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Organic Geochemistry of Qil and Gas in the Kuqa
Depression, Tarim Basin, NW China®

Liang Digang!'? Zhang Shuichang"? Chen Jianping''?
Wang Feiyu'! Wang Peirong'*?
(1. Key Laboratory for Petroleum Geochemistry, China National Petroleum Corporation;
2. Research Institute of Petroleum Exploration and Development, PetroChina;

3. Jianghan Petroleum Institute, China)

Abstract The Kuga depression in the Tarim Basin, NW China contains significant natural gas and
condensate resources, with only small amounts of black oil. This study demonstrates that the pri-
mary reason for the accumulation of large natural gas reserves in the Kuqa depression is the high
maturity level of the Jurassic coal-bearing sequence that is currently at the peak stage of dry gas
generation. From the combined stable carbon isotopes and molecular biomarker data it is possible to
identify two separate source rocks for the discovered hydrocarbon fluids: the gases were primarily
from the Middle-Lower Jurassic coals and associated clastic rocks, and the oils were from the Up-
per Triassic lacustrine mudstones. Peak oil generation from the Triassic source rocks occurred dur-
ing the early Miocene (23 — 12 Ma b. p. ) . These oils migrated laterally over relatively long dis-
tances (~20 — 50 km) reaching the outer periphery of the depression. Peak gas generation took
place more recently, perhaps during the past 5 Ma. The gases migrated mainly along faults over rel-
atively short lateral distances, resulting in accumulations adjacent to the over-matured source kitch-
ens. Different timings for the trap formation along the north and south margins and a late injection
of gas into early oil accumulations provided favorable conditions for the formation of evaporative
condensates and the preservation of gas pools in the more down-dip reservoirs and oil pools in the

more up-dip locations.

1 Introduction

The Kuga depression in the northern Tarim Basin, NW China belongs to the Central A-

sian Gas Accumulation Domain (Fig. ta, Daiet al. , 1995), in which the Lower and Middle
Jurassic coal-bearing sequence acts as the main source rocks for the natural gas. This depres-
sion, located south of the Tianshan Mountains, is characterized by a Cenozoic foreland
structure, with an area of approximately 16,000 km?. It contains up to 12 km of Mesozoic-
Cenozoic non-marine sedimentary strata. The most prominent features of petroleum geology

of the Kuga depression include (1) two prolific petroleum source rocks developed in the Tri-

©® Organic Geochemistry 34, (2003), 873~~888.



assic and Jurassic strata, (2) over 8000 m of clastic red beds in Cretaceous and Tertiary se-
guence; and (3) two excellent caprocks formed by the Eocene and Miocene evaporitic rocks.
Since 1993 giant gas fields, such as KI.2, DN2 and YH, have been discovered in the
succession of Cretaceous and Tertiary clastic red beds in the Kuga depression, below the re-
gional evaporitic beds. A total of 15 oil and gas fields have been discovered so far, with over
500 billion cubic meters (becm) of proven gas reserves. These include four gas fields, eight
gas condensate fields and three oil fields (Fig. 1b) . These discoveries make the Tarim basin
one of the top three basins with significant gas resource in onshore China, the others being
the Ordos and Sichuan basins. The oil and gas fields of the Kuga depression are distributed in
three structural belts: the Kelasu — Yigikelik belt (KL.S — YQK) in the north, bearing
mostly gas with two small oil pools near the east and west ends; the Qiulitak belt (QLT)
in the middle, bearing gas in the east and oil in the west segment; and the Frontal Uplift
belt (FU) in the south, characterized by gas condensate pools with little black oil. This depression

is rich in gas resources, with a proven gas to oil reserve ratio of approximately 5. 6 BOE/BO.
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This paper attempts to address several questions raised by the oil and gas distribution in
the Kuga depression. The Lower and Middle Jurassic lacustrine and coal-bearing strata in the
adjacent Tu-Ha and Yangqi basins appear to be oil prone, resulting in dominantly oil accumu-
lations. Why did a similar sedimentary sequence in the Kuqga depression produce mainly natu-
ral gas? Were the oils derived from the same source rocks as the gases? Were the oils genera-
ted at the same time as the gases? Why are the oils distributed along the depression margins
whereas the gases occur in the interior region? The answer to these questions has fundamen-
tal implications for models of oil and gas generation, migration, accumulation and preserva-
tion in the Kuga depression. This in turn can be of significant importance for further petrole-
um exploration in NW China. For example, a similar sedimentary sequence in the southern
part of the Junggar Basin has not been fully explored, though several source rocks similar to

those in the Kuga depression are present.

2 Samples and methods

Gas samples were collected from 13 oil and gas fields of the Kuga depression, including
five from the Kelasu — Yigikelike belt in the north and eight from the Frontal Uplift belt in
the south (Table 1, Fig. 1b) . No gas samples were available for this study from the Qiuli-
tak belt in the middle of the depression. The chemical compositions and stable carbon isotopic
values for C; — C, compositions of the gas samples were obtained by standard analytical meth-

ods (Zhang et al. , 1987) .

