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Abstract: The dolomite reservoir in the 3 member of the Ordovician Yingshan Formation (Ying 3 member) in Gucheng area in Tarim Basin
experienced multiple stages of transformation by diagenetic fluids during its evolution process, showing strong reservoir heterogeneity. There
are great disputes about the dolomitization pathway and pore evolution process of dolomites with different occurrence. Accurately determining
the key diagenesis period is very crucial to identify the relative sequence of diagenesis and its coupling relationship with reservoir pores in
the evolution process of Ying 3 member dolomite reservoir. Based on techniques such as laser in-situ U-Pb isotope dating and element area
scanning, the systematic laser in situ U-Pb dating is conducted on rock components of four core samples, including the matrix of host rocks
(powder crystal dolomite, medium-fine crystal dolomite), medium-coarse crystal dolomite on the wall of vugs, and guest mineral in
vugs (calcite and dolomitized vadose siltstone). The study results show that the high energy beach carbonates of Ying 3 member were
primarily deposited at a geologic age of approximately 475.35 Ma in Gucheng area in Tarim Basin, laying a material basis for the
development of reservoir. The reservoir pore evolution experienced two stages of dolomitization and one stage of calcite filling. The first
stage of dolomitization occurred at 470.1 Ma, causing dolomitization of the fine-medium crystal dolomite in host rocks and the local
vadose siltstones. The second stage of dolomitization was approximately at 452.1 Ma, leading to the further enlargement and coarsening
of dolomite crystals of host rocks and the formation of medium-coarse crystal dolomite on the wall of vugs. The filling of calcite fluid
was no later than 448 Ma, which damaged the local reservoir space. The main reservoir space of dolomite was inherited from the pre-existing
pore space and adjusted by fault-hydrothermal transformation, rather than the traditional understanding that the pores were formed by the
tectonic-hydrothermal corrosion. The above understanding provides basis for the study of pore genesis and prediction of effective dolomite
reservoir in deep formation in Tarim Basin.

Key words: laser in-situ U-Pb dating, element area scanning, key diagenetic period, reservoir pore evolution, Gucheng area in eastern
Tarim Basin
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Fig.1 Structural location map (left) and comprehensive stratigraphic column (right) in Gucheng area,

eastern Tarim Basin (modified after reference [14])
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Fig.3 Characteristics of typical reservoir space of dolomite in Well GC601 in Gucheng area, eastern Tarim Basin
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Table 1 Diagenetic components classification and U—Pb dating results of samples in typical wells in Gucheng area, eastern Tarim Basin
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192 O A BB 2022 4F 2T 4
1E BRgs Ao triZEnt |, BB R G R R EAES A aftlERH, B TEE X

JE = B A il B LR )T 5 (B 13) AR R
WX (B 14) . F475.35Ma £ 4, % =Bk
eIl NHE 2 LI RL A A DU, B8 T fig B AL
Iy B, fig B ILBRE L R, SEEE T R
A=A ER— 8IS BR A e e . &, #ERE
R AR ATE, BRI AL, o Ak
Bl A SRSy H5, 1£470.1Ma £4 1)

400

SR a1, FHERERILIRBETR B —
WIFLIREE A A0, dh A FLER SR A P i 1AL
Bi—ILi; T 452.1Ma Zifi kA5 — A = A ek
M, SETREAZARKER, EALB—LIRE
— U AT 448Ma SRR IR R A, &R
FPRE SRS RIAVBEIR . R, BCA TR f o el RETY 2R A A
JRIERIE B TR, T AL

410;
420-
430;
440;

450

ik / Ma

460 —
| R

470

i_415_’ ES_NI_ Soooo _ __________ E_ .. = __:_ oot eooa '_"_";"_'i ____________________
480

e ) B R
H= At

5 I P 7S 4T

__448Ma

ORI A =1

490+

500
510

2 I
(BrébE =)

Bl & 2 I
(H—rh it A = 44)

JE LT DT B 3]

AL 7E
(BLB R )

_ LAWY

i BE [ == .
MER=E O WA a2 )

- - - = BSUA DTN ) )

K13 BRMIOBXE =B E =oa 2 fLBRE L 51 E BT

Fig.13 Quantitative analysis of pore evolution sequence of dolomite reservoir of the third member of Yingshan

