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Abstract:This paper is the result of oil and gas exploration engineering.
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[Objective] The dark shale of the Cambrian Hetang Formation widely occurred in southwestern Zhejiang and northeastern Jiangxi is
the key target of shale gas exploration in the Lower Yangtze region. However, due to the present low exploration level of this
interval, understanding of the shale gas accumulation conditions is still insufficient. [Methods]Based on the analysis of geological
background, organic geochemical indicators and field stratigraphic outcrop investigation of the dark shale, the shale gas resource
potential is evaluated and the favorable areas are optimized. [Results] The dark shale ranges from 35 to 200 meters in thickness with
an average of over 50 meters in Jiangshan—Changshan area and is characterized by medium to high content of organic matter (TOC
ranging from 1.48% to 23.53%) and high to over maturity (Ro ranging from 2.01% to 3.0%). The organic matters are highly and
over highly matured. Abundant micropores and microfractures were observed in the shales, indicating the high quality shale
reservoirs. The isothermal adsorption experiment shows that the carbonaceous shale has strong adsorption ability, which reaches
5.93 kg/t on average. [Conclusions] It is suggested that the region of Jiangshan—Changshan area in western Zhejiang is favorable
for shale gas exploration on the basis of relatively low thermal evolution of organic matter and stable stratigraphic structure

preservation conditions.

Key words: shale gas; reservoir—forming condition; Hetang Formation; oil and gas exploration engineering; Changshan; Zhejiang;
Jiangxi

Highlights: The shale of Cambrian Hetang Formation in southwest Zhejiang—northeast Jiangxi has the material basis of shale gas
enrichment ; Thermal evolution is the key to the enrichment of shale gas in the Cambrian Hetang Formation in the Lower Yangtze area.
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Fig.1 Tectonic units and stratigraphic correlation in southwestern Zhejiang Province and northeastern Jiangxi Province
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Tablel Evaluation criteria for shale organic matter

abundance

K5 TOC/ % SJ&E/(mglg) #f#/(mg/g) HI/(mg/g)
L& R >2 > 500 >6 250~450
BIFEAIE 1~2 0 200~500 4~6 100~250
ZEHFEIH 1~0.5  100~200 2~4 <100
PH5ATE <05 <100 )

T FERGE i 5 4 K 22 4 T ik U AL By

B, A SR i (Si+8, ) S ik B U 0 7 A7

AR, Hob AR i A T 0.022~0.436 mg/g, E &R
VDA S W far WE 2 A i A KR RE ), T AAR SC 2
KA B & i (TOC) X FE R G0 o Y 4 vt 5 0k
TP (3= BN, 2006) .
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1 TOC MR i 44 4>, MRS 2R (36 2) r B W

T FERG A PELH IR U1 5 TOC 4347 Y0 [l 5 B dse A, e
JIME A 1.48% , B KAE A 23.52% , 348 6.16% , 1
USRI . R T LA FE S 19 S, TOC {5 A
1.48%~23.52% , 110 5.52% , WUF &S 00 s ik
JB UL A RE 8 A B /MA N 2.99% , B KA K
15.79% , V-5 7.44% , Ryl 00 &5 S TUA 5 B JBT 0 ot L
w7 A, TOC e /ME R 1.57% , fe KAE A
15.30%, V-390 7.26% , M-I & 005 s iE LT A
FE&h 10 4, TOC {H AT F 1.49%~15.33% , - 44 Ny
5.58%, IR IUA .
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P TR — T 1 —H 1 —y % — (| 4) ol
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Table 2 TOC data of shale from Hetang Formation in southwestern Zhejiang Province and northeastern Jiangxi Province

