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Magmatism and Metamorphism of the Proterozoic in the Northeastern
Part of Korea : Petrogenetic and Geochemical Characteristics
of the Okbang Amphibolites

Ho-Wan Chang*, Dong-Hwa Lee* and Kye-Hun Park**

ABSTRACT: The Okbang amphibolites occurring as sill-shaped bodies within the Precambrian Wonnam Group have
been studied in terms of geochemical characteristics for their tectonomagmatic environments. The amphibolites
fall in the ortho-amphibolite fields in Ni and Cr versus Cu diagrams. They belong to subalkaline and tholeiitic
series in total alkali versus silica and ternary AFM diagrams, respectively. They show the compositional variation
corresponding to the differentiation trend of tholeiitic suites. In discrimination diagrams using high-field-strength
elements such as Ti, Zr, Nb and Y, the amphibolites show geochemical affinities to both of volcanic-arc tholeiites
and normal (depleted) mid-oceanic ridge tholeiites. The REE patterns of the amphibolites are nearly flat and
extremely similar to those of back-arc tholeiites. (La/Yb)en ratios vary from 0.89 to 2.02 with an average value
of 1.23. Such low lightREE abundances in the amphibolites suggest that they were derived from the upper mantle
source depleted in these elements.

In view of geochemical characteristics showing strong enrichments of incompatible elements such as K and
Rb, distinctive negative Nb anomalies, depletions of light-REE observed also in normal (depleted) mid-oceanic ridge
tholeiites, and unfractionated immobile elements such as Y and Yb, the tholeiitic magmas, from which the parent
rocks of the amphibolites were formed, would be generated from a depleted upper mantle source and contaminated

by continental crustal materials en route to surface. Tectonomagmatic environment for the amphibolites can be

assumed to be continental back-arc basin.

INTRODUCTION

The Okbang amphibolites in the Socheon-meon,
Bonghwa-gun, Gyungsangbuk-do occur as sill-shaped
bodies within the Precambrian Wonnam Group. The
amphibolites are included as xenoliths in the Bun-
cheon gneissic granite. The amphibolites extend al-
most 3 km and vary with the range from 20 to 120
m in thickness.

In the Okbang tungsten mine, the amphibolites are
closely associated with scheelite-bearing pegmatite
veins. Previous works for the study area were mainly
concentrated on the studies for the exploration of ore
deposits (Lee, 1967; Kim, 1969; Ahn, 1969; Kim,
1986).

Lee (1967) has described the geology and ore de-
posits of the Okbang scheelite mine in some detail.
Scheelite-bearing pegmatite veins, which are fissure-
filling types along the bedding slippages and fractu-
res, occur only within the amphibolites, but not wi-
thin the gneissic granite or the schist surrounding
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the amphibolites. On the basis of petrographic featu-
res, Lee (1967) recognized that the scheelite deposits
have been formed by the metasomatic reaction of
the tungsten-bearing and alkaline fluid of pegmatites
with the calcium, which could be derived from the
hydrothermal alteration of plagioclase and hornb-
lende constituting the amphibolites.

With regard to amphibolites, their petrogenesis are
still controversial, although both Lee (1967) and Kim
(1986) assumed that these rocks would be metamor-
phosed hornblendites or basic intrusive rocks. Fur-
thermore, the genetic relationship between amphibo-
lites and the associated Buncheon gneissic granite
is not clear. The aim of the study is to investigate
the tectonomagmatic characteristics of the amphibo-
lites, which seems to be particularly important for
understanding their origin and tectonic setting in the
Taebaeksan area of the Proterozoic age.

GEOLOGIC SETTING

The geology of the area has been described in the
Samgunri Sheet (1:50,000 scale) published by Geo-
logical Survey of Korea (Kim et al,, 1963). The detail-
ed geology of the vicinity of the Okbang mine was



490 Ho-Wan Chang et al.

presented in Lee (1967).

In brief, the geology of the study area consists ma-
inly of the Precambrian Buncheon gneissic granite
and metasedimentary rocks such as the Yulli series,
the Wonnam Group, and quartzite.

