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ABSTRACT : We report adventages of employing MgO as a differentiation index for the Namwon
granitic complex. It is shown to be much more sensitive than the usual Harker index. The complex
can be divided into two groups on the basis of Ti0,/MgO ratio. The low TiO,/MgO group consists
of hornblende biotite tonalite-granodiorite, porphyritic hornblende biotite granodiorite (PHBGd) and
part of biotite granite (loBG). PHBGd shows its own distinct variation in the low group. This group
is characterized in most cases by the presence of hornblende, even if it occurs as a trace amount.
The high TiOy/MgO group consists of part of biotite granite (hiBG) and two mica granite. The
major element differences between rock types are also apparent in biotite chemistry. These chemical
data indicate that at least two distinct origins of magma are required for the complex. Two kinds
of biotite granite revealed in this study show distinct geographic distribution, suggesting that a
new geologic map should be made.

Key Words : Namwon granitic complex, whole rock chemistry, biotite chemistry, cryptic geologic

boundary

INTRODUCTION

A granitic batholith in general consists of diverse
rock types which might be originated from
differentiation of a common magma, or from
separate intrusions of different origins. When one
interprets the origin of a suite of granitic rocks,
e.g. a batholith, apparently associated in space and
time based on chemical data, it is customary to
conclude that different rock types are the result
of differentiation of a common magma, if the data
vary smoothly in chemical variation diagrams.

The Namwon granitic complex consists of
several rock types such as tonalite, granodiorite,
biotite granite, and two mica granite (Fig. 1).
Previous studies of the complex concluded on the
basis of field
chemistry that the different rock types are related

relations and major element
to the differentiation of a common source magma
(Hong et al., 1988; Kim and Lee, 1988).

In this study, we reinterpret whole rock and
biotite chemistry data for the Namwon complex,

and show that the complex could have formed from
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at least two distinct origins of grdnitic magmas.
GEOLOGIC SETTING

The Namwon granitic complex emplaced in the

Youngnam massif, located near the tectonic
boundary between the Ogcheon fold belt and the
Youngnam massif in southwestern Korea, intrudes
Precambrian basement rocks to the north and
south, and the Daegang granite to the west (Fig.
1). It consists of four major rock types such as
hornblende biotite tonalite-granodiorite (HBTGd),
porphyritic  hornblende  biotite  granodiorite
(PHBGA), biotite granite (BG), two mica granite
(TMG), and minor diorite. BG occupies a major
(western and central) part of the. complex and
shows porphyritic texture near the western margin
against the Daegang granite (Kim ef al., 1984).
Other rock types occur mostly in the eastern part
of the complex, except for diorite occurring in the
middle part of the BG. Kim and Lee (1988)
observed that the

intrusive relationships between them. However,

different rock types have
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Fig. 1. Geologic map of the Namwon granitic batholith (modified from Hong et al., 1988 and Kim et al., 1988).
Abbreviations: HBTGd, hornblende biotite tonalite-granodiorite; PHBGd, porphyritic hornblende biotite
granodiorite; 1oBG, biotite granite with low TiOx/MgO ratio; hiBG, biotite granite with high TiO,/MgO ratio;

TMG, two mica granite.

one of us (Hong), who did most of the field work
for this study, considers that the relationships
between the rock types are not certain.

The Mesozoic plutons in the study area can be
divided into foliated and nonfoliated plutons. The
is considered to be related to the
deformation event of the broad Honam shear zone

former

(Yanai et al., 1985). Namely, the foliated granites
are interpreted as either pre- or syn-tectonic
intrusives, while nonfoliated ones are post-tectonic.
The Namwon complex is considered as post-
tectonic its generally
nonfoliated nature (Kim et al., 1984). However, Kim
et al. (1987) reported mylonitization in PHBGd and
southeastern part of BG. Choo and Kim (1986) gave
a Rb-Sr whole rock age of 211+ 3 Ma for the BG
of the Namwon complex, while Kim et al. (1987)
reported Ar-Ar hornblende ages of 191 to 196 Ma
from mylonitic PHBGd.

intrusives because of

ANALYTICAL PROCEDURE

Major element data for 40 samples from the
Namwon complex have been reported already by
Hong et al. (1988). However, we analyzed the same
samples with XRF method to check the quality of
previous analyses which employed ICP-AES
method, and to provide Si0, and H,O data which
were missing in Hong et al. In addition we analyzed
six more samples to extend the data base for the
complex. A detailed analytical procedure for the
XRF analysis of the whole rock samples appears
in Tsuchiya et al. (1989).

