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Micro-petrology , pore throat characteristics and genetic mechanism
of tight oil reservoirs—A case from the 6" and 7" members of
Triassic Yanchang Formation in the Ordos Basin

Zhong Dakang'”?

[ 1. State Key Laboratory of Petroleum Resources and Prospecting ,China University of Petroleum , Beijing 102249 , China;
2. College of Geosciences ,China University of Petroleum , Beijing 102249 , China ]

Abstract: The 6" and 7" members of Yanchang Formation ( Chang 6 and Chang 7) contain a large number of tight oil in
the Longdong area of Ordos Basin. However, poor understanding of their microscopic characteristics and genesis has hin-
dered the exploitation of tight oil. The current study attempts to investigate the pore throat characteristics and genesis of
tight oil reservoirs of Chang 6 and Chang 7 members of Yanchang Formation on the basis of pore cast thin section,field
emission electron microscopy ( FE-SEM) and so on. The results show that the tight oil reservoirs were deposited in distal
bar and sheet sand of delta front and gravity flow of semi-deep to deep lake,and the tight oil reservoir rocks with fine
grain size and high matrix content (8% —10% ) consist of very fine sandstones, siltstones, pelitic siltstones and silty
mudstones. These reservoir rocks have very poorly developed pores,low thin section porosity averaging at 1. 8% , small
pore radius averaging at 30 wm, fine throat radius averaging at 0. 08 um, low porosity averaging at 9% and low permeabi-
lity of less than 0.3 x 10 > um®. The main pore types of the tight oil reservoirs are micropore of intergranular matrix , dis-
solution pore of feldspars and rock fragments and intercrystalline pore of cements. The microscopic characteristics of dif-

ferent oil reservoir rocks are different. The low-energy sedimentary environment is decisive in determining the fine grain
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size and high matrix content of the reservoir sandstones,which have weak resistance to compaction in early burial stage,

hence , significant amount of original pore volume is lost,and the pore throat sizes become smaller. In the reservoir rocks

with tiny pore throats, the strong carbonate and clay mineral cementation ( especially the bridging and network-like ce-

mentation of illite) , caused by semi-permeable membrane effects of ions, further reduce the porosity and permeability of

the reservoir rocks, preventing the later acidic fluid dissolution and formation of secondary porosity. In addition, the

strong replacement of quartz by detrital micas grain, hydromuscovite matrix and carbonate cement lowers the resistance of

the reservoir rocks and increases the solid volume,finally leading to the tightening of the reservoir rocks.

Key words : microscopic characteristic , formation mechanism, reservoir, tight oil ,Ordos Basin
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Fig. 1  Reservoir rock types and their characteristics of Changd and Chang7 Members of the Yanchang

Formation in Longdong area,the Ordos Basin
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Table 1 Grain components and matrix volume of the tight

oil reservoir rocks in Longdong area,Ordos Basin
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Fig. 2 Pore types of the tight oil reservoir rocks of Chang 6 and Chang7 members of Yanchang Formation in
Longdong area,Ordos Basin
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Table 2 Porosity and pore types under microscopy of tight oil reservoir rocks of Chang6 and Chang7

members of the Yanchang Formation in Longdong area,the Ordos Basin

SR Hem A I3 EALE/ % Bl % KOBL/% HIEEL % REEL/ % AL/ % BHEREY %

59 TG 4.66 3.54 0.74 0.21 0.04 0.03 0.03

451 [ 1.51 0.43 0.84 0.11 0.06 0.03 0.02

Ko 45 R B 1.94 0.57 1.00 0.18 0.11 0.01 0.02
165 i 1.72 0.82 0.70 0.09 0.07 0.02 0.01

24 iih] 1.94 0.65 1.17 0.05 0.00 0.03 0.05

32 Rt 2.26 1.40 0.59 0.09 0.00 0.10 0.08

35 TG B 4.90 3.30 0.95 0.25 0.16 0.01 0.23

444 i 1.96 0.70 1.01 0.12 0.07 0.03 0.02

K 29 B 1.58 0.32 1.08 0.14 0.00 0.01 0.02
37 g 1.97 1.06 0.66 0.09 0.00 0.06 0.07

