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RNBRE: AA% 50 R0 ARG AE | FPERGEERETasa A s . HA%
FHE L, A s A RN, BERS—MES ( <5Spm) , 2ME—KETE I AR KR Y . AasaS5AEaEA%
VIR RIS A 56 R JCA A 2FRE, nT DO L A 28 A RIFAE A = A AR AE I, iR R, — K
F3pum; B RFEA A B A, AE B BRI RAERSTE , A=A SRS, — BN T 3um, #ERIEFRHE
RO ZENWEYR . ARAAOBA SN n(Mg)/n(Ca) L, V124 0.96, i Zit | H =1, Na,0,
Sr0,FeO,MnO -2 & #2054 160 wg/g, 270 pe/g, 2250 ng/g, 120 pg/g, 8°C(PDB) 58" 0(SMOW ) -4 {E 43 7
$30.3%0,24. 6%0; 5 A RJFHEH S AME,B RFEAEB R A n(Mg)/n(Ca) LBEAR, FHIME K 0.90, HAHE N
Na, O, FeO,MnO & 5HRILAEY SrO & 1, FHIE 451K 290 we/g,2540 pg/g,200 pe/g,200 pg/s, 8°C(PDB) 5 &
O(SMOW) ZEfE A K, 6" C YK, 4 {HA - 0. 3%0,6"™ O fHHE , FIMH Ky 25. 2%, BF5EFH, 3CH A 2 A UL
V€, AR ACHTIR Y T 1, Mg BRI N TR ENZR R TG A S 3 B BOK . AT RES 5 T Ha ATl 2,

KR U A A TR L T )2 s Th IR s 3 R G

HARA P R SAATEIAE A B4 (8 ) 2 HIKE
FRYEER RS 3l O, 48 RER o s AR
SR AR, o B B AR S AR 8K BT AR
W FF I 1% ( Machel and Lonnee, 2002; i %% = 45,
2006) . AH LT F, 75 S5 % & 00T (20 ~ 30C,
1.01 x 10° Pa) , i i Jo AL & BUAR ME SR BUAH 7 B i
W EiH R E = A (Land, 1998) R4 A2 F I
X JEBh 1 A 2 ) 25 3 ( Machel and Mountjoy ,
1986; Sibley et al. , 1987; Warren, 2000; Machel,
20045 K F245,2006) , B3] Iy 2 2 A el il 29
AT EAEMEK P UURE, H T AR (Machel,
2004) . — Mk, Hi T Mg® XK LS
b Ca®* B2 20% ,Ti Lk CO,~ KH %, I CO, ™ X
AGERK A 722 I Mg 545 s i, h - S0~ 5
5 Mg' " B, TS AR KRR A B Mg
RNl /b | T 38 18 2 A e T B UTTE (Warren,
2000) o HEAI UL, AR AR BB AT IR S
A7

SR, MR A —LE BT 4 E , 7E— LEPTRRER S s
R IFAE = A, X B R 5 AT DL 3 ] (X AR 4R
&2 1986 ; TlAAEE, 2007 ) (783 (von der Borch and
Lock, 1979; Rosen et al., 1988; Vasconcelos and
McKenzie, 1997; Wright, 1999; Wacey et al.,
2007) 2R % (Kelts and McKenzie, 1982; Pisciotto
and Mahoney, 1981 ) DL K §% 45 /5 ( Patterson and
Kinsman, 1982) 4, X T4l )54 1 = AP
F) 52 A 2, Sibley 1 Gregg (1987 ) 5 Land
(1998) AR, 7EIE i BE A5 PRl B AR IRIE T, I F
MEIEH, O =AML E B UIE, Vasconcelos 5
(1995) AN, S A= 3 3 AT DA s IR 2 A D0 o
MR Bl g2, TS 1 s A 75 DA B A
ULV BRIk SN R (SRB) 38 5 7 R A SloRE A R
IR HS™  HS 5 Fe? ™ 854 T8 MU 4 I I
HLVE , T AT D 1 BB R 4 f B 2 1, (75
Haffg AT a, X — L et &7 3 R 57
FM T (Wright, 1999) if J& 92 % = & 4 T

1 AR EZRRHLE KL (45 :20112X05005-002-008 HZ ) FlI[E 58 [ ABL = He & F AR S A B H (45 : 41203045) AR
ks H 15 :2015-03-11 5 2 [8] H 31 :2015-12-09 ; F4T- 2 : ¥ 5 . Doi: 10. 16509/]. georeview. 2016.02. 015
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( Warthmann et al. , 2000; Wright and Wacey, 2004 ;
Vasconcelos et al. , 2005) #3453 T I8UF. 481, th
ABEFEdE ) TEBA AP E IR 25 SRR &
AR I PR 8 7T LATCUE Y 1 = /7 (Wanas, 2002) ,
PG, % T B A s A T R 7 o 2 1
FEAEATAATH

AN, T IR AR o — B8 BT 3R 2R
T, B LTRS8O a I AR P AR A b R A A
( Baker and Burns, 1985; Malone et al., 1994;
Mazzullo, 2000) , PRI, X8 B AR 1 I A
H oz A, HIE A4 5 o R AEARME DR A B R, 1 45
WEH)ZE P EAE A S A R HERATOR TIROHERE .
T, SCHR 4 1) )5 AR s AT AR — T, R
A DBOE U A (R =40/ E R S8, Wanas,
2002;# | FEE ST, You Xuelian et al. , 2013; F3EH
58, B INEE, 1996) .

