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Abstract As one of the core dynamic mechanisms for the transport of fine-grained sediments in the
deep-water environment of continental lacustrine basins, the meticulous characterization and genetic ana-
lysis of the sedimentary sequences of fine-grained turbidite deposits constitute a key entry point for
revealing the shale oil accumulation mechanism and improving the classification system of shale oil types.
Taking the Member 1 of the Upper Cretaceous Qingshankou Formation in the Changling sag of the Songliao
Basin as the research object, a total of nine sedimentary units have been identified based on the data from
three full-core drilling wells, and the Markov chain method was adopted to analyze the turbidite sedimen-
tary sequences, which reveals the transition laws of turbidite events from initiation, high-energy transpor-
tation to terminal attenuation in the prodelta-semi-deep lake-deep lake sedimentary environments. Based on
the actual geological data of the study area, the sedimentary characteristics of fine-grained turbidite
currents in continental lacustrine basins were characterized, and a sedimentary sequence model for fine-
grained turbidite deposits in continental lacustrine basins is established, among which the fine-grained
turbidite deposits are composed of Units T, to T, that clearly reflect the high-energy to low-energy sedimen-
tary evolution laws of turbidites. Synthesizing such parameters as lithologic assemblages, sedimentary
structures and sand-to-shale ratio, a classification scheme for shale oil types in the study area is proposed.
The characteristics of different shale oil types are significantly controlled by the fine-grained turbidite
deposits; the interbedded type is governed by proximal turbidite deposits, with sandstone and siltstone
interbeds providing high-quality reservoir spaces for shale oil; the laminated type is associated with distal
turbidite deposits, dominated by high-frequency thin-bedded silty mudstones and shales and possessing
favorable reservoir physical properties and brittleness; the massive type is related to the combined effects
of terminal turbidite deposits and lacustrine still-water deposits in the lacustrine basin, with relatively poor
reservoir physical properties and brittleness.

Key words continental lacustrine basin, fine-grained turbidity, sedimentary sequence, shale oil
classification, Qingshankou Formation, Songliao Basin
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Fig. 1 Column chart of sedimentary facies and strata in structural units and study area of Songliao Basin
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Fig.2 Division model of fine-grained turbidite sedimentary units proposed by Stow and Shanmugam (1980)
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Fig.3 Sedimentary characteristics of turbidite deposits in unit T,-T, (Well CL1, depth 2488.72~2489.22 m)
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‘(IM K

478 + W 7 F K 2026 4 4 A
UL TTAHE g; OB A Sf”b?i T, R ERBELS AR EVRY S &K EBEE
(1980) (1962) B, TR A A AR R A T, AT IR

. T BERUINITZ L PRUIF 5T X 5 3 R LA — o 1 B L

e i Ve, LIS EFUBEE TR R LB E S, T, 5

- TCWALAE T 2 B B B 5 B T WU TR D0

e AR WA W R AR L2 Ak R R 1 AR D I

T R A HE A B T A 4 R AR L 2 B, 3T

B HE S 08 E N ERB D RIZ R LR

ArEn o (Owen, 1996), A[JF 14 7 AL A8 T J2 3 55 41

o R L T, TR T K i 10 TR PL R 5

o b 72 0 0 DM S L R A A A IO T R

BORELAE WAL B R BRI HE A B T B S, 5

EERRE . TR B E 22 AL T i B A 3 10 I

wRREm o, PEARAE, TC WD A0 00 1 00 B, 3 L S X 43 4

S— _ bR 2 — . T, SICH R B — U8 58 7.k

i . 2 PR D R e BOIF G, B A IR M 3

WA S SRACAE R B, W D R VR )2 I T )2

& vhEBE To S W T AR % B bR 09 U BURRAE (Al-Mufti and

_BRBRAET DY  Ta Arnott, 2024) , T, 8 ICH) /K J2 B T 44 BEXS R

BEIL K0S MIFE R Ll 2 400 it DT RR T 31 4 =X
Fig. 11  Fine grained turbidity current sedimentary sequence

model of the Qingshankou Formation in Changling sag

J e B i oh R AR DR S R (T, M
T, B50) WAREER (T, 2T, $J0) ELLHEL
AE B TH HOAY SE B U R (&L 1) o iz b 3t O AR
JEFR AT LU HDR O, (B n] DLBMAE AR, B
TEAEIE T HBRK M DX, A SRR AR 7 A i
CARZ, SO 32 205 e 4ok b i TORR B AL T 41
49 s R AL o
T, BTS2 400K AU e 81 o i i 3 Y 370 A7

