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Sedimentary environment and shale gas resource potential of source rocks of
Wufeng Formation in northern Guizhou
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Abstract:  The enrichment coefficients of Mo,V and U in the black mudstone of Upper Ordovician Wufeng Forma—
tion in northern Guizhou are all greater than 1,and the mean Ce anomaly is —0.07,which indicates that the mud-
stone was formed in an anoxic environment. The ratios of specific elements( V/Cr,Ni/Co,V/( V +Ni) and Ce/La)

indicate that the mudstone was formed in a hypoxic — anoxic environment. On the whole, the sedimentary environ—
ment of the black mudstone of Wufeng Formation is characterized by relatively deep water, low deposition rate and
hypoxic — anoxic state. The TOC content of the black mudstone of Wufeng Formation varies from 1.31 % to 2. 89
% ,with an average of 1.98 % . The vitrinite reflectance( Ro) varies from 1.93 to 2. 25, with an average of 2. 07 ,in—
dicating that the organic matter has reached the dry gas stage from mature to over — mature. The effective thickness
is less than 10 m,the content of brittle minerals is 15 % to 35 % ,and the buried depth is about 0 to 4000 m. These
characteristics indicate that the black mudstone interval of Wufeng Formation has certain conditions for shale gas
formation, and has the possibility of forming shale gas reservoirs. However, due to its thin thickness, the shale gas re—
source prospect is uncertain at present.
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Fig. 1  Distribution and correlation of sections of Wufeng

Formation in northern Guizhou
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Tab.1 Major elements of the mudstone of Wufeng Formation

in the study area

HESF S0, ALO, Fe,0, MgD Ca0 NaO K0 Ma0 PO, TiO, 101 3

HATTK 53.79 16,03 5.08 2.45 5.52 0.48 5.15 0.04 0.12 0.73 10.34 99.71
R 76.75 9.33 1.87 0.93 0.2 0.34 2.61 0.01 0.08 0.49 7.47 100
R 68.05 12,97 1.89 133 0.13 0.21 3.79 0.01 0.34 0.73 9.88 99.32
B bR 7724 9.48 2.26 104 0.42 0.26 2.44 0.01 0.08 0.47 5.73 99.43

BT 68.96 11.95 2.78

44157 0.32 3.50 0.01 0.15 0.61 8.36 99.62

PAAS  62.80 15.90 6.50 2.20 1.30 1.20 3.70 0.11 0.16 1.00 6.00 99.9

2.1.2 (IR BRI RHE
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Tab.2 Trace elements in the mudstone of Wufeng

Formation in the study area

s v Mo U Cr Co Ni Sr Ba Th

BAYFK 174 22,04 10.67 1044 15.63  73.3  106.43 631.67 21.03
gl 615 18.92 11.37 9135 536 67.63 40.25 381.25 12.91
Siig 282 1.28  10.2 145 3.3 439 542 590 20.3

B bR 19 243 434 117 414 333 384 7T 127
FHE 38 117 9.15 11444 719 5453 59.82 594.98 16.74

NASC 130 2,60 2.66 124.50 25.70 58.00 142.00 636.00 12.30

2.1.3 Tt RHERILAFHE

M3 A LLE HAFSE X L2 R A ¥ REE 1Y
SEH(E N 224 x 10 7°, B 85 5 6 35 70 A ( NASC) 1
SRS 160 x 107°) o 51 1T A A - A 8 DA B V3R e 1
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Tab.3 Rare earth elements in the mudstone of Wufeng