The Yulli series are metasedimentary rocks confo-
rmably overlying the Wonnam Group and they com-
prise arenaceous and argillaceous schist or gneiss.
The Wonnam Group is composed of biotite gneiss,
biotite-garnet gneiss, schist, and interbedded quartzite
and limestone. These rocks show the tightly bedded
crenulation. The strike and dip of main foliation is
N50-76E and 36~88NW. In places, the biotite-garnet
gneiss often shows porphyroblastic texture and shows
the alteration of biotite to muscovite and of muscovite
to atoll garnet. The metasedimentary rocks above
mentioned were intruded by the Okbang amphiboli-
tes, the Buncheon gneissic granite, and pegmatites.

The Okbang ampbhibolites occur as sill-shaped with-
in the Wonnam Group in southern part of the area,
and were included as xenoliths in the gneissic granite
in northern part.

The Buncheon gneissic granite, which is distributed
in northern half of the area, intruded metasedimen-
tary rocks and the amphibolites. The gnessic granite
shows augen and banded structures due to regional
deformation. The foliations are N62-80E and 52~80
NW in the Okbang mine area, and N10-20W and
50~58NE in the Ssangjeon area. Major constituent
minerals are quartz, microcline, plagioclase, and bio-
tite with minor amounts of epidote, zircon, and apa-
tite. Coarse-grained quartz and plagioclase show mo-
rtar texture surrounded by small cataclastic quartz
and plagioclase. The augen and mortar textures seem
to be due to cataclastic deformation.

The Rb/Sr age of the Buncheon gneissic granite
around the Buncheon area was determined as 2,107
Ma with an initial ¥St/%Sr ratio of 0.7056% 0.0006
(Choo and Kim, 1985) and 2,097+ 4 Ma with an ini-
tial ¥Sr/*Sr ratio of 0.7082% 0.0007 (Hong, 1985).
However, Ri (1988) determined a different Rb/Sr age
for the Buncheon granitoids of 1,863+ 103 Ma with
an initial ¥Sr/%Sr ratio of 0.72446.

PETROLOGIC CHARACTERISTICS

The amphibolites vary with the range from less
than 30 to 120 m in thickness. The rocks are dark
grey to grey and medium-grained rocks with leuco-
cratic lineation. They show ptygmatic folds in some
places. This means that the parent rocks of the am-

phibolites were affected by regional and cataclastic
movements.

The amphibolites intruded by the Buncheon gneis-
sic granite are observed in the vicinity of the Okbang
primary school. The K/Ar age of the hornblende in
scheelite bearing-pegmatite of the Okbang mine is
2,006.99+ 287 Ma (Park et al, 1988). Considering
that the scheelite mineralization resulted from meta-
somatic reaction between tungsten-bearing fluid of
pegmatites and amphibolites, the age of the parent
rocks of the amphibolites seems to be early Protero-
zoic or late Archean, which are also in good agree-
ment with pre-Buncheon gneissic granite and post-
Wonnam Group. The strike and dip of the foliations
in the amphibolites are N40-88E and 33~80NW, res-
pectively. They are concordant with those of the Won-
nam Group.

Amphibolites are mainly composed of amphibole
and plagioclase, and minor accessary minerals such
as apatite, magnetite, biotite, and quartz. The amphi-
bole shows generally pristmatic and metablastic tex-
ture. Occasional biotitization of hornblende and agg-
regates of coarse biotites are observed near to pegma-
tite veins. Amphibole and plagioclase in amphibolites
were analysed using the electron probe microanalyser
JXA-733, Seoul National University.

Plagioclase compositions vary from Ans; to Ans
in the area, but individual grains show nearly cons-
tant composition from core to rim. Amphibole com-
positions vary from magnesio-hornblende to actinoli-
tic hornblende in places but chemical compositions
of their individual grains show nearly constant like
those of plagioclases. This means that although com-
positional variations of minerals were resulted from
magma differenciation processes, the chemical com-
positions of individual grains have been homogenized
by re-equilibration due to regional metamor phism.,

Amphibole-plagioclase pairs yield metamorphic tem-
perature with 530£20°C on the empirical model
for plagioclase-hornblende exchange equilibria of
Spear (1980). Brown’s geobarometer (1977), which is
based on the exchange of Al and NaM4 in tetrahed-
ral site of amphibole, indicate that the parents of am-
phibolites were metamorphosed below about 3
kbar.

