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Abstract – The age of the Vindhyan sedimentary basin in central India is 

controversial, because geochronology indicating early Proterozoic ages 

clashes with reports of Cambrian fossils. We present here an integrated 

paleontological–geochronological investigation to resolve this 

conundrum. New sampling of Lower Vindhyan phosphoritic stromatolitic 

dolomites from the northern flank of the Vindhyans confirms the 

presence of fossils most closely resembling those elsewhere found in 

Cambrian deposits: annulated tubes, embryo-like spheroids with 

polygonal surface pattern, and filamentous and coccoidal microbial 

fabrics similar to Girvanella and Renalcis. None of the fossils, however, 

can be ascribed to uniquely Cambrian or Ediacaran taxa. Indeed, the 

embryo-like spheroids are not interpreted as fossils at all, but as former 

gas bubbles trapped in mucus-rich cyanobacterial mats. Direct dating of 

the same fossiliferous phosphorite yielded a Pb–Pb isochron of 1650 ± 

89 (2σ) Ma, confirming the Paleoproterozoic age of the fossils. New U–

Pb geochronology of zircons from tuffaceous mudrocks in the Lower 

Vindhyan Porcellanite Formation on the southern flank of the Vindhyans 

give comparable ages. The Vindhyan phosphorites provide a 

remarkable window of exquisitely preserved Paleoproterozoic fossils 

resembling coccoidal and filamentous cyanobacteria, fungal mycelia, 

and filamentous eukaryotic algae, as well as problematic forms. Like 

Neoproterozoic phosphorites a billion years later, which have proven to 
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be a paleontological treasure trove, the Vindhyan deposits offer 

important new insights into the nature and diversity of life, and in 

particular, the early evolution of multicellular eukaryotes. 
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\body 

Introduction 

The Vindhyan basin in Central India contains a thick unmetamorphosed sequence 

of sandstones, shales and carbonate rocks together with volcaniclastic rocks (Fig. 

1). Estimates of the age span of this Vindhyan Supergroup have varied 

considerably, but geochronological evidence supports a Paleo- to Mesoproterozoic 

age (>1.7 to 1.6 Ga) of the Lower Vindhyan (1 and references therein). Although a 

Neoproterozoic age has often been inferred for the Upper Vindhyan (1), firm 

geochronological evidence for this has been missing, and recent paleomagnetic–

geochronologic work even suggests a late Mesoproterozoic age (1.0–1.07 Ga) of the 

uppermost Vindhyan units (2). 

These age assignments have been persistently challenged by reports of 

Ediacaran and Cambrian fossils from the Vindhyan rocks (3-8). In response to a 

report of presumed Mesoproterozoic animal trace fossils from the Lower 

Vindhyan Chorhat Sandstone at Chorhat (9), Rafat J. Azmi claimed that the 

presence of Cambrian skeletal fossils in beds conformably overlying the Chorhat 

removed any need to postulate a Mesoproterozoic age (10). In the debate that 

followed (11-19), errors in Azmi’s reports were taken to suggest that they were 

fundamentally flawed and that the skeletal fossils did not exist (20). 
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Although most of Azmi’s fossils were convincingly reinterpreted as 

diagenetic artifacts (12), a few others remained as potential anomalies. 

Furthermore, recent publications by Azmi and coworkers (4, 5, 8) reported a 

number of apparently well-preserved Lower Vindhyan fossils closely resembling 

forms previously known to be characteristic of the Cambrian: Annulated tubes, 

embryo-like fossils, and calcified cyanobacteria. If these and earlier reports are 

correct, they have profound implications: Either the radiometric dating 

consistently reflects inherited dates not related to sedimentation, as suggested by 

Azmi and co-workers (4, 8), or Cambrian-like fossils occur in rocks that are a 

billion years older than the Cambrian. It is thus necessary to resolve the 

controversy. 

