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Abstract: Hydrothermal dolomitization plays an important role on reservoir formation and evolution. Based on core and thin section
examination, this study classifies the Upper Cambrian Lower Qiulitag dolostone in the Tahe area. Furthermore, elemental and
isotopic geochemical analyses are employed to decipher the origins of various types of dolostones in the study area, aiming to
evaluate the contribution of hydrothermal activity to reservoir evolution. Two types of matrix dolostones and dolomite cements of

two stages are identified: very finely to finely crystalline matrix dolostone (D1), medium to coarsely crystalline matrix dolostone
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(D2), saddle dolomite cements with dull luminescence in the core (SD-1), and saddle dolomite cements with bright luminescence in

the rim (SD-2). D1 is interpreted to have formed during shallow burial diagenesis, while D2 is interpreted as resulting from

recrystallization during burial diagenesis. SD-1 is likely formed by local redistribution during burial diagenesis, whereas the rim of

saddle dolomites (SD-2) formed through alteration by subsequent hydrothermal fluids. Consequently, we propose that the

contribution of hydrothermal alteration to porosity enhancement seems negligible, with hydrothermal fluids largely confined to

fractures and vugs.

Key words: Tahe area; Lower Qiulitage Formation; dolostone; hydrothermal; geochemical characteristics
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Fig. 1

a. Tectonic units of the Tarim Baisn; b. Tectonic units of the northern Tarim Basin; c. Stratigraphic column of the

Cambrian platform facies strata in the Tarim Basin (modified after Yi et al., 2022; Liu et al., 2022; Du et al., 2023)
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Fig.2 Core column of the dolostones in the Lower Qiulitage Formation, Tahe area
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Fig. 3 Petrographic features of dolostones and dolomite cements in the Lower Qiulitage Formation, Tahe area
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Table 1 C-O-Sr isotope compositions of dolostones and carbonate cements in the Lower Qiulitage Formation, Tahe area
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K (HREE) & 4 . #5150 %E (MREE) 2l 7 #
(BSIF-#{H 4 0.87+0.30) . Ce JoHH i 55 (F-H#41E
9 0.99+0.03) F1 Eu 52 53 1E 5 % CF 34 {H Ry 1.24+
0.20) AU FFAE (141 6B; Fff 2% 1), Cal AY . REE & &
(YREE)} 0.08x10™°~23.82x10*(°"F-}{E Hy 6.58x
107 °+8.74x10™°), Y/Ho {5 N 7.11~ 40.34(F ¥ i
41 29.17£13.58), Sr & & A 15.71x107 *~ 51.87x
107 °CF 1 K 33.22x107+15.32x107°), Mn 7 &
H 7.04x107°~ 15.14x10~ *CE ¥ {E Ky 11.61x10™ =
3.19x107°), Fe &% & & 133.86x10™ °~312.55x10"°
CE31H M 168.08x107°+71.02x107°) .

SD-1 % H #7570 K (LREE) #H X S #5 £+
JUHR (HREE) W L& 4 . i 170K (MREE) #21%
B AR (BSIEHME R 1.1940.04) . Ce LI W 5% (OF
PIME R 0.95£0.07) A1 Eu 2 i IF 5 W CE ¥ H N
1.25+0.17) A4FAE (& 6C; Bt 1) . SD-1 9.4 REE
S8 (YREE) K 2.68x10°~14.16x10"°(7.22x10"*+
4.21x107°),Y/Ho {E4 26.14~40.38 (EHHEH 31.91+

6.06), Sr & &K 122.90x10™°~262.75x10" *(*F- 1
{B°M 175.56x10™°+45.50x10°), Mn & & & 38.45x
107°~52.07x10 BN 44.94x10°+4.01x10~°),
Fe 7 & N 264.45x10™ °~ 539.56x10~ *(°F- #4 {1 Wy
333.10x107°+91.21x107°) ,

