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Abstract: The concept of the whole petroleum system (WPS) proposed and the ordered distribution pattern of
conventional and unconventional hydrocarbon reservoirs established serve to unify petroleum geology theories, providing
an entirely new theory and methods for guiding hydrocarbon exploration and exploitation. However, when applied to
complex geological conditions such as those of superimposed basins in China, the WPS theory, originally formulated
under general geological conditions, encounters several challenges. First, due to the lack of objective indices for
quantitative characterization and the disruptions caused by late-stage tectonic activities, the idenfitication or
prediction of buoyancy-driven hydrocarbon accumulation depth (BHAD) is hard in practice. Second, the formation
and distribution of hydrocarbon reservoirs are governed by the combined effects of multiple driving forces, multiple
stages, and diverse elements, complicating the identification of the hydrocarbon accumulation dynamics and reservoir
types. Third, reservoirs such as those of the carbonate and clastic types exhibit varying wettability and interfacial

tension properties, which lead to difficulties in predicting the maximum burial depth of hydrocarbon reservoirs and
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favorable hydrocarbon enrichment areas under actual geological conditions. Last, during the evolution of the WPS,
hydrocarbon migration and accumulation are controlled by multiple factors including dynamic force types, capillary
pressure differences between source rocks and reservoirs, hydrocarbon fluid properties, and tectonic activities.
Consequently, establishing the hydrocarbon enrichment model of the WPS remains a challenge. To address these
challenges, we explore various methods and technologies based on data from globally discovered hydrocarbon
reservoirs, including their physical properties, productivity variations, and wettability. Accordingly, we develop new
methods for identifying the BHAD, assessing hydrocarbon accumulation dynamics, and predicting the maximum
burial depth of oil and gas resources. Furthermore, we determine the hydrocarbon enrichment model of the WPS. The
results of this study offer new approaches to improve, develop, and apply the WPS theory under complex geological
conditions.

Key words: dynamic boundary of hydrocarbon accumulation, maximum burial depth of hydrocarbon reservoir, dynamic
field of hydrocarbon accumulation, dynamic mechanism behind hydrocarbon accumulation, oil and gas resources,

hydrocarbon enrichment model, conventional and unconventional oil and gas, whole petroleum system (WPS)
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Fig. 1 S-N-oriented geological section with predicted BHAD and porosity vs. permeability of clastics of the Tarim Basin (modified after
references [9,16])
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Fig. 2 Diagrams illustrating the principle behind the identification of the BHAD based on distribution function curves
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Fig. 4 Comparison of the identified BHADs between global clastic and carbonate hydrocarbon reservoirs and comparison of the ordered

distribution patterns of hydrocarbon reservoirs of varying lithologies
a,—a, . RBRORIRELE FID A SRR 0 O RS 45 0 be e (s SCak [ 20 MBS0 , o a, St i i FLBR B0 S0 Ai B T 18], a, RIRIR £ 8 3%
NI E DTV a, WA ELBR BE RS AG BT 18], a, RD A58 Z 500 7 P s b T8 55 RIRR IR Eh 5 0 W) i SRR B A4 J1 B IR £k
FHAE 5 c. TR 5 FIBR IR R 2t 2 SRSl o) 340 50 2 St e L4 MR AR 5 RN SO 7 430 B AR 28 St Lo A (O sk [ 20 11&20)

BRI R, WA R AL B L URC, 1A
FL 7558 10 SR 2 Tl OO o AL~ 132 B9 AL 230 =<
T, R, R 22 a3l SGRCT (18] 5b) L 2255 AR
(&1 5¢) F0 Z2 1 U " (] 5d,—d,) BN 45 J5 125
R

