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Fig. I The structural unit and contour of the top of Jurassic in the southern margin of Junggar Basin
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Fig.2 Paleogeomorphic map and seismic reflection characteristics of the Cretaceous Qingshuihe Formation in the southern margin of Junggar Basin
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Fig.3 Lithologic assemblages of the bottom of Qingshuihe Formation in the southern margin of Junggar Basin
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Fig.4 Characteristics of the core and thin section from the reservoir section of Qingshuihe Formation in the southern margin of Junggar Basin
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Fig.5 Heavy mineral assemblages and paleocurrent direction from single wells in the southern margin of Junggar Basin
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Fig. 6 Sedimentary characteristics of the Cretaceous Qingshuihe Formation in the southern margin of Junggar Basin
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Fig.7 Evolutionary sections of retrogradational braided—-river delta of the Cretaceous Qingshuihe Formation in northern slope area

of the southern margin in Junggar Basin (location is shown in Fig. 2a)
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Fig. 8 The first stage delta sedimentary system of Qingshuihe Formation in central and eastern part of the southern margin in Junggar Basin
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Fig.9 The second stage delta sedimentary system of Qingshuihe Formation in central and eastern part of the southern margin in Junggar Basin
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Fig. 10 The third stage delta sedimentary system of Qingshuihe Formation in central and eastern part of the southern margin in Junggar Basin

5 MRMRENX

TS /K 35 Ml P % o A il R DR O, H R
TR 2 Ul R B T B R T T K T AR A £ =
H o I KT AL ORI R 25 S 140 Ml DX AL T 46 T el
DX, BT KT AL TURR I 30 , g 2R Ak T — > PRk )
R B, FEBAT ST, = AMITRIE R A&
T 32 7 1] g b A AR DA I 7 R A T 5 A9 3 UK
TR FRIE B T — B R oA AR . sl b
T KT AL RS R A A 1) TTCRRURRAIE L A R ¥ 2K T 2H 3T
FRH 11 1 S 1 10 O A W U = A TR, B3R
E IR FEARTT = A DCR . g W R = £ IHE
(R0 B e i 2 1 T 70 A Y B A/, S22 T R R

B 3 DX I, — B JEE 10~30 mo DBk 7 0% 2 52 R TR h
Je 45 4 F S i 8K it 2 LB 3%~5% , Y1 A
PR 2% AR RDRR A B LB 1 Ry b 2 )2 )R 8 AT Y
B B2 o CEIIR AR = f P B D 5 i
J2 BB AT AERE 20 B B AT R BB S oy
A7 T ARG K T Bk 4 A T AR DA R 20~50 m,
A6 Wy IR TE 10 A J2 e 45 V6 R 55 14, ks & 1
WL e A, Rk LA T, fLBREN T
6%~10% , A FIXH % )2

H A AT IRD A P BR A 622 R 2 1 i
BB G S R — & i#)2, FEB RS &1
Te ' )2, MR B E I T R IR Y R R R
SRS, H AR T R A 0k E



410

TN EA BRI S, A e
FZR A6 W IR TE IR 20 IR T = £ D B 200 i V2 0
A AL 2 000 km?, JEEEA T 20~50 m, FLBR B ik
10% ZE47 ISR T 13K

6 4 it

(1) YERES /R Z3 M R 237 KT 20 OB vy b g S R
P BEAC G RRIE , B —BESE X, L — A~ R
(G X, b FA R ATR ) DX Sl T 2R Bt 5 by (1 v P
o ARt R ) T 1 AR B R A G R I 3 X
R & B G, F AR BESE X e AN & .

(2) VHEME I 735 ML R 2% 75 /K 3 40 52 BB A DU AR
G I E E — B R A E R 1 AR
A AR R DR . B RS A A
YRRy K T 1) 43 AT 6 R 2% R TR A S KT
R B3 = A NP B B, AL B IR e 1 7K ]
LRI B AD A B, o A6 I8 ST 43 s g 64
T AL A AR I

(3) 76y M3 4 i T, T 7K Tl 28 OB w0 301 e %
A A PR Ak B T B T AR AR = A A, R
BESEH & B e = MAINTTRUR R |, B B A 2
RV [0 255 4 A 5 AL W & B 52 P B 4 il
(14 3 393K = M N DU RUAR R |, TR L 0 25 )2
J&20~50 m, 7 B Z& P AR AL R AL e A . AR
6P U5 B AR T = ff YR A AT DA fif 55 B 3
5 ARFHT A TR RS, 2 A TR AT 2 000 km?, H1
AHXT R0, PGB IR 2 A2

2 % X

(1] PESC, PRAEDE, 2eo2 3, S MENE /K A5 o % 1 AT 4

G 4R B A AT REAE [T]. 7 58 A0 0l M R, 2012, 33(6):
648-650.
LEI Dewen, CHEN Nenggui, LI Xueyi, et al. The major reser-
voirs and distribution of lower combination in southern margin
of Jungar Basin [J]. Xinjiang petroleum geology, 2012, 33(6):
648-650.

