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Abstract: A reconnaissance chemical study was made on four granitic bodies in South Korea, on
which high REE contents are expected. Triassic foliated granite of the Daegang body occurring along
the boundary between the Yeongnam-Ogcheon terrains contains average REE+Y content of 414 ppm
and the L/HREE ratio is 8.4. Triassic Hamchang granite of the Ogcheon terrain is composed of high-
alkali and high-REE group, averaged as 508 ppm REE+Y, with L/HREE=19.0, and low-alkali and
low-REE group averaged as 127 ppm REE+Y with L/HREE=23. On the contrary, the early Jurassic
Hapcheon syenite at southeastern margin of the Yeongnam massif is low in REE+Y (171-217 ppm).
The Paleogene Gigye granite in the Gyeongsang basin, which can be a split-off part along the Yangsan
fault from the REE-rich alkaline Namsan body, contains 200-300 ppm REE+Y.

Soil samples were collected from the weathered crust of these granitoids and compared with
those of unweathered granitoid values.The soil values are generally lower than those of the unweath-
ered granites in the Daegang granite (414 ppm REE+Y in rock vs. 240 ppm REE+Y in soil) and Gigye
granite (342 vs. 243 ppm REE+Y), indicating most of the REE leached out during the weathering. The
loss-and-gain is unclear on the Hamchang granite and Hapcheon syenite. No clear enrichment of REE

during weathering has been so far observed on the granitic bodies in South Korea.
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1. Introduction

Rare earth element (REE) mineral resources have
become important in the recent so-called high-technol-
ogy industry. Finding of new REE resources, heavy
REE in particular, will be a great necessity in the com-
ing years (Ishihara and Murakami, 2005). Recent sup-
ply of REE resources in the world heavily rely on the
Bayun Obo mine, Inner Mongolia, China, because of
stopping of mining operation at the Mountain Pass
carbonatite deposits in California, U.S.A.

Major REE-bearing ore deposits occur associated
with carbonatite, alkaline granites, hydrothermal de-
posits of granitic affinities. There are unique ore de-
posits of ion-absorption type in southern China (Wu es
al., 1990). In these REE deposits, rare earth compo-
nents are absorbed in the weathered clay minerals in
granitic crusts with the enrichment factors up to 2-3
(Ishihara and Murakami, 2005). REE resources of this
kind have been rarely studied at outside of the south-
ern China but in Thailand (Kamitani and Hirano, 1994).

In this report, a reconnaissance study was made in

South Korea, visiting four alkaline granitic bodies
(Fig.1) where high REE contents have been known
sporadically. Samples were taken from fresh granites
and nearby weathering crust. Decomposed granite is
divided downwards into (i) surface soil with organic
matter (A horizon), (ii) completely weathered next
horizon (B horizon), and (iii) weakly weathered hori-
zon below it (C horizon). The best enrichment of REE
is generally obtained from the B horizon (Huang ez /.,
1989; Wu ez a/, 1990). Therefore, soil from the B ho-
rizon was collected generally, and its REE composi-
tion was compared with that of the nearby fresh gran-
ites. During this field work, the A horizon was found
poorly developed in South Korea.

Localities of the analyzed samples are listed in Table
1, and the analytical results are given in Tables 2 to 4.

2. General Geology

South Korea is divided into four tectonic provinces
with the northeasterly trends; namely, from north to
south, Gyeonggi massif, Ogcheon belt, Yeongnam
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Fig. 2 Outline and sample locality of
the Daegang granite.

Fig. 1 Tectonic division and studied areas in South Korea. 1. Daegang granite, 2.

Hamchang granite, 3. Gigye granite, 4. Hapcheon syenite. CH, Chungju REE

magnetite deposit; JC, Jecheon granite (Ishihara ez @/, 2005).

massif and Gyeongsang basin (Fig. 1). The Gyeonggi
massif and Yeongnam massif are Precambrian meta-
morphic terrains, but the Ogcheon belt is composed of
Paleozoic sedimentary and metamorphic rocks. These
terrains are intruded by Mesozoic granitoids. The
southeastern corner is Cretaceous to Paleogene sedi-
mentary-volcanic basin intruded by coeval gabbroids
and granitoids.

The granitoids are mostly Jurassic and Cretaceous
but locally Triassic and Paleogene in age. They are gen-
erally composed of Triassic deep-seated ilmenite-se-
ries stock, Jurassic deep-seated ilmenite-series
batholiths and the Cretaceous-Paleogene magnetite-
series volcano-plutonic complexes (Jwa, 2004; Jin ez
al., 2001). Almost all the granitoids belong to calc-
alkaline series, but associated with small alkaline-se-
ries bodies, which can be called A type (Koh ez a/.,
1996; Kim ez al/., 1998).

2.1 Daegang granite

The Daegang granite occurs along the tectonic
boundary between the Yeongnam massif and the
Ogcheon belt, and forms a narrow elongated body in
NNE-SSW direction (Fig. 2). The basement rocks are
mainly composed of the Precambrian metamorphic
complex with intercalation of amphibole schist and
crystalline limestone (Kim ez @/, 1990; Kim and Kim,
1990). Age-unknown metasedimentary rocks cover
unconformably the basement. The Daegang granite
intruded both the basement and the metasedimentary
rocks during Triassic time. Radiometric ages for the
granite were reported as 228 +5 Ma by Rb-Sr whole-
rock method (Choo and Kim, 1986), and 212+2 Ma by
U-Pb zircon dating (Turek and Kim, 1995).

The Daegang granite is coarse-grained gray granite
usually foliated in a north-south direction. The folia-
tion is parallel to the elongation of the plutonic body,
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Table 1 Locality, rock description and magnetic susceptibility of the analyzed fresh

samples in South Korea.

Numbers Rock types and magnetic susceptibility (MS)

Daegang granite, Gokseong-gun, Jeollanam-do

and magnetite-series granite porphyry.
Since the deformed structure observed
in the granitoids seems likely to have
been caused by Jurassic Kumiri shear
deformation (Hwang ez /., 1992), the
emplacement of the granitoids must
have been earlier than the Jurassic
shear event.

The Jeomchon granite has U-Pb
sphene ages of 224+3 Ma and 225+8§
Ma (Sagong ez a/., 2005), implying it

R1 Coarse, biotite granite, foliated; MS=6.10 x 10-3SI

R3 Coarse, biotite granite, foliated; MS=1.60 x 10-3SI

R3e Fine, enclave in the above granite; MS=0.16 x 10-SI

R3a Medium, dike-like aplite; MS=6.12 x 10-3SI

R8 Coarse, red biotite granite, foliated strongly; MS=0.12 x 1073SI

R9 100 m west of R8. Medium, biotite granite, foliated; MS=0.10 x103SI
R10 Medium, biotite granite, strongly foliated in parts; MS=0.11 x 103SI
Rlla Fine, leucogranite, foliated and pegmatitic; MS=0.06 x10-3SI
Hamchang granite, Sangju-si, Gyeongsangbuk-do

R21 Anryeonji dam site. Coarse, biotite granite; MS=0.14 x10-3SI

R22 ditto. Fine granodiorite, pink Kf; MS=0.14 x107SI

R22m  ditto. Medium, granodiorite, foliated weakly; MS=0.10 x1073SI

R28 ditto. Coarse, biotite granite, pink Kf; MS=0.12 x107SI

R29 ditto. Coarse, biotite granite, pink Kf; MS=0.18 x1073SI

Gigye granite, Pohang-si, Gyeongsangbuk-do
R30 Gigye quarry. Fine biotite granite, micro-pegmatitic; MS=0
R31

Hapcheon syenite, Hapcheon-gun, Gyeosangnam-do

95 x 107SI
400 m south of R30. Fine biotite granite, porphyritic; MS=0.26 x10-3SI

is Triassic in age. The Hamchang
granite and associated granite por-
phyry, however, are considered
younger. These rocks are biotite gran-
ites in modal composition having the
modal feldspar ratio of monzogranite
and syenogranite, and in part alkali
granite (Choe and Jwa, 1998).

