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Abstract A large-scale marine regression occurred during the depositional period of the Middle
Jurassic Xiali Formation in the North Qiangtang Depression, accompanied by the widespread deposition of
gypsum-bearing clastic sediments. Based on integrated petrological characteristics and elemental geoche-
mical analyses of clastic rocks from the Xiali Formation in the Shenglihexi section and Well QK-1, we
systematically analyzed the intensity of chemical weathering, provenance characteristics, and tectonic
setting of these sediments, which is critical for understanding the evolutionary history and evaporite
response of the Jurassic basin system. The results indicate that the Chemical Index of Alteration ( CIA)
values of these clastic rocks are significantly influenced by grain size and sediment sorting, but minimally
affected by sedimentary recycling; thus, the CIA values of mudstone samples reflect the intensity of
chemical weathering in the source region. Mudstones from the Xiali Formation in Well QK -1 exhibit
considerable variation in CIA values (60-77), with negligible influence from potassium metasomatism,
indicating that the source area underwent generally moderate to weak chemical weathering. In contrast,
mudstones from the Shenglihexi section show significant effects of potassium metasomatism; after correction
for this influence (CIAcorr), their values range from 80 to 85, suggesting intense chemical weathering in
the corresponding source region. Discriminant diagrams based on La/Th vs. Hf, Co/Th vs. La/Sc,
La/Yb vs. YREE, and A-CN-K plots, along with pronounced negative Eu anomalies, collectively indi-
cate a predominantly felsic rock provenance for these clastic deposits. Clastic sediments from the western
and central segments of the North Qiangtang Depression were deposited in a continental collision setting,
whereas those from the eastern segment were formed in an arc-related tectonic environment. This inter-
pretation aligns well with the established tectonic framework of the North Qiangtang Depression during the
Middle Jurassic. During this period, the central and western regions functioned as a weakly magmatic
intracontinental foreland basin, while the eastern region likely developed as a back-arc foreland basin,
induced by southward subduction of the Bangonghu-Nujiang Tethys Ocean. Multiple transgressive-regres-
sive cycles, combined with a relatively arid palaeoclimate and restricted paleogeographic conditions in the
North Qiangtang Depression during the Early to Middle Jurassic, may have created favorable conditions for
the formation of extensive gypsum-rich evaporites within the Xiali Formation.
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Fig. 1  Brief geologic map, stratigraphic column and sampling positions of the Well QK- 1 and Shenglihexi area

in North Qiangtang Depression
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Fig. 2 Microscopical characteristics of the Xiali Formation rocks from Shenglihexi section,

North Qiangtang Depression ( Cross-polarized light)
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Fig. 4 Chemical classification of the Xiali Formation clastic

rocks from Shenglihexi section and Well QK—1, North Qiangtang
Depression (modified from Herron, 1988)
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Fig. 3 UCC-normalized major element (a) and trace element (b) spider diagrams of the Xiali Formation from

Shenglihexi section and Well QK- 1,
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BTl A R i I TR (S = R = | R i/
Fry JUER Zr, HE B ik s T Ik R 0Y 30 e K
R FIRA M A ; TR Y & &3 & 1 kA v
Hm . LKk e br i s, A It E Nb,
Ta J¢ Y o6 R — s &, i Ze F1 HE TR
FEIERN 1 IRl h R BN 5 B, (e Bk ) 75 %) i
e BA 5 A5 E % (8 3-b) o AP
TP K E T E Nb, Ta, Zr, HE ALY & 53
K —ERENZH, W& T Nb, Ta, Hf A1 Y
GHMATMXAEE, Zr FERAE —ENT
o

Jes il TR Se, Cr Fl Co & & 41 5l
9.77~22.1 pg/g. 47 ~ 152 pg/g M 8.77 ~ 29.5
pe/ g0 GARKE EHFe M b, A PG ) e A
JCE S, Cr fl Co BRI —EREME L, bR
WA Se, Cr fl Co BRI —EBREM T,
o Se Fil Co Mt — =, 1M Cr BEA 7l X
HEE. JTE Cr fll Co fEFRRL 1 A h 2 AR
W T, A Se T B A TH XA E
(Bl 3-b),
4.2.3 Bixzx

