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The evaluation of shale gas source rocks in Upper Ordovician Wufeng Formation-
Lower Silurian Longmaxi Formation of Yanzikou area, northwest Guizhou
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Abstract: The Upper Ordovician Wufeng Formation-Lower Silurian Longmaxi Formation is one of the main targets
for shale gas exploration in southern China. In this paper, the authors studied the thickness and burial depth of the
black shale in Yanzikou area of northwestern Guizhou and its key features of shale gas accumulation such as
lithofacies characteristics, mineral composition, total organic carbon content, thermal maturity, storage space and
physical properties. The results are as follows: (D The thickness of the Wufeng Formation can reach 20 m in western
Yile area, while that of the Longmaxi Formation gradually increases from Qianzhong uplift northward, and its maxi-
mum thickness is over 250 m in Dingmu’ao-Daping area; (2) Effective source rocks are mainly distributed in the
lower part of Wufeng Formation and Longmaxi Formation, consisting of clay shale, silty shale and calcareous shale.
They are mainly composed of clay minerals, quartz and carbonate minerals with high rock brittleness index (47.3%

~76.8%) , showing good fracturing ability; (3 Fractures, dissolved pores, intergranular pores, and intercrystalline
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pores can be identified by SEM, among which dissolved pores and fractures are the main reservoir space. The res-
ervoir has high porosity and shows a good correlation between the BET (13.4~24.9 m*/g) and the total organic
carbon content; @) Geochemical analysis shows that the organic-rich shale section has good types of organic mat-
ter, with high organic carbon content (2. 56% on average) and organic matter maturity (R,=2.5%). According to
comprehensive research, the north of Yanzikou area and the Gulin-Xuyong border area in southeastern Sichuan is a
fairly favorable exploration potential area for Wufeng-Longmaxi shale gas.
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Fig. 1  Structural division of Guizhou and its adjacent areas (a) and geological map of northwestern Guizhou (b)

(modified after Guo Shizhao et al. , 2016 and Liu et al. , 2016)

2 KA BTN A

HIFTE X PN R i G, PR A SC a0 A R
LT B VUL T LAY R K B S0 S ) (81 2)
R R RSB A R R, R A
T T ARME T R G A AL, RO TR K
@R RRR K DR R BN T2 T B
FRAABR T I W R R, A A A (K
3a) , H FARILE 80 em oAy MR K 0.4 Wy i g K
(18 3b) @A se TR, B 2 9 W BF B Te i
WL T 2 B R R R TR JTUZ
A B FOZ TG 22 RO A R E R R
A BRRCR B BT o0 A Feop B R B T (] 3e
3d) iy S I SRy R A e A SR SR
WO | Ve I LA K8 i A b o A5 2 B (1A 3e
30) s Je R4 EEIMR N RS B G AR AR R
TR AR E D R Al SR A A i
DL 4 Bz, ST 35 A A )3 20 28 € 5
HBORFEE SR T HAR R BER M Hmt

JITHEAT B 3 A WA A5 e 25 | B A6 230 AT
S AL T BB 0 A (5 REE 20 BT ) A ARG
Yy X SRR T FRA S LT B SR S
RO HER B E >, W 4 AR K
S M e AR BE TR St RO o S T e TR [ K
L SR A AT, A A5 T A A v 4 il A T
Je A A7 BR 2N w1 iR A A9 5 e 08 1 i 3t B A

FEATSEIR WG ol S8 . T B UL B R B AR
SRR RN B ) AR R, (ER T AR AR T
Ak Z R R T AR AR ME B AL, N AR
TEESC WS (A1, 2012) , PHEAS SCR F #
A ) SRR o A I I 3 ok SRAE DA AR HIL BT A
XIFH A A5 (1999 ) B4 R AR ) T AN PRSI ADL S50 37 1
ot AR B AR (PR Z BRI ) )R (R,,)
SR BRSO (R, Z IR A X R, =
1.26 R, +0.21 (R, <0.75%), R,=0.28 R, +1.03
(0. 75% <R, <1.5%), R,=0.81 R, +0. 18 (R, >
1.5%) o fiiH B3R 28 e B B A (Bt A4 ) S5t
F(R,,) FeW N R FUA S 2 (R,) , AP IR
R S

3 B WS ALA TR A R

TGy TR A A BB iR Y A SR
RIRERT WA (1 B S) , R & A KA By
VLGRS T D A B S0, K
4 22.6% ~50. 8% (“F-YIMH 41%) , 322 i A A F
T/ SHRZ L, S e A7 A I A AR L (1)
b FERATERS T Y b B AR XS S 'R 229% ~
31% /53R 2N 64% ~T1% 598 41 3% ~ 6% , £1
BEE RN 21% ~ 1%, F31E 29% . IR0 ) &
VAR A A s A, T iRA A R 16, 6%,
I /ME HIAE LR ZH DU BLTER (0. 4% ) , e KAE



52

5 40 3

)!

