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Abstract: Resource evaluation is a core foundation for oil and gas exploration and development, directly affecting
exploration well deployment and exploration strategy formulation. The theory of the whole petroleum system (WPS) reveals
the genetic mechanisms and orderly distribution patterns of the coexistence of conventional and unconventional hydrocarbon
resources. It provides new theoretical and methodological guidance for the unified, joint, and quantitative evaluation of
conventional and unconventional hydrocarbon resources in petroliferous basins. The Permian Fengcheng Formation in the
Junggar Basin is the world’s first WPS confirmed by exploration practice. Based on the new “three-category and three-tier”

hydrocarbon resource evaluation method for the WPS, this study quantitatively evaluated the hydrocarbon generation and
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expulsion characteristics of source rocks in the Fengcheng Formation, as well as the distribution characteristics of three
categories of hydrocarbon resources, namely conventional, tight, and shale hydrocarbon resources, and three tiers of
hydrocarbon resources, namely realistic, anticipated, and prospective hydrocarbon resources. As indicated by the
research results, (1) the total hydrocarbon generation, total hydrocarbon expulsion, and total retained hydrocarbon
amounts of source rocks in the Fengcheng Formation are 321.6 x 10°, 141.2 x 10’ and 180. 4 X 10° t of oil equivalent,
respectively, providing original hydrocarbon of 25.9 x 10, 115.3 X 10° and 180.4 X 10’ t of oil equivalent for
conventional , tight, and shale oil and gas resources. (2) The realistic resources with a recovery factor of 30%, anticipated
resources with a recovery factor of 40%, and prospective resources with a recovery factor of 50% are 8. 885 x 10°, 15. 782 x
10° and 22. 930 x 10° t, respectively. Among them, the realistic conventional, tight, and shale oil and gas are 2. 181 X
10°, 3. 663 x 10° and 3. 041 X 10° t, respectively; the anticipated conventional, tight, and shale oil and gas are 2. 812 x
10°, 6.459 x 10” and 6. 511 x 10’ t, respectively; the prospective conventional, tight, and shale oil and gas are 3. 795 X
10°, 8.726 x 10” and 10. 490 x 10° t, respectively. (3) The remaining realistic resources with a recovery factor of 30%,
replacement resources with a recovery factor of 30% ~ 40%, and backup resources with a recovery factor of 40% ~ 50% are
7.142 x 10°, 6.897 x 10’ and 7. 148 X 10° t of oil equivalent, respectively. Tight and shale oil and gas account for as
much as 83% of the total, and 70% of hydrocarbon resources need enhanced oil recovery (EOR) to be converted into
realistic recoverable volumes. Strengthening technical research on unconventional resource development and improving the
recovery factor are therefore critical to improving the utilization efficiency of hydrocarbon resources.

Key words: resource coefficient, source rock, whole petroleum system, hydrocarbon resource evaluation, Fengcheng

Formation, Permian, Junggar Basin

51 FAE AR, BEAERT , MR K 4 R R A B AR WU Al R Rl R IR 3 28 39 "Bk B BT (). 7T 5 RARTHLIR , 2026,47(4) :
1178-1193. DOI: 10. 11743/0gg20260408.
XU Zhi, PANG Xiongqi, CHEN Hongfei, et al. Quantitative evaluation of three-category and three-tier hydrocarbon resources in the whole petroleum
system of the Permian Fengcheng Formation, Junggar Basin[J]. Oil & Gas Geology,2026,47(4):1178-1193. DOI: 10. 11743/0gg20260408.

HENE /R At 2 p E VS N &S S R
— AR R &R . B H AT, %A
FIT R A IR AT 27 x 10° 1, KRR IR T
1800 x 10° m* "'y [ 1986 4F LA , MENE R % 1 5E J5 T
J&T 6458 RGP ARV TAE ), X AN [A] 2
AU AR 1 S A RRE AT T VPAl S A
B 30 PR T KR . 2019 4F = H7
AT TRPE 25 LR 0, 22 b i 9 R 2 169. 0 x
10° 7l A 2, Hirbed Bl i e IR 114, 9 x 10% ¢,
WIIRIR RN 3.6 x 10" m?, T AEH MM A% IR
i FEAS TR R ST R PR Y 16%., 3% — 45 S 5T AR 2
Hh R R SR VRE 22 TR R AR 4 3k AR
TAEHE 2R X — A RN E 852
7« (OUEPE R b BT 2K I LLH B AN &, &
GE R GEIR PO TAE 35 ZAE X & AL AT, i 3R R
T AR 43 F S XA T T B8R I 1 TAl s @7 LA
A AR S FEIRIEAN A R b, R AR R A
V538 5 53 B FEDEA , ELACHE N8 /K 43 Hb 25 S B 53 IX
PR M 5 B o R SRR [ B PR D i
ZAT WG AR R IR A i — s B — R A

