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Geochemical characteristics and geological significance of the Upper Triassic
Sanhedong Formation liimestone in the Hexi Area of Northwest Yunnan
Province
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(School of Earth Sciences, East China University of Technology, Nanchang 330013, China)

Abstract: This article conducts carbon and oxygen isotopes, rare earth, and trace element geochemical analyses of
carbonate samples from the Triassic Sanhedong Formation in the Hexi Area of the northwest Yunnan Province. The
analyzed results demonstrate that their carbon and oxygen isotope values are consistent with the normal marine car-
bonate rocks. Samples from the Sanhedong Formation have a high Sr and Ba content, low Co, Cu, Th, U, Ho and
total rare earth element content, and a negative anomaly of Eu, but they are slightly enriched in light rare earth ele-
ments. Paleosalinity parameter Z value, and Sr/Ba, Sr/Cu and Rb/Sr ratios indicate that they deposited in a ma-
rine saline water environment with dry-hot climate. The ratios of Cu/Zn, V/Cr, Ni/Co and U/Th indicate an anox-
ic environment. Y/Ho, 6Ce and 6Eu values indicate that the limestone of the Sanhedong Formation is less affected
by diagenesis during sedimentation. These characters are similar to that of the Xujiahe Formation in the northern part

of the Sichuan Basin, indicating that the Lanping Basin and the Sichuan Basin in the Upper Yangtze Plate probably
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have a similar tectonic and sedimentary environment during Late Triassic, which can help to study the paleoenviron-

ment and tectonic attributes of the Lanping—Simao Block.

Key words: Lanping Basin; Sanhedong Formation; carbon and oxygen isotopes; trace elements; sedimentary envi-

ronment
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Geological and tectonic sketch map of Lanping Mesozoic—Cenozoic Basin (a, after Xue Chunji et al. , 2002) and regional

Fig. 1

geological sketch map of the study area(b)
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1—sampling point; 2—fault; 3—Paleogene Eocene Baoxiangsi Formation; 4—Upper Paleogene Paleocene Guolang Formation; 5S—Lower Paleogene

Paleocene Guolang Formation; 6—Upper Paleogene Yunlong Formation; 7—Lower Paleogene Yunlong Formation; 8—Triassic; 9—Upper Triassic

Maichujing Formation; 10—Upper Triassic Sanhedong Formation; 11—Triassic Central Pantiange Formation; 12—Triassic Cuiyibi Formation;

13—Early Paleozoic; 14—Jurassic-Cretaceous; 15—Cenozoic alkaline rocks
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Fig. 2 Limestone characteristics and sampling horizon map of Sanhedong Formation in Lanping, Western Yunnan

(after Li Yike et al. , 2012)
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Fig. 3 Correlation diagram of carbon and oxygen isotopes of

Upper Triassic Sanhedong Formation

W, BRI A= E R
B AR R A WL 1, WS X IR A 8 Cy s
{HA 0. 9%0 ~ 4. 3%0, TN 2. 9%0;6" O,y TETE
=10. 5%0~12. 9%o , F-3{E }1-10. 4%o,,
3.3 B MERTREE

IETCE A SREE &l W3k 2 MR 3, =
AR H B LR Sr.Ba W, Co.Cu  Th U,
Ho &Ml fi%; K = FHE i SREE “F#4 44x107°
(10. 62x10°° ~ 102. 20x 10°°) ; W] 75 5 & 7 kE &
SREE F#)89.55%10°( 1. 28x10 °~33. 87x10°°) ,
Lt R B EEK, (La/Yb).(Ce/Yb) FR
ISR O el S K (1S oy - T = B )
(La/Yb) N 2.86~12.31(F 4), ¥ 1 5. 54, %]
i HM TR RN, (Ce/Yb) IR BAH
A B9 D0 o (La/Sm) (Gd/ YD) (J3 5l i 4 47T

20 —_
b
100 | -
n
80
T ]
=
o 60 = "
5 ] = ]
[
T a0t " R2-00291 = =
/
20 - . =
" g n ] L
o s W
0.4 0.5 0.6 0.7 0.8 0.9 1.0
dCe

