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Forming conditions and characteristics of shale gas in the Lower
Paleozoic of the Upper Yangtze region, China

Dong Dazhong,Cheng Keming, Wang Yuman,Li Xinjing, Wang Shejiao and Huang Jinliang

( PetroChina Research Institute of Petroleum Exploration and Development , Beijing 100083 , China)

Abstract ; With focus on the sedimentary, geo-chemistry ,reservoir,and gas potential ,a preliminary study is per-
formed on the forming conditions and characteristics of the shale gas in the Lower Silurian Longmaxi Formation
and the Lower Cambrian Qiongzhu Formation in the Upper Yangtze region by using outcrop, drilling, and core
data. The results indicate that an Early Paleozoic shallow-deep water shelf sedimentary environment controlled
the development and distribution of the organic-rich black shale in the formations. The black shale is the thickest
in the depocenter on the deep water shelf. Their TOC values are generally high. Horizontally, the distribution of
organic rich black shale { TOC >2%) is in accordance with that of the shelf. In contrast, vertically, they mainly
occur in the middle-lower and bottom parts of the formations and have a continuous thickness of 30 - 50 m and
a TOC value over 4%. Being similar to the gas-bearing shale in America,the black shale is rich in brittle mine-
rals ,but unitary in clay mineral type,and contains no smectite. The matrix contains well-developed pores and
micro-fissures , occurring in threadlike, netted and honeycomb shapes. The measured porosity of core samples
ranges from 2% to 16 % , indicating moderate poroperm characteristics. Active gas shows occur during drilling in
the black shale. Gas content of core samples is above the industrial development threshold. Isothermal adsorption

simulation of the samples also shows a high methane adsorption capacity. The overall gas potential is similar to
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that of the shale in North America. In summary, the two formations in the Upper Yangtze region have favorable

geological conditions for forming shale gas reservoirs and therefore shall be considered as the practical targets of

shale gas exploration and production.

Keywords : organic-rich black shale,shale gas reservoir, forming condition for shale gas, Lower Paleozoic, Upper

Yangtze region

MR BRI A, BB YU B A S
TUAH & — A BN A SR, i
SEN, EAHLEUB 6 TS B A H A T B H A
R B SRR 0 B3R AR R T AT R
FURUR, TUA BRI R 7EdL E 10 & R i
AT ,2009 T AR R E IR S E T 950 x
10° m' P G ERAT MR 12%, AEE
TR T R B AW RT3 T, 4 M <
WIRR R, T BB M S R R — e
[a] 1] 4,

KRETASEEBHE KR, 7/ LM
BRAMK 2 KB AR S A LRI,
WRIR AT I P A R IR LA S A ARG
W- BFR SE- KD RERBRETUE M
WG Bk R A E S — AWM E A URTA .
WGBTS YRR (86 ~166) x10° m',
R HBIRER L EMRRIER RN 2 ~3 14,

HHFX R E G SR A LR IUE &
EEHXZ - FTHERERABNFA
MEBZBDBRANETAENTEEAT SR I E
BLEEKR AT AL SR (TOC) &
IR PR TR SR T, B
RIEL R b FREERBER ARAEZ KD
IS AR R i R Y R A, R U
LR R B R R TR

1 BUEHEA NS RFE

1.1 TWESEXRNIR

ST EWRRILRE BERLERN
JR A PR R AR, HoAR R 2 B A LR B 4L T
U BEZ L UAA R B EE AR IS T
AR AR R B T, N, iUa R L
BEAIEUE AR IE BEUKEEZ, N HE
Wit FEREME RN ELZRER XA

gt

JUAEREZ SRR EE N EZ R T
JUAHZEE S AR, e HEXUEHE
. EEITUAAUMES AFFIERY, NER
AUEAFAE B A LB U, ) IZ2 WA T2
LB ZEEMREABTNERILER S (S
BRERITUE) b, SRR S B A VLR IUA B
BHERETHDE AWES FF L H 5
HHEHR AR EIA UMY — B TUs
Al LR B TR 2R B AR A BIL T EORS E BAL
FH B B U AR A £ 0 2 AL B
REE R . TUA 2 BAL BRI 4R R Ui B R
FEAF 75 (A, A 5 I R S0 A O 3 A TR B Bl

=1,
L2 TIEaSEEHE

Hig b IRt REAEAEAS B
WEAIE U, Sl e A T B RG E ABR
BREMMAAM, FREAENE WNESA IS
Ko ESHREHRTRIERNE AW IS
FAME, HEREN B BN T HERNE
AU A TUAE W BBk tt, AR TUA Ras
BXHEALSAANEREET O/FILRSER;
QMR IRES B QA MBEE K ; D
HTYEREEE.

