378 Es5
20194F 10 H

UL BLAE i
ACTA SEDIMENTOLOGICA SINICA

Vol.37 No.5
0ct.2019

X EHE:1000-0550(2019)05-1044-14

5 7 B A B BR B S 2R IR AR ) Y K% A i 4 AIE
—— LA A M T SE R A 1 2R A 5 41K 1

DOI: 10.14027/}.issn.1000-0550.2019.006

SRk R, R I o PR, AR A
L A E AT S ST e, BUML 310023

2. A IR AR AR AT BB AR A A R EE R = B 310023

3 AR T ZFFERE , AL sT 100083

4. P EARE BRI 4328 ) iR R ) 841000

B OE R U BBRIR A TR C B O TR E M R R R U — . AR HUR Z T 28 G AR A hr e 2
) BT R DAL B 42 2% T AEHIEE IR ATEEH X O AN T A & 12 PSS B R G S50k, RGUTT R T HDUR ATy
HE AR Joy B AR Tl M BRI SR )2 2 03 A 55 AR A #) 22 S AT 7S o RS IT: 1) DIBUI BN A 7 = P i A T A
Jay, % ¥ IR ARSI BR IR R Z (L) AR o357 A W e P T s RO e M e A 7ty ke A 2, by PRt e
— LRI T UURRIRA A, S0 23 B V8 e oty PR L UREME Ay 2 i P UG 3P — il IR R R e A S AR R R G e e
F— A W RS Tt S 5 PR I B G 5 2) iy b Jo % PP i oo RE AT AR A 17 I Z A P e LA 2 0 7 O T B, R A
FHA AT 1 It FLIB, LRI L S 0L B SEAH I — 20 B i, T AL i J2= S B 00 T = Rly () B X1 5 e RE Wty
N TR 9%10° ko AN [RIZEBU G M 2R 12 22 5 WL, PP 3Gl o e 22 A I 222 2 ARG e A, B
HRUNE , AT T — i R A O TE X o S TS A , 2R TR R IR R R 2 70 S L] B A2 Ay e 4 o

P L, DRACT R v AR M R A TR BN A ) e SR A 10 S e, T
KR RUS TR s Gyl IUBERE)Z 5 1 2R AL ve 20 5 B LR 2t

R e SRR 2 T B iSSP A

E—EEEN  AUKEE, 5519844 A T, TRRIM , VR)IZ BRI ER A TR )2 M AU TR, E-mail:zhuyj_hz@petrochina.com.cn

FESES P618.13 XHEERER A

0 515

TR R 5 e Wi 2 b Jo Iy s v — 285 DL I 5 il 2k
R, B MR- 22 e = [ERE B SEARRAE , T LA BRAE
ANTR R 1 b T S S Hh, ARk A b | SO hE 4
L Bh1 i 2 55 LA KOS [R) AR i i AL B B2, SR, b
JERAA AT D HAF G A A e AL & M NPT 5 b, Il
SRR, B TR I AR AN B,
SRRV IR ER A & AR Hb AL H 2500 . 5 4n Py
JNZEH0 e AT ARARAS T 45 & <R 1 606 km?,
fitt i =ik 6 000X 10° m® Y FE IR L I, —FLAE 3%
%E TR IR R SRR 1 LR b rh R X T 98
KRG Y IRAT R sE L N 345 H 77 15.8x10° m? [ il i 58
W ArEE LR R T A B2 R A AR & 3

Y5 B9 :2018-06-14; Y& fm HEA:2019-01-19

T 38Ry B A S ) R S s v A b DX BT 2
FEEMAE T A— N IERSE N Khufai 41 . Buah
2 Ko Ara FERE B IR R A SRR B A G ol 3=,
D05 1 9 33 B PR i J22 o R BN A ) 4 B 4t 1
BRI AR B, LA SR ZE 051 Hh 11 S e Rl R
A AR E S s L EA A IEFRHE, IR E
TR R AR /INEY s R aE i 2 N H LB UL
BB R0 32 245 DR TR T R 42 il 32 2257
i T/ NSEPE F S AN AT TS SR R R, —
J7 TR RE 8 Sy DG SHE LK 228 2 1) & A e AT R 5 4%
PN, Gn Py 1| Z R B AR TR PH— 2 24P R N s T
T ARPETAEIE A, e T AR KAV &k &
PR T EEY PR , 5 — Oy AR S SR
T B TS BRIl

BEEWE : MAEAPHLLT(20162X05004-002) 5 LAl H AL H (2018A-0105,2018A-0103) [ Foundation : National Science and Tech-
nology Major Project, No.2016ZX05004-002; Key Project of the PetroChina Research Program, No. 2018A-0105,2018A-0103 ]



