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Abstract: Based on drilling cores and outcrop samples of the land and ocean area in lower Yangtze region as the research object, by
using the research methods of organic petrology and organic geochemistry, reveal the vertical and planar organic geochemical
characteristics, hydrocarbon potential, biogenetic derivation and sedimentary environment of four groups of Permian source rocks in the

Lower Yangtze region, i.e.the Upper Permian Dalong Formation and Longtan Formation, Lower Permian Qixia Formation and Gufeng
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Formation.According to the results of the experiment test, combining previous research data, comprehensive analysis shows that the
organic matter abundance of the source rocks of Qixia Formation and Dalong Formation are medium—good level, the source rocks of
Longtan Formation belong to fair “medium level, the source rocks of Gufeng Formation achieve very good level. Judging from the
organic matter abundance, the Lower Permian source rocks which in the Lower Yangtze ocean area are better than in the land area of
which, while the Upper Permian source rocks are opposite feature. According to the characteristics of the carbon isotopes, the source
rocks of Lower Permian Qixia Formation mainly constitute Type I —II kerogen and the other three groups of source rocks are Type
I -1 kerogen.Four groups of Permian source rocks have vitrinite reflectance values ranging mostly from 1.3% to 2.0%, suggesting a
high—mature level with regard to hydrocarbon—generating. The results show obvious inhomogeneity in the spatial distribution of mature.
Four groups of Permian source rocks have slimilar sterane and terpane characteristics, which biological sources mainly came from low
aquatic organisms.Four groups of source rocks were setting in the weak reduction environment to weak oxidation environment, of
which depositional environment is turbulent and biological change is obvious in the Dalong Formation.In summary, the Permian source
rocks have high organic abundance and good types of organic matter, and provide the material basement for forming large oil and gas

fields in the Lower Yangtze region.In particular, the Gufeng Formation source rocks, which have been neglected in the past, are a set of

potential high—quality source rocks, which have important guiding significance for further oil and gas exploration in this area.

Key words: the Lower Yangzi region; Permian; source rock evaluation; biogenetic derivation and sedimentary environment
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Table 1 Lithological features and thickness of Permian source rock in the Lower Yangtze region
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Fig. 6 Distribution characteristics of the maturity of Permian source rocks in the Lower Yangtze region



1162 Hy K i IR

GEOLOGICAL BULLETIN OF CHINA

2023 4F

60

o A 5 2 0% U
301 O g 4 5 20L W
40

20
10
0 , , , B |

<0.5 0.5~0.7 0.7~1.3 1.3~2.0 >2.0

R./%
70
60 W[5 3k ol AR R R A
O 3okl A R R
501
§
3 40
® 39

201
N L
0 ; ; :

<0.5 0.5~0.7 0.7~1.3 1.3~2.0 >2.0
R/%

120+

S 20 U
100 0 3 910 2 0 U
804

iR
0 T T

<0.5  0.5~0.7 0.7~1.3 1.3~2.0 >2.0
RJ%

B o 3K o 2H A i e
O IR b 21 A Y

B /%
w S
[}

101 I
0 T T T

<05 0.5~0.7 0.7~1.3 1.3~2.0 >2.0
R/%

K7 T KR S R IR IR U S AR

Fig. 7 Distribution characteristics of the maturity of Permian source rocks in Lower Yangtze land—ocean area

3.4 HIREIFE

DT T X bl A & 8 R WA A s i
WIFFEa /b N 451 DO ORI Rl ) =8 2R A O R
SR BN, & R 4 BRIES b s s
BYRHEARLCE 8) o W ke R AT, FA = b 4
=B R ] WAL b =B LD Cy
T, ke C ZE e E A T 0.10~0.26 Z ],

C,, ~C bt R A IEH BEFHEY, C,, —IU3/C, —

SRR B R X TE] R 0.92~1.26, Y98 1.07 , F BB
A ML AR C,, —PUIRRE b & = AKME, 2554
Wil h, THTFX &R 4 ERFATORE E %
SRS K A A= WA oG, Bl 5 s S5 AE ) AT BE BT RO
K, T 7K R B AN 1R, A HIL ST R A 1) KA A
5 STV A

e R, C,, U S e A AILEE BT =2k A T
Ui A s e 25 1 TRk, 1T C BILDU 55 26 119 LB S5
F R B Bl U5 & A Volkman, 1986 ) T
X =ER 4 ERFAED C,,  Cy Ml C,, FILIN S e 35
LV (C,, >C <G,y ), H G, MU 4 B
W P34, 1a I S Be 1) A AL RE B S A R 20k [ IR

KA 7 U AR ) R 2 ) TR TR D v AR A
Y, iah R AR ARG T v A 2 S dee A T2
Bt , 22 55 be R0 0 = AR R TUBUK AR 1 s A R
T Ay W A A FE ARG i B D B B A R Tk

