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Hydrocarbon generation potential of deeply buried shales within the Jurassic transitional Badaowan

Formation, central Junggar Basin

Abstract: [Objective] The deeply buried transitional shales within the Jurassic Badaowan Formation in the central
Junggar Basin have become a frontier target for unconventional hydrocarbon exploration in recent years, yet their
petroleum generation potential remains to be fully constrained. Recent exploration wells in the Fukang and Dongdaohaizi
depressions have encountered shale sequences within the Badaowan Formation at burial depths exceeding 5000 m, offering
a valuable opportunity to assess hydrocarbon potential of deeply buried shales in this area. [Methods] This study evaluated
the hydrocarbon generation potential of the deeply buried shales of Badaowan Formation in the central Junggar Basin by
integrating organic geochemistry, microscopic component analysis, hydrous pyrolysis experiments, numerical modeling,
and biomarker analysis. [Results] The deeply buried shales of Badaowan Formation in the Fukang and Dongdaohaizi
depressions were selected as research target, and following outcomes were obtained: (1) Shales exhibit relatively high
organic matter abundances, with TOC values ranging from 0.75% to 5.06% and 0.81% to 5.27%, respectively, and kerogen
is dominated by types II and III; (2) Maturation parameters (R,=0.70%—0.82% and 0.51%—0.80%, respectively) indicate
that the shales are currently in the main oil generation window; (3) Thermal history reconstruction shows that hydrocarbon
generation began in the Late Jurassic, passed the main oil generation threshold in the Late Cretaceous, and has continued
for approximately 150 million years; (4) Hydrous pyrolysis results show that total hydrocarbon yields of the shales are
380-500 mg/g; (5) Biomarker data reveal a transitional depositional environment of frequent redox fluctuations, with
organic inputs from both aquatic organisms and higher terrestrial plants. [Conclusions] Consequently, Deeply buried
shales of Badaowan Formation in the central Junggar Basin possess substantial hydrocarbon generation capacity and
constitute a promising exploration target for shale oil and gas.
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Locations of the Dongdaohaizi and Fukang depressions in the central Junggar Basin and sedimentary facies of Badaowan Formation

(a) Structural units of the Junggar Basin; (b) Lateral distribution of sedimentary facies of Badaowan Formation in the Fukang and Dongdaohaizi

depressions; (c) Comprehensive strata column of the studied region
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Table | Geochemical analysis list of deeply buried shales within the Badaowan Formation in the Fukang and Dongdaohaizi depressions
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Fig.2 Typical microscopic components in deeply buried shales of Badaowan Formation

(a) Lamalginite and hydrogen-rich vitrinite; (b) Sporinite and dispersed alginate; (c) Gelocollinite; (d) Cutinite; (e) Alginite and sporomorph; (f)

Vitrinite
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Table 2 Organic geochemical features of deeply buried shales within the Badaowan Formation in the Dongdaohaizi and Fukang depressions of

the central Junggar Basin
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Fig. 3 Scatter plots of geochemical data for shale samples of the Badaowan Formation in the studied region

(a) TOC=S,+S, scatter plot; (b) T,.—HI scatter plot; (c) Ternary plot of microscopic component proportion; (d) R,—depth scatter plot
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Table 3 Organic microscopic components in typical shales of the deeply buried Badaowan Formation in the Dongdaohaizi and Fukang

depressions within the central Junggar Basin
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i1 5044 92.6 7.4 0 0
1 5089 46.0 0 38.0 16.0
22 5122 29.7 0 333 37.0
J§601 4598 37.0 444 185 0
J601 4594 30.6 30.6 222 16.7

] 601 4544 42.1 31.6 10.5 15.8

IR TR i

J§601 4515 26.5 47.1 20.6 5.9
Ji601 4467 29.4 324 26.5 11.8
16 4652 36.4 0 9.1 54.5
.6 4624 41.7 0 433 15.0
JL6 4688 25.0 0 333 41.7
16 4702 19.7 0 323 48.0
6 4648 34.0 0 54.0 12.0
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TR 2\ GE V2 05 TF 0 o K Ak 2% 53 B 25 SR A A
(5K B, 2019), 2 W o v b X /\ TE V5 26 2o 8 A 0T
HHARGERE . A, BREM G S R A
T 1M1 B A /\ BV 2H T A P R B S 2Ry i A
A AL B FRAE, BRI A AL B R I A AL 2
R, FE0 2 A MR P i T T 4 oA B BOR AR R
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eI
32 NEZANEREEMREWRE

B2 TR B 9 383 Bt 2 B R (M 3 5 2 3 vt 1 (1]
B /\TE S 20 A © A A R 1T R (R=0.5%; 5] 3d) .
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)2 /\GH T 20 DU IR 26 772 W) R AR, X D025 B il T
Ji& T REA LB R AR, oA T AR bR S A
Y (K 4) o R AR S ALE Y0 FLE AT 7400
BEA IR R BE L 5 AH L KR SR SR A5 L AL
REFOR R . BGEAALTR BE SRR B, S oUE iR S FE AT
7% P it HE Z K H (Volkman et al., 1998) .

