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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)



WA R - =Bl — MR SRR S

TUER HUER AR S AR 7R L 945

P2 TR R e R B =B — MRS SR A A iR A A AR

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

R =25 THFRRHEAKRBREEE RELTRINER

Sobucha carbonate rocks

TR 50 25 45 91 B 2 — i g dias APURUT ok | X 28

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)

JUER W s FRAE S AR VK & i A, LT 2
KA THEEY BT, v] DL e I8 U DX A0 b K A2
i, CasghriiPEKOTR , B FEAFE T I A
SH= AT Y, A Sr o Ba Mn L EKEICER
FIAREE , BATTIY B & FIAH BN L OG ZR XU R A B AR
R, T AR R BRI B il $h BE R B pH
{E%( Tribovillard et al. , 2006), T V.Cr.Fe. Co,
Ni,Cu.Zn Mo Cd A S U S5 ¥ &R TT RTENRZ 18
K TR R YR ERR CFE BE b A2 TURR R B3 I 1 4
I JF S AR Ak, AT DU SRR BR UTBUK 1A 1 S Ak
B JFRZS (Calvert and Pedersen, 1993 ; Dean et al. |
1997) .

(SR AEXT R IR S 1 s ER T 2F L R A T R B A
B BB RS AR S 5 b, R
AR A ALO, T EANT0.71% ~1.93%),
YIMH 1. 36% KR T 2 i B iR £k 5 rh i AL O, %
e, FUER R A i A T AR EN
Fili U5 S 20, It LA T 08 B 5 S22 930 I o T 4 4 1)
F, —BOAh Al 5 Ti 7RI KPR E 2
R REIRICER | B A T 50 B bl 5 2H 53 19 05 502
FHIAAE 5 1 AR ICER & Sl AR ERE il i fs Koty
BIRKFI W A (PAAS) SEI A (AS) 2549 H Ak
JCER S ALECTi 09 AR DL BT AL G iy AL B35 &=
HA R Xy = Xy = Al X (X/AD) jrppey . H
X FRHIBRRGE TR 2 2 J5 1 BFRG R & i,
X, ZR T S B HAR TG R 3 8, Al 2R
RS AT AL TR E i, (X/AL) g T8 T HE IR
PRERES TR R B AR TR S AL TR M LU (BRI 5

85,2017 08 AR5 ,2020) o B SR RO ARAERE
WX 14 (AS) ( Turekian and Wedepohl, 1961) ,
J S IR AR 25 o A B8R AT 2 B U 2 53 1)
R
3.1 HEHE

FTABFZE 28,V Cr Ni Fil Co LR B A TESE L
RETRHL ZAETH, 108 FARE T 25 5 DUTE i
R, V/Cr Ni/Co Y LU AE 2 ) W vty S0 A 1Y 3 2248 A5
( Rimmer, 2004 ; Scheffler et al. , 2006) , ik IA K
M V/Cr<d. 25 FEAIREE, V/Cr>4. 25 Jik JEIREE
( H¥ESE 2014) 324 Ni/Co>7 N JREREE Ni/Co<7
R ARG R A b, A S 85 i R A
Wi 22 J5 1) V/Cr {HAT T 0. 04~0. 47, #4{8 0. 15; Ni/
Co MBS T 0.16~5. 38, ¥J{H 1. 93, ¥ FFE LI
52, X UL R AR A I R 56 DR 2 R b T 4601k
78
3.2 HHEE

