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Abstract: This paper is the result of oil and gas exploration engineering.

[Objective] Geological investigations of petroleum potential suggest that the Upper Triassic black shales represent the most
significant source rock interval in the Qiangtang Basin. However, the organic geochemical characteristics and hydrocarbon
generation potential of these source rocks in the deep basin are still under ongoing research due to the lack of deep drilling activities.
[Methods] The well QZ—16, located in the eastern part of the North Qiangtang Depression, has encountered the deepest Upper
Triassic strata in the basin to date, revealing significant gas anomalies and a substantial amount of bitumen. This provides a new
opportunity to enhance the understanding of deep basin source rocks. Here, organic geochemical analyses of the Upper Triassic black
shales were conducted to investigate the organic matter quality, quantity, and levels of thermal maturity as well as the oil-source
relationship between the source rock and bituminous oil. [Results] The TOC content of the Upper Triassic black shales in the well
QZ-16 is generally poor to fair organic matter richness, ranging from 0.12% to 1.09%, with an average of 0.47%. These values are
higher than the average TOC limit (0.3%) of over—mature source rocks with type II kerogen. The degree of thermal maturity is
(536-602 °C) and vitrinite reflectance values (R, =
2.44%—2.77%). The chloroform asphalt A and hydrocarbon generation potential (S,+S,) may not reliably reflect the organic matter

suggested to be in the over—mature stage based on significantly high T
abundance due to the source rocks being in the over—mature stage. Kerogen type index (8.75—18.5), Ph/nC,; (0.65—1.06), Pr/nC,,
(0.34—0.61) and C,,—C,;—C,, sterane characteristics indicate a mixed organic matter source comprising of lower plankton and higher
terrestrial plants of Type II, kerogen. Most source rock intervals were deposited under strongly reducing conditions, exhibiting a
brown—black kerogen color, which align with biomarker parameters, indicating that the thermal evolution of the black shale is over
mature. The oil source correlation parameters reveal a strong affinity between the Triassic bituminous oil seedling and black shale in
the well QZ—16, which is self—generated and self—stored. [Conclusions] The Upper Triassic black shales in the North Qiangtang
Depression are mature source rocks with certain hydrocarbon generation potential. The results of this study provide a new reference
for evaluating source rocks and analyzing hydrocarbon generation potential in the Qiangtang Basin.

Key words: Upper Triassic; source rock evaluation; hydrocarbon generation potential; well QZ—16; oil and gas exploration
engineering; Qiangtang Basin

Highlights: (1) Source rock evaluation and hydrocarbon generation potential analysis were carried out for the first time on samples
from deep drilling (well QZ—16) in North Qiangtang Depression; (2) It is suggested that the black shale of Upper Triassic in North
Qiangtang is over-mature source rock and has certain hydrocarbon generation potential.
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[ia) JEEATS AT VR ARCHY | 3 A% AR V4 1) JR AT ()M D5 Y
I 300 24~ 7 88 A5 (R 55, 2001; 61145,
2004; JHifgAE 45, 2014; ARKAE, 2023) . 54k, Hok
G ALY ] 25 n T LR o 1 2 R AR A L il e 25, (Fu
etal, 2013) . UT4FER, FEUH 2 LI < BT A £
BHEIF(QK-D W kI T 2 2B os, IESCZ5H
BB i SRR 1 (L8148, 2009, 2020;
W 2545 2021; Shen et al., 2023) . {H i Tt %%
) A SRIREE T 52 2% b I 1 5, JEdE 7 H {2
e ]l el vt A AR R SR A 5 il AR At (T 81 5%,
2022a,b).

VTAESR, JEYE A =B85 5t (R 45 [0 5+
AHI T TR LR L JE LA i 25 R4l &
AR RITCAENEENRESZRZ —%
B2 BT (SO 45, 2014; Wang et al., 2021a,
b; WE 25, 2020; L8145, 2022a) . JbIEIEMFE T
W1 E 52 AT H 2R (IR /N T 1000 m) M 5T 4
(QZ-7. QZ-8. QK-8 1 QK-9 }) ¥7E F =&5
Bl TR RO —R KA v, BRI T AR
T2 5 MR A il R s (U R e ), 9
QK-8 I HITE I =& G EL or dl i L2l & 3R
SRR, R H = 7R 5.425% F1 5.349% (5K
45,2020) . LA LEBERIRBIEE L I =SSR A
Ve DA BAT BT B A e v T R PR T 55, J2 A N
FEAMMIR B2 R CREES, 2018; 4 EiL
FIRLE 3C, 2020; 5KINAE, 2020; 64, 2022a) . $&
1M, FH T i 2 AT UR b G I Rk, X T g 3 4
iR TR A S ) BT L A LT | SR TR KO
AR, RSB IE AL B 4 H RIS AN TE 2E, 2y
TORIEFE DX U8 DU AR R Wk 0 B AROR R Y 4 T
A

AR TR BA AR 2 L QZ-16 J1, A
FHRIE 1600 m, #1817 124 M 1R 2 IR =&
GridR A, FIBT IR B0 T 4 B A S n 5k 2
Wi, N IeYE R IR A i BT 98 5 A 18 v
St gt THTHLE . AL QZ-16 I E=&5E
AR TUA S E BT XA, WA WA . A A
fif . ST A BB G ER G A LD
BRALZE ST, IR HLBT R AL SRR JE A
5% Ko AR, R T AR AR 1 o b, 5 4R IX R
SLRE AT R XS LURIFY, R e 35 A b 5 P B 1

