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Characteristics of Lower Palaeozoic hydrocarbon source strata and a primary
study of the shale gas accumulation in northern Guizhou Province

ZHAO Lei', HE Yong—zhong', YANG Ping’, CHEN Hou—guo', AN Ya—yun'

(1.Geological Survey of Guizhou Province, Guiyang 550005, Guizhou, China; 2. Chengdu Institute of Geology and Mineral
Resources, Chengdu 610082, Sichuan, China)

Abstract: To find out the distribution regularity and organic geochemical characteristics of the hydrocarbon source strata in
Niutitang Formation and Wufeng—Longmaxi Formation in northern Guizhou and its adjacent areas in combination with the specific
field geological investigation and previous research results, the authors conducted detailed analysis and investigation, and the result
shows that the distribution of the hydrocarbon source strata in Niutitang Formation was controlled by the deposition and depression

or taphrogenic trough in early Cambrian. Two hydrocarbon generation depressions were formed in northern Guizhou, which are

Wi EHEE:2014-10-14; BB B HH: 2015-01-15
HETE: b E TR 55 H “H F 4 A S il S S 28 A A (1212011220750) 228
PEBEIA: B, B, 19824028, AN, W12k, RN SNE il Hb BT A 505 E-mail: 214547646@qq.com.

http://geochina.cgs.gov.cn H1E LT, 2015, 42(6)



1932 i 5] b J 20154F

respectively located along Dafang— Qianxi— Qingzhen area and to the east of Tongzi— Suiyang— Meitang area. The thickness of
hydrocarbon source rocks (TOC>1.0%) is 80— 110 m. The average organic carbon in Niutitang Formation in northern Guizhou is
1.36%—10.01%; the organic carbon isotope is —34.90%o to —28.19%., the organic matter is of I type, and Ro is 1.77%—4.53%. The
hydrocarbon source rocks with the thickness larger than 20 m in Wufeng— Longmaxi Formation are mainly distributed to the east of
Tongzi— Renhuai—JiaoYuan— Xiashui area, with the average organic carbon being 3.0%—5.0%, and the organic carbon isotope
being —31.92%o to —28.97%, the organic matter is or I ~ Il | type, and the vitrinite reflectance is 1.73%—2.38%. As shown in the
comprehensive analysis, the shale gas in Wufeng— Longmaxi Formation is controlled by the distribution of shale containing organic
matters under certain preservation conditions. The areas favorable for shale gas exploration in Longmaxi Formation include the
positive tectonics with medium buried depth and the broad and gentle syncline areas. The shale gas accumulation in Niutitang
Formation is controlled by the thickness of hydrocarbon source rocks, the formation position of paleokarst in the late Sinian System,
the quality of physical properties of rocks in Dengying Formation, the lamellation fracture in Niutitang Formation, the preservation
conditions and other factors. The thickness of hydrocarbon source rocks in Niutitang Formation in some anticlines of Qianxi
depression is larger than 80 m, with the buried depth being 1500—2000 m. The attitude of the strata on two sides of the anticline is
gentle, without the development of fractures but with certain preservation conditions, and hence this area is the target area favorable
for shale gas exploration in Niutitang Formation.

Key words: northern Guizhou; Niutitang Formation, Wufeng— Longmaxi Formation; hydrocarbon source; shale gas; hydrocarbon
accumulation

About the first author: ZHAO Lei, male, born in 1982, engineer, mainly engages in petroleum geology study of carbonatite in
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Table 1 Organic geochemical characteristics of Lower Palaeozoic source rocks in northern Guizhou
oz i &}/ TOC/% SUTA” uglg)  Si+Sy(mglg) TR 7 52/%0

R U 4 LIRS 134(;12875)7 'j;fo 0'0‘2;?03 —343202;(3107)64
SR A3 12 01423 17_;?; 3 190 0.02 4‘32_ '3] 26_;2 2'599
BRI - L
I T R
wawss LR e oken o ozaw
w0 0 Z® e b

TR 4k 70 2.50~10.75 26~835 0.05~0.13 -33.50~-31.34

7.78(15) 253(5) 0.09(6) -32.42(5)

