1

[165832]

SPE 165832
China Shale Gas and Shale Oil Resource Evaluation and Technical Challenges
Scott H. Stevens, SPE; Keith D. Moodhe, SPE; and Vello A. Kuuskraa, SPE
Advanced Resources International, Inc.
Copyright 2013, Society of Petroleum Engineers Inc.
This paper was prepared for presentation at the SPE Asia Pacific Oil and Gas Conference and
Exhibition held in Jakarta, Indonesia, 22–24 October 2013.
This paper was selected for presentation by an SPE program committee following review of
information contained in an abstract submitted by the author(s). Contents of the paper have
not been reviewed by the Society of Petroleum Engineers and are subject to correction by the
author(s). The material does not necessarily reflect any position of the Society of Petroleum
Engineers, its officers, or members. Electronic reproduction, distribution, or storage of any part
of this paper without the written consent of the Society of Petroleum Engineers is prohibited.
Permission to reproduce in print is restricted to an abstract of not more than 300 words;
illustrations may not be copied. The abstract must contain conspicuous acknowledgment of
SPE copyright.

Abstract
China has abundant organic-rich source rock shales which are
prospective for commercial shale gas/oil development but still
in the early phase of evaluation and testing. We analyzed
petroleum source rock data published in nearly 400 Chinese
language papers to construct a unique GIS data base of shale
geologic and reservoir properties throughout the country. We
then conducted a comprehensive assessment of the country’s
shale gas and shale oil resource potential. China’s risked
technically recoverable resources within high-graded
prospective areas are estimated at 1,115 Tcf of shale gas and
32 BBO of shale oil resources (Table 1). Of the dozen onshore
sedimentary basins that were assessed, the most prospective
are Sichuan, Tarim, Junggar, and Songliao. One of the most
intriguing prospects is liquids-rich Permian shale on the
structurally simple northwest flank of the Junggar Basin. The
Pingdiquan/Lucaogou lacustrine shale is about 250 m thick
and 3,500 m deep here. TOC averages 5% and the shale is oilprone (Ro 0.85%). The area is close to infrastructure.
The Sichuan Basin, industry’s primary focus for shale gas, has
multiple shale targets but also significant geologic challenges,
such as numerous faults (some active), often steep dips, high
tectonic stress, slow drilling in hard formations, and high H2S
and CO2 in places. Tarim Basin shale targets are mostly too
deep (>5 km) apart from uplifts where they may be thin with
low TOC. The Songliao Basin has liquids-rich potential in
over-pressured and naturally fractured Cretaceous lacustrine
shales. However, China’s shale oil deposits tend to be waxy
and stored mainly in lacustrine-deposited shales, which may
be clay-rich and less “frackable” than the low-clay brittle
marine shales productive in North America.

Introduction
China has large shale gas and shale oil resources in
multiple basins which are at the early stage of delineation,
evaluation, and testing. China’s government is prioritizing
shale development on legal, technological, and commercial
fronts. In December 2011 the State Council approved a
petition from the Ministry of Land and Resources’ (MLR) to
separate the ownership of shale gas from conventional
resources. In March 2012 the Twelfth Five-Year Plan for
Shale Gas Development envisioned large-scale commercial
development of China’s shale resources, while fiscal
incentives and subsidies to support shale investment are under
consideration. PetroChina, Sinopec, and other Chinese
companies have major shale exploration programs underway.
Shell and ConocoPhillips have received early shale gas
exploration licenses, while BP, Chevron, ENI, ExxonMobil,
Hess, Statoil, and TOTAL also have reported shale interest.
Shale could play a major role in China’s plans to sharply boost
natural gas output.
However, while the shale resource undoubtedly is large,
geologic and industry conditions appear to be less favorable
for shale in China than in North America. Numerous
challenges are likely to complicate and slow commercial
development compared with North America. In particular,
most Chinese shale basins are tectonically complex with
numerous faults - some seismically active - which generally is
not conducive to shale development. Similar issues have
slowed China’s production of coalbed methane, another
unconventional gas resource. Currently, CBM output is about
0.3 Bcfd following two decades of increasingly intense
development.
China’s shale service sector is gradually building the
necessary capability for large-scale horizontal drilling
combined with massive multi-stage hydraulic stimulation.
Only a small number of horizontal shale gas and oil wells have
been tested thus far, with generally low but still encouraging
production rates. Large-scale commercial production appears
to be some years in the future. Considerable work is needed to
define the geologic “sweet spots”, develop the service sector’s
capacity to effectively and economically drill and stimulate
modern horizontal shale wells, and install the extensive
surface infrastructure needed to transport product to market.
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China’s National Energy Administration’s mean shale gas
output target is 7.7 Bcfd by 2020, but industry is less
optimistic about China’s likely pace of shale gas development.
Even in its best area, PetroChina engineers observed: “the
Sichuan Basin’s considerable structural complexity, with
extensive folding and faulting, appears to be a significant risk
for shale development” (Zong et al., 2012). And a BP official
noted: “It will be a long time before China could
commercialize its shale resources in a large way.” (Eyton,
2012).
Data Control and Methodology
Another significant challenge in assessing China’s shale
resources is data availability. Much of the basic geologic and
well data that is publicly available in other countries is
classified by China as state secrets. To overcome these data
limitations, we developed a proprietary GIS data base of shale
geology in China, compiled from Chinese and English
language articles in some two dozen journals. Chinese articles
on source rock shale geology have become more detailed in
recent years. Data locations plotted on our China maps
provide an indication of geologic control (or lack thereof).
Our methodology for assessing China’s shale resources
was described in further detail in EIA/ARI, 2013. We applied
typical screening criteria of shale thickness, minimum and
maximum depth, total organic carbon content (TOC), thermal
maturity indicated by vitrinite reflectance (Ro), and
mineralogy. High-graded areas within the basins considered
prospective for shale gas and shale oil exploration were
mapped and characterized. We then estimated technically
recoverable resources (TRR) from the original oil (or gas) in
place (OOIP or OGIP) based on the range of actual recovery
factors currently achieved in North American shale plays.
Finally, we applied risk factors commonly employed by shale
operators. However, the economic viability of the TRR was
not assessed in our study.
The discrete steps in the EIA/ARI evaluation were:
1.

