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Abstract: On the basis of field geological investigations, the sedimentary facies of outcrops were studied, and sedimentary facies
types were classified based on the results of particle size analysis. Additionally, through major and trace element analyses of
sandstone samples, and C-O isotope analysis of carbonate rocks, the process of paleoclimatic, paleoceanic, and paleoenvironmental
evolution in the Triassic basin was discussed. The results show that: (1) From bottom to top, the Triassic strata in the study area
consist of open platform carbonate rocks of the Lower Triassic Zhalishan Formation and Malasongduo Formation in the southern part
of the basin, semi-deep sea slope facies of the Longwuhe Formation, shallow marine shelf facies of the Middle Triassic Guojiashan
Formation, semi-deep sea shelf slope facies of the Guanggaishan Formation, and shallow marine shelf facies of the Upper Triassic

Daheba Formation; (2) Values of the chemical index of alteration (CIA), index of compositional variability (ICV) , and the
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relationship between Rb/Sr and K,0/Al,O; ratios in sandstone samples indicate that the Triassic period in the study area experienced

two major paleoclimatic shifts: from warm and humid to semi-arid and arid conditions, which caused changes in the paleobasin's

water depth, fluctuating from deeper to shallower stages, and influenced the salinity of the water. The precipitation brought by the

warm and humid climate greatly reduced the salinity of seawater, while the hot semi-arid and arid climate greatly increased the

salinity of seawater. (3) The paleowater body developed in the Triassic sandstone in the study area presents a weakly oxidizing

environment, which is conducive to the development and flourishing of aquatic organisms. This environment provided a basis for the

formation of sedimentary organic matter, though it was not ideal for the preservation of sedimentary organic matter due to the

oxidizing conditions.

Key words: northern belt of the South Qinling; Triassic basin; palacoclimate; paleoceanography; palacoenvironment
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Fig. 1 Location of the study area and distribution of Triassic stratigraphy
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Fig. 3 Lithologic association and basic sequences of the Triassic basin in the northern belt of the South Qinling
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Table 1 Geochemical analysis results of trace elements of Triassic clastic rock samples in the northern belt of the South

Qinling
e PM105 PM104 HDO0013 HDO0017 PM104 HDO0015 HDO0012 PM103 PM103  LP303
-26YQ  -83YQ -YQ -YQ -119YQ -YQ -YQ -54YQ  -38YQ -YQ
Si0, 62.01 67.09 60.87 64.59 63.21 78.37 55.94 51.99 59.21 71.56
AlLO; 13.29 12.47 13.74 11.37 12.88 5.70 7.26 11.72 11.53 10.01
TFe,0, 6.38 5.82 6.60 5.50 6.04 3.80 2.90 5.87 5.17 5.55
MgO 2.65 1.61 3.05 1.82 2.00 0.75 1.28 2.39 1.53 1.78
oy CaO 4.25 3.21 3.90 4.93 4.66 4.54 15.48 10.71 8.46 2.98
Na,O 2.97 2.52 1.86 2.77 2.30 0.07 0.86 0.08 0.91 0.18
K20 1.66 2.14 2.39 1.40 2.56 1.29 1.13 1.83 2.04 1.90
TiO, 0.56 0.61 0.66 0.49 0.66 0.47 0.51 0.61 0.56 0.60
MnO 0.08 0.05 0.05 0.09 0.07 0.05 0.06 0.11 0.07 0.05
P,O; 0.13 0.15 0.14 0.13 0.17 0.11 0.14 0.16 0.14 0.14
Rb 63.30 82.30 98.20 57.20 116.00 59.60 51.30 87.50 106.00 86.30
Ba 220.00  260.00  259.00  211.00  406.00  307.00 204.00 228.00 588.00  255.00
Th 8.12 11.00 11.60 8.61 13.90 9.33 11.00 12.20 10.60 11.20
U 1.75 1.79 232 1.81 2.34 1.99 2.31 2.60 2.07 2.35
K 13780.47 17723.67 19815.65 11597.18 21260.11 10684.01 9388.98 15191.72 16951.63 15739.62
Ta 0.86 0.96 1.23 0.78 1.24 0.80 0.83 1.05 1.15 0.98
Nb 12.60 12.90 17.00 11.20 16.50 11.10 11.50 15.30 15.30 13.70
Sr 159.00  145.00  204.00  178.00  229.00  139.00 837.00 390.00 234.00 155.00
P 58434 67155 606.14  575.62  732.60  466.60 623.59 697.72  623.59  601.78
/10 ° Zr 150.00  252.00 164.00 165.00  248.00  371.00 226.00 157.00  208.00  239.00
Hf 433 7.62 4.80 4.59 7.79 10.10 6.58 4.26 5.82 6.62
Ti 3374.62 3668.32 3932.06 2943.05 3968.02 2799.19 306892 366832 3380.61 3608.38
Sc 9.21 8.72 13.30 8.82 10.30 5.28 5.55 10.60 10.30 9.43
Co 17.50 9.64 18.00 12.10 12.20 6.35 7.57 11.70 10.80 14.10
Cr 49.80 52.70 63.00 45.80 46.70 53.10 38.20 45.20 45.20 68.00
Li 53.30 26.80 55.50 44.20 20.30 22.90 25.80 41.20 35.50 35.20
Ni 28.80 20.40 33.80 21.90 20.70 18.90 16.70 23.00 18.70 33.00
Pb 18.70 9.53 11.80 8.69 8.20 12.30 8.77 22.50 19.90 17.10
\Y% 59.30 61.30 90.30 58.70 66.50 43.50 45.80 63.60 63.10 71.00
CIA 53.45 55.45 51.68 61.17 54.00 77.65 64.08 83.86 68.82 79.09
Icv 1.95 1.93 2.09 1.86 1.68 2.58 5.05 2.75 2.35 1.66
W gk b V/Cr 1.19 1.16 1.43 1.28 1.42 0.82 1.20 1.41 1.40 1.04
Ni/Co 1.65 2.12 1.88 1.81 1.70 2.98 221 1.97 1.73 2.34
V/(V+Ni)  0.67 0.75 0.73 0.73 0.76 0.70 0.73 0.73 0.77 0.68
U/Th 0.22 0.16 0.20 0.21 0.17 0.21 0.21 0.21 0.20 0.21

