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Abstract Fine-grained gravity flows can transport clastic sediments and particulate organic matter
from shallow water to deep lakes, forming distinctive sediments finer than 0. 0625 mm. During the deposi-
tional period of the upper section of the Lower Ganchaigou Formation (E>), a sub-lacustrine fan system
and chemically precipitated carbonates developed in a saline semi-deep to deep lake in the Yingxiongling
area of the Qaidam Basin. Seven types of lithofacies associations (LA) are identified in the fan fringe sub-
environment on the basis of core observations; LAl association of mud flow, mud turbulent flow, and
suspension fallout deposits in quiet water; LA2. association of chemical deposits interbedded with event
deposits in semi-deep lake; LA3: association of slump, fine-grained debris flow, and mud flow deposits;
LA4. fine-grained hyperpycnal flow deposits; LAS5: fine-grained concentrated density flow deposits;
LAG: association of fine-grained debris flow, fine-grained transitional flow, and fine-grained turbidity cur-
rent deposits; LA7. association of fine-grained concentrated density flow, fine-grained turbulent flow,
fine-grained transitional flow, and mud flow deposits. These lithofacies associations are attributed to vari-
ous fine-grained gravity flows and their transformations which are suggestive of complex flow processes. Our
study also shows that the fine-grained deposits are influenced by paleoclimate, tectonic activity, and lake-
level fluctuations. In an arid environment and during humid periods, lake-level rise promotes the formation
of favorable source rocks and fine-grained gravity flow deposits. Conversely, in times of drought, lake-
level decrease is more conducive to the development of chemically precipitated carbonates and slump-de-
rived fine-grained gravity flow deposits. Mud flow, mud turbulent flow, and fallout deposits in quiet water
(LA1) and chemical deposits interbedded with event deposits (LLA2) are the most favorable “sweet sec-
tions” in the saline semi-deep to deep lake.

Key words fine-grained gravity flow deposits, salinized lacustrine basin, shale oil, the upper sec-
tion of Paleogene Lower Ganchaigou Formation, Yingxiongling area, Qaidam basin
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Fig. 3 Mineral components and lithology classification of the upper section of Lower Ganchaigou Formation

in Yingxi area of Qaidam Basin
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Table 1 Flow characteristics of the upper section of Lower Ganchaigou Formation in Yingxi area, Qaidam Basin

(modified form Mulder and Alexander, 2001)
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Table 2 Transition flow characteristics of the upper section of Lower Ganchaigou Formation in Yingxi area, Qaidam Basin

(modified form Bass et al., 2009, 2011)
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Fig. 4 Lithofacies associations of fine-grained gravity flows of the upper section of Lower Ganchaigou Formation

in Yingxi area, Qaidam Basin
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FSS2: PORZ BAN B P AR 5 FSSS: ASTE M 3 A0 A3 D 5 AH 3 CSST: & A0 85 FIBR A7 19 23 28 )2 BOML M) 0025 A5 €SS2 & A1 85 R B A1 fY) 1E 32
AR BHUR P A AH s CSS5: & A B A TB M 1 = BUHLB b & A
[ 5 SR RE M TP X T TS A EERUIBUE IR (—)

Fig. 5 Lithofacies photos of the upper section of Lower Ganchaigou Formation in Yingxi area, Qaidam Basin ( [ )

BLRIRIR, 7 A = B, e BT Ay 4 2408 LA & AE B
o 2R M AATERBIAATEIL IR KRR 35 ) J) (Feng
et al., 2021) . SSM1 LL{e Ji5 Floky b 5 W2 73 A by ¢
fiE, ATUAAR B P T (Mulder and Alexander,
2001) 5 M1 LAARF KFSUZ R, W] LU R R
WK FRK TR o 12A A2 & RO T TR X 16

SAULTEZ B 1 Uk 22 U 3 S R DURR I 7= A i T
R AL i 72

3) LA3: I S—4006L 6% 8 I —U8 Wi U0 AU A
M. ZE MG & ORI E A = OB
A (CSSS) | Ik b A A (FSSS) | &b
J& . RTEMZE A T Bk b A A (MSS2) | LA K



‘(IM K

BN [ 5 % S | EE A E A R AL i R W= A

B26% H4H)

