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ABSTRACT: In the Korean Peninsula, the Yangyang, Hongcheon, and Pocheon iron deposits have been considered
as metasediment origin deposits formed during Precambrian. However, recently, Yangyang iron deposit was
confirmed as an iron oxide-apatite (IOA)-type deposit formed at 216-212 Ma by hydrothermal fluid injection with
brecciation along the ductile shear zone after the intrusion of syenite in post-collisional tectonic setting during
Triassic (about 233-226 Ma). And, the Hongcheon Fe-REEs deposit and the Chuncheon Yonghwa Fe-Nb deposit
were reported as igneous origin related to carbonatite. The mineralization ages of Hongcheon carbonatite and
Yonghwa phoscorite-carbonatite complex were reported as 233-227 Ma and 195-193 Ma, respectively. The
Pocheon iron deposit was interpreted as a skarn-type deposit of Ca, Mg, and Na-Ca types, which were developed
by hydrothermal metasomatism of limestone and dolomite. Iron ore mostly occurred whitin Na-Ca and Mg skarns,
and was locally overlapped with the copper mineralization during retrograde skarn stage. During the last stage
of deformation around the mine, strike fault movement occurred, and the Myeongseongsan granite (about 112 Ma)
injected along the fault causing iron mineralization. In the late Paleozoic/early Mesozoic Hongseong to Yangyang
collision belt of the Gyeonggi Massif, Triassic (ca. 230 Ma) mangerite/syenite formed from the magma generated
from the mantle/lower crust during post-collisional stage. Subsequently, a unique mineralization fluid which
contained a large amount of Fe-P components along with alkali components, induced IOA-type mineralization
along with Na-Ca-K alterations. The Yangyang iron mineralization and Hongcheon-Yonghwa carbonatite
mineralization are the first identified Triassic mineralizations in the Korean Peninsula and were related to mantle-
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origin alkaline magma which can be induced in a typical post-collisional stage igneous activity after continental collision.
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Fig. 1. (a) The locations and mineralization ages of the Fe deposits in the northern Gyeonggi Massif, (b) magnetite
of the Yangyang IOA (iron oxide-apatite) deposit, (¢) magnetite of the Pocheon skarn deposit, (d) magnetite of the
Seosan-Ibuk BIF (banded iron formation) deposit. The mineralization ages of the Yangyang, Pocheon, Yonghwa,
Seosan-Ibuk and Hongcheon deposits are from Seo et al. (2015, 2016), Kim et al. (2014, 2016, 2018).
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Table 1. Summary of Mesozoic iron deposits in the Korean Peninsula.

Deposits Yangyang Yonghwa Hongcheon Pocheon
Comodity
- Fe, P Fe, REEs, Nb Fe, REEs Fe, Cu
Characteristic
host rocks amphlbehte no data metasediments amphlbohte
(metasediments) (metasediments)
metamorphism of iron-rich metamorphlsm Ofl.r on-rich
. . . . . . sediment, amphibole-
ore-forming |sediment, alkali metasomatism, metasedimentation . .
. no data . related sedimentation,
process orthomagmatism, contact carbonatite contact metasomatism/
metasomatism/skarnification . .
Old skarnification
concept mineralization . . .
age Precambrian no data Precambrian Precambrian
Kim et al., 1958, Lee and Kim, Lee and Lee, 1989;
1968; Lee, 1968; So et al., 1975; Kimetal., 2001, Lee et - .
references |So, 1978; Kim, 1977; Lee, 1987 no data al., 2002; Park and K";‘O"”’] §o5%: Kim. 1277
Lee and Stout, 1989, James et al., Lee, 2003; Kim et al., ’ ’ !
2005 2005
host rocks deformed syenite banded gneiss biotite gneiss ( dg?g:ff;?iﬁﬁlgfte)
. . Magmatic-
New ore-forming Hydrothermal Orthemag;[ matism 2) hydrothermal skarnification”
concept process replacement phoscorite-carbonatite carbonatite® (Mg, Ca, Na skarns)
(deposit type) (IOA) (magmatic stage) (hydrothermal stage)
mineralization Triassic" carly Jurassic” Triassic” Cretaceous”
age 216-212 Ma 195-193 Ma 233-227 Ma 110-108 Ma

