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Geochemical Characteristics of Allanite from Rare Metal Deposits in the
Chungju Area, Chungcheongbuk-Do (Province), Korea

Maeng-Eon Park*, Gun-Soo Kim** and In-Sik Choi***

ABSTRACT : Rare metal (Nb-Zr-REE) ore deposits are located in the Chungju area. Geotectonically, the rare metal
ore deposits are situated in the transitional zone between Kyeonggi massif and Okcheon belt. The rare metal deposits
are distributed in Kyemyeongsan Formation which consist of schist and alkaline igneous rocks. Alkali granite has
suffered extensive post-magmatic metasomatism and hydrothermal processes. The ore contains mainly Ce-La, Ta-Nb,
Y, Y-Nd, Nd-Th group minerals. More than 15 RE and REE minerals are found in the ore deposits. Allanite, one of
the Ce-La rich REE minerals belonging to the epidote group, is the most common mineral in the studied area. The al-
lanite-bearing rocks may be devided into seven types by features of occurrence and mineral associations; zircon type
(ZT), allanite-vein type (AT), feldspar type (KT), fluorite type (FT), quartz-mica type (QT), iron-oxide type (MT),
and amphibole type (HT). The allanite veins (AT) and zircon rich rocks (ZT) contain the highest total REE contents.
Differences in REE abundance can be interpreted in terms of varying portions of magmatic hydrothermal fluid. Petro-
graphical and chemical data are presented for allanites which were collected from different types. The allanites show
wide variations in optical properties, due in part to differences in their chemical composition (depending on the types)
and to the degree of crystallinity of the individual specimens. Allanite metamicts in biotite are generally surrounded
by well developed pleochroic haloes. Usually, allanite is accompanied by zircon and other REE-bearing minerals.
Ca0 and total REE contents (ERE,0;) range from 9.29 to 18.79% and 11.66 to 26.31%, respectively. Also, SiO,
(28.87~32.61%), Al,O; (8.30~16.88%), and Fe,0, (16.74~24.38%) contents show varying contents from type to type.
The ZRE,O; of allanite has positive relationships with Fe,0, and negative relaton with CaO, SiO, and AlO,. Back-
scattered electron microscope images (BEI) of allanite shows that the its mineral composition and texture is very com-
plex. The allanite-bearing hosts show distinct light REE enrichment with strong negative Eu anomaly except for HT.
The HT has an almost flat REE distribution pattern with a small negative Eu anomaly. The chemical variation of the
allanites with occurrences and mineral association can be related to condition of temperature and oxidation states in
precipitation environment.
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Fig. 1. Geologic map of the studied area.
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Fig. 2. Photomicrographs of the allanite minerals. A; Zircon type, it is chracterized by very fine zircon (zr) aggregates, which re-
place to long prismatic allanite (aln). Allanite is also replaced by REE-bearing minerals. B; allanite-vein type, allanite commonly
appear as coarse cuhedral to subhedral crystals, and show strong pleochroism and contact twinning. C; Feldspar type, anhedral al-
lanite (aln) show dark brown color and contact biotite (bi) is developed pleachroic haloes. D; Feldspar type (photomicrograph in
refrected light) allanite contains emulsed RE-rich minerals and very fine zircon. E; Fluorite type, allanite (aln) associated with the
fluorite (fr). Hydrothermally formed allanite crystals are common anhedra and show strong pleochrosim. F; Ouartz-mica type, al-
lanite (aln) occurs as anhedral to subhedral grains, partly in metamict states. Aggregated zircon and defomed discrete allanite
grains lie parallel to the direction of foliation of the schist. G; Iron-oxide type, allanite (aln) associated with iron-oxide (mt) at the
contact with granitic rock. Euhedral allanite show contact twinning and strong pleochrosim. H; Amphibole type, allanite (aln) cry-
stals having a long prismatic or tabular habit, is associated with hornblende (amp). Scale bars indicate 0.1 mm.
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Table 1. Rare earth element (REE) contents (in ppm) of al-
lanite bearing host rocks. Abbreviations are the same as
those of Fig. 3.

