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Genesis of pyrite in Ordovician carbonate of the Tarim Basin

ZHU Dong-ya and MENG Qing-qiang
(Institute of Petroleum Production and Exploration, China Petroleum and Chemical Corporation, Beijing 100083, China)

Abstract: Large amounts of pyrites {requently found in Lower Paleozoic (especially in Ordovician) carbonates of
the Tarim Basin occur in carbonate, fractures, dissolution pores, karst breccias or cave fillings of sand and mud
clasts. The pyrites are present as dispersed grains with sizes up to several millimeters. Studies of the extensively
existent pyrites not only can determine the process of the associated fluids but also are of great significance in dis-
cussing the origin of the extensively-concerned high concentration of H,S in natural gas within the Ordovician
carbonates. [n this paper, the modes of occurrence of the pyrites were described in detail and the sulfur isotope
composition was analyzed. 18 pyrite samples for sulfur isotope analysis were collected from cores of different
wells, among which 13 are located in the Tabei uplift, and 5 in the Tazhong uplift. According to the modes of
occurrence and sulfur isotope composition, the pyrites can be divided into two groups. The first group occurs in
karst breccias or in sand and mud clasts and is thought to be associated with surface meteoric karstification. The
5**S values of the first group range from —25.7%0 to —4.7%0, — 17.6%0 on average. According to modes of
occurrence and sulfur isotope composition, the first group is probably a product of bacterial sulfate reduction
(BSR). It is thought that the BSR might have taken place under the condition of relatively low temperature
when the carbonate was uplifted to surface or subsurface and altered by meteoric waters. The second group of
pyrites principally occur in fractures of carbonates and are sometimes coexistent with calcite veins where the ho-
mogenization temperature of the fluid inclusions is relatively high. The values of the second group range from
+11.2%0 to 31.3%o, 21.8%0 on average. The modes of occurrence and sulfur isotope composition show that the
second group might be a product of thermochemical sulfate reduction (TSR). The TSR is considered to have
taken place under a condition of relatively high temperature in association with magmatic activities. The sulfur

involved in both BSR and TSR is thought to have originated from anhydrite or sulfate in the formation water
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which was extensively existent in Cambrian, Ordovician and Carboniferous strata. High concentration of H,S

was found in the Ordovician carbonate which contains large amounts of pyrites. For instance, the measured con-

centration of H,S is up to 102 908. 17 mg/m? in the natural gas produced from the Ordovician carbonate of the

T740 well which is located in the main area of the Tahe oilfield in the Tabei uplift. The area with high concen-

tration of H,S is also the area with extensive magmatic activity. According to sulfur isotope composition and its

relation with the distribution of igneous rocks, the high concentration of H,S in the natural gas in Lower Paleo-

zoic carbonates of the Tarim Basin is considered to be predominately the product of TSR.
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Fig. 1 Photos of the Ordovician carbonate cores with pyrites of different modes of occurrence
e RE G MR (P), 5 A AN, S115 ., 5845.51 my Oy b—IR B RE REET MM BRE, 5584 BkILE, TZ212 7,
4816.00 m,Os: c— A= ETHIRCREHRE, 7™ T H R 7 AR BT, F 4 9F,3609.96 m, Oy d— K& EE AT B B RRE
A, S83 #,5520.31 my O

a—Tine-grained pyrite( P) co-occurring with calcite veins in the fracture of limestone, well S115, 5845.51 m» Oy: b—fine-grained pyrite( P> co-

occurring with calcite veins in the fracture of mud limestone, well TZ12, 4 816.00 m» Os: ¢ pyrite grains in cave-fillings of sand and mud clasts

in dolomite> well Zhong4, 3 609.96 m» O;: d—euhedral pyrite grains in karst breccia of limestone, well S83, 5520.31 m» O,

al., 2001). S*~ v Aesk B 1 5P 28 B K i Wi ER
AR R LT Y B H, S, HonT fE ok U5 A 35 iR
A2 AR F B HLB R BGR AR F 4 B B R 6L
JE A (BSRO B L 2250 R 35k JR /B (TSRO%S .
ATAWF SR B, BB A 82 S P HE N
1.2%0, ZEMEA B 8S SFIIMER 2.7% A RMIA S
TS T — 5.6%0 ~2.6% (AAFAHK, 1979; Tt 4
85,2006, KIAMEBRE) 6¥S FHMEN +2.2%

+0.3% (B4 55, 1988), S H,S 1 8¥S {E
9 —1.2%~5.5% (Nakai and Jensen, 1967). AKX
AP TLRAHNS LR EHNS NEBT #5 KA K
KR R R e R 2R AE i A B £
Al B LUK LB BRI A K] BER H IR A K
KLfER .