THIIS AR
2 MRS

T I R — R B Sl B D T A, RS
WM = R b B | BrpE bk | SEdEE | npaf
G HL RN B —Se ik AR e 1 98 3 23 ) 47 T
T8 S T, R G AL R BE A IR AR A R
LVPVT 855+ 2 18] (B 1a; Yin and Harrison, 2000) .
BT b BT b BR P BEGERL BT, AR IS A b i —
A5 R AL IEE I B | e g R A R I8 BE 34 [
3PP EFIT (A 1a; ERGES, 2001) . BIFFEER
W], =S IEIE AP I 32 2245 Tl R R T
#7781k (Wang et al., 2022) . ¥LA-A] ] g L — 4
LA W ERM T FHEIE TREL —F =S
IR, M6 = Bt —rp = S R o I U8, W = Bt
filf % 5 4] ( Yin and Harison, 2000; Kapp et al., 2003;
ZRH A 2003; Ding et al., 2013) . #B4r27 & WA K
I I A R A AR AR — U 2 A AR T
PRI B, T R = S AR e R G DS e
Wz F, T =&t &A1& (Zhang et al., 2006;
Zhai et al., 2011) . JSAE 7 Rp8e i ir 740 & H HiTik
FEAE—E AR Az B il T = &0 Je s 4
T B 5 18 Ak, R30Sk T Bl 2 b 9 R AIE (5 4%,
2001; 22554, 2003; &I, 2009; 5 T B FIEE 3,
2020; XIrh o AE, 2022) o M =B ], T AR T
PRV 5| & 00 R BRI AR fof 45 55 A i i 725 1 28 ¥
45, AT BRI T E =& W AHA . 3
LR A EL BT, 7E 2 AR B S R A o LR (8
452009, 2020) .

QZ-16 - T FE I A 7R 5B (18] 16), JFIK
15927 m, §5i# T L =& 5 TR Gk L
Z. B Fm RN E =5 P AR (T,) ., P
P4 (T,h) . BT (Tibg) |« SRR PE LV (Tye) AFp
TRB FATIEH () ,q) . E=B5 0 THE
878.2~1592.7 m, R WK . Horp, Mot A T H-
878.2~1323.49 m, EZ AWM N KB A e 117, Je/b
IR A b e s, 5 E SR L 4Lt
BOR A A EM(E 2) . leE B s 2 E
K& BT, R B EL A I8 TR A 7K AR B
Beo OBAPRFKEZE, FR)ZH(E 2), ATl
YR, RS R R £, TR
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Fig.1 (a) Tectonic framework of the Qiangtang Basin and showing the distribution of Upper Triassic strata; (b) Simplified geological
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5. ARSI GB/T 18606—2001, 1% #§ Jy 3
Agilent /A Rl 9 59731 S AH (A 1% X (GC) A A,
T — % B FH A (GC-MS) i 7% {6, 3% H: -y HP-SMS,
30 mx0.25 mm(N42), 0.25 mm( PR o HR IS 5
TR B R 280 C, By O R (R RE
WEFHER 70 eV, JEEE 230 C, DU AR E
150 °C, & SFHLIE 200 pA) o AR AR (3 1 FHE T2
FFBERE N 1E 100 C £R%F 5 min, K5 LA 4 °C/min F+
TR 100 °C FFER %] 220 °C, ZJ5 LA 2 °C/min T
T = 2] 320 C IF7E 320 °C L4 20 min, #F
FECTREE N 300 C, HANASR. Wik REN
Z BTN (MID) 3457750 A AR AR SR A
)57 243478 ] DELTA V 382 52 R 2 B4

5 HP5-MS S AH 4 5% 4%, L 5 °C/min i 3 R
35 °C FH 31 400 °C FEATINR, A K G S IR GB/T
18340.2—2010,
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4.1 EfiBHHhERF4FE

QZ-16 I I =40 BB AWK AA 8 TUA R 5
TOC S5AMiWIE A FEILT% 1, 30 fFH:f TOC
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F 0.5%(F£ 1), TOC Frmghm Ak 2, Hh 7
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Table 1 Basic organic geochemical parameters of Upper Triassic black mudstones in the well QZ—16
FEf S TOC S S, S, S, AT A0 HI (o) T,/ C R,
16Bsy—1 0.34 1.10 / / / / / / / /
16Bsy—2 0.28 1.11 / / / / / / / /
16Bsy—3 0.53 2.74 / / / / / / / /
16Bsy—4 0.22 0.71 / / / / / / / /
16Bsy—5 0.18 0.30 / / / / / / / /
16Bsy—6 0.64 1.08 0 0 0.20 13.96 0 21 601 2.44
16Bsy—7 0.54 2.62 / / / / / / / /
16Bsy—8 0.76 2.77 0 0 0.18 15.84 0 15 n.d 2.46
16Bsy—9 0.29 1.28 / / / / / / / /
16Bsy—10 0.15 0.10 / / / / / / / /
16Bsy—11 0.12 0.12 / / / / / / / /
16Bsy—12 0.18 0.61 / / / / / / / /
16Bsy—13 0.22 0.66 / / / / / / / /
16Bsy—14 0.17 0.07 / / / / / / / /
16Bsy—15 0.17 0.10 / / / / / / / /
16Bsy—16 0.21 0.95 / / / / / / / /
16Bsy—17 0.57 5.70 / / / / / / / /
16Bsy—18 0.87 343 0 0 0.15 19.61 0 13 582 2.54
16Bsy—19 0.37 5.08 / / / / / / / /
16Bsy—20 0.46 5.45 / / / / / / / /
16Bsy—21 0.67 6.31 0 0 0.18 6.66 0 16 536 2.77
16Bsy—22 0.43 4.41 / / / / / / / /
16Bsy—23 0.45 3.45 / / / / / / / /
16Bsy—24 0.40 2.07 / / / / / / / /
16Bsy—25 0.92 4.18 0 0 0.13 5.65 0 9 n.d 2.65
16Bsy—26 0.33 2.56 / / / / / / / /
16Bsy—27 1.09 4.59 0 0 0.18 17.29 0 12 n.d 2.70
16Bsy—28 0.63 4.12 / / / / / / / /
16Bsy—29 0.98 4.08 0 0 0.13 17.88 0 8 602 2.73
16Bsy—30 0.92 4.37 0 0 0.12 13.48 0 10 n.d 2.68

