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Petrochemistry of the Hongcheon Fe-REE ore deposit in the
Hongcheon area, Korea
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Abstract: In order to understand its origin and petrogenesis, petrochemical studies of major, trace
elements, REE, and stable isotopes of oxygen and carbon from the Hongcheon Fe-REE deposits have been
investigated. The Hongcheon Fe-REE deposit intruding into Precambrian metasedimentary rocks consists of
magnetite, various carbonates such as ankerite, siderite, magnesite and strontianite, monazite, aegirine-
augite, Na-amphibole, and sulfides. Compared with major elements abundances of typical ferro-
carbonatites, the Hongcheon Fe-REE deposit is enriched in FeO and depleted in CaO with increasing of
Si0,, where TiO, and AL, increased and CaO, FeO, MgO and P,O; are slightly decreased, but those are
rather scattered and their trends are somewhat ambiguous. V, Ni, U and Rb slightly increasing with of SiO,
increase and scattering or no trends of other detected elements. Nb, Zr and Zn are depleted then the
abundances of typical ferro-carbonatites (Woolley and Kempe, 1989). In rare earth elements a large
enrichment of total REE (maximum 14.8 wt%) and LREE relative to chondrites and HREE depleted more
then the values of ferro-carbontites therefore La/lLu ratios shows large abundances (max. 16,797). The
results of stable isotopes of O and C from minerals of ankerite and strontianite and whole rocks represent
studied rocks are from igneous carbonatitic melts. Although petrochemical characteristics of the Hongcheon
Fe-REE deposits are somewhat different from normal ferro-carbonatites from the world, this discrepancy
suggests another conclusion that petrochemical characteristic of the studied Fe-REE mineralized rocks are
similar to those of phoscorites from Kovdor, Russia and Sokli, Finland showing the same petrochemical
compositions described above.
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Table 1. Representative microprobe analyses of minerals from the Hongcheon Fe-REE deposit

Minerals monazite Mn-columbite Fe-columbite fergusonite
Points 1 2 5 6 12 13 1 2
Nb,O, - - 79.621 81.026 79.542 79.505 44.636 44.407
Ta, 0, - - - - - - 0.000 0.000

FeO - - 5.230 4532 11.653 15.376 0.000 0.000
Ca0 0.03 0.04 - - - - 0.828 0.893
MnO - - 12.066 12.159 6.967 4.061 0.000 0.000
Tio, - - 1.091 0.122 0.400 0.369 0.000 0.070
MgO - - 2.189 2275 1.608 0.889 0.000 0.000
PO, 27.39 27.44 - - - - 0.034 0.037
ThO, 0.19 0.01 - - - - 4.754 5.333
La,0, 22.09 23.05 - - - - 5.885 5.194
Ce,0, 3472 35.81 - - - - 22234 20.898
Pr,0, 10.06 6.84 - - - - 3.095 3.209
Nd,O, 221 277 - - - - 12.122 13.236
Sm,0, - - - - - - 1.875 1.986
Eu,0, 0.06 0.20 - - - - 1.022 1.213
Gd,0, 2.20 2.59 - - - - 2.839 2.814

Ho,O, 0.00 0.00 - - - - - -
Er,0, 0.13 043 - - - - - -
Tm,0, 0.00 0.20 - - - - - -
Yb,0, 0.07 0.09 - - - - - -
Lu,0, 0.11 0.31 - - - - - -
Total 99.25 99.78 100.197 100.114 100.17 100.200 99.324 99.290
16 oxygen basis 66 oxygen basis
Nd - - 21.927 22412 22.082 22.203 16.814 16.753
Ta - - - - - - 0.000 0.000
Fe - - 2.664 2319 5.984 7.943 0.000 0.000
Ca - - - - - - 0.740 0.798
Mn - - 6.226 6.301 3.624 2.125 0.000 0.000
Ti - - 0.500 0.056 0.185 0.171 0.000 0.044
Mg - - 1.988 2.075 1.473 0.819 0.000 0.000
P - - - - - - 0.024 0.026
Th - - - - - - 0.901 1.013
La 1.340 1.393 - - - - 1.819 1.608
Ce 2.090 2.149 - - - - 6.783 6.385
Pr 0.603 0.409 - - - - 0.940 0.976
Nd 0.130 0.162 - - - - 3.607 3.945
Sm - - - - - - 0.538 0.571
Eun 0.003 0.011 - - - - 0.291 0.346
Gd 0.120 0.141 - - - - 0.784 0.778
Ho 0.000 0.000 - - - - - -
Er 0.007 0.022 - - - - - -
Tm 0.000 0.010 - - - - - -
Yb 0.004 0.005 - - - - - -
Lu 0.005 0.015 - - - - - -
p 3.812 3.808 - - - - - -
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k=i