St/ Ba {E & FI WU Py 76 DURR o 72 oK AR 26 B
() H FHEEHE AR | 30K 2 BRI A > K AR 6 32 328 i 184 o s
Ba TLE STV AL BaSO, VIVE, XK (AR ER 4k 23 i,
KB EZ 5 S onR W& LSS0, MBI
TER R CRIEESE,2011) . 24 Sr/Ba>1 W Ry Rk BR
58,4 St/Ba< 1 B, FIRKIAEE (1735 7755, 2010) .
WIS IR A T 5 B B IR 4 43 5 2 S
i Sr/Ba fE4T T 101. 33 ~277. 45, ¥{H 175. 17, H.
M2 T L, Se/Ba {H A & 8 4 in 2k % 3B
IR EL A AL DUBLE R Al $h B SR B b
THRYHEE (K 3) .
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Sr 5 Ca JLEAE R MAI K K BIC R, 52 Bl AR
JE B SZ A ST HL A, St B 2 i TR KRR R £ 2 E)
URKBR IR AR 25 oA B i i ka4 X & i+ Sr 78
TR AT 1 S R B it 1, O R EE T
ff A, B R TR OK Mty B AR BE O ff A (TEBILBA A8,
2009) , 1000xSt/Ca — i HI 8 I W iy v K UR B, %
(-5 DUBUK A 0 R B2 T R B B A 3 R A 1 TE AR OG
KFR, BT 15 2R A0 A B R 7 5 ok Bl U 4
AR 2 J5 B 1000xSr/Ca F{EA T 1.30~1. 82,
H°4 1,59, HuJZFE S B B T L BA R R %
AP T v e 34, I ket T BRI AR 328 7 78 R 1Y)
B (E 3),
3.4 HRME

Sr i LA K Se/ Cu fE i A 5 R IR
N, A S E 25 A S/ Cua fH 2R s ey =A%
SN E BT /R ROR (I8 W55, 20125 5K K AR
45.2016) . L 10 AH, 24 Sr/Cu<10 B, FAEEBE
WNE ISR IRES XY St/Cu>10 B RAF R T 21
SAEIREE 24 Sr BRI 5 7R W A A, 24 Sr
TR I s TR A, TR L R R
R A R Bt R 4 43 5 e 2 0 Y St/ Cu A T 222.
37~966. 58, 1 412. 89; S BR VR £4H 7> 2 J5 1 Sr
TLES AT 446. 25 ~594. 96 pe/g, H1H 509. 92
pne/g, s, B S Y s DL S/ Cu (HAE /R
W5 DX AE I AL T R A SR T

4 FtIeRoHr

W 2 0T, RS PR 1 B 10. 44 ~
21.88 pg/g, ME 14. 43 pg/g, HAbZE iU Ebr L >
JGHI{E LREE, MEA T 0. 42~0. 83,31 0. 55,
HREE, f{EA T 0.79~1.35 %14 0. 99, /] LIF i}
LREE<HREE, & 3 tH B {2 () 55 #f £ A0 X T 5 4%
TR EE, HESL T 8Ce MIEAT 0.49~0. 83, (N
0. 62, RIHFERFU Ce FIFSTH ;6Fu IENT 1.
08~1.66,¥{H 1. 42, FIHFMN Eu IESH
4.1 BT EHERE

TR IR AR VR R PR DTBUE, FLRT & K 43 T
F % DT FLIK A 4K 7K 17 K ( Shields and Stille,
2001) , {H2F LT R b A v Rk A TRE IR RS Y
J3, R I B BT R R R 2 s £ T F Ok IR

R IO R HE AR I TR ARG
OIHT(E 4)  BRERER AR SRS 5 5 ALO, [ Ti,
Zr B BN IR ENE, 5 CaO MgO  Sr A H ek
A SC PR S5, T AL Ti Zr BLAYFREJRICE , Ca Mg
F1Sr MPEBA N R T Z B ACER, PRt AT LA
RS R R 00 R B R RRE B YA T
TURUKIAAS B (R + 7028 B e AIX, PR b i 7
R Sy s S0P R L B L Y S S
4.2 MAERMZENME

REE 4317 R 23 32 2 J5 1 s VE R s, 25
Sr/Ba 1000XSr/Ca
ISQ.OO 30().00 2.00

Ni/Co
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0Om =i
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Fig.3 V/Cr, Ni/Co, St/Ba, 1000xSr/Ca trend graph



948 oo T 2023 4F
25 - 25 -
¢ *
20 A 20 A
on
%‘; * o b 4
=15 51 15 4 *
2 * : R
- * *
XL o 10
5 4 5
0 . 0 ; r : i i
0 2 4 6 8 10 100 200 300 400 500 600
AlLO,(mg/g) CaO(mg/g)
25 - 25 -
. .
20 | 20 -
on on
E) o0 & * o®
=15 . El 15 .
E b = K ’0 ¢
_ * 4 ¢
£y 10 £ 10
5 A 5
0 , ; . ; i 0 . . ; : .
0 100 200 300 400 500 2 4 6 8 10 12
Ti(ng/e) MgO(mg/g)
25 25 -
¢
~ 20 ~ .20 A
on o0
) * o ) ¢
E 15 Ei 15 - . o .
m m *
[~ *e o~ S 4
3 1o 1 104
5 5
0 ; ; ; ; ! 0 : ; y : '
0 6 12 18 24 30 200 300 400 500 600 700
Zr(ng/g) Sr(ng/g)