BERE 2 e e o =TT

FeRA KR 3 18D 502;2104‘)0 % —0332?7-')0 21922990 ‘_-3902_;225"0
U T Em) EGE T

e N T TT} 0 =TT

B 0 e 0 ErTN =TT

YA MUK S I TE 4.0%L) I
3.2 HIEA-KDRAE

24 b o 2 — o R AL 7 i L AR S o
P il PR U ph b ) R S T T R, R
[X a1 i 4 — T T YR 2 B0 T ) 1 A R T
G SC— R R A X, DL b X Bk = g 2H
— R HREAVIH, HHEHRAB I HIEH— D
R PR GUA FEAERAE, SRAE S T b ) mE AN
FVT AR A 52 I K faIR R SO R R
A,

VT 5 A7 UG 21 Ry — 2 TR OK i B A €2 5T
., A HLRE 5.03%~9.79%(4 1), -1 8.40%, 45
A" R 61 pg/g, EIEERES+S," 7 0.30 mg/g, 2
THE B 2.1 m; Jo Th 4 ol — = TR K i i AH 24 44 T
i, A HLER 0.98%~10.38%(7 14), SF-1 4.47%, A HLIF
it T 2 BB, HRHS 10.38%FF K 2 TS
f140.98%, J MRk A 2 i il e b i Ak rh DU AR A S
D FF TR AR AR e i R, AT AT R 46~
61 wg/g, “Si+S.” 4 0.02~0.56 mg/g, 2 it & FF 35
mo KR LA F AR SR R TR T M A
GUADURR, JERE— &k 2~5 m, ALK 1.05%~10.1%
(214, ¥4 5.84%, AL Wit “A”22~97 ng/g, LIz

EAE“Si+S,” 4 0.03~0.10 mg/g; Jb TR H K — B
JK B A 2R BT, A ALK 5N 0.92%~1.49%(2
), V4 1.21%, B E A" & & 17~66 pelg, /£
JETERE Si+S, 4 0.03 mg/g, BITEEZ37 m. {24
B T e R = e T T AR o 7 )
S VPR E A R, 32T A R T DU
BT, JE2) 8 m, A HLK 3.09%~5.86% (4 14), F
P K 4.35%, @O “A” H22~28 pg/g.

e FT N TURUR KR 56 i BR Ak 24 85008 48 3 10 3k
Bl b, 28 AT I — B BB A IR A
(TOC>1%)3Z B v Bt ke 455 1l by At 1) B 220 T 0ok, 32
BRI LI T AR (8 2—c): (1) TLIA IR 5 A -5y
i T S — Ry — 4 LA, 1) b B Tt
AN A 8~12 m, A GUA TR RO
TR FELLAR el — PR A —t 1 9 2 — L AE i
T —28, 1z LIl PR DU TR e & 2~3
mo FEAIAT PR & B, — MR T 2.0%, i
A5 10.10%; (2) B R AT E 75 £ 200 A 38 L —
(X — R —Z& AL, m b SR v 5 B 5
BTN 50 m LA_L, BRAS U R RGNy 7] £ N—
NW 320°, &I 35 B TR 2 rpoc v 1 U 1 42
AR R 2 — 7, DURR A7 T 2 K —t il —2% S 4%

http://geochina.cgs.gov.cn H1E LT, 2015, 42(6)



$42% ol

AT AU oy AR FURIRR RARE 5 DUA USRI R 1935

105 106 107 108

LB
(TOC=19%)

‘[jmw“

.
! b NIH(117m)

17 611499 »
IO o)

h

& 1(93m)
-

Hifit103m)
ofli i

10km

o Flaenii |
Lw‘ b Ao
T 7.08(6)

LT

108

108 106 107 198

L L ” ° 7 1 o f

it

s e o ) Ly it L
“n s ol e ol L, -
AN . . sl
- 59 . ] e
i . .
ok
bol—— T ONC ES e
105” 106" 10 108’ 105 107" 108° -
()