$5H ARG  RU5 DU BRI L

YRR BT 1045

B BUR Gt FERGE H IR AT P e 4 e 7% H—J€
KR XA S Z B BRI L A UL A
GEsR T 2 HUAE 2 % 3 JE I (Rodinia) i K RE 24 f#175
RBR R WG DURE R B DR ma i i B 5 T
B R B je s b B b G R R 2 R
R LAY 7% T Eh AR L R 2 I AR
RGN E R RE S E TR EA
7 b € R S SR — 55 B0 5 ML, /R A L
vedH B R B MUBLARJZ I 00 SR, B SCHE IR
S RIERT AN LR IR AL B Sl O 4R LR R
W e E T 6 HHJe H 2 MARAR SR ], R B 1 - A
PL5E G2 e B HL RSO B IR £ 55 65 1 B B KB g
IR R e B T RRIE AL, R IR A AE B
AR 3 53 e , DA DO BRI A s — ARy e LR
TE AR SRR Z 0 A1 © O 29 — BB &
(DGR — o ASCLL M R AR SO 2 kIR £ o 2%
SR, R FoR A B 42 2% — 4EHb R R INZe A B
X9 AN EITH A M 12 e BT 5ERHE  DUARTT K A
FEA R S FSNR T AN Y R R A
S ZH TR IR 35 A% Jmg B Ay el 3 ) 7 AR, B
fift 2 7345 LA W 245 TR B BOiik TR 3k S S UAR—fii
JERER,

1 Iy o

P& BUR Z 2 — A Je R F AR R 1L 1 kR e
B 1l ik 8], 2 LABAT /R 42 Wi 2435 R S KA 5
WB G, AL 56%10° km?, 15 HUR 2 L 7E T
B AL R P R T 2N TR A E AR R o
THAREILIRGE F N DURE H T A AR R L A5
T LGRS I ), B TR v — R LG Ak
S 1a, b)), X8 3 # s F DU R 1751 &
ARG S R R, A R AR 2L 2 T AR AR
BRI T — R X R s 5, 5 %
1 J& SR Pt B IX] B KB 3R A — 4 i 3 WA
S s 2 0 5l A KB S L 3 BT B 5
VG R 1 98 38 b AR 60 7 o W 7% b ke Rz A A g o
R B 3 B0 AR AL BT A A R
AR EE A AR A A BB, IR 4T
THRVIG R E B (FRLEY) A K E Kokl
TG ERB B (R AR 20 ) — 24 Sl SO B Bt (R EL4E)
—ZEUIRE ORI & B B (FER )™, HA KRR
B AR B AU AR —ra PUE ], $ie R B4 8 mT L& 43

B ARAC RN 35 DU R 2R BB P AL =10 3
SR8 X5 I A e A i PP e — 34 14 5 00
iR . 5 BAR, APz s , N i
N AR B R R REJE ARk, A T 7 H—J%
BAR Z (A R BN L (0 ] I, B v b 2L X i
FATHOMEA T T R G AR R, S B e
K P R AR A SR ARARAED b N W 25 43 5
AT = W™ A A SR, X 2 O AR
PR T H B

B AR R —R BRI T EER LM
WRJE o 3, Je e BRI r )=, W Ta] PRl 2
BXIBR S ARG M ABKBRS 0% T35
TR AW KT — i Bt i — DU R RRAE . €
RS, B BRI IE ARG U B, T2 KB
BRPRER A 17 M PRI, J 25 S e sl i i % R4 0 1R 58
(F 1e)M, FHRERGE A T bR K & & £ Rk
W IRATRL SO R EARG R A . B R R —
EROPE T S REZ R A 3, Il
JEVE A A Y IRERZ TR K G35, 2 AT e 7 5%
—EA BRI A R 4RI E AL
Db T AR 23 O B B, # i — TR
WM=2ZF. H FBINE, K E RS2 REEIZ
SEEHCE, Rl WY A= ) e (s 1 By
FAT LS EITE ) 5 N B LRI Sy — )R 2RI )
o (BERA AT JRIE AR R AR, RS B
BEGCIR BRIEIR , R UK RE R g 5 1 BB R
B IR Wy o e (AR (Gl ) B0 T e 6 1 Oy 2 LR AR
h EEHAEA AT B, A SO A BB AR
KBRS ABRLZ R, R =, e 3
kR E S B2 AT, NG A . B ARG R
BRI —hRREA S G SRS E A
JRRYRHE, BB W R . BEE R TR R
PG A S MRS R T, PERELT T
AR Z 2 K A A AR5 18 400 m DL L,
Fa R T IR AL I A e =

2 M A R E

WG M B N SE Bt 8 Sk DXl T K 2D HiRe
RAMAS AR P2 1 1 2R AR e 2 DU AT 2
KBRS R OF B T A
Z B T RRAE , JC LR o RE AR SR A Y 20 A1 (3R
1) o il =" R pa A 35 P R i AL R AT