1.66~5.05 Z [A], “F-¥{H Ky 2.39, Wit — 5 F B4
b= B R A B DU R — U I R

UEAh, ORI RE v oK Bl g XU R T 1 53
PEFFIRIE S EE Y& 5, i S ET )
A XM EITR B E . @i Th/Sc-Zr/Sc Kl it 53t
(& 8), BT B it 35 5 18 )8 o0 Ak £k (BFG) 4223,
FE Ao 32 B2 IR DX RE A s i, DR 43

OB FE AT FLRZ i AN K, At 3R B A 5 i Bk
— U [ AR
512 AAEREZE

OB F R 2= 48 DURUA B R AR 4 S+
W AT YR | A BEAE o WL BE R 4335 X IR
YAk 2= B oA AH 24 K 52 (Korsch et al., 1993;
Kiminami and Fujii, 2007, 152475 %%, 2018), A K WF



24 PR T b T (1)
10 £
F e ZARBH G(Tm*'#)
i F(K: 35 )
1 = .
o YU 0 R
w2
E -
F b
0.1 =
i B(Z i)
()01 1 1 1 1 11 \l 1 1 l 1 11 I' 1 1 1 1 L1 1
0.1 1 10 100

Zr/Sc

8 BFRIRILHERAM=BRIE Th/Sc-Zr/Sc Bl
Fig. 8 Th/Sc vs. Zr/Sc diagram of the sandstones from the Triassic basin in the northern belt of the South Qinling

SEMIRE S L — A, BRI, S T U
TEA TR i OB A2 R 43 16 % iy A48 Ay R BE i 52
Ma), A% SC 2 il T Ak 2 i A8 48 4 (chemical index of
alteration, CIA) i 55 Si0,/ALO, 222K (# 9), 4%

R, T MR R AR 25 5, CIA EBAS
AR (& 1), {32 CIA HH R AL F 51.68~83.86
Z 4], P HME 64.93, BRI, CIA fH 5 SiO/ALO,
Z (A1 = A S, 26 B BT R J0RE K 7N Al 43 32k X6
CIA AL v IS (&, WFRIX =& R

J A 2 BRI AR 0 — &G 55
HE =BG RMI, PRI SE A D 5 5
IR PR WD S A R E, AR HLZ [E] 1Y CIA
B AR ARAT W] —Hb 2[R — A PEB N CIA 2R
GBS e A v N T 2R (32 P B B N i Y T A
YKy CIA H.
52 HIKFREK

DOBLE R v R A 1 45 A LR A3 S F (O 43
St a RAEY LR ), R TT R Y

90
i 0
80 | °
°
< 0L
=70 oo
i °
60 | *
L e
o
©
50 i 1 1 1 1 1
0 7 4 6 8 10 12 14
$Si0,/ALO,