P2 BYALT ol A PR IR)Z 2 R AT R AR
a—F B R G UE TR AR LR, b— A BESEALR ( DUA BT LIRS AL, o— TRl — e SR LR O UR R REARH L,
d— I — J EHIR2H R (0 DU BT LA 5 1 S 2
Fig. 2 Distribution features of Lower Palacozoic source rocks in northern Guizhou
a—Black shales thickness contour map of Niutitang Formation; b—Black shales organic carbon content contour map of Niutitang Formation;

c—Black shales thickness contour map of Wufeng—Longmaxi Formation;

d—Black shales organic carbon content contour map of Wufeng—Longmaxi Formation

X, OB LA HURR & R, — KT 1.0%,
= T 3K 10.38%, 58 SFEHL AL, Sk E
A MU 28 5 AR T LG4, BT I HF— 20 7k
W A B A — SO LR
() R (B IX, S 344 BB 5 1 3%~5%; (3) %5 & 1Ll
— b TR R R A TR KA WL S AR S BT RE, Al
FIGE L —Jp DR AR IR A TR E R T 20 m X8 22

A FHRE— A —E B — T K L X 3k, 444
BB 3.0%~5.0%(& 2—d).,

4 HHLEZER

4.1 H-EEiEA
5T X 4 W 3 40 R VR T B AR A ML S A 4l
LB IR R, HS B AE 85%~90%, -1 89.6%,

http://geochina.cgs.gov.cn H1EHLT, 2015, 42(6)



1936 i [

H

=

20154F

L 25pum

L1 25um

-

K3 A A LA E R E
a—4 U AL, B, SP3—1-SY3; b—4x AL, A+ BidiaH, SP3—1SY1; c—{ R 1 5, B EhE4, DO01syl, d—{~4F, Tih, J6 5%, D001syl
Fig.3 Organic petrologic characteristics of source rock
a—Yankong, Jinsha, Niutitang Formation, SP3—1—SY3; b—Yankong, Jinsha, Niutitang Formation, SP3—1-SY3; c—Wuma, Renhuai, Longmaxi

Formation, D001sy1; d—Wuma, Renhuai, Longmaxi Formation

W RMEH, 1 10%~15%, F1710.4%. FFA kS
AAG I e B Al e ST A R A . A HL A
Gy M2 WIZ M IX A B 3 41 PR B U HLT 2R AR T
R, 5T ] WA LS A o B —, B ROk
(B 3—a), /RAZHR DG B E (K 3-b),
SHEI R TR LK A TARSE KA A ) e i
Wy, B o A S b I 4 43 R VR v AR A R T 2T 4
HBVEE AT B 22 A A, 72 e ) 5 e 454
WIS IR 1 IS5 00 5 A 43 WA %, s A 2 R IR
T A W R AR A T, R A S S 2 T
Pk R 2 A0 R AE 5 R B —FE R R IR AR Y R A

BB (1997) R R W& Rl AE Y R b 8 C{E H
AR R, WA 52 —17%0~—28%, 151777
AW g 5 T AT B AR ) 8°C (B M —24%0~—34%,
FEPE B 37 B B AR Y 6'°C {5 —34%0~—36%0 ",

T BN [F A Py Ak [l 67 2 2H 0, B SR i AR A v
I i AL A o T AR A [ 67 25 i R e, i 4 i
FH 8"°C= —26%0 F18"°C=—27.5%oE H X /31 . 11 . 1
T AR %) 2 R bR SRR, S0k MR AR 113 5 1
T g AR A S BRAEL R 2K R —29% 7 [l P 5 )%
U525 IR 5348 b v A HLRR [7) 57 28 (87 C) A2 H1 W i
AL R TR B TS AR T R O vk BN RO K
TP AR YR AR 2 SRR, TG A e
FHABA S CAH, BHENm e, &
BRI ANF B S C M o 78 X8 I, 4551 1 2F B
WA WU R 2 SZ UTBUK AR & Eh (A 225138/
B an: 35 AR B E L] A —34.99%0~—30.64%, FFFH
45 P —33.50%0~—31.34%, VA T T 75 —33.22%0~
—30.81%, 17 PF KI5 A4 B 8 20 i 38 —32.20%0 ~
—29.87%, 4 Vb5 FL—31.94%0~—28.19%, & % E 4
~31.37%0~-30.29% XM S"C (B LA it 32 %2

http://geochina.cgs.gov.cn H1EHLT, 2015, 42(6)



