00006 -12.8 1.1 

BRI002-92 2601 4 0.281120 0.000025 0.00101 0.03453 1.46728 0.00006 -1.5 0.9 

BRI002-93 996 5 0.282061 0.000027 0.00064 0.02388 1.46738 0.00005 -3.7 0.9 
BRI002-94   0.282328 0.000028 0.00089 0.03315 1.46729 0.00007   
BRI002-95 2614 6 0.281119 0.000026 0.00039 0.01284 1.46724 0.00010 -0.2 0.9 

BRI002-96   0.282245 0.000120 0.00122 0.04654 1.46759 0.00170   
BRI002-97 524 2 0.282488 0.000026 0.00090 0.03008 1.46727 0.00006 0.9 0.9 

BRI002-98   0.282045 0.000027 0.00065 0.02224 1.46731 0.00008   
BRI002-99 702 5 0.282351 0.000032 0.00049 0.01730 1.46729 0.00007 0.1 1.1 
BRI002-100 684 3 0.282361 0.000038 0.00123 0.04632 1.46730 0.00008 -0.3 1.3 

BRI002-101   0.282447 0.000032 0.00189 0.07225 1.46720 0.00007   
BRI002-102 707 3 0.282379 0.000031 0.00094 0.03461 1.46734 0.00007 1.0 1.1 
BRI002-103 528 2 0.281977 0.000029 0.00096 0.03521 1.46727 0.00007 -17.2 1.1 

BRI002-104 1074 6 0.282012 0.000027 0.00063 0.02216 1.46729 0.00006 -3.7 0.9 

BRI002-105 635 4 0.282310 0.000026 0.00056 0.01958 1.46727 0.00006 -2.9 0.9 
BRI002-106 2690 6 0.280906 0.000039 0.00098 0.03488 1.46732 0.00007 -7.1 1.4 

BRI002-107   0.282288 0.000028 0.00045 0.01574 1.46726 0.00006   
BRI002-108 1077 6 0.282011 0.000027 0.00087 0.03076 1.46730 0.00006 -3.9 1.0 
BRI002-109 2629 12 0.280958 0.000034 0.00067 0.02311 1.46735 0.00006 -6.1 1.2 

BRI002-110   0.282334 0.000033 0.00084 0.02948 1.46732 0.00006   
BRI002-111   0.282332 0.000033 0.00062 0.02235 1.46728 0.00006   
BRI002-112   0.281131 0.000028 0.00093 0.03170 1.46708 0.00008   
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BRI002-113 661 3 0.282365 0.000030 0.00052 0.01835 1.46725 0.00007 -0.3 1.1 
BRI002-114   0.282340 0.000030 0.00049 0.01871 1.46723 0.00005   
BRI002-115   0.280779 0.000029 0.00058 0.01763 1.46725 0.00006   
BRI002-116   0.282500 0.000046 0.00233 0.09607 1.46701 0.00011   
BRI002-117   0.282571 0.000069 0.00391 0.14862 1.46713 0.00011   
BRI002-118   0.280939 0.000024 0.00057 0.01769 1.46722 0.00007   
BRI002-119 687 4 0.282413 0.000040 0.00156 0.06620 1.46719 0.00008 1.5 1.4 
BRI002-120 2560 4 0.281129 0.000032 0.00094 0.03182 1.46729 0.00006 -2.0 1.1 

BRI002-121 2633 4 0.281202 0.000047 0.00236 0.08241 1.46716 0.00012 -0.3 1.7 

BRI002-122   0.281126 0.000034 0.00120 0.04113 1.46723 0.00007   
BRI002-123   0.282380 0.000029 0.00029 0.00963 1.46729 0.00006   
BRI002-124 2502 4 0.281128 0.000028 0.00103 0.03413 1.46724 0.00006 -3.5 1.0 

BRI002-125 2743 5 0.280928 0.000036 0.00071 0.02364 1.46724 0.00008 -4.6 1.3 
DON001-1   0.281768 0.000074 0.00140 0.03744 1.46679 0.00014   
DON001-2 2665 4 0.281012 0.000041 0.00099 0.03424 1.46715 0.00007 -3.9 1.4 

DON001-3 2595 3 0.281123 0.000029 0.00085 0.02717 1.46719 0.00009 -1.3 1.1 
DON001-4 2644 6 0.281165 0.000053 0.00112 0.03431 1.46709 0.00010 0.8 1.9 

DON001-5   0.281105 0.000032 0.00046 0.01546 1.46724 0.00008   
DON001-6   0.281049 0.000038 0.00079 0.02621 1.46714 0.00009   
DON001-7   0.281890 0.000028 0.00042 0.01468 1.46713 0.00009   
DON001-8 2643 7 0.280974 0.000038 0.00040 0.01165 1.46715 0.00006 -4.7 1.4 

DON001-9   0.281128 0.000038 0.00040 0.01298 1.46718 0.00009   
DON001-10   0.281185 0.000033 0.00074 0.02513 1.46706 0.00009   
DON001-11   0.281232 0.000044 0.00180 0.06617 1.46704 0.00009   
DON001-12   0.281099 0.000046 0.00064 0.01818 1.46691 0.00011   
DON001-13 2661 4 0.281026 0.000037 0.00105 0.03579 1.46717 0.00009 -3.6 1.3 

DON001-14   0.280890 0.000031 0.00075 0.02433 1.46720 0.00009   
DON001-15   0.281174 0.000055 0.00065 0.02343 1.46706 0.00013   
DON001-16   0.281007 0.000036 0.00068 0.02251 1.46716 0.00013   
DON001-17   0.281140 0.000038 0.00075 0.02448 1.46723 0.00007   
DON001-18   0.280805 0.000033 0.00142 0.04347 1.46721 0.00008   
DON001-19 2670 6 0.280941 0.000030 0.00040 0.01291 1.46721 0.00007 -5.2 1.1 

DON001-20   0.281142 0.000032 0.00056 0.01885 1.46709 0.00009   
DON001-21 1573 10 0.281643 0.000033 0.00014 0.00487 1.46716 0.00008 -5.1 1.1 
DON001-22 1220 6 0.281801 0.000039 0.00132 0.04577 1.46715 0.00008 -8.5 1.4 

DON001-23   0.281014 0.000048 0.00099 0.03388 1.46719 0.00011   
DON001-24   0.281098 0.000035 0.00124 0.03724 1.46711 0.00009   
DON001-25   0.280893 0.000024 0.00090 0.02583 1.46709 0.00013   
DON001-26 2703 5 0.281097 0.000033 0.00084 0.02757 1.46724 0.00007 0.3 1.2 

DON001-27 2603 9 0.281183 0.000031 0.00049 0.01478 1.46719 0.00008 1.7 1.1 

DON001-28   0.281048 0.000065 0.00086 0.02454 1.46692 0.00014   
DON001-29 2679 10 0.281032 0.000059 0.00089 0.03055 1.46726 0.00009 -2.7 2.1 

DON001-30   0.281152 0.000038 0.00050 0.01376 1.46716 0.00009   
DON001-31 2673 9 0.280958 0.000037 0.00081 0.02764 1.46725 0.00007 -5.3 1.4 

DON001-32 2616 4 0.281164 0.000038 0.00095 0.03288 1.46711 0.00008 0.5 1.4 

DON001-33 2653 3 0.281111 0.000031 0.00170 0.04280 1.46712 0.00009 -1.9 1.1 
DON001-34   0.282022 0.000046 0.00058 0.01912 1.46702 0.00013   
DON001-35 2682 3 0.281192 0.000045 0.00131 0.04028 1.46712 0.00009 2.3 1.6 

DON001-36 2602 6 0.281096 0.000031 0.00048 0.01518 1.46717 0.00012 -1.4 1.1 
DON001-37   0.282032 0.000037 0.00048 0.01649 1.46708 0.00013   
DON001-38 2636 6 0.281048 0.000038 0.00063 0.02096 1.46708 0.00008 -2.6 1.4 
DON001-39   0.280978 0.000035 0.00093 0.03218 1.46717 0.00008   
DON001-40   0.281557 0.000036 0.00074 0.02506 1.46718 0.00008   
DON001-41 2661 6 0.281006 0.000039 0.00131 0.04567 1.46725 0.00012 -4.8 1.4 
DON001-42 2589 4 0.281148 0.000034 0.00062 0.02009 1.46720 0.00007 -0.1 1.2 

DON001-43 2640 6 0.280969 0.000041 0.00080 0.02765 1.46721 0.00010 -5.7 1.5 

DON001-44   0.282031 0.000044 0.00127 0.04449 1.46731 0.00010   
DON001-45   0.282066 0.000042 0.00056 0.01832 1.46706 0.00011   
DON001-46   0.281084 0.000035 0.00088 0.02867 1.46718 0.00010   
DON001-47 2688 4 0.281108 0.000037 0.00200 0.07240 1.46726 0.00007 -1.8 1.3 
DON001-48   0.281093 0.000046 0.00079 0.02484 1.46720 0.00007   
DON001-49   0.281230 0.000039 0.00118 0.03566 1.46709 0.00011   
DON001-50 2717 4 0.281081 0.000032 0.00068 0.02148 1.46713 0.00007 0.3 1.1 
DON001-51 2620 6 0.281130 0.000042 0.00105 0.03715 1.46726 0.00015 -0.8 1.5 

DON001-52 2575 6 0.281174 0.000048 0.00113 0.03724 1.46718 0.00012 -0.4 1.7 

DON001-53 2629 5 0.280956 0.000036 0.00057 0.01911 1.46724 0.00009 -6.0 1.3 
DON001-54   0.281127 0.000043 0.00061 0.02068 1.46715 0.00008   
DON001-55   0.281286 0.000057 0.00268 0.08959 1.46712 0.00010   
DON001-56 2593 4 0.281143 0.000037 0.00063 0.02012 1.46714 0.00011 -0.2 1.4 
DON001-57   0.281186 0.000039 0.00098 0.02996 1.46702 0.00010   
DON001-58   0.281129 0.000057 0.00082 0.03064 1.46703 0.00012   
DON001-59   0.281266 0.000049 0.00100 0.03166 1.46715 0.00009   
DON001-60 2611 4 0.281105 0.000030 0.00051 0.01608 1.46715 0.00007 -1.0 1.1 
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DON001-61 2589 6 0.281119 0.000046 0.00039 0.01268 1.46714 0.00009 -0.8 1.6 
DON001-62   0.281251 0.000041 0.00089 0.02428 1.46709 0.00006   
DON001-63 2613 5 0.281098 0.000043 0.00051 0.01655 1.46712 0.00009 -1.2 1.6 

DON001-64   0.281135 0.000031 0.00048 0.01455 1.46721 0.00010   
DON001-65   0.281149 0.000039 0.00093 0.03360 1.46716 0.00009   
DON001-66   0.281150 0.000029 0.00039 0.01336 1.46703 0.00010   
DON001-67   0.281395 0.000044 0.00567 0.10239 1.46707 0.00011   
DON001-68   0.281157 0.000036 0.00073 0.02374 1.46712 0.00009   
DON001-69   0.281059 0.000045 0.00093 0.03176 1.46703 0.00012   
DON001-70   0.283780 0.018897 0.00117 0.05562 1.46658 0.01692   
DON001-71 2624 5 0.281108 0.000037 0.00069 0.02343 1.46719 0.00009 -0.9 1.3 

DON001-72 2608 7 0.281120 0.000037 0.00058 0.01902 1.46709 0.00010 -0.6 1.4 

DON001-73 711 4 0.282225 0.000031 0.00054 0.01883 1.46717 0.00009 -4.2 1.1 
DON001-74   0.281141 0.000034 0.00052 0.01697 1.46724 0.00008   
DON001-75   0.281194 0.000042 0.00098 0.03329 1.46711 0.00010   
DON001-76   0.280826 0.000048 0.00162 0.05668 1.46699 0.00013   
DON001-77 2654 13 0.281163 0.000040 0.00039 0.01289 1.46722 0.00009 2.3 1.4 

DON001-78   0.281180 0.000041 0.00143 0.04368 1.46714 0.00010   
DON001-79   0.280933 0.000044 0.00054 0.01790 1.46715 0.00007   
DON001-80   0.281151 0.000034 0.00051 0.01531 1.46693 0.00008   
DON001-81   0.281228 0.000061 0.00113 0.03852 1.46678 0.00017   
DON001-82   0.281115 0.000040 0.00121 0.03816 1.46721 0.00010   
DON001-83   0.281230 0.000031 0.00111 0.03373 1.46706 0.00030   
DON001-84   0.281011 0.000031 0.00054 0.01652 1.46709 0.00007   
DON001-85   0.281543 0.000045 0.00132 0.04269 1.46692 0.00016   
DON001-86   0.281060 0.000042 0.00031 0.00746 1.46669 0.00016   
DON001-87   0.281270 0.000044 0.00155 0.04901 1.46674 0.00015   
DON001-88 2589 4 0.281107 0.000036 0.00058 0.01939 1.46720 0.00010 -1.5 1.3 
DON001-89   0.281391 0.000036 0.00101 0.03489 1.46712 0.00009   
DON001-90 2631 12 0.280990 0.000041 0.00063 0.02090 1.46704 0.00010 -4.8 1.4 

DON001-91 990 5 0.282080 0.000043 0.00092 0.02967 1.46703 0.00013 -3.4 1.6 
DON001-92   0.281147 0.000037 0.00040 0.01110 1.46706 0.00012   
DON001-93 2623 4 0.281118 0.000038 0.00071 0.02402 1.46717 0.00008 -0.6 1.4 

DON001-94   0.281189 0.000038 0.00094 0.03056 1.46700 0.00009   
DON001-95   0.281060 0.000028 0.00104 0.03521 1.46727 0.00010   
DON001-96 2609 4 0.281119 0.000033 0.00081 0.02751 1.46728 0.00007 -1.0 1.1 

DON001-97   0.281354 0.000059 0.00094 0.02932 1.46693 0.00011   
DON001-98 2582 4 0.281158 0.000030 0.00058 0.01810 1.46719 0.00008 0.1 1.1 

DON001-99   0.280844 0.000106 0.00102 0.02934 1.46714 0.00088   
DON001-100   0.281139 0.000040 0.00058 0.01667 1.46728 0.00009   
DON001-101   0.281143 0.000034 0.00077 0.02537 1.46701 0.00009   
DON001-102   0.281038 0.000037 0.00064 0.01984 1.46698 0.00011   
DON001-103 2593 4 0.281144 0.000037 0.00058 0.01986 1.46714 0.00010 -0.1 1.4 
DON001-104   0.282025 0.000034 0.00078 0.02689 1.46713 0.00008   
DON001-105 2584 4 0.281144 0.000042 0.00078 0.02472 1.46726 0.00009 -0.7 1.5 

DON001-106   0.281305 0.000056 0.00131 0.03806 1.46695 0.00013   
DON001-107 2604 4 0.281101 0.000038 0.00060 0.01970 1.46720 0.00009 -1.4 1.4 

DON001-108   0.281143 0.000051 0.00064 0.01743 1.46694 0.00011   
DON001-109   0.281142 0.000029 0.00053 0.01669 1.46714 0.00008   
DON001-110 2595 4 0.281138 0.000038 0.00045 0.01469 1.46709 0.00011 0.0 1.4 

DON001-111 2905 4 0.280816 0.000038 0.00086 0.02784 1.46708 0.00008 -5.1 1.4 
DON001-112 2611 4 0.281100 0.000042 0.00060 0.01849 1.46714 0.00007 -1.3 1.5 

DON001-113 2608 3 0.281218 0.000030 0.00162 0.05144 1.46674 0.00015 1.0 1.1 

DON001-114   0.281163 0.000040 0.00108 0.03251 1.46704 0.00010   
DON001-115 633 2 0.281975 0.000035 0.00038 0.01199 1.46719 0.00008 -14.7 1.2 

DON001-116 2580 11 0.281109 0.000043 0.00046 0.01463 1.46710 0.00010 -1.4 1.5 

DON001-117 2639 8 0.281013 0.000041 0.00046 0.01352 1.46729 0.00007 -3.5 1.5 
DON001-118   0.281113 0.000033 0.00101 0.03326 1.46721 0.00010   
DON001-119   0.281127 0.000047 0.00055 0.01785 1.46718 0.00010   
DON001-120 2612 4 0.281154 0.000037 0.00068 0.02270 1.46716 0.00009 0.5 1.3 
DON001-121   0.281161 0.000028 0.00063 0.02124 1.46725 0.00009   
DON001-122   0.278801 0.006705 0.00101 0.04556 1.46478 0.00427   
DON001-123   0.281155 0.000034 0.00099 0.03333 1.46723 0.00008   
DON001-124 2581 7 0.281003 0.000029 0.00050 0.01632 1.46715 0.00006 -5.3 1.0 

FLD001-1 679 3 0.282398 0.000047 0.00089 0.03138 1.46728 0.00008 1.1 1.7 

FLD001-2 2644 4 0.281087 0.000032 0.00064 0.02125 1.46718 0.00009 -1.1 1.1 
FLD001-3 880 7 0.282004 0.000036 0.00064 0.02155 1.46722 0.00009 -8.3 1.3 

FLD001-4   0.280918 0.000062 0.00102 0.03128 1.46688 0.00014   
FLD001-5   0.282426 0.000041 0.00064 0.02191 1.46712 0.00008   
FLD001-6 706 3 0.282298 0.000029 0.00046 0.01622 1.46720 0.00008 -1.7 1.1 

FLD001-7 696 3 0.282393 0.000035 0.00059 0.02062 1.46717 0.00010 1.4 1.3 

FLD001-8 729 3 0.282326 0.000048 0.00058 0.02056 1.46718 0.00010 -0.2 1.7 
FLD001-9 562 4 0.282415 0.000048 0.00050 0.01412 1.46722 0.00007 -0.7 1.7 
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FLD001-10 695 4 0.282340 0.000055 0.00051 0.01790 1.46720 0.00012 -0.5 2.0 
FLD001-11   0.278918 0.020323 0.13671 5.73131 1.47359 0.01194   
FLD001-12   0.281158 0.000060 0.00062 0.02001 1.46724 0.00009   
FLD001-13 1159 9 0.281916 0.000035 0.00076 0.02640 1.46722 0.00005 -5.3 1.2 
FLD001-14 1183 6 0.281845 0.000033 0.00051 0.01700 1.46717 0.00007 -7.1 1.2 

FLD001-15   0.282349 0.000053 0.00124 0.04402 1.46717 0.00009   
FLD001-16   0.282387 0.000040 0.00074 0.02563 1.46729 0.00007   
FLD001-17 570 3 0.282451 0.000068 0.00067 0.01913 1.46737 0.00020 0.6 2.4 

FLD001-18   0.282038 0.000040 0.00138 0.04950 1.46714 0.00008   
FLD001-19   0.281136 0.000043 0.00073 0.02267 1.46720 0.00009   
FLD001-20 687 3 0.282351 0.000042 0.00174 0.06240 1.46717 0.00010 -0.8 1.5 

FLD001-21   0.282104 0.000064 0.00298 0.11658 1.46645 0.00026   
FLD001-22   0.282346 0.000041 0.00105 0.03906 1.46708 0.00014   
FLD001-23   0.282425 0.000042 0.00081 0.02862 1.46714 0.00010   
FLD001-24   0.281410 0.000068 0.00138 0.05289 1.46691 0.00017   
FLD001-25   0.282455 0.000063 0.00077 0.02698 1.46730 0.00016   
FLD001-26   0.281115 0.000049 0.00134 0.05678 1.46718 0.00011   
FLD001-27 1034 6 0.282051 0.000038 0.00074 0.02584 1.46713 0.00007 -3.3 1.3 

FLD001-28 711 4 0.282328 0.000039 0.00059 0.02040 1.46724 0.00007 -0.6 1.4 
FLD001-29   0.282503 0.000066 0.00272 0.10934 1.46711 0.00010   
FLD001-30   0.282073 0.000034 0.00122 0.04475 1.46714 0.00009   
FLD001-31   0.281138 0.000037 0.00056 0.01778 1.46721 0.00008   
FLD001-32 639 5 0.282441 0.000041 0.00036 0.01322 1.46709 0.00015 1.9 1.5 

FLD001-33 1192 8 0.281751 0.000060 0.00133 0.04852 1.46716 0.00006 -10.9 2.1 

FLD001-34   0.282052 0.000038 0.00069 0.02195 1.46716 0.00010   
FLD001-35 585 2 0.282543 0.000031 0.00052 0.01829 1.46713 0.00009 4.3 1.1 

FLD001-36 702 3 0.282188 0.000037 0.00098 0.03572 1.46720 0.00010 -5.9 1.3 

FLD001-37   0.282377 0.000046 0.00083 0.02921 1.46729 0.00010   
FLD001-38 725 4 0.282278 0.000036 0.00053 0.01832 1.46715 0.00009 -2.0 1.3 

FLD001-39 698 4 0.282358 0.000039 0.00075 0.02613 1.46717 0.00008 0.1 1.3 

FLD001-40   0.282328 0.000053 0.00078 0.02695 1.46706 0.00011   
FLD001-41   0.281105 0.000044 0.00046 0.01499 1.46715 0.00009   
FLD001-42 725 3 0.282286 0.000030 0.00054 0.01933 1.46724 0.00009 -1.7 1.1 

FLD001-43 655 3 0.282456 0.000045 0.00175 0.06692 1.46708 0.00010 2.2 1.6 
FLD001-44   0.282504 0.000039 0.00106 0.03530 1.46676 0.00017   
FLD001-45   0.281035 0.000044 0.00046 0.01532 1.46734 0.00014   
FLD001-46   0.281211 0.000061 0.00186 0.06448 1.46718 0.00020   
FLD001-47   0.282238 0.000050 0.00134 0.04948 1.46726 0.00012   
FLD001-48 669 4 0.282319 0.000051 0.00069 0.02619 1.46729 0.00016 -1.9 1.8 

FLD001-49   0.282346 0.000057 0.00094 0.03586 1.46704 0.00017   
FLD001-50 676 3 0.282299 0.000048 0.00144 0.05250 1.46717 0.00008 -2.7 1.7 

FLD001-51   0.281129 0.000041 0.00073 0.02406 1.46712 0.00010   
FLD001-52   0.281104 0.000037 0.00068 0.02308 1.46716 0.00013   
FLD001-53   0.282596 0.000095 0.00105 0.03476 1.46644 0.00039   
FLD001-54 1105 7 0.282023 0.000039 0.00106 0.03724 1.46729 0.00007 -3.0 1.3 

FLD004-1 678 3 0.282360 0.000043 0.00092 0.03324 1.46718 0.00010 -0.3 1.5 
FLD004-2   0.281460 0.000156 0.00000 0.00031 1.46719 0.00009   
FLD004-3 754 4 0.282139 0.000033 0.00040 0.01370 1.46728 0.00008 -6.2 1.1 

FLD004-4 718 4 0.282282 0.000049 0.00080 0.02811 1.46713 0.00007 -2.1 1.7 
FLD004-5 837 4 0.281997 0.000034 0.00083 0.02829 1.46715 0.00008 -9.6 1.2 

FLD004-6 707 4 0.282277 0.000031 0.00054 0.01867 1.46724 0.00009 -2.4 1.1 
FLD004-7 676 3 0.282274 0.000046 0.00065 0.02288 1.46718 0.00010 -3.3 1.6 

FLD004-8 1075 6 0.282023 0.000037 0.00061 0.02090 1.46719 0.00008 -3.3 1.3 

FLD004-9 689 3 0.282322 0.000038 0.00042 0.01400 1.46726 0.00010 -1.2 1.3 
FLD004-10 2721 5 0.281049 0.000033 0.00094 0.03237 1.46723 0.00010 -1.2 1.1 

FLD004-11 708 4 0.282302 0.000038 0.00048 0.01637 1.46711 0.00012 -1.5 1.3 

FLD004-12 694 4 0.282185 0.000030 0.00055 0.01905 1.46718 0.00009 -6.0 1.1 
FLD004-13 1115 6 0.282078 0.000027 0.00091 0.03092 1.46722 0.00008 -0.7 1.0 

FLD004-14 674 5 0.282270 0.000049 0.00073 0.02530 1.46718 0.00010 -3.5 1.8 

FLD004-15 522 2 0.282000 0.000041 0.00077 0.02712 1.46719 0.00009 -16.4 1.5 
FLD004-16   0.281929 0.000042 0.00096 0.03378 1.46719 0.00010   
FLD004-17 784 4 0.282059 0.000045 0.00070 0.02417 1.46717 0.00008 -8.5 1.6 

FLD004-18 654 3 0.282266 0.000033 0.00045 0.01558 1.46731 0.00010 -4.0 1.2 
FLD004-19 2427 11 0.281103 0.000057 0.00072 0.02488 1.46717 0.00009 -5.6 2.0 

FLD004-20 706 4 0.282374 0.000045 0.00044 0.01483 1.46721 0.00008 1.0 1.6 

FLD004-21 665 3 0.282321 0.000039 0.00135 0.04744 1.46716 0.00008 -2.2 1.4 
FLD004-22 681 3 0.282128 0.000039 0.00054 0.01911 1.46720 0.00010 -8.3 1.3 

FLD004-23 671 3 0.282310 0.000041 0.00088 0.03065 1.46719 0.00008 -2.2 1.4 

FLD004-24 1047 5 0.282033 0.000026 0.00091 0.03147 1.46721 0.00007 -3.8 0.9 
FLD004-25 1013 5 0.282032 0.000043 0.00059 0.01987 1.46722 0.00008 -4.4 1.6 

FLD004-26   0.282390 0.000049 0.00092 0.03211 1.46722 0.00008   
FLD004-27 1017 5 0.282088 0.000029 0.00124 0.04282 1.46728 0.00008 -2.7 1.0 
FLD004-28 1084 6 0.282027 0.000037 0.00130 0.04604 1.46723 0.00008 -3.5 1.3 
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FLD004-29   0.282020 0.000034 0.00064 0.02188 1.46729 0.00007   
FLD004-30   0.282061 0.000032 0.00050 0.01628 1.46717 0.00008   
FLD004-31 1191 7 0.281743 0.000031 0.00039 0.01187 1.46732 0.00007 -10.5 1.1 

FLD004-32   0.282297 0.000050 0.00088 0.02832 1.46688 0.00011   
FLD004-33 584 3 0.282425 0.000031 0.00064 0.02001 1.46735 0.00009 0.0 1.1 

FLD004-34 1097 11 0.282276 0.000045 0.00078 0.02682 1.46727 0.00008 6.0 1.6 

FLD004-35 591 2 0.282317 0.000034 0.00034 0.01143 1.46726 0.00006 -3.5 1.2 
FLD004-36 691 3 0.282270 0.000025 0.00074 0.02655 1.46724 0.00010 -3.1 0.9 

FLD004-37   0.282266 0.000036 0.00052 0.01833 1.46723 0.00008   
FLD004-38 705 4 0.282314 0.000043 0.00094 0.03320 1.46725 0.00008 -1.4 1.6 
FLD004-39   0.282418 0.000049 0.00154 0.05339 1.46732 0.00009   
FLD004-40 1037 5 0.282052 0.000032 0.00078 0.02661 1.46727 0.00008 -3.2 1.1 

FLD004-41 546 3 0.282423 0.000037 0.00044 0.01401 1.46744 0.00009 -0.8 1.3 
FLD004-42   0.282361 0.000067 0.00066 0.02028 1.46681 0.00020   
FLD004-43 1033 6 0.282005 0.000031 0.00084 0.02909 1.46723 0.00006 -5.0 1.1 

FLD004-44 677 5 0.282299 0.000036 0.00084 0.02932 1.46723 0.00008 -2.5 1.3 
FLD004-45 678 3 0.282398 0.000038 0.00051 0.01757 1.46725 0.00010 1.2 1.3 

FLD004-46 1028 6 0.282055 0.000040 0.00147 0.05214 1.46723 0.00007 -3.8 1.4 

FLD004-47 581 4 0.282092 0.000052 0.00020 0.00704 1.46723 0.00012 -11.6 1.8 
FLD004-48   0.297836 0.017566 0.06175 2.54746 1.46804 0.00976   
FLD004-49   0.282393 0.000034 0.00055 0.01872 1.46717 0.00006   
FLD004-50   0.282354 0.000040 0.00125 0.04788 1.46700 0.00013   
FLD004-51   0.282181 0.000031 0.00061 0.02372 1.46719 0.00008   
FLD004-52 693 3 0.282319 0.000033 0.00050 0.01774 1.46717 0.00007 -1.2 1.2 

FLD004-53 703 3 0.282447 0.000041 0.00174 0.06458 1.46717 0.00009 2.9 1.4 
FLD004-54 684 4 0.282413 0.000054 0.00184 0.06778 1.46711 0.00009 1.3 1.9 

FLD004-55 672 3 0.282291 0.000029 0.00052 0.01792 1.46720 0.00007 -2.7 1.1 

FLD004-56   15.12093 25.73964 -0.06065 16.23587 1.18858 0.72293   
FLD004-57 724 3 0.282342 0.000039 0.00054 0.01866 1.46720 0.00008 0.2 1.3 

FLD004-58 713 3 0.282321 0.000033 0.00055 0.01923 1.46723 0.00009 -0.7 1.1 

FLD004-59 715 4 0.282308 0.000039 0.00039 0.01328 1.46718 0.00008 -1.1 1.4 
FLD004-60   0.280994 0.000044 0.00136 0.04665 1.46705 0.00009   
FLD004-61 1051 7 0.282058 0.000032 0.00077 0.02601 1.46721 0.00006 -2.7 1.1 

FLD004-62 699 4 0.282322 0.000045 0.00063 0.02224 1.46719 0.00008 -1.1 1.6 
FLD004-63   0.281198 0.000056 0.00214 0.07642 1.46708 0.00010   
FLD004-64 735 4 0.282449 0.000042 0.00167 0.05943 1.46723 0.00007 3.7 1.5 

FLD004-65 604 3 0.282367 0.000047 0.00074 0.02652 1.46715 0.00010 -1.6 1.6 
FLD004-66 654 4 0.282380 0.000033 0.00049 0.01693 1.46729 0.00008 0.1 1.2 

FLD004-67   0.281148 0.000035 0.00089 0.03149 1.46715 0.00010   
FLD004-68 702 4 0.282292 0.000040 0.00079 0.02841 1.46714 0.00008 -2.1 1.4 

FLD004-69   0.282279 0.000039 0.00063 0.02249 1.46725 0.00008   
FLD004-70 584 2 0.282331 0.000026 0.00121 0.03853 1.46723 0.00007 -3.5 0.9 

FLD004-71   0.281050 0.000039 0.00080 0.02503 1.46687 0.00015   
FLD004-72 685 4 0.282254 0.000039 0.00069 0.02468 1.46722 0.00008 -3.8 1.3 

FLD004-73   0.281090 0.000036 0.00120 0.04159 1.46724 0.00008   
FLD004-74   0.282387 0.000046 0.00050 0.01740 1.46728 0.00009   
FLD004-75 694 4 0.282412 0.000034 0.00052 0.01746 1.46726 0.00008 2.1 1.2 

FLD004-76   0.282470 0.000032 0.00125 0.03934 1.46709 0.00010   
FLD004-77 684 4 0.282401 0.000038 0.00051 0.01777 1.46721 0.00007 1.5 1.3 
FLD004-78 700 5 0.282367 0.000033 0.00037 0.01240 1.46720 0.00008 0.7 1.2 

FLD004-79 790 4 0.282039 0.000038 0.00142 0.04866 1.46721 0.00009 -9.5 1.3 
FLD004-80   0.281099 0.000034 0.00085 0.02903 1.46720 0.00008   
FLD004-81   0.281098 0.000033 0.00035 0.01115 1.46717 0.00007   
FLD004-82 646 4 0.282368 0.000040 0.00078 0.02782 1.46727 0.00008 -0.7 1.4 
FLD004-83 1056 6 0.282062 0.000045 0.00098 0.03457 1.46728 0.00007 -2.6 1.6 

FLD004-84   0.281123 0.000032 0.00043 0.01403 1.46712 0.00009   
FLD004-85 1059 6 0.282044 0.000038 0.00053 0.01799 1.46721 0.00008 -2.9 1.3 
FLD004-86   0.282457 0.000064 0.00122 0.04804 1.46716 0.00009   
FLD004-87   0.282484 0.000067 0.00087 0.03073 1.46684 0.00015   
FLD004-88   0.282316 0.000076 0.00114 0.04508 1.46728 0.00009   
FLD004-89 686 4 0.282299 0.000042 0.00058 0.02012 1.46711 0.00009 -2.1 1.5 

FLD004-90   0.281819 0.000041 0.00127 0.05155 1.46701 0.00010   
FLD004-91 682 3 0.282337 0.000032 0.00059 0.02108 1.46720 0.00006 -0.9 1.1 
FLD004-92   0.282302 0.000040 0.00073 0.02628 1.46719 0.00010   
FLD004-93 709 3 0.282327 0.000044 0.00114 0.04131 1.46721 0.00009 -0.9 1.6 

FLD004-94   0.282070 0.000041 0.00074 0.02554 1.46721 0.00008   
FLD004-95   0.289874 0.026799 0.01525 0.59239 1.46999 0.01455   
FLD004-96 707 3 0.282343 0.000031 0.00089 0.03347 1.46718 0.00008 -0.3 1.1 

FLD004-97 963 5 0.282348 0.000046 0.00124 0.03413 1.46728 0.00008 5.3 1.6 
FLD004-98 743 3 0.282362 0.000031 0.00145 0.05378 1.46714 0.00005 0.9 1.1 

FLD004-99 708 5 0.282419 0.000036 0.00067 0.02340 1.46723 0.00008 2.6 1.3 

FLD004-100 706 3 0.282299 0.000041 0.00105 0.03816 1.46719 0.00010 -1.9 1.4 
FLD004-101 699 4 0.282297 0.000045 0.00050 0.01752 1.46724 0.00006 -1.9 1.6 
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FLD004-102 722 4 0.282265 0.000033 0.00061 0.02140 1.46725 0.00011 -2.6 1.2 
FLD004-103 683 4 0.282405 0.000048 0.00082 0.02871 1.46722 0.00009 1.4 1.7 

FLD004-104 2722 4 0.281145 0.000035 0.00177 0.06418 1.46703 0.00010 0.7 1.2 

FLD004-105 1218 7 0.281831 0.000040 0.00082 0.02844 1.46730 0.00009 -7.1 1.4 
FLD004-106   0.282337 0.000038 0.00054 0.01833 1.46719 0.00008   
FLD004-107   0.281148 0.000036 0.00069 0.02247 1.46716 0.00009   
FLD004-108 2682 5 0.281128 0.000065 0.00077 0.02553 1.46713 0.00008 1.0 2.3 
FLD004-109 1168 6 0.281886 0.000029 0.00070 0.02397 1.46720 0.00008 -6.2 1.1 

FLD004-110   0.281200 0.000046 0.00074 0.02261 1.46715 0.00011   
FLD004-111   0.282346 0.000024 0.00106 0.04093 1.46725 0.00007   
FLD004-112 1026 6 0.282051 0.000034 0.00097 0.03268 1.46703 0.00010 -3.6 1.2 

FLD004-113 645 3 0.282311 0.000040 0.00122 0.04201 1.46711 0.00008 -2.9 1.4 

FLD004-114   0.280963 0.000035 0.00052 0.01560 1.46727 0.00006   
FLD004-115   0.282488 0.000047 0.00210 0.08506 1.46713 0.00011   
FLD004-116   0.281207 0.000033 0.00075 0.02920 1.46710 0.00008   
FLD004-117   0.282377 0.000047 0.00142 0.04597 1.46700 0.00016   
FLD004-118   0.281369 0.000048 0.00064 0.02163 1.46718 0.00013   
FLD004-119   0.282466 0.000042 0.00176 0.06835 1.46704 0.00010   
FLD004-120 2685 5 0.281151 0.000034 0.00049 0.01518 1.46723 0.00010 2.4 1.2 
FLD004-121 704 6 0.282400 0.000033 0.00048 0.01470 1.46721 0.00007 1.9 1.2 

FLD004-122   0.282380 0.000038 0.00082 0.02980 1.46723 0.00008   
FLD004-123 2676 4 0.280945 0.000035 0.00040 0.01231 1.46724 0.00006 -5.0 1.3 
FLD005-1 554 5 0.282360 0.000042 0.00020 0.00682 1.46717 0.00008 -2.8 1.5 

FLD005-2   0.282390 0.000034 0.00053 0.01825 1.46724 0.00008   
FLD005-3 546 2 0.281930 0.000029 0.00053 0.01792 1.46726 0.00006 -18.3 1.1 
FLD005-4 716 4 0.282306 0.000031 0.00065 0.02296 1.46723 0.00007 -1.3 1.1 

FLD005-5 709 3 0.282397 0.000029 0.00099 0.03397 1.46719 0.00006 1.6 1.0 

FLD005-6 2669 6 0.281077 0.000053 0.00117 0.03956 1.46709 0.00010 -1.8 1.9 
FLD005-7 711 3 0.282271 0.000033 0.00055 0.01953 1.46721 0.00008 -2.6 1.1 

FLD005-8 646 3 0.282304 0.000051 0.00088 0.03086 1.46708 0.00010 -3.0 1.8 

FLD005-9 492 2 0.282036 0.000030 0.00036 0.01186 1.46728 0.00007 -15.7 1.1 
FLD005-10 2811 8 0.281037 0.000033 0.00082 0.02730 1.46719 0.00006 0.7 1.2 

FLD005-11 687 3 0.282444 0.000057 0.00187 0.06714 1.46727 0.00009 2.4 2.0 

FLD005-12 690 5 0.282401 0.000043 0.00045 0.01575 1.46724 0.00008 1.6 1.5 
FLD005-13   0.282322 0.000047 0.00069 0.02472 1.46707 0.00009   
FLD005-14 701 4 0.282299 0.000044 0.00078 0.02766 1.46723 0.00007 -1.9 1.6 

FLD005-15 703 3 0.282300 0.000032 0.00073 0.02598 1.46722 0.00008 -1.8 1.1 
FLD005-16   0.282362 0.000037 0.00058 0.02073 1.46719 0.00008   
FLD005-17   0.282350 0.000039 0.00102 0.03182 1.46721 0.00008   
FLD005-18   0.282288 0.000033 0.00050 0.01736 1.46722 0.00009   
FLD005-19   0.281855 0.000074 0.00038 0.01347 1.46716 0.00010   
FLD005-20 621 3 0.282229 0.000038 0.00111 0.03721 1.46725 0.00011 -6.3 1.3 

FLD005-21 717 4 0.282064 0.000031 0.00035 0.01192 1.46727 0.00006 -9.7 1.1 
FLD005-22 1053 7 0.282060 0.000042 0.00084 0.02842 1.46717 0.00008 -2.6 1.5 

FLD005-23 1185 8 0.282006 0.000037 0.00056 0.01906 1.46721 0.00006 -1.4 1.3 

FLD005-24 716 3 0.282337 0.000036 0.00082 0.03051 1.46721 0.00008 -0.2 1.3 
FLD005-25   0.280717 0.000033 0.00072 0.02304 1.46721 0.00008   
FLD005-26 614 4 0.282004 0.000032 0.00079 0.02678 1.46720 0.00010 -14.3 1.1 

FLD005-27 669 5 0.282337 0.000033 0.00041 0.01333 1.46726 0.00007 -1.1 1.2 
FLD005-28 632 4 0.282312 0.000047 0.00087 0.02867 1.46715 0.00009 -3.0 1.7 

FLD005-29 694 4 0.282230 0.000039 0.00079 0.02861 1.46719 0.00007 -4.5 1.4 
FLD005-30 904 7 0.282050 0.000051 0.00100 0.03285 1.46720 0.00008 -6.4 1.8 

FLD005-31 998 6 0.282058 0.000043 0.00073 0.02529 1.46718 0.00007 -3.9 1.5 

FLD005-32   0.282376 0.000036 0.00067 0.02323 1.46721 0.00009   
FLD005-33 994 6 0.282035 0.000037 0.00105 0.03631 1.46720 0.00008 -5.0 1.3 

FLD005-34 654 4 0.282394 0.000045 0.00110 0.03763 1.46720 0.00010 0.3 1.6 

FLD005-35 714 5 0.282192 0.000036 0.00113 0.04061 1.46715 0.00010 -5.6 1.3 
FLD005-36   0.282368 0.000034 0.00045 0.01503 1.46730 0.00008   
FLD005-37 706 3 0.282306 0.000040 0.00086 0.03093 1.46716 0.00007 -1.6 1.4 

FLD005-38   0.280943 0.000032 0.00049 0.01548 1.46721 0.00008   
FLD005-39 1048 6 0.281977 0.000034 0.00014 0.00584 1.46714 0.00009 -5.2 1.2 

FLD005-40 702 4 0.282354 0.000033 0.00070 0.02536 1.46731 0.00007 0.1 1.1 

FLD005-41   0.282304 0.000031 0.00045 0.01624 1.46717 0.00009   
FLD005-42 536 3 0.281433 0.000024 0.00034 0.01093 1.46719 0.00007 -36.0 0.8 

FLD005-43 726 3 0.282267 0.000037 0.00073 0.02609 1.46725 0.00009 -2.5 1.3 

FLD005-44 1072 6 0.282016 0.000037 0.00056 0.01909 1.46718 0.00007 -3.6 1.3 
FLD005-45 683 3 0.282324 0.000035 0.00074 0.02620 1.46719 0.00009 -1.4 1.2 

FLD005-46   0.281042 0.000033 0.00032 0.01104 1.46721 0.00008   
FLD005-47 610 3 0.282467 0.000046 0.00158 0.05649 1.46711 0.00007 1.7 1.6 
FLD005-48 634 5 0.282403 0.000052 0.00112 0.03702 1.46725 0.00009 0.2 1.8 

FLD005-49 1105 6 0.282045 0.000034 0.00082 0.02850 1.46722 0.00006 -2.0 1.2 

FLD005-50   0.281430 0.000036 0.00025 0.00827 1.46730 0.00007   
FLD005-51 687 4 0.282387 0.000037 0.00052 0.01738 1.46717 0.00009 1.0 1.3 
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FLD005-52 734 3 0.282371 0.000028 0.00065 0.02283 1.46719 0.00007 1.4 1.0 
FLD005-53 657 3 0.282294 0.000029 0.00061 0.02178 1.46720 0.00008 -3.0 1.1 

FLD005-54 544 5 0.282146 0.000034 0.00023 0.00835 1.46721 0.00008 -10.6 1.2 

FLD005-55 689 3 0.282411 0.000039 0.00140 0.05239 1.46710 0.00008 1.5 1.4 
FLD005-56 681 3 0.282475 0.000061 0.00117 0.04061 1.46727 0.00008 3.7 2.2 

FLD005-57 665 4 0.282400 0.000037 0.00077 0.02599 1.46721 0.00007 0.9 1.3 

FLD005-58   0.282005 0.000033 0.00054 0.01879 1.46720 0.00007   
FLD005-59 508 2 0.281902 0.000047 0.00100 0.03545 1.46725 0.00009 -20.3 1.6 

FLD005-60 642 4 0.282444 0.000048 0.00104 0.03711 1.46723 0.00008 1.8 1.7 

FLD005-61   0.282416 0.000034 0.00068 0.02180 1.46720 0.00007   
FLD005-62   0.281032 0.000042 0.00042 0.01387 1.46716 0.00009   
FLD005-63   0.281066 0.000057 0.00224 0.08886 1.46707 0.00012   
FLD005-64 704 3 0.282364 0.000034 0.00055 0.01955 1.46720 0.00006 0.6 1.2 
FLD005-65 1065 6 0.282035 0.000038 0.00064 0.02209 1.46722 0.00007 -3.1 1.3 

FLD005-66   0.282057 0.000035 0.00096 0.03391 1.46719 0.00007   
FLD005-67 691 3 0.282282 0.000034 0.00090 0.03241 1.46723 0.00007 -2.8 1.2 
FLD005-68 687 6 0.282332 0.000028 0.00057 0.02060 1.46722 0.00008 -0.9 1.0 

FLD005-69 582 2 0.282196 0.000034 0.00018 0.00629 1.46722 0.00009 -7.9 1.2 

FLD005-70 2638 4 0.281091 0.000035 0.00062 0.02043 1.46719 0.00007 -1.0 1.3 
FLD005-71 1043 6 0.282017 0.000036 0.00105 0.03603 1.46720 0.00007 -4.5 1.3 

FLD005-72 564 3 0.282375 0.000037 0.00033 0.01103 1.46721 0.00007 -2.0 1.3 

FLD005-73 733 4 0.282308 0.000032 0.00081 0.02849 1.46719 0.00007 -0.9 1.1 
FLD005-74 716 3 0.282337 0.000036 0.00066 0.02374 1.46716 0.00007 -0.2 1.3 

FLD005-75 1070 6 0.282091 0.000035 0.00131 0.04514 1.46710 0.00008 -1.5 1.2 

FLD005-76 713 3 0.282277 0.000031 0.00060 0.02088 1.46720 0.00006 -2.3 1.1 
FLD005-77   0.282449 0.000046 0.00267 0.10245 1.46700 0.00012   
FLD005-78 1094 6 0.282034 0.000036 0.00066 0.02304 1.46722 0.00009 -2.5 1.3 

FLD005-79   0.282352 0.000044 0.00067 0.02484 1.46706 0.00010   
FLD005-80   0.282321 0.000047 0.00105 0.03895 1.46719 0.00006   
FLD005-81   0.282170 0.000039 0.00135 0.04875 1.46714 0.00009   
FLD005-82 2606 5 0.281098 0.000035 0.00063 0.02027 1.46718 0.00008 -1.5 1.3 
FLD005-83 686 3 0.282440 0.000044 0.00218 0.07893 1.46714 0.00007 2.1 1.6 

FLD005-84 658 4 0.282422 0.000032 0.00078 0.02515 1.46722 0.00007 1.5 1.1 

FLD005-85 1077 6 0.282027 0.000032 0.00101 0.03488 1.46715 0.00007 -3.4 1.1 
FLD005-86 850 5 0.282145 0.000024 0.00103 0.03854 1.46710 0.00007 -4.2 0.9 

FLD005-87   0.287065 0.010347 0.02863 1.19580 1.46679 0.00505   
FLD005-88   0.281126 0.000047 0.00074 0.02374 1.46714 0.00009   
FLD005-89 730 4 0.282389 0.000036 0.00081 0.02722 1.46722 0.00009 1.9 1.3 

FLD005-90 686 3 0.282414 0.000041 0.00100 0.03624 1.46719 0.00008 1.7 1.4 

FLD005-91   0.282034 0.000028 0.00076 0.02650 1.46717 0.00008   
FLD005-92   0.282266 0.000041 0.00068 0.02487 1.46715 0.00007   
FLD005-93 1667 10 0.281668 0.000032 0.00084 0.02781 1.46716 0.00008 -2.9 1.1 

FLD005-94 960 9 0.281995 0.000038 0.00058 0.01922 1.46717 0.00010 -6.8 1.3 
FLD005-95 716 4 0.282477 0.000040 0.00220 0.07860 1.46722 0.00009 4.1 1.4 

FLD005-96   0.281353 0.000055 0.00224 0.08704 1.46704 0.00010   
FLD005-97   0.281176 0.000051 0.00047 0.01469 1.46694 0.00014   
FLD005-98   0.281714 0.000044 0.00075 0.02417 1.46714 0.00009   
FLD005-99   0.281271 0.000034 0.00059 0.02067 1.46702 0.00008   
FLD005-100 1199 7 0.281946 0.000028 0.00103 0.03403 1.46717 0.00007 -3.6 1.0 
FLD005-101   0.282393 0.000048 0.00073 0.02758 1.46702 0.00018   
FLD005-102 705 3 0.282402 0.000034 0.00080 0.02863 1.46716 0.00007 1.8 1.2 
FLD005-103   0.282378 0.000038 0.00053 0.01815 1.46714 0.00010   
FLD005-104 711 3 0.282303 0.000036 0.00060 0.02089 1.46713 0.00007 -1.5 1.3 

FLD005-105 695 5 0.282229 0.000043 0.00078 0.02677 1.46704 0.00009 -4.5 1.5 
FLD005-106   0.293823 0.009772 0.07686 3.05212 1.47073 0.00944   
FLD005-107 1002 6 0.282064 0.000042 0.00129 0.04674 1.46722 0.00012 -3.9 1.5 

FLD005-108   0.281125 0.000038 0.00074 0.02567 1.46712 0.00008   
FLD005-109 697 4 0.282266 0.000042 0.00095 0.03459 1.46723 0.00009 -3.2 1.5 

FLD005-110 704 3 0.282296 0.000027 0.00059 0.02119 1.46716 0.00010 -1.9 1.0 

FLD005-111 715 5 0.282399 0.000037 0.00065 0.02258 1.46722 0.00008 2.0 1.3 
FLD005-112   0.281323 0.000048 0.00144 0.05596 1.46673 0.00014   
FLD005-113   0.281124 0.000048 0.00083 0.03015 1.46708 0.00009   
FLD005-114   0.281144 0.000043 0.00151 0.05193 1.46714 0.00009   
FLD005-115   0.895270 0.054711 0.22038 16.60700 0.97467 0.04538   
FLD005-116   0.282319 0.000036 0.00086 0.03170 1.46711 0.00008   
FLD005-117   0.281936 0.000071 0.00106 0.03530 1.46678 0.00017   
FLD005-118 2705 6 0.281142 0.000032 0.00080 0.02417 1.46725 0.00009 2.0 1.1 

FLD005-119   0.282464 0.000097 0.00153 0.05928 1.46695 0.00023   
FLD005-120   0.281943 0.000039 0.00083 0.02916 1.46696 0.00011   
FLD005-121   0.282342 0.000038 0.00104 0.03792 1.46725 0.00006   
FLD005-122 669 4 0.282293 0.000040 0.00041 0.01494 1.46722 0.00009 -2.7 1.4 

FLD005-123   0.281242 0.000047 0.00230 0.08058 1.46715 0.00008   
FLD005-124   0.282329 0.000036 0.00132 0.05157 1.46705 0.00008   
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FLD005-125   0.282468 0.000033 0.00130 0.04491 1.46714 0.00007   
GB001-1 656 5 0.282379 0.000043 0.00050 0.01755 1.46711 0.00008 0.1 1.6 

GB001-2   0.282068 0.000039 0.00039 0.01338 1.46726 0.00007   
GB001-3 1043 6 0.282051 0.000038 0.00080 0.02657 1.46713 0.00007 -3.2 1.3 
GB001-4 687 3 0.282372 0.000046 0.00115 0.04043 1.46723 0.00007 0.2 1.6 

GB001-5 638 4 0.282312 0.000041 0.00099 0.03638 1.46719 0.00010 -2.9 1.4 

GB001-6 1188 7 0.281626 0.000036 0.00080 0.02774 1.46718 0.00007 -15.0 1.3 
GB001-7 1215 8 0.281650 0.000033 0.00037 0.01171 1.46722 0.00009 -13.2 1.1 

GB001-8   0.281980 0.000042 0.00059 0.01949 1.46709 0.00009   
GB001-9 676 3 0.282397 0.000039 0.00075 0.02467 1.46683 0.00016 1.0 1.4 
GB001-10   0.282031 0.000042 0.00079 0.02710 1.46719 0.00008   
GB001-11   0.282180 0.000040 0.00040 0.01281 1.46720 0.00008   
GB001-12   0.282131 0.000045 0.00046 0.01464 1.46688 0.00011   
GB001-13   0.281702 0.000049 0.00057 0.01977 1.46714 0.00009   
GB001-14   0.281942 0.000030 0.00059 0.01915 1.46715 0.00007   
GB001-15 1147 8 0.281810 0.000047 0.00073 0.02654 1.46706 0.00014 -9.3 1.7 
GB001-16 561 2 0.282026 0.000031 0.00054 0.01872 1.46726 0.00007 -14.5 1.1 

GB001-17 1025 6 0.282052 0.000048 0.00046 0.01432 1.46683 0.00014 -3.3 1.7 

GB001-18   0.282034 0.000034 0.00116 0.04041 1.46720 0.00008   
GB001-19 517 2 0.281942 0.000032 0.00019 0.00594 1.46703 0.00009 -18.4 1.1 

GB001-20   0.282041 0.000047 0.00075 0.02672 1.46720 0.00014   
GB001-21 1053 6 0.282048 0.000031 0.00141 0.04693 1.46695 0.00020 -3.5 1.1 
GB001-22   0.282061 0.000088 0.00061 0.01967 1.46728 0.00035   
GB001-23 1163 6 0.282148 0.000039 0.00067 0.02118 1.46720 0.00008 3.0 1.3 

GB001-24 670 4 0.282452 0.000053 0.00088 0.02789 1.46681 0.00013 2.8 1.9 
GB001-25 1204 8 0.281807 0.000035 0.00047 0.01613 1.46712 0.00009 -8.0 1.2 

GB001-26   0.282407 0.000049 0.00097 0.03140 1.46703 0.00012   
GB001-27 1024 6 0.282054 0.000031 0.00128 0.04109 1.46699 0.00009 -3.8 1.1 
GB001-28 682 5 0.282403 0.000039 0.00128 0.04494 1.46736 0.00012 1.1 1.3 

GB001-29   0.282014 0.000036 0.00083 0.03290 1.46699 0.00011   
GB001-30 1166 8 0.281812 0.000035 0.00042 0.01391 1.46709 0.00010 -8.6 1.2 
GB001-31 679 4 0.282314 0.000032 0.00059 0.02002 1.46707 0.00011 -1.8 1.1 

GB001-32 2577 6 0.281142 0.000058 0.00081 0.02445 1.46667 0.00026 -1.0 2.1 

GB001-33 681 4 0.282367 0.000080 0.00131 0.04715 1.46722 0.00022 -0.2 2.8 
GB001-34 1142 8 0.282230 0.000040 0.00084 0.02526 1.46684 0.00014 5.4 1.4 

GB001-35   0.282019 0.000044 0.00097 0.03096 1.46700 0.00013   
GB001-36 979 7 0.282092 0.000042 0.00103 0.03648 1.46712 0.00009 -3.3 1.5 
GB001-37   0.282048 0.000046 0.00048 0.01453 1.46673 0.00021   
GB001-38   0.282054 0.000032 0.00083 0.02880 1.46711 0.00012   
GB001-39 2326 10 0.281174 0.000050 0.00043 0.01485 1.46706 0.00013 -4.9 1.8 

GB001-40 576 3 0.282412 0.000033 0.00043 0.01359 1.46699 0.00012 -0.5 1.1 

GB001-41   0.280980 0.000055 0.00052 0.01641 1.46701 0.00011   
GB001-42   0.282046 0.000048 0.00102 0.03553 1.46707 0.00011   
GB001-43   0.282037 0.000037 0.00106 0.03502 1.46714 0.00007   
GB001-44   0.282103 0.000044 0.00110 0.03855 1.46698 0.00016   
GB001-45 696 3 0.282114 0.000054 0.00054 0.01700 1.46719 0.00010 -8.5 1.9 
GB001-46 532 3 0.282510 0.000050 0.00022 0.00658 1.46708 0.00012 2.1 1.8 

GB001-47 684 3 0.282297 0.000034 0.00046 0.01639 1.46720 0.00009 -2.2 1.2 

GB001-48   0.282413 0.000046 0.00085 0.02687 1.46695 0.00015   
GB001-49 2701 6 0.281213 0.000062 0.00166 0.05794 1.46716 0.00018 2.8 2.2 

GB001-50 683 3 0.282370 0.000058 0.00089 0.03216 1.46713 0.00011 0.2 2.1 
GB001-51 587 4 0.282348 0.000031 0.00038 0.01247 1.46721 0.00010 -2.5 1.1 

GB001-52 1192 8 0.281807 0.000041 0.00045 0.01493 1.46727 0.00014 -8.2 1.4 

GB001-53 875 5 0.282259 0.000046 0.00074 0.02391 1.46688 0.00011 0.5 1.6 
GB001-54 545 2 0.281413 0.000028 0.00012 0.00367 1.46721 0.00008 -36.5 1.0 

GB001-55   0.282423 0.000044 0.00187 0.07541 1.46728 0.00007   
GB001-56 2720 6 0.281084 0.000038 0.00073 0.02047 1.46720 0.00009 0.4 1.4 
GB001-57 929 6 0.282123 0.000038 0.00048 0.01650 1.46721 0.00010 -2.9 1.3 

GB001-58 655 3 0.282327 0.000033 0.00051 0.01714 1.46709 0.00009 -1.8 1.2 

GB001-59   0.282115 0.000032 0.00039 0.01272 1.46711 0.00012   
GB001-60 1204 9 0.281701 0.000032 0.00066 0.02179 1.46708 0.00011 -11.9 1.1 

GB001-61 771 5 0.282204 0.000044 0.00048 0.01662 1.46714 0.00008 -3.6 1.6 

GB001-62 645 3 0.282327 0.000031 0.00054 0.01839 1.46721 0.00010 -2.0 1.1 
GB001-63   0.282335 0.000039 0.00076 0.02416 1.46704 0.00013   
GB001-64   0.281017 0.000070 0.00076 0.02256 1.46672 0.00018   
GB001-65   0.280946 0.000032 0.00101 0.03435 1.46716 0.00013   
GB001-66   0.281041 0.000064 0.00073 0.02164 1.46695 0.00025   
GB001-67   0.281263 0.000048 0.00064 0.01878 1.46699 0.00012   
GB001-68 623 4 0.282198 0.000038 0.00038 0.01239 1.46737 0.00010 -7.0 1.3 
GB001-69 659 4 0.282129 0.000031 0.00031 0.01073 1.46718 0.00008 -8.6 1.1 

GB001-70 651 3 0.282303 0.000025 0.00061 0.02249 1.46717 0.00009 -2.8 0.9 

GB001-71   0.281776 0.000039 0.00071 0.02432 1.46718 0.00014   
GB001-72 575 3 0.282203 0.000037 0.00002 0.00095 1.46708 0.00010 -7.8 1.3 
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GB001-73   0.281667 0.000036 0.00058 0.01755 1.46729 0.00011   
GB001-74   0.282025 0.000044 0.00122 0.04538 1.46701 0.00014   
GB001-75   0.282023 0.000039 0.00054 0.01825 1.46725 0.00011   
GB001-76 675 4 0.282280 0.000037 0.00047 0.01590 1.46689 0.00009 -3.0 1.3 
GB001-77 1158 8 0.282063 0.000036 0.00049 0.01592 1.46721 0.00010 0.1 1.3 

GB001-78 2638 5 0.280950 0.000041 0.00058 0.01754 1.46718 0.00010 -6.0 1.4 

GB001-79   0.282061 0.000040 0.00047 0.01506 1.46699 0.00014   
GB001-80 2695 10 0.281035 0.000054 0.00071 0.02284 1.46678 0.00016 -1.9 1.9 

GB001-81 691 4 0.282383 0.000035 0.00058 0.02042 1.46710 0.00009 0.9 1.3 

GB001-82 530 2 0.281915 0.000040 0.00066 0.02288 1.46713 0.00013 -19.2 1.4 
GB001-83   0.281044 0.000049 0.00059 0.01987 1.46711 0.00011   
GB001-84   0.281841 0.000033 0.00040 0.01660 1.46703 0.00010   
GB001-85 1162 6 0.281511 0.000029 0.00051 0.01838 1.46716 0.00009 -19.4 1.0 
GB001-86 1208 8 0.281839 0.000045 0.00053 0.01749 1.46693 0.00011 -6.8 1.6 

GB001-87 1013 7 0.282082 0.000043 0.00093 0.02902 1.46703 0.00010 -2.8 1.5 

GB001-88 1017 6 0.282055 0.000034 0.00148 0.05273 1.46723 0.00008 -4.1 1.2 
GB001-89   0.282376 0.000036 0.00066 0.02245 1.46711 0.00007   
GB001-90 1122 8 0.282059 0.000055 0.00112 0.03402 1.46707 0.00010 -1.4 1.9 

GB001-91 699 4 0.282359 0.000041 0.00049 0.01775 1.46707 0.00013 0.3 1.4 
GB001-92 1227 8 0.281804 0.000035 0.00057 0.01967 1.46712 0.00008 -7.6 1.2 

GB001-93 1209 8 0.281903 0.000040 0.00023 0.00747 1.46707 0.00010 -4.3 1.4 

GB001-94 1043 9 0.282099 0.000040 0.00043 0.01401 1.46719 0.00009 -1.2 1.4 
GB001-95 599 4 0.282005 0.000028 0.00036 0.01335 1.46715 0.00008 -14.4 1.0 

GB001-96 1128 8 0.282120 0.000055 0.00056 0.01716 1.46710 0.00015 1.4 1.9 

GB001-97 663 4 0.282402 0.000064 0.00062 0.01951 1.46694 0.00018 1.0 2.3 
GB001-98   0.282055 0.000041 0.00017 0.00594 1.46695 0.00012   
GB001-99   0.281673 0.000040 0.00122 0.04034 1.46698 0.00012   
GB001-100 645 4 0.282390 0.000047 0.00084 0.02531 1.46705 0.00015 0.1 1.6 
GB001-101 555 3 0.281989 0.000053 0.00077 0.02295 1.46691 0.00016 -16.1 1.9 

GB001-102 1176 7 0.281800 0.000033 0.00052 0.01861 1.46718 0.00008 -8.9 1.1 

GB001-103 1228 8 0.281783 0.000029 0.00030 0.01001 1.46723 0.00008 -8.1 1.0 
GB001-104 708 4 0.282348 0.000030 0.00066 0.02309 1.46709 0.00008 0.0 1.1 

GB001-105   0.282372 0.000034 0.00106 0.03756 1.46722 0.00008   
GB001-106   0.282402 0.000061 0.00048 0.01495 1.46718 0.00014   
GB001-107   0.280957 0.000042 0.00127 0.03775 1.46718 0.00009   
GB001-108 526 3 0.282360 0.000028 0.00026 0.00996 1.46725 0.00009 -3.4 1.0 

GB001-109   0.282340 0.000042 0.00045 0.01499 1.46722 0.00009   
GB001-110   0.282071 0.000032 0.00068 0.02330 1.46727 0.00012   
GB001-111 696 5 0.282295 0.000038 0.00055 0.01907 1.46734 0.00009 -2.0 1.3 

GB001-112   0.282345 0.000031 0.00068 0.02350 1.46726 0.00009   
GB001-113   0.282043 0.000046 0.00084 0.02897 1.46719 0.00010   
GB001-114   0.282056 0.000034 0.00108 0.03865 1.46728 0.00009   
GB001-115 655 3 0.282343 0.000031 0.00049 0.01698 1.46713 0.00008 -1.2 1.1 
GB001-116   0.281627 0.000052 0.00024 0.00757 1.46704 0.00009   
GB001-117 1159 7 0.282074 0.000028 0.00058 0.01922 1.46718 0.00008 0.4 1.0 

GB001-118   0.282059 0.000033 0.00075 0.02424 1.46694 0.00012   
GB001-119 530 4 0.282013 0.000037 0.00061 0.02073 1.46728 0.00011 -15.7 1.3 

GB001-120 635 3 0.282326 0.000039 0.00094 0.03039 1.46702 0.00012 -2.5 1.4 

GB001-121 1051 7 0.282059 0.000045 0.00069 0.02488 1.46705 0.00009 -2.6 1.6 
GB001-122 522 4 0.282477 0.000034 0.00044 0.01211 1.46710 0.00011 0.6 1.2 

GB001-123   0.281138 0.000041 0.00061 0.01734 1.46705 0.00011   
GB001-124 703 4 0.282366 0.000032 0.00051 0.01796 1.46720 0.00008 0.6 1.1 

GB001-125   0.282344 0.000034 0.00094 0.03314 1.46720 0.00009   
HAR005-1   0.282142 0.000037 0.00109 0.03857 1.46735 0.00008   
HAR005-2 613 3 0.282334 0.000046 0.00261 0.08295 1.46727 0.00011 -3.3 1.6 

HAR005-3 660 4 0.281995 0.000037 0.00113 0.04144 1.46737 0.00009 -13.7 1.3 

HAR005-4 689 4 0.282293 0.000030 0.00041 0.01436 1.46727 0.00011 -2.2 1.1 
HAR005-5 658 5 0.282348 0.000053 0.00066 0.01969 1.46719 0.00012 -1.1 1.8 

HAR005-6   0.282188 0.000048 0.00106 0.03721 1.46735 0.00011   
HAR005-7   0.282295 0.000045 0.00068 0.02391 1.46729 0.00010   
HAR005-8 527 2 0.282411 0.000033 0.00018 0.00638 1.46718 0.00010 -1.5 1.1 

HAR005-9 627 3 0.282268 0.000033 0.00083 0.02548 1.46736 0.00012 -4.6 1.2 

HAR005-10 1208 7 0.281670 0.000041 0.00086 0.03082 1.46733 0.00013 -13.1 1.4 
HAR005-11 629 3 0.282243 0.000046 0.00107 0.03667 1.46727 0.00012 -5.6 1.6 

HAR005-12   0.282205 0.000056 0.00101 0.03385 1.46729 0.00011   
HAR005-13 666 3 0.282213 0.000040 0.00073 0.02225 1.46737 0.00009 -5.7 1.4 
HAR005-14   0.282043 0.000063 0.00266 0.11051 1.46726 0.00011   
HAR005-15 551 3 0.282004 0.000048 0.00054 0.01807 1.46732 0.00010 -15.5 1.7 

HAR005-16 727 4 0.282201 0.000037 0.00075 0.02740 1.46730 0.00011 -4.8 1.3 
HAR005-17   0.282297 0.000040 0.00076 0.02569 1.46728 0.00011   
HAR005-18   0.282281 0.000046 0.00069 0.02272 1.46735 0.00012   
HAR005-19   0.281916 0.000040 0.00015 0.00473 1.46730 0.00013   
HAR005-20 746 4 0.281938 0.000039 0.00086 0.03053 1.46725 0.00009 -13.7 1.4 



 

136 

 

Analysis No. 

Age 

(Ma) 

2σ 

abs err 

176Hf/ 
177Hf 

2σ 

abs err 

176Lu/ 
177Hf 

176Yb/ 
177Hf 

178Hf/ 
177Hf 

2σ 

abs err εHft  

2σ 

abs err 

HAR005-21   0.282296 0.000037 0.00065 0.02172 1.46732 0.00011   
HAR005-22   0.278133 0.022330 0.12302 4.92732 1.47951 0.01482   
HAR005-23 569 2 0.282334 0.000035 0.00051 0.01526 1.46721 0.00010 -3.5 1.3 

HAR005-24   0.282336 0.000048 0.00119 0.04392 1.46732 0.00013   
HAR005-25 694 3 0.282294 0.000045 0.00108 0.03877 1.46731 0.00012 -2.4 1.6 

HAR005-26 695 4 0.282275 0.000052 0.00066 0.02363 1.46725 0.00012 -2.8 1.8 

HAR005-27 678 3 0.282309 0.000047 0.00075 0.02725 1.46739 0.00012 -2.0 1.6 
HAR005-28 1049 6 0.281888 0.000039 0.00092 0.03313 1.46730 0.00010 -8.9 1.3 

HAR005-29 708 4 0.282176 0.000036 0.00071 0.02669 1.46728 0.00009 -6.1 1.3 

HAR005-30 580 2 0.282197 0.000039 0.00049 0.01438 1.46737 0.00011 -8.1 1.3 
HAR005-31 688 6 0.282350 0.000036 0.00045 0.01512 1.46734 0.00010 -0.2 1.3 

HAR005-32 962 6 0.281942 0.000040 0.00082 0.02940 1.46731 0.00011 -8.8 1.4 

HAR005-33 2763 6 0.280947 0.000038 0.00066 0.02061 1.46731 0.00012 -3.4 1.4 
HAR005-34   0.282365 0.000043 0.00078 0.02500 1.46736 0.00011   
HAR005-35 984 6 0.282004 0.000034 0.00058 0.02017 1.46740 0.00009 -6.0 1.2 

HAR005-36 1067 6 0.281971 0.000037 0.00065 0.02273 1.46734 0.00009 -5.4 1.3 
HAR005-37   0.281443 0.000029 0.00054 0.01851 1.46730 0.00012   
HAR005-38   0.282418 0.000033 0.00056 0.01962 1.46733 0.00012   
HAR005-39   0.282374 0.000045 0.00069 0.02472 1.46729 0.00010   
HAR005-40 638 4 0.282340 0.000048 0.00102 0.03523 1.46727 0.00010 -1.9 1.7 

HAR005-41   0.282011 0.000055 0.00070 0.02414 1.46729 0.00011   
HAR005-42 663 3 0.282332 0.000037 0.00061 0.02185 1.46733 0.00012 -1.5 1.3 
HAR005-43 650 3 0.282380 0.000049 0.00057 0.01900 1.46721 0.00011 -0.1 1.8 

HAR005-44   0.282336 0.000036 0.00061 0.01980 1.46730 0.00011   
HAR005-45 693 3 0.282326 0.000039 0.00068 0.02458 1.46731 0.00009 -1.1 1.4 
HAR005-46 1234 8 0.281670 0.000039 0.00068 0.02294 1.46740 0.00012 -12.3 1.3 

HAR005-47 690 4 0.282337 0.000031 0.00049 0.01736 1.46734 0.00009 -0.7 1.1 

HAR005-48   0.282331 0.000042 0.00028 0.00997 1.46725 0.00010   
HAR005-49 2608 4 0.281068 0.000036 0.00063 0.02125 1.46729 0.00009 -2.6 1.3 

HAR005-50 2608 4 0.281125 0.000039 0.00070 0.02419 1.46723 0.00011 -0.7 1.4 

HAR005-51   0.282334 0.000049 0.00078 0.02615 1.46729 0.00011   
HAR005-52   0.282380 0.000035 0.00070 0.02627 1.46727 0.00012   
HAR005-53 585 5 0.282434 0.000036 0.00038 0.01231 1.46732 0.00010 0.5 1.3 

HAR005-54   0.282370 0.000046 0.00037 0.01201 1.46729 0.00009   
HAR005-55 708 3 0.282267 0.000042 0.00127 0.05026 1.46730 0.00011 -3.1 1.5 

HAR005-56 572 2 0.282294 0.000029 0.00048 0.01714 1.46732 0.00010 -4.8 1.1 

HAR005-57 716 3 0.282238 0.000037 0.00055 0.01984 1.46729 0.00011 -3.6 1.3 
HAR005-58   0.282363 0.000060 0.00061 0.02110 1.46727 0.00017   
HAR005-59   0.280844 0.000035 0.00021 0.00730 1.46723 0.00010   
HAR005-60   0.282104 0.000033 0.00044 0.01528 1.46728 0.00010   
HAR005-61   0.282380 0.000032 0.00074 0.02787 1.46722 0.00013   
HAR005-62 647 5 0.282420 0.000056 0.00039 0.01413 1.46721 0.00011 1.4 2.0 

HAR005-63 607 4 0.282334 0.000041 0.00071 0.02195 1.46723 0.00011 -2.7 1.5 
HAR005-64   0.281931 0.000034 0.00111 0.03815 1.46737 0.00011   
HAR005-65 704 5 0.282341 0.000048 0.00038 0.01182 1.46736 0.00014 -0.2 1.7 

HAR005-66   0.282358 0.000040 0.00053 0.01627 1.46729 0.00010   
HAR005-67   0.282328 0.000050 0.00096 0.03381 1.46725 0.00010   
HAR005-68   0.282339 0.000034 0.00119 0.04316 1.46717 0.00009   
HAR005-69   0.281938 0.000033 0.00106 0.03857 1.46731 0.00010   
HAR005-70 604 2 0.281904 0.000040 0.00008 0.00278 1.46746 0.00014 -17.7 1.4 

HAR005-71 3102 6 0.280748 0.000034 0.00040 0.01196 1.46728 0.00011 -2.0 1.2 
HAR005-72   0.282205 0.000054 0.00270 0.10080 1.46726 0.00009   
HAR005-73 932 5 0.281861 0.000035 0.00106 0.03674 1.46733 0.00011 -12.5 1.2 

HAR005-74 975 5 0.281822 0.000034 0.00101 0.03560 1.46727 0.00010 -12.9 1.2 
HAR005-75   0.281531 0.000030 0.00056 0.01736 1.46732 0.00008   
HAR005-76   0.282356 0.000039 0.00053 0.01809 1.46733 0.00010   
HAR005-77 959 6 0.282052 0.000032 0.00019 0.00668 1.46732 0.00009 -4.6 1.1 
HAR005-78   0.282361 0.000042 0.00055 0.01685 1.46736 0.00010   
HAR005-79 693 5 0.282380 0.000038 0.00092 0.03238 1.46736 0.00010 0.7 1.3 

HAR005-80   0.280693 0.000036 0.00082 0.02906 1.46724 0.00009   
HAR005-81   0.282269 0.000041 0.00086 0.03134 1.46730 0.00009   
HAR005-82 1068 6 0.281977 0.000035 0.00102 0.03683 1.46731 0.00009 -5.4 1.2 

HAR005-83 651 5 0.282400 0.000050 0.00091 0.02844 1.46732 0.00010 0.5 1.8 
HAR005-84 656 3 0.282302 0.000031 0.00054 0.01945 1.46732 0.00011 -2.7 1.1 

HAR005-85   0.282319 0.000036 0.00124 0.04753 1.46731 0.00010   
HAR005-86 677 6 0.282348 0.000036 0.00075 0.02367 1.46735 0.00010 -0.7 1.3 
HAR005-87   0.281076 0.000030 0.00084 0.02884 1.46725 0.00010   
HAR005-88   0.281983 0.000040 0.00107 0.03777 1.46728 0.00009   
HAR005-89 1072 6 0.281962 0.000028 0.00101 0.03625 1.46728 0.00008 -5.8 1.0 
HAR005-90 638 3 0.282343 0.000039 0.00109 0.03994 1.46725 0.00007 -1.9 1.4 

HAR005-91   0.280882 0.000035 0.00051 0.01726 1.46724 0.00010   
HAR005-92 671 5 0.282343 0.000041 0.00096 0.02962 1.46729 0.00009 -1.1 1.4 
HAR005-93   0.280718 0.000038 0.00105 0.03351 1.46732 0.00010   
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HAR005-94   0.282392 0.000039 0.00026 0.00849 1.46722 0.00010   
HAR005-95   0.282283 0.000039 0.00077 0.02739 1.46727 0.00013   
HAR005-96 698 4 0.282351 0.000037 0.00058 0.01994 1.46728 0.00012 0.0 1.3 

HAR005-97   0.281042 0.000035 0.00171 0.06331 1.46719 0.00014   
HAR005-98 515 2 0.282043 0.000031 0.00032 0.01059 1.46727 0.00011 -14.9 1.1 

HAR005-99   0.282325 0.000048 0.00078 0.02658 1.46714 0.00010   
HAR005-100 699 3 0.282248 0.000041 0.00064 0.02382 1.46732 0.00011 -3.7 1.5 
HAR005-101 691 4 0.282228 0.000042 0.00106 0.03986 1.46724 0.00011 -4.8 1.5 

HAR005-102   0.282308 0.000037 0.00087 0.02876 1.46743 0.00012   
HAR005-103   0.282201 0.000041 0.00080 0.02982 1.46722 0.00010   
HAR005-104 714 4 0.282240 0.000041 0.00065 0.02332 1.46730 0.00010 -3.6 1.4 

HAR005-105 696 3 0.282173 0.000044 0.00122 0.04388 1.46715 0.00012 -6.7 1.6 

HAR005-106 526 2 0.282256 0.000051 0.00136 0.05478 1.46730 0.00012 -7.5 1.8 
HAR005-107   0.282348 0.000035 0.00043 0.01444 1.46726 0.00011   
HAR005-108 539 3 0.282348 0.000039 0.00034 0.01153 1.46730 0.00011 -3.6 1.3 

HAR005-109   0.282289 0.000030 0.00047 0.01672 1.46731 0.00009   
HAR005-110 534 2 0.281677 0.000034 0.00026 0.00864 1.46729 0.00011 -27.4 1.2 

HAR005-111   0.282312 0.000042 0.00052 0.01752 1.46736 0.00012   
HAR005-112 619 4 0.282325 0.000048 0.00058 0.01905 1.46726 0.00011 -2.7 1.7 
HAR005-113 2651 5 0.281064 0.000039 0.00026 0.00891 1.46727 0.00011 -1.0 1.4 

HAR005-114   0.282324 0.000040 0.00101 0.03175 1.46735 0.00009   
HAR005-115   0.282271 0.000050 0.00245 0.08125 1.46715 0.00010   
HAR005-116   0.282198 0.000042 0.00223 0.08300 1.46721 0.00009   
HAR005-117 699 3 0.282213 0.000046 0.00136 0.05256 1.46724 0.00011 -5.3 1.6 

HAR005-118   0.280541 0.000040 0.00268 0.10126 1.46727 0.00010   
HAR005-119   0.282332 0.000041 0.00103 0.03932 1.46730 0.00012   
HAR005-120 695 3 0.282192 0.000050 0.00169 0.06270 1.46729 0.00011 -6.2 1.8 

HAR005-121 2974 3 0.280854 0.000032 0.00027 0.00743 1.46736 0.00011 -1.0 1.1 
HAR005-122 2678 5 0.280896 0.000027 0.00034 0.01073 1.46732 0.00010 -6.5 1.0 

HAR005-123 596 5 0.282343 0.000039 0.00042 0.01386 1.46735 0.00011 -2.5 1.4 

HAR005-124   0.282307 0.000051 0.00075 0.02472 1.46725 0.00012   
HAR005-125   0.282267 0.000046 0.00089 0.03167 1.46722 0.00010   
SCO001-1 1084 7 0.282061 0.000032 0.00086 0.02952 1.46720 0.00008 -1.9 1.1 

SCO001-2 1158 8 0.281686 0.000036 0.00057 0.01938 1.46725 0.00007 -13.4 1.3 
SCO001-3   0.282435 0.000039 0.00058 0.02405 1.46709 0.00010   
SCO001-4 708 3 0.282324 0.000029 0.00056 0.01983 1.46719 0.00007 -0.8 1.0 

SCO001-5   0.282478 0.000040 0.00233 0.08581 1.46733 0.00010   
SCO001-6 1081 7 0.282014 0.000028 0.00045 0.01594 1.46724 0.00008 -3.4 1.0 

SCO001-7 720 5 0.282361 0.000040 0.00076 0.02769 1.46720 0.00007 0.7 1.4 

SCO001-8 1132 7 0.282027 0.000036 0.00080 0.02793 1.46720 0.00006 -2.0 1.3 

SCO001-9 1032 6 0.282038 0.000031 0.00057 0.01930 1.46719 0.00008 -3.7 1.1 

SCO001-10   0.282416 0.000043 0.00052 0.01723 1.46730 0.00008   
SCO001-11 696 3 0.282245 0.000036 0.00049 0.01704 1.46724 0.00011 -3.8 1.3 
SCO001-12 939 6 0.282019 0.000036 0.00093 0.03220 1.46723 0.00008 -6.7 1.3 

SCO001-13 1031 6 0.282052 0.000041 0.00075 0.02608 1.46723 0.00015 -3.4 1.4 

SCO001-14   0.282386 0.000045 0.00046 0.01542 1.46727 0.00011   
SCO001-15   0.281144 0.000036 0.00055 0.02107 1.46711 0.00008   
SCO001-16   0.281999 0.000028 0.00028 0.00901 1.46731 0.00008   
SCO001-17 1281 8 0.281798 0.000038 0.00066 0.02268 1.46717 0.00007 -6.7 1.3 
SCO001-18   0.282372 0.000034 0.00075 0.02639 1.46714 0.00008   
SCO001-19 627 3 0.281914 0.000033 0.00018 0.00598 1.46724 0.00008 -16.9 1.1 
SCO001-20 1088 7 0.282036 0.000032 0.00127 0.04436 1.46721 0.00007 -3.0 1.1 

SCO001-21 704 3 0.282418 0.000034 0.00107 0.03912 1.46724 0.00010 2.2 1.2 

SCO001-22 1494 12 0.281596 0.000031 0.00059 0.01916 1.46727 0.00007 -9.1 1.1 
SCO001-23 2613 5 0.281077 0.000037 0.00050 0.01654 1.46730 0.00010 -1.9 1.4 

SCO001-24   0.282382 0.000042 0.00031 0.01000 1.46716 0.00011   
SCO001-25 552 2 0.282081 0.000030 0.00003 0.00115 1.46719 0.00006 -12.6 1.1 
SCO001-26   0.282361 0.000044 0.00090 0.03097 1.46721 0.00012   
SCO001-27 1080 7 0.281597 0.000031 0.00070 0.02378 1.46727 0.00008 -18.4 1.1 

SCO001-28 2664 6 0.281012 0.000035 0.00085 0.02896 1.46718 0.00008 -3.7 1.3 
SCO001-29 1058 6 0.282044 0.000041 0.00075 0.02644 1.46718 0.00010 -3.0 1.5 

SCO001-30 703 4 0.282244 0.000044 0.00076 0.02724 1.46724 0.00008 -3.8 1.6 

SCO001-31   0.282084 0.000048 0.00087 0.03073 1.46707 0.00012   
SCO001-32 1028 6 0.282019 0.000031 0.00131 0.04635 1.46726 0.00006 -5.0 1.1 

SCO001-33 1103 7 0.282062 0.000032 0.00075 0.02609 1.46717 0.00008 -1.4 1.1 

SCO001-34 677 3 0.282281 0.000037 0.00070 0.02481 1.46718 0.00008 -3.0 1.3 
SCO001-35   0.281546 0.000034 0.00095 0.03618 1.46726 0.00010   
SCO001-36 1062 7 0.282031 0.000032 0.00112 0.03944 1.46729 0.00006 -3.7 1.1 

SCO001-37   0.282349 0.000030 0.00058 0.01980 1.46724 0.00006   
SCO001-38 1032 6 0.282083 0.000032 0.00087 0.03036 1.46727 0.00008 -2.3 1.1 

SCO001-39   0.282040 0.000034 0.00111 0.03953 1.46718 0.00008   
SCO001-40 408 3 0.282270 0.000042 0.00109 0.03825 1.46719 0.00009 -9.4 1.5 
SCO001-41   0.282323 0.000039 0.00060 0.02068 1.46714 0.00009   
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SCO001-42 1031 6 0.282026 0.000032 0.00068 0.02331 1.46726 0.00007 -4.2 1.1 
SCO001-43 706 4 0.282333 0.000036 0.00065 0.02190 1.46721 0.00008 -0.5 1.3 

SCO001-44   0.281585 0.000026 0.00035 0.01285 1.46729 0.00009   
SCO001-45 1035 6 0.282040 0.000035 0.00054 0.01857 1.46718 0.00005 -3.5 1.2 
SCO001-46 1051 7 0.282063 0.000034 0.00081 0.02834 1.46730 0.00008 -2.6 1.2 

SCO001-47 618 3 0.282380 0.000031 0.00054 0.01810 1.46729 0.00007 -0.8 1.1 

SCO001-48 636 4 0.282305 0.000040 0.00049 0.01675 1.46728 0.00015 -3.0 1.4 
SCO001-49   0.281771 0.000032 0.00024 0.00742 1.46724 0.00009   
SCO001-50   0.282147 0.000035 0.00070 0.02356 1.46719 0.00011   
SCO001-51 703 3 0.282293 0.000033 0.00051 0.01782 1.46726 0.00009 -1.9 1.2 
SCO001-52 701 4 0.282345 0.000036 0.00058 0.02069 1.46724 0.00010 -0.2 1.3 

SCO001-53 892 5 0.282098 0.000038 0.00063 0.02141 1.46723 0.00008 -4.7 1.3 

SCO001-54 698 3 0.282273 0.000034 0.00045 0.01573 1.46728 0.00008 -2.7 1.2 
SCO001-55   0.282435 0.000049 0.00128 0.04702 1.46704 0.00008   
SCO001-56   0.281981 0.000038 0.00013 0.00479 1.46732 0.00010   
SCO001-57 687 5 0.282350 0.000042 0.00040 0.01348 1.46719 0.00009 -0.2 1.5 
SCO001-58 1054 6 0.282024 0.000029 0.00048 0.01650 1.46730 0.00009 -3.6 1.0 

SCO001-59 1114 7 0.281954 0.000053 0.00287 0.09725 1.46722 0.00009 -6.6 1.9 

SCO001-60 1046 6 0.281991 0.000030 0.00078 0.02756 1.46714 0.00007 -5.2 1.1 
SCO001-61 664 3 0.282357 0.000037 0.00070 0.02452 1.46728 0.00008 -0.6 1.3 

SCO001-62   0.282407 0.000053 0.00039 0.01294 1.46731 0.00011   
SCO001-63 2717 10 0.281052 0.000085 0.00085 0.02517 1.46728 0.00017 -1.0 3.0 
SCO001-64   0.282042 0.000032 0.00061 0.02054 1.46728 0.00007   
SCO001-65 2683 10 0.280779 0.000038 0.00044 0.01268 1.46725 0.00008 -10.8 1.4 

SCO001-66 732 4 0.282277 0.000029 0.00053 0.01850 1.46728 0.00010 -1.9 1.1 
SCO001-67   0.280961 0.000022 0.00061 0.01956 1.46719 0.00006   
SCO001-68 695 3 0.282316 0.000039 0.00086 0.03067 1.46724 0.00008 -1.5 1.4 

SCO001-69 668 4 0.282269 0.000044 0.00051 0.01769 1.46721 0.00009 -3.6 1.6 
SCO001-70   0.282085 0.000039 0.00096 0.03358 1.46733 0.00010   
SCO001-71   0.282348 0.000033 0.00051 0.01754 1.46712 0.00010   
SCO001-72   0.282327 0.000075 0.00094 0.03362 1.46732 0.00010   
SCO001-73   0.282056 0.000033 0.00056 0.01861 1.46720 0.00008   
SCO001-74 980 6 0.282021 0.000032 0.00080 0.02724 1.46720 0.00007 -5.6 1.1 

SCO001-75   0.282069 0.000038 0.00099 0.03465 1.46725 0.00006   
SCO001-76 661 3 0.282344 0.000036 0.00061 0.02151 1.46720 0.00008 -1.1 1.3 

SCO001-77 678 3 0.282461 0.000043 0.00175 0.06135 1.46725 0.00008 2.9 1.5 

SCO001-78 1081 7 0.282032 0.000047 0.00058 0.01998 1.46721 0.00009 -2.8 1.6 
SCO001-79 624 3 0.282033 0.000052 0.00075 0.02540 1.46725 0.00008 -13.0 1.8 

SCO001-80 636 3 0.282377 0.000036 0.00049 0.01692 1.46722 0.00006 -0.4 1.3 

SCO001-81 454 2 0.282230 0.000037 0.00126 0.04437 1.46725 0.00010 -9.9 1.3 

SCO001-82 678 3 0.282356 0.000034 0.00112 0.04117 1.46714 0.00007 -0.5 1.2 

SCO001-83   0.281176 0.000048 0.00089 0.03235 1.46721 0.00011   
SCO001-84 1028 6 0.282048 0.000048 0.00079 0.02819 1.46728 0.00011 -3.6 1.7 
SCO001-85 676 4 0.282350 0.000036 0.00050 0.01830 1.46724 0.00010 -0.5 1.3 

SCO001-86   0.281091 0.000049 0.00129 0.04512 1.46718 0.00007   
SCO001-87   0.282387 0.000038 0.00053 0.01809 1.46720 0.00008   
SCO001-88   0.282392 0.000045 0.00048 0.01678 1.46727 0.00008   
SCO001-89 1079 8 0.282062 0.000039 0.00066 0.02207 1.46718 0.00008 -1.9 1.4 

SCO001-90   0.282116 0.000037 0.00096 0.03302 1.46722 0.00008   
SCO001-91 981 7 0.282007 0.000045 0.00070 0.02384 1.46719 0.00010 -6.0 1.6 

SCO001-92   0.282159 0.000042 0.00075 0.02599 1.46727 0.00007   
SCO001-93 691 4 0.282382 0.000041 0.00108 0.03754 1.46719 0.00009 0.7 1.5 

SCO001-94   0.281469 0.000033 0.00080 0.02549 1.46724 0.00011   
SCO001-95 663 3 0.282322 0.000042 0.00059 0.01972 1.46712 0.00009 -1.8 1.5 
SCO001-96   0.282095 0.000032 0.00066 0.02228 1.46721 0.00007   
SCO001-97 2677 6 0.281052 0.000037 0.00095 0.03277 1.46724 0.00010 -2.1 1.3 

SCO001-98   0.282427 0.000042 0.00067 0.02777 1.46713 0.00010   
SCO001-99   0.281638 0.000032 0.00079 0.02720 1.46719 0.00008   
SCO001-100 2683 6 0.281171 0.000040 0.00128 0.04127 1.46727 0.00012 1.6 1.4 

SCO001-101   0.281643 0.000031 0.00044 0.01514 1.46718 0.00007   
SCO001-102 981 5 0.282007 0.000036 0.00095 0.03279 1.46723 0.00008 -6.2 1.3 

SCO001-103   0.282011 0.000032 0.00057 0.01922 1.46730 0.00009   
SCO001-104   0.282402 0.000037 0.00099 0.03621 1.46712 0.00007   
SCO001-105   0.282391 0.000036 0.00103 0.03656 1.46722 0.00007   
SCO001-106   0.282344 0.000043 0.00070 0.02414 1.46722 0.00008   
SCO001-107   0.282581 0.000027 0.00068 0.02055 1.46721 0.00006   
SCO001-108   0.282284 0.000035 0.00053 0.01867 1.46728 0.00007   
SCO001-109 1035 6 0.282044 0.000024 0.00089 0.03061 1.46722 0.00008 -3.6 0.9 

SCO001-110 1189 7 0.282168 0.000034 0.00050 0.01711 1.46727 0.00009 4.5 1.2 
SCO001-111 581 3 0.282413 0.000035 0.00095 0.02847 1.46727 0.00007 -0.6 1.3 

SCO001-112 1043 6 0.282045 0.000038 0.00100 0.03582 1.46722 0.00009 -3.5 1.3 

SCO001-113   0.282003 0.000031 0.00066 0.02336 1.46728 0.00007   
SCO001-114 548 2 0.282444 0.000034 0.00030 0.00953 1.46721 0.00008 0.1 1.2 
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SCO001-115 1018 6 0.282051 0.000038 0.00113 0.03929 1.46723 0.00007 -3.9 1.3 
SCO001-116 1061 6 0.282068 0.000032 0.00111 0.03932 1.46724 0.00008 -2.4 1.1 

SCO001-117 725 4 0.282263 0.000027 0.00061 0.02196 1.46725 0.00009 -2.6 0.9 

SCO001-118 1046 6 0.282011 0.000036 0.00093 0.03241 1.46719 0.00007 -4.6 1.3 
SCO001-119 1187 6 0.281667 0.000033 0.00045 0.01567 1.46721 0.00008 -13.3 1.1 

SCO001-120   0.282308 0.000044 0.00083 0.02951 1.46720 0.00008   
SCO001-121 2696 6 0.281066 0.000080 0.00173 0.06134 1.46714 0.00014 -2.6 2.8 
SCO001-122   0.281118 0.000041 0.00106 0.03945 1.46699 0.00008   
SCO001-123   0.282451 0.000045 0.00130 0.04615 1.46708 0.00013   
SCO001-124 687 3 0.282302 0.000034 0.00053 0.01918 1.46723 0.00007 -2.0 1.2 
SCO001-125   0.282376 0.000043 0.00069 0.02448 1.46722 0.00008   
WAR001-1 1640 8 0.281634 0.000025 0.00047 0.01633 1.46729 0.00006 -4.3 0.9 

WAR001-2 1693 7 0.281651 0.000034 0.00066 0.02282 1.46725 0.00007 -2.7 1.2 
WAR001-3   0.281139 0.000027 0.00049 0.01688 1.46726 0.00007   
WAR001-4   0.281626 0.000027 0.00083 0.02643 1.46717 0.00009   
WAR001-5 2664 10 0.280931 0.000030 0.00048 0.01604 1.46722 0.00008 -5.9 1.1 
WAR001-6 2646 5 0.281063 0.000029 0.00068 0.02329 1.46725 0.00007 -2.0 1.1 

WAR001-7   0.281058 0.000027 0.00014 0.00532 1.46729 0.00006   
WAR001-8   0.281097 0.000044 0.00074 0.02345 1.46727 0.00014   
WAR001-9   0.281646 0.000031 0.00059 0.01983 1.46730 0.00007   
WAR001-10   0.281020 0.000032 0.00036 0.01229 1.46717 0.00007   
WAR001-11 1721 12 0.281546 0.000029 0.00008 0.00341 1.46721 0.00008 -5.1 1.1 
WAR001-12   0.281028 0.000044 0.00082 0.02620 1.46714 0.00009   
WAR001-13   0.280954 0.000034 0.00050 0.01700 1.46720 0.00007   
WAR001-14 1694 9 0.281622 0.000029 0.00102 0.03625 1.46724 0.00006 -4.1 1.0 
WAR001-15 2638 3 0.281142 0.000029 0.00084 0.02683 1.46727 0.00006 0.4 1.1 

WAR001-16   0.281001 0.000045 0.00127 0.04744 1.46698 0.00012   
WAR001-17 1688 7 0.281672 0.000026 0.00155 0.05473 1.46724 0.00008 -3.1 0.9 
WAR001-18   0.281127 0.000033 0.00049 0.01643 1.46723 0.00007   
WAR001-19 2667 5 0.281106 0.000028 0.00055 0.01740 1.46719 0.00007 0.3 1.0 

WAR001-20 1585 10 0.281415 0.000030 0.00073 0.02375 1.46721 0.00006 -13.6 1.1 
WAR001-21   0.281297 0.000029 0.00091 0.03048 1.46722 0.00008   
WAR001-22   0.281079 0.000032 0.00052 0.01828 1.46725 0.00008   
WAR001-23   0.281034 0.000030 0.00035 0.01168 1.46718 0.00007   
WAR001-24   0.280956 0.000036 0.00095 0.03035 1.46711 0.00007   
WAR001-25 1183 9 0.281913 0.000032 0.00046 0.01568 1.46725 0.00007 -4.7 1.1 

WAR001-26 1635 10 0.281625 0.000032 0.00084 0.02959 1.46725 0.00006 -5.1 1.1 
WAR001-27 2637 10 0.281065 0.000038 0.00098 0.03576 1.46722 0.00009 -2.6 1.4 