Formation in typical wells, eastern Tarim Basin

/

kA=A
452.1Ma

NZS VY S|
© %
©800®e
R 5 EURL T R GG SRR S =g ML 0 = A1
475.35Ma 470.1Ma \ 448Ma
Aok
RBEURL SRR R B R =it AL BE LR 2 TR 5 R A I S
Hz=A By A=A

B 14 BRI = B = A k)2 FLBRE A

Fig.14 Pore evolution mode of dolomite reservoir of the third member of Yingshan Formation in typical wells,

eastern Tarim Basin



% 4 1]

SRACSE: R THOEI AL U—Pb @4 RIS i1 1 a8 i B OGS BUE I e BT 193

FEA =AM BRFEEFA], Boa i R AL BRI
R TSR EE AL b, £ A KR FLBR— T SRR
GEitRIL, HiE AR ik R SoE 2 —1E TAU)
S17 , B “FEHRAL SiEmdkoE” . AnEiER
FLBR Tk A M e =L IL PR A4k R (L ATk
2%~4%) , JRyERAEWT ST R L n] TR B 2RGE — LR Y
BA A E (ATHAL 1%, FLBREARS] 3% ~5%) ,
Fig PR AR S AR I T A BeRA = A5 A
APIRE PRI FE AL (BRALARTTIE 1% ~4%)

5 451

(1) #JeJRA U—Pb [RIL 25 8 -8 AR AL fif B B
AR S ILBREC R Re s R E EEIIEM .. L
S AT R, B BR 2 o S X VPR R B — B R e
A R GG UL AR AR Y 24 475.35Ma, BE THERE
H IR, FREGE B R e G 2 0 T T
B AER— 8RR AR T E R . s
— WA = A AR I 294 470, 1Ma, 5K T
Blam A =aft, HE R LIRS BT 58— By
LIFREE A =, 3 WA = A A 7R R E 224
452.1Ma, &R T R fbBimmhy,. Baaofa
an AR E— 2B AR R, TR 158 LI BE 0 ==
Ao BRI AR T E K AT 448Ma, R T R
BB ik 525 A

(2) BFBeAr U—Pb [E7 25 2 453 AN i
BUE T O BCA TE I, WA GE 2 FLBRTE (ot A2
i A BUK 2 b il b X PR 2 8 = B A = i BB
FAALBR T 2 4koK B SRR RFLRR, idEdE o R X
R — R g L, BTGP R I = B
REDEAR i 2 S8 PR DLt B R kG 4n i, e A
B BEAR AR

SE ik

(1] YAz, &b, IREGE, 5 . o EEHEER B i i < om sy
AN U], AR, 2016,20(1):3—14.
He Zhiliang, Jin Xiaohui, Wo Yujin, et al/. Hydrocarbon
accumulation characteristics and exploration domains of
ultradeep marine carbonates in ChinalJ].
Exploration, 2016,20(1):3—14.

21 FEER, EBAER, VIR, % . g ok 443 1 & A R R 7
i) U] RERAMHT 557 % , 2014,33(5):97-102.
Li Yule, Wang Xiandong, Sun Xiaodong, ef al. Structural
evolution and favorable exploration direction for Gucheng
Low Uplift[J]. Petroleum Geology and Oilfield Development in
Daqing, 2014,33(5):97—102.

[3] Ak, EH, &2%, % . BEREAZMELSHEASHIRED. A
SRR SHIT, 2014,35(6):925-934.
Zheng Menglin, Wang Yi, Jin Zhijun, et al. Superimposition,

China Petroleum

evolution and petroleum accumulation of Tarim Basin[J]. Oil &
Gas Geology, 2014,35(6):925—934.

[4] ®mim, EW, skili4, % .8 EAZ M X T A R iR
R O B S S B D U A b e 597 &, 2019,46(6):
1099—1114.

Cao Yinghui, Wang Shan, Zhang Yajin, et al. Petroleum
geological conditions and exploration potential of Lower Paleozoic
carbonate rocks in Gucheng Area, Tarim Basin, ChinalJ].
Petroleum Exploration and Development, 2019,46(6):1099—1114.

