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Characteristics of trace and rare earth elements in Dongqiyishan
fluorite deposit, Inner Mongolia: Indication of ore-forming material
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Abstract: This paper is the result of mineral exploration engineering.

[Objective] The Donggiyishan fluorite deposit is a super-large fluorite deposit, which is related to alkali feldspar
granite in the eastern part of the Beishan metallogenic belt. The orebodies are hosted in alkali feldspar granite,
griotte and andesite, which are controlled by the rupture and fracture zones near SN or NE dipping. [Methods] On

the basis of studying the geological characteristics of Donggiyishan fluorite deposit, carry out the studies of rare

FEETE BTG HREFA R TR (2023-JC-QN-0362) . H [F b 57 i 25 J5 #b 5 8 25 35 H (2D20220305)
A BB,

YEBRAA XKML, 5, 1989 4£4:, TR, MFH bl L AR ERL 2B R TE; Email:
412407885@qg.com.



mailto:412407885@qq.com

earth and trace elements geochemistry of fluorite and wall rocks in the fluorite deposit. [Results] The results show
that the trace elements curves in fluorites are consistent, and obviously enriched in high-temperature elements such
as Bi, Cd and Mo relative to the crust values, indicating that these fluorite samples have the characteristics of high
temperature mineralization and homology. Fluorites and alkali feldspar granites have similar geochemical
characteristics of rare earth. The Y/Ho ratios of 10 fluorite samples are ranging from 21.02 to 28.52, the La/Ho
ratios ranging from 3.58 to 15.23. The samples all falling into the hydrothermal region of Th/La-Th/Ca diagram,
except one close to the sedimentary. The Sm/Nd ratios of fluorites ranging from 0.26 to 0.42, and the Sm/Nd ratios
of alkali feldspar granites ranging from 0.26 to 0.42. The JEu vaule ranging from 0.6 to 0.64, and the 5Ce vaule
ranging from 0.89 to 0.94. [Conclusions] Combined with the geological characteristics of the deposit, It is
considered the genetic type of the deposit is medium-high temperature magmatic hydrothermal filled type, which
belongs to the tungsten-tin-rare -fluorite metallogenic system related to alkali feldspar granite in the area. The
ore-forming fluid of Donggqiyishan fluorite deposit is mainly magmatic hydrothermal. The ore-forming material F
mainly comes from the deep alkali feldspar granite body, and the Ca mainly comes from the marble strata.

Key words: fluorite deposit; trace elements; rare earth elements; ore-forming material source; mineral
investigation engineering; Donggiyishan; Inner Mogolia

Highlights: The geochemical characteristics of rare earth and trace elements in fluorite and surrounding rock of
the deposit were studied. Combined with the geological characteristics of the deposit, it is considered that the
Donggiyishan fluorite deposit is a medium-high temperature magmatic hydrothermal vein fluorite deposit, which
belongs to the product of tungsten-tin rare fluorite metallogenic system related to alkali feldspar granite in the area.
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18 (2011) @I ARG — LKL X A I IT, RIS H Rb-Sr &1 247168 J9(128.241.1) Ma,
WA AL I 2 75 26 L 16 1A Bl X 3B A8 K 5 2R TR 70 2 57 TR - R A R 5% b 2 S A0 T BT
Li. Rb. Be. Nb-Ta. W. Sn % R{EHKZE P LR, - REMEEPEER S “Bf” TE
LR MV, T B A7 R ERR TS JE 78 00 o0 7 B RS R 00 78 40 13 2 & SRS UL R P2 A Y

i [


mailto:412407885@qq.com

A R AR TG 3R B BRI SC S EURE 8 7R R O 0 B KR 487 O Ak
JR 5 A RS ARRH E F  FERE EEE . (Mdle et al., 1976; Bau and Mdler, 1992;
Smit et al., 2000; H{RE, 1995; fMEEGSE, 2014; 4/b2R%E, 2018). K-t — L= AN 2
Jb Bt 5 AR B SRR A B A A ORI R B A T, 78 X B AR 1 . B 4 [R5 (2002)
T IO R LA B T B IR 2 T, IR G LA O R o S U
&5 (2002) FR1GH AT Sm-Nd ZEIF 2R 456 J9(51145) Ma, N ZE-G— I A0 2 i B 4R 1y
RGN, RARIX SHRATE 25 20 A 38 1L e B AR RK e i AR O T A1 R
B RENT, KIBEKAE KA Pl R geRe A, B, Rb— K s gy A
W IR ik o R ANSHZH R T — @ T TE, (HR SR T HUA 0 BRI A4S IE . R
W5 R B R R BRI P W R AN, R TR — P BRI T AR o AR SCEEX R — i A i
PRIBTRFAERFE 72 00 2l b, 38 R A R L R s e T sk AL R AE T PR e
B R )RR S R, AT A X b A i PR TAE SR b 45 .

