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Fig. 1 A schematic figure showing the FSCC loading system,

and a prepared FSCC containing dolomite and water
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GEAHBTIG], G T & RERIBO R R R A i 2
AR, JFRHE T4 5 S BAITSE NG T Y Tl

U Sk
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FoKo SRR k45 il B 4 6E 45 I %€ (Fused silica
capillary capsule, FSCC) ( Chou et al. , 2008) , H:Z4{
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1. KT FSCC Wyl £ J71%, Chou 55 (2008 ) Lk
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1.2 JR4GX
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FHP= PSR EA CO, , THLE: S A] LUK I 2§t
i) CO, (Rosso and Bondar, 1995) , #un, &A W5
W], BT AT LUAS DU 3 %R A IR 0.05 ~
0.06 MPa [ CO, ( Rosso and Bondar, 1995;
Lamadrid, 2016) , Ry, <AL 2 A CO,H]
AR K S SO A 5 K HE AR 78 o AS S B fe ]
Linkam CAPS00 #4284 il 1) SO R BE , A%
KGR £0. 1°C . SEa T, WA K B H L 5 X%
WA AT AR, 45RE, 1E300°CH, HKE
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PEREF 1 em ™', WG HT, FIH Si By 520.2
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~200°C, JpSTE] 2 20 ~80 d, fndkad b, 2
FIOT B8 AR e CO, , DT R AT — 7 1 Y [E]
R0, A TRLE O3 X X AT SRR Al e B S
Bro BIX X A7 AL S0 Rigaku D/max Rapid 11,
BEAFHAE, MEEE IR R 0.3 mm, FEG BT
FEE D 6°/s, AXARHY TAEHLIE S 90 mA, Jini Hy
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1995 ; Dubessy et al. , 1999) , Hfij & v £5 Fllg 8] B
e VRN B i A e A vh CO, 20 73 10 B 244
#& (Rosso and Bodnar, 1995; Song Yucai et al.,
2009 ; Wang Xiaolin et al. , 2011b; Frezzotti et al. ,
2012) . 4AlEl 2a fros, AR ITHAE 100°C #5322
JNE 24 h 5, AT RATEASCAHEZR 3 rh A I 2] CO, 1Y 280K
W 5 T A E] 200°C iF, KR 2 h R SAHZE 20 R
CO,MfE5C AW, JF HBEE SN A] ) 4E
K, COMEoB WG, MILm S, & JI7ffafK
(1) FSCC it R fin #4 31] 150°C, 78 S AR Hh o s
AE COMET .

BUAR, 24 s B TR) A R s, 3 R vy, AR AR AL
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L0 100°CRYAE S (K 2a) o &1 2b & B i EE
200°C 1}, CO, B K fmg A0 T AR AR AT 1T AR L B v
A AR AT g A T R i S 7 e () P AR A R o FE—
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CO, B BEECE B ), Wi AR I L 1T 24> CO, 3%
ORI 7] B 0 285 18 OC R 119 7 #2220 (Rosso and Bodnar,
1995; Yamamoto and Kagi, 2006; Song Yucai et al. ,
2009 ; Fall et al. , 2011 ; Wang Xiaolin et al. , 2011b;
%5, 2015; Lamadrid, 2016) , FF @ B TR
Ky CO,HEJ1{KZE 0.06 MPa, #RTi, FRATZEN %%
KIE R FR T CO, PRy Sk, 15 Y45 2R O 11
{E-
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Fig. 2 (a) In situ Raman spectra of the vapor phases of two FSCCs containing dolomite and water; (b) variations in the peak

areas of the CO, Fermi diads with experimental duration (200°C ). Square and circle represent the peak areas of the lower band

and the upper band, respectively. Triangle is the peak area of the total Fermi diads
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Fig. 3 (a) Raman spectrum of the solid phase in an FSCC containing dolomite and water after heating at 200°C for 60 days.
Raman spectra of calcite, dolomite and talc were also presented for reference; (b) micro-X-ray diffraction patterns of the solid
phase in FSCCs containing dolomite and water after heating at 150°C for 40 days and at 200°C for 20 days and 80 days. Cal, Dol

and Tlec represent calcite, dolomite and talc, respecti
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Pl 4 2 SO0 S [EAE 2E 4 B0 4 P AR U0 i B i
OIATER, ROV AR 200°C, 60 do A1 2 AR,
JTR A A s AR, TEE B A A AR AR )R
AR BIE Il (K 4a, b) . B AWMLY
B (Elde), ERRRBMWEDE = A ) B ks R