(E2)., E=&%R 5 SCEAH)EAN T 0.07%~
6.31%, FYIME N 2.54% (% 1), S fEME ) b sh
K, 5 TOC 2t —8 (&l 2), FRIMA WM
AHFNE(R=0.70, n=30) .

I L =845 814 TOC & i 4 & (0.64%~
1.09%) I FE f A AR ST s A &&=, T
5x10°°~19x10°°, ¥J{E A 13x10°°(F 1), HAEREm b
MAEEE TOC S AR bR —., ik 8 e S 4
fif AT A T AR R S AR (S, ) RS AR (S,) , A Ak Ak
(S;) Fr B, g 0.12~0.20 mg/g. WFFTRER AR
12 (S,+S,) FIE T8 B (HI=100xS,/TOC) #] K 0 mg/g
(F£ 1), A5 (01=100xS,/TOC) Y {H J9 0.12~0.20
mg CO,/g TOC (¥{H} 0.16 mg CO,/g TOC)(F 1).
Forf, A 4 A G AR AR A IR B R R T M
536~602 “C(HMEH 580 C; % 1),

ZH =88 s h R A FIKGl AR ST
i AL 43 A 2 Y HC EL A ALY J A 4 (3% 2,
Kl 3), EERFETA, &8N 68%~T6%(¥I{H K
72%) 5 IR MG, & 18%~28%( 4 {H K

23%); M B2 & s K, 8 3%~8%(BIME N 5%) -
Hop, se i dl B8 oiE 6, R TREE B AN
i B T 8 B A 5 T A B AR 3 A 4 2 A A AR
(16%~26% ) Fl G 25 ¥4 58 Jo 4 (8%~12%) (3£ 2), il
HL RO, HHMYAMELEH, 55 Z B2 A,
Y —, TOAEY AL (18] 3); 15 2 =20 TR
YR 22 TR . BF5EIX 8 1 S (0 8 2 B i T 18
MR8 TR S 59 2% R B ARG 55, A T 2.44%~2.77%
(F 1), BIHN 2.62%.

QZ-16 I I = Z& G Ao — TR IK A TUA IE K
Yl BAARTR R 57 R A T —33.8%0~—25.7%o0, B [F 1
EIE SR (3R 3) o 3K, IEMI BRI IR 2
Wi 5 B B P 388 TN AT SR AR e v R e T MR f A i
R 34N, BFGE KR S Rl R0 28 HAT ALY 43 A
FHE
4.2 EYIFREN S YIFE

QZ-16 It I =& 4 8 R AWK AV A
st PRI SR €0 1 25 2R R AR SR L 43 1) DL 1 5% 4
FE da~d. BB F RS BR, BF58 KRR IE R BER
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Table 2 Maceral compositions and kerogen type of Upper Triassic black mudstones in the well QZ—16

TR A 53/ %
Feh AL fa Lo TR TR
Tt 5 A 6 i T4 M B I SR BT 2 T ! -

16Bsy—6 75 10 12 3 18 I, g Reh
16Bsy—8 70 16 6 8 10.5 I, FRiE
16Bsy—18 72 6 18 4 14 I, kR
16Bsy—21 68 15 12 5 8.75 I, FREBE
16Bsy—25 68 10 18 4 9.0 I, IR
16Bsy—27 70 13 12 5 11.25 I, FREE
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Fig.3 Characteristics of kerogen maceral compositions of Upper Triassic black mudstones in the well QZ—16
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Table 3 Carbon isotope characteristics of n-alkanes in Upper Triassic black mudstones in the well QZ—16

FE b 613CPDB/%0

%5 Gy, Cis Ph Cy Cy Gy Cy Cy Cy Css Co Cy Cys Cy
16Bsy—18 / —25.7 / -281 285 -298 -31.1 316 -31.6 321 -31.8 321 -31.0 318
16Bsy—25 / -287 286 289 293 303 313 322 323 320 -31.7 -31.6 314 311
16Bsy-27 273 -283 268 287 289 299 312 329 323 323 -32.7 32,6 324 330
16Bsy—29 / -26.7 267 276 293 -30.8 322 333 332 334 334 336 -33.1 338
16Bsy—30 / -280 279 285 294 -302 -31.5 -328 324 327 316 329 324 327

R4 QZ-16 F L=BHERBREEMRIE . LRKTER. RS HISHEHE
Table 4 Characteristics of n-alkane, major isoprenoid, terpanes and steranes parameters of Upper Triassic black mudstones
in the well QZ-16