ARSCHRIE T AVEE AN B RS HFI I 1 Jrp 9
RGEE S TSI R R R, K WE &2
HERBEATE AN B R T — R A oA, SO GE
T HA A SR AL, IR IR e T A
PLEE . BRI BOCRAT B T IR 5 A s A CRe il
wEH)ZE ) 1Y oA AFAEIE I LB X —
H BRI,
1 b

B BURZE A T b E PU AL AR R A R AR X
i, o — BAT i 50 28 Jo R A8 DR R 2 5 A (B
R ,1999; 4 Z 8 Fl 15 /&, 2004 ; Tuo Jincai and
Philp, 2003) , $&HARMIREZ P T2 2 AL,
AT LIy g =R U7 RS IT (K 1a),
W La, AR SCHTRFFER AT 1 A0 T e e IX 1
CURERERS b e DX BT 4 P, e fR R
PRI B3 VG T 3 R e B 2 ), AR R AR Y ]
JE AT, W 5 1] pig o 9 9IOE , ZE 4 1200 km DL E 58
60 ~150 km, FFIKTF 12 x 10* km*, ELEREAL AL T
Hh e R PU M, Sy — R A [ e AR R 52 RS T
M2y 4.3 10" km* . MNRBZFI =&AL, 0l U
LRI A Ry A e A R Y A8 Ak, A | 1748 Jo ik
AR FIRL 5K , A1 7 b 2 1) 43 A R A — AR
o B2 T ) A O Bl ST A A SR O A R
(DK IESE,2007) .

A 1 4B RGP v 2 (REGZF) o
TR RGP USRS H 0 o B &8 e B S R
W EEEER. S aBREEAEENERE S H

m RO E e s B AR EE AN E S .
Hiha S Kk s Bk sz, W R A S
(Kl 2a) o BUSEALT &8 =5 BIIRHR, E2 e
M EFETMRUCHE A = a8 S = K s BUE S E
ma HEEARNEAA =AU B A R E =
F(E2b) o WAMERHE L At A% Jjy B &
SR I A ke X 2 — B 2R kB AR UL
L TFT 1 3 s 28 6 b AH vh i 9 ) GIORH
(Bl 1b),
2 KT

TEXS U BEAT TR AROULIN 1) Be it |, R GEHURE 23
Fo FrATRELER T & 13, B8 PSR, e 6 1
FIEA R = AR T TR E (EPMA) J,
X B R (BSE ) #E4T 178G 4t LI , 0 5 H: 2
IR CaO Hl MgO (& i, LM il JC R Na, 0,
K,0.SrO,BaO , FeO , MnO . Al,O, . Si0, . SO, ¢ /Y &
Ho

1 A B AR s A B RO AE , 1K
4 IR AR L S A IR B8 BN T Tem x Tem (Y
FORBERE AT H A 58 (SEM) 23 #r, % &8
OIS FEAT T2 E B (EDS) 0 A Ak, it
WH AT RS, BT 12 PR S 2 TR E B
AL R 7T o

EPMA ( Electron Probe Micro- analysis) 5 fik . %
[F) (5 2R 23 AT E R A R N AR 46 S ™ PR L HIL il
FUE R HE I = 58 . EPMA Y g5 B 5 0
JEOL JXA8100, T LI 2 x 10™° A, il 3 A Ji
ISkV, FERRSE R AR 7 A i AR R v, O 1R
WEG T YR, R A B R Bl Sk
#2091 mm B BE B RE AL FROFEE 22/ 200 H, B
FeEIRAR PR T SRS TEE A 5 100% 1 IEBE IR
B (CHAP 3 B2, 19 2 A i 50 °C, IR E e HoAtl
FATRER 25 °C A E], AR 24 h, CO,
PREOB SR 67 22 0 5E 72 MAT-252 i) b 58 i,
IR EAM T £0.11% . SEM ( Scanning Electron
Microscope ) 73 M7 15 H FE 25 Bt Fg 5t 3 5oty 2 52
JIT BNy A 0y 2 R J22 2 ) R o S 2 5 i, AY
#r iy LEO1530VP BY R A% 375 & S 41 v ¥ . 4
AR 15 KV, FEG TR AT 28 58 Pr 4B 3L

3 JFAH AR A A F AR

FARA UM K B TG A0 R il i K
F, RO AR — ST K O— KR ORI S 5%
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Fig. 1 (a) Tectonic regions of Tarim Basin and location of study well;