2 DX I B AR AL

AF T X AL TP 5 i 3 RIS BB SR A i Ab i AR R AR & 2 1L Bt By, J AR e 1)
SRR L— R E—mR GERZES, 2002), %X H R E F TSR EE R
ZIREEIR . WIS . ZE . s IR . XNAEARM . dmrpgdbm . JEAR PG &
e WM IE K E, Far AR AR A R b TR AL R B A B A R R A3 A
RGBT, XHNIERE AT 2, FEEILFET. IR RGIRD G, SIENEH X
P FEES. 8. . BB B, A%, 5EAT R XA R EERKIE RS, K
TEHE. Ba_KIiEKE. ERIEKESE (B L. MRXEN S EEAEEAKE, 2
AR AEARAR I H, oW ARG PR EE ] 3 A AL S BEA FLBEIR I AL R 2 B
FE, WEERBEA EESAMAEEIMI, UPERIK AR S EEAEPH, HUEEREZ (£
B, 2009). SRS AR BB D 8. fe-H. By LkEa, Hdd
(LRRRR DA AR B 8 (DLRFRFE RO = B = B ). 42
OO RESA A By . ARG § EBEMAERKIE N A
P BRI 2 0 A TE R AL i 7 P ANl s B9850 36 B DUA S Rk a0 A TR A8 o S 3L
SRR B s A R ARTERK AR . KRB M s (E5H%, 2009; ik
2, 2014).
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Fig.1 Simplified geological map of Donggqiyishan fluorite deposit (modified from The Fourth Geological
Team of Gansu Geological Survey, 1975; Wang et al., 2009)
1-Alluvial sand conglomerate; 2-Andesite tuff and sand slate; 3-Andesite and dacite; 4-Marble; 5-Moyite; 6-Alkali feldspar granite;
7-Quartz porphyry vein; 8-Fluorite-containing chalcedony vein; 9-Mineralized vein of chalcedony; 10-Fluorite vein; 11-Geological
boundary; 12-Ore block and its serial number; 13-Drill hole and sti serial number; 14-Exploration line and its serial number; 15-Suture

zone; 16-Rwsearch area
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Fig.2 Orebody and ore fabric characteristics of Donggiyishan fluorite deposit
a, c-Orebody in alkali feldspar granite; b-Orebody in marble; d-Quartz-fluorite type; e, f, g, i-Fluorite type; h, j-Fluorite-quartz type;
k-Fluorite-calcite type; FI-Fluorite; Chd-Chalcedony; Q-Quartz; Cal-Calcite
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Fig.3 Field photos showing wallrock alteration of Donggiyishan fluorite deposit

a-silicification, kaolinization and epidotization; b-the chalcedony of silicification; c-carbonnation; d-manganese mineralization; e, f-

silicification and fluotite mineralization
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Table 1. The feature of samples selected from the Donggqiyishan fluorite deposit
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5.1 MR TLR IR IL AT

W IR AR I E TSRS R IR 2. FraEAaER P E LR Cd. Co. Niy
Sr. Zn EEMMEE, Cd K& E A 0.19x10°~1.8x10°, Py 1.53x10°; Co WM& &EH
1.58x10°~1.81x10°, “F¥ 1.70x10°%; Ni & 28.1x10°~35.1x10°, “F¥J 32.2x10°; Sr
f8 B9 108x10°~15110°, 44 121.5%10°°; Zn i & &y 1.2110°~4.34 %107, - 2.53x10°®;
HAb R TR S B
5.2 F R HBR 1L AR E