T TR 16Bsy—6 16Bsy—8 16Bsy—18 16Bsy—21 16Bsy—25 16Bsy—27 16Bsy—29 16Bsy—30

Iﬂl%ﬁﬁ C23 C23 C23 C23 C23 C23 C23 C23

CPI 1.12 1.16 13 1.13 1.15 1.15 1.19 1.15
OEP 1.01 1.03 1.03 1.02 1 1.03 1.02 1.04
C,/Cyy, 0.4 0.96 0.78 0.6 0.81 1.13 0.82 0.8
Pr/Ph 0.4 0.47 0.53 0.37 0.51 0.4 0.51 0.47
C,, TeT/C, TT 0.66 0.6 0.64 0.71 0.71 0.63 0.67 0.72
ST/H, 1 0.61 0.55 0.43 0.49 0.45 0.43 0.56 0.48
C,TT/C,,TeT 1.47 1.66 1.45 1.4 1.43 1.44 1.53 1.38
Cay1agTT/Cyy 0 TT 0.96 1.03 1.02 1 1.12 0.91 1.17 1.13
G/C,H 0.17 0.14 0.16 0.13 0.13 0.11 0.12 0.11
Ts/Tm 1.02 0.95 0.85 0.98 0.87 0.82 0.86 0.95

Cyr/% 28 30 30 29 28 27 29 29

Cy/% 24 24 23 23 24 25 23 24

Cpo/% 48 46 47 47 48 48 47 47
C1y00a208/ (20S+20R) 0.44 0.43 0.45 0.44 0.46 0.47 0.45 0.47
Copp/ Caaatapp) 0.41 0.38 0.39 0.39 0.4 0.4 0.39 0.4
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T 5 S R LRI L 1S 4y 551 DL % 4 FTE de~hs
AR M/Z 191 i g oA, iFoT X R AR
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PR N 0 Joe . DUBRIEBE . T ER =i B AN 5 bt
(& 4e~h), HAHXT = BERE AR RE Lot > — IR B> =
U > DU A s o> LR = e o A e B AR o AT S Tl
g Co~Cis, oy Cy EBE ST B, C, BRI RE S 12
R Z, FAZE AR X & AR, 40 Tm(170-22, 29,
30 =[EFERE) M Ts(18a-22, 29, 30 =[&7ikt) . FE
i Cy, THELE-228/(228+22R) Hl Ts/Tm LA 435
}0.58~0.59 1 0.82~1.02(F 4) . = Il ot A B 5L
GBI R Ci~Ch, Horh Cyy T C,p = IR BE 5 5
&%, [, FEa R —a s kb G
Y, BB A B R Cog~Cy, ALHE Cy BEAE
Coo FEBLLERN Cyy THEBE . T3 Ak, B AR s
AN, HEA AR (05 e e E (A E i

Bt/Coy FE05E), M 0.11~0.17(F2 4) . FES IR
AR AR AL R, 1) BRI B AP e B Ak 540 o

A AE MY/Z 217 J R 5 BT, QZ-16
IS R ATAER ST &R —E BN RS
Y, FEH CpCoy=Coo FUN S bE, & /D C,, 221
Bt Cy, 8555, Cyy Al Cyp EHELS g, RAGI HH C,g FE
HES B (K 4i~1) . Hodr, €, Cog AT Cyo BRI S B2
AN B0 0.27~0.30., 0.23~0.24 F1 0.46~0.47
(Cy>Cy>Cog; # 4), TERIE I C,;~Cr—Cyy 00a20R
BRIV FIE (K 4i~1) o TE Cyo B FS bR,
C,, 00020S/(20S+20R) il C,, afp/(app+aaa) i H (A
4394 0.43~0.47 A1 0.38~0.41(F 4) .
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Fig.4 GC—MS characteristics of some typical Upper Triassic black mudstone samples in the well QZ—16

BAPR(TOC) . AT A FIAEEE(S+S,) .

QZ-16 -+ 1 R IR TUA TOC>1.0%, 11
FE& TOC AT 0.5%~1.0%, 18 {4-FE 5 TOC #/hF
0.5%(F 1), &4 I8 TOC WA, K20 A FE b
R AR KRR 5 RN 22 SR U5 A (Peters et al., 2005) . 5
QZ—16 H-HHAR X 55 Sk ol b 5 v Bl S VR 7 b A L
2 F =BG PR 50U TOC & B ImA%, f4ltn. 2 i1
i TOC 4 0.67%~1.72%, ¥I{E N 1.04%( T 5%,

2022); 48 AR TOC N 0.53%~1.66%, YJ{E K
1.03%(Zeng et al., 2013); SF/RFE B L] 1] TOC
0.59%~1.81%, ¥J{EH 1.2%(Wangetal.,2021b); QZ—7
I TOC M 0.32%~1.29%, H1E K 0.69% (K H 4%,
2018)%5, QZ-16 I =S4 8 e TUEHE A LT
TG A R v (S 4S,), BT A &k 5x
10°°~19x10° (¥ {5 Ky 13x10°% % 1), Hip TOC &
W SEWITH A BARTLMEXRR, FFE, Qz-16 I
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WAL T I A AR v (S, +S,) a1
BT R ol 1 1 TN 2 A W/ oY o Al A T |
QZ-7 H b =& Z B le A WME (Zeng et al., 2013;
KA 4 2018; Wang et al., 2021b; F i1 4,
2022) . WIHAKYE S+, AN IIE A & REX A
SR, Z IR IEA A LSRN AR, KRR
TR AR IR A, BB KF TOC & & 3FM i
9l (Peters et al., 2005) . @M Fik2ZEFHE FEHYE
WF 5% DX i PG el LA O, T I A B A
B B AR, 3 S,+S, [EAAT A WL &
SRR, Bk, EH IR S+S, AT I
A AREARSF M H T A IR E A i A AL
FEVPANY, I35 F TOC B AR Ay ok B2 BE A 5 ) A L
FE R AR AR . T3 Ah, AFSE X SR e DA IR AL
FE T SRS A AR S A YL F A
XI5 (E 2), nl eI S U 19 R G TOC & &K
15, A HLUTTE LT AR i i R A o B B I o
/b T DU A B I R kA S PR AR Ak, § 3
PP G R
5.2 Bk