(b) Sedimentary facies of Middle Cabrian of Tarim Basin
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Fig. 2 (a) Schematic profile of Cambrian sequence of Well Hetian — 1; (b) Profile of sampling sequence of Well Hetian — 1
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PFE—2B AN T S TARA O 2 A A8 5 AR
A, I HARE A O = S A B A
B A SO ARBAN ], 7T LUK A B = A o PR .
A REA AR BETER A BN, RN — R
3~5 pm ZE], SAFMLL, B fEER, I
HAE A RS0 KAARGIE D UL (B 3b) o A
M, B KA B =AM IEE N, RN T 3 ~5
o A7 R ARAREU T A o A Z W) A
D[R] R B BB RRIE (18] 3e, d, e) 6
RAEMEH =AM EA—E R A5, 3 B 254
HaAahia s s /8 £, 16 BSE BR T, KM
BIEMALE A s, o, Bk T —E &R
HIRKREA (K3, MEREABRS AR, BHaf
TERARN, R ABIE—IEAR , SR RN — /T 5
o, AR BT JK B S AR A, F6 78 1 H AR LTE
J& A (Von der Borch and Jones, 1976 ; Khalaf, 1990,
Wright, 1999 ; Tucker, 2001 ; Bojanowski, 2014 ) .
Hz AN T 5 pm, I HE2MWE, B =
VGRS SRR X WA B 2 A,
B T MR AR AR s A B2 A AR
LERRAERS LMRAF o 5381, Toit e TAr AWM 400 2
A (EPMA (SEM I O 5, #R A & B ik )5
2T ARG BOER B AU AE , DT D AR 1 5 A Y
JETR AT RE 5 Bt 38 J5L 48 T8 7F T 5 & AN K (Nielsen et

al. | 1997) .

4 JFAH = A IR A AR

4.1 n(Mg)/n(Ca)ltt

HAHAZ AR n(Mg)/n(Ca) 1.1, HE AR
At a s aRZEERHITEO A, Hon
(Mg)/n (Ca) W o] LAAE Jy HoA PP B /Y B 248 AR
(Searl, 1994) | FRitb =z &b, b ] D) sz ez il HOE B
I 5% 45 4E ( Morrow, 1982; Machel and Mountjoy,
1986) . (I, ¥ H =41 n(Mg)/n(Ca) L4750 M7
5ibie, AT DR BOUE 505 2., #E M e 5 15
AR

BRI AUES, AXAzAaREARSN
(Mg)/n(Ca) kb, HAH AL T 0.90 ~ 1.03 ZJa], *F- 3
4 0.9, kb it EH s A;B KB fin
(Mg)/n(Ca) LLFHAR, N 0. 84 3] 0. 97 A4, F-H{H
$0.90, Ft,AKABAEBEASABAKS
1) n(Mg)/n(Ca) b, B LR AR AR A, 1@
HUN TEBARER BT, = A DLTE AR 45
18, i 2 Ttk =it/ m =, i, A
KH= A B K H = A BT AR ER BE 1 KK
H, M S, BEH A n(Mg)/n(Ca) HLAUK,
Ui B TR B 7 A 5L R %o e ) 6 B, s AR
BT DITE T B AL . A8 K DUTETH

R1BEARZMWNE1 APERGREXFELEBZATREANNEFRITSWER
Table 1 EMPA data of two types of primary dolomite Well Hetian —1, Middle Cambrian, Tarim Basin

G5 | NaO | K,0 | Ca0 | M0 | FeO | MO | S0 | BaO | ALOy | Si0, | SO, | skt %&;

1 140 1400 | 28.749 | 20.733 3070 - 70 - 5010 67470 2620 57.46 1.01
Ak 2 70 700 30.514 | 19.721 260 - 240 - 2920 14970 1290 52.273 0.90
JgA: 3 140 2120 28.011 | 20.53 5360 20 190 - 16090 42440 1640 55.341 1.03
Hz 4 100 830 31.169 | 21.007 610 120 460 - 780 2030 1120 52.781 0.9%4
Vel 5 360 1930 31.58 |21.009 | 2110 150 300 - 4010 16070 1440 | 55.226 | 0.93
6 70 1490 31.211 | 20.815 2080 180 380 240 3720 16970 1620 54.701 0.93
1 430 1570 33.475 | 20.098 2370 30 60 950 2750 13210 1190 55.829 0.84
2 100 830 31.92 | 20.223 2530 200 160 - 1750 10030 950 53.798 | 0.89
3 540 750 33.065 | 20.585 710 90 260 240 430 14660 30 55.395 | 0.87
B 3% 4 180 3800 28.921 | 19.438 500 200 310 230 9610 92180 1920 59.702 0.94
5 150 620 32.39 | 19.391 1280 270 540 - 320 2240 640 52.387 0.84
E% 6 340 220 31.852 | 19.854 160 100 70 350 320 920 2510 |52.205 | 0.87
H= 7 540 380 31.779 | 21.101 1820 150 70 940 740 1200 160 53.48 0.93
f 8 320 850 32.908 | 20.185 2200 200 240 470 1710 910 690 53.852 0.86
9 80 1580 30.584 | 19.734 1920 580 250 - 1820 10430 1220 52.048 0.90
10 460 4200 | 30.049 | 20.383 3410 - - - 9280 32820 330 55.525 | 0.95
11 370 1160 30.247 | 20.878 3430 - - - 1120 9140 520 52.699 0.97

et - RACE A RIE TR Ca0, Mg0, MELHALI A% ; FALERIY N ne/s.
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FETRIKY Ca®*  H2 5 T KK n(Mg)/n(Ca)  F, Ao AIPGEUTRE, TB B AR E /NI A T JE 22 1
P AR RS R KR E S n(Mg) /n(Ca) HARTE BIEA.

