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Abstract: Based on field observations, thin section identification, and cathodoluminescence analysis, combined
with elemental and isotope geochemical analysis, the petrological and geochemical characteristics of the Middle
Permian carbonate rocks in northwestern Guizhou were studied. The results show that: 1) Grainstone and micritic
limestone dominate the Middle Permian strata, and the rock samples exhibit weak to no luminescence.
Dolomitization mainly occurs in the upper part of Qixia Formation and the first member of Maokou Formation;
the dolomites have dark rose cathodoluminescence. 2) The carbonate rocks of Qixia—Maokou Formation are
relatively rich in Ni, V, Cr and U, and poor in chalcophile elements. They generally have a left-leaning REE
distribution pattern with low total REE (>REE 2.11~8.10 pg/g), relative deficit of LREE, and relative enrichment
of HREE. 3) The contents of elements such as Ti, Al, Zr, and Th, which are easily enriched in terrigenous
components, are low. The low Mn content (<50x10~°) and Mn/Sr ratio (<1), combined with the characteristics of

cathodoluminescence and REE composition, indicate that the Middle Permian carbonate samples in the study area
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are less affected or modified by terrigenous materials. The extremely low Re, Cd, Mo, U, Cu content and obvious

negative Ce anomaly indicate that the environment of the study area was dominated by oxidation conditions
during the Middle Permian. 4) The 5" Cppp and 5% 0ppp ranges from 1.2%o to 4.6%o (mean 3.6%o), and from

—7.4%0 to —10.1%0 (mean —9.08%o), respectively. There is no obvious correlation between 5" Cpps and 6% 0ppp.

The variation of carbon isotope is consistent with the transgression-regression cycle in the area, while the

negative oxygen isotope is mainly the result of burial diagenesis.

Key words: carbonate rocks; elemental and isotope geochemistry; diagenetic alteration; sedimentary environment;

Qixia—Maokou Formation; Bijie area
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Fig. 1 Early Permian Kungurian—Middle Permian palaeogeographic map for Guizhou Province
(modified from DENG et al., 2020)
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Fig. 2 Regional geological map and the location of field section
(modified from Guizhou Bureau of Geology and Mineral Resources 108 Geological Brigade, 1976)
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a—gray clay rock intercalated with yellow mudstone at the bottom of Permian Liangshan Formation; b—thin coal seams developed at the top
of Liangshan Formation, and serves as the boundary between Liangshan Formation and Qixia Formation limestone; c—coral fossils
developed in the lower strata of Qixia Formation that were later cut by fractures; d—mollusk fossils were found in the middle stratum of
Qixia Formation; e—the boundary between Qixia Formation and Maokou Formation; f-brachiopods from the limestone of Maokou Formation;
g—chert block in the upper limestone of Maokou Formation; h—banded limestone at the top of Maokou Formation.
B3 KEHHEIED T S5m0 5 b 2 VAT

Fig. 3 Field macro-characteristics of Middle and Lower Permian carbonate rocks in Daxingiao section
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Table 1 Carbon and oxygen isotope characteristics of Middle Permian carbonate rocks in Bijie area (data from LAN et al., 2018)

G5 )2 HAZBR 6" Cppp/%o 0" 0ppp/%o
DQ-3 85 21 AT VR SR 3.7 ~7.4
DQ-8 Wi E= 41 A B KA 2.9 -8.9
DQ-11 Wi EZ 41 A B KA 2.6 ~10.1
DQ-13 W EE 21 A B e KA 3.1 -8.2
DQ-17 EARE:| EPR Y 43 95
DQ-18 FO4H Fen-Ue i B KA 4.5 -9.3
DQ-24 Frd Aafbd: B KA 4.5 -9.6
DQ-25 FOH EPR Y 4.6 9.4
DQ-26 FHA EPR Ry 42 -9.6

