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Abstract The electrical method is widely used to recognize the best shale reservoirs due to its
low cost and high efficiency compared with the seismic method. However, there are a few studies
about the electrical properties of shale, especially the anisotropy of complex resistivity and its

correlations to parameters of shale gas reservoirs, which limits the application of the electrical
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method in shale gas exploration. In this paper, we discuss the anisotropic properties of complex
resistivity in 3 orthogonal directions and the relationships between resistivity and reservoir
parameters of shale gas such as Total Organic Carbon (TOC) content, brittle minerals content
and maximum vitrinite reflectance. All discussions are based on the experimental data obtained
through analyzing six typical shale samples collected from eastern Guizhou Province. Research
suggests that: (1) The anisotropy of amplitudes of complex resistivity varies with the frequency.
In low and medium frequency bands, the vertical amplitude of complex resistivity is significantly
greater than the strike and dip ones. However, with the increasing of frequency. the differences
of amplitude among 3 orthogonal directions become smaller. Even at a certain frequency, the
anisotropy of amplitude disappears. (2) The double Cole-Cole model fits well with the measured
complex resistivity data of shale. (3) The TOC content has significant linear positive correlations
with the strike resistivity and dip resistivity. Thus, it is possible to predict TOC content through
the strike or dip resistivity. (4) No evident relationships are found between the resistivity, brittle
mineral content and maximum vitrinite reflectance. The reason is the complexity of the influence
of brittle minerals content and vitrinite reflectance on resistivity. The presented research results
are beneficial to gain a comprehensive understanding of the electrical characteristics of shale and

provide a new way to evaluate shale gas reservoirs.
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TOC.R;, e

Table 2 Mineral content, TOC content and maximum vitrinite reflectance

/% /% /% /% TOC/%  Rouma/ %
A 38 6 0 30 26 0 56 44 0. 06 5.648
B 41 0 0 20 38 0 59 41 0. 44 1.919
C 72 24 2 0 0 2 24 74 6.90 1.408
D 32 1 2 17 47 0 64 34 7.23 1.426
E 31 0 0 20 49 0 69 31 2.35 4.110
F 26 45 0 22 0 0 29 71 0.17 1.415




3350 (Chinese J. Geophys. ) 64

[

(a) ;5 (b) .z \y z
Fig. 6 Test results of complex resistivity of shale samples

(a) The amplitude spectrum; (b) The phase spectrum. x is the strike direction, y is the dip direction and 2 is the vertical direction.

. A F Z /1),.: Aly ’ ’
’ ’ Ae \Ayz \A” ’ 1 ’
A . 1000 Hz
3.3 s Ave "Age 4 2,
1000 H .
A= & ( D g
O 16 , 4 s
2005), X s On , 100 kHz
A1, . x s Ay Ay 1, A
y ’ ’
x z
A = e y z '
Px
Aye [C=, x y '
Oy .
(0. 50,) 1
A, = M s )(C = —, 4
- mln([of ,(oy) 27ch 4
s . ., f ,C
0.1 Hz~100 kHz s 61 4
7 . 7 . 9%,1-:



3351

7

Fig. 7 Anisotropy coefficient of shale

3.4
s Dias
(Dias, 1972, 2000) ,Zonge (Zonge et al. , 1972)
Cole-Cole (Pelton et al. , 1978) Cole-
Cole )
., Cole-Cole
(Wang
et al. , 2016), Cole-Cole
Cole-Cole

. . - o 1
P(l‘“)*‘“{l ”“[1 1+(iwf1)”l}}

X {1*7712[1*%}}, (5)

£ 00 3N NT1 NG My T2~ C

Cole-Cole
and Price, 1997)

(Storn

A , 8
, , Cole-Cole
Cole-Cole
) A7 3
m;. 3 s
A 0.18.0.25.,0. 35,

( Winchen et al., 2009; Kenkel et al., 2012;
Kenkel and Kemna, 2017).



(Chinese J. Geophys. )

64

(Schettler et al. ,» 1991;

9a

1,

3352
8 A
Ax A Ay A Az A
Fig. 8 Amplitude and phase fitting diagrams of three directions of shale A
A-x represents the strike direction of shale A, A-y represents the dip direction of shale A
and A-z represents the vertical direction of shale A.
3 A 7 4 ( :Qm)
Table 3 Seven parameters of shale A to be inverted Table 4  Inverted zero-frequency resistivity
of shale samples (unit: Qm)
00 n T1 C1 n T2 Cc2
x 233 0.18 9.67X10"* 0.18 0.37 1.15X10°6 0.55 A B € D E F
vy 660 0.25 4.86X10°5 0.15 0.70 7.60X10°5 0.86 & 233 804 1053 862 217 164
© 4455 0.35 8.17X10~* 0.08 0.75 8.50X10% 0.97 y 660 297 1598 1808 169 228
z 4455 459 3525 2607 325 2728
s , 4 6
s Bowker, 2007; Hill et al. ,2007; , 2009;
(TOC , , Burtman et al. , 2014; He et al. , 2017). )
s s
3.5 N N



(a) 3 (b)

Fig. 9 Relationships between brittle minerals content, clay minerals content and resistivity in shale samples

(a) Relationship between brittle minerals content and clay minerals content; (b) Relationship between brittle minerals and resistivity.
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