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Fig. 1 Regional geology and sampling section location map of South Qiangtang Depression (a) and structural map of Qiangtang
Basin (b) (from the 1 : 500000 Qiangtang Basin Geological Map of the Chengdu Institute of Geology and Mineral Resources,
slightly modified)
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Fig. 2 Lithology column chart of the carbonate rocks of the Upper Triassic—Lower Jurassic Sobucha Formation in

the Southern Qiangtang Depression

of the Qinghai—Xizang( Tibet) plateau
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(a) Argillaceous agglomerate-bearing microcrystalline limestone; (b) sand-bearing microcrystalline limestone ;

(¢) bioclastic micrite-bearing limestone; (d) bioclastic-bearing microcrystalline limestone
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Table 1 Analysis results of normal elements and trace elements of the Upper Triasic—Lower Jurassic

Sobucha carbonate rocks

i SBC-1 SBC-2 SBC-3 SBC-4 SBC-5 SBC-6 SBC-7 SBC-8 SBC-9 SBC-10
Al,O4 3.67 3.94 2.84 8.45 3.50 6.52 5.16 4.57 8.57 9.27
CaO 396. 80 461.90 466. 00 451.70 479.50 458.50 429.00 430.70 463.20 453.90
TFe, 0,4 4.85 2.98 2.75 2.82 1.96 2.81 2.58 2.13 4.81 4.11
K,0 0.94 0.87 0. 65 2.10 0.97 1.57 1.47 1.31 2.68 2.77
MgO 10.28 5.55 5.74 5.72 4.69 5.76 4.65 5.01 6.88 7.78
Na, O 0.55 0.58 0.55 0.62 0.53 0.62 0.54 0.53 0.56 0.60
Sc 1.46 1.31 1.32 1. 80 1.32 1.71 1.38 1.43 1.68 1.67
Cr 24.33 20. 44 21.06 24.63 20. 54 22.49 23.95 21.39 20.73 24.98
Co 1.47 1.23 1.18 1.48 0. 80 1.54 1.38 1.03 1.62 1.42
Ni 4.78 2.67 2.51 5.34 1.77 3.50 2.90 4.50 4.98 4.13
Cu 3.13 2.75 2.25 4.39 3.05 3.17 2.44 3.39 2.40 2.22
Zn 22.52 24.32 19. 62 35.93 18. 64 45.87 30.51 11.12 9.45 11.53
Ga 1.09 1. 06 1.05 1.76 1.01 1.39 1.30 1.20 1.76 1.86
Ge 0.13 0.09 0.09 0.10 0.07 0.07 0.08 0.07 0.12 0.11
Rb 4.93 4.22 3.15 10.93 4.76 7.63 6.78 6.26 12.59 13.10
Y 7.54 7.02 5.59 8.48 5.31 8. 64 6.52 5.53 6.45 6.18
Zr 15.30 15.00 16.73 28.02 17. 84 17.98 16.17 14.96 18.34 20. 17
Nb 1.29 1. 80 1.39 1.96 1.46 1.84 1.37 1.26 1.55 1.51
Mn 182.20 149. 10 163.90 175.20 117.70 140. 10 132.20 115.30 173.70 156.90
Sr 518.30 577. 00 480. 80 467.00 453.20 607. 90 514. 00 496. 20 553.70 543.20
Ti 99. 60 170. 50 88.50 339.00 117. 00 290. 40 180. 50 126. 70 215.20 234.20
Ba 15.93 18.26 14.21 29. 89 15.83 22.04 20. 94 16.78 28.99 30. 40
Th 0.49 0.35 0.62 1.15 0.58 0.69 0.61 0.53 0. 80 0.97
v 5.02 5.76 3.25 16. 39 3.83 8.57 7.02 5.27 9.83 12.10

‘BE :A1203 .Ca0 \TF3203 \Kz()\MgO *H Na20 E/‘Ji'fﬁﬁ‘j mg@,ﬁﬁﬂfﬁ?ﬂ'ﬂﬁ%% ug/gs
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Table 2 Analysis results of rare earth elements of the Sobucha carbonate rocks( pg/g)