DQ-35 FO4H Ve S JE R 1.2 -8.8
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a—sparry- micrite bioclastic limestone, where the micrite matrix was partially recrystallized and sparry calcite filled in the microcracks (DQ26,
Maokou Formation, blue casting thin section, plane polarized light); b—the cathodoluminescence photograph of Fig. 5a. It shows that the calcite
that filled in the later micro-cracks has orange cathodoluminescence, while the rest do not; c—scattered dolomite with hemihedral to euhedral
crystals (DQ17, Maokou Formation, blue casting thin section, stained by alizarin red S, plane polarized light); d—patchy alloid-hemihedral
crystalline dolomite (DQ25, Maokou Formation, blue casting thin section, stained by alizarin red S, plane polarized light); e-Pseudoschwagerina sp.
were dolomitized and retained its outline (DQ25, Maokou Formation, blue casting thin section, stained by alizarin red S, plane polarized light);
f-the cathodoluminescence photograph of Fig. 5e where dolomite exhibited dark rose luminescence, while calcite was non-luminescent;
g—saddle-shaped dolomite with coarse crystals (DQ10, Qixia Formation, blue casting thin section, plane polarized light); h, i—crossed polarized
light and cathodoluminescence photographs of the dolomite in Fig. S5g, respectively, showing the wave extinction and rose red luminescence;
j—micritic bioclastic limestone where the fossils were strongly altered and microcracks cut through it (DQS8, Qixia Formation, blue casting thin
section, plane polarized light); k—crossed polarized light photo of Fig. 5j showing the internal silicification (arrow); l-microsparry clastic
limestone with bioclastics and very few residual pores. The microcracks were filled with granular sparry calcite (DQ24, Maokou Formation, blue
casting thin section, plane polarized light); m—microsparry bioclastic limestone dominated by benthic foraminifera (DQ6, Qixia Formation, blue
casting thin section, plane polarized light); n—bioclastic micritic limestone (DQ8, Qixia Formation, blue casting thin section, plane polarized
light); o—selective dolomitization of Pseudoschwagerina sp. Dissolution pores were developed in the micro-cracks (DQS8, Qixia Formation,
blue casting thin section, stained by alizarin red S, plane polarized light).
5 hBHEREREERRIFE
Fig. 5 Microscopic features of the Middle Permian carbonate rocks
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Table 2 Concentrations of major elements of the Middle Permian carbonate rocks in Bijie area
we o mw G0N S N R e m e m m e Mus TR
DQ-3 A 54.68 0.923 0.325 0.114 0.081 0.039 0.034 0.006 0.018 0.006 463 0.10  43.71
DQ-8 MiE4 5449 0.598 1.370 0.076 0.080 0.016 0.019 0.004 0.010 0.012 1229 0.03 43.32
DQ-11 4l  54.86 0.608 0.753 0.034 0.067 0.023 0.016 0.005 0.010 0.008 947 0.04 43.50
DQ-13 MiEEZ 5482  0.695 0.471 0.091 0.052  0.046 0.015 0.004 0.010 0.011 1091 0.03 43.74
DQ-17 4l 5494 1240 <0.010 <0.010 0.042 0.021 0.010 <0.004 0.010 0.007 272 0.11 43.65
DQ-18 M4l 5572 0.366 0.184 0.034 0.040 0.037 <0.010 <0.004 0.013 0.006 308 0.10 43.58
DQ-24 FHH4 5353 2210 0.095 0.055 0.047 0.048 0.011 0.006 0.017  0.006 301 0.15 43.91
DQ-25 M4l 5375 2.140 0.024 0.043 0.039 0.020 0.014 0.004 0.009 0.006 322 0.10 4391
DQ-26 ¥4 5545 0.561 0.159 0.067 0.046  0.048 0.010 0.004 0.016  0.009 347 0.09 43.62
DQ-35 FHH4  54.66 0.539 0.599 0.154 0.074  0.060 0.035 0.004 0.014 0.010 430 0.07  43.73
Mo BELETHRATE FOARRLEEETELLE

Fig. 6 Crossplot of constant elements of carbonate rocks in the Qixia and Maokou Formation in Bijie area
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Q)M 1 FfH

WG 85 4 FF S 9 % . EEHG 1 U { (LREE/HREE)

K 0.65~1.89(¥IME=1.11); = 114159 AH N HLAE K
0.34~1.31(¥1f=0.56), BARFIH Ri2H LA
ARV 76 A & R R RRAE . WAL . HE
+ A EACSE T R, UL A TR IR SR AR A 2
S, MEATFRKEE A M T8 LR M

|

(3)Ce 1 Eu 5%

X S RZMEA 3 DA )29, Fedh
DQ-3 Ml DQ-35 & Ce WM = Mai A &4 Ce 95
W, HAFERRIA Ce RITRIIZ W, twl27E
TUA bR 9 £ oT R o BB SR b, il & 7
Ce M Z R (H5H). SEu % KK T 1(5
DQ-3 1 DQ-25 A 8Eu & 0.9, BEHH/NTF 1), Bk
BURERIE S, HMIZEAE Bu b2 0 (E 7).