New major element data are shown in Table 1.
Comparisons between XRF and ICP-AES data,
along with 1: 1 correspondence line, are shown in
Fig. 2. Correlations for MgO, Fe,Os* (total iron),
Ca0, K,0, TiO,, P,0s and MnO are remarkably
good, except that P,O; and MnO show several
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Fig. 2. Comparison between XRF and ICP-AES data.

aberrant data toward higher values for ICP
method. On the other hand, correlation for Al,O;
values is not so good. Difference beween the two
methods for AlL,O; ranges up to about 1 wt%. SiO;
values by ICP method quoted in Hong ef al. (1988)
are systematically higher than XRF data. This is
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Fig. 3. Streckeisen diagram for the Namwon granitic
complex. Abbreviations are the same as in Fig. 1.

conceivable since ICP data were not directly
measured, but calculated assuming the analyzed
samples water-free. However, directly measured
values of Na,O show systematic differences toward
lower values for XRF data. The above observations
mean that a caution should be taken when one
compares data from different methods or from
different laboratories. Thus, it is obvious to report
data for well-known standard samples in order to
facilitate inter-laboratory comparisons.

PETROGRAFPHY

The petrography of the Namwon complex has
been described previously in some detail (Kim et
al., 1987; Hong et al., 1988; Kim and Lee, 1988).
A brief summary is described in the following.

HBTGd is medium- to coarse-grained (1 to 7
mm) and mainly consists of plagioclase, quartz, K-
biotite, ‘ Accessary
minerals are epidote, allanite, sphene, oxides,
apatite and zircon. PHBGd is porphyritic (3 to 5
cmX1 to 2cm alkali-feldspar) and consists of
biotite.
Accessary minerals are epidote (magmatic ?) with

feldspar, and hornblende.

quartz, plagioclase, K-feldspar and
allanite core, hornblende, sphene, oxides, apatite
and zircon. BG is medium- to coarse-grained, and
consists of quartz, plagioclase, K-feldspar, and
biotite. Accessaries include hornblende, epidote,
allanite, sphene, oxides, apatite and zircon. Note
that presence or absence of hornblende in BG

appears to indicate significant chemical differences
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between BG, which will be described later. TMG
is coarse-grained in general and consists of quartz,
plagioclase, alkali-feldspar, biotite and muscovite.
Accessaries include sphene, allanite, oxides,
apatite, and zircon.

Results of modal analysis for the samples
discussed in this study are shown in Table 2. Some
of these data are from Kim et al. (1987). When the
mode data are plotted in the Streckeisen diagram
(Q-A-P), they show a trend varying from tonalite
through granodiorite to granite (Fig. 3). This trend
corresponds to the low-K calc-alkaline series in the
classification of granite series proposed by
Lamyere and Bowden (1982). The series is
interpreted to be tectonically related to an early
magmatic event near subduction zone during the
evolution of an orogenic belt (Lamyere and

Bowden, 1982).
RESULT AND DISCUSSION
Major Element Variation

The major element characteristics of the
Namwon complex has been reported previously by
Hong et al. (1988). They showed that the complex
belongs to granitoids of calc-dlkaline series, using
the classification proposed by Irvine and Baragar
(1971). Since Harker diagrams for major oxides
appear in Hong ef al. (1988), we do not duplicate
them here. In general, as the amount of SiQ,
increases, that of TiO,, AlO; MnO, FeO, MgO,
Ca0, and P,O; decreases, while K;O and Na,O
show increasing trends, albeit scattered.

In this paper, we use MgO content instead of
Si0; as a differentiation index. Althogh it is a
common practice to use MgO for basaltic rocks,
it has been seldom used for granitic rocks.
However, because MgO is a major constituent of
mafic minerals such as hornblende and biotite, and
because all the rocks we are considering have at
least one of these phases, the MgO index can be
useful for detecting variation of other elements as
the fractionation of mafic minerals proceeds. Also
note that MgO and SiO, have good negative
correlation in a Harker diagram (Hong et al., 1988).

Vol. 2, No. 1, 1993
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Fig. 4. () MgO-TiO; diagram, (b) SiO,-Ti0,/MgO
diagram. Abbreviations are the same as in Fig. 1.

A  major advantage of wusing MgO as a
differentiation index would be that it is not so
sensitive to potential cumulate effect of felsic
minerals for major elements residing mostly in
mafic minerals such as Fe, Ti, P, and Ca in part.