P-T conditions for the regional metamorphism in
the area have been assumed for garnet-biotite pairs
in the Buncheon gneissic granite and pelitic assemb-
lages in the Weonnam formations. They are 530~570
°C at 3.5 kbar (Kim, 1991). These values nearly cor-
respond with those assumed for amphibole-plagio-
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Fig.1. Geologic map of

clase pairs in amphibolites.
GEOCHEMICAL CHARACTERISTICS
Sampling and Analytical Procedure

Thirteen samples were selected from fresh and ma-
ssive parts of amphibolites, away from pegmatite
veins, mineral veinlets such as biotite and calcite,
and other metamorphic alterations. Samples B34 and
B137 were collected from the Samgunri area and sam-
ples HL and HRI near from scheelite-bearing peg-
matite. The others were collected from the main am-
phibolite sill in the central part of the area (Fig. 1).

Major and trace elements except SiO, have been
analysed using inductively coupled plasma mass spe-
ctrometer at Inter-University Center for Natural Sci-
ence Resource Facilities at Seoul National University.
SiO, have been analysed on fused glass beads, using
X-ray fluorescence spectrometer at Korea Mining
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the Okbang area.

Promotion Corporation. Rare earth elements (REE)
are extracted and pre-concentrated using cation-ex-
change procedure for the precision of the analysis.

Major and trace element analyses are given in Ta-
ble 1 and REE in Table 2.

Major and Trace Elements

In terms of the immobility of Ti during metamor-
phism, Ti contents can be used to discriminate ig-
neous origin from sedimentary origin for the amphi-
bolites. In Ni and Cr versus Cu diagrams considered
by Engle and Engle (1962) (Fig. 2), most of samples
except two samples fall in the ortho-amphibolite fiel-
ds, with a widely scattering pattern of elements. Cu
contents in the amphibolites range from 4 to 312
ppm. Ni and Cr contents vary with a wide range
from 57 to 107 ppm and from 91 to 492 ppm, respec-
tively (Table 1). In general, these compatible element
contents are strongly affected by fractional crystalli-
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Table 1. Major and trace element data for the Okbang amphibolites.

wt.% B34 BI118-3 B64 B247-2 BI05 B106 B137 BIll B214 B243 B258 HL HRI Average
SiO, 5130 4970 51.80 5260 4820 4430 5000 4930 4990 49.60 5040 5260 5250 50.1
ALO; 1440 1364 1337 1350 1263 1367 1469 1450 1337 1304 926 1223 1415 132
Fe,0; 271 302 404 308 429 475 237 381 330 231 212 337 345 33
FeO 7.56 870 1014 838 1240 1332 669 988 963 773 616 993 835 9.1
MgO 8.18 769 480 637 698 633 814 685 654 817 552 651 503 6.7
Ca0 1095 1101 863 755 947 928 1180 932 1020 1172 675 811 880 9.5
Na,O 1.84 173 245 107 152 177 150 217 L77 085 158 090 256 17
K:0 045 043 059 133 069 09 078 076 027 030 046 092 077 0.7
TiO, 0.54 070 108 08 205 132 051 095 084 055 047 092 124 0.9
P,0s 0.08 009 013 009 019 009 007 010 010 008 007 008 017 0.1
MnO 0.15 019 020 015 025 039 015 029 020 018 014 020 047 0.2
Total 9899  97.86 9836 9591 10005 9800 9744 9802 9719 9569 8361 9687 97.12

