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1
Fig. 1 Regional structure units in northwestern Hunan
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1 1—Yangzi Paraplatform; [, —South China Fold Belt; [I;—Bamianshan Fold Belt; [l —Jiangnan Earth Axis; [l —Hefeng
Anticlinorium; [[l ;—Sangzhi Synclinorium; [l ;—Linxiang Synclinorium; [[l,—Guzhang Uplift; [lls— Yuanma Basin; [l[s— Xinhuang
Uplift; [ll7—Hongjiang Uplift; [lls—Qianchu Saddle Structure; [lls—Lengjiaxi Uplift; [l 10—Dongting Depression; [l 11 —Mufushan
Uplift; Il 12— Ningxiang Depression
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2
Fig. 2 Position of outcrop sections of Lower Cambrian Niutitang Formation in the northwestern Hunan and
the sedimentary facies distribution of black shale
1 :2 i3 vl ;5 :6 i7 :8 ;
9— 510— ;11— ;12— 513—

1—Longshan Outcrop; 2—Qilianggiao Outcrop; 3-—Sanchaping Outcrop; 4-—Guzhe Outcrop; 5—Guzhang Outcrop; 6—Ganziping
Outcrop; 7—Houping Outcrop; 8—Sancha Outcrop; 9—Daping Outcrop; 10—Siduping Outcrop; 11— Yangjiaping Outcrop; 12—
Nanshanping Outcrop; 13— Majindong Outcrop
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Fig. 4 Variation tendency of brittle mineral contents in the mud-shale of Majindong Outcrop

in Lower Cambrian Niutitang Formation, northwestern Hunan
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Fig. 5 Micrographs of the mud-shale in Lower Cambrian Niutitang Formation, northwestern Hunan

(a)— (—) X100, , HPO02; (b)— (—) X100, s GZ05;
(c)— (—) X100, s GZP02;(d)— (—) X100, , MJDO05

(a)—Carbonaceous shale (—) X100, Houping Outcrop of Zhangjiajie, sample number HP02; (b)—carbonaceous shale (—) X 100, Guzhe
Outcrop of Jieshou, sample number GZ05; (c¢)—mudstone(—) X 100, Ganziping Outcrop of Zhangjiajie, sample number GZP02; (d)—

carbonaceous shale (—) X100, Majindong Outcrop of Taoyuan, sample number MJD05
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6
Fig. 6 Macroscopic and microscopic characteristics of pore-fractures in the mud-shale
of Niutitang Formation, northwestern Hunan

(a)— s ;(b)— s ;(0)— s s (d)— s

s HPO02; (e) ( ) s , GZ05; (D B

, GZ05;(g)— . . GZP02; (h)— . . MJD05
(a)—Bedding plane crack,Guzhe Outcrop of Jishou; (b)—joint, Ganziping Outcrop of Zhangjiajie; (c)—shear joints, Majindong Outcrop of
Taoyuan; (d)—residual primary pores among mineral particles, Houping Outcrop of Zhangjiajie, sample number HP02; (e)—organic
micropores and dissolution pores in unstable minerals (feldspar), Guzhe Outcrop of Jieshou, sample number GZ05; (f{)—interlayer
microfracture in minerals, Guzhe Outcrop of Jishou, sample number GZ05; (g)—tectonic fractures, Ganziping Outcrop of Zhangjiajie,

sample number GZP02; (h)—tectonic {ractures, Majindong Outcrop of Taoyuan, sample number MJDO05
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Fig. 7 Three-dimensional topography of the mud-shale samples and particles distribution in the mud-shale samples
in Lower Cambrian Niutitang Formation, northwestern Hunan
(a,b)— s (eod)—
(a,b)~Sample of Shimen Yangjiaping; (c,d)—sample of Jishou Sanchaping
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Table 2 Isothermal adsorption results of mud-shale in Lower

Cambrian Niutitang Formation, northwestern Hunan

Vi P, | TOC 4
(m®/t) (MPa) % Y%
4.1

No. 8 2.53 2.83 0.62 64. 6

No. 9 4.53 3.73 8.76 18.1 >

No. 10 2.26 9.72 0.93 45.1 N N

2 Y
TOC o
( , 2008 ,2010; N
,2012), , TOC

(NO. 9,
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Table 3 Porosity and permeability of representative samples in Lower Cambrian Niutitang Formation, northwestern Hunan
%) (mD) | TOC (¢79] %)
No. 1 8.8 0.060 0.62 3.23
No. 2 8.0 0. 050 0. 85 3.68
No. 3 11.7 0.042 3.36 3.45
No. 4 5.1 0.009 13. 46 3.12
No. 5 2.5 0.002 12.40 3.84
No. 6 2.3 0.010 8.76 3.42
No. 7 0.8 0. 0052 0.77 2.96
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8 (a), (b) . [CON (d) (e)
(€))
Fig. 8 Relationships between porosity size and TOC contents (a) and feldspar contents (b), quartz contents (c¢), clay
mineral contents (d) and density (e) of the mud-shale, and between TOC contents and density (f) of the mud-shale in

Lower Cambrian Niutitang Formation, northwestern Hunan
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Reservoir Conditions of Shale Gas in the Lower Cambrian Niutitang
Formation, Northwestern Hunan
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Abstract

To objectively evaluate shale gas exploration potential in the Lower Cambrian Niutitang Formation,
northwestern Hunan, reservoir conditions of shale gas were investigated by means of X-ray diffraction
(XRD), scanning electron microscopy (SEM) and scanning probe microscopy (SPM) and so on. XRD
analysis results suggest that brittle mineral contents range from 53. 8 percent to 98. 1 percent, with an
average content of 77. 9 percent. High value zones of brittleness mineral contents are mainly distributed in
the Zhangjiajie Ganziping, Sancha and the surrounding areas. High magnification SEM analysis results
indicate that there exist five kinds of pores and fractures, including residual primary pores, organic
micropores, dissolution pores in unstable minerals, interlayer microfracture in minerals, as well as tectonic
fractures. Of which structural fractures, organic micropores, dissolution pores in unstable minerals are the
main constituents. SPM analysis results suggest that honeycomb organic matters distributed mostly in
strip-shaped and disperse states are rich in the mud-shale of Lower Cambrian Niutitang Formation,
northwestern Hunan, with nanoscopic porosities well developed in organic matters. Test results of
Ultrapore-200 helium porosimeter show that porosity of mud-shale is low, with a range from 0. 6 percent
to 11. 7 percent (an average content of 4. 6 percent) and the dominant factor of porosity is structural
fractures, followed by TOC contents and feldspar contents. Test results of ULTRA-PERMTM200
permeameter show that permeability of mud-shale is relatively low, ranging from 0. 002mD to 0. 06mD (an
average content of 0. 014mD) and the dominant factor of permeability is structural fractures, followed by
interlayer microfracture in minerals. Isothermal adsorption experimental results show that mud-shale of
Lower Cambrian Niutitang Formation had good adsorbability and TOC content may be the dominant factor
to affect the mud-shale.

Key words: northwestern Hunan; Lower Cambrian; Niutitang Formation; shale gas; reservoir

conditions