®3 BAEILETHXE

==
Ex

B FOARBREEMEBTESTERCERN: png/g)

Table 3 Concentrations of trace elements /(ng/g) of carbonate rocks in Qixia and Maokou Formation in Bijie area

JLE DQ-3 DQ-8  DQ-11 DQ-13 DQ-17 DQ-18 DQ-24 DQ-25 DQ-26 DQ-35 #HTHEAD
Li 0.463 0.519  0.581 0.424 0218 0.34 0309 0286 0375 0.605 9
Be 0.065 0.011 0.033 0.016  0.023 0.022  0.011 0.02 0.026  0.041 0.65
Sc 0.335 0260  0.186  0.203 0.193 0.198  0.185 0.195 0.204  0.288 1.4
\% 18.4 12.5 134 12.6 8.29 10.9 13.8 12.1 20.2 55.4 16
Cr 11.9 103 3.56 4.74 13.8 20.9 19.3 119 14.1 18.6 9.7
Co 0.878 0.880  0.959  0.828 0.802  0.791 0.796  0.816  0.886 1.030 1.5
Ni 11.7 12.8 15.8 15.2 12.6 12.9 12.1 13.0 13.2 229 6
Cu 2.75 2.61 1.69 1.32 1.75 1.26 2.17 2.39 1.64 2.19 4.1
Zn 3.38 8.17 6.65 6.34 3.69 2.28 3.22 3.49 4.49 5.57 19
Ga 0.231 0.135  0.055  0.132  0.056  0.078  0.043 0.076  0.073 0.230 2
Rb 0914 0406 0314 0252  0.129  0.131 0.123 0.133 0210 0975 11
Mo 0.112  0.047  0.127  0.055  0.040  0.036  0.052 0049  0.056  0.432 0.68
cd 0.106  0.111 0.069 0359 0410  0.118  0.361 0.265 0.400  0.256 0.18
In 0.008 0.012  0.011 0.007  0.014  0.011 0.010  0.010  0.014  0.008
Sb 0.098  0.048  0.081 0.046  0.088  0.093 0.067  0.067  0.111 0.286
Cs 0.070  0.022 0018  0.010  0.007  0.006  0.004  0.004  0.008  0.067 0.7
Ba 4.95 7.36 4.07 3.88 4.14 7.62 5.32 4.78 6.81 5.90 92
w 0.054  0.042  0.021 0.025  0.015 0.020  0.011 0.009  0.015 0.015 0.26
Re 0.006  <0.002 0.022  0.002  <0.002 <0.002 <0.002 <0.002 <0.002 0.16
Tl 0.043 0.005 0.013 0.003 <0.002  0.002  0.002  <0.002 0.002  0.052 0.16
Pb 0.832  0.880  0.840  0.461 0.305 0378  0.391 0325 0579  0.670 8.5
Bi 0.021 0.003 0.003 0.002  <0.002 0.002  <0.002 <0.002 <0.002  0.003 0.067
Th 0.177  0.061 0.028  0.025 0016 0018 0017 0018  0.028  0.077 1.3
U 2250 0.943 5470 2170 0212 0337  0.291 0276 0378  2.430 1.8
Nb 0.130  0.085 0.062  0.035  0.024  0.024 0026  0.021 0.045 0.161
Ta 0.010  0.006  0.004  0.002 0002  0.002  0.002  0.002  0.003 0.012
Zr 1.150  0.625 0.468 0349  0.205 0226 0214  0.169 0372 1.350
Hf 0.035 0.015 0.010  0.007  0.007  0.008  0.004  0.005 0.007  0.038

Sr/Ba  93.54 16698 23268 281.19 6570 4042 5658 6736  50.95 72.88

V/(V+Ni)  0.61 0.49 0.46 0.45 0.40 0.46 0.53 0.48 0.60 0.71

V/Cr 1.55 121 3.76 2.66 0.60 0.52 0.72 1.02 1.43 2.98

D336 AR50 R TR 1 A FEL A 47 (2007)
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BHEoEREBEXE@EHBERTERS)
Fig.7 Rare earth distribution pattern of carbonate
rocks in the Qixia—Maokou Formation in Bijie area,
northwestern Guizhou (data from Table 5)