(2] PR ENE R 40 B 2 02 T AL 1R B R T SRR
[J]. B b F 244, 2013, 19(1): 86-94.

SHAO Yu. Hydrocarbon accumulation of the Jurassic deeply—
buried lower assemblage in the southern Junggar Basin [J].
Geological journal of China universities, 2013, 19(1): 86-94.

(3] Hha@pe, SR, Al 45 MENE/R A M 2k 4R 1R
KT A B RT R ] AR 5%, 2019, 46
(2): 205-215.

DU Jinhu, ZHI Dongming, LI Jianzhong, et al. Major break-

through of Well Gaotan 1 and exploration prospects of lower as-

(6]

[10]

[11]

WA AT 2024 4F 4529 45 45 4

semblage in southern margin of Junggar Basin, NW China[J].
Petroleum exploration and development, 2019, 46(2): 205-215.
FAPEE , SRR, WS, A5 . VR JR S 2k v R T AR
WS T 2R A5 R ST [ ). AR, 2019, 24
(2): 137-146.
HE Haiqing, ZHI Dongming, LEI Dewen, et al. Strategic break-
through in Gaoquan anticline and exploration assessment on
lower assemblage in the southern margin of Junggar Basin[J].
China petroleum exploration, 2019, 24(2): 137-146.
JEL B, AFSr, BRAEAR, A5 AT HL DK K T2 2 AR AIE B
AR ], PER AR =223 (A AABA ), 2011, 33
(6): 170-178.
ZHOU Lu, FU Li, QU Jianhua, et al. Distribution of the Creta-
ceous Qingshuihe Formation and favorable exploration areas in
Chepaizi area [J]. Journal of Southwest Petroleum University
(science & technology edition), 2011, 33(6): 170-178.
JELWI A, RR A, AR, ARl AR DR R RO
P 234 LA ES % 23 M M 040 1 2 28 17 /K T 28y £
[J]. R EE P K2R3, 2018, 47(5): 1038-1045.
HOU Gangfu, QU Jianhua, ZHU Feng, et al. Controlling effect
of paleogeomorphology on sedimentary system and sedimenta-
ry microfacies: a case study of Cretaceous Qingshuihe Forma-
tion in the hinterland of Junggar Basin [J]. Journal of China
University of Mining & Technology, 2018, 47(5): 1038-1045.
PINIE, B A, AR, 55 U TR )2 B R KT
S SGE T[], R AR, 2016, 23(3): 48-51.
SUN Jing, XUE Jingjing, WANG Ran, et al. Hydrocarbon accu-
mulation of deep Cretaceous Qingshuihe gas reservoir in Sha-
menzil J]. Special oil & gas reservoirs, 2016, 23(3): 48-51.
TIHEE, ANER, W& A RN R G T X
e KT AL )2 A VR R s PR R [T ], ARk
B2, 2016, 27(7): 1264-1276.
WAN Qingqing, LIU Luofu, XIAO Fei, et al. Diagenesis and
factors affecting reservoir properties of the Lower Cretaceous
Qingshuihe Formation, Chepaizi area, Junggar Basin, China
[J]. Natural gas geoscience, 2016, 27(7): 1264—1276.
F s e, R AT, L R BRI IX R
T KITH GRS A IR A AT [T]. Wl B4R, 2015,
17(6): 813-828.
GAO Chonglong, JI Youliang, REN Ying, et al. Sedimentary
evolution and favorable sandbody distribution of the Creta-
ceous Qingshuihe Formation in Mosuowan area, Junggar Basin
[J]. Journal of palaeogeography, 2015, 17(6): 813-828.
Tl pe, R, BURE, 55 EE RGO R IKTR A S50
SHGRISCR [T]. RIS T, 2006, 26(5): 13-16.
FANG Shihu, SONG Yan, JIA Chengzao, et al. Relationship
between Cretaceous basal conglomerate and oil/gas reservoir-
ing in the Junggar Basin[J]. Natural gas industry, 2006, 26
(5): 13-16.
FSEG, R, TR, S R G R S K I AL AR )2
FRAE S H A2 [T ). Frsm A i, 2020, 41(1): 38-45.
SI Xueqiang, YUAN Bo, GUO Huajun, et al. Reservoir char-
acteristics and main controlling factors of Cretaceous Qin-