Results 

We have performed an independent test of the veracity of Azmi’s fossil reports 

through renewed field sampling of the crucial rock sequences and subjecting them 

to integrated paleontological–geochronological analyses. The most significant 

results are from the Jankikund river section near Chitrakoot, on the northern flanks 

of the Vindhyan Plateau, which exposes unmetamorphosed phosphoritic 

stromatolite-bearing carbonate rocks of the Tirohan Dolomite Member of the 

Chitrakoot Formation. We provide independent confirmation of Azmi’s reports of 

Cambrian-like fossils in these rocks and present several lines of evidence that the 
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fossils are indigenous to the rocks rather than contaminants. We further 

demonstrate by means of isotope geochemistry that the fossiliferous rocks were 

deposited more than 1.6 billion years ago, and thus that the fossils indeed are more 

than a billion years older than the Cambrian. 

Lithology and sedimentology. The Jankikund rocks are stromatolitic carbonates, 

mainly dolostones, with phosphorite occurring as bands within and capping the 

stromatolites, and as intraclasts in the intercolumnar matrix. Glauconite grains, 

sometimes coated by phosphate envelopes, are also present. The fossils are found 

either directly in the phosphoritic intraclasts or as isolated phosphatic objects 

within the carbonates. Some portions of the rock are silicified, the silica occurring 

as botryoidal chert cement. Mineralogical, geochemical (21) and sedimentological 

(22) studies of the Tirohan Dolomite indicate that it was deposited in a marine 

shallow subtidal to supratidal environment. Deposition near the air–water 

interface is also borne out by the common presence of gas bubbles, as discussed 

herein. 

Microbial fabrics. The phosphatic intraclasts typically have an irregular, torted 

shape, largely governed by their microfabrics. Thus they were probably not 

strongly lithified at breakup. There is a diversity of clearly microbial fabrics, of 

which the most common type consists of tubular filaments forming dense bundles 

(Fig. 2A–C). The filaments are 10–35 µm in diameter, with 5–10 µm thick walls 
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made up of calcium phosphate and an internal cavity, about 1–15 µm wide, that 

may be empty or filled with carbonate. 

Another microbial fabric is less dense, with filaments of similar dimensions 

(15–20 µm) but forming branching and anastomosing networks (Fig. 2E). Other 

types appear to represent coccoidal forms, loose galleries of mostly straight, 

occasionally branching, tubes in homogenous clasts, as well as a fabric of packed 

tubes with angular cross sections up to about 100 µm in diameter, set within a 

phosphatic matrix (Fig. 2D). 

The presence of diagenetic phosphatic cement in the clasts makes estimates 

of filament and wall thickness difficult and may also affect the apparent diversity. 

Spherulitic growth of the phosphate commonly produces cell-like structures that 

interfere with the original morphologies. However, the observed fabrics clearly 

represent microbial communities of coccoidal and filamentous, non-branching, 

branching, and anastomosing, taxa. The non-branching filamentous structures 

closely resemble fossil structures attributed to calcified filamentous cyanobacteria 

such as Girvanella, common in Phanerozoic, particularly Paleozoic, rocks (23). 

Known pre-Phanerozoic examples of calcifying cyanobacteria are scarce, being 

limited to a few Neoarchean 2.6–2.5 Ga (24, 25), Mesoproterozoic ~1.2 Ga (26), and 

Neoproterozoic ~0.8 Ga (27, 28) occurrences. The common criteria for 

distinguishing in vivo calcification from diagenetic mineralization (uniform wall 

thickness, non-degraded filaments) are inconclusive, however, particularly when 
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the fossils occur in calcium phosphate, which has good potential of preservation of 

non-mineralized organic matter. The possibility therefore remains that the 

Jankikund filaments, despite their appearance, were non-calcified. 

