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Abstract X-ray diffraction analysis of black shale of Upper Triassic Member Chang 7 of the Yanchang Formation
in southeastern Ordos Basin showed that black shales were deposited in brackish, strongly reducing, semi-deep-deep

lacustrine facies, and mainly composed of quartz, feldspar, carbonate (dolomite), clay minerals (illite and il-

lite/smectite) and a certain amount of pyrite. The mineral composition characteristics of this set of black shales are

similar to those of highly productive shale gas in North America, for example shallow burial, low clay mineral and

abundant brittle mineral, so the strata are conducive to the development of cracks and fractures. Thus, this area is

favorable for shale oil/gas exploration and development.
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1 Introduction

Member Chang 7 of the Upper Triassic Yanchang
Formation in southeastern Ordos Basin is a set of
thick, black, dark gray mudstones formed during the
largest expansion of lake basin in deep water, which
are the main source rocks of the Ordos Basin in
Mesozoic. The study area is located in Tongchuan
City (southeastern Ordos Basin). In the lower-middle
section of the Triassic Member Chang 7 of the
Yanchang Formation are extensively developed shal-
low and organic-rich black shales favorable for shale
oil/gas exploration and development. Samples for this
analysis were selected from core rocks of Member
Chang 7. By using X-ray diffraction instrument this
paper systematically analyzed the mineral composi-
tion of black shales (according to SY/T 6210-1996),
and explored the geological significance.

2 Sampling

The black shales in the Tongchuan area are black,
dark brown thin-layered shales in surface, but show
black massive mud (shale) underground. Eleven sam-
ples were selected for this analysis, and they were
analyzed in a whole-rock quantitative manner using
X-ray diffraction instruments for their mineral com-
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positions (Table 1).
3 Mineral compositions

There is no general classification scheme for
mineral compositions of source rocks in oil industry at
present time (Fu Xiaodong et al., 2011). For the con-
venience of analysis, this paper divided major miner-
als in black shales into four categories: (1) detrital
minerals, including quartz, plagioclase, potassium
feldspar, etc.; (2) carbonate minerals, including calcite
and dolomite; (3) clay minerals, including illite, smec-
tite, chlorite, kaolinite and mixed-layer minerals; and
(4) other minerals, such as pyrite (Table 1).

3.1 Detrital minerals

Table 1 and Fig. 1 show that samples of Member
Chang 7 black shales generally contain a high content
of detrital minerals, mainly quartz and feldspar. In the
analyzed samples, quartz content ranges from 20% to
30%, or more than 35%, with the average content of
36%, and the maximum value of 64.3%. And for pla-
gioclase, its content ranges mainly from 10.0% to
15.0%, or more than 35% with the average content of
16.7%, and the maximum value of 29.5%. The content
of potassium feldspar varies from 6.3% to 17.3%.
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Table 1 Mineral composition of black shales in the Tongchuan area

Sample Mineral composition of the whole rock
No. Well Depth Quartz  Plagioclase Potassium Calcite Ankerite Siderite Pyrite [lite/ Tllite lite Chlorite Kaolinite
) (m) & feldspar Y Smectite 1 Md
1 683.1 32.0 29.5 11.0 1.2 11.3 13.0 2.0
2 690.8  39.0 14.2 17.3 4.6 13.9 10.0 1.0
3 TH3 6950 427 26.2 11.6 2.0 9.5 7.0 1.0
4 698.1 28.7 229 1.7 16.7 18.0 2.0 1.0
5 701.5 349 16.0 3.7 19.4 2.0 15.0 3.0 6.0
6 2525 643 8.3 9.6 1.2 1.0 3.6 1.0 10.0 1.0
7 2535 238 11.0 14 36.8 20.0 4.0 3.0
8 TH2 2609 258 114 6.3 0.6 1.0 26.9 3.0 23.0 2.0
9 262.5 57.6 153 3.7 4.0 8.0 1.0
10 268.8 193 17.0 0.8 23.6 1.0 17.0 4.0
11 2723 274 12.0 0.6 2.6 26.4 2.0 26.0 3.0
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Fig. 1. Distribution histograms of the content of main detrital minerals in the Tongchuan area.

Quartz content is an important factor affecting
the fracture development, thus the quartz-rich black
shale section is more brittle (Nie Haikuan et al.,
2009). Take the famous high-yield Barnett Shales of
the Fort Worth Basin for example. Their quartz con-
tent varies mainly from 20.0% to 70.0% (Loucks and
Ruppel, 2007; Jarvie et al., 2007), close to 19.3%—
64.3% in the study area. Therefore, black shales in the
Tongchuan area are brittle and easy to develop frac-
tures.

