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Fig. 1 (a, b) Tectonic map (modified from Zhu et al., 2002; Yang et al., 2012; Sun et al., 2013) and (c) stratigraphic histogram

(modified from Wang et al., 2025) of the Quaternary Formation in the Sanhu Depression, Qaidam Basin



5558 S RS SRR Z b = W B 5 0 2R

Ve e BRI 22 R AR R LR X A7 1891

R3S 2 = 7 vk e i SR o B [ 2 S |
Gl e BRI AT SRR S A AR DY R Y
DURR AL, T FRZ M 30 000 km (BRPETE 45, 2011 ; &
BREAF,2020) (B 1b) o S9BRIL AR E A8 SR T2
PIRET, 5043 v g U153 DXORTPU A k35 X (PN
A5 2013 RIGSE,2019) , RILMIX A TARA T
IR TS WA 22 ), 2 v g 1 DX AL R X A ik
WA . XX IR K ERES AT AR
TRACH] ERTTF A GA AR A AR PR 20, A ) X el £
FEM 2 BORE AT 22 57, AR & LIRS bl
P RITORT D BRI 8 S DR O 1) 5 58 L
BUNFHE , DU LA T CRIEREE , 2002; 1%
WESE,2012; M55, 2013) (K 1e) o AL FIZIRT
2 AR SCH AR 2, DURUSE B R, WISk A -E
SR JE—ERRE GESLIAAUTRY, B KR
A (Yin et al. ,2021; EIEE,2025) .

2 FRAREE LA

3 S Ak AR 4 s = T8 34 I e e X ) AR 1
FH(ST1 ) R 2 F (ST2 H ) 55 U R AL A O R &
T 78 B tef 2 LA VR R M 55 (0 S D e 2 K
WP A SR A R i, b, ST IR 19 /M8 Sl i 42
HUF 1208.03~1 319.88 m R, ST2 J1-AY 59 1~
P EELEHLE 1 680.83~1 745.88 m A JETLHE (&2)

WFFERE R 22 IR e MUK 0 R % (B D

LR RRE PR e S S e s kb
[l A I RD Bl Ry b o L 45 U8 Bt b
Mz B e, KB H =, KE PR AR
ORI IE ,H WD & F5lT R SRAT K B A
FAFHIR(K3).

FHEETTREBRAE A, 22 BRER TR UL 53, 4
FE it B9 T B4 BIF IS e e J P s v 2 A O 3 s £ B
/NT200 H TR , R ERR B R AR L CEE 105 °C
HEAE LT 4 b, B S ORAF T TR A TR 20, 7E B 1
BE T LSRR 1) 2 AN 25 A8 LURA O 120 B D i 1)
P I A R R 2 s A s KUk
ZJ5 AT FEITER T LT R e S A A
TCER I HT, 20 0 3R (I B e R (i X S o
FGTEIY (XRF, Thermo Arl Advant XP+) #E47 M5,
Tl A b0 3R e RO AR & S5 8 TR B AL (1CP-
MS) FEATIMG A6 I X R BE N 25 °C IRJE K 40%
26 F R HEAT R 54 R AXTOS mAX X SF2R 50
A, 4 E i o R BRI B
FHEE (b5 A BR S vl b BT S50 2 e

3 HERAC AR

31 FETRFHE

W 5% DXRE i 3 a0 2 K 45 2R L3R 1 R,
Si0, & A T 21.08%~54.62% , -3 )y 47.83% , & T
Ji AR AT R34 5UAE (PAAS, Si0,=62.80% )

