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Carboniferous hydrocarbon accumulation of Dabasong uplift and exploration
breakthrough of Well Penbeil in Junggar Basin
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of Earth Sciences, Jilin University . Jilin Changchun 130061, China)

Abstract: The Carboniferous palaeohighs in the western Junggar Basin, adjacent to hydrocarbon kitchens, present significant potential
for oil and gas exploration. To explore the Carboniferous exploration potential, several high-risk wells, including Moshen1, Datant,
and Yantanl, were drilled, without achieving breakthroughs. In 2023, Well Penbeil obtained a high-yield industrial gas flow, confir-
ming that the large-scale Carboniferous palaeohigh in the western Junggar Basin have favorable conditions for high-yield production of
natural gas. This is of important significance for promoting Carboniferous hydrocarbon exploration in the western Junggar Basin. To
further carry out an overall study on the Carboniferous hydrocarbon accumulation, the paper systematically summarizes the geological
conditions in Dabasong uplift. It is found that natural gas in the Carboniferous reservoirs primarily originates from the Carboniferous and
Permian source rocks, while the oil mainly comes from the Permian source rocks. Breccia-bearing tuff is mainly developed in the Upper
Carboniferous of Well Penbeil, characterized with the most developed intergranular dissolution pores, thus forming high-porosity, me-
dium-to-low permeability reservoirs. The research of hydrocarbon accumulation process proves the Carboniferous layered gas reservoir
formed under the tectonic setting in Well Penbeil, where the hydrocarbons accumulate in high-porosity volcanic rocks at the top, char-
acterized by multi-stage intensified oil and gas charging. On this basis, a hydrocarbon accumulation model is established and described as
“dual-source hydrocarbon supply from the Carboniferous and Permian sources. hydrocarbon enrichment in palacohighs. and hydrocar-
bon accumulation co-controlled by tectonic and volcanic rock”, which significantly broadens the exploration of the Carboniferous res-
ervoir. The breakthrough in hydrocarbon exploration in Well Penbeil and related researches have laid a solid foundation for further
understanding oil reservoirs and ongoing risk-based deployment of palaeohighs in deep areas of the western Junggar Basin.

Key words: Junggar Basin; Dabasong uplift; Carboniferous natural gas; dual-source hydrocarbon supply; accumulation model
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Fig.1 Structural units of western Junggar Basin and distribution of risk exploration wells
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Fig.2 Stratigraphic characteristics of western Junggar Basin
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Fig.3 Structural top of the Carboniferous and distribution of risk exploration wells in western Junggar Basin
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Table 1 Comprehensive evaluation of Carboniferous source rocks in western Junggar Basin
Fil=2 i & A TOC/%  Tua/C Si/(mg/g) S>/(mg/g)
sk SHARK KB 0. 41 444 0.02 0.10
%% N KEBAWR S 0. 47 501 0.01 0.07
&k N TR A5 YR s 0.52 507 0.03 0.07
581 1 FR K A B TR 0.50 437 0. 06 0.07
581 AR PR B TR 0.74 408 0.05 0.01
581 i & TR RGeS 0.23 443 0. 04 0.01
% 25 Vey &3 MR 6 U8 1. 84 431 0. 20 0.56
25 fmA IR A 1.67 431 0.15 0.51
% 25 1R HBaRs 1. 30 432 0.12 0.42

1 TOC—BA UK s Tonax— 45 A1 RGN 5 S)

— RS PR AE .



%11

WA 3 A AR « 1< Y A5 MBS UK 3 3t 38 B A T A e AR SRS AL 1 B R R 1597

KA MR, BHAT58 0 0 R IR 5 0T WL
PR AL T AR B, MR XA i 72 B B R 4 DU
TR AL R FE T vy i AR AE S B
3.2 ZERREE

MBS AN T SR RARE 2
BRRUE A TELERE— RN ARJE vUE o F L 2 E
TR AN R A 1 X FE R R A .

AT R R IR B R : &R T B/RARA
TEAE 1 PGB A T2 3 A DUR b O A T 9T 74 e
A SR B AL R die KRR FE AR 440 mi XU ZH 19 T AR
O TRV FERL T 28 1 74 U1 B 7 R 30 s B KRR BE 5K 360 m,
BT 1 PG MR P e R B T RO B Y — & R R R
s IR T4 1 MR, K =& R R AN £