WAR001-28 563 3 0.282279 0.000034 0.00013 0.00467 1.46720 0.00009 -5.4 1.2 

WAR001-29   0.281662 0.000036 0.00030 0.01017 1.46722 0.00007   
WAR001-30 2680 5 0.280998 0.000028 0.00092 0.03046 1.46721 0.00007 -3.9 1.0 

WAR001-31   0.281566 0.000033 0.00064 0.02163 1.46727 0.00008   
WAR001-32   0.281676 0.000030 0.00076 0.02495 1.46707 0.00009   
WAR001-33   0.280940 0.000032 0.00066 0.02200 1.46719 0.00005   
WAR001-34   0.280929 0.000027 0.00073 0.02430 1.46719 0.00006   
WAR001-35   0.281057 0.000030 0.00051 0.01841 1.46724 0.00008   
WAR001-36   0.280979 0.000035 0.00111 0.03091 1.46708 0.00009   
WAR001-37 2977 5 0.280730 0.000034 0.00176 0.05653 1.46719 0.00004 -8.4 1.2 

WAR001-38 1686 7 0.281608 0.000026 0.00109 0.03843 1.46723 0.00008 -4.9 0.9 
WAR001-39   0.280842 0.000032 0.00111 0.03848 1.46730 0.00008   
WAR001-40 1227 7 0.281713 0.000035 0.00038 0.01272 1.46725 0.00008 -10.7 1.3 
WAR001-41 2462 6 0.280957 0.000030 0.00089 0.02811 1.46713 0.00009 -10.3 1.1 

WAR001-42   0.281078 0.000032 0.00144 0.05168 1.46719 0.00007   
WAR001-43 2674 9 0.280948 0.000029 0.00039 0.01283 1.46726 0.00006 -4.9 1.1 
WAR001-44   0.281035 0.000039 0.00052 0.01787 1.46713 0.00008   
WAR001-45 2656 16 0.281014 0.000100 0.00079 0.02602 1.46659 0.00051 -3.7 3.6 

WAR001-46 1628 6 0.281599 0.000025 0.00100 0.03425 1.46721 0.00005 -6.4 0.9 
WAR001-47 1659 7 0.281623 0.000030 0.00070 0.02422 1.46732 0.00005 -4.5 1.1 

WAR001-48   0.280910 0.000029 0.00071 0.02513 1.46718 0.00008   
WAR001-49 2630 3 0.280961 0.000033 0.00124 0.04147 1.46724 0.00007 -7.0 1.2 
WAR001-50   0.280914 0.000031 0.00083 0.02758 1.46733 0.00006   
WAR001-51   0.281592 0.000031 0.00112 0.04072 1.46725 0.00008   
WAR001-52   0.281156 0.000033 0.00103 0.03814 1.46719 0.00008   
WAR001-53 1193 6 0.281488 0.000030 0.00086 0.02824 1.46726 0.00005 -19.8 1.1 

WAR001-54 1691 10 0.281624 0.000035 0.00120 0.04283 1.46720 0.00007 -4.3 1.3 

WAR001-55   0.281613 0.000040 0.00116 0.04067 1.46724 0.00007   
WAR001-56 2635 15 0.280991 0.000035 0.00047 0.01549 1.46717 0.00008 -4.4 1.3 

WAR001-57   0.280913 0.000023 0.00050 0.01650 1.46716 0.00008   
WAR001-58   0.280965 0.000034 0.00078 0.02373 1.46717 0.00008   
WAR001-59   0.280922 0.000029 0.00076 0.02163 1.46712 0.00007   
WAR001-60   0.280960 0.000039 0.00064 0.01928 1.46716 0.00008   
WAR001-61   0.280953 0.000031 0.00062 0.02073 1.46720 0.00008   
WAR001-62 1662 9 0.281610 0.000042 0.00073 0.02546 1.46721 0.00007 -4.9 1.5 
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WAR001-63 2564 4 0.281070 0.000028 0.00058 0.01883 1.46722 0.00006 -3.4 1.0 
WAR001-64 1659 8 0.281648 0.000033 0.00123 0.04270 1.46721 0.00008 -4.2 1.2 

WAR001-65   0.281553 0.000037 0.00047 0.01406 1.46723 0.00007   
WAR001-66   0.281115 0.000039 0.00070 0.02275 1.46717 0.00009   
WAR001-67   0.280875 0.000042 0.00115 0.03867 1.46715 0.00005   
WAR001-68 1216 8 0.281530 0.000031 0.00058 0.01876 1.46718 0.00007 -17.6 1.1 

WAR001-69 2617 4 0.280940 0.000033 0.00052 0.01743 1.46722 0.00006 -6.7 1.1 
WAR001-70 1253 7 0.281643 0.000051 0.00141 0.04767 1.46657 0.00027 -13.5 1.8 

WAR001-71 2708 4 0.281085 0.000033 0.00091 0.02859 1.46720 0.00007 -0.2 1.2 

WAR001-72 1184 7 0.281586 0.000031 0.00062 0.02164 1.46721 0.00007 -16.4 1.1 
WAR001-73 2625 4 0.280894 0.000035 0.00083 0.02869 1.46726 0.00007 -8.7 1.2 

WAR001-74 1627 10 0.281558 0.000040 0.00067 0.02238 1.46734 0.00009 -7.5 1.4 

WAR001-75   0.280884 0.000035 0.00067 0.02284 1.46712 0.00008   
WAR001-76   0.280968 0.000026 0.00040 0.01265 1.46720 0.00008   
WAR001-77   0.281629 0.000025 0.00064 0.02230 1.46715 0.00006   
WAR001-78 1148 7 0.281816 0.000037 0.00112 0.04072 1.46731 0.00007 -9.4 1.3 
WAR001-79 2625 4 0.280940 0.000032 0.00108 0.03393 1.46711 0.00007 -7.5 1.1 

WAR001-80 2672 6 0.280936 0.000031 0.00100 0.03442 1.46720 0.00006 -6.5 1.1 

WAR001-81   0.281033 0.000036 0.00093 0.03273 1.46713 0.00012   
WAR001-82 2609 4 0.281011 0.000032 0.00075 0.02434 1.46719 0.00007 -4.8 1.1 

WAR001-83 1685 8 0.281615 0.000034 0.00062 0.02101 1.46720 0.00007 -4.1 1.2 

WAR001-84   0.280945 0.000033 0.00058 0.01732 1.46706 0.00012   
WAR001-85   0.281161 0.000042 0.00099 0.03162 1.46711 0.00008   
WAR001-86   0.281127 0.000035 0.00073 0.02366 1.46717 0.00007   
WAR001-87   0.280961 0.000035 0.00115 0.03532 1.46714 0.00010   
WAR001-88 1235 8 0.281285 0.000024 0.00023 0.00560 1.46718 0.00007 -25.6 0.9 

WAR001-89 1256 7 0.281738 0.000032 0.00060 0.02123 1.46718 0.00008 -9.4 1.1 

WAR001-90 1185 6 0.281745 0.000041 0.00072 0.02530 1.46712 0.00007 -10.8 1.4 
WAR001-91 2689 4 0.281039 0.000030 0.00032 0.01177 1.46718 0.00008 -1.2 1.1 

WAR001-92   0.281562 0.000029 0.00091 0.03035 1.46719 0.00007   
WAR001-93 1800 8 0.281504 0.000049 0.00223 0.07524 1.46721 0.00008 -7.4 1.7 
WAR001-94 1681 8 0.281584 0.000034 0.00058 0.01899 1.46720 0.00007 -5.3 1.2 

WAR001-95   0.281105 0.000043 0.00033 0.01106 1.46710 0.00010   
WAR001-96   0.280979 0.000033 0.00054 0.01784 1.46712 0.00007   
WAR001-97 1693 6 0.281617 0.000035 0.00074 0.02511 1.46721 0.00008 -4.0 1.3 

WAR001-98 1692 7 0.281644 0.000035 0.00127 0.04477 1.46717 0.00007 -3.7 1.3 

WAR001-99   0.281030 0.000052 0.00054 0.01748 1.46671 0.00021   
WAR001-100 1684 7 0.281581 0.000027 0.00040 0.01419 1.46722 0.00007 -5.1 1.0 

WAR001-101 1643 10 0.281598 0.000031 0.00100 0.03324 1.46708 0.00008 -6.1 1.1 

WAR001-102   0.281087 0.000048 0.00111 0.04592 1.46690 0.00012   
WAR001-103   0.280727 0.000023 0.00035 0.01054 1.46724 0.00007   
WAR001-104   0.280957 0.000033 0.00063 0.02062 1.46724 0.00008   
WAR001-105   0.281606 0.000039 0.00118 0.04094 1.46726 0.00008   
WAR001-106   0.281676 0.000046 0.00076 0.02602 1.46709 0.00009   
WAR001-107 1691 9 0.281577 0.000031 0.00077 0.02634 1.46723 0.00008 -5.5 1.1 

WAR001-108 1688 9 0.281629 0.000036 0.00101 0.03531 1.46731 0.00012 -4.0 1.3 
WAR001-109 1668 13 0.281633 0.000034 0.00074 0.02504 1.46715 0.00008 -4.0 1.2 

WAR001-110   0.280969 0.000034 0.00058 0.01814 1.46714 0.00007   
WAR001-111 2685 4 0.281152 0.000041 0.00121 0.03986 1.46718 0.00006 1.1 1.4 
WAR001-112   0.280992 0.000032 0.00058 0.01710 1.46715 0.00007   
WAR001-113 1679 7 0.281566 0.000032 0.00084 0.02823 1.46723 0.00007 -6.2 1.1 
WAR001-114   0.281146 0.000036 0.00042 0.01370 1.46709 0.00011   
WAR001-115   0.281166 0.000042 0.00103 0.03527 1.46716 0.00007   
WAR001-116 2900 5 0.280896 0.000036 0.00164 0.05739 1.46715 0.00009 -3.9 1.3 
WAR001-117   0.281135 0.000033 0.00078 0.02544 1.46716 0.00007   
WAR001-118 1199 6 0.281280 0.000042 0.00145 0.04881 1.46727 0.00011 -27.6 1.5 

WAR001-119   0.281546 0.000037 0.00038 0.01354 1.46710 0.00010   
WAR001-120   0.281179 0.000040 0.00099 0.03368 1.46714 0.00010   
WAR001-121   0.281164 0.000023 0.00074 0.02254 1.46727 0.00008   
WAR001-122   0.281032 0.000032 0.00033 0.01067 1.46721 0.00008   
WAR001-123   0.281134 0.000029 0.00106 0.03505 1.46724 0.00008   
WAR001-124   0.280980 0.000038 0.00073 0.02335 1.46717 0.00006   
WHI001-1 689 4 0.282439 0.000047 0.00137 0.05539 1.46723 0.00012 2.5 1.6 
WHI001-2   0.280721 0.000044 0.00141 0.04547 1.46728 0.00010   
WHI001-3   0.282207 0.000033 0.00044 0.01521 1.46725 0.00008   
WHI001-4 697 4 0.282364 0.000037 0.00087 0.03207 1.46732 0.00011 0.3 1.3 
WHI001-5   0.281831 0.000037 0.00070 0.02500 1.46731 0.00010   
WHI001-6 1066 7 0.281828 0.000033 0.00033 0.01166 1.46725 0.00009 -10.2 1.1 

WHI001-7   0.281104 0.000030 0.00063 0.02228 1.46729 0.00009   
WHI001-8 1620 10 0.281623 0.000036 0.00199 0.06711 1.46727 0.00008 -6.8 1.3 

WHI001-9 2698 5 0.280932 0.000033 0.00045 0.01594 1.46723 0.00012 -5.0 1.2 

WHI001-10 706 3 0.282309 0.000025 0.00049 0.01732 1.46727 0.00010 -1.3 0.9 
WHI001-11   0.281908 0.000040 0.00049 0.01654 1.46729 0.00011   
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WHI001-12 688 3 0.282382 0.000030 0.00046 0.01654 1.46733 0.00010 0.9 1.1 
WHI001-13 688 3 0.282344 0.000036 0.00053 0.01957 1.46730 0.00009 -0.5 1.3 

WHI001-14 1068 6 0.282040 0.000030 0.00041 0.01399 1.46730 0.00010 -2.7 1.1 

WHI001-15 551 2 0.282260 0.000031 0.00028 0.01132 1.46730 0.00009 -6.4 1.1 
WHI001-16 1194 7 0.281821 0.000040 0.00062 0.02181 1.46731 0.00008 -7.8 1.4 

WHI001-17 686 3 0.282108 0.000030 0.00057 0.02036 1.46730 0.00010 -8.9 1.1 

WHI001-18 604 4 0.282052 0.000024 0.00002 0.00058 1.46729 0.00009 -12.5 0.8 
WHI001-19 713 3 0.282279 0.000039 0.00046 0.01598 1.46735 0.00010 -2.2 1.4 

WHI001-20 650 3 0.282331 0.000033 0.00065 0.02131 1.46718 0.00009 -1.8 1.1 

WHI001-21 1103 7 0.281798 0.000042 0.00052 0.01728 1.46718 0.00012 -10.6 1.5 
WHI001-22 1053 14 0.282077 0.000038 0.00031 0.00965 1.46729 0.00011 -1.7 1.3 

WHI001-23 695 3 0.282323 0.000035 0.00027 0.00965 1.46725 0.00011 -0.9 1.3 

WHI001-24   0.282095 0.000060 0.00036 0.01054 1.46733 0.00010   
WHI001-25 1068 8 0.281944 0.000040 0.00107 0.03767 1.46732 0.00009 -6.6 1.4 

WHI001-26 564 3 0.281811 0.000035 0.00021 0.00709 1.46732 0.00010 -22.0 1.3 

WHI001-27 559 2 0.281780 0.000031 0.00050 0.01640 1.46732 0.00008 -23.3 1.1 
WHI001-28 704 5 0.282374 0.000049 0.00089 0.03082 1.46738 0.00012 0.8 1.7 

WHI001-29 1057 5 0.282337 0.000030 0.00040 0.01258 1.46731 0.00010 7.6 1.1 

WHI001-30 629 3 0.282440 0.000044 0.00148 0.05651 1.46729 0.00009 1.2 1.6 
WHI001-31 1235 7 0.281808 0.000032 0.00051 0.01779 1.46728 0.00011 -7.3 1.1 

WHI001-32 1013 6 0.282032 0.000034 0.00092 0.03232 1.46731 0.00010 -4.6 1.2 

WHI001-33 698 3 0.282361 0.000034 0.00063 0.02402 1.46728 0.00010 0.3 1.2 
WHI001-34 1036 6 0.281974 0.000034 0.00053 0.01782 1.46731 0.00010 -5.9 1.2 

WHI001-35 539 2 0.282192 0.000030 0.00025 0.00863 1.46720 0.00010 -9.1 1.1 

WHI001-36   0.282342 0.000045 0.00045 0.01587 1.46732 0.00010   
WHI001-37 1046 7 0.282075 0.000042 0.00106 0.03874 1.46729 0.00011 -2.4 1.5 

WHI001-38 557 3 0.282259 0.000036 0.00018 0.00594 1.46724 0.00010 -6.3 1.3 

WHI001-39 1011 6 0.282015 0.000034 0.00085 0.03024 1.46722 0.00011 -5.2 1.2 
WHI001-40   0.282408 0.000037 0.00081 0.02214 1.46731 0.00011   
WHI001-41   0.282072 0.000034 0.00081 0.02825 1.46716 0.00009   
WHI001-42 665 3 0.282364 0.000045 0.00110 0.04135 1.46725 0.00010 -0.5 1.6 
WHI001-43 1726 9 0.281300 0.000028 0.00028 0.00941 1.46731 0.00010 -14.0 1.0 

WHI001-44 698 3 0.282405 0.000034 0.00058 0.02081 1.46719 0.00010 1.9 1.2 

WHI001-45 1074 5 0.281981 0.000030 0.00064 0.02241 1.46725 0.00010 -4.8 1.1 
WHI001-46 991 6 0.282037 0.000033 0.00058 0.02019 1.46729 0.00009 -4.7 1.1 

WHI001-47 676 3 0.282215 0.000031 0.00054 0.02032 1.46732 0.00011 -5.3 1.1 

WHI001-48   0.281802 0.000044 0.00062 0.02414 1.46707 0.00012   
WHI001-49 1695 7 0.281659 0.000030 0.00052 0.01785 1.46729 0.00009 -2.2 1.1 

WHI001-50 695 4 0.282331 0.000041 0.00101 0.03622 1.46725 0.00009 -1.0 1.5 

WHI001-51 688 3 0.282392 0.000042 0.00115 0.04021 1.46734 0.00012 0.9 1.5 

WHI001-52 968 5 0.282055 0.000031 0.00123 0.04375 1.46728 0.00010 -4.9 1.1 

WHI001-53 691 3 0.282293 0.000034 0.00066 0.02429 1.46723 0.00010 -2.3 1.2 

WHI001-54 925 5 0.282334 0.000034 0.00053 0.01826 1.46725 0.00010 4.4 1.2 
WHI001-55 696 3 0.282317 0.000040 0.00141 0.05178 1.46729 0.00010 -1.7 1.4 

WHI001-56 544 2 0.282074 0.000026 0.00005 0.00206 1.46732 0.00008 -13.0 0.9 

WHI001-57   0.281422 0.000046 0.00114 0.03907 1.46728 0.00011   
WHI001-58   0.281129 0.000041 0.00085 0.03068 1.46717 0.00012   
WHI001-59   0.282074 0.000038 0.00051 0.01584 1.46715 0.00009   
WHI001-60 1067 6 0.282043 0.000032 0.00056 0.01959 1.46728 0.00007 -2.7 1.1 
WHI001-61   0.280968 0.000037 0.00069 0.02255 1.46729 0.00009   
WHI001-62 2623 7 0.280944 0.000040 0.00068 0.02456 1.46729 0.00010 -6.7 1.4 
WHI001-63 694 3 0.282274 0.000036 0.00043 0.01501 1.46727 0.00011 -2.8 1.3 

WHI001-64 1111 7 0.282169 0.000034 0.00093 0.03211 1.46730 0.00010 2.4 1.2 

WHI001-65   0.282303 0.000034 0.00056 0.01982 1.46728 0.00011   
WHI001-66   0.282289 0.000038 0.00054 0.01897 1.46731 0.00010   
WHI001-67   7.263867 29.45446 -0.03446 -0.89028 0.85977 0.49024   
WHI001-68   0.281469 0.000033 0.00066 0.02232 1.46723 0.00012   
WHI001-69 688 3 0.282235 0.000041 0.00053 0.01992 1.46729 0.00011 -4.3 1.5 

WHI001-70 1578 10 0.281589 0.000038 0.00052 0.01821 1.46722 0.00010 -7.3 1.3 

WHI001-71 688 4 0.282362 0.000031 0.00058 0.02148 1.46726 0.00008 0.1 1.1 
WHI001-72 927 5 0.281798 0.000036 0.00014 0.00481 1.46736 0.00010 -14.3 1.3 

WHI001-73   0.280840 0.000038 0.00135 0.04284 1.46722 0.00011   
WHI001-74 690 3 0.282167 0.000033 0.00039 0.01431 1.46728 0.00011 -6.6 1.2 
WHI001-75 694 4 0.282153 0.000037 0.00078 0.02826 1.46731 0.00010 -7.2 1.3 

WHI001-76 1096 6 0.282023 0.000039 0.00063 0.02241 1.46733 0.00010 -2.9 1.4 

WHI001-77 710 3 0.282293 0.000034 0.00049 0.01765 1.46731 0.00011 -1.8 1.2 
WHI001-78 1187 7 0.281937 0.000030 0.00083 0.02868 1.46727 0.00009 -4.0 1.1 

WHI001-79 710 3 0.282353 0.000035 0.00055 0.02049 1.46732 0.00011 0.3 1.3 

WHI001-80 698 3 0.282353 0.000034 0.00059 0.02181 1.46735 0.00009 0.0 1.2 
WHI001-81   0.282367 0.000042 0.00027 0.00829 1.46725 0.00010   
WHI001-82 1078 9 0.282045 0.000036 0.00048 0.01734 1.46724 0.00009 -2.4 1.3 

WHI001-83 710 3 0.282199 0.000029 0.00034 0.01187 1.46727 0.00011 -5.0 1.1 
WHI001-84 548 2 0.281957 0.000035 0.00068 0.02382 1.46728 0.00009 -17.3 1.2 
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WHI001-85 2812 7 0.280861 0.000033 0.00012 0.00366 1.46727 0.00009 -4.2 1.2 
WHI001-86   0.281052 0.000036 0.00065 0.02215 1.46724 0.00010   
WHI001-87 743 4 0.282561 0.000047 0.00138 0.04583 1.46728 0.00011 8.0 1.7 

WHI001-88 592 2 0.281835 0.000030 0.00010 0.00355 1.46728 0.00010 -20.5 1.1 
WHI001-89 703 3 0.282288 0.000035 0.00086 0.03123 1.46727 0.00010 -2.3 1.2 

WHI001-90 1234 7 0.282194 0.000031 0.00079 0.02685 1.46728 0.00008 6.2 1.1 

WHI001-91 919 5 0.282250 0.000032 0.00059 0.02060 1.46728 0.00008 1.3 1.1 
WHI001-92 698 3 0.282383 0.000037 0.00068 0.02408 1.46729 0.00010 1.1 1.3 

WHI001-93 740 4 0.281962 0.000024 0.00002 0.00082 1.46729 0.00008 -12.6 0.9 

WHI001-94   0.282266 0.000033 0.00049 0.01810 1.46721 0.00011   
WHI001-95 700 4 0.282258 0.000032 0.00046 0.01631 1.46725 0.00009 -3.2 1.1 

WHI001-96 1037 7 0.282072 0.000037 0.00068 0.02358 1.46732 0.00010 -2.5 1.3 

WHI001-97 698 3 0.282338 0.000036 0.00067 0.02445 1.46728 0.00008 -0.5 1.3 
WHI001-98 581 3 0.281913 0.000032 0.00033 0.01117 1.46735 0.00008 -18.0 1.1 

WHI001-99   0.282087 0.000047 0.00041 0.01344 1.46737 0.00010   
WHI001-100 2626 5 0.281136 0.000048 0.00091 0.03190 1.46729 0.00010 -0.2 1.7 
WHI001-101 1194 8 0.282253 0.000033 0.00066 0.02243 1.46729 0.00009 7.5 1.1 

WHI001-102   0.281985 0.000038 0.00073 0.02422 1.46724 0.00008   
WHI001-103 702 3 0.282166 0.000038 0.00042 0.01503 1.46728 0.00008 -6.4 1.3 
WHI001-104   0.282080 0.000034 0.00086 0.03056 1.46725 0.00009   
WHI001-105 1069 6 0.282017 0.000034 0.00081 0.02835 1.46725 0.00008 -3.8 1.2 

WHI001-106 684 3 0.282377 0.000034 0.00056 0.02000 1.46731 0.00009 0.6 1.2 
WHI001-107 1137 7 0.282212 0.000035 0.00094 0.03354 1.46730 0.00008 4.5 1.3 

WHI001-108 1065 6 0.282034 0.000035 0.00082 0.02949 1.46729 0.00008 -3.3 1.2 

WHI001-109 547 2 0.281752 0.000022 0.00017 0.00620 1.46729 0.00010 -24.4 0.8 
WHI001-110   0.282065 0.000044 0.00090 0.03135 1.46725 0.00011   
WHI001-111 3112 5 0.280668 0.000036 0.00078 0.02596 1.46728 0.00008 -5.5 1.3 

WHI001-112 683 3 0.282347 0.000042 0.00134 0.04846 1.46729 0.00010 -0.8 1.5 
WHI001-113 1093 6 0.282040 0.000032 0.00096 0.03435 1.46730 0.00010 -2.6 1.1 

WHI001-114 513 2 0.282020 0.000034 0.00052 0.01866 1.46737 0.00010 -15.8 1.2 

WHI001-115 695 3 0.282321 0.000026 0.00067 0.02542 1.46731 0.00009 -1.2 0.9 
WHI001-116   0.281212 0.000042 0.00034 0.01139 1.46735 0.00011   
WHI001-117 704 4 0.282367 0.000041 0.00069 0.02474 1.46732 0.00009 0.6 1.5 

WHI001-118   0.281536 0.000035 0.00036 0.01124 1.46728 0.00011   
WHI001-119   0.282384 0.000038 0.00054 0.01608 1.46733 0.00009   
WHI001-120 901 6 0.282066 0.000043 0.00086 0.02931 1.46727 0.00011 -5.8 1.6 

WHI001-121 688 3 0.282408 0.000029 0.00046 0.01661 1.46735 0.00008 1.8 1.1 
WHI001-122 1022 7 0.281878 0.000033 0.00051 0.01785 1.46730 0.00008 -9.6 1.2 

WHI001-123 721 3 0.282293 0.000033 0.00050 0.01762 1.46727 0.00008 -1.5 1.2 

WHI004-1 712 3 0.282388 0.000034 0.00082 0.03151 1.46757 0.00012 1.5 1.2 

WHI004-2   0.282462 0.000035 0.00085 0.03334 1.46750 0.00013   
WHI004-3 1041 8 0.281564 0.000034 0.00017 0.00597 1.46763 0.00013 -20.0 1.2 

WHI004-4 723 4 0.282353 0.000040 0.00040 0.01473 1.46758 0.00012 0.7 1.4 
WHI004-5 505 2 0.281901 0.000044 0.00057 0.02115 1.46771 0.00011 -20.2 1.6 

WHI004-6 689 3 0.282398 0.000043 0.00066 0.02530 1.46764 0.00013 1.4 1.6 

WHI004-7 1185 8 0.281762 0.000044 0.00059 0.02190 1.46767 0.00014 -10.1 1.6 
WHI004-8 992 5 0.281945 0.000033 0.00033 0.01200 1.46764 0.00011 -7.7 1.2 

WHI004-9 710 3 0.282327 0.000037 0.00048 0.01820 1.46771 0.00011 -0.6 1.3 

WHI004-10   0.281100 0.000033 0.00056 0.02081 1.46769 0.00014   
WHI004-11 712 5 0.282433 0.000079 0.00096 0.03688 1.46794 0.00020 3.0 2.8 

WHI004-12 1205 6 0.281829 0.000031 0.00060 0.02191 1.46767 0.00012 -7.3 1.1 
WHI004-13 837 5 0.282138 0.000037 0.00091 0.03409 1.46749 0.00013 -4.7 1.3 

WHI004-14 908 5 0.282051 0.000029 0.00001 0.00068 1.46770 0.00012 -5.7 1.0 

WHI004-15 1207 6 0.281816 0.000035 0.00058 0.02116 1.46769 0.00014 -7.7 1.3 
WHI004-16 913 5 0.282300 0.000045 0.00087 0.03344 1.46763 0.00012 2.8 1.6 

WHI004-17   0.282286 0.000047 0.00131 0.04938 1.46763 0.00016   
WHI004-18 689 3 0.282409 0.000038 0.00060 0.02336 1.46778 0.00013 1.8 1.3 
WHI004-19   0.282398 0.000045 0.00097 0.03710 1.46772 0.00014   
WHI004-20 1201 8 0.281933 0.000033 0.00043 0.01596 1.46772 0.00012 -3.5 1.2 

WHI004-21   0.282031 0.000044 0.00044 0.01569 1.46771 0.00010   
WHI004-22   0.282122 0.000043 0.00171 0.06748 1.46764 0.00013   
WHI004-23   0.282112 0.000040 0.00054 0.01991 1.46775 0.00014   
WHI004-24 1080 7 0.282103 0.000035 0.00049 0.01724 1.46760 0.00012 -0.3 1.3 
WHI004-25 708 3 0.282307 0.000052 0.00067 0.02576 1.46771 0.00015 -1.4 1.8 

WHI004-26 593 3 0.282078 0.000040 0.00080 0.03020 1.46773 0.00012 -12.1 1.4 

WHI004-27 1690 8 0.281617 0.000034 0.00062 0.02241 1.46766 0.00012 -3.9 1.2 
WHI004-28   0.282067 0.000032 0.00078 0.02911 1.46767 0.00009   
WHI004-29 829 5 0.282048 0.000041 0.00030 0.01172 1.46776 0.00013 -7.7 1.5 

WHI004-30 691 3 0.282346 0.000040 0.00071 0.02719 1.46768 0.00014 -0.4 1.4 
WHI004-31 1228 8 0.281924 0.000034 0.00074 0.02806 1.46763 0.00013 -3.5 1.2 

WHI004-32   0.282179 0.000041 0.00115 0.04387 1.46758 0.00012   
WHI004-33   0.282543 0.000054 0.00215 0.08816 1.46761 0.00012   
WHI004-34   0.282508 0.000046 0.00222 0.07437 1.46759 0.00012   
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WHI004-35   0.282370 0.000049 0.00100 0.03807 1.46752 0.00012   
WHI004-36 1188 6 0.281405 0.000036 0.00081 0.02987 1.46751 0.00011 -22.9 1.3 

WHI004-37 579 2 0.282374 0.000035 0.00010 0.00398 1.46754 0.00012 -1.7 1.2 

WHI004-38 585 3 0.282425 0.000040 0.00105 0.03843 1.46759 0.00012 -0.1 1.4 
WHI004-39 955 5 0.282072 0.000035 0.00015 0.00604 1.46751 0.00012 -3.9 1.2 

WHI004-40 1209 7 0.281921 0.000039 0.00066 0.02449 1.46759 0.00014 -4.0 1.4 

WHI004-41 3508 4 0.280558 0.000039 0.00065 0.02320 1.46759 0.00013 0.1 1.4 
WHI004-42 1090 8 0.282243 0.000042 0.00054 0.01952 1.46752 0.00011 4.9 1.5 

WHI004-43 2661 7 0.281206 0.000046 0.00084 0.02985 1.46755 0.00013 3.2 1.6 

WHI004-44 715 3 0.282333 0.000034 0.00065 0.02451 1.46750 0.00013 -0.3 1.2 
WHI004-45 589 3 0.282335 0.000031 0.00033 0.01195 1.46756 0.00012 -2.9 1.1 

WHI004-46   0.280950 0.000037 0.00060 0.02200 1.46757 0.00011   
WHI004-47   0.281834 0.000038 0.00071 0.02602 1.46755 0.00013   
WHI004-48   0.281232 0.000032 0.00101 0.03568 1.46743 0.00011   
WHI004-49 718 3 0.282315 0.000035 0.00037 0.01372 1.46748 0.00010 -0.8 1.3 

WHI004-50 868 5 0.282089 0.000030 0.00077 0.02887 1.46757 0.00012 -5.7 1.1 
WHI004-51   0.281099 0.000038 0.00048 0.01708 1.46749 0.00012   
WHI004-52 1209 8 0.281923 0.000040 0.00086 0.03293 1.46751 0.00013 -4.1 1.4 

WHI004-53 1193 8 0.281716 0.000039 0.00066 0.02411 1.46756 0.00011 -11.6 1.3 
WHI004-54 684 3 0.282443 0.000041 0.00057 0.02156 1.46747 0.00018 2.9 1.4 

WHI004-55   0.282334 0.000038 0.00058 0.02087 1.46750 0.00013   
WHI004-56 1082 6 0.282097 0.000037 0.00059 0.02184 1.46757 0.00013 -0.5 1.3 
WHI004-57 668 3 0.282335 0.000026 0.00004 0.00163 1.46753 0.00010 -1.0 0.9 

WHI004-58 554 3 0.282277 0.000036 0.00025 0.00858 1.46758 0.00012 -5.7 1.3 

WHI004-59   0.282184 0.000037 0.00065 0.02331 1.46755 0.00010   
WHI004-60 703 4 0.282386 0.000045 0.00125 0.04674 1.46759 0.00013 1.0 1.6 

WHI004-61 565 2 0.281843 0.000034 0.00004 0.00169 1.46766 0.00012 -20.8 1.2 

WHI004-62 710 3 0.282361 0.000039 0.00088 0.03382 1.46756 0.00012 0.4 1.3 
WHI004-63   0.282037 0.000035 0.00040 0.01455 1.46756 0.00013   
WHI004-64 684 4 0.282327 0.000034 0.00047 0.01749 1.46741 0.00015 -1.1 1.2 

WHI004-65 722 3 0.282281 0.000030 0.00054 0.02061 1.46760 0.00011 -2.0 1.1 
WHI004-66 587 3 0.282132 0.000030 0.00032 0.01168 1.46759 0.00011 -10.1 1.1 

WHI004-67 665 3 0.282417 0.000041 0.00088 0.03274 1.46756 0.00013 1.4 1.4 

WHI004-68   0.281214 0.000031 0.00041 0.01476 1.46755 0.00013   
WHI004-69 1011 6 0.282115 0.000038 0.00085 0.03187 1.46765 0.00014 -1.6 1.3 

WHI004-70 708 3 0.282315 0.000042 0.00052 0.02004 1.46758 0.00013 -1.1 1.5 

WHI004-71   0.282384 0.000034 0.00096 0.03746 1.46757 0.00012   
WHI004-72   0.282435 0.000040 0.00066 0.02506 1.46759 0.00013   
WHI004-73   0.281000 0.000037 0.00066 0.02447 1.46761 0.00014   
WHI004-74   0.282108 0.000033 0.00059 0.02155 1.46754 0.00012   
WHI004-75   0.281150 0.000036 0.00084 0.02695 1.46762 0.00012   
WHI004-76 1189 8 0.282235 0.000034 0.00046 0.01631 1.46760 0.00012 6.9 1.2 

WHI004-77   0.280985 0.000046 0.00118 0.04155 1.46760 0.00011   
WHI004-78 2623 3 0.281169 0.000037 0.00061 0.02194 1.46760 0.00013 1.4 1.4 

WHI004-79 1038 6 0.282004 0.000036 0.00065 0.02415 1.46758 0.00013 -4.8 1.3 

WHI004-80   0.282117 0.000036 0.00084 0.03034 1.46765 0.00012   
WHI004-81 1281 8 0.281956 0.000033 0.00068 0.02459 1.46751 0.00011 -1.1 1.2 

WHI004-82 726 4 0.282147 0.000037 0.00074 0.02800 1.46757 0.00013 -6.7 1.3 

WHI004-83   0.282301 0.000041 0.00087 0.03254 1.46747 0.00013   
WHI004-84   0.282382 0.000063 0.00049 0.01781 1.46753 0.00015   
WHI004-85 701 3 0.282262 0.000033 0.00060 0.02340 1.46757 0.00014 -3.1 1.1 
WHI004-86 583 2 0.282435 0.000033 0.00005 0.00243 1.46760 0.00011 0.6 1.1 

WHI004-87 706 3 0.282390 0.000036 0.00053 0.02019 1.46763 0.00011 1.6 1.3 

WHI004-88 2633 3 0.281116 0.000035 0.00056 0.02063 1.46756 0.00012 -0.2 1.2 
WHI004-89 1099 6 0.282085 0.000027 0.00086 0.03196 1.46758 0.00013 -0.8 1.0 

WHI004-90 680 3 0.282246 0.000038 0.00071 0.02695 1.46764 0.00013 -4.2 1.3 

WHI004-91 652 3 0.282395 0.000035 0.00048 0.01833 1.46762 0.00012 0.6 1.3 
WHI004-92 517 2 0.282106 0.000033 0.00043 0.01600 1.46767 0.00012 -12.6 1.1 

WHI004-93   0.281672 0.000034 0.00064 0.02000 1.46763 0.00014   
WHI004-94   0.282378 0.000043 0.00057 0.02161 1.46761 0.00013   
WHI004-95 1201 7 0.282155 0.000035 0.00077 0.02697 1.46756 0.00011 4.1 1.2 

WHI004-96 1060 6 0.282220 0.000035 0.00042 0.01580 1.46753 0.00011 3.5 1.2 

WHI004-97 709 3 0.282387 0.000036 0.00046 0.01767 1.46759 0.00013 1.5 1.3 
WHI004-98   0.282413 0.000037 0.00061 0.02094 1.46760 0.00013   
WHI004-99 1067 6 0.282083 0.000037 0.00051 0.01894 1.46772 0.00013 -1.3 1.3 

WHI004-100 954 5 0.282091 0.000038 0.00133 0.05057 1.46756 0.00015 -4.0 1.3 
WHI004-101   0.282372 0.000038 0.00097 0.03748 1.46763 0.00012   
WHI004-102   0.282092 0.000038 0.00153 0.06502 1.46749 0.00011   
WHI004-103   0.281877 0.000047 0.00087 0.03266 1.46760 0.00013   
WHI004-104 522 2 0.282124 0.000043 0.00048 0.01797 1.46755 0.00011 -11.9 1.6 

WHI004-105 700 3 0.282370 0.000038 0.00083 0.03297 1.46762 0.00012 0.6 1.3 

WHI004-106   0.282079 0.000036 0.00042 0.01458 1.46757 0.00012   
WHI004-107 697 3 0.282476 0.000043 0.00198 0.08486 1.46761 0.00012 3.7 1.5 
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WHI004-108 1208 8 0.281683 0.000040 0.00042 0.01512 1.46760 0.00013 -12.2 1.4 
WHI004-109 1166 6 0.282183 0.000030 0.00044 0.01609 1.46763 0.00014 4.5 1.1 

WHI004-110 1187 7 0.281872 0.000032 0.00033 0.01223 1.46770 0.00013 -5.9 1.1 

WHI004-111 713 4 0.282363 0.000038 0.00054 0.01814 1.46758 0.00013 0.7 1.3 
WHI004-112   0.282374 0.000043 0.00030 0.01084 1.46762 0.00014   
WHI004-113   0.282055 0.000032 0.00054 0.01984 1.46755 0.00013   
WHI004-114   0.282046 0.000041 0.00095 0.03588 1.46753 0.00011   
WHI004-115 1102 7 0.282126 0.000040 0.00129 0.04825 1.46759 0.00010 0.4 1.4 

WHI004-116   0.282090 0.000031 0.00051 0.01896 1.46763 0.00011   
WHI004-117   0.280826 0.000040 0.00063 0.02308 1.46758 0.00012   
WHI004-118   0.281841 0.000035 0.00047 0.01707 1.46770 0.00014   
WHI004-119   0.281818 0.000039 0.00081 0.02931 1.46773 0.00012   
WHI004-120 703 3 0.282390 0.000043 0.00064 0.02493 1.46752 0.00017 1.4 1.6 
WHI004-121 553 2 0.282040 0.000036 0.00036 0.01333 1.46761 0.00013 -14.2 1.3 

WHI004-122 532 2 0.281980 0.000038 0.00046 0.01685 1.46763 0.00010 -16.8 1.3 

WHI004-123 703 3 0.282299 0.000041 0.00065 0.02483 1.46763 0.00013 -1.8 1.5 
WHI004-124 1194 6 0.281924 0.000034 0.00053 0.01979 1.46764 0.00013 -4.1 1.2 

WHI004-125 715 3 0.282357 0.000039 0.00050 0.01986 1.46767 0.00012 0.6 1.3 

YGP001-1   0.282097 0.000046 0.00054 0.01744 1.46730 0.00011   
YGP001-2 675 3 0.282313 0.000034 0.00051 0.01833 1.46732 0.00009 -1.9 1.2 

YGP001-3 576 3 0.282358 0.000041 0.00056 0.01844 1.46730 0.00010 -2.5 1.4 

YGP001-4 1066 6 0.281967 0.000034 0.00076 0.02629 1.46729 0.00009 -5.6 1.2 
YGP001-5   0.281729 0.000029 0.00041 0.01340 1.46728 0.00008   
YGP001-6 559 2 0.282354 0.000029 0.00003 0.00111 1.46728 0.00008 -2.8 1.1 

YGP001-7   0.282370 0.000031 0.00034 0.01066 1.46738 0.00009   
YGP001-8 709 3 0.281997 0.000036 0.00086 0.03094 1.46732 0.00010 -12.5 1.3 

YGP001-9 769 5 0.281976 0.000032 0.00057 0.01945 1.46729 0.00010 -11.7 1.1 

YGP001-10 1796 7 0.281431 0.000039 0.00056 0.01835 1.46738 0.00009 -8.1 1.4 
YGP001-11 2610 5 0.280939 0.000038 0.00061 0.01884 1.46728 0.00008 -7.1 1.4 

YGP001-12 660 3 0.282306 0.000038 0.00058 0.02022 1.46729 0.00010 -2.5 1.3 

YGP001-13 626 5 0.282368 0.000046 0.00036 0.01164 1.46733 0.00011 -0.9 1.6 
YGP001-14 570 2 0.282290 0.000032 0.00053 0.01860 1.46727 0.00010 -5.0 1.1 

YGP001-15   0.281808 0.000035 0.00054 0.01874 1.46726 0.00011   
YGP001-16 1222 7 0.281745 0.000030 0.00041 0.01365 1.46723 0.00009 -9.7 1.1 
YGP001-17 1682 9 0.281523 0.000030 0.00081 0.02736 1.46729 0.00009 -7.7 1.1 

YGP001-18 1293 7 0.281923 0.000054 0.00165 0.07120 1.46734 0.00012 -2.9 1.9 

YGP001-19 699 3 0.282279 0.000045 0.00153 0.05646 1.46733 0.00012 -3.0 1.6 
YGP001-20 1070 6 0.281983 0.000033 0.00087 0.03078 1.46734 0.00012 -5.0 1.1 

YGP001-21   0.281569 0.000026 0.00020 0.00723 1.46729 0.00009   
YGP001-22   0.282307 0.000058 0.00094 0.03173 1.46724 0.00011   
YGP001-23   0.282011 0.000050 0.00117 0.03949 1.46732 0.00014   
YGP001-24 1061 6 0.281982 0.000033 0.00051 0.01801 1.46732 0.00011 -5.0 1.1 

YGP001-25 1395 7 0.281415 0.000039 0.00140 0.05573 1.46724 0.00010 -18.5 1.4 
YGP001-26 1036 6 0.281960 0.000033 0.00105 0.03842 1.46727 0.00009 -6.7 1.1 

YGP001-27   0.281087 0.000042 0.00076 0.02620 1.46730 0.00012   
YGP001-28 709 6 0.282282 0.000040 0.00058 0.01906 1.46730 0.00010 -2.2 1.4 
YGP001-29 624 4 0.282317 0.000032 0.00099 0.03388 1.46732 0.00009 -3.0 1.1 

YGP001-30   0.282336 0.000055 0.00046 0.01439 1.46733 0.00013   
YGP001-31 1092 7 0.281984 0.000035 0.00076 0.02642 1.46738 0.00010 -4.4 1.2 
YGP001-32   0.282026 0.000039 0.00073 0.02527 1.46739 0.00010   
YGP001-33 572 2 0.281856 0.000039 0.00039 0.01348 1.46728 0.00010 -20.3 1.4 
YGP001-34 837 5 0.282004 0.000032 0.00070 0.02472 1.46729 0.00010 -9.3 1.1 

YGP001-35   0.282301 0.000033 0.00062 0.01927 1.46725 0.00009   
YGP001-36 1023 7 0.281995 0.000042 0.00053 0.01856 1.46734 0.00011 -5.4 1.5 
YGP001-37 646 4 0.282374 0.000039 0.00052 0.01706 1.46725 0.00010 -0.3 1.4 

YGP001-38 2700 9 0.280971 0.000038 0.00051 0.01728 1.46725 0.00012 -3.7 1.4 

YGP001-39   0.280997 0.000047 0.00094 0.03312 1.46732 0.00011   
YGP001-40 915 6 0.281981 0.000033 0.00092 0.03297 1.46732 0.00012 -8.5 1.2 

YGP001-41 706 4 0.282308 0.000052 0.00099 0.03525 1.46736 0.00010 -1.6 1.8 

YGP001-42   0.282072 0.000047 0.00172 0.06155 1.46729 0.00009   
YGP001-43 708 4 0.282243 0.000033 0.00053 0.01963 1.46731 0.00011 -3.6 1.2 

YGP001-44 710 3 0.282327 0.000035 0.00103 0.03788 1.46730 0.00010 -0.8 1.2 

YGP001-45 1171 9 0.281546 0.000034 0.00030 0.00982 1.46731 0.00010 -17.8 1.2 
YGP001-46 717 3 0.282284 0.000037 0.00046 0.01661 1.46735 0.00011 -1.9 1.3 

YGP001-47 522 2 0.282090 0.000029 0.00044 0.01617 1.46729 0.00010 -13.1 1.1 

YGP001-48 702 3 0.282269 0.000034 0.00054 0.01922 1.46731 0.00009 -2.8 1.2 
YGP001-49   0.281900 0.000031 0.00040 0.01363 1.46731 0.00010   
YGP001-50   0.281112 0.000148 0.00067 0.02196 1.46734 0.00042   
YGP001-51 670 3 0.282326 0.000043 0.00051 0.01891 1.46729 0.00012 -1.5 1.6 
YGP001-52 543 2 0.281566 0.000038 0.00014 0.00521 1.46733 0.00011 -31.1 1.3 

YGP001-53 1184 8 0.281676 0.000040 0.00056 0.01952 1.46729 0.00010 -13.1 1.4 

YGP001-54 1081 6 0.281898 0.000037 0.00190 0.06642 1.46733 0.00010 -8.5 1.3 
YGP001-55   0.281393 0.000037 0.00035 0.01196 1.46730 0.00012   
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YGP001-56 545 2 0.281831 0.000036 0.00030 0.00985 1.46728 0.00012 -21.7 1.3 
YGP001-57 560 3 0.281936 0.000034 0.00017 0.00550 1.46729 0.00010 -17.6 1.2 

YGP001-58   0.282033 0.000041 0.00118 0.04378 1.46727 0.00010   
YGP001-59   0.282398 0.000040 0.00036 0.01156 1.46733 0.00010   
YGP001-60 1084 6 0.281903 0.000039 0.00077 0.02656 1.46739 0.00012 -7.5 1.4 

YGP001-61 717 5 0.282313 0.000037 0.00058 0.02008 1.46735 0.00010 -1.0 1.3 

YGP001-62 556 3 0.281640 0.000034 0.00016 0.00538 1.46727 0.00012 -28.2 1.2 
YGP001-63   0.282051 0.000035 0.00041 0.01491 1.46730 0.00008   
YGP001-64 1225 8 0.281656 0.000031 0.00032 0.01069 1.46738 0.00012 -12.7 1.1 

YGP001-65 996 6 0.282046 0.000037 0.00059 0.02042 1.46736 0.00012 -4.2 1.3 
YGP001-66 651 3 0.282306 0.000043 0.00113 0.03912 1.46734 0.00009 -2.9 1.5 

YGP001-67 585 6 0.282369 0.000041 0.00070 0.02137 1.46727 0.00011 -1.9 1.4 

YGP001-68 634 3 0.282353 0.000033 0.00060 0.02198 1.46728 0.00011 -1.4 1.1 
YGP001-69 543 3 0.282004 0.000048 0.00077 0.02829 1.46742 0.00016 -15.8 1.7 

YGP001-70   0.282052 0.000036 0.00051 0.01716 1.46730 0.00011   
YGP001-71 1657 7 0.281581 0.000033 0.00064 0.02224 1.46732 0.00011 -6.0 1.1 
YGP001-72   0.282390 0.000058 0.00062 0.01940 1.46729 0.00013   
YGP001-73 652 4 0.282327 0.000055 0.00061 0.02321 1.46730 0.00016 -1.9 2.0 

YGP001-74   0.281511 0.000045 0.00015 0.00498 1.46731 0.00010   
YGP001-75 546 2 0.281865 0.000023 0.00005 0.00248 1.46731 0.00011 -20.4 0.8 

YGP001-76 672 3 0.282378 0.000035 0.00148 0.05288 1.46729 0.00010 -0.1 1.3 

YGP001-77 650 4 0.282361 0.000049 0.00063 0.02118 1.46725 0.00011 -0.8 1.8 
YGP001-78   0.282051 0.000043 0.00043 0.01371 1.46732 0.00009   
YGP001-79 574 2 0.282244 0.000064 0.00043 0.01631 1.46732 0.00012 -6.5 2.3 

YGP001-80 985 6 0.282014 0.000032 0.00081 0.02949 1.46732 0.00008 -5.8 1.1 
YGP001-81   0.281764 0.000038 0.00034 0.01173 1.46732 0.00009   
YGP001-82   0.281910 0.000039 0.00045 0.01525 1.46727 0.00012   
YGP001-83   0.281059 0.000035 0.00073 0.02598 1.46726 0.00009   
YGP001-84 2630 8 0.280891 0.000041 0.00044 0.01540 1.46728 0.00008 -8.0 1.4 

YGP001-85   0.282283 0.000056 0.00079 0.02732 1.46728 0.00011   
YGP001-86 698 4 0.282367 0.000034 0.00056 0.01904 1.46726 0.00009 0.5 1.2 
YGP001-87   0.281080 0.000047 0.00093 0.02770 1.46734 0.00009   
YGP001-88   0.282348 0.000028 0.00057 0.02038 1.46726 0.00010   
YGP001-89 558 2 0.282302 0.000032 0.00007 0.00278 1.46735 0.00012 -4.7 1.1 
YGP001-90 1091 6 0.281991 0.000033 0.00096 0.03438 1.46731 0.00011 -4.3 1.2 

YGP001-91   0.282387 0.000040 0.00034 0.00996 1.46728 0.00013   
YGP001-92 1193 7 0.281739 0.000033 0.00020 0.00699 1.46739 0.00009 -10.4 1.1 
YGP001-93 662 3 0.282355 0.000058 0.00156 0.05715 1.46730 0.00010 -1.1 2.1 

YGP001-94   0.282058 0.000033 0.00017 0.00528 1.46731 0.00010   
YGP001-95 529 2 0.281116 0.000033 0.00023 0.00738 1.46733 0.00010 -47.4 1.2 

YGP001-96 717 3 0.282258 0.000037 0.00091 0.03396 1.46730 0.00009 -3.1 1.3 

YGP001-97   0.282189 0.000035 0.00061 0.02080 1.46728 0.00010   
YGP001-98   0.282050 0.000043 0.00144 0.05003 1.46727 0.00010   
YGP001-99 704 3 0.282284 0.000038 0.00057 0.02047 1.46736 0.00011 -2.3 1.3 

YGP001-100 665 3 0.282370 0.000033 0.00113 0.04067 1.46732 0.00009 -0.3 1.1 

YGP001-101 543 2 0.281747 0.000033 0.00029 0.00985 1.46725 0.00009 -24.7 1.1 
YGP001-102 1432 9 0.281477 0.000040 0.00068 0.02706 1.46728 0.00009 -14.8 1.4 

YGP001-103   0.282400 0.000036 0.00068 0.01999 1.46733 0.00011   
YGP001-104 932 6 0.282035 0.000038 0.00087 0.03052 1.46728 0.00010 -6.2 1.3 
YGP001-105   0.282010 0.000033 0.00096 0.03346 1.46732 0.00010   
YGP001-106 2645 8 0.281045 0.000034 0.00086 0.02951 1.46731 0.00010 -2.9 1.2 
YGP001-107 721 4 0.282236 0.000032 0.00054 0.01896 1.46736 0.00010 -3.6 1.1 

YGP001-108 2599 4 0.281161 0.000039 0.00144 0.04989 1.46729 0.00008 -0.9 1.4 

YGP001-109 710 3 0.282354 0.000034 0.00054 0.01983 1.46727 0.00012 0.4 1.2 
YGP001-110 681 4 0.282419 0.000047 0.00071 0.02530 1.46732 0.00010 1.9 1.7 

YGP001-111 685 4 0.282381 0.000052 0.00314 0.10134 1.46735 0.00010 -0.4 1.8 

YGP001-112 1228 8 0.281805 0.000032 0.00036 0.01279 1.46730 0.00009 -7.4 1.1 
YGP001-113 1023 6 0.282011 0.000029 0.00043 0.01490 1.46736 0.00009 -4.8 1.0 

YGP001-114 684 3 0.282373 0.000040 0.00120 0.04647 1.46744 0.00012 0.2 1.4 

YGP001-115 708 3 0.282354 0.000037 0.00058 0.02090 1.46720 0.00011 0.3 1.3 
YGP001-116   0.282306 0.000090 0.00151 0.04704 1.46741 0.00019   
YGP001-117   0.282114 0.000032 0.00069 0.02298 1.46729 0.00010   
YGP001-118 1849 9 0.281466 0.000050 0.00268 0.09388 1.46736 0.00011 -8.3 1.8 
YGP001-119   0.281840 0.000036 0.00004 0.00212 1.46728 0.00011   
YGP001-120 2020 8 0.281359 0.000037 0.00066 0.02314 1.46731 0.00011 -5.7 1.3 

YGP001-121 2820 10 0.281086 0.000035 0.00080 0.02511 1.46731 0.00010 2.6 1.3 
YGP001-122   0.280885 0.000041 0.00045 0.01450 1.46724 0.00012   
YGP001-123   0.282005 0.000028 0.00052 0.01819 1.46726 0.00008   
YGP001-124   0.281998 0.000036 0.00071 0.02474 1.46728 0.00009   
YGP001-125   0.282032 0.000043 0.00069 0.02295 1.46733 0.00011   
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Supplementary Table 4-4: Binary mixing model. 

(i) Median concentration of "granite" and "greenstone" rocks in the Yilgarn Craton 

(Granite and greenstone rocks are assumed to be portrayed by (meta)igneous rocks having ~64-72 and 42-51 wt% SiO2, n=8010)      
Lu concentration (ppm) Hf concentration (ppm)  

Granite Greenstone Granite Greenstone  
0.12 0.3 3.96 1.52       

(ii) Results of binary mixing model  
Fraction Fraction Average composition (ppm)  

Granite Greenstone Lu Hf 176Lu/177Hf 

1.0 0.0 0.12 3.96 0.004 

0.9 0.1 0.14 3.72 0.005 
0.8 0.2 0.16 3.47 0.006 

0.7 0.3 0.17 3.23 0.008 

0.6 0.4 0.19 2.98 0.009 
0.5 0.5 0.21 2.74 0.011 

0.4 0.6 0.23 2.50 0.013 

0.3 0.7 0.25 2.25 0.016 
0.2 0.8 0.26 2.01 0.019 

0.1 0.9 0.28 1.76 0.023 
0.0 1.0 0.30 1.52 0.028 
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Chapter 5 

5 Reorganization of continent‐scale sediment routing based on 

detrital zircon and rutile multi‐proxy analysis 

This chapter is published as: 

Dröllner, M., Barham, M., and Kirkland, C.L., 2022, Reorganization of continent‐scale 

sediment routing based on detrital zircon and rutile multi‐proxy analysis: Basin Research, 

doi: 10.1111/bre.12715. 

(Minor post-publication changes and clarifications have been made based on examiner 

comments) 

Abstract 

The duration and extent of sediment routing systems are intrinsically linked to crustal- to 

mantle-scale processes. Therefore, distinct changes in geodynamic regime may be captured in 

the detrital record. This study attempts to reconstruct the sediment routing system of the 

Canning Basin (Western Australia) during the Early Cretaceous to decipher its depositional 

response to Mesozoic-Cenozoic supercontinent dispersal. Specifically, we reconstruct source-

to-sink relationships for the Broome Sandstone (Dampier Peninsula) and proximal modern 

sediments through multi-proxy analysis of detrital zircon (U–Pb, Lu–Hf, trace elements) and 

detrital rutile (U–Pb, trace elements). Multi-proxy comparison of detrital signatures and 

potential sources reveals that the majority of the detrital zircon and rutile grains are ultimately 

sourced from crystalline basement in central Australia (Musgrave Province and Arunta region) 

and that proximal sediment supply (i.e., Kimberley region) is negligible. However, a significant 

proportion of detritus might be derived from intermediate sedimentary sources in central 

Australia (e.g., Amadeus Basin) rather than directly from erosion of crystalline basement. 

Broome Sandstone data are consistent with a large-scale drainage system with headwaters in 

central Australia. Contextualization with other broadly coeval drainage systems suggest that 

central Australia acted as a major drainage divide during the Early Cretaceous. Importantly, 

reorganization after supercontinent dispersal is characterized by the continuation of a sediment 

pathway remnant of an earlier transcontinental routing system originating in Antarctica that 

provided a template for Early Cretaceous drainage. Review of older Canning Basin strata 

implies a prolonged denudation history of central Australian lithologies. These observations are 

consistent with the long-lived intracontinental tectonic activity of central Australia governing 
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punctuated sediment generation and dispersion more broadly across Australia, and emphasize 

the impact of deep Earth processes on sediment routing systems. 

5.1 Introduction 

Sediment generation and transport pathways are extrinsically governed by tectonic and 

climatic processes (e.g., Armitage et al., 2011; Blum et al., 2018). Thus, crustal- to mantle-scale 

processes, such as tectonic deformation (e.g., Clark et al., 2004; Castelltort et al., 2012; 

Olierook et al., 2019), mantle hotspots (Chardon et al., 2016), and mantle convection (Faccenna 

et al., 2019) are first-order controls of erosional activity and the spatiotemporal evolution of 

drainage patterns. These external factors may control lifespans of sediment pathways that can 

persist several 100s of Myr (e.g., Prokopiev et al., 2008; Morón et al., 2019), but can also drive 

significant reorganization or fragmentation of sediment routing systems over different 

timescales and can leave characteristic imprints on the detrital record (e.g., Tyrrell et al., 2007; 

Blum and Pecha, 2014; Barham and Kirkland, 2020; Song et al., 2022). Therefore, studying 

variations of sedimentary compositions within basins can inform on the co-evolution of 

drainage pattern and their controls (Davis et al., 2010; Zhang et al., 2019). 

Paleozoic–Mesozoic sedimentary successions of the Canning Basin (Western Australia), 

have been interpreted to form a section of an ancient transcontinental drainage system of East 

Gondwana with headwaters in Antarctica (Morón et al., 2019; Figure 5-1). Importantly, the 

stratigraphy preserved within the basin is an almost continuous record of the drainage evolution 

of East Gondwana and provides an opportunity to study the reorganization of continental 

sediment routing systems after Mesozoic-Cenozoic supercontinent dispersal. The sediment 

pathways of Paleozoic and lower Mesozoic sediments of the Canning Basin and the equivalent 

offshore Carnarvon Basin, i.e., prior to the separation of Antarctica and Greater India from 

Australia, have been interpreted from U–Pb and Hf isotope analysis of detrital zircon (e.g., 

Haines and Wingate, 2007; Haines et al., 2013; Morón et al., 2019; Zutterkirch et al., 2021). 

The breakup of East Gondwana commenced with seafloor spreading northwest of 

Australia at ca. 136 Ma, which propagated southward and separated Greater India and 

Australia-Antarctica at ca. 126 Ma (Gibbons et al., 2013). Although the breakup of Antarctica 

and southwestern Australia is constrained at ca. 90 Ma based on the onset of seafloor spreading 

(Direen, 2011), the fluvial connection between the continents has likely terminated significantly 

earlier. Arguably, sediment transport from Antarctica to Australia ceased with the crustal 

thinning and extension that initiated during the Late Jurassic (Sayers et al., 2001). This is 

Antarctica#_CTVL001d00782101ec44188a5a99ab95c3ff47b
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supported by (i) absence of Antarctica-derived detritus in the Early Cretaceous Madura Shelf 

in southern Australia (Barham et al., 2018) and (ii) paleodrainage patterns of south-western 

Australia that are consistent with paleocurrent direction towards Antarctica (see Figure 3 in 

Olierook et al., 2015) and have minimum depositional ages of ca. 137 Ma (based on 40Ar-39Ar 

ages of overlying lava flows; Olierook et al., 2016), suggesting no effective fluvial sediment 

transport from Antarctica to Australia during the Early Cretaceous. However, a detailed model 

on the sediment routing system of the Canning Basin after the separation of Greater India, and 

during and after the initiation of rifting with Antarctica is currently lacking, hampering the study 

of sedimentary reorganization after these major geodynamic changes. 

Reconstructing sediment transport pathways using detrital zircon crystallization ages as 

distinctive tracers may be hindered in cases where potential source rocks share similar age 

characteristics, obscuring definitive source-to-sink interpretations (e.g., Howard et al., 2009; 

Xu et al., 2017). A robust source discrimination, i.e., disentangling various non-distinctive 

source signals, hence demands a multi-proxy approach. Lu–Hf isotope geochemistry, sensitive 

to the source of the melt in which the zircon has been crystallized, has been utilized to improve 

interpretation of sediment source terranes (e.g., Veevers et al., 2005; Ustaömer et al., 2016; 

Barham and Kirkland, 2020). The 176Hf/177Hf ratio that is commonly expressed using the 

epsilon notation (εHf; deviation from the chondritic Hf ratio), can inform about the tectonic 

setting of zircon formation (e.g., Belousova et al., 2010; Collins et al., 2011). Thus, sources of 

near-contemporaneous formation but distinct tectonic setting can be distinguished based on 

their Hf isotopic fingerprint, e.g., zircon from arc settings show more radiogenic (juvenile) 

compositions (+ εHf) than zircon in continent-collision settings that show less radiogenic (more 

evolved) Hf signals (- εHf) (e.g., Gardiner et al., 2016). Additional provenance information 

may be retrieved by the integrated measurements of trace element compositions of detrital 

minerals, which inform about source rock petrology (e.g., Hoskin and Ireland, 2000; Belousova 

et al., 2002; Grimes et al., 2007). Trace elements can address various source rock 

characteristics, e.g., the tectonic setting (e.g., Grimes et al., 2015), the oxidation state of magma 

(e.g., Trail et al., 2012), or the growth temperature using the Ti-in-zircon geothermometer (e.g., 

Aubrecht et al., 2017), collectively helping source-to-sink correlations. While the use of zircon 

as a provenance tool is generally supported by a vast amount of published data for comparison 

with potential crystalline source rocks, as well as detrital grains within intermediate age 

sediment storage, single-mineral provenance studies face a clear mineral-specific bias (e.g., 

Chew et al., 2020). Interpretations based on zircon can be biased towards overrepresentation of 

felsic to intermediate igneous rocks (e.g., Malkowski et al., 2019) and lithologies with high 

Fingerprinting#_CTVL0012a8659082ff7430eb35a7dedcff659dc
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zircon abundance (fertility) (e.g., Moecher and Samson, 2006). Furthermore, the slow diffusion 

rate of Pb in zircon with a closure temperature of ca. 900 °C restricts age resetting during most 

geological processes (Cherniak and Watson, 2001). This, and sparce zircon growth during low 

and medium grade metamorphic conditions (Kohn et al., 2015) renders the U-Pb zircon system 

relatively insensitive to most low-medium temperature processes. Therefore, detrital zircon 

poorly represents magma-poor orogens (e.g., O’Sullivan et al., 2016), potentially missing entire 

orogenic cycles within any catchment area (Krippner and Bahlburg, 2013). 

The integrated analysis of additional mineral phases (e.g., rutile, apatite, monazite) that 

occur in a compositional range of source rocks can provide more accurate source-to-sink 

interpretations compared to those based on single-mineral analysis (e.g., Rösel et al., 2014; 

Gillespie et al., 2018; Moecher et al., 2019). Specifically, mineral pairs such as zircon-rutile 

that (i) record distinct geological processes and (ii) show similar hydrodynamical behaviour 

(i.e., no differential fractionation) are favourable combinations (von Eynatten and Dunkl, 

2012). Rutile, in comparison to zircon, is primarily sourced from metamorphic rocks (Force, 

1980), and U-Pb analysis of rutile documents middle to lower crustal processes (e.g., Smye et 

al., 2018) due to the lower retentivity of Pb in rutile with a closure temperature of ca. 600 °C 

(Cherniak, 2000). Such discrepancies of genesis and Pb retentivity between zircon and rutile 

render this combination effective to capture a wide range of geological processes taking place 

at different temperatures, ultimately resulting in more complete provenance information (see 

examples of coupled zircon-rutile applications in Bracciali, 2019). Additionally, trace elements 

in rutile act as excellent tracers of source rock protolith compositions (i.e., mafic versus pelitic; 

e.g., Triebold et al., 2012) and allows for estimation of growth temperatures using the Zr-in-

rutile geothermometer (Tomkins et al., 2007). 

A different approach to help define basement signatures could be through characterization 

of modern catchments within the study area (e.g., Malusà et al., 2016). Such an approach may 

provide important information not accessible in the currently exposed crystal basement and 

hence provide a more distinctive source fingerprint. Moreover, erosional sampling of the crust 

in an area may provide a more representative sample of the basement age structure than direct 

dating of individual crystalline rocks (e.g., Pepper et al., 2016). 

This work describes a multi-proxy approach analysing detrital zircon (U–Pb, Lu–Hf, trace 

elements) and detrital rutile minerals (U–Pb, trace elements) of the Lower Cretaceous Broome 

Sandstone and modern sedimentary systems in its proximity (Figure 5-2A). The work focuses 

on (i) establishing the provenance of detrital zircon and rutile of the Broome Sandstone, (ii) 

reconstructing the sediment routing system and contextualizing these results within the broader 
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framework of previously published late Mesozoic sediment routing systems in Australia, and 

(iii) elucidating the controls and associated implications of post-Gondwanan changes in the 

sediment drainage patterns in Australia. 

Figure 5-1: (A) Paleogeographic reconstruction of Australia during the early Cretaceous (ca. 

130 Ma); modified after Totterdell et al. (2001) and Cao et al. (2017) using the GPlates 2.3 software 

(Müller et al., 2018). Pale grey lines define modern coastlines. Red dashed line shows the extent of 

Figure 5-1B. SRS, Sediment routing system. (B) Simplified map of major geological units bordering 

the Canning Basin (modified after Haines et al., 2013). Red dots and squares show locations of 

reference samples (outcrop and drill core, respectively) used in Figure 5-9. Red dashed line shows the 

extent of Figure 5-2. Blue line labelled ‘C’ shows the approximate course of seismic profile in Figure 

5-1C. (C) Simplified interpretation of a seismic cross-section of the north-eastern part of the Canning 

Basin (modified after Hashimoto et al., 2018). 

5.2 Geological framework 

5.2.1 The Canning Basin 

The NW-SE trending Canning Basin in NW Australia comprises a ca. 430,000 km2 area 

of Ordovician to Cretaceous sedimentary rocks (Figure 5-1C) with a maximum sediment 

thickness of ca. 15 km (Forman and Wales, 1981). The evolution of the Canning Basin can be 

subdivided into at least seven major tectonic phases (Hashimoto et al., 2018): (i) Early 

Ordovician–Silurian extension and subsidence, (ii) middle Silurian–Early Devonian uplift and 
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erosion, (iii) Devonian–early Carboniferous extension and subsidence, (iv) Middle 

Carboniferous transpression, uplift and erosion, (v) Late Carboniferous–Triassic extension and 

subsidence, (vi) Early Jurassic transpression, uplift and erosion, and (vii) Middle Jurassic–

Cenozoic breakup and passive margin. 

The early Mesozoic sedimentary record of the Canning Basin is limited to transgressive 

fluvio-deltaic sandstones and shallow marine mud- and sandstones (Erskine Sandstone and 

Blina Shale, respectively), deposited during the Early Triassic (Figure 5-2B). Early Mesozoic 

sedimentation ceased with the onset of the Fitzroy Transpressional Movement initiating 

widespread deformation and erosion, especially affecting the northern parts of the basin (Parra 

Garcia et al., 2014). In response to subsidence, sedimentation resumed during the Middle 

Jurassic and resulted in deposition of deltaic, fluvial and aeolian sedimentary successions of the 

Wallal and Barbwire sandstones (Hashimoto et al., 2018). These sediments are overlain by the 

transgressive shallow marine to paralic Alexander Formation and Jarlemai Siltstone (Figure 

5-2B), deposition of which was followed by marine regression and minimal additional 

sedimentation until the Early Cretaceous (Forman and Wales, 1981). After the separation of 

Australia and Greater India, the Canning Basin became a passive margin (Hashimoto et al., 

2018). During the Valanginian–Barremian transgression, the shallow marine to paralic rocks of 

the Broome Sandstone, interpreted in the context of a northwest to westward-prograding fluvio-

deltaic system (Forman and Wales, 1981; Smith et al., 2013; Salisbury et al., 2016; Hashimoto 

et al., 2018), were deposited. The Broome Sandstone records the occurrence of dinosaur 

ichnofauna (e.g., Salisbury et al., 2016), and hosts heavy mineral sand deposits of economic 

relevance (Boyd and Teakle, 2016). 

5.2.2 Potential areas of sediment generation 

The onshore Canning Basin is framed by several crystalline and sedimentary packages of 

different age and formation history. Crystalline basement rocks, i.e., areas of primary sediment 

generation (ultimate crystalline sources), bordering the Canning Basin can be broadly divided 

into Archean, Paleo–Mesoproterozoic, and/or Neoproterozoic–early Phanerozoic lithologies 

(Figure 5-1B). 

5.2.2.1 Archean sources 

The principal possible sources for Archean detritus supply to the Canning Basin are the 

Pilbara and Yilgarn cratons. The crystalline part of the Pilbara Craton consists of granite-

greenstone terranes, largely formed during the Paleo–Mesoarchean at ca. 3530–3070 Ma (e.g., 

Champion and Smithies, 2007), and post-orogenic granitoids formed at ca. 2890–2830 Ma 
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(Hickman and van Kranendonk, 2012). The Yilgarn Craton records major crustal growth at ca. 

2730–2620 Ma (Cassidy et al., 2006). Further Archean sediment sources, albeit volumetrically 

insignificant compared to the Pilbara and Yilgarn cratons, can be found in the Granites-Tanami 

region, which generally comprises rocks of Paleoproterozoic age (e.g., Bagas et al., 2009), but 

contains ca. 2514 Ma orthogneisses (Smith, 2001). 

5.2.2.2 Paleo–Mesoproterozoic sources 

Several sources of Paleo–Mesoproterozoic material are distributed along the fringes of 

the Canning Basin. In the northeast, the Kimberley region (Figure 5-1B) records the ca. 1870–

1850 Ma Hooper Orogeny, the ca. 1835–1805 Ma Halls Creek Orogeny, and ca. 1865–1850 

Ma felsic magmatism of the Paperbark Supersuite, all part of the Lamboo Province (Tyler et 

al., 2012; Hollis et al., 2014). In the east, the Arunta region forms the southern part of the North 

Australian Craton and hosts the ca. 1860–1700 Ma Aileron and the ca. 1690–1600 Ma Warumpi 

provinces (Collins, 1995; Hollis et al., 2013). Paleo–Mesoproterozoic basement lithologies 

around the western flank of Canning Basin are the Capricorn Orogen and the Rudall Province 

(Figure 5-1B). The Capricorn Orogen documents the collision of the Pilbara and Yilgarn cratons 

with tectonomagmatic events at ca. 2200 Ma, 2000–1960 Ma, and 1830–1780 Ma (Cawood 

and Tyler, 2004). The Rudall Province, east of the Capricorn Orogen, documents zircon U–Pb 

age modes at ca. 1804–1762 Ma, 1589–1549 Ma, 1310–1286 Ma, and 1185–1165 Ma (Kirkland 

et al., 2013; Gardiner et al., 2018; Payne et al., 2021). The Musgrave Province in central 

Australia, on the edge of the Canning Basin to the south, presents a Paleo– and Mesoproterozoic 

history characterized by the ca. 1345–1293 Ma Mount West Orogeny, the ca. 1220–1150 Ma 

Musgrave Orogeny, and the ca. 1090–1040 Ma Giles Event (Kirkland et al., 2013; Howard et 

al., 2015; Smithies et al., 2015). A more distal, but also plausible source, are igneous rocks of 

the Proterozoic Albany-Fraser Orogen located on the very southern end of the Canning Basin. 

Lithologies of the Albany-Fraser Orogen document major zircon age modes at 1710–1650 Ma, 

1345–1260 Ma, and 1215–1140 Ma (Kirkland et al., 2011; Spaggiari et al., 2015). 

5.2.2.3 Neoproterozoic–early Phanerozoic sources 

The ca. 750–720 Ma Miles Orogeny (Rudall Province; Bagas, 2004), the ca. 600–530 Ma 

Petermann Orogeny (Musgrave Province; Wade et al., 2006), the ca. 560 Ma Wunaamin 

Miliwundi Orogeny (Kimberley region; Tyler et al., 2012), and the ca. 550 Ma Paterson 

Orogeny (Rudall Province; Bagas, 2004) are all developed adjacent to the borders of the 

Canning Basin (Figure 5-1B). Based on the broad temporal overlap of these orogenic events, 

as well as geophysical indications of a continuity between these spatially separated geological 
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units, a coherent transcontinental orogenic system (Paterson-Petermann orogenic belt) has been 

suggested (e.g., Martin et al., 2017). The youngest major tectonometamorphic event of the study 

area is the polyphased Alice Springs Orogeny in central Australia at ca. 450–300 Ma (Buick et 

al., 2008). 

5.2.2.4 Sources of recycled detritus 

Numerous sedimentary basins frame and underlie the Canning Basin and can be 

considered potential sources of recycled detritus (intermediate sources). Proximal extra-basinal 

sources of recycled sedimentary detritus are the Kimberley and Speewah groups that account 

for large parts of the Kimberley region (Figure 5-2A) and show detrital zircon age spectra 

dominated by age modes at ca. 2525–2480 Ma and ca. 1880–1850 Ma (Hollis et al., 2014). 

Sediments from central Australia, such as those corresponding to the Amadeus Basin and 

Officer Basin, are additional probable sources of recycled sediments. Both basins' detrital 

zircon age distributions are interpreted to reflect substantial sediment supply from the Musgrave 

Province (detrital zircon ages at ca. 1200–1000 Ma) and the Arunta region (ca. 1860–1700 Ma 

and 1690–1600 Ma) (Maidment et al., 2007; Haines et al., 2013; Haines et al., 2016). The 

Paleozoic of the Officer Basin also includes a significant portion of ca. 700–500 Ma ages, 

potentially sourced from Antarctica (Haines et al., 2013; Morón et al., 2019). Intrabasinal 

recycling of Canning Basin sediments, perhaps through erosion during fluvial processes, is an 

additional feasible source of recycled detritus for successively younger units. Although 

different sedimentary successions throughout the Canning Basin show distinct detrital zircon 

spectra, most analysed Canning Basin lithostratigraphic units are dominated by three major age 

modes at ca. 1800–1500 Ma, 1250–1000 Ma, and 700–500 Ma (Haines et al., 2013; Morón et 

al., 2019). 

5.2.3 Gondwanan sediment routing of the Canning Basin 

The oldest deposits of the Canning Basin, principally formed during the Ordovician, show 

distinct detrital zircon age signatures in northern and southern parts of the basin. Northern 

sedimentary rocks of the Canning Basin (locations 23 and 24 in Figure 5-1B) show detrital age 

compositions similar to local sources suggesting proximal sediment supply (Haines et al., 

2013). In contrast, detrital zircon age spectra of Ordovician sediments in the southeast Canning 

Basin (locations 25-28 in Figure 5-1B) are similar to the western Officer Basin age 

distributions, which contain ca. 700–500 Ma detrital zircon grains that have been linked to 

source rocks in Antarctica (Cawood and Nemchin, 2000; Haines et al., 2013; Veevers, 2018). 

These observations are interpreted as sediment routing of ultimately Antarctica-derived detritus 
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into the southeast of the Canning Basin via the Officer Basin (Haines et al., 2013). Similar 

detrital zircon age patterns are seen for Silurian to Permian sedimentary successions (locations 

17-21 in Figure 5-1B) of the Canning Basin (Haines et al., 2013). Glaciogenic sediments of the 

early Permian Grant Group of the Canning Basin (locations 13-16 in Figure 5-1B) show detrital 

zircon fingerprints broadly similar to those of older Canning Basin sediments, but tend towards 

a dominance of central Australian sources, i.e., Arunta region, Musgrave Province, Alice 

Springs Orogen (Martin et al., 2019). Likewise detrital zircon ages from the Triassic Erskine 

Sandstone (locations 1-10 in Figure 5-1B) reveal qualitatively similar source constraints 

compared to the overall Canning Basin trend, but show distinct local age signals from the 

proximal Wunaamin Miliwundi Orogen (Thomas, 2012). However, based on the high similarity 

of detrital zircon age and Lu–Hf data within Paleozoic to early Mesozoic (Triassic) sedimentary 

successions of the Canning Basin and proximal sedimentary units (e.g., Carnarvon Basin, Lhasa 

Terrane), as well as channel-belt thickness scaling relationships, a long-lived transcontinental 

sediment routing system has been suggested to have discharged onto the Northwest Shelf 

through the Canning Basin (see Figure 1 in Morón et al., 2019). This large-scale sediment 

routing system is interpreted to include a south-to-north system sourcing sediments from 

Antarctica and a system supplying detritus from central Australia (Morón et al., 2019). A 

significant degree of intermediate storage and recycling of Antarctica derived material has been 

proposed on the basis of characteristic detritus in southwestern Australia (Kirkland et al., 2020). 

5.2.4 The catchment of the Fitzroy River 

The catchment of the sampled Fitzroy River measures ca. 94,000 km2 and represents the 

largest drainage system in present-day NW Australia (Figure 5-2A). The catchment of the river 

is principally considered non-perennial (Crossman and Li, 2015), with widespread over bank 

flood events in the catchment during the wet season and summer tropical cyclones (Wohl et al., 

1994). The drainage area of the Fitzroy River can be separated into two components based on 

underlying crust. The lithologies of the upstream SW draining river system are mostly 

Paleoproterozoic in age and are part of the Kimberley region (Figure 5-2A). The lower part of 

the Fitzroy River heads NW and flows through sedimentary rocks of the Canning Basin, as well 

as younger, often poorly consolidated sediments, which comprise Cenozoic eolian and alluvial 

deposits and/or valley-fills (Figure 5-2A). 
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Figure 5-2: (A) Geological map of the study area with sample locations (yellow stars) and drainage 

area of the Fitzroy River. Red dots show reference sample locations (Figure 5-9 and Supplementary 

Table 5-1). MHG, Mount House Group (Cryogenian-Ediacaran). (B) Mesozoic stratigraphy and the 

main tectonic events of the Canning Basin (modified after Mory and Hocking, 2011). Arrow indicates 

spatial occurrence of sedimentary units within the basin; S, South; N, North. 

5.3 Methods and materials 

This work studied four samples of the Cretaceous Broome Sandstone, three samples from 

modern sediments (Figure 5-2A), and analysed a total of 1500 detrital minerals. Three 

unconsolidated samples (THB001-003) are from a littoral heavy mineral placer deposit 

(Thunderbird) hosted within the clastic strata of the Broome Sandstone (Boyd and Teakle, 

2016). Another sample of the Broome Sandstone has been collected from an outcrop at 

Gantheaume Point (GPT001). Modern samples of fluvial (Fitzroy River; FIT001 [downstream] 

and FIT002 [upstream]; Figure 5-2A) and littoral (Broome; BRM) sands have been selected to 

capture the detrital fingerprint of the modern catchment. Specifically, the modern detrital 

signature may help to resolve source signatures of the proximal Kimberley region and other 

sources of near-contemporaneous formation (e.g., the distal Arunta region). Minerals of the 

sandstone sample GPT001 have been liberated using high voltage electrical fragmentation 

(SelFrag Lab, Switzerland). Subsequent steps of mineral separation were identical for all 

disaggregated sediment samples and involved the use of a Jasper Canyon Research zircon 

shaking table (Dumitru, 2016), heavy liquid separation (density of 2.85 g/cm3), and a single-
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step magnetic separation using a Frantz isodynamic magnetic separator at 1 A using a side slope 

and slope of 10° and 15°, respectively. Representative splits of the heavy mineral separates for 

most samples were bulk-mounted, i.e., randomly affixed on double-sided tape and embedded 

in epoxy resin. Zircon grains of sample BRM were hand-picked. Also, one rock chip (whole 

rock, ca. 1 cm diameter) of the Broome Sandstone outcrop sample (GPT001) was embedded in 

an epoxy mount. Subsequently, mounts were polished to expose grain interiors. Mineralogical 

identification and mapping were performed using energy-dispersive X-ray spectrometry (EDX) 

and backscattered electron imaging on the TESCAN Integrated Mineral Analyzer (TIMA). 

The multi-proxy approach focusses on analyses of zircon and rutile minerals, which were 

analysed by laser ablation inductively coupled plasma mass spectrometer at the GeoHistory 

Facility in the John de Laeter Centre, Curtin University (Perth, Australia). Analyses of detrital 

zircon include measurement of their U-Pb and Lu-Hf isotopic composition, as well as 

quantification of their trace element composition. Zircon spot analyses have been guided by 

cathodoluminescence imaging using a TESCAN Clara FE-SEM. If different growth zones (i.e., 

core-rim zonation) were observed, rims of zircon grains sufficiently large to host a laser spot 

were targeted for analysis. Detrital rutile were analysed for their U-Pb and trace element 

compositions. Rutile analyses were performed for TiO2 grains (as identified by TIMA) that 

showed homogenous backscattered electron response, absence of superficial inclusions, and no 

obvious signs of alteration. U-Pb ages were calculated using IsoplotR (Vermeesch, 2018). 

Concordia ages (Ludwig, 1998) are used to avoid changing between different ratios for age 

calculation, to make optimum use of both U/Pb and Pb/Pb ratios. The use of single analysis 

Concordia ages carries substantial advantages for the interpretation of detrital age data as 

showed by empirical and model-based demonstrations (Zimmermann et al., 2018; Vermeesch, 

2021). All ages are quoted at 2σ absolute uncertainty. 204Pb was used as a semi-quantitative 

screening tool for common Pb and was monitored during the data reduction. For concordant 

analyses, common Pb contents were found to be below detection limits and thus, zircon age 

data are not corrected for common Pb. Calculation of εHf values use the Chondritic Uniform 

Reservoir composition of Bouvier et al. (2008) and the 176Lu decay constant of Söderlund et al. 

(2004). Post-analysis identification of the TiO2 phases (i.e., rutile, brookite, and anatase) was 

accomplished applying the trace element based discrimination of Triebold et al. (2011). Rutile 

age data are corrected for common Pb using a 208Pb-correction (Zack et al., 2011) for rutile 

grains displaying Th/U < 0.1. Rutile analyses exceeding this threshold, are not considered for 

further investigation as high Th content are unusual in primary metamorphic rutile (Zack et al., 

2011), and possibly induced by secondary overprinting and/or inclusions. Zircon and rutile 
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growth temperatures have been calculated (assuming activities at unity) using the Ti-in-zircon 

and Zr-in-rutile (at 10 kbar) geothermometers of Watson et al. (2006) and Tomkins et al. (2007), 

respectively. Sample site locations and analytical methods employed for each sample are 

summarized in Table 5-1. Full documentation of analytical procedures is provided in the 

Appendix. 

Table 5-1: Sample sites and employed methodology. 

Sample ID Sample Age Lat Long Method(s) 

Broome Sandstone 

THB001 

Thunderbird 

deposit, Sandstone 

(3.5-8.6 m depth) 

Valanginian–

Barremian* 17°25'41.52"S 122°57'47.52"E 

Zircon (U–Pb, Lu–Hf), Rutile 

(U–Pb, Trace elements) 

THB002 

Thunderbird 

deposit, Sandstone 

(8.6-11.4 m depth) 

Valanginian–

Barremian* 17°25'41.52"S 122°57'47.52"E 

Zircon (U–Pb, Lu–Hf), Rutile 

(U–Pb, Trace elements) 

THB003 

Thunderbird 

deposit, Sandstone 

(8.2-11.1 m depth) 

Valanginian–

Barremian* 17°26'2.40"S 122°57'50.04"E 

Zircon (U–Pb, Lu–Hf), Rutile 

(U–Pb, Trace elements) 

GPT001 

Gantheaume 

Point, Sandstone 

Valanginian–

Barremian* 17°58'25.96"S 122°10'33.53"E 

Zircon (U–Pb, Trace elements), 

Rutile (U–Pb, Trace elements) 

Riverine 

FIT001 

Fitzroy River 

sand, downstream Modern 17°44'2.13"S 123°38'53.56"E 

Zircon (U–Pb, Trace elements), 

Rutile (U–Pb, Trace elements) 

FIT002 

Fitzroy River 

sand, upstream Modern 18°11'20.82"S 125°35'8.02"E 

Zircon (U–Pb, Trace elements), 

Rutile (U–Pb, Trace elements) 

Coastal 

BRM 

Broome beach 

sand Modern 18°00'23.5"S 122°12'38.8"E Zircon (U–Pb) 

*Broome Sandstone age of deposition (ca. 140-127 Ma) based on palynological constraints (Smith et al., 2013). 

5.4 Results 

5.4.1 Mineralogical composition 

The mineralogy of the Broome Sandstone (whole rock), based on EDX analysis of a rock 

chip, is dominated by Quartz (ca. 81%). Clay minerals (likely Kaolinite) and feldspar (mostly 

K-feldspar) account for ca. 7% and 6%, respectively. Ilmenite, TiO2 polymorphs, and zircon 

are the dominant accessory minerals as documented in the heavy mineral composition (Table 

5-2). Other, minor accessory phases are tourmaline, monazite, and Al2SiO5 polymorphs. The 

major phases of the heavy mineral concentrate of the upstream Fitzroy River sediment are 

ilmenite (ca. 48%), hematite/magnetite (ca. 13%), and unclassified, potentially altered grains 

(ca. 11%). The upstream Fitzroy River sample contains only modest occurrences of ultrastable 
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minerals (e.g., TiO2 polymorphs, zircon, tourmaline) compared to the downstream sample. The 

latter is also dominated by ilmenite (ca. 40%) but reveals ca. 15% TiO2 polymorphs and 11% 

zircon among the heavy minerals. The complete mineralogical compositions, based on EDX, 

are provided in Table 5-2. 

Table 5-2: Mineralogical composition obtained from Whole rock (WR) and/or Heavy mineral (HM) 

analysis utilizing energy-dispersive X-ray spectrometry using the TESCAN Integrated Mineral 

Analyzer (TIMA). 

Mineral phase GPT001 (WR) GPT001 (HM) FIT001 (HM) FIT002 (HM) 

Quartz 80.8 2.8 2.5 1.4 

Clay (Kaolinite?) 6.6 0.2 0.0 0.0 

K-feldspar 5.0 0.1 0.1 0.2 

Al2SiO5-Polymorph 2.5 0.6 0.6 0.3 

Plagioclase 0.5 2.3 7.6 4.6 

Ilmenite 0.4 66.9 40.0 47.8 

Garnet 0.2 0.1 1.8 3.0 

TiO2-Polymorph 0.2 8.7 14.5 2.2 

Tourmaline 0.2 1.9 2.2 1.0 

Biotite 0.1 0.0 2.9 4.2 

Zircon 0.1 10.9 10.5 1.3 

Hematite/Magnetite 0.0 0.1 3.5 12.8 

Monazite 0.0 1.1 0.4 0.1 

Amphibole 0.0 0.0 2.7 3.7 

Pyroxene 0.0 0.0 1.4 3.5 

Titanite 0.0 0.0 0.8 1.0 

Unclassified/Altered 1.5 2.4 6.3 10.5 

Other phases 2.1 2.0 2.2 2.3 

Total 100 100 100 100 

5.4.2 Detrital Zircon 

5.4.2.1 U–Pb geochronology 

Most samples reveal polymodal age spectra (Figure 5-3). There is a total of 443 

concordant ages out of 868 measurements. In the following, concordant ages are interpreted as 

magmatic emplacement ages of source rocks or ages of metamorphism in source areas. All four 

samples of the Lower Cretaceous Broome Sandstone show similar detrital zircon U–Pb age 

distributions (Figure 5-3). U–Pb zircon ages of the Broome Sandstone range from early Permian 

(youngest grain 298 ± 3 Ma) to Paleoarchean (oldest grain ca. 3362 ± 18 Ma). Major age modes, 

approximated from kernel density estimates, present in the Broome Sandstone are at ca. 2760–

2590 Ma, 1930–1700 Ma, 1690–1430 Ma, 1350–1000 Ma, 710–510 Ma, and 450–300 Ma. The 

main age mode of Broome Sandstone samples is at ca. 1350–1000 Ma (ca. 41%) with a 

maximum at ca. 1180 Ma. The prevalent age modes and the age distribution of the Broome 

Sandstone detrital zircon are consistent with an unpublished U-Pb zircon dataset of the 
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outcropping Broome Sandstone near Broome (Bodorkos, 2011; Sample No 2115398), which is 

available through Geoscience Australia (ga.gov.au/geochron-sapub-

web/geochronology/shrimp/search.htm). The modern samples analysed in this study have 

distinct U–Pb age distributions. The beach sample (BRM) is dominated by U–Pb ages of ca. 

1150 Ma. The Fitzroy River samples differ significantly; while the downstream sample age 

distribution is strongly polymodal and qualitatively comparable to those of the Broome 

Sandstone, the upstream sample shows a dominance of the ca. 1930–1700 Ma age mode (Figure 

5-3). Concordia diagrams of all zircon analyses are shown in Supplementary Figure 5-1 in the 

Appendix, and full results are provided in Supplementary Table 5-2. 

Figure 5-3: Normalized kernel density estimates of U–Pb ages of concordant detrital zircon (black 

and grey lines) and concordant detrital rutile (brown lines). Vertical colour bars show main age modes 

of detrital zircon as discussed and used in Figure 5-9. N, Number of analyses (concordant/total; for 

rutile total numbers refers to TiO2 grains classified [based on trace element composition] as rutile). 

ga.gov.au/geochron-sapub-web/geochronology/shrimp/search.htm
ga.gov.au/geochron-sapub-web/geochronology/shrimp/search.htm
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5.4.2.2 Lu–Hf isotope geochemistry  

About 76% of the zircon Hf isotope data, only measured for the Broome Sandstone 

samples (Table 5-1), range between moderately radiogenic to moderately unradiogenic εHf(t) 

values (5 to -5, Figure 5-4). Generally, detrital zircon older than ca. 1500 Ma tend to show 

evolved Hf signatures (- εHf(t)), while younger grains have juvenile Hf isotopic compositions 

(+ εHf(t)). The main data cluster at around ca. 1150 Ma shows εHf(t) values between ca. 5 and -

6 with a median value of ca. 1.8, which is interpreted as a juvenile source of chondritic-like 

composition. There are several smaller, mostly sub-chondritic, clusters between ca. 1900 and 

1500 Ma. Full results are provided in Supplementary Table 5-3. 

Figure 5-4: Hf isotope compositions of concordant detrital zircon from the Broome Sandstone 

(samples THB001, THB002 and THB003). Red diamonds represent individual analyses. These have 

been used to render the grey bivariate kernel density estimate that is masked at its 95% peak density 

contour. Dark and light grey reflect high and low density, respectively. Black curved line is a univariate 

kernel density estimate of U–Pb ages of detrital zircon of the Broome Sandstone (Figure 5-3). Depleted 

mantle (DM) and chondritic uniform reservoir (CHUR) values after Griffin et al. (2000) and Bouvier 

et al. (2008), respectively. Visualized using HafniumPlotter (Sundell et al., 2019). 

5.4.2.3 Trace elements 

The detrital zircon of the Broome Sandstone show trace element compositions that 

resemble those of the modern Fitzroy River upstream and downstream sediment samples 

(Supplementary Figure 5-4A,C, Supplementary Figure 5-5).The scatterplots of trace element 

concentrations and ratios sensitive to different tectonic settings (Supplementary Figure 5-4A,C) 

reveal a broad cluster with no distinct sub-clusters. Many detrital zircon trace element 

compositions are consistent with zircons of granitoids formed within continental crust or 

magmatic arc settings (Supplementary Figure 5-4). Zircon grains with ages around the prevalent 
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ca. 1150 Ma age mode plot closer to the ‘oceanic crust zircon’ and ‘mantle-zircon array’ 

discrimination fields of Grimes et al. (2007) and Grimes et al. (2015), respectively, than other 

age modes (Supplementary Figure 5-4B,D). Ti-in-zircon temperatures show a broad scatter for 

most time intervals (Figure 5-5A), although younger ages (710 to 300 Ma) appear to show lower 

growth temperatures compared to older zircon analyses. Other frequently used trace element 

ratios, such as Th/U, U/Yb, Lu/Nd, Zr/Hf, Eu/Eu* (Eu anomaly), and Ce/Ce* (Ce anomaly) 

show no distinct trends with no sub-clusters to divide individual age modes (Supplementary 

Figure 5-5). Full results are provided in Supplementary Table 5-4. 

Figure 5-5: (A) Age-constrained results of Ti-in-zircon thermometry of concordant detrital zircon from 

the Broome Sandstone (GPT001) and Fitzroy River downstream (FIT001) and upstream (FIT002) 

sediments. Temperature estimates based on the geothermometer of Watson et al. (2006). (B) Ti-in-

zircon temperature against age of concordant zircon grains in sample FIT002 (Fitzroy River, 

upstream) within the age range 1950–1700 Ma. Colours show intensity of bivariate kernel density 

estimate; red and blue reflect high and low density, respectively. Grey bars show timing of Halls Creek 

(1832–1805 Ma) and Hooper Orogeny (1870–1850 Ma). Running median is based on 15 datapoints. 

Grey and brown dashed line are kernel density estimates of U–Pb ages of detrital zircon and detrital 

rutile within sample FIT002, respectively (Figure 5-3). 

5.4.3 Detrital Rutile 

5.4.3.1 U–Pb geochronology 

Approximately 80% of 705 measurements of TiO2 mineral phases were classified as 

rutile. About 38% of rutile analysis display Th/U <0.1 and in total 135 concordant rutile ages 

(of 561 rutile analyses) have been obtained. Rutile ages within the Broome Sandstone range 

from 2757 ± 71 Ma to 326 ± 21 Ma. The Broome Sandstone rutile age spectrum is polymodal 

with major age modes, based on kernel density estimates, at ca. 2760–2540 Ma, 1930–1690 

Ma, 1580–1400 Ma, 1270–1100 Ma, 610–440 Ma, and 400–320 Ma (Figure 5-3, 

Supplementary Figure 5-2). The dominant age mode (ca. 43% of data) ranges from ca. 610 to 

440 Ma and shows a maximum at ca. 500 Ma, which is interpreted as the timing for the late 

stage of the most recent large-scale metamorphic event affecting the source area of the Broome 

Fingerprinting#_CTVL0012a8659082ff7430eb35a7dedcff659dc
Fingerprinting#_CTVL0012a8659082ff7430eb35a7dedcff659dc
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Sandstone. The detrital rutile age distributions of the Fitzroy River samples are distinct (Figure 

5-3). While the upstream sample (FIT002) shows a unimodal distribution with a maximum at 

ca. 1810 Ma, the downstream (sample FIT001) detrital rutile age spectra is polymodal. The 

detrital rutile age distribution of the modern Fitzroy River downstream sample shares some 

major age modes with the Broome Sandstone age spectra, but shows significantly higher 

proportions of the ca. 1930–1690 Ma (15%) and 400–320 Ma (23%) age modes (compared to 

1% and 3%, respectively). Concordia diagrams of all rutile analyses are shown in 

Supplementary Figure 5-3, and full results are provided in Supplementary Table 5-5. 