= 4iF4H 8Eu-8Ce(a) SREE-8Ce(b) Al X £ &1

Fig. 4 Plots of SEu—8Ce(a) and SREE-8Ce (b) for the Sanhedong Formation
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Table 1 Carbon and oxygen isotopic composition
of the Sanhedong Formation
#‘%J}E% /‘E:F 8180\'-5,‘10“r 8]80V-PDB 613C\'-PDB A {E
DSJ-01 IR 17.6 -12.9 3.8 128.66
DSJ-03 KA 22.0 -8.6 3.4 129. 98
DSJ-05 K& 21.8 -8.8 3.1 129.27
DSJ-07 KA 20. 1 -10.5 2.9 128. 01
DSJ-09 KA 18.7 -11.9 0.9 123.21
DSJ-13 KA 21.7 -8.9 4.3 131. 67
DSJ-15 KA 21.9 -8.7 3.6 130. 34
DSJ-17 KA 17.9 -12.7 1.2 123.43

RHEW TR Z A 8RR, B AR
(La/Sm)  1E 1.51~6.62 Z i, F-1 3. 46, KW 2 H
FIEZ AR — B (Gd/Yb) A F0.78~1.73
ZIa S 1,27, RAER Lo Z RIS F AR,
8Ce 47 0.028 ~2. 389, F-#J 0. 35; Eu A B g (1) 1 57
H ,0Eu 7F 0.48~1.51 Z A, ¥4 0. 67, 5L L 1A
PRUE(E (SEu=0. 65) [b##2i , d i b 38 v A hn i
{E (McDonough and Sun, 1995) X} =&l 21 i AT
WERL (L 5) 7 e R o At X o 8 Lo R AR
XA AL Bu fiRH 0 2k R R B + 0T
RO AN R =5 IR R Ce TARH
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Table 2 Contents of trace elements of limestone samples in the Sanhedong Formation
iR E TR v Cr Co Ni Cu Zn Sr Ba Th U Y Ho
DSJ-02 7.86 11.2 1.2 19.4 3.18 101 654 10. 1 0.35 0.745 5.77 0.18
DSJ-03 6.63 8.16 1.41 24.7 1.36 14.7 743 33.5 0.484 1.14 10. 4 0.416
DSJ-04 13.6 16.7 1.81 21.2 5.67 12.9 712 20.3 0.53 0. 897 8.08 0.335
DSJ-05 11.5 9.06 2.18 24.6 3.71 29.3 749 83.3 0. 644 0. 852 9.27 0.385
DSJ-06 12. 1 15.8 1.97 24.8 3.56 43 824 69.8 1.09 2.27 9.96 0.315
DSJ-07 19.3 17.1 2.07 26.5 5.46 23.9 863 67.8 0.91 3.9 14.1 0. 456
DSJ-08 21 24.4 3.11 14.7 8. 67 16. 1 422 286 4.33 2.21 19 0.71
DSJ-10 18.7 20.5 1.91 15.2 5.63 535 526 32.7 2.97 2.18 11.9 0.371
DSJ-11 17.6 74.5 2.73 33.5 6.87 554 356 48.3 2.38 2.14 18.2 0. 587
DSJ-12 5.14 17.8 2.03 26.1 2.39 22.4 1350 16.5 0. 198 0.616 3.69 0. 098
DSJ-13 7.73 41.4 2 35.4 1.72 13.4 722 9.79 0.294 0.537 8.42 0.194
DSJ-14 9.35 10.2 2.91 26.8 4.86 74.8 1028 214 0.402 1.03 16.5 0.396
DSJ-15 5.45 8.67 1.96 27.5 3.06 32.9 689 8.43 0. 197 0.503 7.6 0.16
DSJ-16 8. 68 22.7 3.4 36.6 5.87 41.1 651 16.5 0.353 1.5 33 0.84
DSJ-18 40.5 35.8 6.97 16.3 23.5 324 119 198 6.47 0. 966 25.8 1.02
HD-01 6.74 8.46 2.95 21.5 1.31 8.41 1002 2.25 0. 144 1.38 0. 602 0.02
HD-02 6 13. 1 0. 868 18.5 0.923 46.9 2472 5.03 0. 166 1.9 0. 635 0.022