Measurement of magnetic suscepti-
bility indicates low values, below 0.2
x107 SI, which are equivalent to those
of the ilmenite series.

R33 Daepyong. Medium, gray monzonite; MS=40.2 x10-3SI
R34 5 km east of R33. Coarse, biotite syenite; MS=17.1 x10-3SI
R35 Daepyong, water fall; fine reddish microgranite sheet (20 cm wide);

MS=2.9 x1073SI

2.3 Gigye granite

which is strongly sheared locally. The foliation is con-
sidered caused by tectonic stress during the intrusion
of the original magmas. This granite essentially be-
longs to the ilmenite-series of Ishihara (1977), because
the magnetic susceptibility is generally lower than 0.2
x 1073 ST unit (Table 1), except for the R1 of 6.1x107 SI,
which exceeds the upper limit of ilmenite series of 3.0
x 1073 SI.

The Daegang granite is represented by one feldspar
hypersolvus granite containing small amounts of mafic
silicates, and is classified to an alkali feldspar granite in
the IUGS discrimination (Kim ez @/, 1998). The mafic
silicates are small amounts of Fe-rich annite accompa-
nied with alkaline amphibole of riebeckite. The granite
has very similar mineralogical and geochemical char-
acteristics to the A-type granites (Kim ez /., 1998).

2.2 Hamchang granite

The Hamchang granite occurs in the middle part of
the Ogcheon belt and forms a stock. The granite in-
truded the Precambrian metamorphic rocks, age-un-
known metasedimentary rocks and the Paleozoic sedi-
mentary rocks, but it was unconformably overlain by
the Mesozoic sedimentary rocks (Choi ez a/., 1993).

Choe and Jwa (1998) considered the Hamchang gran-
ite as a member of the Jeomchon granite complex, which
is composed of the Paleozoic-Triassic ilmenite-series
hornblende-biotite granodiorite and deformed biotite
granite, and younger intermediate-series biotite granite
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The Gigye granite occurs as a small
stock in the middle part of the sedi-
mentary-volcanic Gyeongsang basin, comprising of
non-marine sedimentary and andesitic to rhyolitic
volcaniclastic rocks. The Gigye granite intruded the
Cretaceous sedimentary strata and may be a split-off
part of the Namsan granite, ca. 20 km north, by right
lateral strike-slip faulting (Hwang, 2004). The intru-
sion age of the Namsan granite is 48+2 Ma in laser
ablation ICP-MS U-Pb zircon dating (Y.J. Jwa, unpub-
lished data), thus Paleogene.

Both the Gigye granite and the Namsan granite show
very similar petrographic and geochemical character-
istics (Lee ez al., 1995; Koh ez al., 1996; Hwang, 2004).
They are mainly composed of perthite, quartz, alka-
line amphibole (riebeckite and arfvedsonite), biotite
(annite), and opaque minerals. Measurement of the
magnetic susceptibility on the sampling sites indicates
low values as 0.2 to 3.5x 107 SI unit, corresponding to
ilmenite series. Chemical compositions of the granites
suggest that they are strongly of the A-type granites
(Koh e7 al., 1996).

2.4 Hapcheon syenite

The Hapcheon syenite occurs at the southeastern
margin of the exposed Yeongnam massif, and is lo-
cally covered by the Cretaceous sediments of the west-
ern Geongsang basin. This body belongs to a complex
of syenite-diorite-gabbro association, and can be in-
terpreted as a later intrusive rock than the other rock
types. It is medium to coarse-grained rock and mainly
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Table 2 Polarized XRF analyses of the studied granites.

Plutons Daegang Granite Hamchang Granite

Sample nos. R1 R3 R3e R3a R8 R9 R10 Rlla R21 R22  R22m R28 R29
SiO2wt% 7476 7580 70.75 76.68 7431 7396 7481 75.12 7143 7121 68.65 70.14 71.23
TiO2 0.22 0.11 0.25 0.09 0.18 0.19 0.19 0.03 0.20 0.28 0.35 0.27 0.32
AlO3 1232 1239 1430 1199 1255 1273 1290 13.96 1421 13.85 1549 1461 13.74
Fe20s3 2.37 1.26 2.70 1.31 2.33 2.36 1.52 0.51 2.23 2.07 2.85 2.79 3.19
MnO 0.03 0.02 0.04 0.02 0.04 0.04 0.02 0.01 0.04 0.03 0.04 0.04 0.05
MgO 0.14 0.07 0.20 0.04 0.08 0.06 0.17 0.07 0.11 1.04 1.21 0.25 0.24
CaO 0.46 0.47 0.89 0.40 0.52 0.58 0.60 0.74 1.01 2.15 2.61 1.06 1.09
Na:20 3.97 4.13 5.17 3.93 4.24 4.21 3.95 4.42 3.59 3.65 4.23 3.64 3.57
K20 4.67 4.96 4.70 4.73 4.96 5.19 491 4.57 6.00 3.95 3.52 6.17 5.55
P20:s <0.01 <0.01 0.02 <0.01 <0.01 <0.01 <001 <0.01 <0.01 0.05 0.08 0.03 0.05
H20* 0.51 0.33 0.46 0.30 0.33 0.31 0.61 0.33 0.54 0.73 0.68 0.62 0.61
H20" 0.14 0.15 0.26 0.13 0.12 0.13 0.17 0.15 0.08 0.19 0.13 0.25 0.16
S 0.02 0.02 0.02 0.02 0.01 0.02 0.02 0.01 0.01 0.01 0.01 0.01 0.01
CO2 0.17 0.11 0.07 0.10 0.04 0.07 0.57 0.06 0.62 0.61 0.08 0.41 0.20
F 0.18 0.11 0.35 0.13 0.11 0.15 0.11 0.02 0.06 0.07 0.06 0.05 0.06
Total 99.96  99.93 100.18 99.87 99.82 100.00 100.55 100.00 100.13  99.89 99.99 100.34 100.07
Rb ppm 209 239 289 235 171 154 191 183 156 101 86 153 171
Sr 29 25 26 14 11 13 70 57 77 459 545 88 98
Ba 121 109 132 35 66 66 220 170 295 1180 1020 411 426
Zr 476 184 336 53 464 457 159 22 268 71 114 326 413
Hf 14.5 7.3 9.5 4.7 11.4 10.5 6.2 1.6 6.1 1.0 22 6.6 10.9
Nb 26 159 21 20 19.6 17.7 9.4 6.7 11.6 24 3.6 12.3 14.8
Ta 3.6 3.8 2.7 3.8 23 1.9 2.8 3.5 2.8 1.2 1.1 22 3.0
Y 76 52 61 56 68 50 43 16 25 4 4 27 36
La 111 74 145 26 137 114 92 9 118 24 30 148 137
Ce 206 131 256 55 218 209 122 15 203 40 51 257 240
A% 9 <2 2 3 <2 <2 <2 3 <3 23 30 <4 <4
Cr 12 12 10 6 9 19 9 24 11 36 36 11 13
Co <5 <5 <5 <5 <5 <5 <5 <2 <5 <5 <5 <5 <5
Ni 4 3 1 2 3 3 3 3 2 10 10 2 3
Cu 0.4 6.3 0.9 1.2 <0.6 1.1 1.0 0.7 0.3 1.9 1.5 0.4 24
Zn 107 61 112 62 94 86 43 25 43 38 41 51 62
Pb 30 35 29 39 28 14 29 38 27 20 21 26 28
Ga 235 22.7 24.0 23.0 23.0 22.9 17.9 16.9 19.4 153 16.8 19.1 19.4
Ge 1.1 1.2 1.5 1.3 1.2 1.1 0.9 1.4 1.0 0.9 1.0 1.0 1.1
Se 0.4 0.3 0.3 0.3 0.2 0.2 0.3 0.2 0.2 0.3 0.2 <0.1 1.0
Mo 2.0 1.5 0.8 1.5 <0.2 2.7 <0.2 <0.2 0.3 <0.2 <0.2 1.5 3.7
Y <2 <1 <2 <1 <2 <1 <1 <1 <1 <1 <1 <l <1
Sn 6.1 4.7 19.3 7.2 3.8 32 5.4 5.5 2.0 0.8 0.9 2.0 2.8
Cs 3.0 8.3 14.7 5.2 7.4 7.2 4.0 5.5 1.4 4.6 2.9 43 1.9
Tl 29 22 2.7 22 1.4 1.4 1.5 1.7 1.5 0.9 0.8 1.4 39
Bi 1.0 0.7 0.6 0.4 0.6 0.4 0.3 0.6 <0.3 <0.3 0.5 0.3 1.3
Th 28 24 42 33 23 22 32 3.7 28 124 9.3 26 32
U 33 5.6 5.2 4.1 34 1.9 4.4 14 2.2 <0.5 0.4 <0.5 33
CNK/A 0.99 0.95 0.94 0.97 0.94 0.94 1.00 1.03 1.00 0.98 1.00 1.00 0.99
10000xGa/A  3.61 3.46 3.17 3.63 3.46 3.40 2.62 2.29 2.58 2.09 2.05 2.47 2.67
Rb/Sr 7.21 956 11.12 16.79 1555 11.85 2.73 3.21 2.03 0.22 0.16 1.74 1.74
St/Y 0.38 0.48 0.43 0.25 0.16 0.26 1.63 3.56 3.08 114.75 136.25 3.26 2.72