5.4.3.2 Trace elements 

On the basis of the Cr and Nb trace element composition (Triebold et al., 2012), the 

majority of analysed detrital rutile grains from the Broome Sandstone are of apparent pelitic 

origin, i.e., derived from a metamorphic source that had a pelitic protolith (Figure 5-6A). There 

are only a few rutile grains in the Broome Sandstone detritus that were derived from metamafic 

lithologies suggesting dominantly metapelitic source rocks for the detrital rutile cargo. The 

Fitzroy River upstream sample contains the highest proportion of mafic detrital rutile minerals, 

followed by the Broome Sandstone and the Fitzroy River downstream sample (Figure 5-6B). 

No apparent correlation of age and Cr and Nb concentrations is noted (Figure 5-6B). Zr-in-

rutile temperatures show no distinct sub-clusters among most age groups, but show a high 

spread of temperatures within the main ca. 610–440 Ma age mode that seems to include a sub-

cluster of rutile grains formed under high temperatures (~granulite) conditions (Figure 5-6C). 

No correlation between source rock protolith (mafic versus pelitic) and Zr-in-rutile 

temperatures were observed (Figure 5-6D). Full results are provided in Supplementary Table 

5-6. 

5.5 Discussion 

5.5.1 Ultimate (crystalline) sources of Broome Sandstone sediments 

The detrital age spectra and (isotope) geochemical proxies of the Broome Sandstone 

sediments show a diverse composition, suggesting multiple crystalline basement rocks as 

potential sources. The polyphase and complex evolution of possible source areas, i.e., 

individual terranes contain several characteristic age modes partly overlapping with other 

potential source areas, may obfuscate interpretation of individual provenance proxies. Hence, 

confident identification of the source areas requires integration of the different proxies acquired 
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and detailed contextualization with the regional geology. This section aims to discuss source-

to-sink correlations of ultimate sources (i.e., original crystalline basement rocks) of the Broome 

Sandstone detritus. Importantly, such interpretations do not imply immediate sediment transfer 

between the inferred crystalline sources and the Broome Sandstone. Subsequent sections 

consider potential intermediate (sedimentary) sources for recycled detritus (Section 5.5.2). 

Figure 5-6: Results of trace elements analysis of detrital rutile from the Broome Sandstone (samples 

GPT001, THB001, THB002 and THB003) and Fitzroy River downstream (FIT001) and upstream 

(FIT002) sediments. (A) Cr versus Nb discrimination plot of rutile protolith after Triebold et al. (2012) 

using all detrital rutile trace element analyses. (B) Same plot using only concordant rutile analyses 

with colour-coded ages. Pie charts visualize proportion of concordant pelitic versus mafic rutile in the 

analysed samples showing a dominance of (meta)pelitic rutile protoliths. (C) Zr-in-rutile temperatures 

using the geothermometer of Tomkins et al. (2007) plotted against U–Pb age of concordant detrital 

rutile. (D) Zr-in-rutile temperatures plotted against protolith discrimination based on Cr and Nb trace 

element composition, positive log(Cr/Nb) values suggest an origin within metamafic rocks, while 

negative values suggest sourcing from metapelitic rocks (Meinhold et al., 2008). 

A potential proximal source area, the Kimberley region, containing widespread 

sedimentary basins and suites of igneous and metamorphic rocks, appears to be only of 

subordinate relevance as a sediment source of the Broome Sandstone. Broome Sandstone 

detrital zircon U–Pb and Lu–Hf data show only marginal overlap with the compositions of the 

Kimberley and Speewah groups and the Halls Creek Orogen (Figure 5-7). However, given the 

widespread occurrence of Paleoproterozoic crystalline rocks around the Canning Basin, a more 
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robust conclusion of local sediment supply can be derived from the integration with results from 

sands of the Fitzroy River. The upper drainage area includes parts of the Kimberley region 

(Figure 5-2A) and thus, the upstream sediments can be assumed indicative for a Kimberley 

source signal (at least for the present day). The distribution of the main mode of the upstream 

detrital zircon age spectrum (i.e., 1930–1700 Ma) is skewed towards younger ages (Figure 

5-5B). Over-dispersion (mean square weighted deviation of ca. 25; Supplementary Table 5-1) 

of the Paleoproterozoic age mode in the upstream sediments suggests the age distribution does 

not represent an individual source. On the basis of U–Pb geochronology and integration with 

trace elements (Ti-in-zircon, Figure 5-5B), the upstream sample’s ca. 1930–1700 Ma age mode 

(91% of the full age spectra) is interpreted to comprise three populations with distinct 

provenance (Figure 5-8). The largest population at ca. 1900–1850 Ma and ca. 750 °C is broadly 

consistent with the timing of the Hooper Orogeny (Figure 5-8) and is accordingly interpreted 

to reflect the early accretionary history of the Kimberley region (Tyler et al., 2012). Ages 

between ca. 1850–1810 Ma show significantly higher median temperatures (ca. 800 °C), a 

higher spread of temperatures (Figure 5-5B), and are interpreted as Halls Creek Orogen detritus, 

consistent with the high temperature formation history (e.g., Bodorkos et al., 1999). The source 

for the youngest detrital zircon grains (<1800 Ma) in the upstream Fitzroy River sediments is 

uncertain, as there is no known significant formation of felsic rocks in the region of this age 

(Tyler et al., 2012). While a Kimberley source, perhaps the ca. 1793 Ma Hart Dolerite or felsic 

products (Ramsay et al., 2019) and recycling from the late Neoproterozoic Mount House Group 

or Paleozoic rocks (Figure 5-2A), cannot be ruled out, exotic sources (e.g., Arunta region) are 

also possible. The ca. 1930–1700 Ma age mode of the Broome Sandstone only accounts for 

15% of the entire spectrum and appears to be strongly diluted by ages not characteristic of the 

Kimberley region (Figure 5-8). This dilution effect suggests limited sourcing of Kimberley 

sediments. Furthermore, it was the Halls Creek Orogeny that affected the eastern Lamboo 

Province (Tyler et al., 2012) and the age distribution implies that sediment provenance was 

essentially restricted to this area. Additional evidence against significant Kimberley region 

contribution to the Broome Sandstone detritus is suggested by the absence of Paleoproterozoic 

detrital rutile ages, in contrast with the presence of these grains in both up- and downstream 

Fitzroy River samples (Figure 5-3). Consequently, Broome Sandstone sediments likely have a 

more distal derivation, perhaps associated with a large-scale routing system that swamps the 

proximal source signals. 
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Figure 5-7: Hf isotope compositions of concordant detrital zircon from the Broome Sandstone 

(samples THB001, THB002 and THB003) compared to ultimate sources (crystalline rocks; solid lines) 

and intermediate sources (sedimentary rocks; dashes lines). Grey bivariate kernel density estimate, 

based on U–Pb age and Hf isotopic composition, shows the composition of the Broome Sandstone 

detrital zircon, and is masked at its 95% peak density contour (Figure 5-4). Dark and light grey reflect 

high and low density, respectively. Reference contours (coloured) correspond to 75% peak density 

with fixed kernel bandwidths (age = 25 Ma and εHf = 1.5). Kernel density estimates and contours were 

determined using HafniumPlotter (Sundell et al., 2019). DM and CHUR values after Griffin et al. 

(2000) and Bouvier et al. (2008), respectively. References for crystalline basement rocks: Albany-

Fraser Orogen (n = 1515) — Kirkland et al. (2011), Spaggiari et al. (2015), 

dmp.wa.gov.au/Geochronology-1550.aspx; Paterson Orogen (n = 58) — Martin et al. (2017); 

Musgrave Province (n = 274) — Kirkland et al. (2013); Arunta region (n = 132) — Hollis et al. (2013); 

Capricorn Orogen (n = 569) — Johnson et al. (2017); Rudall Province (n = 480) — Kirkland et al. 

(2013), Gardiner et al. (2018), Tucker et al. (2018); Yilgarn Craton (n = 2055) — Mole et al. (2019) 

and references therein; Pilbara Craton (n = 443)— Nelson (2004), dmp.wa.gov.au/Geochronology-

1550.aspx. References for sedimentary rocks: Canning Basin (n = 427)— Morón et al. (2019), Martin 

et al. (2019), dmp.wa.gov.au/Geochronology-1550.aspx; Amadeus Basin (n = 353) — Haines et al. 

(2016), dmp.wa.gov.au/Geochronology-1550.aspx; Officer Basin (n = 270)—

dmp.wa.gov.au/Geochronology-1550.aspx; Kimberley region (n = 369)— Hollis et al. (2014). 

Similarly, there is sparse evidence suggesting significant sediment derivation from the 

western flank of the Canning Basin. Paucity of detrital signatures corresponding to the Pilbara 

Craton (only a single detrital zircon >3000 Ma), situated proximal to Australia’s NW shelf 

(Figure 5-1B), suggests sediment transfer via longshore drift is insignificant. Alternatively, the 

lack of Pilbara-derived detrital zircon may reflect the persistence of a now denuded sedimentary 

cover that limited bedrock exposure of the Archean craton (e.g., Morón et al., 2020), or minimal 

dmp.wa.gov.au/Geochronology-1550.aspx
dmp.wa.gov.au/Geochronology-1550.aspx
dmp.wa.gov.au/Geochronology-1550.aspx
dmp.wa.gov.au/Geochronology-1550.aspx
dmp.wa.gov.au/Geochronology-1550.aspx
dmp.wa.gov.au/Geochronology-1550.aspx
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erosion of the Pilbara bedrock due to peneplanation (e.g., Sircombe and Freeman, 1999), 

perhaps in response to the preceding Permian glacial denudation. 

Most recorded detrital Archean zircon grains show a signature corresponding to the 

Yilgarn Craton, located south of the Canning Basin. However, direct connection to the Yilgarn 

Craton is challenging to establish, as ultimate Yilgarn Craton-derived detritus is incorporated 

in several sedimentary basins and orogenic belts, e.g., the Capricorn Orogen (Johnson et al., 

2017). 

Sediment supply from the Capricorn Orogen may be implied by some overlap of Hf data 

of detrital zircon and Capricorn Orogen basement (Figure 5-7). However, this similarity 

represents a partial match with the Capricorn Orogen signature only, as parts of the indicative 

Hf contours correspond to low density of the Broome Sandstone Hf data. This, and the fact that 

most observed grains of Capricorn-like composition can be derived from other sources (e.g., 

Arunta or recycling of sedimentary basins) that show a higher similarity to areas of greater Hf 

data density (Figure 5-7), are interpreted to argue against dominant sediment supply of 

Capricorn Orogen sources. 

Equally, the detrital Hf data do not indicate significant sediment supply from the Rudall 

Province, rooted on the Pilbara Craton (also on the western basin flank) due to only partial 

overlap in Hf-isotope space (Figure 5-7). A broad overlap of detrital zircon Hf compositions 

and Paterson Orogen granites (Martin et al., 2017) exists (Figure 5-7), but given the extensive 

presence of basically coeval ca. 700-500 Ma tectonometamorphic events (e.g., Petermann 

Orogeny, Figure 5-1B) and also limited number of grains of this age, the interpretive power for 

this component is limited. Ultimately, time-constrained zircon Hf data and absence of 

characteristic rutile ages suggest that rocks from the western hinterland of the Canning Basin 

appear not to have been a major contributor of detrital rutile and zircon. 

In contrast to the low correlation to basement rocks along the western and northeastern 

borders of the Canning Basin, a central Australian ultimate crystalline basement provenance 

for the Broome Sandstone seems more feasible. The main age mode of detrital zircon at ca. 

1350–1000 Ma with mostly juvenile Hf compositions (Figure 5-4), is best explained by a 

dominant central Australian Musgrave Province (Kirkland et al., 2013) origin. Although the 

observed spread in the Hf data implies no unique Musgrave Province source for zircon ages of 

the 1350-1000 Ma age mode, this age mode comprises the highest median Ti-in-Zircon 

temperature (ca. 770 °C) consistent with the high temperature metamorphism and magmatism 

of the Musgrave Province (Howard et al., 2015). The alternative ultimate crystalline source, the 

largely coeval Proterozoic Albany-Fraser Orogen reveals more unradiogenic Hf signatures and 
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significantly lower similarity to the Broome Sandstone detrital zircon Hf pattern than the 

Musgrave Province (Figure 5-7). Though the Albany-Fraser Orogen Hf envelopes cannot 

preclude this region as a more distal ultimate source for some of the detrital zircon, Albany-

Fraser Orogen detritus is also present in some intermediate sources (dashed lines in Figure 5-7), 

meaning detritus may well be explained by sediment recycling within the Canning Basin 

catchment. Most of the ca. 1930–1700 Ma zircon grains show Hf signatures consistent with the 

Arunta region basement, also suggesting a central Australian source. Generally, rutile 

geochronology is consistent with central Australian sediment sources, given that the maxima 

of both the ca. 1580–1400 Ma and 1270–1000 Ma age modes occur shortly after zircon age 

maxima (Figure 5-3). This age pattern is a function of the lower closure temperature of rutile 

(compared to zircon) that is observed in cogenetic zircon-rutile pairs (e.g., Zhang et al., 2014), 

and hence, indicative of a correlation to coherent sources. The dominant rutile age mode at ca. 

610–440 Ma (peaking at ca. 496 Ma, Figure 5-3) showing the highest average growth 

temperatures (Figure 5-6C) is also consistent with a derivation from the central Australian 

Musgrave Province (Petermann Orogeny) that revealed rutile ages of ca. 498–472 Ma (Walsh 

et al., 2013). Furthermore, average growth temperature of recrystallized zircon rims of the 

Petermann Orogeny (Walsh et al., 2013) is 738 ± 18 °C and comparable to the range of 

temperatures obtained for detrital zircons in the ca. 710–510 Ma age mode of this study (Figure 

5-5A). Despite this, the vast extent of broadly coeval Neoproterozoic–early Phanerozoic 

sources, including the Canning Basin basement (Haines et al., 2018), renders robust source-to-

sink correlation for the main rutile mode challenging. However, in tandem with detrital zircon 

fingerprint, a central Australian origin for the major rutile age mode appears the most likely 

explanation. 

5.5.2 Intermediate sources of recycled detritus 

A central Australian sediment provenance does not necessarily imply direct (first-cycle) 

sourcing of crystalline basement lithologies, and may be consistent with multi-cycle derivation 

(i.e., sediment recycling) of resistant detrital zircon and rutile. Significantly, detritus in 

sedimentary basins has often been subject to a myriad of sedimentary processes, e.g., physical 

and chemical weathering during transport, storage and diagenesis. These processes effectively 

remove labile phases and hence increase relative proportion of more resilient phases, such as 

zircon (e.g., Morton and Hallsworth, 1999). Thus, sediments may have similar or higher zircon 

cargo than crystalline basement rocks. Essentially, two endmember scenarios of sediment 

recycling that could result in the observed sediment characteristics exist: (i) intrabasinal 
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sediment recycling (e.g., Auchter et al., 2020) of pre-Cretaceous Canning Basin strata and (ii) 

extra-basinal sediment recycling (e.g., Eriksson et al., 2004). 

Figure 5-8: Normalized kernel density estimates of U–Pb ages of concordant detrital zircon in the age 

range 1950–1700 Ma that contains multiple potential source areas of broadly coeval age. Grey bars 

indicate characteristic age ranges of geological events of source areas. Percentages show the fraction 

of ages of the entire age spectra that are in the range of 1950–1700 Ma. 

The likelihood of intrabasinal sediment recycling supplying detritus for the Broome 

Sandstone can be examined by comparison of new detrital zircon proxy data with published 

data of pre-Cretaceous Canning Basin sediments (Figure 5-9). Strata of the Canning Basin, 

particularly in the north, experienced uplift during the Jurassic that likely led to enhanced 

erosion of the basin sediments (Hashimoto et al., 2018). While substantial parallels of detrital 

zircon age modes between the Broome Sandstone and older sediments exist (Figure 5-9), some 

of these data originate from subsurface samples (Figure 5-1B) and, depending on stratigraphic 

position, are unlikely to reflect detrital signatures of possible intermediate sources available 

during the deposition of the Broome Sandstone (Figure 5-1C). Based on the stratigraphic record 

of the present-day Canning Basin, the exposed Carboniferous to early Mesozoic succession is 

a viable source for recycled sediments (Figure 5-1C). Multidimensional scaling (MDS; Figure 

5-10A) of published detrital zircon U–Pb age data reveals similarity of the Broome Sandstone 

and lower Permian lithologies both in northern and southern areas of the Canning Basin. The 

MDS further indicates that similar age spectra are distinct from the middle–upper Permian units 

and the Triassic Erskine Sandstone, which are dominated by Paleoproterozoic-derived detrital 

zircon. However, MDS using univariate data, i.e., using U–Pb ages alone, where several 

potential sources are broadly coeval, is unlikely to provide a sophisticated sediment routing 

model. Bivariate statistical comparison integrating U–Pb and Lu–Hf data of detrital zircon may 

be a more robust tool (Sundell and Saylor, 2021) to understand the sediment routing system on 

a basin-wide scale. MDS using bivariate data of potential intermediate sources (Figure 5-10B) 

suggest, analogous to univariate MDS results, high similarity to the glaciogenic sediments of 
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the lower Permian Grant Group located in the northern part of the basin. Greater distances (i.e., 

greater dissimilarity) from the Broome Sandstone are observed for pre-Permian Canning Basin 

sediments, and the Canning Basin basement (Figure 5-10B), suggesting only moderate 

relevance for recycling of Canning Basin sediments (excluding Permian deposits) for source-

to-sink correlation of the Broome Sandstone sediments. An additional perspective of 

intrabasinal recycling is provided by the detrital zircon and rutile age spectra of the downstream 

Fitzroy River sample. Those age spectra, vastly different to their upstream counterparts, reveal 

a significant mismatch to the corresponding basement geology of the catchment (Figure 5-2A). 

This mismatch is most likely related to a multi-cycle origin of the majority of the more resilient 

phases, which is consistent with the general downstream trend in the heavy mineral 

compositions that show an increase in stable phases (zircon, rutile, tourmaline, and monazite) 

and a corresponding decrease in labile phases (amphibole and pyroxene) (Morton and 

Hallsworth, 2007, Table 5-2). Consequently, the downstream Fitzroy River data are assumed 

to represent the fingerprint of proximal recycling. For instance, Alice Springs Orogeny-derived 

detritus may be sourced from sedimentary rocks within the catchment of the Fitzroy River, such 

as the exposed Permian Grant Group (Martin et al., 2019). As the proximal recycling fingerprint 

somewhat differs to the Broome Sandstone (Figure 5-3), contributions from other sources can 

be inferred. 
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Figure 5-9: Normalized kernel density estimates of U–Pb ages of concordant detrital zircon of Canning 

Basin sediments and modern sediments. Vertical coloured bars show main age modes of detrital zircon 

(Figure 5-3) and possible ultimate crystalline sources for the age intervals. Numbers refer to locations 

in Figure 5-1 and Figure 5-2; literature references are provided in Supplementary Table 5-1 in the 

Appendix. Lower Cretaceous includes samples GPT001, THB001, THB002 and THB003 of this 

study(*); N, Number of samples; n, Number of concordant analyses; ASO, Alice Springs Orogeny (e.g., 

Buick et al., 2008); PPO, Paterson-Petermann orogenic belt (e.g., Martin et al., 2017); MP, Musgrave 

Province (e.g., Kirkland et al., 2013); AFO, Albany-Fraser Orogen (e.g., Kirkland et al., 2011); AR, 

Arunta region (e.g., Hollis et al., 2013); RP, Rudall Province (e.g., Kirkland et al., 2013); CO, 

Capricorn Orogen (e.g., Cawood and Tyler, 2004); HCO, Halls Creek Orogen (e.g., Hollis et al., 

2014); HO, Hooper Orogen (e.g., Hollis et al., 2014); YC, Yilgarn Craton (e.g., Mole et al., 2019). 

The influence of extra-basinal recycling on the Broome Sandstone detrital record can also 

be addressed by comparing the bivariate U–Pb and Lu–Hf composition of its detrital zircon to 

data from potential intermediate sediment sources. Volumetrically significant sedimentary 

basins that border the Canning Basin represent viable sediment sources as they reveal highly 

similar detrital zircon U–Pb and Hf values to those of the Broome Sandstone (Figure 5-7). For 

instance, the Amadeus Basin, which hosts Arunta region detritus (right Amadeus Basin 
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envelope in Figure 5-7) has striking similarity to the ca. 1690–1430 Ma age mode of the 

Broome Sandstone. Generally, a high similarity to possible intermediate sources (mainly 

Amadeus and Officer basins), compared to ultimate crystalline sources (Figure 5-7), implies 

sediment transport of recycled grains from central Australian basins. This correlation of the 

Broome Sandstone and the central Australian sediments, as well as a difference to other 

intermediate source areas (e.g., Yeneena Basin; Figure 5-2B), is indicated by statistical 

comparison. Bivariate MDS (U–Pb and Hf of detrital zircon) of potential intermediate sources 

highlight similarity of the Broome Sandstone detritus to samples from the Amadeus, Officer 

and Murraba basins. Those basins contain high abundances of Arunta region- and Musgrave 

Province-derived detrital zircon and are interpreted as major sources of recycled zircon grains 

for the Broome Sandstone. This proposed recycling relationship is consistent with (i) a lower 

median α-dose value (a proxy for sedimentary recycling and/or transport; e.g., Markwitz and 

Kirkland, 2018; Dröllner et al., 2022) of the Broome Sandstone compared to the Amadeus Basin 

(Supplementary Figure 5-6) and (ii) the relatively high degree (ca. 50%) of discordant zircon 

grains. Similarly, about 62% of the rutile analyses show elevated Th contents, which is unusual 

for primary metamorphic rutile (Zack et al., 2011), perhaps suggesting secondary overprinting 

consistent with a multi-cycle origin for a significant portion of the rutile grains. However, the 

disturbance of zircon and rutile U-Pb systems can also be explained by the polyphase geological 

histories of the inferred ultimate crystalline source areas. The inferred Broome Sandstone 

sediment sourcing from Neoproterozoic basins, which were deposited prior to the Alice Springs 

Orogeny (ca. 450-300 Ma; Buick et al., 2008), is supported by low numbers of detrital zircon 

and rutile ages (within the Broome Sandstone) corresponding to the timing of the Alice Springs 

Orogeny (Figure 5-3). Such ages are observed in some sediments of the Canning Basin (e.g., 

Grant Group; Martin et al., 2019) but would have been absent in Neoproterozoic basins (e.g., 

Amadeus Basin; Haines et al., 2016). The Officer Basin at the southwestern fringes of the 

Canning Basin is largely covered by sediments and hence is not expected to directly shed 

detritus into the Canning Basin during the Cretaceous, which is consistent with an absence of 

characteristic primary detritus shedding from the west, as discussed in the previous section. 

Ultimately, central Australian sedimentary basins peripheral to the Canning Basin are, in 

tandem with central Australian basement rocks, considered the most likely sources of Lower 

Cretaceous sediments. 
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5.5.3 Out of central Australia – Sediment generation and continental drainage 

The source-to-sink correlations suggest an Early Cretaceous sediment routing system 

originating in central Australia and transporting detritus northwestwards. The distance from the 

sink, i.e., the Broome Sandstone, and the inferred source area of most detrital zircon and rutile, 

i.e., the central Australian Musgrave Province and Arunta region including adjacent 

sedimentary basins, is some 1000 km. This distance implies a large-scale drainage system. The 

detailed extent of the drainage system that is the source of the fluvio-deltaic sediments of the 

Broome Sandstone remains speculative. However, a channelized route along the central NW-

trending Canning Basin, with subordinate tributaries feeding sediments from the west and the 

north-eastern parts of the basin borders, is envisaged to explain the observed central Australian 

source signal, as well as minor intrabasinal sediment recycling during fluvial transport. This is 

consistent with highly polymodal detrital zircon and rutile age spectra implying extensive 

transport and mixing of different detritus. Additional support for a large-scale drainage system 

with headwaters in central Australia can be deduced from the detrital signature of the 

downstream Fitzroy River sample (FIT001). The Fitzroy River terminates in a similar position 

but has a significantly smaller catchment than the interpreted Early Cretaceous sediment routing 

system. As mentioned above, the age spectra in the downstream sediments are controlled by 

sediment recycling. Despite this, the downstream sample shows, compared to the Broome 

Sandstone, more ages corresponding to the Hooper Orogeny (exposed in the eastern and central 

Lamboo Province; Tyler et al., 2012) and the Alice Springs Orogeny (occurring in proximal 

Permian and Triassic strata, Figure 5-9). Such nuanced indications of local sediment shedding 

are not pronounced in the Broome Sandstone age spectra, which is rather dominated by distal 

source signatures that potentially diluted the detrital record of volumetrically insignificant 

source areas. 
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Figure 5-10: (A) Univariate multidimensional scaling of U–Pb ages of concordant detrital zircon of 

outcropping sediments of the Canning Basin (see literature references in Supplementary Table 5-1) to 

compare potential intermediate (sedimentary) sources of recycled zircon grains and Broome 

Sandstone data to understand intrabasinal recycling in the Canning Basin. Schematic vectors show 

influence of age modes on position of individual age spectra. (B) Bivariate multidimensional scaling 

of integrated U–Pb and Lu–Hf isotopic information of concordant detrital zircon from Canning Basin 

sediments and surrounding sedimentary basins to help reveal recycling relationships. References are 

provided in the caption of Figure 5-4 and Supplementary Table 5-1. 

Contextualization of this interpreted northwestward-shedding sediment routing system 

with literature data suggests that a Cretaceous drainage divide is located in central Australia. 

Essentially contemporaneous deposits on the Madura Shelf in southern Australia show a 

pronounced dominance of Mesoproterozoic detrital zircon grains consistent with sediment 

routing from the Musgrave Province (Barham et al., 2018). This suggests coeval north- and 

southward sediment transport from central Australia (Figure 5-11A). The distinctive central 

Australian source signal (Figure 5-11B) of the southward shedding system is interpreted to 

reflect isolation from other sedimentary systems, e.g., the easterly located Cretaceous Ceduna 

Delta in South Australia (Figure 5-11; Barham et al., 2018). Likewise, the northward sediment 

transfer is distinct to the westerly located Perth Basin, based on U–Pb and Hf isotopic data of 



 

175 

 

detrital zircon (Figure 5-11C). Additionally, eastward shedding of central Australian detrital 

cargo is interpreted based on mineralogical and geochemical data of Lower Cretaceous 

sedimentary rocks in parts of the Eromanga Basin (Baudet et al., 2021). Collectively, such 

observations imply that central Australia, especially the Musgrave Province and the Arunta 

region (including their sedimentary cover), had a vital role for sediment generation and likely 

acted as a major drainage divide during the Lower Cretaceous. 

5.5.4 Controls and implications of the post-Gondwanan reorganization of continent-

scale sediment routing 

The widespread and prolonged occurrence of central Australian-, and specifically 

Musgrave Province-derived signatures (Figure 5-9), is likely controlled by tectonic processes. 

Importantly, central Australian detritus has also been widely recognized in pre-Cretaceous 

strata throughout Australia (e.g., Haines et al., 2016; Keeman et al., 2020; Verdel et al., 2021). 

The detrital record of the denudation and transport of Musgrave Province material is witnessed 

in sediments as distal as the Adelaide Rift Complex in South Australia (Haines et al., 2004; 

Keeman et al., 2020) and the Charters Towers Province in Queensland (Haines et al., 2016). 

The initiation of widespread shedding of ultimate Musgrave Province detritus has been related 

to uplift and erosion of the Musgrave Province rocks and associated sedimentary basins, a 

response to the ca. 600–530 Ma Petermann Orogeny (Wade et al., 2006; Raimondo et al., 2014; 

Haines et al., 2016). However, uplift of Musgrave Province may have commenced significantly 

earlier at ca. 750–720 Ma (Camacho et al., 2002; Howard et al., 2015; Quentin de Gromard et 

al., 2019). This first phase of shedding of central Australian detritus was followed by a second 

phase, corresponding to the Alice Springs Orogeny, and resulting in uplift and significant 

denudation of central Australian lithologies (Hand and Sandiford, 1999; Raimondo et al., 2014). 

Combining these orogenic and some minor tectonic events, a protracted geological history of 

intracontinental tectonic activity, that exceeds 700 Myr, can be reconstructed for central 

Australia (Quentin de Gromard et al., 2019). Consequently, tectonic activity generating 

topographic relief within the catchment is likely controlling a prolonged headward erosion in 

central Australia. Thus, the observed depositional response to a long-lived drainage system with 

headwaters in central Australia may have been driven by preferential erosion (Cawood et al., 

2003; Spencer et al., 2018). This effect may have been intensified by relatively high Zr contents, 

hence high zircon fertility, of granitoids of the Musgrave Province (e.g., Howard et al., 2015). 

The existence of sufficient relief during the Early Cretaceous is consistent with paleo-

topography modelling results (Braz et al., 2021). Ultimately, the Lower Cretaceous drainage 
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system forms part of a sediment dispersal network carrying a central Australian signature. The 

dispersion of this signal, either directly (first-cycle) or indirectly (multi-cycle), remains active 

until the present. This is as exemplified by the dominance of Musgrave Province detritus, which 

is likely sourced via sedimentary recycling, in modern beach sands near Broome (Figure 5-2A, 

Figure 5-3). 

Similarities in provenance proxy characters throughout the Canning Basin sediments 

(Figure 5-9) suggests a long-lived sediment routing system with an extensive catchment. Part 

of this catchment may have been in Antarctica (Morón et al., 2019). However, establishing 

direct fluvial connections within this continental catchment remains ambiguous due to 

widespread occurrence of potential intermediate reservoirs of Antarctic detritus within 

sedimentary basins (Kirkland et al., 2020). These intermittent sources of recycled detritus are 

fertile hosts of polymodal detrital age signatures, some akin to those used to infer a direct source 

(Figure 5-7). Thus, indirect sourcing (via sediment recycling) remains a possible alternative 

that demands additional tools to refine source-to-sink correlations such as (U-Th)/He 

thermochronology of detrital zircon (e.g., Rahl et al., 2003), Pb isotopes in feldspar (e.g., Tyrrell 

et al., 2009), and geochronology of diagenetic phases (e.g., Moecher et al., 2019). Integration 

of such tools may also help to overcome the remaining ambiguity around source-to-sink 

correlations of this work, which is well-illustrated by the challenging discrimination of several 

potential source terranes despite the multi-proxy approach used (e.g., overlapping source Hf 

envelops in Figure 5-7). Some challenges may also derive from a paucity of multi-proxy 

information of crystalline sources (e.g., trace element data) to facilitate comparison of source 

and sink. However, the lack of multi-proxy reference data for important source areas may be 

resolved via the study of modern catchments to fingerprint these sources as demonstrated by 

the integration of the modern Fitzroy River sediments. 
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Figure 5-11: (A) Schematic paleogeographic interpretation of the broader catchment and principal 

sediment routing of the Lower Cretaceous Broome Sandstone after the termination of a pre-rift routing 

system. SRS, sediment routing system. Colour-coded circles and ellipses show location of reference 

data in C. (B) Close-up of the Hf isotope compositions of concordant detrital zircon from the Broome 

Sandstone (samples THB001, THB002 and THB003; grey bivariate kernel density estimate; see Figure 

5-4) and 75% peak density contours (Figure 5-7) of the Lower Cretaceous Madura and Loongana 

formations (Barham et al., 2018), and Musgrave Province (Kirkland et al., 2013). DM and CHUR 

values after Griffin et al. (2000) and Bouvier et al. (2008), respectively. (C) Bivariate multidimensional 

scaling of concordant detrital zircon using U–Pb and Lu–Hf data of the Broome Sandstone and 

literature data. References: Ceduna Delta — Lloyd et al. (2016) ; Madura Shelf — Barham et al. 

(2018); Perth Basin — Olierook et al. (2019) and references therein. Remaining references are 

provided in Figure 5-4, Figure 5-10 and Supplementary Table 5-1. 

Provenance constraints of the Canning Basin in tandem with the tectonic history of central 

Australia suggest that the lower Cretaceous sediment routing system followed a pre-existing 

sedimentary pathway. Such sediment routing of central Australian detrital cargo has been 

previously suggested to be a subsidiary system during Gondwanan times (Morón et al., 2019). 

Consequently, post-Gondwana drainage reorganization, after the rift initiation between 

Australia and Antarctica, is expressed in the persistence and isolation of a northward draining 

system. Dissection of paleo-drainages has also been recognized in other sedimentary systems, 

such as the paleo-Yangtze drainage system (Zhang et al., 2014). This suggests that established 

pathways, maybe as remnants of larger continental drainage systems, may control subsequent 

sediment routes. Furthermore, central Australia’s long-lived history of sediment generation 

provides a further instance of a drainage system chiefly controlled by external forcing. 

Similarly, other examples of persistent drainage systems are inferred to be the result of 

topographic uplift associated with deeper processes (e.g., Castelltort et al., 2012; Chardon et 

al., 2016; Faccenna et al., 2019; Maselli et al., 2020). Collectively, this highlights the 
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importance of deep-rooted geological processes on the evolution of sedimentary routing 

systems. 

5.6 Conclusions 

The presented work uses a multi-proxy approach analysing detrital zircon (U–Pb, Lu–Hf, 

trace elements) and rutile (U–Pb, trace elements) from the Lower Cretaceous Broome 

Sandstone of the Canning Basin (NW Australia) and proximal modern sediments. The results 

are used to reconstruct the dominant sediment routing system and its controls. Key conclusions 

are as follows: 

• The use of the mineral pair zircon-rutile integrated with multiple (isotope) geochemical 

proxies improves source-to-sink correlation. Specifically, this approach improves 

discrimination of source rocks within the intracratonic Canning Basin that is bordered 

by crystalline basement lithologies of broadly coeval Proterozoic age. Furthermore, 

contextualization with modern fluvial sediments is helpful in resolving the detrital 

fingerprint of possible ultimate and intermediate source areas. However, some 

ambiguity for certain source areas remains and demands assessment of additional tools, 

particularly to improve discrimination of first- and multi-cycle detritus. 

• The detrital record of the Lower Cretaceous Broome Sandstone corresponds to an 

ultimate crystalline provenance of central Australian lithologies, mainly those allied to 

the Musgrave Province and the Arunta region. Based on strong similarity to Broome 

Sandstone detritus, intermediate sedimentary sources within central Australia (e.g., 

Amadeus Basin) are interpreted as a key source of multi-cycle detritus that potentially 

exceeds first-cycle detritus. 

• On the basis of the established source-to-sink correlation, a sediment routing system 

with headwaters in central Australia is inferred. This system represents a large-scale 

drainage that effectively diluted the detrital record of proximal sediment input. Review 

of other Cretaceous sediment routing systems suggests widespread shedding of central 

Australian detrital signatures, mainly corresponding to Musgrave Province detritus. 

Therefore, central Australia was likely fundamental for sediment generation and acted 

as a major drainage divide during the Early Cretaceous. 

• Extensive intrabasinal recycling of pre-Cretaceous Canning Basin strata represents an 

alternative interpretation of the observed detrital signatures. However, a more likely 
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explanation is that erosion and denudation of central Australian lithologies was driven 

by the prolonged intracontinental tectonic activity of central Australia. Ultimately, this 

external forcing created the necessary relief for near-continuous denudation, 

establishing a long-lived sediment drainage network situated in central Australia. 

• Results indicate that the post-Gondwanan drainage is established on the basis of pre-

existing sediment pathways. Such pathways provided a template for the sedimentary 

reorganization after supercontinent dispersal. 
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5.8 Appendix 

Supplementary Table 5-1: References for literature data of detrital zircon U–Pb geochronology of 

Canning Basin sediments. Sst. – Sandstone; Gp. – Group; Fm. – Formation; *Geochron Delivery by 

Geoscience Australia. 

Reference 

number(s) Name Age Reference(s) 

1-10 Erskine Sst. Triassic 

Thomas (2012), 

http://www.ga.gov.au/geochron-sapub-

web/geochronology/shrimp/search.htm* 

11 Liveringa Gp. Upper Permian 

http://www.ga.gov.au/geochron-sapub-

web/geochronology/shrimp/search.htm* 

12 Poole Sst. Middle Permian 

http://www.ga.gov.au/geochron-sapub-

web/geochronology/shrimp/search.htm* 

13-16 Grant Gp. Lower Permian Martin et al. (2019) 

17,18 Paterson Fm. Lower Permian Wingate et al. (2013), Wingate et al. (2013) 

19 Anderson Fm. Carboniferous Wingate and Haines (2009) 

20 Tandalgoo Fm. 

Lower-middle 

Devonian Wingate and Haines (2009) 

21 Worral Fm. Lower Silurian Wingate and Haines (2009) 

22 Goldwyer Fm. Middle Ordovician Wingate and Haines (2009) 

23,24 Gap Creek Fm., Carranya Fm. Lower Ordovician Wingate (2007), Wingate (2007) 

25-28 

Wilson Cliffs Sst., Nambeet 

Fm., Acacia Sst. Lower Ordovician 

Wingate and Haines (2009), Wingate (2007), Wingate (2007), 

Wingate and Haines (2009) 

29 Metasedimentary basement Neoproterozoic Wingate and Haines (2009) 

 

http://www.ga.gov.au/geochron-sapub-web/geochronology/shrimp/search.htm
http://www.ga.gov.au/geochron-sapub-web/geochronology/shrimp/search.htm
http://www.ga.gov.au/geochron-sapub-web/geochronology/shrimp/search.htm
http://www.ga.gov.au/geochron-sapub-web/geochronology/shrimp/search.htm
http://www.ga.gov.au/geochron-sapub-web/geochronology/shrimp/search.htm
http://www.ga.gov.au/geochron-sapub-web/geochronology/shrimp/search.htm
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Supplementary Figure 5-1: Concordia diagram of uncorrected U–Pb data of detrital zircon. All 

uncertainties are shown at the 2σ level.  
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Supplementary Figure 5-2: Normalized kernel density estimates of U–Pb ages of detrital rutile. Colour 

bars show main age modes of detrital rutile as discussed and used in box plots in Figure 5-6. n – 

number of analyses (concordant/total number of TiO2 grains classified [based on trace element 

composition] as rutile).  
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Supplementary Figure 5-3: Concordia diagram of uncorrected U–Pb data of detrital rutile. All 

uncertainties are shown at the 2σ level. 
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Supplementary Figure 5-4: Trace elements results of Broome Sandstone (GPT001) compared to 

Fitzroy River downstream (FIT001) and upstream (FIT002) sediments. (A) U/Yb versus Hf to address 

the geological setting of zircon host rock (continental granitoids versus oceanic crust; after Grimes et 

al., 2007) using all detrital zircon trace element analyses. (B) Same plot using only concordant zircon 

analyses with colour-coded ages. (C) U/Yb versus Nb/Yb discrimination of tectono-magmatic 

provenance of zircon Grimes et al. (2015). (D) Same plot using only concordant zircon analyses with 

colour-coded ages. 
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Supplementary Figure 5-5: Trace element ratios of detrital zircon versus age. *Broome Sandstone 

data for Th/U ratio includes all Broome Sandstone zircon measurements (i.e., samples GPT001, 

THB001, THB002, and THB003), the other ratios representing the Broome Sandstone are from sample 

GPT001 only. 
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Supplementary Figure 5-6: Comparison of α-dose values of detrital zircon of age mode 1350-1000 Ma 

in a potential intermediate source (Amadeus Basin; Haines et al., 2016) and the Lower Cretaceous 

Canning Basin (Broome Sandstone; samples GPT001, THB001, THB002, and THB003). The lower α-

dose median value of the Broome Sandstone detrital zircon is consistent with the proposed recycling 

of sedimentary rocks from the Amadeus Basin. Calculated using the α-dose formula after Murakami et 

al. (1991). 
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5.8.1 Zircon split stream analysis of Lu–Hf isotopes (MC-ICP-MS) and U–Pb ages 

(QQQ-ICP-MS) – Samples THB001, THB002, and THB003 

Hf isotopes and U–Pb ages in detrital zircon were simultaneously measured by laser 

ablation split stream at the GeoHistory Facility in the John de Laeter Centre, Curtin University. 

All grains were mounted in 25 mm epoxy rounds and ablated using a Resonetics Resolution M-

50A incorporating a Compex 102 excimer laser, coupled to a Nu Plasma II multi-collector 

inductively coupled plasma mass spectrometer (MC-ICP-MS; for Hf isotope determination), 

and an Agilent 8900 triple quadrupole inductively coupled plasma mass spectrometer (QQQ-

ICP-MS; for age determination). Following two cleaning pulses and a 30 s period of 

background analysis, samples were spot ablated for 30 s at a 10 Hz repetition rate using a 50 

μm beam and laser energy at the sample surface of 3.0 J cm-2. An additional 15 s of baseline 

was collected after ablation. The sample cell was flushed with ultrahigh purity He (320 mL min-

1) and N2 (1.2 mL min-1) and high purity Ar was employed as the plasma carrier gas, split to 

each mass spectrometer. 

For Hf isotope analysis, all isotopes (180Hf, 179Hf, 178Hf, 177Hf, 176Hf, 175Lu, 174Hf, 173Yb, 

172Yb and 171Yb) were counted on the Faraday collector array. Time resolved data were baseline 

subtracted and reduced using the data reduction scheme Hf Isotopes in Iolite 4 (Woodhead et 

al., 2004; Paton et al., 2011), where 176Yb and 176Lu were removed from the 176 mass signal 

using 176Yb/173Yb = 0.7962 (Chu et al., 2002) and 176Lu/175Lu = 0.02655 (Chu et al., 2002) with 

an exponential law mass bias correction assuming 172Yb/173Yb = 1.35274 (Chu et al., 2002). An 

effective 176Yb/173Yb correction factor was monitored using standard corrected ratios on 

secondary zircon reference materials with varying Yb content. No correlation was apparent 

between the abundance of interfering isotopes (Yb or Lu) and corrected 176Hf/177Hf ratios. The 

interference-corrected 176Hf/177Hf was normalized to 179Hf/177Hf = 0.7325 (Patchett and 

Tatsumoto, 1980) for mass bias correction.  

Zircon grains from the Mud Tank carbonatite locality were analysed together with the 

zircon unknowns in each session to monitor the accuracy of the results. Sixty analyses of Mud 

Tank yielded a 176Hf/177Hf value of 0.282507 ± 4 (MSWD = 0.8), identical within uncertainty 

to the recommended value (0.282504 ± 44; Woodhead and Hergt, 2005). FC-1, Plešovice, GJ-

1, R33 zircons were run to verify the method yielding weighted average 176Hf/177Hf values (FC-

1 = 0.282175 ± 6, MSWD = 1.6, n = 29; Plešovice = 0.282473 ± 6, MSWD = 2.4, n = 29; GJ-

1 = 0.282005 ± 6, MSWD = 1.2, n = 59; R33 = 0.282767 ± 6, MSWD = 2.5, n = 59) within 

uncertainty of the accepted values (FC-1 = 0.282184 ± 16, Woodhead and Hergt, 2005; 
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Plešovice = 0.282482 ± 13; Sláma et al., 2008; GJ-1 = 0.282000 ± 5, Morel et al., 2008; R33 = 

0.282767 ± 18, Vervoort, 2010). 

The corrected 178Hf/177Hf ratio was calculated to monitor the accuracy of the mass bias 

correction and yielded an average value of 1.467200 ± 4 (MSWD = 3.8), which is within 200 

ppm of the true value (178Hf/177Hf = 1.46717, Spencer et al., 2020). Calculation of εHf values 

employed the decay constant of Söderlund et al. (2004) and the CHondritic Uniform Reservoir 

(CHUR) values of Bouvier et al. (2008). 

For the QQQ-ICP-MS U–Pb analysis, the following isotopes were monitored: 201Hg, 

204Pb, 206Pb, 207Pb, 208Pb (0.1 s dwell time on all Pb isotopes), 232Th (0.025 s dwell time), and 

238U (0.025 s dwell time). The primary zircon dating reference material used in this study was  

GJ-1 (608.53 ± 0.37 Ma; Jackson et al., 2004), with 91500 (1062.4 ± 0.4 Ma; Wiedenbeck et 

al., 1995), OG1 (3465.4 ± 0.6 Ma; Stern et al., 2009), and Plešovice (337.13 ± 0.37 Ma; Sláma 

et al., 2008) analysed as secondary age reference materials. Concordia ages (Ludwig, 1998) 

calculated for zircon age reference materials, treated as unknowns, were found to be within 3% 

of the accepted values. The time-resolved mass spectra were reduced using the U–Pb 

Geochronology data reduction scheme in Iolite 4 (Paton et al., 2011 and references therein). 

External reproducibility was obtained using the error propagation by iolite4. 

5.8.2 Zircon U–Pb geochronology – Sample BRM 

A RESOlution 193 nm excimer laser with a laser fluence of 1.3 J cm−2 and repetition rate 

of 7 Hz for ~ 30 s analysis time was used. Background time capture was 30 s and two cleaning 

pulses prior analysis were conducted. The sample cell was flushed by ultrahigh purity He (0.68 

L min-1) and N2 (2.8 mL min-1). Circular ablation spots of 33 μm were used for reference 

materials and unknowns. Isotopic analysis was conducted using an Agilent 7700x Quadrupole 

ICP-MS with high purity Ar as the carrier gas (flow rate 0.98 L min-1). GJ1 zircon (Jackson et 

al., 2004) was used as the primary reference material. Secondary reference materials 91500 

(Wiedenbeck et al., 1995) and Plešovice (Sláma et al., 2008) were measured as unknowns at 

regular intervals to allow confirmation of precision and accuracy. Analysis of 91500 and 

Plešovice reference materials has given a Concordia age of 1063.7±3.7 Ma (MSWD = 0.81, n 

= 25/25) and 339.8 ±1.6 Ma (MSWD = 0.74, n = 11/11), respectively. The time-resolved mass 

spectra were reduced using the U–Pb Geochronology data reduction scheme in Iolite 4 (Paton 

et al., 2011 and references therein). External reproducibility was obtained using the error 

propagation by iolite4. 



 

197 

 

5.8.3 Zircon U–Pb geochronology and trace element analysis – Samples GPT001, 

FIT001, and FIT002 

A RESOlution 193 nm excimer laser with a laser fluence of 1.3 J cm−2 and repetition rate 

of 7 Hz for ~ 30 s analysis time was used. Background time capture was 30 s and two cleaning 

pulses prior analysis were conducted. The sample cell was flushed by ultrahigh purity He (0.68 

L min-1) and N2 (2.8 mL min-1). Circular ablation spots of 50 μm were used for reference 

materials and unknowns. U–Pb and trace element analysis was conducted on the same ablated 

sample material using an Agilent 7700x Quadrupole ICP-MS with high purity Ar as the carrier 

gas (flow rate 0.98 L min-1). For U–Pb dating, GJ1 zircon (Jackson et al., 2004) was used as the 

primary reference material. Secondary reference materials 91500 (Wiedenbeck et al., 1995) and 

Plešovice (Sláma et al., 2008) were measured as unknowns at regular intervals to allow 

confirmation of precision and accuracy. Analysis of 91500 and Plešovice reference materials 

has given a Concordia age of 1054.66 ± 3.8 Ma (MSWD = 0.87, n = 20/20) and 341.3 ± 1.5 Ma 

(MSWD = 3.46, n = 10/10), respectively. The time-resolved mass spectra were reduced using 

the U–Pb Geochronology data reduction scheme in Iolite 4 (Paton et al., 2011 and references 

therein). External reproducibility was obtained using the error propagation by iolite4. 

NIST610 glass was used for trace elements measurement of Y, Nb, La, Ce, Pr, Nd, Sm, 

Eu, Gd, Dy, Yb, Lu, and Hf using 29Si as the internal standard element assuming 14.76% Si. 

For the Ti-in-Zircon thermometer, 49Ti was the measured isotope using 91500 as the primary 

reference material using the Ti concentration of 4.73 ± 0.15  μg g−1  obtained by Szymanowski 

et al. (2018) and 29Si as the internal standard element assuming 14.76% Si. The time-resolved 

mass spectra were reduced using the Trace Elements data reduction scheme in Iolite 4 (Paton 

et al., 2011 and references therein). External reproducibility was obtained using the error 

propagation by iolite4. 

5.8.4 Rutile U–Pb geochronology and trace element analysis – Samples GPT001, 

FIT001, FIT002, THB001, THB002, and THB003 

A RESOlution 193 nm excimer laser with a laser fluence of 5 J cm−2 and repetition rate 

of 3 Hz for ~ 30 s analysis time was used. Background time capture was 30 s and two cleaning 

pulses prior analysis were conducted. The sample cell was flushed by ultrahigh purity He (0.3 

L min-1) and N2 (2.2 mL min-1). Circular ablation spots of 50 μm were used for reference 

materials and unknowns. U–Pb and trace element analysis was conducted on the same ablated 

sample material using an Agilent 7700x Quadrupole ICP-MS with high purity Ar as the carrier 

gas (flow rate 0.92 L min-1). For U–Pb dating, R10 rutile (1091.6 ± 3.8 Ma; Luvizotto et al., 
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2009) was used as the primary reference material. Secondary reference materials R19 (493 ± 

10 Ma; Luvizotto et al., 2009; Zack et al., 2011) and Wodgina (2845.8 ± 7.8 Ma; Ewing, 2011) 

were measured as unknowns at regular intervals to allow confirmation of precision and 

accuracy. Analysis of R19 and Wodgina reference materials has given a Concordia age of 490.6 

± 2.4 Ma (MSWD = 12.1, n = 37/37) and 2847.8 ± 2.8 Ma (MSWD = 3.1, n = 44/53), 

respectively. The time-resolved mass spectra were reduced using the U–Pb Geochronology data 

reduction scheme in Iolite 4 (Paton et al., 2011 and references therein). External reproducibility 

was obtained using the error propagation by iolite4. 

Primary reference material for measurement of Ti, V, Zr, Nb, Sn, and U was rutile R10, 

for Cr and Fe it was glass BHVO02G, and for 232Th it was glass TiG using 47Ti as the internal 

standard element assuming 59.95% Ti. 90Zr was the measured isotope for the Zr-in-Rutile 

thermometer. The time-resolved mass spectra were reduced using the Trace Elements data 

reduction scheme in Iolite 4 (Paton et al., 2011 and references therein). External reproducibility 

was obtained using the error propagation by iolite4. 

5.8.5 Age calculation and software 

Ages were calculated using IsoplotR (Vermeesch, 2018). Concordia ages (Ludwig, 1998) 

are used to avoid changing between different isotope ratios for age calculation, and to make 

optimum use of both U/Pb and Pb/Pb ratios. All ages are quoted at 2σ absolute uncertainty. 

Although 204Pb was monitored for zircon analyses, it did not exceed detection limits and zircon 

age data are not corrected for common Pb. As a discordance filter, we treat zircon ages with a 

Concordia distance of -2 to 7%, following Vermeesch (2021), as concordant. Although an 

asymmetric discordance filter may result in a bias towards normal discordance (well understood 

and commonly related to Pb loss), it allows for filtering out reversely discordant analyses. 

Mechanisms causing reverse discordance are less well understood, potentially related to 

inherent characteristics, such as unsupported radiogenic Pb (e.g., Williams et al., 1984), or 

analytical artefacts. Regardless, the discarded measurements (i.e., Concordia distance outside 

the range of -2 to 7%) show a similar age distribution as the concordant U-Pb zircon population, 

hence, the bias on the age distribution is not considered significant. Rutile ages that show 

Concordia distances between -15 and 15% were treated as concordant. Different treatment of 

rutile ages (compared to zircon ages) is based on the considerably higher age uncertainties of 

rutile minerals. The higher age uncertainty is based on the typically low levels of U within rutile 

minerals (compared to zircon). Kernel density estimates using univariate and bivariate data 

were plotted using IsoplotR (Vermeesch, 2018) and HafniumPlotter (Sundell et al., 2019), 
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respectively. Multi-dimensional scaling plots were calculated (based on cross correlation 

coefficients) and visualized using DZstats2D (Sundell and Saylor, 2021). 

5.8.6 Data tables 

To maintain a format suitable for this thesis data tables are simplified and present the raw 

data necessary to replicate the findings of the study. All uncertainties are given as the 

standard error of the mean, unless stated otherwise. The original data tables and additional 

supplementary data can be obtained through https://doi.org/10.1111/bre.12715. 

Supplementary Table 5-2: Results of U-Pb geochronology of detrital zircon. 

Analysis No. 238U/206Pb 

2σ 

abs err 207Pb/206Pb 

2σ 

abs err 

U 

(ppm) 

2σ 

abs err 

Th 

(ppm) 

2σ 

abs err 

Preferred 

age (Ma) 

2σ 

abs err 

THB001 - 1 4.932 0.035 0.0813 0.0010 194 3 197 3 1196 6 
THB001 - 2 4.322 0.033 0.1053 0.0020 369 4 172 5   

THB001 - 3 6.354 0.047 0.0731 0.0014 157 3 151 3 945 6 

THB001 - 4 4.711 0.045 0.0811 0.0022 53 0 118 1 1240 10 
THB001 - 5 11.995 0.280 0.0688 0.0064 59 1 41 2   

THB001 - 6 5.317 0.073 0.0821 0.0023 291 4 678 15 1126 12 

THB001 - 7 3.414 0.021 0.1050 0.0014 160 2 126 1 1663 8 
THB001 - 8 3.871 0.084 0.1075 0.0064 34 2 78 2   

THB001 - 9 5.130 0.042 0.0830 0.0015 174 3 111 6 1160 8 

THB001 - 10 9.431 0.091 0.0696 0.0017 285 2 315 2   
THB001 - 11 3.493 0.031 0.0997 0.0018 66 2 174 3 1622 11 

THB001 - 12 21.151 0.233 0.0543 0.0024 112 3 256 8 298 3 

THB001 - 13 5.138 0.049 0.0790 0.0020 151 3 359 5 1148 9 
THB001 - 14 3.473 0.030 0.1041 0.0018 101 1 82 4 1641 11 

THB001 - 15 3.645 0.070 0.1101 0.0023 552 13 709 15   
THB001 - 16 4.441 0.046 0.0949 0.0022 338 3 415 6   

THB001 - 17 2.937 0.038 0.1827 0.0010 539 48 1282 96   

THB001 - 18 4.043 0.034 0.0944 0.0015 187 5 305 7 1441 9 
THB001 - 19 4.381 0.026 0.0879 0.0012 131 2 113 3 1329 7 

THB001 - 20 4.376 0.044 0.0875 0.0015 147 5 187 5 1335 10 

THB001 - 21 4.739 0.036 0.0837 0.0015 92 2 87 2 1238 8 
THB001 - 22 21.842 0.282 0.0650 0.0039 342 5 798 15   

THB001 - 23 4.632 0.063 0.0905 0.0028 250 6 456 30   

THB001 - 24 7.155 0.097 0.0825 0.0014 150 4 214 5   
THB001 - 25 3.495 0.053 0.1860 0.0035 37 2 330 27   

THB001 - 26 2.779 0.015 0.1494 0.0010 962 23 323 10   

THB001 - 27 5.996 0.045 0.0782 0.0017 293 4 127 1   
THB001 - 28 5.531 0.042 0.0798 0.0018 77 2 122 3 1075 7 

THB001 - 29 5.085 0.046 0.0800 0.0026 33 1 66 1 1159 9 

THB001 - 30 5.335 0.035 0.0839 0.0012 276 8 287 9   
THB001 - 31 9.555 0.093 0.0660 0.0025 187 4 107 2   

THB001 - 32 15.340 0.174 0.0690 0.0026 249 3 302 6   

THB001 - 33 5.165 0.052 0.0860 0.0023 83 2 229 2   
THB001 - 34 6.171 0.060 0.0764 0.0016 220 3 337 7 983 7 

THB001 - 35 19.649 0.165 0.0541 0.0015 236 8 266 10 320 3 

THB001 - 36 3.547 0.038 0.1010 0.0024 113 5 197 8 1607 14 
THB001 - 37 10.255 0.178 0.0626 0.0035 324 4 259 3 600 10 

THB001 - 38 5.196 0.053 0.0792 0.0020 49 2 101 6 1137 10 

THB001 - 39 8.346 0.218 0.1079 0.0019 678 30 3082 133   
THB001 - 40 2.833 0.026 0.1676 0.0010 416 25 816 61   

THB001 - 41 3.191 0.023 0.1101 0.0010 446 9 418 8 1773 7 

THB001 - 42 10.463 0.109 0.0612 0.0022 100 2 388 8 589 6 
THB001 - 43 5.099 0.049 0.0821 0.0016 92 1 274 4 1165 9 

THB001 - 44 10.363 0.109 0.0660 0.0020 136 2 147 1   

THB001 - 45 5.916 0.051 0.0868 0.0013 183 8 238 17   
THB001 - 46 3.460 0.038 0.1282 0.0027 241 5 310 9   

THB001 - 47 3.402 0.019 0.1072 0.0012 559 12 375 12 1675 7 

THB001 - 48 9.092 0.104 0.0665 0.0032 111 3 117 3   
THB001 - 49 3.490 0.024 0.1059 0.0017 188 5 208 4 1637 9 

THB001 - 50 3.170 0.024 0.1105 0.0011 494 7 744 8 1782 7 

THB001 - 51 9.015 0.081 0.0644 0.0019 294 12 308 6 679 6 
THB002 - 1.d 4.761 0.042 0.0812 0.0018 106 1 206 2 1229 9 

THB002 - 2.d 3.663 0.027 0.0990 0.0013 176 6 258 8 1565 9 

https://doi.org/10.1111/bre.12715


 

200 

 

Analysis No. 238U/206Pb 

2σ 

abs err 207Pb/206Pb 

2σ 

abs err 

U 

(ppm) 

2σ 

abs err 

Th 

(ppm) 

2σ 

abs err 

Preferred 

age (Ma) 

2σ 

abs err 
THB002 - 3.d 3.341 0.026 0.1075 0.0014 358 4 318 8 1702 10 

THB002 - 4.d 4.832 0.039 0.0852 0.0018 99 3 238 8 1219 8 

THB002 - 5.d 3.141 0.032 0.1131 0.0019 168 1 293 4 1786 16 
THB002 - 6.d 2.840 0.037 0.1273 0.0020 85 4 55 1 1986 18 

THB002 - 7.d 5.181 0.057 0.0868 0.0020 100 4 209 8   

THB002 - 8.d 4.351 0.033 0.0855 0.0017 180 4 233 5 1333 8 
THB002 - 9.d 2.770 0.035 0.1314 0.0035 112 2 77 1 2006 20 

THB002 - 10.d 3.452 0.031 0.1099 0.0024 69 4 104 1   

THB002 - 11.d 3.263 0.023 0.1109 0.0020 229 9 209 10 1738 9 
THB002 - 12.d 3.753 0.038 0.1005 0.0022 73 2 84 2 1540 11 

THB002 - 13.d 6.163 0.120 0.0970 0.0027 311 4 954 27   

THB002 - 14.d 3.552 0.027 0.1165 0.0014 212 8 240 8   
THB002 - 15.d 5.231 0.043 0.0809 0.0014 287 5 83 4 1135 8 

THB002 - 16.d 3.990 0.039 0.1011 0.0019 201 7 210 5   

THB002 - 17.d 4.209 0.037 0.1007 0.0011 295 7 373 14   
THB002 - 18.d 3.579 0.027 0.1017 0.0015 194 6 149 3 1601 9 

THB002 - 19.d 3.385 0.028 0.1069 0.0015 344 6 88 3 1687 9 

THB002 - 20.d 8.554 0.075 0.0657 0.0016 127 3 195 2 716 6 
THB002 - 21.d 8.135 0.328 0.1107 0.0021 535 25 1345 164   

THB002 - 22.d 6.610 0.251 0.1276 0.0050 342 30 1011 128   

THB002 - 23.d 2.490 0.017 0.1395 0.0015 201 7 130 2 2191 10 
THB002 - 24.d 5.007 0.058 0.0844 0.0022 137 3 172 2 1184 12 

THB002 - 25.d 5.170 0.045 0.0813 0.0017 95 1 78 2 1147 8 

THB002 - 26.d 5.713 0.058 0.0770 0.0022 238 6 519 10 1048 8 
THB002 - 27.d 4.543 0.050 0.0870 0.0025 294 3 574 8 1290 11 

THB002 - 28.d 3.766 0.064 0.1165 0.0039 88 3 112 7   
THB002 - 29.d 4.043 0.032 0.0906 0.0017 71 2 117 3 1426 8 

THB002 - 30.d 4.420 0.050 0.0949 0.0026 76 1 104 3   

THB002 - 31.d 4.999 0.046 0.0857 0.0022 57 2 92 2   
THB002 - 32.d 3.046 0.024 0.1145 0.0014 427 12 343 12 1839 11 

THB002 - 33.d 14.628 0.496 0.2878 0.0171 294 2 458 7   

THB002 - 34.d 5.320 0.055 0.0815 0.0021 110 2 200 4 1116 10 
THB002 - 35.d 3.542 0.053 0.1152 0.0017 400 2 296 6   

THB002 - 36.d 18.505 0.217 0.0599 0.0021 123 6 169 8   

THB002 - 37.d 3.669 0.030 0.0986 0.0016 83 2 133 3 1561 10 
THB002 - 38.d 3.186 0.024 0.1153 0.0013 359 9 146 2 1794 9 

THB002 - 39.d 3.912 0.053 0.1252 0.0044 231 5 133 2   

THB002 - 40.d 3.196 0.031 0.1153 0.0023 132 2 126 3 1785 11 
THB002 - 41.d 3.227 0.021 0.1090 0.0013 212 5 187 4 1749 8 

THB002 - 42.d 5.281 0.055 0.0993 0.0028 67 4 191 12   

THB002 - 43.d 3.197 0.033 0.1100 0.0020 157 5 333 8 1764 13 
THB002 - 44.d 4.763 0.032 0.0964 0.0016 209 7 189 8   

THB002 - 45.d 3.557 0.027 0.1021 0.0013 213 4 196 5 1611 9 

THB002 - 46.d 9.732 0.197 0.0655 0.0039 190 6 197 15   
THB002 - 47.d 3.675 0.033 0.0996 0.0021 197 7 261 5 1560 11 

THB002 - 48.d 3.576 0.038 0.1052 0.0026 105 1 172 3 1606 13 

THB002 - 49.d 5.232 0.048 0.0856 0.0020 199 4 390 10   
THB002 - 50.d 2.047 0.015 0.1803 0.0023 103 3 130 3 2600 11 

THB002 - 51.d 2.965 0.027 0.1182 0.0026 122 4 125 6 1885 11 

THB002 - 52.d 5.313 0.055 0.1130 0.0049 216 6 436 11   
THB002 - 53.d 10.021 0.088 0.0657 0.0021 348 7 695 17   

THB002 - 54.d 6.379 0.050 0.0753 0.0012 252 5 193 4 944 7 

THB002 - 55.d 4.990 0.037 0.0799 0.0014 138 4 138 5 1179 7 
THB002 - 56.d 2.642 0.020 0.1278 0.0018 243 7 153 5 2068 10 

THB002 - 57.d 3.481 0.028 0.1077 0.0013 323 13 299 15 1654 11 

THB002 - 58.d 4.749 0.049 0.0917 0.0031 99 2 79 1   
THB002 - 59.d 3.938 0.029 0.0932 0.0019 71 2 90 2 1462 8 

THB002 - 60.d 15.017 0.240 0.0556 0.0030 57 1 47 1 416 6 

THB002 - 61.d 1.912 0.014 0.1833 0.0022 117 6 163 9 2699 12 
THB002 - 62.d 8.990 0.079 0.0780 0.0037 349 14 364 9   

THB002 - 63.d 8.888 0.082 0.0669 0.0014 262 11 228 7 696 5 

THB002 - 64.d 6.803 0.046 0.0711 0.0011 325 5 92 1 888 5 
THB002 - 65.d 1.747 0.020 0.2184 0.0031 52 1 33 1 2946 14 

THB002 - 66.d 5.148 0.058 0.0825 0.0025 48 1 63 2 1150 11 

THB002 - 67.d 4.620 0.051 0.1057 0.0028 67 1 162 5   
THB002 - 68.d 4.892 0.033 0.0850 0.0016 232 12 286 13 1207 7 

THB002 - 69.d 3.864 0.034 0.0962 0.0015 519 6 648 19 1497 10 

THB002 - 70.d 5.236 0.075 0.0862 0.0033 173 1 379 9   
THB002 - 71.d 2.956 0.022 0.1398 0.0033 146 5 144 7   

THB002 - 72.d 4.580 0.061 0.0903 0.0028 54 1 77 2   

THB002 - 73.d 5.923 0.091 0.0783 0.0037 206 2 141 2   
THB002 - 74.d 8.708 0.118 0.0668 0.0031 106 2 104 2 703 9 

THB002 - 75.d 4.815 0.055 0.0791 0.0025 50 3 125 6   
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Analysis No. 238U/206Pb 

2σ 

abs err 207Pb/206Pb 

2σ 

abs err 

U 

(ppm) 

2σ 

abs err 

Th 

(ppm) 

2σ 

abs err 

Preferred 

age (Ma) 

2σ 

abs err 
THB002 - 76.d 4.962 0.048 0.0814 0.0021 93 3 133 4 1186 10 

THB002 - 77.d 1.921 0.016 0.1879 0.0027 76 1 78 1 2710 11 

THB002 - 78.d 4.977 0.073 0.0813 0.0037 55 2 73 2 1183 15 
THB002 - 79.d 5.040 0.041 0.0836 0.0020 243 8 213 5 1170 9 

THB002 - 80.d 4.686 0.057 0.1004 0.0044 188 2 254 3   

THB002 - 81.d 3.811 0.033 0.0999 0.0013 175 5 177 4 1530 9 
THB002 - 82.d 4.827 0.055 0.0873 0.0027 42 1 73 2   

THB002 - 83.d 2.472 0.022 0.1452 0.0018 248 9 172 7 2227 12 

THB002 - 84.d 4.888 0.072 0.1081 0.0027 154 7 227 10   
THB002 - 85.d 3.960 0.032 0.0974 0.0014 187 4 147 4 1476 8 

THB002 - 86.d 3.286 0.033 0.1180 0.0021 112 1 217 2   

THB002 - 87.d 4.354 0.040 0.0835 0.0022 73 2 75 2   
THB002 - 88.d 5.607 0.065 0.0861 0.0024 101 7 157 7   

THB002 - 89.d 5.186 0.064 0.1996 0.0030 208 11 500 20   

THB002 - 90.d 4.117 0.029 0.0954 0.0013 240 7 239 8 1421 8 
THB002 - 91.d 2.118 0.018 0.1812 0.0024 89 3 96 2 2562 13 

THB002 - 92.d 5.127 0.047 0.0820 0.0018 72 3 156 6 1157 9 

THB002 - 93.d 4.627 0.057 0.1021 0.0039 156 8 272 6   
THB002 - 94.d 5.254 0.034 0.0777 0.0012 185 8 197 6 1124 6 

THB002 - 95.d 3.048 0.022 0.1209 0.0023 119 5 175 7 1853 9 

THB002 - 96.d 2.134 0.021 0.2641 0.0024 429 19 988 30   
THB002 - 97.d 1.898 0.027 0.2620 0.0030 473 12 849 25   

THB002 - 98.d 4.757 0.074 0.1019 0.0044 18 0 39 0   

THB002 - 99.d 14.210 0.144 0.0557 0.0016 266 4 395 4 438 4 
THB002 - 100.d 5.042 0.057 0.0841 0.0030 41 1 222 4 1173 12 

THB002 - 101.d 5.108 0.061 0.0785 0.0029 51 1 145 4 1153 12 
THB002 - 102.d 5.145 0.087 0.0795 0.0044 96 1 344 5 1147 17 

THB002 - 103.d 4.596 0.049 0.0899 0.0022 56 1 100 2   

THB002 - 104.d 4.898 0.038 0.0981 0.0017 142 2 225 3   
THB002 - 105.d 8.914 0.078 0.0627 0.0021 187 3 280 6 685 6 

THB002 - 106.d 3.058 0.031 0.1145 0.0015 300 6 217 9 1839 13 

THB002 - 107.d 3.078 0.038 0.1175 0.0024 163 1 223 4 1838 16 
THB002 - 108.d 4.389 0.034 0.0880 0.0017 190 7 190 10 1326 9 

THB002 - 109.d 10.406 0.112 0.0600 0.0021 152 6 120 4 592 6 

THB002 - 110.d 4.737 0.042 0.0838 0.0013 175 3 91 3 1242 9 
THB003 - 1.d 3.066 0.030 0.1140 0.0024 122 3 160 4 1829 12 

THB003 - 2.d 5.129 0.081 0.0873 0.0046 24 1 43 1   

THB003 - 3.d 4.684 0.049 0.0850 0.0024 31 1 30 1 1253 11 
THB003 - 4.d 5.038 0.084 0.1109 0.0055 23 0 57 2   

THB003 - 5.d 4.793 0.034 0.0851 0.0014 127 4 162 6 1231 7 

THB003 - 6.d 5.543 0.078 0.1434 0.0111 76 2 720 34   
THB003 - 7.d 5.233 0.059 0.0847 0.0026 79 3 171 6   

THB003 - 8.d 3.040 0.022 0.1098 0.0016 191 4 179 3 1825 9 

THB003 - 9.d 5.010 0.031 0.0812 0.0011 416 13 323 12 1180 6 
THB003 - 10.d 2.070 0.034 0.1895 0.0035 223 3 380 6   

THB003 - 11.d 2.993 0.021 0.1157 0.0016 213 5 102 5 1863 11 

THB003 - 12.d 6.841 0.058 0.0706 0.0012 283 16 126 9 884 6 
THB003 - 13.d 3.128 0.028 0.1112 0.0020 154 1 145 3 1794 12 

THB003 - 14.d 20.750 0.223 0.0673 0.0020 433 19 615 23   

THB003 - 15.d 9.199 0.071 0.0657 0.0013 296 5 255 4 671 5 
THB003 - 16.d 5.584 0.044 0.0815 0.0015 222 8 364 15   

THB003 - 17.d 3.767 0.044 0.1058 0.0026 84 5 121 7   

THB003 - 18.d 3.925 0.035 0.1010 0.0017 268 7 299 8   
THB003 - 19.d 4.938 0.063 0.0817 0.0034 105 1 277 2 1191 13 

THB003 - 20.d 4.928 0.038 0.0855 0.0012 249 7 137 5 1203 8 

THB003 - 21.d 4.945 0.045 0.0811 0.0020 47 1 134 3 1191 8 
THB003 - 22.d 21.188 0.210 0.0591 0.0023 183 7 99 4   

THB003 - 23.d 5.232 0.056 0.0775 0.0027 40 1 88 2 1128 11 

THB003 - 24.d 5.246 0.051 0.0803 0.0020 94 4 226 7 1131 9 
THB003 - 25.d 4.893 0.062 0.0818 0.0022 85 2 124 3 1202 13 

THB003 - 26.d 5.252 0.043 0.0798 0.0019 106 3 166 3 1127 8 

THB003 - 27.d 3.519 0.033 0.1080 0.0012 450 8 247 2 1663 10 
THB003 - 28.d 3.802 0.043 0.0976 0.0029 50 2 88 3 1511 14 

THB003 - 29.d 5.088 0.039 0.0782 0.0016 79 3 152 5 1156 8 

THB003 - 30.d 4.518 0.041 0.0914 0.0020 149 11 135 12   
THB003 - 31.d 4.976 0.041 0.0832 0.0014 154 9 208 10 1186 9 

THB003 - 32.d 4.528 0.031 0.0856 0.0012 137 2 424 6 1291 7 

THB003 - 33.d 4.962 0.043 0.0804 0.0020 69 2 104 3 1185 9 
THB003 - 34.d 3.687 0.056 0.1153 0.0024 134 6 314 6   

THB003 - 35.d 3.242 0.023 0.1138 0.0014 416 11 240 5 1764 8 

THB003 - 36.d 9.064 0.107 0.0698 0.0026 85 2 98 2   
THB003 - 37.d 3.102 0.022 0.1127 0.0013 439 7 175 7 1813 8 

THB003 - 38.d 3.317 0.024 0.1107 0.0027 130 1 120 1 1707 10 
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THB003 - 39.d 3.610 0.025 0.1000 0.0015 180 1 272 3 1581 9 

THB003 - 40.d 8.689 0.123 0.0675 0.0034 45 1 64 2   

THB003-s2 - 1.d 4.808 0.029 0.0914 0.0014 337 4 267 8   
THB003-s2 - 2.d 4.645 0.056 0.0827 0.0031 76 4 164 3 1257 14 

THB003-s2 - 3.d 4.938 0.064 0.0872 0.0036 45 1 47 1   

THB003-s2 - 4.d 4.416 0.031 0.0915 0.0014 200 3 319 5 1326 8 
THB003-s2 - 5.d 4.848 0.033 0.1252 0.0017 623 3 563 31   

THB003-s2 - 6.d 7.501 0.053 0.0975 0.0016 784 11 1236 9   

THB003-s2 - 7.d 12.367 0.124 0.0639 0.0017 535 7 535 6   
THB003-s2 - 8.d 4.911 0.075 0.0866 0.0043 70 1 128 1   

THB003-s2 - 9.d 2.012 0.015 0.1852 0.0032 139 3 251 8 2631 12 

THB003-s2 - 10.d 4.029 0.075 0.1536 0.0016 189 11 454 54   
THB003-s2 - 11.d 5.214 0.044 0.0791 0.0017 57 1 100 2 1134 8 

THB003-s2 - 12.d 18.202 0.319 0.0610 0.0035 159 2 145 2   

THB003-s2 - 13.d 3.050 0.018 0.1139 0.0014 174 2 113 1 1835 8 
THB003-s2 - 14.d 5.944 0.083 0.0830 0.0032 77 1 150 3   

THB003-s2 - 15.d 5.115 0.052 0.0871 0.0027 480 10 277 8   

THB003-s2 - 16.d 4.990 0.053 0.0861 0.0026 130 1 217 4   
THB003-s2 - 17.d 3.325 0.030 0.1100 0.0020 147 1 162 1 1715 11 

THB003-s2 - 18.d 7.850 0.109 0.0992 0.0031 108 7 74 3   

THB003-s2 - 19.d 3.647 0.047 0.1120 0.0023 152 1 360 3   
THB003-s2 - 20.d 3.478 0.027 0.1004 0.0019 75 2 98 3 1629 11 

THB003-s2 - 21.d 1.897 0.017 0.1963 0.0036 36 1 42 1 2751 15 

THB003-s2 - 22.d 5.046 0.048 0.0864 0.0023 167 3 348 7   
THB003-s2 - 23.d 4.808 0.092 0.0796 0.0047 20 0 73 1 1217 20 

THB003-s2 - 24.d 3.926 0.052 0.1055 0.0034 98 3 129 4   
THB003-s2 - 25.d 3.559 0.025 0.0967 0.0017 118 2 151 3 1592 9 

THB003-s2 - 26.d 11.272 0.096 0.0589 0.0016 112 3 86 2 548 4 

THB003-s2 - 27.d 4.837 0.036 0.0798 0.0013 115 5 99 3 1210 8 
THB003-s2 - 28.d 2.053 0.021 0.1810 0.0026 60 2 125 4 2607 12 

THB003-s2 - 29.d 4.949 0.049 0.0802 0.0026 32 1 136 5 1187 10 

THB003-s2 - 30.d 3.682 0.030 0.1016 0.0023 82 2 222 8 1558 11 
THB003-s2 - 31.d 11.602 0.112 0.0636 0.0018 113 5 304 12   

THB003-s2 - 32.d 2.053 0.015 0.1815 0.0022 101 1 246 2 2601 11 

THB003-s2 - 33.d 9.247 0.056 0.0639 0.0011 315 5 246 4 664 4 
THB003-s2 - 34.d 5.375 0.083 0.0794 0.0030 24 0 44 1 1105 15 

THB003-s2 - 35.d 4.813 0.037 0.0793 0.0013 123 4 153 6 1212 7 

THB003-s2 - 36.d 4.864 0.043 0.0783 0.0020 65 1 206 5   
THB003-s2 - 37.d 10.687 0.122 0.0586 0.0026 229 2 315 3 577 6 

THB003-s2 - 38.d 4.311 0.031 0.0862 0.0014 106 1 152 2 1345 8 

THB003-s2 - 39.d 4.895 0.043 0.0792 0.0019 75 2 219 5 1198 9 
THB003-s2 - 40.d 5.334 0.045 0.0806 0.0023 52 1 90 2 1110 8 

THB003-s2 - 41.d 3.599 0.030 0.1020 0.0023 98 3 103 4 1590 11 

THB003-s2 - 42.d 3.526 0.019 0.0973 0.0009 301 8 225 7 1602 6 
THB003-s2 - 43.d 6.965 0.065 0.0688 0.0022 115 2 289 9 866 7 

THB003-s2 - 44.d 4.920 0.061 0.0855 0.0016 193 1 136 1 1217 11 

THB003-s2 - 45.d 1.938 0.012 0.1849 0.0018 62 2 39 1 2689 9 
THB003-s2 - 46.d 5.451 0.031 0.0799 0.0007 526 20 583 24 1099 5 

THB003-s2 - 47.d 4.866 0.053 0.0783 0.0020 42 1 56 1   

THB003-s2 - 48.d 6.979 0.088 0.0715 0.0020 341 2 286 5 866 10 
THB003-s2 - 49.d 5.929 0.099 0.0777 0.0027 95 2 158 9 1018 14 

THB003-s2 - 50.d 1.801 0.013 0.1990 0.0023 49 1 43 1 2833 11 

THB003-s2 - 51.d 3.854 0.063 0.1061 0.0022 226 5 374 17   
THB003-s2 - 52.d 3.294 0.019 0.1259 0.0010 756 17 362 12   

THB003-s2 - 53.d 18.300 0.212 0.0561 0.0028 129 3 177 4 342 4 

THB003-s2 - 54.d 4.005 0.029 0.0947 0.0018 79 1 144 1 1445 9 
THB003-s2 - 55.d 4.853 0.044 0.0798 0.0014 83 3 113 4 1206 8 

THB003-s2 - 56.d 2.005 0.014 0.1831 0.0014 348 7 340 5 2648 7 

THB003-s2 - 57.d 2.214 0.017 0.1560 0.0019 252 2 98 4 2407 10 
THB003-s2 - 58.d 4.254 0.034 0.0916 0.0016 102 1 156 2 1372 9 

THB003-s2 - 59.d 2.136 0.016 0.1716 0.0022 90 3 124 2 2512 11 

THB003-s2 - 60.d 9.953 0.170 0.0667 0.0033 52 1 82 1   
THB003-s2 - 61.d 3.103 0.023 0.1164 0.0016 108 2 102 3 1823 10 

THB003-s2 - 62.d 9.020 0.075 0.0626 0.0016 94 2 170 3 678 5 

THB003-s2 - 63.d 4.877 0.062 0.0823 0.0030 50 1 135 3 1205 14 
THB003-s2 - 64.d 4.741 0.036 0.0774 0.0012 136 3 143 3   

THB003-s2 - 65.d 3.473 0.039 0.0997 0.0029 92 2 121 3 1630 15 

THB003-s2 - 66.d 7.816 0.177 0.1103 0.0020 183 9 948 58   
THB003-s2 - 67.d 5.052 0.061 0.0975 0.0025 122 1 348 11   

THB003-s2 - 68.d 4.670 0.047 0.0824 0.0019 99 2 119 1 1251 9 

THB003-s2 - 69.d 5.290 0.066 0.0817 0.0024 57 2 74 3 1123 12 
THB003-s2 - 70.d 3.188 0.024 0.1073 0.0016 228 3 230 9 1758 10 
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BRM-1 - 1 5.156 0.079 0.0771 0.0033 82 1 113 1 1142 16 

BRM-1 - 2 10.552 0.181 0.0539 0.0037 52 1 159 4   

BRM-1 - 3 4.960 0.095 0.0790 0.0033 94 3 145 3 1183 18 
BRM-1 - 4 5.407 0.086 0.0754 0.0030 273 4 198 4 1093 15 

BRM-1 - 5 3.641 0.066 0.0949 0.0039 109 3 106 3 1561 24 

BRM-1 - 6 3.211 0.049 0.1076 0.0042 176 3 124 1 1749 22 
BRM-1 - 7 6.789 0.134 0.0616 0.0044 24 0 58 1   

BRM-1 - 8 4.650 0.085 0.0769 0.0036 75 1 111 3   

BRM-1 - 10 3.616 0.073 0.0964 0.0040 104 2 130 2 1570 22 
BRM-1 - 11 5.038 0.082 0.0798 0.0033 133 4 174 5 1169 16 

BRM-1 - 12 4.995 0.089 0.0855 0.0036 86 1 178 2   

BRM-1 - 13 5.033 0.081 0.0805 0.0034 84 1 157 3 1171 16 
BRM-1 - 14 6.523 0.149 0.0643 0.0048 15 1 28 1   

BRM-1 - 15 5.261 0.094 0.0767 0.0031 129 4 105 1 1121 18 

BRM-1 - 16 9.919 0.157 0.0583 0.0024 210 2 266 3   
BRM-1 - 17 4.896 0.074 0.0812 0.0033 165 4 149 4 1200 16 

BRM-1 - 18 3.428 0.056 0.0964 0.0041 93 10 141 21   

BRM-1 - 19 4.616 0.090 0.0810 0.0041 27 1 26 1   
BRM-1 - 20 4.787 0.064 0.0785 0.0031 303 2 311 3   

BRM-1 - 21 5.002 0.092 0.0758 0.0032 71 2 180 3   

BRM-1 - 22 7.280 0.142 0.0816 0.0035 214 6 230 6   
BRM-1 - 23 17.942 0.507 0.0469 0.0048 45 0 56 1   

BRM-1 - 24 7.313 0.268 0.0843 0.0044 267 4 453 12   

BRM-1 - 25 4.944 0.083 0.0793 0.0031 237 11 211 4 1187 17 
BRM-1 - 26 11.879 0.214 0.0540 0.0026 143 5 319 12   

BRM-1 - 27 12.279 0.273 0.0572 0.0026 52 1 125 3 505 10 
BRM-1 - 28 6.396 0.145 0.1136 0.0044 935 9 1031 10   

BRM-1 - 29 4.152 0.077 0.0960 0.0039 117 2 135 3   

BRM-1 - 30 5.201 0.120 0.0728 0.0036 38 1 60 1   
BRM-1 - 31 2.812 0.045 0.1149 0.0045 466 12 98 2   

BRM-1 - 32 2.348 0.042 0.1531 0.0059 263 2 233 3 2312 27 

BRM-1 - 33 4.926 0.119 0.0770 0.0035 37 1 111 3   
BRM-1 - 34 4.759 0.115 0.0767 0.0037 32 1 62 2   

BRM-1 - 35 6.645 0.115 0.0675 0.0028 200 4 122 3   

BRM-1 - 36 2.042 0.039 0.1664 0.0067 64 3 68 7   
BRM-1 - 37 8.858 0.227 0.0582 0.0102 9 0 22 0   

BRM-1 - 38 4.896 0.089 0.0826 0.0038 74 1 106 1 1201 20 

BRM-1 - 39 7.048 0.252 0.0946 0.0070 12 0 17 0   
BRM-1 - 40 5.104 0.085 0.0783 0.0043 52 1 147 2 1153 15 

BRM-1 - 41 4.945 0.100 0.0801 0.0033 72 1 85 1 1188 21 

BRM-1 - 42 4.813 0.083 0.0798 0.0031 225 7 239 7 1214 17 
BRM-1 - 43 4.848 0.081 0.0830 0.0034 192 2 252 4 1215 16 

BRM-1 - 44 6.887 0.150 0.0725 0.0048 43 1 99 4 881 16 

BRM-1 - 45 4.888 0.095 0.0784 0.0036 46 1 70 2   
BRM-1 - 46 3.589 0.079 0.1061 0.0050 26 1 52 2   

BRM-1 - 47 4.942 0.084 0.0802 0.0031 405 5 552 6 1189 17 

BRM-1 - 48 4.278 0.096 0.0889 0.0038 430 7 1274 8 1352 27 
BRM-1 - 49 5.016 0.092 0.0788 0.0032 182 3 228 3 1171 18 

BRM-1 - 50 6.441 0.111 0.0761 0.0031 209 6 198 7   

BRM-1 - 51 4.869 0.095 0.0905 0.0046 91 1 237 3   
BRM-1 - 53 4.900 0.077 0.0843 0.0033 186 4 229 4 1207 15 

BRM-1 - 54 5.182 0.088 0.0763 0.0033 89 1 148 2 1135 16 

BRM-1 - 55 4.932 0.117 0.0784 0.0033 42 1 124 2 1185 22 
BRM-1 - 56 5.290 0.101 0.0800 0.0036 40 1 41 2 1117 20 

BRM-1 - 57 3.049 0.050 0.1085 0.0042 146 2 90 2   

BRM-1 - 58 2.667 0.043 0.1274 0.0049 226 3 86 1 2054 23 
BRM-1 - 59 4.948 0.102 0.0777 0.0039 26 0 69 1   

BRM-1 - 60 4.706 0.083 0.0809 0.0035 100 4 73 3 1240 18 

BRM-1 - 61 8.901 0.226 0.0544 0.0039 26 0 44 1   
BRM-1 - 62 4.833 0.092 0.0794 0.0032 190 2 864 23 1209 19 

BRM-1 - 63 9.966 0.161 0.0611 0.0025 475 8 318 5 618 8 

BRM-1 - 64 4.312 0.088 0.0809 0.0041 12 0 3 0   
BRM-1 - 65 5.237 0.106 0.0775 0.0033 115 2 196 2 1127 20 

BRM-1 - 66 4.626 0.093 0.1244 0.0087 85 2 141 4   

BRM-1 - 67 5.054 0.104 0.0788 0.0035 81 3 135 6 1164 20 
BRM-1 - 68 3.718 0.064 0.1173 0.0058 97 1 174 2   

BRM-1 - 69 7.192 0.142 0.0677 0.0034 53 0 56 1 840 15 

BRM-1 - 70 5.293 0.103 0.0798 0.0037 68 1 92 1 1116 20 
BRM-1 - 71 6.633 0.112 0.0910 0.0035 803 14 2732 45   

BRM-1 - 72 8.773 0.260 0.0552 0.0040 19 0 16 0   

BRM-1 - 73 5.077 0.096 0.0760 0.0034 36 1 90 1   
BRM-1 - 74 5.159 0.092 0.0817 0.0036 22 1 54 3 1151 16 

BRM-1 - 75 11.358 0.199 0.0619 0.0031 105 2 152 4 546 9 
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BRM-1 - 76 1.933 0.034 0.1797 0.0071 47 1 51 1 2677 32 

BRM-1 - 77 5.291 0.121 0.0722 0.0060 20 0 41 1   

BRM-1 - 78 2.881 0.052 0.1153 0.0045 268 2 129 3 1913 24 
BRM-1 - 79 2.892 0.051 0.1143 0.0044 265 11 125 5   

BRM-1 - 80 4.921 0.088 0.0791 0.0032 135 1 247 2 1191 19 

BRM-1 - 81 3.748 0.061 0.0955 0.0039 71 2 55 1 1525 22 
BRM-1 - 82 4.927 0.074 0.0766 0.0039 51 1 97 3   

BRM-1 - 83 4.886 0.080 0.0807 0.0035 66 1 76 2 1202 16 

BRM-1 - 84 7.037 0.127 0.0691 0.0027 778 16 550 5 860 12 
BRM-1 - 85 6.238 0.121 0.0751 0.0034 54 0 65 1 965 16 

BRM-1 - 86 5.005 0.077 0.0787 0.0031 288 6 182 3 1174 16 

BRM-1 - 87 4.848 0.087 0.0807 0.0032 136 6 188 9 1209 17 
BRM-1 - 88 5.593 0.103 0.1053 0.0044 266 4 342 5   

BRM-1 - 89 5.490 0.140 0.0944 0.0037 208 2 441 4   

BRM-1 - 90 4.850 0.090 0.0811 0.0037 59 1 85 2 1210 19 
BRM-1 - 91 5.072 0.126 0.0857 0.0049 18 0 37 1   

BRM-1 - 92 2.917 0.064 0.1673 0.0067 557 32 764 10   

BRM-1 - 93 5.141 0.094 0.0785 0.0031 138 4 206 7 1147 18 
BRM-1 - 94 3.268 0.072 0.1250 0.0049 278 8 206 12   

BRM-1 - 95 4.970 0.073 0.0798 0.0033 136 1 92 1 1182 14 

BRM-1 - 96 5.154 0.087 0.0815 0.0033 117 1 104 1 1151 16 
BRM-1 - 97 4.427 0.114 0.0839 0.0049 16 0 60 1 1310 27 

BRM-1 - 98 10.686 0.217 0.0586 0.0031 94 2 80 3 576 10 

BRM-1 - 99 5.108 0.089 0.0772 0.0033 93 3 154 3 1150 15 
BRM-1 - 100 3.387 0.060 0.1049 0.0042 114 2 87 1 1676 20 

BRM-1 - 101 4.983 0.085 0.0808 0.0033 100 1 112 2 1182 17 
BRM-1 - 102 3.690 0.071 0.0972 0.0041 67 1 72 1 1550 21 

BRM-1 - 103 4.724 0.100 0.0821 0.0052 25 1 105 3 1239 18 

BRM-1 - 104 5.310 0.079 0.0874 0.0042 69 1 75 1   
BRM-1 - 105 5.035 0.091 0.0803 0.0032 165 4 180 4 1170 19 

BRM-1 - 106 10.747 0.187 0.0656 0.0029 161 5 178 13   

BRM-1 - 107 4.173 0.070 0.0894 0.0035 144 2 220 4 1388 18 
BRM-1 - 108 2.234 0.040 0.1692 0.0066 75 3 69 3   

BRM-1 - 109 4.943 0.110 0.0762 0.0037 48 1 141 3   

BRM-1 - 110 3.205 0.059 0.1168 0.0045 255 4 248 6   
BRM-1 - 111 5.094 0.092 0.0787 0.0031 168 4 416 7 1156 18 

BRM-1 - 112 15.673 0.296 0.0577 0.0030 82 1 73 1 400 7 

BRM-1 - 113 2.784 0.044 0.1208 0.0048 66 1 174 2 1977 26 
BRM-1 - 114 5.028 0.096 0.0797 0.0035 62 2 61 2 1171 18 

BRM-1 - 115 5.044 0.085 0.0841 0.0044 38 1 84 2 1167 18 

BRM-1 - 116 5.188 0.100 0.0798 0.0036 36 1 115 3 1140 19 
BRM-1 - 117 4.898 0.079 0.0809 0.0034 137 6 196 8 1199 16 

BRM-1 - 118 4.609 0.085 0.0806 0.0032 148 4 218 7   

BRM-1 - 119 4.950 0.194 0.1284 0.0099 10 0 37 1   
BRM-1 - 120 5.011 0.105 0.0768 0.0037 48 1 151 1   

BRM-1 - 121 7.231 0.182 0.0633 0.0044 18 0 24 0   

BRM-1 - 122 6.451 0.153 0.0862 0.0044 21 0 43 1   
BRM-1 - 123 3.273 0.056 0.1062 0.0044 64 1 157 2 1721 24 

BRM-1 - 125 10.872 0.230 0.0591 0.0029 103 2 84 2 567 11 

BRM-1 - 126 5.138 0.088 0.0779 0.0031 154 1 241 3 1146 17 
BRM-1 - 127 3.682 0.063 0.1003 0.0040 196 1 125 1 1559 21 

BRM-1 - 128 5.147 0.093 0.0783 0.0034 65 2 72 1 1145 19 

BRM-1 - 129 8.924 0.163 0.0652 0.0028 351 8 345 8 689 11 
BRM-1 - 130 6.032 0.116 0.0714 0.0031 107 3 60 2 989 18 

BRM-1 - 131 4.899 0.093 0.0809 0.0048 22 0 89 1 1198 20 

BRM-1 - 132 3.839 0.068 0.0974 0.0038 211 3 411 3 1504 21 
BRM-1 - 133 4.684 0.084 0.0766 0.0036 44 1 90 2   

BRM-1 - 134 4.918 0.097 0.0734 0.0044 31 2 59 3   

BRM-1 - 135 4.514 0.127 0.0808 0.0053 16 0 2 0   
BRM-1 - 136 5.148 0.149 0.0944 0.0054 20 0 26 1   

BRM-1 - 137 3.136 0.057 0.1066 0.0042 97 2 98 2   

BRM-1 - 138 5.154 0.129 0.0752 0.0042 26 1 13 0   
BRM-1 - 139 5.313 0.105 0.0762 0.0034 70 1 88 1 1110 16 

BRM-1 - 140 2.525 0.046 0.1351 0.0053 175 2 127 1 2155 24 

BRM-1 - 141 2.566 0.044 0.1482 0.0059 126 3 157 5   
BRM-1 - 142 2.927 0.055 0.1191 0.0048 138 2 122 2 1905 25 

BRM-1 - 143 4.939 0.087 0.0788 0.0031 351 9 221 4 1188 19 

BRM-1 - 144 5.109 0.099 0.0764 0.0037 55 2 66 3   
BRM-1 - 145 4.847 0.089 0.0785 0.0032 81 1 172 3   

BRM-1 - 146 5.896 0.106 0.0777 0.0031 197 8 166 2 1009 17 

BRM-1 - 147 18.122 0.404 0.0485 0.0050 38 0 51 1   
BRM-1 - 148 4.021 0.073 0.0921 0.0038 47 1 62 1 1437 19 

BRM-1 - 149 5.728 0.094 0.0803 0.0032 287 9 175 5   
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BRM-1 - 150 4.979 0.100 0.0791 0.0033 109 2 128 2 1179 19 

           

FIT001 - 1.d 14.580 0.194 0.0779 0.0040 428 13 638 28   
FIT001 - 2.d 5.125 0.099 0.0860 0.0058 55 5 128 12   