Py FEGR S Ak TOC/% 75 MRS A TOC/%
1 JHO2 TR JoE T 9.75 23 L3D001 Fik o1 U 3.43
2 JH10 T R R I T 2.83 24 L4D009 iiea 1.48
3 JH13 RERURIRTUE 1530 25 L4D010 kR e 3.76
4 JH14 REURIA A 13.23 26 L4D014 TR I U 2.90
5 JH17 BEURIRTUE  2.86 27 L4D018 iiga 3.10
6 JH18 IRIF U2 2.37 28 L4D019 g e 2.18
7 JH20 TRIR U 4.09 29 L5D001 kR U 6.03
8 JH24 TR e 1.49 30 L5D003 BRI TS 12.08
9 JH30 TRIR U 4.87 31 L5D005 iiga 2.39
10 JH32 TR IR U 4.55 32 L5D006 BTV 4.69
11 JH37 IR 2.82 33 L5D010 e 3.59
12 JH38 TR J o T2 1.57 34 L5D012 Tk R U 15.79
13 JH39 IR 591 35 L5D014 Tk R U 10.43
14 JH42 IR T 6.00 36 L5D015 Tk T DU 5.00
15 JH43 R 5T 18.60 37 ZID1-20 RERE A 372
16 JH46 AR Jo 0 Joit U 5.18 38 ZID1-21 Tk e & 3.78
17 JH49 Hi o3 D 3.78 39 ZJD1-25 TE R 2.51
18 JH50 BT 4.61 40 ZJD1-26 ke A 4.81
19 JH52 W5 T 3.34 41 ZJD1-27 ke A 15.33
20 JH53 R 5T 23.52 42 ZJD1-28 fERes 3.90
21 JHS8 TR 3.83 43 ZJD1-29 fiE e 12.32
22 L2D002 A o3 T 2.99 44 ZID1-30 e s 4.13
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Wi BT 3 R A8 AR S S - A 71PN . B
Jo 5% AR B 3R (Ro) J2& H RTPEAN A LT 23 1
BAESH, HEA AR, H Ro Rl #A0H (L A
{14 T v TR 4 A, T A kg o 1 i A LIS )
BN (TR, 2009) o — AR, BE A I R
Ro=0.5% J A1 1AL B TR, 24 Ro fH < 0.5%0, H
b F R A BE 5 Ro 7E 0.5%~1.3 % A4 s (£1 7
FHA ) s RoTE 1.3%~2.0 %y e Y QB0
FBEERTIMAT ) 5 Ro > 2.0 % Aad iy (0 (U
HBERAE,2009)

WP e — s AR AU X FE RS A B 47 SRR
fl R I Ro BUARE A 354, HAE M 2.01%~3.43%,
4474 2.83% , RoHII R T 2% (F3) . MIMAZE R
OIMT LI FE R GE far 35 2H S TR e o O 1) A
AR EE b T B E S B

N M XN ZE R G A LT AR b AR
iR AR SCEAE R AR 8 JE U], R A A
s 5 v ) B v R AR X . AT P R
— AR AU IX T FE G far 5 4H 0 Ro - T8I 4347 [#]
Ha] DL Y, KEBA3HL X Ro (4K T 3.0%, DA I
— BTl —% s XA RAE 0, FRfb—E 1

X, RofH KT 3.0%(&5), BIKFE N, WF5TIX T 5%
G Aar 20 01 b Tk A B o X EE ] P AR DT
TR R, B R IMER U SIZ R Ro l
1.1%~3.0% (FE 7545, 1988 48 A HE4,2010) , 24 51
F11 Ro>3.0% 0], A LT 23 H B AL I G2, 0T W B
e S W] B R R (Curtis, 2002) . A F XI5 Ro
oSS BRAITE 3% AN
5 HEEUe AR RHE
5.1 TUEW Y4

GUA 2R A nl, b & KiEn g o™
Y WEET Y L AT T R E R U R
P T, 2 U i (SR 9E A, 2012) .
RRAE 4225 X SR 2 AT 5 43 A A 41 F B L5 235 1
7, WG M X T E R G ey 3 2 G (6 e DU Y R
YA 5E(21.50%~98.80% , -4 75.58% ) i 474
(1.20%~33.30% , “F-111.69%) . K A (0~18.20%, *F-
1 4.45%) TR R (0~43.70% , 34 5.28% , Hih 7
fi# A7 0~4.80% , -1 0.26% . 14 2= A1 0~43.70% , “F-
5.02% ) , W E W) g0 (0~13.70% , F- 1
1.92%) A% (E6) o H A8 & Ui
[

x3 MABR—BFILHME TEREAVEBAE Ro)FEIT

Table 3 Rodata of shale from Hetang Formation in southwestern Zhejiang Province and northeastern Jiangxi Province

