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Abstract

A migmatite with a mineral assemblage of garnet-orthopyroxene-biotite widely occurs around the Tekkali area in
the Eastern Ghats Mobile Belt (EGMB), India. The lithology changes from stromatic metatexite to plutonic diatexite,
and between them a migmatite with coarse-grained orthopyroxene-bearing leucosome vein occurs (“veined migmatite™).
The veined migmatite and diatexite are analyzed in terms of mineral and bulk rock chemistry. The mesosome portion
of the veined migmatite has an appearance of garnet (~Prp;s) -biotite gneiss and involves fine-grained orthopyroxene
(~Enss; Opx 1) and garnet porphyroblast (~Prpy) surrounded by the leucocratic patches. The Opx | and garnet
porphyroblast are considered to have formed concomitantly by the melting reaction consuming
biotite+plagioclase+quartz of the possible protolith, metagraywacke. Coarse-grained orthopyroxene in the leucosome
of the veined migmatite and diatexite is characterized by the presence of exsolution lamellae and Fe-enrichment (Eny;
Opx 2). Garnet concentrated along the boundary of the mesosome and the leucosome shows similar composition to
that in the mesosome, while it is Fe-rich (~Prpx) in the diatexite.

The mesosome of the veined migmatite is interpreted to have suffered from a melting event at high temperature
(~760°C) and middle pressure (~6.3 kbar) conditions, under the effect of percolated aqueous fluid. The diatexite, with
higher temperature (~880°C) was emplaced at ~7.5 kbar. Whole rock chemistry of the leucosome of the veined
migmatite and the diatexite, characterized by high K, Ti, Ba and Sr, indicates that they are similar to Charnockitic
Magma Type (CMT). The thermal event of the area is suggested as follows: the CMT emplacement provided heat and
aqueous fluid to the metagraywacke roof by vein propagation, and the roof part suffered from incipient melting to form
the veined migmatite.

Garnet coronas (~Prp,o) surrounding Opx 2 were produced during an isobaric cooling event (IBC), which ceased
at ~660°C and ~5.5 kbar in the veined migmatite, and at ~690°C and ~6.2 kbar in the diatexite. The IBC trajectory is
approximately comparable with those previously reported in the EGMB. In the present study area, the IBC is consid-

ered to have followed the CMT emplacement.
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Introduction

At granulite temperature conditions, especially >~850°C,
the prominent constituents of the crust are effectively fertile
to create melt or magma of granitic composition, as confirmed
by experimental studies (e.g., Skjerlie and Johnston, 1993).
It follows that many studies have shown the migmatite being
a record of fluid-absent melting in the mid- to lower crust,
where the availability of water is considered very limited (e.g.,
Dasgupta et al., 1992; Braun et al., 1996). On the other hand,
the problem whether or not the neosome-formation process
is related to melting and fluid is still debated, as seen in the
studies of charnockite. It has been recognized that various
processes of charnockitic neosome formation, which include
fluid-absent melting, melting under the effect of CO,-rich
fluid, subsolidus dehydration and so on (e.g, Newton, 1992;

Zhao et al., 1997 and references therein). The neosome for-
mation may not be in situ but represents injection of melt
derived from an external magma (Jung et al., 1998). Which- '
ever the process, the occurrence of felsic plutonic lithology
within a gneissic rock has been tempting petrologists because
it is suggestive of material transport and differentiation in the
crust. The present study area, located in the Eastern Ghats
Mobile Belt, one of the Proterozoic high-temperature granu-
lite terrains of India, includes various lithogies of migmatite;
their leucosome portions characteristically consist of
charnockitic assemblages. The variety of the occurrence and
distribution of the migmatites is considered to reflect the fac-
tors that constrain the process of their formation. The present
study aims to reveal the nature of the migmatization which
resulted from a thermal event relating to charnockitic magma
activity, by virtue of geochemistry and P-T estimation.
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Geology

The present study area is located in the northwestern part
of the Eastern Ghats Mobile Belt (EGMB) which consists of
Proterozoic granulites. Garnet-orthopyroxene-biotite
migmatite (GOBM) is widely distributed from Tekkali town
to south of Patapatnam, and is separated from other granu-
lites, mainly garnet-sillimanite gneiss (Yamamoto et al. [998).
The GOBM is particularly well-exposed around Tekkali Town,
where it is zoned by stromatic metatexite and veined
migmatite through diatexite from north to south (Fig. ). In
places, leucogranite sills/dykes occur in the veined migmatite
(Fig. 2A). The veined migmatite is with the leucosome veins
cutting across the mesosome in a network-pattern (Fig. 2A)

ARNALN
g‘—?‘“—nj

or along the axial planes of a minor folds (Fig. 2B). The
diatexite has a plutonic lithology, trapping some ghost-like
mesosome (Fig. 2C). Other granulites in the area include
orthopyroxene-biotite gneiss, two-pyroxene granulite and
calc-silicate rock (Fig. 1B). In this article, the veined
migmatite and the diatexite are focused on.

Petrography

The petrographic features of the mesosome and
leucosome of the veined migmatite and the diatexite are listed
in Table 1. Mineral abbreviations follow Kretz (1983).

The mesosome of the veined migmatite is like a garnet
(1-1.5mm in diameter)-biotite gneiss, but heterogeneous due
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Fig. 1. Geological map of the Tekkali and its surrounding area. Inset shows the position of the study area in the Eastern Ghats Mobile

Belt, India.
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Fig. 2. A: Outcrop of the veined migmatite in which the leucosome veins develop network. Arrow indicates the leucogranite sill. B:
Occurrence of the veined migmatite. Leucocratic portions in the mesosome parallel to the gneissosity retains initial melt. The
coarse-grained orthopyroxene (Opx2)-bearing leucosome cut the mesosome along shear surface. C: Contact between the diatexite
and the veined migmatite. D: Garnet porphyroblast surrounded by leucocratic pool constituting the melt remnant. E: Opx 1
within the leucocratic (melt) pool in the mesosome. F: Retrograde garnet formed between Opx 2 and plagioclase, with a traverse

analyzed.

Table 1. Occurrences of mafic minerals and modal compositions of
the GOBM. Numbers in brackets indicate diameter of
garnet (mm), numbers of orthopyroxene is for Opx-types
described in the text. +: present; R: retrograde phase; M:
occurring as “melanosome™; G: generally forming
gneissosity; I: occurring interstitially.

