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“Three-factor” driven microbial carbonate reservoirs and their distribution
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Abstract: Microbial carbonates are very important hydrocarbon reservoirs. Stromatolite and thrombolite carbonates are
commonly suggested to be better hydrocarbon reservoirs than other microbial and no-microbial carbonates. To check the
truth of the suggestion, this study characterizes some modern microbial deposits and salt lake deposits, and performs
simulated experiments of early degradation and buried pyrolysis of microbial organic matter, and genesis of dolomites by
early precipitation and replacement. The results confirm the suggestion and reveal the uniqueness of microbial carbonate
reservoirs with their special sediments and depositional setting. Three factors that control the formation of the reservoir
are also proposed. (1) Compared with other microbial and no-microbial carbonates, stromatolite and thrombolite
carbonates contain more original pores and microbial organic matter and therefore have a better material basis for
becoming hydrocarbon reservoirs. (2) The production of organic acid by early degradation and later pyrolysis of
microbial organic matter helps preserving and enhancing the original porosity, serving as a key factor for the
development of stromatolite and thrombolite carbonate reservoirs. (3) Early dolomitization favors the preservation of pre-
burial porosity and two types of low-temperature dolomitization (early deposition and replacement) tend to occur in
carbonate-evaporite sedimentary sequences, which result in the development of stromatolite and thrombolite reservoirs in
these sequences. The understanding is of great significance to the prediction of distribution of microbial carbonate
reservoirs, based on which stromatolite and thrombolite zones are suggested to be promising hydrocarbon reservoirs in

carbonate-evaporite sedimentary sequences.
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Fig. 1 Microbial sedimentary characteristics in a lagoon of Crooked Island , Bahamas platform
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Table 1 The bacterial strain type and culture environment

for the microbial organic matter degradation
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Fig. 3 Simulation experiment of acid generation through microbial organic matter degradation
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Fig. 5 Pyrolysis experiments of hydrocarbon and acid generation in algal limestone (microbial carbonates) ,

grey mudstone and muddy limestone samples
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Fig. 6 X-ray diffraction patterns of proto-dolomite precipitation mediated by halophilic archaeal under different cell concentrations
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Fig. 9 Sedimentary model of microbial carbonates

a. ZEWEUURL; b, HEADI

N T T B = A FIBES A )= oAk

o s h LU B o HE 4 2 s R LU =
RO TR RCE AT TR e e e KR TRREER

L RLIR b, K IR BLER A T 4 307 060 2

WML JUE FHEE SN SRS WAL TR UK R AR AR TR £

KA BT RIR SRR VTRV RS, (8 o 9 S BRI S 5 21003, B B B 1 5

R RN G P 9 PR SR A BB . A
BRI AR SRR Y-S S o2r IR A I S U
TR Z A Wy B BR R DA (BB AR 17 AR ORI 2
&, WA A TR RO 3

fit)= EER T TRIREL A -F A DURIR R

W27 (2019) IS IN R, BRR 5 7 —FF £8 5 U0
PR R B e )+ 0 8%, i R 1) BRI E
BEROH A B EA s A BEOB DA R (D)