£ UlFes, JEFES

FHE

22 vt} Activation Lab.2] WRA-ICPo] 23t
Aol Az Table 29F ZTh Si0,E 1.74 W%~
13.10 wtRAtole] 3H& Holw, 7] A gAnel o3
o2 AAFEVE|E HARQ] 4.7 witHH Tt =& 3
& Btk FAEY BEAL CaE AT Si, Al Fe,
Mn, P, Ba, St 5 F94 UlFEo] AR YElo|E
o] H7A Br} ETKTable 3). Na, K, Ti AEES &
Alget HAZMHUECIE & o W g Helr 5
Az BH Si0, SVl wWE Ti, Al F71, Ca,
Fe, Mg, Mn, P¢] 247} o= A= #-&FAt(Fig. 2).
TAFES F949¢ FAE 2Y Fed =2
2AEN, A71d e A ES TEA4, P
Yol E9) 84, Sre AEEEjohtolEe] 7]l
g}, e Caftdre Weld 2HEUE Fed 8 &
fréte B FEEe] ¥ dielth. MnO, MgO%:
2 1.0~3.68 wt%, 1.92~9.60 wi% ‘B E LERAH Ha
e 229 wi%, 653 wthEA HE FtRvEelE gt
H)5=3 ). o8 AR T, slavAlelE, ¢
golE ¥ Fulo|EY EA9 7IQ0ET. SrO, BaO
AJRL =0 yog (04~25.83 wi%, 0.02~11.98 wt%
ol WIS Z1z} 3.56 wi%, 2.59 wi%elth. A&7t E
UelelEe] B2 0.88 wid%, 0.80 wt%ki.Th 20 &

=

[e]
. Lt

=
=

Table 3. Comparision of average major elements (%) compositions for this studied rocks and Ferro-carbonatites

Hongcheon carbonate rock

Fetro-carbonatite (Woolley and Kempe, 1989)

Average No. Range Average No. Range

Si0, 7.12 19 1.74~13.10 4.70 57 0.36~9.0

TiO, 0.01 19 0.00~0.04 0.42 57 0.0~2.30
ALO, 1.05 19 0.42~2.61 146 53 0.01~5.60
Fe,0,(T) 26.59 19 4.11-45.89 75-f‘j§f}f;g;) » PR
MnO 229 19 1.00~3.68 1.65 57 0.23~5.53
MgO 6.53 19 1.92~9.6 6.05 58 0.10~14.50
CaO 13.56 19 6.85~19.56 32.77 58 9.20~46.43
Na,0 0.25 19 0.02~0.99 0.39 46 0.00~1.52

K,0 0.14 19 0.01~0.46 0.39 51 0.0~2.80
P,O; 4.52 19 0.21~11.30 1.97 54 0.0~11.56
BaO 2.59 19 0.02~11.98 0.80 31 0.02~2.48
SrO 3.56 19 0.04~25.83 0.88 34 0.01~5.95

No.: Number of analyses
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Table 5. Average trace elements concentrations (ppm) of this studied rocks and Ferro-carbonatites

Hongcheon carbonate rock

Ferrocarbonatite
(Woolley and Kempe 1989)

Average No. Range Average No. Range
*Au (ppb) 75 50 7~300 12 2 10~15
Ag - - 3.4 2 34-~35
*As 34 42 8~157 - - -
Co 20.9 16 >1~42 26 7 11~54
Cr 394 9 6~88 62 8 15~135
Cs 09 14 0.2~3.1 0.6 1 -
Cu 31 17 10~86 16 14 4~45
Ga 48.8 19 9~146 12 1 -
Mo 176 19 5~801 71 3 26~94
Nb 93 19 9~606 1292 17 10~5033
Ni 42 14 >20~101 26 7 10~63
Sc 23 19 3~79 10 9~14
v 15 16 6~33 191 16 56~340
Y 39 19 11~85 204 9 28~535
Zn 97 18 36~171 606 9 35~1800
Zr 9 15 4~19 127 13 0~900
U 0.8 19 0.1~4.3 72 16 1~20
Th 445 19 10.8~1480 276 13 100~723

