‘(IM K

#28% F1H & % # '? ;3 Vol.28 No. 1
2026 &£ 2 F JOURNAL OF PALAEOGEOGRAPHY ( Chinese Edition) Feb. 2026

XEHS: 1671-1505(2026)01-0068-19 DOI:10.7605/gdlxb.2026.004

fEETTENRE: sEEMERRNEE"

Kyl kX&' OF A

1 FEBHIHIRITFAA LR, LF 100083
2 MESBEHBAWN, #7525 5 KF 830013
3P A BB AMKEELEELRE, ¥ 100083

W OE ARINANEZW ISTEEANRANEE AN EHHE AT RFREEL N 2512 vk, BN EMT &
EANE, BANHMMAEEANE. TemEREFNM s MR Er T EMMER, BETEX. 50 MR
WEGEEMBEENMALEAE AR ERANER, HERE, BFRX., BREARYMT 2 ERAEHF
HEREWUECER, TEAEHREH AR ML ENARERBARA TN EARREXRAET E, TH

EOEHERF R EERMAERSERA, UWABAE PR T EMAETRERKEES . KRG K K4 4 # A
AEE%EﬁEﬁﬂﬁﬁﬁﬁﬁﬁﬁéﬁﬁ ﬁﬁ%ﬁ%ﬁ%”?%%ﬁﬂﬁﬁ%ﬁﬁ%% ¥ —A N
AR, FEMHMAER A REIRENGHRALREENT T 0 FLEEARNA ., IR RHESK
N, Als s FMENRIHEARERR, EFH AR HHET EF%%RMﬁﬁﬁﬂﬁ ENE, 2IF S
MR E—TRAE, TR, SRR ANFHNRAER; 56 "RE” 1 “"ER” F&, 2AAT
FHHER, SN EHHAFNXESEK, FRFRAE mﬁE%AﬁWAﬁﬁﬁﬁiiﬁﬁﬁﬁWﬁ%%hﬁ
MémE, Hamzl @M s R A S EHE LA, &%Aﬁﬂgﬁi/&%ﬁo

XEWR MMM EEARA ARARE FHEEHE HBHEAELSH T i

E—EE” N %W%,%,W@ﬁi,ﬁf,%ﬁ%mﬁlkﬁ,E%M?ﬁﬂ%%&%#%ﬂ%ﬁ%
JE % o E-mail: zrtk@petroChina.com.cn,

BRAEERN KK&F, &, 1982 F 4, B+, GRIEN, TENFEEFHEFSAENRFHR,
E-mail: zhangtianshu@petroChina.com.cn,

HESES: P539.2 NERERS: A

Non-marine shale sedimentology: perspectives
on lithofacies palaeogeography research

ZHU Rukai'*® ZHANG Tianshu' WAN Li'’

