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Abstract

The thorough study of Pre-Cambrian to Quaternary shales in China indicates marine shales have tremendous shale gas potential and
lacustrine shales in China have huge both shale oil and shale gas potential. Thick prospective marine shales were widely deposited during sea
level rise period in the shelf to basinal settings in the Yangtze platform region including Sichuan Basin and Tarim Basin from Pre-Cambrian
Sinian to Silurian. Potential lacustrine shales were mainly developed in pro-delta setting of many basins scattered in China during basin
rifting or post-rift high lake level period since late Permian. Both these marine and lacustrine shales are proven source rocks with high TOC
(usually >2%). In terms of mineralogy, the quartz rich marine shales in China are remarkably alike Barnett shale, the lacustrine shales have
higher clay mineral content and many contain swelling smectite and I/S mix layers when comparing with marine shales. As for the porosity
and permeability, micro-pores and intra-organic nano-pores were observed from both marine and lacustrine shales, it seems the marine shale
reservoir is tighter even marine shales have more intra-organic pores than lacustrine ones. All the organic rich marine shales e.g. Cambrian to
Silurian shales in Sichuan Basin in China are in dry gas window and are emerging thermogenic shale gas plays. The Mesozoic lacustrine
shales with high TOC and medium Ro (wet gas window) can be thermogenic shale gas plays based on recent drilling for Triassic Yanchang
shale in Ordos Basin and Jurassic Daanzhai shale in Sichuan Basin. Most Meso-Cenozoic shales (e.g. Triassic Yanchang shale in Ordos
basin, Paleogene Shahejie shale in Bohai Bay Basin) are in oil window and have shale oil potential. Since both marine and lacustrine basins
in China experienced complex tectonic/structural activities, which could cause the leak of ancient shale gas and shale oil reservoirs,
exploration should be focused in relative tectonic stable regions.
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China Shale Plays Types & Distribution
ositional setting
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Shale Play Types, Distribution and
Exploration Activities
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Depositional Setting for Pre-Cambrian and
Lower Paleozoic Marine Shales
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Tectonic and Depositional Settings for Shale
Development — Example: Sichuan Basin
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Tectonic and Depositional Settings
for Meso-Cenozoic Lacustrine Shales
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Lake Level Controls on Lacustrine
Shale Development — Example: Songliao Basin

Stratigraphy Lo Thickness Age Lake level [ Temp Humidi I'rans- Orgnic Macerals* R (%) Source Reservair
ithology ) ) : arbon (] o servol
Ma . ca N
Series | Fm N (m) (Ma) Deep  Shallow| Low High gy, 1oy | Mirige Land b (%), 3 oo 15 bed
;‘fa""’ 0413
73
v 0-355
v 0-300
Nen- H
Jiang
" 1 47-118
2 80
g
2
(=3
5
£
=
|- 835 8
Yaojia .
B85 :
Qing-| 53552 o
hankod T -
— 97
I 25-112
996
v 0-128 F
2 o2
g
2
z
S Quan- SsiBvil
5 ou m 0-529 Y
E
-
Y ey Tod] K2s-m 1. A
K2n
—-1000 — T
aE!
—2000 — T2
K1g
__ -3000 — —
= Quaternary/Neogene
£ 4000 - zsm) g [Kiye]
% Sifangtai/Mingshui Formation ] L Yingcheng Formation
o —5000 7 [wen | =
—6000 - e =nolo i Shehem Cewaitem e
.| Islands in the
-7000 e [Rzan] S| . /{South China Sea
_8000 Qingshankou Formation Quantou Formation Denglouku Formation Huoshiling Formation

Z.Feng Zhi-qgiang, et al., 2010

May 22, 2013 | AAPG ACE, Pittsburgh, PA, USA
Shu Jiang, Ph.D. | SJiang@egi.utah.edu




Tectonic Control on Lacustrine Shale Development
Example: Cenozoic Bohai Bay Basin
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Complex Burial History of China Shales
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Source Rock Quality Comparison of
Marine and Lacustrine Shale Samples

Marine shale Lacustrine shale
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Pseudo Van Krevelen Plot from
Marine and Lacustrine Shale Samples

Marine shale Lacustrine shale
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Mineralogy Comparisons of Marine and
Lacustrine Shale Samples from China and U.S.
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Pores — Marine and Lacustrine Shales (China)

Marine Lacustrine
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Comparison of Shale Fabrics

marine shale lacustrine shale
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Comparison of Isotherms

Sample ID and TOC Content

® Red dots - China shales
® Black dots - Chalmers
and Bustin (2008)

10- Marine, TOC=8.6%

24-Lacustrine, TOC=1.71%
59-Lacustrine, TOC=1.16%

Chalmers, G. R. L. and R. M. Bustin (2008). ""Lower Cretaceous gas shales in northeastern British Columbia,
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Part I: geological controls on methane sorption capacity." Bulletin of Canadian Petroleum Geology 56(1): 1-21.
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Geomechanics Comparisons
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Scratch Test Strength Index (psi)

45, 5,3-Marine

unconfined scratch strength

24, 20-Lacustrine Rough trend is that marine shale has
| 8-Transitional relatively higher strength
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Conclusions

> Marine and lacustrine shales in China were generally formed during high sea,
or lake level, or rapid basin subsidence periods.They are both in structurally
active regions and have complex tectonic histories. Both have high TOC and
intra-organic pores and both are heterogeneous in terms of mineralogy,
fabrics, geomechanics, petrophysics, storage, and geochemistry, etc.

> Marine
* Mainly Precambrian to Silurian

* Extensively distributed in the Yangtze Platform in Southern China and
Tarim Basin in NW China

* Intra-shelf lows, slope, basinal facies in passive margin and foreland settings
* Good TOC and high maturity — shale gas potential
e Siliceous, brittle, and similar to U.S. Barnett
» Lacustrine
* Mesozoic-Cenozoic (besides late Permian shale in NW China)
e Sporadically and widely distributed
* Pro-delta and lake margin swamp settings
* Good TOC and low maturity — mainly shale oil potential
* More clay rich compared to marine shales, some are brittle
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Thank you for your attention.

Send questions, requests & feedback to:

Shu Jiang, Ph.D.

Email: sjiang@egi.utah.edu

Tel. (801)585-9816
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