A significant feature in the chemistry of the
Namwon complex is that it can be divided into two
contrasting linear trends, low and high TiO,/MgO
groups in a MgO-TiO, plot (Fig. 4a). HBTGd and
PHBGd belong to the low group and TMG to the
high group. On the other hand, BG belongs to hoth
groups. Hereafter, we call hiBG for BG with high
Ti0,/MgO values and 1oBG with low values. The
differences in TiO,/MgO ratios are more obvious
in Si0; vs. TiO,/MgO plot (Fig. 4b), where the low
group has TiOy/MgO ratio of about 0.3 to 0.4 and
the high group about 0.45 to 0.6. Nearly constant
TiO;/MgO ratios of HBTGd and 1oBG are
remarkable considering a large variation of SiO,.
On the other hand, PHBGd show increasing TiO,
/MgO ratio with SiO,, 1, with fractionation.
Among the mineral phases containing Ti in
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Fig. 5. MgO-variation diagrams.

granitoids are titanomagnetite and sphene. Thus,
the decrease of Ti with decreasing Mg is probably
associated with fractionation of such phases. Note
that each lithologies occupy & distinct field in these
plots, suggesting that chemical variation of
individual rock types might have unique

fractionation history. Although the MgO content

of both HBTGd and PHBGd varies from about 0.7
to 2.0, PHBGd tends to have slightly higher Ti
content. The MgO content of 10BG varies from 0.2
to 1.7, while that of hiBG from 0.4 to 0.9. The TMG
has the lowest MgO contents.

Variation diagrams for other major oxides
against MgO are shown in Fig. 5. In the diagrams
we can observe that different TiO,/MgO groups
have distinct variations. We describe important
features in the following. In general, rocks with
MgO content greater than about 1 wt% show large
variation than those with lower MgO. It is
interesting that P,0Os; shows almost identical
variation as TiO;. The SiO; content of hiBG and
TMG tends to be slightly lower for given MgO,
compared with that of 10BG. Al,O; content for the
high TiO,/MgO group shows steeper decreasing
trend with MgO than the low group, implying
important fractionation of feldspars for the latter.
Similar trends can be found for CaO variation,
suggesting that plagioclase fractionation was
important for chemical variation of the low. group
in this case. Although Na,O variation appears to
have no well-defined trend, the distinction between
the two groups are clear, with the low group having
higher Na,O contents. K;O variations are scattered
and overlap. However, the low group appears to
have increasing trend of K,O with decreasing MgO,
suggesting that K-feldspar fractionation was not
important in this group. This observation agrees
with importance of plagioclase fractionation for the
low group as shown in CaO variation. It also
implies that higher Na,O contents for the low group
might be an inherent feature of original magma.
The high group has higher Fe;,Os* contents for
given MgO and shallower slope than the 10BG,
indicating less iron depletion during fractionation.
Also, note that PHBGd has higher total iron than
others in the low group, which is somewhat similar
to TiO, variation diagram.

In summary, the overall major element varia-
tions for the two groups show that fraction-
ation of plagioclase (Al and Ca), K-feldspar (Al and
K), titanomagnetite (Ti and Fe), and apatite (P) was
concurrent with that of biotite and horn-
blende (Mg and Fe). Distinctions based on TiOs/
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MgO ratio are apparent in most variation diagrams,
indicating that the two groups cannot be related
to differentiation of a common magma. The
variations of Al,O; CaO and KZO suggest that
plagioclase fractionation was more important, while
K-feldspar less important for the high TiO,/MgO
group than the low gfoup. The steeper slope of
TiO; and shallower slope of Fe,Os* variations for
the high group compared with the low group
suggest that fractionation of Ti-rich phase (ilmenite
perhaps) was more important for the high group.
In the low group, PHBGd might represent another
distinct origin of magma, since it shows distinct
variation from 1oBG and HBTGd in Fe;Os5*-, P:Os-,
MnO-, and TiO,- MgO diagrams.

Biotite Chemistry

Biotite chemistry in granitoids is believed to be
an important indicator of physicochemical
conditions of magma in which it grows (Wones,
1981; Ague and Brimhall, 1988). Thus, we may
expect different biotite chemistry if there were
differences in such conditions, which could imply
potentially different batches of magma. We found
a significant correlation between the chemistry of
biotites and whole rocks in the Namwon complex.
The following interpretations are based on the
biotite chemistry data in Hong et al. (1988) and
our unpublished data.

In a TiOy/MgO (whole rock) vs. Mg/(Mg-+Fe)
(biotite) diagram, the data overall show a negative
correlation (Fig. 6). In the figure, there are four
distinct fields occupied by 1oBG and HBTGd,
PHBGd, hiBG, and TMG. It is interesting to see
that 1oBG and HBTGd have an intimate
relationship not only in bulk rock chemistry but
also in mineral chemistry. Significant difference in
biotite chemistry of PHBGd from 1o0BG and HBTGd
supports the speculation made from major element
variations that PHBGd may not be cogenetic with
HBTGd and 10BG. In any. case, the above
distinction could suggest different sources for each
lithology. Alternatively, since Mg/(Mg+Fe) ratio
in biotite is believed to have a close relationship
with oxygen fugacity in the magma (Ague and
Brimhall, 1988), the difference in Mg/(Mg+ Fe)
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Fig. 6. Correlation diagram between TiO,/MgO (wt%)
in whole rock and Mg/(Mg+Fe) (per formula unit)
in biotite.

within each group would be due to difference in
oxygen fugacity possibly controlled by distinct
mineral assemblages.

