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Abstract A great number of calcites were found filling in pores and fractures of the Ordovician limestone in the Tarim Basin,
northwestern China. The calcites can be separated into three categories: calcite cements in pores, Cl calcite veins and CII calcite veins
in fractures. The ¥ Sr/*Sr values of the CII calcite veins are relatively high, ranging from 0. 709103 to 0. 710593, and are 0. 709538
in average. Both oxygen and carbon isotopic compositions of the CII are relatively light. The 8" Cpp,values are —5. 76%0 ~ — 1. 70%o,
—2.95%o in average, and the 8" O, values are — 14.28%0 ~ —7.88%0, — 10.39%0 in average. Homogenization temperatures of
fluid inclusions in CIT veins are relatively high, ranging from 120. 0°C to 180. 0°C. The calcite cements and CI calcite veins are similar
in isotope composition and homogenization temperature, but both of them are considerably different from the CII veins. Based on the
data, the CII veins were thought to be related to hydrothermal fluids, and the calcite cements and CI veins were precipitated from
formation waters. There are a certain number of oil and gas-bearing fluid inclusions in the CII veins. And the gas phase of the fluid
inclusions contains not only CO, but also some organic fractions, such as CH, and C,Hq. Such features demonstrate that the
hydrothermal fluids had carried as well as impelled oil and gas to migrate upward when they flowed from deep to shallow strata. The
relatively light carbon isotopic composition of the CIT veins can be attributed to the interfusion of some CO, or CO,>~ of organic genesis
when the hydrothermal fluids carried oil and gas. The hydrothermal can not only decrease force resisting to hydrocarbon migration by
decreasing hydrocarbon viscosity and interfacial tension but also carry some hydrocarbons. In that, the hydrothermal propels
hydrocarbons migrating upward along fault-fracture system.

Key words Tarim Basin; Hydrothermal fluid; Oil and gas migration; Calcite vein; Isotope
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Fig. 1 Faults, tectonic units and well location in the Tarim Basin
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Fig.2 Calcites filling in the Ordovician limestone of the Tarim Basin and fluid inclusions in the calcites
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Table 1  Results of fluid inclusions and carbon, oxygen and strontium isotopes for the Ordovician calcite and limestone in the
Tarim Basin
S fir W B §7G,,/86 G, 8" Cppg 8" Oppg 8" Osmow f*{r‘?’ng( C) Jln}:‘{% (wt% NﬁClqu)
(m) (%o) it Fel ¥ it el 3
fLrh RS A
AD3 6526.7 0,7 0. 708825 -0.69 -7.53 23.10 38.9~70.2 48.6 8.4~13.4 11.4
S110 6302. 09 0,37 0.708328 -0.19 -8.36 22.24 54.2 ~85.7 66. 6 7.3~10.1 8.6
T738 6068. 81 0,y 0. 708483 -0.72 -5.75 24.93 50.1~73.1 59.7 5.1~10.1 6.9
S94 5960. 5 0, 0.70871 -0.15 -9.42 21. 15 50.2 ~90.2 65.3 5.0~8.8 6.6
14 0. 708587 -0.44 -7.77 22.86
CL 77 fifk 41 bk
391 5693. 38 0, 0. 708921 1.87 -7.93 22.69 59.0~89.7 69.8 7.3~12.5 9.2
S112-1 6289. 04 0,7 0. 708176 0.9 -8 22.61 63.0 ~86.0 74.4 5.1~8.7 6.6
S60 5518.01 0,7 0. 708723 0.6 -6.2 24.47 51.0~80.0 66. 1 8.8~9.2 9.1
GL1 6454. 18 O,p 0. 708647 -1.8 -8.4 22.20
S91°* 5693. 72 0, 0. 708779 1.5 -8.5 22.10
14 0. 708649 0.6 -7.8 22.82
CIT J7 figt £ Bk
T737 5806. 35 0,97 0.709328 -2.6 -10.8 19.73 141.2 ~179.2 158. 1 10.2 ~10.7 10.5
T712 5217 0, 0.709137 -1.7 -8.4 22.20 145.1 ~198.7 172.5 7.2~17.5 13.2
Hi 4 4908. 22 05!/ 0. 709891 -3.9 -9 21.58 155.9 ~199. 1 180 10.4 ~16.2 14
#1116 4755. 65 0, 0.709413 -4.49 -14.28 16. 14 125.0 ~189.6 152.9 13.7~21.6 18.9
H14 4909. 12 (ON) 0.709513 -1.22 -9.26 21.31 125.6 ~152.3 142. 1 13.7 ~16.7 15
TZ12 5216.51 0, 0.709103 -1.7 -12.75 17.72 108.7 ~173.5 139.2 13.4~19.9 16.9
T740 6162. 64 0,7 0. 709325 -5.67 -10.77 19.76 129.7 ~166.9 144.2 13.7~19.2 16.8
Hi3 3837. 87 0, 0. 710593 -2.34 -7.88 22.74 98.1~138.2 121.7 9.7~15.0 11.9
Fy 0.709538 -2.95 -10.39 20. 15
LAGEY /e
Tz44 4850.2 051 0.708418 0.5 -6.7 23.95
T4 4846. 6 05! 0. 708397 0.9 -5.1 25. 60
Tz12 4711.8 051 0. 708276 0.7 -7.2 23.44
Tz12 4742 051 0. 708269 1.2 -4.7 26.01
S76 5583.57 0,37 0. 708765 2 -6.4 24.26
S100 5617.63 0,97 0. 708764 0.9 -6.6 24.06
S102 6046. 22 0,y 0. 708741 0.5 -6.7 23.95
S109 6250. 63 0,7 0. 708782 0.4 -7 23.64
T115 5586. 4 0,9/ 0. 708802 0.5 -5.8 24. 88
YQ3 5726.52 0,y 0. 708869 -0.82 -7 23. 64
S99 * 6173.8 0,7 0. 708813 0.3 -6.3 24.37
S114 6413. 39 010y 0. 708692 -0.3 -6.3 24.37
S114 6461. 31 O,y 0. 708718 -0.8 -5.7 24.98
T901 5572.2 0,y 0. 70815 0.1 -7.6 23.03
T901 5550. 4 0,7 0. 708632 0.8 -6.1 24.57
14 0. 708606 0.5 -6.3 24.37