Jo, HAEEHEA T, 8 T, $o0m 5 B A bl i,
UG 78 o T 5 FAY Dol R A L e U A AR A T B 43
fRBRE Ty, T B2 Bk b 5 UL BURRAE BT 30 ¢ 1Y
KBRS, B B By i 2O s B AR A T
PRI B, HL 2 PR AR Y R i A S 2L
AT RRIE o 25 I I R I AR 5] R X
) IS, A D 2 MO B PR THT I8 80 10 38 B8 K 2R O3
B HEAR, AR R TR AR 1] 9 S0 i ( Stow
and Shanmugam, 1980) ., T, HICIE #HA2 K 2 M
b2 T8 N 5 9 B R DR ek O 1) 85 U0 AR P G 7R B
FAHSC, 75 5= BT AR 0 245 floh 2k HIL ) 4

AR PR = B 1 3 B0 58 T 200KE W) S5 RY) 3E 2 R TR TR
AR, R B E 1 HE A K S S R S ) I
B, AHEBRA TR LUR M AE A, (HET#E S
HILAE T BOTHS: . B K P JE B TUA By
JE K PRI T ) Pk 8 R UK R K 3 Ty AR, ik
I oty O A R AR ARG, AU A T R ) AR R R I A
wha, Ve BTUBURE A UL I G i 50 0 1 B KR
Wrp Wy, JERUWTEE . RS OK P )Z B, %R i a)
RES A IMBE A L. RTE K T, FHITHARZ
FRYE e X R K B 8ER f H 5) R DR O AR
L I AP HR ALk B A R Y 8 B Ok, TR
WK s, BN EUCE Y — i YR Mk, AR
KBEAHRDUZ . 2% 50 7 0 Bl Fr 81 1)
TEEe, PR F AR MFRE AR A4S, 8 TIE
RV EZR AiD N7/

SRS, 2R U s 7R 1 i A ) 4 P 05
SRRLISVIRVIN 282 DA 221N /ST s 2 4TI IE VAL ST R YA
BUR DG AL ML, Rl A T A AR B0 380 77 26 358 4 A
LERTTRITIE 28] S

4 BRERARENSHER

4.1 TTEHDEAR
JUAE AR A F R IUE R R P (45 1T



‘(IM K

R A A - i AR T8 43 DAL ik 3L AR 51 B B 28 B R 4 P R L

B2WE H2H

PIFA AL 4 b N 2R L ALk ) 479

. BB A DL R IR EhE ) IR DL R YRR A
A (2%, 2023), E AN a2k
EREK ALK Z S T AW fE 8, HIHF RIS
Pz WA, TR Bl A DT il A 2 B S
WA 22 5 R BOR K e By BB VDA OGO S0
S, 20205 4 B4, 20235 fh R FESE, 2023),
Jarvie (2012) M4 515 Wl T2 AL HI . AR S
LA SRR AR, $& HBUR IO (Tight shale) | &
4% (Hybird shale) DL M 2445 7 % ( Fractured
shale) B3R T7 %, R ZI5m 1 LLRG AH 0T 4
o FE B E DUE I AR R R AL R BSR4
(2023) Gl AWHLEL (PRfEEL)  HE— 254 DU T R
Sy BCE ORGP R, 4l E R &2 %
(2023) MRYG VUMM A2 B . S A 2R H, T
TR & KA LT = B2 450 D0 il 28 B R 43 o e )2
R RBERVRIAETUA R, Jf i — 2P0 ali 7T B —
A 43 Sy a2 B R R R Bk B g e 7 4
(2024) ETTA KI5 H)Z R I 2 BRI 26 T
Y[R A 2 T R E — 2P ) 4y Dy DU B AR £ )2
Ry SERACAE (2024) e UAPELL A8 U 2R
X5y Je 2R | RS RIS