gshuihe Formation in the southern margin of Junggar Basin



FISFORAT T AR AR B = A P DTRVRRAE Bl

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[J]. Xinjiang petroleum geology, 2020, 41(1): 38—45.

WA, BEg A, TRaAE, 25 NG R G e Sk A AR 4
IS H BRI L], HuFi74l, 2007, 81(2): 151-157.
CHEN Shuping, QI Jiafu, YU Fusheng, et al. Deformation
characteristics in the southern margin of the Junggar Basin
and their controlling factors [J]. Acta geologica sinica, 2007,
81(2): 151-157.

o AT, RN, A5 VIS IR 3 A i U A B B b H
FFIEL) ] Al 5 RAR BT, 2018, 39(5): 845-861.

HE Dengfa, ZHANG Lei, WU Songtao, et al. Tectonic evolu-
tion stages and features of the Junggar Basin[J]. Oil & gas ge-
ology, 2018, 39(5): 845-861.

fpER . Bk, LA, 45 . MEME R Gt AR T — S8R e
T AL S R BLI L) ). 2712k, 2008, 15(4): 42-55.
HE Dengfa, CHEN Xinfa, KUANG Jun, et al. Development
and genetic mechanism of Chepaizi—Mosuowan uplift in Jung-
gar Basin[J . Earth science frontiers, 2008, 15(4): 42-55.
TR, B A, ) M R f st h— A U s
DUBGE AL M ] JE5T: il Tolk Bkt 2015.

FANG Shihu, ZHAO Mengjun, ZHUO Qingong. Mesozoic Ce-
nozoic tectonic-sedimentary evolution in Junggar Basin [ M ].
Beijing: Petroleum Industry Press, 2015

JRIRBL, IR, 320, % MR A R R0 Wy
HE B H Wy 548 R ST AR 5 1 %, 2019, 46(1):
65-78.

ZHOU Tiangi, WU Chaodong, YUAN Bo, et al. New insights
into multiple provenances evolution of the Jurassic from
heavy minerals characteristics in southern Junggar Basin,
NW China [J]. Petroleum exploration and development,
2019, 46(1): 65-78.

WAt B, DUAE, A N IR F 4 - St B AR TR A
A Bk BURRAR B 2 1 AE T LD ], o R 2 (kA2 ),
2010, 40(10): 1342-1355.

JI Youliang, ZHOU Yong, KUANG Jun, et al. The formation
and evolution of Chepaizi—-Mosuowan paleo—uplift and its con-
trol on the distributions of sedimentary facies in the Junggar
Basin[ J |. Scientia sinica(terrae), 2010, 40(10): 1342—1355.
FAnR, R, I, S R R G G e Wl Ok 2 AR g
FLALALIORVERAE [T ). B 941 e Mg, 2021, 42(4): 389-398.
SI Xuegiang, YUAN Bo, PENG Bo, et al. Sedimentary charac-
teristics of Jurassic Kalazha Formation in the thrust belt on
the southern margin of Junggar Basin[J]. Xinjiang petroleum
geology, 2021, 42(4): 389-398.

TRE R, SISO, BRI, 55 MEM R A 2 LIRS Gemk
PLALA PR JZ P TERE e ()], VLA A4 (H AR R
), 2023, 20(5): 67-80.

ZHANG Changmin, FU Wenjun, JI Dongsheng, et al. Re-
search progress on the sedimentary reservoirs of the Kalazha
Formation in the southern margin of the Junggar Basin [J].
Journal of Yangtze University (natural science edition), 2023,
20(5): 67-80.

LI Shunli, YU Xinghe, TAN Chengpeng, et al. Jurassic sedi-
mentary evolution of southern Junggar Basin: implication for
palaeoclimate changes in northern Xinjiang Uygur Autono-
mous Region, China[J . Journal of palaecogeography, 2014, 3
(2): 145-161.