Analyst: B. W. Chappell, GEOMOC, Sydney. F analyzed by ISE method (Actlabs. Ltd)

comprises microcline, perthite, amphibole and subor-
dinate amount of quartz. Diorite, which was intruded
by the syenite, has much more amount of mafic min-
erals (20-30%) and shows a foliated texture. They are
classified as the magnetite series, based on measure-
ment of the magnetic susceptibility (15-30x10- SI).
Though the radiometric ages of syenite and diorite are
unknown, they are assumed to be early Jurassic on the
basis of regional igneous activity around the area where
the rocks are distributed (Kim and Turek, 1996).

3. Petrography and Chemical Compositions

Localities, rock types and magnetic susceptibility as
measured by field apparatus (Kappameter KT-5) of the
analyzed samples are listed in Table 1. The analytical
results are given in Tables 2 and 3.

The Daegang granite belongs to the ilmenite series,
and is rich in both Na.O+K-0 and K-0, and plotted in
the high-K calc-alkaline series (Fig. 3). It has very low
contents of CaO as 0.4-0.9%, and Ba content (35-220
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Table 2 (continued).
Plutons Gigye Granite

Hapcheon Syenite

Sample nos. R30 R31 R33 R34 R35
Si02 wt.% 76.10  76.37 62.45 62.79  73.02
TiO2 0.10 0.11 0.67 0.48 0.24
AlL203 11.81 11.59 16.84 18.19  13.95
Fe203 2.20 1.94 5.25 3.25 1.46
MnO 0.05 0.04 0.14 0.07 0.03
MgO 0.06 0.09 0.57 0.52 0.32
CaO <0.01 0.30 1.21 1.80 0.65
Na20 4.56 4.68 6.98 6.85 4.13
K20 4.32 4.34 5.24 4.96 5.43
P20:s <0.01 <0.01 0.16 0.17 0.02
H20* 0.38 0.21 0.33 0.34 0.47
H0 0.19 0.13 0.19 0.17 0.18
S <0.01 <0.01 <0.01 <0.01 <0.01
CO2 0.07 0.07 0.14 0.17 0.12
F 0.05 0.17 0.04 0.04 0.03
Total 99.89 100.04 100.21  99.80 100.05
Rb ppm 167 144 67 8 179
Sr 9.0 17 91 345 157
Ba 69 99 615 960 750
Zr 514 396 106 235 223
Hf 17.0 14.2 2.7 5.7 5.7
Nb 39 28 1.1 2.6 6.4
Ta 52 4.5 1.2 <2 1.5
Y 93 97 28 19 17
La 56 77 30 23 43
Ce 49 110 70 48 63
\'% <2 5 <5 8 12
Cr 12 11 14 9 9
Co 6 <5 <5 7 <5
Ni 4 4 1 3 4
Cu 0.6 1.5 4.1 2.7 3.1
Zn 209 100 118 55 26
Pb 26 21 10 23 17
Ga 23.0 21.4 26.5 21.1 14.5
Ge 1.9 1.5 1.6 1.0 1.0
Se 0.4 0.3 0.3 0.9 0.6
Mo 2.6 2.0 2.0 43 33
w <2 <2 <2 <1 <1
Sn 11.9 7.5 1.5 1.5 1.3
Cs 23 32 <l.5 2.5 8.5
Tl 2.8 2.4 1.2 3.5 2.7
Bi 1.0 0.9 0.4 1.7 1.4
Th 24 18.9 0.6 6.0 27
U 8.0 4.9 0.6 53 8.5
CNK/A 0.97 0.90 0.87 0.91 1.01
10000xGa/A  3.68 3.49 2.97 2.19 1.96
Rb/Sr 18.56 8.47 0.74 0.25 1.14
Sr/Y 0.10 0.18 325  18.16 9.24

ppm) and Sr content (11-70 ppm) are also low, reflect-
ing one feldspar characteristic of the granite. The CNK/
A ratio is below 1, which is meta-aluminous, except
for a minor phase of the leucogranite (R11). The Ga
contents (18-24 ppm) are not high, but Ga/Al x 10,000
value is higher than 2.6 (Fig. 4), thus plotted in the A-
type field (Wahlen ez o/, 1982), because of relatively
low Al2Os contents.

The Hamchang granite also belongs to ilmenite se-
ries (Table 1). The analyzed samples are divided into
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Fig. 3 Total alkalis vs. silica and potassium vs. silica contents
of the studied granites. The classification based upon Le
Maitre ez al. (1989). Abbreviation: D, dacite, R, rhyolite;
T, trachyte (qz<20%), TD, trachydacite (qz>20%).

two groups on the alkali contents; high-alkali group is
plotted in the shoshonite field, but the low one in the
high-K calc-alkaline field (Fig. 3). Alumina saturation
of the two groups is almost the same, CNK/A ratio
around 1, but the low alkali group has very high con-
tents of Sr (459-545 ppm) and Ba (1,020-1,180 ppm),
and low contents of Y (4 ppm). The obtained high Sr/
Y ratios (115-136, Table 2) are suggestive for adakitic
nature coexisting with shoshonite-series granites. The
high Sr/Y granites have been known in the Jecheon
pluton, though the age is Triassic-Jurassic, to 50 km
north of this body (Ishihara ez @/, 2005).

The Gigye granite of the studied two samples be-
long to ilmenite series and high-K series (Fig. 3). CaO
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Table 3 ICP-ICP/MS analyses of the studied granites.

Daegang granite

Hamchang granite

Element: Rl R3 R3e R3a R8 R9 R10 Rlla R21 R22 R22m R28 R29
Rb 204 234 299 232 172 153 194 196 167 104 94 162 185

Sr 27 24 27 15 13 15 68 58 78 423 515 87 94

Ba 124 106 135 35 63 64 230 190 323 1230 1120 438 480

Cs 3.7 4.7 12.9 3.8 4.0 6.1 2.1 5.4 1.7 29 2.6 22 2.7
Ga 27 25 28 26 27 26 21 20 23 18 20 24 25
Ge 1.7 1.5 1.9 1.5 1.6 1.4 1.3 1.7 1.3 0.9 1 1.3 1.6
La 94.9 57.2 121 18.7 115 90.9 74.3 7.85 102 34.4 34.5 124 130