F3M

VL, 5 AR IORIRER 5 = R 24 il b ST A AR RN 43 A AL

593

REYB =G Faa B Mot attaday
B, R ZIRER MR R AL 2 FHOE R A PERY B X

DU ZR Bl el 3 1] - SRS T )
FROCEF RO A At R R R OB o AR,

W SRS BRI AR A - R A AR AR Z R R T L S S R R 2 RS
oAt T o DAV Z ke YA 30 TR LR T 2 2H (81 10a)
a - b .
we | VLR B i bl |, yiBU 7 ¥
o E R - 1 LB/ |tz e ol - T e | 2 e
g | m | e (;) T e %IE 1;?'1 f;i f%lg % HiEA u| e | = (»c) i | | B = |m 9 5F40r
- : : == m Ui A
F 315 Far —
305 : II.:l! & — [ 'Lék
== RET SIS |
L 205 EA—t= gk — {E'ﬁg% . ” £ ﬁilim
= Fars fr— it )2 5 AaW ] 7 L
s i | ] — | %l kokn | ) HEA
] & B LT P
— 275 =T rm| J:_|40 P
. A1 | & =7~ .
e 265 P 5 B e *ﬁ il Jﬁgflk
. g | B B 5L 1 | Bk
b ooss B | 4| h | 4 ok L 130 #|Ram
L 245 B | B 10 E
£ i g i -4 e |
== B % | 2
Elar| b o2s BESS * e iﬁ 2 REAHZ
L l\/"l{ l}l\ Py 4 %ﬁ%f
q T
WL ois G S0 A | g | (S
=== M| e | B =
wEEEE ||, P Eea ] | *
}é = 3 O ) =]
B A Hh
) b Bl Bl -
Wik oz L === e
8 WA b =90 f) /..// EN=PrEs 1 2 fif )2
e/ o
;}E g 80 %L =
# It B : s
[ w [
Aii " 7’./’ 7 I 19%
. Y| Ere| |H| @ TR
. Sl =7 £ A ik
g o0 = = fif )
w| w == &
|| R * 3
EE] g%
1| ® i
% 75 ERE " % # D
W s Primd| | | 4 % #
.. B % | 8 . 2
- e 7 ] L =
o B i fﬁ -
" L BB T '
5 BT | | vfe
L | I
1L 15 553'1:;'__' W], e
— T ~T i K {E&}FE
BlLs 2/’_2 P K| G = A
— — e ° — /= ~ [ r~—~ [ A /
—_— - = o - / 7 / f{ - / / 7 / ///>
. — — — e v e e © s w - — — ~ = — A
Wb Ee s REEE Mrhibs WHRA 8 S5 it EARBAE 2 OFD Wi &2
e MHBz=H  EMAsE EF5
o [ o A ] e & [ o A [ A = ] = D e teve o
e /- e [ [~ ] [ AT [=1 [~ ] < .. si - — —
o [ o o /| A e [~ A A =/ = R si s — —
B TR Rk & B B AT A S AT KR . bR ey Tk A A
Heda () BHAazss Had BRE Z B

K10 BRI A - e LA e A = e 6= S B o A

Fig. 10 Types and distribution of microbial dolomite reservoirs in carbonate-evaporite system

a. VU1 R VTAZ I 1T B R KT B2 0 RIBE R AT 1 i 5

b. B HUR G A3 A e T T € G R AL se A R D AR 1 2 A R



594 £S5 KRR R

43 5

), 33 2 R KR — U YR — i — KU — T YR AR A
B A K AR AR R P51, B R Shoe B
AN R R T 2 ERN A EEF]
FHZD L ST B N AR E RS s AR T
Bk EEZAASEMZ AT s T2
FFEER THRIA A S ME—2 2 A0 5512,
4 18 5 v AT ML) A B PG 2 R BT it )2 2R
THEE R T 100 m.

R VTR R T EED G ST s T —&
HRE A = A 62 B R R TR ER, R
R R FBYA A s AR A s A iR —
BEA A AEE SR 2 B0E R T LS 802
HIEN FMEZESE ., DIEEAREHA I H wHlm
FERGE 1Y IR A P va 41 (& 10b) R ], i 2 i XU — 1k
TR VB FHAR B B4 /K AR AR 17 37, B AR 1 R
FHE S B E N N ER R B RA
FHITERESTY, B2 WER BRI I m e R,
M3 B T AT MYE A S AR, H 3 -
AR EREAA S EHE AEEZITREZ 60 m.

FEVGHZ R LB 3ERREEA-Fih a4 4.
O Tedl-vh N FER G, LIS BLACR Y )1 253 R X
7;Q TS, LSRR Z A k@ R =
TG0, AU 2 AR o RIS, v [ 2 3 i A A 2
AR AT R B E BRRE A -FHAHE M
B BT Y 1 = 2 i = B R A

1) 5 HAB SR A Wy Bk BR £ 75 AR UL W R IR
AL, B )2 A MIBESR A BRIR £ HAT w00 iR
FLBUE Rl A A L 8, Dl =k B BEE T
HeAilh

2) (A= WA AL SO 38 A e R R S0 i 2 1R
{300 45 AL B E HE TP BE 45 LU AF R — 209 7, X 02
B2 O MBS IR EL 2 A B R S

3) B = A A R T LB A R A, iR £h -
AR RBUE YRR ER DR Y T & & R ITTIE FIAL
IRPIZRARIR F =1, RIE &2 AT MBESR A H = a2
FEERE TWRREL A -F A VIR R PR, 32
AR

2 % x #

[1] Burne R V,Moore LS. Microbialites: Organosedimentary deposits
of benthic microbial communities[J]. Palaios, 1987,2:241-254.

