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Je A VAR A FAML 2 AR r EB i 1h 1 & | Bk
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2.1 BUBESREHT

FE SRS PER S T4 WFES 2= 200 H .,
FREC 100 mg FE S AR AT f 1) 10% IR , it &
A, R B oK TR 3 IR LA L BRIRIR AR, SR )5 K 22
R B2 ER AR i B THEAR N 60°CHE T2 HE , JTR
M 7E Vario EI-TI Elemental Analyzer J7C 2 7 H14X [
AT, BR 45 Rk o TOC (FHE,%) TN (F
%), BEAFE RSN AT RURE , e 425 5 HF
M, HobR i 22 0 £0.02 (B A9 B ) F1+0.03 (& W
M) A HLERIER E Bk [A]67 R (8" Corg) 1IN & J5
BANF R FRE TR SN, BT CE EA 1112 €/
N/S Analyzer ST L, BESHE 960°C 454 N #AKE 1A
B AR ARIR R JFAS IS (g )5, CO, KB 43
B Sk IF A DELTA™ XL Fi {34704, 8" Corg

The location of the study area( after Yan, 2007)

{HRIR K %0 (PDB ARifE) , ol 5E bn HE A 22 4 0.3%o,
FEASRE T BT AT RURE | S B R - H{E, #4
f# T HTAE Rock-Eval 6 | 5E R, SEATAE N 3 IROHT Y
Tmax BRZ<2C
22 EYRELEWHHT

FREL 50 ~60 g B & AR INEE & N AR (nCy Dy, Cyy
aaa-steranes ) , UL G B/ HEE(9 < 1,V 1 V) IE
FIZR G 72 b, S48 v 6 A S 0 UG A 5
SAALAR/RE AR 43 B, A5 BB IR A 4y, R FH A i
(GC) Befmil/ it/ i ( GC/MS/MS) X ekt AT iE
PEFE BT

GC 43Hr 464 . I Agilent 6890 S AH (34X, K
MZS A FID, JEE Ky 290°C , BEAE IR 290°C |, (i
FE A DB-5MS REFFRREANFE (30 m K x0.25 mm 7%
x0.25 pm W2 ), AT BRI, FHEEEF M. )
RiRE 80 C AR 2 min, R )5 L 15 C/min F+ 2
120°C , F- L) 4 °C/min F+5] 290°C , £ 84 25 min,

GC/MS/MS 4 #7 &5 4. #] FH Thermo scientific
Trace GC ULTRA #4743 #7, #EAE R 290°C , K]
8305°C , (A% N DB-5MS 44 fll 6 40 A (60 mx
0.32 mm NEx0.25 pm )2 ), F$E X SRM, £
B R 0.25 s, BEBSF om/z 414, F B F .m/z 231,
217 .98, W BE M 10 V, IE%E K 0.7 FWHM, i 2
F  WIHRTRE 110°C £ 8 2 min, 2R)5 LA 10 °C/min T
£240C A B 10minFFLA1.5C/min THF|305°C
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Table 1 Source rock organic geochemical parameters of Houjingou profile

B e sz g 0C 0 N e w0 M A B

/m /P %o /% /C /(pgg) /(pe/e) /(ng/g)
03-9-12 K,n? 2026 JREEAE 29 -286 0.17 192 1.0 370 58 434 2.80 2.42 0.07
Q3-9-11 K,n? 17.9  JK@JRE 3.2 -27.6 0.17 212 09 431 50 434 5.39 6.35 0.64
Q3-9-10 K,n® 1732 HIAE 1.9 -275 013 173 0.7 305 92 433 3.56 4.72 0.25
03-9-09 K,n? 17.05 MBEAE 54 -280 023 269 04 517 43 435 2.84 8.49 0.40
03-9-08 K,n? 16.18  JIUAE 22 =292 0.12 209 0.8 392 73 435 1253 6.71 0.21
03-9-07 = K,® 16.05 M@ 58  -286 025 269 09 516 40 434 2.79 3.10 0.16
03-9-06 K,n® 1554 A 32 =286 0.16 227 05 419 65 433 6.53 3.68 0.14
03-9-05 K,n? 1534 BEus 56 -288 024 27.1 0.5 491 41 433 6.04 3.08 0.15
03-9-03 & Kyn® 1461 BEKH 44 -28.0 021 242 08 417 72 430 1023 4.76 0.15
03-9-02 K,n? 1423 MBEAFHA 5.0 -293 024 249 06 466 47 435 1137 4.6l 0.15
03-9-01 K,n® 1372 KEBEATE 45 296 0.9 269 0.6 505 43 432 5.21 5.85 0.26
03-8-03 " Kyn! 13.72 2 0.9 -281 0.1 96 0.8 203 74 437 8.49 1.99 0.03
(3-8-02 K,n' 12.52 HZ 0.9 -274 006 17.6 0.9 10 70 432 7.74 0.86 0.30
(3-8-01 W Ky 952 HZ 03 -27.7 0.08 4.4 1.0 92 88 430 1.06 0.02 0
03-5-01 K,n' 7.1 R&EEH 03 -266 0.14 2.6 1.7 3299 432 0.97 0.09 0
03-3-02 K,n' 625 KG@EHE 02 -25.6 014 1.7 1.5 10 110 434 0.30 0.01 0
Q3-3-01 K,n' 53 JR&GIRE 06 -269 009 8.4 1.6 13 127 430 0.18 0 0
Q3-2-01 K,n' 32 JR&@EE 01 -261 007 1.2 0.8 16 59 429 0.14 0 0
Q3-1-02 K,n' 2.05 ffRREAE 02 -263 0.16 1.5 1.0 20 64 435 0.39 0.01 0
Q3-1-01 K,n' 0 K&@EEH 03 -263 0.11 2.8 1.2 10 117 426 0.09 0 0

