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Laboratory Measurements and Geophysical Investigation on the
Characteristic Evaluation of Mud Shale in the Shetiangiao
Formation of Central Hunan

DONG Xu', LI Yan'", WANG Jie', CAI Ning-bo’, SONG Xi-fang', LI Qiang-long'
(1. Changsha General Survey of Natural Resources Center, China Geological Survey, Changsha 410600, China;
2. New Geological Energy Exploration and Development Engineering, Technology Research Center of Hunan, Changsha 410014, China)

[ Abstract] The Shetianqiao Formation of the Devonian in central Hunan is an important shale gas reservoir in the Taihetang- Guanjia-
zui area. However, limited understanding of its geophysical and geochemical signatures has hindered the gas reservoir’ s large-scale explo-
ration and exploitation. A research and development methodology was presented here based on sample analysis and geophysical character-
ization. Specifically, the method utilized quantification of shale gas occurrence characteristics and distribution patterns in the Shetianqiao
Formation using sample analysis and the magnetotelluric (MT) geophysical data inversion technique. The results show that the overall re-
sistivity of favorable layers in the Shetianqiao Formation is less than 200 {)+m, with a thickness range of 600 to 900 meters and an average
burial depth of 0 ~1 000 meters. Furthermore, the MT method reveals 15 faults and their associated multiplexing segments. It is also con-
firms that the organic matter in the Shetiangiao Formation is primarily II, , with an organic carbon content ranging from 0. 32% to 3. 46%
and an average at 0. 80% . The average maturity R, of the formation is 1. 78% , indicating a high maturity stage.
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Fig. 1  Structural outline of Taihe Hall Guanjiazui survey area
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Table 1 Comprehensive stratigraphic table of Taihetang Guanjiazui survey area
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Table 2 Physical parameters of magnetotelluric sounding specimens
HZ FRAEAE (BB AR AT/ (Q-m)  HFHFREEME/(Q-m)

EEZA WA (22) P (25) 188 ~1 424 479
=S HP AR T;-J, PR PE (27) 147 ~712 361
RIS KA (28) 1 425 ~5 354 3271
ARF C P (27) 193 ~971 569
% (30) 1 867 ~4 512 3142
L mITE:) TR (27) 1361 ~4 336 2788
PEBTRAE (31) 301 ~1 012 546
Nk i) T (32) 103 ~344 224
A HEFUA (27) 358 ~1 319 705
N WK (25) 1 448 ~3 251 2113
Brpa P (30) 569 ~1 376 804
Bk Eh i 20 APERbE (26) DA (22) B8R (27) 337 ~1 586 683
A (29) 218 ~512 374
% Al KA AR5 (26) 493 ~1 453 717
JRE RIFMCE (30) M (27) 92 ~507 193
e ! WA (24) 243 ~ 653 414

¥ FE Mk . www. stae. com. cn



2025,25(19) N, S BT T S e ER P ELRUN A4 A B R AU DUS R AE S TR 7945

aWv RE E
1500
——————————— H1 BHL
0 (Q'm)
£_1000 400
£ 2000 200
& 100
~3000 50
~4000 £~ —
x=558 542 565 000 575 000 585 000 x=592 496
=2 982220 1,000 5000 m =2 980 459
(a) MT 1% K Hh HL BT B B SR
Al J=s= E_A
0 - 5000 10 000 N _ 15000 18 000
T 1" P T T
0
HPEL 3/
(Q'm)
~1 000 100
E 300
X2 000 200
® 100
~3.000
60
4000 L . P
x=557 592 562 500 567 500 572 500 x=575 567
=2 977 387 1000 5000 m =2 976 436
(b) MT24% K Hh HLfE 123 Bl R IR
A__S N

0 5000

0
x=565911 2975 000 2980 000 x=567 248
y=2970 670 1 000 5000 m y=2985611
() M3 A b HL g 105 B R R
#S w5 N_A
0 5000 10 000 14 000
0
-1 000
£
£ 22000
2
-3000
—4 000
x=574 110 2975 000 2980 000 x=575 354
y:2 970 829 1000 5000 m y:2 984 725

(d) MTAZ It HURE I B R A

AL FABRRR ez | o |wmw
M i b HRE B i
P Bkt B R
WRaL s

Bl 4 KA AR S M Hi X b F 7 B R i A

Fig. 4 Magnetotelluric exploration results of Taihetang Town Guanjiazui Area
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Fig. 5 Distribution of TOC content in Shetianqiao Formation
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Table 4 Organic carbon content test results of

Shetiangiao Formation samples
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Table 3 Microscopic component identification and type classification of Kerogen
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Fig. 6  Contour map of organic carbon content in Shetiangiao Formation
HRE DL A3 BT 25 3, A AR LA LB & 5t 7E 539.0 °C, P39 450 C , 3 /R PR AR 2 Ab T v it

0.32% ~3.46% ,"F-¥1°5 0. 80% ., H DL bt 4%

HIATR 2 A HLBR & B A e, N 2. 47 % , oAy ) T 3 ik
BRI N B ALV ) B AR D8O

3.3 RREENERRE
I E R, JE VPN DU S IR (1) 56
B, — O U, R TR R B Y XA
S BB R = A R T A R A
PR TE W A SR N R A TR A R e R
Mo FRIE KSR S AR FE T 16 1Y Barnett WA,
WBJEFEFRY IR 0.6% <R, <1.3% 4b T iAWY
Bt,1.3% <R, <2.0% & TR M Bt R, >2.0%
b F L B B
R 2% R 2 1 1% AR i st 8 i 2 2R, % T 1k
R R, JEFEHN0.79% ~2.51% ,F¥ 0 1.78% |
AT I A B, R T, S 304.2 ~

B, Fim b, X R, SFEEYE T 1. 7% LA
b TR S 0 b X 4% AR 2 U8 Ak T ey
BL, 5200 AR, i A X 3 U E AR
7 R (R 7 25 . K6 K 8),

3.0
25+ 216
<20
o
F15
B
|:~<°1'0 079
0.5
0.0
D _ QD D
%\0 & éi@\ & ”@ &
xg) W& i\ >f_ q} %Q\
4% 4Q ,\K C/Q QQ
& ] QO < N
] ]
SRARAL B
Bl 7 WY R, 434

Fig. 7 Distribution of R, in Shetiangiao Formation

/ N o3 \
l J/ (Tt S, | \\
[ a i —
L % | f E 0.0 2.5 5.0 km
KA
[SOR, S ii4/% [2]4 5
\ \ R H [
I | \ \ \ \ \
K8 AN GRS R, SFELA

Fig. 8 R, contour map of dark mudstone shale in Shetiangiao Formation

¥ FE Mk . www. stae. com. cn



2025,25(19)

HH A5 SE TR A AT S R RS B P TSR 2L DO RRIE S AR

7949

x5 SHENEERSARBIFTEE
Table 5 Thermal decomposition analysis data of

Shetiangiao Formation sample rocks
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Table 7 Reference indicators for optimal selection of
marine shale Gas Beneficial Areas
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Table 6 Vitreous reflectance data of Shetiangiao

Formation samples
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Fig. 9 Comprehensive evaluation of shale gas in the shetiangiao formation of the survey area
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of organic matter and its implications for pore structure of Wufeng-
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