1 PetroChina Research Institute of Petroleum Exploration & Development, Beijing 100083, China
2 Xinjiang Base of Huairou Laboratory, Uriimqi 830013, China
3 CNPC Key Laboratory of Oil and Gas Reservoirs, Beijing 100083, China
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251. 2 billion metric tons, derived from 157 organic-rich shale units across 116 basins. Internationally,
shale oil exploration has largely focused on marine shale successions, whereas in China, lacustrine shales
represent the primary target. The assessment of shale oil enrichment intervals is fundamentally governed by
lithofacies palaeogeography. Lithofacies palaeogeographic reconstruction of lacustrine shale strata relies on
quantitative datasets derived from outcrop, core, and geophysical analyses. Critical aspects of such recon-
structions include considerations of temporal and spatial scales, single-factor analysis, and the application
of conceptual depositional models. Recent progress in the study of shale laminae offers valuable single
factors and diagnostic methods for interpreting depositional environments in palaeogeographic studies.
Significant variations in reservoir properties and shale oil occurrence are observed among different lamina
types. Consequently, palaeogeographic mapping based on lamina combinations and shale microfacies
analysis represents an emerging research trend. Future research should aim to address the heterogeneous
characteristics of lithofacies and organic matter distribution in lacustrine shale strata. Future studies should
aim to resolve the heterogeneous distribution of lithofacies and organic matter in lacustrine shales, with
priority given to: (1) delineating the spatial architecture of organic-rich shales within high-resolution
chronostratigraphic frameworks, (2) characterizing mineral-organic composite structures, (3) estab-
lishing standardized microfacies classifications, and (4 ) developing depositional process simulations
integrated with intelligent mapping techniques. An integrated approach combining modern sedimentological
observations, sedimentary process simulations ( both physical and numerical ), organic petrology, and
biomarker analysis is essential to reassess the sedimentary microfacies and organic enrichment mechanisms
in lacustrine shale strata. This will facilitate the development of revised depositional models that accurately
reflect the transport-deposition dynamics of fine-grained sediments, palaeotopographic constraints, and
bioevolutionary context. By combining “inversion” and “forward modeling” methods and lever aging artifi-
cial intelligence technology, and incorporating key sweet-spot evaluation parameters, it is possible to
quantitatively predict and intelligently map the spatiotemporal distribution of different lamina combinations.
This methodology will allow for precise lithofacies palaeogeographic characterization of lacustrine shale
strata and provide scientific guidance for the optimization of shale oil enrichment areas/layers.

Key words lacustrine shale strata, fine-grained sedimentary rocks, lithofacies palaeogeography,
non-marine shale sedimentology, shale oil
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Table 1 Evaluation parameters and associated lithofacies palaeogeographic characteristics of shale oil enrichment

layers in North America and China ( modified from Sun et al., 2023)
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Table 2 Main research approaches and methods for sequence stratigraphy of fine-grained sedimentary systems: a global perspective
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KARRER WP W VUE I AR RSV ) o AR REE L A ek

%o SRR PR (735, KA R
B SRR L RS (BET . AR
BAE L EWE) . RN (AL, 5. AL
B AALEE) Q. T LA ST A A
AR 3BT U 0 TR — A
Fhapdi 5 T b R TUA T Q1—QO T J5 1) 5 e BP0
(B 1) (A%, 2024),

FR (OB R g 2 W — S VOBLER 5 19
VERFAE, ELFR AR . (L (R
1) BOEMIMREIE DI, 2022) o WA U &
R AR E MWW, SO RAUR . R
JE AR BLIR = FE 12 5% I W T DU i — i
— VTR B IR | AR AR I U
A1 UL FE I Rk e B S L JERL At L
G320 P AR 6 TR 5 AR I AR U T U 0 R
TRIORE A 6 3R, B TR I I RAERE S (15
A%, 2020) , U, AL AT 4 SURAL A 0 R
b, SURESR S DU I AT S VR B AT % 1) 5
HEARRI AT . A3 9 T S T AT
A, T OB B3 i AR S il 5
[ AR T 2024 48 9 H & A (U IR B4 TR
S HEMEY) FRALBRME (NB/T 11611—2024)
JEF 2025 4F 3 A SHE . FRUERLE DU AR B
A SR D0 77 5 9 A BB A2 22 K
TR BLR A B DUA ST AL LR
HCTOCT +REEH” + WRRE" +HA
WRT VU s TR UUE S AR | o B
HLAKF, W TUAHHIALART, LA A
AL P SRR 4 R AE B BLWIE N2 1T RAE . T 0

(FLER+2L5E ) 1%

90 70 10 0
T T T T 10
95— 1 1+ = — — AP - S — == 5
i

100 Q._m ‘I’ ! i ' I} il l 0
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Fig. 1 Petrological classification of the Gulong Shale of
Daqing Oilfield ( after Sun et al., 2024)
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FH, MIMTUCA R R TR L0 WEUR . RIREE L