Ce 183 110 227 44.7 192 175 106 14.9 186 58.7 58.2 229 237

Pr 21.5 12.5 25.1 6.07 244 20.5 14.5 1.86 21.2 6.24 6.08 26.4 27.7

Nd 72.9 414 76.1 27.1 79.4 66.9 43.7 7.66 64.9 19 18.5 81.6 87
Sm 14.1 8.15 13.1 6.47 15.2 12.7 8.19 1.92 9.79 2.72 2.68 12.1 13.8
Eu 0.392 0.266 0.403 0.132 0.206 0.188 0.56 0.221 0.869 0.617 0.775 1.11 1.13
LREE 386.79 229.52 462.70 103.17 426.21 366.19 247.25 34.41 384.76 121.68 120.74 474.21 496.63
Gd 12.9 7.61 10.1 7.17 14.0 10.6 7.56 2.19 6.79 1.77 1.72 7.82 9.32
Tb 234 1.48 1.86 1.49 2.24 1.77 1.3 0.49 0.98 0.25 0.26 1.11 1.42
Dy 13.6 8.71 10.3 9.43 12.0 9.67 7.3 3.17 5.11 1.34 1.39 5.69 7.29
Ho 2.71 1.78 2.06 1.92 234 1.84 1.45 0.6 0.95 0.25 0.25 1.05 1.38

Er 8.3 5.62 6.48 6.04 7.15 5.8 4.63 1.87 2.9 0.76 0.76 3.16 4.2
Tm 1.25 0.901 1.06 0.925 1.1 0.881 0.739 0.307 0.446 0.114 0.114 0.461 0.636
Yb 7.48 5.44 6.56 5.84 6.59 5.52 4.66 1.97 2.74 0.75 0.8 2.67 3.86
Lu 1.02 0.733 0.925 0.761 0.955 0.796 0.635 0.275 0.381 0.104 0.114 0.38 0.548
HREE 49.60 32.27 39.35 33.58 46.38 36.88 28.27 10.87 20.30 5.34 5.41 22.34 28.65
Y 74.6 51.5 61.7 55.6 69.2 515 43.1 20.4 27.7 7.3 8.1 29.6 39.6
HREE+Y 124.20 83.77 101.05 89.18 115.58 88.38 71.37 31.27 48.00 12.64 13.51 51.94 68.25
Zr 612 250 476 73 622 642 225 30 362 106 152 434 624

Hf 14.9 7.4 12.8 3.5 13.4 13.3 6.6 1.1 8.2 2.7 3.5 9.3 13.2
Nb 28.4 19 249 235 239 21.5 133 10.6 16.5 6.3 8 16 20.4
Ta 2.03 1.7 2 232 1.45 1.26 1.33 1.97 1.17 0.37 0.57 0.97 1.28

Sn 4 4 17 6 3 2 4 5 1 <1 <1 1 2

w 1.1 1 1.3 1.6 0.6 0.5 1.1 <0.5 2.7 0.6 0.7 0.7 <0.5

Tl 1.5 1.69 2.17 1.66 1.1 0.99 1.32 1.27 1 0.69 0.55 0.97 1.19

Pb 30 36 30 44 24 16 32 40 28 23 20 28 31

Sb 1.2 1.6 1.2 1.5 1.3 0.9 1.4 0.9 1.2 1.7 1 14 1.6

Th 27.9 244 435 333 25.8 223 32.4 6.62 29.3 132 10.3 29.2 38.3

U 4.17 5.64 5.8 4.22 3.61 3.34 5.5 3.51 2.91 0.94 1.47 2.27 3.36
Rb/Sr 7.6 9.8 11.1 15.5 13.2 1 29 3.4 22 0.3 0.2 1.9 2
Sr/Y 0.4 0.5 0.4 0.3 0.2 0.3 1.6 2.8 2.8 58 63.6 29 24
L/HREE 7.8 7.1 11.8 3.1 9.2 9.9 8.8 3.2 18.5 22.8 22.3 21.2 17.3
REE 436.4 261.8 502.1 136.8 472.6 403.1 275.5 453 405.1 127.0 126.2 496.6 525.3
REE+Y 511.0 313.3 563.8 192.4 541.8 454.6 318.6 65.7 432.8 134.3 134.3 526.2 564.9

Analyses: ICP-ICP/MS by Actlabs., Ltd. The contents in ppm

is very low, so that Ba (69-99 ppm) and Sr (9-17 ppm)
are low. Zr (396-514 ppm), Zn (100-209 ppm), Nb
(28-39 ppm) and Y (93-97 ppm) are high. The alu-
mina saturation index is less than unity (Fig. 4).

The Hapcheon syenite belongs to magnetite series
(Table 1) and shoshonite series in the alkali-silica plots
(Fig. 3) and is meta-aluminous. The sample R33 re-
veals a high Ga/Al x 10,000 value as 3.0, while the
others are lower than 2.2 (Fig. 4).

4. REE Contents of the Granitoids

About the Daegang granite, Kim ez a/. (1998) re-
ported REE contents on 8 samples, and revealed the
total REE varying from 301 to 662 ppm with L/HREE
ratio of 5.3 to 13.1 for the normal phase (n=5), and
511 to 1,082 ppm with L/HREE ratio of 10.9 to 36.0
for the contained enclaves. Thus the enclaves are en-
riched in REE, especially of HREE, and the bulk con-
tents are much depend on the amount of LREE.
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Table 3 (continued).

REFE resource evaluation of some alkaline granites (Ishihara et al)

Gigye granite

Hapcheon syenite

Element: R30 R31 R33 R34 R35
Rb 164 143 65 87 189

Sr 8 16 85 331 156

Ba 70 104 677 1030 792

Cs 1.5 1.5 0.5 1.4 1.7
Ga 26 25 28 24 18

Ge 2.2 2.3 1.5 1.3 1.1
La 41.3 59.3 32.6 31.9 452

Ce 353 93.6 73.5 60.3 77

Pr 12.4 159 10.3 7.29 7.94

Nd 42.4 57.8 39.1 27.1 242
Sm 11 13.2 8.04 5.41 4.01
Eu 0.289 0.375 1.77 2.59 0.676
LREE 142.69 240.18 165.31 134.59 159.03
Gd 11.9 14.2 6.88 451 2.76
Tb 2.34 2.73 1.08 0.74 0.49
Dy 14.2 16 5.7 3.98 2.72
Ho 3.02 3.24 1.07 0.77 0.55

Er 10.2 10.2 3.12 224 1.79
Tm 1.83 1.58 0.443 0.32 0.286
Yb 11.8 10 2.75 2.05 1.86
Lu 1.73 1.42 0.4 0.306 0.281
HREE 57.02 59.37 21.44 14.92 10.74
Y 88.5 95.7 29.7 21.7 17.7
HREE+Y 145.52 155.07 51.14 36.62 28.44
Zr 646 483 175 305 273

Hf 19.4 12.8 33 59 6.1
Nb 37.3 31 6 5.3 9.7
Ta 3.23 2.42 0.28 0.36 0.79

Sn 10 7 <1 <1 <1

w 1.1 4 3.1 <0.5 <0.5

Tl 1.32 0.85 0.38 0.5 0.76

Pb 29 24 11 19 12

Sb 1.4 1.6 1.5 1.3 1.3

Th 254 20.1 1.36 5.95 26.5

U 7.47 4.8 0.47 1.76 2.92
Rb/Sr 20.5 8.9 0.8 0.3 1.2
Sr/Y 0.1 0.2 2.9 15.3 8.8
L/HREE 2.5 4.1 7.7 9 14.8
REE 199.7 299.5 186.8 149.5 169.8
REE+Y 288.2 395.2 216.5 171.2 187.5

Our results are lower than these values. Except for
the low values of aplitic granite (R3a) and leucogranite
(R11a), our REE data on 5 samples vary from 262 ppm
to 473 ppm with the L/HREE ratio from 7.1 to 9.9.
One enclave (R3e) is also slightly higher in REE (502
ppm, L/HREE=11.8) than the normal phase (Table 3).

—

Fig.4 CNK/A ((CaO+Na:0+K20)/Al0s, molar ratio), 10,000Ga/

Al, LREE and HREE of the studied granites.
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Table 4 XRF and ICP-ICP/MS analyses of the weathered soil from South Korea.