(2]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

Riding R. Microbialcarbonates: The geological record of calcified
bacterial—algal mats and biofilms [J]. Sedimentology, 2000, 47
(S1):179-214.

Riding R. Classification of microbial carbonates[ M J/Riding. Cal-
careous algae and stromatolites. Berlin: Springer-Verlag, 1991:
21-51.

Lowe D R. Stromatolites 3400 Myr old from the Archean of Wes-
tern Australia[ J]. Nature, 1980,284:441-443.

Schidlowski M A. 3 800-million-year isotopic record of life from
carbon in sedimentary rocks[J]. Nature, 1988,333:313-318.
Riding R. Microbial carbonate abundance compared with fluctua-
tions in metazoan diversity over geological time [J]. Sedimentary
Geology,2006, 185:229-238.

Kalkowsky E. Oolith und stromatolith im norddeutschen Buntsand-
stein [J].
1908,60:68-125.

Riding R. The nature of stromatolites: 3500 Million years of his-

Zeitschrift der Deutschen Geologischen Gesellschaft,

tory and a century of research [ M ]/Reitner J. Advances in stro-
matolite geobiology. Berlin, Heidelberg: Springer,2011:29-74.
HESEAR . BB IR Eh 5 ) R AR R A TT X BSR4 44 73
FRFR IR FEL) ], HAEAT SR, 2007, 14(5) :221-234.

Mei Mingxiang. Revised classification of microbial carbonates:
Complementing the classification of limestones[J]. Earth Science
Frontiers, 2007, 14(5) :221-234.

WA B BRI, A5 BB A WFR IR S R EA[T]. sk
Bl2#ikE ,2011,2(5) :465-474.

Yang Renchao, Fan Aiping, Han Zuozhen, et al. Status and pros-
pect of studies on oncoid[ J]. Advances in Earth Science,2011,26
(5):465-474.

Shapiro R S. A comment on the systematic confusion of thrombo-
lites[J]. Palaios,2000,15(2):166-169.

HOACGE , RUBRES , DRakse . A= w1 JO A0 A= A AR AT LD ).
WAEPIAR 1994,3(5) :575-594.

Mancini E A, Benson D J, Hart B S, et al. Appleton field case
study (eastern Gulf coastal plain) : Field development model for
Upper Jurassic microbial reef reservoirs associated with paleotopo-
graphic basement structures [J]. AAPG Bulletin, 2000, 84 (11) :
1699-1717.

W BRI, 3CHE, B UK AE . DU )1 Ft AR L - Sl A R H R R
R AELY ] AR 5T % ,2016,43(2) : 179-188.
Yang Yueming, Wen Long, Luo Bing, et al. Hydrocarbon accumu-
lation of Sinian natural gas reservoirs, Leshan-Longniisi paleohigh ,
Sichuan Basin,SW ChinalJ]. Petroleum Exploration and Develop-
ment,2016,43(2):179-188.

B A R ARZL . o A I A DR S 2 = I A
AT Bty T8 L T 2 35 B R L . T <O 5, 2005, 10
(3):43-50.

Fei Baosheng, Wang Jianhong. Cases of discovery and exploration
of marine fields in China (Part 3) : Renqiu Buried-hill Oilfield, Bo-
haiwan Basin[]J]. Marine Origin Petroleum Geology,2005,10(3):
43-50.

A, B X6, 45 B Wmk iR 3k 5 6k 2 R AR M 2 A
LA HUR 4 ] o 775 4t DX FE RS 1 R A iz s 4 | BE



F3M

VL, A5 R IR RRER - = R fitt b BT R 23 A LA 595

[18]

[22]

[25]

LT A I, 2018, 23(4) :95-106.

Bai Ying, Luo Ping, Liu Wei, et al. Characteristics and main con-
trolling factors of microbial carbonate reservoir: A case study of
upper member of Lower Cambrian Xiaoerbulake Formation in
Akesu area, Tarim Basin[J]. China Petroleum Exploration, 2018,
23(4):95-106.

Fk . DO Z3 Y S TR T 3 2H D B W R R R 2 R
Lo H AR HERID]. BHs : AR T, 2018,

Wang Hao. Characteristics and main controlling factors of micro-
bial carbonate reservoir in the Leikoupo formation in Western Si-
chuan Basin[D]. Chengdu: Chengdu University of Technology,
2018.

