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Abstract

Six drilling wells were selected for the geochemical analysis to evaluate the characteristic of Low-
er Cambrian source rock and its impact on hydrocarbon accumulation of Dengying formation in
Jingyan area. Two sets of Lower Cambrian source rocks are present in Jingyan area, that is Mai-
diping mudstone and Qiongzhusi mudstone and shales, which are rich in organic matter with high
to post mature stage. The type of organic matter for these source rocks is sapropelic kerogen with
unexceptionable hydrocarbon potential. However, the occurrence of efficient source rocks of Mai-
diping formation is merely limited in the eastern area, with finite hydrocarbon supply. In contrast,
the efficient source rocks of Qiongzhusi formation, as the main source rock, were pervasively dis-
tributed with a thickness of over 100 meters across the whole study area. The palaeogeomor-
phology and depositional water depth during organic matter deposition may be the main reason
for this discrepancy. The natural gas of Dengying formation is typical crude oil cracking gas and is
mainly sourced from Qiongzhusi source rock based on the gas-source comparison. No consequent
relationship between hydrocarbon accumulation and the structural setting is present. On the con-
trary, the configuration of source rock and reservoir together with preservation condition are the
critical factors for the hydrocarbon accumulation of Dengying formation. The hanging wall of
nearly EW-trending normal faults may be the most favorable hydrocarbon exploitation area in the
future.
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1. 518

P M X 2 G i R B A A R TR U, AU TR [ R 77 i A S AR R
FAZER, WRABENEENICE S ZL] [2] 3] M2t R EEZDB]. ) EH, XEREERE
B - KT Rk AT, Rk VSR N AEREL S A S HE B R - SRR KRR TR TTEk
56%~63% [1], 1X A& FAZL FEAE AP AE AR TAT e 5 RS - MR E SR, WOKHIR S T
AR RN SEAE TR KR U K & A = B 3 RIEFAR PRI A GG, AT A
BRILE, AR H[6] [7]. Bk, FrER T 9 RGuEIR A 1R 7t 2 Bl S4B BH - 7 h sk il i i
JEFF, FARIER TR D RINZAE B R - AR KBS W (25 KA EEE <) et 52 2547 5k
FERIHLIX, BT RIS R, F R, IR AR T E H AR, WS A

B EHER AT IR N, B 5K A R B OB A& PR 5 | B A . 7R . RIS Hb X AH 4K 565 1 10
ROVEHE, 25 AAREL, ARG, A ERR - ERAFM. JEFMRRSNRIIIE
EirHEE3] [4] [8], HLAATFRESLAREIRIOIE Ty, Ak, FRE T VG R R S0 R I A KPR
1 FAEMEE A = ik 2 I R 3R 15 A 66.86 3 7R M LML/, H RN HUAE S RAR R
BRI T N ERAEHTIFA].  FIR PR AR I 73 7E 328 25 7 KA A= 4 mpo (91| 76 e 3 X [ B 5L 46 T Flibt
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BRI A AU A 2% AR, BT BRIEZ, Bl X XA A B RHIE . A Rk K
PRURTTRRAA TR R R B BRI, RGO R I X € iGe ke Y s AL AT S8 AN AT DU R EEA )11 75 e
Mo DTS2 A R AR ORI S B, I8 B TR m IRE - R Rl OSRE R, T IR R PR U
SR H AR -

2. MRER

VU )1 2t i E 5 7 S 45 (1 47 7 s R LAl b R R e R i) R A 85 [ 10] - 722 B 20 DASRE N AE X AR
SE NG K JEMY B, 2 X OO KRG RAR - SRAIERIsEm, 8B4l - RIERE ) 7 — s 8 m
g - FESIE - IR A R[] [12] [13]

B ELYI, EXBRTKMIET ST, P TAEREEAR E4kK T TR BRI AR ] R IE RS SR [14]
ZETH,  BEAE AR 2k 0 AR KR e R VKT Y R, YK B A T AR, P TIEGE BT, DR
R 36 R AR IR £h 2 (B 1L e A1) LG8 TR TR RUKBBR A 2 b, N EIEE L ERSE—BIIEE, B
KIS, FEBGE AN S Bk FiER - B, WD S - A 8ilRas
[15] [16], VE¥BE AWEEEDR, RMWLULA ARG N, Bk FEATEERERREL2].