FIT001 - 3.d 5.132 0.105 0.0785 0.0058 50 1 57 2 1148 19 

FIT001 - 4.d 3.277 0.043 0.1053 0.0050 114 3 108 3 1717 18 
FIT001 - 5.d 4.785 0.071 0.0806 0.0044 98 4 168 6 1223 15 

FIT001 - 6.d 4.744 0.088 0.0811 0.0043 128 7 364 22 1232 18 

FIT001 - 7.d 7.842 0.109 0.0662 0.0039 182 4 182 3 775 10 
FIT001 - 8.d 5.174 0.079 0.0775 0.0042 134 4 256 4 1139 14 

FIT001 - 9.d 5.129 0.080 0.0809 0.0044 87 2 310 20 1152 15 

FIT001 - 10.d 19.448 0.329 0.0601 0.0051 156 5 187 4   
FIT001 - 11.d 4.741 0.052 0.0826 0.0037 279 10 370 17 1234 12 

FIT001 - 12.d 5.032 0.064 0.0790 0.0037 159 10 261 16 1169 13 

FIT001 - 13.d 3.617 0.044 0.0988 0.0042 349 9 252 13 1575 16 
FIT001 - 14.d 4.094 0.078 0.2018 0.0087 357 20 1420 108   

FIT001 - 15.d 3.844 0.050 0.0929 0.0046 99 2 55 1 1490 17 

FIT001 - 16.d 2.998 0.030 0.1145 0.0050 202 8 96 5 1857 16 
FIT001 - 17.d 21.838 0.406 0.0539 0.0043 190 6 233 7 289 5 

FIT001 - 18.d 4.797 0.073 0.0835 0.0045 102 3 148 6 1224 15 

FIT001 - 19.d 4.494 0.096 0.1267 0.0054 378 29 287 14   
FIT001 - 20.d 11.297 0.546 0.1525 0.0080 1424 44 3707 138   

FIT001 - 21.d 4.483 0.073 0.0846 0.0055 66 1 79 2 1298 19 

FIT001 - 22.d 5.315 0.173 0.1012 0.0092 20 1 52 2   
FIT001 - 23.d 0.180 0.161 0.1301 0.3457 0 0 0 0   

FIT001 - 24.d 2.886 0.103 0.1186 0.0081 20 1 15 2 1921 53 
FIT001 - 25.d 5.081 0.075 0.0803 0.0048 99 1 213 5 1161 14 

FIT001 - 26.d 3.082 0.082 0.1113 0.0049 594 19 403 13 1814 36 

FIT001 - 27.d 2.960 0.033 0.1167 0.0051 152 4 111 3 1880 15 
FIT001 - 28.d 5.303 0.054 0.0775 0.0036 349 11 243 8 1115 9 

FIT001 - 29.d 4.873 0.057 0.0777 0.0040 204 4 363 12   

FIT001 - 30.d 7.658 0.143 0.1732 0.0118 146 9 164 10   
FIT001 - 31.d 5.128 0.070 0.0869 0.0047 123 4 197 7   

FIT001 - 32.d 3.023 0.040 0.1153 0.0052 229 5 168 3 1847 18 

FIT001 - 33.d 3.540 0.050 0.1170 0.0056 103 3 231 9   
FIT001 - 34.d 3.961 0.092 0.1304 0.0055 579 39 231 27   

FIT001 - 35.d 9.154 0.147 0.0641 0.0039 174 6 229 7 670 9 

FIT001 - 36.d 21.577 0.425 0.0543 0.0053 197 5 140 4 293 5 
FIT001 - 37.d 2.763 0.061 0.1183 0.0051 245 10 173 12   

FIT001 - 38.d 5.335 0.096 0.0828 0.0059 55 1 110 2   

FIT001 - 39.d 15.128 0.227 0.0963 0.0055 337 11 610 18   
FIT001 - 40.d 17.293 0.319 0.0529 0.0030 543 7 534 11 363 6 

FIT001 - 41.d 24.208 0.509 0.0559 0.0047 231 5 296 6   

FIT001 - 42.d 4.441 0.095 0.1275 0.0055 395 15 822 45   
FIT001 - 43.d 3.300 0.044 0.1105 0.0052 121 6 105 6 1716 18 

FIT001 - 44.d 3.448 0.060 0.1747 0.0074 434 19 411 26   

FIT001 - 45.d 7.212 0.191 0.0906 0.0049 281 10 218 12   
FIT001 - 46.d 3.176 0.030 0.1112 0.0046 376 14 83 6 1769 14 

FIT001 - 47.d 3.384 0.074 0.1505 0.0095 27 1 41 1   

FIT001 - 48.d 3.355 0.055 0.1120 0.0060 52 1 100 2   
FIT001 - 49.d 2.780 0.036 0.1230 0.0053 227 8 194 8 1983 19 

FIT001 - 50.d 9.697 0.178 0.0623 0.0029 555 7 423 8 634 11 

FIT001 - 51.d 5.189 0.079 0.0781 0.0041 148 12 274 23 1137 15 
FIT001 - 52.d 5.176 0.120 0.0782 0.0069 28 1 80 3 1139 23 

FIT001 - 53.d 5.346 0.088 0.0763 0.0051 75 1 24 1 1105 16 

FIT001 - 54.d 5.021 0.063 0.0801 0.0043 124 3 169 3 1172 13 
FIT001 - 55.d 11.558 0.221 0.0641 0.0049 156 6 195 5   

FIT001 - 56.d 3.168 0.037 0.1198 0.0055 163 7 143 5   

FIT001 - 57.d 8.870 0.104 0.0617 0.0030 279 7 301 4 688 7 
FIT001 - 58.d 14.269 0.285 0.0657 0.0050 149 6 250 10   

FIT001 - 59.d 3.193 0.031 0.1111 0.0047 411 10 76 1 1761 13 

FIT001 - 60.d 3.813 0.092 0.0993 0.0044 311 25 239 14 1519 29 
FIT001 - 61.d 22.202 0.389 0.0719 0.0051 193 3 286 3   

FIT001 - 62.d 5.066 0.078 0.0834 0.0043 132 3 158 3 1168 15 

FIT001 - 63.d 3.164 0.041 0.1068 0.0050 143 1 170 2 1768 18 
FIT001 - 64.d 3.275 0.043 0.1405 0.0060 358 9 688 20   

FIT001 - 65.d 14.399 0.215 0.0565 0.0037 263 9 333 10 433 6 

FIT001 - 66.d 2.708 0.087 0.1817 0.0074 412 9 366 15   
FIT001 - 67.d 3.106 0.030 0.1086 0.0045 332 7 160 1 1797 13 

FIT001 - 68.d 2.964 0.034 0.1194 0.0049 498 21 403 18 1882 16 

FIT001 - 69.d 3.401 0.051 0.1171 0.0050 322 13 128 2   
FIT001 - 70.d 5.943 0.119 0.1055 0.0048 338 3 745 24   

FIT001 - 71.d 10.710 0.119 0.0605 0.0029 479 8 675 12 576 6 



 

206 

 

Analysis No. 238U/206Pb 

2σ 

abs err 207Pb/206Pb 

2σ 

abs err 

U 

(ppm) 

2σ 

abs err 

Th 

(ppm) 

2σ 

abs err 

Preferred 

age (Ma) 

2σ 

abs err 
FIT001 - 72.d 2.991 0.030 0.1136 0.0050 238 5 141 3 1859 13 

FIT001 - 73.d 1.787 0.121 0.6796 0.0298 64 1 138 5   

FIT001 - 74.d 2.393 0.023 0.1656 0.0069 220 5 277 5   
FIT001 - 75.d 2.966 0.030 0.1148 0.0048 364 8 219 6 1873 15 

FIT001 - 76.d 2.011 0.035 0.1824 0.0085 42 1 47 1 2620 29 

FIT001 - 77.d 20.562 0.245 0.0544 0.0030 541 4 981 23 306 4 
FIT001 - 78.d 3.463 0.050 0.1170 0.0067 148 6 114 3   

FIT001 - 79.d 2.857 0.037 0.1135 0.0053 134 4 98 3   

FIT001 - 80.d 3.403 0.041 0.1162 0.0053 163 7 145 7   
FIT001 - 81.d 4.425 0.069 0.0838 0.0049 74 2 139 4 1311 16 

FIT001 - 82.d 2.743 0.030 0.1231 0.0053 194 6 166 6 2003 17 

FIT001 - 83.d 3.471 0.037 0.1042 0.0046 225 4 223 4 1638 14 
FIT001 - 84.d 6.014 0.161 0.1324 0.0056 745 42 573 48   

FIT001 - 85.d 5.067 0.094 0.1408 0.0100 157 5 159 5   

FIT001 - 86.d 5.936 0.093 0.0836 0.0052 99 3 84 3   
FIT001 - 87.d 2.903 0.050 0.1099 0.0045 586 5 237 2   

FIT001 - 88.d 22.663 1.256 0.0581 0.0139 23 0 36 1   

FIT001 - 89.d 3.162 0.086 0.1140 0.0084 18 1 68 1 1785 36 
FIT001 - 90.d 6.920 0.178 0.0679 0.0071 37 1 60 1 870 19 

FIT001 - 91.d 5.641 0.076 0.0763 0.0039 220 5 138 3 1055 12 

FIT001 - 92.d 3.518 0.041 0.0981 0.0047 134 4 113 2 1611 15 
FIT001 - 93.d 5.001 0.205 0.1370 0.0067 277 19 1550 157   

FIT001 - 94.d 17.804 1.714 0.1989 0.0634 12 1 25 2   

FIT001 - 95.d 4.997 0.075 0.0794 0.0045 123 3 146 4 1176 15 
FIT001 - 96.d 14.611 0.241 0.0559 0.0038 230 6 380 11 427 7 

FIT001 - 97.d 5.220 0.092 0.0783 0.0048 82 2 214 5 1131 17 
FIT001 - 98.d 3.495 0.045 0.1061 0.0057 142 4 254 6 1622 19 

FIT001 - 99.d 4.944 0.091 0.0820 0.0051 93 5 200 15 1191 18 

FIT001 - 100.d 2.936 0.048 0.1181 0.0060 74 1 74 2 1895 23 
FIT001 - 101.d 3.223 0.053 0.1118 0.0062 50 1 98 2 1752 21 

FIT001 - 102.d 5.528 0.059 0.0762 0.0036 310 6 181 3 1073 10 

FIT001 - 103.d 5.245 0.103 0.0779 0.0052 46 1 63 2 1126 20 
FIT001 - 104.d 7.432 0.168 0.1370 0.0055 1576 77 1544 48   

FIT001 - 105.d 5.124 0.081 0.0862 0.0052 72 2 161 4   

FIT001 - 106.d 8.296 0.390 0.1222 0.0297 96 3 92 4   
FIT001 - 107.d 4.100 0.057 0.0975 0.0044 164 5 183 5   

FIT001 - 108.d 3.358 0.061 0.1168 0.0050 346 14 296 10   

FIT001 - 109.d 5.077 0.047 0.0788 0.0035 469 13 453 12 1159 9 
FIT001 - 110.d 0.331 0.080 -0.0371 0.6787 0 0 0 0   

FIT001 - 111.d 3.259 0.051 0.1157 0.0049 287 14 163 11   

FIT001 - 112.d 10.750 0.189 0.0616 0.0045 165 5 462 15 575 9 
FIT001 - 113.d 2.986 0.052 0.1105 0.0051 167 8 158 10   

FIT001 - 114.d 4.697 0.063 0.0830 0.0044 179 18 159 13 1246 13 

FIT001 - 115.d 21.922 0.344 0.0499 0.0039 242 3 316 3   
FIT001 - 116.d 5.071 0.088 0.0803 0.0055 63 1 121 3 1162 18 

FIT001 - 117.d 7.138 0.127 0.0791 0.0039 273 6 168 5   

FIT001 - 118.d 6.213 0.131 0.0816 0.0042 187 12 511 91   
FIT001 - 119.d 3.227 0.051 0.1104 0.0053 81 4 151 12 1744 23 

FIT001 - 120.d 3.223 0.049 0.1109 0.0058 68 1 75 1 1749 21 

FIT001 - 121.d 5.072 0.086 0.0821 0.0051 63 2 110 3 1163 18 
FIT001 - 122.d 4.795 0.067 0.0829 0.0046 92 5 108 6 1224 14 

FIT001 - 123.d 3.047 0.128 0.1284 0.0057 215 18 273 67   

FIT001 - 124.d 4.986 0.074 0.0810 0.0047 72 2 95 2 1179 16 
FIT001 - 125.d 11.222 0.162 0.0601 0.0041 158 7 77 3 551 7 

FIT001 - 126.d 3.714 0.044 0.1029 0.0047 200 5 244 9 1548 14 

FIT001 - 127.d 10.302 0.157 0.0647 0.0047 147 2 409 6   
FIT001 - 128.d 6.349 0.068 0.0709 0.0035 225 6 137 4 943 9 

FIT001 - 129.d 3.119 0.035 0.1161 0.0051 256 8 244 8 1802 16 

FIT001 - 130.d 22.609 0.552 0.0553 0.0058 110 2 112 2 280 7 
FIT001 - 131.d 3.486 0.037 0.1014 0.0045 219 2 238 4 1627 14 

FIT001 - 132.d 3.239 0.031 0.1099 0.0048 244 5 193 4 1739 13 

FIT001 - 133.d 6.199 0.137 0.0868 0.0037 414 13 858 43   
FIT001 - 134.d 5.182 0.057 0.0795 0.0037 224 4 200 4 1139 11 

FIT001 - 135.d 5.684 0.093 0.1009 0.0058 108 3 330 18   

FIT001 - 136.d 5.423 0.064 0.0865 0.0043 200 6 189 5   
FIT001 - 137.d 2.955 0.039 0.1179 0.0050 285 11 178 11 1884 20 

FIT001 - 138.d 4.866 0.063 0.0860 0.0040 262 8 116 10 1212 13 

FIT001 - 139.d 3.491 0.042 0.1026 0.0048 145 2 180 3 1628 16 
FIT001 - 140.d 3.923 0.053 0.0933 0.0046 132 5 130 7 1466 16 

FIT001 - 141.d 9.041 0.247 0.0637 0.0063 43 1 60 1 677 17 

FIT001 - 142.d 6.244 0.262 0.0826 0.0039 415 24 136 9   
FIT001 - 143.d 9.204 0.197 0.0681 0.0060 50 1 61 1   

FIT001 - 144.d 4.964 0.110 0.0941 0.0069 44 1 63 1   
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FIT001 - 145.d 4.953 0.073 0.0838 0.0049 113 3 127 3 1193 13 

FIT001 - 146.d 2.331 0.059 0.2215 0.0104 56 3 170 24   

FIT001 - 147.d 5.076 0.107 0.1370 0.0115 39 1 51 1   
FIT001 - 148.d 4.822 0.060 0.0830 0.0042 178 4 138 3 1218 13 

FIT001 - 149.d 3.742 0.047 0.1084 0.0045 674 10 4553 155   

FIT001 - 150.d 18.535 0.252 0.0585 0.0037 228 2 294 2   
FIT002 - 1.d 6.127 0.303 0.1547 0.0088 549 50 357 34   

FIT002 - 2.d 5.363 0.072 0.1302 0.0059 447 13 556 15   

FIT002 - 3.d 3.996 0.093 0.1219 0.0052 376 24 254 17   
FIT002 - 4.d 3.187 0.033 0.1169 0.0051 215 5 181 3   

FIT002 - 5.d 2.510 0.060 0.1469 0.0076 115 5 90 6 2194 38 

FIT002 - 6.d 5.652 0.121 0.1167 0.0052 462 23 281 15   
FIT002 - 7.d 2.951 0.031 0.1150 0.0050 257 7 353 10 1881 15 

FIT002 - 8.d 3.594 0.041 0.1238 0.0052 455 12 839 11   

FIT002 - 9.d 3.297 0.038 0.1165 0.0048 328 18 117 4   
FIT002 - 10.d 3.780 0.059 0.1288 0.0054 558 20 500 12   

FIT002 - 11.d 2.982 0.035 0.1124 0.0051 158 6 98 4 1862 17 

FIT002 - 12.d 3.471 0.072 0.1700 0.0111 30 1 91 2   
FIT002 - 13.d 3.387 0.038 0.1141 0.0048 384 8 175 10   

FIT002 - 14.d 3.377 0.046 0.1300 0.0060 146 3 609 26   

FIT002 - 15.d 3.105 0.039 0.1125 0.0052 137 6 338 14 1803 18 
FIT002 - 16.d 5.183 0.078 0.1086 0.0046 713 37 417 23   

FIT002 - 17.d 3.342 0.073 0.1730 0.0109 26 0 105 2   

FIT002 - 18.d 7.544 0.118 0.1943 0.0079 1551 55 593 15   
FIT002 - 19.d 2.913 0.055 0.1207 0.0051 276 12 146 8 1915 26 

FIT002 - 20.d 2.909 0.051 0.2312 0.0124 45 3 70 7   
FIT002 - 21.d 3.172 0.046 0.1206 0.0051 384 20 252 14   

FIT002 - 22.d 2.594 0.063 0.2691 0.0168 13 1 20 1   

FIT002 - 23.d 3.059 0.028 0.1114 0.0049 237 5 163 4 1823 14 
FIT002 - 24.d 3.407 0.065 0.1178 0.0052 230 7 171 7   

FIT002 - 25.d 3.075 0.034 0.1189 0.0053 253 11 143 7 1824 16 

FIT002 - 26.d 4.258 0.059 0.1051 0.0043 540 20 309 16   
FIT002 - 27.d 2.978 0.032 0.1156 0.0050 197 11 239 13 1868 16 

FIT002 - 28.d 11.220 0.444 0.1139 0.0064 1923 127 5677 548   

FIT002 - 29.d 3.065 0.032 0.1176 0.0052 185 6 163 6 1828 15 
FIT002 - 30.d 3.597 0.060 0.1221 0.0064 68 2 233 7   

FIT002 - 31.d 5.097 0.089 0.1016 0.0043 537 15 355 10   

FIT002 - 32.d 3.497 0.085 0.1081 0.0044 846 50 189 14   
FIT002 - 33.d 3.558 0.137 0.1461 0.0089 707 30 480 21   

FIT002 - 34.d 2.993 0.041 0.1103 0.0046 507 19 476 35   

FIT002 - 35.d 2.857 0.031 0.1159 0.0051 218 6 119 3   
FIT002 - 36.d 3.653 0.110 0.1978 0.0167 16 1 14 1   

FIT002 - 37.d 4.026 0.049 0.1194 0.0053 274 9 329 15   

FIT002 - 38.d 3.786 0.060 0.1164 0.0049 377 19 118 15   
FIT002 - 39.d 3.224 0.064 0.1853 0.0104 36 1 36 1   

FIT002 - 40.d 3.266 0.036 0.1113 0.0047 354 5 529 7 1728 16 

FIT002 - 41.d 3.530 0.063 0.1349 0.0055 600 19 970 44   
FIT002 - 42.d 2.984 0.044 0.1148 0.0047 534 11 115 3 1865 22 

FIT002 - 43.d 3.047 0.077 0.1122 0.0048 551 9 380 8 1831 32 

FIT002 - 44.d 5.524 0.102 0.1073 0.0045 721 29 911 23   
FIT002 - 45.d 4.037 0.059 0.1142 0.0048 480 17 297 12   

FIT002 - 46.d 6.388 0.110 0.1375 0.0057 737 41 2105 136   

FIT002 - 47.d 3.087 0.035 0.1267 0.0053 165 4 183 7   
FIT002 - 48.d 2.973 0.026 0.1157 0.0048 431 14 577 19 1871 12 

FIT002 - 49.d 3.001 0.038 0.1133 0.0054 105 3 105 3 1854 18 

FIT002 - 50.d 6.217 0.162 0.1678 0.0071 560 15 444 17   
FIT002 - 51.d 2.953 0.043 0.1131 0.0057 95 3 74 3 1877 22 

FIT002 - 52.d 3.020 0.039 0.1138 0.0049 277 10 229 8 1846 17 

FIT002 - 53.d 2.930 0.036 0.1136 0.0052 166 6 99 3 1890 19 
FIT002 - 54.d 2.695 0.054 0.3114 0.0177 48 4 46 5   

FIT002 - 55.d 4.150 0.052 0.1103 0.0046 453 12 240 7   

FIT002 - 56.d 2.842 0.033 0.1127 0.0051 135 5 97 5   
FIT002 - 57.d 4.184 0.066 0.1327 0.0061 241 8 407 17   

FIT002 - 58.d 3.164 0.042 0.1120 0.0051 168 6 136 5 1778 18 

FIT002 - 59.d 3.529 0.074 0.1186 0.0050 404 20 346 23   
FIT002 - 60.d 3.219 0.043 0.1140 0.0053 144 3 146 4 1759 16 

FIT002 - 61.d 3.157 0.036 0.1152 0.0052 211 9 459 24 1784 16 

FIT002 - 62.d 2.720 0.033 0.1536 0.0063 390 19 278 14   
FIT002 - 63.d 3.195 0.050 0.1122 0.0047 283 11 340 38 1766 21 

FIT002 - 64.d 3.144 0.035 0.1168 0.0050 269 7 649 15 1788 17 

FIT002 - 65.d 2.691 0.044 0.1446 0.0058 571 17 345 18   
FIT002 - 66.d 5.069 0.111 0.1126 0.0048 562 13 1471 74   

FIT002 - 67.d 3.032 0.034 0.1153 0.0052 131 2 131 3 1843 15 
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FIT002 - 68.d 2.970 0.029 0.1141 0.0050 220 6 209 5 1870 15 

FIT002 - 69.d 4.568 0.131 0.1156 0.0050 576 8 473 17   

FIT002 - 70.d 2.966 0.033 0.1140 0.0052 141 3 124 3 1872 16 
FIT002 - 71.d 3.043 0.038 0.1106 0.0050 114 2 194 2 1830 19 

FIT002 - 72.d 3.086 0.043 0.1276 0.0053 456 9 472 22   

FIT002 - 73.d 3.415 0.082 0.1243 0.0054 216 11 1342 142   
FIT002 - 74.d 5.642 0.130 0.1191 0.0050 444 9 326 7   

FIT002 - 75.d 3.052 0.035 0.1158 0.0054 140 4 108 3 1832 17 

FIT002 - 76.d 3.029 0.040 0.1185 0.0055 114 4 113 4 1849 19 
FIT002 - 77.d 2.980 0.041 0.1145 0.0055 85 2 49 1 1866 21 

FIT002 - 78.d 3.012 0.055 0.1101 0.0053 108 4 194 9   

FIT002 - 79.d 2.874 0.030 0.1171 0.0048 349 13 418 14 1923 14 
FIT002 - 80.d 3.416 0.061 0.1194 0.0051 395 23 219 4   

FIT002 - 81.d 2.895 0.029 0.1229 0.0054 231 9 206 7 1914 16 

FIT002 - 82.d 5.570 0.129 0.1085 0.0047 448 21 287 12   
FIT002 - 83.d 2.763 0.030 0.1226 0.0053 187 6 45 2 1991 16 

FIT002 - 84.d 3.286 0.070 0.1163 0.0051 556 16 622 44   

FIT002 - 85.d 2.901 0.028 0.1152 0.0049 310 10 161 6 1907 14 
FIT002 - 86.d 2.623 0.040 0.1158 0.0047 505 25 182 8   

FIT002 - 87.d 3.010 0.047 0.1234 0.0061 273 4 282 5   

FIT002 - 88.d 5.210 0.079 0.1334 0.0056 479 19 376 26   
FIT002 - 89.d 2.924 0.034 0.1184 0.0055 123 2 54 1 1900 16 

FIT002 - 90.d 5.007 0.101 0.1191 0.0050 527 13 2259 35   

FIT002 - 91.d 2.916 0.034 0.1267 0.0058 106 4 75 4   
FIT002 - 92.d 3.212 0.087 0.1162 0.0050 585 12 473 14 1784 35 

FIT002 - 93.d 3.089 0.036 0.1114 0.0050 192 13 108 4 1809 17 
FIT002 - 94.d 3.202 0.043 0.1159 0.0065 219 4 121 3   

FIT002 - 95.d 3.681 0.061 0.1143 0.0048 479 15 270 13   

FIT002 - 96.d 4.121 0.046 0.1102 0.0050 714 34 905 27   
FIT002 - 97.d 4.457 0.073 0.1529 0.0062 490 22 273 20   

FIT002 - 98.d 4.226 0.072 0.1220 0.0054 246 6 275 16   

FIT002 - 99.d 2.866 0.050 0.1153 0.0047 682 31 590 37   
FIT002 - 100.d 3.555 0.061 0.1225 0.0052 321 18 162 12   

FIT002 - 101.d 3.062 0.033 0.1128 0.0047 408 16 438 17 1824 15 

FIT002 - 102.d 2.863 0.032 0.1166 0.0053 156 3 72 2 1929 17 
FIT002 - 103.d 3.692 0.056 0.1115 0.0046 614 22 509 27   

FIT002 - 104.d 2.943 0.036 0.1140 0.0052 128 4 84 2 1884 18 

FIT002 - 105.d 2.926 0.035 0.1166 0.0052 140 3 115 3 1896 16 
FIT002 - 106.d 4.306 0.118 0.1302 0.0056 335 5 673 30   

FIT002 - 107.d 3.230 0.049 0.1128 0.0057 67 1 67 1 1751 20 

FIT002 - 108.d 3.406 0.038 0.1208 0.0051 276 4 96 4   
FIT002 - 109.d 3.081 0.039 0.1166 0.0051 157 5 103 3 1818 20 

FIT002 - 110.d 4.489 0.141 0.1285 0.0054 336 22 2715 257   

FIT002 - 111.d 4.480 0.105 0.1243 0.0053 580 41 689 60   
FIT002 - 112.d 1.723 0.017 0.1702 0.0068 635 14 297 7   

FIT002 - 113.d 4.325 0.073 0.1729 0.0074 433 23 306 24   

FIT002 - 114.d 2.979 0.034 0.1181 0.0054 119 2 77 1 1871 17 
FIT002 - 115.d 3.426 0.046 0.1140 0.0049 240 8 123 4   

FIT002 - 116.d 2.985 0.033 0.1159 0.0050 189 6 161 5 1866 15 

FIT002 - 117.d 4.676 0.060 0.0853 0.0040 192 5 161 4 1254 13 
FIT002 - 118.d 2.928 0.041 0.1165 0.0048 524 10 273 8 1895 21 

FIT002 - 119.d 2.952 0.031 0.1186 0.0051 162 5 103 3 1886 14 

FIT002 - 120.d 3.302 0.033 0.1246 0.0053 335 13 341 13   
FIT002 - 121.d 3.096 0.036 0.1181 0.0048 539 9 269 6 1815 17 

FIT002 - 122.d 6.676 0.152 0.1141 0.0050 554 8 407 6   

FIT002 - 123.d 3.168 0.045 0.1380 0.0060 236 7 323 9   
FIT002 - 124.d 3.647 0.080 0.1248 0.0053 318 14 1134 73   

FIT002 - 125.d 3.152 0.032 0.1152 0.0052 174 3 475 16 1786 14 

FIT002 - 126.d 3.026 0.033 0.1141 0.0050 209 4 157 3 1843 16 
FIT002 - 127.d 3.178 0.039 0.1160 0.0055 125 2 206 3   

FIT002 - 128.d 2.984 0.040 0.1192 0.0053 228 8 130 4 1870 20 

FIT002 - 129.d 2.955 0.028 0.1155 0.0048 430 24 563 44 1880 15 
FIT002 - 130.d 2.917 0.034 0.1158 0.0050 222 5 318 7 1899 17 

FIT002 - 131.d 3.826 0.055 0.1249 0.0053 442 16 383 29   

FIT002 - 132.d 2.958 0.036 0.1186 0.0052 169 4 126 3 1885 16 
FIT002 - 133.d 1.905 0.028 0.1892 0.0088 48 1 38 1 2723 28 

FIT002 - 134.d 3.029 0.035 0.1167 0.0051 147 2 77 2 1845 17 

FIT002 - 135.d 3.952 0.134 0.1380 0.0062 282 12 211 14   
FIT002 - 136.d 2.984 0.031 0.1160 0.0051 216 6 109 3 1866 15 

FIT002 - 137.d 4.209 0.073 0.1075 0.0044 663 17 213 6   

FIT002 - 138.d 3.035 0.036 0.1142 0.0048 338 11 158 6 1839 16 
FIT002 - 139.d 3.593 0.045 0.1175 0.0051 191 4 165 3   

FIT002 - 140.d 3.000 0.032 0.1183 0.0051 239 7 204 6 1860 16 
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FIT002 - 141.d 3.132 0.034 0.1115 0.0052 145 3 129 3 1789 15 

FIT002 - 142.d 2.961 0.031 0.1157 0.0048 391 15 266 12 1877 15 

FIT002 - 143.d 3.670 0.045 0.1157 0.0048 460 13 197 4   
FIT002 - 144.d 2.954 0.039 0.1189 0.0053 195 8 84 1 1886 19 

FIT002 - 145.d 3.072 0.032 0.1147 0.0052 243 8 153 3 1821 16 

FIT002 - 146.d 2.963 0.033 0.1160 0.0053 141 3 180 4 1876 17 
FIT002 - 147.d 2.493 0.037 0.1444 0.0066 79 2 84 5 2191 23 

FIT002 - 148.d 6.719 0.077 0.0721 0.0033 312 7 266 10 896 9 

FIT002 - 149.d 3.054 0.038 0.1128 0.0050 204 6 145 5 1828 18 
FIT002 - 150.d 3.020 0.031 0.1180 0.0051 316 12 177 6 1851 15 

GPT001_Xtm-2 - 1.d 5.605 0.084 0.0882 0.0048 136 2 222 6   

GPT001_Xtm-2 - 2.d 3.948 0.130 0.1384 0.0072 161 7 208 13   
GPT001_Xtm-2 - 3.d 2.753 0.043 0.1162 0.0052 221 10 225 11   

GPT001_Xtm-2 - 4.d 5.104 0.104 0.1017 0.0045 383 9 655 34   

GPT001_Xtm-2 - 5.d 4.635 0.070 0.0854 0.0042 174 11 168 2 1265 15 
GPT001_Xtm-2 - 6.d 3.194 0.051 0.1851 0.0074 835 39 1050 46   

GPT001_Xtm-2 - 7.d 2.533 0.158 0.5225 0.0293 420 12 414 14   

GPT001_Xtm-2 - 8.d 4.097 0.049 0.1189 0.0054 222 8 198 5   
GPT001_Xtm-2 - 9.d 3.574 0.105 0.1212 0.0057 254 6 505 13   

GPT001_Xtm-2 - 10.d 3.864 0.056 0.1448 0.0064 379 15 92 4   

GPT001_Xtm-2 - 11.d 7.049 0.106 0.0739 0.0038 389 10 123 4   
GPT001_Xtm-2 - 12.d 6.564 0.293 0.1735 0.0129 182 6 305 18   

GPT001_Xtm-2 - 13.d 3.874 0.070 0.1628 0.0066 858 51 642 35   

GPT001_Xtm-2 - 14.d 5.305 0.091 0.1091 0.0060 236 16 1072 51   
GPT001_Xtm-2 - 15.d 2.658 0.039 0.2252 0.0094 218 9 531 26   

GPT001_Xtm-2 - 16.d 6.401 0.137 0.1419 0.0084 252 12 1110 82   
GPT001_Xtm-2 - 17.d 3.561 0.051 0.1215 0.0051 513 22 411 22   

GPT001_Xtm-2 - 18.d 5.374 0.069 0.0805 0.0041 182 5 118 4 1102 13 

GPT001_Xtm-2 - 19.d 13.347 0.230 0.0702 0.0041 354 16 108 6   
GPT001_Xtm-2 - 20.d 6.520 0.081 0.1360 0.0058 789 25 500 25   

GPT001_Xtm-2 - 21.d 3.118 0.042 0.2209 0.0093 286 13 492 29   

GPT001_Xtm-2 - 22.d 2.142 0.028 0.1682 0.0070 240 9 252 9 2480 25 
GPT001_Xtm-2 - 23.d 5.048 0.100 0.0798 0.0051 56 1 156 3 1167 19 

GPT001_Xtm-2 - 24.d 5.340 0.070 0.1088 0.0050 331 11 291 16   

GPT001_Xtm-2 - 25.d 2.260 0.023 0.2359 0.0096 399 10 446 9   
GPT001_Xtm-2 - 26.d 6.395 0.107 0.1695 0.0074 289 9 366 29   

GPT001_Xtm-2 - 27.d 6.527 0.063 0.0710 0.0034 469 12 329 10 920 8 

GPT001_Xtm-2 - 28.d 5.843 0.109 0.0791 0.0048 229 8 266 9   
GPT001_Xtm-2 - 29.d 7.847 0.145 0.1445 0.0086 817 40 433 27   

GPT001_Xtm-2 - 30.d 6.815 0.122 0.0782 0.0054 92 1 96 2   

GPT001_Xtm-2 - 31.d 3.341 0.059 0.1138 0.0047 490 8 114 7   
GPT001_Xtm-2 - 32.d 4.942 0.069 0.0884 0.0052 137 5 194 18   

GPT001_Xtm-2 - 33.d 4.690 0.101 0.1361 0.0058 802 44 288 14   

GPT001_Xtm-2 - 34.d 3.787 0.063 0.1455 0.0060 487 23 243 42   
GPT001_Xtm-2 - 35.d 3.190 0.040 0.1188 0.0054 131 5 110 5   

GPT001_Xtm-2 - 36.d 22.521 0.434 0.0565 0.0046 263 15 198 14   

GPT001_Xtm-2 - 37.d 3.152 0.038 0.1127 0.0051 192 6 130 9 1781 18 
GPT001_Xtm-2 - 38.d 3.583 0.050 0.1307 0.0059 260 4 231 7   

GPT001_Xtm-2 - 39.d 1.978 0.028 0.1921 0.0090 88 3 167 3 2659 26 

GPT001_Xtm-2 - 40.d 3.045 0.038 0.1239 0.0055 149 8 148 10   
GPT001_Xtm-2 - 41.d 3.476 0.043 0.1092 0.0051 152 3 96 1   

GPT001_Xtm-2 - 42.d 3.507 0.064 0.1162 0.0050 266 9 137 11   

GPT001_Xtm-2 - 43.d 4.469 0.068 0.0898 0.0049 252 3 298 4 1311 16 
GPT001_Xtm-2 - 44.d 5.188 0.183 0.0833 0.0107 36 1 92 2 1147 30 

GPT001_Xtm-2 - 45.d 3.785 0.075 0.1366 0.0058 352 18 166 11   

GPT001_Xtm-2 - 46.d 4.248 0.044 0.0864 0.0038 381 11 358 10 1362 10 
GPT001_Xtm-2 - 47.d 4.346 0.074 0.1100 0.0053 210 6 436 21   

GPT001_Xtm-2 - 48.d 2.008 0.041 0.2407 0.0104 336 15 177 11   

GPT001_Xtm-2 - 49.d 3.693 0.089 0.1164 0.0067 174 4 161 4   
GPT001_Xtm-2 - 50.d 3.567 0.043 0.1286 0.0055 432 13 193 5   

GPT001_Xtm-2 - 51.d 6.786 0.119 0.1554 0.0082 298 3 598 21   

GPT001_Xtm-2 - 52.d 6.179 0.100 0.1328 0.0078 355 9 607 44   
GPT001_Xtm-2 - 53.d 2.947 0.064 0.1398 0.0088 141 2 108 2   

GPT001_Xtm-2 - 54.d 10.692 0.307 0.0627 0.0065 134 2 356 4 580 14 

GPT001_Xtm-2 - 55.d 6.182 0.112 0.1070 0.0046 631 19 1072 53   
GPT001_Xtm-2 - 56.d 5.389 0.075 0.1252 0.0061 363 5 950 17   

GPT001_Xtm-2 - 57.d 4.937 0.077 0.0804 0.0042 179 5 561 13 1191 14 

GPT001_Xtm-2 - 58.d 5.348 0.068 0.1101 0.0056 501 27 425 57   
GPT001_Xtm-2 - 59.d 3.154 0.041 0.1283 0.0055 198 7 70 3   

GPT001_Xtm-2 - 60.d 4.523 0.159 0.0899 0.0043 243 15 337 19 1314 35 

GPT001_Xtm-2 - 61.d 7.431 0.077 0.1064 0.0048 401 19 641 22   
GPT001_Xtm-2 - 62.d 5.372 0.085 0.1030 0.0050 237 18 342 30   

GPT001_Xtm-2 - 63.d 2.594 0.041 0.1710 0.0074 715 38 383 95   
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GPT001_Xtm-2 - 64.d 11.323 0.150 0.0999 0.0052 484 21 604 26   

GPT001_Xtm-2 - 65.d 2.367 0.030 0.1798 0.0076 139 6 95 8   

GPT001_Xtm-2 - 66.d 5.065 0.065 0.0809 0.0042 159 7 188 5 1164 13 
GPT001_Xtm-2 - 67.d 5.075 0.161 0.2362 0.0100 351 28 533 42   

GPT001_Xtm-2 - 68.d 4.968 0.071 0.0899 0.0046 159 3 122 3   

GPT001_Xtm-2 - 69.d 3.455 0.042 0.1037 0.0052 125 3 197 5 1643 15 
GPT001_Xtm-2 - 70.d 5.912 0.080 0.0863 0.0041 298 9 373 8   

GPT001_Xtm-2 - 71.d 18.318 0.363 0.0644 0.0057 209 6 245 9   

GPT001_Xtm-2 - 72.d 3.398 0.069 0.1065 0.0072 30 1 23 1 1668 29 
GPT001_Xtm-2 - 73.d 13.107 0.172 0.0747 0.0040 415 12 251 8   

GPT001_Xtm-2 - 74.d 17.660 0.262 0.0527 0.0036 212 5 276 7 355 5 

GPT001_Xtm-2 - 75.d 6.799 0.079 0.1427 0.0065 331 9 518 17   
GPT001_Xtm-2 - 76.d 1.961 0.023 0.1866 0.0078 222 6 164 5 2666 21 

GPT001_Xtm-2 - 77.d 2.956 0.035 0.1127 0.0049 331 15 406 12 1874 16 

GPT001_Xtm-2 - 78.d 5.935 0.169 0.1138 0.0064 226 4 434 42   
GPT001_Xtm-2 - 79.d 6.493 0.090 0.1429 0.0063 450 24 365 18   

GPT001_Xtm-2 - 80.d 5.596 0.089 0.0947 0.0044 165 5 171 7   

GPT001_Xtm-2 - 81.d 3.662 0.094 0.1507 0.0070 372 22 285 31   
GPT001_Xtm-2 - 82.d 4.271 0.087 0.1092 0.0114 55 2 53 2   

GPT001_Xtm-2 - 83.d 4.740 0.059 0.0819 0.0043 115 3 145 4 1234 14 

GPT001_Xtm-2 - 84.d 4.834 0.112 0.1746 0.0082 363 20 592 35   
GPT001_Xtm-2 - 85.d 4.847 0.065 0.0836 0.0045 124 3 322 6 1213 13 

GPT001_Xtm-2 - 86.d 6.117 0.092 0.1127 0.0055 271 14 266 15   

GPT001_Xtm-2 - 87.d 5.329 0.069 0.0872 0.0042 224 5 164 2   
GPT001_Xtm-2 - 88.d 5.471 0.145 0.1209 0.0058 378 23 550 45   

GPT001_Xtm-2 - 89.d 4.428 0.053 0.0892 0.0041 230 8 204 8 1317 13 
GPT001_Xtm-2 - 90.d 3.112 0.040 0.1157 0.0051 382 10 99 6 1810 15 

GPT001_Xtm-2 - 91.d 26.102 0.670 0.2719 0.0165 1190 74 2514 186   

GPT001_Xtm-2 - 92.d 5.662 0.062 0.0794 0.0035 389 10 210 5 1052 10 
GPT001_Xtm-2 - 93.d 6.091 0.111 0.1303 0.0058 591 25 820 54   

GPT001_Xtm-2 - 94.d 3.060 0.033 0.1270 0.0054 559 7 295 22   

GPT001_Xtm-2 - 95.d 4.772 0.063 0.1001 0.0041 462 15 294 7   
GPT001_Xtm-2 - 96.d 3.239 0.045 0.1601 0.0097 458 18 620 24   

GPT001_Xtm-2 - 97.d 8.617 0.142 0.2315 0.0112 662 23 727 25   

GPT001_Xtm-2 - 98.d 4.623 0.061 0.1339 0.0057 395 10 518 20   
GPT001_Xtm-2 - 99.d 2.686 0.040 0.1436 0.0059 581 14 345 10   

GPT001_Xtm-2 - 100.d 5.045 0.066 0.0796 0.0041 182 5 199 4 1167 13 

GPT001_Xtm-2 - 101.d 2.981 0.043 0.1155 0.0047 559 9 276 2 1868 20 
GPT001_Xtm-2 - 102.d 4.934 0.111 0.0893 0.0077 40 1 152 3   

GPT001_Xtm-2 - 103.d 5.116 0.075 0.0845 0.0045 126 3 174 6   

GPT001_Xtm-2 - 104.d 3.108 0.052 0.1066 0.0045 520 18 200 9   
GPT001_Xtm-2 - 105.d 5.223 0.090 0.1205 0.0065 146 8 260 18   

GPT001_Xtm-2 - 106.d 3.173 0.040 0.1083 0.0052 151 7 132 1 1766 17 

GPT001_Xtm-2 - 107.d 6.726 0.193 0.1303 0.0067 210 13 271 15   
GPT001_Xtm-2 - 108.d 7.566 0.170 0.1359 0.0073 248 8 380 23   

GPT001_Xtm-2 - 109.d 6.286 0.204 0.1451 0.0085 180 2 796 12   

GPT001_Xtm-2 - 110.d 5.533 0.094 0.1115 0.0051 421 5 788 24   
GPT001_Xtm-2 - 111.d 5.621 0.103 0.1163 0.0052 407 14 652 26   

GPT001_Xtm-2 - 112.d 11.957 0.225 0.1457 0.0066 533 42 592 52   

GPT001_Xtm-2 - 113.d 3.762 0.048 0.0967 0.0047 129 2 202 2 1523 15 
GPT001_Xtm-2 - 114.d 1.995 0.032 0.1919 0.0085 175 2 102 2 2653 25 

GPT001_Xtm-2 - 115.d 4.928 0.116 0.0883 0.0063 64 2 134 2   

GPT001_Xtm-2 - 116.d 2.135 0.037 0.1688 0.0083 43 1 47 1 2491 29 
GPT001_Xtm-2 - 117.d 5.425 0.056 0.0789 0.0040 210 5 209 6 1093 10 

GPT001_Xtm-2 - 118.d 3.729 0.072 0.1098 0.0055 108 3 205 4   

GPT001_Xtm-2 - 119.d 5.991 0.207 0.1218 0.0066 389 24 584 63   
GPT001_Xtm-2 - 120.d 2.899 0.042 0.1151 0.0047 787 24 448 11 1906 21 

GPT001_Xtm-2 - 121.d 5.308 0.073 0.0773 0.0042 144 5 169 4 1113 13 

GPT001_Xtm-2 - 122.d 5.843 0.084 0.1680 0.0072 397 20 572 19   
GPT001_Xtm-2 - 123.d 5.012 0.050 0.0969 0.0042 390 9 595 15   

GPT001_Xtm-2 - 124.d 11.395 0.237 0.2155 0.0122 588 39 1502 156   

GPT001_Xtm-2 - 125.d 6.606 0.078 0.0949 0.0042 522 17 209 10   
GPT001_Xtm-2 - 126.d 4.362 0.047 0.0865 0.0039 238 7 440 12 1332 12 

GPT001_Xtm-2 - 127.d 3.547 0.052 0.1057 0.0049 159 4 193 8 1611 20 

GPT001_Xtm-2 - 128.d 3.232 0.037 0.1039 0.0049 113 2 109 2   
GPT001_Xtm-2 - 129.d 5.648 0.069 0.0769 0.0036 279 9 373 9 1054 11 

GPT001_Xtm-2 - 130.d 4.013 0.050 0.1465 0.0060 695 32 828 44   

GPT001_Xtm-2 - 131.d 5.447 0.109 0.1247 0.0056 301 20 382 25   
GPT001_Xtm-2 - 132.d 7.533 0.110 0.0858 0.0045 249 7 251 6   

GPT001_Xtm-2 - 133.d 7.305 0.147 0.1135 0.0053 302 11 351 13   

GPT001_Xtm-2 - 134.d 3.963 0.057 0.1676 0.0084 281 12 356 11   
GPT001_Xtm-2 - 135.d 4.711 0.123 0.1724 0.0195 81 3 88 4   

GPT001_Xtm-2 - 136.d 2.995 0.050 0.1254 0.0055 228 10 142 6   
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GPT001_Xtm-2 - 137.d 1.460 0.014 0.2791 0.0113 245 7 239 9 3362 18 

GPT001_Xtm-2 - 138.d 3.764 0.053 0.1488 0.0067 268 20 120 12   

GPT001_Xtm-2 - 139.d 5.452 0.147 0.1179 0.0065 132 8 718 69   
GPT001_Xtm-2 - 140.d 5.568 0.084 0.1296 0.0056 395 23 768 31   

GPT001_Xtm-2 - 141.d 2.354 0.047 0.1875 0.0083 91 3 173 4   

GPT001_Xtm-2 - 142.d 4.947 0.073 0.0815 0.0045 106 4 130 4 1189 15 
GPT001_Xtm-2 - 143.d 2.680 0.121 0.2281 0.0098 274 19 446 66   

GPT001_Xtm-2 - 144.d 1.992 0.052 0.1868 0.0108 95 2 146 4 2644 49 

GPT001_Xtm-2 - 145.d 4.772 0.052 0.0802 0.0035 381 7 129 3 1225 11 
GPT001_Xtm-2 - 146.d 4.566 0.060 0.1164 0.0052 310 13 240 12   

GPT001_Xtm-2 - 147.d 5.163 0.059 0.0925 0.0040 413 18 139 6   

GPT001_Xtm-2 - 148.d 4.784 0.054 0.0899 0.0045 158 5 373 8   
GPT001_Xtm-2 - 149.d 3.504 0.043 0.1238 0.0052 412 21 140 6   

GPT001_Xtm-2 - 150.d 3.916 0.039 0.0932 0.0042 245 8 262 6 1467 12 

Supplementary Table 5-3: Results of Lu-Hf geochemistry of detrital zircon. 

Analysis No. 176Hf/177Hf 
2σ 
abs err 176Lu/177Hf 176Yb/177Hf 178Hf/177Hf 

2σ 
abs err 178Hf/177Hf 

2σ 
abs err 

THB001 - 1 0.282093 0.000042 0.00077 0.02409 1.46707 0.000091 1.886829 0.000130 

THB001 - 2 0.281799 0.000056 0.00179 0.0619 1.46709 0.000165 1.886780 0.000157 

THB001 - 3 0.282198 0.000034 0.00086 0.03047 1.46718 0.000085 1.886924 0.000132 
THB001 - 4 0.281559 0.000035 0.00052 0.01774 1.46722 0.000096 1.886862 0.000131 

THB001 - 5 0.282274 0.000042 0.00134 0.04119 1.46673 0.000131 1.886950 0.000125 
THB001 - 6 0.282040 0.000027 0.00024 0.00898 1.46718 0.000074 1.886769 0.000128 

THB001 - 7 0.281614 0.000054 0.0001 0.00334 1.46719 0.000154 1.886881 0.000198 

THB001 - 8 0.281878 0.000058 0.00087 0.02598 1.46661 0.000163 1.886970 0.000189 
THB001 - 9 0.282001 0.000035 0.00053 0.01964 1.46712 0.000087 1.886823 0.000136 

THB001 - 10 0.282392 0.000037 0.00181 0.06528 1.46718 0.000105 1.886905 0.000139 

THB001 - 11 0.281638 0.000029 0.00078 0.02589 1.4672 0.000081 1.886905 0.000136 
THB001 - 12 0.282079 0.000043 0.00044 0.01464 1.46722 0.000093 1.886786 0.000125 

THB001 - 13 0.282047 0.000038 0.00085 0.02716 1.46697 0.000102 1.886833 0.000173 

THB001 - 14 0.281654 0.000049 0.00101 0.03508 1.46717 0.000085 1.886687 0.000097 
THB001 - 15 0.281713 0.000060 0.00212 0.07333 1.46716 0.000197 1.886784 0.000202 

THB001 - 16 0.281797 0.000044 0.00167 0.05853 1.46708 0.000108 1.886824 0.000132 

THB001 - 17 0.281106 0.000050 0.00124 0.04308 1.46652 0.000115 1.886754 0.000152 
THB001 - 18 0.281719 0.000044 0.00098 0.0328 1.46725 0.000095 1.886793 0.000136 

THB001 - 19 0.281902 0.000032 0.0008 0.02631 1.46715 0.000078 1.886784 0.000119 

THB001 - 20 0.281907 0.000038 0.00077 0.0256 1.467 0.000099 1.886904 0.000144 
THB001 - 21 0.282143 0.000043 0.00074 0.02481 1.46711 0.000106 1.886678 0.000127 

THB001 - 22 0.282861 0.000069 0.00339 0.11269 1.46727 0.000081 1.887123 0.000166 

THB001 - 23 0.281952 0.000051 0.00187 0.06804 1.46701 0.000115 1.886958 0.000122 
THB001 - 24 0.282242 0.000050 0.00136 0.04501 1.46691 0.000159 1.887004 0.000117 

THB001 - 25 0.281271 0.000059 0.0014 0.04753 1.46699 0.000151 1.886784 0.000197 

THB001 - 26 0.281322 0.000038 0.00049 0.01484 1.46697 0.000107 1.886775 0.000101 
THB001 - 27 0.282297 0.000034 0.00132 0.04404 1.46708 0.000067 1.886689 0.000130 

THB001 - 28 0.282283 0.000044 0.00157 0.05539 1.46714 0.000081 1.886624 0.000136 

THB001 - 29 0.282178 0.000041 0.00062 0.02083 1.46723 0.000078 1.886792 0.000113 
THB001 - 30 0.282183 0.000032 0.00082 0.02882 1.46719 0.000111 1.886771 0.000129 

THB001 - 31 0.282375 0.000034 0.00064 0.02203 1.46707 0.000105 1.886823 0.000109 

THB001 - 32 0.282386 0.000041 0.00201 0.06721 1.46717 0.000086 1.886826 0.000117 
THB001 - 33 0.281632 0.000039 0.00075 0.02509 1.46718 0.000089 1.886841 0.000112 

THB001 - 34 0.282337 0.000043 0.00122 0.04163 1.46715 0.000082 1.886844 0.000119 

THB001 - 35 0.282709 0.000044 0.00237 0.07435 1.46706 0.000076 1.886812 0.000130 
THB001 - 36 0.282102 0.000051 0.00217 0.07741 1.46714 0.000098 1.886798 0.000120 

THB001 - 37 0.282408 0.000038 0.00076 0.02367 1.46703 0.000088 1.886839 0.000140 

THB001 - 38 0.281918 0.000034 0.00094 0.031 1.4672 0.000087 1.886861 0.000100 
THB001 - 39 0.281814 0.000047 0.00176 0.06317 1.46701 0.000135 1.886953 0.000115 

THB001 - 40 0.281028 0.000041 0.00131 0.04584 1.46699 0.000092 1.886827 0.000165 

THB001 - 41 0.281530 0.000042 0.00075 0.02182 1.46716 0.000080 1.886904 0.000168 

THB001 - 42 0.281736 0.000037 0.00042 0.0144 1.46714 0.000095 1.886882 0.000130 

THB001 - 43 0.281917 0.000041 0.00055 0.01802 1.46732 0.000103 1.886894 0.000125 

THB001 - 44 0.282304 0.000033 0.00053 0.01897 1.46722 0.000089 1.886739 0.000101 
THB001 - 45 0.282268 0.000035 0.00071 0.0237 1.46701 0.000133 1.886897 0.000139 

THB001 - 46 0.281571 0.000056 0.00127 0.03773 1.46695 0.000113 1.887000 0.000139 

THB001 - 47 0.281700 0.000031 0.00111 0.03478 1.46721 0.000077 1.886856 0.000115 
THB001 - 48 0.282367 0.000047 0.00058 0.01892 1.46703 0.000101 1.886767 0.000154 

THB001 - 49 0.281664 0.000031 0.00093 0.03022 1.46709 0.000074 1.886740 0.000122 

THB001 - 50 0.281530 0.000039 0.00203 0.06985 1.46702 0.000118 1.886850 0.000133 
THB001 - 51 0.282421 0.000034 0.00083 0.03029 1.467 0.000090 1.886875 0.000114 

THB002 - 1 0.282145 0.000030 0.00077 0.0269 1.46717 0.000089 1.886893 0.000101 

THB002 - 2 0.281704 0.000044 0.00068 0.02431 1.46713 0.000083 1.886847 0.000123 
THB002 - 3 0.281686 0.000044 0.0012 0.04311 1.46721 0.000101 1.886794 0.000133 
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THB002 - 4 0.281922 0.000029 0.00057 0.01908 1.46718 0.000079 1.886871 0.000103 

THB002 - 5 0.281580 0.000031 0.00083 0.02861 1.46714 0.000083 1.886801 0.000122 

THB002 - 6 0.281554 0.000090 0.00093 0.03005 1.46747 0.000374 1.887099 0.000192 
THB002 - 7 0.282092 0.000036 0.00053 0.01792 1.46712 0.000088 1.886924 0.000119 

THB002 - 8 0.281757 0.000044 0.00136 0.04722 1.46722 0.000062 1.886842 0.000141 

THB002 - 9 0.281399 0.000028 0.00097 0.02961 1.46723 0.000062 1.886946 0.000113 
THB002 - 10 0.281639 0.000038 0.00102 0.03351 1.46691 0.000085 1.886883 0.000106 

THB002 - 11 0.281638 0.000028 0.00081 0.0281 1.46725 0.000089 1.886865 0.000132 

THB002 - 12 0.281967 0.000032 0.0008 0.02576 1.46725 0.000076 1.886938 0.000110 
THB002 - 13 0.282126 0.000036 0.00104 0.04013 1.46697 0.000079 1.886743 0.000137 

THB002 - 14 0.281583 0.000026 0.00106 0.03572 1.46705 0.000091 1.886962 0.000110 

THB002 - 15 0.281980 0.000031 0.00017 0.00421 1.46723 0.000101 1.886840 0.000093 
THB002 - 16 0.281974 0.000036 0.00072 0.02342 1.4672 0.000099 1.886920 0.000135 

THB002 - 17 0.281884 0.000041 0.00087 0.03011 1.46714 0.000079 1.886926 0.000151 

THB002 - 18 0.281723 0.000034 0.00046 0.01599 1.46707 0.000063 1.886821 0.000140 
THB002 - 19 0.281766 0.000027 0.00036 0.01305 1.46721 0.000075 1.886872 0.000107 

THB002 - 20 0.282429 0.000032 0.00099 0.03587 1.46714 0.000063 1.886876 0.000128 

THB002 - 21 0.282170 0.000071 0.00196 0.0779 1.46717 0.000404 1.886856 0.000148 
THB002 - 22 0.282187 0.000054 0.00179 0.06998 1.46678 0.000213 1.886904 0.000139 

THB002 - 23 0.281214 0.000033 0.00042 0.01384 1.46716 0.000097 1.886951 0.000138 

THB002 - 24 0.282169 0.000044 0.00085 0.03009 1.46694 0.000136 1.886914 0.000122 
THB002 - 25 0.282119 0.000039 0.00051 0.01556 1.46705 0.000091 1.887002 0.000156 

THB002 - 26 0.282281 0.000055 0.00136 0.04732 1.4669 0.000156 1.886840 0.000136 

THB002 - 27 0.282057 0.000035 0.00138 0.04642 1.46713 0.000080 1.886833 0.000142 
THB002 - 28 0.282008 0.000058 0.0027 0.11183 1.46719 0.000148 1.886965 0.000103 

THB002 - 29 0.282071 0.000035 0.00076 0.02514 1.46718 0.000094 1.886895 0.000106 
THB002 - 30 0.282129 0.000037 0.00065 0.02083 1.46711 0.000090 1.886872 0.000154 

THB002 - 31 0.282186 0.000045 0.001 0.03468 1.46713 0.000078 1.886703 0.000157 

THB002 - 32 0.281601 0.000039 0.00107 0.03647 1.46723 0.000090 1.886952 0.000126 
THB002 - 33 0.282735 0.000034 0.00219 0.07118 1.46714 0.000085 1.886847 0.000141 

THB002 - 34 0.282263 0.000035 0.00067 0.02378 1.46723 0.000105 1.886798 0.000145 

THB002 - 35 0.281714 0.000051 0.00135 0.0485 1.4671 0.000122 1.887092 0.000161 
THB002 - 36 0.282065 0.000035 0.00064 0.02054 1.46715 0.000072 1.886914 0.000118 

THB002 - 37 0.281960 0.000040 0.00069 0.02245 1.46721 0.000080 1.886938 0.000127 

THB002 - 38 0.281505 0.000030 0.00081 0.0265 1.46702 0.000085 1.886959 0.000124 
THB002 - 39 0.282101 0.000035 0.0012 0.03494 1.46718 0.000058 1.886852 0.000086 

THB002 - 40 0.281626 0.000035 0.00085 0.02824 1.46708 0.000113 1.886838 0.000132 

THB002 - 41 0.281766 0.000036 0.001 0.03375 1.46713 0.000080 1.886885 0.000111 
THB002 - 42 0.282223 0.000055 0.00093 0.03014 1.46694 0.000125 1.886872 0.000154 

THB002 - 43 0.281551 0.000052 0.00077 0.02725 1.46695 0.000099 1.886677 0.000169 

THB002 - 44 0.282066 0.000036 0.00053 0.01768 1.46715 0.000082 1.886957 0.000128 
THB002 - 45 0.281690 0.000038 0.00109 0.03732 1.46718 0.000091 1.886806 0.000113 

THB002 - 46 0.282405 0.000042 0.00105 0.03564 1.4672 0.000072 1.886835 0.000141 

THB002 - 47 0.281916 0.000050 0.0013 0.04138 1.46729 0.000261 1.886872 0.000159 
THB002 - 48 0.281627 0.000036 0.00049 0.01667 1.46718 0.000087 1.886936 0.000138 

THB002 - 49 0.282057 0.000031 0.00064 0.02101 1.46721 0.000058 1.886838 0.000132 

THB002 - 50 0.280573 0.000037 0.00032 0.01027 1.46713 0.000108 1.887028 0.000121 
THB002 - 51 0.281608 0.000044 0.00073 0.02181 1.46721 0.000075 1.886886 0.000143 

THB002 - 52 0.282049 0.000039 0.00096 0.03241 1.46704 0.000093 1.886994 0.000122 

THB002 - 53 0.282378 0.000039 0.00125 0.04285 1.4671 0.000089 1.886818 0.000124 
THB002 - 54 0.282170 0.000030 0.0007 0.02229 1.46719 0.000067 1.886839 0.000109 

THB002 - 55 0.282053 0.000034 0.00057 0.01815 1.4672 0.000059 1.886794 0.000095 

THB002 - 56 0.281481 0.000038 0.00093 0.03031 1.46717 0.000074 1.886919 0.000140 
THB002 - 57 0.281610 0.000027 0.00092 0.03175 1.46714 0.000081 1.886861 0.000115 

THB002 - 58 0.282081 0.000033 0.00055 0.01853 1.46717 0.000086 1.886865 0.000120 

THB002 - 59 0.281840 0.000036 0.00056 0.01804 1.46718 0.000074 1.886882 0.000117 
THB002 - 60 0.282581 0.000040 0.00043 0.01495 1.46719 0.000104 1.886907 0.000178 

THB002 - 61 0.280848 0.000032 0.00077 0.02472 1.46716 0.000072 1.886918 0.000128 

THB002 - 62 0.282399 0.000097 0.00088 0.03145 1.46669 0.000383 1.887028 0.000243 
THB002 - 63 0.282330 0.000039 0.00068 0.0241 1.46698 0.000097 1.887008 0.000169 

THB002 - 64 0.282189 0.000035 0.00283 0.10089 1.46718 0.000077 1.886809 0.000083 

THB002 - 65 0.280912 0.000031 0.00024 0.00737 1.46698 0.000091 1.886816 0.000120 
THB002 - 66 0.282141 0.000029 0.00057 0.01843 1.46705 0.000110 1.887022 0.000122 

THB002 - 67 0.281660 0.000048 0.00044 0.01555 1.46718 0.000092 1.887035 0.000168 

THB002 - 68 0.282082 0.000031 0.00053 0.01794 1.46699 0.000102 1.886793 0.000125 
THB002 - 69 0.281763 0.000050 0.00221 0.07386 1.46729 0.000138 1.886919 0.000233 

THB002 - 70 0.281829 0.000043 0.00061 0.02213 1.46716 0.000144 1.887042 0.000177 

THB002 - 71 0.281573 0.000030 0.00087 0.02918 1.46716 0.000077 1.886864 0.000124 
THB002 - 72 0.282199 0.000034 0.00064 0.02067 1.46716 0.000093 1.886921 0.000119 

THB002 - 73 0.282257 0.000043 0.00087 0.02884 1.46722 0.000099 1.886893 0.000128 

THB002 - 74 0.282374 0.000030 0.0005 0.01736 1.4671 0.000079 1.886862 0.000129 
THB002 - 75 0.282091 0.000027 0.00042 0.01406 1.46711 0.000066 1.886874 0.000103 

THB002 - 76 0.282090 0.000037 0.00066 0.02154 1.46714 0.000082 1.886768 0.000109 



 

213 

 

Analysis No. 176Hf/177Hf 

2σ 

abs err 176Lu/177Hf 176Yb/177Hf 178Hf/177Hf 

2σ 

abs err 178Hf/177Hf 

2σ 

abs err 
THB002 - 77 0.281093 0.000058 0.00142 0.04471 1.46718 0.000121 1.887013 0.000247 

THB002 - 78 0.282083 0.000045 0.00056 0.01865 1.46709 0.000108 1.887013 0.000209 

THB002 - 79 0.282202 0.000048 0.00079 0.02658 1.4671 0.000106 1.886918 0.000171 
THB002 - 80 0.281951 0.000046 0.00087 0.02604 1.46704 0.000127 1.886987 0.000116 

THB002 - 81 0.281767 0.000038 0.00098 0.03361 1.46718 0.000092 1.886888 0.000146 

THB002 - 82 0.282136 0.000035 0.00104 0.03518 1.46711 0.000066 1.887103 0.000133 
THB002 - 83 0.281239 0.000041 0.00049 0.01719 1.46699 0.000162 1.886863 0.000170 

THB002 - 84 0.281697 0.000054 0.00043 0.0138 1.46682 0.000161 1.886829 0.000192 

THB002 - 85 0.281926 0.000038 0.00059 0.0165 1.4671 0.000069 1.886920 0.000126 
THB002 - 86 0.281474 0.000036 0.00045 0.01512 1.4671 0.000073 1.886772 0.000140 

THB002 - 87 0.282168 0.000035 0.00063 0.02165 1.4671 0.000093 1.886778 0.000146 

THB002 - 88 0.282077 0.000106 0.00079 0.02502 1.46747 0.000420 1.886738 0.000224 
THB002 - 89 0.281212 0.000056 0.00094 0.03432 1.4669 0.000186 1.886957 0.000232 

THB002 - 90 0.282049 0.000031 0.001 0.03111 1.46714 0.000084 1.886703 0.000107 

THB002 - 91 0.281061 0.000070 0.00086 0.02841 1.46722 0.000148 1.886873 0.000175 
THB002 - 92 0.282101 0.000037 0.00057 0.01918 1.46711 0.000100 1.886857 0.000118 

THB002 - 93 0.281968 0.000035 0.00087 0.02985 1.46702 0.000143 1.886876 0.000119 

THB002 - 94 0.282116 0.000038 0.00069 0.02173 1.46713 0.000078 1.886770 0.000118 
THB002 - 95 0.281645 0.000042 0.00054 0.01798 1.46714 0.000090 1.886857 0.000147 

THB002 - 96 0.280550 0.000037 0.00105 0.04146 1.46709 0.000105 1.886934 0.000126 

THB002 - 97 0.281088 0.000173 0.00078 0.02801 1.46696 0.000251 1.886910 0.000195 
THB002 - 98 0.282081 0.000033 0.00057 0.01791 1.46718 0.000087 1.886813 0.000105 

THB002 - 99 0.282619 0.000035 0.00106 0.03396 1.46716 0.000088 1.886810 0.000100 

THB002 - 100 0.281989 0.000035 0.00067 0.02317 1.46718 0.000077 1.886960 0.000119 
THB002 - 101 0.281994 0.000037 0.00054 0.01783 1.46696 0.000159 1.886917 0.000138 

THB002 - 102 0.282181 0.000034 0.00142 0.04947 1.46688 0.000170 1.887011 0.000118 
THB002 - 103 0.282139 0.000048 0.0011 0.03482 1.46698 0.000098 1.887032 0.000151 

THB002 - 104 0.282154 0.000037 0.00098 0.03123 1.46712 0.000076 1.886872 0.000131 

THB002 - 105 0.282351 0.000031 0.00103 0.03733 1.46715 0.000077 1.886863 0.000117 
THB002 - 106 0.281541 0.000044 0.00111 0.03941 1.46711 0.000052 1.886825 0.000081 

THB002 - 107 0.281469 0.000057 0.00058 0.01777 1.46695 0.000119 1.886919 0.000153 

THB002 - 108 0.281894 0.000039 0.00128 0.04487 1.4672 0.000076 1.886795 0.000115 
THB002 - 109 0.281814 0.000042 0.00043 0.01286 1.46652 0.000287 1.886989 0.000163 

THB002 - 110 0.282010 0.000042 0.00112 0.03583 1.46696 0.000114 1.886841 0.000115 

THB003 - 1 0.281640 0.000042 0.00079 0.0275 1.46668 0.000221 1.886983 0.000172 
THB003 - 2 0.281854 0.000026 0.00036 0.01209 1.46716 0.000072 1.886922 0.000115 

THB003 - 3 0.282159 0.000039 0.00059 0.02007 1.46714 0.000080 1.886796 0.000137 

THB003 - 4 0.282163 0.000035 0.00072 0.02444 1.46717 0.000082 1.887029 0.000138 
THB003 - 5 0.282182 0.000034 0.00129 0.04266 1.46703 0.000085 1.886763 0.000110 

THB003 - 6 0.282087 0.000076 0.00076 0.02691 1.46697 0.000216 1.886922 0.000266 

THB003 - 7 0.282145 0.000041 0.00082 0.02531 1.46693 0.000132 1.886797 0.000107 
THB003 - 8 0.281511 0.000047 0.00086 0.02764 1.46714 0.000104 1.886902 0.000114 

THB003 - 9 0.282165 0.000031 0.00086 0.02716 1.46714 0.000071 1.886928 0.000123 

THB003 - 10 0.281080 0.000033 0.00057 0.0203 1.46706 0.000112 1.886915 0.000165 
THB003 - 11 0.281363 0.000029 0.00021 0.00785 1.46713 0.000068 1.886921 0.000122 

THB003 - 12 0.282268 0.000041 0.0009 0.02842 1.46705 0.000084 1.886848 0.000106 

THB003 - 13 0.281656 0.000035 0.00111 0.03743 1.46715 0.000072 1.886965 0.000079 
THB003 - 14 0.282579 0.000045 0.00168 0.05659 1.46698 0.000117 1.887034 0.000185 

THB003 - 15 0.282326 0.000044 0.00065 0.02338 1.46712 0.000105 1.886946 0.000135 

THB003 - 16 0.282078 0.000050 0.00057 0.01689 1.46711 0.000121 1.886992 0.000149 
THB003 - 17 0.282036 0.000036 0.00094 0.03197 1.46721 0.000214 1.886924 0.000160 

THB003 - 18 0.282039 0.000036 0.0011 0.03722 1.46714 0.000095 1.886804 0.000133 

THB003 - 19 0.282131 0.000038 0.00098 0.03342 1.46713 0.000078 1.886852 0.000128 
THB003 - 20 0.282024 0.000034 0.00078 0.02561 1.46699 0.000141 1.886809 0.000149 

THB003 - 21 0.281948 0.000033 0.00049 0.01628 1.46717 0.000064 1.886873 0.000112 

THB003 - 22 0.282262 0.000046 0.00074 0.0232 1.46716 0.000095 1.886977 0.000105 
THB003 - 23 0.282109 0.000030 0.00064 0.02037 1.46715 0.000074 1.886753 0.000093 

THB003 - 24 0.282086 0.000038 0.00074 0.02535 1.46717 0.000076 1.886876 0.000113 

THB003 - 25 0.282093 0.000031 0.00068 0.0224 1.46725 0.000067 1.886918 0.000120 
THB003 - 26 0.282189 0.000037 0.00064 0.02191 1.46714 0.000080 1.886815 0.000130 

THB003 - 27 0.281749 0.000038 0.00073 0.02519 1.467 0.000093 1.886835 0.000128 

THB003 - 28 0.281950 0.000039 0.00144 0.04688 1.46695 0.000085 1.886804 0.000112 
THB003 - 29 0.282056 0.000036 0.00081 0.0252 1.46715 0.000076 1.886747 0.000092 

THB003 - 30 0.282122 0.000042 0.00078 0.02318 1.46687 0.000141 1.886808 0.000155 

THB003 - 31 0.282186 0.000033 0.00177 0.05861 1.46716 0.000082 1.886869 0.000103 
THB003 - 32 0.282104 0.000042 0.00112 0.03729 1.46711 0.000079 1.886801 0.000106 

THB003 - 33 0.282086 0.000031 0.0005 0.01624 1.46715 0.000084 1.886888 0.000104 

THB003 - 34 0.281435 0.000036 0.00101 0.04086 1.46706 0.000071 1.886976 0.000145 
THB003 - 35 0.281703 0.000045 0.00163 0.0558 1.467 0.000074 1.886891 0.000125 

THB003 - 36 0.282388 0.000043 0.00073 0.02571 1.46706 0.000091 1.886892 0.000116 

THB003 - 37 0.281650 0.000042 0.00115 0.03585 1.46701 0.000088 1.887052 0.000105 
THB003 - 38 0.281639 0.000028 0.00071 0.0237 1.46712 0.000056 1.886925 0.000112 

THB003 - 39 0.282011 0.000040 0.00151 0.04599 1.46712 0.000092 1.887066 0.000124 



 

214 

 

Analysis No. 176Hf/177Hf 

2σ 

abs err 176Lu/177Hf 176Yb/177Hf 178Hf/177Hf 

2σ 

abs err 178Hf/177Hf 

2σ 

abs err 
THB003 - 40 0.282426 0.000054 0.00049 0.01691 1.46691 0.000180 1.886851 0.000160 

THB003-s2 - 1 0.282047 0.000042 0.00174 0.06297 1.46695 0.000099 1.886867 0.000132 

THB003-s2 - 2 0.281941 0.000031 0.00059 0.01994 1.46719 0.000082 1.886936 0.000130 
THB003-s2 - 3 0.282176 0.000042 0.00073 0.02368 1.46705 0.000144 1.886913 0.000172 

THB003-s2 - 4 0.282109 0.000032 0.0013 0.04081 1.46717 0.000084 1.886870 0.000114 

THB003-s2 - 5 0.281309 0.000032 0.00087 0.02966 1.4671 0.000114 1.886934 0.000121 
THB003-s2 - 6 0.282107 0.000037 0.00156 0.0588 1.4672 0.000080 1.886947 0.000116 

THB003-s2 - 7 0.282374 0.000043 0.00148 0.05201 1.46727 0.000086 1.886889 0.000139 

THB003-s2 - 8 0.282183 0.000041 0.00091 0.03206 1.46728 0.000134 1.886770 0.000120 
THB003-s2 - 9 0.280930 0.000046 0.00067 0.02299 1.46722 0.000091 1.886905 0.000140 

THB003-s2 - 10 0.281071 0.000040 0.00073 0.02846 1.467 0.000104 1.886978 0.000183 

THB003-s2 - 11 0.282173 0.000030 0.00069 0.02389 1.46713 0.000088 1.886877 0.000110 
THB003-s2 - 12 0.282115 0.000026 0.00069 0.0201 1.46729 0.000071 1.886912 0.000096 

THB003-s2 - 13 0.281811 0.000033 0.00046 0.01263 1.4671 0.000104 1.886952 0.000118 

THB003-s2 - 14 0.281690 0.000064 0.00075 0.02464 1.46715 0.000144 1.886832 0.000250 
THB003-s2 - 15 0.282144 0.000038 0.00113 0.03912 1.46712 0.000156 1.886899 0.000140 

THB003-s2 - 16 0.282105 0.000039 0.00072 0.02314 1.46725 0.000090 1.886858 0.000110 

THB003-s2 - 17 0.281700 0.000034 0.00111 0.0371 1.4673 0.000077 1.886813 0.000120 
THB003-s2 - 18 0.282152 0.000038 0.00081 0.02737 1.46705 0.000123 1.887059 0.000148 

THB003-s2 - 19 0.281804 0.000047 0.00148 0.05226 1.46707 0.000077 1.886934 0.000170 

THB003-s2 - 20 0.281651 0.000031 0.0009 0.03059 1.46725 0.000085 1.886928 0.000110 
THB003-s2 - 21 0.280856 0.000053 0.00056 0.01889 1.46717 0.000123 1.886759 0.000193 

THB003-s2 - 22 0.281832 0.000034 0.00074 0.02612 1.46722 0.000076 1.886738 0.000138 

THB003-s2 - 23 0.281999 0.000047 0.00047 0.01653 1.46731 0.000169 1.887134 0.000257 
THB003-s2 - 24 0.281784 0.000043 0.00081 0.02893 1.467 0.000144 1.886835 0.000175 

THB003-s2 - 25 0.281922 0.000037 0.00131 0.04038 1.46723 0.000139 1.886906 0.000168 
THB003-s2 - 26 0.282270 0.000032 0.00022 0.00716 1.46726 0.000070 1.886854 0.000106 

THB003-s2 - 27 0.282161 0.000039 0.00055 0.01837 1.46721 0.000080 1.886863 0.000116 

THB003-s2 - 28 0.280948 0.000045 0.00083 0.02893 1.46713 0.000104 1.887008 0.000128 
THB003-s2 - 29 0.282145 0.000036 0.00083 0.02815 1.46728 0.000069 1.886892 0.000124 

THB003-s2 - 30 0.281684 0.000045 0.0008 0.02597 1.46708 0.000098 1.886893 0.000135 

THB003-s2 - 31 0.281706 0.000045 0.00064 0.01965 1.46704 0.000132 1.886916 0.000178 
THB003-s2 - 32 0.280995 0.000040 0.00032 0.01224 1.4672 0.000083 1.886904 0.000121 

THB003-s2 - 33 0.282369 0.000028 0.00081 0.02946 1.46721 0.000104 1.886758 0.000115 

THB003-s2 - 34 0.282206 0.000030 0.00048 0.01592 1.46725 0.000075 1.886850 0.000108 
THB003-s2 - 35 0.282151 0.000031 0.00054 0.01678 1.46719 0.000098 1.886799 0.000145 

THB003-s2 - 36 0.282082 0.000042 0.00103 0.03559 1.46721 0.000093 1.886990 0.000185 

THB003-s2 - 37 0.282372 0.000049 0.00068 0.02349 1.46724 0.000113 1.886959 0.000176 
THB003-s2 - 38 0.282042 0.000045 0.00088 0.02832 1.46727 0.000088 1.886946 0.000130 

THB003-s2 - 39 0.282001 0.000038 0.00052 0.01704 1.46715 0.000082 1.886909 0.000136 

THB003-s2 - 40 0.282156 0.000036 0.00075 0.02466 1.46732 0.000073 1.886941 0.000129 
THB003-s2 - 41 0.282052 0.000036 0.00076 0.02517 1.46717 0.000069 1.886974 0.000113 

THB003-s2 - 42 0.281805 0.000041 0.00069 0.02258 1.46721 0.000067 1.886831 0.000122 

THB003-s2 - 43 0.282333 0.000043 0.00153 0.05687 1.4672 0.000138 1.886935 0.000140 
THB003-s2 - 44 0.282119 0.000038 0.00176 0.0589 1.46722 0.000061 1.887003 0.000110 

THB003-s2 - 45 0.281208 0.000036 0.00102 0.03152 1.46724 0.000079 1.886848 0.000128 

THB003-s2 - 46 0.282171 0.000040 0.00164 0.05336 1.4671 0.000080 1.886883 0.000117 
THB003-s2 - 47 0.282144 0.000031 0.0006 0.01941 1.46726 0.000077 1.886951 0.000142 

THB003-s2 - 48 0.282260 0.000040 0.00085 0.02907 1.46716 0.000075 1.886900 0.000115 

THB003-s2 - 49 0.282119 0.000044 0.00072 0.02325 1.46708 0.000105 1.886979 0.000123 
THB003-s2 - 50 0.281043 0.000034 0.00038 0.01159 1.46722 0.000082 1.886815 0.000096 

THB003-s2 - 51 0.281727 0.000037 0.0015 0.05099 1.46715 0.000093 1.886897 0.000112 

THB003-s2 - 52 0.281374 0.000045 0.00085 0.03329 1.46706 0.000092 1.886865 0.000118 
THB003-s2 - 53 0.282528 0.000046 0.00126 0.04378 1.46712 0.000103 1.886942 0.000136 

THB003-s2 - 54 0.282062 0.000047 0.00194 0.06085 1.46719 0.000078 1.886945 0.000123 

THB003-s2 - 55 0.282147 0.000029 0.00053 0.01641 1.46727 0.000087 1.886893 0.000108 
THB003-s2 - 56 0.281135 0.000042 0.00083 0.02822 1.46705 0.000100 1.886851 0.000162 

THB003-s2 - 57 0.281238 0.000036 0.00163 0.04892 1.46723 0.000079 1.886864 0.000134 

THB003-s2 - 58 0.282158 0.000036 0.00132 0.04486 1.46731 0.000106 1.886857 0.000159 
THB003-s2 - 59 0.281118 0.000055 0.00067 0.02208 1.46713 0.000053 1.886961 0.000141 

THB003-s2 - 60 0.282500 0.000158 0.00169 0.05023 1.46715 0.000265 1.886932 0.000383 

THB003-s2 - 61 0.281723 0.000042 0.00072 0.02202 1.46743 0.000088 1.886957 0.000094 
THB003-s2 - 62 0.282428 0.000034 0.00094 0.03467 1.46721 0.000073 1.886754 0.000133 

THB003-s2 - 63 0.282076 0.000032 0.00052 0.01741 1.46718 0.000086 1.886772 0.000122 

THB003-s2 - 64 0.282045 0.000034 0.00108 0.03788 1.46726 0.000077 1.886826 0.000131 
THB003-s2 - 65 0.281886 0.000043 0.00099 0.03381 1.46712 0.000104 1.886880 0.000195 

THB003-s2 - 66 0.281992 0.000037 0.00072 0.02858 1.46693 0.000106 1.886938 0.000123 

THB003-s2 - 67 0.281813 0.000049 0.00084 0.02858 1.46706 0.000155 1.887016 0.000198 
THB003-s2 - 68 0.282125 0.000038 0.00107 0.03713 1.46714 0.000077 1.886854 0.000123 

THB003-s2 - 69 0.282106 0.000039 0.00052 0.01696 1.46728 0.000074 1.886789 0.000117 

THB003-s2 - 70 0.281670 0.000051 0.00089 0.02926 1.46734 0.000133 1.886850 0.000160 
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Supplementary Table 5-4: Results of trace element analyses of detrital zircon. 

Analysis No. Ti 2σ Y 2σ Zr 2σ Nb 2σ La 2σ Ce 2σ Pr 2σ Nd 2σ Sm 2σ Eu 2σ Gd 2σ Dy 2σ Yb 2σ Lu 2σ Hf 2σ Th 2σ U 2σ 

FIT001 - 1.d 79 5 1493 38 413532 5409 4 0 10 0 359 11 28 1 202 9 119 5 27 1 141 6 235 8 407 11 78 2 9880 124 729 23 724 14 

FIT001 - 2.d 123 32 815 23 406059 4692 2 0 0 0 31 1 0 0 2 0 4 0 1 0 18 1 74 3 276 11 57 2 8567 107 112 8 72 4 

FIT001 - 3.d 12 1 445 8 410086 5579 2 0 0 0 10 0 0 0 0 0 1 0 0 0 7 0 36 1 153 3 32 0 9522 125 48 1 62 1 

FIT001 - 4.d 5 1 514 9 405343 6432 2 0 0 0 19 1 0 0 2 0 2 0 0 0 10 1 43 1 166 4 35 1 9220 142 92 2 142 2 

FIT001 - 5.d 18 1 505 9 406672 5765 2 0 0 0 29 1 0 0 1 0 3 0 1 0 12 1 46 1 156 3 31 1 9796 150 138 4 118 4 

FIT001 - 6.d 51 2 705 25 406212 5988 4 0 0 0 46 2 1 0 5 0 6 0 2 0 19 1 67 3 216 8 44 1 9491 130 301 14 157 6 

FIT001 - 7.d 3 0 1467 28 411772 6351 13 0 0 0 21 0 0 0 2 0 5 0 1 0 30 1 144 3 404 8 69 1 6582 107 152 2 225 3 

FIT001 - 8.d 9 1 731 35 405326 5879 2 0 0 0 26 1 0 0 2 0 3 0 1 0 17 1 67 4 220 9 46 2 9707 168 211 6 162 3 

FIT001 - 9.d 7 1 1488 60 411832 5975 5 0 0 0 54 1 1 0 8 1 12 1 4 0 55 3 165 7 386 11 75 2 8159 114 263 20 107 3 

FIT001 - 10.d 7 1 1626 23 414338 6138 4 0 0 0 21 0 0 0 5 0 9 0 1 0 46 1 175 2 465 8 91 1 8677 169 159 3 197 5 

FIT001 - 11.d 6 1 808 17 406586 6081 2 0 0 0 30 1 1 0 6 0 6 0 2 0 23 1 73 3 247 6 52 1 9628 121 313 10 350 8 

FIT001 - 12.d 11 1 667 13 406513 6614 5 0 0 0 49 1 0 0 1 0 2 0 0 0 10 1 51 1 271 8 59 2 10589 199 213 10 193 9 

FIT001 - 13.d 157 33 1083 14 408849 6316 9 0 1 0 21 1 1 0 8 1 6 1 1 0 21 1 96 2 434 6 91 1 10790 154 212 8 442 7 

FIT001 - 14.d 154 5 3769 158 395016 7049 5 0 41 1 310 10 50 2 339 14 274 14 110 6 481 23 651 28 620 22 107 3 9408 152 1256 69 470 16 

FIT001 - 15.d 8 1 516 6 408944 5211 2 0 0 0 7 0 0 0 0 0 1 0 0 0 8 0 41 1 182 3 38 1 9895 124 46 1 122 2 

FIT001 - 16.d 10 1 987 12 403794 6647 1 0 0 0 6 1 1 0 4 1 6 1 1 0 28 1 104 2 258 3 50 1 9798 198 79 3 249 7 

FIT001 - 17.d 9 2 2019 35 404364 5788 6 0 0 0 17 0 0 0 5 0 11 1 0 0 58 2 219 4 509 10 94 2 9434 128 194 4 234 6 

FIT001 - 18.d 9 1 628 24 406139 6288 3 0 0 0 42 1 0 0 2 0 4 0 1 0 16 1 57 2 191 7 39 1 9311 106 122 4 124 2 

FIT001 - 19.d 68 3 6421 423 375856 9493 2 0 26 2 257 22 16 1 104 8 70 6 27 2 248 19 694 47 1308 88 231 15 9220 374 249 6 477 26 

FIT001 - 20.d 856 54 9108 384 407870 5399 14 1 75 4 772 29 135 4 1049 31 933 27 268 8 1362 47 2234 98 2138 106 319 16 11512 110 3845 278 2112 52 

FIT001 - 21.d 10 1 665 8 408544 6253 1 0 0 0 9 0 0 0 1 0 2 0 0 0 11 1 55 1 206 3 42 1 8601 120 66 1 80 1 

FIT001 - 22.d 73 14 1200 36 408456 6002 2 0 1 0 14 1 1 0 6 1 9 0 2 0 37 1 131 5 339 11 67 2 8343 136 47 2 27 1 

FIT001 - 23.d 0 7 0 0 92 74 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 2 5 0 0 0 0 

FIT001 - 24.d 4 1 54 4 407383 6232 0 0 0 0 1 0 0 0 1 0 1 0 0 0 2 0 6 1 8 1 1 0 8079 111 12 1 24 1 

FIT001 - 25.d 12 1 1045 39 405499 7314 2 0 0 0 49 1 0 0 5 0 7 1 2 0 28 2 103 5 367 12 74 2 9248 99 181 5 125 2 

FIT001 - 26.d 7 1 958 25 412039 8603 1 0 1 0 12 1 1 0 8 1 6 0 2 0 25 1 88 3 352 9 76 2 9877 341 309 12 670 22 

FIT001 - 27.d 19 1 907 10 412725 6458 1 0 0 0 3 0 0 0 1 0 4 0 0 0 21 1 86 1 244 4 46 1 9420 134 93 1 187 3 

FIT001 - 28.d 3 0 1117 21 402623 5646 28 1 0 0 13 0 0 0 1 0 2 0 0 0 14 1 91 2 420 9 79 1 12739 182 197 4 417 9 

FIT001 - 29.d 10 1 466 12 402411 5645 6 0 0 0 48 1 0 0 1 0 2 0 0 0 8 1 38 1 174 4 37 1 10109 129 293 6 243 3 

FIT001 - 30.d 379 39 976 29 367163 5610 6 0 10 1 26 1 2 0 8 1 7 1 1 0 29 2 102 4 256 9 49 2 7771 129 146 6 190 9 

FIT001 - 31.d 1522 292 995 14 410511 6436 3 0 18 5 57 11 6 1 26 6 11 1 1 0 32 1 102 2 278 7 54 1 8833 132 177 4 163 3 

FIT001 - 32.d 10 1 1194 23 418526 6508 1 0 0 0 3 0 0 0 3 0 6 1 0 0 32 1 124 3 358 8 70 1 9145 173 132 2 266 5 

FIT001 - 33.d 31 2 897 12 413762 6542 2 0 2 0 23 1 3 0 25 1 19 1 4 0 50 2 110 3 191 5 35 1 8091 115 195 5 128 2 

FIT001 - 34.d 162 16 5568 595 391004 7139 3 0 20 2 142 15 37 4 280 33 213 25 86 10 474 55 827 92 693 63 109 9 10912 161 210 18 794 30 

FIT001 - 35.d 7 1 1309 14 413110 5452 7 0 0 0 11 0 0 0 6 0 9 0 0 0 43 1 149 3 343 5 64 1 8317 108 200 3 223 4 

FIT001 - 36.d 6 1 1016 19 409749 5598 2 0 0 0 8 0 0 0 1 0 3 0 1 0 18 1 88 2 375 8 80 1 8476 106 118 2 245 5 

FIT001 - 37.d 9935 815 1391 80 404063 6224 47 5 7 1 41 6 6 1 38 7 24 4 6 1 58 6 158 12 376 18 73 3 8684 144 152 8 319 8 

FIT001 - 38.d 35 2 987 14 409527 5294 2 0 0 0 16 0 0 0 3 0 5 0 1 0 26 1 96 2 282 4 55 1 9214 124 99 2 72 1 

FIT001 - 39.d 21 1 1879 29 394204 6083 7 0 23 3 66 5 8 1 39 2 24 1 4 0 73 2 224 5 487 9 91 2 7787 123 526 12 425 9 

FIT001 - 40.d 5 1 1881 22 404303 6508 14 0 0 0 37 1 0 0 4 0 8 1 1 0 47 1 206 3 462 7 81 1 6636 95 446 4 668 11 

FIT001 - 41.d 4 1 1224 15 410253 4453 7 0 0 0 41 1 0 0 2 0 3 0 1 0 21 1 109 2 435 6 90 1 10703 118 250 3 288 3 

FIT001 - 42.d 113 8 7997 513 407122 5739 4 0 74 5 581 35 66 5 389 27 252 17 77 5 503 34 1239 82 1557 97 250 15 10381 179 853 38 604 18 

FIT001 - 43.d 27 3 878 12 408248 5531 2 0 0 0 9 0 0 0 2 0 4 0 1 0 19 1 77 2 263 5 54 1 9442 99 103 3 175 3 

FIT001 - 44.d 255 11 1936 76 413512 5621 4 0 14 1 182 6 13 0 76 3 51 2 18 1 108 4 244 10 503 20 97 4 9262 141 370 18 570 15 

FIT001 - 45.d 475 224 1710 156 401521 4668 4 1 6 1 54 7 9 2 53 9 40 7 15 3 85 13 224 27 480 27 94 5 10067 95 184 9 348 11 

FIT001 - 46.d 3 0 772 30 404120 5207 2 0 0 0 6 0 0 0 2 0 3 0 1 0 17 1 75 3 206 9 41 2 10307 169 70 5 454 13 

FIT001 - 47.d 61 32 34880 8362 74 30 3 1 59621 14427 215524 50960 39081 9340 193489 45780 42961 10179 877 342 30664 7200 11312 2817 945 213 65 25 4 4 3387 792 3244 741 

FIT001 - 48.d 2055 897 1685 39 421212 7109 10 3 1 0 6 0 1 0 6 0 10 1 1 0 51 2 183 5 447 9 85 2 8141 128 115 3 87 2 

FIT001 - 49.d 6 1 738 24 412563 5531 2 0 0 0 19 1 0 0 2 0 3 0 0 0 18 1 65 3 209 6 43 1 9248 107 161 5 274 7 

FIT001 - 50.d 19 1 812 11 410342 6284 6 0 1 0 19 1 1 0 8 1 11 1 1 0 47 1 104 2 111 3 19 0 11135 166 347 4 668 11 

FIT001 - 51.d 23 2 1103 47 408117 6143 4 0 23 9 117 24 8 3 36 11 16 3 4 1 43 3 125 7 333 15 66 3 9159 139 222 16 175 13 
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Analysis No. Ti 2σ Y 2σ Zr 2σ Nb 2σ La 2σ Ce 2σ Pr 2σ Nd 2σ Sm 2σ Eu 2σ Gd 2σ Dy 2σ Yb 2σ Lu 2σ Hf 2σ Th 2σ U 2σ 

FIT001 - 52.d 29 1 977 13 413603 5525 2 0 0 0 33 1 0 0 5 0 7 0 2 0 29 1 101 2 313 5 62 1 8349 137 68 3 35 1 

FIT001 - 53.d 19 1 237 4 407686 4905 0 0 0 0 2 0 0 0 0 0 1 0 0 0 4 0 18 1 70 1 15 0 7745 97 20 1 90 2 

FIT001 - 54.d 15 1 858 9 408014 5868 3 0 0 0 41 1 0 0 1 0 3 0 1 0 18 1 75 1 263 4 53 1 9297 136 139 2 149 2 

FIT001 - 55.d 26 8 503 19 410230 5703 2 0 0 0 52 1 1 0 4 1 4 1 1 0 16 1 49 2 122 3 24 1 9098 119 157 3 182 5 

FIT001 - 56.d 16 2 868 17 401702 7477 1 0 7 0 74 2 6 0 35 2 18 1 6 0 33 1 83 2 234 7 44 1 9761 217 123 3 205 6 

FIT001 - 57.d 5 1 1417 17 406792 6726 8 0 1 0 17 1 1 0 6 0 7 0 0 0 39 1 151 2 395 6 73 1 9758 187 243 3 330 7 

FIT001 - 58.d 13 1 1868 44 412952 6311 2 0 0 0 27 1 1 0 8 1 12 1 3 0 56 2 196 5 530 13 102 2 8479 130 206 7 180 6 

FIT001 - 59.d 5 1 1125 59 409572 6921 1 0 0 0 2 0 0 0 1 0 3 0 0 0 26 1 118 5 298 20 57 4 10912 252 62 1 490 8 

FIT001 - 60.d 10 1 1236 54 398548 6518 4 0 2 0 50 7 3 1 21 5 20 5 6 1 43 7 125 10 408 12 83 2 10585 208 194 9 368 24 

FIT001 - 61.d 9903 2175 1653 26 403450 7943 72 14 1 0 31 1 2 0 19 3 15 2 5 1 48 3 168 4 515 7 103 1 9047 159 276 4 273 3 

FIT001 - 62.d 20 1 1387 15 414190 4514 4 0 3 0 31 1 3 0 19 1 14 1 4 0 49 1 155 2 345 4 67 1 9230 101 132 2 162 2 

FIT001 - 63.d 10 1 910 11 402684 5841 2 0 0 0 25 0 0 0 3 0 5 0 1 0 25 1 89 2 238 3 47 1 8806 119 137 2 169 2 

FIT001 - 64.d 10992 3038 1255 28 397494 7106 30 8 16 1 388 25 30 1 172 7 91 4 22 1 116 6 195 6 314 9 60 2 10024 176 726 20 555 18 

FIT001 - 65.d 13 3 1139 12 405219 4518 2 0 0 0 19 0 0 0 2 0 4 0 1 0 24 1 102 2 379 6 79 1 9996 130 261 4 301 6 

FIT001 - 66.d 286 11 1438 75 400612 5603 4 0 8 1 66 6 9 1 65 6 58 4 18 1 104 7 200 12 392 16 81 3 9240 178 300 17 493 18 

FIT001 - 67.d 9 1 1393 15 400323 6504 1 0 0 0 9 0 0 0 4 0 7 0 1 0 35 1 138 2 399 6 79 1 9870 180 125 2 377 5 

FIT001 - 68.d 35 5 1416 61 395173 5502 4 0 10 1 162 26 11 1 56 6 33 3 5 0 62 5 168 10 377 13 71 2 10055 150 325 8 589 10 

FIT001 - 69.d 23 1 1678 26 402404 5206 2 0 18 1 107 4 21 1 117 3 56 2 12 0 90 2 192 3 447 9 88 2 9774 111 100 2 369 11 

FIT001 - 70.d 2981 244 3649 134 394570 5148 31 1 20 1 261 11 30 2 186 10 107 7 36 2 182 9 450 21 742 27 135 4 9692 104 636 32 422 11 

FIT001 - 71.d 5 1 1099 14 405311 6556 3 0 0 0 37 1 0 0 5 0 11 1 2 0 43 1 122 2 294 4 58 1 9743 163 522 6 547 7 

