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Geochemical characteristics and paleoenvironmental significance of sedimentary
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Abstract: The elemental geochemistry and carbon and oxygen isotope characteristics of sedimentary rocks from the
Jialingjiang Formation-Leikoupo Formation in the Emeishan area of the Sichuan Basin were analyzed to explore their
paleoenvironmental significance and provide basic information for the study of the Early-Middle Triassic paleoenvir-
onment on the northwest margin of the Sichuan Basin. The results show that the samples Y, (CaO+MgO+LOI)
ranged from 13.98% to 93.31%, reflecting a relatively turbulent sedimentary environment. The data show that the
variation range of 8" C value is from —6. 95%o to 0. 36%o0, and the variation range of 60 value is from —9. 06%o to
—0.99%o. The overall performance trend of " C value is decreasing-increasing-decreasing-increasing. The seawater

salinity shows a multi-stage change of rising, then decreasing, and then rising again; the seawater temperature ranges
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from 7. 11 to 34.94°C, with an average temperature of 21.99°C, and the ancient seawater temperature experiences

a trend of decreasing-increasing-decreasing, with a sharp increase in temperature near the Early-Middle Triassic

boundary. The study area as a whole is in an oxidized sedimentary environment, with intermittent occurrences of

oxygen-poor sedimentary environments. The above geochemical indicators are well coupled and consistently reflect a

relatively humid-relatively dry and hot-relatively humid marine depositional environment in the Early-Middle Trias-

sic boundary of the study area.
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Fig. 1

Present-day tectonic map of the Sichuan Basin (a, after Huang Haoyuan et al. , 2020) , tectonic background map of the

Sichuan Basin and adjacent areas (b, after Enkelmann et al. , 2007 ; Deng Yulin et al. , 2008; Li Chen et al. , 2020) , geological
sketch of the study area (c, after Li Chen et al. , 2020) and stratigraphic column near the boundary of the Jialingjiang Formation-

Leikoupo Formation in the Emeishan area (d)
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Fig. 2 Measured section of the Jialingjiang Formation-Leikoupo Formation in the Emeishan area
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near the Jialingjiang Formation-Leikoupo Formation

boundary in the Emeishan area

RS H)Z EoY 3 SRAE AR IR IS /m
BO1 HR K 1
B0O2 R A 12
BO3 FRILH(T) WEASH 23
B04 HEASH 34
BO5 BEEARA 45
B06 A 56
B0O7 B 57
B08 FOHAL(T,) {;éfjfu”:i 58
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Fig. 3 Field and microscopic photographs of sedimentary rocks of the Jialingjiang Formation-Leikoupo Formation in the Emeishan area
of the Sichuan Basin
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a, b—field and hand specimen photo of tuff at the bottom of the Leikoupo Formation; c—field photo of limestone of Jialingjiang Formation; d—field
photo of limestone of Leikoupo Formation; e—field photo of dolomite of Jialingjiang Formation; f—field photo of dolomite of Leikoupo Formation;
g, h—plane-polarized light and cross-polarized light photograph of the tuff at the bottom of the Leikoupo Formation; i—cross-polarized light photograph
of the limestone of the Jialingjiang Formation; j—cross-polarized light photograph of the limestone of the Leikoupo Formation; k—cross-polarized light

photograph of the dolomite of the Jialingjiang Formation; l—cross-polarized light photograph of the dolomite of the Leikoupo Formation
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Fig. 4 Scatterplot of §”C and 80 of strata
near the Jialingjiang Formation-Leikoupo Formation

