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Allanite Mineralization in the Mt. Eorae Area

Mihn-Soo Oh*

Abstract: A study of rare-earth mineralization in Kyemyungsan metasedimentary formation of Precambrian
Ogcheon Group was carried out in the Mt. Eore Area near Choongju City based on the thorium (Th) and
uranium (U) count data of geophysical airborne survey.

This rare-earth mineralization was found in the magnetite-bearing banded quartizite which contains diag-
nostically some amounts of the metamict allanite. The brown colored allanites are distributed as aggregates
of fine grains and sometimes banded structures with magnetite (intergrowth) along the banding.

The ore bed is displaced by the small faults and"granite intrusions, and separated 5 ore blocks. The dimen-
sions of the outcrop are 50-80 m in width, 1, 500 m in length with the strike of N70-80°E and dip of 50-80°NW.

In the field, the values of total gamma ray count of GR-101A scintillometer were able to measure more
than 400 cps and maximum 1,500 cps, which data are coincided with the values of GR-310 gamma ray spec-
trometer and the gamma ray count of well logging data.

The chemical compositions of the allanites from EPMA data are ranged fromXTR,0; 18.57% to 26.00%,
and the cerium oxides (Ce,0;) of allanite are positive relation with La,03, MgO, FeO, MnO and negative
relation with SiO,, Al,O3, Nd,0s.

The result of Neutron Activation Analysis (N.A.A.), Multi-Channel Analysis (M.C.A.) and wet chemistry
of 25 outcrop samples for the elements of REE, Zr, U, Th shows strong anomalies. The good correlation

elements with the thorium (Th) are the elements of La, Ce, LREE, TR,03, Pr, Sm, Yb, Lu by the increas-
ing order.
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Fig. 1. Lineament interpretation (Landsat Image) and
distribution of REE ore formation of Mt. Eorae
area.
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Fig. 2. Geological map of Mt. Eorae area.
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Fig. 3. Geological section of Mt. Eorae area.
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Fig. 5. View of Mt. Eorac area.
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Fig. 6. Outcrop of REE ore.
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Fig. 7. Thorium count map of Mt. Eorae area (after Park,

Y.S. et al., 1987).
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Fig. 8. Uranium count map of Mt. Eorae area (after Park,

Y.S. ef al., 1987).
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Fig. 9. Total gamma ray map of Mt. Eorae area (after
Park, Y.S. et al., 1987).
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Fig. 10. Uranium/Thorium ratio map of Mt. Eorae area
(after Park, Y.S. ef al., 1987).
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Fig.11. Potassium count map of Mt. Eorae area (after
Park, Y.S. ef al., 1987).

Fig. 12. Total magnetic intensity map of Mt. Eorae area
(after Park, Y.S. ef al., 1987).
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Fig. 13. Residual magnetic intensity map of Mt. Eorae
area (after Park, Y.S. et al., 1987).
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Fig. 14. Distribution of trace elements of REE & Fe ores
and rocks from Mt. Eorae area (For analytical
data and sample numbers from Table 1 and 2)
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Table 1. Trace elements of the rocks, Fe and REE ores (Outcrop) from Mt. Eorae area

Sample M.C.A. Method GR-101A R,03 (%) N.A.A. Method (unit: ppm, Fe: %)
Wet.

