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alteration investigations
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Abstract: Cambrian strata of well TS1 are composed of Awatage Formation (middle Cambrian) and the lower
Qiulitage Group (upper Cambrian). A detail investigation of cores and analysis of thin sections shows that
Awatage Formation is mainly composed of dark gray to gray algal dolomite (micritic to fine-crystal), and Qi-
ulitage Group is mainly composed of gray to light gray crystalline dolomite and ghost structure dolomite. Algal
dolomites are present in moderate strength with brick-red to orange colors as the main features under cathodolu-
minescence together with 8'%0 value from —6.3%0 to —4.5%0 (average value is —5.3%0, VPDB), and contain

a relatively high total rare earth elements (REE) with REE patterns similar to those of normal marine carbonate
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rocks. Crystalline dolomites and ghost dolomites show purple to red-brick color in dimly moderate strength under

cathodoluminescene with lighter §'%0 value from —9.2%0 to —5.7%0 (average value is —7.5%0, VPDB), to-

gether with relatively low total rare earth element/positive Eu anomaly and obvious loss of HREE. The differ-

ence between Awatage Formation and Lower Qiulitage Group indicates that the diagenesis-alteration process of

dolomite reservoirs is different. This study suggests that the high quality reservoir of Awatage Formation in

great depth might be controlled by several factors. Among them, dissolution of gypsum nodules and other unsta-

ble minerals by meteoric water or sea water in penecontemporaneous period established the foundation, followed

by diagenesis-alteration strengthening constructively with fluid action, which even damaged the space by local

filling and recrystallization.
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Fig. 1 Location of well TSI in Tarim basin (a) and the sediment profile through well TSI in WE direction (b) and the TSI

well column of dolomite reservoir in Cambrian strata (¢)
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Fig. 2 The typical characteristics of Cambrian dolomite
reservoirs in well TSI
a— BT FCIEM AR IR LI A 25 s b— e SIS R K
A AR E
a—dark gray dolomite reservoir with vug in Awatage Formation;
b—light gray dolomite reservoir with pinhole in the lower Qiulitage

Group
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Fig. 3

The petrological characteristics of algae dolomite in Awatage Formation
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a—fine-crystalline dolomite with ghost texture and the boundary between matrix dolomite and cement dolomite (white arrow), 7 873.93 m( —);

b—micritic dolomite with ghost texture and residual pore between dolomite cements, 7 875.79 m( — ): ¢—micritic dolomite with ghost texture and

fine-crystalline dolomite cement formed by dolomitization of calcite cement, 8 406.60 m( — ); d—micritic dolomite with ghost texture and some liq-

uid hydrocarbon distributed in residual pores between middle-rough crystal dolomite cements, 8 406.95 m( —); MD—matrix dolomite; CD—ce-

ment dolomite; Pore—residual pore space; Hy—liquid hydrocarbon

FNAREE, 20115 BERESE, 2011, LA, 85C
HAE A SRR B o AR e, 1T 8180 i 2 %2 J5 tE s
P 5%

T IE R BLIEAS AR K LB =2 S8 C R AL
JEE R 0.4%0 ~1.2%CF34 0.7 %0s N=8), 80 421k
JEHA —6.3%0~ — 4.5% 34 — 5.3%0, N=8); [
G FLESA T SR =2 83 C AR VE [ A
—0.7%0~1.8% T30 0.6%0, N =100, 880 435
FlA —9.2%0~ —5.7% IR —7.5%0, N=10)-

LR FCEE R A AR L, e L BSRS N RE SR =
FORAR AR AR FZRFAECE 7). BRIR RN

Y 8180 M 3245 TR 1) 818 O B AL B O 7K &
85,1997 : FEAH RN FE 441, AR 1) 8180 (EBRIG,
DU A H T BSCR P SR 8180 HLBRAIG s 7E LA 8180 M
3 B OL R W EE R S, WA R T B ) B PR B )
SO EBRAK . AN IR #h A 1 — i A4 1) S0 IR A7 35 40 1
REIEF , DR I B 6 B 18 B0 4 518 O L 1) 52 i)
FoNEE. EHRERTWEA S AR %0 |
R RER B ILEE D) T o w1 A LR, R A i, e
Bk B R A = A 00 T T B ) A Tl AR A
H 35 HA A SRR S AR R OGARRAIE DA i TR
SR e B 2= AR A



513 JEARAEAE . WS- AR R AE SR B R 1 11 0 il 2 A 39

4 e BPER T WRESRL A = a0 R T
Fig. 4 The petrological characteristics of crystalline dolomite in the lower Qiulitage Group
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MR A AT CD—HBAMREY: CC—IiAIE Y Pore— 5B ALER: Chert— A1 451 % Quz— A1 9L
a—fine-middle crystal dolomite with local rough dolomite cement and residual pores, 7 103.51 m ( = ); b—rough dolomite with calcite cement filled
in vug, 7104.71 m ( =), calcite stained red with Alizarin Red S; ¢—micritic-fine dolomite with ghost grain texture and some residual pores devel-
oped between dolomite cements, 7264.40 m ( —); d—middle-fine crystal dolomite with local chert nodule; 7265.90 m( + ); e—micritic-fine
dolomite with ghost texture and pinhole locally developed in intergranular and intragranular bioclast, 7 461.25 m( — ); f—fine dolomite coexistent
with middle-rough dolomite cement and quartz cement, 7 462.45 m (+); MD—matrix dolomite; CD—dolomite cement; CC—calcite cement;