3 [iiis]4 0.73 0.00 0.50 0.00 0.00 0.23 0.00

104 At 2.33 1.07 1.08 0.10 0.01 0.04 0.04
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ML BB

types of the tight oil reservoir rocks of the
Yanchang Formation in Longdong area,
the Ordos Basin
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Table 3 Pore types and pore size distribution of sandstones with different grain sizes in Changé and Chang7
members of Yanchang Formation in Longdong area,Ordos Basin
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Table 4 Parameters of mercury injection of tight oil
reservoir rocks of the Yanchang Formation in
Longdong area,the Ordos Basin
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Fig. 5 Statistics of maximum connected pore throat radius(a) and
medium pore throat radius(b) of sandstones with different grain

sizes in the tight oil reservoirs in Longdong area,the Ordos Basin
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Fig. 6 Statistics of maximum mercury injection
saturation of sandstones with different grain sizes

the tight oil reservoirs in Longdong area,the Ordos Basin
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Table 5 Correlation between parameters of pore-throat for Chang7 member in Longdong area,the Ordos Basin
D K Ry Pa Ry, Py, S, C, Dy S s W,

D 1.00 0.66 0.57 -0.57 0.55 -0.49 0.48 0.51 -0.57 0.46 0.15
K 0.66 1.00 0.77 -0.77 0.54 -0.50 0.73 0.73 -0.65 0.29 0.17
R, 0.57 0.77 1.00 -1.00 0.66 -0.59 0.90 0.95 -0.88 0.33 0.07
Pd -0.57 -0.77 -1.00 1.00 -0.66 0.59 -0.90 -0.95 0.88 -0.33 -0.07
Ry, 0.55 0.54 0.66 -0.66 1.00 -0.90 0.52 0.59 -0.80 0.57 -0.04
Py, -0.49 -0.50 -0.59 0.59 -0.90 1.00 -0.45 -0.51 0.73 -0.50 0.06
S, 0.48 0.73 0.90 -0.90 0.52 -0.45 1.00 0.98 -0.82 0.36 0.06
C, 0.51 0.73 0.95 -0.95 0.59 -0.51 0.98 1.00 -0.89 0.37 0.07
Dy -0.57 -0.65 -0.88 0.88 -0.80 0.73 -0.82 -0.89 1.00 -0.56 -0.07
S o 0.46 0.29 0.33 -0.33 0.57 -0.50 0.36 0.37 -0.56 1.00 0.28
W, 0.15 0.17 0.07 -0.07 -0.04 0.06 0.06 0.07 -0.07 0.28 1.00
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Table 6 Cluster analysis of pore structure of tight oil reservoirs in the Yanchang Formation in Longdong area,the Ordos Basin

o fLBEE/ BiER/ PEER, R/ Sk RH TR R HedRH F1/ i

- % (10° wm?) pm pm - - MPa

I 10.8 ~13.8 0.11~0.5 0.02 ~0.26 0.2~2.8 0.17 ~2.26 0.07 ~0.21 0.76 ~3.44 10.6 ~13.38
(12.03) (0.21) (0.13) (0.44) (1.46) (0.12) (1.84) (12.46)

1 8.8~11.6 0.08 ~0.26 0.02~0.22 0.19~0.7 0.84~2.43 0.06 ~0.24 1.05~3.97 11.26 ~13.4
(10.35) (0.14) (0.08) (0.32) (1.30) (0.10) (2.51) (12.75)

m 6.5~10.2 0.04 ~0.21 0.02 ~0.49 0.15~0.41 0.88~2.73 0.77 ~0.25 1.81 ~4.96 11.8 ~13.58
(8.88) (0.09) (0.07) (0.23) (1.16) (0.09) (3.48) (12.94)

v 3.5~8.2 0.02 ~0.08 0.01 ~0.08 0.01 ~0.29 0.67 ~1.16 0.05 ~0.09 2.50 ~7.41 12.9 ~13.7
(6.34) (0.05) (0.04) (0.16) (1.05) (0.08) (5.23) (13.28)
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Fig.7 T, spectrum and movable fluid saturation of tight sandstone reservoirs with different grain sizes in
Longdong area,the Ordos Basin
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