DA 55 K 25 b 9 UG M X R T 48 v 41 Bk ) 993

A LB AR R S B 2R B B e A (SSMT)
K (18 4-D; & 5-C). ‘#4H CSSS Ml FSS5 LU
B WEIE A Oy RRAE, AT DL RS O i 1 DUAR
(Shanmugam, 2000), 5 4H MSS2 LI#b)E . ¢ )8 i
SRR NRRE, E R LA OB b s Oy, n] AR RE
S ARLEE TS R UTRL, A AH SSM1 BB AFFERb g . e
JE M2 53 A B RFAE , B HGTRR ) vh 8 5 &5 i s T
B, HAFAEUEZAR A3, RO A B A Y8 i U0
F1 (Mulder and Alexander, 2001), ZA&MHE X
W T RN R A W R R IR, AN B R TUIR R
PERWE . RJBIRAVIRY b, B BRI
AN B LA b B S5 K 60 i R, 8 B R O i T
fdi15 20 6 6% 8 U & @ e A O e TR 1 Ul BT R
(Sumner et al., 2009)

4) LA4: 4k s\ OLRUE M A & % a
HEHFATE AR a M (FSS1) | PR JZ HL4H
kb a kil (FSS2) . & 41 8 AR A7 1 1E 328 72 J= B
bt (CSS2) DL K& A1 B Mk A 1Y Sz ik 7% J=
M B A A (CSS1) (K 4-E; K 5-D),
FA FSST LIPAT 2 BN RRAE, 5 AH FSS2 LR Z
HUAFRAE, HAH CSS2 5 CSS1 A EHE Z I,
SR TE B3 A B E [l 0 AR, v R) LA e e T ] B
XEE A A AT DL R O dikE S SR UCAR (Lamb
and Mohrig, 2009) . kL [n] | 28 4H (9 1F % 42 45 7~
TR RE S A, ) bR S AR R TR
PRBE I A 1Y 5, v U PR Tk A R
1, TE— MR K S, B R K T %
S A S A G A, TR S R —
56 B B S T I 32 A A — > T 3 AR N — A ik A
(Mulder et al., 2003) . ZAMA G R T 1 R 2
POz A P B AR 5 S DO, R SR ) ¢
K H AW R T KA B, A7 AE T 7K T8 I sy B 4
L8

5) LAS: 4iki ik 4 % R LU A R4l & . %
A G HER (=) B8 6B O S H
(CSS4) LUK 24> A1 5 AR A7 1 1E 328 72 J2 B By
Wa A (CSS2) ZH (&l 4-F; K 6-A), &
CSS4 DI Zr A e (=) Bl 2408 MRk, 48
AREYNEMAEAE, (J8) = TRy # 248 7T e 2 W)
A5G v ) T AR 1 3 T B B NS o
i1 CSS2 Jg—Afi) LA Y IE B A, HT LS R O dif
T P AR AR ) A3 SR R R, R i T I A3

PRATAR S 5 G FB s B oo i T LA AR AR S i U YL AR )
JIG PR A5l o 325 HH 2 T 1t 200 K ok 40 %% 1 O A L
Tt 2 (Mulder and Alexander, 2001), %2R 1K
XEIRA R EE ST, P A B IR A DT, Jf
TESY U] J7 09 VE FH T 52 BUWZ 43 A R HEAE , B2 S
B [V 7805 - el L O w1 T B
(Talling et al., 2012)

6) LAG: kL4 8 i — 40 kL ik 8 i — 40 ks ik
WMILBUE MG . ZaMAG S AR E S
TRIRZ R RD B a0 (SSMS) | By it 8 i) Js it
JZr AT Ak E A (FSS6) | 8 JE 1 it 20y b
tHO(FSSS) . HJZRE WP E A (SSM6) | Ik
JEBRANG Y A A (FSS2) | BeARJZ BEL4H Ry 10 & AH
(FSS3) LA K17 2 BEA0 B b & A (FSS1) 4K
(& 4-G; 18 6-B) . BribJE 59 JEIWUZE A ik
A o3 A1 LA B A8 B ) 3 X AT fige R Ay AR S 3L T AR
(Mulder and Alexander, 2001), JBRZ¢4i & H T
AT IS PR A A5 ol BT 77 A ) S T 4 IR AU 2
W, TE 3 AR W R R T S YR B A A, AR i
SERTERARIZ SIS R . S5 A SSM6 LI H.JZ ik it
S E AL, AT LR Dy b AR A )
JEZE i ny i 9% (Baas et al., 2009, 2021); =4
FSS2 LU R 2 H Ry e A, AT LA RS Sy i it 38 5 3k
P ; X 2 N a AR TR JER (Baas e al.,
2009, 2021), %+ FSS3 DLHOIR B2 80 RR4F, £
B i 3 9 AR b Ry D B R W R PR TR, A M
FSST WM RA-47 J2 HO R AE, 48 7 i Ui U 1A% E 12 19
HE—2B W X 2 > A B R LA AR RE R AR i I
(M) UUAR (Baas et al.,, 2009, 2021), i% & AH
MG B T R PETR A IE g ad AR B TR KR R
] JE R MR AL T R

