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Abstract: [ Objective ] Kuga Depression is rich in oil and gas resources, but the study of
tectonic-thermal evolution related to oil and gas generation and preservation is very weak. In this study,
the apatite fission track test analysis and thermal history simulation were carried out on typical drilling
samples in the eastern part of the Kuga Depression. The tectonic-thermal evolution history of the
eastern part of the Kuga Depression since Mesozoic was accurately reconstructed, and the maturity
evolution period of source rocks was evaluated. [Method] In this paper, the apatite fission track ages
measured by in-situ LA-ICP-MS method are between 77.7 Ma and 104.5 Ma, which are much smaller
than the stratigraphic age, and the rapid uplift events of Late Cretaceous are effectively recorded. The
thermal history simulation reveals that the Kuga Depression has experienced two periods of rapid uplift
since Jurassic (Early Cretaceous - Late Eocene (120~40Ma) and Late Miocene-prese'nt (10~0Ma)),
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which are caused by the remote effect of the collision between Lhasa plate, Indian plate and the
southern margin of Eurasia plate. [ Results] The differential tectonic uplift in Kuga depression is caused
by the subduction and compression of the southern Tianshan Mountains gradually advancing from
north to south. The Jurassic source rocks in Kuga depression show a multi-stage mature evolution
model under the influence of multi-stage subsidence. Affected by tectonic uplift events, Jurassic source
rocks mature evolution was at a stagnation stage from early Cretaceous to late Eocene and late Miocene.
[ Conclusions] This study not only determines the tectonic-thermal evolution history of eastern Kuga
depression since Mesozoic, but also clarifies the mature evolution process of main source rocks, which
have important guiding significance for regional tectonic evolution and next oil-gas exploration.
Keywords: oil and gas; thermal evolution of source rock; thermal history simulation; apatite fission
track; tectonic-thermal evolution; structural uplift; oil and gas exploration engineering; East Kuga
depression; Xinjiang
Highlights: (1) The eastern Kuga Depression experienced two rapid uplifting events of 120-40 Ma and
10-0 Ma; (2) The maturation evolution stages of the Jurassic source rocks in the eastern Kuga
Depression were determined by combining the thermal histories and basin modeling.
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Fig.1 Structural units of the Kuga depression
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Fig.2 General stratigraphic columnof the Kuga Depression
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Table 1 Geological information of the samples in the eastern Kubian Depression
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Table 2 Measured apatite fission track results in the eastern Kuga Depression

o NI
o o %)\I*_\Liﬁ L L. 4 P(X) iﬁ[ﬂflﬂkfg Dpar
75 Feihs 2 piQi 20XpiQi 20(ICP (Ma)
Q) Icp (%) (nm) (um)
(£20)
1 TX1-03 25 7.58E-06 | 2.31E-07 | 0.55| 0.07 7.1 104.514.7 | 12.47+1.63(30) | 2.65+0.32
2 TX1-04 30 4.91E-06 | 1.28E-07 [ 0.55| 0.07 32.2 | 100.614.6 | 12.63+1.55(25) [ 2.6240.31
3 YN2-02 31 3.08E-06 | 1.16E-07 [ 0.55| 0.07 17.3 | 93.3#14.8 | 10.95+3.36(4) | 2.5940.20
4 YN2-07 43 5.89E-06 | 1.39E-07 [ 0.55| 0.07 20.1 | 91.1#3.1 | 13.14:#1.52(22) (2.5340.32
5 MN1-04 41 5.14E-06 | 1.46E-07 | 0.55 | 0.07 8.6 81.0224.2 | 9.42+1.53(54) |2.5140.20
6 MN1-05 27 5.35E-06 | 1.80E-07 [ 0.55| 0.07 123 | 79.1+27.6 |11.66+1.36(39) | 2.4840.32
7 YX2-04 37 1.44E-05 | 2.71E-07 | 0.73 | 0.07 253 77.728.7 — —

W TpiQi. 20ZpiQi 43R 5 ALK X I e X SR ZE B ;€ ICP. 26CICP 43l E R T LA-ICP-MS 4E ARt zeta Kk K]
FRHIRERZE; POAFRRRIMBMER, MZBENT 5% 0, LRMRAFERENREEFLNEmREER, RN
PIEXAE R, ZEERT 5% 0, FoRMFE M AERZ IR G A s E B, LT RE G I P R AR SRR DU M X A7) s
{55h; Dpar R B RIS MZ R AH S