R XIRAR 2R, 45 )1 i B3R BT St
BRI ER A RIS BN ERT]. S KA, 2017,
38(4):741-752.

Song Jinmin, Liu Shugen, Li Zhiwu, et al. Characteristics and con-
trolling factors of microbial carbonate reservoirs in the Upper Si-
nian Dengying Formation in the Sichuan Basin, ChinalJ]. Oil &
Gas Geology,2017,38(4):741-752.

UL XSO W22, 4 L IR IR L A R 2 B BRI
U ARSI % ,2015,42(5) : 545-554.

Shen Anjiang, Zhao Wenzhi, Hu Anping, et al. Major factors con-
trolling the development of marine carbonate reservoirs[J]. Petro-
leum Exploration and Development,2015,42(5) : 545-554.

FAE B, XA, 45 . R W ek IR o 6l )2 R I e 4 I
R LA FER 4 4 BT o 5 b DX €T 1 AR A e 4 Bt
Y] rE LR, 2018,23(4) :95-106.

Bai Ying, Luo Ping, Liu Wei, et al. Characteristics and main con-
trolling factors of microbial carbonate reservoir: A case study of
upper member of Lower Cambrian Xiaoerbulake Formation in
Akesu area, Tarim Basin[J]. China Petroleum Exploration, 2018,
23(4):95-106.

ZEINR, B R IR 55 L R R AL i R R S R
F— LIS ROR G bk R B —TNERG NI ] A
4%, 2015,36(9) : 1074-1089.

Li Pengwet, Luo Ping, Song Jinmin, et al. Characteristics and main
controlling factors of microbial carbonate reservoirs: A case study
of Upper Sinian-Lower Cambrian in the north western margin of
Tarim Basin[J]. Acta Petrolei Sinica,2015,36(9):1074-1089.
Zhu D, Liu Q,He Z,et al. Early development and late preservation
of porosity linked to presence of hydrocarbons in Precambrian mi-
crobialite gas reservoirs within the Sichuan Basin, southern China
[J]. Precambrian Research, 2020, 342: 105694.

Enos P. Surface sediment facies map of the Florida-Bahamas Pla-
teau. Map series MC-5, Boulder, CO. GSA,1974,4.

EA L RHAR L, 5 B MR FRER DU R LR Y R X
[J]. HbBREL#3HERE ,2011,26(10) : 1038-1049.

Wang Yue, Shen Jianwei, Yang Hongqiang, et al. Microbial car-
bonates and its research significance [J]. Advances in Earth
Sciences,2011,26(10) : 1038-1049.

BRVENR , WA  , B J9AN, 45 . U MR BRER A R < [l o g
B[], W S A U4 M 5, 2009, 29(4) :29-38.

Han zuozhen, Chen Jitao, Chi Naijie, et al. Microbial Carbonates:

(28]

[31]

[34]

A review and perspectives [ ] ]. Marine Geology & Quaternary Geo-
logy,2009,29(4) :29-38.

WL, RLLEL, 5 55 VR IRIRER & 1 A i B A
fiELT]. b HEAEA,2021,23(2) :321-334,

Wu Yasheng, Jiang Hongxia, Li Ying, et al. Microfabric Character-
istics of Microbial Carbonates [J]. Journal of Palaeogeography,
2021,23(2):321-334.

RIE , SR, SR AE RS . B W R R A B S IR B ke [ .
JRARIR T4 (A SRR ,2018,45(4) :415-427.

Hao Yan, Zhang Shaonan, Zhang Demin, et al. Current research
progress of microbial carbonates[J]. Journal of Chengdu Univer-
sity of Technology (Science & Technology Edition) ,2018,45(4) :
415-427.

Land L' S. Failure to precipitate dolomite at 25 °C from dilute so-
lution despite 1 000-fold oversaturation after 32 years[J]. Aquatic
Geochemistry, 1988,4(3) :361-368.

Vasconcelos C, McKenzie ] A, Bernasconi S, et al. Microbial me-
diation as a possible mechanism for natural dolomite formation at
low temperatures[ﬂ. Nature, 1995,377(6546) :220-222.
Warthmann R, Vasconcelos C, Sass H, et al. Desulfovibrio brasi-
liensis sp. nov. , a moderate halophilic sulfate-reducing bacterium
from Lagoa Vermelha (Brazil) mediating dolomite formation [J].
Extremophiles, 2005 ,9( 3):255-261.