9 BRRIETFE=FZRHE CIA-Si0/ALO, Ef#

Fig. 9 CIA vs. SiO,/Al O, diagram of the sandstones from the Triassic basin in the northern belt of the South Qinling
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RES TG KRR EAE—ERN LR ATAK
s P VA [ 8 o ) B g R BT R A MR
TR, IEFHF TR K 5N Fe 1HITEK (Fe, Cr,
V. Ge)#lf . Kf#PETCE (AL, Ti. Zr. Ga, Nb, Ta)4f,
JER I ZE (Pb, Zn. Cu. As)HF #1 Mn % JC & (Mn.,
Co. Ni. Mo)7, 205X R Fifg 5 . F1E ., - BR0 Fn
TR (24 H 5, 2018) 6

X =B R EE AR E RO E AR TR
PEATERG AT, ER S SR W, I A b & i i
E R K PRI ER, HOR R Fe IEITER, MZERIT
F M Mn WIT R & i AR, R AKIRIREE i 7 —
VR DU IREE (& 10) o (HXFP AT A5 40 2L,
A I, A R ] Fe J0E Ml Mn JG % B9HRPE RT3
A5 o Fe JTUE M ALY # 5 7E pH {H <3 B
fiff BE e K, M4 TF R E AR (1) Z05 , i T pHAAE Y
I e, LI B 45 S SR R MR RRAIR, 8 HE T 1
A Fe K s TAE [FIAE A BREE T, Mn AHXT Fe
g . L, Fe/Mn FUAE B AH S 00T S o, B 55 ]
I H DA Fe/Mn HLER &, 10 BB RESS W4 —
Bt Fe/Mn LU {BRE %8 feAIRAE, 3R BB 55 Tn 4 — B,

IR TR BE B — B, b iR A =& R
FE MBI B R 3K AR R AR S TR — P IR A .

] F 2SI, Fe/Mn LB IS AT T+, Ui
IR PE WG AT Wk /N, 5 DRI Hh 2 TR IR IR A
RIGREIPR S —2, 23104 — B, Fe/Mn HAH
PR T 5 2 fe KA, B PR REAIC, R 2 1L
2H— BRI, KRR BE R ik /1N, S5 1L 240 — BT
TR, K AT B st s N, Bt P bR 38, T g
5638 A TURRES, 2 s sy s, Rk |
W I 15 G 00T T AR, AR AR B PR AR AT O
Z R INZH, Fe/Mn FUAE AT 7, 22 B R T A2l
DURRRT, S2 55 FEHa T, AR TR BE R W A, (HK
I = BEH B Fe/Mn HUAE IS/ RS, 260 n] i
DAL 7 X s i, s g 90 2 B AR R BE S R
53 HEMETL

Rt S S UL AR b, R A 5 i 52 AR IK
IR T R, LR R R 5 T RS Ak KA Y i
T2, B Rl FHOORAY) Hh 3 T 2R e R AR A Wy
SR (LR 4 2018) . FEMGE RS, KA H
YIrb iy ALVE NIRRT R, 25 £k
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IR T, B 2 BRI IE XL AE L AR 407, 1T Ca.
Na 1 K 25358 16 BR o0 R 8 32 /K ARk € I 72 KA
+- e W rh ' 4 (Fedo et al., 1995), %3 #27] ik
AR E T8 AR CIA {6 1E (Nesbitt and Young, 1982),
Wi CIA A 34 hn, 4k 2% X4k 5% B 3 K . CIA
=AL0,/(AL,O,+CaO+Na,0+K,0)x 100, H 1, £ Fh i
PEB W B AL LLUBE IR H 2 LR, CaO FndanE IR ER
1843 CaO & i, SR A Fedo et al. (1997) 42 Hi )
KIE DT ¥, 24 CaO & & K T Na,O &% & i), R
Na,0 & fUF CaO Frit, MAh, IR fh 22415y
75 S 38 F (IO V) A T FH ke 0 D oy A A 19 A2 A s
. (Cox et al., 1995), ICV {H Jifi 75 1k 27 XU Ak ik B 18
Jin 1 98 /)N (Sciscio and Bordy, 2016) . 5 CIA #§ bk
A, ICV $8h5% & T YUY CaO 1 fir A Sk I,
It BB D 2 2 5 A s ) 52 Wi (Potter et al.,
2005) .