JEE e PG T RS R 1O B AR R
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Fig. 5 Correlation between various types of geochemical indicators of the Xiali Formation clastic rocks from Shenglihexi

section and Well QK-1, North Qiangtang Depression

SR AR W R 3. XS R R, HHEAR oo
RAEAE (XREE) Jah#R, K 51.4~203 pe/g,
Horpabaktah (80.0~153.0 ng/g) HIEDBK A FE
i (51.4~87.0 pg/g) M HooR B & TR TR
Bl B re i 1o R & R B (148 pg/g; Rud-
nick and Gao, 2003), ¥ & ¥ & (138 ~ 203
ne/g) Hum TORR B Lot RS RAM, H
e 1T IR R A S5 R R T0E B S i (185
wg/ g; Taylor and McLennan, 1985), ML 1 &,
FERE 1 I K A v ) i B B e A W s R S
TR ZES. B touR SR (45.7~183 pg/g)
W e os T EM D (569 ~ 21.2 ug/g),
LREE/HREE {2}y 6.53~11.7, £WH%, JH + o
RN THIR A5, Hh R ) e A A T
JUR I S A R 0l o e R L R, b

D o KA A S V8 F U B 55 o B o IX 2 B4R o
PN e SN L R A R AR S S TR = [ s v
SRR AR LS N E 6T, RN E B AR
Y e Ve Wi SRR SN R A S R A S T s
KRB B et &2, RRMm I TRE%8. B
T IR MR RS WFIE AL b 28 BRORL B3 A A AL JS
B (La/Yb) (fHH 7.54~11. 4, [6FE e Wiz, HH
R SUIVE s o) R ) S DR Y = = LY e sV S
i (XREE) 5 ALO, &z W HA 2 M AH T
(W 5-g), B 3= 2R UG F B U5 08 Jg 09 0 A .
T, BRI KRB B Eu ft B
(8Eu=0.39~0.76; ¥t )y 0.63), {HI3A F H
Ce 2% (6Ce=0.86~1.08; H{H N 0.98), [&]mf
8Eu, 6Ce5 YREE Z [a] 3 A% Jo A & P (B 5 -h,
5-i),
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AR AR A (n=12) A PRI P ] R LA K e (n=2)

OO A 76 ) 1 52 A0 VR 5 (n=18) @ MR J5 K AR T
O MR 7Y ) 1f] B B (n=4) | PN

1
La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
P 6 It G 9 44 B JE A0 T 7 0 T A SR 1o S L A A R
L B o v A Y i 0 2R TS 40 it £k
Fig. 6 Chondrite-normalized rare earth element distribution dia-

grams of the Xiali Formation from Shenglihexi section and

Well QK-1, North Qiangtang Depression
5 g

5.1 ®iEXALFXAER

Wy DX AU Ak e R A A 25 5 B0 46 & JT R AR
T EJEITCREF (KA Na') RATH, 1wkt
BERCEILRE T (AT TV 5 R S aE B AR AR
WA TEVTFR Y H (Nesbitt and Young, 1982; Fedo
et al., 1995) , P, A LIRS0 5 2 TR
e EE (B R PP AN 95 X A 2 XA 58 B (Price and
Velbel, 2003; Roy and Roser, 2013; Yang et al.,
2016) ,

Nesbitt fll Young (1982) $i& i ) fb =/ ih 28 15 £
(CIA) 7 7E 5 F 53] 1y I8 X A 7 X AL 72 B2 T 1 I ]
& (EERZ, 2003; Yan et al., 2010; Hessler
et al., 2017), FH i} 4k CIA = molar [ AL,O,/
(AL,0,+Ca0 " +Na,0+K,0) ] x100, H CaO ™ {L
YenE R ik b #Y CaO & & ( Nesbitt and Young,
1982) , {HEZE H AT, 570 H BTk T X6k
FRERAAERERR 3 (BRI AR L E) Py CaO
T, AW CaO” 1Y 4K R ] McLennan 45
(1993) HAFIEHF I, molar (Caoﬁm) = molar
(Ca0-P,0, x 10/3), # molar ( CaOy, ) < molar
(Na,0), M| molar (CaO”) =molar (CaOy, ); #F
molar ( CaOy, ) > molar ( Na,0 ), N molar
(Ca0" ) =molar (Na,0), {HFFHEREME, L2l
R (CIA) Gy iicd i R vh A a2 A L TR
P06 2 AE L ORL B K gk 3 2w ( Cox et al.,