2.
3.
4.

5.

6.

Translate nearly 400 Chinese language technical articles
and develop a GIS data base of geologic and reservoir
properties.
Characterize the geologic and reservoir properties of each
shale basin and formation.
Establish the areal extent of the shale gas and shale oil
formations.
Define and characterize the prospective area for each
shale gas and shale oil formation based on thickness,
depth, TOC, and thermal maturity.
Estimate the risked shale gas and shale oil in-place based
on a) overall play probability of success and b) play area
probability of success.
Calculate the technically recoverable shale gas and shale
oil resource.

Shale Basins in China
Onshore China has a number of large sedimentary basins
that contain petroleum source rocks with suitable thickness,
depth, organic content, and thermal maturity for shale gas/oil

exploration (Figure 1). We summarize these basins below and
then discuss the Sichuan, Junggar, Tarim, and Songliao basins
in greater detail.
1. South China “Shale Corridor”: the Sichuan,
Jianghan, and Subei Basins and the Yangtze Platform.
These areas in southern and eastern China have classic
marine-deposited, quartz-rich, black shales of Cambrian and
Silurian age that are lithologically comparable to North
American commercial analogs such as the Marcellus. The
Sichuan Basin (by far China’s most active shale gas
exploration area) has existing gas pipelines, abundant surface
water supplies, and is located close to major cities.
Exploration is focusing on the southwest quadrant of the
basin, which is relatively less structurally complex and low in
H2S. The adjacent Yangtze Platform and the Jianghan and
Subei basins further east are structurally more complex with
less data control, but are located close to major cities and still
considered prospective.
Shale targets in the high-graded southwestern corner of the
Sichuan Basin are brittle and dry-gas mature, but somewhat
lower in TOC (~2%) than North American shales and are still
quite faulted. Many of the early shale wells have encountered
faulting, high tectonic stress, slow penetration rates in hard
rock formations, hole instability and out-of-zone deviation
while drilling horizontally. If these significant geologic and
operational issues can be resolved, the Sichuan may become
China’s premier shale gas basin, capable of providing several
Bcfd of supply within 10-20 years.
2. The Tarim Basin has relatively deep shale gas
potential in marine-deposited black shales of Cambrian and
Ordovician age that are rich in carbonate and often graptolitic.
No shale leasing or drilling have been reported in the Tarim,
probably because of its remoteness and the great depth of the
shale. Structure is relatively simple but the shales only shoal
to prospective depth on structural uplifts, where the TOC
tends to be low (1-2%). Nitrogen contamination (~20%) and
karstic collapse structures also are issues. Shallower, lowerrank Ordovician shale and Triassic lacustrine mudstone may
have liquids potential. Horizontal wells already account for
half of conventional oil production in the Tarim Basin,
providing a good basis for future shale development.
3. Junggar Basin, which is neither China’s largest
shale resource nor its most explored, actually appears to have
the country’s best shale geology. Permian source rocks are
thick (average 300 m), rich in organics (4% average TOC;
20% maximum), and over-pressured. Overlying Triassic
source rocks are leaner but also appear prospective. The
structural geology of the basin interior is favorably simple,
with mostly gentle dips and few faults. Thermal maturity
within the depth-prospective area ranges from oil to wet gas.
We mapped large, continuous shale oil and wet gas leads. The
main risk is the lacustrine rather than marine depositional
origin of the shale and the concomitant issues of brittleness
and “frack-ability”. Shell, Hess, and CNPC are evaluating oilprone shale blocks in the smaller Santanghu Basin located just
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to the east, but no shale exploration drilling has been reported
in the Junggar Basin proper.
4. Songliao Basin, China’s largest conventional oilproducing region, has thick Lower Cretaceous source rock
shales at suitable depth and in the oil to wet gas thermal
maturity windows. While these organic-rich shales are
lacustrine in origin and unfavorably rich in clay minerals, they
have the advantages of being over-pressured and naturally
fractured. Prospective shales occur in isolated half-grabens at
depths of 300 to 2,500 m but normal and strike-slip faulting is
prevalent. PetroChina considers the Songliao Basin to be
highly prospective for shale exploration and has already
claimed commercial shale oil production here, though details
have not been reported. Hess and PetroChina recently
conducted a joint study of the shale and tight oil potential at
the giant Daqing oil field. Jilin Oilfield has drilled and
hydraulically fractured deep horizontal wells into a tight
sandstone gas reservoir. Their 1,200-m lateral, 11-stage frac
technology also could be applied to shale oil reservoirs in the
Songliao Basin.
5. Other Basins. Many other sedimentary basins in
China have shale potential but are of lower geologic quality or
lack sufficient data control. The Turpan-Hami Basin, east of
the larger Junggar, has equivalent Permian organic-rich shales
also of lacustrine origin in the oil to wet gas windows that
appear prospective. The Qaidam Basin, southeast of the
Tarim, comprises isolated fault-bounded depressions which
contain Upper Triassic mudstone source rocks with high TOC;
these appear to be oil prone but are very deep. The Ordos
Basin has simple structure but its Triassic shales have low
TOC and high clay content (80%), while Carboniferous and
Permian mudstones are coaly and ductile. Little shale drilling
has been reported in these less prospective areas.
Sichuan Basin