Bk (B 4d) . A amREHAFER, 5
Ij\] E%Tﬁﬁﬂﬂ’]iﬁ/\fifjﬂijﬂﬁm TUW%‘?‘J@%%
BEM AT AL STIRIE A (B 4d, #ik) o [HiE

Héﬂ RIS W S E ,ﬁ\fg/ﬁ('ﬁ@,m«ﬁ(
BOBORAN, FEERRI T H = A F8 H (B
da, c~e), MA, Kl e o BRI 551 BE TS 40 BT 25
R 2PUESE T AR W 3 40 F 5 A
3 1he
3.1 SEARANRERREELZE NN
3.1.1 gERASETHBE AR N

RIS A 1, B S Sio M EAEHIE
142 Ca0—Mg0O—Si0,—H,0—CO, {& % (CMSC) #x%
I )22 i/ F] (Holness, 1997) , #R4EHIS T4

45K, Ao 5EENARTE 150°C BI] Y i
1 (Z=W4E 1991 ; Holness, 1997 ; Tornos and Spiro,

2000) . R, MR RN, BaAa kAl Ak
Fre i B, — e 250 F) 400°C 2 (7] ( Hecht et

al. , 1999; BEME4E 2003 ; Boulvais et al. , 2006;
2009) . WAZFHEIFE THOCH =i
ey e UL S 0, (HR S by I B — 88 T 250°C
( Gordon and Greenwood, 1970;
Levinson, 1971; Skippen, 1974; Slaughter, 1975;
Eggert and Kerrick, 1981) , 3XAEA) 5250 I B 5 T4
REBES MR = 52 R PRAE R (W
Davies and Smith, 2006) ,

AL R A R B R, Ha A5 &6k
100°CEI ] S REJE A% CO, o AEASSEHR AR EEVE R
FAF AR S5 T s s T H s A

Sharma et al. ,

Bayliss  and

(Shock and Helgeson, 1988; Pokrovsky et al.,
2009) . | NBFFERY], A=A A iR A CO, %
SR IIRLEE A5 1R (662°C , Bk 2, 20125 >500C,
FRBAE, 2012) o (I, & H = A FSCC S AH™
Py CO, AR RER B = A IS E 2 A 134
3 fifk T R R A SN T B, 2B B
ZAAE 100 ~200°C 2544 T BY AT 5 3 fek (4 AH B A
FIE R CO, FIBERERR R o 32 3] [ AH 7™ 4 5 1 1 2,
FATHIHIA T 200°C W [E AR P A5, WA H =
A A E RER A 200°C & A IR B -

3 CaMg(CO;), + 4Si0, + H,0 =

(H=fA)
Mg, (Si,0,,) (OH), + 3CaCO, + 3CO,
(W) (1)

WLV, H=A 58 R ARTE 200°C BIT] 2
RS A1 7 % 41 Al CO, 5 7E 100 ~200°C Z (8],
EliETfE‘ﬁﬁiblb%*iﬁ"ﬁiﬂﬁﬁﬁﬁfif“%ﬁi CO,,

ZEETATNBISTIEE R, P & PR IR ER AR T B

R A (2575 | 1991 ; Holness, 1997; Wan Ye et
al., 2017) . MIE4d ATLUE L, W AR TITREE N
BESFATLASN, AL H I AE [ AH 453 ) N %'%Eﬁjﬁﬁj\
ARSI SI0, 5 1 = A ST L A 5 il A #l
CO,, WZHFFCP I Ao A5 & fERAR RN X —
itk o