FIT001 - 72.d 6 1 565 10 409664 6331 3 0 0 0 12 0 0 0 1 0 2 0 0 0 13 1 50 1 161 3 33 1 9891 137 110 2 274 4 

FIT001 - 73.d 35 2 1263 17 404207 5669 3 0 312 29 440 37 42 4 132 13 28 2 3 0 58 2 157 2 315 5 59 1 7029 100 112 3 77 1 

FIT001 - 74.d 33 2 706 12 404039 5898 4 0 3 0 63 2 7 0 60 3 49 1 15 1 67 2 91 2 143 3 28 0 8776 126 224 3 262 3 

FIT001 - 75.d 4 1 734 9 407640 5802 2 0 0 0 14 0 0 0 1 0 2 0 0 0 14 1 60 1 224 4 46 1 10203 145 172 3 423 7 

FIT001 - 76.d 8 1 699 8 411258 6677 1 0 1 0 12 0 0 0 2 0 3 0 1 0 18 1 64 1 194 4 39 1 8098 123 37 0 49 1 

FIT001 - 77.d 22 1 1137 26 408925 6198 4 0 0 0 56 2 1 0 6 1 8 1 2 0 30 1 107 3 392 7 82 2 8379 158 788 28 638 11 

FIT001 - 78.d 246 30 636 9 404798 5621 9 0 4 1 18 2 1 0 3 0 2 0 0 0 12 1 55 1 210 4 46 1 9698 161 90 1 171 4 

FIT001 - 79.d 11 1 601 12 408917 6044 2 0 1 0 12 0 0 0 2 0 3 0 0 0 14 1 55 1 159 4 32 1 8735 114 77 2 155 3 

FIT001 - 80.d 19 1 1047 27 405980 6670 2 0 1 0 17 0 2 0 17 1 16 1 2 0 49 2 127 5 258 8 49 2 7778 134 115 4 191 6 

FIT001 - 81.d 5 1 591 10 409097 6325 1 0 0 0 20 1 0 0 2 0 4 0 1 0 17 1 56 1 163 4 33 1 8256 122 109 2 86 1 

FIT001 - 82.d 7 1 1064 23 411686 6023 3 0 0 0 25 1 0 0 7 0 10 1 0 0 40 1 117 3 303 7 62 1 6020 95 136 4 235 7 

FIT001 - 83.d 12 1 957 12 402789 6024 1 0 1 0 17 0 1 0 10 1 11 1 3 0 34 1 104 2 292 4 59 1 8108 134 173 2 258 3 

FIT001 - 84.d 109 7 5664 311 390498 5687 3 0 59 3 443 26 60 3 336 18 188 11 77 5 344 20 744 45 1094 54 186 8 9327 131 455 30 886 31 

FIT001 - 85.d 81 19 1205 65 387524 3831 6 1 7 1 35 2 3 0 20 2 16 2 4 1 40 4 150 13 340 17 64 3 9309 81 125 2 182 3 

FIT001 - 86.d 18 5 777 12 388554 7836 7 0 1 0 14 0 1 0 4 0 3 0 0 0 18 1 74 2 207 5 40 1 8299 170 67 1 115 3 

FIT001 - 87.d 6 1 947 11 405385 5558 2 0 0 0 6 0 0 0 2 0 5 0 1 0 30 1 103 2 209 5 39 1 10389 168 185 2 679 10 

FIT001 - 88.d 15 1 475 8 416422 5416 1 0 0 0 16 0 0 0 1 0 2 0 0 0 13 1 45 1 133 2 27 0 7130 90 29 1 27 0 

FIT001 - 89.d 29 2 840 8 407890 6487 2 0 0 0 29 1 0 0 4 0 6 0 1 0 25 1 82 2 230 3 47 1 8693 133 55 1 21 0 

FIT001 - 90.d 13 1 603 9 414620 6511 8 0 0 0 11 0 0 0 1 0 2 0 0 0 13 1 56 2 165 3 32 1 9269 131 49 1 45 1 

FIT001 - 91.d 6 1 872 11 412324 6310 1 0 0 0 12 0 0 0 4 0 5 0 2 0 20 1 71 1 328 6 79 2 9118 133 111 2 262 5 

FIT001 - 92.d 12 1 932 25 416423 6807 3 0 0 0 17 0 0 0 1 0 2 0 0 0 14 1 78 3 345 15 73 3 9909 172 92 1 162 4 

FIT001 - 93.d 120 13 3008 269 408856 7049 4 0 18 2 293 26 45 5 319 33 195 21 66 7 343 36 469 47 541 38 100 6 7940 108 1287 111 344 18 

FIT001 - 94.d 39 2 698 42 412706 6195 0 0 0 0 5 0 0 0 1 0 3 0 2 0 17 2 64 5 209 13 45 3 5885 71 20 2 15 1 

FIT001 - 95.d 11 1 719 15 413521 6172 4 0 0 0 12 0 0 0 1 0 3 0 0 0 15 1 65 2 204 5 41 1 9746 137 116 3 146 3 

FIT001 - 96.d 9 1 1911 39 409764 5852 2 0 0 0 18 0 0 0 4 0 9 1 2 0 47 1 186 4 572 12 114 2 8495 110 306 7 274 6 

FIT001 - 97.d 14 1 885 10 411522 5823 3 0 0 0 27 1 0 0 1 0 3 0 0 0 18 1 81 2 286 5 59 1 9537 140 169 2 96 2 

FIT001 - 98.d 9 1 1326 14 407541 7139 3 0 1 0 46 2 1 0 5 1 7 0 2 0 31 1 124 2 465 7 99 2 7655 152 204 6 168 3 

FIT001 - 99.d 12 1 763 29 412837 6790 2 0 0 0 18 1 0 0 2 0 3 0 0 0 19 1 73 4 220 9 44 2 9888 152 162 11 111 5 

FIT001 - 100.d 14 1 828 14 411626 6826 1 0 0 0 4 0 0 0 3 0 5 0 1 0 27 1 86 2 216 5 42 1 7892 140 60 1 89 2 

FIT001 - 101.d 18 1 600 8 415964 5903 2 0 0 0 26 1 0 0 1 0 2 0 0 0 13 1 53 1 181 3 36 1 9192 131 80 1 60 1 

FIT001 - 102.d 18 1 913 9 412027 5665 2 0 0 0 6 0 0 0 3 0 4 0 1 0 22 1 86 2 253 5 51 1 8677 119 144 2 365 4 

FIT001 - 103.d 17 1 646 11 410127 5557 2 0 0 0 10 0 0 0 1 0 2 0 0 0 11 1 55 1 210 5 43 1 9128 116 51 1 54 1 

FIT001 - 104.d 690 20 11190 109 398991 6536 12 0 69 1 1077 12 139 2 949 13 700 10 181 3 940 13 1811 23 2130 23 330 4 12218 231 1482 14 2209 39 

FIT001 - 105.d 17 1 1132 13 403546 5720 2 0 0 0 14 0 0 0 5 0 9 1 1 0 38 1 128 2 309 5 59 1 8681 117 129 2 85 1 

FIT001 - 106.d 18 1 700 22 407192 7942 6 0 0 0 9 0 0 0 2 0 3 0 0 0 17 1 68 2 188 6 37 1 8942 168 74 3 114 4 
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Analysis No. Ti 2σ Y 2σ Zr 2σ Nb 2σ La 2σ Ce 2σ Pr 2σ Nd 2σ Sm 2σ Eu 2σ Gd 2σ Dy 2σ Yb 2σ Lu 2σ Hf 2σ Th 2σ U 2σ 

FIT001 - 107.d 13 1 1239 21 410048 7139 5 0 1 0 54 1 2 0 15 1 15 1 5 0 42 1 132 3 455 9 96 1 10080 176 148 4 197 5 

FIT001 - 108.d 17 1 1194 74 410391 6185 1 0 2 0 30 2 2 0 15 2 14 1 4 0 47 4 161 13 308 12 64 2 8670 103 241 10 416 21 

FIT001 - 109.d 6 1 879 11 404340 5660 7 0 0 0 22 0 0 0 1 0 2 0 0 0 13 1 68 1 363 7 76 1 11906 172 359 6 549 9 

FIT001 - 110.d 195 7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

FIT001 - 111.d 11 1 1276 54 401765 5663 1 0 2 0 18 2 2 0 15 2 12 1 2 0 40 3 136 7 369 15 72 3 9120 107 130 7 339 11 

FIT001 - 112.d 16 1 431 7 416691 5615 4 0 0 0 62 1 0 0 2 0 4 0 1 0 13 1 41 1 121 3 23 0 9241 132 370 9 195 5 

FIT001 - 113.d 14 1 624 13 400514 5957 2 0 1 0 23 1 1 0 6 1 5 0 1 0 16 1 58 2 191 5 38 1 9723 151 127 6 201 7 

FIT001 - 114.d 8 1 1030 71 410536 6234 4 0 0 0 8 0 0 0 1 0 3 0 0 0 21 2 101 8 311 25 60 5 9571 197 127 9 210 19 

FIT001 - 115.d 10 2 2100 24 411076 5964 4 0 0 0 15 0 0 0 5 0 10 1 2 0 54 2 215 3 610 6 119 1 8151 122 255 5 285 3 

FIT001 - 116.d 20 1 482 9 413019 6392 2 0 0 0 12 0 0 0 1 0 2 0 0 0 10 1 45 1 146 3 29 1 9825 144 100 2 76 1 

FIT001 - 117.d 51 4 908 46 406326 6387 14 0 3 0 40 4 4 1 30 5 22 3 7 1 44 5 114 9 225 12 40 1 9826 151 136 5 326 7 

FIT001 - 118.d 53 8 1144 60 412149 6112 5 0 1 0 83 10 6 1 33 6 21 4 6 1 45 6 127 11 392 17 79 3 9644 152 412 72 226 12 

FIT001 - 119.d 27 2 525 9 410776 5855 2 0 0 0 32 1 1 0 7 1 5 0 2 0 13 1 48 1 184 3 40 1 9675 136 121 7 99 3 

FIT001 - 120.d 18 1 538 7 413157 6426 2 0 0 0 18 0 0 0 1 0 2 0 1 0 13 1 50 1 152 3 31 1 8079 124 62 1 83 1 

FIT001 - 121.d 17 1 402 6 410618 5372 3 0 0 0 32 1 0 0 1 0 2 0 0 0 8 0 36 1 131 2 27 0 10532 135 92 2 77 1 

FIT001 - 122.d 14 1 1985 79 410594 6501 2 0 0 0 10 0 1 0 8 0 13 1 3 0 65 3 222 9 485 18 92 3 7713 98 90 4 112 5 

FIT001 - 123.d 18 3 2044 227 403089 5890 2 0 2 1 17 5 4 1 34 10 30 7 11 3 99 20 264 41 511 37 95 5 9939 143 208 49 253 19 

FIT001 - 124.d 15 1 475 10 405929 6187 2 0 0 0 14 0 0 0 1 0 1 0 0 0 8 1 40 1 158 4 32 1 10028 149 78 1 86 2 

FIT001 - 125.d 8 1 995 27 401983 6405 2 0 0 0 4 0 0 0 2 0 5 0 1 0 27 1 98 3 291 10 60 2 8759 137 63 2 188 7 

FIT001 - 126.d 12 1 1031 19 402022 4590 4 0 0 0 41 1 1 0 5 0 6 0 2 0 24 1 98 3 365 8 76 1 9872 108 200 5 240 4 

FIT001 - 127.d 13 1 549 9 408453 6211 3 0 0 0 66 1 0 0 4 0 6 0 1 0 19 1 55 1 139 3 28 1 7953 109 337 4 176 2 

FIT001 - 128.d 8 1 576 10 405264 6219 3 0 0 0 14 0 0 0 1 0 2 0 0 0 10 1 49 1 191 4 39 1 9238 149 110 3 264 5 

FIT001 - 129.d 48 16 1347 35 415340 5184 3 0 0 0 17 0 0 0 6 0 9 1 1 0 41 2 143 4 378 10 74 2 9442 107 215 5 329 6 

FIT001 - 130.d 8 1 1245 15 408633 6420 1 0 0 0 7 0 0 0 6 0 11 1 1 0 51 1 150 2 308 5 60 1 7205 123 93 1 133 2 

FIT001 - 131.d 12 1 1148 22 403849 6075 4 0 0 0 15 0 0 0 2 0 4 0 0 0 24 1 111 3 362 6 71 1 8865 134 197 5 264 4 

FIT001 - 132.d 9 1 819 12 408521 6347 4 0 0 0 24 0 0 0 1 0 3 0 0 0 16 1 71 2 261 5 54 1 9673 134 158 2 290 3 

FIT001 - 133.d 36 2 1874 112 403829 6470 5 0 11 1 182 7 20 1 120 8 79 5 28 2 136 9 280 19 416 19 75 3 10123 151 726 29 513 12 

FIT001 - 134.d 9 1 446 7 409769 5736 7 0 0 0 15 0 0 0 1 0 3 0 0 0 12 1 43 1 117 2 23 0 8969 113 167 2 271 3 

FIT001 - 135.d 37 2 898 17 417932 5826 3 0 3 0 68 2 6 0 39 3 35 2 10 1 52 3 99 3 235 4 48 1 9692 145 342 14 165 4 

FIT001 - 136.d 21 1 1541 31 400351 6305 4 0 1 0 51 1 1 0 10 1 9 1 3 0 37 1 208 4 332 6 64 1 10007 152 158 3 243 5 

FIT001 - 137.d 18 2 1175 51 397589 6117 1 0 7 1 51 10 8 2 44 9 24 4 6 1 50 6 136 10 323 11 62 2 9178 143 151 6 352 8 

FIT001 - 138.d 13 1 2048 28 409879 6709 2 0 1 0 11 2 2 0 11 3 9 2 2 1 33 3 185 4 704 18 139 3 11462 159 99 10 322 13 

FIT001 - 139.d 12 1 780 9 408093 6313 3 0 0 0 17 0 0 0 1 0 3 0 0 0 17 1 70 1 216 3 43 1 9855 153 151 2 176 2 

FIT001 - 140.d 14 1 1529 40 404806 5694 2 0 0 0 6 0 0 0 2 0 4 0 0 0 30 1 148 5 491 12 97 2 9797 142 110 5 163 5 

FIT001 - 141.d 36 2 1261 19 413102 6376 2 0 0 0 6 0 1 0 10 0 14 1 1 0 52 2 159 3 314 6 60 1 7882 101 52 1 54 1 

FIT001 - 142.d 4 0 1013 32 405881 5444 4 0 0 0 18 2 0 0 1 0 3 0 0 0 17 1 94 3 355 15 74 3 10705 179 117 9 498 24 

FIT001 - 143.d 47 15 986 14 409659 6326 9 0 0 0 10 0 0 0 2 0 5 0 1 0 27 1 107 2 286 5 54 1 8654 130 52 1 63 1 

FIT001 - 144.d 34 4 722 16 403593 6864 2 0 1 0 10 0 0 0 2 0 4 0 1 0 16 1 67 2 209 6 42 1 8915 126 53 1 54 1 

FIT001 - 145.d 15 1 885 9 407583 6604 3 0 0 0 38 1 0 0 3 0 4 0 1 0 19 1 82 2 296 5 61 1 9730 151 106 2 136 3 

FIT001 - 146.d 25 2 603 43 414957 4936 1 0 2 0 41 5 3 0 20 3 16 2 4 1 29 4 77 7 156 9 29 1 10371 118 141 17 71 3 

FIT001 - 147.d 846 158 857 28 401118 7231 6 1 1 0 10 0 0 0 3 0 5 0 1 0 23 1 85 4 235 9 47 2 8518 162 47 1 51 1 

FIT001 - 148.d 8 1 1115 25 407351 6258 4 0 0 0 16 0 0 0 3 0 5 0 0 0 30 1 117 3 323 7 62 1 9169 136 118 2 219 4 

FIT001 - 149.d 187 8 3724 108 393784 5626 39 1 20 1 337 16 18 1 114 6 86 4 20 1 189 8 518 17 939 23 159 4 10508 123 3911 190 824 8 

FIT001 - 150.d 22 2 882 10 403439 5123 2 0 0 0 21 0 0 0 5 0 6 0 1 0 24 1 87 2 255 4 51 1 7077 101 249 4 277 3 

FIT002 - 1.d 20 2 941 68 368897 4701 6 1 94 12 293 32 52 7 247 30 78 10 23 3 93 11 104 10 266 17 54 3 8629 136 281 20 633 44 

FIT002 - 2.d 65 5 5663 187 365438 5534 3 0 36 1 726 29 33 1 187 8 117 5 35 1 270 10 803 30 1487 37 258 6 10008 144 470 7 550 7 

FIT002 - 3.d 11 1 1168 40 358828 5052 2 0 12 1 133 4 14 1 76 3 31 1 14 1 57 3 133 5 293 10 54 2 8399 122 203 9 439 18 

FIT002 - 4.d 12 1 1374 17 375419 6084 1 0 1 0 13 0 1 0 9 0 9 1 1 0 39 1 146 2 410 7 81 1 9162 149 145 2 252 2 

FIT002 - 5.d 124 21 846 38 399719 7610 4 0 1 0 13 1 0 0 4 1 5 1 1 0 23 3 84 7 255 12 50 2 7914 126 70 4 129 5 

FIT002 - 6.d 17 1 1084 25 366244 5672 3 0 58 1 360 9 45 1 262 8 72 2 17 1 76 3 115 4 335 9 70 2 8668 110 232 7 556 14 

FIT002 - 7.d 8 1 2063 34 380385 5805 2 0 0 0 13 0 1 0 7 0 11 1 1 0 53 1 213 4 569 10 108 2 7707 119 281 5 298 5 

FIT002 - 8.d 160 7 3850 145 369519 6010 3 0 47 2 425 15 58 2 289 13 172 8 41 2 262 11 615 24 1019 31 177 5 6753 123 732 22 570 7 

FIT002 - 9.d 12 1 1137 31 378945 5890 2 0 6 0 63 2 7 0 45 2 28 1 4 0 55 2 124 3 314 14 61 3 9324 166 97 2 391 13 

FIT002 - 10.d 13 1 1514 32 367754 5411 9 0 7 0 40 1 5 0 26 1 14 1 3 0 40 1 143 3 567 12 118 2 8050 147 421 7 675 13 

FIT002 - 11.d 6 1 690 14 380666 5049 1 0 1 0 14 2 1 0 5 1 4 0 1 0 17 1 66 2 200 5 41 1 8051 110 78 2 182 4 
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Analysis No. Ti 2σ Y 2σ Zr 2σ Nb 2σ La 2σ Ce 2σ Pr 2σ Nd 2σ Sm 2σ Eu 2σ Gd 2σ Dy 2σ Yb 2σ Lu 2σ Hf 2σ Th 2σ U 2σ 

FIT002 - 12.d 73 24 20581 2069 25 12 1 1 25371 2533 61870 6316 9334 953 40046 4081 7122 683 1700 173 5896 615 3618 384 1650 181 272 29 0 1 5187 517 2438 239 

FIT002 - 13.d 11 1 1750 37 391439 6493 3 0 8 1 54 8 10 1 58 8 44 6 4 1 81 8 210 10 460 5 87 1 9677 136 147 11 456 4 

FIT002 - 14.d 40 2 888 26 394862 5805 4 0 7 0 121 6 11 1 63 4 37 3 16 1 69 3 104 4 274 9 57 2 8918 142 505 24 175 5 

FIT002 - 15.d 24 1 682 14 388640 6458 2 0 1 0 50 1 1 0 10 0 10 0 3 0 29 1 70 2 171 4 34 1 7806 131 281 8 164 5 

FIT002 - 16.d 96 5 3616 163 372964 5514 13 1 51 3 364 19 49 3 285 16 152 8 19 1 238 12 449 22 772 33 136 5 9648 188 362 12 897 28 

FIT002 - 17.d 3 16 30335 4521 68 17 1 1 53365 7904 103904 15300 13452 1962 54550 7962 9059 1360 1104 161 8314 1351 5133 723 2220 313 373 51 0 1 6520 941 2514 426 

FIT002 - 18.d 587 10 13954 179 403907 6609 243 4 163 2 1281 18 203 3 1366 23 963 15 224 4 1491 21 2024 26 2073 32 330 4 12636 223 568 8 2133 28 

FIT002 - 19.d 22 3 1476 53 385682 7678 1 0 11 1 174 20 10 1 55 7 30 4 7 1 61 5 163 7 457 13 89 2 9014 130 121 5 332 9 

FIT002 - 20.d 226999 3217 424 27 103 3 660 29 31 1 155 5 35 2 211 11 84 6 33 2 93 6 86 6 40 3 5 0 6 0 78 9 69 4 

FIT002 - 21.d 26 2 976 87 342010 13421 3 0 12 3 122 24 12 3 67 17 46 10 9 2 90 15 149 19 201 14 38 2 8849 345 205 10 451 20 

FIT002 - 22.d 228 73 181192 21551 23 10 2 1 28949 3459 95062 11359 18502 2180 98877 11811 35639 4198 356 44 39639 4800 38632 4646 14685 1810 1931 237 5 2 1251 168 1123 157 

FIT002 - 23.d 17 3 798 9 408357 5569 2 0 2 0 27 1 2 0 10 0 6 1 1 0 22 1 77 1 225 3 45 1 8876 95 137 1 287 3 

FIT002 - 24.d 20 2 1236 35 380519 5398 3 0 6 1 72 14 6 1 35 5 23 2 5 1 53 3 144 5 330 8 63 2 8956 130 142 6 271 6 

FIT002 - 25.d 38 8 763 24 363987 8549 2 0 3 0 23 2 2 0 9 1 5 1 1 0 17 1 67 3 219 6 45 1 8839 206 138 6 350 14 

FIT002 - 26.d 17 2 754 14 366296 6325 5 0 9 1 91 11 7 1 39 4 13 1 3 0 23 2 66 2 274 9 58 2 8686 141 264 6 666 10 

FIT002 - 27.d 12 1 1255 32 378308 6157 2 0 2 0 26 2 3 0 16 2 14 1 4 0 46 2 143 4 329 8 62 1 8146 165 197 9 234 10 

FIT002 - 28.d 77 3 1849 52 331032 4990 19 1 173 6 753 18 154 5 978 30 369 11 100 3 394 13 273 8 419 12 88 3 8498 133 5246 623 2370 97 

FIT002 - 29.d 24 1 1047 22 382206 5696 1 0 1 0 11 0 1 0 7 0 8 0 1 0 34 1 119 3 302 6 58 1 8826 123 136 4 221 5 

FIT002 - 30.d 21 13 24893 1891 107 16 1 1 84550 6381 170291 12883 19237 1431 67531 5155 8558 654 2175 161 7149 568 4101 286 2014 157 357 27 1 1 10786 802 4489 330 

FIT002 - 31.d 13 1 1028 14 384121 6047 2 0 2 0 40 5 3 0 15 2 10 1 4 1 31 2 113 3 290 4 55 1 9334 147 310 10 664 8 

FIT002 - 32.d 24 2 2080 63 374214 6098 2 0 59 6 40 2 15 1 60 4 17 1 3 0 41 2 193 7 787 24 158 4 10852 171 164 9 1055 41 

FIT002 - 33.d 53 4 3147 113 373968 6125 9 1 82 11 303 14 46 3 225 13 113 6 29 1 197 9 413 16 483 15 78 2 8709 148 410 10 864 20 

FIT002 - 34.d 5 1 1103 31 377768 6765 7 0 4 1 45 3 3 0 16 1 9 1 2 0 24 1 95 4 444 11 94 2 8805 149 393 23 606 14 

FIT002 - 35.d 8 1 601 9 382735 5609 1 0 0 0 5 0 0 0 1 0 2 0 0 0 13 1 55 1 175 3 35 1 8482 80 98 4 257 11 

FIT002 - 36.d 179666 2329 984 16 20 2 1260 22 25 1 123 3 23 1 132 3 66 2 38 1 106 3 145 4 114 3 18 0 4 0 16 0 26 1 

FIT002 - 37.d 36 3 1024 36 373841 4815 4 0 7 0 56 3 9 1 56 5 31 2 8 1 58 3 126 5 246 7 46 1 8461 104 266 8 318 5 

FIT002 - 38.d 22 1 1744 70 379247 5955 3 0 22 1 91 3 20 1 126 6 68 3 13 1 122 3 222 8 406 18 77 3 8629 111 100 11 463 18 

FIT002 - 39.d 0 44 72375 19086 26 11 0 0 94018 24875 245063 64992 37560 9983 174253 46553 33721 8936 2265 611 27790 7278 15340 4031 4701 1276 677 182 1 2 3805 1017 5541 1427 

FIT002 - 40.d 11 1 980 14 396398 7005 2 0 1 0 31 1 1 0 7 1 7 1 2 0 30 1 103 2 253 4 47 1 10302 186 450 8 430 5 

FIT002 - 41.d 85 3 1652 32 375623 5428 3 0 21 1 464 10 48 1 283 7 132 4 30 1 155 4 245 6 382 8 69 1 9741 116 857 20 761 10 

FIT002 - 42.d 9 1 2053 27 386991 6092 3 0 4 0 23 2 4 0 27 3 16 1 4 0 43 2 195 3 744 10 149 2 10398 183 96 1 637 7 

FIT002 - 43.d 66 27 775 14 394850 9073 6 0 3 0 37 1 3 0 18 1 11 1 2 0 23 1 74 2 308 8 64 2 10124 214 293 6 606 9 

FIT002 - 44.d 13 1 896 13 372147 5525 5 0 84 7 397 28 48 4 303 29 41 4 15 1 44 3 85 1 292 6 59 1 8847 129 786 12 883 14 

FIT002 - 45.d 83 6 5765 139 368975 6151 8 0 47 1 184 4 43 1 213 6 130 4 33 1 276 7 683 15 1044 20 174 3 9549 161 261 4 601 8 

FIT002 - 46.d 30 2 8815 262 357950 6113 9 0 119 4 486 16 88 3 473 17 386 13 138 5 928 31 1438 48 1479 47 248 7 8885 150 1987 63 995 21 

FIT002 - 47.d 69 3 1877 36 392245 5874 2 0 1 0 5 0 1 0 4 0 7 0 1 0 38 1 181 4 590 14 115 2 10270 148 152 4 196 3 

FIT002 - 48.d 11 2 1044 31 388025 7302 1 0 4 1 33 4 4 1 20 4 12 2 2 0 31 3 105 5 299 9 57 2 10901 182 471 10 501 9 

FIT002 - 49.d 20 1 738 12 389546 5813 1 0 0 0 6 0 0 0 4 0 6 0 1 0 23 1 71 2 196 4 39 1 6993 88 86 2 121 3 

FIT002 - 50.d 45 2 5426 165 367164 5751 3 0 159 4 435 9 104 3 540 15 256 9 78 3 556 17 894 28 672 24 106 3 10225 140 406 12 728 12 

FIT002 - 51.d 10 1 511 16 388901 6770 1 0 0 0 4 0 0 0 1 0 2 0 0 0 12 1 47 2 146 5 28 1 8439 189 60 2 110 3 

FIT002 - 52.d 9771 1290 793 9 371849 7695 49 6 3 0 33 1 1 0 5 1 3 0 0 0 16 1 68 2 271 6 54 1 8670 178 194 3 332 6 

FIT002 - 53.d 13 1 744 7 390488 5046 2 0 0 0 5 0 0 0 1 0 3 0 0 0 17 1 71 1 213 4 42 1 9153 130 81 1 193 5 

FIT002 - 54.d 1619 234 122815 7988 60 16 5 1 68733 5109 161519 11760 21803 1451 98123 6659 22429 1565 735 49 24548 1629 28012 1836 10739 715 1288 81 7 2 1698 202 2527 232 

FIT002 - 55.d 25 1 1671 39 391747 6982 4 0 7 0 73 1 7 0 42 1 31 1 12 1 85 5 216 9 402 4 75 1 10252 173 201 3 537 8 

FIT002 - 56.d 14 1 685 19 395863 5510 1 0 0 0 5 0 0 0 1 0 3 0 0 0 17 1 64 2 181 5 35 1 8735 120 79 3 157 5 

FIT002 - 57.d 76 4 1194 24 389433 5844 3 0 6 0 53 1 10 0 71 3 49 2 14 1 91 3 174 4 276 5 51 1 8196 117 336 9 283 5 

FIT002 - 58.d 7 1 587 12 389309 5521 1 0 0 0 5 0 1 0 4 0 4 0 2 0 14 1 49 1 192 4 41 1 7764 98 111 2 194 4 

FIT002 - 59.d 15 1 2339 137 370488 6267 4 0 67 4 896 60 65 4 307 22 132 9 34 2 178 13 299 18 502 23 90 4 9477 161 291 15 484 16 

FIT002 - 60.d 18 2 897 15 391109 5191 4 0 3 0 56 4 3 0 21 2 15 1 3 0 38 2 105 3 264 4 52 1 7647 110 119 2 165 3 

FIT002 - 61.d 18 2 832 15 372970 5123 7 0 2 0 54 2 2 0 11 1 9 1 2 0 26 2 90 3 247 7 47 1 8116 109 385 18 250 7 

FIT002 - 62.d 32 2 2263 49 375225 6422 3 0 35 2 165 5 20 1 100 5 53 2 13 1 112 4 281 7 586 13 114 3 9025 155 236 8 470 14 

FIT002 - 63.d 10 1 1063 81 389568 6437 3 0 7 1 87 9 5 1 31 4 19 2 4 0 45 4 110 9 351 22 73 5 8655 219 278 33 326 16 

FIT002 - 64.d 54 2 1097 12 384169 6442 2 0 14 0 118 3 13 0 77 2 37 1 8 0 59 2 128 2 317 4 62 1 9862 141 534 11 312 4 

FIT002 - 65.d 16 4 1369 103 389554 6893 2 0 17 2 302 32 26 3 164 17 98 10 23 3 159 17 198 19 285 13 58 2 9133 158 284 12 667 13 

FIT002 - 66.d 234 10 2091 51 388839 5270 7 0 10 1 306 12 36 1 511 20 556 22 105 5 447 18 339 11 455 10 78 2 9347 133 1257 61 677 11 
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Analysis No. Ti 2σ Y 2σ Zr 2σ Nb 2σ La 2σ Ce 2σ Pr 2σ Nd 2σ Sm 2σ Eu 2σ Gd 2σ Dy 2σ Yb 2σ Lu 2σ Hf 2σ Th 2σ U 2σ 

FIT002 - 67.d 24 2 1104 15 396511 5501 1 0 0 0 3 0 0 0 4 0 7 0 0 0 35 1 123 2 325 5 64 1 8613 112 109 2 154 2 

FIT002 - 68.d 5 1 797 10 390892 5333 2 0 0 0 12 0 0 0 1 0 3 0 0 0 20 1 79 2 221 4 44 1 9378 124 169 2 250 4 

FIT002 - 69.d 424 56 1033 22 353455 7303 7 0 34 1 197 6 31 1 206 7 152 7 18 1 220 10 165 6 223 4 43 1 9722 202 401 21 682 18 

FIT002 - 70.d 14 1 787 9 392327 5771 0 0 0 0 2 0 0 0 2 0 3 0 0 0 16 1 69 1 225 3 44 1 7648 108 102 1 163 3 

FIT002 - 71.d 11 1 1381 14 395021 5685 1 0 0 0 14 0 0 0 5 0 8 0 2 0 38 1 145 2 427 5 84 1 7305 117 160 2 132 1 

FIT002 - 72.d 19 1 2350 36 377834 7213 21 0 7 0 166 10 7 1 50 3 45 2 12 1 135 4 336 7 486 7 87 1 8730 117 392 12 541 5 

FIT002 - 73.d 36 3 1854 106 382322 5462 1 0 14 2 161 18 14 1 85 9 55 5 14 1 107 9 255 18 450 21 80 3 8893 104 1097 102 251 9 

FIT002 - 74.d 141 17 1981 68 379794 6942 4 0 53 3 462 19 50 2 298 14 147 7 49 2 188 9 258 10 496 11 99 2 8666 140 284 5 543 10 

FIT002 - 75.d 10 1 992 11 395267 4768 1 0 2 0 38 1 1 0 8 1 8 0 2 0 32 1 113 2 273 4 52 1 8619 107 89 1 163 3 

FIT002 - 76.d 17 1 948 24 396984 6136 1 0 0 0 4 0 0 0 5 0 7 0 1 0 33 1 106 3 264 7 51 1 7246 120 92 3 130 3 

FIT002 - 77.d 7 1 488 7 396164 5473 1 0 0 0 5 0 0 0 1 0 2 0 0 0 11 1 44 1 147 3 29 0 8076 143 40 1 98 2 

FIT002 - 78.d 18 1 583 18 397393 6261 1 0 0 0 30 1 0 0 4 0 6 0 2 0 22 1 58 2 146 5 29 1 8159 131 158 6 124 4 

FIT002 - 79.d 22 2 1015 19 381992 6173 1 0 1 0 15 1 1 0 6 0 5 0 1 0 23 1 95 2 318 7 63 1 7857 94 345 8 406 10 

FIT002 - 80.d 141 13 2073 32 381932 7766 3 0 12 0 77 3 10 0 66 3 45 2 8 0 103 3 259 5 545 11 103 2 9392 257 185 2 461 20 

FIT002 - 81.d 7 1 844 9 388129 6416 2 0 5 1 12 1 1 0 5 1 5 0 1 0 22 1 85 2 262 6 52 1 9312 169 173 5 271 7 

FIT002 - 82.d 18 1 1634 45 385532 6252 5 0 4 0 51 2 5 0 32 2 26 2 9 1 70 4 206 7 438 11 82 2 8220 161 238 7 519 17 

FIT002 - 83.d 16 1 282 5 396656 6005 1 0 0 0 1 0 0 0 1 0 3 0 0 0 23 1 45 1 23 1 4 0 10576 151 37 1 217 6 

FIT002 - 84.d 29 2 3041 160 412768 6479 3 0 18 3 124 19 16 3 85 15 44 6 10 2 118 11 349 21 754 35 136 5 7325 138 473 37 592 19 

FIT002 - 85.d 7 1 1512 30 392886 6530 1 0 1 0 10 1 1 0 8 1 9 1 1 0 42 2 167 4 436 9 82 2 9558 127 135 4 364 7 

FIT002 - 86.d 4 1 723 8 390737 6340 3 0 1 0 18 2 1 0 5 1 4 0 0 0 16 1 64 1 225 5 46 1 10526 212 152 4 587 21 

FIT002 - 87.d 27 3 1930 46 403170 11321 2 0 16 2 111 14 14 2 82 8 43 3 9 1 104 4 234 7 497 13 90 2 7746 214 221 5 300 7 

FIT002 - 88.d 23 2 1805 129 381041 5756 2 0 18 2 176 26 19 3 101 15 59 7 24 3 119 13 243 21 394 20 71 3 9212 134 311 16 563 11 

FIT002 - 89.d 8 1 309 8 388952 7655 1 0 0 0 7 0 0 0 1 0 1 0 0 0 5 0 23 1 108 3 22 1 10115 193 46 1 146 4 

FIT002 - 90.d 249 6 2037 27 385185 6893 14 0 8 0 263 4 30 1 362 6 637 9 140 2 582 9 422 6 448 7 75 1 9308 166 2051 45 666 10 

FIT002 - 91.d 12 1 1013 49 397647 5699 6 0 1 0 23 1 1 0 10 1 12 1 5 0 54 4 134 9 197 7 35 1 8424 115 63 3 126 3 

FIT002 - 92.d 21 2 4236 77 401042 6953 11 0 51 1 130 4 29 1 151 6 93 4 21 1 187 5 524 14 1059 19 182 4 10114 188 379 10 657 15 

FIT002 - 93.d 4 1 471 8 392031 5425 5 0 0 0 16 0 0 0 1 0 1 0 0 0 8 0 36 1 171 4 36 1 9894 220 89 3 221 12 

FIT002 - 94.d 9 1 656 8 413327 6794 2 0 2 0 23 0 2 0 14 1 9 1 2 0 21 1 65 2 175 3 34 1 9823 130 98 2 249 4 

FIT002 - 95.d 16 2 1696 42 383770 5475 2 0 17 2 136 13 24 2 178 18 107 10 10 1 150 12 195 7 480 8 92 2 9180 137 224 8 559 10 

FIT002 - 96.d 84 9 1138 33 362537 6362 5 0 48 11 129 21 15 2 70 9 37 3 11 1 60 3 151 6 307 8 54 1 10735 178 823 18 897 16 

FIT002 - 97.d 250 8 2823 72 356515 3779 6 0 169 5 1199 40 148 5 826 28 420 13 163 5 456 14 486 15 453 13 81 2 9592 128 262 9 673 7 

FIT002 - 98.d 855 60 1918 108 388662 6891 9 0 14 1 133 5 12 0 62 2 37 2 7 0 76 4 239 13 562 31 100 6 8643 186 250 19 308 13 

FIT002 - 99.d 14 1 1316 18 383748 6421 5 0 6 1 44 3 5 1 30 3 22 2 2 0 55 3 149 2 409 9 81 1 8092 125 502 22 821 23 

FIT002 - 100.d 33 4 2910 205 386498 5339 2 0 26 3 444 32 26 3 151 16 93 10 39 4 177 17 419 33 728 41 130 6 9447 158 140 8 392 15 

FIT002 - 101.d 5 1 685 10 391879 5812 5 0 1 0 54 1 1 0 4 0 4 0 1 0 17 1 56 1 216 4 46 1 9446 153 368 9 485 13 

FIT002 - 102.d 8 1 854 12 393748 5639 1 0 0 0 2 0 0 0 1 0 3 0 0 0 19 1 82 2 283 6 57 1 9329 115 60 1 183 3 

FIT002 - 103.d 33 2 1185 42 378687 5205 8 0 34 3 208 14 30 2 183 13 70 5 10 1 93 7 124 6 389 12 82 2 9701 129 439 13 750 13 

FIT002 - 104.d 6 1 530 9 392958 5621 2 0 0 0 12 0 0 0 1 0 2 0 0 0 11 1 48 1 147 3 29 1 8857 112 72 1 154 3 

FIT002 - 105.d 9 1 902 12 392576 6036 1 0 0 0 6 0 0 0 3 0 6 0 1 0 28 1 98 2 262 4 52 1 7668 108 98 2 168 3 

FIT002 - 106.d 279 18 3380 155 370519 7238 10 1 32 2 371 27 41 3 220 17 138 11 28 2 227 15 512 28 649 26 109 3 10364 187 624 40 429 8 

FIT002 - 107.d 15 1 314 3 399671 5078 1 0 0 0 7 0 0 0 2 0 2 0 1 0 7 0 28 1 90 2 18 0 7974 96 58 1 82 1 

FIT002 - 108.d 26 1 1652 30 393856 6740 2 0 14 0 122 3 10 0 63 2 36 1 21 1 78 2 172 3 325 5 60 1 9705 127 82 3 336 4 

FIT002 - 109.d 14 1 878 16 393352 6750 1 0 16 1 26 2 7 0 40 1 20 1 4 0 43 2 103 3 236 6 45 1 8991 141 87 2 189 4 

FIT002 - 110.d 70 7 1983 114 392225 5957 4 0 21 1 382 27 34 3 186 16 92 8 31 3 128 9 303 21 596 37 100 5 9432 201 2371 198 418 22 

FIT002 - 111.d 272 28 5792 524 374511 3437 22 2 159 15 3556 319 129 13 591 58 280 29 61 7 373 38 819 78 1603 126 286 22 8835 75 610 40 733 35 

FIT002 - 112.d 6 1 1148 12 395677 6444 3 0 1 0 16 1 1 0 4 0 5 0 1 0 25 1 112 2 371 5 73 1 9217 112 252 3 762 8 

FIT002 - 113.d 15 1 1466 85 384809 6261 3 0 27 3 186 14 24 2 116 9 74 6 29 3 112 9 222 16 300 13 56 2 8996 113 266 15 541 17 

FIT002 - 114.d 12 1 764 7 396493 6718 1 0 1 0 6 0 0 0 3 0 4 0 1 0 20 1 72 1 219 3 44 1 7562 128 66 1 144 2 

FIT002 - 115.d 5 1 585 20 394345 5812 2 0 2 1 24 4 2 0 8 2 5 1 2 0 14 2 48 3 213 5 48 1 8586 116 102 2 283 6 

FIT002 - 116.d 6 1 1137 24 392563 6015 1 0 1 0 10 1 1 0 6 0 8 1 1 0 34 1 125 3 329 8 63 1 9200 153 133 3 223 5 

FIT002 - 117.d 10 1 565 8 398824 5262 2 0 0 0 17 0 0 0 1 0 2 0 0 0 10 0 47 1 177 3 36 1 9826 118 136 2 231 3 

FIT002 - 118.d 17 1 1080 27 385502 7779 3 0 4 0 77 6 4 0 24 1 14 1 2 0 36 1 119 4 337 11 65 2 9391 160 231 3 636 8 

FIT002 - 119.d 10 1 552 9 396454 6919 2 0 0 0 15 0 0 0 1 0 2 0 0 0 12 1 50 1 158 3 32 1 9630 154 86 2 193 4 

FIT002 - 120.d 40 2 1783 37 391452 6638 2 0 6 0 44 2 6 0 39 2 32 2 12 1 82 3 231 6 462 8 84 1 10637 172 290 7 407 10 

FIT002 - 121.d 16 1 1738 19 396665 6686 2 0 8 0 99 2 9 0 48 2 32 1 7 0 73 2 203 3 482 5 90 1 10857 179 225 4 650 6 
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Analysis No. Ti 2σ Y 2σ Zr 2σ Nb 2σ La 2σ Ce 2σ Pr 2σ Nd 2σ Sm 2σ Eu 2σ Gd 2σ Dy 2σ Yb 2σ Lu 2σ Hf 2σ Th 2σ U 2σ 

FIT002 - 122.d 19 1 1674 35 368523 5639 4 0 61 2 313 7 47 2 238 9 94 4 31 1 134 5 214 6 426 7 83 1 8726 197 354 13 690 22 

FIT002 - 123.d 63 7 1930 178 384657 6477 3 0 48 5 296 27 54 6 283 29 146 15 41 4 208 22 310 31 383 26 68 3 7975 129 277 7 289 4 

FIT002 - 124.d 234 126 1870 70 392012 5911 3 0 21 1 309 17 26 2 139 8 66 4 18 1 98 5 234 10 550 17 99 3 9396 144 969 44 397 11 

FIT002 - 125.d 12 1 820 26 400923 6395 4 0 2 0 100 6 2 0 16 2 10 1 3 0 24 2 74 4 304 11 67 2 7518 178 401 18 211 6 

FIT002 - 126.d 9 1 835 8 397053 6351 2 0 0 0 18 1 1 0 5 0 5 0 2 0 19 1 74 2 307 5 66 1 6997 88 129 1 248 2 

FIT002 - 127.d 19 1 484 6 400788 5956 2 0 0 0 37 1 0 0 3 0 5 0 2 0 18 1 48 1 129 2 26 0 7985 129 174 3 152 2 

FIT002 - 128.d 9 1 1052 36 389644 6489 1 0 7 1 50 8 9 2 52 9 28 4 5 1 53 5 120 6 293 7 58 1 8861 172 109 2 275 6 

FIT002 - 129.d 11 1 1437 103 390690 6519 2 0 12 2 37 3 6 1 32 5 14 2 3 0 44 5 144 12 406 24 79 4 9584 156 459 29 511 21 

FIT002 - 130.d 9 1 946 14 391862 5996 4 0 0 0 34 1 0 0 3 0 6 0 0 0 27 1 100 2 270 5 52 1 9749 133 257 3 260 4 

FIT002 - 131.d 38 3 2778 80 384719 6179 3 0 45 5 267 29 28 2 144 9 74 4 11 1 145 7 346 13 663 15 123 2 9002 125 317 17 540 10 

FIT002 - 132.d 13 1 721 12 394931 5814 2 0 1 0 34 2 1 0 8 1 8 1 1 0 23 1 77 2 184 4 36 1 8914 120 103 1 201 3 

FIT002 - 133.d 2 0 207 3 396861 5411 1 0 0 0 15 0 0 0 0 0 1 0 0 0 5 0 18 1 65 1 14 0 9480 138 31 1 58 1 

FIT002 - 134.d 16 1 628 21 396985 5914 1 0 0 0 7 0 0 0 3 0 3 0 0 0 13 1 55 2 181 6 37 1 8983 123 62 1 174 2 

FIT002 - 135.d 48 5 2544 178 387831 6163 4 0 28 3 587 52 32 3 181 15 111 10 34 3 190 16 386 30 590 38 100 5 8216 128 173 10 340 11 

FIT002 - 136.d 17 1 760 9 392115 6318 1 0 1 0 4 0 1 0 4 0 4 0 1 0 19 1 72 2 197 4 37 1 9152 129 87 2 253 5 

FIT002 - 137.d 18 1 1915 23 377134 6713 4 0 25 2 167 13 19 2 107 9 50 4 24 2 93 5 222 5 556 9 109 2 9814 161 179 6 814 15 

FIT002 - 138.d 28 5 1177 32 392596 6168 2 0 2 0 17 2 2 0 16 2 12 1 2 0 38 2 126 5 366 9 72 2 9423 138 133 4 418 8 

FIT002 - 139.d 20 1 2000 68 384729 6389 2 0 12 1 164 8 9 1 55 3 31 2 14 1 70 3 205 8 462 16 83 3 8625 148 137 4 230 3 

FIT002 - 140.d 12 1 781 20 387482 5838 2 0 4 1 42 3 3 0 19 2 14 1 3 0 31 2 85 4 217 4 43 1 8202 146 163 3 280 5 

FIT002 - 141.d 4 1 718 10 396413 6058 2 0 0 0 14 0 0 0 2 0 3 0 1 0 14 1 63 1 228 4 47 1 9437 132 103 1 172 2 

FIT002 - 142.d 5 1 1158 38 393880 6445 2 0 0 0 15 0 1 0 5 1 7 1 1 0 33 2 126 4 338 11 65 2 9228 133 213 8 463 13 

FIT002 - 143.d 17 2 1237 45 387897 6010 3 0 9 1 58 6 9 1 54 7 32 3 6 1 63 5 151 7 330 6 64 1 10327 201 163 6 549 8 

FIT002 - 144.d 8 1 1041 26 393590 6685 1 0 0 0 5 0 0 0 3 0 4 0 0 0 22 1 104 3 348 12 69 2 9595 204 69 1 233 8 

FIT002 - 145.d 23 4 634 23 382308 7192 4 0 3 1 28 3 2 0 14 3 7 1 2 0 15 2 53 3 235 5 51 1 9957 268 128 4 297 7 

FIT002 - 146.d 16 1 695 9 391060 6354 1 0 0 0 15 0 0 0 2 0 3 0 0 0 17 1 65 1 175 3 34 1 8580 126 147 2 170 3 

FIT002 - 147.d 6 1 397 21 394372 5965 1 0 0 0 11 1 0 0 2 0 2 0 0 0 9 1 35 2 119 5 24 1 10448 111 66 3 93 2 

FIT002 - 148.d 4 1 1355 46 391615 6932 38 1 145 45 366 106 52 16 225 71 58 16 0 0 83 15 181 12 328 8 56 1 7238 119 216 7 375 7 

FIT002 - 149.d 4 0 580 11 397679 5415 2 0 1 0 16 1 1 0 6 1 4 1 1 0 12 1 44 1 221 4 51 1 9204 134 114 3 239 6 

FIT002 - 150.d 15 2 1066 30 392491 6594 2 0 4 1 35 4 5 1 32 5 21 3 4 0 46 4 121 5 301 9 59 2 9551 150 141 3 375 10 

GPT001_Xtm-2 - 1.d 17 2 1280 43 391046 5935 9 0 1 0 22 1 2 0 14 2 12 1 3 1 40 2 145 5 350 10 65 2 9749 118 176 4 161 2 

GPT001_Xtm-2 - 2.d 50 6 1873 112 370736 7369 4 0 3 0 74 6 10 1 76 8 61 5 18 2 135 10 281 18 405 23 73 4 6563 120 168 10 194 7 

GPT001_Xtm-2 - 3.d 25 2 1072 41 399075 6762 2 0 0 0 6 0 0 0 3 0 6 1 0 0 30 2 115 5 314 13 60 2 9356 141 172 7 253 10 

GPT001_Xtm-2 - 4.d 54 5 1757 36 396078 4458 4 0 4 0 96 4 8 1 52 5 39 3 14 1 82 4 208 8 529 8 105 1 9265 85 521 20 458 6 

GPT001_Xtm-2 - 5.d 7 1 489 12 393845 5627 3 0 0 0 29 1 0 0 2 1 2 0 1 0 9 1 41 2 185 3 41 1 10485 152 134 2 203 11 

GPT001_Xtm-2 - 6.d 149 6 3708 91 382139 4891 9 0 19 1 181 3 23 1 158 6 102 4 46 1 206 6 511 14 810 14 146 2 10356 106 937 14 1109 16 

GPT001_Xtm-2 - 7.d 250 12 2183 60 388789 6749 7 0 657 72 781 67 111 11 439 35 138 5 39 1 181 5 350 11 452 11 80 2 9867 174 354 7 537 7 

GPT001_Xtm-2 - 8.d 34 2 1616 31 396446 5602 2 0 2 0 47 1 7 0 50 2 38 1 14 0 83 2 205 4 390 8 73 2 10591 126 172 2 285 5 

GPT001_Xtm-2 - 9.d 25 2 1021 47 391142 5032 2 0 1 0 45 5 3 1 26 5 20 3 8 1 43 5 116 9 344 10 71 2 7425 87 409 14 306 7 

GPT001_Xtm-2 - 10.d 2095 200 1379 41 375059 5444 20 3 5 0 70 2 12 0 84 3 58 2 24 1 108 4 219 7 263 5 56 1 10867 124 77 3 458 10 

GPT001_Xtm-2 - 11.d 14 1 3217 47 404953 7320 2 0 0 0 4 0 1 0 6 0 8 1 1 0 50 2 293 5 1011 17 189 3 10616 149 94 3 443 8 

GPT001_Xtm-2 - 12.d 250 16 3162 237 411382 5787 6 1 12 1 185 13 30 3 208 17 130 13 50 5 228 21 501 37 598 35 103 4 8435 147 341 28 303 16 

GPT001_Xtm-2 - 13.d 245 15 3977 145 377992 5633 7 0 23 1 197 8 41 2 283 14 189 8 78 3 332 14 630 24 767 28 137 4 10102 174 573 14 1137 26 

GPT001_Xtm-2 - 14.d 62 8 1476 132 369851 5275 3 0 5 1 146 8 11 1 85 10 65 7 24 3 132 12 243 24 224 22 36 3 7909 150 868 24 284 14 

GPT001_Xtm-2 - 15.d 165 6 3536 104 372070 6387 4 0 9 0 133 4 27 1 198 7 139 4 60 2 253 9 572 17 594 17 99 3 8117 138 460 15 280 4 

GPT001_Xtm-2 - 16.d 207 17 3094 236 383344 6612 20 2 18 1 346 25 50 4 352 30 223 19 72 6 317 26 544 44 476 35 74 5 8652 135 916 58 313 9 

GPT001_Xtm-2 - 17.d 50 3 2680 55 385266 5366 3 0 3 0 46 3 8 1 61 4 52 3 22 1 151 5 376 9 569 11 105 2 9391 156 336 8 626 8 

GPT001_Xtm-2 - 18.d 13 1 783 8 407861 4736 4 0 0 0 13 0 0 0 1 0 2 0 0 0 14 1 69 1 249 4 50 1 10370 113 112 1 257 2 

GPT001_Xtm-2 - 19.d 31 3 1650 33 403036 5398 2 0 1 0 16 2 3 0 22 3 16 2 5 1 42 3 171 5 534 8 104 2 10804 120 110 3 540 9 

GPT001_Xtm-2 - 20.d 233 6 3624 62 391632 4514 10 0 21 1 235 4 51 1 340 7 226 5 69 1 356 7 582 11 672 11 115 2 10638 146 397 14 936 12 

GPT001_Xtm-2 - 21.d 178 6 3688 79 371621 5979 3 0 12 0 214 4 34 1 246 6 167 4 71 2 312 8 614 13 556 13 90 2 7578 93 421 11 367 5 

GPT001_Xtm-2 - 22.d 15 1 880 18 392633 6449 2 0 3 0 43 2 3 0 17 1 11 1 3 0 30 1 89 3 269 5 55 1 8626 135 195 5 277 7 

GPT001_Xtm-2 - 23.d 17 1 921 15 395257 5558 2 0 0 0 17 0 0 0 3 0 5 0 1 0 25 1 100 2 262 5 49 1 9114 105 121 2 65 1 

GPT001_Xtm-2 - 24.d 46 3 1591 41 401633 5679 3 0 4 0 59 2 10 0 68 3 44 2 18 1 90 3 206 7 420 9 81 1 10002 156 232 10 392 8 

GPT001_Xtm-2 - 25.d 8 1 594 15 388506 5788 2 0 1 0 55 1 1 0 5 1 4 0 1 0 15 1 49 2 198 5 44 1 8752 122 344 3 455 5 

GPT001_Xtm-2 - 26.d 139 11 2858 118 392866 4954 4 0 8 1 136 6 23 1 172 9 114 6 48 3 212 9 455 21 497 20 84 3 9554 154 289 19 343 6 
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Analysis No. Ti 2σ Y 2σ Zr 2σ Nb 2σ La 2σ Ce 2σ Pr 2σ Nd 2σ Sm 2σ Eu 2σ Gd 2σ Dy 2σ Yb 2σ Lu 2σ Hf 2σ Th 2σ U 2σ 

GPT001_Xtm-2 - 27.d 8 1 3759 76 388058 5977 32 1 0 0 39 1 0 0 3 0 10 1 0 0 75 2 393 10 977 22 170 3 8875 123 253 5 535 8 

GPT001_Xtm-2 - 28.d 124 46 1824 35 429473 6744 22 1 0 0 21 1 0 0 3 1 6 1 0 0 32 2 177 5 561 11 105 2 11977 189 342 6 437 7 

GPT001_Xtm-2 - 29.d 157 5 2540 67 376508 4426 12 0 40 7 182 13 28 1 182 5 110 4 45 1 194 5 391 12 546 14 97 2 11301 139 395 13 1110 21 

GPT001_Xtm-2 - 30.d 12 1 884 13 382154 5197 10 0 0 0 14 0 0 0 4 0 6 1 1 0 27 1 100 2 219 4 41 1 8202 92 79 2 113 1 

GPT001_Xtm-2 - 31.d 17 2 1530 23 402015 4704 1 0 1 0 8 1 2 0 14 2 13 2 4 1 47 3 167 4 421 8 82 2 10518 105 93 4 603 13 

GPT001_Xtm-2 - 32.d 11 1 714 28 400721 5754 3 0 1 0 33 3 2 0 13 3 12 3 3 1 27 4 74 6 200 7 39 1 9942 134 150 12 158 3 

GPT001_Xtm-2 - 33.d 324 18 2899 86 382103 5693 8 0 13 1 108 5 24 1 167 8 109 5 44 2 196 8 422 14 706 21 134 3 11689 166 243 6 998 27 

GPT001_Xtm-2 - 34.d 107 18 731 97 403287 5217 2 0 2 0 30 4 4 1 29 5 24 4 11 2 50 8 109 17 158 19 30 3 9636 120 218 34 690 17 

GPT001_Xtm-2 - 35.d 25 2 989 11 405426 4435 1 0 0 0 8 0 1 0 10 1 8 1 2 0 27 1 93 2 268 4 53 1 9387 131 114 3 199 3 

GPT001_Xtm-2 - 36.d 6 1 1463 22 407392 4858 3 0 2 1 18 2 1 0 7 1 6 1 1 0 34 1 148 3 480 8 96 1 9065 90 180 5 358 7 

GPT001_Xtm-2 - 37.d 17 1 1559 27 398053 6153 1 0 7 3 19 7 2 1 10 2 8 1 1 0 39 1 157 3 452 7 87 2 9897 142 100 6 219 5 

GPT001_Xtm-2 - 38.d 53 5 1570 54 393869 6109 3 0 2 0 52 3 7 1 55 4 41 3 18 1 86 5 216 10 418 7 81 1 9234 118 184 8 302 3 

GPT001_Xtm-2 - 39.d 26 3 856 15 396877 5639 3 0 0 0 42 1 1 0 9 1 9 1 2 0 33 1 99 2 227 4 43 1 8399 105 132 3 102 3 

GPT001_Xtm-2 - 40.d 67 4 911 21 388038 5429 2 0 1 0 16 1 1 0 11 1 10 1 3 0 31 2 96 4 236 7 45 1 7998 93 123 5 183 5 

GPT001_Xtm-2 - 41.d 15 1 1585 14 398143 6285 1 0 1 0 7 0 1 0 10 1 10 1 3 0 40 1 166 2 464 6 90 1 9903 141 76 1 177 2 

GPT001_Xtm-2 - 42.d 41 3 1605 48 391529 5499 2 0 1 0 17 1 3 0 19 2 16 2 6 1 47 3 176 8 485 12 93 2 10121 123 109 8 317 13 

GPT001_Xtm-2 - 43.d 17 3 1466 29 414325 6650 3 0 1 0 22 2 2 0 15 3 16 3 5 1 51 4 166 6 402 7 78 1 8409 136 223 3 278 4 

GPT001_Xtm-2 - 44.d 35 3 1341 37 414948 8907 2 0 0 0 17 1 0 0 6 0 11 1 3 0 48 2 158 5 357 11 66 2 8498 167 71 3 40 2 

GPT001_Xtm-2 - 45.d 84 7 3921 245 383137 6953 2 0 6 0 90 8 17 1 130 12 95 9 40 4 208 17 549 39 791 38 137 6 9771 144 141 6 440 13 

GPT001_Xtm-2 - 46.d 6 1 1001 17 391681 6716 5 0 0 0 21 1 0 0 3 0 4 0 1 0 22 1 99 2 344 7 69 1 8968 147 284 5 442 8 

GPT001_Xtm-2 - 47.d 71 7 3281 49 394961 6249 7 0 2 0 70 2 5 1 44 4 40 3 16 1 125 5 398 8 871 11 165 2 7145 112 352 12 249 5 

GPT001_Xtm-2 - 48.d 88 12 1583 115 420329 6425 14 1 4 1 67 6 11 1 72 9 50 6 19 3 105 11 244 21 389 24 73 3 12419 204 154 8 429 17 

GPT001_Xtm-2 - 49.d 50 3 1229 18 420658 3902 2 0 4 0 35 1 5 0 36 2 21 1 9 0 51 2 147 4 320 6 60 1 9829 161 149 3 235 6 

GPT001_Xtm-2 - 50.d 94 7 2152 30 395229 6663 2 0 6 0 65 3 13 1 88 4 60 3 24 1 124 3 310 6 443 6 79 1 10509 159 159 4 519 8 

GPT001_Xtm-2 - 51.d 207 8 4723 129 404187 5477 5 0 11 0 160 5 31 1 222 10 157 5 63 3 309 11 715 18 963 24 164 3 8974 181 460 19 335 5 

GPT001_Xtm-2 - 52.d 431 42 2664 149 341483 6156 13 2 8 1 147 6 21 1 156 10 108 5 45 2 204 11 430 27 501 27 84 4 8447 175 473 29 406 8 

GPT001_Xtm-2 - 53.d 16 1 664 13 409286 7895 2 0 5 2 24 4 2 1 8 2 3 1 0 0 13 1 58 2 204 5 40 1 9038 172 84 2 161 3 

GPT001_Xtm-2 - 54.d 16 2 379 9 419384 9029 3 0 0 0 60 1 0 0 2 0 3 0 1 0 13 1 36 2 106 3 21 1 9131 169 276 5 152 3 

GPT001_Xtm-2 - 55.d 171 11 3242 178 405547 7499 6 0 24 1 297 12 41 2 246 9 139 7 38 2 241 11 464 26 657 32 119 4 7453 125 834 34 718 18 

GPT001_Xtm-2 - 56.d 1290 44 2680 47 425594 7432 27 1 6 0 116 3 21 1 150 4 118 3 39 1 192 5 438 9 625 12 105 2 10592 187 756 16 424 6 

GPT001_Xtm-2 - 57.d 27 4 1250 27 419011 5767 4 0 0 0 72 2 1 0 13 1 14 2 4 0 48 2 142 4 363 8 70 1 9476 155 447 9 209 5 

GPT001_Xtm-2 - 58.d 104 14 2649 263 375747 5361 9 0 8 1 105 13 19 3 140 19 91 12 37 5 180 23 381 44 641 45 122 7 8829 127 356 38 637 16 

GPT001_Xtm-2 - 59.d 18 1 1036 17 410097 5907 4 0 0 0 14 0 1 0 5 0 5 0 1 0 21 1 97 2 392 5 81 1 9394 114 64 1 269 3 

GPT001_Xtm-2 - 60.d 25 4 1464 80 397158 7069 2 0 1 0 29 2 3 1 20 4 16 3 7 1 46 5 158 12 458 16 95 3 8802 174 264 14 278 15 

GPT001_Xtm-2 - 61.d 133 5 2768 41 407633 4136 13 0 5 0 69 2 12 1 81 4 57 2 21 1 124 4 358 8 717 13 127 2 11795 145 557 23 501 17 

GPT001_Xtm-2 - 62.d 44 8 1067 99 401193 5085 6 0 15 3 77 7 7 1 49 10 29 6 11 2 54 9 136 19 261 17 54 3 10839 152 308 15 321 13 

GPT001_Xtm-2 - 63.d 85 22 1168 165 414019 5110 11 1 1 0 31 6 2 0 16 4 12 3 4 1 34 7 124 22 408 31 72 6 11006 170 365 82 1049 26 

GPT001_Xtm-2 - 64.d 44 4 1342 65 394810 5780 6 0 4 0 89 4 8 1 61 6 41 3 17 1 85 6 173 11 341 12 68 2 7532 108 487 13 571 15 

GPT001_Xtm-2 - 65.d 25 2 806 15 414796 4836 1 0 11 6 54 19 6 2 31 10 16 3 5 0 32 3 83 3 216 4 44 1 9360 123 86 6 186 5 

GPT001_Xtm-2 - 66.d 5 1 1676 18 410969 5066 6 0 0 0 11 0 1 0 8 1 13 1 3 0 60 2 197 3 467 6 89 1 9372 158 177 2 217 5 

GPT001_Xtm-2 - 67.d 295 19 5750 321 385183 5315 6 0 24 2 320 20 63 4 431 28 271 17 123 8 469 30 967 58 877 50 137 7 9695 150 481 26 457 20 

GPT001_Xtm-2 - 68.d 16 1 1007 12 394552 5426 9 0 0 0 20 1 1 0 9 1 9 1 2 0 34 1 120 2 286 4 55 1 9271 128 97 1 184 2 

GPT001_Xtm-2 - 69.d 21 2 1035 12 395853 5455 3 0 0 0 34 1 1 0 5 1 6 0 2 0 26 1 97 2 365 5 77 1 6920 112 155 3 146 2 

GPT001_Xtm-2 - 70.d 59 8 1977 43 376837 5817 18 0 1 0 26 2 2 0 16 2 15 1 4 0 57 3 213 6 558 12 102 2 9006 137 289 4 339 6 

GPT001_Xtm-2 - 71.d 13 4 1856 87 412922 6194 6 0 606 40 1631 126 264 22 1211 98 317 24 1 0 348 27 347 22 318 10 57 2 7953 132 205 8 257 7 

GPT001_Xtm-2 - 72.d 21 1 732 17 412433 5482 2 0 0 0 4 0 0 0 2 0 4 0 1 0 18 1 70 2 183 4 35 1 8378 121 26 1 50 1 

GPT001_Xtm-2 - 73.d 15 2 878 16 416602 4428 3 0 2 0 27 1 3 0 17 1 11 1 4 0 29 2 83 3 271 6 57 1 10544 117 222 4 541 9 

GPT001_Xtm-2 - 74.d 13 5 621 18 400927 5285 3 0 0 0 8 0 0 0 1 0 2 0 0 0 10 1 51 2 183 7 33 1 5770 88 214 4 243 4 

GPT001_Xtm-2 - 75.d 187 6 2900 38 394267 6075 5 0 11 0 170 4 27 1 183 4 118 2 44 1 208 5 444 7 604 7 109 1 9126 156 433 7 408 5 

GPT001_Xtm-2 - 76.d 13 1 1837 28 396552 6442 3 0 1 0 20 1 2 0 15 1 14 1 4 0 56 2 200 4 514 9 101 2 7297 105 128 3 256 4 

GPT001_Xtm-2 - 77.d 9 1 1264 44 390946 6664 2 0 1 0 16 0 1 0 6 0 8 0 1 0 37 2 140 5 332 7 63 1 9516 212 320 12 380 12 

GPT001_Xtm-2 - 78.d 164 18 2160 256 396277 5968 40 3 4 1 87 9 11 1 77 10 61 8 23 3 122 16 310 38 563 46 110 8 12276 228 407 46 308 7 

GPT001_Xtm-2 - 79.d 206 25 2488 93 391043 8397 12 0 14 1 154 6 29 1 193 8 122 6 48 2 211 9 388 16 501 16 93 3 9559 223 297 10 540 20 

GPT001_Xtm-2 - 80.d 54 2 1127 35 400111 5770 6 0 1 0 29 1 4 0 27 2 21 1 8 0 49 2 152 7 310 10 56 2 9378 136 133 4 190 4 

GPT001_Xtm-2 - 81.d 131 16 3359 197 397278 4239 2 0 15 1 89 9 17 2 104 12 67 8 25 3 139 15 410 33 813 35 147 5 10198 129 239 23 467 20 
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Analysis No. Ti 2σ Y 2σ Zr 2σ Nb 2σ La 2σ Ce 2σ Pr 2σ Nd 2σ Sm 2σ Eu 2σ Gd 2σ Dy 2σ Yb 2σ Lu 2σ Hf 2σ Th 2σ U 2σ 

GPT001_Xtm-2 - 82.d 13 1 344 4 384307 6809 1 0 0 0 10 0 0 0 1 0 1 0 0 0 7 0 29 1 124 2 27 0 8125 156 42 1 64 2 

GPT001_Xtm-2 - 83.d 9 1 963 14 398352 5482 4 0 0 0 15 0 1 0 6 0 7 0 1 0 28 1 108 2 290 5 56 1 8878 132 113 2 133 2 

GPT001_Xtm-2 - 84.d 297 19 5658 252 402957 6235 7 0 17 1 237 15 48 3 327 21 221 13 90 6 403 23 898 46 933 37 150 6 9111 247 484 25 438 16 

GPT001_Xtm-2 - 85.d 14 1 861 10 398657 6059 4 0 20 2 118 6 9 1 45 4 14 1 2 0 35 1 95 2 239 5 46 1 8795 125 252 3 144 2 

GPT001_Xtm-2 - 86.d 70 7 1614 101 389793 7422 5 0 5 0 135 11 15 1 112 10 68 6 22 2 123 11 229 18 400 17 76 3 10069 195 258 11 391 16 

GPT001_Xtm-2 - 87.d 24 2 564 9 404208 5414 2 0 2 0 15 1 1 0 9 1 7 0 3 0 16 1 50 1 214 4 50 1 8641 104 131 2 265 3 

GPT001_Xtm-2 - 88.d 261 8 2802 195 388542 6882 6 0 10 1 155 10 24 2 166 14 105 10 43 4 194 16 431 33 541 31 92 5 8417 139 448 27 462 18 

GPT001_Xtm-2 - 89.d 12 2 833 15 398856 5749 4 0 0 0 16 1 1 0 5 1 5 1 1 0 20 1 80 3 250 6 49 1 9662 127 157 4 264 5 

GPT001_Xtm-2 - 90.d 20 6 1030 32 400180 6674 7 0 3 0 12 3 3 1 17 3 13 2 9 1 37 3 128 6 251 7 49 1 12094 147 76 6 435 9 

GPT001_Xtm-2 - 91.d 374 21 9874 652 408704 6934 14 1 39 3 367 27 78 6 504 38 364 27 145 10 709 51 1663 106 1807 118 280 17 8289 119 2164 122 1532 67 

GPT001_Xtm-2 - 92.d 11 1 250 5 402224 6855 2 0 0 0 36 1 1 0 6 0 5 0 2 0 12 1 27 1 63 2 13 0 9244 136 161 3 444 7 

GPT001_Xtm-2 - 93.d 199 8 4126 175 392255 7907 11 0 50 10 256 29 44 4 262 19 164 9 57 3 306 16 641 30 781 32 130 5 9447 170 674 29 734 15 

GPT001_Xtm-2 - 94.d 52 8 1088 89 400271 6573 3 0 3 0 34 4 5 1 33 4 23 3 10 1 50 6 129 13 321 21 64 3 10958 167 239 22 661 19 

GPT001_Xtm-2 - 95.d 37 2 1453 24 408785 5060 9 0 4 0 46 1 4 0 24 1 18 1 17 1 50 2 164 4 413 8 80 2 10253 136 233 3 543 11 

GPT001_Xtm-2 - 96.d 40 3 1028 49 394126 7223 4 0 63 10 131 15 10 1 50 5 25 2 10 1 49 3 121 6 290 13 63 3 9978 183 491 13 546 15 

GPT001_Xtm-2 - 97.d 545 13 9483 144 406869 6012 10 0 42 1 578 9 121 2 857 19 531 11 222 5 961 19 1615 32 1328 21 213 3 13337 175 735 10 998 13 

GPT001_Xtm-2 - 98.d 184 7 2715 69 400655 6988 9 0 11 0 151 4 26 1 176 6 115 4 47 1 197 6 421 12 536 12 92 2 10838 118 415 10 474 6 

GPT001_Xtm-2 - 99.d 42 3 1243 44 395628 6441 4 0 3 0 33 2 6 0 40 3 29 2 11 1 62 4 157 6 318 11 61 2 9933 189 278 3 701 9 

GPT001_Xtm-2 - 100.d 16 1 749 10 403735 5671 3 0 0 0 18 0 0 0 1 0 2 0 0 0 14 1 66 1 239 4 48 1 10046 163 153 2 209 4 

GPT001_Xtm-2 - 101.d 18 1 1210 19 396344 6923 3 0 1 0 14 0 2 0 16 1 13 1 5 0 37 1 131 3 497 10 101 2 10569 183 217 4 650 8 

GPT001_Xtm-2 - 102.d 28 1 611 11 407069 7459 3 0 2 1 32 2 1 0 4 1 4 0 1 0 17 1 61 2 171 3 33 1 9272 146 121 2 47 1 

GPT001_Xtm-2 - 103.d 9 1 796 14 406273 5442 2 0 0 0 14 0 0 0 2 0 3 0 1 0 18 1 75 2 245 6 48 1 9493 111 136 3 147 2 

GPT001_Xtm-2 - 104.d 6 1 1951 53 396698 7045 20 1 0 0 11 0 0 0 1 0 4 0 0 0 26 1 175 6 646 18 123 3 11355 187 154 5 596 15 

GPT001_Xtm-2 - 105.d 34 2 1252 54 395701 5884 4 0 1 0 53 2 4 0 31 2 24 2 10 1 61 3 165 8 316 11 58 2 9184 156 199 12 166 8 

GPT001_Xtm-2 - 106.d 738 144 1025 22 384486 9732 5 1 0 0 18 0 0 0 2 0 4 0 1 0 20 1 95 2 404 13 81 3 9088 229 103 2 172 6 

GPT001_Xtm-2 - 107.d 95 6 2502 105 403087 5678 6 0 6 0 87 5 15 1 108 8 73 5 29 2 146 9 348 18 537 17 98 3 9017 147 251 10 287 12 

GPT001_Xtm-2 - 108.d 174 8 2314 83 390048 6641 52 2 23 3 136 8 20 1 124 7 76 4 28 2 138 7 328 13 536 13 96 3 9782 173 352 15 342 7 

GPT001_Xtm-2 - 109.d 116 11 3149 79 402438 9310 8 0 9 1 160 5 19 1 133 6 91 4 33 2 191 7 421 15 685 19 120 3 8890 212 805 17 270 7 

GPT001_Xtm-2 - 110.d 109 8 3499 168 409183 6057 5 0 6 1 93 7 17 1 118 10 84 7 32 3 184 11 480 28 774 24 137 4 9800 211 588 22 464 8 

GPT001_Xtm-2 - 111.d 96 5 2580 94 395639 9438 6 0 7 0 105 4 18 1 129 7 87 4 36 2 163 8 375 16 549 20 97 3 8756 223 506 15 468 11 

GPT001_Xtm-2 - 112.d 117 5 3336 187 380814 13065 9 1 9 1 98 6 18 1 124 9 85 6 33 2 173 12 449 28 871 44 161 7 11345 437 508 27 682 29 

GPT001_Xtm-2 - 113.d 32 2 845 8 404346 6953 2 0 0 0 26 0 0 0 4 0 6 0 1 0 25 1 80 1 226 3 45 1 8375 144 160 1 151 2 

GPT001_Xtm-2 - 114.d 8 2 327 15 420877 7673 1 0 0 0 16 1 1 0 7 1 6 1 2 0 12 1 32 3 111 4 25 1 10919 222 77 2 195 3 

GPT001_Xtm-2 - 115.d 33 2 775 14 421566 6213 3 0 0 0 16 1 1 0 5 1 6 1 2 0 20 2 79 3 228 4 44 1 9636 153 105 2 74 1 

GPT001_Xtm-2 - 116.d 8 1 900 10 410083 6612 1 0 0 0 11 0 0 0 4 0 6 0 1 0 28 1 95 2 234 4 46 1 8338 111 39 1 52 1 

GPT001_Xtm-2 - 117.d 14 2 764 12 408033 5379 3 0 0 0 17 0 0 0 1 0 3 0 0 0 14 1 65 1 237 4 47 1 9986 125 165 4 245 4 

GPT001_Xtm-2 - 118.d 17 1 945 14 411496 6434 3 0 1 0 46 1 1 0 6 1 9 1 3 0 35 1 106 3 277 4 55 1 8437 116 165 2 128 2 

GPT001_Xtm-2 - 119.d 120 15 3542 391 411053 7556 6 0 8 1 128 15 24 3 173 23 125 17 55 7 242 29 547 65 650 60 107 9 9840 166 480 46 476 22 

GPT001_Xtm-2 - 120.d 31 4 2378 101 423451 8969 4 0 3 0 29 3 5 1 39 5 29 4 11 2 76 7 258 15 678 24 127 4 11845 246 347 11 896 31 

GPT001_Xtm-2 - 121.d 14 1 835 9 407606 6532 1 0 0 0 22 1 0 0 2 0 3 0 1 0 17 1 68 1 283 4 61 1 8569 139 134 2 168 4 

GPT001_Xtm-2 - 122.d 208 7 5557 111 401913 5594 5 0 15 1 242 7 47 1 349 10 236 6 99 2 434 12 891 20 879 18 145 3 9720 131 518 9 519 10 

GPT001_Xtm-2 - 123.d 112 9 3601 52 401478 6534 12 1 21 1 196 4 34 1 220 5 150 3 46 1 260 5 549 9 855 13 151 2 7736 138 486 8 468 6 

GPT001_Xtm-2 - 124.d 375 24 9785 680 422156 5135 84 2 29 2 446 32 84 7 598 48 437 40 150 13 801 64 1541 109 1541 96 241 14 8191 79 1416 106 824 29 

GPT001_Xtm-2 - 125.d 62 5 2679 75 407248 5868 2 0 5 0 63 5 11 1 73 5 54 4 18 1 121 6 336 12 595 13 108 2 10781 133 175 5 643 8 

GPT001_Xtm-2 - 126.d 18 1 1209 21 402777 6280 1 0 0 0 14 0 1 0 7 0 9 0 2 0 39 1 126 3 363 7 73 1 7909 112 347 6 275 4 

GPT001_Xtm-2 - 127.d 19 2 1190 15 405328 4762 1 0 0 0 26 1 1 0 11 1 12 1 2 0 42 1 132 2 322 5 63 1 9192 103 161 3 195 2 

GPT001_Xtm-2 - 128.d 11 1 584 9 403672 6486 4 0 0 0 15 0 0 0 2 0 3 0 1 0 13 1 55 1 156 3 31 1 8678 125 88 1 134 2 

GPT001_Xtm-2 - 129.d 18 4 1245 25 393760 7520 31 1 0 0 20 0 0 0 2 0 4 0 0 0 26 1 123 3 391 9 74 2 9449 174 293 5 319 7 

GPT001_Xtm-2 - 130.d 251 9 4951 220 392278 7460 6 0 22 1 215 10 46 3 315 16 204 11 88 5 371 19 747 36 923 35 157 5 9477 191 736 25 900 19 

GPT001_Xtm-2 - 131.d 92 8 2542 148 404405 6308 4 0 6 1 93 7 16 1 112 10 77 7 30 3 154 12 353 23 538 25 98 4 8595 163 312 15 359 18 

GPT001_Xtm-2 - 132.d 31 2 1290 30 415376 5470 4 0 1 0 20 1 2 0 17 1 16 1 5 0 45 2 149 4 370 6 71 1 10393 142 222 3 323 4 

GPT001_Xtm-2 - 133.d 57 3 2584 65 399476 6674 4 0 4 0 71 2 10 0 75 3 59 2 23 1 139 5 352 11 562 14 101 2 8423 140 301 7 378 8 

GPT001_Xtm-2 - 134.d 150 6 3905 99 399206 7097 4 0 17 1 135 4 25 1 174 6 120 4 51 2 236 6 562 14 765 18 131 3 9704 151 314 7 360 10 

GPT001_Xtm-2 - 135.d 132 28 1329 33 343277 11978 5 0 8 2 26 4 3 0 16 1 14 1 3 0 52 2 159 4 345 8 66 2 6120 222 72 3 98 4 

GPT001_Xtm-2 - 136.d 173 8 1867 109 383846 6581 2 0 7 1 28 2 5 0 35 3 26 3 7 1 70 6 215 15 470 19 85 3 9077 137 118 4 276 9 
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Analysis No. Ti 2σ Y 2σ Zr 2σ Nb 2σ La 2σ Ce 2σ Pr 2σ Nd 2σ Sm 2σ Eu 2σ Gd 2σ Dy 2σ Yb 2σ Lu 2σ Hf 2σ Th 2σ U 2σ 

GPT001_Xtm-2 - 137.d 8 1 3037 122 405806 6184 18 1 0 0 19 0 0 0 3 0 8 1 2 0 63 3 301 13 895 36 170 6 9150 104 196 5 294 6 

GPT001_Xtm-2 - 138.d 101 6 2379 110 415182 4841 2 0 11 1 113 5 21 1 138 7 85 5 37 2 163 9 350 18 478 20 86 3 10401 140 122 7 406 13 

GPT001_Xtm-2 - 139.d 354 50 3460 438 415738 4939 9 1 7 1 101 12 14 2 98 14 71 11 25 4 161 23 427 61 699 82 119 13 9259 112 669 54 183 8 

GPT001_Xtm-2 - 140.d 171 8 3285 123 398915 6739 5 0 15 1 225 10 36 2 243 12 152 8 58 3 252 12 485 23 677 21 127 3 8159 195 661 14 494 17 

GPT001_Xtm-2 - 141.d 28 1 1221 16 414524 5949 3 0 2 0 63 2 4 0 29 1 22 1 7 0 56 1 147 3 290 5 54 1 8468 98 166 2 128 2 

GPT001_Xtm-2 - 142.d 12 1 547 7 410795 7314 2 0 0 0 15 0 0 0 1 0 2 0 0 0 12 1 49 1 154 3 31 1 9445 166 108 2 129 4 

GPT001_Xtm-2 - 143.d 189 26 2590 297 397085 6478 4 0 13 2 161 23 31 4 218 31 158 23 65 9 263 35 450 58 481 45 86 7 8522 130 379 51 349 18 

GPT001_Xtm-2 - 144.d 95 26 539 14 442021 8019 2 0 3 0 37 1 1 0 7 1 5 1 1 0 18 2 55 2 126 5 23 1 9169 197 114 4 109 3 

GPT001_Xtm-2 - 145.d 17 1 337 5 407111 6711 1 0 0 0 7 0 0 0 2 0 6 0 0 0 25 1 47 1 41 1 7 0 11812 190 106 2 461 6 

GPT001_Xtm-2 - 146.d 67 3 2773 79 422108 5841 8 0 5 0 60 2 11 0 78 3 55 2 22 1 123 5 334 9 665 18 123 3 10036 132 234 7 446 9 

GPT001_Xtm-2 - 147.d 30 2 998 24 400349 6133 8 0 3 0 61 2 7 0 44 3 31 2 12 1 62 3 129 5 219 4 42 1 11211 149 117 3 511 10 

GPT001_Xtm-2 - 148.d 16 1 540 6 405900 6726 3 0 0 0 81 1 1 0 9 1 9 1 3 0 26 1 58 1 122 2 23 0 8563 175 303 4 188 4 

GPT001_Xtm-2 - 149.d 69 4 3115 47 385846 5816 6 0 5 0 61 1 12 0 83 2 60 1 24 1 136 3 376 6 840 18 161 3 9744 149 120 3 516 13 

GPT001_Xtm-2 - 150.d 15 1 1005 17 400927 5960 3 0 0 0 55 1 1 0 7 0 9 1 3 0 33 1 103 2 286 5 58 1 9643 152 212 3 290 6 
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Supplementary Table 5-5: Results of U-Pb geochronology of detrital TiO2 phases. 

Analysis No. 

238U/ 
206Pb 

2σ 

abs err 

207Pb/ 
206Pb 

2σ 

abs err 

238U/206Pb 
208Pb-corrected 

2σ 

abs err 

207Pb/206Pb 
208Pb-corrected 

2σ 

abs err 

U 

(ppm) 

2σ 

abs err 

Th 

(ppm) 

2σ 

abs err 

Preferred 

age (Ma) 

2σ 

abs err 

THB001-Zrc - 1.d 2.540 0.135 0.6314 0.0386 17.309 4.816 -1.575 0.3351 40 0 162 2   

THB001-Zrc - 10.d 0.187 0.050 1.0256 0.1733 0.154 0.167 19.517 12.1840 0 0 5 1   

THB001-Zrc - 11.d 2.275 0.226 0.3946 0.0446 6.668 2.025 -0.440 0.2583 2 0 4 0   

THB001-Zrc - 12.d 4.584 0.227 0.0916 0.0061 4.668 0.231 0.077 0.0055 92 1 1 0 1226 47 

THB001-Zrc - 13.d 1.220 0.100 0.2530 0.0162 -1.090 1.127 1.948 1.0141 28 3 855 106   

THB001-Zrc - 14.d 10.280 0.605 0.0686 0.0120 10.417 0.614 0.058 0.0126 32 1 0 0 590 33 

THB001-Zrc - 15.d 2.360 0.114 0.4690 0.0307 4.376 0.275 0.026 0.0295 11 0 3 0   

THB001-Zrc - 16.d 12.429 0.691 0.0622 0.0071 12.434 0.692 0.062 0.0074 34 0 0 0 503 26 

THB001-Zrc - 17.d 13.704 0.779 0.0605 0.0074 13.758 0.796 0.063 0.0078 24 0 0 0 457 25 

THB001-Zrc - 18.d 13.944 0.735 0.0548 0.0062 14.086 0.764 0.053 0.0064 39 0 0 0 440 23 

THB001-Zrc - 19.d 4.810 2.604 0.3691 0.3894 1.509 2.173 0.444 0.4116 0 0 0 0   

THB001-Zrc - 2.d 11.053 0.668 0.1124 0.0152 12.183 0.815 0.040 0.0157 16 0 1 0   

THB001-Zrc - 20.d 3.066 0.169 0.5198 0.0311 9.163 0.504 -0.360 -0.0008 239 3 114 2   

THB001-Zrc - 21.d 11.237 0.574 0.0580 0.0042 11.240 0.573 0.058 0.0042 198 2 0 0 548 23 

THB001-Zrc - 22.d 6.230 1.148 0.4815 0.1022 6.129 4.674 0.149 0.2821 1 0 0 0   

THB001-Zrc - 23.d 10.509 0.636 0.1397 0.0173 12.469 0.882 0.009 0.0205 16 0 3 0   

THB001-Zrc - 24.d 13.409 0.983 0.2567 0.0358 21.486 2.472 -0.003 0.0646 6 0 0 0   

THB001-Zrc - 25.d 4.087 0.198 0.0935 0.0058 4.098 0.198 0.092 0.0058 198 2 2 0 1425 49 

THB001-Zrc - 26.d 0.284 0.021 0.8303 0.0540 0.225 0.028 18.816 3.3466 1 0 1 0   

THB001-Zrc - 27.d -0.014 0.097 0.1880 0.4020 0.347 0.177 -30.821 56.7207 0 0 0 0   

THB001-Zrc - 28.d 0.071 0.007 0.9811 0.0621 0.003 0.018 -149.726 94.1381 1 0 2 0   

THB001-Zrc - 29.d 1.364 0.087 0.7076 0.0440 6.133 0.956 -0.760 0.1262 15 0 65 1   

THB001-Zrc - 3.d 3.567 0.197 0.4704 0.0304 8.141 0.388 -0.130 0.0073 149 2 137 2   

THB001-Zrc - 30.d 11.799 1.125 0.1797 0.0392 14.104 1.660 0.051 0.0581 5 0 0 0 439 38 

THB001-Zrc - 31.d 11.563 0.823 0.0613 0.0168 11.588 0.790 0.052 0.0182 7 0 0 0 531 34 

THB001-Zrc - 32.d 2.818 0.192 0.2701 0.0219 4.848 0.312 -0.270 0.0364 19 2 24 0   

THB001-Zrc - 33.d 5.617 0.297 0.3176 0.0225 15.014 1.439 -0.579 0.0419 25 0 65 1   

THB001-Zrc - 34.d 3.082 0.230 0.4081 0.0269 4.896 0.429 0.133 0.0137 104 3 191 10   

THB001-Zrc - 35.d 12.528 0.816 0.0574 0.0082 12.580 0.826 0.057 0.0094 29 0 0 0 492 28 

THB001-Zrc - 36.d 9.055 0.673 0.4083 0.0387 17.646 2.148 0.000 0.0667 17 0 5 0   

THB001-Zrc - 37.d 5.083 0.342 0.2653 0.0191 9.396 0.743 -0.267 0.0204 36 2 6 0   

THB001-Zrc - 38.d 4.836 0.291 0.0876 0.0089 4.943 0.300 0.071 0.0093 23 0 1 0 1165 60 

THB001-Zrc - 39.d 17.329 1.126 0.0758 0.0146 17.571 1.136 0.065 0.0147 15 0 0 0   

THB001-Zrc - 4.d 0.116 0.008 0.6851 0.0417 0.067 0.027 134.534 158.0606 1 0 59 2   

THB001-Zrc - 40.d 12.304 0.622 0.0822 0.0086 13.016 0.684 0.044 0.0079 49 0 1 0   

THB001-Zrc - 41.d 13.795 0.690 0.0548 0.0048 13.803 0.692 0.055 0.0049 109 1 0 0 450 20 

THB001-Zrc - 42.d 1.312 0.077 0.4983 0.0343 12.959 17.583 -2.900 5.1891 16 0 185 4   

THB001-Zrc - 43.d 9.762 0.533 0.1780 0.0243 12.143 0.759 0.015 0.0193 39 1 4 0   

THB001-Zrc - 44.d 1.852 0.094 0.4956 0.0298 6.164 0.452 -0.813 -0.0006 112 2 479 6   

THB001-Zrc - 45.d 11.924 0.908 0.0793 0.0178 12.753 1.100 0.044 0.0194 17 0 1 0   

THB001-Zrc - 46.d 2.606 0.170 0.4037 0.0332 5.559 0.613 -0.191 0.0833 5 0 3 0   

THB001-Zrc - 47.d 4.211 0.327 0.5213 0.0360 -51.894 41.776 4.862 4.4017 60 1 458 4   

THB001-Zrc - 48.d 11.413 0.684 0.0606 0.0129 11.563 0.724 0.057 0.0128 11 0 0 0 534 31 

THB001-Zrc - 49.d 2.364 0.281 0.3620 0.0547 3.759 1.161 -0.069 0.1314 2 0 1 0   

THB001-Zrc - 5.d 1.232 0.067 0.4745 0.0285 2.195 0.142 -0.066 0.0106 91 2 177 5   

THB001-Zrc - 50.d 5.344 0.265 0.0780 0.0052 5.363 0.266 0.078 0.0053 89 1 1 0 1109 43 

THB001-Zrc - 51.d 9.351 0.750 0.1988 0.0275 12.937 1.417 -0.033 0.0409 13 0 1 0   

THB001-Zrc - 52.d 1.907 0.092 0.1930 0.0129 1.910 0.093 0.197 0.0131 19 0 0 0 2757 71 

THB001-Zrc - 53.d 0.447 0.065 0.7440 0.0615 0.690 0.595 23.165 12.2465 1 0 2 0   

THB001-Zrc - 54.d 1.404 0.548 0.3733 0.3863 2.520 2.543 -2.180 4.5804 0 0 0 0   

THB001-Zrc - 55.d 0.613 0.041 0.6994 0.0494 0.951 0.117 2.426 0.5407 2 0 11 0   

THB001-Zrc - 56.d 1.593 0.404 0.8074 0.2076 0.927 1.020 7.354 10.3340 0 0 0 0   

THB001-Zrc - 57.d 0.082 0.025 0.9268 0.1132 0.184 0.081 28.081 42.9626 0 0 0 0   

THB001-Zrc - 6.d 3.674 0.175 0.1100 0.0068 3.752 0.178 0.093 0.0062 136 1 2 0 1514 51 

THB001-Zrc - 7.d 10.261 0.610 0.1246 0.0137 11.810 0.744 0.020 0.0147 14 0 3 0   

THB001-Zrc - 8.d 3.305 0.248 0.7461 0.0648 6.431 16.070 0.368 0.6841 2 0 1 0   

THB001-Zrc - 9.d 5.573 0.304 0.0781 0.0069 5.577 0.304 0.078 0.0070 52 1 0 0 1072 49 

THB002-HM - 1.d 1.926 0.161 0.7734 0.0737 9.753 7.401 0.224 0.8409 1 0 0 0   

THB002-HM - 10.d 2.886 0.164 0.1912 0.0154 3.447 0.211 0.055 0.0145 7 0 4 0   

THB002-HM - 100.d 5.548 0.364 0.6000 0.0483 10.035 23.783 -0.052 0.6701 5 0 10 0   

THB002-HM - 101.d 13.619 0.974 0.0740 0.0167 13.690 1.011 0.070 0.0169 34 1 0 0   

THB002-HM - 102.d 9.749 0.529 0.0831 0.0095 10.129 0.569 0.054 0.0091 67 1 5 0 596 28 

THB002-HM - 103.d 0.051 0.023 0.8780 0.1099 0.169 0.083 -41.265 54.3589 0 0 2 0   

THB002-HM - 104.d 0.995 0.072 0.6445 0.0499 1.821 0.899 0.292 0.2072 1 0 4 0   

THB002-HM - 105.d 5.038 0.351 0.5396 0.0489 4.397 10.501 -0.087 0.4385 5 0 1 0   

THB002-HM - 106.d 1.557 0.088 0.2796 0.0210 1.894 0.106 0.094 0.0187 7 0 4 0   

THB002-HM - 107.d 10.915 0.552 0.1085 0.0096 11.812 0.643 0.045 0.0073 57 1 2 0   

THB002-HM - 108.d 3.752 0.178 0.1176 0.0077 3.891 0.188 0.089 0.0069 56 1 3 0 1463 57 

THB002-HM - 109.d 7.986 0.401 0.0670 0.0047 7.989 0.401 0.067 0.0047 133 1 0 0 768 31 

THB002-HM - 11.d 2.082 0.105 0.1812 0.0113 2.085 0.105 0.183 0.0114 43 0 0 0 2605 65 

THB002-HM - 110.d 0.965 0.056 0.7624 0.0453 2.506 0.249 0.353 0.1056 75 2 77 4   

THB002-HM - 111.d 3.881 0.340 0.5120 0.0452 -22.753 51.643 2.851 4.4635 3 0 4 0   

THB002-HM - 112.d 3.966 0.197 0.1064 0.0082 4.056 0.200 0.088 0.0077 21 0 1 0 1413 55 

THB002-HM - 113.d 4.636 0.246 0.1238 0.0096 4.958 0.268 0.071 0.0083 37 1 36 1   

THB002-HM - 114.d 4.156 0.266 0.0966 0.0128 4.171 0.267 0.097 0.0148 4 0 0 0 1403 73 

THB002-HM - 115.d 7.218 0.485 0.1576 0.0194 8.418 0.607 0.040 0.0251 6 0 1 0   

THB002-HM - 116.d 1.210 0.138 0.8117 0.0838 -1.045 2.572 0.657 0.6023 0 0 0 0   

THB002-HM - 117.d 0.097 0.010 0.9052 0.0537 0.021 0.026 -107.306 104.1057 5 0 35 1   

THB002-HM - 118.d 3.607 0.190 0.1098 0.0078 3.683 0.193 0.090 0.0068 67 1 1 0 1519 62 

THB002-HM - 119.d 2.694 0.181 0.6419 0.0430 5.460 14.137 -0.277 1.1444 20 0 125 3   

THB002-HM - 12.d 0.784 0.065 0.6934 0.0425 1.950 0.291 2.077 0.6276 11 0 43 4   
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Analysis No. 