Cy Cy
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d e f
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a— G BB TR E (TIC), &L 19 3, 7179 m; b—m/z 191 Ji = I 33% & (5 %% ), # A 19 H, 7179 my c—m/z 217 5t 2 3 &1 (655 e ), ZE A 19 3,
7179 m; d—4f A48 BB T3 B (TIC), Ji 601 I, 6496 m; e—m/z 191 [ & i 3% &1 (% &g ), i 601 F, 6496 m; f—m/z 217 i & I % & (65 b2 ), &

601 I, 6496 m
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Fig. 4 Chromatographs of biomarkers from organic extracts of typical shales within the Badaowan Formation in the Fukang and Dongdaohaizi

depressions of the central Junggar Basin

(a) Total ion chromatograph of saturated hydrocarbons, TIC, Well Dongxie-19, 7179 m; (b) Terpanes, m/z 191, Well Dongxie-19, 7179 m; (c)
steranes, m/z 217, Well Dongxie-19, 7179 m; (d) TIC of saturated hydrocarbons, Well Cheng-601, 6496 m; (e) Terpanes, m/z 191, Well Cheng-

601, 6496 m; (f) Steranes, m/z 217, Well Cheng-601, 6496 m

U % Jog 55 K Be HE A (Pr/Ph) J2& FR 0T 5 DT R K
AR R A5 R 8 I F8 bR Z — o B T Pr Al Ph 43
S E AL S S 08 B A R M X AR, Rt
Pr/Ph 7E A ER T O 4801k A K A4, T Pr/Ph ARR T
i A J5 B 7K 44 (Peters and Fowler, 2002) . B B¢ V1 [
55 AR G g 1T B TR 2\ GE TS 4 0T i 4R 4 19 Pr/Ph
Y8 3 A B N Bl (4353 R 0.85~3.30 5 0.71~2.33;
F4), R LR TY B 1 7K AR S8 Ak 3 T 4% 10 A 2 A
fb. CA S &I, Pr/Ph i) fE A2 B FGE AL FE B L DR
IR A« 78 & S W) R fif 55 5o A% 19 52 W (Peters and
Fowler, 2002) . F 5% X 7 A7 F0fifk B 45 o K Sz 3 2 4%

it 0 7R, R TR 3 s B R R A, R S B
BB B, IR T B X Pr/Ph () 52 R B /DN 5 I RBF 5
FE G R Z R RIS PR Y, R MR & I K
15 %, AT IR B 4 Pr/Ph 45 W AR AT Z W 5 A bR
RRAF B ) 1 YAk 7 s 3% B RIF 9 DX e 5 5 s 9 Ak ok
BRI BEIE R G D28 K L AR R AR AR L AR, TR %
[N % AT BEXF Pr/Ph A A7 7E 52 (Li et al,, 2024) . 5 it
[F) Fsf, 280K 114 A0 5 s o i 53R B B 25 T8 B 1) ZK AR 4
JEAN G, 2 A () 3 K TR A B (] Sa; Volkman
etal, 1998) . L, HEWHE R EH T T KIS 5
A, SRR T 2R A B B i ok A PR (1] 5b) .
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Table 4 Biomarker ratios of organic extracts from typical shales within the Badaowan Formation in the Fukang and Dongdaohaizi depressions

i % BWEm A B C D E F G H I J K L M N O P Q
7179 298 059 072 1.68 020 008 0.57 0.17 0.67 041 3343 2352 4305 058 043 — -
7160 0.8 058 025 124 033 007 057 015 055 036 2921 21.65 49.14 049 034 054 054
ELEG #AH9 7135 085 069 023 1.85 022 012 052 024 051 029 3395 3090 3515 047 051 056 0.61
7115 0.89 065 0.7 127 017 010 057 0.19 052 023 3564 2743 3693 052 046 061 0.65
7076 330 0.76 026 142 024 0.14 057 0.18 0.60 039 3980 2187 3833 052 056 - -
6489 090 0.75 023 099 021 008 055 0.14 062 037 3682 2031 4288 056 051 055 056
6492 233 063 026 133 019 008 057 0.16 052 033 2695 2612 4693 050 047 - -
6496 0.89 071 052 141 016 016 061 0.12 047 025 2471 3822 37.06 057 049 058 0.63
AWM 601
6497 104 067 044 142 019 019 058 0.13 046 026 3652 3739 2609 062 048 — -
6498 074 0.60 039 085 0.19 019 058 0.13 047 028 30.10 3020 39.69 040 050 059 0.66
6499 071 061 050 1.09 021 0.18 057 0.4 055 028 3530 2950 3520 039 042 - -

