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Characteristics , origin and geological implications of the Cambrian microbial
dolomite in Keping area, Tarim Basin
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Abstract: Reefal (biohermal) carbonate rocks are important petroleum reservoirs. In Tarim Basin, the occurrences of reefal
facies in the Ordovician sequences have been well documented ,whereas that in the Cambrian strata have been rarely repor-
ted. In this study, the occurrences of stromatolite dolomite and reefal dolomite in the Cambrian Qiulitage Formation at
Keping area,Tarim Basin were reported. Based on careful field observations,the micro-structures of these microbial dolomite
were investigated by using conventional microscope and scanning electron microscope (SEM). It is suggested that the mi-
crobial reefs formed in shallow subtidal environment where the water was turbulent,the deposition rate was relatively high
and the platform was relatively open. In contrast,the stromatolite dolomites were developed in tidal flat-intertidal facies.
Nanoscale spherical dolomite formed nanocrystal aggregats including dumbbell and chain-like structures. In addition , tubular
and sheet-like aggregates were suggested to be in close association with the mineralization of extracellular polymeric sub-
stances (EPS). All the above nanostructures resemble the morphology observed in microbial culture experiments. These evi-
dences support the conclusion that microbial mediation might have played an important role in the formation of the Cambri-
an dolomite. During the formation of microbially mediated dolomite ,sulfate reducing bacteria did not play an important role
because no pyrite was observed ,then SO; may not serve as an important kinetic inhibitor for the precipitation of dolomite.
Thus it is proposed that the hydration of Mg>* should be emphasized in the future study on the origin of dolomite.
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Fig. 1 Location of Kepingarea in Tarim Basin
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Fig. 2 Lithological column of the Cambrian in Keping area

in Tarim Basin ( Yuertusi Formation was not involved )
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Table 1 Porosity and permeability in different types of dolomite

\ T e e - o W2 T
‘A . e . i ey BKEAR =3 e " o
HER (i) P G RE=H RE=H () (R
FLBRE/ % 0.9 3.35 1.20 1. 68 3.65 1. 41

BER/(10 -3 umz) 0. 051 0.016 0. 462 0. 065 0. 062 0.043




868 AiME XK R MR

5535 &

B AR TR (8 iR, 20 A =a B2
FERCTEASE — BRI K Bl T AR H 5 B PR

2) BRAH T HGUZ AL R e dh & A LT
= A AR I LR 2 . R 2 b A
FEVE It 1 2 A HE AR, o A 382 T 00t [ 4 75 R 1)
ARG ERID IR SR G, A 2 7 AN LU AR
- ARG . EIRRRIR I EEAAE T BRI H B A
SRR SRR TOE N A s A TR S B —
2 N AEA SR RS AR B HER R A =S
HEM BN Z —

3) WHgEIX L FE RS e IS T WA b ok WA AT
BB, U &R 0 B = AR OR AR B R
IBBITLVE AT I A, R L = A UE R A b
A SO5™ I HLA K A WY Jad (4 40 TR 38 S50 Rt
ATCER A SO~ I 1 A DT hE PR P AT RERES K
A R LRI T BT 2 2% 18 Mg™ " (K 1R

4) BEROKERA AT ER T HEERERS
FERH O, AT 52 75— B0 A0 AL (B 7 4 LR & )
fL55) , BB IR, A T BERC LRSS R e
XEFIRIZRIR TR (GG T LT

Z % x #t

[1] Zenger D H,Dunham J B, Ethington R 1. Concepts and models of do-
lomitization[ J]. AAPG Bulletin, 1995,79(2) .186 —204.

[2] Sun S Q. Dolomite reservoirs : porosity evolution and reservoir charac-
teristics[ J]. AAPG Bulletin, 1995,79(2) :186 —204.

(3] R%FWISCH, RAWE. 1 a A MR ARG ) R 32 200 iR =
(1] s JFRHEE R , 2006 25(5) 32 —40.
Zhang Xuefeng, Hu Wenxuan, Zhang Juntao. Critical problems for
dolomite formation and dolomitization models[ J]. Geological Science
and Technology Information,2006,25(5) ;32 —40.

(4] BRTRE, A5, TR, A5 SEIRR G P 30 3 X 55 = R A
TR R 1[0 P A b 4R, 2004 ,9 (5 ) :59 - 66.
Chen Ziliao,Shou Jianfeng, Wang Shaoyi, et al. Tertiary lake algal lime-
stone oil and gas reservoirs in western part of Qaidam Basin and explora-
tion potential[ J]. China Petroleum Exploration,2004,9(5) :59 —66.