A BT ST 5 hn A LR IR B AR A A 1%
YIAHOE, SRR RIS L i I i B bR . AT
WF5E i Zai o T AT AL . T RSAR 0 o B A=
BB AL A AT 0 ), (L H 2 R R ) )

SFRIY S ((TUFT N ZE, 2005) o X TR B 2h—

JRURA 7, W] DU A AR AR DC S E (A48
B HI, S A5EL O Flds m IR T, 0 RHRE IR 1Y
A AL AT A R 5, AR X) o AR R
HI {ERAR, I S E 0o M (B 15 R i, ARMEXT ARk
R0 e DUARE S AT LTS RN A . A
FERM, T AR G 7% £ 32 A E R /N,
AT A AN [R) B B R T 5 () AT AL 2 28 (B
TR 2022), RAE QZ-16 H I =B85 I T A i
AR 1 R, B TE R o Bl B 0 A 52 B, WA HL
FAUFHUTIRA R

THEAGER 2] QZ—-16 I | =BSR A
T 5y R B FE AL, RO R AL Fg 4, 2
WARNTEEMRE 3) . miT AR 552 5 AL
HZE R T RS BUFE £ (TD i35 1k KXl 4y
b . TI=[ JE U8 4 %= 100+5% Ji 2H x50+55 Jit 20 x
(=75) +1 it 20 x(—100) 1/100( 4 {32 7% Fl 1L 7 #E

2011) o 4 TI>80 W}, A 1 &+ E& 4 ; TI{H A
40.0~80.0 i, SN 1, AU 5 TI{E N 0.0~40.0 i}, Ky
T, 75 TI< 0 B, H AT AR . PR IX | =& 5
T TUARES THEAT 8.75~18.5, ¥(H H 13.4, K
HAPLEER I, BT R (£ 2) . M,
QZ-16 J I =S5 R v R B A 550 /RFER 12
26 B RN A% il 300 T AR 19 T BE AR 5 %X ( Zeng et al.,
2013; Wang et al., 2021b; £ E A4, 2022), H I
QZ-7 HHE i T I AR T B 1 CRFF EZ 45, 2018), Ui
IR IX R e A A ML R 550 RFER 0, 8 5L
EEANAC i AT, (HLEE QZ—7 M X A5 .

e (Ph) R B (Pr) JE AR RN e LAY
SR M, b Pr 322 i I 2R A (1) A B 22 4
AL TR IR 52 WA F, T Ph U phy I 428 ek o B 2 7
W, REHFEZAISA, s fbfiE . A&
Wit S oK AR S8 A 340 TR 8 45 T 1 s M, {HL 2
FREE A K, TR A LTS A K AR AL A 45
FN B A AR (IR 425, 2022) o A E =858
(498 S5 L i Ph/nC, F1 Pr/nC,, {E 43 51 K 0.65~
1.06(SF-X{H 0.83) 1 0.34~0.61(“FIJ{H 0.49) ., 7F
Ph/nC,—Pr/nC,, B fi# v (& 5), Fr A3 FF 5 39 7% 76
T 760 P AR A7 X3, s B i 0 2B ook 5 B A v
FREIRAE Y A, XA TR SRR AE A YA, X
55T AR S G A3 N ) T, T B AR S SRAR L
5.3 BHREE

AL R W SR D A AT AR
SR, Horp B AR U 3R (R, SV E RR I i
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[ IEEERNG
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Fig.5 Binary diagrams of Ph/nC,, versus Pr/nC,, of Upper
Triassic black mudstones in the well QZ—16
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B, — A R, R,< 0.5% 1R 3 R MR IR A
0.5%~0.7% J A% B2, 0.7%~1.3% A AL, 1.3%~
2.0% M, R>2.0% WAL £ i vz A .
Wi 5 H U B T B, AT ML S AR O B 4y
L IES TS 25 (Tissot and Welte, 1984) . #lF3EIX
8 1 BB AR YR U FE S BE AR S % R, T 2.44%~
2.77%, BIE N 2.62%(F 1), R EA i A0
AL, B3 T AR T FR (Peters and Moldowan,
1991), AHILTI 5, QZ-16 3 F =&5 R i A BA
R R 4B B 1 (0.95%~1.27%) . 48 5548 (1.30%~
1.46%) 2 it #1 m ( 1.27%~1.42%) Fl QzZ-7 I
(1.46%~1.84%) Wi {519 R, {H (Zeng et al., 2013; K&
E£4E, 2018; Wang et al., 2021b; F 4545, 2022), it
B QZ—16 J-Hh DX AT ML 822 B B I8 o T 5 /R HE B
B 2 5gE | AR QZ-7 HHHbIX .