T 12 R O A BE & SR )=

;Q3-1-01 WLEEKE HAIE FE)IR AT 5Q3-9-01 M A R A 1K 47 5 Q3-9-09 75 K Atk A7 5

TOC. BB P 15 C/N. B/ RZE T TN, BAPLE ;" Corg. SA HLBKIEIN 2 ; Pr. WEEIKE; Ph. Hiki; HI. EH54L (mg/g TOC) ;01 EAGH (mg/g

TOC) A. 24-IENEE-B{BE; B 24-F PB4t 5

o
23
-H RS A

-24-TE P 5B & 4 -24- TE P 56-JH i b

o

-2a- A EE-24- 2 B IR B -3B-HHE-24- Z F-H i b -

K2 C, S hesbtaE

Fig.2 The structures of C;,-steranes
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3.1 TOC.8"Corg RMESH

BT — B E35 0~13.72 m AE R B BL, T4 —

C. ¥ be (5 nE 2) .

BEF# 13.72 m 3] 20.26 m fE N HEI( K 3~6)
BBz 1 .iz)2 TOC ZuH 4 0.1% ~0.9% ;C/N
N 1.2~ 18; TN ZB4LIE HI A 0.06% ~0.16% ;8" C, I
T -28.1%0~ —25.6%0; A8 £ (HI) AFEEL(O1) -F
YIE 45K 45 mg/g TOC 90 mg/g TOC , ZZ AL Bl 43
514 10~203 mg/g TOC,59 ~ 117 mg/g TOC ; Tmax 4
T 426°C ~437°C , BCIT 20 — Br e T B HI 55
' (203 mg/g TOC) ,01(74 mg/g TOC) ,C/N(9.6) )%
Cé?g\& RARRIRE0I (2 1,2) .
BB Il . i%)2 TOC 224 1.9% ~5.8% ;C/N
N 17~27; TN AL 0.12~0.25% ;87 C, It T
=29.6%0~—27.5%0; HI .01 {JF-I{E 5351 K 439 mg/g
TOC .57 mg/g TOC , 28 AL [H 531l 24 305 ~517 mg/g
TOC,40~92 mg/g TOC ; Tmax ZEAL 35l 430°C ~435°C
(%1,2),
R2 EEMHNEREEENMLSHTYE

Table 2 Average of source rock organic geochemical

do-FIRE-24- 2 560 B¢

parameters of Houjingou profile

LN M2 C/N Pr/Ph HI 0l
. K,n? 24 0.7 439 57
=& !