ppm Average
Ti 3236 4195 6472 5154 12285 7910 3056 5693 5034 3296 2817 5513 7431 5545.5
K 3736 3570 4898 11041 5728 7471 6475 6309 2241 2490 3819 7637 6392 52238
P 349 393 567 393 829 393 306 436 436 349 306 349 742 4499
Rb 12 20 23 98 % 110 39 46 19 14 51 80 4“4 438
Ba 4 41 32 118 86 74 60 36 56 31 56 45 185 66.5
Co 34 41 40 35 49 49 34 43 42 37 29 33 37 38.7
Cr 258 282 201 298 260 91 308 136 164 492 136 443 190 250.7
Cu 49 94 312 37 13 9 18 4 143 111 42 13 107 73.2
Li 18 26 14 60 42 128 15 14 13 38 23 19 3t 339
Nb 1 1 3 22 9 2 1 2 2 1 2 3 7 2.8
Ni 107 92 57 94 102 8 119 81 88 106 77 106 52 89.7
Xc 4 4“4 40 48 4 48 42 40 43 4“4 28 51 35 424
Sr 107 93 103 130 116 63 75 89 97 110 75 43 273 105.7
\" 41 21 312 326 475 943 225 307 298 232 187 349 264 340.8
Y 15 18 31 22 37 18 15 23 23 15 13 26 32 222
Zn 64 80 131 87 127 358 65 215 101 71 63 316 9% 136.5
Zr 4 55 89 66 9 76 43 n 68 4 38 75 % 69.0
Ti/Zr 74 76 73 78 128 14 71 80 74 75 74 74 77 787
Zr/Y 29 31 29 30 26 4.2 29 31 30 29 29 29 3.0 3.10
K/Rb 3113 1785 2130 1127 2203 679 1660 1372 1180 1779 749 955 453 155
K/Ba 849 871 1531 936 666 1010 1079 1753 400 803 682 1697 346 97.1
Sr/Ba 243 227 322 110 135 085 125 247 173 355 134 09 148 1.59
Rb/Sr 0.11 022 022 075 022 175 052 052 020 013 068 1.8 0.6 0.56

zation of mafic minerals such as ilmenite, magnetite,
or pyroxene. Furthermore, the increase in TiO, is
accompanied by the increase of total iron and P,O;s
and the decrease of Al,O; and MgO (Table 1), sugge-
sting fractional crystallization processes. The amphi-
bolites belong to subalkaline series on the total alkali-
silica diagram of Irvine and Baragar (1971) (Fig. 3a),
with a limited range from 1.15 to 3.33 wt.% total al-
kali (Na;0+K;0). The some scatter of analyses in
this diagram may be due to fractional crystallization.
K/Rb and Rb/Sr ratios range from 45 to 311 and
from 0.11 to 1.86, respectively, and they also suggest
fractional crystallization or crustal contamination.
The subalkaline series are subdivided into a calc-al-
kaline series and a tholeiitic series. The amphibolites

contains higher total (FeO+ Fe,0s) and TiO,, but lo-
wer K;0, SiO,, and MgO than the calc-alkaline series
defined by Irvine and Baragar (1971). Al,O; contents
in amphibolites are less than 15 wt.%. They form a
distinct group in the iron-rich tholeiitic field, on the
ternary AFM diagram proposed by Irvine and Bara-
gar (1971), and show the compositional variations cor-
responding to the differentiation trend of tholeiitic
suites.

High-field-strength elements (HFSE) such as Ti, Zr,
Nb, and Y are relatively immobile during weathering
and are very useful for tectonomagmatic discrimina-
tion purposes. The abundances of these elements in
the amphibolites range from 2,817 to 7,910 ppm for
Ti, from 43 to 96 ppm for Zr, from 1 to 9 ppm for
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Fig.2. Cr and Ni versus Cu diagrams for the Okbang
amphibolites. The dashed line separates ortho-amphiboli-
tes from para-amphibolites (Engle and Engle, 1962).

Nb, and from 13 to 37 ppm for Y. Such a wide range
of variations in element abundances can be approp-
riate for discrimination diagrams.