1046 LT A S 14 376
i A
0 100k i /zif" ' o 2 o | | |
0 100km 2 . $ :ﬁ,,/, - 7% @ AR wa | sk e
S el E 1%“ K B dmfa ®
2#0f o g Ao~ Y A - e
FEATHE el d 7 St B - g e "
R = [ s w| VPV = %
: biss i B
4 Blow =
* = R
ﬁ ﬁ I ; I ‘ % é iﬁ
p | 2| @ | B
LRy = A
[ : &
= ok
4l i
#
& b3
LA pul
% %
/K Z M
4 b3 B
et | o
#5120 MehEe 2 | ®
Jm w|F| I G |
-2000 E & & | 2
ﬁ B
~4000+ ZE * S
& I
-6 000 u
[
w
~8000- g% 3 g
m %
-10000- Al
% =]
-12 0004 . FLER
M, B T D
T T T - T T ”|L = |2
T e R it 0[E AR AN
== [®|% a| w
7t v [ [ e e I o [ e e e R R = = &
KRR awaR 2008 gy MEE R ks ggn LR Y gy w1 opps B RODINIA
REKZ HITa R Rty BN i I TRHG R s AR —
[ S N N S OO e e = % T
R P BT —w DR DH WL R R
RiE e KEORRE g3 WERE oon pnn WRE peee gxe oaxe  OF ¢
T B UK 2 i A o 20 DXCTRT P () 5 i I ol A 3 — )2 495 4 51 ThT ( TLM-Z250 28 ) (b) 5
M2 25 A HRIE (e ) (4 SCHR[16- 17148 B0 S )
Fig.1 (a) Sketch map of tectonic units in the Tarim Basin; (b) south-north oriented structural-stratigraphic section (Line TLM-Z250);
and (c) composite stratigraphic section of Tarim Basin from Precambrian to mid-Cambrian
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Table 1 Characteristics of sedimentation and reservoirs of different geomorphological units in the Lower
Cambrian Xiaoerbulake Formation, Tarim Basin
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Fig.2  Contour map of the Lower Cambrian in the Tarim Basin, showing locations of Figs.3-5 and Fig.7
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Fig.3  Correlation profile of the Lower Cambrian at the northern margin of the SW Tarim uplift (see Fig.2 for location)
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Fig.4 Seismic stratigraphical section of the SW Tarim uplift (see Fig.2 for location)
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Fig.5 (a) Photograph of typical outcrop from the Sugaitebulake section, and (b) basic interpretation and correlation profile be-

tween seven outcrops and two wells at the marginal area of Keping-Wensu lower uplift (see Fig.2 for location)
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Fig.6 Photographs and micrographs of typical lithofacies of the Lower Cambrian

Xiaoerbulake Formation in the Tarim Basin
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a. bidirectional progradational reflection crossing the Lunnan-Yaha lower uplift; b. western side of the

Lunnan-Yaha lower uplift; c¢. TZ32 Well area
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Fig.8 Paleogeographic map of the Lower Cambrian Xiaoerbulake Formation, Tarim Basin
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Formation, Tarim Basin
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Fig.10  Physical properties of the Xiaoerbulake Formation in the Lower Cambrian, Tarim Basin

a.average porosity; b. average permeability



1054 A

T H37%6

BB B AR TRRE R S AETE 22 5 BORG TE T5 3
FAIE AT RIS B R ER o S T 2 B4 e BE LAY 13
INARAGA HLE R, BP0 17 57 B - 4R AR X
BEE 1) T[] b A, 3 S o) M B BR DT Y Rl Skl . B AT
FERIUE = BE DU A A & BOAT R B, A2 M) T
BEA R AT WA A X

TS L N Ve W N AT o i
A B UL B B 5 — B BOKBRIR $h A LR, 5 3
KRN G (G ), DU 2 3% TIREERT 57 F
A = REPIEE " AR SR B . R BEDURR,
B VG R T R ) s T R — A I A B R
oy BE—J 1 IR, e PR 2 bR
TARREZE S UUAL (] 11a-1. & 11b) , A U885 i
DA BOUZ B SEA MO E R LN A )
R AR AL B 2 R B R R K R REAR A AN R
B, HESETHMZERD AT, HEAH LEIIH
H1, =R O ) B Ak i 350 72 A5 T - 2, i 3 1 1
A RREARR , B R JR 2 20 T T ML v 38 s E UKL
s e S 5l T LT B AR T R

(Kl 11a-2 [l 1le~e) o [AIHACA M h PR S = FEW
T b 50 AH B AE A A5 45 B e XK Bl ) R A7 22
S, HE TR ST U0 AR R N R A5 A A O W] (I
1le~e) , Q3% v e i B A6 25 b 22 % 5 e AH A LSOk
WEA T A SR A KR XU LR B B R A
TR R AIE o 22001 1D I e B 30, R T R 1 R W/
FeME i Gl 2R R th 2, 76 R & A T SR Kk
WEMER T EE T H /R A0 P e 4 A 2068 2
(K 11a-2).