AT AU oy AR FURIRR RARE 5 DUA USRI R 1937

a2t B o
20
o BELAL m R
22T g X WA . .
g1 L X WIEAL e WAL

+HITAHARE e
R e

8C /% -28 by 11 % + -
__________________ B e
30 f & e
" R ’;\ rj(__._::;
i O il - il
32 r - s = J‘. LN}
] Y
34 | g =
3 SRR o
36 .
0.1 1 10 100
TOC /%

K4 B0 = R AU S Mk Rl R
Fig.4 The 8”Corg relations with TOC of all strata in northern
Guizhou

R R U P PR AR R B 3R, HOR IR
JRIRES, X ARRIE 5 A B2 2 AR . i T K
R 8"C X A AL BT 2 IR S A e, IR IX A B 37 4 3
o T RE MU 4). AR R4 5 T 3R A5 17 HL
J sk [ A57 2500 T LA, 38 SOPS AR | R TR T
KT BH 4 b 5 b A B 20 A ML R [R5 R TR 42, R
DUBUK R BT ER, B o0 1 0 JE R BE, Ui AUA HLJS
TRAESAE AT, AR TFA VLR & 4R, SCPr L, 38
FAMK VB TEARE 1725 K ¥ BH 42 b A 5 30 20 A3 HILRs - 35
TR 5%,
42 RIER—RDZEA

FE A — P T A T I AR A ML S A 32 2
FLHG 4 Fp WAL 4y, B IR AL i T 4 B SR AL R
BT, D e A, E R 59%~95%, F- 1
78.7%, HUK Wi T A, & 5%~30%, -4 15.7%,
G Sy B A A R BT RN 4, AN e i
H, JEled F iR H—E R R K, K2 A 244 o)
HOHEEIEE EE, HERYTH LT 2 s iisEp,
HE AT ERE. AILAAFRENESRERNE
BLR A o3 B —, 2R AE A o b i AR I
WRAF T FLBR Je 244k vh, 2 5 5507 ™ i (] 3—¢), H.
AL 5 H VR AL e A B R A A A, —
WAL IA SR X T A W R S 15 B L 1) ol 2 R R, IR
A I BRI T8 AR B AR T
JEJRAL, P A HLI e AR I 7 2R A IR LR AT AL
VISV 0 E A DL R, S iy 1 AU AL
Jio W R B 280, LISCRAL T, 2 HAn4c

R, A4 7o (& 3-d).

3 o) A2 T R AR B [ 3R LR, AL
208 DX 04 A T P AR flk ) 57 28 3 B AR T AE —32%0~
—30%o, B [F) 3 2= 5 A Bl & i JC I AR OCHE 1]
TNV B AT T2 T B AR Bk (R4 3R S—31.10%0~
—28.97%o, WA K, R A SR BE 2 g B
—, DU R o /KRBT & A,
—31.92%0 ~—29.90%0 , “F ] — 30.87%0, % X I I
—31.46%0 ~—29.75%0 , ¥ 1 —30.61%0, 1~ . &
~30.20%0~—30.10%o, F-34-30.15%0 Xt T ¥ 1%
21, FEREB o Hh X JIC R R AA T 5 HIE L R A TS
A B 5 i M 6P C H AR HE3k, T RS 6°C 848
HFE—32%0~—28%0, 8°C 5 TUA B IR 1 S A Lo
B A PR B, — R T HA R A ML
B AR 65 CAH, KA T HAT AR A A L
B AR 1 8 C A, AR 8P CHE AT i FE . i
AR OIS KT 2B R LA TR S C 7
M L — e TR 4L L T RV HUTCR 3, P LR
b8 | RERE SR INGi