Grt Modal
Opx Bt e
(1-1.5) (7) R composition
Mesosome  + + 1 G granodiorite
Leucosome M + 2 I granite
Diatexite + + 2 I, R granite

to the presence of leucocratic portions with biotite rafts (Fig.
2B). The leucocratic portions are in the form of veins (2-3
mm in width), bands (< ~3 cm in width), parallel to the
gneissosity, and patches. It is interpreted that the leucocratic
portions have resulted from the melt, which percolated
throughout the mesosome (Yamamoto et al., 1998). Garnet
porphyroblast (~7 mm) and orthopyroxene (~ 0.5 mm; Opx
1) often occur in the leucocratic portions (Fig. 2D, E, F). Sub-
euhedral, coarse- to medium-grained plagioclase having
antiperthite lamella implies its growth from melt (e.g., Busch
etal., 1974). Rounded quartz, plagioclase and biotite in gar-
net porphyroblast and Opx 1 are reactants that produced their
host minerals and melt (Yamamoto et al., 1998). The garnet
porphyroblast characteristically includes numerous acicular
fluorapatites (~1.3 X 0.15 mm) and dusty inclusions (Niimi
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and Yamamoto, 1998) distributed in a concentric circle. Flaky
graphite is also rarely included.

The leucosome of the veined migmatite is characterized
by coarse-grained orthopyroxene (Opx 2; < 50 mm in longer
axis), which is preferentially distributed in the central por-
tion of the leucosome (Fig. 2A, B). Crystallographically
oriented ilmenite and plagiolcase in the Opx 2 indicate their
nature as exsolution lamellae (Fig. 2G, H) (e.g., Garrison and
Taylor, 1981; Owens and Dymek, 1995). Opx 2 has inclu-
sions or embayments of euhedral medium-grained plagioclase.
Occurrence of biotite is rare and interstitial, and sometimes
occurs as inclusions in feldspar. Euhedral garnet (1-1.5 mm)
concentrates within 2-3 cm at the boundary between the
leucosome and the mesosome (“melanosome”-like distribu-
tion) (Fig. 2B) and is similar to those in the mesosome. The
petrography suggests a crystallizing order as: (Grt, Bt? trapped
from the mesosome) Pl = Opx 2 — Kfs — Bt. A retrograde
garnet rimming Opx 2 is texturally zoned. The inner zone 1
includes rod-shaped quartz, and the outer zone 2 includes finer
quartz drops. The rim shape of zone 2 has euhedral facet
(Fig. 2I).

The diatexite is petrographically similar to the leucosome,
except that it has a little more garnet and biotite. The biotite
is either interstitial, or in symplectic texture with feldspars
neighboring garnet. The garnet is considered to have been
generated from the mesosome trapped in the diatexite, while
symplectic biotite indicates its formation by the reaction of
garnet with melt. [Imenite, pyrite, apatite and zircon occur in
accessory amount in all the lithologies.

Analytical methods

Mineral compositions were analyzed using JEOL JXA-
8600MX housed at Kochi University, except fluorine
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bearing phases done at Osaka City University by
Shimadzu EPMA-8705. An accelerating voltage of 15kv
was maintained with a beam current of 15nA (JEOL) and
4nA (Shimadzu). The beam diameter was fixed at lum. The
oxide ZAF program supplied by JEOL was utilized for cor-
rection of counted values. For the F-bearing minerals, cor-
rection was done following Bence and Albee (1968).

Major and trace elements of whole rock were analyzed
by XRF (RIGAKU RIX2000) at Fukuoka University of Edu-
cation. The whole mineral composition of Opx 2 was done
on Shimadzu VXQ-160S at Osaka City University. Current
and voltage are fixed at 50kv and 50mA, respectively. The
beam diameter was fixed at 30 mm. Sample glass bead was
prepared from rock power diluted with dilithium tetraborate
in the ratio 1:3. Sample powder of Opx 2 was prepared by
hand-picking after mineral separation by Frantz L-1 iso-
dynamic magnetic separator.

Mineral chemistry

Orthopyroxene: Opx 1 and 2 are Ensss; and Enyss3 in the
pyroxene quadrilateral, respectively, with a very little Wo
component (Ca0=0.21-0.43 wt%) (Fig. 3; Table. 2). Both
orthopyroxenes are not zoned, but the Opx 2 is enriched in
Mg (< 19.60 wt%) adjacent to retrograde garnet. Opx 1 is
within the range of orthopyroxenes resulted from the melting
experiments of metagraywacke (Fig. 4). Its extremely low
‘Wo component is similar to the results by Montel and Vielzeuf
(1997). The ALO; of orthopyroxenes in these experiments
varies from ~2 to 13 wt%, while the Opx 1 has ~2 wt% of
Al O3, corresponding to a minimum amount within them.
The bulk analysis of the Opx 2 has higher FeO/MgO
(Engs; Fig. 3), AlLOs, TiO, and CaO (Table. 2) than indicated
by point-analysis; this is consistent with the presence of
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Fig. 3. Opx 1 and 2 plotted on the pyroxene quadrilateral. Pyroxene nomenclature after Morimoto et al. (1989).
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Table. 2. Representative chemical analyseis of orthopyroxene. Formula unit normalized by O=6. c: core; m: mantle; r: rim for analytical
positions. *: calculated. n.a.: not analized