1995; Roy and Roser, 2013; Yang et al., 2016; &
ANGERNER Jg SC, 2018) , kLR TT R 4 I8 X XU AR A HY
TF5E I 26 500 b 3k I 3R B2 R AT 3P A, RLORTE X
AR FH iR 2 0 J31) 1) o 2 AR ) E
5.1.1 $RZRAERAXL F KL #5889 20
R JE ) CTA $8 8Ok A5 1k~ KA /R
SR I O S R 2 L 1 A S PR
(Rieu et al., 2007; Yang et al., 2016; # /N Fl AP
X, 2018; Wang et al., 2023) , AW 58K F Nes-
bitt #1 Young (1982) #H 9 A-CN-K K (K 7)
ARV 27 KA 2 75 52 i A FH AN B 2 A0 A
M2, ok B 55 XAk X ) 95 B A B CIA {8
(50~70) HEEKAUIC, K BRI XY
BHEA "R CIA {5 (80~100) HE I A T
(Nesbitt and Young, 1982; Mclennan, 1993), 10
SRR CIA {EAE A-CN-K [ fif A i 25 BEAE XU AL
#ek (FAT A-CN Bl , 8] H# =2 2 i0a 1F R
PRI, BB LT, =28 s AUE
s (Yan et al., 20105 £/ % F08F Je 3,
2018) . 7E A-CN-K [Efi¢ (&1 7) v, &R 1 IR
AR R CIA B 5 18 5 TN K s /Y JAR XA i #4 2
VEFPAT, RWIZAE i LT R 52 B0 A A T W 5
Wi, G CTA AT DL 52 B e 4 95 DX A8 A 2 XA o
o AT PG ) T s kR A K0 E R (0. 48% ~

A
100 -=-====-=-mmmmm oy Kao, Chl, Gi
N PL: A A
90 + s fb2# KAk \\\\\z Kfs: 4K 77
_____________________ =7 Mu: [ =t
80 Fom= e e e e e e 5:, = \\: @\0 Sm: B A
st 22 R ) S Mlite:AF ] 47
70 + - _E’:_‘E__‘\F:flk_‘?ﬂ/fi:_ - \\g]%/ b \\\&\ Kao: F A4
& ‘1&1‘\\\\ Gi: KA
g;% * AR Chl: 48 1
604  FkERL Y ‘\\
Pl N
S50+--------F : RS
KR E N\
40 1 AN
\\\‘%
30
20 K kol e A R AR
1 B SRR O MRG0 R
104 & BRI O R G i 5 A
0
0
CN K

A: ALOy; CN: CaO* +Na,0; K: K,0; CIA: fb2il 5455k
P 7 b I8 9 4 B ek R T T ) T AN g R L R AL AL AR A
A-CN-K =& (## Nesbitt and Young, 1982)
Fig. 7 A-CN-K ternary diagram of the Xiali Formation from
Shenglihexi section and Well QK—1, North Qiangtang Depression
(after Nesbitt and Young, 1982)
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2.85%) WIWART KBE Bibse (2.80%) FHMLA A
WG Kb AATs (3.68%), B Mtth 5 ke L LT R
ZHRAEAAE R, (H R 5 TH A i CIA fHAS
AE SR T U6 e 14 0 W7 A v R 20 A 4 11X U Ak A
(FR/NVEAER JB SC, 2018) o i 3T V5 1) 17 U A A
st O 25 BELAE XA B A B oy i, H B A s
K,0 & (3.50%~4.51%) , FCBRZAE b 32 8 52 AR
ER B W, S AR IE G e & CIA ]
(CIA,,,) AJ LAz ey 8 I A Al 2 AR 5 L
51.2 MBRBEEERMELZERLELRRNZN
DURUIE ] 3 S5 3 a0 1 U U, TE—
SETEIE b 52w H AL 2 8 o B A # WAL FE B ((Cox
et al., 1995), A7 F 454 (ICV; Cox et al.,
1995) & | B UL AR W) o2& 75 28 P ok 0 RRUIE [l 4 ohy
F W 7 ¥ ( Armstrong-Altrin et al., 2015; Wang
et al., 2023; Zf R4, 2024), iTHE AKX NICV=
(Fe,0] + K,0 + Na,0 + CaO" + MgO + MnO +
Ti0,) /ALO,, XA W B /R &, — B o
T, WEETR = BE L E W A A S )
ALO, S REGE, ICV /AN 1, KA. #E A A

