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Abstract: Despite successful studies on source rocks of Raoyang sag, existing studies on the ancient lake environment during
lower submember of Shal source rocks development period are not systematic, an important factor controlling the geochemical
characteristics and temporal and spatial distribution of source rocks, is often ignored. In this study. samples of source rocks in
the lower submember of Shal were analyzed with palaeontological material, organic geochemistry, trace element and isotopic
geochemistry to reveal the paleolake environment including the paleoclimate, water depth, salinity, organic matter preservation
and productivity, and to construct depositional model for high-quality source rocks of the lower submember of Shal. Results
show that the high-quality source rocks mainly formed in the transgressive system tracts period. Meantime, the climate was in
the transition from arid to humid, and the water depth of the paleolake was about 2—14 meters. wave base depth was 7.5 me-

ters. Paleosalinity parameters such as Sr/Ba and B/Ga indicate the lower submember of Shal belonged to the saline environ-
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ment due to the effect of water evaporation. High salinity was favorable to stable halocline formation, resulting in the bottom
water in an anoxic condition for the preservation of organic matter. And the stable carbon isotope and nutrient elements distri-
bution characteristics display that the surface water had high initial productivity in the stage of the lower submember of Shal.
Such paleolake environment caused wide distribution of strong reducing salt water semi-deep lake organic facies. beneficial to
the growth of high-quality hydrocarbon source rocks.
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Fig.6 Clay minerals distribution characteristics of the Shal member in Raoyang sag

Ph BaSO, MBS isE, BAEKKP B SrAHXT
Ba ¥4 T & % 2K R 19 £ B i K 3] — 52 #2 B i Sr
5 7 AR B R AR Y U0 TE (2= BUXURT I 48 XL, 1988
Bl s5 45, 2009; H A AE, 2016). DL I PG A (19 7Y
63 Hvb—BL A B, Sr/Ba HIEF R 0.25~2.49 ,{H &
gyl VAR B, Hodh Vb — W B Sr/Ba F B H ALK
0.45, M > — N WV HIH &3k 1,53, 7590 — T B
14 1o 3 A R B 8 2 AR S/ Ba (B B 5728 (| 7). vb—
T B AR AR R DT AR A K AR R R e v T YD
— [ E.

/5 A (B/Ga) X F 7ty $h BE 9 A2 fL 5 o R
L AR SR i AR R B IR B AR, R Y
TR ER BE BRI A RE AT 11, AH L 2 B3 B AR
55, W 5y UUVE , B/ Ga B A1y 25 B2 B tab 1F AH OC /Y 3¢

F AR E 4, 2008 IR A2 25, 2009) . 52 B 45 B 3
B, 75 63 Hvb—TF B B &4k 31X10 °~76X
10°°, 391 R 48.2X10 °, S EMHERE TV — LT
Bt;B/Ga LN 1.79~5.20, F ¥l 4.20 (& 7).
2 R CE 25 ACSE (1979) 41 H 11 i A0 2R 58 R0 3 O vk, 1
— B WA= A ZR T 48 s 1ty R B 4 i i K R
BE v — b B AR R A G, 2 Bk R
IRIKFHE.

BT DL L 2 Bl GO 56 B 8 45, Fe/Mn {6 7F
AR Y F Al 2 3 AR H B A RRAE . Min ZE K o
WL Mn®" RE AR A, BOA Y 1K R 22 i fil
Mn® " e BEARL RN BT , B A 23 KA DTV AT AE 4 A B
AN AE.Mn® T S E R TR R, 534 Fe 78
WK 55 TE 8 Fe COHD 5 i A PR 3 0 3, 4 I Fe/



542 &

1214 HERBLY:  http://www.earth-science.net
REE B/Ga Sr/Ba Fe/Mn
bz S HE
(my | R RREGCEE T e 3 | 40-e-120
2900 =
ESI‘ :: —
ST [E=
3000 =
LST =
3100 o —
ES\’\ %
3200 =
o
3300 =
Es» HST =

[« ] i [o o]

boo Jamms
B 7 BEBHIMIE P 63 b — Bl £ B A8 Ak R AE

Fig.7 The variation of palacosalinity of the Shal member in

well Xi 63 of Raoyang sag

Mn {8 7] DL 48 7R S 09 IR 5T A CF B gk 5%,
1997; ERMe2H %, 2009) , ARSI i 15 BE (125 1k,
HE RV 63 9 Fe/Mn 42825 W i 5 R 2 Fh
SZHILT—BE D), T v — T W B R K R
BT i T 5 S 200D — b Be OB R <
G AE NS — A AR E TV — F B 37— b
BN T 7K £ BE T R 1 2o R