The branching and/or anastomosing filamentous structures are similar to 

mycelia of actinobacteria or fungi. As preserved, the filaments are one to two 

orders of magnitude coarser than actinobacterial hyphae, but in fungal hyphae 

diameters of 15–20 µm are not uncommon (29). The Jankikund structures therefore 

conform morphologically to fungal mycelia. Proterozoic fungi are very poorly 

known. Networks formed by strings of cell-like objects in the late Mesoproterozoic 

Lakhanda beds in southeastern Siberia have been interpreted as fungal remains 

(30), and a case for fungal affinity of certain Neoproterozoic acritarchs with 

anastomosing processes has been made (31). Lichen-like associations of fungal 

hyphae with coccoidal cyanobacteria or algae have been reported from the late 

Neoproterozoic (32). 

Embryo-like fossils. Spheroidal structures, with thin phosphatic walls, commonly 

with a granulated and occasionally with a polygonal surface pattern, are frequent 

in some Jankikund samples (Fig. 3). Such structures were interpreted as metazoan 

embryos by Azmi and colleagues (4, Pl. 2:11–13), and individual specimens may 

indeed be superficially indistinguishable from the well-known embryos of 

Neoproterozoic–Cambrian transitional beds elsewhere (33, 34). 
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The combined features of the Jankikund spheroids make this interpretation 

unlikely, however. The diameter varies greatly, from about 30 µm to more than a 

millimeter, in sharp contrast to the constrained size range within individual taxa of 

metazoan embryo fossils (35). Jankikund spheres occur both as isolated phosphatic 

objects in the carbonates and within phosphatic intraclasts that have a more-or-less 

distinct filamentous or coccoidal fabric (Fig. 3A). Spheres of different sizes 

commonly occur together within clasts. Larger spheres may in such a situation be 

surrounded by smaller ones, and if the spheres are tightly adpressed to one 

another, this arrangement produces a polygonal pattern on the surface of the 

larger sphere (Fig. 3B). Where the bodies are closely adpressed to each other, they 

lose their spherical shape and become polygonal (Fig. 3D). Some of the bodies have 

become flattened; the wall then shows a more-or-less complex pattern of concentric 

and other wrinkles (Fig. 3C). 

The walls of the spheres are about 10–15 µm thick, but the thickness is 

largely determined by secondary apatite overgrowth. The external surface is often 

smooth, but in addition to the occasional polygonal pattern there is commonly a 

coarsely granulated surface pattern of similar dimensions to the surrounding 

coccoidal fabric (Fig. 3A). The internal surface, as well as any internal material, is 

commonly overgrown with botryoidal apatite. The specimen in Fig. 3F has a 

smaller sphere within the larger sphere, the surfaces between them overgrown 

with apatite. Some specimens contain apatite-encrusted filaments (Fig. 3G) similar 
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to the filamentous interior found in many phosphatized microfossils in 

Neoproterozoic–Cambrian phosphorites (36, 37). 

Occasional aggregates show a smaller globular or tubular protrusion on 

each of the larger spheres, always in the same direction (Fig. 3E). This phenomenon 

is associated with radiating wrinkles in the fabric outside the protrusion. 

We interpret the spheroidal structures to be gas bubbles formed within 

cyanobacterial mats. This is borne out by their large size distribution and 

association with mat fabric; the occasional tubular protrusions would represent 

upwards escape of gas through the wall of a bubble. Cyanobacteria release various 

gases, such as O2, CO2, and H2, as byproducts of respiration, photosynthesis and 

nitrogen fixation (38), and the presence of large amounts of extracellular polymeric 

substances (EPS) in cyanobacterial mats promotes the trapping of bubbles. Mats 

are commonly loaded with gas bubbles, so that pieces of the mats may be torn and 

rafted away. Gas bubbles are only formed near the water surface, as higher 

hydrostatic pressures would keep the gases in solution (39). 

The trapping of bubbles within an EPS matrix provides a means of 

fossilization, as mucus is susceptible to preservation by mineralization (40) or 

vulcanization (41). Arp et al. (39) described the preservation of voids and bubbles 

through diagenetic mineralization of the EPS in modern cyanobacteria-dominated 

microbial mats. These mineralized bubbles often showed remnants of the shrunken 
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original membrane overgrown with botryoidal aragonite (39, fig. 4A), a condition 

analogous to that found in the Vindhyan specimens (Figs 07101619, 08021418). 