238U/ 
206Pb 

2σ 

abs err 

207Pb/ 
206Pb 

2σ 

abs err 

238U/206Pb 
208Pb-corrected 

2σ 

abs err 

207Pb/206Pb 
208Pb-corrected 

2σ 

abs err 

U 

(ppm) 

2σ 

abs err 

Th 

(ppm) 

2σ 

abs err 

Preferred 

age (Ma) 

2σ 

abs err 

THB002-HM - 120.d 2.188 0.165 0.7674 0.0660 7.055 5.164 -0.238 0.4474 2 0 2 0   

THB002-HM - 121.d 0.366 0.022 0.8861 0.0531 0.332 0.029 8.170 0.9232 7 0 4 0   

THB002-HM - 122.d 3.045 0.178 0.6827 0.0458 15.907 3.661 -0.438 0.1688 10 0 7 0   

THB002-HM - 123.d 1.418 0.078 0.7548 0.0453 6.169 0.564 -0.550 0.0334 43 1 192 2   

THB002-HM - 124.d 3.171 0.211 0.5333 0.0351 9.989 0.619 -0.362 0.1864 100 2 36 1   

THB002-HM - 125.d 3.890 0.435 0.6329 0.0530 17.085 6.855 -0.438 0.4491 3 0 2 0   

THB002-HM - 126.d 3.072 0.161 0.1058 0.0093 3.081 0.161 0.101 0.0090 22 0 0 0 1766 62 

THB002-HM - 127.d 13.074 0.818 0.0682 0.0116 13.166 0.824 0.061 0.0120 27 1 0 0 474 28 

THB002-HM - 128.d 11.169 0.737 0.1532 0.0194 13.173 0.889 0.030 0.0185 23 0 1 0   

THB002-HM - 129.d 11.135 0.719 0.1602 0.0176 13.171 0.980 0.032 0.0222 13 0 2 0   

THB002-HM - 13.d 11.651 0.622 0.1000 0.0098 12.388 0.666 0.055 0.0079 78 1 0 0 500 26 

THB002-HM - 130.d 2.491 0.211 0.5135 0.0558 4.387 3.044 -0.200 0.3644 2 0 4 0   

THB002-HM - 131.d 1.741 0.173 0.7918 0.0648 3.876 6.238 0.474 0.4892 1 0 2 0   

THB002-HM - 132.d 4.944 0.265 0.5323 0.0321 19.060 1.210 -0.552 0.0073 183 2 350 5   

THB002-HM - 133.d 2.360 0.157 0.7080 0.0511 12.194 7.748 -1.104 1.0302 6 0 26 1   

THB002-HM - 134.d 3.688 0.169 0.1082 0.0073 3.746 0.172 0.093 0.0067 71 1 3 0 1514 43 

THB002-HM - 135.d 7.726 0.532 0.3496 0.0302 14.408 1.077 -0.096 0.0316 23 0 4 0   

THB002-HM - 136.d 1.129 0.394 0.7625 0.2680 -0.393 1.948 2.791 1.3123 0 0 0 0   

THB002-HM - 137.d 4.397 0.297 0.4971 0.0408 15.745 7.778 -0.291 0.1731 7 0 2 0   

THB002-HM - 138.d 12.315 0.957 0.1283 0.0266 13.989 1.029 0.024 0.0297 17 0 0 0   

THB002-HM - 139.d 6.998 0.342 0.4073 0.0252 20.841 1.351 -0.518 0.0146 95 2 226 5   

THB002-HM - 14.d 1.754 0.115 0.7347 0.0526 6.438 7.132 -0.477 0.7777 3 0 4 0   

THB002-HM - 140.d 9.997 0.570 0.0595 0.0085 10.038 0.571 0.055 0.0085 25 0 0 0 602 28 

THB002-HM - 141.d 0.753 0.043 0.8057 0.0504 1.574 0.175 1.187 0.1858 5 0 7 1   

THB002-HM - 142.d 2.147 0.132 0.6080 0.0440 -2.399 12.213 1.727 2.9184 4 0 44 2   

THB002-HM - 143.d 1.139 0.066 0.7668 0.0459 3.467 0.351 0.033 0.1016 28 1 10 1   

THB002-HM - 144.d 7.909 0.513 0.2811 0.0218 11.780 1.007 -0.001 0.0321 33 1 5 0   

THB002-HM - 145.d 18.021 0.906 0.0745 0.0086 18.607 0.980 0.049 0.0087 58 1 1 0 333 15 

THB002-HM - 146.d 11.627 0.597 0.0912 0.0108 12.189 0.635 0.053 0.0097 23 0 0 0 506 25 

THB002-HM - 147.d 10.794 0.656 0.1436 0.0181 12.551 0.813 0.026 0.0184 25 0 1 0   

THB002-HM - 148.d 0.119 0.008 0.7049 0.0430 0.084 0.045 221.757 261.3369 3 0 449 7   

THB002-HM - 149.d 12.947 1.043 0.0810 0.0118 13.474 1.122 0.046 0.0117 37 1 1 0   

THB002-HM - 15.d 5.655 0.294 0.0757 0.0063 5.670 0.295 0.075 0.0065 28 0 0 0 1049 44 

THB002-HM - 150.d 12.622 0.626 0.0589 0.0054 12.640 0.627 0.056 0.0055 63 1 0 0 490 22 

THB002-HM - 151.d 2.992 0.191 0.7252 0.0580 13.058 9.295 -0.349 0.2726 3 0 1 0   

THB002-HM - 152.d 2.824 0.145 0.5918 0.0363 11.287 1.440 -0.510 0.0681 40 1 30 1   

THB002-HM - 153.d 3.483 0.161 0.1695 0.0118 4.317 0.206 -0.017 0.0038 167 2 128 3   

THB002-HM - 154.d 5.398 0.280 0.2737 0.0170 15.493 1.050 -0.888 -0.0007 92 1 250 3   

THB002-HM - 155.d 4.124 0.211 0.1759 0.0122 4.966 0.266 0.017 0.0089 35 1 20 2   

THB002-HM - 156.d 10.979 1.128 0.2106 0.0511 15.288 2.295 0.028 0.0783 4 0 0 0   

THB002-HM - 157.d 10.864 0.603 0.1922 0.0163 13.490 0.807 0.029 0.0145 37 1 1 0   

THB002-HM - 158.d 1.198 0.084 0.7544 0.0466 5.014 0.778 0.720 0.6692 12 0 11 0   

THB002-HM - 159.d 8.425 0.709 0.3345 0.0292 15.603 0.800 -0.157 0.0214 178 2 13 1   

THB002-HM - 16.d 0.349 0.017 0.8374 0.0505 0.300 0.020 8.929 0.8512 5 0 12 0   

THB002-HM - 160.d 2.755 0.138 0.4771 0.0294 5.376 0.269 -0.021 0.0161 92 2 13 1   

THB002-HM - 161.d 0.052 0.003 0.8137 0.0486 0.001 0.000 -113.718 -0.9371 4 0 1286 26   

THB002-HM - 162.d 3.603 0.286 0.4600 0.0420 8.538 8.273 -0.930 1.1298 4 0 25 1   

THB002-HM - 163.d 0.999 0.070 0.6277 0.0452 2.236 0.618 0.226 0.2060 2 0 8 0   

THB002-HM - 164.d 2.251 0.204 0.4068 0.0403 5.145 0.494 -0.484 0.0988 15 0 49 5   

THB002-HM - 165.d 1.886 0.092 0.2090 0.0131 1.960 0.097 0.172 0.0115 89 1 18 0   

THB002-HM - 166.d 13.156 0.741 0.0548 0.0075 13.158 0.743 0.055 0.0079 26 0 0 0 470 24 

THB002-HM - 167.d 11.409 0.728 0.0741 0.0113 11.751 0.754 0.046 0.0126 33 1 0 0   

THB002-HM - 168.d 2.011 0.103 0.1826 0.0122 2.060 0.106 0.167 0.0117 31 0 1 0 2541 68 

THB002-HM - 169.d 11.656 0.638 0.0668 0.0104 11.991 0.664 0.046 0.0110 23 0 0 0   

THB002-HM - 17.d 4.180 0.210 0.1808 0.0138 5.050 0.246 0.032 0.0068 98 1 17 1   

THB002-HM - 170.d 10.132 0.603 0.0562 0.0106 10.154 0.611 0.056 0.0111 17 0 0 0 602 33 

THB002-HM - 171.d 11.904 0.659 0.2299 0.0226 16.248 1.140 0.024 0.0268 19 0 2 0   

THB002-HM - 172.d 4.427 0.228 0.0923 0.0075 4.535 0.234 0.075 0.0075 27 0 2 0 1251 49 

THB002-HM - 173.d 0.081 0.007 0.9328 0.0598 0.013 0.012 -113.226 54.0346 0 0 11 0   

THB002-HM - 174.d 5.323 0.286 0.0746 0.0092 5.341 0.288 0.077 0.0101 13 0 1 0 1107 51 

THB002-HM - 175.d 8.418 0.644 0.2699 0.0329 13.241 0.742 -0.092 0.0520 28 0 2 0   

THB002-HM - 176.d 3.793 0.186 0.0944 0.0066 3.816 0.186 0.092 0.0068 72 1 1 0 1492 48 

THB002-HM - 177.d 4.020 0.215 0.1010 0.0085 4.023 0.216 0.099 0.0081 25 0 0 0 1457 65 

THB002-HM - 178.d 1.649 0.114 0.6802 0.0448 13.463 6.617 -1.772 0.6722 8 0 17 1   

THB002-HM - 179.d 4.463 0.315 0.4246 0.0323 13.177 1.650 -0.462 0.0819 18 0 19 1   

THB002-HM - 18.d 4.658 0.236 0.0856 0.0062 4.721 0.239 0.076 0.0062 54 1 1 0 1215 49 

THB002-HM - 180.d 0.234 0.024 0.8344 0.0611 0.175 0.039 0.180 48.8258 0 0 18 1   

THB002-HM - 181.d 0.927 0.048 0.7964 0.0484 2.333 0.221 0.428 0.0758 17 0 3 0   

THB002-HM - 182.d 1.846 0.092 0.2291 0.0149 2.149 0.115 0.091 0.0122 18 0 13 1   

THB002-HM - 183.d 5.430 0.348 0.2345 0.0266 7.769 0.711 -0.021 0.0366 7 0 5 0   

THB002-HM - 184.d 3.388 0.153 0.1083 0.0071 3.485 0.159 0.084 0.0063 80 1 9 0   

THB002-HM - 185.d 1.701 0.147 0.5008 0.0343 3.489 0.313 -0.104 0.0477 31 2 70 3   

THB002-HM - 186.d 1.604 0.213 0.6038 0.0514 3.575 1.739 7.625 6.3954 7 1 55 10   

THB002-HM - 187.d 7.773 0.891 0.3450 0.0542 14.945 4.999 -0.139 0.1703 5 1 1 0   

THB002-HM - 188.d 2.037 0.103 0.1854 0.0132 2.039 0.103 0.184 0.0132 11 0 0 0 2627 59 

THB002-HM - 189.d 0.779 0.048 0.8028 0.0477 1.710 0.183 1.167 0.2675 42 1 21 0   

THB002-HM - 19.d 1.557 0.083 0.6430 0.0416 8.241 1.233 -1.027 0.2260 40 0 31 2   

THB002-HM - 190.d 2.076 0.107 0.5220 0.0327 4.650 0.326 -0.109 0.0255 45 1 28 1   

THB002-HM - 191.d 1.025 0.057 0.4611 0.0276 1.927 0.147 -0.093 0.0364 54 1 328 17   

THB002-HM - 192.d 3.369 0.254 0.3149 0.0343 6.021 0.533 -0.167 0.0440 6 0 2 0   

THB002-HM - 193.d 11.916 0.601 0.0759 0.0074 12.350 0.638 0.048 0.0074 118 1 4 0   

THB002-HM - 194.d 13.212 0.920 0.0627 0.0146 13.250 0.924 0.060 0.0158 10 0 0 0 471 31 

THB002-HM - 195.d -0.198 0.140 -0.1746 0.3783 1.136 0.850 -24.781 20.9909 0 0 0 0   

THB002-HM - 196.d 2.635 0.173 0.5651 0.0427 -5.808 16.044 1.347 2.0918 5 0 7 0   
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THB002-HM - 197.d 0.544 0.031 0.8279 0.0497 0.720 0.062 3.179 0.4786 51 1 58 1   

THB002-HM - 198.d 11.611 0.934 0.1560 0.0271 14.237 1.263 0.007 0.0320 12 0 0 0   

THB002-HM - 199.d 0.489 0.026 0.8195 0.0496 0.582 0.045 3.894 0.4153 12 0 9 0   

THB002-HM - 2.d 4.638 0.243 0.2042 0.0147 6.047 0.361 -0.002 0.0107 50 1 73 2   

THB002-HM - 20.d 4.735 0.238 0.0913 0.0067 4.820 0.245 0.078 0.0062 113 3 2 0 1204 43 

THB002-HM - 200.d 7.612 0.446 0.3772 0.0372 12.442 1.026 0.072 0.0479 8 0 1 0   

THB002-HM - 201.d 8.768 0.530 0.2130 0.0210 11.700 0.855 -0.001 0.0249 17 0 2 0   

THB002-HM - 202.d 0.489 0.042 0.7872 0.0501 0.724 0.131 6.764 1.3858 4 0 15 1   

THB002-HM - 203.d 0.687 0.146 0.8800 0.0975 0.349 1.032 17.345 20.2253 1 0 5 1   

THB002-HM - 204.d 3.237 0.162 0.1374 0.0097 3.452 0.174 0.089 0.0234 48 1 7 0   

THB002-HM - 205.d 2.357 0.161 0.6486 0.0458 1.441 9.828 0.006 1.1472 6 0 5 0   

THB002-HM - 206.d 5.059 0.486 0.4888 0.0565 0.139 10.010 0.070 0.5864 4 0 11 0   

THB002-HM - 207.d 12.755 0.642 0.0646 0.0046 12.858 0.649 0.057 0.0042 170 1 0 0 483 22 

THB002-HM - 208.d 9.282 0.663 0.2491 0.0298 13.191 1.079 -0.022 0.0353 14 0 3 0   

THB002-HM - 209.d 11.712 0.828 0.1150 0.0178 13.015 0.970 0.037 0.0184 13 0 0 0   

THB002-HM - 21.d 0.462 0.087 0.6832 0.0440 0.889 0.202 -38.932 34.5824 8 2 19 2   

THB002-HM - 210.d 3.110 0.185 0.5635 0.0375 15.233 2.988 -0.937 0.2383 13 0 33 1   

THB002-HM - 211.d 1.186 0.076 0.6198 0.0381 2.556 0.203 0.001 0.0374 82 2 97 3   

THB002-HM - 212.d 2.662 0.154 0.2304 0.0162 3.021 0.184 0.123 0.0136 55 1 57 2   

THB002-HM - 213.d 2.484 0.149 0.5085 0.0327 7.126 0.628 -0.419 0.0314 18 1 24 1   

THB002-HM - 214.d 5.219 0.442 0.0839 0.0053 5.248 0.444 0.077 0.0050 152 2 1 0 1126 70 

THB002-HM - 215.d 4.886 0.265 0.5377 0.0352 16.023 1.534 -0.293 0.0378 35 1 41 1   

THB002-HM - 216.d 0.793 0.366 0.5067 0.1813 1.007 0.583 -1.432 20.7436 0 0 1 0   

THB002-HM - 217.d 10.202 0.623 0.1656 0.0207 12.220 0.763 0.026 0.0230 18 0 2 0   

THB002-HM - 218.d 4.803 0.394 0.1749 0.0303 5.910 0.553 0.016 0.0360 4 0 1 0   

THB002-HM - 219.d 5.649 0.283 0.0857 0.0057 5.736 0.284 0.072 0.0049 141 1 6 1 1028 44 

THB002-HM - 22.d 2.649 0.264 0.5949 0.0367 5.207 7.220 -0.721 0.7482 48 4 396 75   

THB002-HM - 220.d 2.962 0.154 0.1674 0.0120 3.200 0.166 0.096 0.0104 33 2 13 1   

THB002-HM - 221.d 10.537 0.485 0.0673 0.0047 10.608 0.489 0.060 0.0044 190 1 1 0 583 24 

THB002-HM - 222.d 2.575 0.162 0.2791 0.0229 3.492 0.208 0.006 0.0221 8 0 4 0   

THB002-HM - 223.d 1.237 0.095 0.7208 0.0468 4.025 0.508 0.123 0.1861 10 0 34 2   

THB002-HM - 224.d 3.711 0.178 0.5819 0.0344 11.945 0.702 -0.221 0.0029 707 10 714 11   

THB002-HM - 225.d 1.875 0.099 0.5501 0.0341 -4.708 2.360 2.499 0.7933 34 1 512 34   

THB002-HM - 226.d 11.795 0.649 0.0843 0.0090 12.357 0.679 0.047 0.0069 73 1 0 0   

THB002-HM - 227.d 12.562 2.542 0.0838 0.1109 13.718 3.274 0.101 0.1150 2 0 0 0   

THB002-HM - 228.d 13.439 1.030 0.2879 0.0419 19.093 7.234 -0.045 0.1215 6 0 1 0   

THB002-HM - 229.d 7.339 0.787 0.5966 0.0929 9.969 16.401 -0.308 0.6551 3 0 4 0   

THB002-HM - 23.d 12.234 0.629 0.0791 0.0081 12.660 0.645 0.053 0.0082 46 1 6 0   

THB002-HM - 230.d 0.836 0.054 0.6971 0.0512 2.043 0.317 0.632 0.2223 2 0 6 1   

THB002-HM - 231.d 2.043 0.111 0.7188 0.0436 25.002 8.850 -2.972 0.7704 78 1 649 13   

THB002-HM - 232.d 1.360 0.110 0.6486 0.0562 4.643 2.243 -0.128 0.3913 3 0 13 1   

THB002-HM - 233.d 0.351 0.093 0.7338 0.0438 0.910 0.436 -36.691 200.3682 39 10 562 26   

THB002-HM - 234.d 0.694 0.059 0.6492 0.0405 1.205 0.161 3.228 1.1397 58 2 406 41   

THB002-HM - 235.d 1.363 0.078 0.5259 0.0327 -6.968 7.464 5.030 3.9327 40 1 694 9   

THB002-HM - 236.d 1.038 0.056 0.7108 0.0428 2.296 0.189 0.206 0.0483 53 1 185 11   

THB002-HM - 237.d 0.368 0.024 0.7849 0.0497 0.351 0.042 8.963 1.0852 4 0 137 3   

THB002-HM - 238.d 0.103 0.007 0.7708 0.0468 0.039 0.018 -11.475 91.4785 4 0 138 7   

THB002-HM - 24.d 3.629 0.191 0.4243 0.0254 7.621 0.576 -0.104 0.0218 279 4 107 2   

THB002-HM - 25.d 4.747 0.237 0.0883 0.0058 4.761 0.238 0.088 0.0060 84 1 0 0 1266 42 

THB002-HM - 26.d 0.424 0.033 0.7010 0.0469 0.506 0.076 7.912 1.4750 1 0 10 1   

THB002-HM - 27.d 0.991 0.058 0.7818 0.0487 4.870 0.975 -0.181 0.2322 8 0 67 3   

THB002-HM - 28.d 9.032 0.694 0.1693 0.0248 11.390 0.950 0.000 0.0271 12 0 2 0   

THB002-HM - 29.d 1.951 0.097 0.6498 0.0385 14.704 11.279 -1.901 1.4577 188 3 1054 32   

THB002-HM - 3.d 18.645 1.030 0.0683 0.0063 19.120 1.067 0.050 0.0064 100 1 6 0 328 18 

THB002-HM - 30.d 1.729 0.108 0.5290 0.0383 4.189 0.443 -0.190 0.0601 3 0 9 0   

THB002-HM - 31.d 2.827 0.196 0.2925 0.0294 4.522 0.348 -0.098 0.0345 4 0 4 0   

THB002-HM - 32.d 0.750 0.056 0.7731 0.0507 2.349 0.923 1.777 0.5145 3 0 43 4   

THB002-HM - 33.d 6.150 1.546 0.4884 0.1085 8.744 3.485 0.090 0.1986 2 0 0 0   

THB002-HM - 34.d 0.194 0.014 0.8258 0.0503 0.123 0.015 52.782 51.0321 2 0 12 1   

THB002-HM - 35.d 4.860 0.250 0.1373 0.0121 5.518 0.293 0.040 0.0101 18 0 3 0   

THB002-HM - 36.d 2.101 0.119 0.1844 0.0129 2.236 0.126 0.137 0.0148 17 0 5 0   

THB002-HM - 37.d 3.254 0.158 0.1497 0.0094 3.701 0.175 0.045 0.0045 776 8 25 1   

THB002-HM - 38.d 2.414 0.131 0.6033 0.0364 9.433 0.783 -0.503 0.0267 147 2 271 5   

THB002-HM - 39.d 1.259 0.079 0.7220 0.0465 5.413 1.038 -0.332 0.1679 4 0 8 1   

THB002-HM - 4.d 7.127 0.336 0.0739 0.0049 7.234 0.347 0.065 0.0046 167 2 2 0 827 32 

THB002-HM - 40.d 2.519 0.310 0.7250 0.0457 10.944 1.522 1.209 0.6109 317 45 524 73   

THB002-HM - 41.d 1.953 0.188 0.5193 0.0350 0.546 2.432 0.587 0.5670 23 4 283 101   

THB002-HM - 42.d 1.508 0.090 0.4289 0.0278 2.696 0.157 -0.102 0.0084 110 2 78 2   

THB002-HM - 43.d 0.095 0.014 0.7837 0.0490 0.030 0.019 -103.869 73.5200 1 0 19 2   

THB002-HM - 44.d 3.744 0.194 0.1041 0.0074 3.818 0.199 0.092 0.0071 37 1 2 0 1493 62 

THB002-HM - 45.d 11.971 0.964 0.1502 0.0315 15.039 1.490 0.011 0.0438 4 0 1 0   

THB002-HM - 46.d 0.064 0.013 0.7454 0.0606 0.035 0.016 -54.624 37.0114 0 0 3 0   

THB002-HM - 47.d 7.474 0.438 0.2243 0.0230 11.345 1.408 -0.092 0.0834 22 1 33 1   

THB002-HM - 48.d 5.468 0.307 0.4812 0.0342 16.240 1.509 -0.265 0.0481 28 0 7 0   

THB002-HM - 49.d 4.707 0.260 0.0867 0.0063 4.755 0.255 0.083 0.0064 89 1 0 0 1238 55 

THB002-HM - 5.d 3.812 0.187 0.0938 0.0056 3.812 0.187 0.095 0.0057 309 3 0 0 1512 51 

THB002-HM - 50.d 0.333 0.021 0.7247 0.0438 0.278 0.027 11.350 1.6266 5 0 11 1   

THB002-HM - 51.d 10.089 0.604 0.0626 0.0092 10.095 0.604 0.064 0.0095 35 1 0 0 611 34 

THB002-HM - 52.d 10.874 2.043 0.1107 0.0575 12.976 2.489 -0.057 0.1105 4 0 0 0   

THB002-HM - 53.d 12.340 0.665 0.0550 0.0062 12.401 0.674 0.053 0.0066 29 0 0 0 495 25 

THB002-HM - 54.d 6.231 0.934 0.2300 0.0681 17.315 9.700 -0.111 0.7284 1 0 1 0   

THB002-HM - 55.d 0.784 0.044 0.7574 0.0462 1.526 0.143 0.959 0.1511 13 0 26 1   

THB002-HM - 56.d 3.563 0.425 0.5299 0.0390 19.228 8.727 -1.149 0.5738 7 1 8 1   

THB002-HM - 57.d 1.796 0.094 0.6279 0.0375 10.241 0.966 -1.315 0.0215 118 2 527 8   
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THB002-HM - 58.d 1.024 0.065 0.6584 0.0432 4.601 1.932 -0.287 0.2670 4 0 11 0   

THB002-HM - 59.d 3.767 0.207 0.4166 0.0291 10.106 0.813 -0.401 0.0448 23 0 34 2   

THB002-HM - 6.d 2.886 0.319 0.4708 0.0424 9.975 2.266 -0.490 0.3672 4 0 9 1   

THB002-HM - 60.d 18.796 1.306 0.0690 0.0115 19.290 1.345 0.053 0.0132 12 0 0 0 326 21 

THB002-HM - 61.d 1.938 0.101 0.6365 0.0379 26.940 9.786 -4.208 1.2485 89 2 815 24   

THB002-HM - 62.d 6.001 0.339 0.1055 0.0117 6.190 0.348 0.085 0.0129 9 0 0 0   

THB002-HM - 63.d 0.174 0.010 0.8849 0.0523 0.098 0.006 53.156 7.1477 17 0 5 0   

THB002-HM - 64.d 1.053 0.064 0.5220 0.0320 3.608 0.428 -1.017 0.1489 65 2 612 16   

THB002-HM - 65.d 12.784 0.764 0.0663 0.0090 13.034 0.807 0.053 0.0097 22 0 0 0 473 27 

THB002-HM - 66.d 8.825 0.542 0.2067 0.0185 12.287 0.888 -0.038 0.0263 11 0 4 0   

THB002-HM - 67.d 2.237 0.305 0.5380 0.1430 3.715 2.186 -0.119 0.2767 1 0 2 0   

THB002-HM - 68.d 0.140 0.175 0.9704 0.2388 -0.067 0.550 -9.128 25.4434 0 0 1 0   

THB002-HM - 69.d 0.155 0.021 0.9197 0.0678 0.120 0.031 47.945 84.5884 0 0 2 0   

THB002-HM - 7.d 0.857 0.059 0.6487 0.0395 1.986 0.239 0.519 0.2034 13 1 50 2   

THB002-HM - 70.d 3.901 0.211 0.1019 0.0090 3.907 0.211 0.100 0.0090 12 0 0 0 1492 65 

THB002-HM - 71.d 12.520 0.665 0.0680 0.0086 12.655 0.672 0.059 0.0085 28 0 0 0 491 25 

THB002-HM - 72.d 9.943 0.536 0.0674 0.0069 9.942 0.537 0.067 0.0069 28 0 0 0 623 32 

THB002-HM - 73.d 2.355 0.131 0.3777 0.0229 8.514 0.635 -1.284 0.0075 62 1 236 2   

THB002-HM - 74.d 5.507 0.282 0.4907 0.0303 19.558 1.394 -0.532 0.0107 264 3 645 6   

THB002-HM - 75.d 2.094 0.285 0.6614 0.0512 5.185 0.733 0.395 0.2071 8 0 1 0   

THB002-HM - 76.d 0.876 0.048 0.5846 0.0349 1.491 0.105 0.315 0.0517 52 1 165 4   

THB002-HM - 77.d 1.046 0.098 0.6991 0.0437 2.848 0.453 1.067 0.4087 10 0 15 0   

THB002-HM - 78.d 10.963 0.650 0.0921 0.0141 11.433 0.687 0.057 0.0149 9 0 0 0 539 28 

THB002-HM - 79.d 10.135 1.301 0.2062 0.0587 15.473 3.223 0.011 0.1118 2 0 0 0   

THB002-HM - 8.d 2.052 0.116 0.6432 0.0411 10.574 2.058 -0.810 0.2312 8 0 13 0   

THB002-HM - 80.d 1.088 0.174 0.7662 0.1371 0.171 0.949 4.238 2.1773 0 0 1 0   

THB002-HM - 81.d 2.667 0.170 0.3266 0.0206 5.201 0.327 -0.316 0.0103 34 1 67 3   

THB002-HM - 82.d 15.976 1.504 0.3319 0.0503 35.239 15.875 -0.053 0.1956 5 0 1 0   

THB002-HM - 83.d 5.290 0.263 0.4872 0.0296 13.243 0.819 -0.132 0.0151 94 1 118 1   

THB002-HM - 84.d 0.485 0.024 0.8269 0.0492 0.577 0.040 4.018 0.3673 21 1 37 1   

THB002-HM - 85.d 0.006 0.001 0.8305 0.0493 0.000 0.000 -78.544 -3.6825 1 0 2 0   

THB002-HM - 86.d 0.648 0.055 0.6751 0.0412 1.074 0.145 3.328 0.9382 132 2 318 8   

THB002-HM - 87.d 4.171 0.214 0.4323 0.0304 20.530 7.496 -1.315 0.5725 12 0 28 1   

THB002-HM - 88.d 3.817 0.191 0.1190 0.0086 3.971 0.204 0.086 0.0070 53 1 8 0   

THB002-HM - 89.d 5.412 0.270 0.0778 0.0053 5.414 0.270 0.077 0.0052 78 1 0 0 1096 46 

THB002-HM - 9.d 12.480 0.589 0.0564 0.0051 12.464 0.587 0.058 0.0051 47 0 0 0 499 21 

THB002-HM - 90.d 1.681 0.188 0.6673 0.0468 16.785 18.789 -0.003 0.9773 7 1 21 4   

THB002-HM - 91.d 0.550 0.028 0.7884 0.0467 0.726 0.049 2.669 0.2548 39 1 35 1   

THB002-HM - 92.d 4.284 0.211 0.1431 0.0092 4.845 0.254 0.044 0.0063 86 3 135 6   

THB002-HM - 93.d 0.991 0.101 0.6852 0.0447 3.030 1.633 1.485 0.8494 4 0 63 5   

THB002-HM - 94.d 13.516 1.041 0.2390 0.0336 18.862 1.234 0.010 0.0281 27 1 2 0   

THB002-HM - 95.d 4.629 0.263 0.1154 0.0086 4.891 0.311 0.079 0.0069 40 4 15 3   

THB002-HM - 96.d 11.617 0.634 0.0808 0.0084 12.069 0.668 0.051 0.0086 56 1 1 0 509 27 

THB002-HM - 97.d 6.528 0.317 0.0755 0.0053 6.549 0.321 0.073 0.0054 184 2 0 0 921 41 

THB002-HM - 98.d 11.720 0.704 0.1788 0.0252 14.435 1.114 0.033 0.0301 8 0 0 0   

THB002-HM - 99.d 0.564 0.065 0.7912 0.0613 0.952 0.502 6.958 1.9837 1 0 2 0   

THB003_2 - 1.d 0.927 0.165 0.9096 0.0808 0.254 3.178 -9.272 7.4127 1 0 1 0   

THB003_2 - 10.d 0.028 0.002 1.0839 0.0650 0.001 0.000 -83.791 -2.8275 1 0 4 0   

THB003_2 - 2.d 0.794 0.055 0.6498 0.0409 1.599 0.191 0.731 0.2329 35 1 147 4   

THB003_2 - 3.d 4.009 0.187 0.0957 0.0066 4.012 0.187 0.093 0.0064 83 1 0 0 1446 53 

THB003_2 - 4.d 2.631 0.630 0.8863 0.1485 -1.078 3.301 0.205 0.5273 1 0 2 0   

THB003_2 - 5.d 1.484 1.174 3.6911 2.7014 0.091 1.128 1.357 17.5351 0 0 0 0   

THB003_2 - 6.d 1.612 0.085 0.5490 0.0342 4.032 0.308 -0.313 0.0374 12 0 31 3   

THB003_2 - 7.d 12.587 0.611 0.0713 0.0072 13.015 0.658 0.047 0.0072 65 1 6 0   

THB003_2 - 8.d 16.133 0.862 0.0791 0.0083 16.810 0.914 0.045 0.0089 56 1 1 0   

THB003_2 - 9.d 4.060 0.225 0.1080 0.0100 4.105 0.229 0.097 0.0102 9 0 0 0 1434 58 

THB003-Zrc - 1.d 12.622 0.649 0.0680 0.0082 12.676 0.649 0.063 0.0082 32 0 0 0 491 24 

THB003-Zrc - 10.d 12.542 0.661 0.0610 0.0061 12.573 0.665 0.057 0.0060 43 0 0 0 493 25 

THB003-Zrc - 11.d 0.593 0.047 0.8209 0.0596 1.187 0.240 3.947 1.0312 1 0 2 0   

THB003-Zrc - 12.d 14.001 1.901 0.2072 0.0915 19.382 3.337 -0.033 0.1340 8 0 2 0   

THB003-Zrc - 13.d 0.745 0.055 0.7735 0.0475 1.464 0.189 1.585 0.3664 8 0 115 7   

THB003-Zrc - 14.d 10.915 0.937 0.3556 0.0454 18.499 2.067 -0.007 0.0734 30 1 7 1   

THB003-Zrc - 15.d 10.614 0.573 0.0975 0.0086 11.202 0.618 0.054 0.0079 49 1 1 0 547 28 

THB003-Zrc - 16.d 1.474 0.072 0.7031 0.0421 4.156 0.290 -0.149 0.0156 46 1 37 1   

THB003-Zrc - 17.d 13.833 0.974 0.0626 0.0119 13.796 0.945 0.057 0.0117 15 0 0 0 451 30 

THB003-Zrc - 18.d 0.966 0.089 0.6019 0.0491 1.641 0.190 2.855 1.1715 6 0 6 0   

THB003-Zrc - 19.d 4.884 0.309 0.5332 0.0444 12.765 6.788 0.041 0.1522 8 0 2 0   

THB003-Zrc - 2.d 4.826 0.375 0.1481 0.0124 6.128 0.499 -0.060 0.0115 21 3 34 5   

THB003-Zrc - 20.d 0.108 0.009 0.7641 0.0500 0.034 0.021 -72.608 96.2518 1 0 5 0   

THB003-Zrc - 21.d 3.157 0.195 0.6495 0.0409 9.611 0.764 -0.034 0.0339 31 3 2 0   

THB003-Zrc - 22.d 12.607 0.671 0.2258 0.0197 16.382 0.871 0.031 0.0132 57 1 2 0   

THB003-Zrc - 23.d 5.707 0.292 0.0809 0.0056 5.718 0.292 0.077 0.0055 55 1 0 0 1049 44 

THB003-Zrc - 24.d 2.531 0.131 0.6204 0.0377 8.528 0.655 -0.308 0.0175 44 1 66 1   

THB003-Zrc - 25.d 5.326 0.392 0.1219 0.0184 5.723 0.455 0.065 0.0178 4 0 2 0   

THB003-Zrc - 26.d 0.389 0.027 0.7360 0.0475 0.395 0.045 8.032 1.2908 4 0 25 2   

THB003-Zrc - 27.d 0.997 0.081 0.6572 0.0442 1.797 0.186 0.714 0.2243 8 1 9 2   

THB003-Zrc - 28.d 10.461 0.748 0.1226 0.0177 11.464 0.884 0.049 0.0188 55 2 1 0   

THB003-Zrc - 29.d 4.030 0.214 0.1102 0.0107 4.060 0.217 0.100 0.0100 35 1 0 0 1455 58 

THB003-Zrc - 3.d 2.015 0.102 0.1751 0.0110 2.018 0.102 0.171 0.0108 88 1 1 0 2581 62 

THB003-Zrc - 30.d 10.893 0.563 0.1019 0.0091 11.584 0.618 0.051 0.0080 51 1 2 0 528 26 

THB003-Zrc - 31.d 11.015 0.610 0.1110 0.0116 11.798 0.678 0.055 0.0098 61 1 2 0 524 29 

THB003-Zrc - 32.d 0.544 0.035 0.8606 0.0535 0.792 0.093 3.523 0.5462 3 0 1 0   

THB003-Zrc - 33.d 0.786 0.043 0.7365 0.0441 1.930 0.189 0.792 0.1462 71 2 756 15   

THB003-Zrc - 34.d 5.471 0.494 0.1782 0.0350 6.492 0.779 0.074 0.0402 2 0 0 0 929 93 
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THB003-Zrc - 35.d 2.330 0.127 0.5168 0.0315 5.313 0.354 -0.129 0.0136 49 1 44 1   

THB003-Zrc - 36.d 0.290 0.019 0.8240 0.0502 0.214 0.020 15.715 2.1673 6 0 102 2   

THB003-Zrc - 37.d 3.947 0.214 0.2166 0.0237 5.099 0.176 -0.002 0.0140 76 1 20 2   

THB003-Zrc - 38.d 13.017 0.961 0.2063 0.0360 17.041 2.475 0.075 0.0506 5 0 0 0   

THB003-Zrc - 39.d 9.883 0.518 0.1612 0.0139 11.534 0.622 0.042 0.0108 33 0 3 0   

THB003-Zrc - 4.d 4.825 0.270 0.0894 0.0088 4.907 0.274 0.074 0.0085 28 0 2 0 1176 52 

THB003-Zrc - 40.d 1.112 0.058 0.7572 0.0477 3.253 0.308 0.018 0.0567 7 0 15 1   

THB003-Zrc - 41.d 12.723 0.699 0.0617 0.0071 12.750 0.706 0.059 0.0070 30 0 0 0 490 25 

THB003-Zrc - 42.d 0.491 0.028 0.8101 0.0508 0.602 0.056 4.095 0.5353 5 1 7 1   

THB003-Zrc - 43.d 1.854 0.108 0.6515 0.0397 12.244 1.774 -1.464 0.0965 29 2 168 12   

THB003-Zrc - 44.d 1.313 0.071 0.5586 0.0347 2.623 0.178 -0.029 0.0260 16 1 8 1   

THB003-Zrc - 45.d 3.869 0.206 0.1025 0.0075 3.916 0.210 0.092 0.0072 30 1 1 0 1465 58 

THB003-Zrc - 46.d 5.575 0.306 0.0867 0.0101 5.590 0.308 0.083 0.0103 11 0 0 0 1073 52 

THB003-Zrc - 47.d 1.206 0.075 0.5177 0.0393 1.892 0.101 0.170 0.0352 36 1 67 5   

THB003-Zrc - 48.d 10.835 0.655 0.0736 0.0119 10.944 0.665 0.065 0.0119 15 0 0 0 565 33 

THB003-Zrc - 49.d 11.526 0.629 0.0863 0.0098 12.042 0.674 0.051 0.0093 33 1 0 0 506 25 

THB003-Zrc - 5.d 13.652 1.020 0.1677 0.0407 15.567 1.382 0.071 0.0525 6 0 0 0   

THB003-Zrc - 50.d 6.820 0.442 0.3224 0.0314 10.897 0.791 -0.004 0.0335 15 1 2 0   

THB003-Zrc - 51.d 11.993 0.615 0.0785 0.0070 12.282 0.635 0.059 0.0070 53 1 0 0 506 25 

THB003-Zrc - 52.d 2.626 0.412 0.6994 0.0827 4.310 2.461 0.272 0.3098 1 0 5 0   

THB003-Zrc - 53.d 11.127 0.645 0.0663 0.0084 11.149 0.646 0.064 0.0086 21 0 0 0 561 28 

THB003-Zrc - 54.d 11.805 0.630 0.0693 0.0087 11.996 0.642 0.056 0.0086 24 0 0 0 514 25 

THB003-Zrc - 55.d 6.177 0.439 0.1134 0.0171 6.468 0.470 0.066 0.0172 9 0 0 0 922 60 

THB003-Zrc - 56.d 1.009 0.066 0.7045 0.0473 4.684 2.713 -0.115 0.4259 3 0 61 3   

THB003-Zrc - 57.d 6.662 0.385 0.2977 0.0225 9.619 0.520 0.029 0.0165 33 0 4 0   

THB003-Zrc - 58.d 0.284 0.022 0.7908 0.0488 0.237 0.029 36.555 39.9304 3 0 50 1   

THB003-Zrc - 59.d 1.030 0.052 0.6623 0.0404 2.454 0.181 0.008 0.0329 16 1 22 1   

THB003-Zrc - 6.d 0.095 0.007 0.8288 0.0505 0.011 0.028 -149.573 133.4361 1 0 169 24   

THB003-Zrc - 60.d 0.199 0.028 0.9562 0.0762 0.156 0.039 11.483 38.4550 0 0 0 0   

THB003-Zrc - 61.d 0.911 0.048 0.6106 0.0387 1.730 0.180 0.302 0.2647 6 0 56 5   

THB003-Zrc - 62.d 6.461 0.382 0.6382 0.0450 20.601 34.529 0.076 0.9785 11 0 21 1   

THB003-Zrc - 63.d 0.157 0.014 0.8189 0.0486 0.107 0.019 124.514 87.0932 8 0 0 0   

THB003-Zrc - 64.d 0.340 0.020 0.8251 0.0500 0.296 0.026 9.358 1.1563 4 0 5 0   

THB003-Zrc - 65.d 4.879 0.270 0.1244 0.0117 5.214 0.292 0.071 0.0113 17 0 10 1   

THB003-Zrc - 66.d 0.060 0.009 0.7548 0.0489 0.028 0.016 -27.282 70.1996 0 0 2 0   

THB003-Zrc - 67.d 1.714 0.101 0.6356 0.0426 0.068 14.919 0.805 4.9598 8 0 94 2   

THB003-Zrc - 68.d 1.169 0.141 0.8411 0.0764 2.477 2.122 0.758 0.5646 1 0 4 0   

THB003-Zrc - 69.d 1.135 0.098 0.6091 0.0591 3.366 1.457 0.169 0.2708 1 0 2 0   

THB003-Zrc - 7.d 3.289 0.164 0.7479 0.0461 20.006 5.365 -0.386 0.2511 21 1 23 1   

THB003-Zrc - 70.d 3.574 0.184 0.0911 0.0077 3.602 0.187 0.084 0.0073 13 0 2 0   

THB003-Zrc - 71.d 16.022 1.554 0.1537 0.0510 20.762 3.341 0.058 0.0706 3 0 1 0   

THB003-Zrc - 72.d 3.281 0.179 0.1994 0.0165 5.155 0.305 -0.235 0.0124 20 0 41 1   

THB003-Zrc - 73.d 11.620 0.551 0.0844 0.0058 13.032 0.607 -0.010 0.0026 84038 1251 50928 1013   

THB003-Zrc - 74.d 16.971 1.824 0.1325 0.0368 18.373 2.175 0.068 0.0285 6 0 0 0   

THB003-Zrc - 75.d 12.982 0.709 0.0709 0.0088 13.119 0.717 0.062 0.0092 30 0 0 0 477 25 

THB003-Zrc - 76.d 5.815 0.505 0.1614 0.0334 7.113 0.728 0.042 0.0417 2 0 1 0   

THB003-Zrc - 77.d 4.021 0.213 0.4343 0.0267 8.130 0.531 -0.061 0.0138 77 3 44 1   

THB003-Zrc - 78.d 3.831 0.187 0.1007 0.0063 4.663 0.235 -0.078 0.0002 105 3 120 3   

THB003-Zrc - 79.d 0.305 0.044 0.8233 0.0781 0.355 0.118 13.766 12.7411 0 0 0 0   

THB003-Zrc - 8.d 0.516 0.027 0.7762 0.0464 0.641 0.044 3.269 0.3059 52 1 200 4   

THB003-Zrc - 9.d 12.544 0.823 0.0629 0.0170 12.935 0.961 0.050 0.0179 10 0 0 0 478 34 

               

FIT001 - 1.d 12.993 0.843 0.0497 0.0181 13.188 0.873 0.009 0.0150 4 0 0 0   

FIT001 - 10.d 0.171 0.012 0.7999 0.0972 0.096 0.005 38.777 7.2073 1 0 8 0   

FIT001 - 100.d 14.650 0.641 0.0974 0.0130 15.913 0.793 0.058 0.0110 49 0 4 0   

FIT001 - 101.d 0.868 0.040 0.7859 0.0942 1.903 0.113 0.510 0.0782 99 1 415 3   

FIT001 - 102.d 0.805 0.035 0.8625 0.1050 1.759 0.105 0.843 0.1335 98 1 133 2   

FIT001 - 103.d 0.250 0.011 0.8289 0.0997 0.157 0.009 17.921 2.5913 30 1 778 5   

FIT001 - 104.d 1.693 0.074 0.8183 0.0986 9.446 0.615 -0.590 -0.0279 119 2 269 3   

FIT001 - 105.d 0.683 0.032 0.8743 0.1055 1.171 0.071 1.553 0.2299 69 1 265 2   

FIT001 - 106.d 6.120 0.265 0.3670 0.0506 10.544 0.676 0.043 0.0423 6 0 0 0   

FIT001 - 107.d 1.610 0.071 0.5754 0.0693 4.635 0.247 -0.481 -0.0391 229 2 492 3   

FIT001 - 108.d 1.172 0.051 0.7831 0.0946 3.160 0.237 -0.101 0.0193 51 1 58 1   

FIT001 - 109.d 10.683 0.603 0.2574 0.0377 15.312 0.873 0.034 0.0306 7 0 0 0   

FIT001 - 11.d 2.254 0.110 0.2465 0.0298 2.813 0.131 0.058 0.0087 191 1 55 1   

FIT001 - 110.d 2.901 0.141 0.2047 0.0255 3.384 0.176 0.077 0.0189 9 0 1 0   

FIT001 - 111.d 2.856 0.124 0.1173 0.0146 2.915 0.125 0.092 0.0136 37 1 1 0   

FIT001 - 112.d 0.474 0.043 0.7541 0.0947 0.493 0.064 2.383 0.5160 1 0 1 0   

FIT001 - 113.d 1.539 0.071 0.7572 0.0913 6.047 0.378 -0.410 -0.0283 279 2 491 4   

FIT001 - 114.d 1.502 0.076 0.8741 0.1053 7.495 0.624 -0.331 -0.0041 84 1 179 2   

FIT001 - 115.d 0.618 0.041 0.8807 0.1071 0.825 0.085 2.001 0.4427 4 0 2 0   

FIT001 - 116.d 5.544 0.258 0.4586 0.0574 11.581 0.681 -0.019 0.0226 17 0 6 0   

FIT001 - 117.d 1.303 0.071 0.8666 0.1045 4.983 0.457 -0.142 0.0290 72 1 159 2   

FIT001 - 118.d 5.887 0.266 0.6279 0.0772 17.283 1.218 -0.022 0.0366 31 1 14 0   

FIT001 - 119.d 7.774 0.446 0.2971 0.0390 10.899 0.577 0.069 0.0206 22 0 1 0   

FIT001 - 12.d 2.236 0.145 0.4192 0.0526 3.616 0.199 0.037 0.0198 8 0 6 0   

FIT001 - 120.d 1.262 0.055 0.8093 0.0970 4.421 0.293 -0.246 -0.0016 202 2 408 3   

FIT001 - 121.d 11.034 0.563 0.0782 0.0110 11.539 0.579 0.046 0.0086 28 0 0 0   

FIT001 - 122.d 1.019 0.058 0.7939 0.0968 2.484 0.220 0.211 0.0702 7 0 7 0   

FIT001 - 123.d 15.415 0.829 0.0509 0.0073 15.417 0.826 0.051 0.0073 52 0 0 0 403 21 

FIT001 - 124.d 3.244 0.159 0.1260 0.0157 3.317 0.158 0.102 0.0126 23 0 0 0 1693 61 

FIT001 - 125.d 1.357 0.060 0.8127 0.0979 5.845 0.424 -0.359 -0.0094 83 1 136 1   

FIT001 - 126.d 14.612 0.840 0.1118 0.0208 15.901 0.888 0.039 0.0182 8 0 0 0   

FIT001 - 127.d 0.604 0.028 0.7288 0.0881 0.869 0.059 2.027 0.3472 16 0 36 1   
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FIT001 - 128.d 1.191 0.057 0.3424 0.0414 1.511 0.078 0.138 0.0177 91 3 18 0   

FIT001 - 129.d 0.138 0.008 0.8274 0.1000 0.086 0.003 68.780 11.7702 2 0 22 0   

FIT001 - 13.d 0.111 0.034 0.7073 0.1059 0.101 0.009 15.476 5.1031 0 0 0 0   

FIT001 - 130.d 3.068 0.138 0.1166 0.0143 3.073 0.138 0.113 0.0137 35 0 0 0 1818 67 

FIT001 - 131.d 12.492 0.653 0.1988 0.0304 16.071 0.887 0.033 0.0278 9 0 0 0   

FIT001 - 132.d 17.534 0.898 0.0514 0.0070 17.749 0.905 0.046 0.0065 63 0 0 0 344 15 

FIT001 - 133.d 1.861 0.080 0.3555 0.0428 3.209 0.155 -0.201 -0.0191 184 2 409 3   

FIT001 - 134.d 12.880 0.620 0.0515 0.0070 12.950 0.625 0.051 0.0070 39 0 0 0 473 21 

FIT001 - 135.d 4.107 0.232 0.6678 0.0826 14.962 1.087 -0.052 0.0451 27 0 15 0   

FIT001 - 136.d 2.819 0.139 0.1250 0.0166 2.848 0.150 0.107 0.0148 38 0 2 0 1910 76 

FIT001 - 137.d 6.404 0.397 0.1940 0.0353 9.264 0.662 0.011 0.0321 5 0 1 0   

FIT001 - 138.d 0.291 0.016 0.8270 0.0999 0.207 0.016 11.415 2.2087 5 0 3 0   

FIT001 - 139.d 0.642 0.040 0.8016 0.0974 0.943 0.092 1.485 0.2890 7 0 23 1   

FIT001 - 14.d 0.068 0.003 0.8412 0.1013 0.000 0.000 -141.159 -10.9319 3 0 48 0   

FIT001 - 140.d 3.065 0.151 0.6958 0.0843 15.486 1.426 -0.633 0.0107 42 1 162 2   

FIT001 - 141.d 9.235 0.630 0.0834 0.0232 10.099 0.695 0.032 0.0217 4 0 1 0   

FIT001 - 142.d 0.189 0.010 0.7458 0.0904 0.102 0.005 34.425 5.4424 4 0 160 1   

FIT001 - 143.d 0.424 0.020 0.7961 0.0955 0.431 0.030 6.325 0.9479 30 0 734 6   

FIT001 - 144.d 3.453 0.173 0.6513 0.0787 18.270 1.697 -0.649 -0.0156 31 0 102 2   

FIT001 - 145.d 1.466 0.076 0.5153 0.0628 2.535 0.142 0.023 0.0191 7 0 3 0   

FIT001 - 146.d 0.866 0.042 0.7790 0.0950 1.843 0.123 0.547 0.0935 40 1 94 3   

FIT001 - 147.d 0.568 0.029 0.7950 0.0964 0.792 0.067 2.792 0.5189 5 0 76 2   

FIT001 - 148.d 0.741 0.032 0.8491 0.1023 1.426 0.085 1.162 0.1814 110 1 169 1   

FIT001 - 149.d 0.658 0.131 0.8120 0.1724 0.207 0.295 0.669 0.4331 0 0 2 0   

FIT001 - 15.d 0.495 0.034 0.7995 0.0982 0.534 0.062 2.981 0.5768 1 0 12 0   

FIT001 - 150.d 0.527 0.027 0.8453 0.1034 0.636 0.047 2.848 0.4988 2 0 8 0   

FIT001 - 151.d 8.131 0.385 0.8006 0.0968 90.712 9.140 -0.371 0.0613 358 3 163 1   

FIT001 - 152.d 3.321 0.139 0.3824 0.0459 6.641 0.302 -0.205 -0.0183 608 6 435 4   

FIT001 - 153.d 12.985 0.672 0.1321 0.0248 15.642 0.812 0.008 0.0135 9 0 0 0   

FIT001 - 154.d 9.369 0.711 0.0499 0.0184 10.283 0.844 -0.008 0.0235 4 0 0 0   

FIT001 - 155.d 2.079 0.119 0.3203 0.0397 3.380 0.241 -0.117 0.0056 5 0 5 0   

FIT001 - 156.d 0.205 0.016 0.7947 0.0965 0.131 0.008 17.759 3.6291 1 0 4 0   

FIT001 - 157.d 0.540 0.024 0.8603 0.1030 0.716 0.042 3.067 0.4635 27 0 266 4   

FIT001 - 158.d 3.081 0.137 0.1158 0.0143 3.078 0.136 0.110 0.0137 132 1 0 0 1812 62 

FIT001 - 159.d 3.691 0.165 0.1020 0.0124 3.692 0.165 0.095 0.0117 130 1 0 0 1543 53 

FIT001 - 16.d 12.845 0.604 0.0522 0.0070 12.847 0.601 0.051 0.0067 54 0 0 0 479 21 

FIT001 - 160.d 0.372 0.061 0.7039 0.0977 0.278 0.035 2.709 0.7184 0 0 0 0   

FIT001 - 17.d 0.031 0.002 0.9155 0.1105 0.002 0.000 -83.301 -9.0352 2 0 1 0   

FIT001 - 18.d 0.237 0.012 0.8134 0.0990 0.144 0.009 17.346 3.2120 2 0 5 0   

FIT001 - 19.d 0.830 0.043 0.7927 0.0957 1.798 0.128 0.616 0.1103 28 0 257 3   

FIT001 - 2.d 10.525 0.569 0.1631 0.0214 12.326 0.692 0.044 0.0113 16 0 1 0   

FIT001 - 20.d 1.481 0.069 0.8079 0.0972 7.273 0.524 -0.462 -0.0336 133 1 580 3   

FIT001 - 21.d 11.702 0.556 0.1388 0.0172 13.319 0.650 0.047 0.0100 42 0 1 0   

FIT001 - 22.d 3.659 0.188 0.1001 0.0124 3.663 0.190 0.099 0.0126 29 0 0 0 1561 65 

FIT001 - 23.d 0.016 0.002 0.8772 0.1062 0.001 0.000 -78.434 -8.1695 0 0 0 0   

FIT001 - 24.d 0.058 0.005 0.8461 0.1028 0.001 0.000 -100.221 -6.6947 0 0 18 1   

FIT001 - 25.d 5.799 0.283 0.6119 0.0751 21.051 1.782 -0.221 0.0301 13 0 19 0   

FIT001 - 26.d 0.677 0.028 0.8199 0.0988 1.185 0.064 1.568 0.2580 39 0 334 2   

FIT001 - 27.d 5.186 0.257 0.0956 0.0126 5.366 0.250 0.072 0.0106 16 0 1 0 1101 47 

FIT001 - 28.d 0.706 0.043 0.8595 0.1039 1.168 0.122 1.305 0.2804 6 0 10 0   

FIT001 - 29.d 17.220 0.830 0.0529 0.0074 17.159 0.829 0.052 0.0075 56 0 0 0 364 16 

FIT001 - 3.d 3.837 0.194 0.8205 0.0993 53.742 4.938 -1.112 -0.0231 153 1 164 1   

FIT001 - 30.d 1.860 0.085 0.4543 0.0551 3.313 0.164 -0.027 0.0006 282 2 332 2   

FIT001 - 31.d 12.782 0.769 0.0201 0.0141 12.674 0.777 -0.002 0.0184 9 0 0 0   

FIT001 - 32.d 5.345 0.258 0.0782 0.0096 5.355 0.258 0.076 0.0092 82 1 0 0 1104 46 

FIT001 - 33.d 0.002 0.000 0.8487 0.1017 0.000 0.000 -84.919 -9.4818 0 0 34 1   

FIT001 - 34.d 3.570 0.188 0.2691 0.0328 5.145 0.304 0.005 0.0058 21 1 77 3   

FIT001 - 35.d 0.509 0.041 0.7637 0.0938 0.559 0.063 1.894 0.4045 1 0 4 0   

FIT001 - 36.d 0.128 0.014 0.8829 0.1082 0.090 0.018 19.418 5.9928 0 0 2 0   

FIT001 - 37.d 8.660 0.367 0.1366 0.0218 10.699 0.509 0.031 0.0175 7 0 0 0   

FIT001 - 38.d 0.273 0.023 0.8686 0.1072 0.189 0.018 10.975 1.9723 1 0 3 0   

FIT001 - 39.d 1.795 0.147 0.7603 0.0932 6.027 0.734 -0.330 0.0347 8 0 31 0   

FIT001 - 4.d 18.195 1.009 0.0521 0.0073 18.306 1.033 0.051 0.0073 50 1 0 0 342 19 

FIT001 - 40.d 0.040 0.002 0.8743 0.1045 0.002 0.000 -91.223 -9.6577 6 0 931 21   

FIT001 - 41.d 0.167 0.014 0.8792 0.1092 0.118 0.008 22.435 3.9940 0 0 6 0   

FIT001 - 42.d 1.605 0.089 0.4822 0.0600 2.889 0.213 -0.055 0.0151 4 0 2 0   

FIT001 - 43.d 3.880 0.187 0.1252 0.0158 4.049 0.191 0.087 0.0118 25 0 0 0 1415 47 

FIT001 - 44.d 3.722 0.178 0.1224 0.0152 3.854 0.183 0.088 0.0116 33 0 1 0 1479 59 

FIT001 - 45.d 0.394 0.021 0.7287 0.0882 0.368 0.029 5.481 1.0677 20 0 5 0   

FIT001 - 46.d 1.878 0.186 0.2821 0.0549 2.273 0.274 0.127 0.0659 1 0 0 0   

FIT001 - 47.d 0.301 0.031 0.8716 0.1061 0.162 0.017 3.374 0.8653 6 0 32 1   

FIT001 - 48.d 2.715 0.116 0.8705 0.1053 24.603 3.212 -0.824 0.0541 45 1 321 2   

FIT001 - 49.d 14.567 0.875 0.1712 0.0269 16.658 1.152 0.074 0.0238 8 0 0 0   

FIT001 - 5.d 12.105 0.743 0.0382 0.0144 12.080 0.771 0.027 0.0097 5 0 0 0   

FIT001 - 50.d 0.185 0.011 0.8694 0.1051 0.108 0.007 30.861 4.9618 3 0 185 2   

FIT001 - 51.d 0.009 0.001 0.8640 0.1044 0.000 0.000 -76.933 -8.6494 1 0 7 0   

FIT001 - 52.d 1.648 0.094 0.5011 0.0605 2.562 0.156 0.088 0.0160 41 0 14 0   

FIT001 - 53.d 0.868 0.038 0.6745 0.0809 2.069 0.114 0.116 0.0429 120 1 1025 7   

FIT001 - 54.d 3.961 0.156 0.7768 0.0939 32.166 2.150 -0.668 -0.0381 354 2 511 3   

FIT001 - 55.d 10.140 0.723 0.1655 0.0314 11.800 0.938 0.085 0.0278 7 0 0 0   

FIT001 - 56.d 0.469 0.020 0.9023 0.1088 0.530 0.030 4.235 0.6459 19 0 154 2   

FIT001 - 57.d 0.657 0.028 0.8879 0.1035 1.086 0.061 1.693 0.2550 81 1 265 2   

FIT001 - 58.d 0.756 0.096 0.6630 0.0962 0.641 0.094 0.222 0.1000 0 0 0 0   

FIT001 - 59.d 8.921 0.531 0.3259 0.0421 13.010 0.805 0.061 0.0185 20 0 4 0   
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FIT001 - 6.d 0.079 0.004 0.9022 0.1081 -0.002 0.001 -163.505 -12.6437 4 0 834 15   

FIT001 - 60.d 10.692 0.424 0.0881 0.0116 11.105 0.443 0.048 0.0096 33 0 1 0   

FIT001 - 61.d 17.345 0.743 0.0581 0.0076 17.390 0.751 0.053 0.0069 112 1 0 0 360 15 

FIT001 - 62.d 4.810 0.221 0.0838 0.0122 4.828 0.228 0.071 0.0096 19 0 0 0 1190 46 

FIT001 - 63.d 1.126 0.052 0.6053 0.0727 2.712 0.159 -0.296 -0.0148 231 3 775 5   

FIT001 - 64.d 1.527 0.074 0.7860 0.0962 6.673 0.420 -0.509 -0.0352 163 1 426 3   

FIT001 - 65.d 10.340 0.491 0.0920 0.0120 10.866 0.492 0.048 0.0078 41 0 1 0   

FIT001 - 66.d 10.353 0.529 0.1002 0.0136 11.062 0.465 0.057 0.0079 76 1 0 0 557 22 

FIT001 - 67.d 1.134 0.056 0.8219 0.0999 3.358 0.235 -0.085 0.0280 195 2 649 4   

FIT001 - 68.d 2.851 0.130 0.1906 0.0237 -12.183 0.358 3.992 0.5651 11 0 97 5   

FIT001 - 69.d 1.641 0.073 0.3556 0.0429 2.247 0.106 0.030 0.0065 121 1 74 1   

FIT001 - 7.d 17.196 0.839 0.0862 0.0151 18.735 1.038 0.054 0.0146 33 0 0 0 336 17 

FIT001 - 70.d 14.201 0.705 0.0271 0.0120 14.432 0.758 0.018 0.0111 10 0 0 0   

FIT001 - 71.d 3.309 0.173 0.1501 0.0193 3.519 0.178 0.088 0.0132 12 0 1 0 1582 61 

FIT001 - 72.d 1.780 0.079 0.5227 0.0630 5.763 0.332 -0.809 -0.0709 79 1 311 2   

FIT001 - 73.d 1.495 0.063 0.4733 0.0581 2.442 0.131 0.059 0.0214 7 0 2 0   

FIT001 - 74.d 2.037 0.089 0.7928 0.0966 11.824 0.914 -0.572 -0.0290 132 1 188 1   

FIT001 - 75.d 1.728 0.078 0.6044 0.0730 3.726 0.203 0.034 0.0118 84 1 60 3   

FIT001 - 76.d 0.115 0.035 0.5671 0.1096 0.454 0.082 1.771 0.3421 0 0 0 0   

FIT001 - 77.d 1.510 0.089 0.7767 0.0933 5.374 0.516 -0.121 0.0344 11 1 15 1   

FIT001 - 78.d 0.011 0.001 0.7721 0.0928 0.000 0.000 -76.889 -8.8163 1 0 61 0   

FIT001 - 79.d 13.278 0.643 0.1148 0.0174 14.503 0.684 0.044 0.0147 14 0 0 0   

FIT001 - 8.d 0.353 0.072 0.7457 0.1041 0.304 0.042 2.674 0.7167 0 0 1 0   

FIT001 - 80.d 5.454 0.231 0.2100 0.0253 7.052 0.316 0.014 0.0038 343 3 169 1   

FIT001 - 81.d 5.513 0.282 0.0785 0.0096 5.513 0.283 0.079 0.0097 50 0 0 0 1077 51 

FIT001 - 82.d 3.203 0.165 0.1589 0.0208 4.138 0.243 -0.059 0.0057 8 0 11 0   

FIT001 - 83.d 0.061 0.004 0.8812 0.1056 0.002 0.000 -100.313 -7.1172 1 0 3 0   

FIT001 - 84.d 7.923 0.618 0.4104 0.0700 12.973 1.460 -0.073 0.1090 2 0 5 0   

FIT001 - 85.d 0.259 0.011 0.6989 0.0847 0.181 0.010 14.640 2.2960 40 1 1108 15   

FIT001 - 86.d 1.020 0.051 0.8129 0.0962 3.148 0.234 0.164 0.0486 151 2 422 4   

FIT001 - 87.d 6.748 0.382 0.2826 0.0365 9.196 0.585 0.069 0.0277 15 0 2 0   

FIT001 - 88.d 1.060 0.081 0.5017 0.0643 1.570 0.155 0.174 0.0582 1 0 0 0   

FIT001 - 89.d 13.890 0.788 0.0579 0.0140 15.135 1.051 0.029 0.0177 14 0 0 0   

FIT001 - 9.d 0.011 0.001 0.8263 0.0996 0.001 0.000 -77.166 -8.4756 0 0 1 0   

FIT001 - 90.d 0.790 0.043 0.7927 0.0962 1.475 0.114 0.807 0.1328 11 0 21 1   

FIT001 - 91.d 0.742 0.035 0.6250 0.0754 1.165 0.069 0.692 0.1265 15 0 25 0   

FIT001 - 92.d 3.740 0.184 0.6162 0.0742 12.538 0.766 -0.125 0.0085 161 1 167 1   

FIT001 - 93.d 11.992 0.582 0.0652 0.0108 12.190 0.601 0.059 0.0103 36 0 0 0 508 24 

FIT001 - 94.d 12.203 0.598 0.0746 0.0102 12.554 0.621 0.056 0.0082 34 0 0 0 492 20 

FIT001 - 95.d 10.587 0.544 0.1776 0.0250 11.965 0.680 0.055 0.0192 15 0 0 0 516 26 

FIT001 - 96.d 3.051 0.135 0.3076 0.0401 4.151 0.211 0.014 0.0200 8 0 8 0   

FIT001 - 97.d 8.702 0.641 0.2385 0.0471 12.811 1.056 -0.010 0.0590 2 0 2 0   

FIT001 - 98.d 3.750 0.198 0.0871 0.0117 3.865 0.207 0.061 0.0095 10 0 2 0   

FIT001 - 99.d 0.172 0.010 0.9298 0.1126 0.095 0.005 46.119 6.2684 15 0 20 0   

FIT002 - 1.d 2.640 0.142 0.2121 0.0267 3.023 0.174 0.088 0.0151 8 0 1 0   

FIT002 - 10.d 1.334 0.063 0.6136 0.0745 2.988 0.166 0.024 0.0106 66 2 47 1   

FIT002 - 100.d 3.227 0.147 0.1446 0.0181 3.955 0.184 -0.030 0.0029 22 0 32 0   

FIT002 - 101.d 0.157 0.009 0.8958 0.1092 0.088 0.004 55.638 10.0456 6 0 12 0   

FIT002 - 102.d 0.076 0.007 0.9129 0.1118 0.002 0.000 -89.799 1.9695 0 0 2 0   

FIT002 - 103.d -0.019 0.023 -0.0842 0.1138 0.100 0.375 0.426 0.1354 0 0 0 0   

FIT002 - 104.d 0.028 0.005 0.8325 0.1024 0.002 0.000 -82.566 -6.9356 0 0 3 0   

FIT002 - 105.d 2.378 0.110 0.4235 0.0510 5.899 0.337 -0.314 -0.0278 233 2 536 3   

FIT002 - 106.d 1.092 0.082 0.3320 0.0455 1.424 0.135 0.121 0.0647 1 0 0 0   

FIT002 - 107.d 1.177 0.047 0.5502 0.0666 2.610 0.128 -0.143 -0.0036 166 2 472 5   

FIT002 - 108.d 0.039 0.013 0.8318 0.1076 0.002 0.000 -83.954 5.3693 0 0 1 0   

FIT002 - 109.d 0.845 0.041 0.6750 0.0818 1.416 0.096 0.531 0.1059 6 0 2 0   

FIT002 - 11.d 3.062 0.140 0.1055 0.0131 3.062 0.140 0.105 0.0134 18 0 0 0 1804 56 

FIT002 - 110.d 1.271 0.079 0.6136 0.0773 2.296 0.222 0.105 0.0607 2 0 1 0   

FIT002 - 111.d -0.001 0.000 0.8458 0.1034 0.001 0.000 -79.830 -7.2119 0 0 0 0   

FIT002 - 112.d 0.100 0.006 0.8363 0.1007 0.081 0.012 65.320 37.7937 2 0 0 0   

FIT002 - 113.d 3.210 0.139 0.1077 0.0131 3.220 0.141 0.114 0.0139 59 1 0 0 1760 56 

FIT002 - 114.d 0.013 0.001 0.7468 0.0899 0.001 0.000 -76.840 -8.7319 1 0 1 0   

FIT002 - 115.d 0.212 0.049 0.4449 0.1039 0.494 0.225 0.624 0.2125 0 0 0 0   

FIT002 - 116.d 0.054 0.003 0.8602 0.1038 0.002 0.000 -106.661 -8.3482 1 0 28 0   

FIT002 - 117.d 0.327 0.025 0.7011 0.0894 0.236 0.021 3.971 1.1866 1 0 0 0   

FIT002 - 118.d 2.441 0.122 0.2463 0.0305 3.362 0.172 -0.007 0.0117 8 0 11 0   

FIT002 - 119.d 2.232 0.115 0.3744 0.0465 3.894 0.258 -0.038 0.0173 7 0 5 0   

FIT002 - 12.d 0.125 0.032 0.2326 0.1028 0.456 0.156 0.235 0.1326 0 0 0 0   

FIT002 - 120.d 2.364 0.116 0.2480 0.0310 3.703 0.254 -0.178 0.0148 26 1 62 2   

FIT002 - 121.d 2.075 0.117 0.4960 0.0599 6.241 0.388 -0.533 -0.0499 384 3 553 4   

FIT002 - 122.d 0.999 0.047 0.3693 0.0445 1.629 0.088 -0.076 0.0020 93 1 205 2   

FIT002 - 123.d -0.027 0.002 0.6788 0.1031 0.204 0.081 1.756 1.1112 0 0 0 0   

FIT002 - 124.d 0.794 0.037 0.6979 0.0827 1.727 0.113 0.716 0.1230 62 0 222 1   

FIT002 - 125.d 3.146 0.145 0.1076 0.0130 3.151 0.146 0.109 0.0134 57 0 0 0 1779 60 

FIT002 - 126.d 2.424 0.115 0.4998 0.0607 11.676 0.886 -1.482 -0.0805 32 0 198 2   

FIT002 - 127.d 0.754 0.042 0.5792 0.0735 1.281 0.130 1.123 0.2754 1 0 15 1   

FIT002 - 128.d 2.102 0.087 0.2993 0.0373 4.173 0.201 -0.402 -0.0416 164 1 483 3   

FIT002 - 129.d 1.021 0.088 0.6990 0.0961 1.149 0.359 0.460 0.1296 1 0 0 0   

FIT002 - 13.d 2.743 0.181 0.1779 0.0278 3.376 0.241 0.070 0.0218 2 0 0 0   

FIT002 - 130.d 2.412 0.111 0.2334 0.0278 4.084 0.193 -0.285 -0.0264 201 1 486 2   

FIT002 - 131.d 0.585 0.120 0.5614 0.1053 0.531 0.201 0.430 0.1468 0 0 0 0   

FIT002 - 132.d 1.515 0.073 0.5645 0.0683 2.964 0.169 0.062 0.0192 10 0 5 0   

FIT002 - 133.d -0.031 0.032 0.1289 0.0745 0.347 0.115 0.559 0.2054 0 0 0 0   

FIT002 - 134.d 1.110 0.050 0.5873 0.0696 2.074 0.122 0.066 0.0264 11 0 9 0   
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FIT002 - 135.d 0.286 0.012 0.8830 0.1080 0.204 0.009 13.260 1.8156 29 0 28 2   

FIT002 - 136.d 2.140 0.123 0.3709 0.0476 3.019 0.215 0.076 0.0343 2 0 0 0   

FIT002 - 137.d 1.255 0.061 0.5864 0.0705 5.052 0.364 -1.225 -0.0761 27 0 295 2   

FIT002 - 138.d 0.210 0.047 0.4587 0.1157 0.350 0.150 0.702 0.3414 0 0 0 0   

FIT002 - 139.d 0.862 0.041 0.7435 0.0882 1.608 0.096 0.500 0.0752 28 0 7 0   

FIT002 - 14.d -0.013 0.002 0.6059 0.1110 0.000 0.202 0.620 0.3957 0 0 0 0   

FIT002 - 140.d 0.024 0.002 0.9926 0.1179 0.001 0.000 -78.531 -8.2601 0 0 0 0   

FIT002 - 141.d 1.566 0.074 0.4053 0.0484 2.564 0.133 -0.094 -0.0044 183 1 656 5   

FIT002 - 142.d 0.611 0.029 0.7843 0.0933 0.860 0.053 1.717 0.3111 19 0 8 0   

FIT002 - 143.d 1.004 0.041 0.5160 0.0624 1.784 0.092 -0.029 0.0144 30 0 85 1   

FIT002 - 144.d 2.342 0.117 0.2888 0.0349 3.180 0.171 0.000 0.0048 57 0 47 0   

FIT002 - 145.d 1.768 0.142 -0.0804 0.0199 1.856 0.154 -0.033 0.0228 0 0 0 0   

FIT002 - 146.d 1.370 0.063 0.6276 0.0758 2.612 0.150 0.086 0.0267 15 0 2 0   

FIT002 - 147.d 0.190 0.011 0.9400 0.1137 0.108 0.006 29.628 5.0578 14 0 1 0   

FIT002 - 148.d 0.402 0.029 0.8323 0.1015 0.352 0.043 4.347 0.8732 2 0 1 0   

FIT002 - 149.d 0.861 0.043 0.8252 0.0996 1.704 0.118 0.557 0.1092 15 0 9 0   

FIT002 - 15.d 9.082 0.461 0.1435 0.0252 10.001 0.564 0.050 0.0254 4 0 0 0   

FIT002 - 150.d 0.024 0.005 1.0566 0.1313 0.002 0.000 -81.187 -7.6154 0 0 0 0   

FIT002 - 151.d 2.410 0.110 0.3187 0.0395 3.373 0.163 -0.016 0.0089 15 0 17 0   

FIT002 - 152.d -0.003 0.000 1.0060 0.1245 0.001 0.000 -84.454 -4.8732 0 0 0 0   

FIT002 - 153.d 1.944 0.087 0.3510 0.0423 2.708 0.128 0.045 0.0077 285 2 77 1   

FIT002 - 154.d 0.536 0.037 0.7289 0.0941 0.633 0.065 1.634 0.3008 1 0 1 0   

FIT002 - 155.d 0.009 0.002 0.8362 0.1007 0.001 0.000 -77.425 -7.9786 0 0 0 0   

FIT002 - 156.d 0.129 0.006 0.9128 0.1157 0.089 0.021 0.047 20.6476 0 0 0 0   

FIT002 - 157.d 3.852 0.189 0.4346 0.0540 7.544 0.448 -0.143 0.0149 10 0 2 0   

FIT002 - 158.d 1.259 0.101 0.4759 0.0643 1.669 0.166 0.204 0.0760 1 0 1 0   

FIT002 - 159.d 0.863 0.041 0.6707 0.0829 2.266 0.156 -0.010 0.0599 185 2 893 7   

FIT002 - 16.d 1.922 0.110 0.4989 0.0628 3.471 0.270 0.024 0.0314 5 0 3 0   

FIT002 - 160.d 3.098 0.139 0.1289 0.0158 3.102 0.140 0.114 0.0143 29 0 1 0 1810 61 

FIT002 - 17.d 1.812 0.311 0.1173 0.1404 1.649 0.341 0.044 0.0878 0 0 0 0   

FIT002 - 18.d 2.958 0.136 0.1108 0.0135 2.964 0.136 0.111 0.0136 90 1 0 0 1869 72 

FIT002 - 19.d 2.937 0.165 0.0992 0.0123 2.936 0.167 0.097 0.0127 11 0 0 0   

FIT002 - 2.d 0.779 0.045 0.7430 0.0902 1.407 0.129 0.746 0.1514 3 0 12 0   

FIT002 - 20.d 0.207 0.010 0.8529 0.1027 0.114 0.006 25.787 5.0405 11 0 91 1   

FIT002 - 21.d 0.144 0.007 0.7826 0.0944 0.084 0.003 70.868 14.0047 3 0 62 0   

FIT002 - 22.d 1.979 0.104 0.3628 0.0446 -7.354 0.228 3.104 0.5028 8 0 95 1   

FIT002 - 23.d 1.629 0.081 0.4607 0.0582 2.660 0.157 0.102 0.0326 3 0 0 0   

FIT002 - 24.d 0.141 0.032 0.9330 0.1353 0.151 0.018 5.875 1.2477 0 0 0 0   

FIT002 - 25.d -0.035 0.003 0.4308 0.0672 0.224 0.091 2.298 0.7552 0 0 0 0   

FIT002 - 26.d 0.052 0.004 0.6929 0.0838 0.002 0.000 -96.516 -7.8528 1 0 2 0   

FIT002 - 27.d 1.889 0.091 0.3449 0.0416 2.639 0.133 0.062 0.0113 96 1 12 0   

FIT002 - 28.d 0.759 0.036 0.6102 0.0735 1.401 0.079 0.661 0.1110 138 2 696 7   

FIT002 - 29.d 0.030 0.003 0.9134 0.1115 0.002 0.000 -83.513 -7.2302 0 0 0 0   

FIT002 - 3.d 2.864 0.129 0.1235 0.0152 2.883 0.129 0.117 0.0146 29 0 1 0 1917 58 

FIT002 - 30.d 0.103 0.005 0.8737 0.3768 0.177 0.027 565.565 377.2138 0 0 0 0   

FIT002 - 31.d 0.859 0.038 0.5750 0.0692 1.853 0.112 0.157 0.0640 66 1 383 3   

FIT002 - 32.d 0.070 0.004 0.8930 0.1076 -0.001 0.000 -149.504 -12.3811 6 0 2 0   

FIT002 - 33.d 0.952 0.074 0.3016 0.0414 1.178 0.132 0.092 0.0658 1 0 1 0   

FIT002 - 34.d 2.776 0.129 0.5148 0.0620 7.561 0.397 -0.244 -0.0166 203 2 424 5   

FIT002 - 35.d 0.508 0.023 0.6868 0.0826 0.606 0.032 3.037 0.4249 25 0 41 0   

FIT002 - 36.d 0.080 0.019 0.8877 0.1259 0.119 0.011 11.781 3.0781 0 0 0 0   

FIT002 - 37.d 3.084 0.153 0.1564 0.0189 3.563 0.180 0.036 0.0103 17 0 10 0   

FIT002 - 38.d 0.000 0.000 0.9545 0.1151 0.000 0.000 -77.602 -8.3062 0 0 0 0   

FIT002 - 39.d 3.004 0.140 0.1107 0.0135 3.004 0.140 0.112 0.0137 67 0 0 0 1852 74 

FIT002 - 4.d 2.564 0.117 0.1827 0.0231 2.793 0.145 0.086 0.0161 14 0 1 0   

FIT002 - 40.d 1.212 0.064 0.5141 0.0628 2.276 0.165 -0.133 0.0138 4 0 42 2   

FIT002 - 41.d 3.149 0.141 0.1079 0.0133 3.157 0.142 0.108 0.0131 42 0 0 0 1773 60 

FIT002 - 42.d 2.480 0.120 0.6268 0.0798 6.803 0.557 -0.241 0.0279 4 0 3 0   

FIT002 - 43.d 1.201 0.056 0.6078 0.0736 3.598 0.223 -0.510 -0.0314 92 1 561 7   

FIT002 - 44.d 2.696 0.124 0.1443 0.0181 4.179 0.220 -0.312 -0.0124 16 0 39 1   

FIT002 - 45.d 10.186 0.419 0.1023 0.0130 11.011 0.503 0.046 0.0102 41 0 2 0   

FIT002 - 46.d 0.802 0.054 0.0908 0.0118 0.815 0.054 0.087 0.0118 4 0 2 0   

FIT002 - 47.d 2.596 0.140 0.1384 0.0189 2.710 0.147 0.102 0.0181 3 0 1 0   

FIT002 - 48.d 1.418 0.066 0.3204 0.0384 1.950 0.096 0.020 0.0051 233 2 209 2   

FIT002 - 49.d -0.055 0.007 0.1569 0.0858 0.298 0.243 0.134 0.2037 0 0 0 0   

FIT002 - 5.d 0.386 0.017 0.7568 0.0910 0.360 0.020 5.255 0.8063 25 0 3 0   

FIT002 - 50.d 3.111 0.133 0.1084 0.0133 3.109 0.134 0.109 0.0135 49 0 0 0 1797 58 

FIT002 - 51.d 3.002 0.136 0.1226 0.0153 3.052 0.131 0.109 0.0142 17 0 0 0 1825 67 

FIT002 - 52.d 0.179 0.008 0.9204 0.3034 0.106 0.005 2.320 6.0403 0 0 0 0   

FIT002 - 53.d 0.347 0.017 0.7598 0.0910 0.282 0.017 9.143 1.3307 32 1 341 3   

FIT002 - 54.d 13.678 0.986 0.0412 0.0221 13.680 1.050 -0.008 0.0155 3 0 0 0   

FIT002 - 55.d 0.458 0.038 0.6187 0.0787 0.437 0.059 2.172 0.4620 1 0 1 0   

FIT002 - 56.d 0.599 0.052 0.7713 0.1061 0.682 0.088 1.721 0.4004 1 0 0 0   

FIT002 - 57.d 2.872 0.136 0.2632 0.0319 4.680 0.258 -0.185 -0.0147 71 1 140 1   

FIT002 - 58.d 1.856 0.083 0.4206 0.0508 5.542 0.326 -0.885 -0.0753 98 1 295 2   

FIT002 - 59.d 3.032 0.158 0.1122 0.0139 3.033 0.158 0.109 0.0136 22 0 0 0 1849 76 

FIT002 - 6.d 0.276 0.034 0.7884 0.1104 0.184 0.024 5.941 1.2979 0 0 1 0   

FIT002 - 60.d 0.907 0.042 0.7080 0.0850 3.388 0.254 -0.305 0.0325 29 0 611 3   

FIT002 - 61.d 2.876 0.130 0.1176 0.0143 2.912 0.134 0.105 0.0126 91 1 6 0 1862 53 

FIT002 - 62.d 1.027 0.052 0.6257 0.0766 1.844 0.134 0.217 0.0642 3 0 4 0   

FIT002 - 63.d 0.255 0.011 0.9887 0.2147 0.174 0.008 16.244 3.5385 0 0 0 0   

FIT002 - 64.d 3.415 0.150 0.4042 0.0505 5.722 0.310 0.017 0.0140 17 0 3 0   

FIT002 - 65.d 0.806 0.042 0.7603 0.0925 1.417 0.108 0.635 0.1306 5 0 3 0   

FIT002 - 66.d 3.073 0.130 0.1138 0.0138 3.074 0.130 0.110 0.0134 60 0 0 0 1814 65 
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FIT002 - 67.d 2.815 0.125 0.2143 0.0260 3.742 0.176 -0.036 -0.0001 73 0 86 1   

FIT002 - 68.d 3.050 0.135 0.1172 0.0144 3.060 0.137 0.111 0.0136 46 0 1 0 1821 31 

FIT002 - 69.d 0.831 0.043 0.5005 0.0608 1.427 0.101 0.103 0.0855 7 0 18 1   

FIT002 - 7.d 0.567 0.028 0.7911 0.0948 0.818 0.051 2.847 0.3737 31 0 784 4   

FIT002 - 70.d 3.051 0.136 0.1643 0.0200 3.282 0.148 0.103 0.0134 50 2 2 0 1711 63 

FIT002 - 71.d 1.176 0.051 0.6823 0.0836 2.635 0.153 0.137 0.0334 24 0 1 0 2085 92 

FIT002 - 72.d 0.746 0.070 0.5911 0.0941 0.800 0.094 0.669 0.2121 0 0 2 0   

FIT002 - 73.d 4.234 0.237 0.2529 0.0340 5.371 0.309 0.053 0.0214 5 0 0 0   

FIT002 - 74.d 1.872 0.085 0.2455 0.0295 2.338 0.109 0.021 0.0049 261 3 151 2   

FIT002 - 75.d 1.843 0.082 0.3561 0.0436 4.625 0.298 -0.756 -0.0347 13 0 50 1   

FIT002 - 76.d -0.039 0.039 0.2414 0.0819 0.524 0.102 0.265 0.1680 0 0 0 0   

FIT002 - 77.d 2.888 0.129 0.1324 0.0164 2.892 0.129 0.123 0.0151 32 0 0 0 1928 62 

FIT002 - 78.d 3.303 0.148 0.1247 0.0153 3.621 0.163 0.021 0.0051 37 0 24 0   

FIT002 - 79.d 2.944 0.134 0.1604 0.0200 3.095 0.132 0.100 0.0131 18 0 1 0 1782 60 

FIT002 - 8.d 1.434 0.064 0.3547 0.0427 2.602 0.127 -0.276 -0.0234 102 1 294 2   

FIT002 - 80.d 1.238 0.111 0.4966 0.0741 1.614 0.181 0.138 0.0853 1 0 0 0   

FIT002 - 81.d 2.582 0.134 0.3138 0.0389 7.214 0.564 -1.009 -0.0400 16 0 76 1   

FIT002 - 82.d 3.155 0.155 0.1094 0.0135 3.171 0.153 0.101 0.0126 20 0 1 0 1746 60 

FIT002 - 83.d 2.207 0.137 0.2077 0.0328 2.543 0.156 0.103 0.0280 1 0 0 0   

FIT002 - 84.d 1.302 0.057 0.5049 0.0609 2.082 0.103 0.051 0.0103 149 1 60 1   

FIT002 - 85.d 1.642 0.071 0.2747 0.0330 2.058 0.091 0.044 0.0074 283 3 113 1   

FIT002 - 86.d 2.214 0.114 0.3488 0.0446 3.149 0.163 0.079 0.0222 5 0 1 0   

FIT002 - 87.d 0.550 0.029 0.8590 0.1037 0.713 0.052 2.438 0.4058 50 0 2 0   

FIT002 - 88.d 3.098 0.146 0.1165 0.0147 3.123 0.148 0.107 0.0133 21 0 0 0 1784 61 

FIT002 - 89.d 2.145 0.100 0.4350 0.0523 6.170 0.323 -0.773 -0.0756 263 1 589 3   

FIT002 - 9.d 3.186 0.200 0.2623 0.0342 4.031 0.281 0.066 0.0213 5 0 0 0   

FIT002 - 90.d 3.415 0.180 0.1170 0.0160 3.601 0.194 0.072 0.0120 8 0 2 0   

FIT002 - 91.d -0.034 0.035 -0.1206 0.1887 0.174 0.091 -0.579 1.7147 0 0 0 0   

FIT002 - 92.d 10.101 0.637 0.0415 0.0147 10.294 0.615 -0.004 0.0086 4 0 0 0   

FIT002 - 93.d 0.252 0.030 0.7746 0.0978 0.206 0.026 5.099 1.0996 0 0 1 0   

FIT002 - 94.d 0.573 0.034 0.8034 0.0983 0.743 0.069 2.014 0.3351 2 0 0 0   

FIT002 - 95.d 0.275 0.021 0.8073 0.1027 0.174 0.016 9.828 1.7488 0 0 1 0   

FIT002 - 96.d 1.030 0.044 0.6855 0.0824 1.912 0.113 0.203 0.0373 24 0 12 0   

FIT002 - 97.d 1.046 0.061 0.6927 0.0852 2.320 0.237 0.128 0.0857 3 0 5 0   

FIT002 - 98.d 0.832 0.036 0.5664 0.0682 -3.371 0.068 2.600 0.3504 41 0 1411 22   

FIT002 - 99.d 0.016 0.001 0.9668 0.1167 0.001 0.000 -77.755 -8.5477 0 0 1 0   
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Supplementary Table 5-6: Results of trace element analyses of detrital TiO2 phases. 

Analysis No.  

Ti 

(ppm) 

2σ 

abs err 

V 

(ppm) 

2σ 

abs err 

Cr 

(ppm) 

2σ 

abs err 

Fe 

(ppm) 

2σ 

abs err 

Zr 

(ppm) 

2σ 

abs err 

Nb 

(ppm) 

2σ 

abs err 

Sn 

(ppm) 

2σ 

abs err 

Th 

(ppm) 

2σ 

abs err 

U 

(ppm) 

2σ 

abs err 

THB001-Zrc - 1.d 599232 4739 1025 10 150 2 6284 110 873 10 631 6 61 1 162 2 40 0 

THB001-Zrc - 10.d 598148 4333 3846 36 640 7 481 71 44 1 681 12 9 0 5 1 0 0 

THB001-Zrc - 11.d 600537 5192 3717 29 1735 14 990 70 209 24 1004 11 5 0 4 0 2 0 

THB001-Zrc - 12.d 596560 4642 3906 38 793 7 1744 88 1096 9 3076 22 135 2 1 0 92 1 

THB001-Zrc - 13.d 601719 4550 282 4 72 1 1974 47 226 3 2382 21 82 2 855 106 28 3 

THB001-Zrc - 14.d 600389 7633 4181 75 2443 32 1443 46 667 13 3581 65 208 4 0 0 32 1 

THB001-Zrc - 15.d 601881 5230 83 1 14 1 2400 38 20 1 2146 15 13 0 3 0 11 0 

THB001-Zrc - 16.d 599813 3868 2107 17 447 4 1217 32 1558 11 1740 14 21 1 0 0 34 0 

THB001-Zrc - 17.d 597437 4170 1855 14 340 3 704 21 4286 31 1761 13 13 0 0 0 24 0 

THB001-Zrc - 18.d 600586 4954 5640 47 2008 17 99 14 1950 23 703 6 32 1 0 0 39 0 

THB001-Zrc - 19.d 603720 4684 532 4 341 4 5578 122 271 3 2793 27 69 1 0 0 0 0 

THB001-Zrc - 2.d 600695 6614 5663 54 1045 12 960 48 1477 42 1961 23 43 1 1 0 16 0 

THB001-Zrc - 20.d 601599 4928 11 0 20 1 6530 94 760 9 5561 58 336 8 114 2 239 3 

THB001-Zrc - 21.d 596842 5388 2440 23 1048 9 1682 42 1627 13 2570 25 325 5 0 0 198 2 

THB001-Zrc - 22.d 602148 3761 12 0 14 1 1862 37 275 5 654 5 0 0 0 0 1 0 

THB001-Zrc - 23.d 602197 4291 3909 30 1091 9 1555 43 1679 14 2781 28 37 1 3 0 16 0 

THB001-Zrc - 24.d 601776 4895 1568 11 549 6 857 29 255 3 3558 35 137 2 0 0 6 0 

THB001-Zrc - 25.d 602291 4396 454 4 541 6 3725 82 611 5 1131 12 90 2 2 0 198 2 

THB001-Zrc - 26.d 598729 4666 39 1 4 1 2522 80 322 3 1171 11 1 0 1 0 1 0 

THB001-Zrc - 27.d 598190 4660 977 14 157 2 1091 207 4 0 203 2 4 0 0 0 0 0 

THB001-Zrc - 28.d 600100 4295 15 0 5 1 774 25 1056 9 2577 35 727 6 2 0 1 0 

THB001-Zrc - 29.d 601702 4045 1503 13 1067 11 12247 633 1341 17 559 8 84 2 65 1 15 0 

THB001-Zrc - 3.d 601622 4775 571 5 1012 10 5435 351 185 3 1449 13 150 3 137 2 149 2 

THB001-Zrc - 30.d 599080 4696 1151 11 554 6 2235 41 179 2 3766 32 340 5 0 0 5 0 

THB001-Zrc - 31.d 602696 5017 1753 13 447 4 1929 34 1199 10 2612 22 20 1 0 0 7 0 

THB001-Zrc - 32.d 604709 4320 68 1 27 1 897 36 963 318 831 6 3 0 24 0 19 2 

THB001-Zrc - 33.d 600863 4504 2136 18 1178 10 1084 33 177 3 2074 27 302 5 65 1 25 0 

THB001-Zrc - 34.d 599784 4881 133 3 198 3 2318 74 18443 1449 1224 19 63 1 191 10 104 3 

THB001-Zrc - 35.d 599469 5721 4016 40 733 9 156 23 2127 18 2162 21 21 1 0 0 29 0 

THB001-Zrc - 36.d 598912 5791 4500 55 711 9 5925 734 451 6 3201 45 180 3 5 0 17 0 

THB001-Zrc - 37.d 601737 6451 594 7 172 5 2271 106 205 3 3748 39 45 2 6 0 36 2 

THB001-Zrc - 38.d 598417 5185 2402 25 940 10 1910 50 481 5 1705 16 78 2 1 0 23 0 

THB001-Zrc - 39.d 599883 4914 1949 17 715 7 1109 28 580 5 3203 25 83 1 0 0 15 0 

THB001-Zrc - 4.d 600102 5428 594 29 49 1 1738 42 1419 22 223 7 14 0 59 2 1 0 

THB001-Zrc - 40.d 600818 4704 3285 26 431 4 209 16 2176 23 1024 14 83 2 1 0 49 0 

THB001-Zrc - 41.d 599120 4235 4271 33 1757 12 261 17 393 3 2089 15 678 10 0 0 109 1 

THB001-Zrc - 42.d 601301 7572 660 13 148 5 5469 194 3145 65 1485 22 58 2 185 4 16 0 

THB001-Zrc - 43.d 600617 7342 4411 50 1298 17 1228 104 2403 29 1797 20 42 1 4 0 39 1 

THB001-Zrc - 44.d 601687 7978 1149 16 1220 15 7347 211 106 2 1151 16 57 1 479 6 112 2 

THB001-Zrc - 45.d 599901 6189 3023 40 666 9 886 41 1788 21 1839 24 17 1 1 0 17 0 

THB001-Zrc - 46.d 605299 5267 4038 34 718 8 1129 39 2631 20 1986 19 41 1 3 0 5 0 

THB001-Zrc - 47.d 596451 4786 1963 17 1121 12 4187 290 63 2 3234 29 128 3 458 4 60 1 

THB001-Zrc - 48.d 596115 4308 5760 42 1320 10 602 24 1079 8 1252 18 6 0 0 0 11 0 

THB001-Zrc - 49.d 596601 6334 564 8 262 5 4646 75 52 1 8630 107 91 2 1 0 2 0 

THB001-Zrc - 5.d 601209 7256 345 6 331 6 2217 58 1988 95 1824 20 33 1 177 5 91 2 

THB001-Zrc - 50.d 600622 4817 1298 13 504 5 4301 60 420 4 2544 20 289 4 1 0 89 1 

THB001-Zrc - 51.d 598333 8333 2013 29 516 9 1612 47 501 7 3597 57 257 6 1 0 13 0 

THB001-Zrc - 52.d 598313 4636 2741 30 222 3 1323 33 1720 18 804 7 18 1 0 0 19 0 

THB001-Zrc - 53.d 596381 4890 2600 24 397 4 1580 41 3928 94 1686 14 63 1 2 0 1 0 

THB001-Zrc - 54.d 598944 4164 75 2 19 1 2081 40 325 8 1639 34 0 0 0 0 0 0 
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Analysis No.  

