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Characteristics of source rocks and reservoirs of the Funing Formation in the Subei Basin and their bearing on
future shale oil exploration
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Abstract: 395 samples collected from 70 wells in the major depressions of the Subei Basin are analyzed in this paper. Combined with the
previous data analyzed, we systematically studied the geochemical and lithological characteristics, accumulation space types and their
distribution patterns as well as reservoir physical properties in addition to the hydrocarbon source rock of the F2 and the F4 Member of the
Paleogene Funing Formation in the Basin. Based on the case studies for typical wells and oil shows, the occurrence and accumulation
mechanisms of shale oil is deeply discussed. The results reveal that the average organic carbon content of the two members is over 1.0%,
dominated by the type I-II in a matured stage, that found the basis for the formation of shale oil. Many kinds of micropores and micro cracks are
well developed. Clay content of the Member F2 is usually lower than 35% and the content of brittle minerals is over 50%, which is in favor of
shale oil mining. The study of the two well cases in the typical shale reservoir reveals that the formation of shale oil reservoir mainly depends on
the existence of mature shale with high abundance of organic matter and brittle minerals, well developed fractures and abnormal high pressure.
The major depressional centers of the Jinhu Sag, Gaoyou Sag, Haian Sag and Yancheng Sag in the North Jiangsu Basin are favorable zones for
shale gas exploration and mining.
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Fig.1 Tectonic map of Subei Basin and locations of the key wells
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Table 1  Statistical table of organic matter abundance for source rocks of the F2 Member of Funing Formation in the Subei Basin

BIX TOC (%) /B4 FAWIE A" (%) /FEREL HI (%) /FEfEL Si+S,y (mg/g) /Hf ML
i M 11T s 1.583/38 0.034/5 362.301/38 6.823/38
LM B 1.724/42 0.208/5 328.432/42 7.854/42
piasq U & 2.094/45 0.099/8 439.815/45 13.123/45
ERI T 2.833/38 0.159/14 481.000/38 15.630/38
BRI MIRE 1.691/19 - 393.762/19 7.351/19
ES LY ! 1.154/2 - 290.000/2 3.000/2

FHIME 2.011/184 0.132/32 400.511/184 10.241/184
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Table 2  Statistical table of organic matter abundance for source rocks of the F4 Member of Funing Formation in the Subei Basin
BIX TOC (%) /FEfh%L ST Vi (%) /R HI (%) /FE&h % S1+S; (mg/g) /FHih¥K
e MR M1 1.102/39 - 246.032/33 4.080/33
Ry IR 1.281/29 0.025/3 257.670/18 3.963/18
iR g L] 0.572/1 - 144.000/1 0.834/1
FRIRIIRE 1.163/17 - 348.000/2 7.891/2
BRI 1.663/20 - 237.811/20 6.892/20
FE 1.263/106 0.025/4 248.012/74 4.871/74
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Fig.2 The plane distribution of total organic carbon of the Sub-members F2-1 and F4-1 in the key depressions of Subei Basin
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Fig.3 The characteristics of total organic carbon in the typical
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depressions of the Subei Basin
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Table 3  Statistical table of percentage content of organic matter types in each depression of the Subei Basin
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Fig.4 Photos of organic macerals of source rocks of the F2 and F4 Members of Funing Formation

EE T AR B SR P oa] U B Ak 5RO
R 25 ) RS A, T2 R A 2 B, U A AN
FO 3 (18] de. go h) o IX BB A5 2R A e it J TR 2
JZ A BRIB AT A, 2 e T AR SR T

3.3 BURRAERSE

AT el A5 R R T ) B T MR R 3 (Ro) il 4
TP B2 ) T R T AR E 3G OR, OF BT L AR
SE R AT LU o T BT A I 45 Y T R R —
FLA W SEN BROCTE, H AT 5T AR S5 25 il i ik
A SR 2 b, HEAn AT BILST S B A T A S A
FR G 2R, BE AT AL 5 288 B 0] 458 Jo 1 i G 5 HAT 41
ER. FZ s X aa i, Fe A BERIR S L8
A AR BT A2 B S T i B