Segmented tubes. Tubular objects about 100–180 µm in diameter occur sparsely in 

the Jankikund samples (Fig. 4). A distinct and consistent surface feature is a regular 

annulation consisting of shallow grooves perpendicular to the length axis, 60–140 

µm apart. A few well-preserved specimens show the annulation to be expressions 

of transverse septa within the tubes (Fig. 4C). In these specimens, the volume of the 

space between the septa varies from 0.8 to 1.9 x 106 µm3. The tubes are frequently 

bent or distorted, and the accompanying wrinkling of the surface (Fig. 4E) shows 

that the original wall was thin and flexible. The fossilized wall consists of a layer of 

fibronormal apatite of varying thickness (Fig. 4F) and having an inwards growth 

direction, consistent with a diagenetic encrustation on the inside of the original 

wall. 

A flat phosphatic clast preserves the impression of a tube, 2 mm long and 

100 µm in diameter (Fig. 4A, B), adpressed parallel to the clast surface. There is no 

tapering, and weak annulations are present at distances about 80–140 µm apart 

(Fig. 4B, arrows). Morphologically it is thus indistinguishable from the shorter 

tubular segments present in the residues. 

These tubes closely resemble annulated tubes reported by Azmi et al. as 

Cambrotubulus decurvatus and Hyolithellus vladimirovae (4, pl. 1:1–4). None of 

these named Cambrian taxa have transverse septa, however. Furthermore, their 
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walls were mineralized and normally do not show the evidence of flexible bending 

or compression seen in the Vindhyan specimens. Thus we consider Azmi’s 

identifications to be in error. Cambrian tubular fossils represent a wide diversity of 

morphology and composition, and include also non-mineralized forms, but none 

of those presently known match the Vindhyan fossils. 

In view of the extraordinary occurrence of phosphatized segmented tubes in 

rocks that may be more than a billion years older than the Cambrian, we 

considered carefully the possibility that these relatively rare fossils might be 

contaminations from other fossil samples or even the Recent biota. However, 

laboratory contaminations are unlikely, since we used new sieve sets that had 

never been in contact with Cambrian or other Phanerozoic samples, and since our 

specimens conform so closely with those reported by Azmi et al. (4). 

Contamination by Recent organisms living at the Jankikund site is also unlikely, 

because the tubes may be found in the phosphatic intraclasts that are part of the 

rock (Fig. 4A, B) and they are encrusted with diagenetic apatite similar to that 

found in the clasts (Fig. 4F). Consequently, all the available evidence indicates that 

the tubes are of the same age as the rock. 

The septate nature of the Jankikund tubes precludes the interpretation that 

they represent extracellular sheaths of bacterial trichome bundles. The tubes 

resemble the concatenated cell walls of modern filamentous algae such as 

Spirogyra. The size of the cells is consistent with that of eukaryotic algae and 
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several orders of magnitude larger than typical bacterial cells, the cytoplasmic 

volume of which is limited by diffusion requirements (42). However, certain 

sulfur-oxidizing bacteria exceed this size limit by filling up the cell volume with 

liquid vacuoles. Spherical Thiomargarita attain a volume of up to 2 x 108 µm3, and 

filamentous Beggiatoa from hydrothermal-vent environments may form 

cylindrical cells up to 1 x 106 µm3 in volume (42), i.e. the same order of magnitude 

as in the Vindhyan tubes. Such dimensions are highly uncommon among bacteria, 

however. 

The Lower Vindhyan Suket Shale in the Son River Valley, which is 

approximately stratigraphically equivalent to the Tirohan Dolomite, contains 

compressions of filamentous, occasionally branching, fossils described as 

Chambalia Kumar, 2001 (43, Fig. 14a–e). They are of the same dimensions as the 

Jankikund tubes, but no internal structures or annulation are visible, so no direct 

comparison is possible. Compression fossils of what appears to be septate tubes 

have been reported from shales of the Paleoproterozoic Changcheng System as 

Qingshania Yan (44). One large, parallel-sided specimen is 4.7 mm long and 216 

µm wide, and two other specimens show a bulging terminal section (44, Pl. 3:4–5). 