5 BN RS

TR IX A A | e — g E IR 2H S e
i B A HUE YR IR P — iR IR AR
B B Rt AR DU SR i . i T Bk Z R A AL
JoT, WA S i, BRSSO S A
LRSS bRaE R PR 2, Rk T S MR G
Tt A S A b2 AR S TV, B AR A
R SRR AT T W RS (BRo) 5 1 AH B
JE A S 5 8 (MVR0)2 S H0M, M S — MK T 10
A, i SR TR U R ISR M S R EL S A D
B, 2B N YE . X T R (BRo),
LA A5 TR B S R e x| A 42 1 25X VRo =
0.668BRo + 0.346 HEATIHA. . X THEA G HTIA, HAE
55 A 2 Bt R e X AL % P A X VRo =
0.81MVRo+0.18(MVRo> 1. 50%), VRo = 0.28MVRo +
1.03(MVRo =0.75%~1. 50%)#4 11144,

BS AL b X A B 3 41 A LT R RE B A s, Sl
5 A B R — R T 2.5% (£ 2) X 47 K
{7 PR A5 b ELAT fi e P AR AR B, S8 SO PR A B
JELH R BT (BRo) M 5.52%~6.27%, VRo
3.85%~4.53% . H LEWE G E R 3.10% ~

http://geochina.cgs.gov.cn H1E LT, 2015, 42(6)



1938 i [

H

=

20154F

ELKEES
(3| &
2 |6] %
% 0 2 14;066/%8 10 RERE HE
= " nEKE B we
§°C/% % TR Wb

-31 -30 -29 WK%

FIL & A
T0C/%

0246 810

§°C/%

10m

B — -ENEN

MR — BEREN

-31 -30 -29

§°C/%
-31 -30 -29

G
TOC/%
024 6 810 55C/%

-31 -30 -29
L 11

BEERE — BN

K5 Bt g sl — e SR A A HUER v 5] T

Fig.5 The organic geochemical profiles of Wufeng—Longmaxi Formation in northern Guizhou

F2 BATHEREGNRBERE RS E

Table 2 The organic matter vitrinite reflectance of Lower Palaeozoic in northern Guizhou
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TETE MG 775 T 3% BRo N 3.35%, VRo N 2.58%, I#f
VRo A 1.74%~3.54%, V-$42.26% . F¥FH R HEW I

PRI PG | F BH 4 4 S e 2 B A 45 ) T 4 s R 2 A L
Jo e Ak R B — R IR, A AN o A I I 3 — R TR
2.0%Zc A, 140 IT BH 4 b 4= B Y5 2H VRo T 1.77%~
2.42% (5 1), £ & E R 2.09% ~2.42% , V¥
229%. %X AL T E R AR L%, 5EILAR
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Table 3 The standard of Niutitang Formation shales gas targets selection in northern Guizhou

TEATHIR % ATR)FE M ATHUTSE (R0)/ % LR TR AR A AT IR /m RO
>5 >80 <30 KT ROV SR A 2 2000~3500 A7 1%
BRECS
2-5 50~80 3.0~4.0 RTBRWIER OB = 1000~2000  HAi A
L i IES
<2 <50 >4.0% REBORIEWER BB = <1000 BENE

A ekl
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R4 BAARMETERG 4 HEATESITEN

Table 4 The typical structure evolution of Niutitang Formation shales gas in northern Guizhou

R Eam S TR Y% AT M ATHUTRBE(ROY % BRI R MR Em T
O 1~2 10 32 L) T | EN >2800 1]
ZAKI%H© 1~2 124 32 PNIEEULLTE SR IES 0~1000 11

K@ 5~7 20 32 AN TIK 0~1000 1l
ARR-4 5L @ 3~10 44~83 3.5~4.0 PNLEULTE I EN 0~1000 11
w® 3~4 80~90 3.0~35 NI 1% 1500~2500 Il
KIi© 2-3 80 3.0~35 AN 1126 1700~2700 1l
ZIED 3~4 80~90 3.0~35 AN T2 1500~2500 11
Hin® 3~4 50~60 3.0~35 NI 1128 1700~2700 1l
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Fig.6 The target area evolution of shales gas in northern Guizhou
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