KIS, ARGk T Bk L e BB A (] DTS JRy o X — ISP, ZEPE RS TESIARN ARE, K
H 2R 77 ) (17K B AU A SR PR AR N, AR Y BRI bR S K, DU b s g 1l AL PR 7 1m) 2Rt RIS, T4
T RIS £h 7 6 AR T [17]. BEE WP MFESE B, B35 7 b DX 00 R 10 oty i R0 B2 065 T R R 9 /) L 2
B (e w k), BT OIS AR T 1 K Bl bR 6 G H[11] [15], VIR KREMIER. FBFRER
DEFHERTUE . BEA . ZAVEIEIMEm, £ ES T RN - 2 - KT—RKEH K
R R AL ) AT LTk A, — ERr 2 RO R, R okl N 7R — B BT A5 A% R 10 DU AR5
TUA[5] [18] [19], PAMIZ7 R B G Hhid Z/0F i & HAHREY) FEME . 78 BRI, DY )1 2t f 41 IX (0 #4 ids
TEBNE R IG5R, NTLIE B S B S DU X R AR AR R R B, KT A S AN R RR Rk, %
RR GF (A R 2 1A)[20] [21] [22].

RRERE TRV, B PRSI T, S SRR B, AR R TR AN il 2Ok B 2 1
PP [14]. SRATSFAUTARN, WK BARME T RN, FEBEE R TKISZ TR A Bl ], S ik A
Az K E BRI, Bkt Ayl 1 B R0 R ERRR TUS RIS A A A, bk g mim
() A €0, UL JE T B SRR [6] . X — 3T ANSTEH — BRI IR AN Ay, R kAR T2 [14].

WIREEDURART, Bl A A AR X LN R Rk A AR A, G (4 T R 553 E i 20 5 4 a5 I
[13]. WEAKIRYE, MesHRSA Y 5K, DU 7 A T Bt P RAe s ek A ) BT 28 5 SR AL I B, M AR B VR
G, PH AT R R AT 5 AT/ BB R R U AR (23], )b X A IR R R h 5 6 1 e 5 Ml 5k
DURERER[24], NP - JNARICHIX RBUAK R AR, —EA T 5 SR A [14]

WX AL T 240 PH - KRk R pa i (] 1), &R X R 2R Ge it 21 m o B iR, JE4) 400
RK, REETAXEE R, EPEILTT A R ERE . BN B N PRA RS, Hh, &
HIPHAHZ R, EXARIGE N —EEENKBES RIS, MMESAERD, Wi, #isEnL,
WA Ry BB T B) e 22 Bk D R DUA IS SR AR 2 s 1R CL FF M A AR B g 6 & AR, RIN
RIREE 75~ BRI B o1 DU IR = o AN R B = WA IX PG ALEE D1 56 4 AR A IR
VTR, EVEFERNROEA RGNS « TSP E BRI, R K 8 10 3 1o o U
BETMREMWFHAMZZ E, NTE EREZERBORTIUE . RICEFR RIS, EAFEL
IR (] 2).
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Figure 1. (A) Regional geological map of the study area; (B) The tectonic
and well distribution of the study area
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X T TR Gl & i LT B e o3 0 8 TR AR AR 1) 5 B =il 95% I LA b, Bl b EMER A, K
DL FE SR ARG T2 [25] [26]. FHRERGURIEA MR RN R A4 Rt — D ARUE T AR A Xﬁmjﬂ‘&
SRS Ve T EEAR[27]. M 3 AT, Joil it 2 i PRAL A R ST <F 4L, AT R AL 2 A W B AR 77
REAE, Y98 R R UEAE A MU R AR BVA ML N . Lk, BT S AL IR A 10 5k R 47 31 B 7E
—29.6%0~—35.8%0 2 [8] 481k, 14 5—31.9%0; M2 HIFEA I S3C MEME MR 1, N T—34%0~—36.9%0 2 [,
V35 8-35.4%0. TiHl, EAIRR EAE VI ERI BT AT R B K 2 B R IR A B DU /AT REAE,  HLE
TR 3 AT X AN —, 30 FE i HE 2 L0 C24-C26 (R RRAE 3, 3R BB AT M ot 4 1) KLU 265 0 A
FIE L2 A2 T w8 1) R B B VAL BT 5[ 28], T R TRT LA ey A A A A IR B IR R LR
3.2. BHFEBRHAE