3 KR E

DB BT A U5 2 A i A 7 AE 2 TR ) RN R T AR T 2
rh T T KR S TR T Y AR b R T2 R R
AR 1 B 43 A, BT LA A 2 A5 0 A ALK
M) i 5K IR 2 — % 1Y IE M 3¢ (Mann and Stein,
1997) . 2538 X 5T X b — T W Be 1yl K IR AT 1K

52, FH T KGR TRC A IR 5 TR SO0 B B B 43 TR 9 A
G — T i DO RRAR . R K B KR R X
T A2 ) b AR ORI A T K IR O H ET R O AT EE R
B, FESH AT AL (2005) F 85 (2012) 78 BF
GEARE MR T A TR I 48 1 ) B B« e 2 N [ oy
A ) 20 T AR A TR B S L B U — TR W BERE
AT Z TR & A b B, 75 31 0% R B 3 B 45
A B RRAE L PR R S I AN £F A i SR
s 1 R B K TR I 45 BIIE 58 X, S ol KR 3
{H 2 1] AR I BIF 5 X 7t A 0 00 R SCHE A 00 AR IR F
FKEZRM TR, A EMEKRIKELEE
FH 52 K BASE A K 5 55 48 A 45 ] A /) 268 510G H 3
() A A R BE O 7K TR A Ak B 5 T YR R T A K AR R B
AR R AV A= 4 7 IR 5 T B O A Ry B ) R L Gl
XFAIE BB 3a3 S B 1T 08 AT A S B A R
Xof R B KR B AR A TR TR IR B (2R S A SR
2005; B 5 ,2012).

WAL X BERH MG 61 11 B f v — TR By A
WG RHRE I B H M T — F L Bhr R s KA
L T BR B RL T BR 7 L 0O TR L B i A
s, AU Z 11284 & G IR B FIAL 20 A 255
FRE BRI KR RS A 14 DA T R 3
o35 BE VT2 R R X g Bl KB R T i DT
s 0 A8 980 0 KA R R YR T 9 BH M B v — TR
Bt AU 0 AR AR H K, ] P — A A 3] 5 PH A
PR BT (B 8a) s TR T X R A K IR 2 7.5 m
(JE 8b) . KT 7.5 m WY R R /K IX 48 32 22 53 A 7 5 74
Wi 25 L TRT ] T2 A VG DT U2 R B U T )2 B R A
KA 14 m(# 8a).

4 A A A A UL BIL B Y
TRAT 3R BT

4.1 WREEF AR

A S AN /2% 35 5 3k X [ N A (] AR B A
T5 2 MR AL 27 23 B R i A 5, & IR B s 5 A 1Y
T 1 b 250 B — 58 B Tl AR 77 75 Ll A A 2R Ml e
WA R 1L — B RO — Bk B PR
TE G B4 TR T8 R PR A5 DL 25 2 3 T, O A b B Y
KRR AR B Is 3000 g/ (m? « a) (T 4Edi 4,
2010) 3 4 8 M B Vo] 4 41 = B2 M B A v e £ 41 Y
B BWERME TR A T W e R 4 Ok
A 145 5 2003) LA K PG 3FE Congo #hHi F H ¥4



%7 B AR TS MBS BN AV — T W B WA IR S R A A F B 1215

115°30" 115°45’ 116°00" 116°15'E

38°40'N

38°20"

38°00"

12[ (b)

081 = 76

S 5
o
(=)}

04r

021 s A9 =75 m

0.0 1 1 1 1 1 1 J
0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0

KR (m)
&8 B2 BH U Vb — T B iy /K IR Ca) FIR JE 18 (b) 43 A

Fig.8 The distribution of water depth (a) and wave base (b) of the lower submember of Shal in Raoyang sag

DRI S A LR A9 5 7] 37 38 AR (Harris er al., Yy SR 2 T DY A AR T S IS D AR S
200 HRIE 7N T BT AR D RE N AL B IRCA BRI A IR T R s (P AR E 5k ) A3 3 R AE DR B4



1216 HERBLY:  http://www.earth-science.net 42 4

W — T W Byl 2B 7 AR k.