(a) N N (b) ST1Jk (
p T i | o webe [ [ T iRy
J[’,\ \%& /m [s0—150 iz iiglel e [l
RN \\ 0 15 30 km ° 0] e
\ ~ N S _ 1 i 1
\ Sa N AN ] 8 a
\ = S N
\ ~ Sou N N ° b 8
\ S---<3N S e | fros0
. N sk N s ° g
\ NN R e s
s \  StdF T e e L g
Yo N & \ N B IX. 3
5 \ 2 ’ ?fégt*%\ ® - A
Y 0 L ¢ By i R . S e 700 g
v L ,’~\\\‘\Q§ ﬁgit\\{;( - "\ AN s g
A I RS, N it Sy E2 /N s i
¥, \\ - . s ,’"\:\:‘*::“" “T~Ne-—> \\%\ > N
) \ \\ \\ So \\ \ \\:“~:" ~~ST23 s \\\~§___—E:\S ° ” I
LN NN N RN T R e ~ i |
DR R \ ST / s i - e ]
NV N N Py O / \ \ SR ° ]
NN AR AN ’ \ No c=e__ Sso__ B 1 |
\ \\ ™ 700 (O [T FE DX \ —~“\\ SN e ] é
Y N, ‘)00 ~\:\‘~ // N * % \I L4 ' 2“:
Y N 0\\ _________ . Y \3; 3 1 | & 8
RS 6, SaL mEe~s ST g ~0, ) [ ] R
' 2 ~o ~~o- ~ 28 0 / ! o
7, Moy, e ~ AN % N = /I ° o~ o l
e (4 ® Sy o E Ty, ~ -~ . 7 o
e Ng S — ~ ~-= i o J
i L ) ° § 8|
s L ° i oll
e o bl 8
X . I g
° "
HIRAR 1 ° 1 o
E A
XY [&] [--] [e] [o] (o]
PHLES JE8 BIRIA RS it et WS RS BEEIeR BEETR [C&vies
¢ 17 Al £ . SR = i N
B2 (a) BF5E X 45 DU R SE R (Yin et al.,2021) K (b, ¢ ) RAEEH5 MR AR ]
Fig. 2 (a) Isopach map of the Quaternary in the study area and (b, c) lithologic column of sampling wells
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Fig. 3 Typical Quaternary sand and mudstone cores from the study area
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Table 1 Main element contents in samples from well ST1 and well ST2

FEdh ST1 ST1F-¥{E ST2 ST2F-H){H ST1+ST2 F-H){H UCCFH{H
Sio, 21.08~52.54 46.00 38.76~54.62 49.65 48.17 66.60
ALO, 7.56~18.10 1473 8.41~18.34 15.57 15.23 15.40
Fe,0, 3.24~9.21 4.99 3.74~10.93 5.89 5.52 5.04
Ca0 4.01~19.12 9.62 1.23~15.85 6.75 7.91 3.59
MgO 3.05~13.83 4.41 2.52~4.60 3.41 3.81 2.48
K,0 1.42~4.06 3.09 1.65~4.21 3.48 3.32 2.80
Na,0 1.65~3.10 2.66 1.79~4.75 3.41 2.61 3.27
MnO 0.07~0.21 0.10 0.04~0.25 0.12 0.11 0.10
TiO, 0.27~0.63 0.50 0.32~0.73 0.58 0.55 0.64
P,0, 0.09~0.15 0.12 0.09~0.22 0.12 0.12 0.15
ALOJ/TiO, 22.33~37.74 29.61 16.41~33.93 26.89 27.99 24.06
Si0,/AL0, 2.73~3.97 3.15 2.63~4.65 3.25 3.21 432
Na,0/K,0 0.59~1.45 0.92 0.52~1.14 0.75 0.82 1.17
Fe,0,/K,0 1.24~3.14 1.66 1.26~2.85 1.73 1.70 1.80
A/CNK 0.34~1.64 1.03 0.49~1.93 1.27 1.18 1.59
A/NK 2.23~2.84 2.54 2.06~2.82 2.59 2.57 2.54
CIA 47.49~57.66 52.75 46.19~58.06 54.32 53.69
CIw 54.39~69.98 62.26 53.99~71.47 62.23 64.03
WIP 65.83~86.46 76.35 50.24~96.37 75.45 75.82
cv 1.42~6.10 2.08 1.46~2.69 1.73 1.87