2. WREUZ . BEKIRSUZ . RESUR . APLRL
JRELRENSUZER, KA E AR
SERERE . e T, M IUA R R
ZAEH (CRIAESE, 2022; ZFFSE4F, 20255 /)
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Table 3 Typical lamina combination types in shales from lacustrine basins with various salinities in China
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Z, BTG NEE f. WRFERWT, BEER R
WA YEUZ LT REREAR, BRIREESUZ L
YBRSEm, SUR AR EEN "0, =IeHY
DA (3R 3) o AN B W 4 UA SUZ W IE a4 )
EFANT B AL B UiRE (F= R scie A RR
WOLRD) « E e (IR, RER . RE
DURWIE i . IRAFME) L Rm A, POk
LR (E8HAE, 2025) . ], JFE4
XA L T L 104 A SR TR LA 4 7R 4
BT ER , AR 9C Br bE i R0 150 B A0k UL A 4
J, BREADLA [ 3L 2% AR T 2R ) o Y 2 S LR, oK
BN, REETIFAERA T, Z2ETUipY
T R BRBERETE , ARORL Y AT Hhy 2R BEAT IR ML A4
Y8 BR (18] 2) o

a— Y0 R PEIR B TS AE 5 b— U8 i IR I T i
B2 R TIWRAE T b3 I
R S IR ) TR R AR

Fig. 2 Profile characteristics of argillaceous wave ripples formed

by clay minerals under low-velocity tractive currents

T2 T 1R T A7 R 2 R AT Bl 1 2 T i b o U
HEPE O A DU A SO R S R 7R JEA Y L
AR b, D a0 TR 2 LA S ik R B Sy
FOCRMBELA, 2023), JiFE Ml DRREAH N E,
WRAE T DURHAE | TEE | JZ 1B LA S AL MR AR AR 6T
BRI FEFLBE Y (Jarvie, 2012) o W R 3 Lo —

RoyFlnhE, wattiz, FEAETA
fL. BB A LA R -0 d AL (Carlson
and Chamberlain, 1986) . "% /) W [ff BE 1 A1 VE V&
PEAETE2E 5%, R L0 Wb b p W B RE 5, R De T
0 8 i 4 W B E 0 5, R TR R A kT IR
Al A E R ER . FE, LKA BALER IR
TR b 35 T AR AL 45 ] 7 W% Bl B (Zhang et al.,
2023) . WEFEERH, A [A) A B0 I it B A s
MRS 2R K, HAFAEMEH . ML athT —
BOUERE T BaU2 fL B . LB . LB H AR
LRI bR AR R, HUCOh KSR 802, kiR
Uz Eh (HEAEER, 2023) o VSR o A0 il B s A
WOCIL RS, Fm il f 7 — B iUa A [F] 4C
JZ H AN TRIAR A Dt 7 L BT 8 SR A AN [) e 2 0 A
FRIE2E 5 (CRMNPLAE, 2023) . 7EW A ML ZE -
FRBUZ b, A BB R e 28 A S i B T RO 8/
A LB FL AR S L, &2l shisis % 2= AE
L BSUZ  RIEFBUZ IR G R SUZ & % i
Bt msUR e, TEEARREED Y LT MR A
gUZEY, WALRE, SRR KSR SR
EREFEZ T, BRIRERT Y . SR AR L0 Y)
ek, fLBA KT, A8 e s % 5T
(XMg %, 2025), ik, SOZMANE S &, fL
oA MSCE TR 22 54, S BOUEIMESUR A
B RS A Z 18] DLl oK 2K G 3 B & 2R
MEms R . Lf F TR, U SUZ SR PR LS
PRI FORIHE R, A TUS )2 2R AR T B 5T
FEAE T SR TURRERBE A AR R MR AE T s, L d
T LABUZR A S I B TT R BT R .