B 3 SEHURG AN | I rp IR G AR = A i IR

Fig. 3 Photos of primary dolomite of Well Hetian — 1, Tarim Basin
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(a) HFRAATABTETHARA  RESZNE &RAA DA (b) ARFEEAS A BSE i, s A REREA AL, K/AME3 ~Sum
ZIl E Dol FREA &A1, Qu Frs A58, Ah FIRBEA T 5 (¢) B RFA A =7 BSE iy BiAH 2 KR Ta s n ez m, 5
SATRREEUN: (D) F(e) BRFEA R A SEM A, A a1 fR 28 GRIEDE) , @K/ Tum, AEFH K (1) RE A, ZEHR—E
s (g), (W) 73BN (), (e) PIEA I Z AT BIRERS AT 421

(a) A hand specimen of anhydrite rock showing the occurrence of primary dolomite within the dark laminae; (b) Back scattered electron image
showing the occurrence of type A primary dolomite. The dolomite crystal size ranges from 3 to 5 um and has micro-pores on the surface. Dol =
dolomite, Qtz = quartz, Ah = anhydrite; (c¢) Back scattered electron image of type B dolomite. The dolomite is microcrystalline. Columnar
anhydrite was scattered within the dolomite matrix; (d) and (e) SEM photo of type B dolomite. The dolomite is anhedral (spheroidal) and ~1 pm

in size (white arrow) ; (e) Needle-like and columnar celestite; (g) and (h) are the energy dispersive spectroscopic analyses of the primary

dolomites showing in (d) and (e), respectively.

L BRI, P2 = AR n(Mg)/n(Ca) bt
VR I BOK A 1 3 B AN a], #Em S i 2 = A
MRS S AN WA I, AR RS Y A2 AL T 3T A [
FKAP AL, REW, ETHEE = A H
AIE , I HAR TR A GAL (1 3) , B T i %2
PR, DT S B0 A R e 1O TE B, e LA, SRR A4 1Y)
HEES n(Mg)/n(Ca) HLEME R
4.2 WETER

mE 1L ME 4, HEA A HEA LB
Na,O &, i A 6 =41 Na,O 5 7E 70 ~ 360
pe/g ZIA], I {E 160 pe/g; B 2EH = A1 1) Nay0
FEAE 100 ~ 540 pg/g Z M0, SFEIME R 319 pe/s.
T, I H KRB R R A1 Na,O &
HIE 110 ~160 pe/g Z[A]( Veizer,1983; Qing Hairuo
and Mountjoy, 1989) , 5 il F 1E % W /K A 85 09 H
“AME,A B RKH = A AR Na,O 5 5,
ERY Na, O & i, BT = A 8 0T 30 B R 8, X
SR WS AT R AR BT 0 A At IR, LR TORR
W SR,

A KHEBAAR SO 5 HTE 30 ~460 pg/g Z[H],
FAE A 270 pe/gs B KA B AT SO & HA P
AR TR R, HARTE 60 ~ 540 ne/g Z10], F- X {H
H218 pg/g (R 1,E4) . ol 28 LI IR
BE 4 H 2 £ ( penecontemporaneous dolomite ) SrO
FHAE 500 ~700 pg/g Z[H], AR Sr AR K5
o1 Z 8] 1) 41 Bt & & ( Baker and Burns, 1985;
Land, 1991) , AT LATFE R 5 1R S8 KF BT E = f1
B SO & &, B 7E 470 ~ 550 pg/g Z |] ( Veizer,
1983 ; Kirmaci and Akdag, 2005), K, 5HCH
=AM, A RYE B REA S ABARN Sr F A fE L
Hz A B E /9 “ dAL™ (purification ) i 2 4 %
(Land, 1985; Malone et al. , 1996) , 4 7] fE & K&
AULVE , THAE TR Se( 8] 31) .

PiZEH = A HA BRI FeO F1 MnO 5,4

AP MO FEMTRMR, AXAasam
FeO Fil MnO & A8 4L Y5 331 & 260 ~ 5360 we/g,
20 ~ 180 /s, FAIE A 2250 g/ 71120 g/
go BRE A1 FeO MnO & f 8L TE 7351 2 160
~5000 wg/g,30 ~ 580 we/g, ¥4 1H 4 5l 2257
ne/g 1202 we/g. HEAROH , K P TITE H R A 7 il
1 Fe Mn B9 B0 50 2 ~39 ng/g Fl 1 pg/g
( Veizer, 1983; Qing Hairuo and Mountjoy, 1989) .
Hza AW HA LRI Fe Mn & &, 7354 3 ~ 50
pg/g Fl 1 wg/g (Veizer, 1983; Qing Hairuo and
Mountjoy, 1989) ., CH A 255 B 28H = A Fe, Mn
ER I T R IR, BT TR IR R
4 Fe Mn f3A , 808 5 A i FEH Fe \Mn f35E
#HAH =4 s (Kirmaci and Akdag, 2005) , {H2
ARSI H A T8 1Y B R B I
PRAR AT A TR , 50T 5 1 Fe \Min 55 1 3 BT
BUKIEBA B R Fe Mn i, Rt 1w #6519
AiKAAFREE . Fe HYGRALYITE BSR FREE o UL (3
JEH4E ,2007 ; Baldermann et al. |, 2015) , H = 4 A
AR Fe & oA W BB, W B =0 BB A
TRE S BRIE AN AR E R AR