e P T AR I ) P Al SRR L 205 R

BEE IR B AN BIR A, BRI e 1 Fi A 4
MARGHIE R E— A —is— R e RN &
T8 72 SARBIE ST, S 2 B A T M5 AR AL
TTIRAYIBCA B TRTT A B2 6 17 B S s A B 4
o WEME R G T AR X e H i FE P A i R L
R e N 2 RS Z — o EHIE ST TT I,
BIARGHE R T 2R 3 MU A i
PRI, E A% WAt 8 AL S5O A B i P A7 Ak
A KU R e A S TRk ™ s 1 - — A R~
it X AR~ 7 B 3 28 Jy RS 5, I 78 T Wi
S R AR U T LI SRR X | e AR O
T — 11 g4 DX e Bl 8 Dl Y IR 5 2 A e 9 A
PR S B T, YRE MR R 7 b KU 2 il RGeS [
AN S 22 R S B UE S A il R L) R
T ph R W ST L B AR A 1) M1 I DX UL
=T AL T BRI R A AR R I T i S —1
FLIIh DX R B T HL G X2 A 1042 MEZ A s
X o LRI A D5 0 SR 1 R IR 2 M i <
GRS L o A A G, A e A A R G B



1180

A 5K AR R R

F41 %

TS e RIS DX R DR B F R
Ve B 7y 28 1 T A4 SRR R A R S
WM T RMARG 3K I FIRIEM I %7
BB TR — i, DU sl — 2 R AU it
FEE L AR T Rl — S YA 1B L BUE R s
CESTIEWAST SO P e VeSS F{iE et IR Aol d
IFFTEAH LR 2 R o e, P ar 45 il G i
] 6 K by (A0 435 15 TR 0, o R 2 b L D 1| 4R
TPIR 2 M F RV R AR AL F b ) LA R [l Ah 2 %
AR A S P AR R O BRI B IR AT T
PR IFRZOT B AT SR BEAT TR IE . ARBFSEE IR
B ARG 3 26 37 BTIRPFAN J7 1k B FENE 7K
FH I S TR GE , FEL35 A AT 58 R A1
O 3 2% DR S B B 8 il b, S0 IXUnl 4 L~
AR AT TR —BRE W, RGERE T
FEDXIH A B B 2% 26 A% G IR A 4L RS
AL . WFTEEE 2R 1] O v 2 KU A 4 2 I <

B ) BB R T e T MR B SR TR B
1 WFoE XA

7R B 7R 220 3 X 435 3th T 48R 25
VNS I M S T Iy % S ST S AR R AR, b Ak K 1

1.1

dvgk B/RZE 1L S HEE R L2 ], ETFRZY 13 % 10° km?,
B AR5 NE-SW ) J A , & — > LA o A A —rh 2k
AR B A TORR S 32 ) KR 22 i 1] 38 6 5 i A AL
R 0 o3 Ry B AR I B (B SRR | v S B PR
B RS | B 2 ol BT Al R AR T R AR 6 S — R i B T
(P ) o e o B VTR 2 1 P MR Vi T
Fea | B BRE T8 5 AR B 7K U 55 2 A I R o 32 3]
R MM E SR, A [ e AR DOk SR 4
D3 T VY BN S L A SR 2 i i i g, o
MR MR KB T4, A R KRR T Tl AR
ORR ER,PER SR KPR HERIHE
FO S WAL (P AT F &8, M —Bt (P ) .
W Be (P ) =B (P JERE AL 700 ~ 800 m, LA
WA =AM DTR E

1.2 EBREMKEES M SRR RBIFE

1.2.1 FORAAHMARZAAEATA

YEMES 1% 3 i KU i SR e 41 e K
DRI AR T A G ) 2T A = T B R S
T R A i R A A AR AR Y B F AR R4, B AR A
AR R A i B RIS RS TR UL S 91
BEE , 7 VR A T IR AR R R R R A i 2 R A
FIE PR | I H R Gt 2 Vel P4 e 2 B 1) s Jo 22

"~‘f g@& R
. / ~
(& o~ ~ R
Ny N \‘\
e o "IN
\\ ‘ \‘\
0251*.‘; < <
¢ < N ""ﬁ‘ /'/ R 0
- g W\ 10 Hh e [ i ~
' | ) - t0
\ b ‘ R Rk
TR i
~ee g,
T~ — "&'—'KTzi._.t\ "
N
«
0 100 km
\‘ o L]
’Q‘ S ‘ Wil KT2 - ‘ ‘ ‘ ‘
i g (AP TR %2 LES AL ThE at 1 JEUR

P YRR R 7 R i BT S R A R A

Fig. 1  Structural units of the Junggar Basin and distribution of source rocks in the Fengcheng Formation
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Fig. 2 Burial history and evolution of well Fengnan 7 in the Fengcheng area, Junggar Basin'
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Table 2 Evaluation results of the three-category and three-tier resources in the WPS of the Fengcheng Formation, Junggar Basin
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