R I A R A A B AL S s e R i 4 R AR IES BULER 3. B T
— ML EHE AR (KMDQY1-1) SREE &8 (AgY) /N 5x10°, H HREE HX & 4E;
HAeWARES SREE S84 T 33.22x10°~44.37x10°, 14 40.56>10°, LREE AHX &4E.
LREE/HREE HU{H = E AT 3.06~3.78, Lan/Yby Ll T EAT 1.45~2.42, R, Eft A
KA, bRUERC o i LLRCF R A R ZE R (K 4) o Fra s AT oBu /it
F 0.60~0.64, “F140.62, i EHHIEEZE, 1M oCe /T 0.89~0.94, “F150.91, SHAFEA
B, R AT R A LT R SR E I X AR I RANE (7 SR,
2020). BRKAE R SFEME) SREE &8N T 64.55%10°~84.64x10°, “F1 72.95x10°,
LREE/HREE H{H = E AT 3.12~3.66, Lan/Yby ELfE T EAF 1.06~1.93, Bk, EftLA
KA, bRAERL 2 28 LL P22 . 6Bu /T 0.99~1.00, ~F#4 1.00, JTCHA R 7%, 1 6Ce
AT 1.43~2.84, V19 1.97, ERFEHMEHE. S4EE, %A T E Eu 2%, /MY ZREE
i, H LARUERC ST thZR 5K AR A B A R i — B
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Table 2. Trace element contents of fluorites from the Donggiyishan fluorite deposit

Fed KMDQY1-1  KMDQY1-2 KMDQY1-3 KMDQY1-4 KMDQY1-5 KMDQY2-1 KMDQY2-2 KMDQY2-3 KMDQY2-4 KMDQY2-5 HiFE 3

Li 0.106 0.163 0.722 1.44 0.817 1.34 0.336 0.823 1.28 1.33 21
Ba 0.602 0.629 0.511 0.499 0.512 0.671 0.88 0.256 0.429 0.345 390
Be 2.03 0.542 0.154 0.136 0.131 0.083 0.092 0.087 0.111 0.115 13
Bi 0.004 0.06 0.011 0.009 0.032 0.008 0.01 0.004 0.005 0.007 0.004
Cd 0.192 1.28 1.57 17 177 1.75 1.78 1.8 1.76 1.72 0.2
Co 1.58 1.58 171 1.69 177 1.63 1.8 1.74 1.81 171 25
Cr 0.498 1.24 1.44 0.996 0.759 1.03 0.975 0.872 0.827 0.814 110
Cs 0.173 0.056 0.046 0.051 0.05 0.065 0.019 0.042 0.064 0.052 14
Cu 0.102 0.3 0.201 0.086 0.582 0.1 0.236 0.091 0.305 0.207 63
Ga 0.006 0.048 0.062 0.054 0.075 0.079 0.062 0.058 0.063 0.143 18
Mo 0.082 0.118 0.038 0.374 1.78 0.077 0.599 0.027 0.037 0.411 13
Ni 28.1 29.7 32 32 32.2 324 34.7 345 35.1 31.3 89
Pb 0.16 0.353 0.328 0.181 0.35 0.195 0.548 0.181 1.75 0.166 12
Rb 0.144 0.104 0.087 0.089 0.19 0.103 0.083 0.077 0.09 0.095 78
Sh 0.013 0.029 0.588 0.025 0.037 0.047 0.044 0.042 0.044 0.032 0.6
Sc 0.16 0.103 0.11 0.148 0.16 0.096 0.117 0.11 0.138 0.113 18
Sr 151 120 111 139 124 113 117 115 117 108 480
Th 0.031 0.102 0.115 0.142 0.159 0.123 0.293 0.126 0.137 0.113 5.8
Tl 0.009 0.028 0.018 0.008 0.02 0.008 0.02 0.031 0.014 0.009 0.4
0.182 0.132 0.177 0.072 0.118 0.065 0.126 0.07 0.046 0.047 1.7
\Y 0.13 0.178 0.174 0.146 0.144 0.151 0.212 0.224 0.168 0.126 140
0.353 0.266 0.261 0.281 0.331 0.256 0.491 0.246 0.28 0.278 11

Zn 14 121 151 2.51 434 151 5.9 2.49 2.42 2.01 94
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Table 3. Analytical results of REE in fluorites from the Dongqiyishan fluorite deposit