JETES M EIT R SERRE (£ 1),
TUASAESY R MPARHE W, DABE R .
AEYRESA KN, B AR A EK, 0t
EITE BT M B R AL 2 40 Hop A L
ik &R AAE ARREEE e =
REAER, —h, AR SEERKTF 2%,
BIFAE 2. 5% ~3. 0% LA b s BSUAE , BR A 1 A
BEASM, ZOR R (R ST HR) KF 1. 1% B3
JEE BRI R AT E P E R A TR ES R E X
A JBEEAE LS m L b EHIK S RN TF 2%,
MEEZEAFA3Om LI L, Ft, AHKEEER.
PR Es BERKERESSMENREBSE.



B3l

5 X R MK

vl

290

oL g~ — g 1I~2p'l 0£ 8T~ 01 'L 066~ 08T 0ETI~TW'1 AN (| _p. w o)
LS 0~ 870 1270~ L0°0 L1°0 — — L1 T~ 150 — #H %t
0°€€ 071 09z S°LI 0°5¢ 0§ 08 S €l % ‘s KhK

) : . ) ) (g g01)/ (4
901~ P2~ LTl 790~ SLO~ B [0 4o b o
vL1 wo 690 €L°1 IL°8 62°C 0£°9 SI°L (g-urf - w01 /WM
¥ 996 0 LEYS 0 £ 996 "0 1617 L LLOT 'L 8 ZTE 0 08LI°1 09T 1 (W o 01) /B ¥ ¥ 3
68EL1 L OES ¥ 151 SSLY Ty € €0€ 0T 0€IS9 0STL Y1 L 6ST°6 (W o, O0) /B Y I e 5
€0 [431] $9°0~ 910 $9°0~91°0 L2'T~91°0 65T $9°0~2€°0 §9°0~ T 0 M/ TR
80V~ ¥ 0T ToLe~ 0'9El~ 0 e 0°2LZ~ 0 40T — 0'2LT~ 00T (BdW |- O1) /LA HEY
0 S6L~8°0 S'6L~8°0 0 ] 0 0 0 (P ) /BN
0°¢e~0°21 0°0Z~0°S1 0°05~ 0§l 066~ 06T % ‘ FHUyENE
o€ 1~0r 0 LTT~ €l €8T~ €11 €8T~ 0Ll vE 6~ €8T 0S'8~99°C €2°9~0L'1 16°6~ 0S '8 (o1 )y /BELE
0°Ss~0°¢€ 0'¥1~0°0l 0°6 001 06~08 06~0°¢ 08~07T 06~0% % ‘B
6 1~9'1 8°0~1°0 9°0~+¥0 0E~6'1 0€~27 0€e~11 0v< ~T'1 0C~11 %"y
ST~¥0 0°6T~0'1 0°02~0'1 0TI~0¢ 0v~5°0 0vL~0'1 86~0C (HEL)S $/0°L~0T % ‘D01
0016~ 00°19 06 121~ vZ "SI 86 9€ ~ v 1T 00 0€~ +T "S1 v¥ 16~ 96 09 90 L9~ 8S '9F 0T 9L~ 01 9 88 T8I ~ 8% "0€ w /Al
00628 1~00'VI6 OS'€6V 1~0p TSI 9S'TEL~88°781  O0B'06ST~0CT'SLF 08 ¥II ¥~0v 80 € 08 TSE€~08'878 I 09 987 T~ 08 4OE 80 '9Z6 T~ 0T 186 | w/EWM
000 01 $99 T11 080 1€ 050 9T 000 €1~ 000 6 06 8T 0l€ €2 00S SI~ 056 1 M EL B
000 9T€ 000 182 000 +1 000 88 001 8¢ MO/
oy Eq £q q £ £ uerddisstssipy uerddisstssiy pY2C AT
S| Aueqry maN wiiuy snjjaaae af[asaudey pojpooy a[[uanade | naureg WM
FHE 15t 0 ot} EWEE AL % T EY fu) #Hi e i 7 fok g Fix YWZHE

sed afeys *S °(] JO SeInjedy UTEW Y3 JO ISV] [ QUL
o MHEFLSFUEZE T¥



B3

HRKE .S FEIGTFET N ERTUE SRR R 291

I IR X s AR AR & 5 I EE A, S A -
RBEALEM S, JUERTRER, BARFKIERE
BEAR, B e & B Bl o BeAh, NRFTR &
RIUAEPREA BT & RAA B B TUE S
7 R TR LB B B R IR B E A
R BAR, A RO R TUA U S A5 e IR
A5