K,n 9.6 1.2 45 90
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1T B BE AR e B 500 A5 0 [ 3 300 Ry €y ~

Cyy M1 Cy ~ Cyy  IOT AL —BE 1 3B IR AL H (& 7,
Q3-8-03) ZFRR L (I 7,Q3-3-01) AR L3575
WRpL (K 7,Q3-2-01) A7 A = Fhsi =, T4 — Bt
T A R i AR A R (D T, Q3-9-
01,03-9-05,0Q3-9-12) , 1 BBt Pr/Ph ¥4 1.2, I

BBt Pr/Ph BIfEH 0.7(£ 2) .
322 C,¥%

FE AT RE i ARSI S T C, B BE, 3R 24-1E TR
SE-NMR B 24- 5 79 BE- IR S be A R S e (11 2,8)
I BrBeik 24k &4 0 7 & 5 [ 43 5108 0.09~8 pe/g.
0~2 png/g.0~0.3 ng/g(F 1), B =FAYIrE
WGP S BRI, 43515k 2.8 ~12.5 pg/g 2.4~
8.5 ng/g.0.1~0.64 pg/g(F 1),
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Fig.3 Organic geochemical parameters of Houjingou profile
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Fig.4 The content of C,,-sterane of Houjingou profile
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P F 7 s T OO B AXHIK A TOC A1 TN
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Fig.5 HI and OI of Houjingou profile

FE0~3.2m( 1)) KGR LN REEER,
TOC K% 0.1% (3= 1) , #EM Ry i 50 AH PR 5 H K A4 £
Bt 53~71 m( 1,) REMATER KA, &
0 e FA AT 254k A i B, HI R 13 ~ 32 mg/g TOC,
O1 4 99 ~ 127 mg/g TOC,, J5 W H 5 0 A1 1) 553 348 J5 B
58:9.52~13.72 m (1 ,) DVRRAE Y3 3 (5% 8508 Bk

+ BT BT
+ BT B E

3 . s s
BANIRE B/%
6 Ja4ia i SAa RS S5 M R
Fig.6  The relationship of TOC and HI in Houjingou profile

WaSlaaZNE, K FEHEAT, &K1 4%
P BRI A A B, 5 15 2 I g 4 R —
B, AH R TE I — By S By U )2, HT (203
mg/g TOC) %, 01 (74 mg/g TOC) .C/N (9.6) #
1%, HA — 5 B MEAIARAE ) A A st bs 1L St i v AR
AR B BE B 2 i AR R 5, A BT A — | B
R TR ARG Z g5 R —5 H R E
fn A AT A A R R S R AR A AT
H— CBRA MRS,

I By BEgein )2 ( M SR A5, 2002) TOC 4T 1.9%
~5.8% , TN /T 0.12% ~0.25% , ¥67~ T i A= 7= )
K- HLLOL f-F-24{E 53530 439 mg/g TOC 57 mg/g
TOC(F 1,2 B 5) ,AHUBZEAILL [ b Al lla #H 3,

B YA P i 2 Rk TT B BN S 0 S T
T C/N SR (1 24) o FErh e R
JUA T C/N S8 E IS AR % %m0 % Kerg-
uelen 15 J5. ODP1138 45 HLok A 58 & B, FE C/N hy
28~32,HI #3d 150 mg/g TOC, A NG HLF K HEA
VERAE T R TR R R C/N (B g R
i, — BT B S SR 2025 A& A
F 2 BRI B RN kR A R
21 A 55 ) s 30 3 b AR B AR R I A — R Y BT
BRCO B i AR B AR T C/N — X B UL
FRYIIBIETE IR AE SR B BB v, Sl A/ o 32
SO R BRI EA s A W B SR A A
FHLITRE RS Bk, [ B il SR 58 A 1 1A HIL BT 1 I
T N S BORE  C/N (., B, S8 @ c/
N A REFE/R OT 20 — B R F R RS I i S i
TGS B VIAOC , A 2 A TR T
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Fig.7 The distribution of n-alkanes of Houjingou profile

4.1.2 38"Corg #9357 &L

1 B BE 8" Corg {1l N —25.6%0~—28.1%c(F 1) , )L
e HFS B R ANV A ML TR A R R, 28 B
TE DU I R IR A P A 8" Corg A HLIBIIAIR
EA TR, LAk UE, 7R 87 Corg B 7 —29%0 ~
—27%o AT LI K] 43 S Y VR VR, T K 8% Corg B 7E
=25%o ~ —24%0 75 A7 19 K1l 43y Bili AR 519 A DR L A
I, W —BHRIEA 1) 8" Corg 2H A% 7T BE S B T W42 1Y
A RS A ok T A PR,

I BBt 8" Corg(—27.3 ~ =29.6%o0) it T By B
It , 5 e Rk 3 4% (18 3 1), Al REFE /R i
AP A ST 2 R BIGERBRE T BB
SR P U B T A A B ALY
AR 2 Ok 5 kSRR LA 5%, P A
YLLK, COLMRERAN AR 4~6 f5 L EDS SR
Beiom A I 25 5 s AR VR 2 5 &
WIIAEREE Y2, B IR B B A L
FETR ) TR A, (453 8" Corg Tl ™', FH L, A
TR 8" Corg (B Y G, — 5 T F B T RAE FH XSy
WIATTRCA MU SE A, o — 5 TR BT A=A 2 1 X
WA TURVE ML 3