T 5 & R R A R X . Gl
U XS AENT R RN AL AN R A
TSR RS A R 3 1 B KBRS R I 1T
LT BT BRI Y T AR A R E L DL IR T AR
HEP L RIRA IR A TOC & &R 0.40% ~
3.87% ¥R 0.91%,S, +S, Fy 0.23~24. 05 mg/g.
F¥I R 3. 77 mg/g(F 2.8 4, TEREMRAEADL T B—
I B FEE S, TEYRARARESR TOC &N
0.05% ~4.55% . FH } 1.06%,S, +S, K 0.01~
12.57mg/g  F3¥ 0. 89 mg/g (£ 2. 8 4), T 2%
FILL, B —T B0 3 (& 5) . i HU B A58 . 7
1P MG T 5 IR R 2 U5 A BLAL F v 8 A 1 Sy
B WUk 4 8 V5 BEAL Tk i E AR B

%2 EWRRWEMER T BEEBEHA TN

Table 2 Comprehensive evaluation of Middle and Lower Permian source rocks in western Junggar Basin
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Fig. 6 Chromatography-mass spectrometry of Carboniferous crude oil from Well Penbeil
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Table 3 Characteristics of Carboniferous natural gas in
Well Pen-1 West sag

RIRESAM % FH KRR / %o
N> CHy CHe ®R#  CHy CHg C3Hg
b1 fRE0.55 97.38 1.31 0.98 —30.14 —23.05 —20.75
B AHFE 2.27 96.40 0.94 0.99 —32.35 —24.16

4 FRELAN A K LA 2 AR
4.1 RIIBEEEMEHEISFE

KAUVE B AR M E A 2R R T R
LB ZEBI A R B AR IR T AR W S A el v
SRR I A2 kB BAEEERDY . e 1 H

L R E R S ARl A RGN EEE 2
VIEEIK A 6.62 %

K iz

WK 31.63 %

(a) AtEGE

BAMAE. EMEE KA A EER LI L
A ML BREE K G 55 s Dk TR A et B
N R A AR A PR A AF . IR IR 1 IR
AR IR RE I BORME 7R IR AR M K L DL
PN B AR A S KA K A AT K
W 4 R RBIR A g i e s RO S 24, &2
B I R BRI SRR 1 B R R
HEER G AT 300 2K s M o 1 O SR L as AP 22 1
L BEPIRRCA PR S A L B BR A o XA
18 BRE ity = B O AR FEAE R AT ORI A7 22 1L s i
PERD EE AR PR A R AR TR Y £ R R
LRGN G A5 BN BOR LA R T s B
HAT KR A58 SN T 200 b i B S )
FEFCR AR K . AL 1 IR A R R B R E L
JRCET FBRSA T BE A F s KO T2 LA A R Y
SR ORI R T BE TR AR A
BEW A HUUBE IR A5 a0y E 2GR E A8
PRSBEED » JALFE T &5 JEAE 50% ~80% » dfJl £ 2N
AR AT 2 2R RERR . 3k EL AR R A
B Z KA F2 20 2 R BE I R S LN 2
ERE A PUEE R A B A A 7 (0 ]
KALTIAAE &SRB K L PTRLE TEAE 6.62 %

(b) HHEGET

7 EBROEXNLEHEE.EESET

Fig.7 Lithology and lithofacies statistics of volcanic rocks in Dabasong uplift
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Fig.8 Different types of reservoir spaces in volcanic reservoirs

HILE/ %
S

6.

.

0

FBE FL HFRHAL AL

gz [ 2R
(a) FABREBEKE

Lk

L/ %
[\ ]

: |l =

AL H AL AL
SR AR
(o) WESA

oz

B9 AEAEZMEANULEHENEES

HILE/ %

HILE/ %

3

2-
1- I
0 I =

SHiEFL HFE AL BN e
fif 52 23 () 2 Y
(b) BERA
4
3 "
2 L
1 ke
L = [
EICEGR HFRBLL MmN e
it 4 28 [R5 R
(d) TRAH
S g KA

Fig.9 Types of reservoir spaces of volcanic reservoirs with different lithology



%11

WA 3 A AR « 1< Y A5 MBS UK 3 3t 38 B A T A e AR SRS AL 1 B R R 1601

TR O M ORE TEBE K T S AL O R L R
Shy TS e LR b R AL, TR AL 2R 4 O 6. 33%
3.53%F1 2. 19% ; b JB B K vh 2R b [] L R0 5k
J v b AL T FLER 0 B R 2031 % Fi1 0. 82% 5 e 4k
32 Bk B LA AL 1R AL JLTE LR 4 B R 2. 94%
2.37% s XA FE R E dh ) L R4 FE T AL
HHFLZAY R 3. 03% 0. 87%F 0. 74% . 75 i Bk 2
J B8 I v R B R AR VA i FL R s T A R A
BEAMZRAET FEERE AL WA AL A
RE . PGB BN A R R A RS MO A R
S RIERA R, KILEMEZ BN B0 A2
VA Tl A P 0S5 0 2 0 i B ) 1k 2375 B W I s
4.3 fEEWH