7) LAT: 4K 46 %% B — 400K i U — 40 kL
HER—PRRAPE A G . ZaMA G bR
JZ BRI D A A (CSS3) | JKF 2 340 By 1 5 A1
(FSS4) | PORZHAN k3 10 5 A (FSS2) | AT )=
HLJE Ry W0 25 A (MSST) DL K ik s 4 3 o J= IR
AR U B e A (SSM2) AR (& 4-H; &
6-C) . Al CSS3 LIHUIRZ B 3 i R4 /R K
W0 R AL, 98 705 T i T A Hh OB D BB Y P
YL ( Mulder and Alexander, 2001); % & fH
JUGF L B K K AR 3 T LA S R DO AR I Y i K &
AR UURR R 36, AT FSS4 1 K - J2 3 n] L i
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Fig. 6 Lithofacies photos of the upper section of Lower Ganchaigou Formation in Yingxi area, Qaidam Basin ( Il )

B AR B W T AR o A RSS2 B PR Z B2 i
PEG R bR, w] USRS O i U 19 5 P ( Baas
et al., 2009, 2021); F=AH MSS1 LJE47 )2 B 41
By b o A, AT LA RO T R 9 i — AR
o JEZEW (Baas et al., 2009, 2021); M FSS2 %
MSST B fe i & B W 2L, WK T
AR A R DO o AR SSM2 DLAR BE A 3 . U
JEARAFRAE, SRR s L nl DU R b e Ui
OB o ZE AR G S BT 4R vk 4 %5 B8 I DA & b
B i A 32 B R R AN B AR SRR IR, 7 AR e
JoRE IR A DU Y S5 20T i A9 8 ] (Haughton
et al., 2009 ; Sumner et al., 2009) , i H [\ 40 %7
Wit , Bl Ue B B R A W . 1 i J5
BN W T TE 0 25, 200k 3 It E — 2P 1) e U % 1
I A

3 AKX TTRE4E ERIRR
Bam
SR BFIOBE ERIER | MR L A
BIFAEATANT, GEA AL WA RRAE , W16
TH A E BRI SR, LU — 4 %
X BT RL P LA R 2%

3.1 HEANHEKRE

Lo KB, W IXAE B Mo/ Se {H7E 0. 036
~4.310 Z[a], F¥{EHR 0.986, KA 3 EREHE
3 (FMEBAE, 1997) 5 J oS X = KA
SR 2 A Y R e S BURL Oy BR  ofE [) A sE AR
B (G 814, 2015), ok UL B R AY T 25 8
K, DA RIFIT KRR Sl 3R A b R 2 B R A 7
) 52 1]
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3.2 HIESWH

1) 7M. A Epstein 48 (1953) 4§t (951
ek AR AR TR R L A DU WP 1A T EE
H 20T Oy 3. 8~66.5C, K154 29.6C,
LA AR AR ZE s A IS/ Cufl B 4T 20 Hr, 2 IR T
E2A 1~ 10 SR M, MR T 10 o T # i,
S5 REWIS Cufl R T 10 A5 1L 83. 1%, B ARG
H 2R R (kb T T <z b, (H2 B
TR BE ARt (5 35 K 2) .