4.3 RE®R EEMLER

TERRA R AL R s it B b, Sy 16 HeE e, bR T
STPIRFE s AT RGHHToh , 3855 1 1 EB
R RS 2 (B 2b) T 4007 Jhrp st e
{3 PDB f71fi:, 6" 0 Fifi; SMOW Friif(#2)

N 2 A S X =P o b, EUE RS
= B A A 8°C(PDB) i, 6 41 845 4k
-1.8%0 ; 8" 0(SMOW) {H A% 1k & FHl N 24. 7%0 ~
25. 1%, - H N 24.9%0 . A KB+ A=A
8" C(PDB) K F 0, I 75 15 4L 545 43 ]y 0. 1%0 Fll
0. 4%0; H: 8" 0 (SMOW) 1 %A, 4> 3 S 24. 5%0 il
24.8%0, 5 A RFABARAM,BRFAEBRSA
8" C(PDB) 17, 1E —0. 5%0 ~0. 2% [i1] , E-X{H Ky
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Fig. 4 Na,0,FeO, MnO vs. MgO contents of two types of primary dolomite of Well Hetian — 1, Tarim Basin

-0.3%0;8" O(SMOW) 5 A K = At bR i, 78
24.9%0 ~ 25. T%oZ (8], F-HE K 25. 2%o0.,

HIE RS RR £R 198" C(PDB) 80 (SMOW)
AT A = 2. 0%0 ~ 1. 0%0,20. 6%0 ~23.2 %o
(Veizer et al. , 1999) . M\ 2 ] AFH H, I A BN
8" C(PDB) 8" 0(SMOW ) {H 3 7% TE M AHRR IR R 21
FI, IR EE"0, BRFEAASA LA RS
(198" O (SMOW ) {8, 13 HH LB B /K A LA i 1o 1)
B X ST RIHE A RAIY) 6 o BRI 2R

AU EF, ZFEAE Ao 4187 C(PDB) {H %, i 5L
BHUH 216" C(PDB) {EL A AR, AT ik - 1. 8% , fH
8" O (SMOW) fH 5 H Al W 2K A = A AH 22 A K, HE
bR T RIS 5 TRIREGKA = G b . B
(138" C.(PDB ) {4 ] G i1 T2 4 P WA FH R O == 9%
PO CO, , NI EITTE 1 2= A K IR E & 2R C
CO; JE MU A = At B AT MK 119 67 C(PDB) fif
( Patterson and Walter, 1994 ) ,

KT H oA E A = M BRI a2 A 1R
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*2BEAIMANE 1 APEREHENEA A EREAZAHRERMEAN
Table 2 6" C and §" O values of micrite dolomite and primary dolomite
of Well Hetian —1, Tarim Basin

ik MD | MD | MD | MD | MD | MD | A | A | B | B | B | B
8C(%0, PDB) -1.8-1.8/-1.8| -1.8| 1.8/ -1.8]| 0.1 | 0.4 [-0.5]-0.5]-0.5| 0.2
880 omie (%o, SMOW) | 24.8 | 25.0 | 24.7 | 24.7 | 25.1 | 25.0 | 24.5 | 24.8 | 25.0 | 25.2 | 25.7 | 24.9
880, o (%0, SMOW) | =5.1| -4.8| -5.2| -5.2| -4.7| -4.8| -5.4| -5.1| -4.8| -4.6| -4.2| -4.9

TE:MD FORBUR MR H 47, A,B 03308 A 25, B ERERZAT,

% i i@ ( Northrop and Clayton, 1966; Fritz and
Smith, 1970; Friedman and O’ neil, 1977 ; Mathews
and Katz, 1977; Land, 1985) ., ZEC.HIH =4 LI &
TURE AR AR 7 3= R 00 T, AT REHESR th
SAMIESIREE . #e FoRUL, HEE0E A s A%
[0 28 AL (8™ O gopgme ) LA 480 ] 07 3 201 1 (6
0,y ) VA BOE R (T) = A2 5 P AT A, 5
RETH RN =AM ERAYE. B2, d TRl =
AT SRR 67 2 2 BOHE LA ARAS TR bt — i i
A A S5 T BOBRIUHC IR J0IR B2 5, 330 3E 14 14 4
[FIRL R LA, AT, HY T8 S50 % A5 A T XERLTTE
HH A, FR A THRR AT B s A 50k
O R IR RAE T, B, EMENZS S
O , Vasconcelos 45 (2005 ) 7 52 9 % i s 251
TUE A=A, JF Bt R TR E s A A AL
F PR