1 UCC 2 b KBl 52, 4048 51 F Taylor and McLennan (1985) ;5 57 4 I 1§ 4 A/CNK=AL,0,/ ( CaO+Na,0+K,0) ; £ 1 %t A/NK=A1,0,/
(Na,0+K,0) 5 b2 11t 2 45 £ C1A=n (ALO; ) /[n (ALO;) +n (Ca0") +n (Na,0) +n (K,0) 1x100 , CaO" 45 Y J& AN A7 T it B2 £ 1 CaO 9 £, A
T B W b A FR 54, 115505 2+ CaO 4, =Ca0-P,0,x10/3 , #F Ca0 4, <Na,0, % Ca0'=Ca0 4 . , % Ca0 . >Na,0, % Ca0'=Na,0 , n f§ i
JR 4 5 CIW=100%[ALO,/ (ALO,+Ca0 +Na,0) |5 ICV=[n (Fe,0,) +n (K,0) +n (Na,0) +n (Ca0") +n (MgO ) +n (MnO ) +n (TiO, ) Jn (ALO,) ; WIP=
[ (2Na,0/0.35+Mg0/0.9+2K,0/0.25+Ca0"/0.7 ) 1x100 .
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(Taylor and McLennan, 1985) , Si0, . ALO, 1 Na,O f*)-F
Y {E 4 & A% F L K Bf Hb 72 (B (Upper Continental
Crust, UCC) , Ca0 Fe,0, MgO F1 K,0 {1 -S4 (E 21 ms =5
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HA MR (Si0,=48.17%) . i 57 (ALO,=15.23%, F1 48
£ A/NK=2.54, 4 161 Fll 45 £ A/CNK=1.59) | & £ 45
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AR AR S E R OT R AR AL, L UCC R
AR IR ] (] 4a) Ha] LLZ BRSTT H: (ST2 H1) F i
JC R BARAR IR T, Si0, & JHARXT UCC R A =
i, ALO,. Fe,0,.K,0, Na,0, MnO ., TiO, . P,0, &% 5
UCC & 4124, CaO MgO & B AN UCC 3 i
W EE.
32 WETERFFE

WFFE X e e R M R an 3k 2 s, Horp & i
B 2 Ba Sr fl Zr, 5 UCC 40 R & A L, Ba Al
Cu Zr i W W T, Ba Y -3 & ity 1 418.68 g/,
TG & T UCC 31 (628 pg/e) , Cu BYF3 & 0
69.86 pg/g, i T UCCFHIME (28 pg/g) . NbILE S
U BRI, 1R 9.62 wele, AKX T UCC V- {H
(27 pele) , R T Z S/ 5 ucCH Y, B
Ba il Cu & £, Nb 7 5 (U 4FAIE .
33 BHLITREHE

T IX Rl L IC R AR S 5T 55.96~223.97 pelg,
IR 162.22 pefe, BATEREIRR LTI ETUA T
{8 173.21 pefg, i T B KBl HE 7 -1 {A (128.44 pg/g,
Taylor and McLennan, 1985) , B o R/EM Ao
Z (LREE/HREE) /) T-4.92~12.96, F- 34 9.82, & T
I (7.5), (La/Yb) (& AT 0.84~1.73, V-3