3.2 Carbonate minerals

Earlier studies showed that mudstone with a
higher content of carbonate minerals should be one of
the characteristic features of lacustrine argillaceous
sediments (Miao Jianyu et al., 2003). Black shales in
the Tongchuan area contain carbonate minerals in
various degrees (Table 1, Fig. 2). Their ankerite con-
tent varies mainly from 0.5% to 1.5%, accounting for
more than 30% of the analyzed samples; siderite con-
tent varies from 1.0% to 2.6%, and calcite is rarely
seen. According to previous geological and geo-
chemical studies (Miao Jianyu et al., 2005) the depo-
sitional environment of black shales in the Tongchuan
area is of semi-deep-deep lacustrine facies. Nelson
(1985) considered that feldspar and dolomite were
also brittle components in shales besides quartz. Brit-

tle minerals such as quartz, feldspar, carbonate miner-
als, etc. rich in shales are prone to create fractures (Li
Xinjing et al., 2007). As seen in Fig. 3, the total con-
tent of brittle minerals mainly varies from 30% to
40% accounting for more than 25% of the samples,
and for another 25% samples the content varies from
70% to 80%. Thus, brittle mineral content of black
shales in the Tongchuan area is high.

3.3 Clay minerals

Clay minerals are the main constituents of argil-
laceous sediments and argillaceous rocks (Zhang
Yonggang et al., 2004). Analytical results of core
samples show that clay mineral content of black
shales in the Tongchuan is within the range of 8.0% to
31.0%, mainly from 10% to 15% and 25% to 30%,
accounting for more than 50% of the analyzed sam-
ples (Fig. 4). Clay minerals are chiefly illite/smectite
mixture and illite, with minor kaolinite and chlorite.
Illite/smectite content ranges from 7% to 20%; those
of illite, 1% to 13%, with the average content of illite
1Md (illite crystals have 1 M, 2 M, 1 Md and 3 T vari-
ants) of 16.7%; those of kaolinite, 1% to 6%; and
those of chlorite, 1% to 4% (Fig. 5). This reflects the
black shales were formed in the middle period of di-
genesis (CNPC criteria, 2003), and clay mineral con-
tent is generally not high.
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Figure 6 shows that the correlation between total
clay minerals and quartz content is inverse correlation,
and ankerite is fairly weak, indicating that the total
amount of clay minerals in the black shales is mainly
controlled by sedimentary environment (Li Zhiming et
al., 2010).

3.4 Other minerals

Some of the analyzed core rocks (not black oil
shale) in the Tongchuan area contain a small amount
of halite, suggesting that the deposition environment
there is characterized by brackish lake water. In addi-
tion, most of the samples contain pyrite whose content
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Fig. 2. Ankerite content distribution histogram in the

Tongchuan area.
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is within the range of 4.0%-36.8% (Fig. 7), indicating
that the black shales in the study area were deposited
in a strongly reducing environment. This conclusion is
in line with other analyses of sedimentary facies in
this area (Yang Hua et al., 2010).

4 Comparison with North American shales

Mineral compositions of black shales are com-
pared between the study area and the main North
American shale area (Table 2), showing similar char-
acteristics: high content of brittle minerals (quartz,
feldspar, etc.) and low content of total clay minerals
(usually below 30%).
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Fig. 3. Total brittle mineral distribution histogram in the

Tongchuan area.
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Fig. 6. Correlation diagram of total clay minerals and other major constituent minerals in the Tongchuan area.

Table 2 Mineral composition comparison between the Tongchuan area and North American shales

Shale

Clay mineral content (%) Quartz content (%)

Barnett shale, Fort Worth Basin (Loucks et al., 2007,
Jarvie et al., 2007)
Devonian-Mississippian mud rock,
Seaga Basin (Ross et al., 2008)

Green River shale, Uinta Basin (Hunt, 1996)
Heather shale, North Sea region (Hunt, 1996)
Woodford shale, Oklahoma area (Isaacs, 1987)
Bakken shale, Willistton Basin (Hao Fang, 2005)
Tongchuan black shale, Ordos Basin

20%-60% 20%-70%

5%—-80% 48.9%
<10%
<5% 53%-57%

85%-95%
<20%

8%-31% 19%—64%
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Fig. 7. Pyrite content distribution histogram in the Tongchuan area.

5 Geological significance
5.1 Shale gas show

In the exploration and development of southeast-
ern Ordos Basin, shale gas outflow was encountered
during well drilling process. When the core was put
into the tube, big bubbles and many gas outflow
points were observed (Fig. 8), especially along the
bedding plane.

Test Analysis shows that bubbles releasing from
the well core are not only adsorbed gas, but also free
gas. Gas composition analysis indicates it is mainly
hydrocarbon gas, namely, the average content of
72.24% (methane), 11.51% (ethane), 5.91% (propane),
0.54% (n-butane), and a small amount of pentane and
hexane.