b 1 LU 2 DU 2R R 43 1 e S 8z — B
ST XM i 525 S 5 A R A AR O TR Y
Wi, HETE S R g — B AR R . A
SHEAE (2019) 3T Bl AH WA 4 0L s i i AR 2 s
PELLAFRAE, 32 DLAD M e X JE] B T A e A,
B b AL T 15% ~30% Z a1 IH R Z & B b s
RHBTUE, WL 5% ~15% 1655 )28 R 51
I B R TUA M, W LN T 5% W SOk 4l
TUARIDUA M. PMVIETESE (2021) X)L A il 28 A
HEAT R 43 v L 4R S 0 e J2 Y LA ol X Ul A o L
80% ~95% (>4 T Hbh [t 20% ~5%) , i 2 71 2+
RUGUE M & i i R T 95% (A4 TR b Lt
INT 5% ) o TEAT AR UE)Z T, [EAR GB/T 43126-
2023 B iy R 28 e J2 B 0 i b b L FF /N T 30%
T T A /0 b /N F 10%; b Bk DB61/T

1723-2023 [m] #4422 J22 70 50 55 120 i L 8 £ 35 o Oy
INTF 30% , AFUKE DU AU DU I A0 H e b BRI AR
HNF 15% . 254 LR W, IE45 &R X
HIYEE—B Q1l—0Q4 il )24 5L bs, A SCHEH T
FOM RN T DU A A . DU IS . b M L AR
AR SE, SRR A 5 X DU T A 4 o e 2 A
GUAR e YOR A 3 R (B 125 R 2), FHEULW]
M), bk 3 RTUA M Z B A7 PR AL, K2
RITUE I Je 2 A PE LI L b sl R 25k
A G A, KT 15% ~30%; 402
RUGUA I LUB D B A A Sy 2, DA ab i . %
H SRS L)E IRAE, B HLE 5% ~ 15% ;
AR GO A P AR A I TUA R &, H AHORAS 15
NE, WHE/NT 5%,

4.2 MM RNTAEHRXBERMAISHLY
A

20K ok i T RRAE Ay ) 4 3 ) AR AR o i R 2
Ry, HOOE L il R B i 28 B Y R e 2
Vi B o7 < [ R R LN Ul e DI 1 T €
W fEAE | 2024; Yang and Liu, 2025) . %1 X} 02 591l
RPN A O 5T, A WEFE X I T 5 PR A
DB . B EE . TOC (AL & ) . S, (i
B ) . LB MErER 4R XS 2 IR A
W REEZEL, RS X A 52 3 3L 5 e A R D i
JERLAH R ST G B (R 25 R 3).

JJZ R TUE N TR F T T = A IR R
(B 10), RIZAEW UM A Biba oy, i
Porl ik 24.61% . Hoo 3 240 6 d iR 0BT 81
T, =T, FURS T, HUTHERZETIEY
R e LR i 25 e RE B far A, DAL i dn B
WEH A (T H00)  FATERHED A (T, 5I0) |
BOUZ B e (T, o0) W IE = 8k 0 s
(T,5I0) AR TE )2 B8 B f b (T, FRoT)
TEMCFREG N L R S o = A1 PN 2% 2 01 = AR I A 37
FRA 55t O O A ik k5 4 R R 3 T o R A AN 3 g

x2 MUIRMBEAOARSMELRISELER

Table 2 Types and classification indicators of shale oil of the Qingbaikou Formation in Songliao Basin
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Table 3  Characteristics of shale oil types and main sweet spot parameters of the Qingbaikou Formation in Songliao Basin
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