1 :8"™ Ogyow =8 Oppp X 1. 03086 +30. 86 (JLIH Y ,1997)
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Table 2 Compositions of the fluid inclusions in the Ordovician
CIl calcite veins in the Tarim Basin analyzed by acoustic

decrepitation

SR A (% )
H,0 N, Ar €O, CH, C,H,

I G *(’T‘m% 2 fi

T737 5806.35 0,3 92.29 0.35 0.06 4.71 1.62 0.76
T740 6162.64 0O,y 80.12 0.9 0.15 8.89 8.33 1.61
TZ12 5216.51 O; 81.83 2.62 0.81 6.59 5.99 2.15
3 3837.87 O;y 96.73 0.27 0.04 2.7 0.18 0.08

16 4755.65 O 77.04 0.92 0.27 20.15 1.46 0.16
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Fig. 3 Raman spectroscopic analysis result of the fluid

inclusion in the CII calcite vein
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Ordovician calcite and limestone in the Tarim Basin

Carbon and oxygen isotope compositions of the
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Table 3 Results of the homogenization temperatures of the fluid
inclusion in the Ordovician calcite and the calculated burial

temperatures for the limestone in the Tarim Basin

¥R R

FHA TRBE (m) =1 T (C) (C)

L S A
AD3 6526.70 0,j 48.0 150.5
S110 6302. 09 (U5 66. 6 146.0
T738 6068. 81 0,y 59.7 141.4
894 5960. 50 0, 65.3 139.2
CI Jr fi A1 ik
S91 5693. 38 0, 69. 8 133.9
S112-1 6289. 04 0,yj 74. 4 145. 8
S60 5518.01 0,y 66. 1 130. 4
CIT J5 fife A1 ik
T737 5806. 35 0,yj 158.1 136. 1
TZ12 5217.00 0, 172.5 124.3
4 4908. 22 0,1 180.0 118.2
116 4755. 65 0, 152.9 115. 1
i 4 4909. 12 0,/ 142.1 118.2
TZ12 5216. 51 0, 139.2 124.3
3 3837. 87 0, 121.7 9. 8
T740 6162. 64 0,37 144.2 143.3

2006) . Cai et al. (2008) 1 Li et al. (2011) s )y fift 7 T i
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OB AT B AT
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M KA 8" Ogyon fHARMEAE - 11%0 ~ - 6%0 /47 (&
6).

R AREKBERE T TR T 15 2 T 8 TR IRAL , 4k
BT T IFSE ( Matthews et al. , 1999 ; Morrison, 1994 ) , 3 H R
VI IR AT 2 AR 2R R E (BRI, 1997) ,
ST 2 WA R 3 46 T AR (BB O6HE 55, 2009 5 K Jii 41 4E
2009) , T iy A= B ERER A 52 R AR ks A 5 2 (F
AHEE A, 2005 5 1 4K 4245 ,2007 ) .
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LT S 1) B IR B A RGN S R B KR A AR,
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o LA A CUTMRAIIK A CIDYfifA ik
6 B HUR I MG 27 AT 6" Oy A1 — IR S R
FERAL- B R 20 1 7K S TR A0 2R A A A2 AL Y8 AR 38 Veeizer et al.
(1997) i 8" Osyon (E LT —8%o ~ —3%0 2 1] ; KA W AK L 24 of
7K SR 030 3 L 5 3%0 7247 ( Gat, 1996) 8 Ogyow B T
=1%o ~ —6%0Z 1] ; #1JZ/K Y AR It Cai et al. (2001) FIZEHTI5 55
(2009) FBFFE A 6" Ogyow AL T — 4%0 ~ +5%02Z 8] ; K
AR 8" Ogyow 1H 5 75 Al 35 + 10%0 ~ + 12%0 ( Friedman and
0’ Neil, 1977 ; J37K KHIBRITIA, 2000 ) , Bl 5 2 WA B IR A i
BEHREAR , H R 58 AR B2 K HE . R RS' O%F (LR AR
#& Friedman and O’ Neil (1977 ) J5 % A7 - A 48R 36 0408 2 2l
Fig. 6 Relationship  between 8" 0,p, values and
homogenization temperatures of the Ordovician calcite in the