4 Y REE 5 Al, 0, .Ca0 MgO Ti Zr Sr AR rER
Fig. 4 Correlation diagrams of ¥ REE and Al,0,, CaO, MgO, Ti, Zr, Sr content

F3 REE WRCAr B B Ce B4R, Eu 7 8 DA J2
Dy /Smy fiff&, i 21 §Ce 55 6Eu, X REE HA K
TFRIARDCIE (AR AN, 2014) . AEF N YA
YEFXH £ 70 2 bR b 2% RRAE A 5% i, 25 53K
8Ce 5 SEu fFA1E— & BIAHCHE 1 H 8Ce 5 ¥ REE
FAAE IE A0 KA, 8Ce 5 Dyy/Smy 7 78 FAH 5C 1
(Shields and Stille, 2001) , i@ Ll FEE B

(ES), l LUB 75 R A R 46 5 A i P 1Y 8Ce 5
8Eu ., Y REE L) J% Dy, /Smy FHH 1A BA 1 85 6 AH
Ko, T 2 I R A JF X R S B G R R 1k
SRR AR IR R S R DO R RRIE 2
5 TRl WA
4.3 Ce.Fu REHN

BRERER EREN TR Ce Il Eu &85 Al 5 1E 1)

1.6 24 1.6
k) - .
** )
1.2 *e 2o w18 N F1.0 *
= b o it 2 " X
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m ¢ o *
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Fig. 5 Correlation diagrams of §Ce—0FEu, 6Ce— X REE and 6Ce—Dy,/Sm,
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A, FH KRB R 0.98 FT0.93( [l 6a,c) 1S R, FEFARIKIEZMT, Ce” BH# AL Ce™ #E
Ca HIDCRBURAL, HIDCRECH 0.07 R 0.24 (& 6b, A Fe—Mn FALY sl E ALY A VLR R L1
K6d), HIT/KMM REE &AL, BRI E S M Ce BY 5L 7655 B AL 8 8 [ IR Fe—
DU AE7E K ) REE IMA AT RESS A A Mo BRI s S AL 2 T30 Ce™ Bl I
M LR Ce Fu &8 (HEMEM TR Ce 5 Eufly  Ce™ BEAIRMR, LI Ce I A58 1Y 07 5 BL 2 1
SR R I S Bl R AR JE 4 53 Y Ce 5 Eu B4 BLIESH (German et al. , 1991;Guo Qingjun et al. ,
fiEo 2007) o BRFREREHEM P 6Ce (H5 Al & HAEL

Ce LR & REE &0 JEHURVE R AF YT SFRYIEA OCHE (&l 6e) , AHCREGA R T 0. 7710
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8Ce fH 5 Ca 7 f A AHOCHE (& 6f) MR B
0.02, [HICRRIRER AR b o 6Ce MR ML T Rl JFA
JEA 5 Ce WINFIE, — M, 23 J6 36 vUA bR
HEAL Z 5 1Y 6Ce fH AT LU BETTTAR IR 1Y S AR S P
5T, 6Ce> 1 B}, AL JFEIFT ; 2 5Ce< 1 BT, FAL
AL (R AE 2017) o KR Y 8Ce HI{E N
0.62, HEWAR FRIEH B Ry sm AU 17 5, 10 I i
T8 8 R DORR I Ak T4 AR 3R R

SEERIRE: & AT Bu 15555 A9 R K AT BEAT PO
Fofr, — Rl R T A 53 A AR R AR S R X KA
A A 2 KA S BB Eu® iF A DT BUK AR Z rh
(Nozaki et al. , 2000;Bolhar and Kranendonk, 2007 ;
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Element geochemical characteristics and their indicative significance of

the Upper Triassic—Lower Jurassic carbonate rocks in

the Southern Qiangtang Depression
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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

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
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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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