Judging from the published illustrations, the space between the septa attained a 

volume at least 6 x 106 µm3. Again, this is considerably larger than most, though 

not all, bacteria. 
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Other fossils. The Jankikund rocks contain a diversity of apparently biogenic 

objects. These include tubes and string-like objects, some of which may be 

degraded specimens of the segmented tubes or diagenetically encrusted 

cyanobacterial filaments. Azmi et al. figured such objects under the names 

Anabarites trisulcatus, Protohertzina siciformis, Platysolenites antiquissimus, 

Cambrotubulus decurvatus, and Bathysiphon sp. (4, Pl. 1:6–8, Pl. 2:5–10). Other 

objects were figured by Azmi et al. as Mongolodus rostriformis , Halkieria sp., 

Protohertzina anabarica, Mongolodus platybasalis, and Rugatotheca sp. (4, Pl. 1:9–

13, Pl. 2:4); these are included in the morphological spectrum represented in our 

samples by fragments of microbial mats. 

Thus we cannot confirm the presence of Cambrian taxa in the Vindhyan 

material. The characteristic elements are readily attributed to microbial fabrics, 

strings of concatenated cells, and gas bubbles. Nonetheless, the diversity of 

biogenic objects in our Jankikund samples, particularly the tubes and strings, 

indicate a greater fossil diversity than that represented by the microbial colonies 

and tubes reported herein. We also acknowledge that some of the forms reported 

by Azmi et al. (4) from other sections, in particular Vindhyanitubulus semriensis, 

Olivooides multisulcatus, Orbisiana, Konglingiphyton sp., and Flabellophyton 

strigata from the Rohtasgarh Limestone in the Son River Valley (4, Pl. 2:1–3, 14, Pl. 

4:23–25), strongly suggest an additional diversity of megascopic, morphologically 

distinct forms in the Lower Vindhyan. Additionally, the Vindhyans have a long 
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history of megafossil discoveries (e.g., 6, 45, 46-48) that sometimes have had 

difficulties getting into the mainstream literature because of uncertainties about the 

age, sometimes also because the reports themselves have not been convincingly 

documented. All these forms are highly significant for our understanding of biotic 

diversity in the Lower Vindhyan, but as our study concentrates on the Jankikund 

section, we do not deal with them in detail here. 

Age. The geochronological data on the Vindhyan Supergroup were recently 

reviewed by Ray (1) and by Azmi et al. (4, 8), reaching, respectively, very different 

conclusions. Ray (1) cited recently published U–Pb dates from zircons (49, 50) and 

Pb/Pb isochrons from carbonates (51, 52), concluding that the Lower Vindhyan of 

the Son River Valley was deposited from prior to 1721 Ma to about 1600 Ma. Azmi 

et al. (4, 8) referred to the wide spread in published geochronological dates from 

1964 and onwards, arguing that biostratigraphical constraints show the Lower 

Vindhyan to be Ediacaran to earliest Cambrian in age, the upper boundary given 

as <544 Ma. Azmi et al. considered the published older ages of around 1600 Ma to 

reflect provenance of the sedimentary material, not deposition. 

A further complication is added by the fact that the Chitrakoot sequence 

represents an outlier with uncertain correlation to the Lower Vindhyan sections 

elsewhere. Most of the published geochronological dates are from the Son River 

Valley. Kumar et al. (53), however, reported Rb–Sr ages of 1531 ± 15 Ma to 1409 ± 

14 Ma from glauconies in sandstones of the Chitrakoot region. The Tirohan 
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Dolomite is not developed in that part of the Chitrakoot region; the sandstones 

probably represent lower stratigraphical levels. 