R X ——LAMENE /R 2 2 AR B KT 2 51

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

411

AR %, WRUETE, i Ak ai . o M AR A2 B R O i SRR S
TS VSR 22 407 bk 0 20 ORI o M SR 5 ] L0 .
JRAREL T 24 g 244, 2001, 28(3): 260-266.

ZHAO Junxing, CHEN Hongde, SHI Zhiqiang. The way and
implications of rebuilding palaeogeomorphology: taking the
research of palaecogeomorphology of the Ordos Basin before
Jurassic deposition as example [J]. Journal of Chengdu Uni-
versity of Technology, 2001, 28(3): 260-266.

FEiR ML, #EHEAE, ARAEL, 45 . MEME R G BOLIR X 1L
AR R RS LA L) ], oy b B 24 4, 2020, 22(6):
1127-1142.

CHENG Yifan, DONG Yanlei, ZHU Xiaomin, et al. Cretaceous
paleogeomorphology restoration and its controlling mechanism
on sand-bodies in Chunguang exploration area, Junggar Basin
[J]. Journal of palacogeography, 2020, 22(6): 1127-1142.
JERIRE, 015, RI%, % MR a0 S DURA 2R
PERIE I DLE R 2 o A AR 2 R = T 4 — B — b
1], HUBTEAAR, 2022, 96(7): 2519-2531.

HOU Gangfu, WANG Libao, SONG Bing, et al. Analysing the
controlling effect of palaecogeomorphology on sedimentary sys-
tems: a case study of the Jurassic Sangonghe Formation in the
central Junggar Basin[]]. Acta geologica sinica, 2022, 96(7):
2519-2531.

ST R o VAR LA TR TR T B A P AR
PR BRI ] A FRAR AR QLB il 27 B 27 41), 2005,
27(4):559-560, 586.

WU Liyan, CHEN Chungian, JIANG Chunming, et al. Pa-
leogeomorphic restoring techniques in China’s hydrocarbon
exploration [ J]. Journal of oil and gas technology (J.J PI),
2005,27(4):559-560, 586.

BEASE, TR, Bargh, . PURR X34 i DX R — Ak
PRI Bty /K AT TE: LA 1 4 30 AR AR b DX P 2
)], ERRLE, 2017, 42(11): 1922-1935.

XITAN Benzhong, WANG Zhen, MA Lichi, et al. Paleao—
drainage system and integrated paleo—geomorphology restora-
tion in depositional and erosional areas: Guantao Formation
in east Liaodong area, Bohai Bay Basin, ChinalJ]. Earth sci-
ence, 2017, 42(11): 1922-1935.

T, R W, A5 DUBUN MR BEA IR 52y 1 S 5%
RS LABE B T —BEA L) ] by M Bz, 2023, 25
(5): 1139-1155.

YE Lei, ZHU Xiaomin, XIE Shuanghui, et al. Restoration
methods of sedimentary palaecogeomorphology and applica-
tions: a case study of the first member of Paleogene Shahejie
Formation in Raoyang Sag [J]. Journal of palacogeography,
2023, 25(5): 1139-1155.

ek —, A, Wb, 55 . e R I B S AR AR U 1
H— B ERTIE L) ] 2T ER, 2021, 28(1): 115-130.
DU Yifan, ZHU Xiaomin, GAO Yuan, et al. Sedimentary
provenance of the first member of the Shahejie Formation,
Lixian Slope, Raoyang Sag[J]. Earth science frontiers, 2021,
28(1): 115-130.

OB, AR, BN, A AR L A ) I U S AT A AR
[J]. f19h2A42, 2007, 28(4): 31-35.

HUANG Wei, WANG Jiangong, ZHAO Yingcheng, et al.

Characteristics of slope break in depression stage of Songliao



412

Basin[J]. Acta petrolei sinica, 2007, 28(4): 31-35.

A A HO T 2024 4F 5529 % 554 1

b M52 J2 7 BT 5 i [T ], B il L5, 2018, 39(5):