boundary in the Emeishan area
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36.63% . WRIRE A Si0, FHTE 3. 55% ~29. 48%,
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JCE /A N B LREE/HREE Jy 4. 65x10°° ~
10.65x10°, 4 7. 08x10°°; (La/Yb) , & 4. 62X
10~ 14.63x10°°,F-1 8.59x10°°; SEu {E M 0. 18~
0.81,°F50.57;6Ce K 0.93~1. 14, F 1. 04,
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Table 2 Main (w,/%) and trace (w,/10™°) element contents of stratigraphic samples near the Jialingjiang
Formation-Leikoupo Formation boundary in the Emeishan area
= BT (T,)) WY (T,0)
FE ST BO1 BO2 BO3 B0O4 BO5 BO6 BO7 BO8 B09 B10 B11
s Rk hppes PR WE O BR e mgen ompen TR WE O BRE
Hz= A Hz A Hz Hz % Hz% Hz
Si0, 21.42 10.37 10. 20 6.01 17.93 64.01 61.46 63. 45 29.48 16. 05 3.55
Al,O4 6.36 1.78 2.83 1. 60 0.88 13.38 14. 05 13.52 0.68 4.39 0.97
Fe, 05 3.28 1.37 1.67 1. 12 0.96 0.69 0.52 0. 60 1.12 2.35 1.31
MgO 2.61 3.40 12.85 14.43 6.13 6.23 6.04 6.05 3.85 16.07 19. 68
CaO 33.30 43.68 31.37 33.61 37.37 1. 19 1.71 1.02 33.96 22.65 29.23
Na, O 0.08 0.05 0.08 0. 08 0.04 0.02 0.03 0.02 0.03 0.09 0.08
K,0 2.73 1.00 1.53 0.86 0.45 6.23 6.86 6.55 0.29 2.21 0.42
TiO, 0.63 0.24 0.23 0.14 0.08 0.22 0.23 0.24 0.06 0.34 0.07
MnO 0.06 0. 06 0.03 0.04 0.04 0.002 0.003 0. 002 0.05 0.05 0.09
P,0s 0.11 0.08 0. 06 0.05 0.05 0.13 0.17 0.15 0.05 0.1 0.04
LOI 29.19 37.55 38. 69 41.91 35.77 7.03 7.65 6.91 29.97 35.58 44. 40
Total 99.75 99. 58 99. 54 99. 84 99.70 99.11 98.72 98.51 99. 54 99. 88 99. 84
La 18.9 16.3 7.05 4.67 4.37 24.5 21.9 32.2 6.43 19.3 6.05
Ce 38.7 37.4 14.5 10.9 9.37 46.3 41.4 57.7 12.2 38.7 14. 4
Pr 4.48 4.46 1.76 1.33 1.07 5.45 4.79 7.14 1.24 4.42 1.58
Nd 16.9 17.4 6.97 5.53 4.41 19.8 17.5 25.5 4.80 16.6 6.40
Sm 3.39 3.54 1.43 1.24 1.04 4.88 4.57 6.03 1.13 3.24 1.46
Eu 0. 80 0.83 0.34 0.30 0.23 0.29 0.28 0.33 0.20 0.67 0.34
Gd 2.89 2.91 1.23 1.05 1.14 4.60 4.39 5.34 1.24 2.61 1.33
Th 0.44 0.44 0.20 0.15 0.18 0.92 0.91 1.03 0.22 0.39 0.21
Dy 2.49 2.33 1.10 0.82 1.17 5.40 5.49 5.95 1.45 2.09 1.16
Ho 0.49 0.42 0.22 0.16 0.26 1.11 1.12 1.22 0.34 0.40 0.22
Er 1.35 1.05 0.60 0.40 0.77 3.06 3.03 3.32 1.01 1.08 0.56
Tm 0.19 0.14 0.09 0.06 0.11 0.50 0.49 0.53 0.16 0.15 0.08
Yb 1.23 0.87 0.53 0.36 0.68 3.01 3.05 3.32 1. 00 0.95 0. 46
Lu 0.18 0.12 0.08 0.05 0.10 0.45 0.44 0.49 0.15 0.14 0.07
Y 14.5 12.3 6.54 4.74 9.00 31.2 31.7 32.9 13.0 11.2 6.47
Mn 516 510 244 299 374 0.001 5 0.001 9 0.001 4 406 442 769
Rb 55.9 13.9 24.2 13.8 6.97 166 183 172 5.82 56.4 14.6
\Y 62.8 18.4 47.0 23.5 12.4 8.19 8.78 10.4 13.0 49.1 22.1
Cr 59.8 23.3 26. 1 13.6 8.48 2.86 2.60 2.25 8.57 33.2 7.91
Ni 23.9 7.55 14.5 7.99 3.99 1.44 1.40 2.08 2.00 15.6 8.82
Ba 129 129 46.0 30.4 14.0 75.6 68.5 62.4 24.2 68.2 18.1
Cu 12.9 6.25 21.1 9.65 2.86 10.3 13.9 93.6 3.48 25.9 20.8
Zn 36.9 9.30 15.6 43.8 6.53 22.4 22.9 22.4 4.80 16.9 9.76
Sr 268 154 155 150 133 46.6 25.3 31.4 96. 1 105 124
As 2.54 2.46 4.23 4.13 4.51 1.72 1. 86 1.78 2.87 8.30 3.69
Co 9.47 4. 60 5.83 3.78 1.49 0.59 0.86 1.50 1.05 7.20 5.12
Th 4.85 2.36 2.28 1.22 0.76 21.6 25.7 27.5 0.91 4.95 0.95
Ta 0.77 0.29 0.32 0.2 0.13 1.02 1.24 1.38 0.11 0.45 0.11
U 1.76 0.62 2.56 1.99 1.48 7.66 9.71 9.71 1.05 1.64 0.85
Mn/Sr 1.93 3.31 1.58 1.99 2.80 0.000 03 0.000 08 0.000 05 4.23 4.19 6.19
SREE 92.43 88.26 36. 12 27.02 24.91 120. 25 109. 35 150. 03 31.56 90.78 34.30
LREE 83.16 79.97 32.05 23.97 20. 50 101. 20 90. 43 128. 83 25.99 82.99 30.22
HREE 9.27 8.29 4.06 3.06 4.41 19.05 18.92 21.20 5.58 7.80 4.08
LREE/HREE  8.97 9.65 7.89 7.84 4.65 5.31 4.78 6.08 4.66 10. 65 7.41
(La/Yb) y 10. 99 13.50 9.47 9.26 4.63 5.84 5.15 6.95 4.62 14. 63 9.47
S6Eu 0.78 0.79 0.78 0.81 0. 66 0.19 0.19 0.18 0.50 0.71 0.75
6Ce 1.03 1.07 1.01 1.07 1.06 0.98 0.99 0.93 1. 06 1.03 1. 14
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Table 3 Carbon and oxygen isotopes and related geochemical characterization parameters of the stratigraphy near the