BT FERGRFANACE . MR, PERRE R, RIEE D IEE VUL & ERD, LR
PRI & BB E N A R AR o DRI, R SR FH I 52 3073 75 I S S5 3 (Rob) 45 57 4y 25 0048 I 4k I S 2% (Ro)
[29] VAVFAN R IR FA A AL B

Ro = 0.3195+0.6790Rob

A Ro AR AT, %; Rob NIIEFRKHTH, %
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Figure 2. The cross-well correlation of Lower Cambrian source rocks in the Jingyan area

2. FHX TERGRREEH IS E

7 A RE S B R I T R SO % (Rob), Rob 23S Bl A 2.81%~3.49%, 1474 3.22%:
HE 2 b 25 20 A S S R (Ro) e i, /v T 2.23%~2.69%2 17, ~F3424 2.51%. 53 1FEAT=5 2008 T4
7 S % (Rob) 5 2 P41 B 4 K E S, Rob /v 2.01%~3.50%2 1], S35 A4 S i 2 (Ro) N
1.69%~2.69%; HAKIME, B HETSFLH e A BAA SR 055 808 iR S 26 (Ro: 1.69%~1.93%), 1%
N 1.81%; Al FIkZ, Ro 7 AiVaEN 1.89%~2.42%, “F-¥Jh 2.15%; C1 F 1253855 Ak S i R e
Ro /i1 1.95%~2.69% [8], V3474 2.27%, BRARASIFEMAL, Ro KT 2%, iXLesrHr 2 R, St
X N FERGEYR TUA B AR S S IR B 1.5% H % 2% Lk b, AHURBENE - o s L B
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Figure 3. The kerogen carbon isotopic characteristics of Lower Cambrian
source rocks in the Southwestern Sichuan Basin

B 3. Il FEmit X TER SR IRE TR R R EML R

3.3. BREE

FEHLIX B D1 JE4h, HR 5 DA RIS 5 1A HLER(TOC) SEIEME /- Hr R IL(GE 1), ZZEHidF
HITUEFHLAR(TOC) & &/ T 0.272%~5.754% 2 [A], 1357 0.708%, TOC {HAILEK, 4aK 2 HkE i
LR AGTE 0.5%~2% 2 ], SR IES SRR 4(A): i b, B R AU S =2 &
RIS AT ALY TUA A N FE IS G BR MK, TOC &4 0.136%~4.229%, “F-¥J°4 0.667% (I 4(B)).
BRI, WERGTUAKANUREEMLL, TOC & FHMEMERK, B TA e s NIRRT
fH(TOC = 0.5%) [30], ik, HHFHLX TR G RIE 158 T 5 - if.

D1 AP LA MU F B G, B 2 MFERA, HARFER TOC &K TARURIRAE T
BR(] 2), BRI, AREAE A BUR IR S SRTSF LG MUR 3= R A s, #4301 TOC & &1 0.5%,
Bl ik 2.834%, WE A RURIR S . A E, D1 FFEMATSRA TOC S EBREAL, RS HIRTH
YRV TR, TOC T E 46 R 20 A 76 S5 AT 57 4 31 (3927~3961 m) Ak BB (2l fifi T 25 B A | #(3736~3835 m)
RIK e FK B A TUS B (E 2),

Table 1. Statistical table of TOC measurement of Lower Cambrian in the Jingyan area

1L FHMX TERGRZIRE TOC SIStk

TOC (%)

e =l M R Tl fri
Al F T 0.27 2.40 0.78 25
A2 F T 0.52 1.92 0.95 10
B1 FHTEA 0.51 2.29 0.89 13
B2 F T 0.50 1.50 1.01 8
c1 F T 0.30 5.75 1.12 28
D1 FHubT 0.02 0.70 0.15 37
Al AT 0.14 4.23 1.25 46
B1 HATSEAH 0.29 0.93 0.52 4
C1 TSR 0.29 3.84 1.08 50
D1 HATFH 0.01 4.23 0.67 455
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Figure 4. Histogram of TOC distribution of Lower Cambrian in the Jingyan area