S A TS B R VIR T, BE G A HILIBT A
JE A1 v i v, AR BE A AL BT 1) 3 A R
TR SECE RUERYE, 0 A s IR T, 1R
MEMED S A MLBT A A . QZ-16 I 8 18 T
AL 4 R RS T, 18, S0 536~602 °C (F1E
h 580 °C), ¥ WA PLBTHEA S LB B,
R G —8U(K 6), HARIFMSHE L, T
i AR T €0 A BIL BRI A Y BB R, i,
S PR AR B A 3 B W AR TR . QZ-16 JF
=3 I i Y YR N S v R R

o (K 3), Fz g HIL s #RGs 4k vl BB 3R 3 1 3 Bl
BB A, A SCRE S ) B8 AR B0 B IR T
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[ ]
O 5001
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400r . 4 o e
350 AR
mEL: | | |
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QZ-7 I Al S SRR B AT, S e Ix
A HLJTE B2 O G R T A 4B A SR R FE B 45 Hh X
(Zeng et al., 2013; K & = 5§, 2018; Wang et al.,
2021b; FHEARAE, 2022), X S8R % R, 1H]
BaE R —E, I X R S AP AT e
5 SRR VR SO S W R A A G, il
VR 1 F s ARG ML D7 T 8 e i I Ak

TN, T bR R A Y S b T LLRBE A
ST BT B, A AT {5 B il o AR A B
AT P A (Peters et al., 2005) o % WLEY A bR 248K
FHEIEA e F 0 A7 AL 5 (OEP) | 18a(H)-22, 29,
30 = REFEBE(Ts) . 17a( H) =22, 29, 30 = [& 75 ke
(Tm) . C,, TF7EBE—22S/(228+22R ) I 5 Jot 57 A4 1A
( C,00020S/( 208+20R) F1 C,afB) /( acatapp) ) 55
(Moldowan et al., 1985) . F T 43 ML )5 7€ B 1k 72
JEE RN 23 R A A B, X — R S R BOE Mt
R IR B o S 38, AT T 9 2 (i e 1 34
BHHHE S, 2B HEFE %L CPL Al OEP &8,
/N o QZ-16 5 i CPI{H F1 OEP {43 % A
1.12~1.30, 0.99~1.03( 5% 4), #B & A B 8 19 A (8 4
B, 3K AT R S WL 9T DX SR R U AL A AR Ak
PR o [RIBST, B A PG A AR B 3, Ts/(Ts+
Tm)fEREZ T+ R IE 0.5), C,, FHEELE—22S/
(22S+22R) (A 135 0.62) , Che00020S/( 208+
20R) (A=l F U435 0.5) Al ChoaPp/(acotaBB) (A= i
FEIR 0.7) Wbz T . QZ-16 I | =S4 %

0.7
0.6 - N
%%\\
y@ig‘?’
— LA
a 0.5} J
T
3
3 0.4 e »
S 03
G oal 186 e 24
O1r kmm
0 Il Il Il Il
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
C,,5t 20S/(20S+20R)

Kl 6 QZ-16 I b =L B OJe AL A 1 14 At

Fig.6 Discrimination diagram of organic maturity of Upper Triassic black mudstones in the well QZ—16
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(AU T AL S Ts/(Ts+Tm) HUE AT 0.45~0.5, 14

TR R . Cy, JHEELE 228/228+22R AR 7R TG
IR BRI (0.62) 2 J5 A2 PRl A B Y
Th e gk s fin(Moldowan et al., 1985; Peters et al.,
2005) . ASWKBEFY 8 FEAE ST Cy, FHEERE-22S/(22S+
22R) HUAE /31 A 0.58~0.59, 3 S E A - 0.62,
[ S e AL A A R R e i o S e i S R
e (E Ch000-208/( 20S+20R) F1 C,eapp/( acotapp)
T 2 B P TR B G it 1, P {43 i)
TE 0.5 A1 0.7 245 (Peters et al., 2005) , QZ—16 H-k¢
il Cpo000208/(208+20R ) Al C,oapp/(aca+afp) il kL
8 73 51 Ry 0.43~0.47( ¥ {E Ry 0.45) Fl 0.38~0.41
(FMEN 0.40), WL 5 X AR TR A P A A B A 1A
B . 7E Cho00-208/( 20S+20R) il Coapp/( oot
afB) 2L E v, BT A FE i 5 7% 7E B BT 3
(1 6), s A MLECRAE, S5HTTE R, B9 HM 45
A —E W22 5, X AT REZ HR T IF58 XAE i il
I R T B e 28 S OH ) R R T AR BRI
LT &, QZ-16 IR VU4 i Ts/(Ts+Tm) | Gy,
FHEESE 22S/(228+22R) I C,y00020S/(20S+20R) L,
HI & TSRRFEPE L A5y &M QZ-7 I
X, [AIFE S B QZ—~16 FHAE AT AL T A AL R P 2 1
THAZE AR /R FCIE L A5 [X ( Zeng et al., 2013; K
EE4E . 2018; Wang et al., 2021b; F B AH %5, 2022) .
LG TEEARGE BT S 2 | T EEAR (8 R AR b s
B 25, AR S PR DUAFE S AT L
AT REAL T it AR BE
5.4 BHLBCRIERITRIMNE

L WA IC ) SR TR TR E AR, Har 4y
A A FHAE A ML R U ) 50 (1 48 Fr (Peters et al.,
2005) . TEMEEREALE nC,~nCy, 30 B PN Y 20 A BE
A TP BB SR R, AN A £ B LA e
(nC,s~nCy,) 7] LA 57K A= A 006 SR, K55 1E A4
$t J& (nCponCyy) 3 2R U T Fifi Hb AH ) 1 1 5
(Eglinton et al., 1962; Cranwell, 1973) . F5% X iy
IERGEE S AU R 258 nC~nCys, Hip nC5~nCy,
IEFbesE o BRI (E 4a~d) o C,, /C,y, R 0.40~
1.13, P20 0.78, BEIARE & i K A5 IE A e o AL
B A AL AT B R EORIE TR Y . S
B, A i A A AL R B G 2 S BUE M e iR i i e

205y Er e, nififs C,, /Cy, MH¥G . T
IF 5T XA i AR A T30 B Be, 7R RS e
FRAR oA HLER IR, B[R] 45 5 oAb dE bR, LA
WIS SR AT (SRR