AFERHIFE AL (n=12)

OOV ) oy G 50 T S L2108 5 (= 18)

NS ST Y ALO, & RBAK, ICV EH KT
1 (Cox et al., 1995; 1GiEH 55, 2003; 1/
A X, 2018) o A0 R AR W OB AR Y 10V
B, AR E | i 7 9 B 2 7E 53 XA VR TR Wik
DURRE ™= 8, T AR 80 73 B3 58 D0 AR I B A g 1)
ICV {8, 3R 18 4 3 1 247 N w0 UCE 111 /Y 7 9
(Cox et al., 1995; TR/NEFMALE L, 2018; Wang
et al., 2023) o A PY 5 1 A IERE 1 IR AR S GE
S JE A R B ICV (E 2000y 0.83 ~ 1.37
(BER1.14) F1.17~4.17 (H{EN 1.50), 4
RZEHAEMH ICV HA KT 1.0 (K 8-a), £
SRR B AR E SRR TR AR IR I,
A2 Z WA TTRUBE I, 244 3 15 s B DT
UPRSE?/8

WAL, TURRE 2h i Bl SRR Y
(un Zr) BE4 (McLennan et al., 1993), #EH"
Yoo R (A A Ry Ze) Rl T IR AG
DURURE A F o 8 & v Thy Se 1 Ze/ Se fH S EAT
149 S T S A 0 058 DX 0 ARG B A 8 0 A8 A i) e 2
J7 ¥ (McLennan et al., 1993; Ma et al., 2015),
O AT 4 &) 17 B L 2EL D (n=4)

(a) (b)
bl
10 &
o 15 T DO
> K9 o
i PR D0 O 2 |a
i
0.14 38
0.14 :
Eul
g
0.01 I I 0.01 I I I
40 60 80 0.1 1 10 100
CIA Zr/Sc
(c) @ _
O PR (4-10B)
20
10
15+ S O )
32 A R*=0.36 =z
S ° oz 3
107 szAo 29 5
e A A 5
A
5_
0 T T T 0 T T T
50 60 70 80 50 60 70 80
CIA CIA

B8 b JE 44 e M )0 G 0 T AN SE R | R BT AL B A KU B (CTA) T H 5% o (R 3= 37 4 [
Fig. 8 Binary diagrams for evaluating major factors affecting CIA values of the Xiali Formation clastic rocks from Shenglihexi section

and Well QK-1, North Qiangtang Depression
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TR 1 I ALY 5O Ze/ Se {H A Thy Se fH 5351
6.93~13.2 (¥H{E K 9.11) F10.84~1.25 (¥{H
9 1.02),  F i R PG Y 2 A s Y
Zr/Sc{i (8.05~21.0, ¥{H N 11.7) A1 Th/Sc {&
(0.67~0.89, ¥H{E K 0.74) m& & (Mt 2)., 1E
Th/ Sc vs. Zr/Sc 22K (K 8-b) H, MR XEH
LR AR A AL T A AR Ak L, B TR
JiE I a2k, S B BT L2 AR S S OB R rp AR R
S UUBUGE ] A R2 0 o [ RF, WF 51X B 4 e i o
i CIA {65 Zr/Se fHICIEA M (I 8-c) o B,
WE5T X L2 65 )5 4 55 19 D0 RRUIE 1] e e CTA {H JF
ARVCRR P IR 0 2 A A Al S KA A T R B 4 2R, M
e H AR T IR X m A2 KA i B
5.1.3 BRI KNG 533k XL 2 RUAL 15 0 £ i