10

1.35, K T UCC F-391H (1.50) , 52 Wk 4 0 & 401 e
FEARES,Sm/NA A T-0.17~0.23 , F44 4 0.21, 1 55 Tk
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Ce,,., IR T Rl Eahre F-240E , 25557 554 .
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Fig. 4 Main and trace elements /UCC homogenization spider diagram of the sample
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Table 2 Trace element contents (pg/g) and related parameters
(including rare earth elements) in samples from well ST1 and well ST2
BEdh ST1 ST1-F-H#{H ST2 ST2V-H){H STI+ST2 - H(H UCC -3
Rb 44.11~244.92 151.10 31.91~162.13 103.35 121.49 82
Sr 108.24~921.34 420.98 141.50~1525.67 410.40 414.42 320
U 2.42~9.27 5.17 0.66~6.06 1.81 3.09 2.70
Ba 465.70~2586.86 1267.03 594.52~7292.71 1511.63 1418.68 628
v 38.27~118.19 87.93 23.95~119.35 93.17 91.18 97
Cr 29.29~91.98 66.90 18.64~77.70 62.40 64.11 92
Ni 20.48~53.36 34.70 12.31~68.86 36.02 35.52 47
Ta 0.47~1.03 0.85 0.28~1.08 0.89 0.88 0.9
Nb 5.36~11.83 9.75 2.63~15.74 9.54 9.62 27
Yb 1.48~3.28 2.66 0.86~3.30 2.70 2.68 2
Hf 2.17~5.06 3.96 1.33~4.48 3.53 3.69 5.3
Zr 76.69~179.76 142.13 51.00~192.90 129.63 134.38 193
Y 15.29~32.32 25.51 8.13~29.04 22.33 23.54 21
Sc 5.80~16.86 12.19 6.69~27.91 15.99 14.55 14
Th 8.69~19.63 14.80 1.53~17.22 7.31 10.16 10.5
Co 13.93~26.86 19.92 15.12~64.72 27.50 24.62 17.3
Cu 15.94~60.01 41.04 9.38~603.10 87.52 69.86 28
Zn 41.33~106.93 84.98 6.54~138.74 50.11 63.36 67
La 19.63~49.22 37.00 14.02~46.45 36.80 36.88 31
Ce 39.25~88.54 68.45 24.01~86.26 66.41 67.19 63
Pr 4.96~11.47 8.52 2.76~9.55 7.60 7.95 7.1
Nd 18.84~42.42 31.76 8.54~34.09 25.36 27.79 27
Sm 3.43~7.92 5.99 1.90~7.13 5.60 5.75 4.7
Eu 0.58~1.39 1.05 0.42~1.56 1.21 1.15 1
Gd 3.14~7.00 5.31 1.46~10.82 4.46 4.78 4
Th 0.51~1.12 0.86 0.28~1.05 0.82 0.84 0.7
Dy 2.88~6.26 4.89 0.39~6.26 1.49 2.78 3.9
Ho 0.57~1.23 0.96 0.32~3.96 1.08 1.04 0.83
Er 1.58~3.41 2.73 0.76~7.37 2.53 2.60 2.3
Tm 0.24~0.52 0.42 0.12~0.46 0.37 0.39 0.3
Yb 1.48~3.28 2.66 0.86~3.30 2.70 2.68 2
Lu 0.22~0.49 0.40 0.13~3.30 2.70 0.40 0.31
Rb/Sr 0.18~1.37 0.47 0.02~0.63 0.37 0.41 0.26
Ba/Rb 2.75~58.64 10.69 6.28~77.58 15.94 13.95 7.66
Ba/Sr 0.77~17.48 4.46 0.76~25.79 5.01 4.80 1.96
Th/U 0.94~5.53 3.31 0.79~11.15 5.10 4.42 3.89
Zx/Th 7.44~15.74 9.69 8.18~33.26 20.01 16.09 18.38
ZrlY 3.89~8.90 5.62 4.95~9.17 5.84 5.76 9.19
Nb/Y 0.29~0.58 0.39 0.39~0.61 0.42 0.41 1.29
La/Yb 8.67~16.51 14.01 11.21~17.90 13.82 13.89 15.50
S REE 100.43~223.97 171.03 55.96~198.62 156.82 162.22 148.14
LREE 87.73~200.66 152.78 51.65~182.15 142.99 146.71 133.8
HREE 10.62~23.32 1825 4.31~33.08 13.83 15.51 14.34
LREE/HREE 6.62~9.33 8.36 4.92~12.96 10.72 9.82 9.33
5Ce 0.80~0.99 0.84 0.77~0.93 0.86 0.85 0.92
8Eu 0.76~0.89 0.82 0.67~1.23 1.07 0.97 1.01
-0.09~0.01 -0.07 -0.09~-0.02 -0.05 -0.06 -0.03
(La/Yh), 0.84~1.60 1.36 1.09~1.73 1.34 1.35 1.50

T 6Ce=2Ce,/ (La+Pr) N 3Eu=2Eu‘/( Sm+Gd ) v Ce

anom

=lg[3Ce,/ (2Lag+Nd )|, N Ry db 2 50U bR AL (E .
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Fig. 5 Standardized distribution pattern of rare earth elements in North American shale

1993) . DI G 2B e M TR 5 19 Th/Sc {8,
T K B8 4 2 Zo/Sc {B o 7E Th/Sc-Zir/Se F 51 [
Th/Sc Fl Zr/Sc {HAS Ak #3555 15353 5 3 A 2 1E AH G
PEFL R, ST ST2 JLT- i 3 i LA —2Z 1
YA —UCC—AE R A i b g oA, H 2
16 T KRR (K 6a) , X 2 VTR A 2 5
TURR 0 A REAG PRE F A0 s i 8 R 28 7 T 3l s A
FUHAEIR . 7E[ALO,-(CaO +Na,0)-K,0](A-CN-K) =
falEH (E 6b) , FE S RERPEL R R RIPAT T ik
RS ILL BB A S AAE FHXTAE S i /N
4.12 RALEHIRT AR