4 PR R

AV 5 K A R4 2 P E AR A (77.748.7) Ma A1 (104.5414.7) Ma Z[f],
I E AT K EA T (9.4244.53) um AT (13.1421.52) um Z [8] (£ 2). Frllee & 71
Dpar {HZZ LGN 2.48um £ 2.65um. EHEIEOL T, AR P(?)>5%H, i HH Bl
MBI T 2150, B EAS My (FWFES%, 1999), MEARERMEH P EER. 25
FIT 7 AN AR IR TR (P(?)>5%) (B 3 A 2).
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Fig. 3 Radar radiograms of the apatite fission track ages of the samples in the eastern Kuga
Deresspion.
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PR (R4, 1999).
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N T E SRS R RN B IR 43 BT 2R B AR S X R i - B AL SR, B R BT AR
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A (Ketcham etal., 2007) AT, AXSCSLE0 A RAERINARKRE S 270k B U A3, Hrpdk
P 24 mEPE 1. BARE 1 47T FEZE R S R R L B K A o B A Y, PHES 2 R
FAE X S R O RH S TR 2 HR AT X 2 4 B 7R 3 1 XA 3 5 AR T S A 90 1 LR B T 24
W4 F (Chang et al., 2017; &3P, 2020; sk¥Hi%%E, 2019). Mo, AR$EEEK AR RITE
WEVCE T M A AR AN R, S AANEATHIR B R ME R X I
PR Ab S R 1B BB T 6 T R0 ot P A 2 AR A% A o DL R A B [ 15 B A o T S LA
B, FIGUIRR S AR E L NIRRT (~20°C) (ER %, 2002), &AMl (&
I AR 455 (1) 6 MR ST B SRRl . AL R 3 FH SR AR R V48 2R 30000 2% R L %
17, SEOBEREUEE LT 5%, NTEZHEE, MOEaREMEE KT 50%, Nif
MIERAE, BRI s 2 R AR 1%
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Fig. 4 Thermal history of the samples in the eastern Kuga Depresison.
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BRI R ph, HyUA PO R (BRE, 2020), B IR B VR 20 S 2 L Tt
% 90°C-110°C. HEHTHRS I, B p R i LR R RS, FE 2R 5 R LB b 1
SO FNET K, Bl IR T2 3 1 AR A e B v AL T R T VR T ARV AT v s R
Y, FRELIBRETY RE R AR AR T R AT A e MR A (B, 2009). %
2 2 34 g o 4% sl A L TS e o ) o, e 2 T A e PRI, A 1 o 5 0 1) = S B i 3

iy 2 T 9 DX B T D 38 ok ) — A% B 7 30 TR A AR AT L X i DA 15 1. (Edward et al.,
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IR 1132 0 A DA FORRE e Rk (B RTSE, 2006), %7507 i b R4z, AW
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I PG AT I 1 X 5 4 5 A R T A SR A AR KA — 3 (Liu et al., 20000, HAIP
b JZ A8 B 1) A3 A 208 JEAT 2O RA ) 399 (13.5-5.9Ma) o X 7% W 78 3 2 28 FE 4R (~13.5Ma) J5
JUB AR A 5 B e M i i A R BRI 2 . BT A Rk 10-11Ma Bk 7+
B A) 5 AH O BRI A o P K Ly Ly I o B 2 PR - B R B K A B AR R AR RS
(13.642.2) Ma (Sobel etal., 1997). /K75 W HirdH I (L 7 350 (1) fid i 2 A0 1 i 4 AR 52 B kLT
FABN, 547 11Ma B 3 XS BUs 2 ek (Bullen et al., 2001; Sobel et al., 2005). Charreau
N FAANRNTERZ) 1Ma, Kl Bk D7 7 R ) R it B T AR S0 ok 3 3 i B 1 ol 72
(Charreau et al., 2006). XLEHFFLFEH, WA Bt % Lo Ly B AR B+ 9F HosZmpk, &
ZE 3o 2 305 DX 52 R e [ 2 R IR 1 o R T, AR RSO A i A sk i 2R AR 4T 1 4
N T ZE I L TE B

Yu 25 N TR 750 AT T L v KA 3 A T AR 2 FERI SERL 2 IR S T R IR EE 4R 4
H A EER (Shunetal., 2014), FF45E KA (U-Th)/He FEESA N iZH X 1 2 T3 1
FEAG I A AT BE7E~5.9Ma. AT AR T H ISR (ESRD M AFEVZ% R 15 REW pi b 2 7%
BN AT RN, I BT = AR F & AR AE R R (25 2.1Ma) 2 1 (Charreau et al., 2006) .
HT5ELHE A2, 50 NFI 88 2R AR R I S5O AR 7N H P R 39 s B 3 T DR 1 ) 3 e
s (FAEE, 2012; LEi4E, 2006; Duetal., 2007; BiAkiE4E, 2003), iXn] A& NIX I
B AR SS, FIThED, FrUAR RO R AR AR R ISR .
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TEH R 2 e NAR AN B, TRAG AR, 5 St 5 30 A2 DR T R A FH e i i N s AT b
BB, 5 S 52 L IS S B R R SR TR Th, B ER AR PR, SRURE AL
R IR, IS H A N ~1.03%; b AU R AR IR AR B A NIRRT B, B
o 2 T 6 0 A1 b 2 B SRl P (52 1R 2B 0, B LA ~0.9%; 14 70 1 7d 4L IR YR A A
F S B N AR R AN B, [R)B 7R L (1 S B A 2k 4R THE e s k2R ke, A I
A 9~0.72%

KI5 FEZEMPE AR A X DOAR I s . #v st S BHEEAH . e OS5 /R AL 18 o S e AR URE K
AL S
Fig. 5 Burial and thermal histories of the eastern Kuga Depression (left) and the maturation
evolution of the Yangxia, Kezilnuer and Chakmak source rocks.
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