USeo et al., 2015; Seo et al., 2016; YKim et al., 2016; YGo et al., 2014; Kim et al., 2014
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Fig. 2. (a) Geological map and cross-section of the Yangyang iron ore deposit, (b) massive syenite, (c) mylonitic
syenite in a shear zone, which formed by strong ductile deformation and resembles metasedimentary rocks or gneiss,
(d) cataclastic syenite resulted by brittle deformation, (¢) layer of magnetite-pyrite ore showing alterated minerals
such as biotite, (f) genetic model of the Yangyang IOA deposit (Seo et al., 2015), the orebodies resulted from a series
of alterations caused by the injection of hydrothermal fluid along the shear zone.
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Fig. 3. (a) Geological map and location of the Yonghwa iron ore deposit, (b) schematic diagram of intrusive pipe
type model for the Yonghwa phoscorite-carbonatite complex, (c) photographs of representative polished hand speci-
mens of phoscorite from the Yonghwa area, which shows dark green color, (d) photographs of representative polished
hand specimens of carbonatite from the Yonghwa area, which shows color ranging from grey to light greyish white,
(e) phoscorites mainly consisting of olivine, apatite, magnetite, phlogopite, dolomite, and clinohumite with ac-
cessory pyrrhotite, monazite, uraninite, baddeleyite, Nb-oxides such as columbite and pyrochlore, (f) carbonatites
mainly composed of calcite and various other carbonate minerals (e.g., dolomite, ankerite, siderite, magnesite, stron-
tianite), magnetite, apatite, minor mica, olivine and accessory graphite, ilmenite, pyrrhotite, and pyrite.

Abbreviations: ank-ankerite; apt-apatite; cc-calcite; ol-olivine; mt-magnetite.
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Ulsan deposit, which formed at 400 C, Xc0,=0.1 conditions in skarn front around iron ore body (Choi et al., 2003).
The continuous change of the C-O isotope value in single sample, indicate a hydrothermal effect rather than mantle

origin. I = primary igneous carbonatite field (Taylor ez
1995). Abbreviation: grt-garnet.

al., 1967), I1 = Primary mantle carbonate (Keller and Hoefs,
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237) Fagol5 BEe] T2eE0 FEHOD,
ol T TS wheh BT WAL S7N(OF 112 Ma)
o] AFIAH-G-& op7| A FtH(Kim et al., 2014). 23
A BAS IR NS, A4 6070 W)E =
Qo2 sto] WAEHR S| 2o 2aHel wra
(55-75 W) o2 AN dl=/ A BA 2 s
t} A 9] dA/ &2 2F100-300 m/4-25 mo] F &
2 A= 380 m7HR] Sy o7l FA7E dEE e
™, A EF91& 31-53 wt.f%olch HFAS 145 AH
A/ BEZPA vkl mm)e 2 TAE 25T IF
F27F HZEHGo et al., 2014). JAFES F=2
A3t ups|wto| E(maghemite) 2 2:%0] 5
A3} A A o] pHtEH, MAFERE A, T2
A, A, AR, B34, 514, =Y A, e, o
S8, AR, 24 9 A 74 Foloh

3 AL 7] Eof AFE A0 e
Ot s o] mefRhgofl SJsto] FHH HER
9 SBAHE 1; Kanda, 1969; Kim et al., 2014), A
O] okl ZHE G718 HEde s SAE It
719 3AH(volcanic exhalation; So, 1977), @713 &