RockType Mesosome Leucosome Diatexite
Sample 950804-1 950825-1 9610A 950822-1d
Anal. Nob7 bl0 b9 152 151 153 bll bl2 bl3 b9.5 bll bi3-2 b23 81 79 80 120 9 8 e7 ell el5 el7 Bulk
Anal. Pos.c m r € m r (e m r e m r g c m r g 6 m g c m r -
Si0,  51.33 51.33 51.74 50.95 51.15 51.00 50.38 51.09 50.74 50.88 51.54 51.03 51.18 49.91 50.51 50.11 51.31 50.81 50.70 52.10 49.71 50.62 51.22 4947
TiO, 0.10 0.03 005 0.11 0.1l 0.11 0.06 0.05 004 005 0.05 003 008 0.10 005 004 0.02 004 004 006 055 008 006 033
ALO; 208 212 170 213 1.74 190 202 130 1.02 126 103 075 110 213 151 113 097 126 15 08 251 177 079 298
Cr,0; 000 0.00 0.03 0.03 000 0.00 000 0.03 0.05 0.02 003 0.02 0.02 00l 004 000 00l 004 000 000 0004 000 0.02 na.
*Fe,0O; 0.00 0.11 0.00 0.63 189 105 052 0.10 000 093 042 000 000 1.75 062 071 209 093 124 000 0.62 0.00 0.00
FeO  26.99 27.35 26.57 27.76 27.14 26.61 30.13 29.71 31.58 28.53 28.81 30.80 28.09 30.24 30.43 30.03 26.97 30.46 30.05 26.78 30.75 31.34 31.55 31.78
MnO 023 023 027 031 027 021 039 032 041 031 027 032 020 034 045 028 029 037 031 030 038 035 030 043
MgO 1881 18.76 19.23 1831 1878 19.03 16.44 17.24 1579 17.72 18.06 16.54 17.99 16.18 16.39 16.47 18.89 16.52 16.68 19.20 1596 1598 16.19 14.12
CaO 031 025 025 028 030 026 036 028 022 034 028 034 024 029 027 025 028 036 040 022 028 030 029 059
Na,0O 000 0.01 0.00 0.00 0.00 001 0.00 0.00 0.01 000 0.00 0.00 0.00 0.00 000 0.00 0.07 0.02 00! 002 000 000 003 0.25
K,0 0.00 0.00 0.00 0.00 0.00 0.00 000 000 000 000 000 000 000 000 000 0.00 000 002 001 000 0.0l 0.0 004 003
NiO 0.00 0.02 006 000 0.00 0.00 0.04 0.00 0.00 000 0.05 001 000 000 0.00 000 000 000 0.00 0.00 0.00 000 000 na.
total  99.85100.18 99.84100.50101.38100.18100.29100.12 99.86100.04100.48 99.83 98.90100.96100.27 99.02100.90100.83101.00 99.53100.81100.45100.49 99.98
Si 1.954 1.951 1.965 1.939 1.931 1.939 1.945 1.968 1.978 1.957 1.969 1.982 1.979 1.923 1.954 1.962 1.948 1.957 1.946 1.944 1917 1.958 1.982 1.933
Ti 0.003 0.001 0.001 0.003 0.003 0.003 0.002 0.001 0.001 0.001 0.001 0.001 0.002 0.003 0.001 0.001 0.00I 0.001 0.001 0.004 0.016 0.002 0.002 0.010
Al 0.093 0.095 0.076 0.096 0.078 0.085 0.092 0.059 0.047 0.057 0.046 0.034 0.050 0.097 0.069 0.052 0.044 0.057 0.071 0.085 0.114 0.081 0.036 0.137
Cr 0.000 0.000 0.001 0.001 0.000 0.000 0.000 0.001 0.002 0.001 0.001 0.001 0.001 0.000 0.001 0.000 0.000 0.001 0.000 0.000 0.001 0.000 0.000 -
Fe'*  0.000 0.003 0.000 0.018 0.054 0.030 0.015 0.003 0.000 0.027 0.012 0.000 0.000 0.051 0.018 0.021 0.060 0.027 0.036 0.000 0.018 0.000 0.000 0.000
Fe’*  0.859 0.869 0.844 0.884 0.857 0.846 0.973 0.957 1.029 0.917 0.920 1.000 0.908 0.974 0.984 0.983 0.855 0.981 0.964 0.854 0.991 1.014 1.021 1.038
Mn 0.007 0.007 0.009 0.010 0.009 0.007 0.013 0.010 0.014 0.010 0.009 0.011 0.007 0.011 0.015 0.009 0.009 0.012 0.010 0.010 0.012 0.011 0.010 0.014
Mg 1.067 1.063 1.088 1.038 1.057 1.078 0.946 0.990 0.917 1.016 1.028 0.957 1.037 0.929 0.946 0.961 1.069 0.948 0.954 1.091 0.918 0.921 0.934 0.822
Ca 0.013 0.010 0.010 0.011 0.012 0.011 0.015 0.012 0.009 0.014 0.011 0.014 0.010 0.012 0.011 0.011 0.011 0.015 0.017 0.009 0.012 0.012 0.012 0.025
Na 0.000 0.001 0.000 0.000 0.000 0.001 0.000 0.000 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.002 0.001 0.000 0.001 0.000 0.000 0.001 0.019
K 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.001 0.000 0.001 0.001 0.003 0.001
Ni 0.000 0.001 0.002 0.000 0.000 0.000 0.001 0.000 0.000 0.000 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 -
P 3.996 4.000 3.994 4.000 4.001 4.000 4.001 4.001 3.998 4.000 3.997 4.000 3.994 4.000 3.999 4.000 3.999 4.001 4.000 3.998 4.000 4.000 4.001 3.999
AIM 0.046 0.049 0.035 0.061 0.069 0.061 0.055 0.032 0.022 0.043 0.031 0.018 0.021 0.077 0.046 0.038 0.044 0.043 0.054 0.056 0.083 0.042 0.018 0.067
AI'"0.047 0.046 0.041 0.035 0.009 0.024 0.037 0.027 0.025 0.014 0.015 0.016 0.029 0.020 0.023 0.014 0.000 0.014 0.017 0.029 0.031 0.039 0.018 0.070
Fs 44.50 45.03 43.72 46.51 46.25 44.78 51.02 49.19 52.97 48.08 47.53 51.01 46.64 52.40 51.52 51.03 46.11 51.44 50.98 43.99 5233 52.35 52.15 55.40
En 54.83 54.46 5577 52.93 53.14 54.67 48.22 50.20 46.57 51.21 51.92 48.28 52.85 46.99 4792 4841 53.34 47.81 48.16 5555 47.05 47.04 47.24 43.29
Wo 0.67 051 051 056 060 0.56 076 0.6l 046 0.71 056 071 051 061 056 055 055 076 086 046 062 061 061 132
mg# 5540 54.94 5631 53.51 53.71 55.17 4891 50.77 47.12 51.84 52.45 48.90 53.32 47.54 48.56 4891 53.88 48.47 48.82 56.09 47.64 47.60 47.77 44.19
En
Wo
SRR
R 0

50
Fs

40 60

@ CNW: natural graywacke, 10kbar, XH20=0.25 @ MV: 25A0n42.5+32An22441Qt2, Skbar
@ siJ: 19.4Ann55.7+48.2An24.3+30Q12+1.8Ed58, 10kbar () MV: 25Ann42.5+32An22441Qtz, 8kbar
PDB:37.2Ann32+26.5An42+34.3Qtz, 12.5kbar MYV: 25Ann42.5+32An22+41Qtz, 10kbar
¢/) PDB:37.2Ann32+26.5An42+34.3Qtz, 15kbar @ This study