S e my oA A SR TR AR e | Bl AR AR )
ANAEHUTRAF VI (Peters et al., 2005; Ruebsam
etal., 2022) . C,, H§ bt LR UF T2 8 . Rk A1 H
PR AH R BT A Cog 85 8 = 2R VA T REWE . 1D
T OPREE L IR RN S R A 2 P REE Y A2 A S
B HTAA; T Cyo B3 LE B AT R VR T4 e Bl . 8 B e 55
A PR R R K S, o mT Sk VR T i A5 Bl s A
(Volkman, 2003, 2005) . QZ-16 H I =&4 o4
TARES Y Cpp Cog FI1 Cog HEI K5 B2 14 o L4390
27%~30%. 23%~24% Fl 46%~47%( %% 4), H rh
C,, 5 Cyg BTt A BOHIE, G L St S AXTFR 53
i (F 4i~1) o 1E Cp=Co—C,y =, FESTETEIR
HAREIX (E 7)), RUILLREIE = Y o 3, BATR
ARG HE Y BRRARAE

SIREGE(TT) B R S H B —2, £
KU F AN L i S S S5 B 9 (Farrimond et al.,
1999) . =& 1Y = Pl e ¢ B g /K PR 45 RN A i A
Y A, #2555 A (Farrimond et al., 1999; Tao et
al., 2015), T C,, VUERlfLe(TeT) 3 L7 il AH PR v
& B (Tao et al., 2015) . B I, C,,TT/C,,TeT FlI
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Fig.7 Ternary diagram of C,,—C,,—C,, regular steranes in
Upper Triassic black mudstones in the well QZ—16
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Cogiar/Cos oy TT A W] FH T 1 i YR AT AL 6 A )
AT Bk (Tao et al., 2015) o AFFEIX Cp TT/C,, TeT
F1 Cin/Cos s TT HUAESM IR 1.37~1.66(FE N 1.46)
F0.9~1.17(¥{H R 1.04) (3£ 4), KA 5E IX A L
Jo7 3 B DA R SEAR R, IRl EHTR A D R AR
Y, B REARIEMRHE. 556, YA ahA
BLITE LAV e ke 2 A A ML R, 38 R
Shy e G ) 55 e B A2 1 4§55 e/ e (STYC 4 45H) HE
B, T 24 A ML 32 ke U5 T Bl VR A 9 R0 A B A
A ELA ARV JE 10 45 e B A I 114 55 e/ o UL
I, ST/Cyq5sH HUAE T # Bl R 48 /R AS R A= 0 5 4
L B TRk (Peter et al., 2005) o BT 5T X AL 5 9 55
ot /8 ot FEAE Y AR, A F 0.42~0.61(F{H K 0.49;
¥ 4), FRHIBFIE XRE & A LS T BE LA i T AE 9

Pr/Ph {ELIE # T J0 ST BUK AR 9 A8 SR A%
4, 24 Pr/Ph< 1 JZ LA E /KA, Pr/Ph> 1 J B & 4K
A, T 24 Pr/Ph< 0.6 BF WU A % tife 420 17 15 6 B /K {4
(Didyk et al., 1978) . 5% X A i Pr/Ph 2y 0.36~
0.52(¥IME K 0.45; £ 4), XL IBFIE X Je A B ]
AETE B F 4 ik 0 38 R A 0 o A 5D 0 e 32 B OR TR
TR A S RO A VR FH A0 B G D L, i
U B TR 0 338 SR A, I 5 OKAR I 0 2 A R
(Sinninghe Damsté et al., 1995; Tulipani et al., 2015),
(EIFAE R Eh B R EEAR BT 32 8 I 5 0 J5¢ (Peters et
al., 2005) o BIFFE XA i EL AT AV 1 5 e Jo i 550
(G/C,,H), M 0.10~0.16(H{H Ky 0.13; F 4), X 5
Pr/Ph {ECA ] () i 6 AR A BE AT I . (EAR R
B JE:, B 98 XRE A AL 5 B R IR T B IR A 4, 31X
— R AT e P BB R AN A, DT S 2
U ot (B 1K o
55 HWKEHHIH

AU, RS A— BRI A ) TOC T
B bR 1 R 0.5%, T i i 2 — 3o Al 2 J8 VR A 1)
TOC T FRFRHENI<0.5%, 1T [ 4AA HILT ) 5 A
F: 2k (Peters et al., 2005) . JeffE#r45(2014) A A
[vi) 28 AT ML 1 A i TR, L ToC
TRRAREAT] . EAT 1AL, I RUAT T 28T AR Y )
BRI, H TOC T FRARESHIR 0.25%. 0.35%
1 0.45%, i i Bl R IR A 1 TOC T BR AR HE 53 5]
M 0.20%. 0.30% A1 0.40%(FE AT 4E, 2014) . 45 b

31, QZ-16 H b =B H IR AR TS 3%
Sy v S i A R ) AR S5 K AR AR TR A 0 T, AU AL
BT, H Ak T 5 bl 2 Ak B B, DL 0.3% 1
TOC W FBRARE. X =GR E—2B 0
T TOC & iEh 0.12%~1.09%(E K 0.47%),
HRERITFEM TOC F KT 0.3%(K] 2), KEAHTIE
X3 it A B IR A (R R EBUE T ) o