Shale exploration activity in China has been focused on the
Sichuan Basin, which contains marine-deposited, dry-gas
mature source rock shales that resemble commercially
productive shales in North America (e.g., Marcellus, Utica)
The Sichuan Basin covers a large 190,000-km2 area in southcentral China. The basin currently produces about 1.5 Bcfd of
natural gas from conventional and low-permeability
sandstones and carbonates within the Triassic Xujiahe and
Feixianguan formations, from complex structural-stratigraphic
traps (mainly faulted anticlines) that are distributed across the
basin. A limited volume of oil also is produced from
overlying Jurassic sandstones. The conventional oil and gas
fields are underlain and sourced by deeper organic-rich
Paleozoic marine shales, currently the main target for shale
gas exploration. Extremely high H2S concentrations (up to
50%) and CO2 (up to 18%) occur in sour gas fields such as
Puguang in the northeast part of the basin. Levels of these
contaminants are much lower in the south but can still be
locally significant (Li et al., 2005).
A number of technical journal articles have been published
on the Sichuan Basin in both Chinese and English, with the
volume and quality of public reports increasing in recent
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years. ARI extracted a substantial data base on Sichuan Basin
source rock shale geology, comprising 23 cross-sections, 714
well/outcrop locations, and 1,462 total samples, Figure 2.
This data set provides good control of shale thickness, depth,
structural geology, thermal maturity, and organic content. We
provide selected examples of specific geologic data to
illustrate our conclusions. We then mapped and characterized
the three distinct Paleozoic shale leads discussed below.
The Sichuan basin has four tectonic zones: the Northwest
Depression, Central Uplift, and the East and South Fold Belts.
The Central Uplift, characterized by relatively simple structure
and comparatively few faults, appears to be the most attractive
region for shale gas development. In contrast, the East and
South Fold Belts are structurally more complex, with
numerous closely spaced folds and faults of large offset, and
considered less prospective for shale gas development (Zou et
al., 2011). The adjoining Yangtze Platform to the south and
east is even more structurally complex, but lacks data control
and is difficult to assess for shale development.
Our geologic analysis indicates that only the southwestern
quadrant of the Sichuan Basin meets the standard exploration
criteria for shale gas development: suitable shale thickness and
depth, dry to wet gas thermal maturity, low H2S and CO2, and
absence of extreme structural complexity. The prospective
areas we mapped correspond with the basin’s shale leasing
and drilling activity. This emerging potential shale gas “sweet
spot” offers China’s best combination of favorable geology,
good access with flat surface conditions, existing pipelines,
abundant water supplies, and access to major urban gas
markets.
Other parts of the Sichuan Basin are structurally and/or
topographically complex or have elevated H2S contamination.
The 2008 Sichuan earthquake, centered in Wenchuan County,
occurred along active strike-slip faults in the northwest portion
of the Sichuan Basin. This region has shale potential but was
screened out due to excessive structural complexity. In
addition, the conventional reservoirs in the northern portion of
the Central Uplift can have extremely high hydrogen sulfide
content, frequently in excess of 10% by volume, caused by
thermochemical sulfate reduction (Cai et al., 2010). Not only
does H2S reduce gas reserves and increase processing costs, it
is a major safety hazard: in 2003 a sour gas well blew out in
the Luojiazai gas field, killing 233 villagers. Carbon dioxide
content also can be high in the northeast Sichuan Basin (~8%).
Consequently, the northeast Sichuan Basin was screened out
as well.
The four main organic-rich shale targets in the Sichuan
Basin are the Lower Cambrian Qiongzhusi, Lower Silurian
Longmaxi, Lower Permian Qixia, and the Upper Permian
Longtan formations and equivalents (Figure 3). These units
sourced many of the conventional reservoirs in the Sichuan
Basin. Most important is the Lower Silurian Longmaxi
Formation, which contains an average 300 m of organically
rich, black, graptolitic-bearing, siliceous to cherty shale. TOC
is mostly low to moderate, reaching 4% and consisting mainly
of Type II kerogen (Liu et al., 2011). Thermal maturity is
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high and increases with depth, ranging from dry gas prone to
overmature (Ro 2.4% to 3.6%). Porosity measured from the
Wei-201 and Ning-201 shale wells was over 4% (Zou et al.,
2012), but this parameter is difficult to measure and frequently
underestimated. The Longmaxi has exhibited gas shows in at
least 15 deep conventional wells in the southern Sichuan
Basin.
In the past few years PetroChina has fracture stimulated at
least five vertical and one horizontal wells targeting the
Longmaxi Formation (Chen et al., 2012). The Wei 201-H1
horizontal shale gas exploration well located near Chengdu
employed a 1,079-m long lateral and was drilled in 11 months
using modern logging-while-drilling technology (Liang et al.,
2012). The well was fracture stimulated with a large-volume,
11-stage slickwater completion that was monitored using realtime seismics. Gas production averaged 12,700 m3/day (450
Mcfd) over a 44-day period (Li, 2011).
Shell reported drilling five deep shale exploration wells at
the Fushun block in the Sichuan Basin during December 2010
to April 2012, also focusing on the Longmaxi Fm and
comprising one vertical data well, two vertical frac wells, and
two horizontal frac wells (Stolte et al., 2012 and Hackbarth et
al., 2012). The company reported that whole core and full
petrophysical logging suites confirmed good resource