[29]  BJCHE, 28y, e, 55 AT R AR A2 ity S8 S Hox 597-602.
PURRBYEEI L) 1. KPA b T 571 4., 2008, 27(3): 25-27. WANG Jian, QU Yongqiang, PAN Jianguo, et al. A new meth-
LV Dawei, LI Zengxue, SUN Jing, et al. Theory of slope break od for logging—seismic sequence interpretation of underwater
belt in land facies lake basin and its control on sedimentation progradation complex in sandy conglomerate fan deltas [J].
[J]. Petroleum geology & oilfield development in Daqing, Xinjiang petroleum geology, 2018, 39(5): 597-602.
2008, 27(3): 25-27. [33] /b, BOIss, VRS R, 55 . UG I 2R VT 0 28 b 2
[30] Z=0l, X4, 0, 45 Bl b M ng Al K o A HL MR T 3T R R T A R L ). Al R AR A4, 2012, 34
VLGS Z% G0 4 1k DX F 2 e i K4 o i ()], A (7): 85-89.
P, 2017, 29(1): 35-42. YUAN Lizhong, DAI Chaogiang, WANG Ruiliang, et al. The
LI Xiao, LIU Hailei, WANG Xueyong, et al. Origin and distri- application of imaging logging in exploration of Palaeogene in
bution of sandbody in slope break zone: a case study of the Huizhou Depression of Pearl-river Mouth Basin[J]. Journal
Lower Cretaceous Qingshuihe Formation in Chepaizi area, of oil and gas technology, 2012, 34(7): 85-89.
Junggar Basin[ ] ]. Lithologic reservoirs, 2017, 29(1): 35-42. [34] SPARZ, A0, @i, &5 MEE R b 20 h BE R Z A
[31] i, I, i, 2 pr AR BT SR 1L 2 X TR it 2 B RAE S T2 R (T ). AR Il bR,
Mooy S ST L[ ], DUBFAR, 2016, 34(3): 415-435. 2022, 27(3): 313-324.
GAO Zhiyong, ZHOU Chuanmin, FENG Jiarui, et al. Rela- GUO Huajun, SI Xueqiang, YUAN Bo, et al. The characteris-
tionship between the Tianshan mountains uplift and deposi- tics and main controlling factors of ultra—deep sandstone reser-
tional environment evolution of the basins in Mesozoic—Ceno- voir in the middle part of the southern margin of Junggar Basin
zoic[J]. Acta sedimentologica sinica, 2016, 34(3): 415-435. [J]. Marine origin petroleum geology, 2022, 27(3): 313-324.
[(32]  Ead, kiR, W, 45 WPRRA b = A KT AT A

#Rig: XL

Sedimentary characteristic of retrogradational delta under paleo—geomor-
phologic control and its petroleum geological significance: an example

of the Qingshuihe Formation in central and eastern
part of the southern margin in Junggar Basin

Sl Xuegiang', PENG Bo', GUO Huajun', CHEN Xiguang', JI Dongsheng?,
Y1 Junfeng', LI Yazhe', ZOU Zhiwen'

1. PetroChina Hangzhou Research Institute of Geology;

2. Geophysics Institute, Research Institute of Exploration and Development, PetroChina Xinjiang Oilfield Company
Abstract: Many exploration wells in the southern margin of Junggar Basin have obtained high—production oil and gas
flow from the Lower Cretaceous Qingshuihe Formation in wells, which proves that high—quality reservoirs is developed
in Qingshuihe Formation. Based on the paleo—geomorphologic data, this paper analyzes the differences in sedimentary
facies of the bottom sand body of Qingshuihe Formation, the reasons for the stable distribution of sand bodies, and the
distribution patterns of different rock types, by combining analysis of the sand body structures, petrologic characteristics,
heavy mineral assemblages and paleocurrent characteristics of the reservoir. The study suggests that before the deposition
of Qingshuihe Formation, the paleo—geomorphology of the southern margin in Junggar Basin was characterized by the
development of a steep—slope area in the south and a large gentle—slope area in the north, whereas two slope breaks were
globally developed in the gentle—slope area. During the depositional period of Qingshuihe Formation, the study area was in
the process of lake transgression, and retrogradational braided—river deltas and fan deltas were formed under the control of
paleo—geomorphology. In the southern steep—slope area, fan deltas depositional system was developed, and the thickness
of sandstone and conglomerate reservoirs is at the range of 10-30 m. In the northern gentle—slope area, three stages of
regressive braided—river deltas depositional system were developed under the control of two slope breaks, resulting in the
widely developed sandstone reservoirs in the middle and northeastern parts of the southern margin in Junggar Basin. The
sandstone reservoir formed by northern and northeastern source system with a thickness of 20-50 m and relatively good
physical properties, making it a favorable reservoir development area for the Qingshuihe Formation.
Key words: slope break; paleo—geomorphology; braided—river delta; fan delta; Qingshuihe Formation; southern margin
of Junggar Basin
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