Xof 2k P IO AR A AR U T IR L AR W F 5 I
B, 73 3R P AVBORL /N S 5 e 0 AR W) A 24 03 d
SRR R, T R KA TR AR R S 1 AT R
(Korsch, 1993; Roy and Roser, 2013; Guo et al.,
2018) , PA G 7E XS Ak 2 XU A e B A % IR o0 250 6) AR
RNFIDURR 3 8 04532 W HE AT P W o A URIE 5 e BBORE
JEE TR /INAN [R] 1) 120 25 R BORE 258 200 1) 0 25 2R AT Ak KUk
FEFEXS LG o JHE A ] 74 ) 10 B L 20 Y8 o b B CIA
EEAW B 25, fTRER T CIA {552 /)8 B
KR/ o Si0,/ AL O, 2 S e UKL /1N Fil
OrIEVER — A E AR bR, O R o e AR B
B FE AR T S K ( Armstrong-Alirin et al., 2012;
Roy and Roser, 2013) . JEBF 1 H: A i A 0] 94 51 1
LR T SI0,/ AL O, (U E /N, 455 2. 98
~5 11 (¥{E KN 3.81) F1 3.11 ~4.14 (¥ 1{H
3.57), il M+ PAAS ffiKF UCC #Y Si0,/ Al 0,
B (4504 3.32 1 4.32; Taylor and McLennan,
1985; Rudnick and Gao, 2003) ., AHtbTm &, M Al
P4 ) A D s Si0,/ AL O, E I 2 i v HL ik
AR, H6.30~13.3 (BfEHy 9. 135 Kz 1),
B9 IX 1% J8 5 A il CIA fE A Si0,/ AL O, fH 2 M]3
W E SO S (I 8-d), SR W BURL K/ Ao
Ve rEXT CIA {19 52 8K, PR ik 581X 908 30 s 1Y
CIA {5 55 B8 B0 5 Sz W5 DX 0 1 2 AR AR B
5.1.4 WiERALZRLEE

IR RIS X A S A A TR
H CIA Z UK /N5 23 etk S m 80K, (H AR
SZUUBURE U1 Y 52, R 0k 7 1k 52 b 98 8 34 s 3 L 2H

YR X Ak 2 R Ak 5 B s R 396 BOUR 0T AR i R AT 24
o MHEROT, KXY X CIA HALT 50,
CIA {EH A T 50~ 70 Z [a] ) Jz mle 58 5555 1) Ak 27 XU AL iR
JE, CIA fHAF 70~ 80 2 [ S e v 55 114 k2 XA ik
JE, CIA{ER T 80 H h iz w5k £ 11 b 24 U4k 58 i
(Fedo et al., 1995) ,

WF5E X JERE 1 H 5 ALY T 2 1 CIA {H R 60 ~
77 (BME N 68) , % AE I A 7 8 22 ARAE R
(Bl 7). I CIAfHaE S kA, BRI B
(68~77) FIFHE (68~72) Fefh CIA (HE A T
R (60~67), HAT G/ G 1R i A8 1k #
S IERE 1 b X B B PR VA IR X 4 7 T A
— 55tk F A E .

Jik R YT Y ) 1 BT LA U T B R 9 CIA {HH
73~75 (¥M{E R 74) , (HAZAH 52 80 58 A 52 4%
KOE 7)o A WF5E F 2R ] Nesbitt F1 Young 5§
(1982) #2419 A-CN-K = K TR I IE: B %%
FE A-CN-K =AM PR 1208 A] A8 28 1 BT A3 4 58 AR
TAFE R AL, ik 5K A —8 K a4
A2, AR 1 APAT T A-CN LR, iZ 4
PR i R & A B0 s A T A AR KA f A s AR
Ja, A K TeAE 1 4% 58 % 4RO 1) 1Y E fif
2, ISR AR XL R A 5, B8 s EPAR,
FH s ARAE I Z A BE S CIA { (Fedo et al.,
1995) o A1 ¥ VG 51 17 52 5L 201 9 0 KR i 4 40 R O
JG CIA (CIA,,) {0 80~85 ([ 7), FHMA
T i XL AU X4 T A B Ak s R AR AR o
JHE ST G ) T S R AL R U A CIA (B B TR 1
HVR TUARE S, 2 Bk AR 7 ) T B A
LA R JERE 1 I B — B,