[51 XM, Posein, M sp, % . 35 EOR AHbIE AR X R o 2R R AL A

fit ERAE S D R4 ], AR b, 2016,21(2):1-12.
Liu Wei, Shen Anjiang, Liu Guangdi, et al. Characteristics
and exploration domains of lower paleozoic carbonate reservoirs
in eastern Tarim Basin[J]. Marine Origin Petroleum Geology,
2016,21(2):1—-12.

(6] R . B R 23 T LA TR s A DB AR 5 o [J]. rh LA it i)
#, 2020,25(1):102—111.

Qi Lixin.
karst reservoir in the Shunbei area of the Tarim Basin[J].
China Petroleum Exploration, 2020,25(1):102—111.

[71 ZEfA, HEEIL, BRJRA, % . BRI ETR Bl P R EAR B E A

ol ik e U AR ez, 2021,40(3):33—42.
Li Yang, Kang Zhijiang, Xue Zhaojie, et al. Deep carbonate
oil and gas development technology fuels China’s petroleum
industrial development[J]. Petroleum Science and Technology
Forum, 2021,40(3):33—42.

[8] #hilE%, P24, shERVE, % . BEELRRMINTE | R0 2 Ik

P T P 0 T TR B 1 T R R B R S T E A S R, 2020,
25(3):13-23.
Yang Haijun, Deng Xingliang, Zhang Yintao, et al. A great
discovery and its significance for exploration of Ordovician
ultra—deep fault—controlled carbonate reservoirs in Well
Manshen 1 in the Tarim Basin[J]. China Petroleum Exploration,
2020,25(3):13-23.

9 SkWi4:, skiAR, skIRME, 45 . Hikih X B 2L A =oa ik BT

AE R FAE IR 2R U], RAMHIT 577 % , 2020,39(4):1-8.
Zhang Yajin, Zhang Xiangjuan, Zhang Zhenwei, et al.
Characteristics and their controlling factors of Ordovician dolomite
reservoir in Yingshan Formation in Gucheng area[J]. Petroleum
Geology and Oilfield Development in Daqing, 2020,39(4):1-8.

[10] HAUARE, fFWeks, 54Tk, 2 . SEALMAHIVA Y b X B0 2 8 L 20— 1A
AT ERAAE BB R [T]. v MR, 2014, 41(5): 1476—1486.
Hu Mingyi, Fu Xiaoshu, Cai Quansheng, et al. Characteristics
and genetic model of karst reservoirs of Ordovician Yingshan—
Yijianfang Formation in Halahatang area, northern Tarim
Basin[J]. Geology in China, 2014,41(5):1476—1486.

[11] @Azt ZEgoop, 5247, 4% . BREUR b b X B 2 KR
T RR SR A% T S R g (7], v LA R, 2004, 9(5):12-20.
Zhao Zongju, Li Yuping, Wu Xingning, et al. Conditions
for migration and accumulation of Ordovician giant lithologic
oil and gas reservoirs in Tazhong region and exploration
potential[J]. China Petroleum Exploration, 2004,9(5):12—20.

[12] B, 298, 5kl4r, % . Sl e R USRS 5 o 1

AR D], KRPCAMM ST %, 2019,38(5):87-93.
Feng Zihui, Li Qiang, Zhang Yajin, et al. Accumulating
conditions and distribution laws of Ordovician hydrocarbon
in Gucheng Low Uplift[J]. Petroleum Geology and Oilfield
Development in Daging, 2019,38(5):87—93.

[13] kalft, ki, M¥, % . BT CT REHI A=A ik B AU RE Fdk
Sy AT DABS ZR i X B p) 22 GCo01 FH 8 = Bt 41 [J]. fith 5 R4k
MR, 2020,41(4):862—873.

Zhu Kedan, Zhang You, Lin Tong, et al.
heterogeneity in dolomite reservoirs based on CT imaging: a case
study of the 3 member of the Ordovician Yingshan Formation

Characteristics and inspiration of ultra—deep fault—

Pore—throat



194

hOE A b B

2022 4E 527 4%

in Well GC601 in Gucheng area, eastern Tarim Basin[J]. Oil &
Gas Geology, 2020,41(4):862—873.

[14] 5k, 298, AB2E, 5. HEHUR M ARES dhk— 1 S X e et —

WL & A sl B A RIARAR PR [J]. Al 4, 2021,
42(4):447-465.
Zhang You, Li Qiang, Zheng Xingping, Types,
evolution and favorable reservoir facies belts in the Cambrian—
Ordovician platform in Gucheng—Xiaotang area, eastern Tarim
Basin[J]. Acta Petrolei Sinica, 2021,42(4).447—465.

