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Abstract: The lithological complexity and strong heterogeneity of the mixed siliciclastic and
carbonate reservoirs result in difficulties in lithofacies identification and insufficient understanding
of depositional patterns in the upper Shahejie 4 Member and lower Shahejie 3 Member in the
western Dalu Lake Oilfield, Bohai Bay Basin. This study integrates drilling, logging, and seismic
data. On the basis of a chronostratigraphic framework, Fisher discriminant analysis was applied for
quantitative characterization of mixed siliciclastic and carbonate lithofacies from well logs, and the
depositional evolution of mixed sediments was comprehensively revealed. The results show that: (1)
Based on Fisher discriminant analysis, quantitative lithology identification models for sand -
mudstone and limestone - mudstone systems were established within subsequences using optimally
selected natural gamma ray (GR), the sensitivity of acoustic time difference (AC), density (DEN)
and compensated neutron (CNL) logging curves, effectively addressing the problem of overlapping
log responses between limestone and sandstone and significantly improving lithology identification
accuracy. For the sand - mudstone system, the lithology identification accuracy in the validation set
was 79.5%, with a siltstone prediction accuracy of 95%; for the limestone - mudstone system, the
overall back-prediction accuracy reached 84.5%. (2) The highstand systems tract (HST) of the upper
Shahejie 4 Member is dominated by shallow-lake to semi-deep-lake facies, consisting of interbedded
calcareous shale and mudstone. Controlled by paleo-water depth and salinity, organic matter is
enriched in the central - western and locally in the southeastern parts, with contents mainly between
0.8%-1.9% The lowstand and lake-expansion systems tracts of the lower Shahejie 3 Member are
dominated by semi-deep-lake facies, with organic matter enriched in the northern and southern areas
and TOC content concentrated at 0.9% - 2.3%. The HST of the lower Shahejie 3 Member develops a
braided-delta to semi-deep-lake depositional system, with siltstone delta-front facies along basin
margins leading to poorer organic matter preservation, while the basin center retains semi-deep-lake
calcareous - shale rhythmic assemblages dominated by organic-rich argillaceous shale. (3) Four

types of vertical lithofacies association models were established: thick-bedded sandstone interbedded
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with thin mudstone, thick-bedded mudstone interbedded with thin sandstone, thick-bedded
calcareous shale interbedded with thin mudstone, and thick-bedded mudstone interbedded with thin
calcareous shale. In plan view, the mixed-sedimentary depositional system transitions sequentially
from southwest to northeast- “silty (fine) sandstone facies-muddy shale facies-calcareous shale
facies” -and exhibits a pronounced belt-like zonation pattern. In the western and southwestern
steep-margin areas, braided river delta and nearshore subagqueous fan complexes are developed.
Within the slope zone and basin beneath the fault belts of the lowstand and highstand systems tracts,
slump-derived turbidite sand bodies occur. In the eastern and northeastern gentle-slope zones,
calcareous-dominated sedimentary facies formed in semi-deep to deep lacustrine environments, with
muddy shale and calcareous shale facies migrating toward the basin center. This study provides a
guantitative theoretical basis for lacustrine mixed lithofacies prediction from well logs, offering
guidance for organic-rich source rock and reservoir prediction, depositional pattern analysis, and oil
and gas exploration.