2.2 ETE AT BRXE AL I 57 5% 4 F A B B0
W7 EIRE

b ot ¥l A, 3 7 R A PR 2 R S R AR
SCHEH T A IR AR G A 3 F1 2SR S PR A
BT R HIEAR OB AR I 0 R T PR X
N7 I 5 45 A CFL B BE A2 485 256 W il Sk s 1 430
“BRAFT(E6), O TCTR) RN EFHEMK
B fL— = B W LI A (D > 10% = 2%, K > 1 X
107 wm?, K 6a) ;@ 2 M2 (I AY) , HAETE S £ AL
B AR AL — {1 92 B0 T S (D < 10% = 2%, K < 1 X
107 pm’, [l 6b) ;B 5 M2 1R (I, 7) , g s 5 )

i I FL - 5 98 BT B (D < 10% + 2%, K > 1 X
107 pwm?, & 6¢) ;@ 25 M5 2 (I, AY ) | Ay i AR el i
TE B 2 FL— MR B AL i S (D > 10% + 2%, K < 1 X
107 pm*, [l 6d) .

[RJ s, A0 4 Aol 388 3 S AN [) 3 g B A G Bk, O
R DT R 2 25 S T BB R AR Y S R
Sl R AR X BT R, > 50% (R A b A Al 18 2 s A
XF BTk, oA 4 28I A R 2R s B A R i — B
WIESE ST ARE FRE TR R DO e
25% ~ 50% B, W B IA Ry LB 1 A 3 T8 B TR
B 5 24 %l 18 R A X DTk R, = 12% ~ 25% I, Bk
= h sk £ s 1B A AR R B T AR

2.3 RN AEREMERE

VU1 3t 25 ' s DXtk 98 - s A ML
W23 -2 ER-Z WK E S IE . HFER]
DX SRS I 32 51 4 R sl g AR s - OF I )



Pelear , 2 . Al AR GEHIEAE S s 6 LA Rl B fifp e 5 v 1045

35005 S A
Ao

b 10
10°
:."102
g
5
< 10
;,@10" s
L]
| MR ES I A
10 o T , N T
K ol
10—20 r L L L L
0 5 10 15 20 25

FLBREE /%

4

\\ @
Wz ) 5k PiEDA S

LR (m)

TR BEAR

BIsk stk F3 1k BT Erodk NE
s -7 N y ~ '/ 7\' »

" ,xr,’ .

F bR N=11 Fih B
GOl =4% GOI=20%
o
o 5 S0
O ,9“90 _gsqs 100100 2 0 -9 95,\00\ A _A\O
d IR PC d T
N=15 FYAR L
GOI= 1% GOI=T7%
0
IR\>)
2 6 Rp-% ,\cfw\ms A% BB R-R ,\?&,\% S

B lhEE C

B—imEreC

-

g CPRRE B B

P SR AR

BB = IRIBITEAR KFR

s IS PN MAz—k
MEAH WA WA

K5 R IR e R B2 8 ) 2 M 2 I U RFAE

Fig. 5 Hydrocarbon accumulation characterized by multiple driving forces, multiple lithofacies, and multiple stages within the WPS of the

Fengcheng Formation, Junggar Basin
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Fig. 6 Examples showing the identification of hydrocarbon accumulation dynamics and hydrocarbon reservoir types based on the critical

conditions (i. e. , porosity and permeability) corresponding to the BHAD
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Fig. 7 Diagrams showing the identification of hydrocarbon accumulation dynamics and the prediction of hydrocarbon reservoir types in the

Puguang area, Sichuan Basin
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Fig. 8 Hydrocarbon reservoir distribution pattern under the joint control of hydrocarbon dynamic boundaries and hydrocarbon dynamic

fields in the WPS, along with the method and principle for predicting and assessing the maximum burial depth of hydrocarbon reservoirs
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Fig. 9  Exploratory drilling outcomes varying with the burial depth and the prediction and assessment of the maximum burial depth of

hydrocarbon reservoirs in the Permian WPS, Junggar Basin
a,—a,. A IEET 200, 20 F1500 m B) FFE (A AL B A RS B L H I Bl 2 R 8 R B AR AR s b, —b,. 23 A EET 100,400 A1 500 m [H]
B A5 (B A AR B e 3t 7 A B U2 B 8 R B A AR