No. Name U (ppm) Th (ppm)  (cps) Method U Th Sc¢ Cr Fe(%) Zr Hf Ta
1 CJ-518 Diorite 0 8 20 0.16 98 389 0.5 129.3  6.74 13719 303.5 177.1
2 CJ-514 Biotite-granite 6 19 30 0.16 37 346 0.8 117.6  5.44 14057 293.3 170.6
3 CJ-604 Qtzite 0 55 50 0.11 24 55 1.0 316.0 8.94 3265 68.5 269
4 CJ-517 Quzite (near Fe Ore) 3 26 60 0.05 25 6 399 3414 6.09 409 1.5 8.1
5 CJ-24-1 Magnetite rich 1 4 70 - 03 2.6 04 180.3 45.59 122 36 6.9
6 CJ-24-2 Hematite rich 5 33 75 0.05 4.1 20.5 0.7 312.0 44.18 26 19.8 10.1
7 CJ-601 Qtzite 1 55 120 0.28 146 441 0.5 ND 5.07 14938 336.7 220.8
8 CJ-501 Qtzite 3 59 130 - 6.5 588 0.5 60.6 2.59 3550 74.8 35.5
9 CJ-502 Qtzite 24 68 130 0.10 29 66 0.7 ND 290 2988 69.2 404
10 CJ-12 Qtzite 14 60 200 - 23 71 0.6 66.2 3.31 3046 73.6 35.6
11 CJ-516 Qtzite 104 305 500 0.06 18 25 L1 771 936 1038 29.7 16.7
12 CJ-519 Qtzite 70 359 500 0.50 37 348 0.2 173.6 5.44 13139 283.1 162.2
13 CJ-522 Qtzite 86 279 500 0.20 22 59 0.7 159.0 4.70 2963 65.0 36.7
14 CJ-11 Qtzite 78 295 550 0.27 80 262 0.3 203.0 2.56 7180 195.4 75.4
15 CJ-515 Qtzite 65 270 600 0.22 67 308 0.3 126.5 4.48 12905 288.8 170.2
16 CJ-14 Qtzite 63 397 600 - 64 442 0.3 102.8 7.45 11064 270.7 153.3
17 CJ-520 Qtzite 86 357 600 0.24 244 441 0.5 98.8 3.67 15157 317.6 219.3
18 CJ-606 Qtzite 9 24 600 0.02 6 31 0.4 2553 6.07 1475 36.3 18.8
19 CJ-512 Qtzite 78 352 650 0.12 516 479 0.6 ND 1.71 18338 400.6 250.5
20 CJ-511 Qtzite 94 305 700 - 77.2 366 0.4 ND 4.06 13053 304.2 176.8
21 CJ-13 Qtzite 107 292 900 0.29 133 317 0.6 171.5  4.51 11059 252.9 134.6
22 CJ-521 Qtzite 86 391 900 0.28 152 322 0.3 230.0 7.68 13077 281.3 166.9
23 CJ-605 Qtzite 215 757 1050 1.04 168 576 0.4 293.4 582 16648 419.3 110.9
24 CJ-513 Qtzite 315 401 1100 0.05 22,7 37 1.7 201.5 3.4 686 16.2 2.5
25 CJ-3 Qtzite 245 1001 1350 1.96 203 809 34 ND 10.88 17335 471.7 166.6

(Analised by KIER)

*Sample CJ-24-1 & CJ-24-2: Choongju-Iron Mine. Sample CJ-501, CJ-502 & CJ-601: Mt. Namsan

M.C.A.: Multi-Channel Analysis. GR-101A: Gamma Ray Scintilometer. Qtzite: Quartzite.
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Table 2. Trace elements of the rocks, Fe and REE ores (Outcrop) from Mt. Eorae area.
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Sample N.A.A. Method (unit: ppm)