AR RS 40 4 [ BB A 27 ¥ O FAMM( fluore-

scence alteration of multiple macerals) £ R4, > T 0
U Ml DF- 556 T A S S5 0 S 2 SR 0 A BILE, TE TR
B8 oM B S R0 S B[R] B, R AN R O R T

FAMM 4387, fif 5 A6 20 b B | B0 B e U it 22
JEWME AT A,

% T A B S MR A5 S R, & I B Be—
DY B e DT B 0T R S S e R TR A 1 o
B R, HLIR) — 5 B B B AR S S R 25 SR R, X T
A A1 Ry 45 111 S ] DXty b YL A7 7 — 5 1 22 52, [
I AN [ X8 0 2 8 A AL I S B A 7 22 5, DA 2%
S BB TR R SRR E AR . A, 45 MRS T
2500~4000 m 75 B, HA% o R I S R A 45 1 IR
V3 B A ARG A4 5, 3 T BE 32 2 SR B Bk i
bR X, TR T A HILTE 2SR AR T A, I A
J52 55 23R 27 P AR B A KA G, 53X FAMM 43 Hr 45
WRTIESE . &5 AR MBS 1 JF 2965.62 m IR
BER 2o IR U B (RO B, A L 2K AR
11 1) FAMM 43 M1 %5 55085 Jot 74 B S5 1, AT DL 2 it 45
R AR Bt R AE A 0.76%, 85 A 2 5t 4 il (.
h 0.20%, 33X 7R 25 4% A SR Ro 1298 0.56%,
T i B S0 B 5T AR S % Ro (R 0.55%, 135 45



240 % 5 6

PG IR, A5 b A B 2 DR AR A B B B R D 1] SR

139

EqVR=0. 76% (3 il F£ £ 0.20%)

£ HR0%

Y146 9 F6 A2 5tk (F400/F0)

B 4% 9% 8 FE(F400)

5 BREMIPEE 1 JF 2965.62 m K KRR A FAMM 47
A 85 208 AR
Fig.5 FAMM analysis of equivalent vitrinite reflectogram of a
gray black grey mudstone from well Lul in Qintong
Sag, 2965.62 m

AW A o T AL T A R TR Y I8 0T A A
fit, FAMM 43 M1 45 5 8k 7 L5 I R 52 S S5 41 of e
ARAVC T T4 1) B 52, 5 oA 5 S 3 Sl i mT AR 2
HEI BT

WFFEFE M (K 6), B BRI A A E Bk K
T 0.8%, B T i MR | ¥ T8 11 B R 11145 o o A 2 A h
B Bt (Ro>1.2%) , HoAth 3 X, 4 45 =5 ME AL 4 | 4

WL R L BRI L R U8 TS A YN T
1.0%, &b F BB B, EE LA . B IUEL Ro
SR FRT 0.5%, M 0.5%~0.7%, &b T %2 — 2
A i B, R e T R TS | 4 T = TR RN
R IR T U1 574 T TV . WL o 0t B A X A v
KT 0.7%, Ro I KN 1.2%, Bk iR TR IuEL .

I At Z b B A A il B T Ak A 32 T I
2151 W B R T A AL O VA e v, 2 AT TP L T
JE R PO DX T I A AR 3 ARV o A bR AR X
WA o M AR RS T A i o B T 20 R A
ST NN o Ao D LN T Sl I = A
T e Ve TMT o D — 2ty 3 R ORR B B e L tF A A
S5 1T PR A 300 AR TV B, DT e AN [t DX J5 7 £