MEGRASALRRAE 48 8 )= N SN BAE 1 23R
A JSCE Y S e AN AR AT B 1 la M ST S P A
TR SAHMHEZZ AR CRE) NEEN S
A4S T FCAEL A B /ML, LI T 14 18 DR K 5 Bl
DI AT 1 R it )2 N A B A T A SR R A A 2%
(), LR SEHE KR /N, P 2Z 18] A 3B 4
RN ALE T VRN i E TR S EliSE SRS
BE 12,
FELL_EGRAGSERN L, 38 T 4y B LL S0 0, 4
ARG N, IR A AN I 22X E
B SO P AR T BB oL . BFsE B, H Y2
PR A (D) FI LA B RORAR (d) Z LG (DId) P 5E 4 il

SRETS & A AR S AR AN /N (8] 11 —d,) o KHE
(14 B S B 45 SR 3R W - >4 SR MRk A MR
PREDRDRLAR B (DId) KT 2 10 I bR Y il A
RE 16 i HE 0 A% 1N o % A0 SR B s TE AR R 2605 T, Dvd
FUAELBOR , R 0 I U SR R By, [ 2 AR
15 DId WAHR T 2 BORFEAZRYRE LT , DB PR~k
Z I AN T 22 00N S SRR N SR R A
AR 5 D /NIRRT ) B A T 2 KRS, AR T
A AR AR AN R B T B T BIL R g T
FAR AT A S RDRLRD A A 5 3l U R BE R A T
AT SEARLRD A A U AT B B R S T R



1050 £S5 KRR R %46 &

SRR E/(10* 1)
6 8 10

12 14 16

14 16 18

7800

8000

8200t 8200L

FI10 B HURZE M PR i U R SRR Ak B A e ML
Fig. 10 Hydrocarbon enrichment characteristics of carbonate rocks varying with the burial depth in the Tarim Basin

a. BBV b BRI

a _ d
TSR T . 1.
%lbo\ ST H}Eﬁlg{;‘)ﬁ TN S 4o D=0.10mm
3000 PR 230
=20}
z'i 10
4000 H AR 0 2 1 32 2 7 10 25
Y [EIRZES
oo d, B R
o -
§30 D=0.25 mm
5000 =2
LI &
AR A =10
HIRERD 4 <
§60°0 - O 32 2 4 6 17 25
P oy p
S d
X S
7000 £ 16 p=0.50 mm
EXRb)
58
8000 = 4
oy
412 1 32 2 4 6 8 10
d4 10 [y Rl by e
9000 X gl D=1.00 mm
i
Zz 6
& 4l
=
2
0

121 32 2 4 6 8 10

T R4z B R AR
. . . . S — ]
T2 LI ok e BOEIR S B IAE ARRUEIX BOBX AT PR

BMEALME R

BT Al R GE N IR R0 R B A 0 22 5 S 3l OSB3l J1 L 55 4 BRAS UL S B AT 5 S 1) B HL45 2R
Fig. 11 Dynamic mechanisms underlying hydrocarbon enrichment and accumulation under the control of the capillary pressure
differences between source rocks and reservoirs within the WPS, as well as cases for physical simulation experiments along with
results
a. P HERGEHBRFR AR 5 B T MR AR 45 2R S H 5 R i 8] B 20 A ) 28 P 06 7 (A6 SCHR [ 32 ME B0 5 b. S 2 A T AR AR BV S il IR b A4k ()
TEA BB N ZEVE T R AR S B G (I STk LS ME B0 5 ¢, —c,. AN RIRLAR RS A BT AR [FDRLAR 10 S i b1 =22 (8] JRA A0 A ) 25 Bk 3l <.
BRI B S50 5 d,—d,. 7N RDRCAR A LD 55 i P L ) BIRSALL S B 45 5L, A D (AR A2 (D) 43 514 0. 10, 0. 25,0. 50 11 1. 00 mm FIBR AT (2
SCHR[32 130



5 4 1]

