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Petrography of Hongcheon Fe-REE Deposits
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Abstract: The studied Fe-REE ore consists of magnetite, ankerite, siderite, magnesite and strontianite as
the major constituent, and monazite, columbite, fergusonite, apatite, aegirine-augite, Na-amphibole, pyrite,
chalcopyrite, sphalerite, molybdenite and barite as accessaries. Wall rock of ore deposits is replaced to
fenite due to Na-metasomatism and mainly consists of sugary albite and Na-amphibole. Monazite
(Ceg46lag 3, Pry 1JNdy ;G 0;)PO, is the main mineral for REE deposit and shows myrmekitic intergrowth
with strontianite Cay g, 0165Tg5400sCO; and is corroded by carbonate minerals. Mineral forming sequence can
be divided into early and late periods by the development of microfractures. The early period minerals
such as magnetite, ankerite, magnesite, monazite and apatite show well developed networks of
microfractures due to cataclastic deformation caused by enriched CO, gas in melts during emplacement.
The late minerals of columbite, fergusonite, siderite molybdenite, chalcopyrite and sphalerite formed after
the brecciation event and have little micro-fractures. Ankerite, magnesite, monazite, strontianite, barite and
pyrite seem to be formed continuously from the ealy to the late period since they show textures both with
well developed fractures and also with little fractures. Mineral chemistry, mineral assemblages such as
various carbonate minerals, magnetite, REE minerals of monazite and fergusonite, Sr mineral of
strontianite, and Nb minerals of columbite, myrmekitic texture of monazite and ankerite, and well
developed fenite along ore deposits observed from this studied area strongly indicate that this Hongcheon
Fe-REE ore deposits are formed from carbonatitic melt and its rock type is late differentiated Fe-
carbonatite or ankerite-carbonatite.
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Fig. 1. Simplified geological map of Honcheon Fe-REE
ore deposits.
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Fig. 2. (a) Enclosed fenite (Fn) fragments and quartz
vein (Qv) in carbonate rock (Ca). (b) Intergrowth of
granular shape magnetites (dark color) and carbonate
minerals (milky white color) in ores.
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Fig. 3. Injected carbonate rock, wall rock of fenite and
quartz vein are well shown in drilling core.
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Fig. 4. (3) Euhedral siderite of late stage in matrix (Open); Sd: siderite, Py: pyrite, Ca: carbonate mineral. (b) Back-
scattered electron image showing myrmekitic intergrowth of monazite (white) and strontiate (gray). (¢) Magnetite (mt)
is replaced by fergusonite (fg) in carbonate mineral (ca); cross. (d) same as photo ¢ under open reflect light. (¢) Colum-
bite (cm) replaced by fergusonite (fg) in carbonate mineral (ca); crass. (f) Sugary texture albite (ab) and Na-amphibole

(af) in fenite,
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Table 1. Representative microprobe analysis of Ankerite,
Siderite and Fe-magnesite from Hongcheon Fe-REE
deposits.

Sample No. Ankerite Siderite  Magnesite
#2 #76 #56 #4
MgO 15.70 12.46 6.75 28.36
CaO 27.02 29.17 3.32 0.12
MnO 6.76 835 47.60 1.14
FeO 492 4.64 271 27.38
Co, 45.49 45.01 40.80 43.47
Total 99.51 99.63 101.18 10047
Oxygen basis 6 (O)
Mg 0.77 0.62 0.36 1.37
Ca 0.95 1.04 0.13 0.00
Mn 0.19 0.22 143 0.03
Fe 0.10 0.13 0.08 0.74
C 2.00 2.00 2.00 1.92
My
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Table 2. Representative microprobe analysis of Stron-
tianite. from Hongcheon Fe-REE deposits.