SR CO, B AU T FR il B I 1] F) 28 AL A
A LA RPRERZ R R 3 ) 2R AE o NS ga 2 2R
AR, 75 200°C 1, 11 = A 5 & fER AR Z 18] 1Y
SN ATE 40 h AN I AL, 2 )5 SO A2 ,
#1120 h DUSEEATK B, 200C IG5 T, M
A fG CO, 2ok [l BE 1A 21 CO, %5 B2 11
¥, W CO, 4y B 7E = IR 251 T /N T 0.06 MPa
(Lamadrid, 2016), Hitt, & H = 4l Si0, 7E
100 ~200°C 254~ RIVAT S W B CO, M Bk R £
{ERRTER AR TIE B CO, AR, HAh, Jif”
PRS2 RE P Y 0, RIS 7 3 o i i i A
P, WEHEA = @ AH[E BB [E] Y (24 h), 200°C
FAFT AW CO, AE S5 T 100C; @ 1E
200°C 454, S 20 d BIVA] ARSI 210 ¥ A A g A
SEE A4, MAE 150°C 2600, SO 40 d RS
(ﬂ‘JT?U(’E&"EE’Hva
3.1.2 BARIETE SREER

ififﬁﬂ@, FETEREA RS AR R ER it 2 rh e I
VWA E SRR Y. BN, FEEANSE(2016)
WFZE T DU At 2R 3R v — B 505 T AL )2 A LA AR
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Pl 4 [EAR 7= 40 43405 H e L AR RE 3 20 A 2 2R ( S 2572 200°C, 60 d)
Fig. 4 Field emission scanning electron microscope ( FE-SEM) observations and energy dispersive spectrometer (EDS) analyses
of the solid phase in an FSCC containing dolomite and water after heating at 200°C for 60 days

(a) RO BB A SRR L, AR AREMREIKBIET A (D) GKRAET A (o) RO, BEAEMmEEL, R
MUSAN, T 7 A SR s (d) S5 HRER N BES b A1 A 58 (73 ), BrBRIE R A A = A RO A A s (e) BRTRLRB T 43 #r0)
S E R BEIS A TAE R . Cal Dol Ml Tle 0 5iCR T it A=A M A

(a) Dolomite was surrounded by sheet-like talc minerals. Plenty of nano-scale euhedral calcites were also observed on the dolomite surface; (b)
magnification of (a) showing newly formed nano-scale euhedral calcites; (c¢) sheet-like talec and subhedral calcite. Dolomite experienced strong
erosion and has uneven crystal faces; (d) cylindrical talc on the inner surface of the fused silica capillary tube (arrow). Residual dolomite showed
a ladder-like structure and was surrounded by talc; (e) typical EDS analyzing positions, and the EDS analyses of dolomite (1), calcite (ii) and talc

(iii). Cal, Dol and Tle represent calcite, dolomite and talc, respectively

L NI 2 E AR Rl P AT Bl RN R
WMEBRRERE, SRR A s, B
TR A = s A = i a i)z R, &
o AR i J2 1) Bl 32 A B FE AL By T,
R T AEE LB RIS #E M. Sehs b, BEJS A0E O
WS, NIVEILS H A a1 R G0 rh e iR &k
A1, Qing Hairuo (2017) 7E 73 H7 12 74 B 5 24tk
DEKBRIR ERAE 2 A VE I B 1) iz iy kAR A
M, I RE B3 A = A T g
A BARRATWTIEE I, oT DN B = A6
J2 & PR A S AR T RE2TE 10 A1 45 IR
B0y, WA UAEN A = w82 kA R
AR, Ho AN A HAT 7S B R A s 7
AR S E AT E AT

AT RERIR A ERR IR R 2 Hh A A TR
N 3% i ( Davies and Smith, 2006; Lonnee and
Machel, 2006; Luczaj, 2006; Smith, 2006; XIJ## H
452007 ; KA W4, 2010; Dong Shaofeng et al. ,
2013) , HARDA PEA 1 A 25 s SRR R EL T Y i A
KB, JREATREA . © WETETR, CO,MAFETE
IS A T2 B ( Povoden et al. , 2002) , CO, &5
T EEH P LR BRIE UK, A WL RS FIR R
ERPGA I B R 3 25 7 A KA CO, (Seewald,
2003 ; Hao Fang et al. , 2015); @ [& T Mg’ LISk,
TV IR (U1 %8 bR N O 225 7 1 B = ]
FAE A i A1 S HAB R 8 W R IE i ( Bayliss
and Levinson, 1971), MZ, &K SKIREL &
VEFIPLEER T2 a Pk GREE R I FEl LA, 3852 3]
{Jﬁﬁgéﬂﬁ’ﬂ/‘ﬁﬁﬂ 2"‘30 $i%\u CaMg( C03 )2_Si02_
H,O (R F R0, FIEARDE T H A FS ik A A4 i
PERIAL G RE AR EE 55 1. S IR si &% oa |
F 3R AR 2E 55 78 e, T e AR 8 1) v i e TR A
SLIGWITE , FE— R it AT & kAR 5