%% | SBC-1 SBC-2 SBC-3 SBC-4 SBC-5 SBC-6 SBC-7 SBC-8 SBC-9 SBC-10 | JLSETUE | BRAL B A
La 3.52 4.08 3.31 6.31 3.06 4.00 3.42 3.28 3.94 4.11 32 0.32
Ce 3.75 3.82 3.37 6.85 3.03 4.91 4.74 4.26 6.98 7.06 73 0.94
Pr 0.64 0. 69 0. 60 1.10 0.57 0.73 0. 66 0.65 0.85 0.83 7.9 0.12
Nd 1.81 1.98 1.63 3.59 1.52 2.22 1.93 1.72 2.47 2.41 33 0.6
Sm 0.40 0.34 0.27 0.76 0.36 0.41 0.38 0.33 0.46 0.48 5.7 0.2
Eu 0.14 0.16 0.13 0.19 0.13 0.16 0.14 0.13 0.19 0.21 1.24 0.073
Gd 0.54 0.56 0.45 0.79 0.46 0.61 0.53 0.46 0.57 0.55 5.2 0.31
Th 0.07 0.07 0.05 0.11 0.05 0.08 0.06 0.06 0.08 0.06 0.85 0.05
Dy 0.48 0.43 0.31 0.65 0.32 0.54 0. 40 0.36 0.43 0.44 5.8 0.31
Ho 0.17 0.16 0.13 0.21 0.13 0.20 0.15 0.14 0.17 0.17 1.04 0.073
Er 0.38 0.36 0.27 0.51 0.29 0.48 0.34 0.34 0.35 0.36 3.4 0.21
Tm 0.08 0.07 0.05 0.10 0.05 0.09 0.06 0.06 0.07 0.08 0.5 0.033
Yb 0.47 0.46 0.37 0.61 0.40 0.58 0.44 0.39 0.46 0.47 3.1 0.19
Lu 0.10 0.07 0.08 0.10 0.07 0.11 0.09 0.08 0.07 0.08 0.48 0.031

AL TUETR £ ICR NS Haskin 55 (1966) s BRBLBAH L 70 R B4l Herrmann 55 (1971)
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HIE 5% (German et al. , 1991;Guo Qingjun et al. ,
2007) . BRIRER‘AHFEM TP 6Ce (H S Al S HAR
UFRIEAR SCHME (8] 6e) , AHOC RBGAE] T 0. 77 1M
8Ce fH 5 Ca 7 FE A AHICHE (18] 6f)  AHOC R B
0.02, NILHRIRER & FE P 6Ce HIME S T Rl IR A4
JEA 5 Ce WUHRFIE, — MR, &5 d6 36 nUa bR
HEALZ )5 1) 8Ce {B AT LA S WESTRR R (1 S AL 8 J5E 1
Jt, 24 6Ce>1 B, RALIL JFIAETE ; 2 6Ce< 1 B, FAE
SAALFREE (R A5 ,2017) . FESL Y 8Ce BIE K
0.62, HEWAR BRI I B Ry sm ZUAY 17 5, 10 I i
TR 18 R DTORR B Ak T2 AL B R

SEERIRE: A Y Bu 15555 AR K AT BEAT P
Fofr | — 2 B 2H 43l A QiR S R X K
AT 4 AR JE B Eu™ 2E A TTBUK AR Z h
(Nozaki et al. , 2000;Bolhar and Kranendonk, 2007 ;
FFITAE,2022) , XA O oA A Y Bu i S
HKANEEITER K FAHCPERLF; — 2k
FUCVET R, EH AL A TR Eu IE 5% — M55
Ji i 5t P BRI R A O (Bau and Dulski, 1996
Alexander et al. , 2008; Debruyne et al., 2016;
Robbins et al. , 2016) , @it & 6. & 6h ] LIFE H,
BRERER A FES TP AY K 5 Al Eu 5 K AHH S AR )L
U SR B 0.97 5 0. 88, 1] LU Wk 5
) Eu™ 2ok B T &K A ES XALE e 4

107
N 8 1
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26 *
S 4 W

2 .