26 -
- ARHZA
r <> T)';: A dolomite
C BE [z A1
- + Tyf;c Bfolomue
E BB OB +
25.6 —| 0O Compacted microcrystalline
- dolomite
2 C
X -
% C
=252F +
g C O
5’ | +
= F -
248 O &
- O
- <
24'4_||||I|||||||||I|||| [INEREENENI SRR ARRRNE ARRRENNET)
-2 -1.5 -1 -0.5 0 0.5

3"C(V-PDB, %o)

B 5 EHARZIMAE 1 HhERGEa s A
i ) 107 2% 2 B
Fig. 5 Carbon and Oxygen isotope values cross plot of
dolomite of Well Hetian — 1, Middle Cambrian, Tarim Basin

1000 Incyy, e e = 2.73 x 10°T7 +0.26
(1)

MATIA N, A TR B = A DL i R G 15
KA B 520 2= A7 57K Z 8] 9 48 R 6 3
van IS ER a3 RN WA E BN A & BT AR/ AN
R

HI TR B = A SR AR S AU 5 o, BRI,
MELAG H A B AR AT LS, P 180T 8wk A7 3
JE4E Vasconcelos 55 (2005 ) Y SZSGIERT, =41 A
JE 5 HIE SGREEA G BRI E = A A7
ZRZ IFHA AL RUG R AT R0 " i /2
(aging process) , HoA ¥ BE L 2 K AL ks . PRIt , ¥
PR B a0 7 B ST R IR R TE—i

SR FER A A BRI T ) SR AL ] BRI 7R
PKNAE F B FEE 8 2 o A 8 020 i 300 DAL Iz 1)
“YHE” S M5k 3 (Babceock et al. , 2015) , ARPEIIAT
FACT Ml DX T 7K IR P 0 235 2, Vi K )2 e B — i
AT 30 °C (Meckler et al. , 2015) . A TR LL
e R 5 P A DA S g AR s, L AR AR BLUOR
MR Ay vt 28 3 M LUOKS ff 52 o2 ( J7 R #8945, 2001 ) , {H
Hh S IR 17 7R AR 83 B2 b DX (O K46 ,2006) o {2
BEIUHE = A7 YK MR 30 ~35 C LR 51
= 1 35 BT A AR S B KR AR R R AL N R
5"O0(SMOW) = —=3%0 ~ —6%0 (& 6) ., FLALHE K
5" 0(SMOW) # 0,

5 AR AL

BN A = A R R, OB 5 £
VEJH % Y] #H 56 ( Moore et al. , 2004; et al. , 2004;
Perri and Tucker, 2007) , JiH 5 8% 14 J5 40 58 7E 1 56
Z %)) (van Lith et al. , 2002; Nielsen et al. , 1997 ;
Vasconcelos et al., 1995, 2005; Wright, 1999
Warthmann et al. , 2000; Wright and Wacey, 2004 ;
Baldermann et al. , 2015) . R, & 4 %5 # k1L
FOFFERI TR BRI AE 1 Hrh R G
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2016 4%

70E

60F

50F
O 40F
<
®”OF
g 30F

20F

p b b b bl s bt

-12 -10 -8 -6 -4 -2 -0 2
AR O(V-SMOW)

Bl 680,59 T(C) RIRALZ Pl 28,
12 418" O(SMOW) 2y 24%0 ~ 26%o
Fig. 68"0,,., vesus T(°C) for 8" 0,,u. (SMOW) = 24%c
and 26%o respectively derived from the fractionation equation

proposed by Vasconcelos et al. (2005)

JEA VA, HOR AT B8 -5 B I 4 T 1 FH G AN
B, LA, AR WL AE AR TR A R AR A A0 L/ B
A G PREE A LA TR RAAE , I S IR A3 2T T
S IXSERRE S 1 & A DR R T AR S B A S
TURR S

PIRIEA A = A BB R IE L 45 O AR
AN AR EL o, I HAS AT AR) K BT R B4, 156 B H
N EAETIE R =) (LA AT FHFE) s i 508
A5, U W OB BT 28 & BF 58 ( Friedman and
Sanders, 1967 ; Tucker, 2001; Wanas, 2002) ;@ #
WAL A, BEH] OB T R B R SRy R T AR B 35
(Spotl and Burns, 1991) , 1B, 7EWF5EH & 9 —Lb
IR A, BB B AR R S, il
TEHLITIEAE HIXE LA B I ik 9 9 = A B S (B 7
FEZRHT k) o I HAE T RA = A4 B, WARRUNER
EBEaA (T 52458 3k) /M 1 pm, 5HUZEY) A
JEAR 25 L ( Wright and Wacey, 2004 ), Perri i
Tucker (2007 )45 7R E = A1 B A BB, 21
Y AN R G4 (EPS, Extracelluar polymeric
substance ) " 1k #Y &5 Ao M A, 72 T N I L
Archipiélago Los Roques [E Z% 2\ tl it Francisqui del
Medio J AR Pt kB T IlRA A =, o 5
AR AW %% V) A 56 (Petrash et al. , 2015) , RN
XEE A ARA—ERN ST, 46 TR0 B A,
HHRMAT —L/NT 1 um BB A (ET),
X SRR SR SR P TETE M AN RS ERIAK