In summary, these observations indicate that the
two kinds of BG revealed by whole rock chemistry
are clearly distinct in biotite chemistry, suggesting
different conditions or sources of magma.

Distribution of IoBG and hiBG

Distribution of rocks based on Ti0O,/MgO ratio
is shown in Fig. 7. It appears that the distribution
of the 1oBG and hiBG is not random, but distinct.
The 1oBG occurs in two areas separated by hiBG:
the eastern part of the BG where it is associated
with  hornblende-bearing HBTGd, and the
northwestern part where no such rocks are
associated. The distinct geographical distribution
of l1oBG and hiBG appears to support the idea of
separate intrusions for BG.

This observation suggests that a new geologic
map should be made. Because of lithological
similarity between the two BG, it would not be
easy to detect the boundary, what could be called
a cryptic boundary, between them in the field.
However, presence or absence of hornblende, and
whole rock and biotite chemistry would help find
such a boundary.

Speculations on the Origin of different TiO,/MgO
ratios and the Source Materials

We have described that the rocks of the Namwon
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Fig. 7. Distribution of chemically distinct groups of granitic rock in the Namwon complex (LTM, low TiO,/MgO
group; HMT, high TiO,/MgO group), which suggest intrusion of the HTM into the LTM.

complex have two distinct groups of TiO,/MgO
ratio. In the MgO variation diagrams, distinctions
between the two groups were most apparent in TiO,,
P20s, and NayO. Since differentiation by fractional
crystallization at a given pressure cannot normally
produce such a sharp break in the chemical
variation diagrams shown previously, we regard
that relationship between the two groups should
be explained by some other processes. If a common
source is considered, viable processes would be
fractional crystallization at different pressures,
different degree of partial melting, and assimilation
or magma mixing when contamination is involved.
Among these processes, assimilation and magma
mixing hypothesis may tentatively be discarded,
because unless such processes are complete, major
element variations would appear rather gradational
than with a sharp break. However, we do not
completely exclude such possiblities, for sensitivity
of major element chemistry in detecting such

processes 1is generally low compared with those of
trace element and isotope data. In any case, our
lack of pertinent knowledge and data in the present
study does not allow us to further speculate on
other potential processes.

There have been many attempts to deduce
source characteristics of granitic magmas, since the
proposal of Chappel and White (1974).
Lithologically, the high TiO,/MgO group
(muscovite-bearing) belongs to S-type granite,
while the low group (hornblende-bearing) to I-type.
However, distinction between I- and S-type
granites based on lithological characteristics can
be ambiguous, since extreme differentiation of I-
type magma can produce S-type magma (White et
al, 1986). Although high Sr initial ratio (0.7186% 0.
0004) reported by Choo and Kim (1986) also
suggests an S-type source for hiBG, the ratio
cannot provide definitive answer for the source

material, since the high Sr initial could be
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interpreted as having been developed from an
igneous source with high Rb/Sr ratio and/or old
age. On the other hand, major element
characteristics suggest both belonging to I-type.
Sodium difference in granitic rocks are well known
for its usefulness of dividing I- and S-type sources
(White et al., 1986). The high Na,0 (>3.0 wt%)
content of the Namwon complex suggests igneous
type source material as a whole. Alumina indices
of less than 1.1 also support I-type source for the
Namwon complex.

CONCLUSION

The diverse rock types of Mesozoic Namwon
granitic complex, which have been believed to he
products of differentiation of a uniform source,
appear to have derived from at least two different
origins of magma, on the basis of MgO variation
diagrams (especially in TiO,- and P;05-MgO) .
Since the sharp break in the variation diagram
cannot be produced by simple fractionation, other
magmatic processes, or source differences are
called for to explain the major element chemistry
of the complex. High Na,O contents of the Namwon
complex suggest an igneous source material,
regardless of lithology. Biotite chemistry also
appears to be closely associated with whole rock
chemistry. With the aid of chemical data we
recognize two kinds of biotite granite showing
distinct geographical distribution, which suggests
that a new geologic mapping should be done.
Because the chemical difference cannot be easily
revealed in the mode, one would have to use
chemical (whole rock and biotite) data for geologic
mapping of this kind of plutonic suite.
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