Our assessment of the fossil assemblage at Jankikund has not revealed any 

biostratigraphic indicators of the Ediacaran or Cambrian. Nonetheless, given that 

Girvanella-like cyanobacteria such as those shown in Fig. 2 are exceedingly rare 

before the Cambrian (23), it is important to obtain independent evidence of the age 

of the fossiliferous rocks. We carried out Pb isotope analyses of the phosphorite 

intraclasts containing the fossils. The resulting Pb/Pb regression (Fig. 5) yields an 

age of 1650 ± 89 (2σ) Ma for all analyses (n = 5), or 1602 ± 11 (2σ) if only data from 

one sample are considered (n = 4). These age estimates are consistent with the U–

Pb and Pb/Pb ages published from the Lower Vindhyan of the Son River Valley 

(reviewed by 1), but older than the Rb–Sr ages from the glauconitic sandstones (53) 

of the Chitrakoot region. Because of the high susceptibility of ancient glauconite to 

thermal resetting, it is likely that these younger Rb–Sr dates represent post-

depositional events, and therefore provide minimum ages rather than depositional 

ages. 

We further obtained U–Pb dates from zircons in tuffaceous mudrocks from 

the Porcellanite Formation (lower part of the Lower Vindhyan) in the Chopan 

Railway Section in the Son River Valley (see Fig. 1 and Supporting Information). 

The abundance of former glass shards along with quartz, K-feldspar, and minute 

euhedral zircon crystals indicates that the tuffaceous mudrocks were the products 
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of explosive felsic volcanism. The dates obtained, 1629 ± 7 Ma and 1626 ± 7 Ma, are 

stratigraphically consistent with each other and with previous radiometric dates, 

and indicate that the Porcellanite Formation was deposited in the late 

Paleoproterozoic. 

In summary, there is strong and consistent evidence that the Lower 

Vindhyan sequence is Paleoproterozoic to early Mesoproterozoic in age. The direct 

dating by means of a Pb/Pb isochron of the fossiliferous lithology at Jankikund, in 

combination with the other geochronological evidence, invalidates Azmi et al.’s (4, 

8) proposal that the Lower Vindhyan biota is of Ediacaran–Cambrian age. The 

likely age of the biota is somewhere between 1700 and 1600 million years, at the 

end of the Paleoproterozoic. 

Discussion 

Our results show that the fossil biota reported from the Lower Vindhyan of the 

Chitrakoot region by Azmi and coworkers (4) is indigenous to the rock, rather than 

being due to sample contamination. We also demonstrate, however, that the 

published assignments of the fossils to Cambrian taxa of skeletal fossils is in error, 

and our new geochronological work confirm a Paleoproterozoic age of the rocks. 

The Lower Vindhyan thus presents a spectacular preservational window 

into a Paleoproterozoic biota. The main factors responsible for this preservation 

appear to be the low level of metamorphism, and – in the case of the Tirohan 
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Dolomite – the presence of sedimentary phosphate, both unusual for rocks of this 

age. Phosphatization is often responsible for exquisite preservation of soft parts in 

the Neoproterozoic and Cambrian (33, 34, 54), whereas such preservation is 

comparatively uncommon in older and younger parts of the geologic column. 

A long-standing problem in Precambrian paleobiology has been why 

calcifying cyanobacteria are so rare, compared to their massive occurrence in the 

Cambrian (55). This has been ascribed to high concentrations of dissolved 

inorganic carbon combined with low levels of Ca2+ in Proterozoic oceans (56), to 

high Proterozoic ambient CO2 levels (23), or simply to preservational bias (57). The 

presence of Girvanella-like cyanobacteria in the Lower Vindhyan may help to 

elucidate levels of inorganic carbon in mat environments of the late 

Paleoproterozoic. 