(5] INE,ILZTL, ARTESE. SeI R G BRI DX T 28 v 20 1 B
FREREZRFIELT] . PTAR24R ,2002,20:61 - 69.
Sun Yan,Shen Anjiang,Xu Yang,et al. A research on E32 algal-reef
reservoir in Yuejin Area,Qaidam Basin, Northwestern China[ J]. Ac-
ta Sedimentologica Sinica,2002,20:61 —69.

(6] FL&V, X, B BRG MRS b 5 JF T B0 W e B i 25 A4 e
(1] B £ b, 1998,19:221 -224.
Sun Jinping, Liu Xiaozeng. Lower Ordovician crypto-algae organic
reef in well TZ5 in Tarim Basin[ J]. Xinjiang Petroleum Geology,
1998,19:221 -224.

(7] BKEHAR,SEAEAL, AR, 4. B8 BUR S s b Mo X A R AR AE B
SRR AR S I 4 ,2003,30(2) (33 - 36.
Ouyang Rui, Jiao Cunli, Bai Lihua, et al. The distribution and fea-
tures of reef in Tazhong area of Tarim Basin, Northwest China[ J].

Petroleum Exploration and Development,2003,30(2) ;33 -36.

(8]

[9]

[10]

[12]

[13]

[15]

[18]

[19]

BV SR GBI G , 45 B FER 43 1l DR W R AR e R Sk I S R
PHARAEL J]. DUAR 44,2003 ,21 ;423 —427.
Luo Ping,Zhang Xingyang, Gu Jiayu, et al. Geophysical characteris-
tics of Ordovician reef outcrops in Tarim Basin[ J]. Acta Sedimento-
logica Sinica,2003,21:423 —427.
JRGA , FRPEPH, BT, S B HUR G BB 2R 6 b 3 A W T
We R BHRAELT]. A5 KA, 2005,26(3) 1277 - 283.
Gu Jiayu,Zhang Xingyang, Luo Ping,et al. Development characteristics
of organic reef-bank complex on Ordovician carbonate platform margin
in Tarim Basin[J]. Oil & Gas Geology,2005,26(3) ;277 —283.
ZAHI W A R X BB A R AR AR (T ] A
IR FR (LB EBE =) ,2006, (04) :25 -27,442.
Li Xiangming, Yang Kungu. Characteristics of Middle Ordovician or-
ganic reefs in Bachu Area[ J]. Journal of Oil and Gas Technology,
(04) :2006,25 -27,442.
XUHER , AT , WAy, 5. 35 HURZ MBS sh i X, | P Se A
PfEMERRAE B AR AT [T ] . AR 51 & ,2006,33 :562 - 565.
Liu Yanli, Fan Tailiang, Xue Yanmei, et al. Distribution of the Mid-
dle-Late Ordovician reef bank reservoir in Central Tarim Basin[ J].
Petroleum Exploration and Development,2006,33:562 —565.
Vasconcelos C, McKenzie ] A, Bernasconi S, et al, Microbial media-
tion as a possible mechanism for natural dolomite formation at low
temperatures[ J ]. Nature,1995 ,377 (6546) :220 —222.
Wright D T, Wacey D. Sedimentary dolomite: a reality check in the
geometry and petrogenesis of dolomite hydrocarbon reservoirs [ J .
Geological Society Special Publications,2004 ,235.65 —-74.
Vasconcelos C,McKenzie J A, Warthmann R, et al. Calibration of the
018 paleothermometer for dolomite precipitated in microbial cultures
and natural environments| J]. Geology,2005,33:317 - 320.
Bontognali T, Vasconcelos C, Warthmann R J, et al. Microbes produce
nanobacteria-like structures , avoiding cell entombment[ J]. Geology,
2008,36(8) :663 —666.
Sanchez-Roméan M, Vasconcelos C, Schmid T. Aerobic microbial
dolomite at the nanometer scale ; implications for the geologic record
[J]. Geology,2008,36(11) :879 —882.
Vasconcelos C, Mckenzie J A. Microbial mediation of modern dolo-
mite precipitation and diagenesis under anoxic conditions ( Lagoa
Vermelha, Rio de Janeiro, Brazil) [ J]. Journal of Sedimentary Re-
search,1997 ,67(3) :378 —390.
Wright D T. The role of sulphate-reducing bacteria and cyanobacteria in
dolomite formation in distal ephemeral lakes of the Coorong region,South
Australia[ J]. Sedimentary Geology,1999,126(1 -4) .147 - 157.
TR R R, S5 FHEERTTRY R A s A A
A e B R b R LT ] B, 2007 ,21(1) 166 - 70.
Yu Bingsong, Dong Hailiang, Jiang Hongchen, et al. Discovery of
spheric dolomite aggregations in Sediments from the bottom of Qing-
hai Lake and its significance for dolomite problem[ J]. Geoscience,
2007,21(1) :66 —70.
Perri E, Tucker M. Bacterial fossils and microbial dolomite in Triassic
stromatolites[ J ] . Geology,2007,35.:207 —210.
EEVI\Y Wi SN o B B S A SR S
FRRE MR A LB L) ] # 5" 42,2010,84 (10) ;1479 — 1494,
Wang Xiaolin,Hu Wenxuan,Chen Qi,et al. Characteristics and formation
mechanism of Upper Sinian algal dolomite at the Kalpin Area,Tarim Ba-