3.3 AHREENE

TN 135 30 00 AR, AR DT RUA A BILE
=P JIDE SR urRE PSRRI | I i 47 =
PR J2 K A S W) A T i 45 5% (Pratt, 1984; Can-
field, 1989; Pedersen and Calvert, 1990) . %X T,
ARL TR S FA o0 B AR 2 v A AR e AR A 3 2
P, Pk, A HLBTE SR PLH] 8 & 2% . Bohacs
& (2005) IAHAPLBTE ER M A0 IR
MR BRI AR 2 5 9% T R 2 () 5 2% (1 A0 B AE
FHFT g iy, I HLAEAS BRER A X 5T Bk 7E — S TR
BT UTRR A A A I N B A gl v o ST X AR
ARLTTRUIT I A HLEUR B 0F5E, A A E | A
JIFERGRAT 2 R Bt (BRPRSE, 2021), w4k
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75 3 AR A O i A LR A 3 T K A A
AR Bk 3 A BLB S B TR, e TR
B, CE AR BRI B TR S A Bk
OB B AR AR R A, RIS A N T
o5 PR DL 7K A e 4 WT S SO LB R 4, e %
BREML” B, M Z R B, AN
W B Ky kT B, R RAERT
A R AR BN Ot iR 2 A0 R R B
2024) o M FHAHIUE 2 R, A [F) A 3 28 R I8 4
DUR XS A LB SR P 22 5, B4k
AR — K R Iy TR, T B 980 4 D 1 B X 1T —
IKARGP S, T 90 2 340 B DX e T DA — 7k A o3
JEBES, R IXIR B IR B O AR U0 TR A 5K
(ARA RESF, 2013) o 4 1 M BR AL 24 70 Bt A1 ol 0L
Tt — LR, SRR A LR A R R
BT Ot s R A R R KK EFRITR
) KRR (RIRKRRE AT
IR “EA—RAT RS L RTIRE R
AR Bl V5B )18 i A K- 3% 3l B i 0 26 318 31 )
A (XUEAARSE, 2023) . SHEAR, BIHAK
IKEFIPURRY B R E/N . BEEYIRXEGE, 5%
M AR A XU SR, TORR R R T | R AR A
5, APLE S Z B IS KA ORI B
ERISZ I (R ZARAE, 2025) o KA AU 52 30 38 W,
AR ) S A DU RS R AT, AT 2
A HLIB AT I LB B A, ELA [R] 4 B8 A A A
WhL A ML R XA AR (I A,
2021) o JEsd X L AR K (SRR 2 A i 7
Be) 5RO B (o e I M 9 1 X ek 2 )
DU S MR AL 2 R AR, UE SR K 5 AL ) K R £
JEHS BAT S SR AC R RAAE AR A ol 7K A SRR AIE 52
Wi 1l AH AT AL 22 57 W AR o R AR W A PR 208 A
TS BRI R IR IR, ROK W FLRAL 2 B AR
B LS OR AT ROR B4 (BT -4, 2025) o 43
EiE, AP E LU R O WA SUS )R R e
FA L BEAE T SR Bt 1 TR BRI i A B Rk A

3.4 RXmES5ENRDH

e 191 3 J2= 2 s RS S B 4, g iR
9 A0 73 A AR M JZ HPC SR A B R R SCRLE £ 5
AT [ F7 90 0 M S5 50 07 ik, 456 E A BOR i 2
AR, AT DA ST R I R SCAR AR R, 4R 345
BHUZ MR (RWFSE, 2011), d RS2 T