Key words: mixed siliciclastic-carbonate rocks; Fisher discriminant analysis; quantitative
characterization of log facies; organic-rich shale; depositional model.
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TR AU 2 F ok YR S 5 Rk A A3 7E [R)— 5 J2 PN (VR A B T T ) RO [ 2 () A il
IR G RS, 2023). 7E2EE & BB S A A b R B KB ARS . IR
T AR DA RN IR Eh 2 S50 AU PR 0 G (Kvale et al., 2020; #4055, 2022; A4 RESF, 2023;
AT, 2024, KRS, 2025; WA, 2025). JRAN AR NIEIERE S 5 BRER ok 41 70 TR 24
BRI A 2RA, F R E T =M R AR DURASE, e AR RS A AR 1 B e
T A 389 S M S 2 3 D HE e SR AE B S AT, R T TR T T M DS IR R A HER
PR AR (5 AH RN T IO A 20 ) it 5 2R AE A P 4524 B A #2435 L (Wang et al., 2014;
BIRIRST, 2020; WEUESE, 2023). TRAVE 1 E0kE BE DR 2 S e, P4 (2020)F1) A4S
SERFE T EE R AE AT T 2 @ BRG] 2548 48 %5 (2022) 0 1 M FH 32 2 B F k38 B
SRELAL 5 E RN 7 f] H VR ARA IR S EUB s Duan et al.(2020)38 i SR F U S i 7 vt
TRFUE AT IR 2 G AR o T A 5 I R 31 vk 3 e B s Rl R o S 1 AT
NT XNy, G2 ZH0NHAE 2= EIE ST ARFEARAERE S PEHEWT, X T 52 A28 1 DA S W 20 ) 97
PR, A 2w, HmREE. T/EER. fWE 53 Hr(Abouelresh and Slatt, 2012; FE
RS, 2023) . HLA%2E 2] T VETE A AR S B B R SHE 1, AT N @ N A&
7% (ANND . Z0 R EIERIE (MRGC) | K 4l (KNND SELEs I 771k, TR A ZRAH
BRIR Bh e A5 H A B T A Rl B 9T (Aghchelou etal., 2012; FEGSS, 2023), {H MRGC
TR ERAR A Ay R B 52 N TR SR E M ANN B SRR AR LR 1 i i A
HIFAE B BN R BB WA B RE A M SR R B s KNN SRR AR S AN I sl i, T 22 K
(Luoetal., 2018), HJET b7 TRAR S M FHEAH E SR B L8 R k. Fisher H1 510 4 #r & —
T 05 22 0 M JEAR I R P 0 i, SHLAZ 0 DR T 2 3o 53 R DI P55 17 s v A 9 e 4
FARYEFI R 18], SEELAL P AR B /M 5 1) B EURE B K4k (Dong et al., 2022; Zhao et al.,
2022). Fisher 753 B BAG A fE . HERf = i A B AR MR S50 0, AT DL S 40 1 AN
B, FEARUR 22 FE AR A il A B S B AR e 1, HLRE SR A R T 1K o R JR PR
SIS B 4 A M4 A 73 25 (Dong et al., 2016; Song et al., 2023).

ST 0k, AT FT DA IR R b M P I PR = R B A U4l B BOR B
(52 A 2 IRFVE N FE B, FETIFE HRE ARG S I 50 LS5 S B (12 S0 2 A% 42,
it Fisher FIRI T T AN FIEZ 7 N IRAE WA e R AP, JRE T I EEA T
oy 7R VAR A 25 8 J A A, RS R ORI S Ve 2 B R AAE , 3017 I P U RR A 2R 2 (R A A
3, NtEE TR AL A, $8 AT R PR A S8R B ARk
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TR AL T Fh T SR 5 B 3 2 8 T R B B B X, i b s B 3—1 07 £, ®
EEVRER, A0S 2 R FIA R A <0 (R S5, 2025) . K7 il FH 3t A X B e
AR WUR TR, AT EX MRS, BAAEWE, T =M gadr iy, B
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B 1 SR XiEE s Rt K P8 A AL E R & (Wang et al., 2017; Lu et al., 2020; #AHIELE, 2023)
Fig. 1 Schematic diagram of location of study area-western Daluhu oilfield in the Bohai Bay basin (Wang et al.,
2017; Lu et al., 2020; Lin et al., 2023)
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Fig. 5 Crossplot of the relationship between 5 lithofacies and different logging curves
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Fig. 6 Discriminant analysis diagram of sand-mud system

WIERSE ARG e 5 SR s YR U R HERA 250 97.7%, H (4HD Wb [ HIERR %N
96.9%, LAY 97.5% M JF 4R L A AT 133k (R D .« B4k, S 5RAEERNEE 58
Oy 44 H, FHhJe i vUa Bl miBcH O 23 4, By (4D b a Bl B H D 20 L. SR
Jit A TR AER 2 0 65%, A (A1) ib“& TRINHERA 9 95%, S0 IEARER & TRINAERH )y 79.5%.