2 A—Pr/Ph; B—C,/Coy KAl =30l ; C—C,o/Cy KAl = IR ; D—Coo/Cos KAl = 3R ; E—Cyy R/Co 7 HE; F—INEh I K5 50 G—Cy, 22S/(228+22R) 7k
H—5ab5¢/7E %5%; I—Ts/(Ts+Tm), Ts—18a(H)-22,29,30- =7 bE; Tm—17a(H)-22,29,30- = [E7Ek¢; J—CaoTs/(CaoTs+CaolH Ak ) s K—Co LI £55 45 /%05
L—Co LI 8452 /%3 M—Coo BTN 55 5E/%; N—C9 20S/(20S+20R) FEI 55 45%; O—C,o afp/(afpraco) HLI 65 %%; P—MPI(FF BEFEFEE0) ; Qq—TrMN (= 1 k%
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Fig. 5 Plots of biomarker ratios for organic extracts from deeply buried shales within the Badaowan Formation in the Fukang and Dongdaohaizi

depressions of the central Junggar Basin

(a) Histogram of gammacerane index; (b) Pr/C,; vs. Ph/C; scatter plot; (c) Ternary plot of C,;—Cy— Cy regular sterane proportions; (d)

CyTs/(CyTs+Cyo)hopane vs. moretane/hopane scatter plot; (e) C,020S/(20S+20R) vs. C,ofp/(appf+aanc) regular sterane scatter plot; (f)
Ts/(Ts+Tm) vs. C;,22S/(22S+22R) hopane scatter plot
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TR R B T U PG OBLIE” R AE L Cyy A Cop KR DN
5 BE 35 B G RRAE (1B 4), 26 K A AR S5 A2 9 5 B TR
150 A A R 2SI A MILRE B 3 A DT, K R A U
AH IR 5% 1Y HiL AU 4R 1F (Peters and Fowler, 2002) . I 4h,
Pr/C,;—Ph/Cis — JC B Bl 5 Cy=Co—Cry = fA I
HHATE 9% DX 0 U6 5 A MILBE: ST 32 2 o i R o S5 A ) S5
KA AR S5 A 4 Sk (78] Sb, Se) o BB TVT B 5 4R 3 Vg
T 1M B R 2 NG S A U b B B A A B A b
SRURRE, W 2 A4 XA R 28 B A 8 T A LAY
i WA (] Sa—5c) . BRI % X h—7%
JZ N GE T 2] GUA TR R B A ALRE R IR A
5% 45 S A AR AF (R B55, 2019) .

[ R R R e (e /R A B i A ]
I 28 P AL TR BE B 98 A, 1 40 C 22S/(22S+22R) B
Bt B/ AERE . Ts/(Ts+Tm) | CogTs/( CooTs+Coo FEFERT)
C100020S/( 20S+20R) §£§ BE . Croafp/( afBraca) i 45 55
2 %5 (Peters and Fowler, 2002) . A= W) #5 & Wy i 30
Febr o, BRI 5 R 8 i M a2 a4
UL v A e 2 il 4 4 2 3k 30 B o B (1] 5d—56) .
J5 1 PR AR bR, a0 3L SRS 0 (MPD) . = B LR
& (TIMN), AR R BB 8 T A B B (% 4) .
X B 5T X T A A 2 32 O o BT AR i
1% 19 77 ) (Peters and Fowler, 2002) . B4k, 25 Hh
Y A AR AE S GBS A T A S B R T
ARARL A T AR R B8 AT HILEE SR JR AR AE 26 W R 2 il
W 0 EE A R NTETS A 00, I HEgE X IR )2 \E TS
YU 2D AR AR AR T I .
33 RENESATERBLISE

1o B A ML B o A U R T
Titlt, 71T A 38 1 A Al 20 AR I DL IR 1 X (2 i
HAE, 2016) o A A1 B0 TR (T 5 85 00 1A i 5 %
(R,) SV DUA A HLTT = B fe i I bR, — 3 PR B
JL % S R B80T T 15 (Peters and Fowler, 2002) . 75 iE
1 F MBI Z GRS A GUS T AT 435.2~4458 C
(CF-#{H Hy 441.6 °C), R, 16 FITE 0.51%~0.80% (°F-15
{EL R 0.63%) 5 BB U1 o3 VR 22 /\ G VS 4 25 1) T A1
T 436.1~449.1 CCF ¥ {H 4463 C), R, H 1
0.70%~0.82% (Il 0.75%; 5 2) . R, 5 IR B 5
o (B 3d), 2 /4> 1M1 B A R U2 /NGB T8 21 L 90 ik
AT AT (R=0.5%) o FRRE M1 B /\ B V5 20 TT 5
I W v T AR U MR, 3 PR T A IR
BAR(E 3d) . 50405 #ER 0 h—% 2 /E S
41 T U AH L (R IR 2 sk L5, 2019), Ik