FERZRS  KMDQY1-l KMDQY1-2 KMDQY1-3 KMDQY1-4 KMDQY15 KMDQY2-1 KMDQY2-2 KMDQY2-3 KMDQY2-4 KMDQY25  DQ15-1 DQ15-3 DQ15-4

FEMm AR A A A A A A A A WA WA WRKAER S KRS KRS

La 0.39 5.61 6.93 6.02 6.86 6.54 758 7.02 7.17 6.15 11.20 757 5.41

Ce 0.89 11.10 13.70 11.80 13.60 13.40 14.70 13.80 13.70 12.30 36.80 30.40 35.40

Pr 0.13 147 1.84 158 1.78 1.79 1.94 181 1.83 1.64 3.39 261 1.64

Nd 053 5.88 7.24 6.62 7.55 7.47 8.09 7.65 761 6.87 11.60 9.23 5.60

Sm 0.22 155 1.95 191 213 2.08 211 2.08 1.98 1.97 3.48 2.96 1.82

Eu 0.04 0.29 0.36 0.36 0.42 0.40 0.40 041 0.39 0.40 0.00 0.00 0.00

Gd 0.19 1.28 157 1.70 1.77 175 178 1.80 1.76 1.72 3.67 3.18 2.36

Th 0.06 0.30 0.36 0.44 0.43 0.39 041 041 041 0.40 0.74 0.64 055

Dy 0.49 1.94 2.28 2.94 2.83 256 253 254 259 257 476 4.47 3.87

Ho 0.11 0.39 0.46 0.62 057 0.50 051 052 053 053 0.94 0.93 0.81

Er 0.33 117 1.34 1.86 1.73 150 153 153 159 1.48 3.07 2.97 2.69

™ 0.08 0.25 0.28 0.40 0.37 0.32 031 0.33 0.34 031 053 0.50 0.47

Yb 0.60 1.75 1.93 2.80 254 211 2.19 2.16 2.24 221 3.92 3.67 3.43

Lu 0.10 0.23 0.25 0.37 0.33 0.28 0.30 0.28 0.29 0.29 054 053 0.50

Y 3.08 9.54 10.70 14.70 13.60 11.30 11.50 11.50 12.10 11.10 21.70 20.60 20.20

SREE 4.16 33.22 40.49 39.42 42.90 41.10 4437 4233 42.42 38.83 84.64 69.66 64.55

LREE 2.20 25.90 32.02 28.29 3234 31.68 34.82 32.77 32.68 29.33 66.47 52.77 49.87

HREE 1.96 731 8.47 11.13 10.56 9.42 9.55 9.56 9.74 951 18.17 16.89 14.68

LREE/HREE 112 354 3.78 254 3.06 3.36 3.65 3.43 3.36 3.09 3.66 3.12 3.40

Lan/Yby 043 2.16 2.42 1.45 1.82 2.09 233 2.19 2.16 1.88 1.93 1.39 1.06

JEu 0.60 0.61 0.61 0.60 0.64 0.63 0.62 0.63 0.63 0.64 0.99 0.99 1.00



FE SRS KMDQY1-1 KMDQY1-2 KMDQY1-3 KMDQY1l-4 KMDQY1-5 KMDQY2-1 KMDQY2-2 KMDQY2-3 KMDQY2-4 KMDQY2-5 DQ15-1 DQ15-3 DQ15-4

LR 2 A A e) e) WA A A A WA KRS KRS KRS
oCe 0.94 0.91 0.91 0.90 0.92 0.93 0.90 0.91 0.89 0.91 1.43 1.64 2.84
La/Ho 3.58 14.42 15.23 9.69 12.06 12.98 15.01 1353 1353 11.65
Y/Ho 2852 2452 2352 23.67 23.90 22.42 22.77 22.16 22.83 21.02

n(Tb)/n(La) 0.16 0.05 0.05 0.07 0.06 0.06 0.05 0.06 0.06 0.06

n(Th)/n(Ca) 1.19 5.86 7.05 8.51 8.43 7.64 7.91 7.91 7.89 7.69

Lieip QU AU F LA (A%, 201D

H: VHE Th/Ca JEFHLLET, n(Ca)RH CaF2t Ca {3 {H (51.3328%).
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1984)