Jialingjiang Formation-Leikoupo Formation boundary in the Emeishan area

PDB/%o WK KR g K ER A T KR
S FaNis
s8¢ 50 1/C VA 100xMgO/Al,0;  MgO/Ca0  Rb/Sr Sr/Ba

FEITLH(T,))

BO1 HERIKA -0. 44 -7.36 34.94 124.38 41.04 0.078 0.21 2.08

B02 R A -0.99 -6.70 31.57 123.58 191. 01 0.078 0.09 1.19

BO3 WZEAsA -2.66 -3.96 18.77 121.52 454.06 0.410 0.16 3.36

BO4 HEABZH 0.36 -1.58 9.24 128. 89 901. 88 0.429 0.09 4.95

BO5 BRAZE -4.54 -6.31 29.63 116. 50 696. 59 0. 164 0.05 9.55
O (T,)

B06 B -5.87 -8.39 - - - - - -

B07 B -6. 42 -8.93 - - - - - -

BO8 BEICH -6.95 -9.06 - - - - - -

B09 FEABE -6.38 -7.16 33.91 112.31 566. 18 0.113 0.06 3.98

B10 MEA=A -5.20 -1.99 10.78 117.30 366. 06 0.709 0.53 1.55

Bl BRAES -0.59 -0.99 7.11 127.24 2028. 87 0.673 0.12 6.86

Ni &t 1.40x10°~23.9x10°°, -1 8. 12x10°°; Cu
B 2.86X107°~93.6x10°°, 1 20. 1x107°;Zn &
1 4.80x10°~43.8x10°° 314 19.21x10°°; Ba 5 1=
14.0x107°~129. 0x10°® 3¢ 60. 5x10°, BT L5
Sr %1 25. 010 °~268.0x10°° 31 117.0x10°°, U
HH0.62x107°~9. 71x10°°, 1 3. 55%10°°; As &
i 1.72x107° ~ 8. 30x 10 °, 4 3. 46x10°°; Ta & &
0. 11x107°~1.38x10 °, 31 0. 55x10°¢,
4.5 R EEMIRFE