[15] HEW, kK, WRIL, %. 8RR G0 X B A Rl bk
it 5 B0 (7). A SCHBIR, 2020,25(4):303-311.
Cao Yanging, Zhang You, Shen Anjiang, et al.
reservoir formation and hydrocarbon accumulation of Ordovician
in Gucheng area, Tarim Basin[J]. Marine Origin Petroleum
Geology, 2020,25(4):303—311.

[16] PLZIL, Tk, HF8E, % . R Moh X iR Eh = ik EHb AR S

PHER&TI [T]. A AR, 2020,25(3):96—106.
Shen Anjiang, Zhang You, Feng Zihui, et al. Geological
understanding and exploration prospects of carbonate reservoirs
in Gucheng area, Tadong, Tarim Basin[J].
Exploration, 2020,25(3):96—106.

[17] £, Wi, FLEEE, 2 . 3 BER A E X B R A =

FFE ALBRAR A [T]. &4k, 2020,36(11):3477—3492.
Wang Shan, Cao Yinghui, Du Dedao, et al. Characteristics
and pore genesis of dolomite in Ordovician Yingshan Formation
in Gucheng area, Tarim Basin[J].
2020,36(11):3477—3492.

[18] xifs, 5#Ess, Edp, 25 . 35 BRGNS il B iR B e i 2

Ak 7R [J]. RERS Tlk, 2016,36(3):14-21.
Liu Wei, Huang Qingyu, Wang Kun, et al. Characteristics of
hydrothermal activity in the Tarim Basin and its reworking
effect on carbonate reservoirs[J]. Natural Gas Industry, 2016,
36(3):14-21.

[19] g%, ATFTF, WSCHR, 5 . BErh b X BB 22 MR A T s AR T
BRI GE i B SGE R U], &A%, 2012,28(3):783-792.
Yang Haijun, Li Kaikai, Pan Wenqing, et al. Burial
hydrothermal dissolution fluid activity and its transforming

Acta

et al.

Carbonate

China Petroleum

Acta Petrologica Sinica,

effect on the reservoirs in Ordovician in Central Tarim[J].
Petrologica Sinica, 2012,28(3):783—792.

[20] it . oy kb DX IS BRI Eh A5 v ik UARRAIE S HEx ik 2
B LRE, 2019,31(9):69—71.

Gao Bo. Characteristics of silica in Lower Yingshan Formation
carbonate at Gucheng area and its effect on reservoir[J]. West—
China Exploration Engineering, 2019,31(9):69—71.

[21] Woodhead J, Hellstrom J, Maas R, et al. U—Pb geochronology
of speleothems by MC—ICPMS[J]. Quaternary Geochronology,
2006, 1(3):208—221.

[22] Woodhead J, Pickering R. Beyond 500 ka: Progress and prospects
in the U—Pb chronology of speleothems, and their application
to studies in palaeoclimate, human evolution, biodiversity and
tectonics[J]. Chemical Geology, 2012,322:290—299.

[23] Pickering R, Kramers J D, Partridge T, et al. U—Pb dating
of calcite— aragonite layers in speleothems from hominin sites
in south Africa by MC—ICP—MS[J]. Quaternary Geochronology,
2010,5(5):544—558.

[24] A%, Phail, Bk, % . BotshEsFE R EE AR AR

b SR A hE s 2R i B ALBREEAL BRI R R (D], A 5 R AR =
2020,41(1):37—49.
Hu Anping, Shen Anjiang, Liang Feng, et al. Application of
laser in—situ U—Pb dating to reconstruct the reservoir porosity
evolution in the Cambrian Xiaoerbulake Formation, Tarim
Basin[J]. Oil & Gas Geology, 2020,41(1):37—49.

[25] Roberts N M W, Drost K, Horstwood M S A, et al. Laser
ablation inductively coupled plasma mass spectrometry (LA—

IR (3], P4

ICP—MS) U—Pb carbonate geochronology: strategies, progress,
and limitations[J]. Geochronology, 2020,2(1):33—61.