EIRICE P I A BRI 0 A
2 2 —.Schindler (1977) i 5 4= i) 92 $8 UF 52 P 2
BRI EIEE R IR, LT AR P #EkE
THREE 2= KAkt T o0 2 A 32 24 AR W LA
ARV AL T A= 0 1 PR A i T W e A 7
T A — AN LA PR 4 ) & &1 P/ AL R R AE
AT DRI QAR %5, 20110) , [ AL B0A D 2 Bl
EY R AR AR R ITTE. PG 63 HEABHEE 1 JF P/Al
H 02 AL B R Vb — B W BE P/AL (H B ARG, B A
A R ol WA 8 R KPR AR 5 i B —
B R AR ZR 8 P/ AL RA 8GN, AR Ak R /I
S IR K AR SR P S R LR RS E (|9 R A
10) 55 185 T 8 35 K P J2 i 2B 7 0 AR IE.

Fe itk [ o 28 Al 8 8 Wl ol 26 7 R AR 1 — A
FEESH AR A IR T 3 B0k Bk 1R £ ik (C..) H
A LB (Com) PR HEASTE 2, 32 224 R 7E Bl R b S AR
Wy B PR KBk i %2 PN ( Talbot, 1990; Leng and Mar-
shall, 2004 ; 25 W 50 %5, 2009) Bk R 5 5k [7] 17 K (1) 1E
) i A% 55 A BIL 1 3G o 0 A 0% L PR I Al TR 6 3
{E 3G KA AE R A 77 ) T s 0 — Rl T S dr s, MR 2
IKA T 7 85 e B A A A O A VR IO ER £ 1

P CL AR R B AR FE A C T I i I8 A
JE A B TR £ 7 v C A X B 4R (Talbot, 19905 XI4&
BXZE, 2001; Goncalves, 2002). 4% Fry and Sherr
(1989) XA HLITT 7] 437 3R f49 BT 52, 77 JiFe 86 26 19 A AL
JBT Btk [ o7 3R A G AR T il 5 e S A0, B O G AR
S ZFIRRAG W, H 6" C {H % i /£ — 30.0%,
A M — N M B U AR I 301 T3 4= 01, 98 28 X i)
HAE IREZAEM, BTl g R EAS
Yy s oTERRAE — o R LSRR 87 Con % 1 9
10 WoRvb— T W B A LT Bk 7] 467 R B 4l Al 5 - FH
1 I S Con A R —27.1%0, 78 63 H 6" C,. F1Y
{8k —26.5%, , TeAILA W] 457 2 BH 8 A =, H oW 1E {5 FH
PR 1 I 0" Cony AR 2.5%0, 75 63 It 8" Coun, FHIMH
R 4.1%0, PSR MR 5 B S A AR RRAE. T VD — B
A X FE R RAE 5 0" Co 1EL 3 38 i T 5 0" Coon, (A W] i
%« ELER 0y I 45 6 Z i 0 B 0T 3R R AE SR I D
— T B R A AR ST A o A 7 g L
b — b BCIUBUH A 7 T W AR,
4.2 WRKERESEG

WA TR A T — 2 RIG A 7 ) S E IR AR
HAURR Y b 9 A7 BIL BT BE e o DA 7K i 25 A7 BIL BT
WAL UL h A AL, R P — DU — &

TOC -1
Y RF X o HI(mg- P P/Al
R WE |k & S 0(/0) . (mg-g") (ng/g) %

0 800 |300-@-1 200| 0—@—0.03

§°Con(%0) | 5" Cunn(%0) | Ung/g) |Mo(ng/g)| Pr/Ph G/H
30—0—-24 | -] —0——5| 1—8—4|(0—8—8 | 0—e—15| 0—e-0.28

3500+

3600+

T
|
|
|
oo o 6.4

3700

]
b N

_—O0——aqa_

3800

“eeo & o0
/’.‘-./' A

/ Ja

3900+

-
~e°°
0,

A4 a4

f Tttt .
. /wl\f""’“'\\@——‘\.//.

/.—.-“_.

L]
i

T EE] - AR
B NI AL
T v — N | :

[-dmmes [c-Jmmes F-Jues En

[eediemmmn [ lmma o Jmpn

PO i) A B AR 1 IR — T W Bl 27 ) MR A AT
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