2) WEREE: FIH] Epstein 48 (1953) 42 H 197
Mtk AR THR R IR L A TUR Y 9 #h B2 A Z
{E, Z5RFEW] . HE G R BEVE Y 26. 9%0 ~ 38. 3%,
EBE S 31 1%, Z {H K T 120 1 FE & A L
57.5% , Jw i EAL B K R EREE 5 FIHT St/ Ba fi it
3o (E4 A5, 1979), HAEH/NT 0.6 JiRK
47 0: % N R WS W SRR a1 S S
ZEREW . WAH/NT 0.6 95 13%, HWEAN T
0.6~1 Z A1/ i kb 20%, FLME KT 1 MRS N L
67% , Wi g2k oK — UK 3R 585 0l A W AR
(Z3g, 2020) Wox, F TS EBHZE N R
HIN T AL 0 404G . Eucypris-Ilyocypris errabundis-Aus-
trocypris levis, 38 78 UTFRK AR B A 2 AL — 1L 19
FAE. BRI, EL B R AL T RUK IR B, A

A2 K 1 BOK AL G R (R 35 B 2) .

3) KR WK EE A, ZE T
S, HHE TR MG R E N KNGS
o R La F1 Co Xf LA 7K 44 09 oty 7K VR #E 47 1k &2
(RBFF 33, 2000), HHEAKXH: Hy, =
3.05x105/(VSL.5), iE4HELH 6 1K
WG K2 3.5 ~40m &£ 4y, V¥ W E L
18.5m; (H&SZBAFAEZE S, Blanse 2—-4 HK
RAE 6. 1~58.2m Z[H], FIHRE Ny 22. 6 m, i 4
V2 K IRTE 3.9 ~28.8m Z (], FBIRE N
14.3m (£ 3.3), H/KEMKE BLH T DL B 3
T T A A BRI BN s BRI K AR S e o
TR — VR DTRR IR B 5 A [6) 22 18] | T oy b 35 1% v
AR EREN2ZR(E3).

4) HEALE M V/(VHND) Al ISR AL
—iRJE P, R T 0. 84 MIAL K — R KAk 43 2
BRI IR A —IO I AEE, HEAE 0. 6~0. 84 Z [a]
ol NG o = N 7 N2 Rl A A 7 N A = |- I
0.46~0. 6 Z[H] 1) Ky 7K AK 43 )2 55 19 20 A — B AL IR 55
(Hatch and Leventhal, 1992); i ¥ 358 V/(V +
Ni) “FXJMEH 0.66, HHL{ETE 0.16~0.6 ) [ Lk
13%, C(HTE 0.6~0.84 15tk 87%, Wik ik
Jor BEES F A — WAk R g . BeAk, Bk AT

R3 KARBRHMRXTFREGALBEERESFTEHE

Table 3 Palaeoenvironment analysis data of the upper section of Lower Ganchaigou Formation in Yingxiong Ling area, western Qaidam

. St/Ba/% St/Cu/% V/(V+Ni) /%
s <0.6 0.6~1 > 1 1.3~5 >5 0.46~0.6 0.6~0.84 >0.84
PR 0 11.5 88.5 0 100 0.15 0.85 0
462~ 4 8 29 63 5 95 0.15 0.85 0
212 23 21 56 4 96 0.15 0.85 0
214 5 30 65 0 100 0.00 1.00 0
££906 19 5 76 0 100 0.05 0.95 0
££908 24 5 71 5 95 0.24 0.76 0
# ik 13 20 67 5 95 0.13 0.87 0

. £ BE /%o 7 At/ % T/C K (Hy )
e 5 H M <120 > 120 5 M HEE/m F-1/m
5572 29.1~35.6 32.5 0 100 14~46.7 29.4 3.9~28.8 14.3
462~ 4 31.2~38.3 31.6 71 29 3.8~66.5 33.7 6.1~58.2 18.5
s12 26.9~37.4 30.3 31 69 21.9~30 24.5 3.5~37.3 18.9
s14 22.8~36.2 30.8 60 40 22.8~36.2 38.3 2.7~29.1 16.7
££906 26.5~37.6 31.1 57 43 21.9~30 25.9 4.3~34.3 15.8
#6908 29~34.2 30.1 12.5 87.5 21.9~30 25.9 3.7~49.6 18.2
# ik 26.9~38.3 31.1 42.5 57.5 3.8~66.5 29.6 2.7~58.2 18.6
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PUFE /R IR JEEREE , i 22 I RE b, Bk s A
R R (0% ~8%), 20% [ FE & A K I H
Bewr, ULEHUTRUASE AL R iR . S Ah, WERE
ORI, DIRYEEaZ ARG, KERE, KE%E
R IRF IR, D IARRLLE . LA SR
FALEMBIE, 50, B2 DURU )
FRAEKIE T RS, JRAEROK IR s, fRAE Ak
—IR AR, AR T 55 A — 3 I TR A 8
(%3; K2),