Rowell, 1980; & 5%, 2006). #fi#5 20 A1 1140 b
o Ti EE S EAL 1275100, R TR ik A b
Ti BF-H 5 i 400x10°°, T Al & R ARF K,
W — A (A AV 73 R 5 11 2H TR o 0514 i 0 o
BERESBEZ o Ah, TR Ze, Th o0 FK @
OV T RE VR IR S 0T, VAR R 5k o 1 A2 B i A
TR E RIIZE IR E EGHERARE, 2014),
P 25 R mT L, R F 9T KRR S, G S RS
(DQ-3)HIZE 4 THHEB(DQ-35) HLA AR AL = Y Zr il
Th &, HAREMM Ze A Th & B ARCEIE S
IR 0.33x10°° F1 0.03x10°%), PaBA TR Y & it
LR FEIE T H BGUTRL, RS S M VR PR ()
RS, 2014),
52 BMEMERNE

(D) B K ER-E

T AR S PR R OB P (4 Rl PR R 2 43 A HL B AR ol
s ARG AR &k, e AR 1A FREE T TE 1Y
T 2 A Js 245 0 WO 5L 5 1) B AR ko', TR e e e 6

R4 BREILCEDHXESE FOERRRERLITRINR (ng/e)

Table 4 Concentrations of rare earth elements (REEs) /(ng/g) of the Middle Permian carbonate rocks in Bijie area

DQ-17 DQ-18 DQ-24 DQ-25 DQ-26 DQ-35

FE LS DQ-3 DQ-8 DQ-11  DQ-13
La 1.200 1320 0.289 0.365
Ce 2.290 0.993 0.358 0.546
Pr 0.294 0.215 0.043 0.071
Nd 1.130 0.915 0.187 0.274
Sm 0.218 0.161 0.036 0.044
Eu 0.046 0.053 0.012 0.012
Gd 0.256 0.217 0.057 0.059
Tb 0.044 0.046 0.011 0.010
Dy 0.221 0.253 0.070 0.063
Ho 0.048 0.065 0.017 0.015
Er 0.139 0.181 0.051 0.048
Tm 0.021 0.027 0.007 0.006
Yb 0.134 0.165 0.055 0.048
Lu 0.023 0.022 0.009 0.007
Y 1.860 3.470 1.150 0.957

YREE 6.06 4.63 1.20 1.57

YREE+Y 7.92 8.10 2.35 2.53
SLREE 5.18 3.66 0.93 1.31
YHREE 2.75 4.45 1.43 121

S LREE/YHREE 1.89 0.82 0.65 1.08
La/Yb 8.96 8.00 5.25 7.60
Ce/Yb 17.09 6.02 6.51 11.38
La/Lu 52.17 60.00 32.11 52.14

La/Sm 5.50 8.20 8.03 8.30

Gd/Yb 1.91 1.32 1.04 1.23

Sm/Nb 0.19 0.18 0.19 0.16

Eu/Sm 0.21 0.33 0.33 0.27

0.175 0.244 0.298 0.256 0.273 0.328
0.170 0.247 0.296 0.264 0.364 0.734
0.031 0.043 0.053 0.037 0.052 0.082
0.131 0.173 0.214 0.175 0.216 0.326
0.026 0.024 0.047 0.042 0.047 0.048
0.009 0.015 0.013 0.009 0.015 0.017
0.044 0.058 0.06 0.056 0.056 0.068
0.006 0.010 0.011 0.009 0.011 0.012
0.053 0.069 0.075 0.060 0.077 0.061
0.018 0.021 0.025 0.018 0.023 0.017
0.054 0.080 0.076 0.054 0.059 0.049
0.009 0.010 0.011 0.009 0.013 0.010
0.051 0.081 0.087 0.068 0.068 0.066
0.007 0.011 0.016 0.010 0.010 0.013
1.330 1.640 2.110 1.500 1.520 0.879

0.78 1.09 1.28 1.07 1.28 1.83
2.11 2.73 3.39 2.57 2.80 2.71
0.54 0.75 0.92 0.78 0.97 1.54
1.57 1.98 2.47 1.78 1.84 1.18
0.34 0.38 0.37 0.44 0.53 1.31
3.43 3.01 3.43 3.76 4.01 4.97
3.33 3.05 3.40 3.88 5.35 11.12
25.00 22.18 18.63 25.60 27.30 25.23
6.73 10.17 6.34 6.10 5.81 6.83
0.86 0.72 0.69 0.82 0.82 1.03
0.20 0.14 0.22 0.24 0.22 0.15
0.35 0.63 0.28 0.21 0.32 0.35
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Table 5 Normalized results of rare earth elements (REEs) in carbonate rocks of Qixia—_Maokou Formation in

northwestern Guizhou Province based on the average content of 23 Australian post-archaeozoic shales