Ti 

(ppm) 

2σ 

abs err 

V 

(ppm) 

2σ 

abs err 

Cr 

(ppm) 

2σ 

abs err 

Fe 

(ppm) 

2σ 

abs err 

Zr 

(ppm) 

2σ 

abs err 

Nb 

(ppm) 

2σ 

abs err 

Sn 

(ppm) 

2σ 

abs err 

Th 

(ppm) 

2σ 

abs err 

U 

(ppm) 

2σ 

abs err 

THB001-Zrc - 55.d 596417 4710 1487 25 51 1 1567 38 1716 17 1478 16 25 1 11 0 2 0 

THB001-Zrc - 56.d 600318 4613 4 0 8 1 1030 30 67 2 1318 13 0 0 0 0 0 0 

THB001-Zrc - 57.d 598905 5321 1132 13 264 4 473 40 2 0 859 9 0 0 0 0 0 0 

THB001-Zrc - 6.d 600322 6072 2012 22 4764 48 793 28 1427 15 3138 34 41 1 2 0 136 1 

THB001-Zrc - 7.d 595284 5022 1143 10 217 3 5371 78 499 6 5570 52 21 1 3 0 14 0 

THB001-Zrc - 8.d 600347 3986 190 3 52 1 1069 48 3 0 1913 29 19 1 1 0 2 0 

THB001-Zrc - 9.d 604928 6162 1866 21 312 4 924 31 833 10 897 16 50 1 0 0 52 1 

THB002-HM - 1.d 599218 4429 7 0 15 1 2861 50 252 5 847 14 1 0 0 0 1 0 

THB002-HM - 10.d 602090 6113 1326 16 958 9 2468 53 267 3 2927 29 496 8 4 0 7 0 

THB002-HM - 100.d 603711 4390 2389 26 250 3 4761 75 1282 12 2108 18 350 7 10 0 5 0 

THB002-HM - 101.d 598436 8517 1342 21 3407 44 2940 90 1544 19 1622 24 91 3 0 0 34 1 

THB002-HM - 102.d 597521 7245 13886 159 3478 46 734 54 1358 52 2075 31 537 9 5 0 67 1 

THB002-HM - 103.d 596027 4958 1070 8 2665 22 4616 103 99 1 1575 13 130 2 2 0 0 0 

THB002-HM - 104.d 597568 5501 19 1 10 1 5989 125 173 3 3757 48 47 1 4 0 1 0 

THB002-HM - 105.d 596843 4346 3009 28 672 6 5839 123 178 2 13372 143 181 3 1 0 5 0 

THB002-HM - 106.d 600483 4161 2537 30 3336 41 1239 40 330 3 1969 13 174 3 4 0 7 0 

THB002-HM - 107.d 599886 5346 849 8 390 4 3719 63 1430 12 4381 58 455 6 2 0 57 1 

THB002-HM - 108.d 597262 4623 2000 22 134 2 5545 79 408 4 4053 47 863 9 3 0 56 1 

THB002-HM - 109.d 601956 6019 348 4 396 5 6208 116 280 3 739 7 2151 24 0 0 133 1 

THB002-HM - 11.d 604874 4771 676 6 6 1 4275 52 600 4 825 13 97 1 0 0 43 0 

THB002-HM - 110.d 597477 4784 446 14 88 8 15722 1264 2397 194 1825 19 4 0 77 4 75 2 

THB002-HM - 111.d 597988 4407 1263 11 151 2 4276 168 443 4 712 5 19 1 4 0 3 0 

THB002-HM - 112.d 604320 5174 1440 14 1036 9 1627 90 497 4 1593 14 184 2 1 0 21 0 

THB002-HM - 113.d 593773 6020 2066 26 1452 19 3791 83 129607 2185 8203 100 1353 17 36 1 37 1 

THB002-HM - 114.d 600127 4618 1627 15 553 6 1864 33 284 3 4534 38 66 1 0 0 4 0 

THB002-HM - 115.d 600839 4716 52 1 15 1 1205 33 683 10 601 5 204 2 1 0 6 0 

THB002-HM - 116.d 605155 5559 47 1 10 1 1427 58 951 13 929 14 0 0 0 0 0 0 

THB002-HM - 117.d 598301 4861 115 3 21 1 8264 151 308 14 3140 27 20 1 35 1 5 0 

THB002-HM - 118.d 599493 6593 10883 112 4552 43 1073 47 1305 17 16438 161 174 3 1 0 67 1 

THB002-HM - 119.d 604490 7500 2161 28 633 10 4059 99 1233 32 472 5 72 2 125 3 20 0 

THB002-HM - 12.d 604319 4741 255 6 61 2 7212 376 353 66 3968 29 65 2 43 4 11 0 

THB002-HM - 120.d 601313 5393 22 1 14 1 3358 58 329 8 988 12 0 0 2 0 2 0 

THB002-HM - 121.d 600615 3792 278 12 15 1 5196 100 716 10 2053 24 64 2 4 0 7 0 

THB002-HM - 122.d 595945 4028 2180 36 494 6 3618 129 204 2 5677 99 584 19 7 0 10 0 

THB002-HM - 123.d 596282 5033 2131 17 783 8 4171 264 3261 579 832 8 47 1 192 2 43 1 

THB002-HM - 124.d 595978 5604 953 9 274 5 3944 123 25 2 924 18 390 9 36 1 100 2 

THB002-HM - 125.d 598968 4455 278 5 28 1 7941 502 1108 13 695 13 1 0 2 0 3 0 

THB002-HM - 126.d 604101 6617 2059 23 104 2 5651 113 1005 166 1202 15 72 2 0 0 22 0 

THB002-HM - 127.d 598411 5132 2851 36 855 12 1132 49 933 13 2094 20 33 1 0 0 27 1 

THB002-HM - 128.d 598695 6781 4118 48 865 10 795 29 1736 25 1176 11 39 1 1 0 23 0 

THB002-HM - 129.d 601706 3748 2113 18 616 6 3702 61 370 3 8600 75 182 2 2 0 13 0 

THB002-HM - 13.d 602109 7668 3263 49 936 13 199 27 1360 19 2613 40 103 2 0 0 78 1 

THB002-HM - 130.d 600274 5489 709 8 639 7 4707 78 13 0 880 9 131 3 4 0 2 0 

THB002-HM - 131.d 596037 4147 40 1 17 1 3041 148 388 4 2137 18 1 0 2 0 1 0 

THB002-HM - 132.d 599699 5911 1806 18 542 7 4427 72 1215 153 1215 21 293 8 350 5 183 2 

THB002-HM - 133.d 598649 4908 623 7 53 1 4552 74 145 14 1355 15 12 0 26 1 6 0 

THB002-HM - 134.d 596326 5468 1227 13 8390 74 1758 49 2436 23 10906 102 45 1 3 0 71 1 

THB002-HM - 135.d 601637 4431 617 6 17 1 8230 158 1029 8 2709 23 44 1 4 0 23 0 

THB002-HM - 136.d 598639 3771 3 0 16 1 2824 60 209 4 712 5 0 0 0 0 0 0 

THB002-HM - 137.d 601389 4591 1346 11 515 5 3864 108 575 5 260 2 24 1 2 0 7 0 

THB002-HM - 138.d 600136 7458 1770 25 515 10 1920 115 1147 20 1116 33 32 2 0 0 17 0 

THB002-HM - 139.d 597542 4569 434 6 374 6 7114 165 64 2 4940 157 368 5 226 5 95 2 

THB002-HM - 14.d 602201 4940 33 1 14 1 5362 71 541 8 780 7 0 0 4 0 3 0 

THB002-HM - 140.d 601546 6061 1600 17 505 5 2645 58 548 7 2910 27 190 2 0 0 25 0 
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THB002-HM - 141.d 598638 4813 82 6 32 3 9747 716 576 9 707 5 1 0 7 1 5 0 

THB002-HM - 142.d 598701 4615 1452 18 17 1 2660 68 552 16 1190 11 1480 34 44 2 4 0 

THB002-HM - 143.d 599116 4743 214 4 71 3 16249 577 307 5 2091 20 8 0 10 1 28 1 

THB002-HM - 144.d 596635 6131 1418 14 1195 13 4811 135 682 12 4656 52 241 4 5 0 33 1 

THB002-HM - 145.d 597961 6015 3630 41 564 6 999 134 930 10 2960 35 75 2 1 0 58 1 

THB002-HM - 146.d 596328 4039 635 5 25 1 3124 62 955 6 1106 14 17 0 0 0 23 0 

THB002-HM - 147.d 596803 6332 5236 57 1973 21 940 36 1786 21 1331 13 233 4 1 0 25 0 

THB002-HM - 148.d 598159 6577 1259 15 533 10 4732 91 1114 15 2555 45 16 1 449 7 3 0 

THB002-HM - 149.d 591665 7869 3173 35 940 12 1913 89 569 6 3252 41 115 2 1 0 37 1 

THB002-HM - 15.d 603283 5260 1061 9 5524 48 658 20 274 3 564 5 37 1 0 0 28 0 

THB002-HM - 150.d 595035 4069 3211 26 702 6 2423 67 1833 22 2064 14 153 2 0 0 63 1 

THB002-HM - 151.d 593700 4060 24 1 12 1 3511 52 121 3 948 15 0 0 1 0 3 0 

THB002-HM - 152.d 594133 4843 546 12 38 2 5352 224 1502 28 1170 19 5 0 30 1 40 1 

THB002-HM - 153.d 597502 4353 63 1 2 1 4626 70 170 10 5761 57 166 3 128 3 167 2 

THB002-HM - 154.d 597012 6017 2526 39 1906 22 4294 67 1471 17 939 16 171 5 250 3 92 1 

THB002-HM - 155.d 601553 4496 1484 17 152 2 5069 498 835 431 2866 87 348 10 20 2 35 1 

THB002-HM - 156.d 598569 6944 5308 58 1982 23 688 71 1487 15 949 13 14 1 0 0 4 0 

THB002-HM - 157.d 594470 5378 1836 19 572 6 4434 157 1072 10 2004 19 70 1 1 0 37 1 

THB002-HM - 158.d 597454 3913 142 2 46 1 987 24 1011 9 1232 10 36 1 11 0 12 0 

THB002-HM - 159.d 600694 4404 1172 10 358 4 8743 347 617 6 4373 36 994 13 13 1 178 2 

THB002-HM - 16.d 600310 5242 169 3 195 3 4243 254 1257 12 1424 14 8 0 12 0 5 0 

THB002-HM - 160.d 589854 6074 1902 22 164 3 4715 110 28 1 1258 16 61 2 13 1 92 2 

THB002-HM - 161.d 593972 7093 1143 20 158 3 10671 166 400 6 1894 36 228 4 1286 26 4 0 

THB002-HM - 162.d 601405 5179 998 13 830 14 2363 62 286 5 1496 17 216 3 25 1 4 0 

THB002-HM - 163.d 597172 5342 634 7 245 12 2444 66 15 1 1500 20 346 17 8 0 2 0 

THB002-HM - 164.d 599804 4209 1532 13 186 3 4604 171 92 2 527 18 638 13 49 5 15 0 

THB002-HM - 165.d 596839 7290 2136 26 943 13 2146 126 3552 41 668 10 37 1 18 0 89 1 

THB002-HM - 166.d 598994 4378 1992 15 703 7 1364 72 1158 9 3839 29 62 1 0 0 26 0 

THB002-HM - 167.d 601576 6752 4120 46 2104 26 1181 45 527 8 6177 67 35 1 0 0 33 1 

THB002-HM - 168.d 595295 6129 1636 16 288 4 3027 68 342 6 2933 38 204 4 1 0 31 0 

THB002-HM - 169.d 594511 7038 2204 23 1413 16 1894 48 329 4 1711 19 182 4 0 0 23 0 

THB002-HM - 17.d 600052 4434 978 9 612 6 4590 172 384 4 3355 26 115 2 17 1 98 1 

THB002-HM - 170.d 595274 6518 1667 16 6723 68 771 29 1129 12 513 6 30 1 0 0 17 0 

THB002-HM - 171.d 599302 5210 2325 21 674 7 3636 58 193 4 2628 23 222 4 2 0 19 0 

THB002-HM - 172.d 603119 4307 1499 12 100 2 5714 71 41 1 2168 16 200 3 2 0 27 0 

THB002-HM - 173.d 594861 5486 453 5 10 1 3435 68 32 1 533 5 294 4 11 0 0 0 

THB002-HM - 174.d 599047 4607 2653 25 6799 54 71 15 898 9 612 6 60 1 1 0 13 0 

THB002-HM - 175.d 595651 5059 6600 53 2275 22 656 92 1315 11 1436 13 50 1 2 0 28 0 

THB002-HM - 176.d 599652 6413 1874 19 1884 22 2149 119 304 6 2036 22 924 12 1 0 72 1 

THB002-HM - 177.d 597830 5382 1178 11 247 3 3848 73 555 33 5266 47 1900 22 0 0 25 0 

THB002-HM - 178.d 596351 5068 1289 20 543 6 11365 494 172 4 3185 32 326 19 17 1 8 0 

THB002-HM - 179.d 603090 6212 4561 54 1133 17 3504 92 486 5 9133 84 343 5 19 1 18 0 

THB002-HM - 18.d 603702 7135 1203 19 119 3 3113 65 1593 20 2781 37 11 1 1 0 54 1 

THB002-HM - 180.d 603829 5153 28 1 7 1 1781 45 1076 18 1457 20 13 1 18 1 0 0 

THB002-HM - 181.d 595794 5234 309 5 51 1 1271 51 391 7 1406 14 37 1 3 0 17 0 

THB002-HM - 182.d 598544 4947 1197 11 421 4 5646 145 206 2 1106 14 204 3 13 1 18 0 

THB002-HM - 183.d 598703 5193 855 11 35 1 5138 89 458 6 3911 34 195 4 5 0 7 0 

THB002-HM - 184.d 598106 5646 1924 19 751 9 3478 62 179 2 3474 34 3119 37 9 0 80 1 

THB002-HM - 185.d 604082 8873 1074 16 1239 21 5677 138 1039 37 1726 40 104 4 70 3 31 2 

THB002-HM - 186.d 600493 4516 130 12 17 3 6027 1171 5698 1093 2586 23 100 2 55 10 7 1 

THB002-HM - 187.d 599924 4694 32 3 50 1 3645 84 178 12 2123 22 1 0 1 0 5 1 

THB002-HM - 188.d 599882 4657 690 6 5555 44 1359 35 813 7 1224 10 12 0 0 0 11 0 

THB002-HM - 189.d 599714 5221 168 2 10 1 4132 86 1592 15 6329 60 144 3 21 0 42 1 

THB002-HM - 19.d 601524 4081 2028 18 613 7 15407 646 365 5 472 4 154 2 31 2 40 0 
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THB002-HM - 190.d 599819 6460 697 13 319 5 3915 106 1611 22 1634 24 11 1 28 1 45 1 

THB002-HM - 191.d 600473 5184 878 18 335 7 5966 146 1159 27 2291 30 28 1 328 17 54 1 

THB002-HM - 192.d 601953 4873 561 5 1202 11 4855 82 152 2 1041 9 8 0 2 0 6 0 

THB002-HM - 193.d 596651 8782 3307 50 802 11 603 32 546 7 1416 19 51 1 4 0 118 1 

THB002-HM - 194.d 599458 5016 1000 9 1265 12 460 25 835 8 355 3 16 1 0 0 10 0 

THB002-HM - 195.d 604558 4898 957 10 816 6 3946 123 62 1 153 2 10 0 0 0 0 0 

THB002-HM - 196.d 597135 4574 264 3 11 1 5337 111 62 1 2009 21 42 2 7 0 5 0 

THB002-HM - 197.d 604768 5049 563 10 57 2 9784 1162 542 8 648 11 104 4 58 1 51 1 

THB002-HM - 198.d 598702 5663 1261 14 3614 37 1096 33 158 2 728 7 52 1 0 0 12 0 

THB002-HM - 199.d 603481 5825 181 8 28 1 2027 222 141 4 1178 11 2 0 9 0 12 0 

THB002-HM - 2.d 600640 8056 71 2 40 2 3974 91 29827 595 1719 29 30 1 73 2 50 1 

THB002-HM - 20.d 596488 7083 1653 22 403 8 9494 836 1825 24 3521 49 57 2 2 0 113 3 

THB002-HM - 200.d 599576 4891 2173 17 561 5 3826 64 279 3 1310 11 281 5 1 0 8 0 

THB002-HM - 201.d 601433 5362 3228 37 944 9 4840 310 347 4 5743 50 479 9 2 0 17 0 

THB002-HM - 202.d 604173 4338 100 2 30 1 4338 232 177 2 2666 23 24 1 15 1 4 0 

THB002-HM - 203.d 601997 4224 57 5 18 2 14797 2380 166 3 956 9 1 0 5 1 1 0 

THB002-HM - 204.d 595523 6795 416 7 443 7 5749 90 416 93 2779 42 874 12 7 0 48 1 

THB002-HM - 205.d 601336 4375 25 1 8 1 9096 139 523 8 2107 20 2 0 5 0 6 0 

THB002-HM - 206.d 597726 5331 1391 12 232 3 4400 68 249 2 97 2 4 0 11 0 4 0 

THB002-HM - 207.d 599721 4855 1510 15 132 2 3305 54 1075 10 1772 14 285 4 0 0 170 1 

THB002-HM - 208.d 601426 4966 936 8 1085 13 6015 107 556 12 7289 59 472 6 3 0 14 0 

THB002-HM - 209.d 603988 5345 1647 16 452 5 3572 66 2066 29 1678 16 85 2 0 0 13 0 

THB002-HM - 21.d 602867 5693 59 2 20 1 11634 187 8413 1729 504 6 9 0 19 2 8 2 

THB002-HM - 210.d 601086 5551 501 5 106 2 7494 387 1193 51 4132 46 254 6 33 1 13 0 

THB002-HM - 211.d 600936 5747 306 11 325 16 11189 312 1938 376 1233 12 18 2 97 3 82 2 

THB002-HM - 212.d 603386 6998 4095 67 1636 22 18379 1019 55627 953 1505 23 43 1 57 2 55 1 

THB002-HM - 213.d 596553 4397 92 1 27 2 2656 280 835 12 1449 14 5 0 24 1 18 1 

THB002-HM - 214.d 601637 4940 1074 11 416 4 4032 64 737 6 3095 31 419 6 1 0 152 2 

THB002-HM - 215.d 598333 4867 195 3 214 3 7148 105 273 17 4965 58 343 5 41 1 35 1 

THB002-HM - 216.d 605581 4688 586 6 638 6 6891 576 1775 186 638 6 9 0 1 0 0 0 

THB002-HM - 217.d 600070 6383 2483 27 636 9 1312 40 809 10 1701 24 17 1 2 0 18 0 

THB002-HM - 218.d 600573 6177 3062 36 733 9 605 25 443 5 994 19 30 1 1 0 4 0 

THB002-HM - 219.d 594504 5256 690 7 140 2 2709 49 872 9 3665 36 193 3 6 1 141 1 

THB002-HM - 22.d 604926 4619 61 12 17 1 5946 83 1246 23 1905 17 166 4 396 75 48 4 

THB002-HM - 220.d 596373 5710 2009 105 52 2 21731 3901 336 26 794 10 152 17 13 1 33 2 

THB002-HM - 221.d 597370 4939 2434 24 2947 32 813 40 606 5 1628 13 425 6 1 0 190 1 

THB002-HM - 222.d 600460 3821 333 4 7 1 5177 72 404 5 3774 47 117 2 4 0 8 0 

THB002-HM - 223.d 600508 4485 164 7 33 1 4423 111 808 202 2143 32 29 1 34 2 10 0 

THB002-HM - 224.d 601274 5176 599 6 1796 18 4542 71 560 8 997 11 151 3 714 11 707 10 

THB002-HM - 225.d 599164 9299 1029 13 665 12 10925 176 385 6 2457 40 143 4 512 34 34 1 

THB002-HM - 226.d 594977 6045 3189 40 400 5 3441 60 1038 12 7420 83 291 5 0 0 73 1 

THB002-HM - 227.d 604003 5781 1105 15 178 7 5654 186 292 57 191 2 21 1 0 0 2 0 

THB002-HM - 228.d 597860 4993 1496 13 402 4 2124 42 289 3 3347 26 60 1 1 0 6 0 

THB002-HM - 229.d 603233 5549 2433 25 633 7 4027 70 210 3 9287 114 50 1 4 0 3 0 

THB002-HM - 23.d 596220 6835 2065 35 255 4 3419 63 1470 26 1039 11 115 2 6 0 46 1 

THB002-HM - 230.d 599791 5242 87 2 25 1 3593 177 94 4 2054 24 19 1 6 1 2 0 

THB002-HM - 231.d 597208 4243 680 8 334 6 9175 305 1246 49 1898 18 57 2 649 13 78 1 

THB002-HM - 232.d 602574 5654 55 2 24 2 5039 155 119 8 1331 13 1 0 13 1 3 0 

THB002-HM - 233.d 597426 6018 494 23 142 6 23139 1217 7800 2454 844 13 15 1 562 26 39 10 

THB002-HM - 234.d 597376 4159 221 9 132 6 8267 358 47470 2952 1321 15 14 1 406 41 58 2 

THB002-HM - 235.d 594214 5110 438 6 863 13 12050 283 110 2 6983 86 91 2 694 9 40 1 

THB002-HM - 236.d 599004 4669 3808 39 306 5 5506 159 1817 29 1029 10 72 2 185 11 53 1 

THB002-HM - 237.d 597666 7144 265 7 110 4 13559 327 200 7 605 10 61 2 137 3 4 0 

THB002-HM - 238.d 600936 5758 594 16 172 10 10956 281 406 26 379 5 192 4 138 7 4 0 
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THB002-HM - 24.d 605617 7819 543 8 500 7 5293 171 485 23 1172 18 117 3 107 2 279 4 

THB002-HM - 25.d 601920 4394 1254 9 538 5 3236 40 679 6 3327 27 149 2 0 0 84 1 

THB002-HM - 26.d 596637 4587 49 1 326 9 3782 105 56 4 3490 29 4 0 10 1 1 0 

THB002-HM - 27.d 600200 6054 429 9 53 2 3328 94 1085 26 1777 28 1284 39 67 3 8 0 

THB002-HM - 28.d 600283 9160 1755 23 317 6 2434 86 235 4 843 15 194 4 2 0 12 0 

THB002-HM - 29.d 596404 8660 1729 34 1465 21 3159 79 755 11 2861 40 77 2 1054 32 188 3 

THB002-HM - 3.d 601946 6113 938 10 489 6 5587 89 478 5 2266 26 453 7 6 0 100 1 

THB002-HM - 30.d 601689 5137 499 5 71 1 6531 221 547 5 1691 15 832 12 9 0 3 0 

THB002-HM - 31.d 598667 4300 1204 18 1892 22 2030 127 256 3 5229 74 511 8 4 0 4 0 

THB002-HM - 32.d 595245 4650 402 17 489 10 2127 110 318 21 325 6 1 0 43 4 3 0 

THB002-HM - 33.d 599770 4436 54 1 23 1 1913 32 359 10 444 10 1 0 0 0 2 0 

THB002-HM - 34.d 602629 5081 62 9 19 3 4548 502 299 15 4851 51 355 8 12 1 2 0 

THB002-HM - 35.d 604103 4439 6637 44 1179 9 934 31 492 4 5313 40 259 4 3 0 18 0 

THB002-HM - 36.d 609893 8052 828 13 152 4 3643 92 1086 15 1284 23 51 2 5 0 17 0 

THB002-HM - 37.d 603029 6012 159 11 95 2 16423 563 320 5 1165 14 81 2 25 1 776 8 

THB002-HM - 38.d 600823 10355 3002 51 4470 78 3898 246 1495 27 1492 26 106 3 271 5 147 2 

THB002-HM - 39.d 597817 5336 46 2 16 1 4077 194 220 7 974 17 0 0 8 1 4 0 

THB002-HM - 4.d 602138 5601 753 8 1553 15 4778 73 975 8 1547 16 788 12 2 0 167 2 

THB002-HM - 40.d 601278 4458 544 41 196 4 10645 1137 45246 9518 1628 18 2 0 524 73 317 45 

THB002-HM - 41.d 603461 4195 364 4 104 2 4464 105 1083 32 4725 52 177 3 283 101 23 4 

THB002-HM - 42.d 600719 8672 563 11 749 12 15932 925 1000 20 2642 44 59 1 78 2 110 2 

THB002-HM - 43.d 603721 4853 35 1 5 1 3014 66 1840 110 2634 28 399 4 19 2 1 0 

THB002-HM - 44.d 600127 6762 3506 37 6808 70 86 18 399 6 2867 27 649 8 2 0 37 1 

THB002-HM - 45.d 604307 5096 747 7 86 1 2325 63 221 3 1122 14 47 1 1 0 4 0 

THB002-HM - 46.d 603985 4981 572 5 319 3 4387 88 109 2 826 9 9 0 3 0 0 0 

THB002-HM - 47.d 596988 4200 665 7 2635 21 2547 75 43341 1643 1187 11 9 0 33 1 22 1 

THB002-HM - 48.d 595805 6221 462 5 56 1 4841 136 297 5 251 3 43 1 7 0 28 0 

THB002-HM - 49.d 598473 7562 2896 40 333 6 3347 83 1692 19 1587 25 327 5 0 0 89 1 

THB002-HM - 5.d 606474 4787 578 6 4450 38 1943 37 948 7 3865 35 841 12 0 0 309 3 

THB002-HM - 50.d 594671 5086 48 1 27 1 3335 61 324 5 2076 23 2 0 11 1 5 0 

THB002-HM - 51.d 595897 6260 2433 40 1235 14 4875 89 890 10 2136 28 233 4 0 0 35 1 

THB002-HM - 52.d 603492 15192 1434 31 1029 25 3278 134 217 5 2898 75 108 3 0 0 4 0 

THB002-HM - 53.d 595663 4650 570 5 655 7 4327 48 534 5 4314 37 173 2 0 0 29 0 

THB002-HM - 54.d 603068 6983 684 9 582 7 3741 77 817 190 713 9 13 1 1 0 1 0 

THB002-HM - 55.d 594051 5421 641 7 80 2 4088 141 2005 22 1134 17 26 1 26 1 13 0 

THB002-HM - 56.d 595678 3992 100 2 47 1 4918 74 584 11 5258 42 55 2 8 1 7 1 

THB002-HM - 57.d 593577 8577 774 11 950 16 3565 93 68 1 2152 37 124 3 527 8 118 2 

THB002-HM - 58.d 594471 4446 74 2 19 1 2976 54 284 5 2972 42 606 10 11 0 4 0 

THB002-HM - 59.d 597626 4408 197 10 140 6 6279 346 166 24 2469 19 3 0 34 2 23 0 

THB002-HM - 6.d 602247 4902 24 1 25 2 1760 59 168 12 2367 37 0 0 9 1 4 0 

THB002-HM - 60.d 598597 4572 2108 26 3597 26 2447 42 121 1 1910 16 219 3 0 0 12 0 

THB002-HM - 61.d 598267 11934 3179 81 858 15 7567 159 217 32 1287 28 205 4 815 24 89 2 

THB002-HM - 62.d 594260 5063 2364 21 3534 31 2736 54 158 2 6319 69 268 4 0 0 9 0 

THB002-HM - 63.d 598296 4504 107 2 149 2 4959 199 1699 29 2879 29 16 1 5 0 17 0 

THB002-HM - 64.d 595393 17475 742 26 2242 53 5679 175 612 15 2308 60 53 2 612 16 65 2 

THB002-HM - 65.d 592503 6931 2751 32 1170 14 891 29 1801 19 1431 16 27 1 0 0 22 0 

THB002-HM - 66.d 598648 6092 977 11 974 10 2318 47 107 1 2117 22 92 2 4 0 11 0 

THB002-HM - 67.d 599926 7213 716 9 1491 16 1976 51 159 2 635 7 32 1 2 0 1 0 

THB002-HM - 68.d 598113 4802 2460 28 345 4 3666 60 276 3 24001 230 1280 18 1 0 0 0 

THB002-HM - 69.d 597481 3605 681 6 24 1 5520 100 19 10 1793 26 428 7 2 0 0 0 

THB002-HM - 7.d 605331 4422 2281 32 1780 15 3068 219 363 7 1621 50 14 0 50 2 13 1 

THB002-HM - 70.d 595602 4807 2325 27 1295 12 2574 41 395 3 5187 49 773 10 0 0 12 0 

THB002-HM - 71.d 598798 4864 3920 32 845 8 1763 46 2601 23 5585 43 30 1 0 0 28 0 

THB002-HM - 72.d 596111 4741 928 6 462 4 3574 47 328 3 4764 35 209 3 0 0 28 0 
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THB002-HM - 73.d 596103 5892 338 4 555 7 5691 115 414 6 2846 42 104 2 236 2 62 1 

THB002-HM - 74.d 593966 7167 840 11 195 4 5714 131 118 2 1542 30 120 2 645 6 264 3 

THB002-HM - 75.d 600207 4930 124 4 27 1 5424 157 16 0 3747 108 211 10 1 0 8 0 

THB002-HM - 76.d 596107 8569 1112 19 2307 34 1399 46 201 5 594 10 76 2 165 4 52 1 

THB002-HM - 77.d 595780 4802 95 2 29 1 4998 224 248 11 903 12 6 0 15 0 10 0 

THB002-HM - 78.d 595471 4422 4948 41 1794 15 1656 43 207 2 4949 39 230 4 0 0 9 0 

THB002-HM - 79.d 596807 4869 2165 22 1008 12 806 25 508 5 1450 12 4 0 0 0 2 0 

THB002-HM - 8.d 603778 3535 81 2 28 1 4468 95 696 17 914 18 1 0 13 0 8 0 

THB002-HM - 80.d 595829 4779 2894 23 138 2 1972 80 92 5 984 12 94 2 1 0 0 0 

THB002-HM - 81.d 593671 4172 154 7 542 30 5705 90 668 16 3849 47 10 1 67 3 34 1 

THB002-HM - 82.d 598012 5193 1523 19 2602 24 2523 48 33 1 479 14 272 3 1 0 5 0 

THB002-HM - 83.d 603340 5792 419 5 1013 9 7615 106 41 1 4233 44 76 2 118 1 94 1 

THB002-HM - 84.d 597910 3746 284 5 2 1 3637 67 855 6 1005 14 9 0 37 1 21 1 

THB002-HM - 85.d 599981 6294 593 8 512 7 8845 142 14 0 193 3 29 1 2 0 1 0 

THB002-HM - 86.d 597504 9960 405 7 81 2 14024 278 188 4 967 19 57 1 318 8 132 2 

THB002-HM - 87.d 592883 3985 358 4 1874 14 2728 83 25 1 3077 36 94 1 28 1 12 0 

THB002-HM - 88.d 594884 4526 2110 28 3591 32 2128 48 912 9 1604 13 51 1 8 0 53 1 

THB002-HM - 89.d 601475 5433 1707 15 12 1 2195 44 723 7 1788 16 362 6 0 0 78 1 

THB002-HM - 9.d 606746 4767 3734 31 2175 19 2984 37 824 6 1492 16 332 5 0 0 47 0 

THB002-HM - 90.d 595061 4135 1397 12 480 5 4264 839 4135 844 2440 20 131 2 21 4 7 1 

THB002-HM - 91.d 590715 5764 727 10 346 4 7334 112 106 5 1958 20 275 6 35 1 39 1 

THB002-HM - 92.d 596479 5034 822 8 1323 12 5354 212 38707 2033 2476 18 50 1 135 6 86 3 

THB002-HM - 93.d 600131 4853 128 3 73 2 4242 192 234 11 1937 17 8 0 63 5 4 0 

THB002-HM - 94.d 599788 8278 1945 24 1094 17 5898 150 169 3 827 11 346 6 2 0 27 1 

THB002-HM - 95.d 600863 4863 1802 13 679 5 2042 135 3514 520 3193 33 111 2 15 3 40 4 

THB002-HM - 96.d 600072 6625 1972 25 1095 12 4188 104 1250 15 1909 23 161 3 1 0 56 1 

THB002-HM - 97.d 598542 8726 3190 40 264 3 1505 211 555 8 2111 28 133 3 0 0 184 2 

THB002-HM - 98.d 598241 5272 1777 17 511 6 2205 48 252 3 5367 46 156 3 0 0 8 0 

THB002-HM - 99.d 596880 3684 7 1 10 1 2161 85 160 5 1723 12 0 0 2 0 1 0 

THB003_2 - 1.d 597667 5154 164 2 42 1 1073 45 3 0 186 2 5 0 1 0 1 0 

THB003_2 - 10.d 601453 4102 26 1 8 1 3861 60 573 7 3172 52 2 0 4 0 1 0 

THB003_2 - 2.d 595462 6994 690 11 270 6 4075 183 1385 20 1109 15 6 0 147 4 35 1 

THB003_2 - 3.d 596919 5298 448 5 2408 24 6753 110 728 8 5178 49 870 12 0 0 83 1 

THB003_2 - 4.d 595735 3918 87 2 17 1 2689 69 39 3 1434 12 8 0 2 0 1 0 

THB003_2 - 5.d 597619 4942 1138 10 46 1 3520 62 1543 382 958 11 27 1 0 0 0 0 

THB003_2 - 6.d 598299 4635 269 3 17 1 4880 68 848 7 6369 51 205 6 31 3 12 0 

THB003_2 - 7.d 600509 7643 2834 43 808 14 1717 65 1849 33 2335 31 26 1 6 0 65 1 

THB003_2 - 8.d 604501 7472 2499 39 2128 28 3193 92 486 6 2876 33 423 7 1 0 56 1 

THB003_2 - 9.d 603319 5069 1168 10 235 3 3490 63 105 2 987 14 112 2 0 0 9 0 

THB003-Zrc - 1.d 594811 5960 1112 11 599 6 1654 34 2938 27 1400 14 252 3 0 0 32 0 

THB003-Zrc - 10.d 603997 4310 4420 36 823 7 691 23 2730 20 2517 18 16 0 0 0 43 0 

THB003-Zrc - 11.d 602090 3935 63 1 25 1 1078 35 24 1 1659 23 10 0 2 0 1 0 

THB003-Zrc - 12.d 604301 9839 1227 24 323 8 301 53 223 4 594 16 91 2 2 0 8 0 

THB003-Zrc - 13.d 605763 5111 128 3 37 1 2593 85 1956 48 1300 14 4 0 115 7 8 0 

THB003-Zrc - 14.d 604192 9665 1516 30 512 13 2274 139 389 9 2066 50 28 2 7 1 30 1 

THB003-Zrc - 15.d 603675 6859 3275 42 2203 26 1039 29 860 9 3504 41 119 3 1 0 49 1 

THB003-Zrc - 16.d 608464 4652 217 3 6 1 3615 57 1211 11 1630 15 5 0 37 1 46 1 

THB003-Zrc - 17.d 598588 4530 3667 27 963 8 536 20 1443 12 1919 15 42 1 0 0 15 0 

THB003-Zrc - 18.d 603355 4636 343 6 127 4 819 94 877 99 1353 10 3 0 6 0 6 0 

THB003-Zrc - 19.d 604465 5942 3340 35 1099 9 1433 42 2086 27 574 6 16 1 2 0 8 0 

THB003-Zrc - 2.d 599414 5458 1992 19 698 7 1852 43 16045 2718 3135 35 9 0 34 5 21 3 

THB003-Zrc - 20.d 602792 4324 76 3 35 1 1740 338 52 4 1252 13 3 0 5 0 1 0 

THB003-Zrc - 21.d 604655 6507 598 8 626 8 5560 84 2079 29 5098 51 1404 16 2 0 31 3 

THB003-Zrc - 22.d 598244 4784 2157 19 421 4 2052 43 606 6 1824 17 44 1 2 0 57 1 
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THB003-Zrc - 23.d 599212 4801 4514 39 691 7 127 15 750 7 1031 15 159 2 0 0 55 1 

THB003-Zrc - 24.d 602505 5149 2523 28 2958 48 1444 101 359 13 1861 21 367 10 66 1 44 1 

THB003-Zrc - 25.d 601012 4471 1449 12 443 4 2118 39 239 2 2946 26 15 1 2 0 4 0 

THB003-Zrc - 26.d 600154 5079 57 3 15 1 5224 145 404 11 1075 12 17 1 25 2 4 0 

THB003-Zrc - 27.d 599261 4917 63 4 75 10 2525 158 122 8 2039 44 6 0 9 2 8 1 

THB003-Zrc - 28.d 605607 12297 2167 48 431 8 2762 293 2257 38 1375 17 49 2 1 0 55 2 

THB003-Zrc - 29.d 602368 7573 2714 36 1475 21 1044 53 685 9 4655 62 351 6 0 0 35 1 

THB003-Zrc - 3.d 602827 7182 1704 27 341 6 3190 63 464 8 1477 24 79 3 1 0 88 1 

THB003-Zrc - 30.d 604739 5769 2129 22 610 6 851 35 1004 9 2422 25 76 2 2 0 51 1 

THB003-Zrc - 31.d 603463 6712 2112 21 385 6 2211 86 3360 39 2022 23 165 3 2 0 61 1 

THB003-Zrc - 32.d 604338 4690 294 5 39 1 2162 58 701 11 1937 21 8 0 1 0 3 0 

THB003-Zrc - 33.d 601064 11287 2100 41 1473 30 2859 76 839 16 1732 33 336 6 756 15 71 2 

THB003-Zrc - 34.d 600520 5152 1627 18 1694 21 1263 29 162 2 1876 16 98 2 0 0 2 0 

THB003-Zrc - 35.d 601083 6931 963 12 132 2 1682 58 454 13 1316 24 6 0 44 1 49 1 

THB003-Zrc - 36.d 605243 10292 2194 40 245 5 2273 79 1471 22 262 6 37 1 102 2 6 0 

THB003-Zrc - 37.d 604884 4426 3126 26 555 7 1711 42 796 7 2519 21 86 2 20 2 76 1 

THB003-Zrc - 38.d 599015 5569 1447 16 547 6 866 60 156 2 2854 30 141 2 0 0 5 0 

THB003-Zrc - 39.d 598863 5486 2556 29 498 6 932 80 1605 16 2189 24 14 0 3 0 33 0 

THB003-Zrc - 4.d 598853 6563 2826 42 950 12 483 29 951 10 1616 18 16 1 2 0 28 0 

THB003-Zrc - 40.d 596927 5641 446 10 37 1 1282 42 3328 38 676 7 4 0 15 1 7 0 

THB003-Zrc - 41.d 600990 4538 3622 28 715 6 811 26 1135 8 1470 12 37 1 0 0 30 0 

THB003-Zrc - 42.d 599631 4131 633 6 202 2 1526 36 417 7 1912 16 30 1 7 1 5 1 

THB003-Zrc - 43.d 599778 4442 1088 29 89 2 4533 209 9747 1087 2192 21 73 3 168 12 29 2 

THB003-Zrc - 44.d 597042 4902 266 13 44 1 1265 41 184 7 913 14 4 0 8 1 16 1 

THB003-Zrc - 45.d 602304 4736 817 8 540 6 2942 61 393 6 1741 26 916 16 1 0 30 1 

THB003-Zrc - 46.d 601406 4131 1523 11 595 5 1285 32 479 4 2011 14 35 1 0 0 11 0 

THB003-Zrc - 47.d 598707 4659 494 10 70 1 3345 101 1766 29 2257 26 141 7 67 5 36 1 

THB003-Zrc - 48.d 602955 5108 1790 19 456 5 3687 67 280 3 4802 51 124 2 0 0 15 0 

THB003-Zrc - 49.d 602046 5513 4553 41 1455 14 721 28 2537 21 1950 20 28 1 0 0 33 1 

THB003-Zrc - 5.d 600941 3886 1316 10 471 4 1520 34 258 21 2969 21 137 2 0 0 6 0 

THB003-Zrc - 50.d 601713 4374 2862 31 1472 13 1029 33 632 141 2750 20 694 9 2 0 15 1 

THB003-Zrc - 51.d 601617 4574 464 5 136 2 2047 41 127 2 336 7 187 3 0 0 53 1 

THB003-Zrc - 52.d 605118 4501 1798 24 1335 32 2313 57 71 1 5450 81 394 8 5 0 1 0 

THB003-Zrc - 53.d 600346 4541 2681 25 1222 9 391 22 608 6 1060 10 296 4 0 0 21 0 

THB003-Zrc - 54.d 598283 4942 6329 59 431 5 659 25 1227 11 748 7 52 1 0 0 24 0 

THB003-Zrc - 55.d 596728 6391 5302 65 1090 16 187 29 87 2 2019 28 99 2 0 0 9 0 

THB003-Zrc - 56.d 598745 6591 2595 32 1504 20 1896 43 204 5 1807 27 541 9 61 3 3 0 

THB003-Zrc - 57.d 595432 3997 626 5 1452 11 3654 166 282 3 1360 15 550 10 4 0 33 0 

THB003-Zrc - 58.d 594624 5108 41 2 34 1 5021 159 62 4 1005 15 25 1 50 1 3 0 

THB003-Zrc - 59.d 596397 4510 500 6 123 2 2372 58 791 7 7193 88 1634 21 22 1 16 1 

THB003-Zrc - 6.d 596211 5285 50 5 7 1 2825 62 2312 92 2978 25 143 14 169 24 1 0 

THB003-Zrc - 60.d 600308 5105 1526 31 388 7 418 19 5 0 1546 13 10 0 0 0 0 0 

THB003-Zrc - 61.d 594546 4626 1509 22 1647 14 4907 446 2712 473 3532 31 369 4 56 5 6 0 

THB003-Zrc - 62.d 593581 4624 8 0 5 1 1605 38 2429 20 9620 89 8 0 21 1 11 0 

THB003-Zrc - 63.d 598969 4555 1037 27 226 8 1307 36 437 7 1119 29 32 2 0 0 8 0 

THB003-Zrc - 64.d 599324 5417 21 1 8 1 3197 287 1501 13 3439 28 73 1 5 0 4 0 

THB003-Zrc - 65.d 598316 4751 1465 11 25 1 1327 51 2378 100 629 5 504 6 10 1 17 0 

THB003-Zrc - 66.d 596276 4886 8 1 8 1 2862 49 1618 21 7508 68 336 7 2 0 0 0 

THB003-Zrc - 67.d 600496 4472 264 6 111 2 1467 53 438 53 1528 13 6 0 94 2 8 0 

THB003-Zrc - 68.d 597338 5593 486 7 20 1 2022 65 10 1 409 5 934 29 4 0 1 0 

THB003-Zrc - 69.d 596989 4412 597 7 60 1 1372 101 377 29 317 3 18 1 2 0 1 0 

THB003-Zrc - 7.d 599760 3784 201 2 28 1 2004 56 1086 8 3268 25 17 1 23 1 21 1 

THB003-Zrc - 70.d 596878 5106 1823 15 342 4 1118 29 647 6 3840 33 56 1 2 0 13 0 

THB003-Zrc - 71.d 596107 4627 1132 10 844 7 1156 31 725 57 585 12 88 1 1 0 3 0 
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THB003-Zrc - 72.d 598371 8245 1660 15 845 9 7374 306 25 1 1202 14 628 10 41 1 20 0 

THB003-Zrc - 73.d 8397 1188 3073 422 2660 233 147557 20361 90816889 1054546 630 42 82 19 50928 1013 84038 1251 

THB003-Zrc - 74.d 594922 4271 1477 14 533 6 954 29 236 6 3489 33 116 2 0 0 6 0 

THB003-Zrc - 75.d 601929 5321 3743 33 979 10 869 30 948 14 1473 20 428 9 0 0 30 0 

THB003-Zrc - 76.d 594661 3983 9 0 15 1 1072 78 154 8 2035 25 1 0 1 0 2 0 

THB003-Zrc - 77.d 595269 5445 703 9 475 9 3669 63 405 9 377 6 23 1 44 1 77 3 

THB003-Zrc - 78.d 603823 4692 643 16 156 4 2001 54 1715 15 1995 19 34 2 120 3 105 3 

THB003-Zrc - 79.d 597418 4540 102 2 5 1 548 23 89 2 4618 37 4 0 0 0 0 0 

THB003-Zrc - 8.d 597020 8819 773 14 235 6 1886 72 368 70 878 13 14 1 200 4 52 1 

THB003-Zrc - 9.d 602415 6214 1945 17 473 5 672 33 844 10 337 4 35 1 0 0 10 0                    
FIT001 - 1.d 597390 2634 2080 9 3538 22 1786 19 73 1 976 19 230 3 0 0 4 0 

FIT001 - 10.d 594395 3163 30 0 20 1 1797 33 11 0 990 21 1 0 8 0 1 0 

FIT001 - 100.d 593359 5144 874 6 395 3 5934 69 112 1 4643 27 2255 15 4 0 49 0 

FIT001 - 101.d 597155 3791 928 6 302 3 9712 84 106 1 4052 30 146 2 415 3 99 1 

FIT001 - 102.d 607664 7429 1108 12 1568 12 7308 100 3124 31 4866 67 68 1 133 2 98 1 

FIT001 - 103.d 599133 3691 1362 7 396 3 9913 118 1826 10 2280 15 63 1 778 5 30 1 

FIT001 - 104.d 591845 7095 1816 23 742 11 6994 114 4340 55 5572 69 209 3 269 3 119 2 

FIT001 - 105.d 588975 6874 1926 25 2417 26 8542 111 4962 36 3223 53 37 1 265 2 69 1 

FIT001 - 106.d 596578 3888 1043 7 319 3 6865 81 238 2 8418 74 523 6 0 0 6 0 

FIT001 - 107.d 593611 3108 163 2 831 6 11690 105 53 1 1631 19 212 3 492 3 229 2 

FIT001 - 108.d 592412 3095 179 3 50 1 1801 41 480 5 1283 12 5 0 58 1 51 1 

FIT001 - 109.d 598326 3514 456 2 276 3 6016 68 287 1 6393 41 178 2 0 0 7 0 

FIT001 - 11.d 600211 2012 137 1 29 1 7956 62 649 5 3757 26 12 0 55 1 191 1 

FIT001 - 110.d 588182 2141 2271 14 3285 15 1169 32 257 2 2459 10 621 9 1 0 9 0 

FIT001 - 111.d 590885 2933 2362 19 941 6 1133 38 824 24 1722 22 15 0 1 0 37 1 

FIT001 - 112.d 595159 2988 58 1 14 0 1944 40 1534 7 543 3 2 0 1 0 1 0 

FIT001 - 113.d 594191 3120 1939 11 1282 8 8240 133 2329 22 3373 18 10 0 491 4 279 2 

FIT001 - 114.d 577707 5178 2967 32 6294 65 6373 102 3234 53 7131 87 78 2 179 2 84 1 

FIT001 - 115.d 594682 4099 357 3 18 1 3327 88 2012 14 453 3 3 0 2 0 4 0 

FIT001 - 116.d 599623 3366 118 1 50 1 3692 54 450 4 2164 13 1 0 6 0 17 0 

FIT001 - 117.d 593907 3560 1079 10 2255 18 24817 250 1688 17 1025 12 217 4 159 2 72 1 

FIT001 - 118.d 589804 4071 881 9 200 3 4929 54 414 11 2550 18 316 4 14 0 31 1 

FIT001 - 119.d 592652 3353 1669 8 467 2 4171 100 685 6 2314 11 32 1 1 0 22 0 

FIT001 - 12.d 597951 3230 958 7 362 2 6449 88 263 11 2533 29 58 1 6 0 8 0 

FIT001 - 120.d 600936 3913 2523 23 1510 13 7843 68 3276 26 6192 51 124 2 408 3 202 2 

FIT001 - 121.d 594082 3160 7649 45 1323 8 494 18 353 2 3618 16 175 2 0 0 28 0 

FIT001 - 122.d 596021 2786 51 1 36 1 8298 147 102 3 2763 19 5 0 7 0 7 0 

FIT001 - 123.d 592379 2548 925 6 1074 5 7526 70 383 2 1746 11 26 0 0 0 52 0 

FIT001 - 124.d 597814 2698 5240 25 1207 8 456 18 525 3 3540 18 540 6 0 0 23 0 

FIT001 - 125.d 594470 4527 1072 9 2214 23 1717 59 2004 26 2579 18 51 1 136 1 83 1 

FIT001 - 126.d 597039 2762 2434 11 719 4 917 27 483 7 2851 19 133 1 0 0 8 0 

FIT001 - 127.d 598358 2362 67 2 79 6 7042 61 80 2 1715 26 43 1 36 1 16 0 

FIT001 - 128.d 599631 2690 376 5 478 6 6419 127 852 7 1976 10 14 0 18 0 91 3 

FIT001 - 129.d 591268 3435 580 5 1624 9 3162 34 61 1 1332 17 1111 24 22 0 2 0 

FIT001 - 13.d 592994 4534 7 0 8 1 84 12 85 1 136 2 0 0 0 0 0 0 

FIT001 - 130.d 593822 2911 5060 26 730 5 788 25 883 5 6656 36 93 1 0 0 35 0 

FIT001 - 131.d 594254 2841 1936 12 497 3 2715 62 427 2 257 1 102 1 0 0 9 0 

FIT001 - 132.d 596744 2681 1540 8 226 2 7472 61 194 1 3441 18 722 6 0 0 63 0 

FIT001 - 133.d 595357 3665 568 4 630 3 5816 58 47 1 1507 7 40 1 409 3 184 2 

FIT001 - 134.d 591471 2287 2929 14 779 3 926 21 1023 9 2714 13 108 1 0 0 39 0 

FIT001 - 135.d 599586 5060 1444 27 298 4 4622 163 476 26 5123 196 896 10 15 0 27 0 

FIT001 - 136.d 592656 4543 3890 50 1108 12 740 27 726 7 1942 15 202 2 2 0 38 0 

FIT001 - 137.d 594251 3428 4830 36 1418 8 3350 46 346 2 11305 104 1205 9 1 0 5 0 

FIT001 - 138.d 597790 2548 262 3 95 2 2238 35 4 0 2601 13 709 22 3 0 5 0 
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FIT001 - 139.d 597573 2532 1324 7 291 3 8474 127 804 4 737 3 18 0 23 1 7 0 

FIT001 - 14.d 591090 2753 395 2 541 5 13050 100 274 2 1189 11 262 2 48 0 3 0 

FIT001 - 140.d 590749 3925 105 2 132 2 13671 145 1085 12 11886 44 51 1 162 2 42 1 

FIT001 - 141.d 602855 2470 2245 12 748 5 1005 28 537 3 2489 14 83 1 1 0 4 0 

FIT001 - 142.d 603500 3443 2164 14 828 8 39688 358 1527 14 2862 24 339 3 160 1 4 0 

FIT001 - 143.d 595748 5342 1234 16 951 12 4933 66 1335 19 1560 22 86 2 734 6 30 0 

FIT001 - 144.d 600658 2660 1457 8 1131 8 8933 107 35 1 1402 15 275 4 102 2 31 0 

FIT001 - 145.d 602252 3603 87 1 20 1 2638 31 754 7 2307 15 0 0 3 0 7 0 

FIT001 - 146.d 594783 2756 551 4 825 11 13412 190 49816 381 645 5 217 4 94 3 40 1 

FIT001 - 147.d 597202 3122 277 3 164 4 7053 80 335 3 2025 15 95 1 76 2 5 0 

FIT001 - 148.d 606439 5414 2508 24 634 6 9487 101 4252 37 2547 22 20 1 169 1 110 1 

FIT001 - 149.d 603228 4982 820 7 148 3 6012 522 1403 71 239 2 12 0 2 0 0 0 

FIT001 - 15.d 600963 4791 90 1 530 5 3262 96 174 2 1804 15 67 1 12 0 1 0 

FIT001 - 150.d 603073 3053 113 1 134 3 2043 42 836 5 1550 9 23 1 8 0 2 0 

FIT001 - 151.d 592927 3153 1706 15 263 3 6789 82 3355 82 9781 45 7 0 163 1 358 3 

FIT001 - 152.d 603316 5364 1011 9 720 6 21184 179 507 5 1821 14 135 1 435 4 608 6 

FIT001 - 153.d 600299 3208 2375 14 2151 14 2678 40 153 1 1591 9 800 8 0 0 9 0 

FIT001 - 154.d 594291 4375 2244 16 154 2 5701 70 649 4 7919 40 136 2 0 0 4 0 

FIT001 - 155.d 599482 2663 104 2 46 1 13180 290 125 2 2247 21 2 0 5 0 5 0 

FIT001 - 156.d 594506 3559 117 3 33 1 1424 36 12 1 1978 11 46 1 4 0 1 0 

FIT001 - 157.d 596278 4388 1032 16 1288 19 25912 410 1292 17 3374 25 215 3 266 4 27 0 

FIT001 - 158.d 602214 2813 471 3 120 2 11709 98 531 3 8187 38 263 3 0 0 132 1 

FIT001 - 159.d 602149 2810 2480 13 4029 43 4406 40 550 3 3404 15 221 2 0 0 130 1 

FIT001 - 16.d 600112 3400 4250 31 1299 9 1505 25 3072 15 1379 6 177 2 0 0 54 0 

FIT001 - 160.d 600592 3077 2095 16 1443 8 567 24 5 0 2883 23 3 0 0 0 0 0 

FIT001 - 17.d 591289 2964 584 4 79 1 2110 39 1710 12 693 4 2 0 1 0 2 0 

FIT001 - 18.d 595863 3211 2454 38 1527 16 3303 62 1423 12 1910 17 50 1 5 0 2 0 

FIT001 - 19.d 597578 7184 2113 19 558 7 10561 126 579 5 3027 26 736 8 257 3 28 0 

FIT001 - 2.d 601647 2903 1766 10 1406 9 3255 39 600 4 3840 20 127 1 1 0 16 0 

FIT001 - 20.d 591671 3110 2138 13 2066 13 9802 111 4955 31 4910 32 209 2 580 3 133 1 

FIT001 - 21.d 596449 3355 2843 16 816 5 817 16 1502 29 1719 10 21 0 1 0 42 0 

FIT001 - 22.d 593295 2664 1768 14 1300 11 2822 34 279 2 2826 14 269 3 0 0 29 0 

FIT001 - 23.d 591525 3047 365 2 23 1 2233 37 16 0 985 16 44 1 0 0 0 0 

FIT001 - 24.d 597358 2191 81 1 19 1 3033 66 31 0 2619 18 2 0 18 1 0 0 

FIT001 - 25.d 590715 3291 474 3 178 2 6942 64 101 1 4874 22 132 2 19 0 13 0 

FIT001 - 26.d 597821 4787 1283 11 3004 22 18517 166 2505 44 1622 21 19 0 334 2 39 0 

FIT001 - 27.d 596090 2742 2337 17 2533 15 1737 23 209 1 2430 12 229 2 1 0 16 0 

FIT001 - 28.d 598846 2794 668 18 96 3 7752 84 88 2 2302 8 54 2 10 0 6 0 

FIT001 - 29.d 592687 3020 1221 8 1138 6 6129 60 234 3 2819 17 1009 13 0 0 56 0 

FIT001 - 3.d 601849 3879 2115 14 715 5 6126 206 4247 16 4648 25 65 1 164 1 153 1 

FIT001 - 30.d 598743 3536 997 7 635 4 8816 69 3864 21 3972 24 779 7 332 2 282 2 

FIT001 - 31.d 582996 2972 2207 29 1691 16 1216 26 620 5 713 6 67 1 0 0 9 0 

FIT001 - 32.d 603908 2398 1596 9 3763 17 3503 33 1616 7 5208 24 143 1 0 0 82 1 

FIT001 - 33.d 593027 3116 1157 5 917 5 19542 144 114 1 730 4 259 3 34 1 0 0 

FIT001 - 34.d 596102 3058 1279 8 152 13 2198 116 22309 970 461 7 1 0 77 3 21 1 

FIT001 - 35.d 600993 2136 72 1 115 2 4204 65 225 4 1699 13 1 0 4 0 1 0 

FIT001 - 36.d 596913 2300 245 4 40 1 4672 54 122 2 6361 31 23 1 2 0 0 0 

FIT001 - 37.d 601950 2857 587 4 1341 7 1971 20 600 3 1509 11 21 0 0 0 7 0 

FIT001 - 38.d 597184 3130 33 1 108 1 2886 27 7 0 1191 8 1 0 3 0 1 0 

FIT001 - 39.d 592365 2941 797 11 81 2 6003 238 59 3 1368 13 222 6 31 0 8 0 

FIT001 - 4.d 602288 4051 1439 8 22 1 5170 71 225 2 1148 8 348 3 0 0 50 1 

FIT001 - 40.d 593389 7552 325 4 2717 43 10915 177 572 8 743 14 1825 41 931 21 6 0 

FIT001 - 41.d 595510 2569 101 2 33 1 3130 30 27 0 2111 10 16 1 6 0 0 0 

FIT001 - 42.d 605634 3413 17 0 7 0 1687 22 520 8 2089 17 0 0 2 0 4 0 
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FIT001 - 43.d 599248 3061 2366 27 707 6 465 18 614 3 2359 7 91 1 0 0 25 0 

FIT001 - 44.d 602121 2627 1906 10 479 4 1404 24 762 4 2482 13 34 1 1 0 33 0 

FIT001 - 45.d 600524 2719 325 3 46 2 11161 142 59 2 2635 11 12 0 5 0 20 0 

FIT001 - 46.d 601231 2698 1549 7 283 1 2136 39 169 1 1227 8 18 1 0 0 1 0 

FIT001 - 47.d 603488 4218 457 3 307 3 9968 101 750 9 5283 35 57 1 32 1 6 0 

FIT001 - 48.d 608746 1755 1880 13 1278 10 4702 48 3529 25 6186 46 35 1 321 2 45 1 

FIT001 - 49.d 597520 2795 2371 27 614 4 1871 23 258 2 1859 11 130 1 0 0 8 0 

FIT001 - 5.d 599052 2845 1557 9 2891 23 357 12 5195 20 88 1 27 0 0 0 5 0 

FIT001 - 50.d 600770 2666 97 1 2077 15 5143 109 432 3 771 7 1497 8 185 2 3 0 

FIT001 - 51.d 607803 2140 891 7 1371 9 851 34 60 1 419 2 156 1 7 0 1 0 

FIT001 - 52.d 603320 2967 683 5 201 1 3589 31 455 4 2781 27 508 5 14 0 41 0 

FIT001 - 53.d 608080 3028 199 2 1238 7 8022 74 187 2 3415 24 142 3 1025 7 120 1 

FIT001 - 54.d 601995 3002 4494 29 3014 15 7142 50 4812 36 7330 41 141 3 511 3 354 2 

FIT001 - 55.d 599174 4282 2539 17 1502 10 2119 41 1524 14 6820 49 7 0 0 0 7 0 

FIT001 - 56.d 602649 3325 627 4 753 8 2507 48 1095 19 1321 9 27 1 154 2 19 0 

FIT001 - 57.d 608009 4027 2235 17 3708 45 2979 44 3052 18 3718 21 135 2 265 2 81 1 

FIT001 - 58.d 608566 2918 155 1 160 7 1351 27 33 2 472 3 0 0 0 0 0 0 

FIT001 - 59.d 601066 3244 1817 11 654 5 5270 265 592 3 8135 59 193 3 4 0 20 0 

FIT001 - 6.d 615339 5931 317 7 3849 48 10420 112 325 5 447 5 1883 60 834 15 4 0 

FIT001 - 60.d 604646 2381 4095 20 870 5 707 16 3122 16 998 6 23 0 1 0 33 0 

FIT001 - 61.d 607111 3133 855 4 120 1 9032 58 486 3 9312 51 699 8 0 0 112 1 

FIT001 - 62.d 599979 3031 2453 12 98 1 1155 18 1566 10 698 4 11 0 0 0 19 0 

FIT001 - 63.d 597369 5384 802 9 1177 10 9886 99 137 1 4335 33 224 3 775 5 231 3 

FIT001 - 64.d 601510 3356 1753 12 1246 11 8077 122 4277 26 7068 35 296 2 426 3 163 1 

FIT001 - 65.d 606143 3505 1724 13 602 7 2184 43 686 5 4231 23 49 1 1 0 41 0 

FIT001 - 66.d 597922 3707 6398 43 3501 28 2552 77 1091 7 995 13 15 1 0 0 76 1 

FIT001 - 67.d 596532 3338 1843 10 3001 22 9577 98 2759 40 4257 29 312 3 649 4 195 2 

FIT001 - 68.d 598802 3209 1829 8 258 2 4383 69 19 1 434 7 11 1 97 5 11 0 

FIT001 - 69.d 599229 3881 1962 13 3655 43 12589 130 307 3 1264 19 418 6 74 1 121 1 

FIT001 - 7.d 596763 4386 1695 12 842 8 6025 50 540 4 7528 50 388 3 0 0 33 0 

FIT001 - 70.d 603774 3629 1884 13 815 5 2094 32 405 3 5043 29 295 3 0 0 10 0 

FIT001 - 71.d 603190 3404 2396 16 1032 6 4072 41 441 2 7263 42 132 1 1 0 12 0 

FIT001 - 72.d 599918 4678 557 4 3482 28 8328 98 3239 19 3177 17 77 1 311 2 79 1 

FIT001 - 73.d 601637 2735 249 3 119 1 2674 44 383 3 1580 11 5 0 2 0 7 0 

FIT001 - 74.d 592787 3344 2239 16 2036 12 3525 32 2646 13 5618 34 69 1 188 1 132 1 

FIT001 - 75.d 600453 4706 69 2 61 4 7645 120 1743 33 4808 30 47 1 60 3 84 1 

FIT001 - 76.d 594970 3350 1 0 8 0 2080 88 58 1 985 8 0 0 0 0 0 0 

FIT001 - 77.d 596126 2881 2163 17 594 8 16675 317 1068 26 778 24 14 0 15 1 11 1 

FIT001 - 78.d 590448 2426 992 5 3680 26 4690 51 216 1 423 2 101 4 61 0 1 0 

FIT001 - 79.d 600208 3927 1967 10 523 4 1386 31 374 3 3162 22 174 2 0 0 14 0 

FIT001 - 8.d 592257 3168 30 0 11 1 687 31 2 0 1562 9 0 0 1 0 0 0 

FIT001 - 80.d 591956 3649 2830 22 709 5 2680 56 1461 15 2151 15 26 1 169 1 343 3 

FIT001 - 81.d 596098 1905 2291 8 781 5 2678 27 670 3 4489 23 337 3 0 0 50 0 

FIT001 - 82.d 591342 2601 693 3 216 2 5460 58 99 1 4414 30 788 7 11 0 8 0 

FIT001 - 83.d 589968 3620 1848 10 75 1 1922 125 2040 12 430 3 11 0 3 0 1 0 

FIT001 - 84.d 591881 2868 1627 10 459 3 1957 36 148 1 2963 16 602 5 5 0 2 0 

FIT001 - 85.d 587830 6326 876 9 3525 39 19784 165 1528 15 473 7 395 6 1108 15 40 1 

FIT001 - 86.d 587020 5840 1952 22 4621 69 9238 156 4982 84 3343 49 36 1 422 4 151 2 

FIT001 - 87.d 591826 3804 3923 25 1011 7 1062 34 248 2 2837 19 40 1 2 0 15 0 

FIT001 - 88.d 593960 2833 97 1 53 1 2762 34 67 2 3026 13 194 3 0 0 1 0 

FIT001 - 89.d 594926 5323 1432 15 140 3 4837 70 86 1 1346 24 526 7 0 0 14 0 

FIT001 - 9.d 595565 2993 155 2 371 4 6891 62 6 0 451 4 381 3 1 0 0 0 

FIT001 - 90.d 594537 2542 152 2 70 1 7533 102 195 2 2997 14 9 0 21 1 11 0 

FIT001 - 91.d 596086 3833 505 5 1741 10 9451 262 228 4 2730 18 509 7 25 0 15 0 
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FIT001 - 92.d 598578 3702 630 4 673 6 8271 92 92 1 2728 17 134 2 167 1 161 1 

FIT001 - 93.d 589574 5276 400 5 2265 16 3748 63 351 3 959 10 14 1 0 0 36 0 

FIT001 - 94.d 585862 3556 3678 38 76 1 2398 30 448 3 754 4 140 2 0 0 34 0 

FIT001 - 95.d 593122 2880 4335 31 1090 7 5357 59 869 5 12060 94 106 1 0 0 15 0 

FIT001 - 96.d 597823 3670 609 5 2997 22 6413 86 922 6 4031 24 661 7 8 0 8 0 

FIT001 - 97.d 590464 3550 1346 8 164 1 1927 22 149 1 1961 13 493 5 2 0 2 0 

FIT001 - 98.d 597836 2224 1156 6 5102 26 8281 60 53 1 3639 26 967 9 2 0 10 0 

FIT001 - 99.d 591789 5818 39 1 9 1 5153 105 2053 28 4014 25 131 1 20 0 15 0 

FIT002 - 1.d 600251 3812 3729 17 797 4 2257 32 357 2 7986 41 190 3 1 0 8 0 

FIT002 - 10.d 598634 2106 65 1 90 2 11992 121 155 2 4091 41 8 0 47 1 66 2 

FIT002 - 100.d 590185 2142 1590 9 2579 13 775 22 107 1 4182 32 837 11 32 0 22 0 

FIT002 - 101.d 596888 2799 850 14 26 1 2073 33 1442 19 1874 11 276 9 12 0 6 0 

FIT002 - 102.d 595715 3021 61 1 2 0 1269 24 1117 13 2606 13 74 1 2 0 0 0 

FIT002 - 103.d 597509 3548 2 0 7 1 1255 18 32 0 2042 13 0 0 0 0 0 0 

FIT002 - 104.d 600620 2768 69 1 4 0 457 13 642 7 3589 20 67 1 3 0 0 0 

FIT002 - 105.d 594940 3061 1742 10 1026 6 5301 56 1612 13 1516 9 1265 16 536 3 233 2 

FIT002 - 106.d 601402 2920 2 0 5 0 2050 56 122 1 4065 116 0 0 0 0 1 0 

FIT002 - 107.d 593765 2776 794 5 878 6 11572 131 1870 24 3051 16 111 2 472 5 166 2 

FIT002 - 108.d 593598 3448 0 0 1 1 1300 41 1526 29 2621 13 9 0 1 0 0 0 

FIT002 - 109.d 595722 2674 123 1 871 5 1483 23 937 6 1487 14 3 0 2 0 6 0 

FIT002 - 11.d 596520 2657 1556 8 618 4 783 14 44 0 224 1 334 4 0 0 18 0 

FIT002 - 110.d 599386 3323 37 1 14 1 744 29 174 2 2003 35 5 0 1 0 2 0 

FIT002 - 111.d 602954 3295 193 2 85 1 3676 51 1027 6 3143 39 80 1 0 0 0 0 

FIT002 - 112.d 600411 3025 143 1 89 1 1672 26 9 0 1614 12 2 0 0 0 2 0 

FIT002 - 113.d 595209 3302 3844 19 1864 11 1423 33 1464 7 2082 11 109 1 0 0 59 1 

FIT002 - 114.d 602741 3311 1137 9 411 2 8687 71 73 1 476 2 39 1 1 0 1 0 

FIT002 - 115.d 595250 2882 210 2 27 1 522 21 4 0 1288 34 16 0 0 0 0 0 

FIT002 - 116.d 601042 2840 6 0 7 1 483 18 1419 8 3632 20 0 0 28 0 1 0 

FIT002 - 117.d 598443 3831 1238 8 118 2 5427 52 561 6 17779 110 105 2 0 0 1 0 

FIT002 - 118.d 600339 3057 5057 21 272 2 1530 24 142 2 1553 8 374 5 11 0 8 0 

FIT002 - 119.d 596463 3229 1711 32 6 0 2758 49 4 0 1512 12 2308 24 5 0 7 0 

FIT002 - 12.d 600893 3148 23 0 299 2 1910 24 148 1 1696 8 5 0 0 0 0 0 

FIT002 - 120.d 596058 2766 580 17 120 5 3234 99 867 6 1680 36 45 2 62 2 26 1 

FIT002 - 121.d 600863 3761 1056 8 597 7 7046 76 165 2 3064 26 179 2 553 4 384 3 

FIT002 - 122.d 601975 4472 409 4 981 5 7766 78 868 7 1355 12 37 1 205 2 93 1 

FIT002 - 123.d 592412 2912 309 3 13 1 6614 100 1 0 661 8 1 0 0 0 0 0 

FIT002 - 124.d 599869 3497 754 4 1630 9 8139 60 54 1 2303 10 291 5 222 1 62 0 

FIT002 - 125.d 599789 1965 2665 12 1398 8 2853 41 1059 5 2713 13 46 1 0 0 57 0 

FIT002 - 126.d 601478 3681 1308 11 3242 20 11180 109 91 1 1079 9 584 15 198 2 32 0 

FIT002 - 127.d 605457 2391 566 28 10 1 2241 34 4 0 350 3 120 3 15 1 1 0 

FIT002 - 128.d 587147 2653 1583 8 425 3 7912 66 268 3 1238 14 1385 19 483 3 164 1 

FIT002 - 129.d 603797 2356 522 8 108 4 918 24 13 0 2023 19 26 1 0 0 1 0 

FIT002 - 13.d 594700 2649 844 4 150 1 4635 46 78 0 1700 10 48 1 0 0 2 0 

FIT002 - 130.d 601765 2481 1610 9 1120 7 6489 55 917 5 2830 11 720 12 486 2 201 1 

FIT002 - 131.d 602642 2889 361 2 419 7 452 15 3 0 1806 7 4 0 0 0 0 0 

FIT002 - 132.d 600724 2022 508 4 26 1 421 16 57 1 1030 8 17 0 5 0 10 0 

FIT002 - 133.d 599163 2892 402 3 1 0 955 17 8 0 328 2 1 0 0 0 0 0 

FIT002 - 134.d 599111 2507 273 2 24 1 2422 34 113 3 1234 8 36 1 9 0 11 0 

FIT002 - 135.d 601466 2903 453 5 206 4 4385 128 565 3 1969 11 34 1 28 2 29 0 

FIT002 - 136.d 601162 2282 900 6 262 2 2688 27 7 0 1618 10 21 1 0 0 2 0 

FIT002 - 137.d 606284 3167 1716 9 665 5 7517 96 628 6 6052 28 208 5 295 2 27 0 

FIT002 - 138.d 602280 2909 100 1 4 0 80 15 88 1 4327 28 2 0 0 0 0 0 

FIT002 - 139.d 599319 3563 448 3 19 1 2436 39 438 2 4443 24 33 1 7 0 28 0 

FIT002 - 14.d 599465 3400 118 1 21 0 1180 21 6 0 3804 29 49 1 0 0 0 0 
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FIT002 - 140.d 601352 2490 185 3 1 1 2435 27 321 8 783 7 1 0 0 0 0 0 

FIT002 - 141.d 595977 4036 1024 11 882 7 9171 90 2613 34 1782 20 1188 13 656 5 183 1 

FIT002 - 142.d 604476 3363 673 5 361 4 3290 47 217 1 2145 13 1034 17 8 0 19 0 

FIT002 - 143.d 601786 3309 1105 8 1397 10 13125 149 407 3 1443 10 200 5 85 1 30 0 

FIT002 - 144.d 594020 3324 963 11 546 5 7377 100 119 1 1655 8 424 11 47 0 57 0 

FIT002 - 145.d 597567 2907 1915 14 710 4 525 19 13 0 1198 15 12 0 0 0 0 0 

FIT002 - 146.d 601181 2817 396 3 274 2 1774 39 620 3 3938 19 258 7 2 0 15 0 

FIT002 - 147.d 606409 3268 126 1 544 3 1731 37 98 1 969 5 48 1 1 0 14 0 

FIT002 - 148.d 603293 2310 410 3 12 1 3430 130 342 3 1296 14 48 1 1 0 2 0 

FIT002 - 149.d 599360 3946 708 6 3370 23 1551 30 277 2 1341 22 41 1 9 0 15 0 

FIT002 - 15.d 595144 2501 52 1 11 0 4178 26 126 1 1846 9 7 0 0 0 4 0 

FIT002 - 150.d 601154 3088 306 2 36 1 1500 29 9 0 1767 7 37 0 0 0 0 0 

FIT002 - 151.d 599580 3095 124 2 83 1 7117 61 734 7 6197 40 109 4 17 0 15 0 

FIT002 - 152.d 604536 2968 21 0 8 0 447 18 1 0 1066 18 0 0 0 0 0 0 

FIT002 - 153.d 599569 3463 2373 18 598 5 9565 90 1220 33 2512 20 105 1 77 1 285 2 

FIT002 - 154.d 603084 3106 89 1 819 8 1009 20 7 0 1704 12 1 0 1 0 1 0 

FIT002 - 155.d 598453 2756 8 0 7 1 2394 42 132 10 1146 7 0 0 0 0 0 0 

FIT002 - 156.d 604043 2925 39 1 16 1 1862 25 18 0 1421 10 0 0 0 0 0 0 

FIT002 - 157.d 598161 2611 385 7 221 7 3551 44 296 4 2766 58 1396 78 2 0 10 0 

FIT002 - 158.d 599502 2449 174 1 69 1 3094 28 409 2 6574 27 528 3 1 0 1 0 

FIT002 - 159.d 606191 5295 675 10 1943 22 7278 95 163 2 2204 27 196 2 893 7 185 2 

FIT002 - 16.d 596237 3230 34 1 23 1 863 18 399 6 1938 11 1 0 3 0 5 0 

FIT002 - 160.d 604432 2704 2351 14 982 6 2696 37 2062 22 4560 22 19 0 1 0 29 0 

FIT002 - 17.d 602573 2595 128 1 4 0 152 12 107 1 1771 9 35 1 0 0 0 0 

FIT002 - 18.d 601638 2242 1933 9 797 4 2463 47 786 3 1939 8 182 2 0 0 90 1 

FIT002 - 19.d 594339 2658 2145 11 381 2 2701 41 702 3 3438 17 27 0 0 0 11 0 

FIT002 - 2.d 598432 2561 50 1 49 1 743 17 236 2 1997 11 0 0 12 0 3 0 

FIT002 - 20.d 599940 3369 165 2 475 5 2747 33 1150 10 1804 13 5 0 91 1 11 0 

FIT002 - 21.d 603453 2559 12 0 4 1 869 14 1028 6 1858 11 1 0 62 0 3 0 

FIT002 - 22.d 598196 3445 951 6 476 5 1854 26 60 1 1382 19 148 1 95 1 8 0 

FIT002 - 23.d 596762 2899 690 4 448 3 4633 45 30 0 1861 11 9 0 0 0 3 0 

FIT002 - 24.d 602821 3049 263 2 250 3 608 17 2 0 2238 11 2 0 0 0 0 0 

FIT002 - 25.d 596010 2685 24 1 33 1 1323 34 432 8 1719 44 9 0 0 0 0 0 

FIT002 - 26.d 601120 2092 68 1 17 0 8252 62 23 0 8722 61 39 1 2 0 1 0 

FIT002 - 27.d 598343 3690 1432 8 525 5 3631 36 69 1 1497 9 949 17 12 0 96 1 

FIT002 - 28.d 604510 7051 1177 13 670 7 7366 78 245 4 3237 36 128 2 696 7 138 2 

FIT002 - 29.d 592759 2737 1527 9 870 5 395 17 3 0 1816 8 8 0 0 0 0 0 

FIT002 - 3.d 597654 3349 2364 12 1130 6 1326 18 1242 6 3425 13 150 2 1 0 29 0 

FIT002 - 30.d 598742 2947 3 0 43 1 1025 21 23 0 1187 10 0 0 0 0 0 0 

FIT002 - 31.d 600135 2818 2152 17 2068 18 17212 154 1439 8 830 5 2451 19 383 3 66 1 

FIT002 - 32.d 597446 3715 1 0 4 0 4162 100 2144 68 1829 8 14 0 2 0 6 0 

FIT002 - 33.d 596991 2246 336 2 19 1 2638 37 82 1 4417 17 742 15 1 0 1 0 

FIT002 - 34.d 603506 3691 672 4 2021 16 5909 70 4507 45 1496 16 34 1 424 5 203 2 

FIT002 - 35.d 593598 3035 612 3 348 4 7305 70 1497 10 1064 16 313 5 41 0 25 0 

FIT002 - 36.d 601775 3342 1724 8 1339 11 226 15 4 0 2363 12 5 0 0 0 0 0 

FIT002 - 37.d 597638 2777 1439 25 12 0 3528 48 476 4 3438 25 279 2 10 0 17 0 

FIT002 - 38.d 595209 2712 650 4 144 1 1513 36 20 0 1501 17 15 0 0 0 0 0 

FIT002 - 39.d 600119 3314 2583 15 1329 8 1742 23 848 4 2210 12 47 1 0 0 67 0 

FIT002 - 4.d 598124 3426 323 3 59 1 8220 67 1788 17 10243 64 85 1 1 0 14 0 

FIT002 - 40.d 597377 3492 701 5 63 2 2557 30 19 0 1080 8 217 2 42 2 4 0 

FIT002 - 41.d 600263 2783 1605 7 7328 30 584 17 1583 6 3028 14 49 1 0 0 42 0 

FIT002 - 42.d 597692 3071 102 2 11 1 2919 58 81 1 1050 6 105 2 3 0 4 0 

FIT002 - 43.d 596577 3643 1272 9 751 8 6370 59 2833 24 3157 23 536 11 561 7 92 1 

FIT002 - 44.d 594636 4062 1270 8 428 3 908 19 24 0 1083 19 250 3 39 1 16 0 
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Analysis No.  

Ti 

(ppm) 

2σ 

abs err 

V 

(ppm) 

2σ 

abs err 

Cr 

(ppm) 

2σ 

abs err 

Fe 

(ppm) 

2σ 

abs err 

Zr 

(ppm) 

2σ 

abs err 

Nb 

(ppm) 

2σ 

abs err 

Sn 

(ppm) 

2σ 

abs err 

Th 

(ppm) 

2σ 

abs err 

U 

(ppm) 

2σ 

abs err 

FIT002 - 45.d 601510 3086 3630 16 1035 6 372 16 1047 5 1423 7 17 0 2 0 41 0 

FIT002 - 46.d 598201 3128 67 1 14 1 560 19 185 3 2326 15 117 3 2 0 4 0 

FIT002 - 47.d 601264 2968 1878 17 1223 7 2556 22 367 2 2035 13 9745 118 1 0 3 0 

FIT002 - 48.d 591494 4924 1183 10 885 8 6730 71 1334 17 1699 23 933 12 209 2 233 2 

FIT002 - 49.d 599316 2572 2249 11 707 4 799 20 2 0 1009 6 4 0 0 0 0 0 

FIT002 - 5.d 600550 3698 601 4 49 1 4911 39 204 2 8424 47 765 12 3 0 25 0 

FIT002 - 50.d 593685 3066 4305 21 1309 8 1175 22 817 4 4076 24 50 1 0 0 49 0 

FIT002 - 51.d 605371 2977 4135 19 1359 7 1191 24 459 3 2462 12 70 1 0 0 17 0 

FIT002 - 52.d 599546 2514 200 2 46 1 686 23 472 4 1005 10 18 1 0 0 0 0 

FIT002 - 53.d 604503 5247 460 5 546 5 6407 93 82 1 2187 21 240 4 341 3 32 1 

FIT002 - 54.d 601445 2392 173 1 17 0 3739 49 103 1 1914 11 33 1 0 0 3 0 

FIT002 - 55.d 596429 2858 202 2 14 1 4096 38 37 1 2273 13 99 3 1 0 1 0 

FIT002 - 56.d 595801 2830 19 0 5 1 1041 33 35 1 2584 20 0 0 0 0 1 0 

FIT002 - 57.d 599400 2604 349 2 1009 5 3808 37 284 2 1332 6 138 2 140 1 71 1 

FIT002 - 58.d 607095 4185 280 3 346 4 5438 48 84 1 1281 16 65 1 295 2 98 1 

FIT002 - 59.d 600149 3130 1415 8 7436 38 190 15 1010 5 1008 10 77 1 0 0 22 0 

FIT002 - 6.d 598366 2049 574 4 704 5 1949 30 11 0 1677 7 0 0 1 0 0 0 

FIT002 - 60.d 599591 2536 1169 8 651 4 7464 64 1734 19 3047 15 17 0 611 3 29 0 

FIT002 - 61.d 600577 6557 3818 28 796 5 923 30 1414 12 564 4 135 1 6 0 91 1 

FIT002 - 62.d 599635 3168 49 1 401 3 1761 27 1441 8 2453 16 8 0 4 0 3 0 

FIT002 - 63.d 602538 3106 14 0 2 0 416 19 33 1 245 2 0 0 0 0 0 0 

FIT002 - 64.d 597598 2737 866 7 764 6 3353 46 174 3 643 4 355 3 3 0 17 0 

FIT002 - 65.d 597271 2849 951 12 80 1 3817 38 259 3 2079 11 66 1 3 0 5 0 

FIT002 - 66.d 598369 2389 4834 25 3268 18 359 14 1125 6 2255 12 105 1 0 0 60 0 

FIT002 - 67.d 600507 2372 909 6 993 7 7117 49 2018 20 2222 10 745 8 86 1 73 0 

FIT002 - 68.d 599285 2774 2846 28 877 6 1585 27 878 3 2700 16 41 1 1 0 46 0 

FIT002 - 69.d 598037 2769 243 2 205 4 4598 51 322 3 1568 8 141 3 18 1 7 0 

FIT002 - 7.d 594228 2317 1516 7 809 5 3885 45 452 4 2410 12 41 1 784 4 31 0 

FIT002 - 70.d 608849 3077 1276 12 598 4 3538 50 3 0 2264 13 10 0 2 0 50 2 

FIT002 - 71.d 600963 2783 238 2 259 2 3358 63 597 4 873 11 9 0 1 0 24 0 

FIT002 - 72.d 604358 2458 66 1 3 0 454 20 292 4 2875 17 36 1 2 0 0 0 

FIT002 - 73.d 595979 3551 32 0 8 1 1577 22 427 2 1695 9 11 0 0 0 5 0 

FIT002 - 74.d 597786 4131 1879 17 1032 8 9169 79 551 8 2621 17 1057 13 151 2 261 3 

FIT002 - 75.d 599043 2615 1382 8 331 2 1694 39 56 1 1325 10 233 4 50 1 13 0 

FIT002 - 76.d 599685 2837 1678 10 346 3 314 12 2 0 2090 13 5 0 0 0 0 0 

FIT002 - 77.d 600070 3144 1619 10 781 5 1492 41 1189 7 1849 8 48 1 0 0 32 0 

FIT002 - 78.d 597663 2705 3735 21 35 1 816 19 101 1 1573 7 183 2 24 0 37 0 

FIT002 - 79.d 598638 2883 1553 8 601 4 3190 37 811 5 4423 21 66 1 1 0 18 0 

FIT002 - 8.d 598572 3067 562 5 1059 7 8099 127 700 5 2242 17 84 2 294 2 102 1 

FIT002 - 80.d 596730 2812 139 1 46 1 3025 31 251 2 2203 9 104 2 0 0 1 0 

FIT002 - 81.d 597125 5634 689 5 108 2 6328 52 89 1 7515 46 135 2 76 1 16 0 

FIT002 - 82.d 600323 2772 1968 10 1161 7 1113 20 555 3 2887 14 151 1 1 0 20 0 

FIT002 - 83.d 597270 3024 786 5 4926 26 3034 44 411 2 314 1 5 0 0 0 1 0 

FIT002 - 84.d 591213 3439 1594 24 1826 14 7389 85 417 5 1639 11 3919 78 60 1 149 1 

FIT002 - 85.d 599808 4047 777 7 849 5 12854 98 404 4 1934 16 1509 29 113 1 283 3 

FIT002 - 86.d 594521 3680 92 1 795 6 6163 65 1979 20 2672 14 624 15 1 0 5 0 

FIT002 - 87.d 598218 2585 375 3 888 9 5490 58 1405 9 1615 10 9 0 2 0 50 0 

FIT002 - 88.d 603359 3374 2249 12 6125 40 560 17 1890 17 1124 8 118 1 0 0 21 0 

FIT002 - 89.d 599527 3776 1036 6 4721 28 7526 53 102 1 2130 11 2178 30 589 3 263 1 

FIT002 - 9.d 598227 3378 315 3 56 1 875 19 141 1 1207 7 125 2 0 0 5 0 

FIT002 - 90.d 601614 2893 149 1 8 0 3481 31 440 4 2989 35 202 2 2 0 8 0 

FIT002 - 91.d 604072 3146 19 0 6 0 1189 18 15 0 3370 19 9 0 0 0 0 0 

FIT002 - 92.d 597023 3165 354 2 268 2 6736 50 15 0 754 3 98 1 0 0 4 0 

FIT002 - 93.d 600770 2675 168 1 240 3 3291 43 60 1 9046 42 94 2 1 0 0 0 
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2σ 
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U 
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2σ 

abs err 

FIT002 - 94.d 593921 2522 184 2 95 1 4359 48 769 3 3042 16 55 1 0 0 2 0 

FIT002 - 95.d 593012 3364 256 13 2 1 986 52 294 5 444 5 17 1 1 0 0 0 

FIT002 - 96.d 596275 3094 345 5 69 1 2302 55 1257 16 807 6 10 0 12 0 24 0 

FIT002 - 97.d 598044 3020 85 2 103 3 11825 114 20 1 1184 12 20 0 5 0 3 0 

FIT002 - 98.d 596213 4000 1460 10 2437 17 5411 57 190 2 2049 12 144 2 1411 22 41 0 

FIT002 - 99.d 595761 3243 1723 7 15 1 738 40 42 1 226 1 4 0 1 0 0 0 
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Chapter 6 

6 Older than they look: recycled xenotime outgrowths on 

detrital zircon 

This chapter is under review. 

Abstract 

Geochronology of xenotime outgrowths (XO) has been deployed to obtain depositional age 

constraints on sedimentary sequences devoid of volcanic tuffs and biostratigraphically useful 

fossils (i.e., most of Earth history). Here we present geochronological and geochemical data 

from XO on detrital zircon from the Early Cretaceous Broome Sandstone, NW Australia. Ages 

of XO predate the palynologically constrained deposition of the Broome Sandstone by at least 

150 Myr, suggesting that these XO were detrital and transported together with the zircon they 

are attached to. This finding contrasts with the general assumption that XO are principally 

authigenic phases. Integration of geochronology and geochemistry links Broome Sandstone XO 

to intermediate geological events in the sediment source area. These results emphasize the 

importance of evaluating a potential detrital origin for XO as sedimentary transport does not 

appear to universally destroy nor liberate it from its zircon substrate. In addition, the study of 

XO provides an important means to reconstruct complexities of source-to-sink sediment 

histories, including intermediate storage and overprinting, e.g., during diagenetic, 

metamorphic, hydrothermal, and igneous activity. Such information is critical for more holistic 

geological reconstructions but is not retained within the most applied provenance tool (detrital 

zircon).  
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6.1 Introduction 

U-Pb dating of authigenic xenotime outgrowths (XO) on detrital zircon (DZ) grains 

(Rasmussen, 1996), has been widely applied to temporally constrain geological processes and 

biological evolution through deep time (McNaughton et al., 1999; Lan, 2022). This 

geochronometer has proven especially important to help construct stratigraphic frameworks in 

the Precambrian (François et al., 2017; Zhang et al., 2022), an interval notoriously lacking 

reliable absolute dating methods for diagenetic processes and sedimentary packages more 

generally. As such, XO geochronology has been employed to determine the time of deposition 

of sediments that are critical to resolve an array of questions in Earth science, particularly 

involving the evolutionary timeline of eukaryotes (Rasmussen et al., 2004; Lan et al., 2014). 

It is generally accepted that XO in unmetamorphosed and low-grade metamorphic 

sedimentary rocks represent an authigenic phase (i.e., formed during syn- or post-depositional 

processes in the rock/sediment that they occur in), which contrasts with detrital xenotime grains 

that are typically of igneous origin (Kositcin et al., 2003). A common argument to support 

authigenic growth is the apparent fragility of small (<20 µm), characteristically (i.e., euhedral) 

pyramidal outgrowths (Hetherington et al., 2008; Hay and Dempster, 2009), and observations 

of dislodged XO during sample handling (Rasmussen, 2005). Thus, preservation of XO during 

sediment recycling would have significant implications for their current application as 

authigenic age constraints on the lithostratigraphic unit in which they occur. Conversely, 

recognizing the retention of XO through sedimentary transportation could offer information on 

intermediate grain histories, like has recently been demonstrated by monazite (Moecher et al., 

2019). Ultimately, tracking these intermediate processes, which are typically not captured in 

the DZ record, is important for the reconstruction of ancient sediment pathways. 

This study presents U-Pb geochronology and geochemistry of XO, apparent xenotime 

inclusions (and associated DZ substrate and host, respectively), and detrital xenotime grains, 

found in Early Cretaceous littoral sediments in NW Australia. We reconsider a combined 

detrital origin of the XO and their DZ substrates, discuss the implications for relying on XO 

age data to constrain depositional processes, and illustrate the application of XO to reconstruct 

polyphase grain histories. 
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Figure 6-1: Overview of sample locations, crustal units discussed in this work, and areas affected by 

the Alice Springs Orogeny (after Klootwijk, 2013). AB – Amadeus Basin; AR – Arunta region; MP – 

Musgrave Province. 

6.2 Materials and Methods 

This study focuses on samples from the Early Cretaceous Broome Sandstone (c. 140-

127 Ma; Smith et al., 2013) of the Canning Basin (NW Australia, Figure 6-1), which consists 

of a range of sand and sandstone lithologies that were deposited in a shallow marine to paralic 

environment, and dominated by well-sorted and rounded fine to very-fine quartz-rich detritus 

(Boyd and Teakle, 2016; Salisbury et al., 2016). Three samples originate from the Thunderbird 

heavy mineral deposit hosted within the Broome Sandstone (Supplementary Table 6-1), where 

siliciclastic sediments are poorly consolidated and friable, removing the need for potentially 

destructive sample crushing or similar processing techniques. The other Broome Sandstone 

sample was collected from an outcropping indurated sandstone (Supplementary Table 6-1) and 

subjected to high voltage electrical fragmentation. Zircon grains were concentrated using a 

water-shaking table, heavy liquid separation, and magnetic separation. Mineral separates were 

embedded into epoxy resin and polished. 

Automated mineral identification using a scanning electron microscope equipped with 

energy-dispersive X-ray spectrometers mapped the occurrences of xenotime and zircon in 

mounted samples. Laser ablation-inductively coupled plasma-mass spectrometry (LA-ICP-MS) 

and secondary ion mass spectrometry (SIMS) measurements of the U-Pb isotopic composition 
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of xenotime and DZ were conducted at Curtin University’s John de Laeter Centre in Perth, 

Australia. All ages are Concordia ages and uncertainties are at the 2σ level. Dating was followed 

by geochemical characterization using an electron probe microanalyzer (EPMA) at the Centre 

for Microscopy, Characterisation and Analysis at The University of Western Australia in Perth, 

Australia. XO’s required small analytical spots (c. 7 μm for LA-ICP-MS with pit depths of c. 3 

μm and c. 8 × 7 µm for SIMS with pit depths of c. 1 μm) and individual assessment of the 

potential of xenotime-zircon analytical mixtures. This quality control included examination of 

the analytical pits (Figure 6-2) and monitoring of Zr content. Mixed xenotime-zircon analyses 

commonly showed increased levels of Zr, compared to pure xenotime analyses that show low 

Zr consistent with Zr contents measured using EPMA (Supplementary Table 6-7). 

Measurements showing evidence for analytical mixtures were excluded from later 

interpretations. Details of the sample preparation, mineral identification, and geochronological 

and geochemical methods are provided in the Appendix. 

6.3 Results 

Automated mineral identification revealed XO on DZ substrate (Figure 6-2A,B, 

Supplementary Figure 6-1), apparent xenotime inclusions within DZ (Figure 6-2C, 

Supplementary Figure 6-1), and detrital xenotime grains (up to 100 µm; Supplementary Figure 

6-1). Broome Sandstone XO show sub- to anhedral shapes, are up to 20 µm in size, and occur 

on subrounded DZ (Figure 6-2A,B). The six youngest analyses of XO without evidence of 

analytical mixtures with zircon define an age-distinct group (Figure 6-3A,B). U-Pb Concordia 

ages of these uncontaminated xenotime analyses, interpreted as growth ages based on the high 

radiogenic Pb retentivity (Cherniak, 2010), range from 446 ± 39 to 297 ± 10 Ma (Supplementary 

Table 6-2, Supplementary Table 6-4). These ages are younger than those from mixed xenotime-

zircon analyses (Figure 6-3B, Supplementary Figure 6-1). The ages of XO and their respective 

DZ substrates (age assumed to represent crystallization) differ significantly, e.g., xenotime X4 

(coding is from the Data tables in the Appendix, where X = xenotime and Z = zircon) yields an 

age of 410 ± 19 Ma (MSWD = 1.3, n = 2), whereas the DZ substrate Z4 yields an age of 968 ± 

19 Ma. In contrast, age signatures of interpreted xenotime inclusions (Figure 6-2C), possibly 

exposed due to grain fracturing, are indistinguishable from their zircon host, e.g., X8 has an age 

of 1186 ± 32 Ma compared to the age of 1191 ± 13 Ma for Z8. Both xenotime-outgrowth-

bearing DZ, and detrital xenotime grains reveal polymodal age spectra dominated by 

Proterozoic ages (Supplementary Figure 6-2). 
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Figure 6-2: Backscattered electron image of zircon (Z) and xenotime (X) analysed using (A) LA-ICP-

MS and (B) SIMS. (C) Apparent xenotime inclusion (and DZ host). White and red circles indicate 

analytical spots for U-Pb and EPMA analysis, respectively. 

Generally, chondrite-normalized REE contents in xenotime from this study increase 

towards heavier REE (except Eu), but flatten from Dy onwards (Figure 6-3C; Supplementary 

Table 6-7). Outgrowths X4, X5, and X6 show a pronounced negative Eu anomaly (0.27-0.47; 

calculated as Eu/[Sm×Gd]0.5), whereas X1 (0.76) and X2 (0.77) do not have strong Eu 

anomalies (X7 Eu is below detection limit). The apparent xenotime inclusion X8 yields the 

most pronounced negative Eu anomaly (0.16) among analyses of composite grains. All but two 

detrital xenotime grains show significant negative Eu anomalies (0.06-0.21), consistent with 

detrital xenotime having lower Eu values than XO (Figure 6-3D). Overall, the shape of REE 

patterns of detrital xenotime resemble those of most XO (Figure 6-3E). 

6.4 Discussion 

6.4.1 Detrital origin of xenotime outgrowths 

The formation of XO at c. 446-297 Ma (Figure 6-3A,B) clearly predates the c. 140-127 

Ma depositional age of the Broome Sandstone defined by palynology (Smith et al., 2013). This 

observation conclusively demonstrates that XO on DZ are not authigenic phases grown within 

the Broome Sandstone. The timing of XO formation is not compatible with known proximal 

geological events, instead implying more significant sedimentary transport and re-deposition 

after their growth, consistent with previous interpretations of Canning Basin sediment sourcing 

from central Australia (Haines et al., 2013; Morón et al., 2019; Dröllner et al., 2023). Thus, the 

XO age signature is best explained by a detrital origin, similar to their associated zircon 

substrate. XO survival during sedimentary transport is consistent with their sub- to anhedral 

shapes, but incompatible with their commonly assumed fragility (e.g., Rasmussen, 2005; Hay 

and Dempster, 2009). A possible geological control explaining the preservation of XO is 

shielding of xenotime-bearing grains within rock fragments or grain coatings during 
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transportation. However, there are no rock fragments in the analyzed samples nor grain coatings 

detected, providing no evidence for shielding as a preservation mechanism. A perhaps more 

important facet governing preservation of XO of the Broome Sandstone is the unconsolidated 

nature of sample material, which precludes the need for destructive sampling techniques (e.g., 

crushing and pulverizing). Moreover, the high concentration of zircon (~1% of the bulk sample; 

Boyd and Teakle, 2016), in tandem with automated phase identification (>10,000 DZ grains 

scanned for 14 grain mounts each), facilitates a greater opportunity  for identification of unusual 

preservation styles of detrital XO (compared to conventional manual selection; Lan, 2022). 