Pt

K7 FRA A (LT ) SEM
Fig. 7 The SEM image of sheet-like dolomite
(dashed arrow)

H = Ll ERA, 5 IR E DL G 540w TR T2 i
WY H = A i 220 W ., 0F Bk A =0 ERIE 1 & A7 (58
kiik) o 4 SEM BRA 2 EDS ji

The upper part is a SEM photo for dolomites of special shape, which
is distinguishable from those formed a biotically or under the
mediation of sulfate reducing bacteria. In addition, aggregates of very
fine spheroidal dolomites ( solid arrow) were also observed on the
surface of sheet-like dolomite (dashed arrow). The lower part is the

energy dispersive spectroscopic analysis of the sheet-like dolomite

Be—K R IRIE B = 41 22 ) ( Bontognali et al. |
2008) o XULH, WA Dy dIAE AT RE R XL &
AR E 2 55,

PR, SO AR L A BT G, AT RE A RE =Ch -
TER IR TR FZAE T, 3R SN 28 K BUR I K
PARBUVE /N, R A K ARER B4R, ik B2 R Eh
ARSI, Rk 28 R AR 28 R 48 (A8 ) R
. Aaf5a8A, TR A = A ik
SO, HOWRIERES . — ek Kk SO; 5 Mg’
28 % 9% 1) B T % ( Baker and Kastner, 1981
Warren, 2000) , TE/ 1 F SO, % Mg™* 19 o2 1 )
T Mg HEA I Z A S, SO, B 5 A TR
(K3 T3t . SO, 4 25 13 T B R A U
F Baker Fll Kastner [ i 6 & M 2 % (200 °C)



%2

FNRAE RGN 1 PR A ZBR B ER S A 429

(Baker and Kastner, 1981) , Baker Fl Kastner % ¥,
SO, IAFTE SN 2 A TR, AN B BRI 1 1
SO. ™ AT LIEHE I 2 A T Ao A S5 A I 7 A
AR LU RE K AR 1 SO, BT A 40 5 97
SEI R BRI A0 T R E T R e 2 =
AUTVE, FFIE BT 3A W o P AR
( Vasconcelos et al., 1995;
McKenzie, 1997) , KT, J5 2L 52 S b 58 0 b BWL4¢
FH, — LT AU I R A0 TR A T AR AV P [ T
DMEHE A TTHE. BN, 7 & T i I TR
Hr B TR IR R4 7 Desulfotomaculum ruminis £/
7 AR FELR A0 H Halomonas marina, JFJFJ&& 1 HH W F
TS IR 20, e 3 T A AT R T LA i =
A1ULHE (Deng Shicai et al. , 2010) . EAh, FATHYSE
BT RB, SO, X Mg™* i A A1 FH 76 128 1 A 1F
TR, TAE IR AR T AT 55 (Wang Xiaolin et
al., 2013), HIt,S0. 7EFRAM FMH A4
TURERI AL 0T BE A RE A1 41 1) % i 25 1, d it 2 it
SO, M= AT E WS KT . A ST
FEIZE AR 2 2 v /D 300 5t 2 TR A D 1 i
U IR A PF T SO, 45 Mg™ 45 B TR A T
Xt AT BELAS Mg™ ™ E A 2 1 dh A% X —1E F AT REAS
M B = AR EE ) SRR, LR,
Mg 7K & F AT RE S 1 2= 41 T i) 3= 2 3
J12# Bk (Warren, 2000) . 7E/K ¥ 4, Mg™* i
BRI R, H PN EKE TSR TR,
RF45E (Pye and Rudolph, 1998) . K& FEMIFFE,
BELAS T Mg® #EA = A it o SOl ifge & B, (45
A= WML S D 2R & WA N AR A R R o A T
LAFSME Mg™ [k A BT, NI A R < #REE 7 1Y
Mg** ¥ A = A Sk ( Zhang Fangfu et al. , 2012,
2013) . ATWFFAEFER RAERELZE R PRI TR
EE = A FERT ARSI AL R RE =
A, XHRIBE LSS T H s A 0P GE R,
WEERANTE AT B E A BUE YR AL, Rk, FRATHE
W = A IR U O A B R EDUEHAE T KR
ff) Ca®* 4285 7KK n(Mg)/n(Ca) I, [H]H}, i&
IO vt B 2R A A Bl A P e T AR A A R v 0 4
SNRE Y55 T E R B Mg® T ik A A
JH, 95425 T KPR pH EF1 COS™ (HCO, ) Hvk ),
W T H o A G FE P Bl ) e BE A TR HLE
SAIWERS & A2t 7 H = A N s E KoK it
TE Ik

Vasconcelos and

6 ZHig

(D) FHE 1 HPERGEH SZE P H s A EA
Hofi. HafifmE—B/hT 5 pm AE AR KT
HIAKY, JF HH - 5 A B A B R, RIEHA
[F AR, AT DK L A P2 A KR A e A, X
HoaAtZETAE ), a8 KidHsa,
miktE AR s A/h, ABSTERRY, ERAEH S
A FEARER . MR s AMEE)Z,