According to a series of discrimaination diagrams
such as Ti-Zr diagram (Fig. 4), Ti/100-Zr-3Y (Fig.
5a), and 2Nb-Zr/4-Y (Fig. 5b) proposed by Condie
(1990), Pearce & Cann (1973), and Meschede (1986),
respectively, the tectonomagmatic environment of the
amphibolites can be discriminated from within-plate
tholeiites (WPT), calc-alkaline basalts (CAB), enri-
ched mid-ocean ridge basalts (E-type MORB), and
volcanic-arc basalts (VAB). However, the amphiboli-
tes plot within both of modern volcanic-arc tholeiite
(VAB) and normal (depleted) mid-ocean ridge tho-
leiite (N-type MORB). The compositional field of N-
type MORB is overlapped with that of volcanic-arc
basalts (VAB), because volcanic-arc basalts (VAB)
can not be distinguished from N-type MORB in these
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Table 2. Rare earth element abundances for the Okbang

amphibolites.

B34  BI118-3 B64 B247-2 Average
(ppm)
La 2.36 275 4.05 6.08 3.81
Ce 6.56 9.15 12.04 16.61 11.09
Pr 1.03 143 1.93 228 1.67
Nd 5.60 7.80 10.50 10.50 8.60
Sm 1.23 1.76 285 225 2.02
Eu 0.51 0.68 0.99 0.89 0.77
Gd 1.98 2.66 4.26 3.07 2.99
Dy 253 313 523 3.67 8.64
Ho 0.51 0.62 1.04 0.71 0.72
Er 1.52 146 3.07 1.84 197
Yb 1.61 176 3.4 2.01 211
Lu 0.26 0.28 049 0.32 0.34
ZREE 45.7 3348 4949 50.23 4.73
ZLREE 17.29 2357 32.36 38.61 2796
ZHEEE 2841 991 17.13 11.62 16.77
CN)
La 7.17 8.36 12.31 1848 11.58
Ce 7.58 10.58 13.92 19.20 12.82
Pr 792 11.00 14.85 17.54 12.83
Nd 8.89 12.38 16.67 16.67 13.65
Sm 6.06 8.67 14.04 11.08 9.96
Eu 6.62 8.83 12.86 11.56 9.97
Gd 717 9.64 1543 11.12 10.84
Dy 9.17 9.13 15.25 10.70 25.19
Ho 6.62 8.05 13.51 922 9.35
Er 6.76 649 13.64 8.18 877
Yb 732 8.00 13.82 9.14 9.57
Lu 767 8.26 1445 9.44 9.96
(La/Sm)cn 1.18 0.96 0.88 1.67 1.17
(La/Yb)en 0.98 1.04 0.89 202 1.23
Eu/Eu* 1.00 0.96 0.87 1.04 097

ZLREE; La to Eu and ZHREE; Gd to Lu.
CN; Chondrite-normalized values using chondrite abun-
dance data from Sun(1980).

diagrams (Fig. 5a, 5b).
Rare Earth Elements

The rare earth element (REE) distribution patterns
in the amphibolites, normalized to chondrite (Sun,
1980), are presented in Fig. 6, for comparison with
those of island-arc tholeiites (IAT) and back-arc tho-
leiites (BAT).

The amphibolite patterns are nearly flat from La
to Lu, with a slight depletion and enrichment of light-
REE. (La/Yb)cy ratios vary from 0.89 to 2.02 with
an average value of 1.23. These REE patterns quite
differ from typical fractionated patterns with strong
enrichment of light-REE produced by fractional crys-
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Fig. 3. (a) The variations of (Na;0+K,0) wt.% versus SiO,
wt.% for the Okbang amphibolites. The solid line sepera-
tes alkaline from subalkaline suites (after Irvine and Ba-
ragar, 1971). (b) AFM diagram for the Okbang amphibo-
lites. The solid lines show typical tholeiitic and calc-alka-
line differentiation trends. A; Na,0+K,0, F; total FeO,
and M; MgO (afier Irvine and Baragar, 1971).

tallization. Light-REE abundances range from 8 to
17 times chondrite and heavy-REE abundances from
8 to 24 times chondrite. The gradual enrichment
from La to Nd observed in some samples may be
due to accessary minerals such as apatite. The only
one sample B247-2 have small negative Eu anomaly
with Eu/Eu*=0.87, suggesting the fractionation of
plagioclase and other samples show negligible posi-
tive or negative Eu anomalies with Eu/Eu*=0.96~
1.04.