WA B CIA L ICV #5545 R B (€
1), X =& R CIA (IR 2 Il s R AR 4,
I (E 83.86 AR 2 51.68, F W14 Xk i 2
S5 HLB M BRAR, 0T TCV A W) 3 Bk e 55 YT 4 28 50
FILA T E (ICV i 1.66 FTFE 5.05), 610
ZH — BURHR ICV {HFEATZE 1.68, 6 35 1112 T F-
Th 2 2.09, 21 K] 301 2H P UK R AR AY % S AR AE
& 10 2 BH, B 55T Al U AR, IXUA A P ol B 4 v
AR Ay A T I T P A8 s F R 5K Ll 2l XU Ak
TR, RIS EREA T REEE AR
s 2 3 0 2 Be TR, oy A g Sk 2
TS s e I TUBUR B, AT b+ 52K
s 2 T AR ORRY , o S AE Ry o T BT 4
Sk

IEAR, Al, K., Rb Al Sr JG & & & (103 shth n] /E
il SAEAE AL IIE 5% . Rb/St HL{E Al K,O/ALO,
HO B2 AfEIE S AR B i B AR FE b . AL
PSR RRER S A O, AR SRR R
TS A+ (Hieronymus et al., 2001; Beckmann
et al., 2005), K I Rb 55 FIL£7 55 1k 2% K AR 1 oA
% (Ratcliffe et al., 2010) ., Sr 7E ¥ #5514 T,
1% 55 DRI 0 1 gt A G b O AR v, AT o6 450 AR
TR Rb/Sr LA AR /N, T A0 T8 B, B K it
I /0, WA A5 09 AH O R 4 v Rb/Sr HLAELIE K, 5
XV AR LR R UL, PR T M R AR I R (R R A
fiff St AT T R AR A SR 75, 5% B Ak, R 7 ik
Z KB Y, T 7K T 3 A R V3 P i )2

AR Sr kIR, I, B RA TUR Y o B A
fIk Rb/Sr {H #1151 K,O/ALO, FUAH, & w8 41 L)
WU EL A % Rb/Sr FL(E A K,0/ALO; HAE .

k58 45 2 W, 7E Rb/Sr-K,0/ALO, &2 £ A |-
(A 11), B 5 40 K,0/ALO; {H %%, 1ij Rb/Sr &
B, RIED A s e G & A X R, TE BT R
I VT PR, AR DUAR 8 A7 1) A 2 AR AR AR X
sRZL, AT A AR AR R — 2P R B A KUk
Vi R 2 55, 2 #8104 DA, Rb/Sr e {EL Al
K,O/ALO; WHY IR B ARE, HEmE T RERT%
S JeE 4L TR, Rb/Sr FE {H Al K,0/ALO,
Fb B 2R B A v s 08 A VR R 2 v 5 e, TR VR
fee 1o 3, 28 56 11 4 T RROR B, A 320 A8 kg 4R 4
FRf 5 FRAM . R TR, F52 TR
PR T RAME, AT RE R XU R R
JSGIR R /NS UBERAE o
54 HEETK

I FH b 3R A 2 5 ok 4 T oty 5 R e A O ik
ERE RN R AL A0k ik, TR AL
DURBERR ER7E 5 . AR BIFIE T 7 kR E:
FRE B SR A R A TR, R AR
7=2.048%(5"C+50)+0.498x(5"°0+50) i+ 5 , i1 5 4%
B ZETE 121.4~139.1 Z 6], Z {H¥ KT 120,
AR o (BAER AERE SIS B, 7 PR i 38 s
2B T S IS B 52 S 7 A AR, AN REAR
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Mg/Ca {H 1) A8 fb FE AT (5 7k 21 %5, 2007; 1 2% 8 4%,
2018) iy £ FE AR R 437

Sr #1 Ba B A2 BOAR L, I AEAS [R) TR PR35
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Sr A Ba ¥ DL G R 8 9 IE 207 Y, 2K AR R i 444
JnEs, Ba 155 L BaSO, A 2R VL e, /B 7E K M4
() St AH X & 45, K AR R B iF — 25 B K, Se LA
SrSO, AR b isE . FIk, Sr/Ba< 1, REEAHUIA,
St/Ba> 1, NIEAUIR . BREESS I — BeAEp K il
H B kRS St/Ba>1 4, HAE i St/Ba (A4
F0.4~0.84 Z [0 (K] 12), BN Z5 R F, Mkt
A6 i 2 P A BE TR . Bl % 4% Sr/Ba {H < 0.5
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