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Sedimentary characteristics and models of shallow-water deltas in arid settings: A
case study of the Jurassic Qigu Formation in the Yongjin area within the hinterland
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Abstract: Shallow-water deltas represent a hot research topic in sedimentology. However, there is a lack of studies and
reports on shallow-water deltas featuring an arid climate, intermittently oscillating water bodies, and complex sedimentary
characteristics and processes. Using data from core observation, logging, analyses, assays, and seismic surveys, along
with modern analogs and sedimentary numerical simulations, we systematically investigate the sedimentary facies of the
Jurassic Qigu Formation (J,¢) in the Yongjin area within the hinterland of the Junggar Basin. Accordingly, the
sedimentary models of the shallow-water deltas formed in arid settings (also referred to as arid shallow-water deltas) in the
Jyq are established. The results indicate that as the Junggar Basin’s climate grew to be arid during the Middle-to-Late
Jurassic, the sedimentary water bodies in the J,¢ became shallow and oscillated frequently. Consequently, shallow-water
braided river deltas were deposited in sand sets 13 of this formation. In contrast, the sedimentary facies of sand set 4 of
the formation shifted to meandering-river deltas due to reduced provenance supply and persistent drought. In contrast,
shallow-water deltas formed in a humid climate frequently feature rapidly varying subaqueous distributary channels, with

various channel sand sets coming into being as the channels gradually bifurcated and diverted while extending. These
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deltaic sand bodies display alternating red and gray colors, with sandstones proving fine-grained, low-maturity, and locally

distributed. Persistent drought leads to a constant decrease in the lacustrine basin accommodation space. As a result,

mouth sandbars are rarely found in the deltaic lobes, and the sedimentary sand bodies are dominated by subaqueous

distributary channel sands of various morphologies. The sedimentary bodies with single-channel provenance supply exhibit

limited scales and pronounced lithofacies differentiation along water flow directions, leading to the development of three

sedimentary microfacies: high-energy subaqueous trunk channels, medium- to high-energy reticular distributary channels,

and low-energy modified distributary channels. The low connectivity among individual sand bodies and the strong

heterogeneity of storage spaces complicate the hydrocarbon exploration and production in arid shallow-water deltas.

Key words: arid climate, sedimentary model, shallow-water delta, Qigu Formation (J,¢) , Jurassic, Yongjin area, Junggar Basin
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Fig. 1 Tectonic location (a), Qigu Formation (J,q) structure (b), and stratigraphic column (¢) of the Yongjin area, Junggar Basin

2 DURAFIE R AR

3 35 X R X 16 FTEGC H 355 m A D b AT 4
i G5 R FRRRAE R U 2A S5, 6 5 2 i K
“AMTTRRIESEA PRI ST, R4 DUBURAH 2, Bl
KRB

2.1 MRMBERE

2.1.1 W4

ZKCHE M X5 vy 2H R AR B 2 T e e o R AR A
DU, T BB LUK @5 Bk vh —RLb 5 32, SR AT

R =R N e = I (1 M e 3 [PUR/. I EAR RGN P = 2L
Eaba (El2).

WA E NSl Al e R A A R A
R AE B S, NP AR EE20 % ~ 40 %, KA &
110 % ~ 39 %, &8 5530 % ~ 91 %, Bk A S & &
B B LUK 32, 32 F il s i n] D A
& KGR (K 3a,b) , 1w 15 2230 8 00 i ok
P, B2 R R ) B 42 0 8 (1 3¢, d) , ORI 20 U 5 4
I R =S s o = I ARG ¥ TR N 5 B Yok o9 =
HECRZH (K 3e,g) . BB B LA G-
7 1238) Je i & s, A& ZEALRE Ak
SIG (K 3h) . R 2 R ARERIZ HES Y B, Bk
A LV LA IR0 32 (18] 31) , S e B R4 4T, 2



1278 A H R KR %45 5
o)z GR/API | &J%/ AC/us/f) | RTAQ'm) AN
7z | 4 [waio 95 805 200 e | UL
L5780
%
K
5790 fﬂa
it
b}
|| o
bic|
Vil
5 800
i
5 810k
F5820 K
"
®
2 w
% | f
W
5830
1
B ooPae
5 840
=l L oo ool [ L2 J[ 2 ][ 2 =] ] [ |1
ket AMHbA b WRRE [ T THBE HIZE Do HATEHE BR)EE BRAR BLR

AHREL SCHERER

K2 B R it 1-1 55 it 2 3 2 Rl 43 Boa MEARAIE

Fig.2 Stratigraphic division and lithologic characteristics of the J,¢q in well YJ-1-1 in the Junggar Basin
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Fig. 3 Photos showing the typical sedimentary phenomena in cores from the J,¢ in the Yongjin area, Junggar Basin
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Fig. 4 Particle-size probability cumulative curves and C-M plots of sandstones in the J,q in the Yongjin area, Junggar Basin
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Table 1 Lithofacies types and distributions in the J,g in the

Yongjin area, Junggar Basin
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Table 3 Primary parameters for numerical simulations of the sedimentary process of the J,q reservoirs in the Yongjin area,

Junggar Basin
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