4 BT BB A A SR
R

41 BTHETRET WA

T ARBCE GUA B )AL SRR, X 5 b F
MR B R B e U T R A AR b X AT
R o3 br o i) b, B BRI B Y B [ MR 6 )
ML, S 2R BB MR, IBRIRER
YRR L0 Yo &, T SRk, b
WS KO, MEATGE4) . BEEMEE
BRI IR A = 41, Hz A & B, kM
B 5 2 AR, B E o & AR B, B
o FUBE YA LR YO, O £ SER
BRIR R AW, A B A SRR A T, R L5

BB

20 km

7%}

BB
IF 0 20 km

mo [ ) ][]

Rk

i)z

R

6 b F it B B AT 1M1 A T T 2 A

Fig.6 The plane distribution of maturity of major depressions in the Subei Basin
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Table 4 The whole rock mineral components of the F2 and F4 Members of Funing Formation in the key depressions of Subei Basin

BB OHAME O RE #KA MKA WA azfA Bazsfa ERy WPy AT nha ALY ey
EMEMFE  20.510  1.803 7.050  11.100  13.110 20.930 1.302 2908 2400 7.612 32.210 50.810
SR 20301 5.323 7.621 12.604  8.513 14.109 1.032 4101  1.621 12701 29.616 49.088

BB OB\RMB 21205 1514 5.080  11.203  17.609 11.314 0.819 1.795 091 9.910 30.712 56.013
SRIRMFE 22704 2.523 2426 13205  3.011 18.412 1.101 3492 2198  15.681 30.201 45337
BEMME 32812 1332 9.014 6.510 15.01 1.014 3221 2.110 9.01 28.29 64.212
EEMIRE  30.193  1.702 7813 12301 2615 4217 0.798 2,113 1.701 38.706 52.811
SN 25.602  2.821 5518 8.209 5218 19.301 1.513 2831  1.007 41212 43.091

BVUE  BRME 22.098  1.078 4.095 11.044  2.048 5.011 2.052 53.033 40.045
FRIRMFE  20.032 1516  12.034  7.015 2.033 1.017 4032 2514 49.026 40.547
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Fig.7 Mineral composition of the 2nd Member of Funing

Formation, Jinhu Sag, Hecan 1 well
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Table 5 Statistical table of shale porosity and permeability in the 2nd and 4th Members of Funing Formation
of the key sags in the Subei Basin
BB gy FLIR LTS /% FUBR R E1E /% BIEHRJEE/07 pm? BIEFRTIEN07 pm?
T S 1 e 1.613~32.834 13.225 25.233 25233
SRR 3.761~17.912 8.561 0.094 0.094
BB W22V [ 1.441~12.862 7.132 0.008 0.008
R MR 2~27.771 11.962
v [V 1.774~19.915 9.650 0.004~0.115 0.005
e I 1T 4.293~27.371 17.400
SR 11.530 11.530
EAIE 22 IR
R MR 16.171~20.311 17.712
T VI 12.641~26.264 19.445 0.023 0.023

B8 Jrdb @i =B, BB s R4 FLER 2R K

a.ien B T R I 1 B B 2 723.0 m 8 R T 8 5 T 4% A 5 by IS NI 5 I X1 B DU B 3 328.4 m K BB (5 8 4 )2 BREE I 5 e i R VT B I 1 O

BB 2723.0 m R AR TR R A R N FL BRI s A A BTG T S 1 o BB 3 183.5 m MR A U8 A A HLTFL IR 5 e BRI IV T 1-5L R R
ZBE1686.9 m s AL L0 Wy ] FLBR B R 5 £ MR MR R 5-8L L DU BE 2 104.2 m MR 5 e A AT AL WA 4 B

Fig.8 Types of cracks and pores of shales in the F2 and F4 Members of Funing Formation
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Table 6 Statistical table of geological characteristics of Xu X38 well and Yancheng 1 well

e TEE AR TOC/% Ro/% MatEa /%
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TUA A /mPass R &%
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YEX38
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26.040 10.852
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