Formation in the study area

WEigH La C P N Sm Fu Gd Th Dy Ho
HATFK 55.37 100.27 11.88 44.78 8.42 1.4 7.50 1.09 6.29 1.23
2L7kR 37.63 65.55 8.58 32.98 6.48 1.21 598 0.91 5.41 1.08
BE 6.3 127 154 6.4 146 266 143 217 132 2.57
B R 314 55.0 647 228 3.89 0.789 3.59 0.58 3.85 0.85
BT 472 8753 1078 41,56 8.54 159 8.03 122 7.36 1.47
NASC 315 665 7.9 27 59 118 52 079 58 1.04
FZLREE/ La/ (La)x/ Ce/ Fu/
YHREE Yb (Yh)y Ce* Eut
HATFK 375 054 3.44 051 257.67 9.48 17.50 1.65 0.92 0.92
AR 297 042 268 0.41 17223 7.68 14.00 1.32 0.87 0.91
HZ 685 0.968 6.00 0.914 331.22 6.05 10.39 0.98 0.97 0.86
P bR 2,67 0.44 3.01 0.47 135.82 7.79 10.44 0.98 0.91 0.9
BT 406 059 378 0.58 224.24 7.75 13.08 123 0.92 0.9
NASC  3.40 0.5 2.97 0.44 160.12 6.95 10.61 1.00 1.00 1.00
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Fig.2 REE distribution curves in the black

mudstone of Wufeng Formation
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FIMEN 1.98%; T, (B R) 2246 T 529. 4 ~
545.3 CZ[a),F-BEH 538.9 C; S, ( &) HAZ
f£F 0. 0007 ~0.001 mg/g Z[a], -1 {E & 0. 0009
mg/g; S, (W IE) A2 46T 0. 0009 ~0.001 mg/g Z
6], 7 ¥ {6 9 0.0009 mg/g; S, (i k) 22 fb T
0.098 ~0. 111 mg/g Z[a],F¥{H A 0. 103 mg/g; S,
( B A ML) 25LTF 16. 00 ~34. 725 mg/g Z [A], 3
BME O 23.765 mg/g; Ro( 8524 F 4 %) 46T
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Tab.4  Analysis results of organic carbon, pyrolysis and vitrinite

reflectance of the mudstone of Wufeng Formation

) T0C T,/ S,/ S,/ S,/ S,/
T 44 K i Ro
/% (C) (mglg) (mgl/g) (mglg) (mglg)

KRR 1.31 529.4 0.0009 0.0009 0.102  16.00 1.93

ZI4Epd 2.89 542.07 0.0010 0.0009 0.111 34.725 2.03
Efh FAF 1,742 545.3 0.0007 0.0010 0.098 20.866 2.25
SEHE S 1.98 538.93 0.0009 0.0009 0.103 23.765 2.07
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Fig.3 The black mudstone of Wufeng Formation in
Honghuayuan , Tongzi County
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Tab.5 Enrichment coefficients and ratios of related elements

in the mudstone of Wufeng Formation

N VI Cel

HE 4% EF,, EF, EF, V/Cr Ni/Co 3Ce
(V+Ni) La

Tk 22.81 3.48 1.15 1.69 4.78 0.7 1.82 -0.07

LTEE 41.43 7.48 8.52 7.13 13.28 0.89 1.74 -0.1

E  1.57 4.03 2.23 1.94 12.09 0.87 2.03 -0.05

Bfa R 4.08 2.35 2.23 1.7 8.04 0.8 1.75 -0.07

Sl 17.47 4.34 3.53 3.12 9.55 0.83 1.84 -0.07

V/ICr < 2 FREEFE,2 < V/ICr < 4.25%8
IRFUVRIREE V/Cr > 4.25 fREBVEIFE Y . BF%
X F UG B AR YR A V/Cr S 1.69 ~7. 13, 3 {H
312, 38R —Fh AR - BRI BE A
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W20 (5 PR 24 Ni/Co g 4.78 ~13. 28, L4446 Hy

9.55 ., F/n—Fh T4 — BAA BB A A

V/(V +Ni) HfH P2 fb i 5 FREE s KR 1 R
I8 AR, a1 V/(V + Ni) TUfi( > 0.6) , 3%
W T 5940 2 2 EUKAE M T RS X A2 S5
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4 0.83) , ULHASE B T B AA R

Ce/La o {HtBBRL U 48 /R UURR W) 19 8 AL A i
ZMF,Ce/la HfH < 1.5 N E AL, Ce/La HAE N
1.5~1.8, WA EIREE, Ce/la HL{H > 2 HIREAH
B BT IX TG L B YR Y Ce/La LU {E N
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