No. Name La Ce Pr Nd Sm Eu Gd Tb Yb Lu XREE TR;O3

1 CJ-518 Diorite 46.1 13.1 163.0 487.6 1007 5.8 147.1 21.8 153.5 114 1150.1 1335
2 CJ-514 Biotite-granite 5378 15468 99.8 6239 1238 7.6 321.8 309 1959 150 3503.3 4086
3 CJ-604 Qtzite 4407 8222 200 267.6 41.9 44 728 56 320 29 17101 1999
4 CJ-517  Qtzite (near Fe Ore) 22.5 334 237 6.3 22 1.0 379 0.1 27 06 130.4 152
5 CJ-24-1 Magnetite rich 1.9 1.9 0.4 14.8 09 49 83 03 09 4.6 38.9 45
6 CJ-242 Hematite rich 27.0 34.1 0.2 16.2 6.1 0.5 87 07 6.7 0.2 100.4 117
7 CJ-601 Qtzite 5949 1306.0 89.2 807.6 144.1 9.1 231.3 35.0 233.9 165 3467.6 4043
8 CJ-501 Qtzite 202.7  393.7 8.1 1203 296 19 1856 57 417 33 992.6 1157
9 CJ-502 Qtzite 2637 559.1 259 1986 324 1.8 9.6 53 335 28 12137 1418
10 CJ-12 Qtzite 29.0 67.6 49.8 182 12,6 0.5 1051 3.6 251 22 313.7 364
11 CJ-516 Qtzite 68.8 1429 76.8 29.7 29 1.4 5388 26 159 1.5 891.3 1033
12 CJ-519 Qtzite 999.6 1873.9 2454 986.3 161.5 9.1 59.3 282 1945 146 4572.4 5341
13 CJ-522 Qtzite 325.2  698.1 39.1 307.6  49.0 3.5 509.1 7.9 400 3.2 1982.7 2310
14 CJ-11 Qtzite 614.4 1386.5 120.6 488.6 1455 3.5 643 13.2 1483 124 2997.3 3501
15 CJ-515 Qtzite « 659.0 12449 146.1 807.2 1433 7.5 284.7 26.8 1582 11.2 3483.9 4070
16 CJ-14 Qtzite 593.1 1157.8 97.7 564.8 1082 5.1 263 162 1268 10.5 2706.5 3161
17 CJ-520 Qtzite 473.7 11145 91.5 686.2 137.2 8.0 102.1 34.8 2292 16.3 283.5 3374
18 CJ-606 Qtzite 60.5  216.5 11.7 17.0 10.1 1.0 1346 2.9 16.2 1.4 471.9 549
19 CJ-512 Qtzite 286.3 819.9 114.5 487.6 110.1 6.2 109.6 29.5 219.7 157 2199.1 2562
20 CJ-511 Qtzite 807.1 1720.1 40.5 657.0 137.3 8.5 520.7 30.2 202.0 15.6 4139.0 4827
21 CJ-13 Qtzite 756.3 1540.0 150.9 605.3 101.4 56 186.5 18.7 121.4 9.6 34957 4083
22 CJ-521 Qtzite 668.1 1446.5 119.4 696.9 1444 7.4 293.8 246 168.5 12.5 3582.1 4179
23 CJ-605 Qtzite 1915.3 4071.9 215.1 981.1 2952 8.8 1157 31.4 3805 30.1 8045.1 9401
24 CJ-513 Qtzite 79.8 182.6 67.1 89.0 7.8 1.8 118.4 9.1 42 0.5 560.3 653
25 CJ-3 Qtzite 628.5 6856.7 4589 1269.2 3348 9.8 77.0 39.5 4324 31.2 12138.0 14193

BBMRS Bolx 9ot

Pl L9 trace elements © 445, #53] #iF
RES HBMBES FH8e) R Rold, Mt
B oiH £@ae olFt Ce La, Th £& A%
Ao HEHNE Aold, Zr} HIgAS
zircon ol A HRARE ALE BRE, ot B
WEHELER Y EPMA RS E & —Hsin
slch,

BiLH R oK

RIS MM KT HERA (R R
obfd) o SERECESEIK) o] MUT HEALY Wi
B OSK(E B4R Fas Sfnoy MiEes A
E) o WEE tEd 26%ES i wifsl
£ 3l of chondrite C1 ffi (Evensen et al., 1978) &
normalized 8}¢} Fig. 15 ¢] £Rstgd ),
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Table 3. Correlation Coefficients of Trace Elementts in the Fe & REE Ores and Rocks from Mt. Eorae Area.