PEMERr 45 . Al AR GE LR AR S H I ) LA ) RS ik R 7 i

1051

4.3 LEREMAEERKRE

DRI ZH 2 ) /R G R I R B R AL, R
R B F )R, S v R A AR W L B0
AN T DRI 5 A i L™ A9 B e, X
PRI B8 = H 77 R -5 5 i U A AT e o
SEIR s A A AL AR AN RS ) Ak ) - 525
BER R8N R T S (B 12a) , 538 HUR G
DAL A it R A R — 2 UL Y S it
RN R B TR A S AR, AR A BRI
Ptk 32 WORLRFAE S5 52 0, IO K T e T
SRR o MR LR DT IR R TR T M 2K i X
Sl L R TS DR 8] B A 0 2 R sl 1 AL S L A
BRI e 2= R 2 A U R R Z R 22 57
FESAEHT, HEM S BN Z LA AR, AR
MEME S22, ARBANE 122800, RAE R
Z , MRz (E12b,¢) o ARTBUE 1 2200 L
(14 73 A AR5 el AR i PR R AR S B R T
2, B B CE ve 0 B, A HE B OB PR, Bk 1
RGN - ERA BN T 22 R R HZ
PR U SRR S 22 e S B R AR A AR B

BRI TSI LA B ENES 7R 73 3 U AL BE 5 e 4

R AR T 2R ARG E A B P RS
LR AR (13) . BFsE &8, FAEmE, B
J2 B AR B R 2 AR A A R A
SR RGN VRS B HEE R AR URE 4628 1
AL 82 NI BB T 22 RRIE” =R
MAVER . BARTT LU 43t 3B B : O — B Be &=
TR TR ER G A BBl 1Y, 8 R AR R G R
R < 1. 1%, a2 RERETF N ES FEBIFHE
Bl P o 3R AR i, AR M AL - B - 2
(A BCEANGE 1 2288/, B0 4 TR IR
I A e KRR AZ VR T R BRIl Q5 By
BEZLATAHBS FHAMRRY L, 81 1% <
R, <2.0%. JEAJZHEH MR EE 1 AETE S N 1
TR 25 2 Fh o A 25 N s B A JE L i
J2 PN SR A LR, R 15— ) s it J2 AN B A T 22
e K B0 A R A, T ™ R SO AR R
YRR . QF BB R 2T R s s
W 18, M 2.0% < R, < 4. 0%, Wi 2HE L R
EAETE ) £ T KA S B IR EUR G Z NIE R
JUZ i R R A, R UR i [R) A 2006 AN A ) 25 Rl 1
RSy N N T/ N G R W =Y U 1 N A i e
R I e T A AR R . FEAH R 2T

a SR % b P T4 jum ¢ Pecsl P i
020 40 60 80 100 DS R S U UGS (NS (R 49 10 10
! 1 ! ! 1 T T T T T T - - ! !
JF 18 = 406 JFEE =138 o > o ooe T4

B =2 727

1000 paads FEAE=759% | 100 ' .,
" *ote
2000 so0f . T
3000
3000 P

[ J

4000 b e & $e
c ‘ £ 4000 s
[Té 5000 {403 2 s % 5000
= 3 [ 9 B
= = 5000 f -

6000 [» , ’ 6000

7/
/
- oo
7000 4 R PR T T 7000
4
A it -
4 Be P/
L ’ 7000 ®esee & 8000 |-
8000 g o
Ay > P g0
L7 e ETUMAIE AR ‘)‘R o fi#F
s 70 kR gooof  © = o W 7000
’ A H7raE _ — — i ZEE500 mIH
p y=1652Inv+4 791.7 tif =150
10 0000 ! ! 1 ! 1 | 3/)51’6"’%‘&‘:500 migfﬁ 10000 L
0 20 40 60 80 100 000" R=0.964
H 77 i 5 /m?

i 1000
e
V=1 894Inx+ 2000
e/ o 58106
'} 2—,
! S R-0.846 3000
&

4000 %

PI12 HERE R 2t IR I A 235 T A R B2 5 D~ [ L~ A AT 280 AR A8 0 22 22 18] ) SR B HE i TR ) A2 A AL

Fig. 12 Correlations of the hydrocarbon saturation of target layers with the pore throat radii of and effective capillary pressure

difference between source rocks and reservoirs in the Fengcheng Formation, Junggar Basin, as well as variations of these

parameters with the burial depth
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