Sample No. 1 3 6 8
MgO 0.00 0.00 0.00 0.00
Ca0 4.84 1.25 1.31 8.99
MnO 0.00 0.00 0.05 0.00
FeO 0.02 0.00 0.03 0.07

Sr0 63.92 68.66 68.80 58.83
(6(0X 31.21 3041 30.56 3232

Total 99.99 100.32 100.75 100.21

Oxygen basis 6
Mg 0.00 0.00 0.00 0.00
Ca 0.24 0.06 0.07 0.44
Mn 0.00 0.00 0.00 0.00
Fe 0.00 0.00 0.00 0.00
Sr 1.75 1.93 1.92 1.55
C 2.01 2.01 201 2.00
Total 4.00 4.00 4.00 3.99

Fe-Z8Hlo|E7} 3 4ol E Yzt ool AeH &
HE Uehtr)® k. SFHIE2 (REE, 6CaggsThygs)
NbOoln BE-2 A9 {Itk(Table 4).
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Table 3. Representative microprobe analysis of Columbite from Hongcheon Fe-REE deposits.

manganocolumbite

ferrocolumbite

Sample No.
10

12 13

Nb,O;
Ta, 0,
FeO
CaO
MnO
TiO,
MgO
P,0;
ThO,
La,0,
Ce, O,
Pr,0,
Nd,0,
Sm,0,
Eu,0,
Gd,0,

80.788

4.853
11.532
0.390
2.527

79.542

11.653
6.967
0.400
1.608

79.505

15.376
4.061
0.369
0.889

Total 100:316 100.090 1

00.313

100.200 100.288

Oxygen basis (6)

Nb
Ta
Fe
Ca
Mn
Ti
Mg
P
’I‘h .
La
Ce
Pr
Nd
Sm
Eu
Gd

1.993

0.227
0.543
0.019
0.209

2.001

0.222
0.535
0.016
0.206

1.984

0.268
0.525
0.026
0.196

1.996

0.714
0.191
0.015
0.074

1.988

0.775
0.148
0.022
0.062
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Table 4. Representative microprobe analysis of fergusonite from Hongcheon Fe-REE deposits.

Sample No. 1 2 7 8 11 15
Nb,O, 44636 44.407 44435 44.467 44.400 44.284
Ta, 0, 0.000 0.000 0.000 0.000 0.000 0.000
FeO 0.000 0.000 0.000 0.000 0.000 0.000
CaO 0.828 0.893 0410 0493 1.465 0.534
MnO 0.000 0.000 0.077 0.000 0.000 0.000
TiO, 0.000 0.070 0.005 0.000 0.000 0.000
MgO 0.000 0.000 0.046 0.022 0.000 0.000
P,0; 0.034 0.037 0.071 0.057 0.078 0.066
ThO, 4.754 5.333 1.632 1.982 6.837 2.173
La 0, 5.885 5.194 6.979 6.992 5.065 7.931
Ce,0, 22234 20.898 24967 24.639 20.106 26.000
Pr,0, 3.095 3.209 3.622 3.087 3.038 2.824
Nd,0, 12.122 13.236 12310 12.483 12.073 10.489
Sm,0, 1.875 1.986 2.068 1.940 2.056 2.050
Eu,0, 1.022 1.213 0.984 0919 1.363 0.862
Gd,0, 2.839 2.814 2.920 2.775 2914 2.899
Total 99.324 99.290 100.526 99.856 99395 100.112

Oxygen basis (4)

Nb 1.007 1.004 0.9944 0.999 1.001 0.995
Ta 0.000 0.000 0.000 0.000 0.000 0.000
Fe 0.000 0.000 0.000 0.000 0.000 0.000
Ca 0.067 0.048 0.022 0.039 0.078 0.028
Mn 0.000 0.000 0.003 0.000 0.000 0.000
Ti 0.000 0.003 0.000 0.000 0.000 0.000
Mg 0.000 0.000 0.003 0.002 0.000 0.000
P 0.002 0.002 0.003 0.004 0.003 0.003
Th 0.081 0.061 0.018 0.034 0.078 0.025
La 0.163 0.096 0.128 0.129 0.094 0.146
Ce 0.406 0.383 0.452 0.673 0.367 0473
Pr 0.084 0.058 0.065 0.084 0.055 0.051
Nd 0.324 0.236 0217 0.332 0215 0.186
Sm 0.048 0.034 0.035 0.050 0.035 0.035
Eu 0.026 0.021 0.017 0.016 0.023 0.015
Gd 0.047 0.047 0.048 0.046 0.048 0.048

olate] B-Ewaict 22 WA @lgFEC] HAE
th. ol @ F49 FAPEL Table 79 FAH
© 1 Na/Nat+Cat 0.8, Fe/Fe+Mge 0.89] 3h& Ro|x
R ZQ EAA-E (NagCay,)(Fe, Mg, )Si0°1 T

2Hl0|E
A Fotel sty FH ARl FEFET &
& Yupo| EQR-S Zh=th WA uker o) A8 (Fig.