0 r
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Z . *
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*

= 0.6 * 7Y
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0 : : : " :

0 2 4 6 8 10
AlLO, (mg/g)

A AR e YR A AE = St — R
O B R IE BR (AR 4 2007, 20105 F 814
2007 ; # K [F 55, 2007 ; 715 41, 2008 ; TF 1F 7155,
2008) , Kttt AN BB HEBR 7T BE & A A 2K B AR 1)
AN

BEEFMIE R, A UURLUA Y (Fe+Mn) /
Ti . Fe/Ti LK AL/ ( Al+Fe+Mn) [8] 0 H A8 AT DL 2k
FIBUAR I R EAAEROKINS S, Y Fe/Ti>20,
(Fe+Mn)/Ti>20+5, Al/( Al+Fe+Mn) <0. 35 i, A]
VI B KIS 5 (Bostrom K et al. , 1973 ; 0T
5 ,2019) I BRIRER A AR S T AL/ (AL+
Fe+Mn) {4 F 0. 35~0. 68, #J{H 0. 55; Fe/Ti {EH A
T 5.82~34.05,31f 14.21; (Fe+Mn) /Ti i T 6.
33~35.88; 1A 15. 18, L RRERLL A T %
BHKIZE , R IEF KT,

5 FREITCEX KM IE S SRR

5.1 PFHiERRRE IR XIS

AEHEM RN, — 25 0K (La, Th,
Y \Zr 5F) FEA A T RE RS E AR TE T REAR A b 4k 7 fili U
AR B REAE , AT 5 2 0 LG AEL BB FH ST 10 53 4 D5 1XC
(¥4 3 PR ( Bhatia, 1983 ; Roser et al. , 1996) , B
24 UE B R RP 7 1 B0 UE ik R 2 v 178 i U 1 g
Yo (AL 3 T st R RE IR T A A 2R ( Bhatia and
Crook, 1986;#7% 7~ 55 ,2020) . 1 TR Eh & Rk
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Fig. 7 Correlation diagrams of Al,O; and La, Sc, Th, Zr content
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Fig. 8 Correlation diagrams of Al,0, and La/Th, Th/Sc, Zr/Sc ratio

SEUURR, FCRE AR T 21 B SR AT DR B T U8 XA s 7
SURRIE M55 (ER Bl TR S AR R A C R B bk
PR aed | Jovk B ek 0 R B X U XA 1 1 o
PEAT BRI, PR R o6 28 22 180 1) B A 5 A0 G
HEAT R W BEaf v, S REIREEE A G TR La,
Th Zr &AM ZEICEK | Se MM A IR, W &4
() B 1 B AR R TR P IR X N A 38 P3G 5 T 1Y)
RIF/REEH, Sc.Th Zr La %5 ALO, HA B IFHY
IEACHE(E 7)), 3F H e Z M/ HAE La/Th Th/
Sc Zr/Sc AW HLAFRE , H La/Th B{EA T 4.
25~11.79, %18 6. 20; Th/Sc FI{E AT 0. 26~0. 64,
YA 0. 445 Zr/Sc I{EA T 10. 48 ~ 15. 57, ¥9{H 11.
04, HIX BB FRAE S ALO, FOE A F7 A6 AH kT B
FEALRERE (B 8) , Wt i Y5R35 %o ok PR
EE RS R e B T R IR, Bz
TRIRER L 3 1 E M /N R A X 6T 2 1 L {E

La

L

AT LA T ol T 0 e A 3 5 A ) ) (PR AR A
2010; 2757 5% 2018) . i if La—Th—Sc LA & Th—
Se—7Zr/10 =fEE Y, KM EEIEA
Rl 8 935k (1 9) , 2 WA R 8 5 v 1) Bl 2 i )
203 IR DX AR b DA S A A 1 1 S ok
5.2 BERFEREIREYFE

FIHH e RIS B TUR ) ook I 54 7
FIWT , 52 AR e AR AR AR E 1, AN 52 KAk il
iz S URWE F RS2 00, o] LA SR J0 B U8 IX ) )25 28
Y R AR S, BRORE RS A A bR M Ak T LS BRASE i X
MR S5 e ) o 2 B 1) o3 S AR 7R R FE AR R Os &R R
TURR P 0 05 DX R 4 7 40 W ) ol e 07 3 A 12
R &E BMA R Lo E M & ()
SPAPAE,1999) 3 Ik Bk B A 9 A o 1B BE 23 1 5
M2 (B 10) AT LA B0, A i o0 R 23R B A 24
—AZ SR Hh L T2 SRR — B, X ]

Th

Th Sc

Sc Z1/10

[l 9 La—Th—Sec . Th—Sc—Zr/10 Elf# (K EIH3 45 Bhatia et al. , 1986)
Fig. 9 La—Th—Sc, Th—Sc—Zr/10 diagrams ( Base map from Bhatia and Crook, 1986)
A—RPE B IR B— KB B 9K C—16 3 Kbtk 2% s D—w s K Rl