5
Fo} 7ol TH‘:‘ & TAREY] T dye #
S Yepi o

Le Bas(1981)9] CMF(CaO-MgO-FeO™+MnO) %
Woolley$} Kempe(1989) ACF(alkali-CaO-FeOh)¢] 4zt

2o dm o oL
o, o

EollAM B B AFode] gAlE FHEYEIE F
A AREAQ] HA FHEUELe|E] H]s) Fedi-o] ®rk
¥ 0% 94 YehdrhFig 3, 4).

L=}
o
o

g Me g
o1
filo rSL‘

FAE B ) JER
73t} Activation Lab.2] ICP-MS(Per-
kin Elmer SCIEX ELAN 6000y &lsf AA@x, 2
= Table 49} Ze}, FA FHRUE|E H ]9} H]
X8lH Nb, Zr, Zno| wl-$- A YEFDTHTable 5).

Y AEe] EAL AWBY Co, Cr, Cs g
(21, 39, 0.9 ppm)E2 AF FlRUEC|EL] ZEF} 1|
5318 Cu a2 31 ppmeE FF FlHUEl|ER
the 287t B dubE oz JlEUER|ERE o
B} Bl Gal B 46 ppm, AIAE 146 ppmOE

R

- of
(e 1o
Brox

es]

DA GAN TA Ve
I} Ga ‘;l Ge SAA 2571 A 8)d
3} REE ¥ Po} YHe A#dA(Gas} TREEY R
=098, Ge?} TREES] R=098)% Uehlzz mux}
o|Ed] TiHE Ao Bt

Nb, Zre] HF32 2t 93 ppm, 9 ppmeZ HF 7ix
yelolE9] HFX]Q 1,292 ppm, 127 ppmE T} wf$- vt

A2k Nbe] HIA= 606 ppmeZE A7)
BoF3 gt} o]e Nbg ZHul|E ¢ 3] 7ol
E7} S5ste F83E0] g o5 FERF
o we} NbAdE Zbol7b Al el vebdth.

Si0, Z7tel e v FALES] Wahs Eiko] A
o 33 WA TS ¥ sl d4E AYdae
8717y FEHFig. 5). V, Ni2 FEH3 715,
Rbe wlefst S7F, Ba, Sr& vd #AAE,
BAEAYG dF5% 3 B WSS

=2 'd'é“—‘

3
d

U,

l..l
12

e BEAFE heh
23, 54 1%_ PAA V, NiE S0, 3
ol wstel B ol
FrdetolEe] THYE
ot % fzal AT A AT A%
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Table 7. Averages rare earth element concentrations (ppm) of this studied rocks and Ferro-carbonatite

Hongcheon carbonate rock

Ferrocarbonatite
(Woolley and Kempe 1989)

Average No. Range Average No. Range
La 18146 19 1420~52100 2666 15 95~16883
Ce 28484 19 2670~83600 5125 8 1091~19457
Pr 2433 19 214~7130 550 4 141~1324
Nd 6485 19 654~18800 1618 4 437~3430
Sm 385 19 53~1080 128 4 30~233
Eu 73 19 11~196 34 4 11~78
Gd 284 19 43~1200 130 4 31~226
Tb 17 19 3~62 16 4 4~36
Dy 22 19 6~62 52 4 11~105
Ho 2 19 0.6~6 6 4 1~9
Er 4 19 1.5~12.9 17 4 3~35
Tm 03 19 0.1~1.2 1.8 4 0.3~3
Yb 22 19 0.7~6.0 15.5 4 1~16
Lu 02 19 0.1~0.6 - - -

No.=Number of analyses

57 YA Rt 7l st FlEVEl|EY
B3l g5 FEES o8 AEEY Bl
AF7} ol AFEA sHEHe AFoE W)

33X FE el E UThiE Woolley 9} Kempe
(1989)°] ojat B4 #slxrle] et gelMFE £
sha7igAle] AtV ER A4S Thite] 7t
ste] 1/400] 23ctae sht & gAle] A v
10,00071#] o] &}, olx Ego] W& Thgte F7l=
QZo} FTHAANEY ALole B Ugle] uf$ e
Az shtel aglolz) At