Lles
F

A2 4ol

40 Hol7] mEo] FAF
o]t}

azz

FBAL =l guddel AU FfolEska
eotel ol SPTol ehITiFg. ). SR
2o Al gkl B3 Mg(Mg/Mg+Fe) gkol 0748 =0
HEH < A4 & (Ko.16A10,12Na5 0, ) (Mg 7Fe 56)
Si,ALO,(OH,F),°] th(Table 8).
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Table 5. Representation microprobe analysis of monazite from Hongcheon Fe-REE deposits.

Sample No. 2 3 4 5 6
SiO, 0.01 0.02 0.03 022
P,0; 27.44 27.18 26.56 26.91 26.58
CaO 0.04 0.07 0.05 0.1 0.08

La0, 23.05 20.34 21.40 21.07 20.98
Ce,0, 35.81 34.74 34.81 3398 35.07
Pr,0, 6.84 6.68 6.05 6.22 6.08
Ng,0, 277 6.17 6.16 6.01 6.05
Eu,0, 0.20 0.81 0.68 0.74 0.65
Gd,0, 2.59 4.10 392 3.80 3.85
Ho,0, - - - 0.03 0.01
Er,0, 0.43 0.06 - - 0.01
Tm,O, 0.20 - 0.08 0.08 021
Yb,0, 0.09 0.07 - 0.01 0.05
Lu,0, 0.31 0.08 0.06 - 0.02
ThO, 0.01 0.07 0.21 035 0.18
Total 99.78 100.38 100.00 99.33 100.04

oxygen basis (16)

P 3.808 3.776 3.734 3.774 3.710
Si 0.000 0.000 0.000 0.000 0.000
Total 3.808 3.776 3.734 3.774 3.710
La 1.393 1.231 1.311 1.287 1.276
Ce 2.149 2.087 2.116 2.061 2.116
Pr 0.409 0.399 0.366 0.375 0.365
Nd 0.162 0.362 0.365 0.356 0.356
Eu 0.011 0.045 0.039 0.042 0.037
Gd 0.141 ) 0.223 0.216 0.209 0.210
Ho 0.000 0.000 0.000 0.001 0.000
Er 0.022 0.003 0.000 0.000 0.001
Tm 0.010 0.000 0.004 0.004 0.011
Yb 0.005 0.004 0.000 0.001 0.003
Lu 0.015 0.004 0.003 0.000 0.001
Th 0.000 0.003 0.008 0.013 0.007
Ca 0.007 0.012 0.009 0.018 0.014
Total 4.324 4373 4.436 4.366 4.396

2ol ugelt). Fele AFAA el 7A vy
Fadole 23" J4EH10cm HeHE AHEF 7]
T gt} At A3 S EAY Fge] deEEe
Aol Az A #dL FHIE 3o A&
Aoz o 7|7l AX FAE A Zoh FFHe
Hog A% A2 Elgoln ¥ Q MoldMst
S| 2L Ho|AY FHMY nAEtA Fde=
vheRdT) dotdd, Feade vlgoes 43 2hEE
o FEdeR 34 2 uE JsFESH 41

o€tk FHE FIFol} FUE £ Bad) Tl
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Table 6. Representation microprobe analysis of Na-Amphiboles from fenite.