() SiJ: 20Ann56+50And5+30Qtz, 10kbar

Fig. 4. Comparison of Opx | and orthopyroxene compositions which coexist with garnet+melt at moderate to high pressure conditions in
experiments in Wo-En-Fs space. Some important characters of orthopyroxene formed by melting are revealed, viz., it ranges
from Eny to Eng depending on composition of starting material; it changes responding to the temperature for the same starting
material. CNW: Conrad et al. (1988); SkJ: Skjerlie and Johnston (1993); PDB: Patifio Douce and Beard (1995); SiJ: Singh and
Johannes (1996b); MV: Montel and Vielzeuf (1997). SkJ and SiJ are operated on the system of tonalitic composition, while others
are on metagraywacke.
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Table. 3. Representative chemical analyses of plagioclase lamella
in Opx 2. Formula unit normalized by O=8. $: iron as

total.
RockType Leucosome/Pl lamella

Sample 9610A

Anal. No. 61 73 74
SiO, 53.91 55.15 54.50
TiO, 0.00 0.00 0.02
AlLO; 29.49 29.06 29.08
Cr,04 0.00 0.00 0.00
$FeO 0.72 0.57 0.73
MnO 0.00 0.00 0.09
MgO 0.03 0.00 0.02
Ca0 11.95 10.77 10.77
Na,O 4.71 5.40 5.30
KO 0.18 0.31 0.37
P,0s 0.02 0.02 0.02
NiO 0.00 0.00 0.06
total 101.00 101.28 100.96
Si 2.421 2.462 2.447
Ti 0.000 0.000 0.001
Al 1.561 1.529 1.539
Cr 0.000 0.000 0.000
$Fe 0.027 0.021 0.028
Mn 0.000 0.000 0.003
Mg 0.002 0.000 0.001
Ca 0.575 0.515 0.518
Na 0.410 0.467 0.462
K 0.010 0.018 0.021
P 0.001 0.001 0.001
Ni 0.000 0.000 0.002
5 5.007 5.013 5.023
AlY 0.579 0.538 0.553
AlM 0.982 0.991 0.986
An 57.77 51.50 517
Ab 41.20 46.70 46.12
Or 1.03 1.80 2.10

ilmenite and plagioclase lamellae. The ilmenite lamella,
which cannot be analyzed because of its fineness, is confirmed
by the compositional tie-line with host Opx 2 (Fig. 5). The
plagioclase lamella is little higher in Ca (Ans,.ss) compared
with the matrix plagioclase (Table. 3 and 7).

Garnet: Garnet, which generally occurs in the mesosome, is
enriched in Fe (AlmesPrp.s; FeO=28.01-30.81 wt%) and show
slight zoning, with Ca increasing towards the rim (from 2.55
t0 3.62 wt %). Garnet porphyroblast tends to be enriched in
magnesium (AlmesPrpas; MgO=6.76 wt% in average; core
portion), with Ca increasing towards the rim (from 2.44 to
3.53 wt%) (Fig. 6A; Table. 4). Some of the garnet
porphyroblast maintain a zoning with respect to Mg and Fe,
which slightly decrease towards the rim. The garnet
porphyroblast in the mesosome of the veined migmatite is
similar to that of Montel and Vielzeuf (1997) and Stevens et
al. (1997) for Grs content, and to that of Conrad et al. (1988)
in the Alm/Prp ratio (Fig. 7). The garnet from the “melano-
some”-like zone between the mesosome and the leucosome

ilmenite

ideal hypersthene
Opx 2 (lamellae host)

Si (0=6)

Fig. 5. Examination of exsolution lamella by the mixing test, where
the results of point analyses are plotted, being normalized
on the basis of O=6. Those with Si =0.014, 0.850, 1.462 and
1.896 correspond to the analysis that include lamella and in
host Opx 2 random ratios. The tie lines indicate the compo-
sition of ilmenite as an appropriate phase for lamella.

has also similar composition with them, but garnet in the
diatexite is more iron rich (~AlmesPrpz,; FeO <31.16 wt%)
(Fig. 6B; Table. 4).

The retrograde garnet rimming Opx 2 is ~AlmePrpzo

(Table. 5). Three representative chemical traverses (Fig. 8)
characterize significant variations, especially in Fe and Al.
Characteristic Fe-increase at around 0.1-0.15 mm from the
contact with Opx 2 is recognized in zone 1. Fe and Mg
strongly decrease, but Ca and Al increase in zone 2. They
suggest the formation of the garnet by means of a net transfer
reaction.
*Biotite: The total tetrahedral Si+Al, less than 8, is assumed
to indicate the presence of other element(s) in the tetrahedral
site. The Opx 1, containing very limited amount of Fe’*,
equivalent to 2% of total Fe, and the ilmenite+pyrite assem-
blage implying low oxygen fugacity, suggest a very limited
amount of Fe** in the biotite. Deficiency in the tetrahedral
site is thus considered to be fulfilled by Ti (see Farmer and
Boettcher, 1981).

* As fluorine was not analyzed for some biotite in this study, all values discussed in the text and in Fig. 10 are calculated based on O=22 (not
O, OH, F=24), expelling fluorine data. Although the cation number-based normalization can avoid the problem, it is not utilized because it
results in overestimation of the octahedral site and the effect on evaluation of substitution (Dymek, 1983). The formulae listed in Table.

6 are calculated including fluorine based on O, OH, F=24.
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Fig. 6. Garnet compositions from the veined migmatite and the
diatexite. A: comparison of the compositions of garnet
generally occurring in the mesosome and porphyroblast. B:
comparison of the composition of garnet generally occur-
ring in the mesosome and in “melanosome”-like zone along
the border between mesosome and leucosome, and in the
diatexite.

Biotites which occur in the matrix isolated from other
mafic minerals and included in coarse-grained feldspars have
a common chemical composition, i.e., those in the mesosome
are characterized by higher mg# (Mgx100/Mg+Fe) of 60.25-
69.04 with lower¥/Al, and those in the leucosome have lower
mg# of 53.56-60.60 and higher'*’Al. The highest mg# (72.01-
74.86) is detected from the biotite included in garnet
porphyroblast. Symplectic biotite in the diatexite marks wide
range of mg# (60.58-73.18). Responding to the order of mg#,
the F contents (wt %) increase from 1.05-1.45 in the
leucosome, 1.27-1.55 in the mesosome and 1.29-2.03 in gar-
net porphyrobast, as illustrated by Guidotti (1984) (Fig. 9,
Table. 6).

Ti in the tetrahedral site seems emphasized in the biotite
included in garnet porphyroblast than in other types of bi-
otite. Ti shows negative 1:1 relation with Si representing a
substitution,

MSi="Ti (Abrecht and Hewitt, 1988) 4)

The relation of tetravalent and tetrahedral element
(WR*=MTi+"Si) and other elements of biotite in the meso-
some (Fig. 10A, B) implies a substitution expressed as;

2. 56IR2 4 M A |=l61Tj4+ 15161 MR (5)

where R*=Fe**+Mn+Mg. This can be obtained by ad-
dition of substitutions,

@ CNW: natural graywacke, 10kbar, XH20=0.25

PDB: 37.2Ann32+26.5An42+34.3Qtz, 12.5kbar
@ PDB: 37.2Ann32+26.5An42+34.3Qtz, 15kbar
@ SiJ: 20Ann50+50An45+30Qtz, 10kbar

(@ This study

@ MV: 25Ann425+32An22+41Qtz, Skbar
@ SkJ: 194AnnS57448.2An243+30Q1z+1.8EdS8, 10kbar  (*) MV: 25Annd2.5+32An22441Qtz, Skbar

MYV: 25Ann42.5+32An22+41Qtz, 10kbar
SCD: 39Ann33+21An35+39Qtz, Skbar
SCD: 39Ann46+21An35+39Qtz, Skbar
() SCD: 39Ann33+21An35+39Qtz, 10kbar
(3) SCD: 39Ann4é+21An35+39Qtz, 10kbar

Fig. 7. Comparison of garnet porphyroblast and those from experiments in metaluminous system in Grs-Prp-Alm space. It is revealed that
garnet composition basically depends on the chemistry of starting material, and Fe-Mg variation strongly depends on temperature.
These characters are similar to those of orthopyroxene. Abbreviations of the references are as in Fig. 6 except SCD representing

Stevens et al. (1997).
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Table. 4. Representative chemical analyses of garnet. Formula unit normalized by O=12. Analytical positions are same as in Table. 1.