4 ZWAKNEHRNRYEFTH M
BREZ 51

e M X A BB I K R R TR 2 K i
[FER8% (Song et al., 2022; 544, 2019), 7F
PEEIEA KT . REWEB s T (e E
BAE, 2021), NW-SE JjIn] & & BE 3 AL o B —
T KT I — T LA S B = A I —3 K B — il
0, UUARY KL BOH, kA E (E S,
2014) ; 7 SW-NE J5 [a] W & & 1 Z& 3¢ B4 114 il 3 {70
— MR = A — W B — WA TR &R, TUR
BAREAN, ks, RS HEERA (EH
A, 2014) . SrAr A sE K O B RRIE, k25
NV mKAE . AR LA SR RS, DR
RLFEAN . Iyt . BEASERTOR , J& T IR 0 kLT
o BEAMRYE# T 0 R BOREXT ORI, B A A4
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Fig. 7 Stratigraphic correlation profile of Wells C14-C904-C10-C2-4-C6
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SN DA 2 U TE B I Bk R R e LR (R
BidE, 2017; sKibER4E, 2022),

4.1 KEZL

T TS A BB 2 E T2
2, Hor s e TR TR v PG b A R B S e
f% & B 2 (Hahn and Manabe, 1975; An et al., 2001;
Hou et al., 2021a) , £33 W KTHR AR R LA™ oK
E3 " (Ruddiman and Kutzbach, 1989) 545 | % i}
R VY IR S B B 0 KRR R e —
3 1Y 9K 3 [ 2 (Popov et al., 2006; Wang et al.,
2020) o F34b, I A 4 R T AL AL TE B Y B
(PETM ) —" f&¢ i& B ¥ (EECO )—"< f Tt i ]
(MECO) kAR N i — R # B B (Zachos et al.,
2001; Hou et al., 2021b; Wu et al., 2021), TEAS[H]
CE3 - w1911 S e S e A D R

BAATE, AT, SRR RIT
U W, B TR R A R, ETSC
IR g BRBE A M T LS 2 M, i ES B
il B/ R, AT BRI T 22 AL e
[\, AR 0, 1w, G A S L
mEREK, B V& REMAIRWTITR, 1
FEVETLDCRR L 8 Jo i dat T AR DA B A0k i % i DOAR,
A AR B K 51 R By g0k S UL, KB TE
KIE— MR R b AR, WK R AR &,
WINPT R, 51 R BT Y 58 9F 8 Ak B
PHRVTR AR Tt B VA TRl AN 11 VAR N1 E A
JE AR IR, K F AR T R b X

4.2 #HIEiEDN

ZENiag) . #ilzsh . Sigsh g,
SN A 5 T A A 9 = RS TR T, Sk R A
B (A, 1999; B R, 20115 A
545, 2015), 5 Bk W B 4 19 R AR (A B
&5 2015; Zhuang et al., 2019; F{HiE%, 2022),
BEE MR SR BT I, Jh B R S0 18T B 3 3t T 4 1 34
B A e 71, AR T 1L k28 RUAL 3k IS 4 4 1
TRLENYI, TR OWIEEEHN T AR
(EfEMES, 2022), pi @R — L9 5, 7£F

T4 90 2 — b T 4 e A 0 AR A A G B oK
FESER AR BIIE M LA G, FEBT R & Wiy . RS
U LA AR & I W 3 RN, A b T —
EW R B (P55, 2015) , B EIS
TR W R AR T R, P R G S R B
RIWAWM ARG KT, KE L% NW, NE 1%k,
W2 kR (e B OBCAE, 20215 R &G,
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genok, BOKE, AKiEEER, LT REZAED
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FEfEH (Shi et al.,, 2020), fERXAIELT, AR
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Fig. 8 Sedimentary model of fine-grained deposits in salinized lacustrine in the upper section of Lower Ganchaigou Formation

in Yingxi area, Qaidam Basin
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Fig. 9  QEMSCAN photos of typical samples from the upper section of Lower Ganchaigou Formation in Yingxi area, Qaidam Basin
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Fig. 10 Typical fluorescent photographs of the upper section of Lower Ganchaigou Formation in Yingxi area, Qaidam Basin
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