potential. However, in-situ well testing determined that the
formation, while favorably over-pressured, had a high stress
gradient, with high breakdown pressures and fluid leakoff
resulting in poor stimulation. Shell also noted significant faultrelated problems, such as frequent drilling out of zone and
resulting doglegs that complicated well completion.
Completion time improved from over 100 days/well initially
to about 53 days/well, still considerably longer than in North
America. Shell did not report production from its horizontal
wells but one of its two vertical exploration wells reportedly
flowed at 2.1 MMcfd, which is comparable to good initial
verticals in the Marcellus Shale.
Another shale gas target in the Sichuan Basin is the
Cambrian Qiongzhusi Formation. Although deeper than the
Longmaxi and mostly screened out by the 5-km depth cutoff,
the Qiongzhusi contains high-quality source rocks that provide
stacked shale resource potential. The formation was deposited
under shallow marine continental shelf conditions and has an
overall thickness of 250 to 600 m. Of particular note is the
60- to 300-m thick high-gamma-ray black shale, which has
~3.0% TOC (sapropelic) and is dry-gas-prone (~3.0% Ro).
The Qiongzhusi black shale is considered the principal source
rock for the Weiyuan gas field in the southern Sichuan Basin,
where the organically rich “hot shale” is about 120 m thick.
The shale is high in quartz and other brittle minerals (65%)
and fairly low in clay (30%). In 1966 a conventional gas well
flowed nearly 1 MMcfd from an unstimulated organic-rich
Qiongzhusi shale interval at a depth of 2,800 m (Jinliang et al.,
2012).
PetroChina has fracture stimulated at least two vertical
wells and one horizontal targeting the Qiongzhusi, most
notably the Wei 201-H3 at Weiyuan field. This well tested the
110-m thick black shale at a depth of 2,600 m, where seismic
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had indicated a well-developed natural fracture system. Log
and core analysis showed average 67% quartz content, 22%
clay, and 2.3% TOC but only about 2.0% porosity with 100
nD permeability (core-based). The horizontal lateral was
drilled to less than half of its planned 1,500-m length due to
borehole stability problems. Petro-China’s fracture stimulation
encountered high horizontal stress and successfully placed
only 6 of the planned 9 stages. Gas production peaked at 1.15
MMcfd and then declined rapidly to 300 Mcfd, averaging 580
Mcfd during the 60-day flow test. PetroChina inferred that the
fracs had planar rather than preferred complex geometry and
the stimulated volume was much smaller than expected (Fu et
al., 2012). While the flow rate amounted to only 10% of a
comparable Marcellus Shale well, this first horizontal
demonstrated that the Qiongzhusi shale is productive.
Based on the regional geology and early results from
reservoir testing, we defined three shale plays in the
southwestern Sichuan Basin high-graded for depth, thermal
maturity, and relative structural simplicity. The Silurian
Longmaxi Fm holds an estimated 287 Tcf of risked,
technically recoverable shale gas resources (TRR) out of 1,146
Tcf of risked, shale gas in-place (OGIP). The Cambrian
Qiongzhusi Fm has 125 Tcf of risked TRR from 500 Tcf of
risked OGIP while Permian formations have estimated risked
TRR/OGIP of 215 Tcf/715 Tcf. Total risked, technically
recoverable shale gas resources in the Sichuan Basin are
estimated at 626 Tcf out of 2,361 Tcf of risked, prospective
shale gas in-place. Note that these figures exclude the majority
of the basin area, which was screened out due to excessive
depth, thermal maturity, H2S, and/or structural complexity.
Tarim Basin
The Tarim Basin, located in the Xinjiang Autonomous
Region, is China’s largest onshore sedimentary basin (600,000
km2). Although remote, the Tarim Basin produces 260,000
B/D of oil and 1.6 Bcfd of natural gas from conventional
reservoirs, which were sourced mainly by organic-rich
Cambrian and Ordovician shales. Surface elevation is
relatively flat at about 1,000 m above sea level. The climate is
dry but aquifers which underlie the lightly populated region
could supply frac water. Figure 4 shows the structural
elements of the Tarim Basin, as well as locations of data used
in conducting this study.
The Tarim Basin is sub-divided by fault and fold systems
into a series of seven distinct structural zones, comprising
three uplifts and four depressions. From north to south these
include the Kuqa Depression, Tabei Uplift, North Depression,
Tazhong Uplift, Southwest Depression, Tanan Uplift and
Southeast Depression (Zhu et al., 2012). The regional structure
is relatively simple, with gentle dip angle and few faults.
Unfortunately, the main Cambrian and Ordovician shale
targets are buried deeper than 5 km over most of the basin,
reaching a maximum 10 km or deeper in structural troughs
(Figure 5).
However, several interior anticlines within the Tarim
Basin (e.g., Tazhong Uplift) may be depth-prospective for
shale development (Xiao et al., 2000). Petroleum source rocks
are found in the Cambrian, Ordovician, Carboniferous,
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Triassic, Cretaceous, and Tertiary, of which the marinedeposited black shales of Cambrian and particularly
Ordovician age are considered the most important (Cai et al.,
2009). Ordovician source rock units include the Hetuao,
Yijianfang, Lianglitage and equivalent formations, while the
L. Cambrian includes the Xiaoerbulake Fm and equivalents.
The Lower Ordovician Hetuao (O1-2) shales appear to be
the most prospective. Overall TOC is generally less than 2%
but richer zones occur, ranging from 48 to 63 m thick and
consisting of carbonaceous and radiolarian-bearing siliceous
mudstone that appears brittle. The Mid-Ordovician Yijianfang
(O2) Saergan Formation, present in the Keping Uplift and
Awati Depression, contains black marine-deposited mudstones