Daegang Granite

Element: KI1B K2B K4B  K5Bl K5B2 K6C K7B  KI0B KI2B KI3B KI13C K14B  KI6B KI17B  KI8B KI9B
Si02 7034 69.20 68.01 67.33 69.59 62.46 62.00 71.94 67.24 61.61 60.81 72.92 63.57 68.67 68.26 68.19
TiO2 0.69 0.29 0.36 0.89 0.94 0.50 0.95 0.46 0.69 0.66 0.74 0.57 0.67 0.44 0.81 0.40

Al03 13.68 16.40 15.83 13.74 1391 19.73 15.86 13.48 15.30 19.25 18.56 12.95 17.51 14.95 15.07 17.40
Fe203 3.90 3.48 3.62 4.57 4.70 4.14 6.42 3.00 3.70 5.26 5.23 3.35 4.89 3.25 422 2.61
MnO 0.07 0.02 0.01 0.04 0.04 0.04 0.12 0.02 0.06 0.04 0.06 0.03 0.06 0.03 0.05 0.02
MgO 0.94 0.30 0.31 1.09 1.13 0.75 1.52 0.44 0.65 1.21 1.80 0.47 0.88 0.57 1.21 0.66
CaO 0.18 0.04 0.03 0.08 0.09 0.26 0.91 0.13 0.07 0.62 1.80 0.06 0.06 0.15 0.43 0.54
Na20 1.33 0.56 1.15 0.47 0.51 0.20 1.61 1.18 0.20 0.28 1.09 0.67 0.20 0.74 0.70 1.42
K20 322 4.70 4.14 2.19 2.27 291 3.77 4.26 3.25 2.93 2.64 3.54 3.22 4.86 229 3.72
P20s 0.03 0.01 0.02 0.02 0.02 0.03 0.07 0.02 0.05 0.03 0.03 0.02 0.03 0.03 0.03 0.02
Cr203 001 <0.01 <0.01 0.01 001 <001 <001 <001 <0.01 <001 <00l <00l <001 <0.01 <001 <001
LOI 5.01 5.31 5.42 8.48 6.35 8.42 6.47 4.65 7.46 8.17 6.95 4.96 8.99 5.18 6.53 5.44
Total  99.40 100.31 98.90 98.91 99.56 99.44 99.70 99.58 98.67  100.06 99.71 99.54  100.08 98.87 99.60  100.42
Rb 142 191 172 114 114 105 136 154 125 149 119 132 168 257 98 132
Sr 47 18 14 46 47 74 96 40 75 71 214 28 43 42 87 180
Ba 363 154 127 388 414 840 587 253 795 563 682 241 469 373 613 966
Zr 392 825 455 343 361 162 421 557 262 223 168 525 250 313 268 152
Hf 11.8 22.6 13.6 9.5 10.1 4.8 10.5 13.7 72 6.4 4.8 13.5 7.4 9.4 7.9 4.5
Nb 24.6 31.2 32.1 21.5 222 9.2 17 19.1 16.3 13.1 9.3 252 16 16.7 16.8 8.6
Ta 2.17 242 2.63 1.67 1.72 1.27 1.34 2.01 1.76 1.45 1.51 223 1.65 2.28 1.57 1.38
v 62 20 33 90 90 62 75 37 61 81 85 42 71 30 71 31
Cr 40 <20 20 60 60 <20 40 20 40 30 40 30 40 <20 50 <20
Co 41 50 49 26 32 50 48 51 41 30 47 50 25 38 38 55
Ni <20 <20 <20 20 20 <20 <20 <20 <20 <20 <20 <20 <20 <20 <20 <20
Cu <10 <10 <10 10 10 <10 20 10 <10 <10 <10 <10 10 <10 <10 <10
Zn 70 80 60 60 50 50 50 50 40 70 60 60 50 40 60 50
Pb 24 26 19 22 20 29 15 18 20 21 22 19 24 26 23 25
Ga 21 31 30 19 19 24 23 22 21 27 23 21 21 20 18 23
Ge 1.5 1.4 1.3 1.6 1.6 1.4 1.2 1.4 1.2 1.6 1.4 1.6 1.6 1.5 1.5 1.1
As 8 <5 <5 11 10 5 <5 <5 <5 <5 <5 <5 10 <5 6 <5
Mo <2 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2
Sn 5 5 5 4 3 2 5 7 4 3 2 4 5 9 3 2
Sb 0.8 0.3 0.3 1.1 0.9 0.5 0.3 0.6 0.4 0.5 0.5 0.6 0.7 0.5 1 0.5
Cs 4.8 5.4 4 6.5 6.5 4.8 7.1 6.9 7.9 11.6 11.3 5 9.7 10.3 6.2 5.9
Tl 0.99 1.31 1.1 0.86 0.83 0.79 0.81 1.04 0.92 1.04 0.76 0.9 1.22 1.67 0.79 0.99
Bi 0.2 0.2 0.2 0.2 0.2 0.3 <0.1 <0.1 <0.1 0.3 0.3 0.2 0.4 0.1 0.1 0.1
Th 17.7 30.4 29.9 15.7 15.1 13 15.8 16.5 13.9 20.1 17 19.1 233 37.8 14.4 13.8
U 3.9 5.25 4.77 3.53 3.66 5.14 2.78 3.11 2.93 3.95 3.89 3.6 4.7 7.37 3.47 2.37
La 32.1 73.0 48.0 40.0 41.6 41.5 52.5 423 40.5 39.2 33.0 39.7 56.7 42.7 30.8 30.9
Ce 85.9 202.0 179.0 86.5 84.6 84.6 135.0 117.0 88.2 89.4 63.6 102.0 93.1 122.0 69.0 69.6
Pr 6.8 16.0 10.6 8.3 8.9 9.0 11.0 83 7.7 7.5 7.5 8.4 11.2 8.4 6.6 6.0
Nd 22.8 524 348 28.0 29.3 30.4 36.1 25.8 24.4 243 257 279 38.2 26.7 225 19.8
Sm 4.26 9.71 6.99 5.02 5.29 5.50 6.32 451 3.99 3.98 443 5.19 6.22 4.64 4.04 3.07
Eu 0.65 0.38 0.42 0.99 1.04 1.11 1.10 0.45 0.89 0.97 1.23 0.56 0.96 0.53 0.84 0.67
LREE 152.5 353.5 279.8 168.8 170.7 172.1 242.0 198.4 165.6 165.4 135.4 183.8 206.4 205.0 133.7 130.0
Gd 4.59 10.00 7.19 426 4.69 4.53 4.82 3.93 3.37 2.99 2.86 4.36 4.74 3.49 3.07 1.77
Tb 0.92 1.85 1.50 0.79 0.85 0.72 0.93 0.84 0.55 0.54 0.47 0.97 0.95 0.68 0.54 0.26
Dy 6.00 11.10 8.77 438 4.80 3.53 5.03 4.92 3.17 3.07 2.64 5.93 542 4.12 3.24 1.27
Ho 1.28 2.35 1.80 0.87 0.95 0.64 1.03 1.03 0.65 0.60 0.50 1.23 1.02 0.87 0.68 0.22
Er 4.26 7.86 6.17 2.92 3.15 1.96 3.37 3.45 2.08 1.84 1.47 4.16 1.18 2.90 2.09 0.65
Tm 0.67 1.22 1.01 0.46 0.49 0.28 0.50 0.55 0.32 0.29 0.22 0.68 0.52 0.47 0.32 0.10
Yb 4.16 7.72 5.99 2.89 3.11 1.76 3.08 3.50 2.02 1.80 1.39 4.24 3.23 2.90 2.05 0.63
Lu 0.60 1.10 0.84 0.41 0.44 0.25 0.45 0.52 0.30 0.26 0.20 0.59 0.44 0.44 0.30 0.09
HREE 2247 43.20 33.27 16.99 18.47 13.67 19.21 18.74 12.45 11.38 9.75 22.16 17.50 15.86 12.28 4.99
Y 38.7 69.0 55.0 27.7 30.2 18.9 29.1 31.6 20.2 19.2 15.7 39.3 33.0 26.8 20.5 7.4
L/HREE 2.5 32 32 6.2 5.7 53 5.0 39 5.1 5.4 53 3.0 4.1 4.8 4.1 10.6
REE 152.5 396.7 313.1 185.8 189.2 185.8 261.2 217.1 178.1 176.8 145.2 206.0 223.9 220.9 146.0 135.0
REE+Y 191.2 465.7 368.1 213.5 219.4 204.7 290.3 248.7 198.3 196.0 160.9 245.3 256.9 247.7 166.5 142.4

Analvst: Actlabs, Ltd. B and C attached to the sample numbers implving the soil from B horizon and C horizon.