E 4. FMXTERERIFEES TOC 2HERE

4.2. BMUFHRERE

LA 4 DRSNS A 1A =F 4180 TOC & &, b, D1 WO FBaES:A, HAt a5
AU X B BEHEAT TR BT, TEVE E A RO AR A RE . BT XA DL, AT A
AlgR VETTINAN [7] A FE £ A T 1 TOC £ #:[31] [32] [33]. B 56, HI AlgR VAT D1 1A ZUR IR A 45 A
W, IS TOC &L, WG mE(A 2); PR —JriddMER ARSI, 456500 TOC & &
e 1A RO 1) 3 A v

ey b, JEREHLCRATSEA AT R B R 2 BRI, AT SRAT SRR AR A b
TR B AT, BAJURERAK, ERRESEREOR, BAERK. Pl L, TEREHE
ERFARR, H AR RV R RS, Tl D1 JFEJE, £ 36.7m, A E C1 IR FEL 20
m HEIRE, BARE AL JFINL, RRiE R, JFEAAES m A, SRS, BRREE R A
EHRE, BRARED A2 HEAIXTEGH(91.4 m)sh, HOREEHFIE ML 100 m /idi, HJFEAE 122 m (] 2).

5. ¥ig
5.1. TERGBAVRESERBENEN ERWEE
AT, FEFFHLX TR RS S B AR TUA S N RS, AR, AR R
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AT ERAR, KRV TR . (HAR ZAR IR, X E R AR DA — € 20l
BT 5, SR LRIV TUA FIA MU F= BB, A AR 2 B0 (~20%) F: fh 1A LB =F B2 EI 4 -
EFIIVE bR e, (ERRIEE R B e ENE 2, I bopmmnds:, R EREM, P EWiURRS 6
T AR, 1L B B0 BOZ A PG AR X, SRR N HOKBRIR 5 & HUARTIAR, Reilia AR H .
TRLGRFAE ] 22 HPF A e TUA IR AR X AL, (IR RE A IR, A HLBE IR & SR S DU A R i (25

52, BARIRATSE AL TUE M A A L = BEIS AT BRAG, OO U - 20 i ik 3 R
VA RITTIRE . (AR RURIRE T, AR LAY w5 - 4F, 2 aBovsEd, A
Ky JEIRE MR EF . i L, REGRIRIE TR N L TWE, NE RS AT AT 4R E,
JE AR R, M R AT ALK, B VU IA R R S, XX ERIEE R F SRR
A RN, T EERZ PR A S bl . AN, BRI AT AT S AL BE, AR AR E, 1
KXW AR 2K E, ERERETK, SRR, BAEERMABIRIME, X — A RHIE
I SRATSF AL DTRG0, AP X e [VRH T 1) oy s SR TR Ry RT e LT AN ST, RIEAE R E
B RNIRAVIN LRV RE A E ol B

5.2. KIRAXARSHEEARSIEXIEE

HHTB AT AL RN A Sk - B B U R R AR R AL, SRR R e o8 .,
Wil SR BT, ARRRSR R BAT R AN By s, AL 1 SR MO AS i T 0.999%
(2 2), TR - I BB BT BRI, AR A R T I AR SR T B 2R