sin,NW China[ J]. Acta Geologica Sinica,2010,84(10) ;1479 —1494.



46 4]

BASCE 4. 35 BUR 20 A7 b X € B R U W) 1 o R P B 7 X 869

[22]

(23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

BRI . B R SRS R AE S i RS R [T ] T A b
51,1999, (03) :3 -9,94.
Jia Chengzao. Structural characteristics and oil/gas accumulative
regularity in Tarim Basin [ J ]. Xinjiang Petroleum Geology, 1999,
(03):3-9,94.
BB, B R T E R A A S I SRR I B e—
DI RO A T]. h EREA (D 38 ,2004,34:1 - 12.
Jin Zhijun, Wang Qingchen. Recent developments in study of the
typical superimposed basins and petroleum accumulation in China;
Exemplified by the Tarim Basin[ J]. Science in China (Ser D),
2004 ,47:1-15.
Tuo J Philp R P. Occurrence and distribution of high molecular
weight hydrocarbons in selected non-marine source rocks from the
Liaohe , Qaidam and Tarim Basins, China[ J]. Organic Geochemis-
try,2003,34.1543 - 1558.
SREL L W], A A SR vt 2R A A R e e B AL
FELT]. A 5 RARA T, 2001, (04) 314 - 318.
Zhang Chen, Zheng Duoming, Li Jianghai. Attribute of Paleozoic
structures and its evolution characteristics in Keping fault-uplift[ J].
0il & Gas Geology,2001,(04) :314 -318.
BRI, A, IR AF. P A A A i S A LT ] B
Z3E 4% ,2007,52:1 - 8.
Jia Chengzao, Li Benliang, Zhang Xingyang, et al. Formation and evo-
lution of the Chinese marine basins[ J]. Chinese Science Bulletin,
2007,52.1 - 11.
Kang Y, Kang Z. Tectonic evolution and oil and gas of Tarim basin
[J]. Journal of Southeast Asian Earth Sciences,1996,13 (3 -5),
317 -325.
WRER A, IV R, 0 SCIE. 35 BUR Z 4 T ZE IRGL IR A &l A AL )2
BB BRI AR AE B R [T]. h E R4 (D 35 ) ,2004,34 (15
i) . 107 - 113.
Liu Jianfa, Sun Shengli, Liu Wenhui. Geochemical characteristics of
organic matter-rich strata of lower Cambrian in Tarim Basin and its
origin[ J |. Scieuce in China (D) ,2004,47 (Suppl) ;125 —132.
FAR R, E A VLR, S ARG ZE A T AR,
1994 ,33(2) ;172 - 179.
Wang Fuxing,Cao Jianhua, Jiang Lideng. Cave stromatolites in karst
areal J ]. Acta Palaeontologica Sinica,1994,33(2) ;172 - 179.
B TT ML e A ) R B & B A B AR AT ]
[E 7775 ,1998 ,17(3) :285 -290.
Rong Kunfang, An Yuguo. Developed conditions of biogenic cave
stromatolite[ J ]. Carsologica Sinica,1998,17(3) :285 —290.
Kennard J M, James N P. Thrombolites and stromatolites ; two distinct
types of microbial structures[ J ]. Palaios,1986,1(5) :492 —503.
Feldmann M, McKenzie J. A. Stromatolite-thrombolite associations in
a modern environment, Lee Stocking Island, Bahamas [ J ]. Palaios,
1998,13(2) .201 -212.
Burne R V, Moore L S. Microbialites organosedimentary deposits of
benthic microbial communities[ J]. Palaios, 1987 ,2(3) ;241 —254.
Turner E C,James N P, Narbonne G M. Taphonomic control on mi-
crostructure in early neoproterozoic reefal stromatolites and thrombo-
lites[ J]. Palaios,2000,15(2) :87 —111.
Planavsky N, Ginsburg R N. Taphonomy of modern marine Bahamian
microbialites[ J ]. Palaios,2009,24(1) :5 - 17.
Jahnert R J,Collins L B. Significance of subtidal microbial deposits in