Sam. ZT AT KT FT QT MT HT
"0- CR-3 ARl CJ335 CI08 CJo4 CJ49 CJl4
La 3719 42560 4320 2400 686 314 500
Ce 7669 78780 569.0 480.0 1622 606 82.0
Pr 924 9126 193.8 510 203 6.9 10.0
Nd 3465 21886 3813 2200 787 260 480
Sm 894 1409 1614 310 168 7.1 6.8
Eu 49 43 89 2.3 04 09 2.1
Gd 965 425 1469 520 165 8.8 75
Tb 187 30 283 5.0 31 1.8 0.8
Ho 244 36.6 140 45 2.8 1.1
Er 725 21 1053 480 139 8.1 3.0
Tm 110 16.4 74 19 12 04
Yb 679 13 834 440 128 7.1 2.6
Lu 88 16.1 7.0 15 1.1 0.4
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E Bl o, o] 2 Boynton (1984)¢] 33 Zrat
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Fig. 3. Chondrite-nomalized REE paterns for the allanite
bearing host rocks of study area. ZT; zircon type, AT; al-
lanite vein type, KT; feldspar type, FT; fluorite type, QT;
quartz-mica type, MT; iron-oxide type, HT; amphibolite
type.
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(energy dispersion mode) & B &&Jck. @ (TFe)o] &
FE Fe, 0,2 BAEGoH, Yo w2 3L Table
29} 7},

Ao sletzg-e Dollase (1971)2] 72419 A<
olmzt AM:Si;0.0HS] 3teH2 o 2 FHETH ArfelEx
7zt 9ul 1ol 10809148 A (1) A (QAI)ER o] &
oAtk A (DA Ex 324 Ca¥' 2 ARz, Beh & A
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M (DZF M 3)& AI*, Fe*, Fe”, Mn™, Mn®™, Ti",
Mg™ ol s At Alolele] Fol2Ee M (3)A}
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e 5947 BE Ca¥+Fe*"=REE" +Fe™ 9|
(couples substitution) &A1 S o] Fuv] 3}8tz4] 9
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Fig. 4. Back-scattered electron image (BEI) of the allanite crystals. A; Zircon type, allanite (aln) crystal is clean, but ac-
cording to fracture and rim is replaced to fine-grained zircon (Z) aggregates and okanoganite (needle shaped). White part is fer-
gusonite and/or RE-rich minerals. B; Quartz-mica type, anhedral allanite (aln) show very iregular grain contact with silicate
mineral (black), and contain Nb-Ti series RE-bearing (white). C; Iron-oxide type, allanite (aln) crystals show dark-gray to light-
gray image. White grains are zircon (Z). D; Amphibole type, Single grain allanite (aln) is also dark-gray to light-gray image.
Dark part have higher Al contents and lower Fe contents. Light is lower Al and higher Fe, and higher REE.
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Fig. 5. CaO-TRE.O; (total REE) variation diagram for the
allanites form Chungju deposits.
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those of Fig. 5.
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Cerna, 1972; Morin, 1977; Ghent, 1972), # 1njelo| E
(Hasegawa, 1957, 1958; 2194} 5, 1992), Q4 A4
o (Exley, 1980), 833 27}2 (Deer e al., 1992)°l 4]
theko 2 Atzdrt Hnjekn Wt 2 7ot S e
A3t (Sutton, 1974; Kim, 1991; 2%14*, 1989, ¥&A
=, 1994), 23] (Izett, Wilcox, 1968), ElAd32]
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1972; Liou, 1973). Z# 9] Fe/(Al+Fe) (atom.%)3t<
0.38~0.677219] H3stEo] =Am ALOS Fe, 0,9 a3
& Fig. 6914 BoFr}, Fe/(Al+Fe)9] Hate ZMA
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