XA RE R, BHE AT FL AR A T2 5 43 i ol
A B Na L KRS i il R B AR
KA A AR B T, LA ) K,0/Na,0
(B S8 1 s (B 250845 ,2018) , B i K,0/Na,0 {14
h1.22, W T EHBFE 0 0.85, FE /R B A 4 T 5 A
FE AL . BEJE DU 7 Si0, T8k H A i E |, ALO,
FEOR AR L YA A, I, Si0,/ALO, ] LLHISR
TR B B A e S G 2 KA R
PEW W1 /0 |, Si0,/ALO, {38, TR M 1 3 T s
(5K PG 4F,2020) o A SCHE i SiO/ALO, H AT T 2.63~
4.65, V¥ 0 3.21, A BB AETE 4 YR
R, eI HAR L D5 AR

HTAWFFE4 H , CTA=50~60, 5z W55 il XU R B
CIA=60~80, J Wt o %5 X AL 72 ) 5 CIA=80~100, J5Z ik
P ZURAL TR EE (Deng et al.,2019) . ST1 FHFEM Y CIA
BT 47.49~57.66,F-34 4 52.75, ST2 I FE i 9 CIA
{E A T 46.19~58.06, - 34 24 54.32, 1 11 319 - $4 {8
} 53.69, [z WL YR X 57 55 449 AR VR F (& 6b, e) o

CIW A 7, A3 1 4 U DX R Ab R 3 i, A ot 119
CIW XM R 64.03 , [RIAE s Ui AR 26 7 i 20 AL
YR

PR B A ICV> 1, $8 7R AR AL AR50 Bl s 3
PTG S A B DU ICV< 8 /R AT REZ T T
FUR RACAE o B9 DXC5F5 DU R R i 1 TCV (B A T
1.42~6.10, FI{E N 1.87(>1) , BEIARE A 53 B2
X KPR ZIURAVER (Bl 6¢) o tEAh, BEAKAY WIP
(B30 48 7 55 1Y KPR AR (Garzanti ef al.,2013) ,
FE 5 59 WIP A T 50.24~96.37, F- 21 24 75.82, CIA-
WIP [& Hpr, B 51 v AR 55 A 2 AU AR DX 3 Ff e
(6d).
413 mEMER

i £ IC R O 2 32 VR R RZ i & 4E
A, 52 BUE VR R I R |, Ce B 4 Eu 5 461,
8Ce 5 S REE .6Ce 5 (La/Sm) MU 52 P B 4% 1F AH ¢
P, ZIRR (B SEMIZE R, 2023) o ST1HHE
i) 8Ce 5 8Eu .6Ce 5 S REE .8Ce 5 3 REE #H ¢ 2 %k
512 R*=0.029 41 .R>=0.004 42 .R*=0.477 25,ST2 3}
FEM Y 8Ce 5 8Eu.8Ce 55 S REE .8Ce 5 (La/Sm)
B0 51 A R=0.058 22, R°=0.233 26, R’=0.012 94,
W5 1L 5L 8 8Ce 5 8Eu . S REE F1(La/Sm)  AYAH &
PESAR (T 7) |, S e 1 s AR A i i s 1
JTCER RN

I FIARZES HIWT , 5T KRR A A2 20 A XUk T
JHRE 71 R 8V P4 55 , M BR Ak 27 20 43 DB X 3 350 1
X ARHL /N, BEAEAT Wb S IR X RHAIE , AT LA R4
TR X g 1
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42 FEAEH

AT N S48 0 ) 50 2 BO6 A URFE 2k A7 53
BT, AR AL HL X ST1 I (ST2 465 DU R Je 5 R XA
ST RGBT, AT RESN T R A MBI | b el
P 013 Ly (7K P 45, 2020) o RIS

(1) PIBVAEAY ALOY/TIO fE— it 5 H AR A —

2, 24 ALOJ/TIO fEAT T 19 ~ 28 B}, YLER W i) 125 m]
REAVE T KIER A AT, 24 ALO/TIOL(E/NT 14 5, UL
FUW) 0 B 2 v RER VR T 86 2k T A A (5K = B 4%
2023) . T 1 RE A A9 ALO/TIO, 3418 R 27.99, 2
Wbk nl ek KRB TA A . KE IR —
H AR B9 TiO,/Zr 18 (<55) , F1 % By Ti0,/Zr {1 (55~
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200) 38 7~ HHE PR 17 =5 19 TiO,/Ze {EL (>200) W 45
TR T TR (Hayashi et al., 1997) o W5 4L 5
9 TiO,/Zr F-HE AL T 55, F5m KT SR X
PR R A o I s k™ MO AN
FU BT EE oo R, MR K I EA 1A
HE S Ze TR (JH 2155 ,2018) o ST1HFE & Cr/Zr
{84 0.47, ST2 J-RES: Cr/Ze {4 0.49, B AR T 1, 2
Wi A KB . La/Sc. Th/Sc ., Cr/Th 1 Co/Th K A&
R R KA (£ 3) .