Analytical numbers with “PB” are for porphyroblast.

RockType Mesosome “melanosome” Diatexite

Sample 950804-1 950804-1-2 950825-1-2 950822-1d

Anal. No.i3 i5 i4 PB15 PB20 PB25 «c2 c3 cl aPB3 aPB2 aPBl g7 g6 gl g3 g2 g1 a3 a2 al k3 k1 k4
Anal. Pos.c m T c m r ¢ m r c m r [ m r e m T c m r (] m r

SiO, 3898 38.72 38.87 39.28 38.91 39.06 38.86 38.77 38.83 3839 38.42 38.52 35.82 38.43 38.53 38.67 38.64 38.68 38.64 38.89 39.01 39.92 38.68 38.76
TiO, 006 0.05 0.06 0.00 0.05 007 005 003 002 005 006 001 0.04 0.04 001 004 005 001 0.06 003 0.05 0.02 0.05 0.05
AlLO; 21.98 22.01 21.89 22.26 22.23 22.09 21.86 22.00 21.78 21.86 21.88 22.05 21.80 21.82 21.55 21.81 21.87 21.98 22.01 21.70 21.82 22.17 21.93 22.00
Cr,0, 0.11 0.05 004 0.02 000 0.00 001 005 0.04 0.00 000 000 007 002 001 005 006 004 005 0.04 004 0.02 008 004
FeO  29.72 29.72 29.36 29.37 29.09 30.38 29.68 30.00 29.12 29.73 29.16 27.95 29.44 28.61 30.18 29.36 29.48 29.51 31.16 29.96 30.34 30.08 30.60 31.03
MnO 078 099 098 095 092 094 09 090 086 096 090 082 0.86 089 083 094 074 090 1.09 105 1.04 1.06 094 099
MgO 6.56 6.57 639 685 668 626 656 645 626 685 687 660 670 654 626 668 639 630 586 541 586 586 567 5.69
CaO 3.14 3.07 328 259 295 3.16 274 254 3.15 277 274 332 273 3.11 343 3.05 323 374 276 287 3.66 351 342 346
Na,O 000 0.00 000 000 0.00 000 00l 000 0.00 004 0.00 000 0.00 0.00 000 0.00 001 002 0.01 000 003 001 0.00

K,O 0.00 0.00 0.00 0.00 0.00 000 000 0.00 000 0.00 000 0.00 000 000 000 0.00 000 0.00 000 000 0.00 000 0.00 0.00
P,0Os 0.00 0.01 001 000 003 0.00 000 001 0.03 0.00 000 002 0.00 000 0.02 001 000 006 005 0.02 0.04 0.00 0.03 006
NiO 002 0.03 0.00 0.0l 0.00 000 0.00 005 002 000 001 004 0.00 007 000 001 000 0.00 0.00 000 0.00 001 000 0.00
total  101.35101.23100.87101.35100.85101.94100.67100.80 100.11100.61 100.07 99.33101.15 99.53100.88100.62100.47101.23101.70 99.98101.87101.69101.42102.08
Si 3.004 2.991 3.009 3.016 3.003 3.001 3.013 3.005 3.024 2.984 2.994 3.010 3.002 3.007 2.998 3.001 3.004 2.989 2.989 3.040 3.006 3.000 2.997 2.998
Ti 0.004 0.003 0.004 0.000 0.003 0.004 0.003 0.002 0.001 0.003 0.003 0.001 0.002 0.002 0.001 0.002 0.003 0.001 0.003 0.000 0.003 0.001 0.003 0.003
Al 1.996 2.005 1.997 2.014 2.022 2.001 1.998 2.001 1.999 2.003 2.010 2.031 2.002 2.012 1.977 1.995 2.004 2.003 2.006 2.000 1.982 2.014 2.003 1.999
Cr 0.006 0.003 0.002 0.001 0.000 0.000 0.000 0.003 0.002 0.002 0.000 0.000 0.004 0.001 0.001 0.003 0.004 0.002 0.003 0.000 0.002 0.001 0.005 0.003
Fe 1.916 1.920 1.900 1.886 1.878 1.952 1.925 1.945 1.896 1.932 1.901 1.826 1.919 1.872 1.964 1.906 1.916 1.908 2.016 1.960 1.955 1.939 1.983 2.001
Mn 0.051 0.065 0.064 0.062 0.060 0.061 0.059 0.059 0.057 0.063 0.059 0.054 0.057 0.059 0.058 0.062 0.049 0.058 0.071 0.070 0.068 0.069 0.062 0.065
Mg 0.754 0.757 0.737 0.784 0.769 0.717 0.758 0.745 0.726 0.793 0.798 0.769 0.778 0.763 0.726 0.772 0.740 0.726 0.676 0.630 0.674 0.673 0.655 0.654
Ca 0.260 0.254 0.272 0.213 0.244 0.260 0.228 0.211 0.263 0.230 0.229 0.278 0.228 0.261 0.286 0.253 0.269 0.310 0.229 0.240 0.302 0.290 0.284 0.286
Na 0.001 0.000 0.001 0.000 0.001 0.000 0.001 0.001 0.000 0.000 0.006 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.003 0.000 0.000 0.004 0.002 0.000
K 000 0.00 0.00 000 0.00 000 0.00 000 0.00 000 0.00 000 0.00 0.00 000 0.00 000 000 0.00 000 000 0.00 0.00 0.00
P 0.000 0.001 0.001 0.000 0.002 0.000 0.000 0.001 0.002 0.000 0.000 0.001 0.000 0.000 0.001 0.001 0.000 0.004 0.003 0.000 0.003 0.000 0.002 0.004
Ni 0.001 0.002 0.000 0.001 0.000 0.000 0.000 0.003 0.001 0.000 0.000 0.003 0.000 0.004 0.000 0.001 0.000 0.000 0.000 0.000 0.000 0.001 0.000 0.000
p 4 7.993 8.001 7.987 7.977 7.982 7.996 7.985 7.986 7.971 8.010 8.000 7.973 7.992 7.981 8.012 7.996 7.989 8.002 7.999 7.940 7.995 7.992 7.996 8.003
Alm  64.27 64.09 63.91 64.04 63.64 6528 64.81 6571 64.45 64.02 63.64 62.38 64.35 63.35 64.73 63.68 64.43 63.56 67.38 67.59 65.19 6526 66.45 66.57
Sps 171 2,17 215 211 203 204 199 199 194 209 198 184 191 200 191 2.07 165 193 237 241 227 232 208 216
Prp 25.29 25.27 24.79 26.62 26.06 23.98 25.52 25.17 24.68 26.28 26.72 26.27 26.09 25.82 23.93 25.79 24.88 24.18 22.59 21.72 22.65 21.95 21.76

Grs 872 848 9.15 723 827 870 768 7.13 894 762 767 950 765 883 943 845 9.05 1033 7.65 828 1007 976 952 951

Table. 5. Representative chemical analyses of retrograde garnet. Formula unit normalized by O=12. Traverses b-1 and 2 correspond to those
in Fig. 8. Analytical positions are in respect of Opx 2 and plagioclase. Analytical zones are referred to in text.

