a3k Hs
2024 4F 10 A

#
CARSOLOGICA SINICA

i

5 B Vol. 43 No.5

Oct. 2024

XA, TRIRE, EURAR, 2. By R AP HEE TUA A A DXCH B AR S R AL A4 AE [T A, 2024, 43(5): 1196-1209.

DOI: 10.11932/karst20240515

B EYEARITTESAE N X R4S Bk F4FIE

MAEXRL KRR, CHEARL, FVR, EBAR, E K
(1. PEMFALZE, L7 100037; 2. P ERAFAF IR Z R AR O RTRIR. T BEEDNF
FE LT /IRABHA AR EFREEMR TS, % 4k 541004 )

BRI XTI R B ORI, R IREOR, AL, AT B, UR R
BRI A o5 3 B, DR A WA () i DX A AL 00 T2 B R DXl o 2 1 R R M sk A 2 R AIE
N VU R B SCRRE ) A SCEE R TORR A L A LS A o R R AL 2 S5 255 T BL, 2 P28 A R X
A 1R, E SR TR XA R DX 5 A% P DG B U e ) A e v ) R S A SRR R
b XA A DX 78 3% DX A4 B O 2L S AR T AR A 35T S R K I Mz R OK M A L A TR
60~200 m, & {A 52 5 Y phy P9 b 1) 7R R O T 4 5 8 s B HLRR i A T 4.5%~6.0%, A LUK
PN = BEAE 2.5%~2.7% Z 18], HL AR 18] PY R J7 18] 32 ) K I, A4 36 16 2l X0 M 2GR A7 25 4F 0 00 <
WAL A T B 5 4 s Y R T M DX T R A I A O M AR R, AR — PR

O Ji 0 S A R A4 v

RBRIA) B R B AR B 45 R U A HLHLER AR A R AR 50RO AT IX
BT (1) 30 20 K5 4 Ak B 4R X, 22 i P 28 50U SO F X 20 A3 1815 (2) 483 78 PH28 50U 0 A XN R 5
KU 9 3 A 5 8 1, g — IR W BAT SR U R IT K i AT (3) 32 A B AR A7 PR R 8

A A X LA SB0R ) C i R #
FES %S P618.13 X EkARIRAD: A
XEHS:1001—4810 (2024) 05—1196—14

0 35l

T

TUE B MO A BRAE IR S5 T A i) 2240 A8 — 31
G AR —REE SRR R, SUA R R
T T S A LT B0 = R, MR K T R DK
B AFRARSCIIF R B 4 R AR UG SR (14 S I
R MG RERUES 19 5ok, 2 E R UA
SOFRT7 AR T 5 R, B R T A BRAE IR
PR

5 [ A2 R UUA ST I S BN R R A 7
F 21 20 LIk, 7345 TR FIK ) IR 2R

FF g B2 (R IR AR 55) #7178 (OSID ):

R, S TF R T U SRR 5 Mk A6 T & 1 5T
e, MR AE 3 E AR5 B (BIA) £diE, 2023 4
% E RIRZ TR 75% 3K A TUAR, X —
BITE 2005 4B A F] 10%, 2023 4F, FE[E KIRS L™
HIiAZ 9800 12 m’, Hori#E g 7000 12 m® Hi 1A
DRk

B 2024 47, v [ TUA S AR TR =
25 31.6 T2 m’, Bk BT 10% £ 47, R
e 1 I AT AR A B, (G AR Ok B U
FER T E R DU AR 2B AR U] A
4 R A 2 b RV VS S b X, G R U | e S

HeATH . b E U TE AR H (DD20221658); ) PH S & 34 (R AB23026062); 1B B A 4 (JKYZD202331, JKYQN202366)
HE—AEE A XIEA (1993 —), 55, BB T RN, FA M # 5 SIS . E-mail: liuhaojie@mail.cgs.gov.cn.
WAFIER: IKERE (1983 —), I3, IE =P TR, NSl B k)2 5 0UA B PHSE . E-mail: zqingyu@mail.cgs.gov.cn,

Wik A #1: 2024—04—09


mailto:liuhaojie@mail.cgs.gov.cn
mailto:zqingyu@mail.cgs.gov.cn
https://doi.org/10.11932/karst20240515

Fa3E HsH

XUTEANGF B R P USSR X B4 A5 R L2 R 1197

FF &R E X AR KRR R R A B
2023 4 H E U R IR EE R 230 12 m’, #2022
AEHER T 12%. o, D01 S i & I —k 1] 00
A A [ A K U U, 2023 4R [ 7= iR I 130
f¢.m’,