B EO T, APREA X HS I 84S ES
& BT IR AR R S B I 6 SRR A R4 (O



519

RARTEES: B B A B AR R IR 8k & P s Bk i A

H2 R Y SPGB Y SO e R R B - 0 1ZL
RO O o TR AR B 0 BIZL, i
ML [ oo E R R TR 3 ST BT HB 0 ¥ o= '0 Al Bt
LGN D S M AE L gy € 8OL Y~ YSLY S T WS T E I R Uy 0 81ZL bt
FE O b BB ch D50 F T il 0 O
N/ A R B i B AR 2 T g TP 68 S~ ETTHS € SRR Y B ch 0 B 058 Bl 0 ToaL
PGB S OV TR S A 1'st 10 sus
BB ok 2 e L 0 SIS
S DY gk 8L OTLS~T9790L S S BN ch 5 X A 5 B L ) X L= '0 185
SR A HOU A SN Bk 2 A v '0 165
MG EEE¥T T $67€919~9676519 AR b R WA GRS E o= P*o S1I=
VB ¢ OLE S~ 99ES 3 G KB B T T I % 5 B 2 2k L8~ 0 83 AL
B G e 2 5 2 25 s '0 L 06 234 I
S B 1 I T O WAL ot T 0T 868 S~ 697168 S SRR T €T LT L p6- 0 765 A
GO B O B O B T U N
0 B G e O P e 2 AR 2 1e P*o L
Ll LN g M 67 0SY 9~€T7°Svv 9 M B O bl LT o B HHAN ) X B 8V — e cav
RN N T B3 i &0 S
D T T 07 B S GG AR B i B 5 22
BV o2 Y Z 0 £e 4510 SOX
g Vil o0 IAG, 0 0y Tf BRI

K

uiseq wiLIg ], 3y} ur s9LIAd Jo uonisodwod 3dojost JnJns pue NUIALINIIO0 JO SAPOJA [ I[qe],

YT W Yol RSN T2



520

29

1977 TD2
22.5%0 TZ12 S 0.86%o
2005
H,S 2005 2007
1 6849.0~7088.0 m
1 6161.0~6751.0 m
SO;~ S115 SOz~
6 000 mg L 1
SO 8000 mg L
SO~
S H,S
BSR
TSR
2.3 BSR
BSR
Jobson et al.
1979 Cai et al. 2002 Aharon and Fu

2000 Boetius et al. 2000 Cai et al. 2002

2 CH,O + S0 —2

HCO; + H,S SO;~ + CHy—~
HS™ + HCO; +H,0O
BSR
Pierre et al. 2000 SO/
Machel et al. 1995
34g 534S
S + 20%0
H,S o
S = 40%0~ — 19%o
H,S S = 5%o
2000 BSR
5%*S —17.149~ —33.240%o
2007 Blake Ridge BSR

—26.2~ —42.7%0
2000

Pierre et al .

34S &345
725.7%0*" - 47%0
BSR
BSR
Bechtel 2001 Sangerhausen
BSR S
- 40%0 -~ = 28%0
BSR H,S
5% Machel ez a/. 1995 Peters and
Fowler 2002 0 60C ~80TC
Machel et al. 1995 Machel 2001 Peters
Fowler 2002 100C
Trudinger and Chambers 1985
100C BSR
Weber and Jorgensen 2002
5000~6 000 m 2T 100 m
2005 20C 120C ~
140C BSR
2008 BSR
2001 2002
2003 2004
34S
1 BSR
2.4 TSR
TSR
SO;~
S Worden et al. 1995 Caietal. 2001
2005 2005

SO aq +1.33 —CH, +2 H'—H,S gas +1.33
CO, gas + 1.33 H,O
TSR SHl

SZ* 34S



5

521

Cross and Bottrell 2000

- 534S
1980

25%0 - 35%0
Claypool et al.

33.7%  26%0 Cai et
al. 2001 S S
11.2%0~31.3%0 -
S S$*~ TSR
TSR 175C
Toland 1960 Goldhaber and Orr
1995 TSR
Trudinger and Chambers 1985
TSR 220C Toland 1960
Kiyosu et al. 1990 Goldhaber and Orr 1995

Trudinger and Chambers 1985 Kiyosu and Krouse
1993 Cross et al. 2004
Cu Fe Cu-
H,S Trudinger and Chambers 1985
Kiyosu and Krouse 1993 Goldhaber and Orr 1995
Worden et al. 1996 Seewald 2003

TSR

Worden et al 1995 Heydari 1997  Cai et al.
2001 Seewald 2003
4
1997
1997

200C 1992 2006 Jin ez
al. 2006 2008

TSR TSR

2005

TSR

3 H,S
BSR
TSR BSR
TSR
Alberta Nisku
BSR TSR s
—35%0~ + 20%o0 Riciputi et al. 1996
H,S
T740 HS
102 908.17 mg m’ 6.8%  BSR
H,S 3% Cai
et al. 2001 HS
BSR BSR
S
Fe2*
BSR
TSR H,S S
Fe?t S
2007 H,S &S
+15%0 ~ + 18.5%0 2005
H,S %S +8.9%0 ~
+21.5%0 #g
TSR
H,S
2 TSR
4
BSR
TSR BSR
TSR
H,S

TSR



522

29

4560000 4570000 4580000

4550000

a

0S140817

Joasin ]

| | |
15220000 15230000 15240000

|
15210000

l | | |
15250000 15260000 15270000 15280000

4570000 4580000

4560000

0S140817

108 ©SI115
-
[
s 2 2
(=3
=3 T
S T04 BRRE :
o s
¥ 0S112-1 #E%Eﬁa
112 oS112-2
b
I I I I I | | [
15210000 15220000 15230000 15240000 15250000 15260000 15270000 15280000
2 H,S

Fig. 2 Distribution of H,S concentrations in gas and thickness of igneous rocks in the Tahe oilfield
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