FES DQ-3 DQ-8 DQ-11 DQ-13 DQ-17 DQ-18 DQ-24 DQ-25 DQ-26 DQ-35
La 0.031 0.035 0.008 0.010 0.005 0.006 0.008 0.007 0.007 0.009
Ce 0.029 0.012 0.004 0.007 0.002 0.003 0.004 0.003 0.005 0.009
Pr 0.033 0.024 0.005 0.008 0.004 0.005 0.006 0.004 0.006 0.009
Nd 0.034 0.028 0.006 0.008 0.004 0.005 0.006 0.005 0.007 0.010
Sm 0.039 0.029 0.006 0.008 0.005 0.004 0.008 0.008 0.008 0.009
Eu 0.043 0.049 0.011 0.011 0.008 0.014 0.012 0.008 0.014 0.016
Gd 0.055 0.047 0.012 0.013 0.009 0.012 0.013 0.012 0.012 0.015
Tb 0.057 0.059 0.014 0.013 0.008 0.013 0.014 0.012 0.014 0.016
Dy 0.047 0.054 0.015 0.013 0.011 0.015 0.016 0.013 0.016 0.013
Ho 0.048 0.066 0.017 0.015 0.018 0.021 0.025 0.018 0.023 0.017
Er 0.049 0.064 0.018 0.017 0.019 0.028 0.027 0.019 0.021 0.017
Tm 0.052 0.067 0.017 0.015 0.022 0.025 0.027 0.022 0.032 0.025
Yb 0.048 0.059 0.020 0.017 0.018 0.029 0.031 0.024 0.024 0.023
Lu 0.053 0.051 0.021 0.016 0.016 0.025 0.037 0.023 0.023 0.030
Y 0.069 0.129 0.043 0.035 0.049 0.061 0.078 0.056 0.056 0.033
SEu 0.904 1.299 1.187 1.079 1.180 1.656 1.128 0.851 1.356 1.355
6Ce 0.889 0.424 0.723 0.780 0.528 0.551 0.539 0.609 0.702 1.032

Dyn/Smy 1.20 1.86 2.31 1.70 2.42 3.41 1.89 1.69 1.94 1.51

Lan/Smy 0.80 1.19 1.17 1.21 0.98 1.48 0.92 0.89 0.84 0.99

Lan/Ybn 0.66 0.59 0.39 0.56 0.25 0.22 0.25 0.28 0.30 0.37

H: MR SR HNAL: pg/g, PAAS % McLenenan, 1989,

9 0 BH AR S Sl A G I T A T R b 10 0 2 ol A
P T B AT ARG B 92 R (B, 2010) 0 AR DT
BB T, AT EZMENM RSN 10
ahrb, WEEEZHAY 4 RES USRS 3, 220
IREEMIAR LT, T AR 6 MRS R &
HHE R, 454 Fe. Mn. S@E MW AGHT, XL
RE L2 HATH 2SR A Mn &8 FEARH Fe &, I
IR R IGEE KOG B ket REINEAH &
B2 10 55 S8 Tk A BV AR B R R o

(2)Mn/Sr HAE

TEEARIRR R R 1 s T AR FEAR R AR B 3R BLH
Sr 1K A Mn (3R B (BE &, 2010), DR B Tl
ARRESG | XA R R R A A IR
Mn i AR Sr & i, AATH H Mn/Sr Gf
oK BB R 0 0 1 A b A8 B2 B . Kaufman et
al.(1993) 5k hy, HA MR Mn/Sr<3 B,
FA LIRS 28 20 8 ofe S 808 7 by A s ARy A=A DA B
HEAT Ak 2 b 25 LU A2 A B o BhR 2 55(2011)
A5 7 4 ] 5 5t X7 5 R R k5 DU B AR bR i)
¥ B 1R $E Mn/Sr<3 VE R PEA LR SEAR T 0 1T 1 = A
FE S B0 AR A IR . 1T Korte et al.(2006)7EAFFT —
T— S KBRS R AR, A2 F Mn/Sr
FLAE/NT 0.63 A1 4 AT AR AR ARy K AR E . i