RRER A AR PP
3.1.3 SERMEEAMRBEEEENZN

AT RIS R B, & PR S BRI
VERIAZIE U BERERRER ™, T AR I I
UUVE (WU AT 9 o a0, 7EBE BER S I e
DX PR F AR 8 L 2 IR )2, R IR A E RDTE I T
FAOR AL B D0 i = (= B MV G, 20145 2%
BRFSE, 20155 BESLHT, 2016) o it A Eo B AR 25
RN, A9 AR AR R 2 — IR AE 201
~252°C Z [A] (2= 54, 2015) o 78 (2016) 0
N ERERIBOR A BETEHR , W R 2 2 iR
&I, FHICEIFIIEA S, 8 ILZH LT Bk &
MIERRZHZE FE AR A S, RN & A iR
FMET SRR s EEAERTRS A S
A1 RS G A1 5 W B IR ER ) o BR T FEIEAL R
Hb, E A e ik 2 7 AR R A CO,, Hoi
KW B 7%, 78 U BB L 2 3 A ik B8 £ 1) ¥ 1k
(Giles and Marshall, 1986; Pokrovsky et al. , 2005;
Duan Zhenhao and Li Dedong, 2008; Pokrovsky et
al., 2009) . i, J& L4 Rk BT A 2 BofA B 2K
RTINS CO, (245, 2015) I RE LA BRI
A E R oIk, RIS R A1), 2 iR
AERT ICEHZR, @R CO,MAAERATa S
AR, TS 2 B/ 2 A7t 2 B 5 ik AR
TR (W, 2015) o NS RAFIEIAHE HE T
4 Parkland T H A F2AHZ WS R A, E2EHR
U A SE L A (Packard et al. , 2001) . fif: 5 il
JEALT LR SE Wabamun FETER KA I H 2 6 1Y
HERE WAE AR R R, SRR
YEFIREE A 140 ~200°C Z ], SR, 75 Q0 e A i
JEZRMET, Packard 45 (2001) Jf 3% A7 WLEE 51 35 fif: £4
WAL =T U A1 55 5 BRI R I ) 42
FARCHL, & RERIR R PE S AU, TN i TE i
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Fig. 5 SEM images of the inner surface of an FSCC containing dolomite and water before and after heating
(a) S HTREAE A BEGHE 5 (a) SUBJE (200°C, 60 d) 45 P BEAR il ¥ iyt
(a) Smooth inner surface before heating; (b) the inner surface is full of etch pits after heating at 200 °C for 60 days

1 = A B LR I BGE VR o A PR IS AR
J & REPIBT = AR, X KA AR AL, %S
7= B R AR & 5% ~T% 1 CO,, R B4R
FEF I RERIR R ASKS E ERVE R, A8
HlE AT R R R T R R CO, A
(Povoden et al. , 2002) . tAh, X T i &
AV RIS, AR AR T) .

H A5 & R AR F R 5 6138 fif 4R 25 A 52 45
TRERRUR . AR A A o IR R B, i Ak
KHTH a2 A eSS, W% )38 4
HMIFLEL: McKinley 45 (2001) FIBFE B, Haf
SAYAHEAE Y R A 7 A R COK (0 4
SRR 13% ~17% o T4 PEAS B 6E, WHZ
JVEHE T B0 ) B AR RGO, BRI R AR S
B o DAMRAEANSE(1985) K i 298. 15 K I 6 )
IRIRFRBE I 3, M H = (64.34 £0.03 em’/
mol ) 5 & i PG e W IE LIS A (136.25 0. 26 em’/
mol ) F 5 fifAq (64. 34 £0. 015 em’/mol) B, # ) 5
JEE SRR 8 27.95 %, SR, %N AR Y
CO, R EHZ MM ISR, VR EmIREEAZ AT
CO,MEEZRIEZ —, M FIRMEFMF TN AT
FRAEEA T3 % L (Zhu Dongya et al. , 2015b)
3.2 MEEIRMER