MU MTh GR R,04 8} Th La Ce Pr Nd Sm Eu LREE
MU 1.0000
MTh  0.8181 1.0000
GR 0.8492 0.8866 1.0000
R,0; 0.5895 0.8137 0.6008 1.0000
U 0.2582 0.4477 0.3979 0.3221 1.0000
Th 0.3694 0.7063 0.5342 0.7147 0.6634 1.0000
La 0.5437 0.8514 0.6577 0.9283 0.3296 0.8021 1.0000
Ce 0.5486 0.8456 0.6510 0.9510 0.3519 0.8000 0.9887 1.0000
Pr 0.5738 0.7970 0.6196 0.9006 0.4045 0.8179 0.8606 0.8686 1.0000
Nd 0.3593 0.6878 0.5256 0.7230 0.4750 0.9172 0.8491 0.8152 0.8254 1.0000
Sm 0.4559 0.7908 0.5967 0.8380 0.4971 0.9293 0.9300 0.9107 0.8605 0.9476 1.0000
Eu 0.2090 0.5245 0.3802 0.5561 0.4937 0.8494 0.7035 0.6706 0.6562 0.9260 0.8389 1.0000
LREE 0.5342 0.8455 0.6507 0.9351 0.3816 0.8460 0.9935 0.9921 0.8908 0.8787 0.9485 0.7401 1.0000
Cd -0.0187 0.0297 0.1114 -0.1367 -0.0846 -0.0408 -0.0354 -0.0389 -0.1039 0.0591 0.0004 0.1287 -0.0263
Tb 0.2960 0.5693 0.4560 0.5660 0.6320 0.9200 0.6863 0.6754 0.6923 0.9234 0.8602 0.9289 0.7405
Yb 0.3390  0.7327 0.5392 0.7847 0.6177 0.9643 0.3672 0.8610 0.8163 0.9287 0.9739 0.8653 0.8997
Lu 0.3959 0.7320 0.5325 0.7809 0.5899 0.9512 0.8729 0.8625 0.8025 0.9156 0.9733 0.8703 0.8995
HREE  0.2436 0.4966 0.4338 0.4044 0.3459 0.6045 0.5366 0.5294 0.4550 0.6573 0.6376 0.6718 0.5659
REE 0.5285 0.8451 0.6544 0.9234 0.3910 0.8540 0.9894 0.9876 0.8851 0.8894 0.9544 0.7584 0.9979
Sc -0.1124 -0.1443 -0.1924 -0.0425 -0.1088 -0.2116 -0.1307 -0.1112 -0.1121 -0.2360 -0.1981 -0.2596 -0.1400
Cr 0.0113 -0.1518 -0.0776 -0.1115 -0.3560 -0.3872 -0.1485 -0.1935 -0.2232 -0.2787 -0.2196 -0.2983 -0.2028
Fe -0.1673 -0.1707 -0.2289 -0.0534 -0.2475 -0.2973 -0.1469 -0.1302 -0.2191 -0.3081 -0.2588 -0.1896 -0.1712
Zr 0.2097 0.5326 0.4077 0.5136 0.7149 0.9398 0.6433 0.6238 0.6797 0.8969 0.8454 0.8919 0.6957
Hf 0.2760 0.6155 0.4718 0.6075 0.7003 0.9749 0.7284 0.7125 0.7458 0.9210 0.9016 0.8844 0.7749
Ta 0.0407 0.3455 0.2669 0.2978 0.7171 0.8414 0.4280 0.4158 0.5172 0.7904 0.6723 0.8341 0.4974
TR203  0.5287 0.8452 0.6545 0.9237 0.3906 0.8537 0.9896 0.9877 0.8852 0.8890 0.9542 0.7578 0.9980

Cd Tb Yb Lu HREE REE Sc Cr Fe Zr Hf Ta TR203

Cd 1.0000
Tb 0.1431 1.0000
Yb 0.0109 0.9213 1.0000
Lu -0.0127 0.8952 0.9925 1.0000
HREE 0.7542 0.7193 0.6645 0.6415 1.0000
REE 0.0340 0.7624 0.9100 0.9080 0.6180 1.0000
Sc -0.1849 -0.2547 -0.1962 -0.2032 -0.2705 -0.1547 1.0000
Cr -0.3175 -0.4179 -0.3187 -0.2888 0.4507 -0.2287 0.3655 1.0000
Fe -0.3039 -0.3760 -0.2780 -0.2241 -0.4126 -0.1955 -0.0336 0.3199 1.0000
Zr 0.0751 0.9621 0.9085 0.8881 0.6591 0.7150 -0.2563 -0.4011 -0.3980 1.0000
Hf 0.0451 0.9545 0.9488 0.9323 0.6608 0.7907 -0.2591 -0.3966 -0.3604 0.9890 1.0000
Ta 0.1185 0.9154 0.7667 0.7333 0.6029 0.5215 -0.2498 -0.4918 -0.3788 0.9506 0.9109 1.0000
TR203  0.0331 0.7618 0.9096 0.9077 0.6171 1.0000 -0.1544 -0.2282 -0.1950 0.7144 0.7901 0.5207 1.0000




G Qb W) ZEE VN

161

Table 4. Paragenetic Relation of Each Trace Elements.