SD-2 £ th ##f + 7% (LREE) AH X H i +
JLE (HREE) W & 4 . T -0 % (MREE) s
£E(BSI B R 1.30+0.04) . Ce ToH] i F9 CF 3
B4 1.01+0.01) F1 Eu B f0E 55 CEE{E R 1.19+
0.02) iy £ 1E (1] 6D; Bff % 1) . SD-2 9 i REE %
#(YREE)H} 11.13x10™ *~ 17.35x10" *C°F- ¥ {8
14.19x107°+2.70x10™°), Y/Ho {i}y 23.93~31.31(°F
I A 28.12+3.25), St FA 193.46x107°~303.90%
107 CEI{H R 267.12x107°+51.46x10~°), Mn 7% &
g 74.58x107°~108.02x10 " ("F-HI{H N 88.80x10*+
14.28x107°),Fe il 1 162.70x10°~1 862.47x10°
(1633.54x107°+321.64x10°) .

4 e
41 ERBZERE

DI H=A i E oA sk 2 21 B &
SERREAE, $8 75 HOE B0 BE AR, A2 3K 5 4 it i
Ak 1 I 5 R Ak IR B (50~ 60°C, Gregg and Sibley,
1984; Sibley and Gregg, 1987), 5] D1 H =& MK
W|EMETH AAEHB ™Y . DI H = Al
"0 AR T FE R H: (1A = A1 670 {H Y [l
LA UL w071 iR AE (8] 4) o 38%, 3 m B B
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Fig. 6 REE+Y profiles of dolomites and calcites in the Lower Qiulitage Formation, Tahe area

FEELAT 0 B AR (AN R AR K BTR AR AT Al
B R R A AK. SR1M0, D1 F = A FE A 6°C
BRI 7 2 o R 2 Bk R R AL = A
[F o 2= (B B N (] 4, B 5), BB L D1 H & A
P DI AA T BB Sk Vi 7K B8 3 37 e TR K, TR R
K. L, DI A 1Y 60 B I f7 i i P 7T B
S TR VA 118 28 o R T 55 2 0 B T, 3
TH= A 6 0 AR M. Kk, 3T DI
2z 5 B A 1 R b BRI A R AR, A Bt
FENH D1 H = i = A A E =4,
X5 AT 3 HLK 234 € 0 R — B B R AR £
)2 o B SR RAIE—F HOE, B —415 1 = 5 1)
IR —# (Guo et al., 2016; Jiang et al., 2016;
Yeetal.,2019),

X T DI Hz A s, D2 Hz A BA
KEE, D2 A=A T A = A Z B A48 i
1Y SR Z5 AR RRAE, WSS T BT R AR B S IR
PO A TR, 25 27 S A i Ak i i FOR Ak i
J(Gregg and Sibley, 1984; Gregg and Shelton,
1990) . fHJ2& D2 A=A R &R 43 67°C fE AN EEIFI

RHEEAY DI AER LA = A AR A
MW & (A 4, FS), ik 60 (B A i
FIFFIE(E 4) o XSG UL B D2 F = i
&5 D1 AL, {H AT RETE BT 5 i A TR

D2 1 = BY JB A7 REE R4 871 H AR XK B
REE & & . LREE A % HREE & 8 = #1 . % f1
Ce fi 5%, LA £ 502 (MREE) B s #1904
fiE . #i+ooZEH, LREE A%} HREE = $it flAE 60
Ce i 5 % 7] GE4k K T8 /K15 5 (Li et al,, 2019).
MREE & £ 7l g 5 i A o B2 b 0y 8 45 A7 ¢
(Shields and Stille, 2001; Tostevin et al., 2016) .
I, D2 (2 il BB IE BT HH R B A I B 1Y) F 4% b
YER, fEX A A vp, MR IR T, AN H s A
FAEMTFAE: (1) A A B R (FHSE, 2022);
(2) 6" Oypps 18 11 i (Machel, 1997); (3) i #H i) Ce
5% . LREE X%} HREE )75 15 F1 5 T BB B A1
() Y/Ho H {4 F% % (Shields and Stille, 2001) .
42 BEB=ARKRE