4.2 BYFKRBENEWIRELSYISE
421 EMIIE AKX

TEF ot da 0 e T A FH A AT LIS (R UL B
U5 = SRR BT A FE R R Cyy ~ Cog 5 BB ZRAR AR S5
AL C 5 ~ Cop s TUAK B TF 5 HE KA W Bk 55 50 T
ﬁi@w\ C2| - Czsjjjz[m,z&m .

I rBE 1R LA C,o (Coa M CQuy N E(E 7). T,
L C oy~ Co AL S Mk A (C,, ~ Cyy) AR
AR (1B 7,Q3-2-1) , Ud WA HILBT R I8 4 30
PR AIER R IR &, Pr/Ph A 0.8, 38 /% 15130 7T g ik T
T BRRUKEREE 0 i H AR A8 R SR R
i B e AR 4 5 1, B B IR A e e ik
N Coy , NFAEARBREI AR AF 0 (B 7,Q3-3-01) , 1t
BT PR A O o R A ol VR o A AR Rk 2 il Ak
FEREAAXT 4255 , [7] Bechtel 2511 45 5—3 O g 99 ~
127 mg/g TOC,Pr/Ph>1.5(F 1) , /KK BAARFT I Jy i
AR AR A S A BRBE T T B B IE AR ot e Bl
o EEREE S, B R /\vﬁf/",cm~c20?il£l
P IR BRAL (R 7, 03-8-03 ) , iX 2 I /K ik 1Y 22
b Gl P A= 8 WS I RAL |5 o SR i< )
38" Corg Fl C/N FIIE TR, UL T, B BoibiFmid K
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I AT BE A Bl ) v e < Y R 2R ELIEK Y AR S
WK KA SR B 2=, A LB R R A B2 4 T R R
i,

Iy BEIEAG e s LA AR & ot D0 3, 2 0tk o
Coy Cop A, Wt E I 5 AR (T 7)) AT HLJST
BRI TR AF /K A AR W B B HI O 305~ 517
mg/g TOC, 01 24 40~92 mg/g TOC, Pr/Ph< 1, Hffik
0.4(F 1), BB IR JFIREE 2 s nC s 1Y I (4K
w (B 7,Q3-9-12) , AT fE 5 4 oK 26 i A 060
A BIWTFEN A RN TL vy 1T mP Al T A 35 2 X sy ik
HOIE #4806 A 58 = 1 5Tk 0 I Botryococeus
braunii A DAFR AR AERERE S FEBR YIS BT
FORI 6 B RS E Hh— R 7 Tk Y 4 4 5 ( Bot-
ryococcus ) el ARk I B BEA BLE R BT I
TR K PRER A 1 ) 2 R DA BRI, e
FER RBRBOEA SRR R T AYUTORIELABIA
PIRAE D DL H (BN REHEBR S I s S T RO
4.2.2 AR C, 6 ey T IE

Cyo (558 T LA g 18] K Je 95 o o8 AR g A 19 3IE
41 4 24- T 79 - £55 95 2455 O H- L 665 5 43
S 2 VA 5 T 4 )RR 7 7 AN )
2531 B T8 HS B WA O R TR R A A ) IR
S0 B — P 5 A DA Ay A 3 TE Bl A 2 UK — e
FR PR A5 v i FE S T g S e A DY IR, A
ACHIBE S Be A A JE LUE IR i A s A, 1B 1
R =R P A4 TR R AG: Hh AT LA 58 23 Uk B I ) Jo B

100 m/z 414 ==—98

80

60 +

40

20
03

BN, AR IL Z 5 4 YA ) A I T X =
it Co S etk A1 (1 8) , HXF X sk AW AT T 58
I, R XL G & e s TR
HAXF RN

I BB (O — B 130 C B e o IR (3R
1. & 4),24-1F A BE-JIH 5 b | 24- 57 79 JE- 10 65 e AT HE
PB4 0.09~8 pe/g 0~2 weg/g.0~0.3
pg/g(F 1), T, L, BrB C, 8 b & A8 AL AR X
JIN TR 2 B 1 T R R ARG /N (HUE: T, B
Hi b A B ML ([ 4)  RITERIT IR 8