F 5 I T ABE (Pr) FIAR 6 (Ph) 2
Wi AL UURL iy 2R 58 A9 A= Wb s 0, B A5 30 55
(2011) 42, 7 Pr/Ph {H(>3.0) f8 8 B AL 51 T 1Y
iR HLER A 7RIS I S I, DL
HOA LT R I AR S DL 3, Pr/Ph (H— /N T 0.6,
T34, P/ Ph (BB A BT A A AR B2 9 3 n, AN [)
KARA LA Pr/Ph 8 55 e T — B0 (M 5%,
2014) , NTF#F B RS ZERZFE AW Pr/Ph (H
(K 9) F#-HEFE , Pr/Ph {HAE 0.18 ~2.17 Z[A] ¥4 4
i, AR R A RRAE, ik, 7T A Pr/Ph (EAE N
AHURDURASE (4 HIR S bR, T4 F X e 4l k&
JRA1Y Pr/Ph (5 YL B4 (0.22~2.17) , BEA
Pr/Ph {H/NTF 0.6 BB JETIRRIAEE, VA RKT 1.5 8
BEAAL DU RS | 26 W T Y 4 TR K IR B 58 0 sl
AR MiKRELL | I ZH AIG &5 41 42 U 5 B9 Pr/Ph



842 % 57 W eg

J75% T T X &R RN 5 A IR

1163

m/z 191
CyyTE ST
HYIJE L&KLl 2663.9m Y
Ly e e

Tm

Cy Ts I

N N_JJWLW'WLMMAM!,&MWMJNULMJAl‘J‘nLﬂ{J.IL,M\m',!w_k el

HCIH L o&80eWdl 13419 m S

Y.

CSDP-29F F—

,l ‘.I.L,L

CSDP-29F T BHMiEEA 167348 m A

BYINEA 165148 m A

AL h“u.

|

8 THTXZ&ERREE

.

IR m/2191 Fl m/ 2217 FRAF B F i & (i (&

m/z 217

iﬁ gé ‘k}LLA C27

HYUF L o@8kedl 2663.9m Ve |

ﬂ%‘”

i ” W‘* u ,W “ k
sk »,W‘«WMWMMMW s
HCIJF L @ mdl 13419m Jo
E
[‘ |
o ’ | 1
lml\d:\r,f‘/h“/-l‘uh: \ ‘ ‘

in
|
\’“’”M‘« by v._w‘.,»ﬂ‘\l\ ”w,.,«"”»r

CSDP-2# F— "*%H\ﬂi%zﬂ 165148 m Je'r

CSDP-2JI  F@SMHEAL 167348 m VB4

Fig. 8 Characteristic ion mass chromatography(m/z191,m/z217) of saturated hydrocarbons of Permian source rocks in Lower Yangtze

HIEARDA T 0.6~1.5 Z[8], A HLFAET A 5518
Jr—55 F AL RS N OO, Rl 7E Pr/nC 5

2 ]
1.54---- —‘ ————————— R ' ----
]
B A H
- s 3
i R ¢ 4
& |
. .
051 T E— ------------------ & -
A .
KR JeE A P I 21 #8541
FE R AL

Ko THT X &RFZEEE Pr/Ph fHI ]
(R BRI R4, 2017  IRFR (A, 2019)
Fig. 9  The Pr/Ph distribution of the Permian source

Rocks in the Lower Yangtze region

Ph/nC  SILEI(E 10) i W RH & 4 Bl

TA A PR UTR T8 R IR R |
100
EP N E
AJpE A
o P U 41
o W EE 4
10 /
U:
=
&
1 :
. @@E)ﬁ%t‘%
0.1 /
0.01 0.1 10
Ph/nC
F10 TFTHTX _BRRISE P/nC,, 5 Ph/nC, I F

Fig. 10 Crossplot between Pr/nC,, vs.Ph/nC,, of the

Permian source Rocks in the Lower Yangtze region



1164 Ky G 8 IR

GEOLOGICAL BULLETIN OF CHINA

2023 4F

4 5

(D) TYTFXER 4 BRIEAH LS 23
WAL R, B IR BN AR AP O AR i ik h
G, H bl 22w ) G A AR U A A P
FRIRUF—IR I B, & — BRI W AR IR IR
BRI L, 457 KOS 3 5y ( pE B A )
TGN W AL IR A TR B e
gy, FEENRZ,

(2) MRAE T B AR A5 [R) 57 2% FRAF J3, 16 75 4 42
ARG JRT 1 ~ TR 2R T
TX B RZHAM 3 ERIEAR TR FZ R T~ 11
A, PR B IR T I AR AR R R T ~ T AY
B 4340, 268 24 TR K 1A 3 5 4 2R A s 4k
e[S