Table 1 Chemical and stable carbon isotopic compositions of the gas samples from the Kuga depression

Gas composition 813C values (%)
Structural Gas Pay
. . CO2 + N )
belt field zone Ci (%) |G+ (X)) Cy/Ci-5 C C: G Cy
(%)

KI.2 K, E 96. 92 0.57 0. 994 2. 46 —27.78| —18.47| —19. 10| —20. 44

KIL.3 E 96. 39 0.62 0. 994 3.02 —27.95| —18.25| —-17. 10 —

Kelasu
DB1 K 91. 44 4. 39 (). 954 4.17 —29.33| -21.39| —20.80| —21.91
DWQ N;—K 88. 59 8.52 0.913 2.85 =32.59| —21.41| —23.21| -23.71
Yiqikelik YN2 J 89. 68 7.17 0. 926 2.35 —33.50| —23.48| —24.49} -22.24
YD2 K 82. 88 12.17 0. 872 4.97 —37.50| —21.50{ —24.50| ~23.70
YTK K, E 85. 97 10. 42 0. 891 3.39 —38.56| —23.74| —24.01| —24. 40
YM7 E 84. 64 9.51 (. 901 5.79 —33.76| —22.88| —22.34| —23.98
YH7 E 84.18 11. 34 (). 881 4. 06 —34.92| —21.58| —20.33| -23.08
Frontal

YH2 K 83.97 10. 92 (. 885 4.67 —38.68| —23.47| —22.09| —23.50
Tai-2 E, K 72. 00 17.25 0. 810 10. 70 =37.43| -22.10| —20.97| -21.20
T1B K 82.34 14. 05 0. 855 3.65 =37.37| —23.33| ~25.00{ —23.67
TIG K, N; 80. 20 15. 70 0. 837 4.54 —35.47| —23.50| —21.33| —-21.94




Five black oils and 15 condensates were collected from 14 oil and gas fields, together
with three oil seepage/oil sand samples from the outcrops near the northern edge of the de-
pression (Table 2, Fig. 1b) . Gasoline-range hydrocarbon analysis of the oils and conden-
sates were conducted using an HP6890 chromatograph fitted with a PONA column. For cor-
relative purpose, 21 mudstone and 19 coal samples were selected for extraction with organic

solvents from Triassic and Jurassic cores in the northern parts of the depression.

Table 2 Stable carbon isotopes and pristane/phytane ratios of the oils, condensates and oil seeps
from the Kuqa depression. A data range is given where there are multiple samples analysed

Structural Gas Pay Type of
Segment . 3C %) Pr/Ph
belt field beds crude oil
YQK J2 Black oil -26.28 4.78
YQK
YN2 I Condensate (trace) | —25.3~-26.2 |2.98~3.94
East (Group 11A) Tai2 E, K Condensate -24.6 >=27|2.48~2.52 >2.5
TIG TIB K Condensate -24.7 3.26
TIG K, N Condensate -24.8~-25.6 2.87
HYS LS Oil seepage -30.5 1.8
North
MSB Iz Oil seep -30.9 1.55
KMG Ky Oil sand =-30.3 1. 66
KI2 K, E Condensate (trace) | —27.3 1.42~1.77
KLS
K13 E Condensate (trace) | —29.7 <-27|1.76 <2.50, mostly<C2. 00
Central (Group I)
DWQ N Light oil -27.4 1.55
YM7 E Condensate —28.7 1.86
YH1 E Black oil -29.3 2.72
South frontal
YH5.7 E Black oil -30.2~-31.6 1.43
YH2.3|K, E, N; Condensate —-29.2~-29.6 2.10~2. 40
YTK K, E Condensate —26.1~-26.6 2.38~2.89 >2
West (Group 1IB)
YD K Condensate -26 >-27(2.4

The oils and rock extracts were subjected to bulk stable carbon isotope analysis using a
MAT - 252 mass spectrometer. After fractionation by open column chromatography, the
saturates and pyrrolic nitrogen fractions of the oils and rock extracts were analyzed by gas
chromatography and gas chromatography-mass spectrometry, using conditions similar to
those reported in Li et al. (1992) .

As part of a larger study of source rock characterization, kerogens were isolated from
75 mudstones and 23 coal/ carbonaceous shales of Triassic and Jurassic age. Vitrinite reflec-
tance values and elemental analyses (carbon and hydrogen) were carried out on kerogen
samples, with the oxygen content being determined by difference. 1 — D numerical modeling
was conducted on a number of wells and seismic lines following themethods reported in Li et
al. (1999a)
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In order to gain insights on the timing of oil and gas emplacement in the giant KL.2 gas
field (Fig. 1b), 17 Cretaceous/Paleogene reservoir rock samples were selected for the meas-

urement of hydrocarbon fluid inclusion homogenization temperatures.