5.2 MiREE%

WEJE A b RS LR, W La, Yb, Th, Co,
Sc Al Hf 55, PEFAHX G E , JLFA 3 e AL i
YERB 2, X908 B R4 p 368 3 L (Arm-
strong-Altrin et al., 2004 ; Moradi et al., 2016; Z&{d]
R, 2024) , —fmiE, La, Th Fl Zr 3 £ W
FAER LB A1 KA =, i Co Se I Cr
B 22 b AT TE R BE s 1 XA b (Arm-
strong-Altrin et al., 2004 ), JFL A, La/Th vs. Hf
(Floyd and Leveridge, 1987 ) i Co/Th vs. La/Sc
(Condie, 1993) [&] f# # ) ¥ B. H T 9 I8 1 1 531
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(Ma et al., 2015; Wang et al., 2018), 7 La/Th
vs. HE e, 2R 1 AP AT o4 ) T 22 20 A
J& & HA AR HAE i La/ Th {8 R 30 K g HE
e, R 2.15~3.32 f10.96~6.29 pg/g, K
BRI RE S AL T RS B IR X, A AR L T
FRRPER 5P IX (K 9-a) . fE Co/Th vs. La/Sc
I rb, JERE 1 DA AT 0 ) T L 2H A R
fmE G MK AY Co/ Th {EFN La/Sc {&, 43K 1.04 ~
3.37 (¥JfH M 1.61) F1 1.56 ~ 4.33 (¥ {H N
2.29), WEALTRIEF KA MZ A Z 0, &
W O RS (18 9-b) o 78 A-CN-K [&]fi#
W, JERE L AT O ) S HL2H Y A A i XA
G L B N B AR S e AR — 3 (181 7)),
[F] B ¢ B A 96 W 340 g 2 40 1) 40 5 PT BB 4K 9 o e
25, BAHd, 7F Th/Sc vs. Zr/Sc 22 K (15 8-b)
o, JERE L R A AT G ) T S HLZH A R L
P AL T T A R Bk B (REE AR K s i
JC) , TIE B UTRUIE Il 2k, S LUK e i )
IR FRAE o

i 1 ICER BT AR A IR Ak A 1 B R
WL T UL IR R R (Moradi et al., 2016;
Wang et al., 2018; R REBIEE, 2022), @ & 1H 0
T, KERPEERLAEFEN Bu 5758 A&
LREE/HREE {f, 8k Bt a BA AU 8 Eu
i 5 % M%) LREE/HREE {4 ( Roddaz et al.,
2006; ZRERAE, 2022), HEEEEME, BB
BLRUAR Eu 2% (8Fu) a2 AaiERm
o, #EMY 6Ce F1 XREEZ 8] &7 W 2 1Y 1F AH O
P ( Shields and Stille, 2001; 2= % 4%, 2025b),
9 X 2 B8 5 4 i 6Eu 5 8Ce F1 XREEZ [A]

A BRI E RALRAE(n=12)

O R3] G 350 1 L 98 (n=18)

TR A SPE (I 5-h, S5-i), JSBEREJE a4 i
SEfE B A AR 32 LA 1 A 52 T J2 4k K T A
o JERE 1 I HUME AT PG F) 1A 22 BORL A bR HEAL JS
MR B AR LUK A BEW Eu i
H, Al 0.58~0.72 (¥{E M 0.62) F10.39~
0.73 (¥J{H 4 0.63), FW]H F2 20 K% i 4y I
(K 6), HAoh, Allegre % (1978) 42 A La/Yb
vs. SREEE /] LI 8 X UL e . fERK & . Bk
ZRGA AP L Roa 4 RBCA e, 1EiZE T,
A B A AR S AL T A R A X, R
BE FEONE R A SR AR, FHEA DR
TURUE (B 9-¢)

5.3 MEL=

TURP AR 3 3 AR R Bk T JE &
4k 2 B 4y (Bhatia and Crook, 1986; Roser and
Korsch, 1988) ., N T MGV YIIMMELT 5, AIA
P TR 2 A% G A i TR T DX sl R 4
EHIPNTTEUE SN AL W NS S B i
4 K,0/Na,0O vs. SiO,, Th-Co-Zr/10 F1 La-Th-Sc
f# ( Bhatia and Crook, 1986; Roser and Korsch,
1988) o AR, I 46 f% 48 ) 14 figg /e A8 3 5 357 40 531 O i
LI FARME, AR — B A T AR (Verma
and Armstrong-Altrin, 2013),

