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Genesis and source of Permian natural gas in well Qiatan-1
of piedmont depression, southwestern Tarim Basin
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Abstract; Recently, a significant breakthrough in natural gas exploration was achieved in well Qiatan-1 in the
Permian carbonate strata of the Western Tianshan thrust belt in the piedmont depression of southwestern Tarim
Basin, marking the discovery of a new exploration layer in the area. However, this region is characterized by
multiple sets of source rocks and extremely complex sedimentary and structural features. Research on the genesis
and source of the natural gas in well Qiatan-1 is insufficient, restricting its further natural gas exploration. There-
fore, the study systematically investigated the genesis and source of the natural gas in well Qiatan-1 based on regional
geological background, geochemical characteristics of the gas, and potential source rock features. The measured
results showed that the natural gas in well Qiatan-1 was mainly composed of methane (83.53%), with a gas dryness

coefficient (C,/C,_5) of 0.992, and contained relatively high levels of N,(8.36%), CO,(7.28%) , and He (0.110%).
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The carbon isotope values of methane, ethane, propane, and CO, in the gas were —27.8%0, —20.2%0¢, —18.4%o,
and 1.7%o, respectively. Based on the natural gas composition and alkane carbon/hydrogen isotope composition,
the natural gas in well Qiatan-1 was determined to be coal-type gas in the high to over-mature stage. Considering
the distribution, organic matter abundance, type, thermal maturity of its potential source rocks, the gas in this
well was mainly sourced from Permian source rocks in the Permian Qipan Formation, and may also be mixed with
a small amount of carbon isotopes, forming heavier inorganic hydrocarbon gases. In addition, the components and
isotopic evidence of non-hydrocarbon gases such as N,, CO,, and He showed that a certain proportion of inorganic
gas had mixed into the natural gas in well Qiatan-1. The helium isotopic composition suggested that the proportion
of mantle-derived helium was about 14.6% , and the He content had reached the standard for helium-rich natural
gas (He = 0.100%).

Key words: natural gas; carbon isotope; hydrogen isotope; inorganic genetic gas; coal-type gas; Permian;
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B BRIV LR P AR & IR PRI PG s O O R R B T B v 5 R R
AR RIS EIEAY TR |, ¥ P AT 052010 4F , ZEA 50 I 23 35 A] A5 b 1 7 11 R &
PR 4.5%10°% ¢, KRS PR R 1.9x10% m® B IR THIZR | BENTAOK® ;2021 4E  fE BT VDR &4 &
HATM IERIPRIUN 6.6% 1 4.4% , BZEHR,E  IWHTT 8 ;2023 4, £ LA s P 48 1 =
ViR ZIL T 5 A (H) . 1977 45, 50 & RRIREE A Z B & T (| 1), =B
o SRS AT BT A ZR PE T AL (N ) 2 BRART o 30 m£$791x104 U REUE T TR BT

B =R, 2 A7 A" 5 2001 45 79 A1 2 R FR AR I A, S P R L
.t ‘b @
r/f A e f /\4331 .

i TR

FA%AIWM

WA

4.0 o

162 17JHUﬂ3 @

A @
N, 6 B

D51 BN
% Dbl i
N
\ jt%K : oYb £
' ) 3 B N
i LA
1@ : i
®=m "o A
5 ) H

N
E

i ‘.‘ © :
e LR # ]

1 \ mmzw R
\ , T‘Tﬁimkw ﬁ\
@FIEI0N e 1% % -----
[ O @ &) o x\\%'—r\.__.- %fmwﬁ B IR FH

1
(DR 47127 S B2 7/ S R W7 S i s ‘ﬂmﬁ # MO
] ] ] [ [] rhuma%‘c ﬁ//‘) m‘ , 2y P T
Hait 7t B ENEEE B boR Ml &
NRg RAUER #

BT 35 HUR SR DY RS LU AT IR AR 1 R i o
WSHICR[ 7B,

Fig.1  Structural location of gas reservoir in well Qiatan-1 of piedmont depression, southwestern Tarim Basin
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Table 1 Geochemical characteristics of natural gas in piedmont depression, southwestern Tarim Basin
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X e TR /m A
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B 5702~5760  Pr 8108 057 007 002 002 001 00l 845 966 -282 19 202 -185 -159 -180 -142
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Fig.2 Alkane carbon isotope sequence of natural gas
in piedmont depression, southwestern Tarim Basin
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Table 2 Geochemical characteristics of rare gases
in natural gas from piedmont depression, southwestern Tarim Basin

4/ 11X 27 R /m He/% Ar/% 3He/*He/107 R/Ra 12 He/ %
R 1 P, 5702~2760  0.110 0.036 170 1.214 14.60
Al 5 1 3 K, 3225~3341  0.134 83.4 0.596 6.80
IR 101 H E,k 6 354~6 363 13.7 0.098 1.20
Fo] 5 IV 3 X N, 0.010 6.1~8.6 0.050~0.075 0.65
KAk 2 H K 5 658~5 670 5.32 0.038 0.43
AR 2 H N, 4 598 2.48 0.018 0.15
DW105-253 N, 367~396 5.67 0.041 0.45
YH23-1 N, 4 946~4 988 3.46 0.025 0.25
YH1 3 E 5451~5 466 3.81 0.027 0.28
1 I K 5761~5 764 5.36 0.038 0.44
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Table 3 Average alkane carbon isotope composition of natural gas and calculated vitrinite reflectance
of source rocks in piedmont depression, southwestern Tarim Basin
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