Bl Ksr TR B R AL IEE I FE A QZ-16
It E=&g A0 WFEERmAEs . BAH
SK~3Q02 M it SR H BRI M S, 76
=SS E ST 2 H R H A4l (1262~1572
m) B3 T BRI ST, 258 0.0%~0.718% (3
B4 0.089%), FE 4 0.0%~0.681% (FIE K 0.075%)
(FHEMEE, 2020) . Hirpe (1) EL572H(1262~1323.49
m) 2124 0.011%~0.166%( H11EH Hy 0.051%), H 4
4 0.009%~0.142%(¥I{E A 0.049% ) ; (2) % HL 4720
(1323.49~1502.48 m) =44 0.0%~0.290%( ¥ {H A
0.07%) , H %t K 0.0%~0.234%( I {EH K 0.047%) ;
(3)HAH4(1502.48~1572 m) 24 H 0.009%~0.718%
(¥IMH R 0.176%) , HER 0.008%~0.681%( ¥I{E K
0.153%) o BRI 5, AR A Z 0 & A Ey T
ST AN A . HIFER, QZ-16 I =& 5
O W R PIE A0, HEERE—h 2RI T
JEHBE R YE S, HEEHZ IS TR T A Whn &
A WA IE (B A4, 2020) o b I 35 34 A 45 56
QZ-16 It I =& 5 5T 4L 75 (R ALK LU v
RO B B AR RS O RRE . W RES T Cyy R
D] 55 Joe 7 10 AF X 45 8 (43%~48%, 4 1H 45.5%) ,
HWH Cyp BT 5 5 (25%~34%, HIMH 29.5%), Cay
T 55 e 2 e AR ARG (22%~30%, YI1H 24.8% ),
SRR Cop>Cor>Cog WA RRAE, KWL T B 5T
HEBZ SRR A . LR EY B REE S
B, W0 Cpa0020S/aaa( 20S+20R) FL{E A 0.33~0.49,
C,oapp/Caaa+app) A 0.37~0.42, C;,22S/( 22S+22R)
4 0.59~0.62., Ts/( Tm+Ts) & 0.44~0.50, ] 3% BH i
TP AL T R B (FHERAE, 2020)

W UE QZ-16 H L =& B ol I i
FE S IER R . S BE RIS e S bRk 5 S
QZ-16 I I =& H B O—IRIK AT TUA AT RS
FXT EUBIFZE, A BRI T AR 0L 22 (8] 1 A= Wnbr Ak
GBS ECZ B A B R e (E 8), KB I
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Fig.8 Multifactor correlation diagram of biomarkers between the bitumen oil seepages and Upper Triassic source rocks in the well
QZ—16 (Bsy and QZ represent the source rocks and bitumen, respectively)

=BG T A AEE L =SSR R
HERIB R 71 o A i [ (o 3R 2 il IR0 T B
AR TT IR Z—, B X —id U, R
TR EE R R 21 201900 (82, 2020) . QZ—16
=SS U T A =BG R O
Y8 T B BRI (] 32 28 70 A R AE i 2 m] LA
H P AR ) 6 R R (] 9), A oK
FIASARE S IEA AR, [ B 7 8 PO i 0 ]
ek A L =BGk

JRAEALTEIE AR QZ-16 I Frifgaiy L=

,20 L
—— QZ-16Y2 —= QZ-16Y3
ol —— QZ-16Y4 — QZ-16Y8
—%= QZ-16Y10 —— 16Bsy-18
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—24r 16Bsy-29 16Bsy-30
—26 ¢
$
O 28 X/’\\@
2 ‘.‘/I\gc
-30 |
-3t TELAS  »
—34 }

16 17 Pr 18 Ph 19 20 21 22 23 24 25 26 27 28 29 30
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Fig.9 6"C correlation diagram of n—alkanes between the
bitumen oil seepages and Upper Triassic source rocks in the
well QZ—16 (Bsy and QZ represent the source rocks and
bitumen, respectively).

B ROV KU TR FL S AR, A5 I
AHAR (PEIEZ) 19 QZ-T7 I, QZ-8 J-. QK-8 F K5k
IRFCIE 350 T A AN 48 58 T v S — s LR S
=g R s (5 FEANEE S, 2020; Wang
etal., 2021b; EHI%E, 2022a) . BEIRICIEIEH A AT
=BG R A B B AR R T, (R T A
T i Bl 2 b A B X (2 B8 4, 2003; T 61 S,
2009), PIBUKIREE (2 M RE—— A INIREE, D
Ty BEERER), BEIRA VL AR L, Iz 51
6T+ R AR FH RN JAE I AE R 2R 5 e, S A1 T3
SRAE o BoFT M — & R 8 H— 3 R A A
b P 2% B 2 B A GO AR s Hh A 1) RS E A%
FEATHL X, & R S A 5% 3 A — R K B A T
B AT fe e =BG A e A R X (5
SEFIRE 3C, 2020) o ZRATHTAMLRE | B fRAESR
PR AE Y AR TR}, A AL IE B B i —
ZHEEE L X AT B T — 2 AR A R H bR
X, SR s 20 2 (A ST R E 5K

6 4t i

(1)TOC &= 21 QZ-16 B AR T AEH
ML B2 19 aT SRR A, 5 48 IXRE S AH He, RS %+
MU S AR (0.12%~1.09%, SA{EH 0.47%),
{F3K 3 g 11 280 AR 9 2ok pR JEA 1) TOC
FRARME(0.3%) o

(2)QZ-16 I I = FZ B A TUAAE AT HLT
AR 10, A, A = A, A ISR, R
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(3)QZ-16 H I =Z& 5t RO UE TUAFE S B Ak
A R, KT 2.0, T, (5 KT 540°C, THEEHE
B 22 Mk (o — DR a, 8 AL P fb iE AT
A B, DF9E X | =& G B U it R

(4)QZ-16 H I =Z& G vh KB 58 &
Wi, A hs S A B R R R R R T
=BG (R)WEERIE T L =S5 BRI,
S WAz e U A B A IR T
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