HD-03 7.89 8.29 0.833 14.7 0. 946 7.22 12 318 867 0.163 1.13 0.593 0.014
HD-04 7.52 7.76 1.61 22 2.77 18. 1 920 14.1 1.79 2.77 6.61 0.182
HD-05 7.77 8.18 0.898 14.3 1.71 11.5 5252 24.4 0.61 0. 501 5.85 0.21
HD-06 8.43 9.32 1.27 15.4 2.19 7.8 2 285 15.9 1.01 1.8 4.45 0. 154
HD-07 7.3 7.52 1.07 18.9 0.411 42.2 254 2.97 0. 156 1.2 0.599 0.019
HD-08 6.67 6.33 2.09 22.2 1. 16 118 21770 473 0.172 2.37 0.907 0.019
k3 =AREAKREHRITESE w,/107°
Table 3  Contents of rare earth elements of limestone samples in the Sanhedong Formation
FE 5 2 5 La Ce Pr Nd Sm Eu Gd Th Dy Ho Er Tm Yb Lu SREE
DSJ-01 4.51 4.63  0.957 4.45 1.07  0.258 1.46 0.293 1.81 0.388 1.05 0.178 1.07 0.152 22.276
DSJ-02 2.4 2.43 0. 44 1.98 0.433 0.103 0.587 0.129 0.779 0.18 0.507 0.081 0.5 0.073 10.622
DSJ-03 17.5 29.8 3.34 11.7 2.07 0.346  2.25 0.409 2.17 0.416 1.13 0.197 1.24 0.182 72.75
DSJ-04  6.46 10.6 1.39 5.77 1.21  0.309 1.47 0.291 1.69 0.335 0.897 0.155 0.946 0.129 31.652
DSJ-05  8.61 13.9 1.68 6.93 1.48 0.361 1.7 0.334 1.93 0.385 1.05 0.175 1.04 0.149 39.724
DSJ-06 12. 4 19. 4 2.26 8.62 1.59  0.322 1.55 0.293 1.57 0.315 0.82 0.142 0.845 0.118 50.245
DSJ-07 11.4 19.5 2.34 9.47 1.92  0.415 1.98 0.384 2.29 0.456 1.29 0.222 1.39 0.204 53.261
DSJ-08 17.6 32.8 3.93 15.8 3.35  0.528 3.19 0.611 3.58 0.71 1.92  0.343 2.19 0.312 86.8064
DSJ-09 8.61 16.5 1.96 7.82 1.59  0.296 1.62 0.32 1.89 0.388 1.09 0.205 1.3 0.19 43.779
DsJ-10 12.8 21 2.76 10. 8 2 0.596 1.95 0.341 1.88 0.371 1 0.167 1.03 0.146 56.841
DSJ-11 10.6 21.2 2.97 12.7 2.78 0.462 2.69 0.535 3.07 0.587 1.59  0.272  1.71 0.231 61.397
DSJ-12  2.91 3.92  0.491 1.94 0.375 0.094 0.419 0.081 0.468 0.098 0.264 0.044 0.251 0.036 11.391
DSJ-13 3.06 3.81 0.62 2.69 0.604 0.138 0.697 0.143 0.886 0.194 0.545 0.091 0.566 0.081 14.125
DSJ-14  6.02 6.24 1.24 5.56 1.26 0.33 1.53  0.299 1.8 0.396 1.04 0.175 1.01  0.132 27.092
DSJ-15  2.86 2.71  0.537 2.35 0.531 0.134 0.648 0.126 0.747 0.16 0.43 0.07 0.414 0.06 11.777
DSJ-16  11.6 11 2.39 10.9 2.69 0.675 3.28 0.655 4.02 0.84 2.21  0.354 2.08 0.282 52.976
DSJ-17 8.8 11.9 2.04 9.23 2.14 0.507 2.31 0.438 2.47 0.472 1.21 0.194 1.14 0.157 43.008
DSJ-18 17.3 35.2 4.52 19.5 5.17 1.26 5.47 1.1 5.82 1.02 2.51 0.426 2.56 0.339 102.195