(2) 4 Ti0, . ALO, . Fe,0, . MgO ,Ca0 ,Na,0 . K,0
T 58 57 110 227 o 1 53] R 5 PR ik R A T 8 T A A B
SEWIR DXARAE Y F1-F2 i KR8 TR IR
KBAIIRIX., BB AE TP IR X, A A5
FE A VE A S TR R RN H P e O TR X
(Kl 8a).

(3) JIr A A b 287 5L A AU 07T AF X 2 1Y Cof/ Th (1)
{8, La/Sc {8 /4 28 fk.418 Fil 382K, Co/Th-La/Sc 1 7] 4] fi
2 Wt ST1 ., ST2 F 1 B ff U X 3= 22 K 8 i A A
(K18b).

(4) La/Th-Hf H] 551 i s, ST\ ST2 HHH9K
2R SRR VB AR A K T R XA i/
SRR SR IXJE R, ST HRE S B w1 H5E4)
U, ST2 - i B 22V A6 R 0 R M A TR A TR IX
(Kl 8¢)s

(5) VORI ARG T ou R A=k ke e, i s
ARG T A o BRI 6 e s 5 A
PR N E X (XEE4E 1 2022) . 7F La/Yb-SREE [&]
([ 8d), ST1H: . ST2 H- A HE S A i o FULELVE Ak
55 AC B X, DR VR AR R A X &, i — 2P
VLT ST1 - ST2 J- AR 2800 240k A 72, i
o3 T A7 BB R X
43 FEXEEER

KL 38 5 5 RN IR S5 12 e 1 B TR o
BRAL A FRIE e A K 2R DRI, R S DR sk Ak
SRR BB /S B R S50, o B VA ) B DR
J5 X B KA T 25 5 (Liv et al. ,2021) . BEJE A HHY
La.Zr . Th Co FI Sc % 15 & X 44 i PR 358 A by SRR, S
K 1) R A 18 1 5448 45 (Bhatia and Crook , 1986) .
Si0,/AL0,-K,0/Na,0 [l fi# F1 K,0/Na,0-Si0, & fi#
(Roser and Korsch, 1986, 1988) .7~ (|8 9a,b) , #£ i
JU-F-Fr A B i 35745 30 3% 2 K i i 5% DX 5% 51X 35
P, AN S0 ST A T 5 ORI A sl R i i 2 IX 3

75 B R (1993)TA 4 Si0,/ALO, REF R A B
LR, K,0/(Na,0+CaO ) L BER U1 sz B H Pt X
T B A A B ) R A, B A e SR AR BRI
Si0,/ALO, [E /]S , #a) 35 PRI AR Bl K it 2 1) 3 Bl K
i h 2 A SRR B 544k, K,0/(Na,0+Ca0 ) -Si0,/AL0,
PR fiff S 7 9 il R 43 X80 4 A T 1% Bl KBl i % IX 8
AR SR RS 75 N 5 A ES X 8, 7E Ti/Zr-La/Sc
T 3 TS5 1 1) PR i v A o 45 o SR TR AR T Bl KT
TGN RS 5 9 X BT (1 9¢, d) o

Bhatia and Crook (1986) A4 Th ,Sc . Co G AR MER
O3 A5 52 WA Rz DL R URRAE FH B 520, REAR 4
i S WA DX b R A 2 I, AT AR R AE TR
YR UL Kb i S5 . La-Th-Sc  Th-Co-Zi/10
F1 Th-Sc-Zr/ 10 P fif &2k A A1 e T 3= 5 IX A4 i
5 550 H ) PR, 4 A 3 0 S 43 B O A RO B 9K LK
i &5 9K T B KBl i 2 S v sl R Rl 2, — i b X 55
VU ZR U6 B4 A5 T Bl K i 12 5 R o B IR DX 3k
5 RS R A .