SR SD oA k. AR 7 28 5 1Bl FgE
RALTAH A = ATE AT, (R 5 FS A, SD H s
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A1 LA TR ) SR R DA R R S B RRAE (1] 3,
3i), HR4"Sr/Sr HufE s (B 5) . eabh, Bk A
o FEEBESEIAR Y, B REET]
T A (E 2), B EIE F 2 A B B a] i T
Bl H o, Wi 7 HIE sU7E SR B . At
FELEA AN N, BET) 1L X FE T 2 4 3R 7o B 1
H 2 A BRI S> (SD-1) JE AL F 3 2440 09 H A
WA ARIER, IS I 27 T A ko, A
T W A=A %S (SD-2) . H 24
g I

HTA R I8 2 I, 3 BLK 2 b J8 i — PR Pl 22
iR 6 25 v BRI R R () Y 1 = A BT 3 = 1) REE
% 1 (Zhang et al., 2014; Liu et al., 2020; Lu et al.,
2022), T 1E # 1E7K B K Ak PR £R 7 1 1) REE 7 it
WHE/NT 4 x107°(Li et al., 2019), I H 5T A brifElL
J& LREE AHXF HREE & 4§, 1 [FIAE2& —Fp /bR K
K ) B Y BEAE (Bau, 1991; Bau et al., 2010) . 7E
WX, #IE F = A W 238 SD-2( & 524 ]
%) i) REE F il Fe 7 & YA X4 &5 (SD-2 11
REE Hl Fe &3 54 11.13x107°~17.35x10~° FlI
1162.7x10~°~ 1862.5x10~°), H ¥ i LREE #
X HREE & 4E (W F#IE, FL REE+Y LAY 51T ALERS
TR % b 42 38 19 B L = A1) REE+Y B — 3K
(Zhang et al., 2014; Liu et al., 2020; Lu et al., 2022),
VLY = A B S SD-2 AR AL .

H5EIY A o A NA% A SD-2 ML, BIE A
= A R SD-1 BA 3 B 1 AT, H Fe, Mn, Sr
1 REE 7% & M REE+Y BloriiX BAA BEN 2R
{H SD-1 5 D2 H = A W HA ML Fe, Mn, Sr I
REE & i FR1E (& 7), H W& BA3 ML REE+Y
B BARAE (K] 6A, 6C), I H LREE A%t HREE &
BAEBE BT 2L M MREE B E 4. hign]
I, D2 2 A 1 SD-1 HA LAY il e b Bk b 27k
ik, 57 TIEBCE AT I AR FE Hh BR Al o HLAT
FYE, 58I oA 23070 SD-2 1Y Al A B i
HA 25 FrLd, 8IE H = A 0V Se/ St H (e il
REXR LAY SE SD-1 Fl1 SD-2 FRA AL, /ML S Y
St/*Sr AR fi 5, T A S e T iR F ) IR el o
FRIE . BRI, AR Y = A %0 KR
B, I A TR AR A A
A AE A (Machel and Lonne, 2002; JEIVAE 25 A0 R4 41,
2010), Miih Zx PR I T PRI SR .

43 REMBTEBETENEI

AWFFE KB, B X FERS T e US4
H = Bl B IE s IR R (22555, K28
Rl A AR T L, T I S A0 1 A2 v T R TE
T FLBRAL LA SR RIFL oA 3, 7R T $GR I R e A %
FIERTZ . A, A ORI A s
A FE R F BB I Y, T 5 S i A 4[]
FHAB A LA A R 350 (D 2) o FET I, ARBFSE A
R 2 A T A2 PR R A B 5 R A
XY, TESE TR AR R Y 1 = A Wi % SD-2 1d
ST UL R HORAE S, A5 = 1Y REE, Fe Fll Mn
& (FfF % 17), LI & LREE A % HREE & % 1
REE+Y BLA (18] 6) o PRI, ASBHF GRS #0083t A4k it
AT R R, FFEXTEER 21 50 LA A S 4 A R
THEEREE A s a7 T —EBE MR, 4
T, 3 A A RIS T4 AR 22 vh, X 156