HD-01 0.404 0.75 0.086 0.382 0.077 0.02 0.08 0.016 0.099 0.02 0.057 0.01 0.061 0.008 2.076
HD-02 0.505 0.878 0.093 0.382 0.08 0.015 0.08 0.016 0.1 0.022 0.059 0.013 0.083 0.012 2.338
HD-03  0.258 0.438 0.051 0.225 0.053 0.012 0.051 0.01 0.067 0.014 0.039 0.008 0.045 0.007 1.278
HD-04 9.08 13.9 1. 46 5.2 0.856 0.158 0.88 0.147 0.847 0.182 0.494 0.087 0.501 0.076 33.868
HD-05  2.59 5.86 0.83 3.93 1.07 0.185 1.04 0.228 1.24 0.21 0.533 0.087 0.53 0.072 18.405
HD-06 2 4.32  0.574 2.55 0.662 0.128 0.694 0.149 0.834 0.154 0.385 0.065 0.403 0.058 12.976
HD-07 0.558 1.02 0.117 0.448 0.09 0.017 0.09 0.017 0.094 0.019 0.054 0.01 0.058 0.008 2.6
HD-08 0.666 1.09 0.126 0.495 0.099 0.049 0.095 0.017 0.108 0.019 0.056 0.008 0.056 0.008 2.892
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Table 4 Ratios of rare earth elements of limestone samples in the Sanhedong Formation
FE i LREE/HREE (LasYb) y (La/Sm) y (Ce/Yb) y (Gd/Yb) y 5Eu 5Ce
DSJ-01 1.72 2.863 2.632 1.136 1.104 0. 629 0.077
DSJ-02 0.72 3.261 3.461 1.276 0.950 0.623 0. 165
DSJ-03 4.66 9. 587 5.279 6.312 1. 468 0. 486 0.037
DSJ-04 2.03 4.639 3.334 2.943 1.257 0.705 0.085
DSJ-05 2.65 5.624 3.633 3.510 1.322 0.692 0. 069
DSJ-06 3.22 9.969 4.870 6.030 1.484 0.617 0. 050
DSJ-07 2.14 5.571 3.708 3. 685 1.152 0. 643 0.052
DSJ-08 3.73 5.459 3.281 3.934 1.178 0. 485 0.034
DSJ-09 2.65 4.499 3.382 3.334 1. 008 0.557 0.070
DsJ-10 2.84 8.442 3.997 5.355 1.532 0.908 0.043
DSJ-11 4.11 4.211 2.381 3.256 1.273 0.508 0. 048
DSJ-12 2.00 7.876 4. 846 4.102 1. 351 0.720 0.197
DSJ-13 1.13 3.673 3.164 1.768 0.996 0. 646 0. 144
DSJ-14 2.27 4.049 2.984 1.623 1.226 0.724 0. 060
DSJ-15 0.56 4.693 3.363 1.719 1. 266 0. 696 0.127
DSJ-16 1.78 3.789 2.693 1.389 1.276 0.692 0.028
DSJ-17 1.25 5.244 2.568 2.742 1.639 0.691 0.048
DSJ-18 4.23 4.591 2.090 3.611 1.729 0.717 0.032
HD-01 2.32 4.499 3.276 3.229 1. 141 0. 746 1.549
HD-02 3.12 4.133 3.942 2.778 0.780 0. 565 1.341
HD-03 0.30 3.895 3.040 2.556 0.917 0. 694 2.389
HD-04 4.28 12.312 6.624 7.287 1.421 0. 550 0.075
HD-05 2.16 3.320 1.512 2.904 1.588 0.528 0.196
HD-06 3.31 3.371 1.887 2.815 1.393 0.571 0.270
HD-07 3.14 6.536 3.872 4.619 1. 255 0.570 1.121
HD-08 0.45 8.079 4.201 5.112 1.372 1.519 0.932
8Ce=2 Cey/(Smy+Cdy) ;8Eu=2 Euy/(Lay+Pry) ; dbFETUASRHEILIES] H McDonnough and Sun, 1995,