10 m to 30 m thick, with TOC of 0.56% to 2.86% (average
1.56%). Upper Ordovician Lianglitage (O3) shales occur in
the Central Tarim, Bachu, and Tabei areas, where they are 20
to 80 m thick, carbonate-rich, but with relatively low TOC
(average 0.93%). Thermal maturity of the Ordovician is
mostly dry-gas prone. Ro ranges from 2.0% to 2.6% in the
Gucheng-4 well at depths of 3,200 to 5,700 m on the east
flank of the Tazhong Uplift (Lan et al., 2009).
The Cambrian organic-rich shales, such as the
Xiaoerbulake Formation, comprise abyssal to bathyal facies
mudstones that are well developed in the Manjiaer Depression
and the eastern Tarim and Keping Uplifts. Cambrian
formations include the Qiulitage, Awatage, and Xiaoerbulake
formations. TOC is moderate (1.2-3.3%) in the Lower (C1)
and Middle (C2) Cambrian Formations and exceeds 1% over
about two-thirds of the Cambrian sequence. Evaporitic
dolomites (potential cap rocks) occur in the middle Cambrian,
with salt and anhydrite beds totaling 400 to 1,400 m thick.
Net organically-rich shale thickness ranges from 120 m to 415
m. Thermal maturity is mostly within the dry gas window (Ro
> 2.5%) in deep basin areas. Organic matter in the Cambrian
and Ordovician shales consists of kerogen, vitrinite-like
macerals, as well as bitumen. Regionally, TOC varies widely
with structural location, ranging from as much as 7% in the
deep troughs to only 1-2% in the uplifts, reflecting the paleo
depositional environment (Hu et al., 2009).
Significant nitrogen contamination (5-20%) is prevalent in
Paleozoic and Mesozoic reservoirs throughout the Tarim
Basin, apparently caused by thermal maturation of nitrogenrich minerals (ammonium clays, evaporates) in Cambrian and
Ordovician sapropelic source rocks (Liu et al., 2012).
Unfortunately, nitrogen concentration tends to be highest on
the structural uplifts that are most prospective for shale gas.
Another potential “geo-hazard” is karstic collapse of
Ordovician strata caused by dissolution of underlying
carbonate rocks (Zeng et al., 2011), which locally disrupts the
shale strata and also may introduce formation water
detrimental to shale gas production. Similar karsting affects
portions of the Barnett Shale play, locally sterilizing a portion
of the resource there (Roth and Thompson, 2009). Karsting
would need to be avoided during shale development in the
Tarim Basin.
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Within the high-graded prospective areas of the Tarim
Basin, the L. Cambrian shale has an estimated 44 Tcf of risked
TRR out of 176 Tcf of risked O4GIP. The L. Ordovician shale
has risked TRR/OGIP estimated at 94 Tcf/378 Tcf. The U.
Ordovician shale is estimated to have 61 Tcf/265 Tcf along
with 1.6 BBO/31 BBO of risked shale oil resource. Finally,
the L. Triassic shale has an estimated 6.5 BBO/130 BBO
risked TRR along with 16 Tcf/161 Tcf of associated gas
resources. Overall, risked shale oil and gas TRR in the Tarim
Basin is estimated to total 8 BBO of oil and 216 Tcf of natural
gas. No shale-related leasing or drilling activity has been
reported in the Tarim Basin, but horizontal drilling already is
widely applied and accounts for about half of the basin’s
conventional oil production (Xiang, 2006).
Junggar Basin
Our initial analysis indicates that the Junggar Basin in
Xinjiang may have China’s best overall shale geology and
reservoir potential. The 160,000-km2 basin is less remote from
markets and services than the Tarim and has mostly level
surface elevation of just over 1 km. Xinjiang’s capital of
Urumqi (population 3 million) is situated in the south-central
Junggar, while PetroChina’s modern oil technology center is
at Kelamayi. Local industry and population are growing
rapidly in this resource-rich area.
During 2011 the Junggar Basin produced an average
218,000 B/D of oil and 0.5 Bcfd of natural gas from
conventional reservoirs. Output is expected to rise to 400,000
B/D and 1.0 Bcfd by 2015. Untested but highly prospective
shale gas and oil deposits occur in multiple formations and
geologic settings. Shell and Hess recently signed study
agreements with PetroChina to evaluate shale oil projects in
the similar Santaghu Sub-basin east of the Junggar. TerraWest
Energy has reported Jurassic shale gas resource potential at its
coalbed methane license in the southern Junggar Basin.
The Junggar Basin is characterized by mostly simple
structure, unlike the tectonically more complex shale basins of
south China. Figure 6 shows the structural elements of the
Junggar Basin as well as locations of ARI-proprietary shale
data used in conducting this study.While the Junggar’s
southern margin is over-thrusted, most of the basin’s interior
has gentle dip and few faults, considered favorable for shale
gas/oil development. Reservoir pressure often is elevated,
reaching 50-100% above hydrostatic levels at depths of 2.03.5 km in the Huo-10 well (Pa et al., 2009).
The Junggar Basin contains up to 9 km of Carboniferous
and younger strata (Figure 7). Four main source rocks are
present: Carboniferous, Permian, Triassic, and Jurassic (Chen
et al., 2003). The Permian is considered the most important
source rock in the Junggar Basin due to its high TOC and
good genetic potential. Indeed, the Permian is one of the
richest source rocks in the world, reaching 20% TOC (Carroll,
1998). The dominant source rock interval is the Mid-Permian
Pingdiquan Formation (known as Lucaogou in the south), a
lacustrine to deltaic deposit up to 1,200 m thick. It consists of
grey to black mudstones, oil shales and dolomitic mudstones
interbedded with thin sandy mudstones, shaly siltstones,
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siltstones and fine sandstones. Hydrocarbon source rock
thickness in the Pingdiquan Fm ranges from 50 m to a
remarkable 650 m (Type I/II kerogen). The shales are in the
oil window (Ro 0.7-1.0%) at target depths of 2-5 km.
We identified a prospective shale gas/oil lead along the