Kenward P A, Fowle D A, Goldstein R H, et al. Ordered low—
temperature dolomite mediated by carboxyl-group density of micro-
bial cell walls[J]. AAPG Bulletin,2013,97(11):2113-2125.
Xuan Qiu, Yancheng Yao, Hongmei Wang, et al. Halophilic Ar-
chaea mediate the formation of proto-dolomite in solutions with
various sulfate concentrations and salinities[ J]. Frontiers in micro-
biology,2019,10(480) : 1-10.

RIS RS . SRR A g 3 1L 2 MR 126
T RAFURBIR T RSBk EH ,2012,23(5) :903-908.
Zhang Changhao, Guo Zhaojie, Cui Jun, et al. Lithotype and sedi-
mentation model of nanyishan shallow oil pools [J]. Natural Gas
Geoscience,2012,23(5) :903-908.

SRARIR , PhE i, A, A L AR Vil R b I gl 1T e
W WA HZRRAE L], A R AR ST, 2004, 25(6)
703-706+712.

Zhang Zhencheng, Sun Jianmeng, Ma Jianhai, et al. Characteris-
tics of algal limestone reservoirs in Xiayoushashan-Shangganchai-
gou Formations in Huatugou oilfield, western Qaidam Basin [l
0il & Gas Geology ,2004,25(6) :703-706+712.

TR BEAEYE , 35 . PG RS LU R UUEE S S s ).
LT BEHHBIR, 2020,46(12) : 195-196.

Xu Fei, Lu tingging, Ma Qing. Analysis and study on sedimentary
facies of piedmont Paleogene in Southwest Tarim Basin[J]. Che-
mical Engineering Design Communications, 2020, 46 (12) : 195-
196.

MAED], ELCAS, TRETSE . I VS 2 st E 8 1 B i 3 2R AT
Zo o M R AIE Bty BRI R LT ). i B o7 41, 2019, 25(3)
377-388.

Lin Chunming, Wang Bingjie, Zhang Xia, et al. Geological charac-

teristics and paleoenvironmental significance of the paleogene la-



596 AT IR NN F43 5
custrine dolomite in the Beitang Sag, Bohai Bay Basin[J]. Geologi- Jia Lianqi, Cai Chunfang, Li Hongxia, et al. Thermochemical sul-
cal Journal of China Universities,2019,25(3) :377-388. fate reduction—related mesogenetic dissolution of deeply buried do-

[37]  FROKME. A MIBE Y T AR Vb — BOTUAR BRI K 1 = 2 i R LB lostone reservoirs in the Tazhong Area[J]. Acta Sedimentologica
SPATID]. FAR: AR, 2017 Sinica,2016,34(6) : 1057-1067
Zhang Yongsheng. The Sedimentary environment of the First Mem- [45] el A0, TR0V 4F . BROA LR L T A0 1 = 208
ber of the Paleogene Shahejie Formation in the Qikou Sag and its Tl VR AR Sz g [0 ], Hp A K 2E R CE AR B2 )
dolomite genesis[D]. Jilin: Jilin University, 2017 2014,38(3):10-17.

(38]  BRIEWE, TLZEVT W SEAR S . (81 o e B A S AR PR A She Min, Shou Jianfeng, Shen Anjiang, et al. Experimental simula-
S A — LIV b BRI SE A B il (). A il R S5 tion of dissolution and alteration of buried organic acid fluid on do-
K ,2017,44(5):704-715. lomite reservoir[J]. Journal of China University of Petroleum (Edi-
Chen Yana, Shen Anjiang, Pan Liyin, et al. Features, origin and tion of Natural Science),2014,38(3):10-17.
distribution of microbial dolomite reservoirs: A case study of 4th [46] Shapiro R'S. A comment on the system atic confusion of thrombo-
Member of Sinian Dengying Formation in Sichuan Basin,SW China lites[J]. Palaios,2000,15:166-169.

[J]. Petroleum Exploration and Development,2017,44(5) : 704— [47] LY IR V0 RGN . A Wik R ik 25 25 DTS S50
715. BT ). A O, 2021, 26(1) : 1-15.

[39]  PRZ2iL, fA2F  Bs, 45 . WO IR AL U-Ph [ 25 5 AR 4R K Hu Anping, Shen Anjiang, Zheng Jianfeng, et al. The classifica-
HAERIRE & Ca —FLBR e N (1], AmER 5/ %, tion, facies and sedimentary models of microbialites [J]. Marine
2019,46(6) : 1062-1074. Origin Petroleum Geology,2021,26(1):1-15.