URAIF 5 1 0 B A A v A B (Al 21 ), TRl I
PR A G A K A H TR . PR, AR T 5 R, T
W, o b DX NGB T AR 2 DUR R A T A iR R

BB ASE DL 53 A 2 BIF 5 DT 25 AR Ak R AR o T sl
Y & A Bt (Mohsenian et al., 2014) . & T HF 58 X 4
TP TE AL L B2 S sl D R DU A A ML S
B4, 38 & Basin Mod 1D 3 {4 & % B M 5 A< 18
W M E B IRZ GBS A 5Us iR JF e T
BB 53 B, R F Easy%R, 155 B 52 11 4 A3 £k
I 2 ([l 6; Sweeney and Burnham, 1990) , 54 IR,
FLRRE M BE 5 AR B M P2 NGBS A s B A
AEARL A FR 0 D7 5B [ /A VS 1 DURR B O 4R, B
JRE U1 B A F ¢ 2 LR 3k R, 6 PR 2 40 i B A i 2
L5300 A A 2 AR HE (181 7a), A R 2 20 1 30
IR I AR, B A )2 IR O, T e
Tran A F AR Bt Rk 24 (Kl 7a); RIE T
L [F) BE A F K A LR B Bz, 76 R 2 40 i B A e 20
We o3 2 0 1 2 A s s FHE T 7b), B4R %
MRt AR ST, TR R AR R A AR
BT BOF R 2E 2= 4 (1 7b) .

25 LTIk, BB R bR R ER (R A AU 2 SR 2 R IR
Sz, BLRE PG 5 2R 1A TR 1M BA R )2 NGB TS A s )
A HE N T AR TR, b 5T Ty sk A A R R 2
T #9150 Ma, A 0F 58 DO < A4 4t T SRl AH L
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3.4 JEEZATIE N B EE ST

JE TR M BE 5 AR U M RE R )2 N GE VS
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03 S MK PAASEALL S50 2 43 B\ T 2 0 B AR
fiE 71 (Li et al., 2022a, b; Zhao et al., 2022) , Jill 7K #A45
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(Lewan et al., 2008; Li et al., 2023) . ££ 1 7K #u A& #8152
WA, )P HR AT AR B S AR AR S
KRS WA AR AL B A8 AR 2, IR
e T RAEE A VL S A BUA PLY YRR e
1 VA B e ik #R v s A B R 27 W ) A A o AR
LA (PR 4645, 2022) o AIF5T X\ 38 T8 41 01 2 19 Al
R AN BEAIR (R=0.5%~0.8%) , ¥ A 1% 3 A= 1 =
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Fig. 6 R,, formation temperature and temperature gradient used for basin modeling of typical deeply drilled wells in the Fukang and
Dongdaohaizi depressions of the central Junggar Basin

(a) R—depth relation of Well Dong-6 in the Fukang depression; (b) Formation temperature—depth relation of Well Dong-6 in the Fukang
depression; (c) Temperature gradient—time relation of Well Dong-6 in the Fukang depression; (d) R,—depth relation of Well Cheng-1 in the
Dongdaohaizi depression; (e) Formation temperature—depth relation of Well Cheng 1 in the Dongdaohaizi depression; (f) Temperature

gradient-time relation of Well Cheng-1 in the Dongdaohaizi depression
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Fig. 7 Thermal history modeling results of typical deeply drilled wells in the Fukang and Dongdaohaizi depressions of the central Junggar

Basin

(a) Well Dong-6 in the Fukang depression; (b) Well Cheng-1 in the Dongdaohaizi depression
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Fig. 8 Hydrocarbon product yields of shales within the Badaowan Formation during hydrous pyrolysis experiments

(a) Total hydrocarbons; (b) Liquid hydrocarbons; (c) Gaseous hydrocarbons
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Table 5 Hydrocarbon yields during hydrous pyrolysis experiments of shales within the Badaowan Formation

TRIE /C R, /% BT [(mg/g) AR/ (mg/g) [AERTH/ (mg/g)
300 0.73 248 240 8
325 1.08 466 435 31
350 1.22 519 475 44
375 131 522 466 56
400 1.48 530 461 69
425 1.55 560 472 88
450 245 620 470 150
475 3.05 649 472 177
500 352 662 470 192
525 4.03 681 471 210
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Fig. 9 Petroleum formation and accumulation mode of deeply buried shales within the Badaowan Formation in the central Junggar Basin

(Location of the line A—A’ is shown in the Fig. 1b)
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