The REE pattern of the granite (Fig. 5) indicates that
the R11 leucogranite has the least values on most of
the elements except for Eu, although it is partly peg-
matitic. The R10 granite is depleted in LREE.

REE contents of the Hamchang granite are low (126
-127 ppm) in the low-alkali group of the R22 grano-

diorites, but high as 405 to 525 ppm in the high-alkali
group of the other granites (Table 3). The L/HREE ratio
is very high being 17 and 23 throughout the two groups
of the granitoids, which is caused by high contents of
Ce and La (Table 3). In the REE pattern (Fig. 6), the
R22 granodiorites are depleted in all the components,
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REFE resource evaluation of some alkaline granites (Ishihara et al)

Table 4 (continued).
Hamchang Granite Gigye Granite gzg;ci?:on
Element:  K20B  K21B  K23B  K25C K26B  K27B  K27C  K28B  K29B K30B  K30C  K32B K33B
Si02 6486 6448  63.12 6338 6137 5881 6357  66.03  64.52 7339 7438 7247 58.69
TiO2 046 029 0.64 049 064 060 066  0.56 0.63 029 012 031 1.00
ARO; 1627 1815 1867 1846 1869 1977 1771 1652  16.61 1327 1284 1339 19.56
Fe203 435 329 530 407 488 497 431 4.45 4.75 315 231 3.09 5.64
MnO 018 001 0.05 0.03 002 003 0.03 0.04 0.09 007 005 003 0.11
MgO 0.75 0.27 0.74 0.47 0.57 0.61 0.58 0.97 0.71 0.31 0.12 0.26 0.48
CaO 0.21 0.13 0.19 0.05 0.32 0.09 0.21 0.27 0.37 0.07 0.05 0.05 0.31
Na20 169 230 179 070 245 075 0.93 0.78 1.93 176 282 229 3.21
K20 399 587 453 6.58 5.75 6.19 628 439 3.97 372 432 387 4.96
P20s 004 0.3 0.03 0.03 004 004 005  0.04 0.04 001  <0.01 0.01 0.04
Cr0s <001 <001 <00l <001 <001 <00l <001 <001 <00l <001 <001 <00l <0.01
LOl 583 412 498 451 4.78 6.81 4.91 6.23 6.02 374 254 368 636
Total  98.63  98.94 100.04  98.77  99.51  98.67  99.24 100.28 _ 99.64 99.78  99.55  99.45 100.36
Rb 118 140 134 164 140 145 145 134 145 161 171 157 105
Sr 95 68 71 66 112 84 98 56 68 17 8 14 80
Ba 589 349 668 644 730 846 833 528 560 143 86 77 677
Zr 396 448 606 427 677 504 509 373 465 812 614 293 280
Hf 102 12.1 15 114 16.5 12.1 12,6 9.8 12.2 267 218 12.3 6.7
Nb 16.4 20 24 16.7 236 236 23 16.5 242 548 414 465 16.1
Ta 1.44 1.54 1.62 1.45 1.52 1.47 1.62 1.4 1.95 495 426 445 1.27
v 41 17 42 18 23 29 30 52 39 20 <5 25 25
Cr 30 <20 30 <20 <20 <20 <20 40 30 <20 <20 20 <20
Co 39 34 28 41 35 31 36 40 42 83 82 87 34
Ni <20 <20 3210 <20 <20 <20 <20 <20 <20 <20 <20 <20 <20
Cu <10 <10 20 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10
Zn 50 <30 70 50 60 60 50 60 80 120 130 70 40
Pb 27 22 31 30 34 34 27 24 32 39 42 14 8
Ga 21 26 25 25 26 27 23 22 24 24 26 24 24
Ge 12 1.1 1.6 1.2 13 1.5 1.3 13 1.6 1.8 2 1.7 1.2
As 6 <5 6 <5 <5 <5 <5 <5 <5 <5 <5 15 <5
Mo 3 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2 2 <2
Sn 3 3 3 2 3 2 2 2 4 9 10 10 1
Sb 04 <02 L5 05 0.7 0.7 0.4 0.5 0.7 0.5 0.7 0.5 0.4
Cs 3.7 1.7 53 25 2.6 24 2.6 4.9 5.6 44 2.9 5 2
T 084 068 1.06 115 1.09 1.08 098 095 1.17 1.08 1.25 1.1 0.5
Bi 02 0.1 04 <01 <01 01 <01 <01 <01 05 <01 03 <0.1
Th 239 413 3.7 205 17.9 16.7 14.9 27 342 305 278 217 13
U 337 3.7 357 246 24 2.84 277 322 4 8.38 7.63 6.54 3.02
La 827 1790 937 639 71.8 58.0 565 656 99.7 307 275 17.3 38.0
Ce 1680 2930 1990 1380 1380 107.0 951 1580  216.0 87.6  99.1 63.1 91.4
Pr 162 342 19.5 13.9 16.0 13.7 115 12.9 20.6 8.0 7.7 4.4 9.7
Nd 514 1060 621 46.7 538 479 387 403 66.9 279 272 14.6 35.1
Sm 771 1430 948  8.10 9.15  9.08 6.56 611  10.70 7.11 6.62 358 6.65
Eu 1L01 120 1.60 1.20 1.58 1.66 122 080 1.25 036 023 021 1.99
LREE 3270 6277 3854 2718 2903  237.3  209.6 2837 4152 1617 1683 1032 182.9
Gd 450 6389 6.01 5.16 677  6.62 475 344 6.76 8.88 847 457 4.75
T 079 127 099 088 L11 1.05 078 059 1.16 1.76 168 0.86 0.78
Dy 434 677 535 463 572 532 398 350 6.61 11.00 1120 554 4.26
Ho 08 121 .02 086 107 098 074 068 1.22 238 241 1.23 0.80
Er 255 373 322 248 318 296 227 212 371 857 867 451 2.51
Tm 0.39 0.55 0.51 0.36 0.47 0.44 0.34 0.33 0.58 1.52 1.49 0.85 0.39
Yb 246 351 314 231 287 273 209  2.08 3.56 1030 1010 592 2.65
Lu 035 049 048 033 040 040 030 030 0.51 1.56 149 090 043
HREE _ 16.19 2442 2071 1700 2159  20.50 1525  13.04  24.11 4597 4551 2437 16.56
Y 248 378 306 226 326 289 233 20.7 37.7 706 766 334 21.9
L/HREE 80  10.1 7.5 6.9 5.4 48 5.4 8.4 6.7 14 1.4 1.8 48
REE 3432 6521  406.1 2888 3119 2578  511.6 2967  439.3 2077 2138 127.6 199.5
REE+Y  368.0  689.9 4367 3114 3445 2867 5349 3174 4770 2783 2904 161.0 221.4

but the other granitoids with similar SiO2 contents are
much higher in the REE components.

The Gigye granite could be a split-off part of the
Namsan granite. The Namsan granite consists of
hypersolvus alkali-feldspar granite in the northern part
and subsolvus biotite granite in the southern part. The

hypersolvus granite is enriched in REE, ranging from
139 to 466 ppm (Koh ez a/., 1996). The Gigye granite
of our study contains 200-300 ppm REE, not as high as
the hypersolvus granite of the Namsan pluton. The L/
HREE ratios range from 2.5 to 4.1, implying relatively
high amounts of HREE (Table 3). The REE pattern
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Fig. 6 REE pattern of the Hamchang granite.

shows a strong depletion on the Eu content (Fig. 7).
The Hapcheon syenite is low in the total REE, which
varies from 150 to 187 ppm. The L/HREE ratio varies
from 8 to 15 (Table 3). The syenite has weak deple-
tion of Eu, compared with the Gigye granite (Fig. 7).