5.2 Gas-bearing characteristics

Gas-bearing capability of shales is an important
parameter to evaluate shale gas resources (Zhang
Jinchuan et al., 2004). Recently, there are many re-
ports on Yanchang Formation shale gas, such as small
fracturing test and successful ignition of Member
Chang 7 of Well Liuping 177 in the Xiasiwan region
of Ganquan County by Yanchang Petroleum Corpora-
tion, while Well Xin 57 succeeds in gas producing by
fracturing. In addition, black shales of Members
Chang 7 and 8 (910-960 m) of Well Zhongfu 18 in the
Fuxian area show obviously abnormal gas survey and
high impedance of deep response curve; Member
Chang 7 muddy shale gas of Well Zhuang 167 and
Well Zhuang 171 also shows abnormal gas survey (Xu
Shilin et al., 2009), which indicates good gas bearing,
and favorable exploration environment of Member
Chang 7 black shale oil and gas.

5.3 Mineral composition and shale exploration

Brittle mineral content is an important factor of
matrix porosity, micro-fracture development, gas
bearing and fracturing reformation of shales. Low
content of clay minerals and high content of brittle
minerals make rocks become more brittle. In such
circumstances, rocks are more easily to create natural
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fractures and induced fractures under artificial frac-
turing forces to form structural joints with tree net-
work, which is conducive to shale gas exploration
(Zou Caineng et al., 2010). Black shales in the Tong-
chuan area are rich in brittle minerals, thus conducive
to fracturing.

Fig. 8. Water immersion test of Chang 7 well core.

5.4 Mineral composition and cap rock sealing

Cap rocks of natural gas reservoir are mainly ar-
giloids. 60% of 34 large- and medium-sized gas fields
in China are in mud shale cap rocks (Cheng Rongshu,
1989; Zhang Houfu, 1999; Hu Guoyi et al., 2009).
Rich organic argillaceous rocks are not only
high-quality source rocks, but also prominent cap
rocks. Sealing ability of argiloid cap rocks is insepa-
rable with mineral compositions which can affect the
plasticity of clay shales, wettability and water absorp-
tion, mineral grain structure and orientation, as well as
porosity and permeability (Huang Haiping et al.,
1995). Usually clay minerals, in plasticity-reducing
order of smectite, illite/smectite, illite, and chlorite,
have greater plasticity than detrital minerals, (Zhang
Changjiang et al., 2008). Argillaceous rocks of the
Yanchang Formation in the Tongchuan region, Ordos
Basin, extend widely and are relatively thick (Miao
Jianyu et al., 2005). However, the content of clay
minerals in the study area ranges from 8% to 31%,
rich in clay minerals, mainly illite/smectite mixed
layer, illite and illite 1Md crystal variant, but less in
kaolinite and chlorite. As a result, the sealing ability of
black shales is preferable in the Tongchuan area.

6 Resource assessment and exploration po-
tential forecast

Shale gas reservoirs are of the self-generation
and self-storage type (Zhang Jinchuan et al., 2008).
The accumulation mode requires thick shale bed, wide
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distribution area, moderate burial depth, high total
organic carbon content, good organic matter maturity,
as well as relatively good reservoir porosity, perme-
ability, and micro-fracture (Zhang Jinchuan et al.,
2008; Pu Boling et al., 2008; Chen Gengsheng et al.,
2009). After detailed study of Well Chang 7 core, well
logging, analysis and test, it is estimated that shale gas
resources in southeastern Ordos Basin are 4.8x10"—
6.3x10'* m’. The potential of shale gas exploration
and development is huge.

7 Conclusions

(1) Black shales in the Tongchuan area are domi-
nated by detrital minerals (quartz, plagioclase, and
potassium feldspar), clay minerals (mainly illite and
illite/smectite) and carbonate minerals (dolomite, side-
rite). The pyrite content is high and partially, there is
small amount of rock salt in black shale samples,
which indicates black shales in the study area are de-
posited in semi-deep-deep brackish lacustrine reduc-
ing water. This conclusion provides another piece of
evidence of X-ray diffraction for sedimentary facies
analysis in this area.

(2) Mineralogical characteristics of black shales
in the Tongchuan area are similar to those in North
America with regard to high-yielding shale gas, rich
brittle minerals and low clay minerals. Therefore, it is
favorable for hydrocarbon exploration.

(3) Black shales in the study area have various
clay minerals, such as illite/smectite mixed layer and
illite 1 Md crystal variant, kaolinite and chlorite with
strong plasticity. So black shales in the Tongchuan
area have a preferable sealing ability.

(4) Member Chang 7 shale gas of the Yanchang
Formation in southeastern Ordos Basin shows good
gas survey and high gas content, so the preliminary
evaluation of Member Chang 7 black shales is: high
gas-bearing shale gas reservoir. Moreover, gas test has
obtained industrial gas flow, and indicates favorable
exploration prospects.
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