U FEAE L B Mn/Sr FUIE /N T 0.2(38 2), ATLRAIA
L2 Py BUA AR RN

(3)C. O [Afi &

WHINH, 6°C Fl 60 A HA I B A
L Vi R OB B R 3R AR R AE TR Y oPC A
0"0 4 i (Kaufman and Knoll, 1995), 41Kl 8a FrK,
T X AR FREL AR SL ) 01°C F1 "0 A H B g A&
P, RUIFE S TE — & R B b S e T AR TR A
Mo ARUE, BT AR Z ML KR, KREZH05H T
PLBRIREL 5 19 6°C F1 6"°0(PDB FRfE)ITE 0%t i
(BT, 2010), 10 LU ZE 4 0 L X R — & Gk
FRER A By 61°C Fl "0 {H I AW S 0 BT .

i T A 2R A A Bk S B4 A T A LR PR (A
WA, & CCO)RICHLIR A (kiR ik, A ALt %,
B PO, H5IOHURIEA KK 2SRy A
BRI oCCAE, S A HLBRIEA LM S R A
BRI 0V C (B (HEE, 2010), 76 181 (1) TH A ) &
WA B PE i e Ak, FE i1 B THB, 4 Y0a HLak iy
T G, A A ALK 0, T K
) CO, | °C, NmRkEREE o C MR, Rz, 7Ei
TR R R, A A AL 2, A
YI/E D ES, WA 0UC BRAR(H S F MY R %,
1995), XtFHF5E X, MHGEERIIFF IR 6"°C K 3.7%o,
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Fig. 8 The correlation of 6"C and "0 (a), and longitudinal variation of o"cC (b) in the Middle Permian strata

B9 MRXMEE—F OHEMREEEE 6Ce-dEu (a)F1 5Ce-YREE (b)#H X 1 [Elf7
Fig. 9 Correlation diagram of §Ce-3Eu (a) and 6Ce-) REE (b) in the carbonate rocks of
Qixia—Maokou Formation in the study area

o I P 2 XS IR A2 40, ) HsF A0 2 A AL A ML 1 K
BRI, JRJE KA T R R, T R R R
Y 01C FEARE 2.6%0. MINES HIIT IR, Rl I
TR ZI YK, 67°C {HM 3.1%38 0 225 14
— B 45 T 1 (0 1T e v B ) Y 4.6%0, F T S
CMa I, Bl X P & AR, 0°C i 72 i [ 11K £
1.2%0(El 8b)o b id (A [ {37 2 AE AL i #45 H S R A
B L (1995)2R FH 53 N 2 ) — 8 22 31 I TG H 45

TG 7 A Wk e R 6 o A A R A T 1 20 BT R A — 2,
KRB — B AW —F TR R SR A 1) 07 C H
ST R . [FIEE, B AR X ki
R R R W RZ 5 A P R R R B A Ok, Y
IR EE o /N T 10%HT, BCA 1R R RS2 8 25, i
IR o B I, B AR X RS [R5 3R % 2H B
M/, RER G A A8 s o AR, 2
AT LA 2 Atk R 5k TR 9 54 [ 457 2R A8 A6 19 (T ST,
HAE, 2016), HUt, #LEEE RS O AR RS b

Ttk AL R AR, v LA FIWT Y i) i TR A 5%
R (EFIES, 2013),

XFFARRNLZR, — 7 T TR R U,
— 7 TR 1 S5 g S B 0 v, R AR R AR A I LE TR
LU S5FLBRK . KK A AR AR AR & A= R o7
B TR 23 AR SR G TURL A BR R 6 1 0'%0. IR I,
MAEIRIL 28 0 A BE R, A8 X R B SR 3h e
Ol T AR, G54 DX T 12 Ay i i 2 g 5k
e, A3 28R, AN AR 2= 1 2
HUE AL A VE L R R S O BT AR R AR A B
gk

(4)REE 41 Ji%;