3 Results and discussion

3.1 High maturity source rocks favor the dominantly gas accumulation

The Kuga depression and adjacent Tu-Ha and Yanqi basins are all part of the Central A-
sian Gas Accumulation Domain defined by Dai (1997), with dominant hydrocarbon source
rocks in the Jurassic and Triassic lacustrine-swampy sedimentary sequence. As indicated in
Table 3, the gas/oil ratio for the proven petroleum reserves in the Kuga depression is much
higher (5.6) than those of the Tu-Ha (0.23) and Yanqgi (0.29) basins. Dai (1997) at-
tributed this to the difference in the relative contents of hydrogen-rich organic macerals in the
Jurassic source rocks. Chen et al. (1999, 2001) reported that liptinite accounts for 8. 5 and
11% of the total organic matter in the Jurassic coals and mudstone of the Tu-Ha and Yanqi
basins, in contrast to an average value of 4. 5% in the Kuqa depression. The reported differ-
ence in maceral compositions is not supported by the H/C and O/C atomic ratios of the coals
and isolated source rock kerogens (Fig.2), as the dominant source organic matter in all of
the three geological entities consists of type [ kerogens. Thus, we feel that the difference in
the liptinite contents cannot be used to explain the large variation in the gas/oil ratios among

the basins.

Table 3 Comparison between the Kuga depression and Tu-Ha/Yangi basins

Depression/ Gas/oil ratio for proven Maximum burial for Maturity at the Maximum thickness
basin reserves (BOE/BO) the Jurassic base (km) | Jurassic base (R,, %) | of Tertiary strata (m)
Kuga 561 >9 >2 =>5000
Tu-ha 0.23:1 <6 <1.3 <2400
Yangi 0.29: 1 <5 <1.1 <2500

It is possible that oils in the Jurassic reservoirs of the Tu-Ha Basin have additional
sources in the pre-Jurassic strata, as suggested by Li et al. (2001) . Based on vitrinite re-
flectance values measured from available cores and extrapolation from seismic reflection data,
we estimate that the Jurassic source rock in the central part of the Kuqa depression is cur-
rently over-mature, with 2.0% ~2.5% VR, (Fig. 1b) .In contrast, the Jurassic source
rocks in the Tu-Ha and Yangi basins are still at peak oil generation stage, with less than
1.3% and 1. 1% VR, respectively (Fig.3; Table 3) . All oil fields in the Tu-Ha and Yangi
basins occur in the geographic areas, where the Jurassic source rocks are at approximately
0.7%~1.1% VR,. As the gas fields in the Kuqa depression are distributed within the over-
matured source rock zone with 2% VR, or higher, we consider the extremely high source

rock maturity to be one of the most critical geological factors responsible for the dominantly
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Fig. 2 Elemental compositions of kerogens isolated from Jurassic and Triassic mudstones, carbonaceous

mudstones and coals in the Kuga depression and other basins in NW China. Modified from Chen et al. (1999)

gas accumulation in this depression. Similar effects of source rock maturity on the relative
distribution of oil versus gas fields were observed previously from the Gippsland basin in
Australia (Moore et al. , 1992) . Thus, we predict that there is a high probability for find-
ing significant gas reserves over a large area in the southern part of the adjacent Junggar ba-
sin, where similar, overmature, Jurassic source rocks are present (Fig. 3¢) .
3.2 Different sources for oil and gas in the Kuga depression
3.2.1 Geochemistry of the Jurassic and Triassic source rocks

There are five source rock intervals in the Jurassic and Triassic strata of the Kuqga de-
pression, including the Upper Triassic Huangshanjie (T;h) and Taligik (T;t) formations,
Lower Jurassic Yangxia formation (J;y), and Middle Jurassic Kezileluer (J,k) and Qiake-
mak (J,q) formations (Fig.4) . The Triassic source rocks are dominantly lacustrine mud-
stones with more carbonaceous mudstones toward the top of the Tst formation, whereas the
Jurassic source rocks are composed of 400~1100 m of coal-bearing clastic rocks deposited in
swamp-lacustrine settings. The coal beds, generally less than 66 m and mostly 6 ~29 m
thick, are distributed mainly in the J;yand J,k formations. The Jurassic source rocks contain
dominantly type [l organic matter, with the H/C atomic ratio of less than 1 (Fig.2) . As
many of the rock samples from the T;h, J,y, and J,k rocks have reached high levels of ther-
mal maturity, the original nature of the organic matter in these rocks cannot be determined
unequivocally.

The Jurassic source rock extracts display several geochemical characteristics that are dis-

tinctive from their Triassic counterparts. The Jurassic source rocks have higher 8°C values