Sample 10ATT. b-1 10ATr. b-2 950825-1-2
Anal. No. 119 126 121 122 124 125 118 128 135 136 129 130 131 132 133 127 b10 b4
Zone. No. 1 1 1 1 1 2 2 1 1 1 1 1 1 2 2 2 1 2

Anal. Pos.  Opx Pl Opx Pl  Opx<—>Pl
SiO, 3779 3759 3763 3760 3817 3842 3802 37.10 3812 3771 3770 3758 3811 3756 3800 3795 3828 3842
TiO, 0.08 0.00 0.01 0.02 0.00 0.01 0.01 0.00 0.02 0.02 0.03 0.04 0.03 0.02 0.00 0.02 0.00 0.00
AlL,Os 21.93 2224 2200 2226 2231 2226 2227 2190 2244 2244 2239 2224 2231 2226 2243 2225 2172 216l
Cr,04 0.05 0.00 0.08 0.00 0.00 0.00 0.00 0.11 0.00 0.00 0.01 0.00 0.00 0.03 0.00 0.00 0.07 0.00
FeO 3220 3324 3265 3275 3291 3207 3122 3136 3248 3344 3226 3246 3245 3229 3145 2972 31.18 2961
MnO 1.13 1.17 1.03 0.97 1.06 1.05 0.91 1.18 1.10 1.02 1.16 0.98 1.09 0.86 0.88 0.91 0.87 0.81
MgO 4.63 4.89 5.07 5.04 5.02 4.99 4.53 431 4.95 4.94 5.02 5.07 4.87 4.75 4.95 4.52 5.10 5:55
CaO 3.58 343 3.58 3.76 385 3.94 3.93 3.56 3.25 3.50 3.5/ 3.49 3.96 3.79 3.95 4.19 3.65 3.85
Na,O 0.00 0.00 0.05 0.03 0.00 0.00 0.00 0.05 0.01 0.00 0.00 0.03 0.03 0.03 0.01 0.02 0.02 0.03
K0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
P,Os 0.05 0.01 0.00 0.00 0.01 0.02 0.00 0.00 0.02 0.01 0.05 0.01 0.05 0.00 0.00 0.02 0.00 0.00
NiO 0.07 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.09 0.00 0.00 0.00 0.00 0.00 0.00
total 101.49 102.57 102.09 10242 103.32 102.75 100.90 99.58 10237 103.07 102.22 101.98 102.89 101.60 101.67 99.59 10089 99.89
Si 2959 2924 2935 2923 2939 2963 2977 2957 2953 2918 2930 2930 2943 2937 2955 2993 2995 3.014
Ti 0.004 0.000 0.001 0.001 0.000 0.000 0001 0000 0.001 0001 0002 0.002 0002 0001 0.000 0.001 0.000 0.000
Al 2.024 2039 2022 2039 2025 2023 2055 2058 2049 2.047 2051 2.044 2031 2052 2056 2068 2003 1.999
Cr 0.003 0.000 0005 0.000 0.000 0.000 0.000 0007 0000 0.000 0001 0.000 0000 0002 0.000 0.000 0.005 0.000
Fe 2.109 2162 2130 2129 2.120 2068 2.044 2.099 2.104 2164 209 2.116 209 2112 2.045 1960 2.040 1.943
Mn 0.075 0.077 0.068 0.064 0069 0.069 0060 0.080 0.072 0.067 0.077 0.065 0.071 0057 0.058 0.061 0.058 0.054
Mg 0.540 0.568 0.589 0.584 0.576 0.573 0529 0512 0571 0570 0588 0589 0561 0554 0574 0.531 0595 0.649
Ca 0300 0286 0299 0314 0317 0325 0329 0304 0269 029 0297 0292 0327 0318 0330 0354 0306 0324
Na 0.000 0.000 0.007 0.004 0.000 0000 0.000 0.007 0001 0.000 0000 0.005 0005 0004 0000 0004 0003 0.005
K 0.000 0.000 0.000 0.000 0000 0.000 0000 0.000 0.000 0.000 0000 0000 0.000 0.000 0000 0.000 0000 0.000
P 0.003 0.001 0000 0.000 0.001 0.002 0.000 0.000 0.001 0.000 0.003 0000 0.003 0.000 0000 0.002 0.000 0.000
Ni 0.002 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.002 0006 0.000 0.000 0.000 0.000 0.000 0.000
3 8.019 8056 8055 8059 8047 8023 7995 8015 8021 8057 8045 8048 8038 8037 8018 7972 8005 7988
Alm 69.74 6992 69.01 6889 6876 6814 6899 70.01 6976 7002 6855 69.11 6860 6946 6803 67.46 6802 6542
Sps 2.48 2.49 2.20 2.06 225 2.27 2.04 2.68 2.39 2.17 2.51 2.12 233 1.88 1.93 2.10 1.93 1.82
Prp 17.86 1835 19.10 1891 1869 1888 1786 17.14 1893 1843 1924 1924 1835 1822 19.08 1827 1984 21.85
Grs 9.92 9.24 9.68 10.15 1029 1072 11.11 10.17 8.93 9.38 9.71 953 1071 1045 1096 12.18 1020 10.91
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Table. 6. Representative chemical analyses of biotite. Formula unit normalized by O, OH, F=24 except for biotite in the diatexite normalized
by O=22. m: matrix; i: inclusion in garnet porphyroblast; s: symplectite for occurrence.