100
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Fig. 5 Rare earth distribution diagram of the Sanhedong Formation
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4.1 HEE

AR R AT Oyt PR A PRI E EAK A, Keith
Hl Weber (1964 ) F| 6 | %8[R3 2H BUAIT 58 W il
TR R T AR AKX Z=2.048(8°C+50) +
0.498(8"0+50) , KW 554Kk B 20 LU B AFAC B 3 1) B
i, Z KT 120, fe R i ARBR IR ER 5 Z (/T
120, f8 iRk iR £ . A 87 C .60 fH¥E N
V-PDB bR, =& KE ST ST A5 R an 2k 1
FI7R , Z HAE 123. 43~ 131. 67 ZJ8] , ¥ KT 120, %W
AR TR AR A DU T AR

M TR R AC e/, AR IR K ik IR 3h 5 5
AR ER 75 1) 80 {1+ /A, 1 6 C A 8w
R B R 6 C Sk 2R b BB SE 7
DO WER TSR (KB, 1985), =AML FE
8" C1HTE 0. 9%~ 4. 3%o 2 8], J& TG AR i Hh 2R 5
PERKIRERIE (B 6) | I Wi KR 5 R B

FEM ——
wgmneths: [ W
RN ETEY j]
| keiEiHCO,
[ Tk=ukmco,
K MR D 25
15 10 5 2 3 "
°C/%

K6 Bl 5 AEA R BRIR £ AT G Bt b i 23 A
(Schopf, 1980)
Fig. 6 The distribution of C isotope in carbonate and other
related materials ( Schopf, 1980)
B2 3 R =& T L Rk 2 T sk [ 37 3R 23 A Y R
the range of C isotope composition in carbonate of the Sanhedong

Formation expressed by the shadow area

Ba PV 3 Sr MK, ZE7K AR i 7 ) gfe 25 D U
Mri, ZJE AW Sro St/Ba {l FFHHERAKRERRE |
Fh AT 2R ER A ; LA B ) 2 B AR 1
ZER5;S/Ba fH KT 1.0, HE/KHREE 0.6~1.0 K
FRUKIAEL /NT 0.6 HIRK AL (Wignall et al. |
1995; Drummond, 2002) .

K= IABEEREE Y Sr/Ba {54 0. 60~ 81. 82, F
BIE R 30. 84, F WK = F A FEGIE BT HEAH K

WEE, MR AE KA Sr/Ba {H0 14. 21 ~491. 45,
F1 188, 34 [FIFETE B Tl AR BUK IR, = &4
WAL S Y Sr/Ba {H 4 0. 60 ~ 491. 45, 514 85.62
(2 5) H5R =A T ICATE BT A UK RS
4.2 HERIE

St/ Cu A AT DL IR0 S5 A TR 5 T3 BFY
NN, St/Cu fHTE 1.3 ~5 ZIAFRSAERE, KT 5
Foon ST ( Lerman and Baccini, 1978) ., =&
IR A FERR Y Sr/Cu {HTE 5. 06~ 18 767. 24 Z [i] -
PIEN 1691, 15(3K 5)  H6m TR BEEMNE, &
Rb/ St {HA8 /R MBI A5 551 A% Rb/ St HAE /R T-5
AU SR AE (FINISE 20065 ARFHRRSE, 2023) ,1X 5
St/ Cu fEXTH AR TR R A, = B4 K 5 R
Rb/Sr {EAK, 777 Sr/Cu 8 M5 1 J 725 a3 | R RE
FER T HIRET
4.3 |U-FEEH

DUBA ST 1) S A0 -3 SR i 50 v] LAFIH Cu/Zn {H
NS, Cu/Zn 8K =7, KA 1 7 S0 ik &5 IR, 38
Ji PR s (B —T74%, 2015) , FHS4E(1900) 1A
M Cu/Zn<0.21 iR JF 3L 1R 0. 21~ 0. 35 I Ry 55
W RS 7E 0. 35 ~0. 50 B ik J5 - SE AL FR 8 78
ANZ R AR AR B2 R, SO Y Cu/Zn
(EPRFFAIXTRRE , A 0T DA ST S e oy AR A 85 ( Bk
P, 2022), = A YLK A FES ) Cu/Zn (H7E
0.01~0.75 ZI[H (£ 6) ,°F-1 0. 16, 5 /718 J5 PR 55
U.V .Cr. Co 25t o0 2 6 5 2 1 S8 Ak 388 T3 55 4
JER AR I A% 1 o X BB R i T R B R R
(Russell and Morford, 2001), U.V . Ni Cr #1 Co JG
RIS T 5 %, TR R R S B vh 5 ULTE, Th
TCRIEX WA IREE NI MIERAN R, A5 & SRR
B, EHINA V/Cr [H/NT 2 B RR & & U0
B 2 ~4. 25 HEEMDIRIAEE, KT 4. 25 045
NI JE IR s Ni/Co fH/NTF 5 B8R AAL IR, 5~7
ZIN B EIREE, KT 7 B8 R BLE BT — i)
U/Th (KT 1.25, AR 7E 0. 75~ 1. 25 Z 6]
AL /NT 0.75 HEALIAEE ( Adams and Weaver,
1958; Jones and Manning, 1994; Algeo and Maynard,
2004) , = IALHEES: V/Cr [H7E 0. 19~1. 93 2], 3
¥70. 85, #5/ & SA DU EE ; Ni/Co {HAE 2.34~21. 31
Z ], 44 12. 48, 8 7R B A A BE ; U/Th {HAE 0. 15~
13.78 Z[a],SF-) 3. 85, s NERAEIREE