5. REE during Weathering

Annual rain fall of the studied areas varies from
1,200 to 1,600 mm (KMA, 2005), which are similar to
that of the southern Jiangxi Province, China, where
lateritic REE deposits have been developed in the
weathered crust of the Yanshanian granitoids (Wu ez
al., 1990). Weathered crust of the studied granitic rocks
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Fig. 7 REE pattern of the Gigye and Hapcheon granites.
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Fig. 8 REE pattern of the soil samples from the Daegang granite.

in South Korea were usually developed down to 2
meters from the surface, which is mostly ‘B horizon.
The horizons“A”and “C"are not well developed in the
studied areas. Besides, angular granitic blocks were
observed at many outcrops, suggesting that debris slide
modified the crust during the weathering processes.
All the soil samples were chemically analyzed and
their mineral assemblages were examined by X-ray
powder diffraction method. The samples examined in
this study consist mainly of quartz, plagioclase and K-
feldspar with small amounts of clay minerals, includ-
ing kaolinite, halloysite, illite and kaolinite-montmo-
rillonite mixed-layer mineral. Biotite has not been iden-
tified although alkalic amphibole is preserved in some
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Fig. 9 REE pattern of the soil samples from the Hamchang granite.
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Fig. 10 REE pattern of the soil samples from the Gigye granite
and Hapcheon syenite.

samples (e.g., K7B, K30B, K30C, K33B).

Feldspars are abundant in most of the samples, ex-
cept for relatively clay-rich soils (K5B1, K5B2, K6C,
K12B), which are characterized by high LOI (Loss On
Ignition) values. B and C horizons do not show remark-
able difference in their X-ray diffraction patterns. These
observations suggest relatively low maturity of weath-
ering in the studied areas. The contents of clay miner-
als may be approximated by LOI values, which is con-
sistent with X-ray diffraction data. No systematic cor-
relation has been found between the REE contents and
the LOI values or assemblages of clay minerals.

Chemical compositions of studied soils are shown
in Table 4. In the Daegang body, the REE+Y contents
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Fig. 11 REE pattern of averaged fresh rocks and soil samples of
the Daegang granites.
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Fig. 12 REE pattern of averaged fresh rocks and soil samples of
the Hamchang granites.

are relatively high at two points, 466 ppm (K2B) and
368 ppm (K4B), but the others are low varying from
290 ppm to 142 ppm. L/HREE ratios are generally low,
as 10.6 to 2.5 (Table 4). The values are lower than those
of the unweathered granites (Fig. 8), which are best
shown in Figure 11. REE contents of soil samples are
lower than those of the fresh granite samples, except
for Eu which is enriched 2-3 times. Similar pattern is
obtained on the Gigye granite (Figs. 10, 13), although
number of the samples is still small. Here Eu is un-
changed, and Ce is weakly enriched in the soil sample.

Average compositions of the studied rock and soil
samples are given in Table 5. The rock/soil ratios of
the total REE of the Daegang granite is 1.48 and that
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Fig. 13 REE pattern of averaged fresh rock and soil samples of
the Gigye granites.
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Fig. 14 REE pattern of averaged fresh rock and soil samples of
the Hapcheon granites.

Table 5 Averaged REE and Y contents (ppm) of the studied fresh granites and weathered crust.

Pluton Daegang granite Hamchang granite Gigye granite Hapcheon syenite
Saml. Nos. 1-19 20-29 30-32 33-35
Rock/soil Rock Soil Rock Soil Rock Soil Rock Soil
La 81.7 42.8 85.0 85.7 50.3 252 36.6 38.0
Ce 148.0 104.5 153.8 168.0 64.5 833 70.3 91.4
Pr 17.8 8.9 17.5 17.6 14.2 6.7 8.5 9.7
Nd 58.2 293 54.2 57.1 50.1 232 30.1 35.1
Sm 11.3 52 8.2 9.0 12.1 5.8 5.8 6.7
Eu 0.3 0.8 0.9 1.3 0.3 0.3 1.7 2.0
LREE 317.3 191.5 319.6 338.7 191.5 144.5 153.0 182.8
Gd 10.0 4.4 5.5 5.7 13.1 7.3 4.7 4.8
Tb 1.8 0.8 0.8 1.0 25 1.4 0.8 0.8
Dy 10.1 4.8 42 5.1 15.1 9.2 4.1 43
Ho 2.0 1.0 0.8 1.0 3.1 2.0 0.8 0.8
Er 6.3 3.1 2.4 29 10.2 7.3 2.4 2.5
Tm 1.0 0.5 0.4 0.4 1.7 1.3 0.4 0.4
Yb 6.0 3.2 22 2.8 10.9 8.8 22 2.7
Lu 0.8 0.5 0.3 0.4 1.6 1.3 0.3 0.4
HREE 38.0 18.3 16.4 19.3 58.3 38.6 15.7 16.6
REE 355.3 209.8 336.0 358.0 249.8 183.1 168.7 199.4
Y 58.2 30.1 22.5 28.8 92.1 60.2 23.0 21.9
REE+Y 413.5 239.9 358.5 386.8 341.9 243.3 191.7 221.3
L/HREE 8.4 10.5 19.5 17.6 3.3 3.7 9.7 11.0

of the Gigye granite is 1.36. It may be concluded in
these two granitic bodies that REE are generally eroded
out during the weathering.

On the other two granitic bodies, the loss-and-gain
during the weathering is unclear, although all the HREE
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looks slightly enriched during the weathering in the
Hamchang granite (Figs. 9, 12, 14). The rock/soil ra-
tios of the averaged total REE contents (Table 5) are
0.94 in the Hamchang granite and 0.85 in the Hapcheon
syenite. Thus, the REEs are most enriched in the
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Hapcheon syenite during weathering in the studied
areas.

6. Concluding Remarks

Alkaline granites and their weathered crust were ex-
amined chemically. The granites are relatively high in
trace amounts of REE+Y. The weathered crusts show
no evidence of REE-enrichment but often depleted rela-
tive to the unweathered host rocks. Although ages of
the studied granites are Triassic to Paleogene, the weath-
ered crusts seem to have formed in the Quaternary by
uplifting of the Korean Peninsula. This short time-span
of the weathering may be the main reason of no accu-
mulation of REE in the studied weathered crust.

Appendix: REE contents of rocks from the former
Chungju REE mine

The world largest REE concentration has been known
in the REE-magnetite deposits at Bayan Obo in the
Inner Mongolia, China. Similar showings have been
known near Chungju in the middle part of South Ko-
rea, and they are developed within the Gyemyeongsan
Formation of a gneiss-schist complex (Kim ez /.,
1994). The Chungju iron mine is one of the REE ore
deposits in the Ogcheon belt, South Korea.

The REE deposit of the mine mainly contains Ce-
La, Ta-Nb, Y, Y-Nd and Nd-Th group minerals (Park
and Kim, 1995). More than 15 REE-bearing minerals
were reported from the mine: they are allanite,
fergusonite, thorite, bastnaesite, euxenite, polyclase,
monazite, columbite, Nb-rutile, okanogranite, sphene,
zircon, illmenite and so on. According to the charac-
teristics of the mineral association, the REE ore de-
posit can be divided into four ore types: zircon-REE,
allanite-REE, feldspar-REE and fluorite-REE types.
The Sm-Nd isochron age of the REE deposit was re-
ported to be 330 Ma (Park and Kim, 1995).

This mine is now abandoned and the surface is now
used for crushing stone mining for construction pur-
poses. A brief stop was made here to collect samples
to estimate bulk composition of REE-bearing outcrop.
The 10 hand specimens of Appendix-1 were arbitrary
collected, crushed and analyzed for major (XRF) and
trace elements (ICP-ICP/MS).

