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Abstract 
 
Zhangjiatan Shale in the 7th Member of Yanchang Formation, Ordos Basin, China, is a potential reservoir of continental shale gas. It appears 
that laminated siltstone laminae affect gas accumulation in and production from the shale. The role of siltstone laminae in shale gas 
accumulation is assessed on the basis of their petrologic features and spatial distribution using outcrop, core, well-log, and microscopic and 
SEM data. The siltstone laminae occur mainly in the upper and lower parts of Zhangjiatan Shale and are 0.2-2 mm thick and 5-30 laminae/m in 
distribution (i.e. density). Siltstone/shale ratio ranges from 5 to 25%. Framework grains are quartz and feldspars. Clay minerals are mainly illite 
and parallel to bedding plane. Minor fossil and organic debris and pyrite are present. Pore types include primary inter-granular among 
framework grains, dissolutional in feldspar, crystalline in cements, inter-granular around clay minerals, intraparticle in organic matter, and 
fractures. Low-angle cracks occur in shale where siltstone laminae are present. Some cracks are open, while others are cemented by calcite. 
The number of cracks apparently increases with the density of siltstone laminae. Some cracks grew along bedding plane. Such phenomenon 
results in anisotropic hydraulic property: the horizontal permeability of the shale is 2-5 times larger than the vertical permeability. Results of 
water emersion test of shale cores indicate release of natural gas generally along siltstone lamination surfaces. Collected gas volume correlates 
positively with the density of siltstone laminae. Hence, siltstone laminae not only provide pore space for gas accumulation, but also serve as 
carriers for shale gas flow into boreholes. Understanding the depositional environments and diagenetic processes of siltstone laminae is 
important to predict sweet spots and assess shale gas resources.  
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Shale core Thin section of shale 

OutcropOutcrop

Silt laminaes devolope widely in the shale, which may affect

the shale gas accumulation and production.
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Characteristics of silt laminae
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Characteristics of silt laminae
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Characteristics of silt laminae
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Characteristics of silt laminaes

Silt laminae
Silt laminae

Silt laminae

Silt laminae

5×, -
shale

shale shale

Silt laminae

shale
10×, -

The silt laminaes are different from shales in color, mineral 

composition, grain size, porosity, and so on.



Characteristics of silt laminae

Sample Depth Quart
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Pores in silt laminaes
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Intergranular pores around quartz, feldspar grains, clay
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Pores in silt laminae
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Potash
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quartz albite
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Potash 
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quartz

Dissolved pores are usually created from the dissolution of feldsparDissolved pores are usually created from the dissolution of feldspar
matrix and cements: marcopores and mesopores



Pores in shales
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Horizontal microfractures

FracturesFractures

250μm

Horizontal microfractures are common in laminated shales, whichHorizontal microfractures are common in laminated shales, which 
usually developed in shale adjacent to the silt laminae.



Horizontal microfractures
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Horizontal microfractures
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Non filled fractures
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Pore structures
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Porosity

GR
 50 300 

Depth
(m)

DEN
2. 7 2. 2 Measured

Porosi ty(%)

Frequency
( l ami nae/m)
0 120 shale

4

5 

6 

7 

%)

CAL
 21 26 

(m)
AC

150 350 
1 7 Percent (%)

0 60 350
1360

e
1 

2 

3 

4 

po
ro
si
ty
(

0
1370

0 
0 20 40 60 80 100

Si l t sonte/Total  thi ckness Rat i o(%)

5 0 1380
1390

2 5
2.9 

3.3 

5.0 

3.0

4.0 

5.0 

ty
(%

)

1400
1410

2.5 

1.0 

2.0 

3.0 

Po
ro

sit

0
1420

0.0 

Nonlaminated shale Shale(laminae/total 
thickness ratio:1‐

20%)

Shale(laminae/total 
thickness ratio:20%‐

80%)

Silt laminae

Total porosity correlates positively with 
the density of siltstone laminaes. 



Outline

1、Introduction

2、Petrology characteristics of silty laminae

3、Significance of silt laminae for shale gas3、Significance of silt laminae for shale gas3、Significance of silt laminae for shale gas

4 C l i

3、Significance of silt laminae for shale gas

4、Conclusions



1、Provide pore space for oil and free gas accumulation

M dMacropores and mesopores

in the silt laminaes can quatz

Feldspar
provide storage paces for 

quatz

free shale oil and gas.



2、Affect occurrence and abundance of shale gas

重量

Oil
Oil

C重量%=67.96%石英
C重量%=17.34%

粘土矿物
C重量%=4.53%

The free gas will be less, but the 
dissolved shale gas can not be 
neglnected: 0.4～1.3ml/g，12%-
24% of the total shale gas。。g

10x



2、Affect occurrence and abundance of shale gas
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Th il fill d i ill d th tit fThe oils filled in pores will reduce the quantity of 
absorbed shale gas。



3、Serve as carriers for shale gas flow

Silt laminae

Fract re

Silt laminae

sha

砂质含量相对高

Fracture

ale

砂质含量相对高

Fracture
Fracture

Silt laminae
Fracture

Fracture

Silt laminae 250μm 250μmba
μ 250μmb c

Besides the horizontal fractures, vertical joints and fractures are 

also developed, when interconnected, they serve as carriers for 

shale gas flowshale gas flow 



3、Serve as carriers for shale gas flow

新 荧光和单偏新39-1179.89-10x荧光和单偏

Results of water emersion test of 
shale cores indicate release of 
shale gas generally along siltstone 
lamination surfaces, horizontal 
fractures and foliations.



4、Evaluation of shale gas resource 
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1. Silt laminaes are common, average siltstone/total1. Silt laminaes are common, average siltstone/total 
thickness ratio is about 12%.

2 Lamilated shales have higher quantity of quartz and2. Lamilated shales have higher quantity of quartz and 
feldspar,lower clay minerals, larger surface areas 
and pore volumesand pore volumes.

3. Horizontal microfractures are assosiated with silt 
l i hi h ll i h l dj t tlaminaes, which usually occur in shale adjacent to 
the silt laminaes and serve as conduits for oil and 
gas flowgas flow.

4. Silt laminaes may be important to the occurrence 
and abundance of shale gas, need to further study.
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