3, WFAE X 8P C (H 1Y AE 1k YE 2
=6.95%0~0. 36%0, - YJEH N -3. 61%c, T =& 55
BiT4l 8" CAEA AL E [ R - 4. 54%0 ~ 0. 36%0, T3
BN - 1. 65%0; ' =B 5T 34 8 C ARk h
—6.95%0~—0. 59%0. “V-HIEHF-5. 24%0, k[Fi %
FE T 2 A A R I B AR A

80 AL TEE H-9. 06%0 ~ —0.99%0, F-YI{H
H=5. 68%o., 4[R2 A ) i 2 1R A 52 Bk B
YAk, T =& 4% % B irdl 68%0 [k E N
=7.36%0~ —1.58%o, V- 34{H N =5. 18%0; th =& 5 TR
32 80 ZEfE L BBl - 9. 06%0 ~ —0. 99%o, F-1
15 H-6.09%0( & 5) ,

5 WEREHT

5.1 hiEBkEE
B AT AR G0 ST A A T RS o K
A JEERE R gL, 8 C F1 80 SR AL AR fb %

PIAROG AU AR e T AR, Z2=2.048
x(8"C+50) +0. 498x (8" 0+50) (T34, 1985; F
5745, 2016) , A=Y §°C 1 80 #4°4 PDB 45
B, FH Z fH 7T DLAIW R 2 20 DL K i A T e ) Al PR
AR B RS 2> 120 W, Sk 1 AHBR R £ 2
Z<120 B IROK AR R R 5 . T AE L AR 2 20 3 B
AR, 80 MME & KA B AR, WOk A =X i)
SO (EE N b SCHE NS IFAE 80 H#EATREIE (25
SR, 2020) , AR Mg HAT R HRAE, Al A
SEEERRE AR RIS EN X = B RERIRER A, R AT
NI ST 2 2 M = 100 x MgO/ Al O, ( 5 B 545
2021; #RIRAE, 2022) , —BIAH, M<1 HIRIKIT
FUIREE, 1<M<10 MR R , 10<M<500 A i
FHUUERINER , M>500 T 4 Fifi 216 575 T DU AR (1
PRTEE, 2009; BXEIREE, 2017 5K{ESF, 2020)
BRI Z 5T 116,50~ 128. 89 Z [A], -
122,98 8 HISCA#) Z (B T 112.31~127. 24 ZJH]
S 118.95, FBEVLLH M (HIGF 41. 04 ~901. 88,
P34 456. 925 75 FIIE2H M (B 366. 06~2 028. 87,
-1 987. 03, FEBRITH Z W F-HE KT 120, M (1)
SERERT 10 H/NTF 5005 55 384 7 (1952 (E /)
F 120, M W FHE KT 500, h=F K, 14
M A7 3 B s B0 A A7 BIRARIR K
WRUETSAVE ] (He et al. , 2019) ,Z {E A M {EIFE S
K RIS M AE B TH i A Z AH B8N AT E A2 3] A
SRR Hon] R SRR A 6, UARH AR L - =
B P01 G gk i L XA IR B 3 M 3%, T RE
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Fig. 5 Geochemical characterization parameters of the stratigraphy near the Jialingjiang Formation-Leikoupo Formation

boundary in the Emeishan area

AETE FH VAT ORI R 5 A8 S B I TR
5.2 HiBKEE

BRI ER A i | IRV 25 21 A ) B 32 U R A o iR
FESZ R, S UURR A T R B PR e AN AR 1), G B e
8O (EMRA,, PRIt , 75 38 o 55 DU 2 Vg A o R R 2 1Y
80 XA (1. 2%0) X KA N 2 H FE 5 60 {H
HEATARARAEON " AL TE . ) T B T 2 R i 1Y)
8"0 SEHIE N -4. 51%0, N80 =-3. 31%0; F NS0
WATAIE A3 RIMIEME 80, #%#B 1(°C)=16.9-4.2
X(8"04;+0.22) +0. 13% (8" 0y, +0. 22) * HeitH
AR (BRIREE, 2012; E L5, 2017; 20045,
2018) .