In terms of the evolution of major taxa, the most significant information to 

come out of the Vindhyan phosphorites is the detailed three-dimensional 

morphological evidence for late Paleoproterozoic multicellular eukaryotes 

(filamentous algae and fungi). Previously accepted multicellular eukaryotes were 

only known from the late Mesoproterozoic or early Neoproterozoic (58), i.e. some 

400–600 million years later, although some older discoveries had at least suggested 

the possibility that they had a longer prehistory (e.g., 44, 59, 60). The presence of 

fungus-like mycelia is particularly intriguing, as fungi represent an opisthokont 

group closely related to metazoans, and the two groups of multicellular organisms 
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may thus be expected to have an evolutionary origin that is similar in age. The 

sister groups of both fungi and metazoans appear to be unicellular forms (61), 

however, and so there is no direct coupling between the appearance of 

multicellularity in the two groups. 

The Vindhyan rocks thus represent a treasure trove of paleontological 

information. The potential of the phosphorites to yield fresh information on the 

Paleoproterozoic biotas is considerable, and the “shelly” biota discovered by Azmi 

and colleagues gives new insights into the nature of the Paleoproterozoic 

biosphere. The discredited reports of “Cambrian” fossils turned out to be a major 

discovery. 

Materials and Methods 

We visited and collected a number of Azmi’s localities in November, 2006, 

documented all sampling spots with photographs and GPS co-ordinates, packed 

the samples in the field, and shipped them directly to Stockholm and Perth for 

processing. For non-calcareous microfossil extraction, carbonate rocks were 

dissolved in 10% HAc. The acid-resistant residues were sieved and manually 

picked for microfossils. For U–Pb dating of zircons, tuffaceous mudrocks were 

crushed and heavy minerals were isolated using heavy liquids and magnetic 

separation. Data were collected with a sensitive high-resolution ion microprobe 

(SHRIMP). For Pb isotope analysis of the fossiliferous phosphorites, Pb was 
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extracted from two whole-rock samples as well as a leachate and residue pair, 

using conventional anion exchange chromatography. The analysis was performed 

using an inductively coupled plasma multicollector mass spectrometer equipped 

with a desolvating nebuliser. Further details of sample treatment and analytical 

procedures are given in the Supporting Information. 
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Figure legends 

Fig. 1. Geological map of the Vindhyan basin, central India. After Azmi et al. (4) 

based on several sources. 

Fig. 2. Microbial fabrics in phosphorite clasts from the Jankikund section, sample 

Ind06110805. A–C. Bundles of tubular filaments similar to calcifying cyanobacteria. 

Thin section, S156413. A–B, transmitted light; C, back-scattered SEM image. D. 

Packed angular tubes. SEM image, S156414. E. Branching and anastomosing 

filaments, possibly representing fungi. SEM images, stereo-pair, S156415. 

Fig. 3. Spheroidal structures, interpreted as formed by gas bubbles within 

microbial mats, Jankikund section, sample Ind06110804. SEM images. A. Spheres of 

different size within filamentous fabric. S156416. B. Negative casts of spheres with 

polygonal surface structure, apparently formed by packing of smaller spheres in 

matrix. S156417. C. Two flattened spheroidal objects with wrinkled surface 

membrane. S156418. D. Packed spheroids forming foamy structure. S156419. E. 

Spheroids with probably gas escape structures. S156420. F. Small sphere within a 

larger one. Note palissade-like apatite overgrowth with occasional spherulitic 

structure. S156421. G. Sphere with internal filamentous matter, overgrown with 

botryoidal (spherulitic) apatite. S156422. 
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Fig. 4. Annulated and segmented tubes, Jankikund section, sample Ind06110804. 

Light (A, C, D) and SEM (B, E, F) images. A–B. Phosphorite clast with cast of 2 mm 

long tube with weakly expressed annulations (arrows in B). S156423. C. Tube with 

external annulations expressing transverse septa. S156424. D–F. Tube with external 

annulations and evidence of pre-diagenetic plastic deformation. F is a back-

scattered electron image of a polished transverse section through the tube. Note 

diagenetic apatite with spherulitic structure. S156425. 

Fig. 5. Age regressions of Pb-isotope data from fossiliferous phosphorite from the 

Jankikund section, samples Ind 06110701 (circle) and Ind06110805 (squares).  

Analytical uncertainties are smaller than the symbol size. 

 


