ZibSHKEE IS

a4 2 W OIL & GAS GEOLOGY 2023 4E 4 A

XEHS:0253 - 9985(2023)02 - 0452 - 16 doi: 10. 11743/0gg20230216

REEPENR-FTE SRR T
IEARIBE-fEEX
FREAME T R AR

(1. [R5 TREE bR PR 5 A1) TR, WIRE HOIN 451191 ;2. Bt Ry #i3 5 vERl 7245, TLIR B9 5t 210023
3. FEBERE HERIL2AME T 0 R b Bk A2 [ 8 3 S0 =, M 52 BH 550081)

WE:RAEFNAINEA B LT W EAREN LR EBHEE AR ANT-BE LA R RN EENE R R, £ TAKEHR
WERRAHUB GBS ENEN  UFTEFRES AR -FFERA B EEHRA-SHRLBA- A TEA BFERRFR
FHREE AR _BZR LT HAERAEMEAT AL, BHEATRAE P ENR- B E oM MN LR T BER,
EANBNTHBE-FEL, RAEFPHIA-FLEERRPE L WAL LGRETTH R EERKERBE EENH A
W AER B ER EVRR R LT s, E RSN A RABT AR LR AR ESE T
BOERVEGETEAERBBIL AT, IR KA R TEEGRLTREHNKILGR, EX B REFLENRP TR S K E
BREHK  THRBRARTENBERE . HXERFH T EERA A MR AR I T 5w A kR ZB R RN,
S E R N R E P

KR AL B KT R AN - LE 6K R 5

FESES TE122. 1 SCERFRIRAEG : A

Micro-architecture, deformation and source-reservoir significance of
organic-clay composites in shale

LI Xiaoxia',GU Yuantao'?, WAN QuanS,YANG Shuguang3

(1. School of Resources and Environment, Henan University of Engineering , Zhengzhou, Henan 451191, China; 2. School of Geography and
Ocean Science , Nanjing University, Nanjing , Jiangsu 210023, China; 3. State Key Laboratory of Deposit Geochemistry , Institute of
Geochemistry, Chinese Academy of Sciences, Guiyang , Guizhou 550081, China)

Abstract: The organic matter and clay minerals in shale can combine with each other to form organic-clay composites
during sedimentation and evolution, which are an important source of parent materials of hydrocarbons. An integration
of field emission scanning electron microscopy (FE-SEM) and transmission electron microscopy (TEM) is applied to
study the deformation and micro-architecture of organic-clay composites, and discuss their source-reservoir significance
in depth. The object of study is the four suites of typical shale reservoirs, that is, the Triassic Yanchang Formation of the
Ordos Basin, the Ordovician Wufeng-Silurian Longmaxi formations of northern Guizhou, the Cambrian Niutitang
Formation of central Guizhou, as well as the Permian Shanxi Formation of the Southern North China Basin. The organic-
clay composites in shale feature complex components, diverse geometries and being prone to deform, and the main
mechanisms driving the deformation mainly include tectonic stress, mineral particles, the occurrence of organic matter
and the transformation of clay minerals. The deformation caused by tectonic stress outside the composites and mineral
particles (imposed on the surrounding clay layer and organic layer) inside the composites could change the local stress
environment of the composites, resulting in extensional environment, which could in turn drive the large-scale

development of nano-pores in the composites. Under the protection of clay layer, hydrocarbons stored in the nano-pores
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are less likely to loss, which could effectively improve the storage capacity of shale reservoir. The conclusions achieved

in the study are of beneficial value to understanding the diagenetic evolution of shale, as well as the generation,

migration and storage of shale oil and gas, thus guiding the exploration and development of shale oil and gas.
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Fig. 1 Maps showing the sampling locations and regional geology of the Yanchang Formation in the Ordos Basin, Wufeng—Longmaxi

formations in northern Guizhou, Niutitang Formation of central Guizhou, and Shanxi Formation in the Southern North China Basin
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Fig. 2 Composition characteristics of the shale samples from the Yanchang Formation in the Ordos Basin, Wufeng—Longmaxi formations

in northern Guizhou, Niutitang Formation of central Guizhou, and Shanxi Formation in the Southern North China Basin
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Fig. 3 SEM images of organic-clay composites in the shale samples from the Yanchang Formation in the Ordos Basin, Wufeng—Longmaxi

formations in northern Guizhou, Niutitang Formation of central Guizhou, and Shanxi Formation in the Southern North China Basin
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Fig. 4 Sketch diagrams showing the card-house and band-like
]

architectures of the clay layers™*
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Fig. 5 SEM images showing typical organic-clay composites selected for focus ion beam (FIB) slicing from the shale samples of the
Yanchang Formation in the Ordos Basin, Wufeng—Longmaxi formations in northern Guizhou, Niutitang Formation of central Guizhou, and
Shanxi Formation in the Southern North China Basin
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Fig. 6 Transmission electron microscopy (TEM) images of organic-clay composites in the shale samples from the Yanchang Formation in

the Ordos Basin, Wufeng—Longmaxi formations in northern Guizhou, Niutitang Formation of central Guizhou, and Shanxi Formation in the

Southern North China Basin
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Fig. 7 SEM images showing the deformation of organic-clay composites caused by stress in the shale samples from the Longmaxi Formation

in northern Guizhou and Niutitang Formation in central Guizhou
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Fig. 8 TEM images showing the element mapping of the organic-clay composites in the shale samples from the Chang 7 Member in
producing well 941# (at a depth of 716 m), Ordos Basin
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Fig. 9 TEM images showing the element mapping of the organic-clay composites in the shale samples from layer @ (at a burial depth of

0.5 m) of the first member of the Longmaxi Formation in northern Guizhou
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Fig. 10  Occurrence of organic matter in the organic-clay composites in the shale samples from the Yanchang Formation in the Ordos Basin,

Wufeng—Longmaxi formations in northern Guizhou, Niutitang Formation of central Guizhou, and Shanxi Formation in the Southern North
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Fig. 11 SEM images showing the differences of pore development in organic particles and organic-clay composites in the shale samples

from the Niutitang Formation in well ZK 105 (at a burial depth of 701 m)
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Fig. 12 The pore development characteristics of organic-clay composites under different stress for the shale samples from the Longmaxi

Formation in northern Guizhou, and Niutitang Formation in central Guizhou
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