Significantly, the XO grains studied herein survived enhanced physical attrition in a littoral 

depositional system associated with the upgrading processes necessary to form economic 

concentrations of placer heavy mineral sands (Boyd and Teakle, 2016). 

Figure 6-3: Concordia diagram of (A) SIMS and (B) LA-ICP-MS data of xenotime and zircon 

geochronology. Colored diamonds (in A) and triangles (in B) show xenotime outgrowths (X1-X7) and 

apparent inclusions (X8, X9) and are consistent with Figure 6-3C-F. Gray triangles show filtered 

analyses. (*) – only SIMS data (A) corrected for common Pb. (C) Chondrite-normalized (CN) REE 

patterns of xenotime analyses. Transparent envelopes show characteristic REE pattern (mean; 1SD) 

from xenotime references from different environments. (D) EuCN versus GdCN scatterplot of XO and 

reference data and interpretation after Kositcin et al. (2003). (E) Shape coefficients (OʼNeil, 2016) λ1 

(slope) and λ2 (quadratic curvature) ignoring anomalous Eu, compared to the reference data. (F) 

Comparison of XO ages and a pooled kernel density estimate of mineral (zircon, monazite, titanite, 

garnet, phyllosilicates) and whole rock ages of the Alice Springs Orogeny (equal weights for each 

group; compilation of Piazolo et al., 2020). 
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The age discrepancy identified in this work between xenotime formation and the age of 

deposition is consistent with previous indications of recycled XO (Zhang et al., 2022) and 

demonstrates a possibly significant pitfall in the interpretation of presumed authigenic 

xenotime. Although other indicators (e.g., palynology) in relatively young rocks (this study) 

can assist with age interpretations, similar information is usually absent for older, particularly 

Precambrian rocks often targeted for xenotime geochronology (Matteini et al., 2012). 

Therefore, detailed evaluation of chemistry (Lan et al., 2013), (micro-)textures (Vallini et al., 

2005), and/or relationship to authigenic phases (Drost et al., 2013) is critical to establish a truly 

authigenic origin and/or reasonably preclude a detrital origin for XO. 

6.4.2 Intermediate processes and transient sediment storage revealed by xenotime 

outgrowths 

The dominant sources for Broome Sandstone accessory minerals are in central Australia, 

namely the Musgrave Province, the Arunta region, and the Amadeus Basin (Figure 6-1, 

Supplementary Figure 6-2; Dröllner et al., 2023). Similarly, the youngest group of XO in the 

Broome Sandstone is interpreted to have been derived from central Australia since their ages 

match the timing of the 450-300 Ma Alice Springs Orogeny (Buick et al., 2008). This 

interpretation is consistent with the similarity of the age spectrum of the xenotime-bearing DZ 

and the bulk DZ of the Broome Sandstone (Dröllner et al., 2023) based on the Kolmogorov-

Smirnov test (D = 0.2), implying that detrital XO can reveal source-to-sink relationships. 

The geochemical fingerprint of xenotime (Figure 6-3C) is a function of its growth 

environment (Lan et al., 2013) and hence, detrital xenotime geochemistry can help to define 

intermediate processes in the sediment source area. The Alice Springs Orogen records multiple 

episodes of pegmatite emplacement and coeval tectonic deformation (Piazolo et al., 2020), as 

well as metasomatic (Raimondo et al., 2011) and hydrothermal activity (Schoneveld et al., 

2015). Xenotime crystals grown from hydrous fluid are distinct to crystals formed in igneous 

settings and show increasing Eu with increasing Gd concentrations (Kositcin et al., 2003; Figure 

6-3D). This geochemical trend of hydrothermal or diagenetic fluid growth is not apparent in 

XO of this study, which show generally lower Eu concentrations characteristic of melt 

derivation. A potential melt origin is also consistent with the REE content shape coefficients 

(Figure 6-3E), where XO and detrital xenotime resemble both igneous xenotime and 

metasomatic xenotime. However, XO from the Broome Sandstone have lower U and Th 

concentrations than metasomatism-derived xenotime (c. 0.4 and 0.3 versus 2.2 and 0.6 wt%, 

respectively; Aleinikoff et al., 2012) that have never previously been observed as outgrowths. 
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Conversely, xenotime-zircon intergrowths occur in (meta)igneous rocks (Budzyń et al., 2018) 

and make an igneous origin for XO the favoured interpretation, based on the limited 

compositional dataset. Overall, XO geochemical data herein contrasts with that of xenotime 

derived from hydrous fluids or metamorphism (Figure 6-3D,E) and Broome Sandstone XO 

genesis is best explained by formation in association with Alice Springs Orogeny magmas. 

Figure 6-4: Schematic illustration of the processes described herein. This includes (A) initial erosion 

of crystalline sources that liberate zircon (zrc) that may be routed directly to their sink (first-cycle), or 

alternatively follow multi-cycle pathways possibly evidencing (B) formation of xenotime (xtm) 

outgrowths in intermediate sources during different processes, preceding the (C) deposition at the sink. 

These findings suggest xenotime geochronology can refine polyphase grain histories in 

sedimentary units (Figure 6-4). Erosion of crystalline basement (Figure 6-4A) may result in 

directly captured first-cycle detritus (e.g., detrital xenotime grains), while a significant part of 

the resilient DZ may experience multiple episodes of intermediate storage, burial, and uplift 

(multi-cycle detritus). Multi-cycle DZ may undergo a wide range of conditions at different 

crustal levels, perhaps acting as a nucleus for XO (Figure 6-4B), e.g., during diagenetic, 

metamorphic, hydrothermal, and igneous processes. Therefore, XO can provide direct evidence 

of complex intermediate processes influencing detritus. Recognizing such multi-cyclicity is 

important as sediment recycling can induce bias in the interpretation of DZ data (Moecher et 

al., 2019). Furthermore, XO reveals detritus from sources with scarce igneous activity that are 

typically underrepresented based on other proxies (Supplementary Figure 6-2), but critical for 

source-to-sink reconstructions. Overall, these results suggest that XO represent a novel 

complementary tool to characterize intermediate storage episodes and sediment recycling. 

6.5 Conclusions 

Occurrence of XO on DZ from the Broome Sandstone suggests that XO can be resistant 

to sedimentary processes. Therefore, geochemistry and age constraints on XO need to be 

carefully evaluated to determine the possibility of a detrital origin, which should be regarded 

as a viable alternative to authigenic growth within the host sediment. Where a detrital origin for 
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XO can be confirmed, XO may represent an important means to understand complex grain 

histories and hence, more holistic reconstructions of ancient sedimentary systems. 
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Supplementary Figure 6-1: Additional examples of backscattered electron images (no standardized 

brightness/contrast) of grains analysed in this study. Coding (e.g., X7) is from the Data tables in the 

Appendix (consistent with Figure 6-3), where X = xenotime and Z = zircon. Images without coding are 

not shown in the paper (e.g., because they represent analytical mixtures of xenotime and zircon) and 

show the associated Analysis ID in the upper right corner (compare with Data tables). (A-C, F) 

Xenotime outgrowths and zircon grains dated using LA-ICP-MS. (B) Discordant xenotime outgrowth; 

note inclusion-rich texture possibly suggesting different formation environment. (C) Apparent 

xenotime inclusion with an age that is indistinguishable from its zircon host. (D-E) Xenotime 

outgrowths and zircon grains dated using SIMS. (F) Mixed xenotime-zircon analysis providing 

meaningless date. Most mixed analysis plot near the group of youngest xenotime outgrowths (Figure 

6-3A,B), which is consistent with mixed analysis representing similarly old xenotime outgrowths mixed

with older zircon substrates, and hence supporting the conclusions of this work. (G-I) Detrital xenotime

grains (pre-analysis).

6.7 Appendix 



 

259 

 

Supplementary Figure 6-2: Kernel density estimates (KDE) of Broome Sandstone detritus. (A) U-Pb 

ages of detrital zircon substrate bearing xenotime, detrital xenotime, (B) detrital zircon, and detrital 

rutile (both Dröllner et al., 2023). 

 

6.7.1 Sample preparation and phase identification 

The presented work studied four samples, three (THB001, THB002, THB003) are derived 

from the poorly consolidated to unconsolidated Thunderbird heavy mineral sand deposit that is 

attributed to the Broome Sandstone (Boyd and Teakle, 2016). The other sample (GPT001) is a 

moderately well consolidated sandstone collected from the outcropping Broome Sandstone 

(location provided in Supplementary Table 6-1). Sample GPT001 was subjected to high voltage 

electrical fragmentation (SelFrag Lab, Switzerland) to liberate the minerals. The subsequent 

steps of mineral separation were the same for all disaggregated sediment samples and involved 

the use of a Jasper Canyon Research zircon shaking table (as described in Dumitru, 2016), 

heavy liquid separation (using a density of 2.85 g/cm3), and magnetic separation using a Frantz 

isodynamic magnetic separator. Representative splits of the zircon-rich heavy mineral separates 

were bulk-mounted, i.e., representative sample splits of grains were mounted by affixing them 

on double-sided tape and embedding them in epoxy resin. The mounts were then polished to 

expose the grain interiors. Mineral identification and mapping were performed using energy-
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dispersive X-ray spectrometry (EDX) and backscattered electron imaging on the TESCAN 

Integrated Mineral Analyzer (TIMA, Czech Republic). The TIMA instrument, a field emission 

scanning electron microscope equipped with energy-dispersive spectroscopy detectors, was 

used to perform automated phase identification of minerals. The measurements were taken 

using TIMA's liberation analysis with dot mapping (using BSE and EDS with step sizes of 1 

and 3 µm), a beam energy of 25 kV, a probe current of 5.4 nA, and a spot size of 79.2 nm. In 

brief, the TIMA compares EDX spectra of unknowns with a database of EDX spectra built from 

known mineral reference materials; a demonstration of TIMA’s functionality is provided by 

Hrstka et al. (2018). Mineralogical maps from the TIMA were used to guide geochronological 

analyses. 

6.7.2 Xenotime U-Pb geochronology 

Xenotime minerals were analysed by laser ablation-inductively coupled plasma-mass 

spectrometry (LA-ICP-MS) and secondary ion mass spectrometry (SIMS) at Curtin 

University’s John de Laeter Centre (Perth, Australia). All ages are single analysis Concordia 

ages (unless otherwise stated) and uncertainties are 2σ. The use of Concordia ages (Ludwig, 

1998) avoids changing between different ratios (207Pb/206Pb and 206Pb/238U) for age calculation, 

(ii) optimizes varying uncertainty within both U/Pb and Pb/Pb ratios through time (Ludwig, 

1998; Zimmermann et al., 2018), and (iii) provides a less biased approach to discordance 

(Vermeesch, 2021). 

6.7.2.1 LAICPMS 

Measurements used a RESOlution 193 nm excimer laser with a laser fluence of 2.1 J cm−2 

and repetition rate of 5 Hz for c. 30 s analysis time. Background capture time was 30 s. The 

sample cell was flushed by ultrahigh purity He (0.32 L min−1) and N2 (1.2 mL min−1). Circular 

spot sizes of c. 7 μm (pit depths of c. 3 μm and c. 70 µm3 analytical volume; measured using a 

Zeta™-20 Optical Profiler) and 10 μm were used for xenotime outgrowths and detrital xenotime 

grains (and their associated reference materials), respectively. U-Pb analysis employed an 

Agilent 8900 Triple Quadrupole ICP-MS monitoring for 91Zr, 202Hg, 204Pb, 206Pb, 207Pb, 208Pb 

(0.1 s dwell time on all Pb isotopes), 232Th (0.025 s dwell time), and 238U (0.025 s dwell time). 

The primary xenotime reference material was the z6413 xenotime (206Pb/238U age = 994 ± 1, 

207Pb/206Pb age = 997 ± 1 Ma; Stern and Rayner, 2003), while the MG-1 xenotime (206Pb/238U 

age = 490 ± 1 Ma; 207Pb/206Pb age = 492 ± 1 Ma; Fletcher et al., 2004) was used as a secondary 

reference material and has been analysed at regular intervals to scrutinize precision and 

accuracy. The time-resolved mass spectra were reduced using the U–Pb Geochronology data 
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reduction scheme in Iolite 4 (Paton et al., 2011 and references therein). Subsequent to the 

analysis, ablation spots were controlled for any evidence for mixing xenotime and zircon (e.g., 

Supplementary Figure 6-1F). Additionally, 91Zr has been monitored during data reduction and 

used as a semi-quantitative measure of contamination by zircon. Analyses that have been 

classified based on visual inspection as “Potential zircon component to analysis” and “Mixed 

xenotime-zircon analysis” (Supplementary Table 6-4) commonly showed increased levels of 

91Zr, compared to analyses classified as “Pure xenotime analysis” that show low levels of 91Zr 

consistent with Zr contents measured using EPMA (Supplementary Table 6-7). 204Pb was 

monitored but did not exceed detection limits for near-concordant analyses and data have not 

been corrected for common Pb. Ages were calculated using the IsoplotR software (Vermeesch, 

2018). Results of the secondary reference material for 7 μm spot sizes (206Pb/238U age = 492 ± 

9 Ma, MSWD = 2.14; 207Pb/206Pb age = 529 ± 143 Ma, MSWD = 3.0; n= 5/5) and for 10 μm 

(206Pb/238U age = 491 ± 8 Ma, MSWD = 0.37; 207Pb/206Pb age = 530 ± 117 Ma, MSWD = 0.8; 

n= 5/5) are indistinguishable from published values. If multiple spots of individual detrital 

xenotime grains were measured, the weighted means of the measured isotope ratios were used 

for Concordia and kernel density estimates. 

6.7.2.2 SIMS 

Measurements used a SHRIMP II instrument and a spot size of c. 8 × 7 µm (pit depths of 

c. 1 μm and c. 15 µm3 analytical volume; measured using a Zeta™-20 Optical Profiler). 

Analysis sites were cleaned before analysis by rastering the primary ion beam over the target 

area for two minutes. Unknowns and reference materials were mounted on different mounts. 

Prior to analysis, both mounts were cleaned and gold coated together. Three in-house xenotime 

reference materials of different age and composition (provided by Allen Kennedy, Curtin 

University) were used (Cavosie et al., 2021). Measurements used a beam current of ~0.2 nA 

and seven scans of the mass spectrum were recorded for individual analysis monitoring 194Y2O
+, 

196Zr2O
+, 204Pb+, background (204Pb+ + 0.00946 AMU offset), 206Pb+,207Pb+,208Pb+, 248ThO+, 

254UO+, 264ThO2
+, and 270UO2

+. U-Pb isotopic ratios and absolute abundances were determined 

relative to a ca. 950 Ma xenotime reference material with ca. 20000 ppm U and ca. 10000 ppm 

Th. SQUID III software (Bodorkos et al., 2020) was used for data reduction and ages were 

calculated using the IsoplotR software (Vermeesch, 2018). Calibrations were performed using 

a regression through ln(206Pb+/254UO+) versus ln(270UO+/254UO+). U-Pb SIMS data were 

corrected for common lead using the measured 204Pb and the two-stage terrestrial Pb evolution 

model of Stacey and Kramers (1975). Ages were corrected for matrix differences between 
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primary reference material and unknowns using the method of Fletcher et al. (2004). 

Uncertainties of U, Th, and ΣREE are propagated in quadrature to the external 206Pb/238U 

uncertainty. Ages of two in-house secondary reference materials are in excellent agreement 

with the expected TIMS U-Pb values. These two reference materials differ significantly in their 

age and composition: One has a Paleozoic age and low U and Th concentration, the other has 

an Archean age and high U and Th concentrations. It is notable that SIMS U-Pb geochronology 

is susceptible to matrix effects that can affect the robustness of the U/Pb ages (Fletcher et al., 

2004; Cross and Williams, 2018). Although this may suggest the use of 207Pb/206Pb ages are 

preferred over 206Pb/238U ages, it is important to consider that the specific xenotime analyses 

herein (i.e., outgrowths) are apparently young (i.e., Paleozoic). Therefore, limited radiogenic 

ingrowth of 207Pb hampers the precision of the 207Pb/206Pb geochronometer. Limited robustness 

of 207Pb/206Pb ages and the good reproducibility of 206Pb/238U ages (after matrix effect 

correction) of secondary xenotime reference materials, suggest that the full suite of U and Pb 

isotopic data can be used to derive an age of xenotime formation (e.g., by using single analysis 

Concordia ages). 

6.7.3 Zircon U-Pb geochronology 

Zircon minerals were analyzed by laser ablation-inductively coupled plasma-mass 

spectrometry (LA-ICP-MS) and secondary ion mass spectrometer (SIMS) at Curtin 

University’s John de Laeter Centre (Perth, Australia). All ages are single analysis Concordia 

ages (unless otherwise stated) and uncertainties are 2σ. The use of Concordia ages (Ludwig, 

1998) avoids changing between different ratios (207Pb/206Pb and 206Pb/238U) for age calculation, 

(ii) optimizes varying uncertainty within both U/Pb and Pb/Pb ratios through time (Ludwig, 

1998; Zimmermann et al., 2018), and (iii) provides a less biased approach to discordance 

(Vermeesch, 2021). 

6.7.3.1 LAICPMS 

Measurements used a RESOlution 193 nm excimer laser with a laser fluence of 2.4 J cm−2 

and repetition rate of 5 Hz for c. 30 s analysis time. Background capture time was 30 s. The 

sample cell was flushed by ultrahigh purity He (0.68 L min−1) and N2 (2.8 mL min−1). A circular 

spot size of 20 μm was used. U-Pb analysis employed an Agilent 8900 Triple Quadrupole ICP-

MS monitoring for 202Hg, 204Pb, 206Pb, 207Pb, 208Pb (0.1 s dwell time on all Pb isotopes), 232Th 

(0.025 s dwell time), and 238U (0.025 s dwell time). The primary reference material was the GJ1 

zircon (206Pb/238U age = 602 ± 1, 207Pb/206Pb age = 602 ± 1 Ma; Jackson et al., 2004), while the 

91500 zircon (206Pb/238U age = 1065 ± 1 Ma; 207Pb/206Pb age = 1065 ± 1 Ma; Wiedenbeck et 
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al., 1995) and the OGC/OG-1 zircon (207Pb/206Pb age = 3465 ± 1 Ma; Stern et al., 2009) were 

used as secondary reference materials and have been analyzed at regular intervals to scrutinize 

precision and accuracy. Time-resolved mass spectra were reduced using the U–Pb 

Geochronology data reduction scheme in Iolite 4 (Paton et al., 2011 and references therein). 

204Pb has been monitored but did not exceed detection limits for near-concordant analyses and 

data have not been corrected for common Pb. Errors were propagated using the method 

integrated in Iolite4 (Paton et al., 2011). Ages were calculated using the IsoplotR software 

(Vermeesch, 2018). Weighted mean ages of secondary reference materials 91500 (206Pb/238U 

age = 1060 ± 6 Ma, MSWD = 0.3; n=11/11) and OGC (207Pb/206Pb age = 3461 ± 89 Ma, MSWD 

= 0.2; n= 11/11) are indistinguishable with published values. 

6.7.3.2 SIMS 

Measurements used a SHRIMP II with a spot size of c. 14 × 12 µm. Analysis sites were 

cleaned before analysis by rastering the primary ion beam over the target area for two minutes. 

U-Pb isotopic ratios were quantified relative to the BR266/z6266 reference zircon with an 

206Pb/238U age = 559.0 ± 0.2 Ma and an 207Pb/206Pb age = 562.6 ± 0.2 Ma (Stern and Amelin, 

2003). Analysis of primary reference material were interspersed with analyses of the OGC/OG-

1 zircon (207Pb/206Pb age = 3465 ± 1 Ma; Stern et al., 2009) to monitor accuracy and precision. 

SQUID III software (Bodorkos et al., 2020) was used for data reduction and ages were 

calculated using the IsoplotR software (Vermeesch, 2018). U-Pb SIMS data were corrected for 

common lead using the measured 204Pb and the two-stage terrestrial Pb evolution model of 

Stacey and Kramers (1975). OGC yielded a 204Pb-corrected weighted mean 207Pb/206Pb age of 

3469 ± 19 Ma (MSWD = 0.8; n = 4) consistent with the reported age. Provided uncertainties of 

zircon ages are external measurement errors. 

6.7.4 Electron probe micro-analyser 

Quantitative elemental analyses were acquired on a JEOL JXA8530F Hyperprobe at the 

CMCA, Western Australia. Operating conditions were 40 degrees take-off angle, and a beam 

energy of 25 keV. This instrument is equipped with 5 tunable wavelength dispersive 

spectrometers. The beam current was 50 nA for calibration and 100 nA for unknown sample 

measurement. The electron beam diameter was defocussed to 3 microns to reduce the effects 

of beam drift and sample damage during analysis. The instrument was initially calibrated, and 

the unknowns acquired using the Probe for EPMA© software package (Probe Software®). 

Standards used for instrument calibration were a selection of in-house silicates and Drake 

and Weill glasses and USNM REE phosphates from the Smithsonian Institute. 
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The elements were acquired using analysing crystals LiFH for Ho l, Yb l, Lu l, Eu 

l, Tb l, Tm l, LiF for Er l, Nd l, Sm l, Gd l, Dy l, PETJ for U m, Zr l, Y l, P 

k, Ca k, Th m, and TAP for Si k. The on-peak count times were 20 seconds for Y l, P 

k, Ca k, Lu l, Eu l, Tb l, Tm l, Nd l, Sm l, Gd l, 30 seconds for Er l, Yb l, Ho 

l, Dy l, 60 seconds for U m, Th m, 80 seconds for Zr l, and 150 seconds for Si k. Off 

peak counting time were 20 seconds for Y l, P k, Ca k, Lu l, Eu l, Tb l, Tm l, Nd l, 

Sm l, Gd l, 30 seconds for Er l, Yb l, Ho l, Dy l, 60 seconds for U m, Th m, 80 

seconds for Zr l, and 150 seconds for Si k. Off Peak correction method was Linear for Zr l, 

Si k, Y l, P k, Th m, Ho l, Er l, Yb l, Lu l, Eu l, Nd l, Sm l, Gd l, Dy l, 

Exponential for U m, Ca k, and Slope (Hi) for Tb l, Tm l. 

Unknown and standard intensities were corrected for deadtime. Standard intensities were 

corrected for standard drift over time. Oxygen was calculated by cation stoichiometry and 

included in the matrix correction (Donovan et al., 1992). The Phi-Rho-Z algorithm utilized was 

Armstrong/Love Scott (Armstrong, 1988). 

Shape coefficients were calculated using the BLambdaR software (Anenburg and 

Williams, 2022). 
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6.7.5 Data tables 

To maintain a format suitable for this thesis data tables are simplified and present the raw 

data necessary to replicate the findings of the study. All uncertainties are given as the 

standard error of the mean, unless stated otherwise. 

Supplementary Table 6-1: Overview of samples and their location. 

Sample Mineral mount name Lat Long Depth (m) 

THB001 (unconsolidated) HM, Zrc-2 17°25'41.52"S 122°57'47.52"E 3.5-8.6 
THB002 (unconsolidated) X1, X3, X5, X6, X10, X11, HM, Zrc-1, Zrc-2 17°25'41.52"S 122°57'47.52"E 8.6-11.4 

THB003 (unconsolidated) Bd2, Zrc-1 17°26'2.40"S 122°57'50.04"E 8.2-11.1 

GPT001 (consolidated*) GPT 17°58'25.96"S 122°10'33.53"E Outcrop 
*mineral liberation was conducted 

using high voltage electrical 

fragmentation (Selfrag, Switzerland)     
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Supplementary Table 6-2: SIMS U-Pb results of xenotime. 

Analysis ID Grain ID (in paper) 
f(206) 
% 

238U/206Pb 
204Pb-corrected 

2σ 
abs err 

207Pb/206Pb 
204Pb-corrected 

2σ 
abs err 

238U/206Pb 
matrix-corrected 

2σ 
abs err 

U 
(ppm) 

Th 
(ppm) Th/U ΣREE 

rho 207Pb/206Pb 
vs 238U/206Pb 

Preferred 
age (Ma) 

2σ 
abs err 

Pure xenotime analysis                

THB002_X10_R6 X1 0.0 15.897 1.210 0.06046 0.01079 14.236 1.458 626 1215 1.9 19 0.39 446 39 

THB002_HM_R1 X2 0.0 5.343 0.308 0.08818 0.00344 4.990 0.392 6001 333 0.1 21 0.83 1291 24 
THB002_Zrc-2-R12^ X3 2.1 16.344 1.712 0.06929 0.03475 14.827 1.967 4062 1725 0.4 18 0.20 425 53 

THB002_X10_R3.1 X4.1 0.7 17.359 1.267 0.05150 0.00704 15.394 1.538 1803 446 0.2 17 0.47 396 32 
THB002_X10_R3.2 X4.2 -0.1 16.963 1.156 0.05613 0.00395 15.207 1.421 3409 774 0.2 17 0.70 418 23 

                

 

Potential zircon component to analysis               

GPT001_GPT_R1  0.0 4.624 0.201 0.09714 0.00484 3.931 0.204 10917 2341 0.2  0.66   

THB002_Zrc-2-R1  73.3 72.716 161.023 0.64227 1.23416 57.827 161.023 74 398 5.4  0.76   

                

 

Mixed xenotime-zircon analysis               
GPT001_GPT_R2  -0.4 7.392 2.236 0.08046 0.00812 6.375 2.238 342 39 0.1 14 0.40   

                

^No REE data (Supplementary Table 6-7) could be obtained due to limited space to perform spot analysis using EPMA. Instead using measured REE content, matrix correction for this analysis was 
performed using the mean REE content of analysis of similar age (i.e., X1, X4.1, and X4.2 = 17.61). The induced uncertainty is assumed to be negligible, given that dominant drivers of matrix 

correction are the U and Th concentrations. 

  

 

Supplementary Table 6-3: SIMS U-Pb results of xenotime-bearing detrital zircon. 

Analysis ID Grain ID (in paper) 

f(206) 

% 

238U/206Pb 
204Pb-corrected 

2σ 

abs err 

207Pb/206Pb 
204Pb-corrected 

2σ 

abs err 

U 

(ppm) 

Th 

(ppm) Th/U 

rho 207Pb/206Pb 

vs 238U/206Pb 

Preferred 

age (Ma) 

2σ 

abs err 

THB002_X10_R6.1 Z1.1 2.75 4.811 0.647 0.07268 0.02151 41 125 0.3 0.56 1183 102 
THB002_X10_R6.2 Z1.2 1.76 4.703 0.413 0.07944 0.01167 103 259 0.4 0.60 1230 64 

THB002_HM_R1.1 Z2.1 0.24 3.206 0.150 0.10252 0.00271 787 262 3.0 0.90 1702 13 

THB002_HM_R1.2 Z2.2 0.29 2.955 0.195 0.11513 0.00527 202 125 1.6 0.72 1880 35 
THB002_Zrc-2_R12.1 Z3 0.26 3.631 0.175 0.10320 0.00297 829 317 2.6 0.88 1633 15 

THB002_X10_R3.1 Z4.1 5.45 6.314 0.396 0.06027 0.02100 1215 374 3.2 0.42 935 48 

THB002_X10_R3.2 Z4.2 0.34 6.294 0.295 0.07261 0.00269 1206 510 2.4 0.75 968 19 
THB002_X10_R3.3  44.95 5.690 1.191 0.13898 0.13803 774 818 0.9 0.71   

GPT001_GPT_R1.1  0.19 2.705 0.134 0.12353 0.00313 564 274 2.1 0.85 2014 16 

GPT001_GPT_R2.1  0.74 4.793 0.282 0.07619 0.00516 332 12 28.1 0.73 1184 31 

GPT001_GPT_R2.2  0.80 4.482 0.379 0.08359 0.00889 108 41 2.6 0.60 1294 59 

GPT001_GPT_R2.3  2.82 4.407 0.261 0.08585 0.01235 350 478 0.7 0.56 1321 51 

THB002_Zrc-2_R1.1  0.73 3.388 0.190 0.10596 0.00456 275 204 1.3 0.71 1700 31 
THB002_Zrc-2_R1.2  1.42 3.778 0.204 0.10337 0.00638 470 399 1.2 0.77 1578 31 

THB002_Zrc-2_R1.3  0.58 5.108 0.282 0.10471 0.00536 429 421 1.0 0.74   
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Supplementary Table 6-4: LAICPMS U-Pb results of xenotime outgrowths and inclusions. 

Analysis ID 

Grain ID 

(in paper) 238U/206Pb 

2σ 

abs err 

207Pb/206P

b 

2σ 

abs err 

rho 
207Pb/206Pb vs 
238U/206Pb 

Preferred 

age (Ma) 

2σ 

abs err 

Pure xenotime analysis         
THB002_X6_1_r - 1 X6 5.72201 0.25702 0.09250 0.00455 0.07698 1071 46 

THB002_X11_1_r - 1 X5 18.28853 1.23093 0.05439 0.00490 -0.63217 344 22 

THB003_Bd2 _1_r - 1  5.30694 0.29877 0.29899 0.03692 0.04735   
THB002_X5_2_r - 1 X9 3.19905 0.14390 0.10995 0.01066 0.20229 1759 65 

THB002_X1_3 _r - 1  3.41409 0.25404 0.57469 0.03968 0.25776   

THB002_X6_2_r - 1 X8 4.97426 0.15822 0.08053 0.00306 0.31428 1186 32 
THB002_X6_5_r - 1  18.37062 0.88365 0.22817 0.03449 -0.02795   

THB002_X6_3_r - 1 X7 21.21020 0.73681 0.05353 0.00453 0.01493 297 10 

         
Potential zircon component to analysis 

THB002_X3_r_1 - 1  4.15336 0.13651 0.08948 0.00575 0.17069   

THB002_Zrc-1_1_r - 1  10.06655 1.20408 0.12248 0.01468 0.60732   
THB002_X1_2_r - 1  12.67457 0.61590 0.06864 0.00778 0.08364   

THB002_X6_6 _r - 1  3.72159 0.12276 0.10203 0.00394 0.42022   

THB002_X11_2_r - 1  11.33663 0.63550 0.07451 0.01409 0.04759   

         

Mixed xenotime-zircon analysis 

THB002_X1_r_1 - 1  12.00267 0.33825 0.05973 0.00291 0.33130   
THB001_Zrc-2_2_r - 1  15.57809 0.84282 0.05096 0.00893 0.23764   

THB003_Zrc-1_1_r - 1  10.93341 1.07621 0.06363 0.01022 -0.05311   

THB002_X1_5 _r - 1  12.76507 0.58002 0.05875 0.00889 0.13340   
THB002_X3_2_r - 1  2.19790 0.05786 0.19510 0.00947 0.00755   

THB002_X5_6_r - 1  16.12456 0.51705 0.05832 0.00510 -0.12627   

THB002_X5_5 _r - 1  13.00950 0.60279 0.05830 0.00850 0.21833   
THB002_X11_4_r - 1  19.59121 1.53340 0.06659 0.02165 -0.08184   

Supplementary Table 6-5: LAICPMS U-Pb results of detrital xenotime. 

Analysis ID 238U/206Pb 

2σ 

abs err 207Pb/206Pb 

2σ 

abs err 

rho 207Pb/206Pb 

vs 238U/206Pb 

Preferred 

age (Ma) 

2σ 

abs err 

THB001_HM_3_d - 1 3.228 0.085 0.10786 0.00378 0.66037 1748 20 
THB001_HM_3_d - 2 3.192 0.073 0.10893 0.00364 0.44109 1765 23 

THB001_HM_3_d - 3 3.150 0.058 0.10923 0.00366 0.48250 1780 20 

THB001_HM_3_d - 4 3.237 0.072 0.10851 0.00320 0.45323 1749 22 

THB001_HM_3_d - 5 3.193 0.059 0.10721 0.00373 0.57336 1755 18 

THB001_HM_3_d - 6 3.191 0.088 0.10812 0.00385 0.39049 1761 28 
THB001_HM_3_d - 7 3.243 0.082 0.10673 0.00426 0.39047 1736 27 

THB001_HM_3_d - 8 3.307 0.087 0.10622 0.00388 0.28989 1713 29 

THB001_HM_5_d - 1 5.674 0.190 0.07664 0.00463 0.57875 1057 23 
THB001_HM_5_d - 2 5.194 0.125 0.07825 0.00300 0.29783 1138 21 

THB001_HM_5_d - 3 5.149 0.097 0.07701 0.00249 0.50264 1140 14 

THB001_HM_5_d - 4 5.154 0.180 0.07723 0.00308 0.51981 1139 24 
THB001_HM_5_d - 5 5.487 0.142 0.07769 0.00331 0.32748 1088 22 

THB001_HM_7_d - 1 4.482 0.122 0.08391 0.00279 0.11410 1296 27 

THB001_HM_7_d - 2 4.410 0.169 0.08648 0.00492 0.71725 1326 24 
THB001_HM_7_d - 3 4.472 0.086 0.08556 0.00458 0.33305 1304 20 

THB001_HM_7_d - 4 4.356 0.088 0.08528 0.00344 0.42353 1330 19 

THB001_HM_8_d - 1 3.751 0.105 0.09290 0.00399 0.67606 1512 20 
THB001_HM_8_d - 2 3.815 0.103 0.09544 0.00325 0.49435 1512 23 

THB001_HM_8_d - 3 3.565 0.086 0.09409 0.00384 0.36989 1573 25 

THB001_HM_8_d - 4 3.714 0.100 0.09698 0.00382 0.62199 1546 21 
THB001_HM_9_d - 1 3.172 0.090 0.10788 0.00368 0.48738 1765 26 

THB001_HM_9_d - 2 3.149 0.078 0.10725 0.00388 0.47871 1770 24 

THB001_HM_9_d - 3 3.121 0.081 0.11016 0.00441 0.35438 1794 29 
THB001_HM_9_d - 4 3.122 0.060 0.10827 0.00344 0.60025 1785 17 

THB001_HM_13_d - 1 2.784 0.090 0.12406 0.00715 0.21417 1988 44 

THB001_HM_15_d - 1 4.964 0.163 0.08514 0.00332 0.37060 1215 27 
THB001_HM_25_d - 1 13.353 0.334 0.07464 0.00385 0.13468 471 11 

THB001_HM_31_d - 1 2.923 0.105 0.11774 0.00520 0.41073 1906 37 

THB001_HM_33_d - 1 2.265 0.059 0.15814 0.00534 0.45079 2393 29 
THB001_HM_42_d - 1 3.172 0.112 0.10624 0.00377 0.40696 1753 32 

THB001_HM_53_d - 1 1.993 0.061 0.18616 0.00690 0.34346 2667 37 

 
Note: Multiple spots were analysed for some grains, e.g., grain THB001_HM_3_d has been analysed at 8 different spots. For the Concordia 

diagram (Figure 6-3A) weighted means of isotope ratios are plotted; for the kernel density diagram (Figure 6-3B), Concordia ages of the 

individual grains are used (i.e., one grain contributes one age to the plot). 
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Supplementary Table 6-6: LA-ICP-MS U-Pb results of xenotime-bearing detrital zircon. 

Analysis ID Grain ID (in paper) 238U/206Pb 
2σ 
abs err 207Pb/206Pb 

2σ 
abs err 

rho 207Pb/206Pb 
vs 238U/206Pb 

Preferred 
age (Ma) 

2σ 
abs err 

THB002_X6_1_r - 1 Z6 4.196 0.222 0.08275 0.01778 0.20 1372 61 

THB002_X11_1_r - 1 Z5 3.171 0.035 0.11176 0.02137 0.42 1768 15 
THB003_Bd2 _1_r - 1  5.371 0.095 0.09005 0.01790 0.27 1105 17 

THB002_X1_r_1 - 1  4.741 0.168 0.11560 0.02199 -0.30   

THB002_X3_r_1 - 1  4.263 0.066 0.08863 0.01711 0.04 1359 19 
THB002_X5_r_2 - 1 Z9 3.257 0.027 0.10649 0.02037 0.10 1726 12 

THB002_X6_3_r - 1 Z7 17.163 0.367 0.05345 0.01101 0.40 365 7 

THB001_Zrc-2_2_r - 1  3.733 0.104 0.09843 0.01896 -0.10 1530 38 
THB002_Zrc-1_1_r - 1  5.053 0.073 0.07879 0.01516 0.26 1164 15 

THB003_Zrc-1_1_r - 1  3.573 0.082 0.10247 0.02002 0.17 1592 31 

THB002_X1_3 _r - 1  3.894 0.035 0.10636 0.02078 0.01 1474 12 
THB002_X1_2_r - 1  5.443 0.053 0.07311 0.01408 0.15 1087 10 

THB002_X1_7 _r - 1  5.942 0.058 0.07320 0.01400 0.39 1003 8 

THB002_X1_5 _r - 1  4.864 0.054 0.08565 0.01652 0.27 1206 12 
THB002_X3_2_r - 1  2.486 0.031 0.17619 0.03370 0.64   

THB002_X5_4_r - 1  6.584 0.248 0.08713 0.01733 0.30   

THB002_X5_6_r - 1  12.616 0.198 0.06754 0.01318 0.05 492 7 

THB002_X5_5 _r - 1  9.373 0.155 0.10648 0.02082 0.13   

THB002_X6_2_r - 1 Z8 4.925 0.059 0.07888 0.01521 0.23 1191 13 

THB002_X6_5_r - 1  12.622 0.183 0.06586 0.01279 0.21 493 7 
THB002_X6_6 _r - 1  3.787 0.058 0.09925 0.01907 0.21 1512 20 

THB002_X11_2_r - 1  11.169 0.241 0.07321 0.01536 0.18 555 11 

THB002_X11_1_r - 1  10.429 0.253 0.09495 0.01837 -0.44   
THB002_X11_4_r - 1  7.894 0.174 0.10771 0.02074 -0.32   
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Supplementary Table 6-7: Geochemistry of xenotime shown in Figure 6-3C based on analyses using electron probe micro-analyser (EPMA). 

Analysis ID Grain ID (in paper) 
Element concentrations in wt% 
Zr Si Y P Ca Th U Ho Er Yb Lu Eu Tb Tm Nd Sm Gd Dy O Sum 

Xenotime outgrowths                      
THB002_X10_R6.1 X1 0.25 0.33 29.32 12.70 0.06 0.15 0.16 1.18 3.95 3.09 0.52 0.16 0.50 0.35 0.11 0.29 1.41 5.11 27.27 86.92 
THB002_HM_R1.1 X2 2.03 0.95 26.46 12.87 0.02 0.00 0.27 0.78 3.82 7.86 2.04 0.06 0.18 0.68 0.08 0.11 0.57 2.48 28.24 89.50 

THB002_X10_R3.1  0.61 0.16 32.30 14.46 0.05 0.00 0.29 1.04 3.65 3.61 0.76 0.08 0.47 0.34 0.26 0.35 1.63 4.54 30.28 94.90 

THB002_X10_R3.2  1.37 0.43 34.80 15.33 0.05 0.08 0.28 1.00 3.63 3.60 0.74 0.04 0.44 0.37 0.17 0.37 1.53 4.32 32.58 101.12 
THB002_X10_R3 mean X4 0.99 0.30 33.55 14.89 0.05 0.04 0.28 1.02 3.64 3.61 0.75 0.06 0.46 0.35 0.21 0.36 1.58 4.43 31.43 98.01 

THB002_X11_R1.1 X5 0.03 0.22 34.43 14.84 0.01 0.80 0.92 1.03 3.79 3.01 0.58 0.07 0.40 0.29 0.19 0.29 1.44 4.56 31.24 98.14 

THB002_X6_R1.1  1.01 0.59 30.64 14.07 0.57 0.40 0.15 0.86 3.11 3.41 0.74 0.14 0.43 0.31 0.45 0.49 1.58 3.69 29.98 92.63 

THB002_X6_R1.2  1.13 0.57 30.59 13.88 0.53 0.45 0.18 0.83 3.07 3.24 0.72 0.14 0.41 0.30 0.49 0.52 1.51 3.50 29.68 91.75 

THB002_X6_R1 mean X6 1.07 0.58 30.61 13.97 0.55 0.43 0.16 0.84 3.09 3.33 0.73 0.14 0.42 0.30 0.47 0.51 1.55 3.60 29.83 92.19 

THB002_X6_R3.1 X7 0.19 0.08 32.61 14.84 0.05 0.38 0.48 1.00 3.38 2.89 0.52 0.00 0.49 0.29 0.53 0.63 1.87 4.26 30.58 95.09                       
 
Xenotime inclusion                      
THB002_X6_R2.1 X8 0.03 0.14 33.34 15.04 0.01 0.66 0.51 0.97 3.79 4.37 0.93 0.04 0.37 0.45 0.28 0.42 1.34 3.67 31.15 97.51                       
 

Detrital xenotime                      
THB001-HM-D1  0.20 0.05 34.10 14.97 0.01 0.19 0.33 1.00 3.55 2.89 0.48 0.03 0.45 0.29 0.21 0.42 1.62 4.45 30.98 96.23 

THB001-HM-D13  0.00 0.00 35.08 15.40 0.01 0.01 0.14 1.13 5.27 5.41 1.02 0.02 0.21 0.59 0.01 0.01 0.44 3.74 31.93 100.41 

THB001-HM-D15  0.02 0.10 35.83 15.19 0.03 0.25 0.94 0.99 3.57 2.59 0.41 0.04 0.38 0.27 0.19 0.24 1.29 4.34 31.66 98.35 
THB001-HM-D25  0.00 0.00 35.33 15.39 0.04 0.07 0.67 1.03 3.65 2.84 0.51 0.04 0.44 0.29 0.30 0.40 1.66 4.70 31.84 99.18 

THB001-HM-D3  0.04 0.07 34.42 15.26 0.05 0.29 0.64 1.06 4.00 3.09 0.59 0.02 0.40 0.31 0.40 0.49 1.49 4.59 31.63 98.85 

THB001-HM-D31  0.00 0.05 36.65 15.59 0.00 0.00 0.28 1.03 4.95 4.36 0.83 0.01 0.14 0.50 0.03 0.02 0.33 3.09 32.32 100.19 

THB001-HM-D42  0.00 0.02 35.04 15.33 0.06 0.20 0.64 1.03 3.89 3.02 0.54 0.03 0.40 0.30 0.32 0.38 1.51 4.37 31.72 98.80 

THB001-HM-D5  0.00 0.00 36.50 15.38 0.02 0.05 0.44 1.06 3.28 1.84 0.28 0.04 0.45 0.18 0.23 0.35 1.56 4.74 31.84 98.23 

THB001-HM-D53  0.00 0.05 34.91 15.23 0.06 0.39 0.43 1.07 3.81 2.95 0.55 0.04 0.41 0.32 0.27 0.36 1.51 4.28 31.54 98.17 
THB001-HM-D7  0.00 0.01 33.86 15.13 0.06 0.30 0.46 1.06 3.40 2.25 0.39 0.06 0.57 0.21 0.51 0.59 2.23 5.34 31.25 97.68 

THB001-HM-D8  0.02 0.06 34.06 15.11 0.05 0.26 0.94 1.01 3.82 3.66 0.77 0.02 0.41 0.36 0.27 0.31 1.41 4.64 31.39 98.55 

THB001-HM-D9  0.00 0.12 34.81 15.36 0.04 0.21 1.00 0.97 3.75 3.27 0.64 0.02 0.41 0.33 0.28 0.42 1.50 4.39 31.88 99.40 
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Chapter 7 

7 Directly dating Plio-Pleistocene climate change in the terrestrial 

record 

This chapter is under review. 

Abstract 

Accurate chronology of climatic shifts is critical to understand the controls on landscape 

and species evolution. Unfortunately, direct dating of continental climate change is hindered 

by the scarcity of dateable terrestrial products evidencing climatic shifts. Here we use 

ferruginous indurations from the arid landscapes of the Nullarbor Plain in southern Australia 

to constrain the timing of Plio-Pleistocene aridification in the continental realm. We present 

(U-Th)/He goethite data implying active induration processes between c. 2.7 and 2.4 Ma. 

Chemical-mineralogical and petrographic examination suggests that formation of ferruginous 

indurations was linked with a decline of the groundwater table, driven by the rapid climatic 

shift from humid Late Pliocene to arid Early Pleistocene conditions. Combined with local to 

global climatic proxies, we conclude that ferruginous indurations are promising targets to 

obtain absolute ages on landscape evolution to refine continental climatic chronology and 

improve understanding of the environmental drivers of species diversification and extinction. 
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7.1 Introduction 

The Plio–Pleistocene witnessed a major shift of the global climate (Lisiecki and Raymo, 

2007; Balco and Rovey, 2010; Hill et al., 2017), with significant expansion of northern 

hemisphere glaciation (Haug et al., 1999; Bailey et al., 2013) driving a change from a wet and 

humid state during the Pliocene, to colder and more arid conditions in the Pleistocene (Filippelli 

and Flores, 2009). This climate change had profound impacts on Earth’s ecosystems: vast areas 

of dense forests were replaced by more open vegetation (e.g., grasslands) prompting habitat 

reorganization and possibly leading to a major turning point in hominin evolution (Reed, 1997; 

deMenocal, 2011; Trauth et al., 2021). Despite the undoubted significance of this event, 

constraining the timing of continental environmental response to climate change is complicated 

by the discontinuous continental sediment record and challenges of absolute dating geological 

processes that can be clearly linked to environmental perturbation. These difficulties have 

hampered the direct dating of Plio–Pleistocene transition processes in the continental realm, 

with studies instead often relying on marine depositional records to reconstruct continental 

paleoclimate (Lisiecki and Raymo, 2007; Christensen et al., 2017; Petrick et al., 2019). 

In Australia (Figure 7-1), declining rainfall, continental moisture, and sea surface 

temperatures, as well as increasing dust transport are recorded in marine sediment proxies 

deposited during the Plio-Pleistocene transition (Petrick et al., 2019; Vleeschouwer et al., 2019; 

He et al., 2021) (Figure 7-1C). This climate archive, and broadly coeval changes of continental 

landscapes, e.g., initiation of desert dune fields (Fujioka et al., 2009), are consistent with 

aridification of Australia’s continental climate. The vast expanses of the Nullarbor Plain in 

south-central Australia (Figure 7-1) which covers about 200,000 km2 of treeless shrublands, is 

devoid of any surface water features. The Nullarbor Plain represents the modern manifestation 

of the Plio-Pleistocene shift to extensive dryland areas, which now cover ~46% of Earth’s land 

surface, and host ~3 billion people (van der Esch et al., 2017; Mirzabaev et al., 2019). 

Increasing aridity on the Nullarbor Plain is tracked through the decline of speleothem 

development as a consequence of reduced continental moisture, pedogenic calcrete and the 

lowering of the groundwater table (Miller et al., 2012; Lipar and Ferk, 2015; Woodhead et al., 

2019). Similarly, drier climate in Australia in the Pleistocene is linked with the retreat of 

(rain)forests in favor of open wood- and grassland vegetation (Martin, 2006). Such extensive 

changes in climate and vegetation created new habitats, but also established biogeographic 

barriers, both of which significantly influenced partitioning and diversification across 

Australia’s biota (Byrne et al., 2008; Ansari et al., 2019; Pepper and Keogh, 2021). Among 
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other examples, sister species of birds (White et al., 2011), insects (Owen et al., 2017), and 

plants (Crisp and Cook, 2007) reside in Australia’s SW and SE temperate biomes, separated 

by the arid Nullarbor Plain (Figure 7-1A,B). 

Figure 7-1: (A) Climatic zonation across Australia based on the Aridity Index (Zomer et al., 2008). 

Coloured insects represent biotic divergence via the distributions of sister species of cicadas A. dolens 

(blue) and A. ‘mallee hisser’(red) that are found in Australia’s SW temperate and SE temperate biome, 

respectively, separated by the arid Nullarbor Plain (Owen et al., 2017). Pink star and purple circle 

indicate the sample location and site U1463, respectively (Figure 7-1C). (B) Digital elevation model 

of the Nullarbor Plain and isohyets of mean annual rainfall (bom.gov.au). (C) Climatic proxies 

showing (from top to bottom) shift from humid to arid conditions in NW Australia (Christensen et al., 

2017), onset of the Northern Hemisphere glaciation (Haug et al., 1999), increasing ice volumes 

(Lisiecki and Raymo, 2005), smoothed sea level (Miller et al., 2020), potassium wireline log data at 

site U1463 (Christensen et al., 2017), sea surface temperatures at site U1463 (Smith et al., 2020), and 

uranium wireline log data at site U1463 (Christensen et al., 2017). (D) Jacinth-Ambrosia heavy 

mineral sand deposit showing iron-rich indurated horizons and cross-bedded sands. (E) Analysed 

ferruginous induration showing targeted structures. (F) Schematic stratigraphy of the Jacinth-

Ambrosia deposit (modified after Hou et al., 2011). 

Despite the significance of Plio-Pleistocene transition, the absolute timing of changes in 

the continental record of aridification on the Nullarbor Plain remains poorly constrained (Miller 

et al., 2012), impeding integration of local paleoclimate indicators into regional, and ultimately 

global models. A compelling target to improve terrestrial climate models is iron oxides, which 

form at a broad range of surface conditions (Bigham et al., 2002), often in relation to 

environmental changes (Zhao et al., 2017). Goethite is the most abundant Earth surface iron 

oxide (sensu lato) and occurs in many environments (Schwertmann and Taylor, 1989). In arid 

bom.gov.au
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environments, goethite can be generated in response to a lowering of the water table and hence, 

can trace hydrological changes due to aridification (Heim et al., 2006). Hence, environmental 

information is recorded by temporal constraints on iron oxide formation and can provide direct 

insights into landscape evolution, in turn informing on biogeographic models (Gautheron et 

al., 2022). Here, we use (U-Th)/He geochronology, mineralogy, and geochemistry applied to 

diagenetic ferruginous indurations, hosted in Eocene-Miocene paleo-shoreline deposits in 

southern Australia, to better constrain the chronology of aridification of the Nullarbor Plain. 

We further demonstrate the broader importance of dating indurations for understanding 

landscape evolution and biogeography. 

7.2 Materials and Methods 

This study examined iron oxides from a ferruginous induration from the Jacinth-

Ambrosia heavy mineral sand deposit (30° 54' 33.84'' S, 132° 13' 5.88'' E). Here, active open 

pit mining provides a unique window into the geological history of the extensive paleo-

shoreline deposits fringing the Nullarbor Plain. The stratigraphy of the Jacinth-Ambrosia 

deposit (Figure 7-1F) was established by Hou et al. (2011). At the study site, diagenetic iron 

oxides (and -hydroxides) form ferruginous indurations overprinting the shallow marine middle-

upper Eocene Ooldea Sands that overlie weathered granitic basement and underlie reworked 

Miocene sands. Samples were taken from cross-bedded sands (Figure 7-1D) at the base of the 

mine pit (c. 25-30 m below the surface and c. 2 m above bedrock), where Ooldea Sands are 

strongly indurated in comparison to less prominent indurations in overlying strata. 

Macroscopically, the sampled indurations (Figure 7-1E) are (i) well-consolidated reddish fine- 

to coarse-grained sandstones, (ii) display veins of metallic to vitreous luster with rare mineral 

inclusions, and (iii) contain mm- to cm- sized cavities, which document secondary partial or 

complete infills of various compositions (clay- to sand-sized particles with variable sorting). 

From one representative ferruginous induration, several rock slabs (c. 25×10 mm) were 

prepared for further investigation. Sample characterization included use of X-ray powder 

diffraction (XRD), energy-dispersive spectroscopy (EDS), and Raman spectroscopy (methods 

are outlined in the Appendix). (U-Th)/He dating followed the analytical procedures in Danišík 

et al. (2013) and used 100–300 μm large fragments of goethite that were extracted from (i) the 

veins/cement of metallic to vitreous lustre (from the surface of the induration) and (ii) the iron-

rich domains of argillaceous zoned cutan structures from polished rock slabs. (U-Th)/He 
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measurements are corrected for diffusive loss of He following the recommendations of Bassal 

et al. (2022). Full documentation of the (U-Th)/He method is provided in the Appendix. 

7.3 Results 

7.3.1 Ferruginous induration characteristics 

Mineralogical bulk analysis of the ferruginous induration using XRD (Supplementary 

Table 7-1, Supplementary Figure 7-2) indicates the presence of quartz and heavy minerals 

(mainly zircon) as the dominant detritus, and moderate proportions (i.e., 1-5 wt%) of goethite 

(α-FeO(OH)) and hematite (α-Fe2O3). Backscattered electron imaging (Figure 7-2A) and 

chemical composition mapping by EDS (Figure 7-2B) of polished rock slabs from the 

indurations suggest that fine-grained infills of clay and iron-rich domains of cement 

(corresponding to veins of metallic to vitreous lustre; Figure 7-2B) comprise iron-rich 

polycrystalline mineral aggregates with traces of silicon and alumina (Figure 7-2C). While 

depositional sedimentary structures, such as the segregation of dense and light minerals, are 

preserved, other petrographic characteristics indicate scarce remnants of pedogenetic 

processes. Specifically, the fine-grained infills, identified as argillaceous zoned cutan 

structures, indicate replacement of primary material (e.g., roots or burrows) by illuviated clay 

infills that underwent secondary geochemical alteration initiating chemical zonation (Nahon, 

1991; Salama et al., 2022). This chemical trend is manifested by increasing iron and decreasing 

silicon contents towards the rim of the cutan structures (Figure 7-2C). Iron oxide domains 

sampled for geochronological analysis (selected based on low impurities documented by light 

and electron miscopy) predominantly consist of goethite based on Raman spectroscopy (Figure 

7-2D). 
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Figure 7-2:(A) Backscattered electron image of a relic pedogenetic structure (cutan). Circle and 

squares denote locations of representative spot analyses using EDS and Raman spectroscopy, 

respectively, to demonstrate chemical and mineralogical trends. (B) Iron content for the same sample 

extent. Dashed lines indicate areas of iron-rich cement domains, which macroscopically correspond 

to veins of metallic to vitreous lustre (indicated by white arrow). (C) Representative EDS spectra for 

different domains demonstrating increase of iron (and decrease of alumina and silicon) towards the 

outer domains of the cutan structure. Vertical rectangles show characteristic energy levels of relevant 

elements. (D) Raman spectra of different domains (a.u. = arbitrary units). Individual analyses within 

each domain (i.e., cutan, cement, and vein) are highly similar and, thus, were averaged. Spectra are 

shown as 5-point running average and are baseline subtracted using a convex hull fit. Vertical lines 

show diagnostic Raman shift values (Hanesch, 2009). 

7.3.2 Geochronological results 

In total, 19 mechanically extracted goethite-bearing fragments from the vein/cement 

(Figure 7-1E, Supplementary Figure 7-1A-C) and cutan structures (Figure 7-2A, 

Supplementary Figure 7-1E) were analysed. (U-Th)/He isotopic measurements yield 

thermochronological median dates for cutan and vein/cement structures of 2.4 ± 0.8 Ma (1 

standard deviation,1 SD) and 2.7 ± 0.8 Ma (1 SD), respectively (Supplementary Table 7-2). An 

Epps–Singleton (Epps and Singleton, 1986) test for equal distributions applying a small sample 

correction (W2 =3.3; p = 0.5) implies distributions of cutan and vein/cement dates are 

statistically indistinguishable. Based on the indistinguishable median dates and identical 

mineralogy (all fragments are goethite), cutan and vein/cement fragments are considered to 

represent a single age population reflecting a contemporaneous response to a shared geological 

process. Consequently, an uncertainty-weighted mean of 2.56 ± 0.13 Ma (2 standard error, 2 

SE) is calculated (Figure 7-3A). Three dates are rejected from weighted mean calculation based 
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on Chauvenet's criterion for outlier detection (Supplementary Table 7-2). Statistical rejections 

are supported by petrographic observations of outliers hosting larger amounts of detrital grains 

(Supplementary Figure 7-1D). We posit that spuriously old ages reflect He-bearing inclusions 

(e.g., zircon). Similarly, very young ages (present in cutan analyses) may be associated with 

alpha-ejection into voids (Danišík et al., 2017) or reflect domains of decreased He retentivity 

(Shuster et al., 2005). Mean squared weighted deviation above unity (here 2.5) are commonly 

observed in (U-Th)/He thermochronology and do not impede meaningful age determination, 

but rather convey the degree of complexity in the geological process (Reiners and Nicolescu, 

2006). Hence, the 2.56 ± 0.13 Ma age is interpreted as the best estimate of the time of formation 

for the ferruginous indurations in the Ooldea Sands. 

Figure 7-3: (A) Individual (U-Th)/He ages at 2 SE uncertainty of cutan (orange) and vein/cement 

(blue) fragments. Grey vertical rectangle in the background denotes the weighted mean age (2 SE). 

(B) Probability density plot (PDP) of (U-Th)/He ages of goethite compared to PDP of U-Pb ages of 

speleothems across the Nullarbor (Woodhead et al., 2019) and locally weighted smoothing of the 

uranium wireline log data at site U1463 as a proxy for continental dust dispersion tracking increasing 

aridity (Christensen et al., 2017). 

7.4 Discussion and Conclusions 

7.4.1  Groundwater decline in response to climate change 

Growth of goethite is controlled by environmental conditions, but typically involves 

oxidation and hydrolysis of dissolved ferrous iron (Fe2+) and is favored by pH values around 

3-7 and high water activity (Bigham et al., 2002). Acidic and iron-rich fluids are observed in 

modern groundwater systems in the study area (Reid et al., 2018), and suggest, in tandem with 

textural observations (section 7.3.1), goethite growth within a meteoric environment as the 

most likely scenario. Dissolved ferrous iron was plausibly extracted during weathering of 

lateritic paleosols (Nahon, 1991) that formed extensively throughout the Oligocene and 
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Miocene (Martin, 2006). This interpretation is supported by the occurrence of pedogenetic 

relics (e.g., argillaceous cutan, Figure 7-2A,B) and field observations of bleached and mottled 

sands in overlying sediments (Hou et al., 2011) evidencing iron remobilization, a process likely 

facilitated during the Late Pliocene’s humid climate. The subsequent transition to more arid 

conditions would have led to a lowering of the water table, in turn oxidizing ferrous iron. An 

oxygenated meteoric environment for the formation of the ferruginous indurations is consistent 

with the absence of reduced phases (e.g., magnetite, pyrite), the geochemical alteration of the 

illuviated clay infill along a redox gradient (cutan), and provides high water activity favoring 

the formation of goethite over hematite. The latter mineral prefers low water activity (Torrent 

et al., 1982) and may be formed in some rapidly drying parts of the indurations (thus explaining 

the reddish hue and hematite in the bulk XRD analysis), whereas residual water in larger pores 

would foster the growth of goethite. The textural and mineralogical observations support a 

near-surface genesis and suggest that (U-Th)/He ages can provide direct constraints on the 

formation of ferruginous indurations (Shuster et al., 2005). However, the rate of goethite 

growth cannot be precisely defined as analytical uncertainty likely exceeds the recorded 

duration of goethite aggregation (Guyodo et al., 2003; Yee et al., 2006). Hence, we posit that 

the water table declined within the given uncertainty of the mean (U-Th)/He age that can be 

interpreted as the time of the formation event (i.e., induration). Hence, conservatively, the 

geochronological results (Figure 7-3A) suggest that induration formation in the study area was 

active between c. 2.7 Ma and 2.4 Ma. 

7.4.2 Implications for arid landscape evolution and species diversity 

The formation of ferruginous indurations in response to the lowering of groundwater is 

consistent with other indicators of hydrological changes (e.g., collapse of dissolution cavities, 

pedogenetic calcrete, and appearance of aeolian quartz; Lipar and Ferk, 2015; Miller et al., 

2012) on the Nullarbor Plain during the Plio-Pleistocene transition. Woodhead et al. (2019) 

revealed speleothem growth in shallow caves of the Nullarbor Plain between 5 and 3 Ma that 

experienced a significant decline after 2.5 Ma (Figure 7-3B), fingerprinting a rapid decline of 

mobile water. Importantly, the decline of speleothem formation was broadly coeval with 

induration formation (Figure 7-3B), consistent with a major hydrological change towards drier 

conditions in the Nullarbor Plain. The water table before the Plio-Pleistocene climate change 

appears to be at least 20 m above the modern (pre-mining) water table (c. 50 m, IGS, 2019). A 

water table decline of similar magnitude has been determined in Southern California for the 

last deglaciation when climate shifted from wet to arid conditions (Seltzer et al., 2019), 
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suggesting rapid changes of the water table can occur on millennial timescales. Therefore, 

following a rapid decline and induration formation between 2.7 and 2.4 Ma, the study site’s 

water table at 2.4 Ma may have been comparable to modern conditions without sufficient 

recharge to reach pre-Pleistocene levels. The high degree of reproducibility in the (U-Th)/He 

ages is also consistent with negligible disturbance after induration formation. On a larger scale, 

it appears that the temporal constraints associated with terrestrial formation processes are in 

excellent agreement with the climatic evolution of Australia’s continental interior, which is 

recorded in the high-resolution and continuous marine deposits of Australia’s NW shelf (e.g., 

Groeneveld et al., 2020; Figure 7-1A). These marine sediments record the degree of fluvial and 

windblown terrigenous input and reveal a c. 5.5 to 3.3 Ma humid interval followed by a 

transition period foreshadowing the advent of fully arid conditions at c. 2.4 Ma (Christensen et 

al., 2017). Importantly, windblown terrigenous material derived from large parts of continental 

Australia (e.g., Courtillat et al., 2020) track aridity, where heightened aridification is 

fingerprinted by increasing uranium content (a measure of dust activity). Such increase in dust 

follows the maxima of (U-Th)/He ages at c. 2.6 Ma (Figure 7-3B). Based on these combined 

paleoclimate proxies across vast parts of Australia, the formation ages of ferruginous 

indurations are best explained as marking cessation of humid conditions and imply a minimum 

constraint of 2.7 to 2.4 Ma for the emergence of arid-dominated environmental conditions that 

presently extend over 70% of the Australian continent (Figure 7-1A). Therefore, 

geochronological results on targeted induration features document a major turning point in 

Australia’s landscape evolution that has lasted until the present day (Figure 7-1A). 

The Nullarbor Plain’s climatic and tectonic history significantly influenced ecosystem 

changes in Australia throughout the Cenozoic (Figure 7-4). Following episodes of marine 

inundation, the Nullarbor Plain became permanently subaerially exposed during the middle 

Miocene coincident with a climatic transition and shift towards more arid conditions (which 

was later reversed during the early Pliocene; Sniderman et al., 2016). This period of emergence 

and drying correlates with a major east-west vicariance of flora and fauna (White et al., 2011; 

Rix et al., 2015), suggesting the Nullarbor Plain began acting as a significant biogeographic 

barrier. The Plio-Pleistocene climate shift towards pervasive arid conditions re-established the 

Nullarbor Plain as a pronounced biogeographic barrier driving ecosystem change by effectively 

separating mesic environments, resulting in the youngest divergence events (Crisp and Cook, 

2007; Owen et al., 2017). The rapid decline of surface water on the Nullarbor Plain led to 

decreasing vegetation, which in turn directly influenced the distribution and divergence of 

species because of changes in both food sources and habitat. The temporal consistency of 
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aridification and phylogenetic divergence estimates (White et al., 2011; Owen et al., 2017) 

supports vicariance models and implies divergence was plausibly driven by the termination of 

a continuous mesic landscape. Such interpretations are consistent with observations that 

patterns of high genera diversity either coincide with or follow periods with strong evidence 

for the Nullarbor Plain acting as a biogeographic barrier (Figure 7-4). 

Figure 7-4: Cenozoic history of the Nullarbor Plain showing geological processes documented in the 

Ooldea Sands (Hou et al., 2011), major marine indurations (Crisp and Cook, 2007), global sea level 

(pale grey line; Miller et al., 2020) and temperatures (pale red line; Cramer et al., 2011). PDPs of 

late Cenozoic terrestrial products (blue and red areas) are from Figure 3B. Genera diversity (green 

dashes) of Australia is from the Paleobiology Database (paleobiodb.org) and the interpreted influence 

of the Nullarbor Plain as a biogeographic barrier on species divergence is shown in brown (Crisp 

and Cook, 2007; White et al., 2011; Rix et al., 2015; Owen et al., 2017) (wide and thin parts are strong 

and weak influence, respectively). Emergence at c. 14 Ma (Webb and James, 2006) reflects permanent 

subaerial exposure of large parts of the Nullarbor Plain. Names of recognized stages of the Cenozoic 

climate are from Miller et al. (2020). 

Integration of petrographic, chemical, and mineralogical observations of ferruginous 

indurations suggest a polyphase genesis that encompasses (i) initial host sedimentation during 

Middle-Late Eocene transgression and middle Miocene reworking (Figure 7-5A), (ii) 

subsequent regolith overprinting including pedogenetic processes, and (iii) a major 

hydrological change during the Plio-Pleistocene transition. The latter process is manifested 

through the c. 2.7 to 2.4 Ma formation of ferruginous indurations, interpreted as a consequence 

of a rapid shift from the Late Pliocene humid climate (Figure 7-5B) to arid conditions, prevalent 

since the Early Pleistocene (Figure 7-5C). Overall, the apparent relationship of ferruginous 

indurations and groundwater decline most likely reflects the terrestrial response to climatic 

change, which may allow ferruginous indurations to be applied as a novel tool to yield absolute 

age constraints on arid landscape evolution globally. Age constraints on such induration 

features that are interpreted to capture changing hydrological and redox conditions in line with 

a global climatic change, may have the potential to significantly aid temporal understanding of 

aridification and hydrological processes on a local to global scale. Importantly, ferruginous 

paleobiodb.org
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indurations are frequently recognized in regolith and sediments across Australia (Anand and 

Paine, 2002; Heim et al., 2006; Chan, 2009; Worrall, 2017) and globally (Nahon et al., 1977; 

Voicu et al., 1997; Ricordel-Prognon et al., 2010). Ultimately, absolute age constraints 

associated with direct terrestrial products of climatic transitions could plausibly provide vital 

anchor points for the understanding of the coevolution of landscapes and biota. 

Figure 7-5: Conceptual model for the ferruginous indurations. The upper panels (Top) depict 

environmental changes and lower panels (Bottom) show stages leading to the formation. (A) Top: 

Shallow marine deposition and later reworking (Hou et al., 2011), resulting in heavy mineral 

concentration, create the substrate that later hosts the indurations. Bottom: Marine sands showing 

separation processes between light, e.g., quartz (qtz), and heavy minerals, e.g., zircon (zr). Red cross 

indicates location of emplacement of textural heterogeneity accommodating cutan growth (B) Top: 

Late Pliocene humid climate with relatively dense forests and high water table follows episodes of 

regolith/pedogenetic overprint (Figure 7-4). Purple cicada reflects a common ancestor inhabiting a 

continuous mesic habitat (Owen et al., 2017). Bottom: Sand is groundwater-saturated and high 

concentration of ferrous iron exist due to iron remobilization. Geochemical transformation of 

illuviated clay infill begins forming concentric cutan structures. C) Top: Rapid climate shift towards 

the arid Early Pleistocene results in water table lowering and the formation of indurations. A decrease 

of mobile water causes a decline in vegetation that involves the separation of temperate biomes, 

ultimately favouring the divergence of species. The latter is represented by the blue and red cicadas 

that diverge from a common ancestor (Figure 7-5B). Bottom: Higher iron saturation and oxygenated 

condition in the upper groundwater table oxidize dissolved ferrous to ferric iron that allows build-up 

of ferruginous indurations. 
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7.6 Appendix 

Supplementary Figure 7-1: (A) Image of the analysed ferruginous induration showing (B) veins of 

metallic lustre that have been analysed for (U-Th)/He geochronology (Aliquots V1-V11). (C) 

Representative image of homogeneous goethite fragment of the vein/cement structures used for (U-

Th)/He geochronology. (D) Representative image of heterogeneous fragment that contains inclusions 

(qtz – quartz; zr – zircon) that was discarded. (E) Backscattered electron image of the cutan showing 

two areas targeted for (U-Th)/He geochronology (Aliquots C1-X and C2-X; Supplementary Table 

7-2). 
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Supplementary Figure 7-2: (A) XRD pattern of the ferruginous induration. (B) Same pattern at 

different scale with 2Θ values of identified mineral phases. (C) Close-up of the interval with the (110) 

goethite ‘peak’ used to quantify goethite content. 

7.6.1 X Ray diffraction analysis 

Bulk mineralogical composition of the ferruginous indurations was estimated by X-ray 

powder diffraction (XRD) using a Panalytical Empyrean diffractometer. About 200 g of 

representative material was pulverized using a vibratory ring mill. To mitigate preferred 

orientation effects, an aliquot of the powder was pressed into a back-packed sample holder. 

Instrument parameters are provided in Supplementary Table 7-3. XRD mineral identification 

uses the HighScore Plus (Supplementary Figure 7-2) software and an in-house excel 

spreadsheet. Semi-quantitative estimates of minerals (Supplementary Table 7-1) are based on 

an integration of matrix flushing and reference intensity ratio. 

7.6.2 Energy dispersive X-Ray spectroscopy 

Backscattered electron (BSE) images (Figure 7-2A) and chemical mapping (Figure 

7-2B,C) of polished rock slabs (25*10 mm) were obtained using a TESCAN Integrated Mineral 

Analyzer (TIMA, e.g., Hrstka et al., 2018), i.e., a field emission scanning electron microscope 

equipped with energy-dispersive spectroscopy (EDS) detectors. Measurements used TIMA’s 
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liberation analysis with dot mapping (BSE and EDS step size at 1 and 3 μm), a beam energy 

of 25 kV, a probe current of 5.4 nA, and a spot size of 79.1 nm. 

7.6.3 Raman spectroscopy 

Raman spectra (Figure 7-2D) were acquired using a Horiba® LabRAM HR Evolution 

with a 600 gr/mm grating, a Peltier cooled Synapse detector and a continuous 532 nm laser 

produced by a 100 mW Laser Quantum Torus. Mineral damage by the laser was avoided by 

adjusting the laser power, monitoring visible change on the surface of the sample and the 

Raman signal. A 5% ND filter decreased the laser power to 0.05 mW on the sample surface. 

On rough mineral particle surfaces, the laser beam was focused to a width of about 4 µm with 

a 20X objective (N.A. of 0.46) with a 5% ND filter providing 0.08 mW laser power on the 

mineral surfaces. 

7.6.4 (U-Th)/He geochronology of goethite 

(U-Th)/He dating used 100–300 μm large fragments of goethite that were extracted from 

(i) the veins/cement of metallic to vitreous lustre (from the surface of the induration) and (ii) 

the iron-rich domains of argillaceous zoned cutan structures from polished rock slabs, using a 

scalpel and tweezers. The fragments were then ultra-sonicated in ethanol to remove adhering 

particles, dried and selected for (U-Th)/He analysis using optical and electron microscope 

images based on their textural and compositional homogeneity. Selected fragments 

(Supplementary Figure 7-1C) were individually loaded into niobium (Nb) microtubes prior to 

He extraction. (U-Th)/He analyses were carried out at the Western Australia 

Thermochronology Hub (WATCH) facility of the John de Laeter Centre (Curtin University, 

Perth) following the analytical procedures of Danišík et al. (2013). The Nb microtubes 

containing the goethite fragments were loaded into an ultra-high vacuum extraction line 

(Alphachron I) and degassed in a single, 10 min long heating cycle at ~450 °C using a diode 

laser to circumvent possible changes in the composition of the parent isotopes (Danišík et al., 

2013). Initial test work prior to analysis demonstrated that this degassing protocol resulted in 

the complete outgassing of the samples without the need to “re-extract” the samples. Evolved 

gas was purified using a ‘cold finger’ cooled with liquid nitrogen and a hot (~350 °C) Ti-Zr 

getter, spiked with 99.9% pure 3He and introduced into a Pfeiffer Prisma QMS-200 mass 

spectrometer, next to a cold Ti-Zr getter. 4He/3He ratios, corrected for HD and 3H by monitoring 

mass 1, were measured by a Channeltron detector operated in static mode. Evolved 4He 

contents (measured in nano-cubic centimetres, ncc) were determined by isotope dilution using 
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a 3He spike against calibrated 4He gas standards, with a blank correction check by heating 

empty Nb tubes using the same procedure. Following the 4He measurements, Nb tubes 

containing the goethite fragments were retrieved from the Alphachron I, spiked with 230Th and 

235U, and dissolved in 200 μl of concentrated HCl in Parr bombs heated to 210 °C for 12 h. 

Each Parr bomb also contained blank and spiked standard solutions. All solutions were 

analysed by isotope dilution for 238U and 232Th an Element XR™ High Resolution ICP-MS. 

The total analytical uncertainty (TAU) was calculated as the square root of the He analysis 

uncertainty and weighted uncertainties of the U and Th measurements (Danišík et al., 2013). 

The raw (U–Th)/He dates were corrected for diffusive He loss using an average correction 

factor of 10% following the suggestions of Bassal et al. (2022). (U–Th)/He dates were not 

corrected for alpha ejection (Ft-correction) given the size of sub-sampled goethite specimens; 

however, an additional uncertainty of 10% (1σ) was added in quadrature to the final (U-Th)/He 

dates to honour our limited knowledge about the factors potentially affecting the alpha ejection 

correction in the investigated samples (e.g., U and Th distribution). 

7.6.5 Data tables 

To maintain a format suitable for this thesis data tables are simplified and present the raw 

data necessary to replicate the findings of the study. All uncertainties are given as the 

standard error of the mean, unless stated otherwise. 

Supplementary Table 7-1: Representative composition (semi-quantitative) of a ferruginous 

induration obtained using X-ray powder diffraction (XRD). 

Phase Mass % 

Quartz 72 
Zircon 14 

Goethite 5 

Rutile 3 
Hematite 2 

K-Feldspar 2 

Anatase 1 
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Supplementary Table 7-2: Results of (U-Th)/He geochronology on goethite fragments. 

Sample 

232Th ±1σ 238U ±1σ 4He  ±1σ TAU (1σ) 
Th/U 

Raw age ±1σ Ft ± He loss Cor. age ±2σ 
(ng) (%)  (ng) (%)  (ncc)  (%)  (%) (Ma) (Ma)   (%)  correction (%) (Ma) (Ma) 

Cutan                               

C1-2 0.103 3.3 0.0169 4.0 0.009 6.1 6.6 6.02 1.81 0.12 1 10 10 1.99 0.43 

C1-3 0.022 6.4 0.0078 3.9 0.004 13.2 13.6 2.81 2.66 0.36 1 10 10 2.92 0.90 
C1-4* 0.065 3.4 0.0141 3.8 0.004 12.6 12.8 4.55 1.02 0.13 1 10 10 1.12 0.33 

C1-5* 0.101 3.2 0.0046 4.3 0.003 16.9 17.1 21.96 0.84 0.14 1 10 10 0.92 0.33 

C2-6 0.045 4.3 0.0628 4.2 0.024 2.9 4.7 0.71 2.73 0.13 1 10 10 3.00 0.60 
C2-7 0.295 3.0 0.1601 3.9 0.063 1.8 3.4 1.83 2.26 0.08 1 10 10 2.48 0.48 

C2-8 0.570 3.0 0.1321 3.8 0.078 2.2 3.3 4.29 2.4 0.08 1 10 10 2.64 0.51 

C2-9 0.008 17.2 0.0693 3.9 0.018 3.4 5.1 0.11 2.13 0.11 1 10 10 2.35 0.48 
Vein                     1         

V-1* 0.442 2.8 0.0403 3.6 0.080 2.3 3.2 10.9 4.55 0.15 1 10 10 5.01 0.96 

V-2 0.256 2.8 0.0208 4.0 0.023 3.4 4.1 12.3 2.36 0.10 1 10 10 2.59 0.51 
V-3 0.192 2.8 0.0163 3.8 0.022 3.9 4.5 11.7 2.96 0.13 1 10 10 3.26 0.65 

V-4 0.534 2.8 0.0489 4.2 0.047 2.9 3.7 10.8 2.21 0.08 1 10 10 2.43 0.47 

V-5 0.677 2.8 0.0646 3.8 0.057 2.6 3.5 10.4 2.09 0.07 1 10 10 2.30 0.44 
V-6 1.699 2.8 0.1449 3.8 0.161 4.2 4.8 11.6 2.43 0.12 1 10 10 2.67 0.54 

V-7 0.992 2.8 0.1188 4.0 0.099 3.5 4.2 8.3 2.32 0.10 1 10 10 2.55 0.50 
V-8 0.401 2.8 0.0579 3.7 0.052 3.4 4.0 6.9 2.79 0.11 1 10 10 3.06 0.60 

V-9 0.619 2.8 0.0556 4.2 0.081 3.0 3.8 11.1 3.29 0.12 1 10 10 3.62 0.70 

V-10 1.113 2.8 0.1483 3.8 0.143 3.0 3.8 7.4 2.86 0.11 1 10 10 3.14 0.61 
V-11 0.999 2.8 0.1106 3.5 0.080 3.1 3.8 9.0 1.91 0.07 1 10 10 2.10 0.41 

                

TAU - total analytical uncertainty; Raw age - (U-Th)/He age uncorrected for alpha ejection; Cor. Age - (U-Th)/He corrected for diffusive He loss and uncorrected for alpha ejection, but with an added uncertainty 
related to potential factors complicating the alpha ejection. Asterisk (*) indicates analyses that are rejected as statistical outliers 
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Supplementary Table 7-3: Overview of instrument parameter used for X-ray powder diffraction. 

Parameter Name/Value 

XRD instrument Panalytical Empyrean 
Radiation Co Kα 1.789 Å 

Generator 40 kV 40 mA 

Angular Range 5 to 77 °2θ 
Time/Step 120 s 

Step Size 0.0131 º2θ 

Divergence Slit 1 ° 
Anti-Scatter Slit 7.5 mm 

Slit Type Fixed 

Detector PIXcel in linear mode 
Rotation Speed 60 rpm 
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Chapter 8 

8 Conclusions 

The detrital record is a bittersweet archive of Earth history retaining information 

potentially unobtainable from other sources but also variably biased at once. This research 

intended to improve our understanding of the depositional systems hosting heavy mineral sands 

by utilizing the detrital record. Despite showcasing the diversity of processes and timescales 

recorded in sedimentary systems (Chapter 4 and 7), this thesis also demonstrates some 

important potential pitfalls in detrital mineral geochronology. This work has made suggestions 

to help mitigate methodological and geological biases inherent to provenance investigations 

(Chapter 2, 3 , 5, and 6). Although the different chapters outline conclusions based on each 

presented dataset, this final chapter strives to take an overarching look at the broader 

implications of the findings from this thesis in the context of source-to-sink studies and also 

highlights some potential future research directions. 

8.1 Bias in detrital geochronology 

Provenance analysis requires a quantitative assessment of sample material to obtain 

geologically meaningful conclusions, i.e., the analysed minerals are, in an ideal world, uniquely 

characteristic for a sedimentary unit and its respective source(s). However, such issues as 

assumed representativeness is not necessarily true in all cases and it is essential to accept the 

omnipresence of several biases as a fundamental part of geological datasets. Such biases places 

caveats on what can be definitively stated. Acknowledging these limitations is important to 

meaningfully interpret geological data and at the same time also motivates for research into 

additional means to mitigate the effect of biases on the detrital record. The importance of 

studying potential processes influencing results and conclusions is well exemplified by findings 

of Chapter 2. Notably, this study does not have an underlying study design and has not been 

intended to be a substantial chapter nor a publication as such significant discrepancies among 

differently prepared sub-samples were not anticipated. However, these findings clearly 

demonstrates that allegedly trivial sample preparation steps may have massive influence on 

geological interpretations. Consequently, this finding signals a demand for a critical revaluation 

of existing preparation techniques and their effect on the repressiveness of detrital age 

distributions. While some of the effects of commonly applied techniques have been studied 

(e.g., Sircombe and Stern, 2002), aspects of other preparation steps have received 
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comparatively little attention. Although a community-driven norm for sample preparation in 

detrital geochronology would be advantageous, an easier to implement procedure is providing 

detailed documentation of sample preparation. This appears important as every forth paper in a 

recent compilation on detrital zircon geochronology did not provide information on the 

approach taken to selecting zircon grains for mounting (Supplementary Figure 2-1). Therefore, 

detailed reporting of laboratory metadata would allow for much more robust inter-laboratory 

comparisons and hence, a genuine improvement toward harnessing the power of ‘big data’ 

techniques (e.g., Vermeesch and Garzanti, 2015). 

8.2 Sediment recycling 

Understanding the timescales of source to sink signal propagation in the deep-time 

sedimentary record is especially challenging (Romans et al., 2016). Most applied tools in 

sedimentary provenance analysis focus on processes in the source area of sedimentary systems, 

which is most likely because (i) intermediate sediment histories and transport of detritus are 

associated with destructive activities (e.g., physical and chemical weathering) and (ii) 

commonly applied techniques (e.g., U-Pb of zircon or rutile) were developed for different 

purposes and only later adapted by the detrital geochronology community (Figure 8-1). 

Important insights of sediment transport or chemical alteration can be derived from sedimentary 

petrography, e.g., etching of grains (Pozsgai et al., 2017) or marks on quartz grains (Campbell, 

1963). While such qualitative observations are useful, they typically lack absolute timing 

constraints and therefore limit the ability to understand the rates and durations of the various 

processes associated with sediment recycling. 

This thesis presented two possible approaches to address sediment recycling, namely 

source-normalized α-dose (Chapter 3) and xenotime outgrowths on detrital zircon (Chapter 6). 

Both methods have their unique pros and cons. Using α-dose to understand sedimentary 

processes is simple because it can be calculated with conventional U-Pb geochronology data 

(U, Th, age) thus encouraging straight-forward inter-study comparisons and application to 

existing data sets (Figure 3-7). However, this metric assumes post-depositional annealing, 

which can reset the onset of radiation damage accumulation, is negligible. Thus, a more 

dedicated approach for regional studies, not concerned in inter-study comparison, may 

comprise integration with methods to constrain the timing of the latest zircon annealing event 

(e.g., (U-Th)/He)). In this way, a more sophisticated reconstruction of sediment recycling 

processes should be attainable. Therefore, the presented application of source-normalized α-

dose can be understood as a simplistic approach to estimate the cumulative time of the zircon 
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cargo in the sedimentary environment. Another remaining caveat of using compositional 

information such as radiation damage is absence of absolute time constraints on sediment 

storage and/or recycling. In contrast, results of Chapter 6 are distinctive in the way that 

transported xenotime outgrowths on detrital zircon can directly measure timing and processes 

associated to sediment recycling. Importantly, xenotime outgrowths aided in evidently 

demonstrating multi-cycle origin of zircon grains, which previously could only be inferred 

based on statistical comparison of detrital age distributions (Chapter 5). Optimistically, this 

finding may encourage further investigations into mineral phases forming during intermediate 

stages of complex sediment pathways, which would be a valuable development towards more 

robust source-to-sink models. Practically, a major limitation in the quest for xenotime 

outgrowths (or literally any intermediate phase) is the typically small grain size compared to 

other detrital components, as well as the time-consuming identification using traditional means 

such as thin-section petrography or scanning electron microscopy (e.g., Rasmussen, 2005). A 

catalyst to test how common such intermediate phases are, may be the increasing availability 

of instruments capable of automated-phase identification of minerals. Such instruments are 

usually employing energy-dispersive X-ray spectroscopy (Hrstka et al., 2018) or Raman 

spectroscopy (Lünsdorf et al., 2019) in combination with a mineral database to allow rapid 

phase identification. Although not widely available yet, an increasing body of research in 

different fields of geosciences shows the importance of such applications (Vermeesch et al., 

2017; Brathwaite et al., 2021; Zutterkirch et al., 2021). In addition to improvements in 

automated identification techniques, a contemporaneous technological progress in mass 

spectrometry focussing on the dating of authigenic phases using in situ Rb-Sr geochronology 

can be observed (Scheiblhofer et al., 2022; Subarkah et al., 2022). The combination of these 

techniques may be key in evaluating the use of intermediate phases, which perhaps hold the 

power to reshape our current understanding of sedimentary systems. 

8.3 Implications for heavy mineral sand industry 

In Western Australia, mineral sands are the seventh largest commodity and mineral sands 

sales have a value of around $1 billion, which is mostly generated through mining of titanium 

phases (e.g., ilmenite, rutile) and zircon (Department of Mines and Industry Regulation and 

Safety, 2022). To upgrade the concentrations of these stable mineral phases, intermediate 

storage of clastic sediments plays an important role. The results presented in this thesis show 

sedimentary systems hosting heavy mineral sands reveal ubiquitous evidence for sediment 

recycling. This observation creates a concern of how helpful conventional provenance tools are, 
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as those tools primarily identify the ultimate source rock not its transport pathway (e.g., U-Pb 

zircon). This question is particularly important given that most studies trying to establish 

source-to-sink relationships of heavy mineral sands are using detrital zircon (Hou et al., 2011; 

Reid et al., 2013; Philander and Rozendaal, 2015; Gartmair et al., 2021). Although a zircon-

centred approach is most straight-forward in terms of analytical procedures, it may ultimately 

capture little meaningful information to assess the underlying sediment routing systems but 

rather only inform on the primary crystalline source, as heavy mineral sands will most likely 

have complex grain histories. 

The complexities of source-to-sink relationships intrinsic in heavy mineral sands, 

documented by multiple episodes of storage and recycling, show the importance of using tools 

capturing these processes. Repeated burial and uplift of heavy mineral cargo, prior syn-

depositional heavy mineral accumulation, is most likely essential to upgrade heavy mineral 

grades. In essence, progressive sediment recycling will reduce labile gangue phases (e.g., 

feldspar) and hence, enrich stable phases (e.g., zircon and rutile) relatively. Therefore, capturing 

the degree of sediment recycling will provide estimates on the upgrading of heavy minerals 

within a sedimentary system. Although robust quantifications are challenging, the presented 

work reveals that radiation damage of zircon (α-dose; Chapter 3) can play an important role. 

The main reasoning behind this observation is that data collection can be rapid allowing 

campaign-style analysis of detrital zircon. Moreover, the routinely application of detrital zircon 

geochronology during exploration could be integrated with other methods. For instance, grain 

imaging techniques that can provide an additional dimension to understand source rocks and 

sedimentary processes involved in the formation of heavy mineral sands (Makuluni et al., 2019; 

Markwitz et al., 2019; Scharf et al., 2022). 

Results of provenance interpretation may change substantially by studying different 

minerals, e.g., detrital rutile and zircon often have extremely different age distributions 

(Chapter 5). For instance, comparison of Broome Sandstone rutile and zircon age distributions 

reveal significant differences in their relative abundances of age modes. Considering them 

independently, provenance interpretations are likely to differ significantly, contrasting the more 

robust interpretation made based on the integrated mineral pair. Therefore, it seems important 

to use tools that integrate information from different mineral phases that are considered in 

tandem to obtain a more accurate depositional model of heavy mineral deposits. Here, an 

additional and logical target is REE-rich monazite that is abundant in heavy mineral sands and 

is becoming essential to mine critical resources necessary for modern and sustainable 

technologies (Goodenough et al., 2018). Importantly, monazite shows high Pb retentivity, rare 
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Pb loss, and is resistant to radiation damage making monazite a powerful geochronometer 

(Cherniak, 2010). Monazite formation occurs at a broad range of magmatic and metamorphic 

conditions (Boatner, 2002), but may also happen during diagenesis (Lan, 2022). The latter 

might be especially relevant to quantify the importance of sediment recycling on grade control. 

For instance, diagenetic monazite integrated with U-Pb and (U-Th)/He double dating of zircon 

has been used to infer erosional cycles governing sediment composition in clastic detritus (Zotto 

et al., 2020). Moreover, Sm-Nd isotopic measurement of monazite can be important to refine 

crustal growth models (Liu et al., 2017), which can be integrated with existing Hf data of zircon 

(Chapter 4) to better understand the geological evolution of the source area of heavy mineral 

sands. Ultimately, it will be the integration of a wide set of techniques and minerals to better 

approach a holistic understanding of the geological background that is required to reduce 

exploration risk for high-grade heavy mineral sand deposits. 

From an operational point of view, indurated horizons in sediment successions are a 

nuisance during exploration and processing of heavy mineral sands (Jones, 2009). Although the 

(U-Th)/He geochronology of ferruginous indurations (Chapter 7) has not been successful in 

temporally constraining an age of deposition of Eucla Basin heavy mineral sands, results show 

the potential to use indurations to depict post-depositional overprinting processes. The 

presented study reflects the first absolute age constraints on active induration processes in heavy 

mineral sands, but the results are confined to a single ferruginous induration, primarily to test 

the methodological approach. Nonetheless, the results show good reproducibility, and it is 

concluded that ferruginous induration surfaces are a promising target to conduct further 

investigations to unravel processes controlling the genesis of these features. It is anticipated 

that a basin-wide study may reveal detailed insights in temporal differences, similar to 

variations seen in climate-sensitive speleothems of the Nullarbor Plain (Woodhead et al., 2019). 

Ultimately, a robust chronology and improved understanding of ferruginous indurations may 

allow to better predict and hence avoid ferruginous indurations. 
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Figure 8-1: Simplified source-to-sink system with a focus on intermediate processes during sediment 

transport (i.e., in the transfer zone). Key concepts and ideas discussed in this chapter are presented. 

Grey boxes describe how the different chapters of this thesis address certain aspects of the sedimentary 

system and the broader understanding of the detrital record. 

8.4 Future work and outstanding research questions 

This thesis presented ideas and possible pathways to enhance our understanding of 

sedimentary systems associated with heavy mineral sand deposits (Figure 8-1). However, this 

work also demonstrates persistent limitations in the use of the detrital record, hence promoting 

further questions and research directions, which can be summarized as: 

• The detrital geochronology community should aim for a transparent documentation of 

sample preparation techniques and analytical workflows to promote comparison of results 

of different studies. As part of this, a round robin using natural sample material (compared 

to artificial zircon populations with a limited number of contributors; Košler et al., 2013) is 

overdue to test reproducibility across different laboratories. Here, heavy mineral sands that 

have strongly polymodal age signatures, and enough material to allow distribution, could 

play a valuable role to compare, for instance, detrital age distributions produced with 

different approaches. Similar studies (e.g., Dunkl et al., 2020) are important examples to 

illustrate how different instruments and/or operators can have an effect on the results. Only 
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such comparative studies allow the quantification of biases, which may lead towards more 

robust guidelines for the community. 

• Integration of multiple mineral phases into source-to-sink models help to maximise 

provenance information. However, most minerals other than zircon are not frequently used 

in single-grain provenance studies yet, and routine use requires understanding of potential 

limitations. While this is perhaps obvious, it is important to notice that the process of 

understanding flaws of U-Pb detrital zircon geochronology is still ongoing. Likewise, 

widespread use of additional mineral proxies may require further testing, e.g., via dedicated 

feasibility studies (e.g., O'Sullivan et al., 2018) to better understand individual mineral 

systems. For instance, monazite grains can be complex and often record multiple ages in a 

single grain. Therefore, the most suitable approach to target large populations remains 

debatable, e.g., ‘single or multiple spots?’ or ‘What component in a mineral is dated; the 

youngest? The oldest?’. Moreover, grain size and age information can be correlated in 

detrital grains (Lawrence et al., 2011), which renders the questions if grain size windows 

exist that are more likely to have monazites from specific formation conditions. 

Consequently, multi-proxy analysis in provenance studies will likely to be the rule rather 

than the exception in the near-future, demanding thoughtful scrutinization of individual 

mineral systems. 

• A potentially important undertaking to obtain a more complete reconstruction of grain 

histories is fingerprinting intermediate processes during the convoluted sediment route from 

source to sink. Classic approaches to address sediment recycling utilize either mineral ratios 

(e.g., zircon-tourmaline-rutile maturity index; Hubert, 1962) or whole rock geochemistry 

(e.g., Th/Sc versus Zr/Sc; McLennan et al., 1993). Generally, these approaches cannot 

identify specific intermediate sources nor allow for robust quantification of timescales of 

associated processes. Expanding on these concepts, ratios of minerals that can be clearly 

linked to specific source areas and behave different during sedimentary processes (e.g., 

feldspar-zircon; Barham et al., 2021) have proven useful and are promising. Additionally, 

further investigations of changes of mineral chemistry (e.g., α-dose) during sedimentary 

processes are a possible venture to understand intermediate alteration histories of detrital 

minerals, e.g., zircon grains with distinct REE concentrations behave differently during 

weathering (Morrissey et al., 2022). A different approach could be the study of authigenic 

and diagenetic mineral phases within the detrital record (e.g., sedimentary lithoclasts 

containing clay minerals), which may form during intermediate stages of sediment 
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pathways. However, there are currently only a few established authigenic phases that allow 

temporal constraints on intermediate episodes of sediment pathways. Here, automated 

phase identification and novel analytical methods (e.g., in situ Rb-Sr geochronology of 

authigenic phases) may form an important aspect of future sedimentary provenance 

analysis. As such, a feasibility study in a controllable (i.e., modern) setting testing for the 

presence of prospective phases, and the necessary analytical toolkit to exploit their 

composition, is recommended. 

• Quantification of sediment recycling remains challenging, demanding further tools to 

achieve vigorous constraints on timescales of associated processes. A possible avenue to 

quantify episodes of burial and uplift is thermochronology (e.g., Arató et al., 2021). 

Especially, double dating of zircon (Reiners et al., 2005), i.e., integration of U-Pb and (U-

Th)/He analysis on a single grain, could prove powerful in deciphering intermediate source 

areas. However, conventional approaches of thermochronology are labour-intensive and not 

suited for high numbers of analyses commonly targeted in provenance studies. A suitable 

alternative is in situ analysis of He using laser ablation (Evans et al., 2015). However, such 

approaches are still in development (e.g., Ehrenfels et al., 2022) and open questions include 

accurate and rapid measurement of pit volumes and U content. Regardless, a rapid double 

dating technique is expected to be important to quantify sediment recycling. 

• Campaign-style dating of ferruginous indurations from different deposits in the Nullarbor 

Plain, but also other parts of Australia and globally, are prospective to build upon results 

from this thesis (Chapter 7). Follow-up studies should include dating a range of indurated 

layers within one deposit, and comparison of different locations, to test for spatial trends in 

the He data. Also, sample preparation needs to be reassessed as extraction of sample 

material can be challenging. Possibly useful attempts include focussed ion beam scanning 

electron microscopy and micro-milling techniques. Moreover, findings in this work 

illustrate that ferruginous indurations are sensitive to climatic changes and can trace 

landscape evolution. Consequently, it is expected that additional analyses of ferruginous 

indurations are a fruitful venture to refine biogeographical models. 
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