(3)4 B2 R A A BT LB F2 5535 43 1 1E
1.3% ~2.0% Z ], Ik ) & AR AL Br . &2 &
P ML A 7 R 3 1 X 1 R A 5 A B
(AR — P, 553 1l X AT BEAEAE T AL AE A

(4) "B R 4 BIRIEA A TR ST R AE 2 0 B
JERR B SRS K A A A o, i U5 R S A A T
REDTIRAN A, 224 B (% ¥ 7K B B2 AN v, A BB 7 B4
A7 IREE T TR, e v e V8 4 URR A 7K AR B 55 U

&% 3k

Jacob H 2, REFHF BT )] R HHE 5T %,1986,6: 81-87.

Volkman J K. A review of sterol biomarkers for marine and terrigenous
organic matter[ J].Organic Geochemistry,1986,9: 83—89.

WAHT K B, KRN C C5URLZTT | M 25 3K0K B R4, 5% AR
Yrbr A G IR RS M LA A Tl h R, 2011: 23-27.

SIRTE TG IDEZ, K1 306, 45 B TV B A M A T B AR 5 v o 2R
SN A RIS [ ] PEH BT 3025, 2002, 18(11) : 23-24.

HOR B, I, F 4, 45 R B Pk R rh— iy AR SLUUB U R AR U
HIHIE: LL CSDP =2 HNFI[J]. 5 MO ZE 224 GlER B2 R) , 2017,
47(4): 1030—1046.

FARA, VR [, A, 25 4 7 M Xy AR AR S R R A L 4
RYEREE 3h 120U 5 22 5 ). HUBURL2%, 2011, 46 (1) : 5-26.

WREL, SBLLAF b A i, 55 R 3 T DI AH I SRR AR [ 7] VT 950 B,
2003,27(3): 148—151.

W SC, B AR, RN, 45 T T A O D AR TR ()] T
T 54 DU 20 i BT, 2018,38(3) 1 1-23.

AR SC, A, SRR, S5 v T T AR AR b 2 43 A R i ] A
J5 T[] Wb 5 5 AR DU 20 M T, 2022, 42(01) - 1-25.

R, R R 5, 2L, 55 45 F X BUA SR 2 SUEB JF 4 1 3t ST AR

FE[J].0L T TR AR R 224 (A SR FHER) , 2011,30(5) : 672-676.

ARG, B D, EORESE . X B AR U A TR ML Pr/Ph HUARLY
B ]] DU A, 2014,32(1): 182-188.

R L, K, 120 M 5t e o v — oty A A A % B A b 2 R A kR
SR R R [T AT SRR AT, 2005,26(1) : 49-56.

s AL, BT, AR, 55 00 )| i AR SRR [R5 AR ). A4
SEHG LT, 2001,23(2): 115-121.

il XIDERN, AEUHE, 45, CZ35—2—1 il A FUR IR A sk 1k 2 B8
SEEAHTL]). N IR (R, 2003,17(2) : 93-98.

TR, R R 45 O A h— o A R IR VRN 5 AT []].
MRS SRR, 2009,16(3): 30-33.

IR, IR T T E— A &R — T = B% MBS ).
Blef i R 5 T AR, 2015,15(26): 140—151.

BKREML, A R 37 S X h = S S IR 4] & A ML RE A A
MU ER LA ARAE ] i b BT 2441, 2019,25(6) : 823—837.

F R, AR 5 TR A AR SRR AR B X PP [ ] KRR TE
WP, 1999,19(3): 6-14.

AR, B A, RET, A5 T i Hb DX A Il Hb S RRAE S B E b
FYIEFE[]]. HUTTITIE, 2002, 48(5) : 552—560.

AR, Mo &, X UE, 55 T 4 7 50 g b Xy 2R B U SO AR 1
B HRUE TP [ ] 95 2431, 2013,38(5) : 877-882.

AHEE. T T4 25 i O AE 2104 T 5 25 1R DR A (], R 2
Fi1,2014,38(2): 200—205.

BAAR, W SCHE, BT, S LR T B SRR A USRI B R S L T
BRI AT WA b B4R, 2016,22(1): 127-137.

2K T T L X B R R A B R BT [ ] T SR 5
FF%,2017,7(3): 15-19.

ZEAE F KT, B AR IR b A th— ity A BUE AR R A R LA
R ] A B, 2014, 33 (1) : 178-189.

B, A SOk, WG, A5 R i B R 4 R (02 R R B RRE ST
BV SRR ] R R B A#4, 2016,22(1) : 138151

X8 T FHLIX T R B 4 5UA AR 40 70 [ D). R B TR 2,
2012: 23—40.