5 AR

(1) B HUR St I8 (G 1 - A hr s HDTRY
KE T — B MRS PURER IR £ 5 SR & (4
B, T B ) S ] A 4 T R =
SRS SR, AEAR ) PR R g — AP SR 2R A T TR
o ATl o3t P R o LG S OURE G Dy T A 3
PG I AT 3l i (R e 2 (A1 A R B 3
L v — o W AR e A2 5 PRI R G, DO AR
LA A

a-2-H LB
ZS1 CTI H4 YHS ——>=NE
. VPN ML A R R A
el e 8] 23 B T ke
a1l TR AP TR A 2
ZS1 CT1 H4 YHS A~ NE
| I | | e
I
Sy 8 14 T BUIGAEZ

i T

P 2ok T S KRR

FREBUBCE) vh— b i N A e

SMEWE—EE WP

IRBE—F2 08— VS ot . D L
oW

f“
>, >

N e

A

BEREARLLIZ R 8
AR — I ATk

_ TR

i

e LTI ) (0L s I s O L
=)

/”ﬁ

IR

ST A BB

BRI o L U B I

4
IR —HITBZ

FR e AL BEBLG

K11

3 LA 23t 7 TR A ¥ 2R A B 5 S TR — B 2= R B
a. VOB HIFTET  b. W2 B IRAEZENE s . ORI RIZENE s . FEIEAL A PRI o L RUZENY

Conceptual models of the Early Cambrian Xiaoerbulake Formation, Tarim Basin

Fig.11
a.sedimentary structural profile; b. lower-energy ramp during the transgression; c.ramp dominated by grain shoal;

d. grain ramp dominated by shoal mound; e. “island”-type ramp
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Depositional Differentiation and Reservoir Potential and Distribution
of Ramp Systems during Post-rift Period: An example from the Lower
Cambrian Xiaoerbulake Formation in the Tarim Basin, NW China

ZHU YongJin"*?,NI XinFeng"**, LIU Lingli', QIAO ZhanFeng"?, CHEN YongQuan®,

ZHENG JianFeng] 2

1. PetroChina Hangzhou Institute of Geology, Hangzhou 310023, China

2. PetroChina Key Laboratory of Carbonate Reservoir, Hangzhou 310023, China

3. Research Institute of Petroleum Exploration & Development, Beijing 100083, China
4. PetroChina Tarim Oilfield, Korla, Xinjiang 841000,China

Abstract: Carbonate ramps in the post-rift filling stage have gradually become recognized as areas having the great-
est potential for deep hydrocarbon exploration. In the Lower Cambrian Xiaoerbulake Formation in the Tarim Basin,
for example, the pre-depositional paleotectonic framework and the lithofacies response to the paleogeography , as well
as the regional distribution of reservoirs and the differences in their internal architecture were systematically analyzed
from 42 of the most recently processed 2D seismic lines, nine outcrops in the Keping area and data from 12 wells,
etc. The results show that (1) the paleotectonic pattern of three uplifts and two sags occurred during the early Cambri-
an, and exerted obvious control of the sedimentary differentiation in the Xiaoerbulake carbonate ramp system. High-
energy grain shoals and mound-shoal complexes developed around the paleo-highs. Paleocurrents complicated the sed-
iment composition. Three sub-types of ramp are recognized in the Xiaoerbulake Formation: a slope-plateau ramp dom-
inated by grain shoals at the northern margin of the paleo-high of the SW Tarim Basin; a homoclinal ramp dominated
by a mound-shoal complex on Keping-Wsu lower high, and an isolated ‘island’ sub-type in the Lunnan-Yaha lower
high. (2) A peripheral high-energy facies belt of the paleo-uplift constitutes an important carrier for the Xiaoerbulake
Formation reservoir. Early dolomitization has effectively preserved the original pores throughout the subsequent burial
period. The reservoirs are mainly located in the peripheral high-energy facies belts of the three paleo-highs, covering
an area of about 9 X 10" km’. The reservoirs in the different ramp systems have obvious differences. The grain-shoal
dominated type ramp in the SW Tarim uplift shows the greatest potential for future exploration for extra-large-scale
Type II reservoirs. From the example anatomy, it is believed that the paleotectonic pattern was the primary control of
carbonate ramp formation during the post-rift filling stage, and needs further work to fully understand its influence on
the distribution of reservoir facies and internal architecture.

Key words: post-rift period ; ramp; large-scale reservoir; Xiaoerbulake Formation; Tarim Basin