RO T P PR 2, e P E R
O TUA ORI T ARk, I X R T R
B TAERGS T k™, KN LT 24
B AIURRATUS )2, MG T IERS 4 B
PP R LR T AR B G e TR A, X S )R B
2 A LB B RN AT B 6K 2 R, R UTE AR
FEFRAFZ O oA 2 B A R A R
A LR i, A R BT R IR RZ
PO AR e [ i R A ) S B B, S R B )
TAR IR BRI 1.2 72 m’, B E ]
FHFPERZI N 1500 42 m™,

JUE B R M X A — oY OE R, (BT X
) DX A b 5T 2% 4 . AT i 1A ML AR R L PR A R A
W FEAT AR A P22 AR 5 30 ok b B2 g 340 o ) 9
b DXL AR TR DT A 0 A S ) S 00 R R R AR
i, 38 FHZE A 43T 7 B A R XA 1 I3 2% 14
AL ERTL 2 R AR R AT R GE o0 BT, R 2k R 2R I
FEAR TR IEA 00 5 % & R, 487 H % X
HLA B0 1 TUA SOBUB S F, BB T 5UA <A R X
(4235 ) 43 A R, A6 3 6 B X T SR 2 i 7= A
1) F BRI, DAY Ok B T 34 O AR T & R
Bz, ok U5 45 18 T 1Y 00 <k X PE A
RAESE

1 X EER

BRI A LT S A R AR, S = AR A (] 1),
HFRZY 377 k™20 S BEILER . ARER UMK
22 2k BT ¢, FLrp 22— 5 E RPAL T & 8 19 22—
B BH W A F G P S, B R TRk B R =R — i
{Ie) W 25 ] 7 U o RS AT B, 1 1 T 5 o — % i) — K
CWIRARTE g ST 0 o B R B B T T3t
B2k, WEABHRAL s A, R AR AR HAE L IE R
R 8 iy AL BT R

R T 340 66 R R A Y8 /8 O AR T P TR, 34 I AR
FENCHR A 1.000~4 000 m, PEHFHEER 8 000~15000 m.
SRK PR NE R RE & R MHTURY, 1
RIS A8 3l 05 1, M B & D 1 P9is sl | BN Sis 3l

He iz 2 F s ShHES 2 S 2R IS . LR
iz B 21 34 [ PN 500 25 6 T RN RE, T B 5232 3 AN
HELZ BN S5 TR AT & 75, PR
JE N 2 AR R, EE N =S
R EEX T FER G B Y5 UL 7R 39 B 0 R 5 X
W =R RV PF IS5 M & B BT, JEEBEAE 50~150 m
Z I SR B A MR R A R B £
BEE RN T, A0 5 5 st M )2 R A7 A 1 A
SE R A T

A 34 I ) DR S AR 2R 2 B L AR —g P 1 0
VT ST 2 VG ] P IR T A o X S DRI SR AR A5
b 2 AT AR R BE RN 3 A1, IR DU SR AR
TURZIZ W™, B R B — A DAl A BT
1A 5% B 750 2, Fe iy AR R B S 4 0 2, 1 e
A AR LR S L g o S A s Lol BT LB, TR 4%
PEA R, TEX PP E TS 50T, 1T REAETEIRAT
M RIS, Ry i S 4 T A

W X 2R B RAF, B T AFn i LE
S5 DU 22 14 45 A b S s 30, R S v AR TR A
A B YR AR M X Tz A A, R B LR BLE
KA X EE AN RO E TR RS
TUA T B D S, I 8 A TR 83 )2 0 ot s ik
A Je )z A BRI R B AR BT . U AT
T X PR BEA ST A,

2 AENEXEHIE

21 MREH

PN EEIUR RN IER R A B4 W AR
T —3E R e SR 2 B A ¢ AT SR LA/ TH
Y, BB R A —E R e SR TUA U R
PR, PRI, 72 58 M A i A [ 3t )2 o, B4R
WRATAE R & 25 . FER AR A B AL S de
(0 5 S PR VAL X G2, Bl PR 45 Rl s & U
B, AR T R i, S 5 2R ) AR R
A 7% Z2 A T 32 FH R A kAT T /b A Y
W R R S R T2 FUKP IR )
il A 25— E SR AR B 4 Bl A R R R e )
JE SN AR HA U 2 i T RN, W
WIFEAXSE D