The REE patterns of the amphibolites are extre-
mely similar to those of back-arc tholeiites from the
East Scotia Sea rather than those of island-arc tho-
leiite from the associated South Sandwitch island-arc
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Fig. 4. Ti versus Zr for the Okbang amphibolite. Compso-
tional fields are from Condie (1990). The diagonal line
(Ti/Zr=70) seperates primitive (to the left) from evolved
(to the right) members.

(Fig. 6). The upper and lower limits of the range
for the amphibolite patterns completely accord with
those for back-arc tholeiite patterns from the East
Scotia Sea. Light-REE abundances for the amphibo-
lites are similar to or slightly lower than those for
the back-arc tholeiite from the East Scotia Sea (Haw-
kesworth et al, 1977). Furthermore, the light-REE
abundances in the amphibolites are also similar to
those in the N-type MORB but they are two-thirds
of those in the E-type MORB reported by Humpbhris
et al. (1985).

Such low light-REE abundances in the amphiboli-
tes suggest that they were derived from the upper
mantle source depleted in these elements, distinct
from those of enriched mantle source.

DISCUSSION

Geochemical characteristics of the Okbang amphi-
bolites can be compared with those of tholeiitic basa-
Its of which the tectonic settings are known at pre-
sent. Incompatible element abundances for the Ok-
bang amphibolite, normal mid-ocean ridge tholeiite
(N-type MORB), enriched mid-ocean tholeiite (E-type
MORB), initial rifting tholeiite (IRT), oceanic back-
arc tholeiite (OBAT), continental back-arc tholeiites
(CBAT) and island-arc tholeiite (IAT) are normalized
to chondritic abundance, with the exception of K,
Rb, and P, which are normalized the primordial ma-
ntle values (Thompson et al., 1984) (Fig. 7). Fig. 8
show incompatible element abundance patterns in
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Fig.5. Tectonomagmatic discrimination diagrams. (a) Ti/
100-Zr-3Y diagram (after Pearce and Cann, 1973) for the
Okbang amphibolites. Compositional fields are: A; island-
arc tholeiite (IAT), B; mid-ocean ridge basalt (MORB)
and IAT, C; calc-alkaline basalt, and D; within-plate ba-
salt (WPB). (b) 2Nb-Zr/4-Y diagram(after Meschede, 19
86) for the Okbang amphibolites. Compositional fields
are: Al; within-plate alkalic, All; within-plate tholeiite
(WPT), B; enriched MORB (E-type MORB), C; volcanic-
arc basalt (VAB) and WPT, and D; normal MORB (N-
type MORB) and VAB.

the Okbang amphibolite, normalized to a range of
tholeiitic basalts of which tectonic settings are well
known at present.

In Fig. 7 and Fig. 8, elements are plotted in order
of decrease of their immobile incompatibility from
left to right, according to the method proposed by
Sun (1980). The incompatible element abundance
patterns can be used to discriminate the source of
a magma, because the shape of trace element abun-
dance patterns is not significantly affected by fractio-
nal crystallization or variable degrees of partial mel-
ting (Pearce, 1983).

The continental crustal rocks are generally enri-
ched in K, Ba, and Rb relative to MORB types (N-
type MORB and E-type MORB). Accordingly, mag-
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Fig. 6. Chondrite-normalized REE patterns for the Okbang
amphibolites, compared to fields for island-arc tholeiite
(IAT) from the South Sandwich island arc (after Hawkes-
worth et al., 1977) and for back-arc tholeiite (BAT) from
the associated marginal basin, the East Scotia Sea (after
Saunders and Tarney, 1979).
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Fig. 7. Incompatible element abundance patterns, norma-
lized to chondrite and primordial mantle values for K,
Rb, and P (after Thompson et al., 1984), in the Okbang
amphibolites, compared to those in tholeiitic basalts of
modern tectonic settings. Data for N-type MORB and
E-type MORB are from Sun (1980), OBAT from Saun-
ders and Tarney (1979), and IAT, IRT and CBAT from
Holm (1985).

mas, which are generated from a depleted mantle
source (N-type MORB) and contaminated by crustal
materials, generally show distinctive features having
spiked anomaly patterns, as a consequence of the
relative depletion of Nb and enrichment of Rb, Ba,
and K. The relatively immobile incompatible eleme-
nts such as Ti, Y, and Yb apppear nearly unmodi-
fied, even at significant degrees of contamination
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Fig.8. Incompatible element abundance paterns of the
Okbang amphibolites, normalized to a range of typical
tholeiitic basalts of modern tectonic settings. Symbols are
same as referred in Fig. 7.