IR R A B R KL AR )E LB ()
0.40% ~ 27.89% . F¥ K 7.77%, B & F (K) N
0. 004~5. 020 mD ., Ky 0. 562 mD., 2& & H Kk 1l
B2 K53 AARFL ($<<5%) . HFFL (5% <<$<12%) Fil &
L1292 DL B AR (K<<1 mD) , 18 (1 mD<C
K<5mD)MEB(K>5mD) 2. X AR RN
REH K lE 662 8 FARAL AR B )2 Al
KB E s AL PR 2 (B 10),

60

51.9%
50 -

40

27.8%

PR %
w
=)

20.4 %
20 +

10

L. 5B T, B

R
10 ZBROEARRNLEHEENEERSH

Fig.10 Types and distribution of Carboniferous volcanic

Bl P—&E

reservoirs in Dabasong uplift

ANTR A LA A 2 T 25 R (IR 1),
LB A R 8 K 2 1 it 2 0 1 e o P Y AL B Ry
25.87% EHBBEFE N 2. 159 mD) , mE L. h—kE
it )2 s HOR Ry &8 o3 W 2 G-I SLIBREE S 7. 76 % F-39%
AN 0. 452 mD) Fl i 5 BE K CF- LB EE y 6. 88%
B ER R 0.029mD) A AL KB 2 L ils
A2 W) 1 g 22 G- LB EE Oy 2. 25% - 4438 0 2
0. 068 mD) AR FL KB MH)Z . At 1 HARR LBRAKE
E R B BE I R AT B ol S TR I A
MR K LA R HAT BRI .

10*
BT, B

a ! St
&
¥ =
K WSS

< PR

> XRE C

i, v REERE
(R ® SAHEBERE

10 1I5 20 25 30
FLBREE / %
B 11 ZBEROERKERARIEENLEMEE YT
Fig. 11 Physical properties of different types of Carboniferous

volcanic reservoirs in Dabasong uplift

5 R i B

ZEA T AR 1 I RAR AR E 2 TR S
A RN I8 — I BE S A A 45 SR WA 1 AF 9% IX ) i < e
BRI 3 T ik R 8 RO AR
PR AR A T - AR [ A T AR AR
5.1 #Z4b 1 HEFESE

A1 HWARRERERN AR 2 EA -5
o FHAMZE N AOREE K G R IE R S 52
RECE LA S RVe A A A MZE NI 6k
VBRI A s 2 BIRIEE R A . i
BRMAEN T FAH A R 12) eI R 44 3
BN,

45635 O R A I ST AL A 1 IR AR R
AR A ) 1 A T B S BR AR o Y T R 1 TR R
FLBBE R LA & S S RS R I ) e TR 9 . 7
AHER TR SR A T BN K2R K,

5.2 HASRFRESHELRX

RPN TR T A )RR /<
R WO R TR E IR . A EA MR AL 1 AR
A E AR BT R 3 B, BURE TR EE 43 3 R
6129. 11 m.6243. 07 m 1 6250. 90 m,

6129. 11 m HEUR AL () i J2 6 Ve R A R BE K 6 s &
PRE AR MR ER FE R W
AR (- 13) A = A 8K A 2
B SR A . R RN AR R A R R B B R
R A0, o KB R R A AR R L8R
KRB B A AR E R R IR K A, TE9H
Bn. WEARBEMBERIHZ 136,

6243. 07 m ¥R A8 2 A e M2l s, B8R
B 1M EEER GZIm R EEIR EE R IR
HENBRFR IR W ) R BR 24 R A . R R
WK, T s .



1602 A i 2% i 2024 5 45 %
CALI/cm AC/(ps/m) ROX/(Q *m)
= | WEE/ 15| 450 150 | 0.1 100 .
el GR/API DEN/(g/cm®) RT/(Q *m) B
150 | 1.95 295 0.1 100
E 5400 T
5
;R/K 5500
4
5600 e
*
5
i 5700
x oI
4
5800 i
. ks
F | 5900
5
4
6 000 = = Ym 6 0/0
‘B,
KR4l
6100 :
4 K2
6300 MWEE :33.6t/d
A K78 :52.13x 10 m’/d
%% .' AP 123.61/d
" 6400
i
6500 < —
6600

ey

REMDE WRREE BRE EgE XRE  BRE  EREDERE

ok

1 :CALLI— 48 s GR— H SR Ey s AC— B I 22 s DEN-— 32 25 i s RXO— ph e b 2 i B8 RT— 3t 2 FL AL LA

& 12

ZEROERI | FEEMERFE

Fig.12 Comprehensive stratigraphic characteristics of Well Penbeil in Dabasong uplift
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Fig. 13 Microscopic characteristics of fluid inclusions in Carboniferous reservoirs of Well Penbeil in Dabasong uplift
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