TER—rh = BRI, 5 B VA i KR T
9.24~34.94°C , V-3 24. 83°C ; By I B 2H g K IR 7.
11~33.91C , 3 17.26°C, F-h =S HEAKIR
BT, B VL -3 K s T 5 FV B2 KGR 75 3
IR IR A B Y 8l , Horh & IR H = s
Ak VK BE B 9. 24°C 2RI AR 2 29. 63°C, HE I
58 BGEE KA LS B G

B, B — v = S R o VK R
D3 T BEAR—TH i — B A A AR Al e 3 T 7K IR B 1 2R
Ak, R R B
5.3 HRIE

i s B TR IR AR ) 22 By A AR Y
S TS BATRR Y N TR 1 5 i & AR AR, BRI
Al LR HUTR PIAE T R 0 & s AR R MK E <
Ak, HAN S R B SR AR B dE bR, 4 )
1 MgO/CaO fHF1 Rb/Sr {8 ( HYEZE, 20145 K5
A5 0014; WA 20165 FHAFREE, 2018; FRHE0H
%, 20205 BREEE, 2022)

RAENEKH Ca I/ T Mg &, (UH
R Mg FE TR K = A BRTR ER UTVE , K 1) Ca
HE AT R IR R TR . WK IR S 114 1 i
FERE A ik 2 A pH (B Y T v T BTG, LI, MgO
CaO P HCAE PT DA S el 198 k2 T R ) by A0 4%
4, MgO/ CaO K AE /W A%, S £ R T HA
fi , Fo R MO/ CaO fE/INT 0. 30, $5 7= W< A
(M IR T4, 2009; o 2%, 2016; T Mk %,
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2018) , WF 5% X — p = & Ik B IR £ = AE L
MgO/CaO {HAE 0. 078 ~ 0. 709, ¥J{H Hy 0. 332, b
TTAIIEN 0. 232, 3 I HI{E 0. 499, AR
TERRARSE T a3 FE R IX L —rp = B S
23T AR — R T A=A R AR A

FAH Rb TR GBI, S i XN ERZEE
P 5 5 W) b Ca™ YRR R Y 2 (o) 3 4R 4
1984) , 7E TR SAEZAE T CaO (5 3, Sr 19
WEERIG N, Sr TR B Ca® MR BEHE KB A
Airh Sr g N, B, A E TR Rb/
Sr (B AT A8 . Rb/Sr K 5 (8 I 48 7R i A4
AEXTEE | S 2 JAE X 18 ( EBRFR S, 20185 P
SRS, 2020) , WIFGT IR - = S AR B 5 R T
ZHAENS Rb/Se fHAE 0. 05~0. 21 X [a], F35 0. 12, K,
fRARXT T4 75 T34 RE iy Rb/Sr {H7E 0. 06 ~0. 53
X [E], -5 0. 23, S A AN . M HIH FOR A, 5
UTBE K AL FORE f Rb/Sr (B AR, 156 HH 78 5528 A [
T ARAR T 5, TR ) L, AR LSRR T
REAR , 35 /R B9 IX A — v = Bt A X 78 A
AFDRE A AR S A X Y e
5.4 HiBKRE

VRSV TET B T 8 I 5 M AR B B 2R A, T AR B
PR R (R s | A2 TR A7 3 ) LA Sk 36 S T T A

Bhw, HLA5 VP T P S I AH G, X i 28 =2 i
3B | PRI 7 3 B 4R R o7 2% B A e, i LA B 3
G RS VEM R IR (B %2%, 2015)

M TR AR R B m A
S A5 K A LA 9 AR A 2D R X HEL G T 4
KK 2 C AT D, BRIk R R A 19 67 C {EIE
i (Wang et al. , 2019) ; 47101 T FEET, 15 B &
AR 7/L e 112 = al R O WA N E DO W VA O R R O [ R 2
B#AR . TR, 8" C E AT LAAR G- iy Sz e v S 1 A5 1k 1
ML (FBIRERRSE, 2020) , BRILZAM, KIFE R R
SRR B2 C ) CO, SR B R b TR Y
WA, 15 B 87 C A m e (455, 2019) o HEln]
8" C AR AR I N BAR T i — AR - T, 6
WF5E X PUBABE BN 2135 , AT R 2 TR [l TAF
KRG TH5 TR,