JEEARIE R TIIAHTUA 2 FR, FE0E ] 12 5 F 2 7
i 22 2 B A SAAR B A5 oAb ST, AT LASE B AR 0T
2R E AR FF R 5y o Wu 58 (2007) FEAAIL 4
FECEGE I BRI — B, R H AR
S I 2R A AT, R T S OK R A R
Jeil B o A AR IR T, TE K ECE [ ] Ay
Pan i SN =S s I DOVt o i) P P o VN U LR VN
FE1UIAEAL . Rt 1 IEmafL . AR 2 AR FE 3 3
BS54, 12 F B R BE gk 41 U-Pb 5 4F 2 A1l IR UT
TRARWS , T8 4R 0 B AN E I 215 B Rk, fEa A
M2 AR A R R AR A TG T 2
ML, 1] M 23 2 N7 T R AL A b A 1 T 2
ERE AL 2 A8 (RIAESE, 2024) , fE R
JEAERHEAR I, R RS ] 5 A P o0 A 2
A R PSR . RIMESE (2008) JkT
FARE 1 I e LAY I 1] 2 22 w5, 4t R SCHaE )
3 5 ey A AT ARG R A R A LB AR Y e
[, Huang 5% (2021) MRAGAAFL 1 H R LA L
i & & (TOC) H1 3G A B Ak B [F] A7 R L (EH
(8"C,,) AT RICHME, KT Y 173 ka Y RER
JE R, A R rh o £ BEOK R R, SR A
Az 7 03 RO G SR AR J BR B F JR s Ak, T B
A L e g AR TR AR . A DI AE (2019)
MRS (2022) X i I VS 4 b AR M RG DA )2
TR R SCHE 71 R 55 43 BE SR T X 1, 48 R
WMY5mrmEERAEA —EMA KR R T
MW DU 2 R A DL & RIS, 70O
W KMEMHEA R T AV S &, IR TS
RN AT, T O A )2 BUR A TR
(F##4, 2025),

3.5 MATEEREM

DU B I B R — A T U 2 1k L
BRI AR AR AR, BEE
MYTRUAR R (75 M e A7 (Paola and Martin, 2012)
TV R G S N S EUR YR, 78 SR AR AR
HUZEEER N, A R () A E BSR4
FILIC R E B s AL #1300 000 A ] B[] RUBE
TR (RS, 20205 7 5%, 2023), 4
P 5E B AT 76 T8 BT 48 3 2% @i 5 TR i 2 1E
BEAARSS A, WA S LR 2 . SRR
BeTRR B Sy AL 2R AR (7 5%, 2023) , 44l
n, sRAEARSE (2023) Zifid M E—H 2 27 5
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S RESEARA BIN S AR XA L. SR, H ATAYIT
BUS R IEFE BB S Z P TR E R (SHTT
G X S DO I 7/ B BU R TR ARV RS
A, UNIEEARBR R £ 5 ARG AR B 8 DORRUA R, T
XA U E R P FEMBCy B = (R, 20175
30445, 20185 FL i 4%, 20215 #% M 4%, 2022;
SRS, 20235 RANBLAE, 2025) o Kf IE 8 AR LA
T IUA 2 2R, HOdE AR RS B2 R 2 A% 1 T
Pkhk, FEAFFELLE 3 ML (1) @k
AEACHZ R AT B DT AR B 45 B R B er 7R RS
MR, BRIt Es. (2) 29
VR I 23 23 A B 5 i RAL . AN RS A U 2 W)
WA Z B DU TR S HAE S IR & 5 A
(3) ARLTLAR R is — DT BRI Ml ot 2 H50 5 Ak
RUGEST XS 1E B BOR TR 1A 00 2 & 0
RORHS, B, HERARTRY (Rl 2%+
BORL) oz SRR S IR S 4, AN B B AL
AR RLUURE AR AR U I I A4 95 J3E 5 4R 4 5 1]
S5, ARLTTRUE AR e VE B B E o XSS S RO Y
B FERAULE R (SRR | R %S 6]
B PAEBERES, SRRMEAEEN £
filRe” o LUK, AR TR B ) B 2 R T 0 1 G
R4 LSRR AR KR 52 56, B 75 9 A 41 3k 207 T
FRWIAE S 2% W K AR b i Z2 R il BLAT (A ger
RBE, REIWE) AFIERER, SELEZAR—ROK
ROUZRIERBAR A o NI, A TURUIE 3
B B, (Y AR T A7 AR AN B E 1R 19 2 5O
i AL 4y B e I AR A (I A O TR R R,
AAE PRI A8 AT A o AEPE AL o BT XA B J=
Foe MG A P SR AR S PR, e AR T b BELE 5
TR R IR — PR RIZR 5
iz AME G Bt R i 5 53 R IE AL, JF s N LA
REHA, 258 TUa M AIEM I S8, B4 sk
LR AN [RI S B S0 J2= 2 A5 W 25 3 A L A 5 S A6 T
R REAL R L, TR A i 4R DX B R G 1
FRBERHE A