A—ocean island arc; B—continental island arc ; C—active continental margin; D—passive continental margin
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Fig. 10 Carbonate samples chondrite normalization model
— WX A AR TR TR R
B A TR IR B 5t A U5 AT LR D Allegre
E fi# ( Allegre and Minster, 1978) , BRI ¥ REE 5
La/Yb Z A OC R XIHE S AT 400 (8 11) , R B4
S RUVRTE DTS DX, 2 WAtk R 3k 5 v 1% i s e
JB 4o F2ok A TR AT H IR Kl s 9y B
HIZ 5, RWZ IS5 T b5 e n
b2 A2 WAL R ko, AEE = St — R R A i

1000 1

100

VIRE

5 5 e &

La/Yb
)

| 10 100 1000 10000
Y REE (ng/g)

Pl 11 BRFRER R X REE—La/ Y [
Fig. 11 X REE—La/Yb diagram of carbonate rock samples

b1 S S L R - o I A R U B K SN
f LS B (7R PR 45 2007 ), HGmE i 2 B4 S —
BEICA MBCA S LR gl (AR S, 2007
fHEHR ,2008 ) , T HH 2R A1 A 20 B R 3 7w Ay o R e
JEY IR Bk AT KA 2 BT DTRLE

5.3 [HiRERERERIR

AT I b 1 4 3 AR A SR, 76—
A 2 TR IR Ak T B i X I ARTE
ZhH (815 ,2020) . FEIEHE AL AL T T
= Y S R A I B, W — St e — e Ik
2k sl i 140 2% 7 b B B2 A B PR 0 T — L
TH A 75 M 25 4 B B (A F2 45, 2013) |, 1 1 JE 3
MWK EE LT THRY 205, BN R
A5 2 LR R Eh 5 v A Bl PR S 440 B T AL e
P, FEARYE S . — T i = E 0], R e o bk
5t e bk & A 18 ( Zhang Kaijun et al. , 2006,
A ,2019) , T304 56 3 H B B TH A Bt b T i
KNS R 1l (FHERRAE, 2007 ; T 814, 2007) ,
LB T 96 3 b A A T TR At I R 4 32 0T
R R = B tH g 3 2 R T E S A — T
FLA A MR TR A AR T 5 B ) g A A R
T, b AR FE ok BT R AR A6 Y K i
HuIX (FEAE SRS ,2013)

FE R = T T R S IR AR R ) A 5 b SR AR
PR AT RAIEE 2 I, B 96 I b BT b T A6 95 3% Hh
WZ T (#I4E,2016) , T 30 I5 55 Hh S I b B 7+
JEECE S AR Tl s LB e o A R =R
FEIX — B WL R ik, B8R T W U6 X - 1) g 95 I 35)
PSRRI 20 5y o DR 2R A1 A LB R A6 v Y
T I8 443 it 2 ph I 95 3 e 0 A T 3 o sl e A A
DX 35 9 Ji S22 3 b 2 5 A e R v e R R B I
DX 3 )22 B4R AE 20 BT 5 % BE , 2 B R A 30T 1)
&G IR AL Z T BN IR IR R 1 b DR A S
PRIK AR 2« T SC o B ok e 46 2 i U5 A% I8 40 43
AIRESR A& KA A A KA, EL R VR AR TR T
FAALISE T TR R i 52 H AR R TR
TR T (HWIHAE,2008) , kB A KIEM
FRAW S, INZAFESTZMZ AT T ST,
W AE A = 1718 7 21 1 5 EL A TRty 53 I ) o 3 75 55
(T 24TH55,2010) 17 AR 4 17146 4 v (1 305
5 A 0 H b BT P AR e = e TR e I —i
FIH (24845, 2010) | 128 A A 20 B R 26 25 JF 1%
T = B g I A LR B A T (K
25,2007 ) , HIE AR 558 = 1A% 7 201 b J2 s g L
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R AR 7 2 Ak A T 2R A0 A A R 3k UL
TR B — S e B 5 0 28 LR 20 (S B B 1 ( 2k
JHE 45 2007) , HLFRAEAR 2976 203. 6~183.0 Ma,, [Mi7E
220~200 Ma Z& 47 FlRGE = Z (i) | S5 b bk Py %
AR R B A KOS B (IR 48 2007 ; A&
M2, 2008 ; FHEMR 45,2010, E 8145, 2010) , H A
X SR I 2 DX i 2 5 RS — VLR AT i
ok a2 I (X P45, 2016) , b AH 2 E IR
W, BE S — VT ) K WK () A6 Ve T
e Y IS Ry LR 2 T 3 (RS L 2016) o S5
I IEH B e — B thE LI 1 DXl 2 R 1 DL AR 5
DX 14 S 1l 5 5, & IRLAE R AT A B IR R 5 DUBL T, e
IEE Z M AL & AR B R | 2R — UOBHR 7 285 )
RIT—HEREE— kT TURE S EN L =85
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KRR FERFGE X 8 T i A A B T RS 418
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BTBE K e, HIC L JSAF W6 72 206 Ma Ze Ay, HIHH
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Fig. 12 Late Triassic—Early Jurassic sedimentary—tectonic model map in the Southern
Qiangtang Depression( Modified from Wang Jian et al. , 2004&; Chen Wenxi, 2007&)
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Objective : Sedimentary discontinuities exist between almost all of the Triassic and Jurassic stratas in the South