RockType Mesosome Leucosome Diatexite

Sample 9650 950825-1 950822-1d

Anal. No. 3 5 6 8 g nl nl-2 n4 nl-3 d4  d4-5 e3 e2 hl h4 bl bl-5 b6 b6-5 b7
QOccurrence m m m m m i i i i m m m m m m s s s s s

SiO, 3723 37775 3749 37.83 37.18  39.15 3796 3821 3785 37.13 3720 36.62 36.55 37.52 3689 3933 3884 3821 3827 3880
TiO, 499 517 563 538 512 672 6.61 668 7.12 564 547 6.02 577 548 579 4.11 431 487 486 499
AlLOs 13.64 13.82 13.51 13.53 13.53 13.07 13.17 13.54 13.69 1373 13.65 13.65 1348 13.73 13.89 1327 13.50 13.15 13.09 1324
Cr,0; 1506 1272 1501 14.16 14.64 10.58 1045 11.07 11.13 17.62 17.54 1641 1693 1529 16.07 12.27 1235 1338 1295 12.63
FeO 000 000 007 009 0.00 000 0.09 0.04 009 0.00 002 0.15 0.00 0.04 004 001 0.00 0.03 000 0.01
MnO 13.99 1591 13.88 14.01 14.09 1585 16.09 16.51 16.06 12.59 1247 1226 1226 13.18 13.03 17.55 17.10 16.01 1620 16.02
MgO 0.00 001 0.12 0.07 0.03 008 0.00 003 0.13 0.08 0.05 000 0.00 0.08 004 002 001 004 000 0.00
Ca0 006 005 000 003 0.08 0.14 024 0.19 0.16 0.01 000 005 0.01 0.02 006 0.10 0.03 0.05 006 0.04
Na,O 10.83 10.47 10.57 1096 10.96 11.05 1081 1130 11.05 1096 1090 10.84 10.74 10.92 10.96 9.89 10.24 10.68 10.70 1035
K,O 0.00 0.00 0.00 0.00 000 0.00 0.00 0.00 0.00 0.00 000 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.00 002
NiO 001 0.10 001 0.00 007 0.08 0.00 0.00 0.05 0.09 003 011 006 007 0.13 0.00 0.00 0.05 004 007
Zn0O 0.02 0.58 001 0.19 026 0.07 0.13 0.00 030 000 0.07 000 003 000 0.07 n.a. n.a. n.a. n.a. n.a.
P,0s 009 000 006 004 0.00 000 0.03 0.00 0.00 0.00 002 000 0.00 000 0.06 0.00 0.00 000 001 0.00
F 131 155 143 132 142 203 167 177 129 122 105 1.12 138 145 1.13 n.a. n.a. n.a. n.a. n.a.
total 9722 98.14 9777 976 6736 9882 9725 9935 9891 99.06 98.46 9723 972 97.78 98.16 - - - - -
O=F 055 065 060 055 0.60 086 070 0.74 054 0.51 044 047 058 061 048 - - - - -
total 96.67 9749 97.17 97.05 96.76 9797 9654 98.61 9836  98.54 9802 96.76 96.62 97.17 97.69  96.55 9638 96.49 96.18 93.17
Si 5506 5470 5503 5554 5496 5571 5499 5440 5422 5460 5499 5465 5464 5523 5441 5724 5681 5.639 5654 5.702
Ti 0.555 0.564 0.622 0.594 0569 0719 0.720 0.715 0.767 0.623 0.608 0.676 0.648 0606 0.642 0450 0475 0.540 0.540 0.552
Al 2377 2361 2337 2340 2358 2.191 2249 2271 2311 2379 2378 2401 2375 2382 2415 2276 2237 2288 2278 2.293
Cr 0.001 0.012 0.001 0.000 0.008 0.009 0.000 0.00 0.006 0.010 0.004 0013 0.007 0.008 0.015 0.000 0.000 0.005 0.005 0.008
Fe 1.862 1.541 1.842 1.738 1.810 1.258 1266 1318 1.333 2.167 2.168 2.048 2.116 1.881 1.983 1.493 1.510 1.652 1.599 1.552
Mn 0.000 0.000 0.009 0.011 0.000 0.000 0.011 0.005 0.011 0.000 0.002 0.019 0.000 0.005 0.005 0.001 0.000 0.003 0.000 0.001
Mg 3.083 3.436 3.036 3.066 3.104 3362 3474 3.504 3.429 2759 2748 2728 2732 2893 2.865 3.809 3.728 3.524 3.569 3.510
Ca 0.000 0.002 0.018 0.010 0.005 0.012 0.000 0.005 0.019 0.013 0.007 0.000 0.000 0.012 0.006 0.003 0.001 0.006 0.000 0.000
Na 0.016 0.015 0.000 0.009 0.022 0.039 0.066 0.053 0.044 0.002 0.000 0.013 0.001 0.006 0.017 0.028 0.008 0.015 0.016 0.012
K 2.042 1936 1980 2.053 2.067 2.005 1998 2052 2.019 2055 2055 2064 2.049 2.050 2.062 1.836 1911 2011 2.017 1.941
Ni 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.003 0.000 0.003
Zn 0.002 0.062 0001 0.020 0.028 0.007 0.014 0.000 0.031 0.000 0.008 0.000 0.003 0.000 0.007 - - - - -
P 0.012 0.000 0.007 0.004 0.000 0.000 0.004 0.000 0.000 0.000 0.003 0.000 0.000 0.000 0.007 0.000 0.000 0.000 0.002 0.000
F 0.612 0.712 0.662 0.611 0.661 0914 0.766 0.796 0.585 0.565 0490 0.528 0.650 0.676 0.528 - - - s -
b 15.455 15399 15355 15401 15466 15.175 15300 15364 15392 15469 15480 15427 15396 15366 15467 15.620 15.641 15.686 15.680 15.574
mg# 6235 69.04 6224 63.82 63.17 7277 7329 72.67 72.01 56.01 5590 57.12 5635 60.60 59.10 71.84 71.17 68.08 69.06 69.34

Table. 7. Representative chemical analyses of plagioclase. Formula unit normalized by O=8. F: fine; M; medium; C: coarse; I: inclusion for grain
size. Analytical positions are same as in Table. 1., except for g: in garnet; gp: in garnet porphyroblast. $: iron as total.