gently dipping northwest margin of the Junggar Basin, where
Permian through Cretaceous shales dip gently to the southeast
into the central trough (Figure 8). Within this high-graded
area the net organic-rich interval of the Pingdiquan/Lucaogou
averages an estimated 250 m thick, 3,500 m deep, and
contains an average 5% TOC that is in the oil window (Ro
0.85%). This portion of the Junggar accounts for over 40% of
the basin’s conventional oil reserves and has existing
infrastructure.
Within the high-graded Junggar Basin area, Permian
lacustrine mudstones and shales are estimated to have 5.4
BBO of risked shale oil TRR out of 108 BBO of risked OOIP,
along with 17 Tcf of shale gas TRR associated with the
Permian shale oil deposits out of 172 Tcf of risked OGIP.
These shales appear prospective based on their favorable
thickness, source rock richness, over-pressuring, and simple
structural setting. However, their lacustrine depositional origin
is unlike the marine-deposited North American shales, more
closely resembling the REM sequence of Australia’s Cooper
Basin, where promising shale exploration testing has occurred.
Triassic sediments are more widely distributed across the
eastern Junggar Basin than the Permian, with the depocenter at
the front of the Tianshan mountains. The Mid- to Upper
Triassic
Xiaoquangou
Group
(including
Karamay,
Huangshanjie, and Haojiiagou formations) contains up to 250
m of dark mudstones and thin coals deposited under fluviallacustrine conditions. Triassic lacustrine mudstones and shales
in the Junggar Basin have an estimated 6.7 BBO of risked
shale oil TRR out of 134 BBO of risked OOIP, as well as 19
Tcf of risked, associated shale gas TRR.
Songliao Basin
China’s main conventional oil producing region, the
Songliao Basin in the northeast, also has shale gas and oil
potential. The 275,000-km2 basin hosts China’s largest oil
field, the Daqing complex, currently producing about 800,000
B/D. Only in recent years has the natural gas potential of the
Songliao become recognized, with gas discoveries in mainly
shallow (<1.5 km) Cretaceous sandstone and volcanic
reservoirs. The thermal maturity of the Songliao Basin is
relatively low and much of the conventional natural gas is
believed to be of biogenic origin (Feng et al., 2011).
Sedimentary rocks in the Songliao Basin are primarily
Cretaceous non-marine deposits along with minor Upper
Jurassic, Tertiary and Quaternary strata, totaling up to 7 km
thick (Zhao et al., 2011). These strata rest unconformably on
Precambrian to Paleozoic metamorphic and igneous rocks.
The main source rocks are Lower Cretaceous organic-rich
shales which formed in lacustrine settings, reflecting regional
lake anoxic events, but they are unevenly distributed and
concentrated in discrete sub-basins.
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The L. Cretaceous Shahezi, Yaojia -- and in particular the
Qingshankou (Late Cenomanian) and Nenjiang formations -are the principal source rocks (as well as important reservoirs).
Deposited under deepwater lacustrine conditions, these units
consist of black mudstone and shale interbedded with gray
siltstone. Siliciclastic rocks of alluvial and fluvial origin
overlie the lacustrine shale sequences.
The Nenjiang Fm ranges from 70 to 240 m thick, while the
Qingshankou Fm is 80 to 420 m thick (both gross). Current
depth ranges from 300 to 2,500 m. These shales and
mudstones contain mainly clay minerals with some siltstone.
TOC ranges from 1% to 5% (maximum 13%), primarily Type
I-II kerogen (in the Qingshankou) and Types II-III (Nenjiang).
The Qingshankou is thermally within the oil to wet gas
windows (0.7% to 1.5% Ro), while the younger Nenjiang is in
the oil window (maximum 0.9% Ro).
These Cretaceous source rocks are believed to have
expulsed only some 20% of their hydrocarbon generation
capacity. Frequently over-pressured and naturally fractured,
the Nenjiang and Qingshankou shales exhibit strong gas
shows and travel time delays on acoustic logs. PetroChina
considers the Songliao Basin to be prospective for shale
exploration and reported that commercial oil production
already has occurred from shale there (Pan et al., 2010).
Figure 9 shows the six main structural elements of the
Songliao Basin: the central depression, north plunging zone,
west slope zone, northeast uplift, southeast uplift, and
southwest uplift. Prospective Lower Cretaceous strata are
restricted to numerous small isolated syn-rift basins (Wei et
al., 2010). This reduces the shale prospective area and also
requires an understanding of each individual sub-basin’s
subsidence history.
Figure 10, a regional NW-SE trending structural crosssection, shows the alternating uplifts and depressions within
the Songliao Basin. Deformation is milder here than in South
China but still significant with major normal faults, some
active with strike-slip components. Organic-rich L. Cretaceous
Qingshankou Formation (K2qn), the most prospective shale oil
target, ranges from 200-400 m thick and 0-2,500 m deep
across the basin. Note that elevated levels of carbon dioxide
are common within Cretaceous sandstone and volcanic
reservoirs in the Songliao Basin (Luo et al., 2011).
The Lower Cretaceous lacustrine mudstones and shales in
the Songliao Basin are estimated to hold approximately 229
BBO of risked shale oil in place, of which risked TRR is
estimated at 11.5 BBO. Note that these deposits are located in
isolated half-graben rift basins and may be difficult to extract
due to the high-clay and likely ductile nature of the rock. In
addition, shale gas TRR associated with the shale oil deposits
are estimated to be 16 Tcf out of about 155 Tcf of risked
OGIP.
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Conclusions
1. Our GIS-based data base of shale geologic and
reservoir properties, built with data published in
nearly 400 Chinese language technical articles,
helped us to map and characterize the prospective
areas within a dozen China shale basins.
2.