Shen Anjiang, Hu Anping, Cheng Ting, et al. Laser ablation in situ (48] FHIEE, MK, RHRE. MEYA = AR R,
U-Pb dating and its application to diagenesis-porosity evolution of 2ETTZ%,2011,18(4) :52-64.

carbonate reservoirs[J]. Petroleum Exploration and Development, You Xuelian, Sun Shu, Zhu Jingquan, et al. Progress in the study
2019,46(6):1062-1074. of microbial dolomite model, Earth Science Frontiers, 2011, 18

[40]  ABASCH, DRUL I7 i, 4% . e R 2R U RRAE B i (4):52-64.

SR [T, Al 5T % ,2018,45(6) : 923-935. (49]  WIZEF LU AR . kIR A -H e VKR A B A
Zhao Wenzhi, Shen Anjiang, Qiao Zhanfeng, et al. Genetic types SR R A LT AR ST % ,2019,46(5) :916-928.

and distinguished characteristics of dolomite and the origin of dolo- Hu Anping, Shen Anjiang, Yang Hanxuan, et al. Dolomite genesis
mite reservoirs[ ] |. Petroleum Exploration and Development, 2018, and reservoir-cap rock assemblage in carbonate-evaporite paragen-
45(6):923-935. esis system[ﬂ. Petroleum Exploration and Development,2019,46

[41] ZIPIF, skt BN 58 )AL CANG A 1 = A PR (5):916-928.

R A 2= 1) FLBR G 2N [0 ). i 5 RAR MBI, 2018, 39 [50] JWEH T4k, 32 55 R AF . I T ERRF A 2R
(4):706-718. WPUREELT ] DU, 2019,37(4) : 834-846

Li Kaikai, Zhang Xuefeng, He Xunyun, et al. Modification of dolo- Gu Zhixiang, He Youbin, Peng Yongmin, et al. “Multiple-lagoon”
mitization on pores in oolitic shoal reservoirs of the Feixianguan sedimentary model of the Lower Cambrian gypsum-salt rocks in the
Formation in the northeastern Sichuan Basin[J]. Oil & Gas Geo- Sichuan Basin [J]. Acta Sedimentologica Sinica, 2019, 37 (4) :
logy,2018,39(4) :706-718. 834-846.

[42] REJE . 78 & #Regs b fL IR B AR 2 AR I SR AE (D ). LR - 1Y g [51] SRRAT, By, BT . B ARG A 07 b [X R € i G A
11K, 2018. IR AUEAE AL SN AR S X —— o — R R 1
Xiong Ying. Formation and preservation of vuggy thin carbonate FERWER IR T ]. A5 KR, 2020, 41(5) :928-940.
reservoirs in the evaporitic environment [D]. Chengdu: Southwest Zhang Tianfu, Huang Lili, Ni Xinfeng, et al. Lithological combina-
Petroleum University,2018. tion, genesis and exploration significance of the Lower Cambrian

[(43] FREVEE, TRV, BBy 4 . JL T HBOA MBIl S5 19 1 = Wusonggeer Formation of Kalpin area in Tarim Basin: Insight
A2 FLBRBUN A 52— DA HUR 2 T JE R4 1 JR A P s 2k through the deepest Asian onshore well-Well Luntan 1[J]. Oil &
BT, A SR, 2017,39(5) : 716-723. Gas Geology,2020,41(5) :928-940
Zheng Jianfeng, Shen Anjiang, Huang Lili, et al. Pore effect of do- [52]  Zeigfid, 20K, 3845 . B8 HLR 230 Hb VY B b X B rp JE R i i
lomite reservoirs based on burial dissolution simulation: A case AHTT L) ] VAR AT, 2017,22(1) :32-38.
study of the Lower Cambrian Xiaoerbulake Formation in the Tarim Jiang Haijian, Chu Chenglin, Yang Xin, et al. Lithofacies paleoge-
Basin[J]. Petroleum Geology and Experiment,2017,39(5):716— ography of Early-Middle Cambrian in Southwestern Tarim Basin
723. [J]. Marine Origin Petroleum Geology,2017,22(1):32-38.

[44] SUERR, D7, BLLESE . Bt X HIE 2  BR Eh ad Jsi A 1Y

YR = A G R eE (1], DIA2A4R L 2016,34(6) : 1057-

1067.

(%4t RILAE)