975 Tl 7 20 e AR ELAT R P A T o T
B MR, T DME N N TG A A R
TR B R SEEG 1 448 ( Chou et al. , 2005, 2008) , 44
GH2EE I T B, et T RPLE i w54

Mrif At ZE AR 2 43 ( Lu Wanjun et al. , 2007 ; Wang
Xiaolin et al. , 2011b, 2013b) A7 ¥ 1 FIAE Bl ik
F B R E0( Shang Linbo et al. , 2009 ; Lu Wanjun
et al. , 2013) A& JC R A I XA 14 &
YEH ( Dargent et al. , 2013; Wang Xiaolin et al. ,
2013a, 2016a, b, ¢, 2017; Wan Ye et al. , 2015) |
TREREE #GA IR 2 W AL ( Yuan Shunda et al. |, 2013)
VLKA WLF %S ( Pan Zhiyan et al. , 2009 ) ZE0F5% .
7P ol = 200 A T A R DG AR, T R A2 iR
IR JIZ AR RS AR (N AMERAT AR, fem vl
ik 650°C Fi1 300 MPa,

TEAR SR H, 4 (SIO) RIS H =
AT UK B B A1 (SO 1), X R A8 A BE 3 A T
SREVE M, GnE S B, KON HTEEE N BESGHE, T
SN WAl 1 P hare, A SR 2 BRI AR A8 A DL i
JEo MAh, SiO, v ik P2 A i RE T e O, A
Bl M 7 TR P VR R JE 8 5 ( Fleming and  Crerar,
1982) , filtm, FErP R, SiO,7E 20 °C % A
Bk 100 x 107°, i MR T+ 2 310 CJ5, HiEm
FEHE N ZE 1500 x 10 ~° ( Marshall, 1980; Chen and
Marshall, 1982; Gunnarsson and Arnérsson, 2000 ) .
PRI, RN P Rl B A0 1 A O s T v ek v
FESEBIy, N5 R Si0, B B AN iE M, Si0,
SRANE D2 R R HLR B, 2 S EGR EI
o A A BN AR . b AN, FRATTEAFSE Na,
WO,—H,0 (KRB ARAT A, T WO, i
MK AR R S g e, fEF N EELE 350 CLL |



56 4

E/NIREE 2 AT B R AR K — 5 SO S 56 S A2 R S 1647

UL, AR RN REGR, 7R s AR T
SRR, BIR, SIO, 17 M 215 505
RARZ AL, M LI R Y

4 4

RSO AR Rl B AR VR O SR, 255 TR
OGS YETE PRI X X AT S 4140 L B UL
RETS 70 7 55 B0 R T Be, WF5E T CaMg (CO;),—
Si0,—H, 0 & Z 7K & SN HLERFIELE 251, JF4R
b T S R R 2 7 RIS PR A1y S o s
e il e TR SR AT A B s o FEEGRANTR

(1) Hz A5 &R AL 100°C RAERIAT A4
Jise S 0 7 AR €O, T i i BE A A T 12 SO 1
7o MR 200°C B S5 0 AR A1 [ AH 7= 9 B9 47 2 08
T X X AT I R GO R RETE AR,
SE T IR .

3 CaMg(CO,), + 4Si0, + H,0 =

(Hzf1)
Mg, (Si,0,,) (OH), + 3CaCO, + 3CO,
(A1)

S5 () M BEESE T H = A 5 R AR TR
200°C LT Bl R] B 0 B A1 (Rt & B Ak R £
W) o VAR ZIEEA CO, &R EH U R, &
TR CO, &84 F T SO AR E AT 5

(2) Bzatdzm, SREPRE sh2 2208
A5 B R ER T AN CO, AT I, 3% 26 3 BERE IR
APy AT DI & R R R TS . LASE BUR
TN R X A, TR SR & fek R ) Eas 7%
(I, LEDRES TR IR AR ] BE A 7 & iE RS
Hz e B, W7o AR PR g it S
RLZ&AT, RER AR B A1 0, W20 R BACa i 4R
23] 5 UISRREA FBRAS B, 32 S A Dk SR
fif Rz, EUR AR ) CO, 2 BLR BRI IR,
TEETE R FOR AT ol LS BORIREL - Yy h, A
T IRIEBRIREL & i ZFLBRA R T FIORAT 5

