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Abstract: The whole petroleum system (WPS) theory serves to introduce a new perspective for hydrocarbon exploration ,
contributing to significant achievements in exploration practices across multiple basins. Under actual geological
conditions, hydrocarbon reservoirs tend to exhibit complex formation processes due to the interplay of multiple dynamic

forces. ldentifying the dynamic types that drive the formation of complex hydrocarbon reservoirs within a WPS and
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quantifying their respective contributions have become a key challenge in current research on hydrocarbon
accumulation. As a distinct category of distal tight hydrocarbon reservoirs in the WPS, the tight sandy conglomerate
reservoirs of the Triassic Baikouquan Formation in the Mahu Sag, Junggar Basin represent a globally rare sandy
conglomerate oil play with abundant reserves. A new technique for identifying the buoyancy-driven hydrocarbon
accumulation depth (BHAD) in a WPS reveals that the BHAD of the Baikouquan Formation corresponds to a critical
porosity of 12% and a critical permeability of 1 X 107 wm’. Accordingly, four driving forces of hydrocarbon migration
and accumulation in the formation’s sandy conglomerate oil reservoirs are identified, namely, the buoyancy ( I ) and
non-buoyancy forces (I ), tectonic stress (Ill,), and the geofluid activity (Ill,), which contribute 13. 10%, 45.32%,
37.44%, and 4. 14%, respectively to the proven reserves of these reservoirs. The contributions of major driving forces
indicate that the sandy conglomerate oil reservoirs represent a joint-dynamic accumulation type dominated by non-buoyancy
and tectonic stress reformation. Petrographic and fluid inclusion analyses reveal that oil reservoirs in the Baikouquan
Formation underwent two key hydrocarbon charging events during the Early Jurassic and Early Cretaceous. During the first
accumulation stage, tight and conventional oil reservoirs are formed under the action of capillary pressure and buoyancy,
respectively. In contrast, during the second accumulation stage, tight oil reservoirs are primarily formed through capillary
pressure. Currently, these oil reservoirs have evolved into two distinet types: low-porosity, low-permeability tight
reservoirs formed by capillary pressure and tectonic stress-reformed low-porosity, high-permeability fractured oil
reservoirs. Analysis of the coupling relationships between geological factors during key accumulation stages reveals that the
sandy conglomerate oil reservoirs in the Baikouquan Formation exhibit a composite accumulation model characterized by
multiple driving forces, multiple stages, and multi-lithofacies. Determining the dynamic mechanisms behind hydrocarbon
accumulation in distal tight hydrocarbon reservoirs will provide a new philosophy for the efficient exploration and
exploitation of these reservoirs while also offering an important practical basis for improving the WPS theory.

Key words: accumulation dynamics, whole petroleum system (WPS), tight sandy conglomerate, complex hydrocarbon

reservoir, Baikouquan Formation, Mahu Sag, Junggar Basin
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Fig. 1 Schematic diagram showing the hydrocarbon accumulation model of the Permian WPS in the Mahu Sag, Junggar Basin (modified

after reference [ 17])

YERLD , BUs i e B A 0 PR R R AU )=
I PR o B SE PR B AR T R R S A
M, B RS ) 3 A R T
T AFAE R 22 K Bl 115 R I B 52 23 U
(A R ATl SR 1PN 7 N G (R
SRR T 2B -2 R -2 2N
5 WA IR BB 52 2 U H LATE A B
ML RS, REAS I T8 ML Ut A REVA A AR MLl
UG PR, Ar DX S A2 A RO ) sl S AL
PRI, J8hy >4 i =I5 T i 14 B 0k
ARG AT — IR 0 B B ) R R B
TR, AN R] T2 L PR N B G R R = S
el AN ELRAR A 3 BT R B B, R e ok 2R
R IR AR AR R TR AR R Y B A A R A
BT, W ABUCREZ I B B PO, BRI SR
U SCA L PR EORE R O™ o R 7% 3 5 3 141
=& A FUR A WD BR A RO 28 380 vy A - R
S RN OB (] 1) o AR BT S8 35 39 11115 4
HE R PR AR R IR SR
Y R AR R R S AR T R TR R
T, HAERB X BUS O RR AR R . SHAbE
Je BRI BRI LU , AR XA DU A )
e, P 2 18] A9 2 [ BE S 1K 2 ke DAL, HEA REJRAR
P AR e UG ST AR, A

BRACRIIAIFL R LAV REE I SRS R R 2
3 4 PR 22 fE 45 ) 1) B B T B 7 1 SR A D B8R T T )
T IRHLHIAS TS A, 1R AR R A T BB b A e v
JIR SO it )2 TP K B 4045 0% )2 3% SR 3 T
FEWRARAE I H AT SCHIE L% 3 5500 8 J2 2
A 2R O JE R, VAR AR A Y AR
MR FETERE QI U 5 B . R TETR T
TS T BB R g2, g2 e e A2 b N
SETECR o (IR BCR B, T 98 1) T i v Ak ot A e
WA RTE N B 2%, A4 2 8 )1 U 2 13 L
g 22203235 L 2 g AR SV RRAE S BOZ 2 AL
P AR AN R B PR o R R 5 3 % e YR U
TR AR A TR 1 3 S AL R DR 26 78, X T 58 3 4
SARGHE MR M TS A R A B R
ISR S

1 DX 3 o A T

U TH o 5 T V) J 2V b 25, O 7l b e 34
Bty B R G 3 G, PG AL 55 155 3 - 5 1 W 2 A
<, R A 0 5353 Y TR R R R AT
A TR 5 T R AR AR, A O AR e A P 2 B R HAT
“PUBEARZE VU R AR A RRAE , B4R T AR 29 5 000 km?
(&12a) . ZIXHUEEAE T R P8 ey



1284

A 5K AR R R

al o

X "0"0"’;’ %
SRR
3RS
0‘: 3K

i

5% /m

A L2 E mm I I Hrh e gk iR 130F BAR30E 4
C E|
1000 K
. 2000 \ 7
gj 3000 - _ E
4 000 7
5000 . Py
o ,0 20 km = C
e ] [ [==] [/] ] S B (=]
ik )i FHAL Wigd  IEWUE EWE R4l HE R
078 2 - L)ifi -
~|—E =0
Rty WL EIRA WE A ek e PR R
il ik 43 A A=s
) ] ] ] E]
’W//F%‘ ’LP*H‘ E’/"ﬁh‘»%‘ ’ R ‘ s BKE BE
b
&2

’

) -t A
a— T AR
EI feilie | R i)z
&
EN
= s
B | 0 | 60~ EE
AR | g | 550
r ;%glzﬁl 30~ e
Bl (e | 270 ==
T
k5 SR e
% | o)
T
p S I
F | 100~ F
w1450
(P,w)
th
BN
EN
=2
iF
& | 600~
s | 1200
(P,x)
i
W | 400~ |
41700
P.f)
=
4| 4
&
sy | 400 ~
g1 | 1800 F —
(P.))
1
#

FUH T 11T e Ay e R T B SR M 0

Fig. 2 Structural characteristics and exploration overview of the Mahu Sag
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