4 BESRE
BEXEM T4 22 R M S BT 5 004 AR

S AR AR TS U A OF 5 B R ORI LT LA
7 1«

4.1 ERRETHENRSHAE
STEARE (e PIBEE L HiERfer . AR
IS NN LR NN 8 L7/ EL o DI IVN IR 4
P, M 2R R A AU E T BRI
R. b, REMITEE A U-P AL R4, &
SEEREBEARAR U o SRBETE TR A A DA
B BRI BRI A L DU DI MR R A K
PR LR My R Ry 2 K, R 0 R R
B AT 2 IR ST o b, R M JE A I X E A
B2, DN S BUAE H: ) ] 5 38 30 A0 X B 02 5
o (HERESE, 2019; JKREF S, 2023), fEpbHE
fifi b, sl AR S AR R AR Y E AR S
(s A AL S BESR R B R W sh A A
/), FTE BRI AR T AR LM EEN
Ko TEBCHLAN F O 2 Xk H A [ #4) 3 2 AR K (R BRI
£ oy 980 2 AN T AR B B ) A L O s
IR AT, BE— 2R A il U X B A A
ik (RNELE:, 2022; Biddle et al., 2025),

4.2 THY—HBHNRE ST PRE

WFFERY H B9 AR SR E 1 5 AH 23 S AR A AH X
e, P, WX ARTIRE Y RLRE L WL
AU i A 0 AR 3 DA B oty A W) 27 R TF 40 1Y A
AR T R A BB TR] REUR A U AR
Fiht, WEHEG I A IE RO FIE A 28 SR AE O %
(Biddle et al., 2025) . @ HERNAE (B, F4
BB ) s 7R R T i UM Y R )
ZER AR RRAE . Li 48 (2021a) bz A4 40 0 B2 A
Image] [R5 A0 BAR S5 07 15 R 5t = A0 N B s oh 4
KLU b i 52 B 0K, A A - BORL 7R S TR
T 70 2 3 o KLY A0 20 30 1 R BORE A 5 M LAIE #8847 2
95 25 WS I /28 o= 2| Bk 8= NS s AL R VR
PUE IR R AE, WHEE MR B,
B B ¥k (0. B ib 48 B 2R IR Eh . A e
KAawoyy) . RO (W FL%n oK)
TREME UUBURL BE (AN . BY 20 F0 8y b 2 52 5 UKL )
(Li and Schieber, 2018; Percy and Pedersen,
2020; Li et al., 2021b) . v, JBIK 3 4041
HREEUTRURLE 2 OCE B /KRl 52 50 F0 i AH e 5 vh
WL 3] 19 0 J5 2 G UKL 3K — &5 48 7E W0 R W AR TE
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TA, I EBRE A DR (2T HlarE
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4.3 REAREEN

TR 23 BT 6 B X UL AR BT Y 2H L 44 R 3t 3
PR SEAT B AT 0028 o IO 0 M R R R B A
K, TR — oK ST BT A ) B A A
Wsh BAEEMEM (Macquaker et al., 2007) , Wil-
son (1975) $i i — A FRAR AL 1) Bk R 6 4 £ A A
A, G 7 REA EBRIR R a6 MR 2 IR D K BR
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T AT B0 2 R A TOC fH AT X
(Borcovsky et al., 2017; Biddle et al., 2021) , ALt
A DUE 2 2, WA I0a 2 28 19 BORE 28 B R0 23 A
W EN YR b A A SR I 2 R R
il WO 5K B R AR PR, AR
Bl SR B SR R B UIROC o X v MBS 2K 7 3t 71 1)
N e 0 KU R R 1 AR ) 2R G i T ik
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