Mu GR MTh

r 0.85 0.82

MTh GR La Ce LREE TR,0; REE R,0; Pr Sm Yb Lu Th
r 0.89 0.85 0.85 0.85 0.85 084 0.3l 0.80 0.79 0.73 0.73 0.71
R,0; Ce LREE La REE TR,0; Pr Sm Yb Lu Th Nd

r 095 094 093 092 092 090 0.84 0.79 0.78 0.72 0.72

U Zr Ta Hf

r 0.72 0.72 0.70

Th Hf Yb Lu Zr Sm Nd Tb Fu LREE REE TR,0; Ta Pr La Ce
r 098 096 095 094 093 092 092 0.85 0.85 0.85 0.85 0.84 0.82 0.80 0.80
La Ce LREE REE TR,0; Sm Yb Lu Pr Nd Hf Eu

r 099 099 099 09 093 0.87 0.87 0.86 0.85 0.73 0.70

Ce |LREE REE TR,0; Sm Pr Yb Lu Nd Hf

r 099 099 099 0.91 0.87 0.86 0.86 0.82 0.71

Pr |LREE REE TR,0; Sm Nd Yb Lu Hf

r 089 0.89 0.89 086 0.83 0.82 0.80 0.75

Nd Sm Eu Yb Tb Lu Hf Zr REE TR,0; LREE Ta

T 095 093 093 092 092 092 090 0.89 0.89 0.88 0.79
Sm Yb Lu LREE REE TR,0; Hf Tb Zr Eu

r 097 097 095 095 095 090 0.86 0.85 0.84

Eu Tb Zr Hf Yb Lu Ta REE TR,0; LREE

r 093 0.8 0.88 0.87 0.87 0.83 0.76 0.76 0.74
LREE| REE TR,0; Yb Lu Hf Tb Zr

r 1.000 1.00 0.90 0.90 0.75 0.74 0.70

Gd |HREE

r 0.75

Tb Zr Hf Yb Ta Lu REE TR,0; HREE

r 096 096 092 092 09 076 0.6 0.72

Yb Lu Hf REE Zr TR,0; Ta

r 099 0.95 091 0.1 091 0.77

Lu Hf REE TR,O; Zr Ta

r 093 091 091 089 073

REE [TR,0; Hf Zr

r 1.00 0.79 0.72

Zr Hf Ta TR,04

r 0.99 095 0.79

(r : correlation coefficient)

dhEle Baiyun Obo #K-S R0, 2.0~9.0%,
Liaosheng 8-S R,0, 3.5%, Dianyi #K2 R,0s
1.35~4.55% 2 @amfrol At M 3ME KK
(Anshan, Jida, Lushi $§5)2 R,0,7} 26~550 ppm
BEz Ea Kol ohH(Tu, Guangzhi et al, 1985,
Table 5),
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Table 5. REE Compositions of Iron Ores and Rocks from China (after Tu Guangzhi et al., 1985)

La Ce Pr Nd Sm Eu Gd Tb Yb Y REE* TR,03; 8Eu

Sample
Anshan

Banded magnetite Ore 1.31 14.32 0.24 091  0.17 0.15 040 0.04 0.14 2.96 21.31 26 1.93

Magnetite qtzite 14.05 24.10 3.19 1040 211  1.31 239 0.28 223 13.35 77.54 94 197

Magnetite qtzite 3.43 5.93 0.91 286 1.00 058 1.01 020 0.92 8.0 27.35 33 1.90

Qtz-pl-horn-schist 14.27 24.40 2.58 8.77 1.42  0.87 1.58 027 1.70 18.27 78.01 78 1.96
Dianyi