S ERAL

S ERF 949 ¥AAI(Table 6) 5 I EHF 742 3
Z 5wRE oldlHos xom AAIluel]|ES]
#7F3} ¥ EH La, Ce, Pr, Nd, Sme} A3 EFA
g & e Boh} FE)FEFINE E2 @S
HRITHFig. 6). 7IEUElC|EdA = SEFTTF] U
Q) B UYFRT v Fol A AAFoZ FHT
B EFFAEC] R 7o ulejglti(Mariano, 1989).

SER BX g BY AERE IA FalEal 53
EfFE vl$ 2P o] BIERAAN FHEFE
24 E 7HuE A0 E7]E B o5 BHARE
UehlE= A4, Lalu & 596~16,797¢] & 3 o}
BRI 5L 2AthFig. 6). Eu ©1’d X (anomaly) & Eu/Sm
< 0.18-0252 HLE ol FE RolAe g=t uket
A A FhRele|Eg) v 2dtH AIEFAA A

TS FIERAME 4¥S BolER E e X

TABEFS] FAZ BE BUA|EV) HIER
F 74 BBt} LaE-S 1,420~52,100 ppm H Y]
3 g 18,146 ppme|v] A FlHIEIO|E L] H@FA
He} il E B8 ke weloh Alg 5 18, 19, 208
3 7ol ApHA o) @ol FedlFo) ¥ 7-993= Lakd
Fo| ¥ vEhdt} Cek Ladt 72 F3HIE 1ol
£l 670~83,600 ppme] ¥ A Yehiz HA slE
UElolE Ha9 MR T2 gholth A& AS
X CeE HIZT HIER gho] @& AL AHA Y
o] ¥ WA Hzlo|EQ] §hEko] e Fof ]
A%} & FA| oA AAFFo] Fo0W AjHor
S AER FAR 7|37 FHolX| 1L upghr] o7
o EAlshe BEUAo|E o] AUFLR FHojx ]| o
o)t} Nd& 654~ 8,800 ppme] WS Holx HF
e 5761ppme 2 HE FIHUEC)E FF#d
1,618 ppm(Table 7) Bt} 3 A% &=L & =k
Pro] HWdAE 2,433 ppmol AF FrRUpElo|EXRTE
4] F=2] zrolw 214~130 ppme HHE HUT
Sm, Gd, EuE-& A&d 45 Bl T o} 7t
Z} 385 ppm, 284 ppm, 73 ppmS] HIALES Ho|H La,
Ce, Nd #+2°] 2& NBME o859 FaE A
veldth ToolA Lu7bA] 7o) HIFgEES
0.2~17 ppme]® #ZA FlELEIE Bt Hadd
o Tbe H|Sgh g Holt UmA] dAEE e gk
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Fig, 2. Harker variation diagram of major elements vs.
SiO, for the studied rocks.
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1 : Calciocacbonatie field
11 : Magneciocarbonatite field
1II: Ferrocarbonatite field

¢ Fc-REE mineralized carbonate
rocks

O Phoscorites

MgO FeO+Fe20:+MnO

Fig. 3. Subdivision of carbonatites in the field of CaO-
MgO-FeO"+MnO diagram (Woolley and Kempe. 1989).
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IV Ferrcarbonatite field

¢ : Fe-REE mineralized
carbonate rocks
O : Phoscorites

Akall lossby  ——————-
fenitization N

Fractional crysm‘zition/

MgO+Fe20s5" Wt % Ca0

Fig. 4. Subdivision of carbonatites in the field of Na,O
+K,0-Ca0-FeO"+MgO diagram (Le Bas, 1981).
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U/Pb o4t
£ el AuiEg-e Aste FF3A A28 60 msh
73g Agete] oF 1g9] 2
YrleleE Al 4 27l Imm H=
ol FEle iR ZAR Wo| A Ludte WA
Aoz % FH/t FET e HUAE YAE
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148