Table 2. The compositional characteristics of the natural gas of Dengying formation in Sichuan Basin
= 2. M) AT LA R IR SR 7 HFAE
e R AT IR 10 cie2) In(e2/cd) 5°Cone °Cene
CH, (%) H, He Ar (%)
Al  Z,n, 88.08 0.07 0.001 4.46 7.36 - 0.02 - - 0.9992 7.14 4.25 -34.2 -35.80
Al  Z,n, 8812 0.08 0.001 4.42 7.38 - 001 - - 0.9991  7.00 4.38 -34.1 -35.80
Al  Z,n, 88.04 0.07 0.001 457 7.29 - 0.03 - - 0.9992 7.14 4.25 -34.3 —36.00
M8* Z,dn, 914 0.04 0.001 165 587 0.96 - 0.05 - 0.9996 7.73 3.69 —-32.80 -28.30
G1* Z,dny . 91.22 0.04 0.001 136 6.35 1 - 003 - 0.9996 7.73 3.69 —32.30 -28.10
G3* Z,dn, - 90.19 0.04 0.001 073 83 0.68 - 006 - 0.9996 7.72 369 —-33.10 -28.10
G1* Z,dn,+ 90.11 0.04 0.001 044 836 0.97 - 0.02 - 0.9990 7.72 3.69 3270 -28.40
G6* Z,dn,+ 89.99 0.04 0.001 149 832 0.13 - 0.02 - 0.9995 7.72 3.69 —-3290 -28.60
G1* Z,dn, 82.65 0.04 0.001 212 1419 0.85 - 004 - 0.9982  7.63 3.69 —32.30 -28.70
G6* Z,dn, 94.61 0.04 0.001 093 4.14 0.18 - 0.02 - 0.9996  7.77 3.69 —-32.80 -29.10
M10* Z,dn, 93.13 0.05 0.001 086 464 1.3 - 0.02 - 0.9995 7.53 391 -33.90 -27.80
M11* Z,dn, 89.87 0.03 0.001 232 7.32 - - 005 - 0.9997  8.00 340 —32.00 -26.80
M8* Z,dn, 9142 0.04 0.001 246 6.01 - - 005 - 0.9996 7.73 369 —32.30 -27.50
M9*  Z,dn, 91.82 0.05 0.001 0.96 424 275 - 0.02 - 0.9995 7.52 391 3350 -28.80
W100* Z,dn, 86.80 0.13 0.001 6.47 5.07 1.18 0.011 0.03 0.046 0.9985 6.50 487 3252 3171
W106* Z,dn, 86.54 0.07 - 6.26 482 1.32 - 032 0.043 09992 7.12 - —32.54 -31.40
W12* Z,dn; 85.07 0.11 - 833 466 1.31 0.023 0.25 0.053 0.9987 6.65 - -32.54 -30.95
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Continued

W2* Z,dns, 85.07 0.11 0.017 833 4.86 131 0.25 0.053 0.9987 6.65 1.87 -32.38 -31.34
W27* Z,dn, 86.23 0.12 0.095 7.12 494 1.3 0.013 0.23 0.044 0.9986 6.58 023 -31.96 -31.19
W28* Z,dn, 85.71 0.11 771 49 129 0.23 0.054 0.9987 6.66 -32.53 -31.61
W30* Z,dn, 86.16 0.26 0.004 8.15 413 091 0.3 0.093 0.9970 5.80 417  -32.73 —32.00
W34* Z,dn, 88.14 0.10 6 427 1.18 0.28 0.036 0.9989 6.78 —32.60

W39* Z,dn, 8491 0.10 0.001 886 473 1.03 0.27 0.053 0.9988 6.74 461 3242 -33.91
W46*  Z,dn, 86.26 0.14 744 455 13 0.27 0.049 0.9984 6.42 -32.80 —34.80

E: *$dE51 H zouetal., 2015[34]; zhuetal., 2015 [35].

P S AT BEAR R SR B0 R W, T BRI R T R AR CLIC2 LLEDREIZHTHE K, C2/C3 L
B LA RAAR TAE R A —JCR AR, RIRR CLIC2 LB AT C2/C3 LU E AR IS 5 Z A
[36] [37]. ££ In(C1/C2) 5 In(C2/C3) &l hiH, H-WF\ BUZAN Ak - BHE =N HLIX AT LR IR In(C1/C2)
EARFHGE, AT BOR S, T In(C2/CI)E I 7 7 B3, B4k B R BT 57K-F- il 126 B 35 (14
5), FA AR —ORR M IRHIE . 7 EAR R, R =M XKT AR In(CUC2)E I 74E

—REMZER, R =AHX AR AR AR, 1T 852 22 S 3 ek A A AR 321
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Figure 5. Crossplot of In(C1/C2) and In(C2/C3) for Sinian-Cambrian natu-
ral gas in Sichuan Basin
E 5 mIRtEER - EBREXRAS In(CLC2)5 In(C2IC3) X LHE

TETFEARAE BRI B L G MRS R, ki RARE WM R SME, Hid b, BEERNR
TR 513C, 18 T il EL T AR 0 8%3C, 18 10 3%0~5%0 [38] [39]. WIRT iR, FHHFHIIXAT 40 RIRA A
JEM RS, L 87°C, FAR(E AE—35.8%0~—36%0 ], 53 HEFLALYE T 1) 61°C 11 (~—35.4%0) K EUH 24,
BTSRRI TR 8°C {8 (~—31.9%0) A R i 1, UEHHAT B4 KRS 5 54T SV WU A AP 4%
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Figure 6. The evolution of burial-thermal history in Jingyan area (Modified by Gu Zhixiang et al., 2017) [40]
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