Fes MRS Fonia Rb/%  Ro/%(EqVRo) J#%5 IS A Rb/%  Ro/%(EqVRo)
1 JHO2 AR JoE ot T 4.52 3.19 18 JHS53 WIRUUE  4.65 3.27
2 JH10 FEJRUR 0 TUA 4.29 3.05 19 JHSS WIRTUE  4.69 3.30
3 JH13 AR Jo ot U 437 3.10 20 L2D002  RERRUUE 3.28 243
4 JH14 AR JOT 0 Joit U 3.74 2.71 21 L3D001 TERIUE  4.44 3.14
5 JH17 AR JOT R ot U 4.53 3.20 22 L4D009  RJETUE 287 2.17
6 JH18 R 3.71 2.69 23 L4D010  FEiesE 312 2.33
7 JH20 R 2.85 2.16 24 L4D014  RRIUE 402 2.88
8 JH30 R 435 3.09 25 L4D018  WJEIUE  3.10 2.32
9 JH32 e 4.13 2.95 26 L4D019  RIATUAH  3.40 2.50
10 JH38 FEJFUR 5T U 3.78 2.74 27 L5D001  FEFIUUE 286 2.17
11 JH39 TR T 4.05 2.90 28 L5D003  FERUUE  4.58 3.23
12 JH42 RIR VA 432 3.07 29  L5D005  RIRTUE  4.41 3.13
13 JH43 TR I T 4.74 3.33 30 L5D006  mJFUUAE  4.90 3.43
14 JH46 TR S T T 431 3.06 31 L5D010  #JFUA  3.50 2.56
15 JH49 RERTUA 4.43 3.14 32 L5SDO12  EEFUUAE 4.38 3.11
16 JH50 IR R T 4.32 3.07 33 L5D014  EEFTAE 2.61 2.01
17 JH52 TR U 3.82 2.76 34 L5SDOIS  EEFRUUE  2.69 2.06

T W7 BEHLA S5 (Rb) Sy S, 555

2k
i

TR SR (EqVRo)EAUIES %, /A3 . EQVR0=0.618Rb+0.4 ( FMEZE,2019) .
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Fig.6 Shale whole rock X—diffraction mineral composition of Hetang Formation in southwestern Zhejiang Province and
northeastern Jiangxi Province (after Zhang Wei,2014)
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Fig.7 Pore structure in shale of Hetang Formation in southwestern Zhejiang Province and northeastern Jiangxi Province
a,b—Dissolution pores develop,Field outcrop sample; c—Organic matter pores and microfissures develop,ZJD—1 sample; d—Organic matter filling
between holes and cracks,ZJD— Isample; e—The fractures and pores are filled with pyrite,ZJD—1 sample;f—Dissolution fissures develop,ZJD—1 sample
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Fig.8 Isothermal adsorption gas content of ZJD—1 carbonaceous shale of Hetang Formation
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Table 4 Isothermal adsorption test data of ZJD—1 carbonaceous shale of Hetang Formation

JEa b= & 71/MPa B S (kg/t) Jwapst JE 71/MPa B S/ (kg/t)
1 0 0 10 250.0294 11.15089497
2 5.0783 0.348047305 11 300.0616 12.44129804
3 10.0887 0.644916389 12 349.9203 13.45976259
4 30.0799 1.618996243 13 - -
5 60.0673 2.944772228 14 - -
6 90.0156 4.361519161 15 - -
7 129.9918 6.299730042 16 - -
8 169.9362 8.149264561 17 - -
9 209.9543 9.791357124 18 - -
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Fig.9 Geological profile and outcrops of Hetang Formation in Kaihua—Changshan—Yushan area
a—Geological profile of Kaihua—Changshan—Yushan; b—Outcrops of Kaihua; c—Outcrops of Changshan; d—Outcrops of Yushan
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Fig.10 Potential district for shale gas exploration ofHetang Formation in southwestern Zhejiang Province and northeastern Jiangxi
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