We estimate that China has a total 32 BBO and 1,115
Tcf of risked, technically recoverable shale oil and
gas resources. However, much of this high-graded
TRR is found in structurally complex setings and/or
lacustrine-deposited shales, in contrast with the
structurally simple marine shales that are being
developed in North America.

3.

The Junggar Basin has some of China’s most
prospective liquids-rich shale potential, particularly
its structurally simple western flank where the
lacustrine-formed Permian shale is 250 m thick,
3,500 m deep, and contains an average 5% TOC that
is in the oil window (Ro 0.85%). While Junggar is a
major conventional oil province with infrastructure,
no shale drilling has been reported so far.

4.

The Sichuan Basin has mainly marine-deposited,
silica-rich Paleozoic shale targets that are dry-gas
mature, albeit low in TOC (2%). The southwestern
part of the basin is structurally less complex and low
in H2S and CO2, although faults, high tectonic stress,
and drilling issues still occur. Flow rates from the
early shale wells have been modest, but more recent
wells suggest that the basin could be capable of
providing several Bcfd of gas supply within a decade
or two.

5.

The Tarim Basin has widespread organic-rich marine
shales of Paleozoic age. However, these shales are
mostly too deep (>5 km), reaching prospective depth
only on structural uplifts where the shale is thinner
and lower in TOC. High nitrogen content and karst
collapse are further challenges, but horizontal drilling
already is widely employed in this remote basin.
Risked technically recoverable shale resources in the
Tarim Basin are estimated to total 216 Tcf of natural
gas and 8 BBO of oil and condensate.

6.

The Songliao Basin, China’s main conventional oilproducing region, has liquids-rich potential in
Cretaceous source rock shales. These lacustrine
mudstones can be thick (300 m) with high TOC, but
their clay content is high and shale development is
patchy within the complex faulted grabens.
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Nomenclature
Bcf
billion (109) cubic feet
BBO
billion (109) barrels of oil
C
centigrade
CO2
carbon dioxide
ft
foot
GIS
geographic information system
H 2S
hydrogen sulfide
km
kilometer
km2
square kilometer
m
meter
m3
cubic meters
m3/D
cubic meters per day
Mcf
thousand (103) cubic feet
MMcf
million (106) cubic feet
nD
nanodarcy
OGIP
original gas in place
OOIP
original oil in place
psi
pounds per square inch
Ro
vitrinite reflectance
Tcf
trillion (1012) cubic feet
TOC
total organic carbon
TRR
technically recoverable resources
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Basic Data

Physical Extent

Reservoir
Properties

Resource

2

GIP Conc. (Bcf/mi )
Risked GIP (Tcf)
Risked Recoverable (Tcf)

Gas Phase

Average TOC (wt. %)
Thermal Maturity (% Ro)
Clay Content

Reservoir Pressure

Prospective Area (mi2)
Org. Rich
Thickness (m)
Net
Interval
Depth (m)
Average

Depositional Envn.

Geologic Age

Shale Formation
Permian
Permian
Marine

Longmaxi
L. Silurian
Marine

Sichuan
2
(74,500 mi )

162.6
1,146.1
286.5

109.8
499.6
124.9

10,450
90
50
2,600 - 3,900
3,300

Prospective Area (mi )
Organically Rich
Thickness (m)
Net
Interval
Depth (m)
Average

32.5
129.5
6.5

40.9
108.9
5.4

Oil

5.0%
0.85%
Medium

Highly Overpress.