St/ Ba {H & FH 2k HI Wit g K BR L, St/ Ba {H (1Y Ji7
LR AR RAGE Y Sr 5 Ba 7EIT R RE 1 AL &4
VSR FE AP R W] ) 22 5 (X IR JR 45 ) 2017) , St &
HAE UM P E 4 I Ba M 35 B AT R KA,
St/ Ba B H 0 FH A F WU IR 5% S 0T AR i /KRR X6

TREEFIBS RIS . 24 Sr/Ba>1 W G AH, 0. 6<Sr/Ba
<1 APk, Sr/Ba<0. 6 M i#s /K 4 ( Miliman
1978 FRBEIRAE | 2020) . T XKL S Sr/Ba {H AL
Bl 1.19~9.55,5F 24 4. 19, KR T 1, 84K Hy g 41
DR, FEBRIT L3R 4. 23, 75 LI 434N
4.13, ), NTFE b Se/Ba 26 THe , 5 B T4l
WS TR 3] e KA, T30 D 7 3 I V260 G 3000 ot Vg /K e R
SRIG Sr/Ba {H 2RI B, 76T D3 BRI A A1
FIRESZ KALTE Bh 52 I B e, AU TR, S BOK
RS s B ) Sr/Ba {B A — N AH X AL ARAE 1 78 il A
e gy, TR K IR, AR AR Ak ke 35 55 0t 58 B2 A
£l

5.5 SHEEEHE

IR S SRR X A A A N TR
AR i SO A 78 e SO Eg R iU
Xof e B R T F Y e S L HUAE RIS, T AR Y
E7K A BT AU Tl = IR ST B RIS X 5 B VT2 -
B A K R £ e I RAAIE , %6 4% V/Cr \Ni/Co ,U/Th
(ELFE R R k2 iy S A B R B | FH R 40 W Ak -
BJF M (Hatch et al. , 1992; Jones and Manning,
1994 ; Baioumy and Lehmann, 2017) .

Jones &5 (1994) 2 H . Ni/Co<5 8/~ A ALIREE
5<Ni/Co<7 {RRIK & FIE ,Ni/ Co=T 5 /R ik J5L IR
B, I 15 Rl FSE X B R 7 NisCo {H
H1.64~2.69, FIIEN 2. 16, F5/RWFIE KERIR R A
DU B AL 3R 8E . Baioumy %5 (2017) $2H U/Th,
V/Cr A AT DA Bty 484638 I 4545 U/ Th<0. 75 [ i
FALFREE 0. 75<U/Th< 1. 25 J %% % 3R 35, U/Th
>1.25 BRI 5T, W58 X ik BR £8 %4 U/Th {H A
0.26~1.94 ,FHMEH 0. 96, 38 /= WF 57 X B R 5 4 1T
U A - A B 2 LSS 70 2 A -5 AR SR
FIUTRIAEE . V/Cr<2. 00 JBLEALIRESE 2. 00<V/Cr
<4.25 JUMLAEIRBE, V/Cr>4. 25 ML as R4
WF5E X B R £k 4 V/Cr (H R 0. 79 ~2. 79, F-H{E R
1. 58, 8/ BIFIE DX B iR £k 5 DU B Sk & 480 1 6 AH T
BUOAEE . 256 DL b ERAb 22 R0 AR 0] A4S 1 R IX
SR AL F A AL DT IR BE, A 20 A DR IR 35
I,