ASBIEFE ) T i DXIOPE 2 B A 7 T BN 48 AR R R,
AR5 R LU LA AR, g T e AR YA £, PETE



ped 2024 4

0 30 60 km 29T o5 )i
23 LS 1 .
%ﬂ: o {%?)”ﬁﬂll‘ﬁgjzyk //I Igfi T»giﬁ

_ |

Y il - '
g A
N R / it
\ BT S \ O o
\\ of it 1=
o
FAR AL kA
s -
(PSS /,//
—7
S A .
B
A \ gl i
O O |,/'—_-9'
N SERME
o 3 \%ﬁﬁmﬁ"-\?%ﬁ%% ol
! LT 34 b

K it
o

B M—F- 3 141 B

X
AL

[e]

1 EERE R ASXKEMIES B (R KSR [22] 20

Fig. 1 Structural distribution of the Qiannan depression and its surrounding areas (base map modified according to reference [22])
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Fig. 2 Distribution of resource potential of Danzhai in the Qiannan depression and of its surrounding area—the Niutitang formation
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Fig. 3 Interpretation of stratigraphic development and structures of the work area in Danzhai,

measured by wide-field electromagnetic survey
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Table 1 Comparison of lower Cambrian strata in the Qiannan depression and its surrounding areas of Guizhou Province
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Table 2 Division scheme for the sedimentary environment of the Niutitang formation in the study area of Danzhai
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the Zhalagou formation in Danzhai (Left: TOC; Right: Ro)
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Fig. 7 Composition characteristics of the shale mineral in the Niutitang formation/the Zhalagou formation in Danzhai
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Table 3 Reference indicators for optimal selection of the favorable zones of marine shale gas in the Qiannan depression
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Fig. 9 Distribution of the favorable zones of shale gas in the study area
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Geological conditions and geochemical characteristics of favorable shale
gas zones in Danzhai of the Qiannan depression

LIU Haojie', ZHANG Qingyu’, BA Junjie’, JI Shaocong’, NIE Guoquan®, LI Zhen’
(1. China Geological Survey, Beijing 100037, China; 2. Institute of Karst Geology, CAGS/ Key Laboratory of Karst Dynamics,
MNR & GZAR/International Research Center on Karst under the Auspices of UNESCO, Guilin, Guangxi 541004, China )

Abstract The Qiannan depression is located on the southwestern edge of the Yangtze block and is an important area
of shale gas resources in South China. In recent years, significant progress has been made in shale gas exploration in
this region. The shale in Cambrian Niutitang formation of the Qiannan depression is widely distributed, characterized
by thick layers and abundant organic matter. Shale is developed in the mature stage and possesses significant potential
for shale gas exploration and development. Although some progress has been made in the studies on shale in the
Qiannan region, there is still a relative lack of in-depth research on the geological conditions, soluble organic matter,
and reservoir formation mechanisms of the favorable zones. By measuring and collecting samples from typical profiles
and survey wells of shale gas, this study systematically analyzed the geological conditions and organic geochemical
characteristics of the favorable zones in Danzhai of the Qiannan depression. It also explored the distribution and
development patterns of high-quality hydrocarbon source rocks in the Cambrian Niutitang formation.

The results indicate that the Cambrian Niutitang formation in Danzhai is abundant in organic shale with a
thickness of about 60 meters to 200 meters, showing an overall trend of gradually thickening from northwest to
southeast. The total organic carbon content (TOC) of the Niutitang formation mainly ranges from 4.5% to 6.0%, while
the organic matter maturity (Ro) predominantly varies from 2.5% to 2.7%, gradually decreasing from the northeast to
the southwest. The mineral composition of shale in the Niutitang formation primarily consists of quartz, followed by
clay minerals, and a small amount of carbonate minerals. The types of shale reservoir spaces include organic pores,
inorganic pores, and microfractures, among which inorganic pores primarily consists of intergranular pores,
intragranular pores, dissolution pores, etc. The shale matrix typically exhibits low porosity and permeability,
categorizing the study area as a low porosity and low permeability shale reservoir. However, the development of local
fractures can enhance both the porosity and permeability of shale. The tectonic activity has significantly influenced the
preservation conditions of the strata and the degree of shale gas enrichment. Tectonic preservation continues to be a
key factor affecting the shale gas enrichment of the Niutitang formation in Danzhai of the Qiannan depression. Due to
relatively unfavorable enrichment conditions and the complex preservation of structures, the large-scale industrial
development of shale gas in the Cambrian Niutitang formation faces significant challenges. However, the geological
conditions of the shale in the Cambrian Niutitang formation in Danzhai are relatively favorable, indicating potential for

further exploration of shale gas.

Key words Qiannan depression, Niutitang formation, black shale, organic geochemistry, reservoir characteristics,

favorable zone of shale gas
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