— kU, AR NIR TRV, R ER AT R
W kR K, REE fERMRIREL A LA 1 # v
HATRAF AR ek, B & i i A, ki b
H REE+Y L1 /3F3E (B K244, 2015), {HiE,
23 Z BRI P AU W SCEVE TS, 35 8 REE
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ﬁﬁaﬂ)ﬁm Ce ﬁ;%\ Eu T??ﬁ& DYN/SmN WMEE, E‘rﬁ
6Ce 5 0Eu, YREE H A RAFAH MR N, 2014;
FEHEEE, 2016) A 5T XA S R DQ-3 #1 DQ-35 4h, 8Ce
BE/NT 1, BBk o0 A La fil Bu 1E
SE LA Ce B (7 300 B BRI (B K245,
2015); AHXTHEEH) Dyn/Smy A 1.2~3.4, Lay/Smy A
0.8~1.5; MHEE 9, BFFEIXHHEE—F A KIREL A
0Ce M 6Eu H5YREE Z[JL-FJoAH G, FRAARE IR
W 5 R A GBI 9 KR i 6 28 % 1R A R A PR
(Bau and Dulski, 1996; &R A5E, 2014), Z5 Lo
R, VRS BT A B IR 6 25 A i 1) O 2 b Bk fb 24
fIE AT LS BB 5 7t /KA It S U RR R SR R AR, A B 4
FE b A AT R B i
53 SWEFEEGSH

B U R AL 3 )5 T R T LA S E TR K
RS AL IR IR B A AR bR, IXSETC R A R e
AR 5 K AR 1 S AL A S R B A R G IR A 12k
Re. Cd, Mo. U, Cu #f u KR AN T E 4,
T 7 A AR 5 1 R L SRR ek (B R AN 4,
2014; FE7ESE, 2016), eI B SE 1
HIRFRER A FESL ) Re TGRSR AKZMTRKML,
Cd #l Mo & &/ F 1 pglg, U £ H(0.21~5.47 pg/g),
Cu FH(1.32~2.75 pg/g), —H SRWARME, X0
R E B35 R HUTBA S 19 & ERE

BTV BCAE /E AR B, 76 oo R4 ot
AN B ik b 7 1) A A R i R A R A (52 B
FERFA B 2, 1992), PR PAIA S AE S 9 # + 2A%
A S el Vg K B A e 0 Ce S 32 B Lk
JE 4l (Lawrence et al., 2006), Ce 7E58 4k 551
LA MEE A Ce* fEAE, M [ 7K A o 2 B i 8
Ce TS (AL, 2015), oo Z NIRITH
HEAT] TSV | BRI B RVE . 2
AERT I Jir o) 308 B RE X AR PR B A A el 7R, S Bl ) 7
TR E FRIEAE T Ce MZHT T B
T FIRKPH F 3, 1992). % F 4t & 41K DQ-3 Al
F AT DQ-35 1y Ce #2fl 5 W mi A H Ce T Y
FE &b, AT RE SR 22 B Ak A T A S A T PR I
HAHRAMWE Ce M55 (Ce TH)MFES, RN
5 AT RE AL T AR X A A B T VR IR, HOREOK I
LRSI K EAR, BERME, 44 61
WRAHFIA N, HETT M X B TR v K A
AR

6 4k

BPUAL R X h — S SR A 2 KA,
HoJZ R R B MR OO | R A R A
Jeor AT LR e R AR AL R IR # ST, 18 EAR

S

Zntp:

(D) B G W T2 2 2 s A 2/ L
7 5 235 A 1 SRR S5 I Bt 45 A B D P R
F, R ER R E-55 B R SERRIE . MR R
S O — Bk B AR E 2 AT B0 BE K
A RRHCR . YOk . s AR W iih DL L
b A=A S0 1, RA R A&t

QAR AL R /AR M, h &Gk A
W [ A0 AR AE 1.2%0~4.6%0(PDB) X [8], 4 Al &
AU AE—T.4%0 ~ —10.1%0(PDB)Z ], B4R R & 2
[ AN B BB A e, 0" C A1 0"80 B B WU AR
B . W IRIL R 4o IR R I R 2 KR KB
BUTT 4 f 5 0, LA b 44 5 - 1T AR A A — 3,
177 4G TR 28 094 67 D0 = S 2 o A P 2o 7 A
XoF A2 1 T R ) ) 245

Q) E RGBT R IR, WEH—F 1
HAATFEYITE NI ILEAITCER V., Cr. U FHXT
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5 W B A AR R A/ DN, ST B R AR A R A
FRPERTEE LRI SE T4 BB E o, FEBF AU A 2%
WL AT, W o AVEH 28R AR
M, DT AT EAA AR AT Sr 3 6

(O B Gt R R A B AR HE R IR
S BACSR ORI I SR RRE BB ER A
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