* 1 W-ERFINEES A EFERERST

Table 1 Statistics of the accuracy of lithological inversion in sand-mud system training set

R
43X
PR IUE B mhE Mt
TiH T iR T3 MEZR T iR
1EHf 86 97.7% 31 96.9% 117 97.5%
Hiz 2 2.3% 1 3.1% 3 2.5%
Mt 88 100% 32 100% 120 100%

3.3.2 k-8 &% Fisher ¥I|3l) K-Pe ZAMN 181 HINGAEARESE, A e i vl s 5ds &
BH N 88 4, K TUAEHE SEH N8 A, MK aEEIE S H N 16 4, KEIA = EEHE
BEH N 19 A, #ErRm g 51 A0 9~A 11 .

Z; = 0.19GR + 0.24AC — 2.03DEN — 0.06CNL — 8.33 , 9
Z, = —0.04GR + 0.24AC + 6.90DEN — 0.40CNL — 29.13 s (10)
Z3 = —0.02GR + 0.07AC — 5.43DEN + 0.04CNL + 9.50 . (an

PTRTUSE . KIFUUE . TR AR EIA = 4 SRS B i EWE R 255 A
FMAEH R [ R B A AR (B 7D o YIGREE IR IR 3R 84.5% IS AR ARG FE, e rh K i
TUA FIRNMER R IR (98.3%) , UCNIRFRTUE (80.7%) , VKA SHKE A =2 M 77 B
15 75%H11 68.4% 1)) Al 255 .
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Fig. 7 Discriminant analysis diagram of lime-mud system

3.3.3 Fisher ¥ RlI#= 21 57 F R FUEIA S 5@ GQF-X184 F 1 ZLG-X86 H1E NIk
IEFEAS, %P O RSB e B A BCE ORR R . BT ORI -VR s 5 K- 45 H
WK ZR, KH Fisher H5 43T 77E R SOUEHEAT AP, 2 SR A T O 5 5 O B T
FEXTLLIRUE . BUEAE RN : GQF-X184 JMyib 2 -4Hiib & T ME e e i i, X AR AE IR T 2
BFRRARE KA A EHNISR, HEETE S HRMEN, AR GH0REFE R
B, PSSR RAF: ZLG-X86 IR TS I RAF, EERIERIN KRS E RHA N IKE
ng (E8) o AKBIEFUEE LI Fisher 51 R A P TR AL TE B 78 X 5 M1 ) vh B AR B 1
@M, KL Fisher 3450 40 A @S2I A TSRS REF, A 2a MR BT R i
FEISEL BB PO (R T R B 3, BEAT 2 R0 ANAR B, AT SRS I HEEE H (02 BOE 8Lt A M3
Tl .
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M A LA RV U4l B 590 = N BT R . S5 3R voual W
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SIRFUUAENE, REERFKA. LXFH GQF-X190 & ZLG92 H:al, TUAHAIR S ER
Tl B PR ARG 55 i 035 T D A LD ik 2 A, 1 ZLG-X98 & B JR il = S22 B, H. ZLG898
FEB I PR DU R R D e 2 . YD = NI B LST+EST Ui, LLE B HURVETTA A
T, TOC FEEFTE 0.9%~2.3%, %A RIINFX RH KWIZ I, TOC & &l s. LY
BXKRE - Eb A, ARG RO I AR TUA TR R DUA T2 . v =N B HST i
TR GAHH I D 5 21 2 SECA WU IRAE SR AT B B AR R I8R5 R AE, 2 G b
FAHRE 5 TR, ARG 0 T AR IR TUR AR R DU, B R DA R B R
T 8 X e B A X 5 A AR AR, ZLGB98 X Aot U A WL 7 & add vy T AR e ot DU
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Fig. 10 Sedimentary facies distribution pattern
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