DUBUA B /K 76 oo R ALK 24 iR g 5 3
b A4 A LR 9 AV FH P 0 e #0 5  ¥E A e
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ML E M T ICR A RHIE (i 15 2009) o BFSY
FW AR TUR Y 5 IR DU b Y/ Ho B 22 BEAL
K, BEIRTTRRY) Y/ Ho {H — M AE 26 ~ 28, 3 AH TR

— %~ 44 ~72( Webb and Kamber, 2000; Nothdurft et

al. , 2004) . I, Y/Ho {H 7] LA R3S 75 1 AH T
FUOAEE Z B IR I TR e R B, = A T L FE o 1)
Y/Ho {H 0 33.31 (£ 5) ,/NT 44, R fF 57 IX
TORR A2 21 i Y5 6 S TR YL R 52 ), >4 Cr3Z B VAR IS 52

o

5 =ZEHEARETEILE
Table 5 Ratios of trace elements in the Sanhedong Formation
R B St/Ba St/Cu Rb/Sr Cu/Zn V/Cr Ni/Co U/Th Y/Ho
DSJ-01 57.52 228.45 0. 002 0.19 0.82 12.12 11.28 31.44
DSJ-02 64.75 205. 66 0.002 0.03 0.70 16. 17 2.13 32.06
DSJ-03 22.18 546.32 0. 005 0.09 0. 81 17.52 2.36 25.00
DSJ-04 35.07 125.57 0. 005 0.44 0.81 11.71 1. 69 24.12
DSJ-05 8.99 201. 89 0. 003 0.13 1.27 11.28 1.32 24.08
DSJ-06 11. 81 231.46 0. 005 0.08 0.77 12.59 2.08 31.62
DSJ-07 12.73 158. 06 0. 004 0.23 1.13 12. 80 4.29 30.92
DSJ-08 1.48 48.67 0.130 0.54 0. 86 4.73 0.51 26.76
DSJ-09 9.01 350. 35 0. 004 0.14 1.93 15.75 4.23 29.90
DSJ-10 16. 09 93.43 0.023 0.01 0.91 7.96 0.73 32.08
DSJ-11 7.37 51.82 0.043 0.01 0.24 12.27 0.90 31.01
DSJ-12 81.82 564. 85 0. 001 0.11 0.29 12. 86 3.11 37. 65
DSJ-13 73.75 419.77 0. 003 0.13 0. 19 17.70 1.83 43.40
DSJ-14 4.80 211.52 0.003 0.06 0.92 9.21 2.56 41. 67
DSJ-15 81.73 225.16 0. 002 0. 09 0.63 14.03 2.55 47.50
DSJ-16 39.45 110.90 0. 003 0.14 0.38 10.76 4.25 39.29
DSJ-17 16. 30 33.24 0.020 0.75 1.18 6.38 0.53 33.90
DSJ-18 0. 60 5.06 0.424 0.07 1.13 2.34 0.15 25.29
HD-01 445.33 764. 89 0. 001 0.16 0. 80 7.29 9.58 30. 10
HD-02 491.45 2 678.22 0. 001 0.02 0.46 21.31 11.45 28. 86
HD-03 14. 21 13 021. 14 0.001 0.13 0.95 17.65 6.93 42.36
HD-04 65.25 332.13 0. 005 0.15 0.97 13. 66 1.55 36.32
HD-05 215.25 3071.35 0. 001 0.15 0.95 15.92 0.82 27.86
HD-06 143.71 1 043.38 0.001 0.28 0.90 12.13 1.78 28.90
HD-07 85.52 618. 00 0. 004 0.01 0.97 17. 66 7.69 31.53
HD-08 46.03 18 767.24 0. 001 0.01 1.05 10. 62 13.78 47.74
%6 ZoRARLERRENNSHE W A8 V. Cr (ELFAEE 16 0 2 S AR SBT3 T 2