Bhatia and Crook (1986) E.4%5 | AS[A]44) 1 15 45 1Y
HIERAE 22 S50, AR SORE A 5 220 LR B, AR XA O 2R
Ve 22 5106 s Kt i R AR Bt 5 3R 5 o0 R AR AR T
(FR4). 25 LTk, ZFE i S BUREAH B EDUETR
At 1 DX 55 DU R BT IR Xk 1 B KB il A 5%, L
R TG S B A T T
4.4 RBEBEMIRR

B R KBl 5 KK K i ) Bl 42 L SR 28290 SR AL
BRI A 5 54 K R 3 b JR) BT L IOk PR H | b P
LR (B #6595 ,2022) . KR M REAAER2: 5 A
MR IR I A, SR K A e 2 AR R © Ll A 35~
25 Ma & AP T), 10~15 Ma DA A B W2 i
FUNE By, b A6 2k R A 1 A ~30 Ma FF R TE (R
Tt A2, 10~15 Ma FF-tbResk BT+ I T F BEsR 2 Y 42 1k
YEF , 2 b 7 2 1 BT JR 4 Wi 25 o i 270 22 Tie e
1, 2915 Ma A B B M 1S AR 8 (EAR %5 ,2022) ,
T R G0R = KL AL A= T i S ) o i i )
TURE A BN SER AR g b P8 =003 1L (b
244 B E B TR IR X, SNl 4kok Tl i
— T 20 R b P = A TR R L TR
A BA X AR A 52 - W) IR HE 25 52 A
[l =8B A T G b A4, 7658 DU 40 & T A b
DU BE B VE & TR & L IR o HiP NAE =
T35 B B4 55 DU R EE T L DO RR AR AR ) DR 5 3 B
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Table 3 Correlation parameters between samples and different source rocks

FINSH KB X BREE TR X ST1 ST2 ST1+ST2

ALO,/TIO, 19-28 <14 29.61 26.89 27.99

TiO,/Zr <55 >200 35.86 45.31 41.49
Cr/Zr <1 >1 0.47 0.49 0.48
La/Sc 2.50-16.00 0.40-1.10 3.11 2.55 2.76
Th/Se 0.83-20.00 0.04-0.05 1.23 0.50 0.78
Cr/Th 0.50-7.70 22.00-100.00 4.56 9.58 7.67
Co/Th 0.22-1.50 7.10-8.30 1.40 4.819 3.52

TE : ALOJTIO, B3 oK H 5K =5 3145 (2023 ), TiO,/Zr 303 K H Hayashi et ol (1997) , Co/Zr B35 3 1 JiE 2% 4245 (2018) , La/Sc . Th/Sc | Cr/

Th . Co/Th 5045 3 H Cullers (1994 ) .
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Fig. 8 Source rock attribute discrimination diagram

(H4kJ555 ,2009; S5 5% ,2010) , = Wi bE F 22
B EBE S L TR, 265 DU &R S S ] A% R
] Rk T SR AT 8 Ry HoAf a3 i ) o, LR AR
ACERIRIEJE s L, JEFAR % L 5 Py ] L X
IR FE 5518 W) 4 (Cheng et al.,2021), ST1 F1ST2
MR A4 E B AR E W AFE R TR, i A A7 7E
PR A AR TR AR TRt A7 A ok 18 AN ) 5 [l B 0

AT S0k A0 A T I A5 ) A B 3R PR T A i
4952419 Ma (FPRZEZ8%5,2006) , HiBR AL 2F45AE R
SR R TREAE , ELAG 5 T AR [ RIEARE A B S R
fiE e T —Foe i AR S R R R Rk A
AR, SR AR G b AU 2 A7 A i — Pl 8 1) A o LA B
s b BT IR o B (5K B 45, 2000) 5 A2 & 1
2y SV Y1 SR A P 352 i B R A AR B A g b Ak
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[llustration of the tectonic background of the source area

8% S#3T L & (Bhatia and Crook, 1986 ; Bhatia, 1985)

Table 4 Comparison of relevant parameters between samples and different structural backgrounds

(Bhatia and Crook,1986;Bhatia,1985)