Pore—residual pore; Chert—chert nodule; Qtz—quartz cement
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Fig. 5 Cathodoluminescence characteristics of algae dolomite with holes in Awatage Formation
a— A S S S AR AL, 7873.93 my b—EE IR I & AT ST BRIE AL, SLINIA G A S A R RO A,
7875.79 ms LR i A A U B ARG S RO RS AL, AR RIRG YA KRG, 8 406.95 mi & I & A ARG, B
BB R A o A S IR RO A A6, 8407.90 ms MD—IEU A = A CD— M = A REY: Pore— R BB Qu—F %

a—micritic-fine crystal dolomite with brick-red and moderate strength, 7 873.93 m; b—matrix micritic dolomite with brick-red and moderate

strength, dolomite cement with dark red and dusky light, 7 875.79 m; ¢—matrix dolomite and dolomite cement exhibiting salmon pink color, the

quartz cement filled in pore with nonluminescence, 8 406.95 m; d—micritic dolomite with nonluminescence and fine crystal dolomite exhibiting

salmon pink color and moderate-dusky strength due to recrystallization, 8 407.90 m; MD—matrix dolomite; CD—dolomite cement; Pore—residual

pore; Qtz—quartz cement
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Fig. 6 Cathodoluminescence characteristics of crystalline dolomite in the lower Qiulitage Group
a—HE A AT S T T A A B I O BRI R 00, 7 103,51 ms bR = A B IR ROG RIS AL, 7 iR IR @A RO
7104. 70 ms c—Md-TH A E 2 PR RO B A SRR, 7 264.35 my d—HEITH S AP AR B0, 7 266.22 ms MD—
A=A CD—HBAREY: Pore— R ILBR: CC— A R4 Chert—HEfi 4514
a—the matrix fine-grained dolomite and the medium-grained dolomite cements exhibiting dusky dark blue-purple colors 7 103.51 m; b—coarse
crystal dolomite in dusky dark brick-red color and with calcite cement with nonluminescence, 7 104.71 m; ¢—fine-middle crystal dolomite exhibit-
ing moderate purple color and having chert nodule with nonluminescence, 7 264.35 m; d—matrix dolomite with moderate strength and in blue-pur-
ple color; 7266.22 m; MD—matrix dolomite; CD—dolomite cement; Pore—residual pore; CC—calcite cement; Chert—chert nodule
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Fig. 7 The comparison of carbonate and oxygen isotope S PUBVIRER T IR IR G SR 2855, 20115 HE8)
features in matrix dolomite between Awatage Formation BEEE 2013). B IE I KA 2 T 5t UL
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Table 1 Rare earth elements analytical results of dolomites about the TS1 Well
VAN La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu > REE
2-4 1.1 1.4 0.24 0.78 0.14 0.04 0.13 0.03 0.09 0.03 0.04 0.020 0.06 0.001 4.13
B 20 0.6 0.5 0.11 0.41 0.09 0.02 0.06 0.02 0.0l 0.02 0.0l 0.010 0.0l 0.001 1.81
KK 232 0.5 0.4 0.11 0.39 0.06 0.02 0.05 0.0l 0.01 0.02 0.0l 0.010 0.01 0.001 1.55
T 249 0.6 1.0 0.14 0.34 0.10 0.03 0.07 0.02 0.04 0.03 0.03 0.010 0.04 0.001 2.68
e 32 0.6 0.5 0.14 0.43 0.09 0.02 0.05 0.01 0.02 0.02 0.0l 0.010 0.01 0.001 1.96
317 1.0 1.1 0.20 0.68 0.13 0.03 0.11 0.02 0.08 0.03 0.03 0.020 0.06 0.001 3.45
BT 5-4 2.1 1.9 0.51 1.92 0.42 0.10 0.41 0.08 0.57 0.08 0.35 0.040 0.31 0.043 8.83
i b 5-11 1.5 1.5 0.31 1.21 0.23 0.06 0.25 0.05 0.25 0.07 0.19 0.005 0.16 0.018 5.84
Zﬂ 5-13 1.9 1.9 0.39 1.58 0.32 0.07 0.28 0.06 0.37 0.09 0.22 0.017 0.25 0.026 7.41
. 525 1.5 1.8 0.32 1.15 0.26 0.06 0.22 0.04 0.25 0.06 0.18 0.005 0.17 0.018  6.00
8  FLJH A=A HIHE K bR AL R AR AR K
Fig. 8 Seawater normalized REE patterns of matrix dolomite from well TSI
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