6 IR

IR — AU Al R K
KR Bty iV 1 A2 A 25T PR B R 2 W] A7 AE —
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SEMRRG RR Y e — 2R e AR AR, HoA 2
KW PE 2 &4 AL ( Fairbridge, 1981; % F BE,
2004; MJRMEAE, 2005; EMEJTAE, 2016), AFFIX
TP A B 2 B B R A DG, B IR
it RGN, L, ¥ (Ca0+MgO+LOI) 75 H. -
=S R MEE MR R A 2 LR T
W, N R FR S 28 DY AR EE K & a2 b
FH#aFe, WoR ST X R —rh =t A B i DTRRA
B, T (Si0,+A1,0,+Fe,0,) 155 B2 IT.40 )2
A2 T ARG, 7 75 10 30k 2L RS 3 T 3 A o v (- 1
TS RJEA/MERE TR, X (V+Cr+Ni+Cu+Zn+
Ba) fHAZ T 48.22x107° ~ 325.29%x10™° 2 [a], 3 ( Sr+
U+As+Ta) {7 T 100. 13x10°~ 272.94x10°° ZJi],
P b Fa M e ® R, Rz R -h =&
HALMIE AT B NG, W e R =S
1R I U g 7K 53 3 AR 1] P4 AT [l b4 A (A
T, 2011) , 5% B V14148 WOk 3 A DA e [m], 7 =
BB TT I, HhFe TG shsR ZL, VU1 2 b Ad 75 v AR
R 1) 4% v PO I e e B B, 7 VAR MR (3R L 7
o ZRFRIK T P i T R T MK AR A R
TR =R P A DO A K o SR 4 (IRLE
LA, 20215 skMESE, 2022), =& HERIOR, R
PR A T A8 72, X 22 IO 2 B A0 A /N AR A T
KHER N T = AL, DU F 2 B S as B
W A 1) 2 A& T, BRI 2 R R R
IR AERSRAKMIERE ME |, Z )5 KR 1, 1)1
M 328 1ok 3 ) ki AH U R A B B (R BB, 2017
Brziidids, 2022; AaME5E, 2022) , VU1 450 =
SO Y F TN R BR 2R K 5 M A i R 2 T
R A AR pa by D)1 Z bbb R =S4t )m T g
M AHBRIR R 6 MO PR B R 4745, 2012 ZBR%
4, 2015), PUNZHAE R R =& 5 kA R
IR, b — 5 =W R AR KRB0 R )5, 75T
SRR R AR R, AR i I 2 DR
F (IR A, 1997; MR S, 2007; ¥ ARG,
2011) , ASUAIFFE L5 5 I BpfF 5 X R — v = S R 4%
B2 i T 52 22 DB EE P ol U0 2 K
FHRETE ], 5 B T2 M 91 A RE X T 3 v vl KR
FETHE, H AR B TR TR 1 3 4R VS T A
SUC AR BN, RS A LTE sh A X, kil
VE R B b= AR AR AR IR AR A | IR B Ak 5 3K
(LR 20 2 T e, (75 67 C A 1 2 BEAR (2
VKEZEE, 2006) B 1% 4L IO A - 1w b T iR

R i R T 2 A (R HEN, AR R A LR
SHLECH FE IR, DTSR ik R R 4,8 C {HIE
B BN IS - T TR T 3 T AR E 1Y L3
DK DU A A A iz KA 5 E = A
KA o
7 g

(1) BFFE X BT 20— T34l 11 1 0RE
1) 6% C {H AL IE - 6. 95%0 ~ 0. 36%0, F-H1{H
H=3. 61%0;6"™ 0 (AL N -9. 06%0 ~ —0.99%o,
SEYE N -5. 68%0, FEME 67C 5 60 [HAHANX
PEBCAF AR B T DOBUAEEAE B, 7TV il SR BE 4 i
AT EEXT 42

(2) 3B VLA 7K R 24, 83°C, MgO/CaO
S 0.232, Z F-Y{H 122. 98, M -1l 456. 92;
B B4 KR 17, 26°C, MgO/Ca0 F- 21
0.499, 7 FH{H 118. 95 , M F-{H 987. 03 ; I [F] jz ke
WFFE DX — rp = 28 Sy A o 15 — R o A = X
WA T AR DTBURES

(3) 8" Cyppy M1 St/Ba {H I B3 B2 L4134 K
GE K, 3 B4 75 DU ik nT R0 s A 2 ot
WJiEml 454 V/Cr \Ni/Co , U/Th i 281618 5 45 b5
DI By AR S A% HI W 7 IX R - = Bt R 4b
TR TTRIASS | ()4 73 S8 DT A B
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