Banded magnetite siderite Ore 216.7 422.9 45.4 195.1 343 147 312 48 99 100.0 1124.7 1350 1.49

Banded siderite magnetite Ore 305.4 484.8 51.6 209.0 489 370 508 8.3 13.7 2168 1504.9 1810 2.49

Massive magnetite siderite Ore 384.2 862.4 65.5 2624 368 256 28.6 5.6 11.5 140.0 1877.2 2260 2.56

Banded magnetite siderite Ore 703.8 1378.0  136.7 5925 977 712 628 89 271 536.4 3777.2 4550 2.85
Baiyun Obo

Massive Nb-REE-Fe Ore 2171.0  7166.0 1319.0  5061.0 567.0 67.0 134.0 17.0 16.0 134.0 16718.0 20000 0.57

Banded Nb-REE-Fe Ore 19780.0 38510.0 3745.0 10790.0 749.0 104.0 441.0 77.0 72.0 372.0 74790.0 90000 0.56

Qtzite 13.5 41.7 3.6 10.2 2.3 0.5 1.3 021 023 3.9 78.74 95 0.87
Liaosheng

Monazite biotite barite mag-

netite Ore 7450.0 13860.0 1320.0 4330.0 558.0 163.0 4280 66.0 —~ 719.0 29126 35000 1.08
Jida

Massive hematite Ore 32.8 72.0 7.1 27.6 6.3 4.8 7.0 1.1 1.8 282 199.0 240 2.43
Lushui

Massive hematite Ore 88.3 173.0 17.4 63.9 134 3.5 121 1.3 35 284 417.0 500 0.76

Massive magnetite Ore 75.0 181.4 19.1 75.5 18.0 38 172 19 29 - 413.0 550 0.71
Inner Mongolia

Horn-pl-gneiss 25.6 62.4 9.6 2.2 6.9 2.2 69 15 31 198 150.1 210 1.09

Biot-pl-gneiss 125.3 243.1 37.8 112.1  20.2 50 179 27 33 355 617.1 740 0.91

Qtz-biot-gneiss 30.9 83.0 11.1 36.2 7.7 2.0 76 1.1 35 253 217.2 262 0.87
Dahongyu

Qtzite 20.5 65.0 4.6 12.0 1.2 027 - - - 3.3 107.55 130 0.81
Xiamaling

Sandstone 20.7 45.9 4.9 14.2 2.7 0.63 34 059 25 225 124.2 150 0.71
* REEand TR,0; : with Dyg Ho, Er and Tm values. (unit: ppm)

BRIl BRES i

BRA (Allanite) & 18084F East Greenland o] 4}

T. Allan°] %12 #H91,
4 Thomson o {3} REE(Ce) & & st: mm
BEEM  RRBABE (epidote group) & B35 Rl

1 2%fE 1810
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Fig. 15. REE distribution patterns for different types of

Fe Ores & Rocks in Mt. Eorae of Korea and
China.
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Fig. 16. Autoradiograph of CJ-522

Fig. 17. Handspecimen of CJ-522

Fig. 18. Autoradiograph of CJ-522

HEA (KA. Viasov, 1966),
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(Fig. 20, 21),
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Fig. 19. Handspecimen of CJ-522

Fig. 20. Handspecimen of CJ-3

Fig. 21. Allanite under polarizing microscope (sample
CJ-3)
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Fig. 22. Microprobe analyses of allanite from Mt. Eorae
area.