Fig.4 Chondrite-normalized REE patterns for fluorites and alkali feldspar granites from the Dongqgiyishan
fluorite deposit
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RE— BT R A T AR R, FEONE A A A e, A Emi.
BRI, B0 IR T 3R A o] LR B AR h s sm BRI 25 B (B2 oRSE, 2018).
TEMX TG P FEEN E AR EE (K5 &, (I Bi. Cdfl Mo &Mt iR —%
RS GUEEY, 2012), HARTRBWAFRKEEZH, H Ba. Cr. Cu. Ga. Rb. V B
BT RRMIEBGE AT IR A Ak il s X miioc R . XK, RE—hatnay
IRAL T AC L Bl 2 A B IR— R B — I B ey, i A E A ABRBEE RN, RL—
g DL B e . BNTK (EHBEA, 2009; sKEWISE, 2014), EABLRARALL
BT R R R B A o R, R X SRR T R E A, #EmR AR LA
RJE T ST N A RSB A 20 R RGPV (E 5558, 2009; =K E 55, 2021).
AP EMEITTERI T, TRGEFEDYLLT 3 MR (/b 54E, 2018; 5KilEEAE, 2018):
OB 6 BH FAA T IX LR & AR, B R EAE L2 RARITRMA: @ HEAE
HAB Y0 R s @A G E N A i o ARG Lt AR B R B 5 A i AR A o A4
BR, FIRAT SORKAE R A ORI D B B T AR . R, BTN
RARE R RA P IR E ST R T IR B E R tAh, BUA R R TT R B NS BURHE
—H, BoRIXLERE G EA RIVRETE . A FETBASFE R A [ 5 A R o R A R IR
HWPEZER (&2 ME 5, SaBstmibrMduR i moR L EIIHICR, RPWRL—
W B A R F AL R AL ZR [ A mT R — IR Sk
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Fig.5 Enrichment characteristics of trace elements in fluorites from the Donggiyishan fluorite deposit
relative to crust abundance

6.2 mLILE

s b TC B AR b T BR AL 27 R T R R BT R 68 SR 22 SR AT AR A B AR IE
% A DA SRR IR 7K S s 8 8 SO 1 I B B 7R B3 2R RSB A AN ety 1 FH 2507 TR e A
A 2 1E H (Bau and Dulski, 1995; Bau 1996; Bau and Mdler, 1992; Schwinn and Markl,
2005; BAERAE, 2002; AFESE, 2014; skESE, 2021; JFHSE, 2022). TR AT )
i Ca®" 5 REE® 424501, REE™H LA AR A0 7 sUHE N - RAFAE R0 @ik R, 1A [
JRAEE T K E A 2 R BOR, PRI 7 A oo 3 B SRR = (Mondillo et al.,
2016; Souissi etal., 2010; Mdleretal., 1976; = %, 2020; AKJFFHE, 2019).
6.2.1 FLITRIFME

HI &l 4 M 3 AT 50, B T MR B s 46 dh VR DT B — R s b, R A H R I
AR BT B, H 5K G Lo s i i 2R S B, W =38 B
FEVIRI R R R, R-E— W A0 i A i B 5 R U2 AH R, ELRE A A AR 5 5 1)
Vs BA AU . BT Sm oA Nd BA SO AL AP 5T BAS 55 2325, BITEL Sm/Nd ELfE fE
B BT 1) R SEIR X AR AE U B4R, 1987 ) o ZR B — LU AR IR 41 ¥ Sm/Nd EE By 0.26~0.42,
PIME RN 0.29; BHAAL KA 100 Sm/N LLAE M 0.30~0.33, ¥J{EN 0.32, M AFIBRKAL 7
) Sm/Nd LUAEE HAHZEA K, RIZECAH R B P)5 A e S50 AE 5K A %
6.2.2 La/Ho-Y/Ho R R K&

Bau 1 Dulski (1995) i id i & [ Ao [F K E w4 R A H) Y A REE Jo 3R FFIENS
FEA 7L, IR OFER A YIELFES, Y I REE % UIAHC, #IRMCR = A M AEERRIB A Y/Ho
ECAE 7T ik 200 AH RV S6AF SRR A Y La Al Ho =Fh e 3 A7AE — & HAH S
@Y-Ho 73T G S5 ARKIETC IS, T2 B T AR 2 i A My 3 e ot o ) 30 [0 e A4 R U
e A YIHo. La/Ho W38 18] LB ARL) Bl — B 2k AR RIS I 45 i
A1 Y/Ho. La/Ho {8 2 5FH I T B 45 i 158 A Y/Ho AR E/)N, La/Ho A8 43 B (ke
HIESE, 2018; AABOEEE, 2021, RE—ILECAHIR 10 £FECA R H Y/Ho ELEAZAIR /N,
HE N 21.02~28.52; La/Ho LA 3.58~15.23. 1£ La/Ho-Y/Ho 3 R Bfii v 23 /KT /3 A5