€.8 Fart
. S £
2als” 2
e,,ls'

ex ||mhm| | e | BWEF | ey |BUEF | oo |emms | om |wmwa | on |EE
st [rnma | ss | mem [ som | s [ para |R P |nm | e | ENA
T | whim | T | e | T [w=es | T |wwes | o |mma | e | oo
x| THR s | SHE b |wrm | NS iean | N | Mg |
Pl 2 ST 10 DX k) i 6 1) B /K J50 T2 8 [ 4 i 108 B BA (1976) 384 1 © ]

Fig. 2 Regional geological map of Yanzikou area and location of Xiashui section( modified after No. 108 Geological

Party, Guizhou Bureau of Geology and Mineral Resources, 1976®)
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Fig. 3 Macroscopic characteristics of Wufeng Formation-Longmaxi Formation along the Xiashui section
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a—black shale of Wufeng Formation with well-developed laminated structure; b—the boundary between bioclastic limestone at the top of Wufeng For-

mation and the black shale at the bottom of Longmaxi Formation; ¢—Longmaxi Formation black shale having high organic matter content, rich in grap-
tolite fossils and spherical pyrite nodules; d—Longmaxi Formation shale, rich in graptolite; e—gray, grayish yellow thin-layer shale/mudstone and
thin- to medium-layer muddy limestone in the middle part of Longmaxi Formation; f—dark gray shale interbedded with muddy limestone and limestone

lenses in the middle and upper Longmaxi Formation
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Fig. 4 Columnar section of Wufeng-Longmaxi Formation measured in Xiashui
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Table 1 X-ray diffraction analysis results of whole rocks and clay minerals of Wufeng-Longmaxi Formation
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Fig. 5 Histogram of mineral composition distribution of whole rocks in Wufeng-Longmaxi Formation
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Fig. 6 Microscopic characteristics of Wufeng-Longmaxi Formation shale
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a—clay shale, rich in organic matter, with a very small amount of terrigenous detrital minerals in floating distribution, XS10, plainlight; b—banded
organic matter ( graptolite) distributed along the layer, with mineral interstices and fractures, and layered structure inside the graptolite, XS05, SEM;
c—detrital particles distributed in clay minerals, and mold globular pyrite well developed, XS10, SEM; d—silty shale, the bright laminae composed
of terrigenous quartz and feldspar particles, and the dark laminae being clay minerals rich in organic matter, XS10, plainlight; e—calcareous shale,
calcite minerals lighter in color, and organic matter distributed in clay minerals, XS12, plainlight; f—cathodoluminescence photo corresponding to e,
calcite showing orange-red cathodoluminescence, clay minerals and quartz having no cathodoluminescence, and feldspar showing light blue cathodolu-

minescence
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Fig.7 Longitudinal variation of total organic carbon, total organic sulfur and kerogen enrichment of Wufeng-Longmaxi

Formation in Xiashui section
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Fig. 8 Burial-hydrocarbon generation history in northwestern Guizhou (burial history after Feng Changmao et al. , 2008)
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(] FL A ] LA TR - K LB ZH A FLUB R PEAR , X TUA S 7 A2 A B BE52 10 ( Gale et
(1) 4k al. , 2007 ; Loucks et al. , 2012)
ZLBE LT T M X Ty ThE 4] s Th o L (2) HMAL

it B A TR 2 Y | 045 J2 [R] 4% i 2 288 T RS )= A2 AEEE R ) b T A Tl T ™ 2 Y T

HREE (K 9a~9c) o JRIRREERATETUANIIEL AR i FLBR 2 0 — F B AR A 25 ), e ol 6 DL B0 2
S FCIAL , G K B AR R AR IR B R BRIRERT ) (JCHOE A A1) AR A A9 ik AL B ([
ZIa), ZEERREMRUE TR G P I E EAEE ST 9d 9e)

{41
)

B9 Fig— g BE A A AR 2 ) e Y
Fig. 9 The main pore types in Wufeng-Longmaxi Formation

a—RETUA TR E 195 R BOMT e 28 U A, XS07, WA, SR b—RORGRI A2 B 1) 19 1 5448 17 )2 6]

AP, XS04, SEM; —IZH4E K F ,XS12,SEM ; d—RRIRELE P )™ T, ¥ DAL X &, XS05,SEM 5 e— IR S Hs 1AL, XS 16, SEM;

ARG (B B A9E5E) S5RE L0 W E) 2 B ORLIE AL B, XS04, SEM 3 g—Ht 5™ 1) it [E] FL I B IZ 2244% , XS05, SEM

h—HCeRAHUBT, 2 B A A4 R AR AT S LB, XS25, SEM ;. i—f17F B HC b T LB, XS12, SEM

a—micro-fractures developed in black shale that are roughly parallel to the shale, filled with calcite, XS07, plainlight; b—micro-cracks and interlayer
fractures in the micron-level oblique bedding direction, XS04 , SEM; c—fractures along the layer, XS12, SEM; d—high dissolution of carbonate
minerals to form dissolution pores, XS05, SEM; e—albite and its dissolution pores, XS16, SEM; f—intergranular micropores between micro-nano
size minerals ( potash feldspar, albite, quartz, etc. ) and clay minerals, XS04, SEM; g—clay minerals intercrystalline pores and bedding cracks,

XS05, SEM; h—massive organic matter, intercrystalline pores of mica and illite, XS25, SEM; i—gypsum and its intercrystalline pores, XS12, SEM
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