(1) YA T AAS Bl F 19, BTt X - FE R 4
T BB A o B 28 A T3 TR X R Rtk
A, K51 Bl 0 LB S AR 38 22, IR A TC
Beitt AKX 0% 1 LA 2T elos , SO X RERTAAAE
D S AL (Can ()LL) AR 4 DX 3l A 7 el i o

(2) PR A I A b . W £ 0K (REE) &
— B R R B T B, i i R R AR K
() 7K = bE A i oo A2 i 46 Bk 1R #5419 REE 2H Ji
(Banner et al., 1988), [A A - 702 X T 45 75 Bk R
AT AR IR B A S L7 R4, 2020) o TE
W% XA 8 1 = A 131 % 345 SD-2 1) REE
T i LA K REE+Y e 3 A X0 35 g, i A b
T b2 K Y LA AR ] B R AR =
AR SD-1 3k 13t SD-2 I & 114 Fu il /), 156 BH 44
RNl 8- A G AR E N (R = STHUN
Rz MAHAEZS DY Y A BE R, 7R3
Bz, HAT 18 iy AR AT DL OR 5 78 FL B i W b
(Bjorlykke and Jahren, 2012), 3¢ BH W) i 5 i J5i B¢
I 8~ 00 R 3L ) 40 ) U T AR b T T
FEo X IR BRARTE RS 10 ) o e 2 h %
B, A5 RLT-AS AT B i LA A FLBR EE R .
SR, B AR X Bk R 6 AN TRURN, A RE A
o — 508 3Tl i 2, L 200 SR AR 1% 38 2 A X 32 /)N
(RPZK = FE A A8 ATR ), DO 5 ok 1 Tt TR 5 RS A, 25
AT /N o FEXFPIEBLT , W0 Bk R £R 1™ P AT5 SR
FAEAEALBK Y, 2482 A AR R ) R PR
KA S AR, 3 6P it Rl R Eh B AT R e T UE
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ok Fl 0 75 A0 SE AR E B BRI 22 RRE R, D1 F &

(3) 5T & i i B s i AR AR T, A X
FLA TS A A Rt (R PR b 2 (f31) G i B A AL BRI
IR H = 5 1k, Packard et al., 2001; Davies and
Smith, 2006; Ye et al., 2022), L&A B 1= 4 7
TR B2 R SR A A R U E B REE % 1Y F+
(U Zhu et al., 2015; Ye et al., 2019; Lu et al.,
2022), X W57 T PR TE XS 1 TE A BR

25 LTIk, ARSI X [ IER S T
HLBARZH = TP AR TE IR A 3 B, (EE RO
AR SR FRAE = A i AR AR & v, % ]
o XA AT RS o I ELH TR AHLZ iy #
VL AR 3 B T BRSSO T A Y A TR RN S A 1Y
I H = A BB i seE R

5 #ig

(DB XN e B AR 1 2 204 7 B
f—F A, B—4if A=A (DD E+A
E—AEF B AT AL, b —HL A = s (D2) P2k

AR LT B = A AR, T D2 B
] RESE T LR B B EE A5 SR o

(2)B5I i DX B LR A VA D S TR rh SE AR Y
¥ F A0 %D EARFR I3 (SD- DY T LR 2% 1 F
AT A AR, R I 2 TR
i, I MY H = A1 R 2304 (SD-2) .

(3) PR TR XS LA DX Y i Pl B, 2
FUOE KR P ESER IR R b . TRAMZ
HA R PR RC AT R ] R/, AR RSO0 T /Y
L& M A B P B s A 2 1R i R
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