sample No. #10 #18 #49 #50
Si0, 52.019 51471 54.492 53.625
TiO, 0.292 0.270 0.115 0.082
ALO, 3.501 2324 2284 2772
FeO 16.238 21.533 7.562 7.656
MnO 1.165 0.220 1.996 2.061
MgO 13.309 10.018 18.889 18.950
CaO 2475 1.563 3.485 3.920
Na,0 6.861 7915 7.244 6.788
K,0 0.549 1.152 0.769 0.830
Total 96.414 96.470 96.841 96.689

cation based on 23 oxygens
Si 8.068 - 7857 7.803 7710
Al 0.640 0418 0.385 0470
Ti 0.034 0.031 0.013 0.009
Fe 2.106 2.749 0.906 0.920
Mg 3.078 2.280 4.033 4.062
Mn 0.153 0.029 0.242 0.251
Na 2.064 2.343 2.011 1.892
Ca 0412 0.255 0.535 0.604
K 0.109 0.224 0.140 0.152
Total 16.663 16.186 16.067 16.069
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Table 7. Representation microprobe analysis of aegirin-augite and acmite from fenite.

99

aegirin-augite acmite
Sample No. #3 #5 #7 #11 #12 #14
Na,0 10.23 1198 11.50 11.64 13.14 12.99
Si0, 52.83 52.93 5238 52.80 52.04 52.78
ALO, 205 333 1.48 331 1.63 2.08
MgO 393 1.35 2.26 1.50 031 0.59
K,0 0.01 0.01 0.00 0.00 0.00 0.00
CaO 545 2.65 351 2.85 044 0.89
TiO, 0.08 0.01 0.06 0.08 0.00 022
*Fe,0, 25.23 27.73 28.47 27.76 32.48 3207
MnO 0.98 0.23 0.78 0.17 0.17 0.26
Total 100.8 100.2 1004 100.1 100.2 101.9

Na 0.791 0.889 0.908 0910 1.056 1.022

Si 2.107 2.027 2132 2.129 2.157 2.141

Al 0.096 0.150 0.071 0.157 0.079 0.100

Mg 0.233 0.077 0.137 0.090 0.019 0.035

K 0.001 0.000 0.000 0.000 0.000 0.000

Ca 0.233 0.109 0.153 0.123 0.019 0.039

Ti 0.002 0.000 0.002 0.002 0.000 0.007

Fe 0.743 0.784 0.855 0.826 0.993 0.960

Mn 0.033 0.007 0.027 0.006 0.006 0.009

Total 4.239 4.044 4.284 4.245 4.330 4313
Table 8. Representation microprobe analysis of phlogipite from Hongcheon Fe-REE deposits.

Sample No. Drill core, DH0O-1-170(190.1m)

Point No. #33 #34 #35 #36
Na,0 0.789 0592 0.147 0.221
Si0, 39.868 39.712 39.187 42.852
ALO, 12.803 12.739 12.529 15.276
MgO 20.563 20.530 19.164 16.337
K0 7.838 8.238 9.213 8.791
Ca0 0.056 0.017 0.018 0.010
TiO, 0.093 0.100 0.110 0.135
FeO 9.534 10.292 11.766 9.333
MnO 0.492 0515 0.262 0.362
Total 92.041 92.739 92.401 93.322

oxygen basis (22)

Na 0.228 0.171 0.043 0.063
Si 5.951 5.920 5.931 6.235
Al 2.252 2238 2.235 2.619
Mg 4.576 4.563 4.324 3.543
K 1.492 1.567 1.779 1.632
Ca 0.009 0.003 0.003 0.001
Ti 0.011 0.011 0.012 0.015
Fe 1.190 1.283 1.489 1.135
Mn 0.062 0.065 0.034 0.044
Total 15.773 15.820 15.850 15.288
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Fig. 5. Sketch of phlogopite (2) formed along the bound-
ary of fenite (1) and injected carbonate rock (4). (3) area
indicates Na-pyribole consisted of Na-amphibole and
aegirin-augite.
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Sequence
Minerals Cataclastic ~ deformation
F ___Late period

Early period 7%

Fenitization
Stage

Ankerite

Magnesite

Magnetits —————
Apatite | —

Mouazite ’ R - - - = o == =
strontianite —_—
L R — WU | ESS,
Pyrite

Siderite )

Columbite —_—
Fergusonite ——
Molybdenite —
Chalcopyrite —
Sphalerite —
Calcite -——

Quartz —

Fig. 6. Mineral forming sequence of carbonate rock and
fenite in studied area.
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(Le Bas, 1987). Mt widlgdo] 2 wag FEo]
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