()ARFEABE A n(Mg)/n(Ca) k5, #ik
st A oA, B 2 A H =4 n(Mg) /n(Ca)
Pk, i oeR 5 A AL R B R W], W2 ek
Hza AT T EZE R BRI, A KA s A
T A DERRI, M B R EAEd s AR T A
BUCEM , KRB AT mrEh . BEns Ak
FHRE R 30 ~35 C, YLHE = A KA &) s &
MM -3%0 ~ —6%0 (SMOW) ,

(3) mFUIf H R 0 28 & A5 K IR 58 B Tt
HHAFEFGIE . AN RETIEHEFE KA
[y Ca®* 4R T K n(Mg)/n(Ca) L, MR
TAE YRR 3, JE R AN R G,
546 T Mg™* K A1EL BRI T A = AT B 8 )
SERER . AHL—TAUERARSS & 2 H = A &
ERBEOKAR TR ITTE ok

BgT - b M TR (AU ) TR B iR L%
R G rh FE R 8 DURURE 0 AH SC BERE ; 4 i DU i
FErp, SER AL R N A 4 B B A 5 ] 2 T
SEIE IR L B A0 AR T oG R, SR
KA HBRBL 7 5 TR R e AR A AT T A i
WL EBERZ I K ;a2 3R 2 5 TR BE )
HOVHEN AR SRR AT T AME 0 R AR
THAR R — IS
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Discovery of Primary Dolomite in Evaporite Sequences of
Hetian-1 Well, Middle Cambrian, Tarim Basin

WANG Xiaolin" , HU Wenxuan" , ZHANG Juntao”’ , ZHU Jingquan® , WAN Ye"
1) School of Earth Sciences and Engineering, Nanjing University, Nanjing, 210023 ;

2) Sinopec Research Institute of Petroleum Exploration and Production, Beijing, 100083 ;
3) Institute of Geology and Geophysics, Chinese Academy of Science, Beijing, 100029

Objectives: Dolomite, as an important type of sedimentary rock, has attracted significant research attention
due to its significance in either science or industry. Despite research over than 200 years, the origin of dolomite
still remains one of the most debated subject in sedimentary geology, as commonly termed as Dolomite Problem.
Recent culture experiments have demonstrated that microbial mediation helps to overcome the kinetic barriers
limiting the formation of dolomite; dolomite can precipitate from aqueous solutions under Earth surface conditions.
However, the occurrences of primary dolomite in ancient rocks, especially in paleozoic rock records, have rarely
been reported. In this study, we reported the observations of primary dolomite in the Middle Cambrian evaporate
sequences ( Awatage Formation) from Well Hetian-1 in Tarim Basin, NW China. The results will improve our
knowledge on the origin of dolomite in geological past.

Methods: We observed the well cores to investigate the lithology and distribution of dolomite. The properties
of dolomite crystals were investigated by back scattered electron imaging and field emission scanning electron
microscopy (LEO1530VP). The elemental compositions of dolomite were analyzed by a JEOL JXA8100 electron
microprobe analyzer. The stable carbon and oxygen isotopic compositions of dolomite were analyzed by a MAT 252
mass spectrometer.

Results: Petrographically, the dolomite is crypto-microcrystalline ( <5 wm in diameter) and lacks any direct
or indirect evidence of a precursor mineral. Based on the association between dolomite and gypsum and the
petrography of dolomite, the dolomite occurs in two modes: (A) dolomite enwraped in gypsum with relative larger
crystal of >3 wm in size; and (B) gypsum bearing dolomite, the dolomite minerals are relative small, generally
less than 3 um. In addition, some sheet-like dolomites were observed, which can be interpreted as the
mineralization of extracelluar polymeric substance (EPS). Geochemically, type A dolomite shows relative higher
Mg/ Ca ratios with an average value of 0.96. The average Na,0, SrO, FeO and MnO contents are 160 x 10°°,
270 x 107°, 2250 x 10™°, and 120 x 10 °, respectively. The average carbon and oxygen isotope values are
0.3%o0 (PDB) and 24.6%0 (SMOW ) respectively. Type B, compared with type A, is slightly rich in Ca, with
average Mg/Ca ratio of 0.90. The Na,0 (290 x 10 °) , FeO (2540 x 10 °) and MnO (200 x 10 "°) contents are
higher, whereas the SrO (200 x 10 ~°) content is relatively lower than those of type A dolomite. The 8" C and 80
values show little variation with respect to that of type A dolomite. The average 8" Cypps ( = 0. 3%0) is slightly
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lower and the average 8'° 0y qyow (25.2%0) is relatively higher than those of type A dolomite.

Conclusions; It is interpreted that the dolomite directly precipitated from a solution that was supersaturated
with respect to dolomite components and was not developed by dolomitization of precursor carbonates. Tt is
suggested that the dolomite precipitated from hypersaline water derived from the intense evaporation of seawater and
microbial activity might be involved in the precipitation of dolomite.

Keywords: primary dolomite; formation mechanism; evaporite sequences; Middle Cambrian; Tarim Basin.
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