Tarim Basin

1996) , MPEZLE I (2009) F1 Cai et al. (2001) BT AL
BB HEREE I Z K 1 8" Ogyon BT —4%o ~ +5%Z 1],

G IR A DG R R PR R iy T 5 8 R e A 4 IR
A2 1 A4 T T B B Y SR R A S R R
TR ST 1 5 PR A 1) 4 T 3 3% A 5 R AR e s
HAUL, I, 8" Oyon TE +5%0 ~ + %02 ] KFRSFF I T 52
SV AN 8O0 LT + 6%0 ~ + 8% 7] (FBAK &
FIBRITIA 2000 ) 3 576 4 25 1 (9 TR 1 8" Ogyon THAE
+5.5%0 ~ + 12%022 [A] (H 7K € FIPRTLIE ,2000) .

PR AT A —E 78 5 a8 W B R A TE R i
T 5 A& A A 3R A8t e BB E 1 R L R A
Mo AAE 150°C 72 a5 B R h A A T35 31 7 i 59 R 1A
8 O 0 + 10%0  3%0, 5577 SE R FIT- 65 191 1 6 O
{H 4 0 ~ +10%o, ( Friedman and O’ Neil, 1977) ; 5% +/ =~ &)
W15 B 05 19 T 1K 5 Ougon 0 + 3%0 ~ + %0 2 Al
(Sheppard et al. , 1969 ; Savin and Epstein, 1970) , Kesler et
al. (1997) WFFE R MVT EYEED R B )40 2 A K 48 ) 132 %
8" Ocuion [T + 7%0, I\ J2 15 [R5 2 1 K S O 19 25
Spencer (1987 ) B8 I\ Ui A4 48 7] 457 2% 2 18 M B 22 TR 7 o
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[l o CII J5 i ok 5 L v S 3B 7 g F0 CT 05 i A ok A & W
B DR, %o O 9 9T A LA A T ) R RS AR (BT 6) 5 A
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1 TZ12 FHFIH 16 FEAGHEAS CLL J5 A7 kAR 5 X6 187 4 37 14
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¥ Sr —fROR R TS T F R [ TEA , 2 B B [ A
by A T A 5 S AR 8 T MR AT 2 B A A
K TR o TR A 3 2 B A R 22 O R A S
A E MY Sc/%Sr e, U Winter et al. (1997 ) AR TG HE
i Alpha FEHF R0 AE AR TR Hh 43 8 s 17 ek 1R R T S 400 o
L4515 Se/% S B A7 F 0. 713100 ~ 0. 725100 2 [b], b i 3
G R ITIES B ek 2 0 2 3 o LA IR ™ Se/% S HE Al
RATE 0. 7044 ity (5K 275 55,2000 ) 5 {5 AR JsCa o
T A7 22 W T Sk B IR S i 2 B A A 1Y Se/% Sr
LB

PRAELE HCE L2 TP () 32 /KK 5 A VR T, LR R
FUBO A SIKEFEE R TV, b Z K PiiiE e &
BT A0 B AR R R AL W Bl — B, AW sE,
FLH SR 7 A 5 R R AR R 2 R D — (B 5)
SR A JZ K P ITIETE o CT 5 fiff A1 DK B Btk 4] o2 2% 2 1k
AL g a A — 2o (E 4) R R R H IS KA
FFL AP SR Ty i A B — B (B 5) , %= W] C iR A
RS A Z K R UTTETE i o

CIT J i A Wk TG AR S Il o 22 2 1 ([ 4 ) i 2 e SR )
PERAM L (B S5) BB WA A L Jr fig A i CL 5 g
kA % BN XA, HY Se/% Se bl B 8 T Lk LRk
FURE S o M IR G AK G U8 5T 0 8 0 5 1 R AL bk i T L
AT E Y S, o A AL B R R IR L A P
FA 5™ Se/% S HUAR I i A7 ke K S 7K I 8 1Y
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TSRS T e A 4 Il 57 28 R A 0 R A 38— 3 (181 6) T
TRBN A5 A S B Y 7 % £ 2 AR SR K Pt e
TE U o

WEAZM Z AT N &2 kLA BEE M LA
(ZRE R F) WA PR KIS (R A E) (B 25,
2006) o HIRE G A PR IAR — T I A — B A
f™ Se/% Se HUfl . (EAE SRR TR R VT T 2 ) s R ad Fi P, &
S8 GRvUe B R DU HLZ R AR, TR RS T8
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