(3) AT B R i i s SO IS, il 6 2
BRI BORG RIBAGBRZ BTN R IR RS
B, T 5 BE AR R P TS AR JSE R S I A, TR O
T T — D7 R A A ML , & S BOBE
RN R I R A SR 5 o5 — 5 T, o B )
fip AR RIZAAL, SO SR K e

Boigt: PRI IR SRS AR T A
Mo 2R VAR P BB SRR RO B
AR AR EL B B T SRR IR T R

o —FF B!
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Experimental Studies on the Interactions between Dolomite and SiO,-rich
Fluids: Implications for the Formation of Carbonate Reservoirs

WANG Xiaolin ""?’*, WAN Ye'’, HU Wenxuan "', YOU Donghua ) CAO Jian"?’,
ZHU Dongya'’, LI Zhen *’

1) School of Earth Sciences and Engineering, Nanjing University, Nanjing 210023, China;
2) Institute of Energy Sciences, Nanjing University, Nanjing,210023, China;
3) Research Institute of Experimental Geology, SINOPEC Petroleum Exploration and Production Research Institute ,
Wuxt, Jiangsu 214151, China;
4) Petroleum Exploration and Production Research Institute of SINOPEC, Beijing ,100083, China;
5) The Institute for Geoscience Research, Depariment of Applied Geology, Curtin University, GPO Box U1987,
Perth, WA 6485, Australia

Objectives : Investigating the water—rock interaction mechanism and kinetics between dolomite and silica-rich
hydrothermal fluids; Discussing the effect of silica-rich hydrothermal fluids on the formation of deep carbonate
hydrocarbon reservoirs.

Methods: Fused silica capillary tubes were used as reaction cells. Dolomite/ calcite powder and deionized
water were loaded into the fused silica capillary tube, which was made from pure silica. Thus, the silica involved in
the water—rock interaction was from the dissolution of the tube; The vapor phase was in situ measured using a high
resolution Raman spectroscopy ( LabRAM HR800) with a spectral resolution of ~1 c¢cm™'. The quenched solid
products were analyzed using Raman spectroscopy, micro-X-ray diffraction ( D/max Rapid II, Rigaku), field
emission scanning electron microscope (SupraS5, Zeiss) equipped with an energy dispersive spectrometer ( Oxford
Instruments, Inca X-Max 150 mm®).

Results: Dolomite can react with Si-rich fluid to form talc, calcite and CO, at temperatures above 100°C.. The
reaction can be described as:

3CaMg(CO,), + 4Si0, + H,0 = Mg, (Si,0,,) (OH), + 3CaCO, + 3CO,

The reaction was promoted by high temperature and/or lower partial pressure of CO,. In other words, high
temperature and the presence of a conduit to release CO, will promote the formation of talc; Talc and other Mg-rich
silicate minerals can be used to trace the activity of silica-rich hydrothermal fluids in dolomite sequences. If silica
originated from quartz/chert within the dolomite sequence, the hydrothermal alteration of dolomite by silica-rich
fluids would increase the porosity of dolomite reservoirs; In the Shuotuoguole area of Tarim Basin, silica-rich
hydrothermal fluids migrated upwards to the Yingshan Formation through deep faults. The interaction between the
silica-rich fluids and the Sinian—Cambrian dolomite would result in the formation of talc and CO,. Then, the
produced CO, ascends to the shallow limestone sequence of Yingshan Formation and promoted the dissolution of
limestone to form large amounts of pores. The precipitation of micro-quartz in the Yingshan Formation was favored
by (a) decreasing temperature due to mixing between hydrothermal fluids and formation water, and (b) the
presence of CO,. The results also support the view that the silica-rich hydrothermal fluids responsible for the
precipitation of micro-quartz in the Shuntuoguole area were depleted in Mg.

Keywords: dolomite; SiO,-rich fluid; water—rock interaction; talc; carbonate reservoir
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