11 B B3 ( RCTTZH B T3 ) AR €08 B A DU
24-TF TN - IR HS ot | 24 -5 P9 BE-JIH 55 o TR g 5 e 1
T 2.8 ~12.5 pg/g.2.4~8.5 ng/g.0.1~0.64
wg/g. HIXET T BrBE, H C, 8 b 2 58, {H X Fh
B S SR SR (P 4) | St H 2 I ) v A A R 4
Sk, FURZHIKY . AR B K T v A A
BIDURUAE LT RSB IR AE A R EE
TR AL, I HAl ok 5 B FR 4 455 P Corg,
TOC J C/N &S50 Wi 5 B, 1k W2 (45 1
W H SR 7= 4 & A R R B (1
IR

5 #hik

FALL F 3 ) <Y T T B, BT A — B L3R
P T _E AR S R T A e e i i e B A G 5 1
RIS A DL s e B 2T 1 O 3 L AR A R A 23 10

4+ s

100 m/z 414 =—=—217

O -24-IENZE-HE ST

X

g_’ 60

= 40

= 4 24-RWEMES
]08
80 e 2 £ 20-MH-24-Z - EE B
v 4 202 b
40

0 -4o-HFE-24-ZFE-PHHi kT

20 # #

54 56 58 60 62 64 66 68 70

B [A]/min

K8 Ja<iaElim C

» %t GC/MS/MS

1. aaa208-24-1F N E-H 5 5% ;2. aBR20S-24-5 P FE-H 51 4% ;3. aBB20R-24-1F N HE-H H 4% ;4. apR20S-24-1F N FE-HH 5 4% ;5. «BB20R-
24-5E P FE-HH 5 4% ;6. aPB20S-24-57 PN FE-H 51 4% ;7. ce20R-24-1F PN - 54555 8. ceen20R-24- 57 PR - fiH 55 5%
Fig.8 The C,,-sterane GC/MS/MS of Houjingou profile
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Geochemical Characteristics of Hydrocarbon Source Rock and

Paleoenvironment Reconstruction in Houjingou Profile of Songliao Basin
CAO HuaiRen'> HU JianFang' XI DangPeng® PENG PingAn' LEI Yan'?

(1. State Key Laboratory of Organic Geochemistry, Guangzhou Institute of Geochemistry, Chinese Academy of Sciences, Guangzhou 510640;
2. Graduate University of Chinese Academy of Sciences, Beijing 100049,
3. State Key Laboratory of Biogeology and Environmental Geology, China University of Geosciences, Beijing 100083 )

Abstract; Different types of source rock of Houjingou profile in Songliao Basin were analyzed in details for under-
standing the organic geochemical characteristics and the paleoenvironmental significance in Late Cretaceous, which
were collected from the upper member 1 of Nenjiang Formation to the lower member 2 of the Nenjiang Formation. The
results show that the source of organic matter in the upper member 1 of Nenjiang Formation changed upwardly from hy-
brids of lake inherent and terrestrial plants to lake endogenous predominance ; There were three models in n-alkanes,
the co-existence between odd-even preference of high carbon number and even-odd preference of low carbon number,
odd-even preference of high carbon number, even-odd preference of low carbon number n-alkanes, respectively; The
concentrations of 24-n-propylcholestane , 24-i-sopropylcholestane and dinoflagellate-steranes were 0.09 to 8 pg/g, 0 to
2 ng/g, 010 0.3 weg/g, respectively, increasing as the buried depth decrease, all of these indicated marine transgres-
sion combined with variations of 8 Corg and C/N values. For the lower member 2 of the Nenjiang Formation, the
source of organic matter showed lake inherent and the preservation of organic matter were related with anoxic bottom
water and microorganism activities, but the non-marine algaes were also contributed to long-chain alkanes; The con-
centrations of 24-n-propyl cholestane, 24-i-sopropyl cholestane and dinoflagellate-steranes were 2.8 to 12.5 pg/g, 2.4
to 8.5 ng/g, 0.1 to 0.64 pwg/g, respectively. Therefore, the depositional environment of upper member 1 of Nenjiang
Formation showed shore lacustrine to transition of shallow lacustrine facies with increasing of marine transgression; The
lower member 2 of Nenjiang Formation was turned out to be a semi-deep lake facies to deep lacustrine facies, the con-
centrations variation of marine algaes C,, sterane indicated that marine transgression marched more than once accord-
ing to irregular fluctuate.

Key words: Songliao Basin; Nenjiang Formation; carbon isotope; n-alkanes; C,,-sterane