The analyzed samples of more or less a fist size
contains more than 6,900 ppm REE+Y (K14E, Appen-
dix-2), which are banded granitic and amphibolitic
gneisses. The second highest is light gray gneiss (K14J)
of >5,500 ppm. Pink felsic gneiss (K14C) is also high
as >3,700 ppm. An average of these analyses, exclud-
ing K14K because it is a thin vein aplite, is as follows:

LREE >1,700 ppm, HREE> 354 ppm (LREE/
HREE=4.8), and Y >362 ppm

These figures may represent an average composition
of the ore deposit, and the total REE+Y content, 2,416

ppm, is one-order of magnitude lower than that of the
Bayan-Obo REE-magnetite mine in China (Drew ez a/.,
1990).
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U, Jaft 15813240 ppm REE+Y T HHICER MDA L CTh 0, Ji{L#FIZB T 3 REEDBNAE 2 6h 5. 1K
HRT 342 ppm A 5 243 ppm REE+YANF FHICE I L T35, ZOMOERTORMIRIZ AR TS 5.
TIEAB S O JRALERFE T HHUCR O IR 2RI A S5 g,

BUNSHER ORI B35 v &84 Sy TV Y 2ickb e, ZOHKIZT0.2% REE+YREDH AL & {# A L
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i+ 8% B HE
Daegang (7##11.) granite, Gokseong-gun (A%Al) , Jeollanam-do (=5 ¥ ), Hamchang (JX/2) granite, Sangju
(M), Gyeongsangbuk-do (B L), Gigye (FC¥%) granite, Pohang (J#i38) , Hapcheon (FJII) syenite,
Gyeosangnam-do (¥ [ 38 )

Appendix Table 1 Rock description and magnetic susceptibility (MS) of the analyzed samples from the former Chungju
mine surface.

Numbers Rock description and magnetic susceptibility(MS)

K14A: 10 x 12 cm, magnetite/ green banded gneiss. MS>>894 x10~ SI

K14B: 7x12 cm, magnetite-amphibolite gneiss. MS=156 x10” SI

K14C: 6x7 cm, very fine, pink felsic gneiss. MS >>53.9 x10” SI

K14E: 8x10 ¢cm, pink granitic vein/amphibolite(3/2)

K14F: 7x9 cm, mudium, epidote-chlorite granodioritic gneiss. MS=1.5x107 SI
K14G: 9x16 cm pink biotite gneiss xenolith in pink granite. MS>15.1 x10~ SI

K14H: 6x12 cm, pink banded gneiss. MS>>46.6 x107 SI

K14 15 x 10 cm, quartz-calcite-rich gneissic band.

K14 J: 10x10 cm, light gray skarn-gneiss. MS >70.2 x10~ SI

K14K: 5 cm wide veinlet of pink fine-grained aplitic granite. MS>5.6 x10~ SL.

MS measured by Kappameter, KT-5.
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Appendix Table 2 Major (XRF) and trace (ICP-ICP/MS) element compositions of rocks and ores from the Chungju mine.

Element: KI14A K14B K14C KI14E K14F K14G K14H K141 K14J K14K
Si02  26.48 45.97 73.39 60.33 66.09 74.39 68.92 77.42 70.10 75.37
TiO2 0.27 3.46 0.40 1.51 0.27 0.12 0.25 0.21 0.41 0.02

Al03 1.07 14.41 8.81 14.34 16.22 12.40 9.38 2.34 8.20 13.29
Fe203  68.07 15.18 6.67 8.08 4.02 1.89 6.76 8.23 8.48 0.57
MnO 0.27 0.13 0.04 0.18 0.08 0.04 0.15 0.11 0.16 0.01
MgO 0.62 5.14 0.21 1.55 0.47 0.29 1.04 0.31 1.17 0.11
CaO 3.11 4.84 1.96 2.95 5.30 0.99 4.24 6.83 4.24 1.12
Na2O <0.01 5.28 1.15 243 3.65 2.40 0.58 0.09 2.64 3.82
K20 0.02 2.73 5.52 7.03 2.18 6.14 5.98 1.15 2.78 5.01
P20s 0.04 2.00 <0.01 0.33 0.06 0.01 <0.01 <0.01 <0.01 0.01
Cr203  <0.01 <0.01 <0.01 0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
LOI 0.19 0.64 1.03 1.02 1.31 0.91 1.34 2.05 0.78 0.65
Total 100.14 99.78 99.18 99.76 99.65 99.58 98.64 98.74 98.96 99.98
Rb 4 188 161 181 83 148 151 37 132 162
Sr 28 214 34 152 356 171 57 35 39 143

Ba 6 198 165 829 319 890 240 35 86 727

Zr 953 301 >10000 829 596 1060 2800 2620 > 10000 89
Hf  25.6 7.4 311 232 15.8 27.9 75 70.3 291 2.7
Nb 92.7 60.8  >1000 280 62.8 171 449 513 >1000 32.7
Ta 7.31 4.07 143 19.4 3.96 15.9 324 33 120 6.01

A% 11 142 <5 76 6 <5 <5 <5 <5 <5

Co 80 50 118 95 152 211 136 232 150 249
Cu <10 <10 <10 <10 <10 20 <10 <10 <10 <10
Zn 180 70 <30 60 <30 <30 30 <30 <30 <30
Pb <5 <5 10 14 7 11 7 <5 7 7
Ga 16 24 33 45 27 20 34 17 44 14
Ge 18.4 2 4 26.3 1.8 1.7 5.1 3.9 5.6 0.8
As 10 19 9 143 <5 <5 <5 6 18 <5
Mo <2 3 <2 2 20 32 <2 <2 <2 <2
Sn 17 2 125 13 11 6 24 77 123 8

Sb 3.4 1 0.9 5.4 0.5 1.6 0.8 0.8 14 0.3

Cs 0.7 4 0.3 4.1 0.9 1.1 0.4 <0.1 0.4 0.5

Tl 0.06 0.42 0.25 0.61 0.39 0.43 0.36 0.05 0.1 0.37

Bi 0.2 <0.1 0.2 0.3 0.1 <0.1 <0.1 <0.1 0.2 <0.1

Th 7.33 5.21 257 75.7 37.7 313 85.5 59.8 242 14

U 4.92 2.92 71.7 438 2.36 5.28 33.9 20.4 65.4 0.98

La 33.1 713 415.0  1760.0 139.0 122.0 130.0 164.0 865.0 383
Ce 67.8 156.0 853.0 >3000 242.0 233.0 313.0 354.0 1830.0 65.1

Pr 6.7 20.8 115.0 355.0 25.6 26.4 353 54.7 218.0 6.8

Nd 22.2 84.4 517.0  1190.0 81.9 88.6 139.0 234.0 761.0 21.6
Sm 4.6 17.1 141.0 174.0 12.7 19.2 35.9 60.9 163.0 3.8
Eu 0.5 6.3 7.6 15.3 2.3 14 1.7 3.1 7.7 0.7
LREE 1349 3559 2048.6 >6494.3 503.5 490.6 654.9 870.7  3844.7 136.4
Gd 4.29 1450  150.00  106.00 7.84 18.70 42.90 65.60  168.00 2.76
Tb 0.74 2.19 31.50 10.20 1.07 3.42 9.58 12.70 30.60 0.43
Dy 4.26 10.50  195.00 42.90 4.60 20.00 63.20 76.30  176.00 2.10
Ho 0.85 1.80 38.80 7.00 0.76 3.79 13.70 15.80 34.80 0.38
Er 2.68 476  121.00 19.50 2.10 11.20 44.00 49.50  108.00 1.11
Tm 0.46 0.64 18.60 2.60 0.29 1.66 6.59 7.56 16.80 0.16
Yb 3.34 372 111.00 14.90 1.83 9.89 40.10 4590  102.00 0.99
Lu 0.57 0.52 14.60 1.86 0.32 1.32 5.48 6.13 13.50 0.14
HREE 17.19 38.63 >1680.5 204.96 18.80 69.98 22555 27949 649.70 8.07
Y 26.7 51.6  >1000 202.0 21.1 112.0 377.0 464.0  >1000 12.3
HREE+Y 43.9 90.2 >1680.5 407.0 39.9 182.0 602.6 743.5 >1649.7 204
L/HREE 3.1 4.0 <1.2 >16.0 12.6 2.7 1.1 1.2 <23 6.7
REE+Y 178.8 446.1 >3729.1 >6901.3 543.4 672.6 12575 16142 >5494.4 156.8

Analyist: Actlabs, Ltd. Cr and Ni, below 20 ppm
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