=

=9 7199 2ol FE/IEE Al Feel Cakd
29 oo Alulahg o2 gdE MAAEA Y
(Kim, 1977; Lee, 1979) .2 s)4 = ]c}. AgHalop
o|d HH7|de] FFFor Y 2
&R Y 57 W SEshH/ Ak 2
TS F3he] B H A ]lol AHE= S
AL ARl A2 ok ohfet
iAol depoll 23l weiE M) 2712
o, CaAlE, MgA € % Na-CarA| 49 thgFatiL
SERF 271E0] St (™ 5 Go et al., 2014).
g2 2 Na-CaA €3} Mg A€ 271Ed]
S Tt e = Qlom, S5 A71E g o] =5
o2 Fgstagol 4 Na-CaAd 27H2
< F34(acmite)-2FH-F34-H74-5H 47
M8 553 FAUAE Ho|AWh, CaAlE &7}
SolMe H7A-CaAld DARIA-F3]4-Hu] o}
UolE-594, 81 MgA€ 27182 2 44
H-FAH-AREA-BH O 7 712 RFER A
2 AJoldt a2l 545 Hola gl A &

S AU (M) SBPIE(EA-FHN EFE)

b) m
Mineralization & Skarnification
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Fig. 5. (a) Geological map and cross-section of the Pocheon iron ore deposit, (b) skarnification photo and model

for iron ore-forming process in Pocheon deposit.
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o] A 14.8%03} A A 310)| A 33.0%0 2 HF 1|-& =2
FAE Holn, o]2|gt FF il FUEZ0]
o el ShiE uere) RudnEay
35 GUHYE THsHS AAShD ek 23

4 Fele] el Sl 5ol e
glom, wely] szetozRe EE ek, 2
sz FokiAlzt ol2iat SIS w2t $Us)
QA 73 Aksl S0l 4] oF 500-400C o) 2=
9o 2A4 A7he skt g3t B ARBEgo] §
ST 6). W, EH A7hE Beuel
Ar-Ar 2 K-Ar A=A o] A 110.3-108.3 MaZ H
DE RO H(Kim et al., 2014), o= FHH L2 AH
gk A4t o] A AA17) (112 Ma) 9 YX|8faL

OOLE

mylonite

magnet

9lo] WA B7gero] BAB e 2 7T,

4. E 9|
1960 ] M= L3282 =2 A7 H a|ofo]
A7} wioly] = A)7)o] EHE Ao RIHT 7

Z 9 %, A4 F3tA71H dgEejololdie] By
20 2 YrE R AR AAk-o| 2o SAFHYA(BIF)
o} 4 73] Fe-Ti(V) o] e 4ol
MRk-ol 8 HFL ST AR o] HHe] 2
25}u], A7) B eloto] o] MAE AR U 3k
]_ol-.__ ]H]—O]—_E o]E _L]-q:]a-]- HH@_]—7] g]./d o]—E
FA ) AA e 2 Askael Fel Hd AT

Fig. 6. Photomicroscopies of typical specimen of Pocheon iron deposit. (a) Ca skarn, (b) Na skarn, (c) Na-Ca skarn,
(d) Mg skarn, (e) the mineral assemblage of albite, anhydrite, and garnet in Na-Ca skarn, (f) the mineral assemblage
of albite, acmite, and magnetite in Na skarn. Abbreviations: ab-albite, acm-acmite, ah-anhydrite, cpx-clinopyroxene,

di-diopside, tm-tremolite, wo-wollastonite.
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KRB Zlololele] SATIEAITE GARE A5fetH &
Ao sFScHKim ef al., 2018). A A o2
SHRIMP U-PbAdi= ¢F 2.5 Ga ¥ 1.9-1.75 Gao]
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aEfste] B HFE A7iHEe|oto]d T
AH Ao 2 A HKim et al., 2018).

A e ERE AR A E E|olr| 7] 9 E|F7]
Q Aoz A7 B g vl 9l 01 The Geological
Society of Korea, 1990), t3-& ¢Zha] w29t
ohnh e 2aE Hriae ke 2 B mE gt
(Chang et al., 1987; Kim et al., 1994). A ZH3FA+
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