[26] Li Q, Parrish R R, Horstwood M S A, et al. U-Pb dating
of cements in Mesozoic ammonites[J]. Chemical Geology, 2014,
376:76—83.

[27] Coogan L A, Parrish R R, Roberts N M. Early hydrothermal
carbon uptake by the upper oceanic crust: insight from in situ
U—Pb dating[J]. Geology, 2016,44(2):147—150.

[28] Roberts N M, Rasbury E T, Parrish R R, et al. A calcite
reference material for LA—ICP—MS U-Pb geochronology[J].
Geochemistry, Geophysics, Geosystems, 2017,18(7):2807—2814.

[29] Fr i, SKWERE, Th2Ei, % . ETE0E U-Pb EEm e =6

BOFR s DA BUR 23k e WUE T T SRR G U 4 1) 0], A%
2, 2020,36(11):3493—3509.
Qiao Zhanfeng, Zhang Shaonan, et al.
Laser ablated U—Pb dating—based determination of burial
dolomitization process: a case study of Lower Ordovician
Penglaiba Formation of Yonganba outcrop in Tarim Basin[J].
Acta Petrologica Sinica, 2020,36(11):3493—3509.

[30] Shen A, Hu A, Cheng T, et al. Laser ablation in situ U—Pb
dating and its application to diagenesis—porosity evolution of
carbonate reservoirs[J]. Petroleum Exploration and Development,
2019,46(6):1127—1140.

[31] EHW, g7, Froehk, 55 . 8 EAR R o X B 2 AR

WK R JER [J]. RER AT, 2014,34(1):1-9.
Wang Zhaoming, Yang Haijun, Qi Yingmin, et al. Ordovician
gas exploration breakthrough in the Gucheng Lower Uplift of
the Tarim Basin and its enlightenment[J]. Natural Gas Industry,
2014,34(1):1-9.

[32] Hmtt, BER, Hhse, % . BARMK SRS R R IhZ AR

G (1. BUARHBRT, 2008,22(4):541-548.

Ran Qigui, Cheng Honggang, Xiao Zhongyao, et al. Tectono—
thermal event and its influence on cracking of crude oil in
eastern Tarim Basin[J]. Geoscience, 2008,22(4):541—548.

[33] RJehs, BEEESR, BRET, %5 . EHR IR A T R RO R
TR 1 R B B ARHAE [J]. AR UHbERF#, 2016,27(1):8-21.
7Zhu Guangyou, Chen Feiran, Chen Zhiyong, et al. Discovery
and basic characteristics of the high—quality source rocks of the
Cambrian Yuertusi Formation in Tarim Basin[J]. Natural Gas
Geoscience, 2016,27(1):8—21.

[34] Ehan, AT, R, %, BRI LR IETIRAE: i
FER A VRIR B U], AR 5%, 2019,46(6):1075-1086.
Guan Shuwei, Zhang Chunyu, Ren Rong, et al. Early
Cambrian syndepositional structure of the northern Tarim Basin
and a discussion of Cambrian subsalt and deep exploration[J].
Petroleum Exploration and Development, 2019,46(6):1075—1086.

[35] #Hilg %, BRokie, W%, % . EARZHRIR 1 IR E MR E

KEGRESI]. dEammEeEE, 2020,25(2):62-72.
Yang Haijun, Chen Yongquan, Tian Jun, Great
discovery and its significance of ultra—deep oil and gas
exploration in Well Luntan—1 of the Tarim Basin[J]. China
Petroleum Exploration, 2020,25(2):62—72.

[36] &2y, KR, B . 35 EAR R HbIARE 5 b BT b BR (b FFAE
O 2520 [J]. HLBTR, 2006,80(2): 245-253.

Jin Zhijun, Zhu Dongya, Hu Wenxuan. Geological and
geochemical signatures of hydrothermal activity and their

Shen Anjiang,

et al.

influence on carbonate reservoir beds in the Tarim Basin[J].
Acta Geologica Sinica, 2006,80(2):245—253.

[37] BRfCA . #iE—ik A=A EH S A 2GR 7). A5 KRR
i, 2008,29(5):614—622.
Chen Daizhao. Structure—controlled hydrothermal dolomitization
and hydrothermal dolomite reservoirs[J]. Oil & Gas Geology,
2008,29(5):614—622.