(Wilson, 1989).

In Fig. 7, N-type MORB are strongly depleted in
more incompatible elements such as K, Ba, and Rb.
Compared to the N-type MORB, E-type MORB and
initial rifting tholeiites (IRT) in continental settings
show enrichments of the incompatible elements, po-
sitive Nb anomalies, and smooth patterns significantly
unfractionated.

In contrast, volcanic-arc tholeiite such as island-arc
tholeiite (IAT), oceanic back-arc tholeiite (OBAT)
and continental back-arc tholeiites (CBAT) show dis-
tintive features having the marked negative Nb ano-
malies and positive anomalies spikes at Rb and K.
These elements would be derived from continental
crust, and added to the depleted mantle source (Fig.
7, Fig. 8).

The Okbang amphibolites also show these geoche-
mical features strongly enriched in Rb and K with
distinctive negative Nb anomaly. In subduction-rela-
ted tholeiites, continental back-arc tholeiite (CBAT)
and oceanic back-arc tholeiites (OBAT) are strongly
enriched in the whole range of incompatible eleme-
nts, relative to island-arc tholeiites (IAT) (Fig. 7, Fig.
8). The Okbang amphibolite patterns are extremely
similar to those of the continental back-arc tholeiites
(CBAT) and oceanic back-arc tholeiites (OBAT), in
the whole range of incompatible elements. Back-arc
basins, developed on the continental side of a volca-
nic arc, originate either in oceanic settings such as
the Mariana Trough and the Scotia Sea or in conti-
nental settings such as Shikoku Basin. According to

Holm (1985), the incompatible element patterns for
oceanic back-arc tholeiite (OBAT) are extremely si-
milar to those for continental back-arc tholeiite
(CBAT). The only significant difference between
these two back-arc basin tholeiites is the somewhat
larger side of negative Nb anomaly for continental
back-arc type (Holm, 1985). Negative Nb anomaly
size observed in the Okbang amphibolite is similar
to that in the continental back-arc tholeiites rather
than in the oceanic back-arc tholeiites.

SUMMARY AND CONCLUSIONS

1. The Okbang amphibolites mainly consist of ma-
gnesio-hornblende, plagioclase (Ans;~Any), and mi-
nor accessory minerals such as pyroxene, apatite,
magnetite, biotite and quartz. The chemical composi-
tions of hornblendes and plagioclases vary in places
but those of individual grains are nearly constant.
This means that although compositional variations
of minerals were resulted from magma differentiation
processes, the chemical composition of an individual
grain have been homogenized by re-equilibration due
to regional metamorphism.

2. The Okbang amphibolites are classified into sub-
alkaline series on the total alkali-silica diagram and
tholeiitic series showing the differentiation trend on
AFM diagram. Accordingly, the amphibolites are or-
tho-amphibolites be originated from basaltic rocks.

3. The REE patterns of the amphibolites are nearly
flat with (La/Yb)cn ratios ranging from 0.89 to 2.02,
and extremely similar to those of continental back-
arc tholeiites rather than oceanic back-arc tholeiites
or island-arc tholeiites. In incompatible element abun-
dance patterns, the amphibolites show geochemical
features having the marked negative Nb anomaly,
positive Rb and K anomalies, depletion of light-REE,
and unfractionated patterns of immobile incompati-
ble elements such as Y and Yb.

4. The above-mentioned geochemical characteris-
tics strongly suggest that the tholeiitic magma, from
which the parent rock of amphibolites was formed,
would be generated from a depleted upper mantle
source and contaminated by continental crustal ma-
terial. Tectonomagmatic environment for the amphi-
bolites can be assumed to be continental back-arc
basin where the Wonnam Group would be deposited
at that time.
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