Qiangtang Depression. The research on the stratas in this period has great significance to the sedimentary



16 oo i PF 2022 4F

environment and its evolution. In this paper, the sedimentary environment and evolution characteristics of the study
area are discussed by the analysis of the geochemical elements of the carbonate rocks of Upper Triassic—Lower
Jurassic.

Methods: The sedimentary environment of the rock was analyzed by the ratio value of V/Cr, Ni/Co, Sr/Ba,
1000xSr/Ca, Sr/Cu et al. The source of REEs was analyzed by using the correlation between > REE and the
content of Al,O,, Ti, Zr, CaO, Na,O and Sr; the tectonic background of the provenance area were analyzed by
using La—Th—Sc¢ and Th—Sc—Z7r/10 diagrams; the source of carbonate terrigenous clastic material were analyzed
by using chondrite standardized pattern map of REE and Y REE —La/Yb diagrams.

Results: Through the elemental analysis of Sobucha carbonate rocks in the Upper Triassic—Lower Jurassic.
After removing the influence of terrestrial components, the V/Cr value is distributed in 0. 04~0. 47, the Ni/Co
value is distributed in 0. 16~5. 38, the Sr/Ba value is distributed in 101. 33 ~277. 45, and the 1000xSr/Ca
value is distributed in 1. 30 ~ 1. 82, the Sr/Cu averate value is more than 10. The Y REEs have positive
correlation with Al,O,, Ti and Zr, but have no correlation with CaO, Na,O and Sr. The Ce and 6Ce have positive
correlation with Al, the correlation coefficients are 0. 98 and 0. 77 but have no correlation with Ca. The Eu also
have positive correlation with Al, K, the correlation coefficients are 0. 93 and 0. 88.

Conclusion: The Suobucha carbonate rocks were deposited in an oxidative environment, the paleo-salinity of
the sedimentary water gradually increased, and the paleo-water depth also gradually increased. Rare earth elements
are mainly derived from feldspar-bearing terrigenous clastic components. The Ce negative anomaly is related to the
oxidative environment during the deposition of terrigenous clastic source rocks, and the Eu positive anomaly may be
caused by the weathering and leaching of feldspar-bearing source rocks. The La—Th—Sc and Th—Sc—Z7r/10
diagrams show that the terrigenous detrital components have the tectonic setting of continental island arcs. The
chondrite normalized model of REE and the Y, REE—La/Yb diagrams show that the terrigenous detrital components
were mainly from the same sedimentary rocks. Combining the tectonic evolution and regional stratigraphic
characteristics of the Qiangtang Basin, it is inferred that the source area of terrigenous clasts in the carbonate rocks
is the Upper Triassic Tumengla Formation near the Central Uplift Belt, and the continental island arc structural
background characteristics of terrigenous clasts are inherited in the clastic rocks of the Tumengla Formation. The
Sobucha carbonate rock should be a sign of the expansion of the Bangong Lake—Nujiang ocean basin, and its
formation indicates that the South Qiangtang Depression has entered the evolutionary stage of passive continental
margin deposition.

Keywords : south Qiangtang depression; Late Triassic—Early Jurassic; carbonate rocks; elements analysis
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