3ti, H2E #Ese 495 B (Fig 17,19, 20)
Hewl o)l BEAY £RHY Ro mpE BE
AASE & —¥3) (Fig 16-19),

A WA B EPMA(JEOL 733) M7
RS Table 6 3 Fig. 22 #7734,

A BWERAY WIE 88 Ce0,71 9.564~14,
479%, La,057} 3,832~6,975%, Nd,0, 2.318~5,
439%, Pr,0; 1.184~2.341%, Y,0, 0.0~0,479%
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Table 6. Microprobe analyses of allanite from Mt. Eorae area.
Sample
& CI3-AX CJ-3-BX Cl-3 CJ-3-DX CJ-520-EX €J3-520 | CI-520
Crystal -CX -FX -GX
Point | 3 4 5 6 7 8 9 |1 |1 1 12 2 23 2w |25 |2
SiO, |31.441 31.620 31.877 32.465 |33.083 32.920 33.231|31.177{31.206 32.668 30.938|31.782 31.838 32.166 31.746 | 32.423| 31.9%
TiO, | 0515 0725 0765 0643 | 0403 0452 0.526| 0.993| 0.842 0693 0976| 0.398 0.487 0443 0.331| 0.554| 0322
ALO, |12.783 10741 9.962 14.080 |14.447 14.653 14.258 | 9.971|12.543 14.089 11.527| 9319 10054 10.188 9.925| 9.993 10.732
FeO | 18.010 18212 19.462 15890 |15.428 15.457 15.417 |18.344 {16160 15.853 17.304|19.550 18.927 18.799 19.519 | 19.485| 17.926
MoO | 0369 0470 0251 0278|0263 0404 0.345| 0363 | 049 0776 1.021| 0.672 0.672 0.588 0.628| 0.658| 0.724
MgO | 0.672 085 0735 0.714| 0.640 0794 0.637| 0.952| 0.792 0639 0905| 1.023 0818 0775 0955| 0.813] 0912
Ca0 | 10910 9.585 10.800 12.628 [12.948 12.946 12.673 |10.240 [10.641 12764 9.267|10.881 10.024 9.031 10483 | 9.631| 9.041
Ce,05 | 12.812 14.479 13218 10455 | 9715 9.564 10.887 |13.628 |12.451 9.910 14.240 |12.439 13.645 13.858 12.639 | 12.131 | 13.79
LaOy | 6205 6975 53833 4917|4183 4.139 4.675| 6.766| 6122 3832 6.736| 4722 5517 5329 5653 | 5356 5.644
Y03 | 009 0.180 0.030 0479|0195 0.5 0.180 | 0.075 [ 0.000 0.299 0.000| 0.000 0241 0076 0.180 | 0.106| 0.030
PryOy | 1920 1412 1743 1184 | 1786 1550 1.422| 1.835] 1.829 1.294 1.832| 1.929 1.745 1898 1.848 | 2.341| 2264
Nd,Oy | 2740 3.136 2.884 3057 | 3.767 3.813 2796 | 2318 | 2.554 3.414 3.583 | 4.463 4.147 5439 4780 | 4.804 | 4.625
Total |98.467 98.392 97.559 96.790 |96.859 96.842 97.047 [96.66295.640 96.232 98.328 |97.178 98.115 98.587 98.687 | 98.296 | 98.001
X: tal
(X: erystal) (unit: %)
ALO, ¥ CaO %} 1F9 BiEE, FeO, MgO, MnO, o},
Ce;0s, La,0,%= A9 BifRE Bolx 9t
EPMA data ©ll A total {7} 95,640~98.687% % E- &
1,4~4,3%9 ¥ZF%L Th Sm, Gd, Dy, Er, Yb,
o) o 3L X ol o 7 o - R
StO %59 mars arstAl w@sksl Wl A FIRMERE BED 4 Q52 BES dd2
B A BEBAREREN £ER fr k93 RHEEE
# B AR BEA REBEYA 1S B#HE Sy
=
A RS BEHEEL KA B & =3 EPMA #4r& 9% dAdgn AAs
Kol BANAE &M LBEHA, +4 #K 3 2EZTAAE ZAE =P,
EHKAEe IR 2 LB BiES ZEsl
3, ¢oE ASste HIK KK % ElHRE 2330
#Eifrstaal g,
K| L =q 2o v . )
WAL MEHBRERR = surface geo- 1519 0 37(1965) 1/5% 3FEF ARARAY
4 o =
c?t;m;;l anomalyg“:— 3 Aol Blste Bl AAE, 2R YA AL SYE
A =% bl = ;A= 57 = . =
WERRLE A= ALURRE 8 o yu908) Sedeadas 35 a4
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