2 FELEBH TR ITHER TP
JLERAT S HRFIE

21 IHFRETHEREANRRBREAR
HR

B TR EGFHEN T, )] LB
H.SBMEMRRE., T XEY 8 (LFHTE
EEMETENPERTHESE —NEIE, L5
BT AR - 8 15 8 10 17 58 R R 3 A B AN K BT AR By
By BN SR BRI B A ML B R R M BRI ED
BT AENE. HELEBTHERT
e EREANRERE (RS KER) ;B
s S K B s, TE LT LAE )N 2 oA 4R
RHREATIR, BMEASBPERT REEY
6 000 ~12 000 m A, Hi L =25 —17H
S B R AT RS JEBEE 24 2 000 ~5 000 m, /2 H & —
=BT AIEE 2 4 000 ~7 000 m,
RBR—F =BG GMHIEETFS, XA
BTOEBHEANERANE: —SRNEE
HEAVNRBROAIS REZNT SHAE /IR
B As SRANESRASANNRRBATA.
BEARNTIEEEANREAIUE ERANE
MHHEAYRBOTAMER RN LA S
AOURRAIT S, WA EZ IR EAETAR
WoaREEEAIREATUS, B Est
KELMAEAENGHHEEE, LK FE
REFMTFHBHEBI R RBATUE . FRES
HEH—FERKEESRABHAETEVREGR
BXEAMRE, EUEARIESEEFE TR
A FHEAHRL

22 AFETHERERAIIRRBERESS
FHE

BHEAYEREOIUE — BOE BT Ui E £

B ORISR E A A YA EE 0 A IR
TR BEHRERSE o 8 5 R AR A 3 5o TR A I
X RELE—RAMHERRY KR ERT
BB, 1K T ZARA R B, T il s Ll A b
KBliih % 2 b K K Bifi il % 5 2 F DT RRIR 3R
Hodr, VU Bt AR R R K BRI, 4R
HJE S R GOK B LR A R . e AR R
aAHE KAV B R SFRE X — B HA I 1| 254
JA AT B - JIdE )R- SRR 3 A
BOKREMIARIA R . FERSEHE T FHE ALK
BEIAAMHHENRIKA  BETUE BT
HVEET U B TUA MR R A, W A
JE i K 300 ~ 500 m, 25 b & 4 2B R 750 ~
1125 m. b FXBWLE—ERL RS
KB M E, TURUIASE A s h 38 | & 2k iR B i B 1
TR . R P 0 A T NI AR (8] A UL
N VEHAREAR BHRE, ERT £k
BEAESRAATLZMEGAS, KR 7%
B—E B LR B KERKMERZA X,
TIRAR R YR T RERMMOIIIRE R, T
B EEIZ% )1 H oy A o K B T B R A, Bt
e - A AR - SRS R 3 S TR K Bt
WIURUA RGBS 8 KB T HEKE- BE
EATUA BRI DUE RESRTUA W ED B 0L el
B A TRAE, H T LA agaRiis®.
RORR & BRI AL S R B ERR, FE
FFEMEAEE TEEREEAQARBIE, U
FUE IR 76 U )1 2 4th— f& 4 100 ~ 500 m, 723 J&
SERE—fAE 700 m L L,

FUE AT M TR 4 W £ TUA B LK
FETHEREK(FRL), BREEKFIERIISGHE
MUk & &, SMTFHTAB IS EAE0.01% ~
22.15% ,F#4H 1.49% ~5. 15%, 5505 i 55
XAV T &K T 2% ; B EERHA TS A Hlox
HE1E0.06% ~8.65% , FHH 1. 88% ~4.36%,
AR R SR m b X AR SR TE2% L b,
PONAE R, RN - i SBAERE, X B BRI
AL 1 B - B A AR R AL X b, Ak i
X E A& - X,

1AL TFRTERGEHETFHE T ER
G GRAMEROIUAETAEIKEREART 20%
WEAIRITUEEE R, TEREBMTFHRER
TEH AR EERT 2 0% MEFILERATUE



292 AHEXAKARHER

31 %

JERE 3 (B 1a) 231 BALAI AT 3 A RE
X' IR 1A X 4 F B B
B—gfE i, it R A, AR EX AR E &
KT 20%HEHIEREICE RitBRERAY
400 m, 5L (FEFR) TR (BEE ) R ZHE M, -
XALT B R—BE X A S E X A T R
X—FE—RRIL— B —, K7 @ B, A LK
FRAT20%MWEANIERATUE ZITEERK

29127 m, H0 XA F 5 FH—% i X, RV b (X
CEBEAHR B, BRI, 2005) B AL SRR E A
22.15% , A LT T ERGERMN-FHBETUER
PR ESEREOHEKZ - IRIEAE =FHEKX,
HAMmAY TS LA S ERNEE, B &
BRE R E T RILB = FE 3 O AR L—
F—SFP% KX, AR S /KT 2.0%ME
AHURBATUS BIHERE H7 160 ~ 180 m,

K2 LHFRTHERREBTEEES MR ERE

Table 2 Thickness and geochemical characteristics of black shale in the Lower Paleozoic of

the Upper Yangtze region
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Isopach map of organic-rich shale with TOC >2. 0% in the Lower Paleozoic of the Upper Yangtze region
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Fig. 2 Geochemical profiles of the Lower Paleozoic organic-rich shale in the Upper Yangtze region
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Fig. 4 Characteristics of micro-pores and micro-fractures in the Lower Paleozoic organic-rich shale of

the Upper Yangtze region
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Table 3 Gas shows in some wells penetrating the Lower Paleozoic black shale in the Upper Yangtze region
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