F¢it, Verma Fl1 Armstrong-Altrin (2013) F|
Gt p B, AR BT A AR 2 B A A B i
T 22401, AT LA S0 X 1
DUBIRE 3 . S48 R0 S 9 3 b AN [ A ) s 15 51 B
J7 3z N ( Moradi et al., 2016; Deng et al.,
2019) ., fEZ4EH 5 E b, X SRR Y Bt — 25y

O a4 5 1 5L HL AL 5 (n=4)

(a) (b) (c)
s e —
HHF 5% 0T Lo0- Io
10 AL B 5 I 101 Sk 2104 SR
= = o ik
E N E N g
3 : -gygwwwmm S 5
51 o T R o %
. AL RAU S NS K |
A @ """" S A KR AN 8 1
KhE 1% ’ PACES
0 T T 0.1 T T T T 0.1 T T T
5 L 10 2 4 8 10 12 10 100 1000
Hf/pg'g La/Sc YREE/ugg"

PO b I 3 44 I Bk R T 1 ) R AR 1 o I LA R U ) ) [ S

Fig. 9  Provenance discrimination diagrams for the Xiali Formation clastic rocks from Shenglihexi section

and Well QK- 1, North Qiangtang Depression
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s i B (08I0, ), = 63% ~ 95%) A A% ik A
((S8i0,),,=35%~63%) , HhFhE “adi” %74
YL G IEH] 100% I H (ZupekE), B2
{5 B8, Verma il Armstrong-Altrin (2013) . KT
TR b PR E BT X R LA S A DT B A i
i, AP FERM Bk 2 AR RIK, mARE
R R AR . FERE 1 I B 12 fFJR TUS ARG
(Si0,) . B A 7E 60. 2%~ 65. 4% 2 [a] (Ff % 1),
Fob 4 PRRE S g AR B, 8 PRRE SO ARAE AL, A
PG 22 R JE AR, (Si0,) & R Al
TE 47.9%~74. 7% Z ) (KR 1), Ho 6 fEREd
LAY, 16 PRAE il AR RE AL . TR e Ak L A A Y
i s ) 18 (K 10-a, 10-b) o, 5T X BT
A B A R S R R AL T BRI A Y DX
o, FRUTACIEYE M B 2 A RS S8 T Rl R A Y
WiEE ST, X 5ACIEIEERE b R 2 R A B R
P R (4255 4, 2001; JL2VLAF, 2024) —E,

Xof WS ) 2R R Y T VT b DX I L A D i Bk Ak 2
Wl (e, 2024) WE M, KBHAT
Byl X ds, 5 e SE R 1 008 355 Ji ) 3] s 1X A
WG SAAEM WA 225, Xl R85 2 2 Bl ok &
¥ IEIE K T I R S — v AR A B SIS R B
oz o A A AR B R X d AL B IEA K (Zhu
et al., 2011; Yan et al., 2016; Li et al., 2017)

5.4 MEEFTLIAMBFLHB R
TEVEF AT 2B kL, FEar
FERLERFERER., B AREEFERER .

A BRI E AR A (n=12)
O JF ] V4 5] 17 5L SR ALAD 5 (n=4)

AR AR b A A 2 P AR s 0 B i R L AR
FCRG P 7 s B TF (2 % 55, 20015 X B B 45,
2001; E &4, 2004; i LA, 2009), HAp,
PRB 20898 JE I R 2 A 3t 1 1 Al 52 e AR A — XU A
A )Py H— 4 Yb VLA 1L il N A 2 BEA
W — VTR R S Ve DR o I 08 OC,  H RITIE AR TE i
(Z= 55 4, 2001; Ding et al., 2013; T &I F1ff &
i, 2018; E &5, 2020; P& IL5F, 2024), A
58 76 W1 L 9 5 38 B rb Ok 2 42 S L 2H Ak 2 Ak
2 UUB IR S O AL 3 T R A B, g X
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Fig. 10 Multidimensional tectonic setting discrimination diagrams for the Xiali Formation siliciclastic rocks from Shenglihexi

section and Well QK- 1, North Qiangtang Depression
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Fig. 11  Tectonic evolution diagram of Qiangtang Basin during the deposition period

of Middle Jurassic Xiali Formation ( no-equal drawing)
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