[37]

[38]

[39]

[40]

[41]

[43]

[44]

[45]

[46]

[47]

[48]

[51]

[52]

[53]

Shark Bay, Australia[ J ]. Marine Geology,2011,286(1 —-4) :106 - 111.
Feldmann M, McKenzie J A. Messinian stromatolite-thrombolite asso-
ciations , Santa Pola,SE Spain; an analogue for the palaeozoic? [ J]
Sedimentology , 1997 ,44 :893 —914.

Riding R, Microbial carbonates : the geological record of calcified bac-
terial-algal mats and biofilms [ J]. Sedimentology, 2000 ,47 ( Suppl.
1):179 -214.

HEGHL, Rk, &2 A LM A E R BOR K Rk
2006 :48 -51.

Cao Ruiji, Yuan Xunlai. Stromatolite [ M ]. Hefei; University of Sci-
ence and Technology of China Press 2006 :48 —51.

Baker P A, Kastner M. Constraints on the formation of sedimentary
dolomite[ J]. Science,1981,213 (4504 ) ;214 -216.

Warren J, Dolomite ; occurrence,, evolution and economically important
associations[ J ] . Earth-Science Reviews,2000,52(1 -3) .1 -81.
Wright D T, Oren. Nonphotosynthetic bacteria and the formation of
carbonates and evaporites through time[ J]. Geomicrobiology Jour-
nal,2005,22(1 -2) .27 - 53.

Qing H R,Bosence D W J,Rose E P F. Dolomitization by penesaline
sea water in Early Jurassic peritidal platform carbonates, Gibraltar,
western Mediterranean[ J]. Sedimentology ,2001,48 (1) ;153 —163.
Melim L A,Scholle P A. Dolomitization of the Capitan Formation for-
ereef facies ( Permian, West Texas and New Mexico) ; seepage reflux
revisited[ J]. Sedimentology,2002,49 1207 - 1227.

Friedman G M. Dolomite is an evaporate mineral ; evidence from the
rock record and from sea-marginal ponds of the Red Sea. [ J]. Special
Publications, 1980 ,28 :69 - 80.

Brady P V, Kaumhansl J L, Papenguth H W. Surface complexation
clues to dolomite growth[ J]. Geochim. Cosmochim. Acta,1996,60;
727 -731.

Roberts J, Bennett P C, Gonzdlez L. A, et al. Microbial precipitation of
dolomite in methanogenic groundwater[ J]. Geology,2004,32:277 —280.
Moreira N F,Walter L. M, Vasconcelos C,et al. Role of sulfide oxida-
tion in dolomitization ; Sediment and pore-water geochemistry of a mod-
ern hypersaline lagoon system[ J . Geology,2004,32.701 - 704.
Sanchez-Roman M, McKenzie J A, Wagener A de L R, et al Presence
of sulfater does not inhibit low-temperature dolomite precipitation
[J]. Earth and Planetary Science Letters,2009,285:131 - 139.
Rudolph W W, Irmer G, Hefter G T. Raman spectroscopic investiga-
tion of speciation in MgSO, (aq) [ J]. Phys. Chem. Chem. Phys. ,
2003,5:5253 -5261.

Zhang F,Xu H,Konishi H, et al. Dissolved sulfide-catalyzed precipi-
tation of disordered dolomite; Implications for the formation mecha-
nism of sedimentary dolomite[ J]. Geochim. Cosmochim. Acta,2012,
97:148 —165.

Zhang F,Xu H,Konishi H, et al. Polysaccharide-catalyzed nucleation
and growth of disordered dolomite; A potential precursor of sedimen-
tary dolomite[ J]. American Mineralogist,2012,97 :556 - 567.

FF W RSO, TV SV = R WK (B) HINEA
KRG ATFFAEL) ] ATl R 50T % ,2003,30(4) 137 - 39.
Shou Jianfeng, Shao Wenbin, Shen Anjiang. Lithological types and
distribution features of Tertiary algal-limestone in Chaixi Area, Qaid-
am Basin [ J ]. Petroleum Exploration and Development, 2003, 30
(4):37-39.

A

(¥ = )