7,400
250
125
2,000 - 5,000
3,500

Lacustrine

Permian

Pingdiquan/Lucaogou

43.3
134.1
6.7

Oil

8,600
250
125
1,500 - 5,000
3,000
Highly
Overpress.
4.0%
0.85%
Medium

Lacustrine

Triassic

Triassic

40.5
161.2
16.1

Songliao
2

66.4
229.2
11.5

Oil

6,900
300
150
1,000 - 2,500
1,700
Mod.
Overpress.
4.0%
0.90%
Medium

Lacustrine

Cretaceous

Qingshankou

(108,000 mi )

Table 1: Estimated Shale Gas and Shale Oil Resources in China

OIP Concentration (MMbbl/mi )
Risked OIP (B bbl)
Risked Recoverable (B bbl)

11.9
31.1
1.6

Oil

Oil

Oil Phase

3.0%
0.90%
Low

2.1%
0.90%
Low

Normal

Normal

Average TOC (wt. %)
Thermal Maturity (% Ro)
Clay Content

15,920
120
60
2,900 - 5,000
4,000

Reservoir Pressure

2

Marine

2

L. Triassic

M.-U. Ordovician

Geologic Age
Depositional Environment

Lacustrine

Ketuer

2

Junggar

85.0
232.3
58.1

(62,100 mi )

2

12.6
32.8
3.3

64.7
172.4
17.2

Other

Total

Other
Basins

60.5
187.5
18.7

Total

45.0
155.4
15.5

11.3
0.6

1.1 - 2.0%
0.85 - 1.15%
Low
Condensate
+ Oil

Normal

120 - 250
45 - 75
1,000 - 4,100
-

644
32

90 - 300
45 - 150
1,000 - 5,000
Normal - Highly
Overpress.
1.1 - 5.0%
0.85 - 0.90%
Low - Medium
Condensate
+ Oil

890.3
221.9

4,746
1,115

8,600
6,900
250
300
120 - 300
90 - 300
125
150
45 - 120
45 - 150
1.5 - 5,000 1,000 - 2,500 1,000 - 5,000 1,000 - 5,000
3,000
1,700
Normal - Highly
Highly
Mod.
Normal
Overpress. Overpress.
Overpress.
4.0%
4.0%
1.1 - 6.6%
1.1 - 6.6%
0.85%
0.90%
1.15 - 3.2%
1.15 - 3.2%
Medium
Medium
Low
Low - Medium
Assoc.
Assoc.
Dry, Wet,
Dry, Wet,
Gas
Gas
Assoc. Gas
Assoc. Gas

Various
U. Ordovician M. Ordovician
- U. Permian - Cretaceous
Marine
Marine, Lacustr.

Assoc. Gas

3.0%
0.90%
Low
Assoc.
Gas

Normal

Dry Gas

Tarim

59.8
377.5
94.4

Dry Gas

2.5%
2.00%
Low

2.1%
0.90%
Low
Assoc.
Gas

(234,200 mi )

77.1
175.9
44.0

Dry Gas

M.-U. Ordovician

Shale Formation

114.1
715.2
214.5

Dry Gas

Basin/Gross Area

Dry Gas

Dry Gas

Normal

7,400
250
125
2,000 - 5,000
3,500
Highly
Overpress.
5.0%
0.85%
Medium

Normal

Songliao
2
(108,000 mi )

Various
Ketuer Pingdiq./Lucaog. Triassic Qingshankou
L.
L. Cambrian L. Cambrian Permian
Triassic
Cretaceous
Triassic
- U. Permian
Cretaceous
Lacustrine
Lacustrine
Lacustrine
Lacustrine
Marine
Marine, Lacustr.

Junggar
2
(62,100 mi )

10,450
10,930
15,920
90
120
120
50
70
60
2.6 - 3,900 3 - 5,000 2.9 - 5,000
3,300
3,700
4,000

Marine

M.-U. Ordovician

M.-U. Ordovician

Tarim
2
(234,200 mi )
Cambrian Ordovician
L.
L.
Cambrian Ordovician
Marine
Marine

6,500
10,070
20,900
6,520
19,420
150
300
100
90
120
80
120
80
70
50
3 - 5,000 2,750 - 4,700 1 - 5,000 3.4 - 5,000 3 - 5,000
4,000
3,500
3,000
4,500
4,200
Mod.
Mod.
Mod.
Normal
Normal
Overpress. Overpress. Overpress.
3.0%
3.2%
4.0%
2.0%
2.4%
3.20%
2.90%
2.50%
2.0%
1.80%
Low
Low
Low
Low
Low

Qiongzhusi
L.
Cambrian
Marine
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Figure 1: Major Shale Gas and Shale Oil Basins in China

Figure 2: Data Locations and High-graded Shale Prospective Areas in the Sichuan Basin
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Figure 3: Stratigraphy of Source Rock Shale Targets in the Sichuan Basin

Figure 4: Data Locations and High-graded Shale Prospective Areas in the Tarim Basin
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Figure 5: North-South Structural Cross-Section of the Tarim Basin (Zhu et al., 2012)

Figure 6: Data Locations and High-graded Shale Prospective Areas in the Junggar Basin
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Figure 7: Stratigraphy of Source Rock Shale Targets in the Junggar Basin

Figure 8: Cross-Sections of NW Junggar Basin Show Permian Shale Lead (Zhu et al., 2010 and Jin et al., 2008)
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Figure 9: Data Locations and High-graded Shale Prospective Areas in the Songliao Basin

Figure 10: NW-SE Structural Cross-Section of the Songliao Basin Showing Cretaceous Shale (Wu et al., 2009)