(Bl 6), FRUITERGX L5 A 1 B im A 8 R AR . o — e s A 1) La/Ho EUfA

N 3.58, B4 FE AT RESE [RGB BB YN USRS R, A B s R BRI
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Fig.6 La/Ho-Y/Ho diagram of flurite from the Donggiyishan fluorite deposit (Base map after Bau and
Dulski, 1995 )
6.2.3 Tb/La-Th/Ca k&

Th/La-Th/Ca BN F T 2 A0 R BRI R, A B ] T8 A A E D9 BT i
FAth & Jm R R R A E , BFEHGBUREL thlta B BB IR . i KA e
g FUWT AR S Bl R R R A KA [N, Ferp ThiCa PUAB AL S W™ A4 0] Bl 5 Ca
(VR YA AN T e R AR AR T R B A, ThiLa BUAE 78 1 S a7 32 10 20 1R FH
WA SEEIFF (Moller et al., 1976; YRR 55, 2009; B¥9¥r<%E, 2018; HOCHLE,
2020). LA AR IVELE Th/La-ThiCa M HURHX (B 7, H—MKE
A TR AR SEI O A X3, W R AR -B— s A RO AR R B 74, BB
Bl A S A A T R KR RN

10"

fhab s CURD B

R IA

Tb/Ca (i F L)

UUFR B A
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B 7 RE— AR KE AR Th/iLa-Th /Ca Ef# (EEH# Moller et al., 1976)
Fig.7 Th/La-Tb/Ca diagram of flurite from the Dongqiyishan fluorite deposit (Base map after Moller et al.,



1976)

6.2.4 6Eu F 6Ce

Eu M1 Ce S AT LAFRNHE A A VR MR B R JR 46 1F, 78 ik rb, Eu®/EU®
A AL IE SR HE A 3 A7 95 FE 5 ) (Williams et al., 2000; Schwinn and Markl, 2005). Fl it
SESDUIERS, 45T 200~250°C, HAL TR RSN LR Eu FUR8 s ARl ik
AETRPE . EALIRE T, B R B, A ST ST R Eu IER . (R
25, 2014), Ce™ICe™ [A4AUMLIA Ji Fia o7 52 BRTol P A A2 i FE 4% 1, RWAUE 5 2 Stz (Elderfield
and Sholkovitz, 1987; 5KIEESE, 2018). 7EEIREE SN T, B W7E A AR e it
SIEH Ce s (EHECEE, 2014), ZH-b— A0 RE 47 1) 0Eu {8~ 0.60~0.64, -1
H8 0.62, RICNEZMFSTH, A IRT Eu 555 87 H Sl A o BRI I8 R R
5i; o6Ce fH>N 0.89~0.94, “FIME N 0.91, E/R§HITHTH, Ce §9H57F W FE/Rm B AN
SIELIREE . AL KA KA 0Ce (HN 1.43~2.84, “FHME N 1.97, SR NIERH. w4
) Ce w5 Eu e E, HEXNAMKILKSE Ce R TE, U WAL G Ce
T, IR REE A 7R Ce 5911 f 7
6.3 BH YR RIK

WA FEH F A Ca 4L, Bl AU RRE CERE, 1995). AT AT, Ca
LR MR ARE FE, FIuRIET RAMERE, HRERESAR ATk (Weidner and
Martin., 1987; Joaquin et al., 1985; &% [R5, 2002; {HMEE, 2003; FARESE, 2009; X
5, 2017; JrsRHESE, 2020). SEAEAME AN RSN S KR KR A IR gL
RECH UL B L e s MR SR, YO AR C— WA PR AR LA BN
BRI F 3 BERYE T KA B A A R, Ca EERIE T RILAHZ . B PR R K 28
N R SRR AR .

745w

(L KL B AT RA RN R AR O EA TR R — S w48
Bi. Cd il Mo &=yt R, WnXLerft i BARNENE, BT XA SIMK A A RS
Wi A B R

(2) WA 5K KA B A HURR T K ek 451k, 454 La/Ho-Y/Ho.
Th/La-Th/Ca. SEu. 6Ce. Sm/Nd SA ARG FEHRFE, AR L— I AT IR N EiRE S
PIBCRE AR, B AR LA RN, B PR F BRI T IR A AL A K
AR, Ca HESRJET RHEAHE.
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