334 - ol

1,600 . 160 5. ;
1,400 140 ¢ . . . |
1,200 120
1,000 . ¢ 100 . o* 3 !
~ i
= 800 » o 80 + = |
600 ¢ @ 60 0. 2 E
400 0.“ 40 ¢ * ¢ 1 * o * :
. :
10 15 0 5 10 15 0 5 10 15
35 o~ ¢ 30 o 4
30 o5 | .
25 3 ¢
L 3 20 *
20 o | » -
> . . o & 15 o 2
o o 10 .
10 so 1 .
¢ e LS
z .o * o P . 0: ’ . .: .\
5 10 15 0 5 10 15 0 5 10 15
120 250 0025
100 A 4 .
200 + 002
*
& *
— & PRL-CEE Y ¢ Boois5| *ee?® o
Z 60 &’ o v ¢ o, 0 ;
“ 100 . 001} o
*
40 - e - . 0: * o
0 | +38 o o 50 | of . 0005 .
o o
o i 0 e N
5 10 15 0 10 15 0 5 10 15
14 3.0 35
12 ¢ 25 ¢ 30 A
10 * = 20 25
o8 A .« ¢
o 5 15 M 2
@6 T ¢ T 15
* . 1.0 F ¢ .
4 ) A 4 10 * *
- o 2 ** ** *
2 | ‘e ¢ ‘0 & 0.5 ) 5 ‘ ' - *
0 * 0% b o 0.0 : 0 o s e
0 5 10 15 0 5 10 15 0 5 10 15
Si02 Sio2 Si02

Fig. 5. Harker variation diagram of trace elements vs. SiO, for studied rocks.
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B I : Mantle origin cabonate field
+4 I I : Maraine carbonate field
1 : Typical carbonatite field(P. Deines, 1989)
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Fig. 7. Classification of carbonatites in the C-O isotope
diagram of 8"C vs.
§'%0 O: Ankerite, [1: Whole rock, @: Strontianite
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Table 8. Carbon and oxygen stable isotope data of carbonate minerals and whole rock(carbonate rocks) samples from

the studied area

A B
Sample No. acB 808 CL 30
oo vs.PDB) o vs.PDB) Goo v.SMOW) oo vs.PDB) Goo vs.PDB) Goo vs.SMOW)

1 -5.30 -21.64 9.22 5.2 -21.3 9.56
2 -9.31 -22.07 8.79 92 -21.8 9.06
3 -7.49 -22.90 7.96 -7.5 -22.9 7.96
4 -6.04 -21.40 9.46

5 -3.89 -18.05 12.81

A: Data analyzed from China ( 5[5 #t/8 K £ ( 3 )) B: Data analyzed from KIGAM

1, 2 : akerite, 3: strontianite, 4, 5; whole rock
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Table 10. Average compositions of the phoscorite in the
Sokli complex

Sample P1 P2 P3
No. 7 9 7
(Wt%)
Sio, 16.57 16.43 14.96
TiO, 0.98 1.84 2.27
ALO, 1.00 2.36 1.72
Fe,0, 24.45 38.14 42.47
MnO 0.70 0.52 0.54
MgO 20.81 13.79 13.93
CaO 15.62 1140 9.59
Na,0 0.14 0.37 0.28
K,0 0.83 2.19 2.10
P,O; 2.60 533 4.11
Nb,O, 0.012 0.578 0.888
Zr0, 0.348 0.266 0.146
La,0, 0.014 0.022 0.020
Ce,0, 0.035 0.061 0.057
Sr0 0.149 0.146 0.151
BaO 0.109 0.131 0.070
LOI 15.66 6.01 6.04
(ppm)
Sc 70 44 35
\" 191 565 478
Cr 3 25 14
Co dl. 60 38
Ni dl. 37 19
Cu dl. 537 153
Zn 233 377 404
Ga 20 63 83
Rb 21 75 73
Sr 1258 1278 1345
Y 32 40 30
Zr 2577 1974 1080
Nb 88 3957 6250
Ba 976 1177 630
La 119 191 169
Ce 297 520 483
Eu 6 1 9
Yb 3 3 3
Ta 18 200 138
Pb 4 12 15
Th 24 391 764
8] 2 120 29
£5 7 2k

FHsety Andns A2 olwd ooyt
A7 B FBH} 478 Foe B2 Aol
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