B L

T3 5 5 KA PG L3ZIPNGUE 3 [ EIPNGGUE 3 ST1 ST2 ST1+ST2
S REE 58+10 14620 186 210 171.03 156.82 162.22
LREE/HREE 3.8+0.9 7.7+1.7 9.10 8.50 8.36 10.72 9.82
La/Yb 4.2+1.5 11.0£3.6 12,5 15.9 14.01 13.82 13.89
(La/Yb), 2.8+0.9 7.5+2.5 8.30 10.80 1.36 1.34 1.35
SEu 1.0420.11 0.79+0.13 0.60 0.56 0.82 1.07 0.97
Th 2.27+0.7 11.11+1.1 18.8+3 16.7+3.5 14.80 7.31 10.16
U 1.09+0.21 2.5340.24 3.9+0.5 3.240.8 5.17 1.81 3.09
Zr 96220 229427 179433 298+80 142.13 129.63 134.38
Nb 2.0+0.4 8.5+0.8 10.7+1.4 7.9+1.9 9.75 9.54 9.62
Y 19.55.6 242422 24.9+3.6 273453 25.51 2233 23.54
Nd 11.3622.9 20.8+1.6 254434 29.0+5.03 31.76 25.36 27.79
v 131240 89+13.7 48+5.9 31£9.9 87.93 93.17 91.18
Cr 3713 5146.5 26+4.9 39+8.5 66.90 62.40 64.11
Ni 11+5.1 13+£2.0 10+2.5 8+4.4 34.70 36.02 35.52
Rb/Sr 0.05+0.05 0.65+0.33 0.89+0.24 1.19+0.40 0.47 0.37 0.41
Ba/Rb 21.3£5.0 7.5+1.3 4.5+0.8 4.7+1.1 10.69 15.94 13.95
Ba/Sr 0.95+0.60 3.55£1.40 3.840.7 4.7+13 4.46 5.01 4.80
Th/U 2.1x0.78 4.6+0.45 4.8+0.38 5.620.7 331 5.10 4.42
Zx/Th 48+13.4 21.542.4 9.5+0.7 19.125.8 9.69 20.01 16.09
ZrlY 5.67+1.94 9.6+0.8 7.2+0.4 12.4+4.0 5.62 5.84 5.76
Nb/Y 0.1120.03 0.3620.04 0.4320.04 0.3020.06 0.39 0.43 0.41
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Abstract: [Objective] Clarifying the provenance and structural background of the Quaternary mudstone in the San-
hu Depression of the Qaidam Basin can provide geological basis for the exploration and development of Quaternary
biogas in the Sanhu area.[ Methods ] This study conducted analysis of the major, trace, and rare earth elements on
core samples from different depths of the Quaternary strata in the well Setan 1 and well Setan2 (well ST1 and well
ST2) of the Sebei area.[ Results] (1) The Quaternary mudstones in the Sebei area have low silicon (Si0,=48.17%) ,
high aluminum (A1,0,=15.23%, aluminum index A/NK=2.54, aluminum saturation index A/NK = 1.59), rich mag-
nesium and calcium (Mg0=3.81%, Ca0=7.91%) , relatively rich iron (Fe,0,=4.99) , and low total alkali content
(K,0 + Na,0=5.94%). The Ba and Cu contents are significantly enriched compared to Upper Continental Crust
(UCC). Nb is deficient, and the content of other trace and rare earth elements is equivalent to that of the upper crust.
(2) The samples in the research area are less affected by sedimentary sorting and recycling, chemical weathering,
and diagenesis, and their elemental characteristics can indicate the source and tectonic background. The ratios of ma-
jor, trace, and rare earth elements of Quaternary mudstones in the Sanhu Depression indicate that the sedimentary
sources are primarily derived from the upper crustal felsic sedimentary and igneous rocks, with the tectonic back-
ground of the source areas being an active continental margin environment. (3) The potential source areas of Quater-
nary sediments in the Sanhu Depression are the East Kunlun and South Qilian Orogenic Belts. Among them, well ST1
is mainly sourced from the South Qilian Orogenic Belt on the north side, and well ST2 is mainly sourced from the East
Kunlun Orogenic Belt on the south side.[ Conclusions ] The source of Quaternary mudstones in the Sanhu Depression
has a bidirectional supply characteristic from north to south, and its geochemical parameters are reliable indicators of
the mixed source area of sedimentary rocks, which came from igneous rocks under the background of active continen-
tal margins.
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