Table 6 Table of discrimination parameters for redox

environment of the Sanhedong Formation

s
AR R . J. e
" LA AFHE AT
b WWAETER A IR EE | OE:EH
.35~0. i JE R
0.35~0.50  HJR-FfL 0.01~0.75
Cu/Zn 0.21~0.35 5930 JFIREE 0.16
<0.21 LY ETS (0-16)
4.25  WE-BEINE
>4.25  WESBEORED 0 ol
V/Cr 2~4.25 PEIAR
PR, (0.85)
<2 AR
AR S
>7 RIS ) suana
Ni/Co 5~7 W A 12,48
< a2
heh = \i—t
>1.25 m)%%ffﬁ 0.15~13.78
U/Th 0.75~1.25 TR 3 85
<25 LI (3-83)

ZHN—E L, LA V/ Cr A s B AL FR BT 1 25 R
A —E

FIRBFIREE R R P M X =SS = A
AT T i A ) b R 5
4.4 RMMERE

Wp =B OR, RIS R fe i i b 5 4 1
M 5 22 BF - 5P # B 9F 5 (Huang and Opdyke,
2016) , Jel TILFI R EL L 5 S 34 R85 6 AR 3 o e
LA I HURIT R 25 (22 53 %, 2011) o 2050
H— B T4 5 M PU AC AR Y 1] Z 4 1) e 1T LU i s
i, JR W =S R JE B - A (BRI A5, 19825
BT, 1982) , DIRVEAUS =& AU UL, e ek
P FRHE ST IX = A H A AR, kSR
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(B 7). i S IO L, 0 P 8 7B e 5 b B AR
-8 =ik
100 & —@— ZigimMH—Er ( FRi, 2020)
r —@— ZiE i —Er (fifh, 2020)
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Fig. 7 REE distribution map of the first member of the Sanhedong Formation and Xujiahe Formation

Th 5 Sc Zr/10 Co Zr/10

A—KiF 30 B—AHh3L C—iEE) KHhih D—wE KFiA% LR o Aixial—H

K8 =aid S5 4 — BLAURE b A 1 7 500 5 A (4% Bhatia and Crook, 1986)
Fig. 8 Background discriminant diagrams of sample structure in the Sanhedong Formation and Xujiahe Formation

(Bhatia and Crook, 1986)

THERSE(2019) sk (2020) | #1E; (2020 ) 38 i *7 ZARASARTA—BRBIE L
47 52T 4] b e AL Table 7 Comparison of data from the first section of the
:;%{E‘[;ﬂ Ei ?r{Ba \Y/Cr\U;E‘h ‘T‘EﬂI;iEu i ﬁiﬂ} Sanhedong Formation and Xujiahe Formation
G AL — BN W AR SRS 3K — 25 R 5 =5 i R A S/Ba V/Cr U/Th SEu %S/
N=g ) Yy S U 7 | s VR iy
LHUTRAFR AL, X 86 1l IR AL 2 R AR 4 7R 22 39 4 b 060~ 019~ 015 o1l 07077

= A 4
CEIEL 9145 12 13.78  0.42  0.7090

LG b 47 1 M e JL BB UTAR A Y M 2R Ak 2 e AEAH

) — AR 86Q,. /87 ST . HIFMA—B 0.60~  2.49~  0.32~ ~ ~

ol AN, = A4S/ Se P 0.708 0, 1 5™ 00 os a5 089

YR f X 0 5 G A W e i e Gk AR _ _ 0.21~ B
(i, 2020) 0.24

A0St/ SHAL IR KT 0.707 T(EWE, 2005) syt pynt R
- >0.

(7)), BoR =& WA G LS Y REgE &k (L2, 2005
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