B I, R E B O, . N I AR IS S5 S A SRR ). A
THISZEG T, 2016,38(1): 9—14.

WRARSF, TR, 2R ER, 45 R 3 1 i X AR R USSR A 1 S5
BRI S ()] B4, 2011,30(2/3) - 337-343.

R, SCEN, A X R AN EAN =B R KA
A bR R R S A SR T ] AR TR AR, 2015,20(2) :
21-28.

R, WMAm, R 25 F i X B 5 (R 1 IF) BRI R
SRR BUA S )] E ML, 2017,44(3) : 606—607.

KW, AL M, 5 T T e s X & G TS A R A
BEFEL ). 0 R A, 2019,6(2) : 18—25.

PG, R, R AR B B 0 AR h— il A R IR R AL R
FERFAE B AR T 3| T YRR M BT HTT, 2016,32(1) : 23-28.

LT, WA 0, TR vh, 45 R 0T oy 2F FURR R A RRAE B B IR 0 0
[ ] R ML PR 5 45 DU 28 M R, 2018,38(3): 116124,

BERE IR, b AT ZR, 45 N AR AL X = B 48 R R PR IS T
B[] i HEAA 4, 2010, 12(3) : 334345,



FagE7M

AHE G T T X & RBETRATEN 5L RS 1165

PHEH TR, FERE O, I ZASHS, 5. T 4% T X SR 205 28 245 AT )] 1
HUTRTHT, 2016,32(1) : 60—65.

TG G P, S ORI R LR SR TR A FRE ST,
TR HERBL2£,2000,11(4/5) : 4—16.

WEEMIR, EH T, % T H TR TSR] Wb
JT K2 244,2019,42(3) : 32-39

FRARIE, sk IAE, BEIETE, 45, T 3 7 Hiu X7 6] 110563 K e 20 — 9 2 V)
VUL ZRFIE] J]. BUER B LR 2% 2 4 (A AR BL 2 , 2019, 46 (2):
180-190.

A BRI R, XU R, % 45 T b X 8 R 02 OB b I 5% 1R 0T
FE[J]. BUCHBIE, 2016,30(6): 1376—1389.

SetRpE, 2RI, S0, S IR A AR R TR SR AR SR ],

SEHE TR, 2017,28(4): 103-109

JREER. T4 X A AR R A S ARO[ ). A S R
SRAMBIT, 1996,17(2): 146—149.

[ R R S W S Eue e e g SR INGIE SN SRR it it i N Rl
IR 5T % ,2002,29(2) : 8—12.

K FEE AR, E T T R RLAR R ATUE 505
Marcellus JU Hly 57 45 A1 % LG [ J]. 5 4% b J5 2% 4R, 2016, 22 (1):
152-158.

TRAR [, RV A, R S 5. R i Pl A h— i A R A R T EE
I R[] HEPEHB R AT, 2016,32(1) : 8—12.

JEAZR T VbR, WA 55 1 T MR T B S e R A U S R R
B [J]. KRR T, 2012,32(12): 6-10.

FEVHRR VR TEIIRGETE R <vveeveermmeeomeeemmee ettt et e ettt et et e ettt et ek e ehe e ea e e et et ettt ettt fE
25 2T 7K B IR AL 2 AL T A VR TERTEL e vveeveermeemmeeeeeieeene et e et ettt et T
PR VR VB MR U BIEEHIR  cveeevveeeveeemmeeemmeeeseeemee et e e et e e eee e et e e et e e eeae e eeee e eee e e e eaeeenneeeaeeas LERE
HHZ SR PRV T MY FE VR FRHEE  cvveevveeeueeemiee ettt et et e et e e it e et eht e eae e st e ettt et et e et ettt FITEE
JRE VK BRI M TS HE 55 JE BB FEVRTEL  veevvereeemeeeeeemeeemeesteeeeeete et e et e et ehe et e e b ettt ZREE
RERIE AT 7 B E 0K L [ 10 TS T AR <vveeveeeemeeemeeemmeeemeeeseeenee s e et IHTE
JE H AL AR AR AL B AR 25 Bl AE b 2 PR B X ) 22 BB AR B S oo A R
TGN KA RIS SIS TE B TIAR e eovveeeeeeemmeeeme e et e et e st et ettt ettt st et et oy,
LD PHALAG I TERAE 55T I ] «vveveeemeereeemmeeneeeme et et e e ettt e ettt st ST R
1035 JE 0 2 Z2 T 350 42 07 T MBS AR 00 R JE DR B AT LT v vee et e et AL

EVATER A R M ST AE FL G TEIE J] wovveeeennee e
é};}é%ﬂ%{ﬁf}%ﬂi&fﬁ%k% .....................................