RockType Mesosome Leucosome Diateixte

Sample 950804-1 950804-1-2 950804-1-2 950825-1 950825-1-2 9610A-1 950822-1d

Anal. No.  hl m3 m4 3 f2 127 f4 6 i0 i0.5 00 €9 el2 el0 g8 g7 g6 51 180 179 el el5 e el8 el85
GrainSize | F F M M I C C F F F c C c M M M 1 I I c & C M M
Anal. Pos. g c r c r gp c r c m T c m T c m r c m r c m ge r c
Sio, 53.00 5721 57.05 5592 56.08 56.10 55.69 5562 5629 5533 5594 5738 57.13 56.18 56.06 356.67 56.11 5512 54.70 5494 56.64 5595 5630 5643 5838
TiO, 000 004 001 002 002 001l 000 000 000 00l 000 00! 002 004 000 003 001 004 000 000 002 004 00 000 000
ALO;  30.64 2745 2795 27.85 2795 2894 27.15 2738 27.79 27.87 2802 2820 2837 27.58 27.52 27.57 2879 2833 2801 2774 2780 27.96 27.80 27.64

Cr,0s 0.00 003 000 0.04 000 002 0.00 000 000 0.01 006 000 0.03 000 00l 002 005 00l 000 000 000 0.00 00l 00 0.00
$FeO 024 005 003 000 004 018 006 003 002 005 001l 006 0.08 000 004 000 006 006 0.00 005 003 0.18 021 00l

MnO 000 000 000 000 000 000 0.00 000 000 000 004 001 000 000 000 000 000 000 004 000 00l 005 00! 001 00I
MgO 002 000 001 000 00l 001 00l 002 000 000 001 000 0.00 000 001 000 000 00l 000 000 000 000 000 000 002
CaO 13.04 859 10.02 10.11 1027 977 971 994 998 1038 938 995 10.03 1033 10.18 9.89 1025 10.58 10.41 1047 935 9.92 1002 997 946
Na,0 395 566 580 567 559 569 58 575 58 559 573 598 582 562 505 567 568 520 55 518 604 58 601 592 595
K,O 0.10 031 024 024 020 026 029 023 021 025 0.8 023 0.8 014 021 024 018 028 026 022 022 021 020 024 027
P,0s 003 001 001 00! 000 000 000 00l 000 006 000 00l 003 006 001 003 004 000 0.06 000 006 004 004 000 003
Nio 001 000 003 000 000 000 0.00 000 000 000 000 004 0.04 000 000 000 000 010 0.04 000 003 0.00 007 000 0.00
total  101.30 9935 101.14 99.87 100.14 100.99 98.73 9897 100.12 99.43 99.25 101.63 101.53 100.82 99.10 100.10 99.90 100.19 99.46 98.82 100.16 99.91 100.81 100.60 101.78
Si 2377 2571 2534 2518 2518 2497 2536 2527 2.527 2.506 2.528 2.537 2528 2505 2.536 2541 2525 2479 2480 2500 2.538 2519 2516 2.525 2.569
Ti 0.000 0.001 0.000 0.001 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0001 0.000 0.001 0.000 0.001 0.000 0.000 0.00I 0.001 0.000 0.000 0.000
Al 1.620 1454 1463 1478 1479 1519 1457 1466 1470 1484 1484 1460 1471 1491 1470 1454 1463 1526 1.514 1503 1465 1475 1473 1466 1433
Cr 0.000 0.001 0.000 0.001 0.000 0.001 0.000 0.000 0.000 0.000 0.002 0.000 0.001 0.000 0.001 0.001 0.002 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.000
$Fe 0.009 0.002 0.001 0000 0.00I 0007 0.002 0.0l 0001 0.00l 0002 0.000 0.002 0.003 0.000 0.002 0.000 0.002 0.002 0.000 0.002 0001 0.007 0.008 0.001
Mn 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.002 0.000 0.001 0.002 0.001 0.000 0.000
Mg 0.001 0.000 0.000 0.000 0.00I 0.000 0.000 0.00I 0.000 0.000 0.000 0.000 0.000 0000 0.001 0000 0.000 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.001
Ca 0.627 0414 0477 0488 0494 0466 0474 0484 0480 0.504 0454 0471 0475 0494 0493 0475 0494 0510 0.506 0.510 0449 0478 0480 0478 0.446
Na 0343 0493 0499 0495 0487 0491 0.515 0.507 0.508 0.491 0.502 0.513 0.499 0486 0.433 0493 0496 0453 0489 0457 0525 0513 0521 0514 0.507
K 0.006 0018 0.014 0014 0011 0015 0017 0013 0012 0014 0011 0013 0010 0008 0.012 0014 0.010 0.016 0015 0.013 0013 0012 0012 0014 0015
P 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.002 0.000 0.000 0.001 0.002 0.000 0.001 0.002 0.000 0.002 0.000 0.002 0.001 0.001 0.000 0.001
Ni 0.000 0.000 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.002 0.001 0.000 0.000 0.000 0.000 0.037 0.002 0.000 0.001 0.000 0.002 0.000 0.000
total 4984 4.954 4989 4.995 4992 499 5001 4999 4998 5002 4.984 4.99 4.989 4990 4956 4982 4992 5025 5012 4983 4997 5002 5013 5006 4.973
AlY 0.623 0429 0466 0482 0482 0.503 0.464 0473 0473 0494 0472 0463 0472 0495 0464 0459 0475 0.521 0520 0.500 0.462 0481 0484 0475 0.431
AV 0997 1.026 0997 0.99% 0997 1.016 0993 0993 0997 0.99 1.012 0997 0999 0.99% 1.006 0.996 0.988 1.005 0.994 1.003 1.002 0.994 0.988 0.991 1.002
An 6424 4476 4818 48.95 4980 4794 47.12 4821 4800 49.95 4695 4724 4827 35000 52.00 4837 4940 52.08 50.07 52.08 4549 47.66 4738 47.51 46.07
Ab 3514 5330 5040 49.65 49.09 5051 S51.19 50.50 50.80 48.66 5191 5145 50.71 49.19 46.73 5020 49.60 4629 4843 4660 53.19 51.15 5143 51.09 5238
Or 061 195 141 140 LIl 154 1.6 129 120 139 114 130 1.02 08! 127 143 100 163 150 132 132 1.20 LI8 139 155
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Fig. 8. Representative traverses of retrograde garnet corona. Lateral axis corresponds to the distance from the
contact with Opx 2. Shaded area corresponds to zone 2 (see text). Traverse 5 is indicated in Fig. 2I.
216IR2+=I6ITj+1%] | (Dahl, 1969) (6)
and,
EIR2+424A =] [+ 21IR% (Robert, 1976) 7
6 T For the biotite in the leucosome, on the other hand, the
[ | ® Mesosome M Leucosome N 2:1 negative relation of ©/R** and 'Ti (Fig. 10C), and no
5 | (matrix) <+ Migmatites ] variation in the tetrahedral site (Fig. 10D) indicates that it is
agm.
[ | © Mesosome  from 3 . o < T
; (inclusion) iitoratire ; simply controlled by substitution (6). The symplectic biotite
4 B -+ in the diatexite is characterized by a substitution,
S : 2. SR HIR%=] 56ITi4i6] |H41A] 8)
E 3¢ ] which is a combined equation of
[ 2 [ 4 a . IBIRZ* 4 2HIR*#=[6ITi+24Al (Robert, 1976) ©)]
' 0.
- + " Q'DO ] and eq. (6), judging from the trends in Fig. 10C and D.
1 C .’. (0] ) Plagioclase: Plagioclases in the mesosome, leucosome and
[ i the diatexite are almost uniform in composition without zo-
0 'H‘ (Y e (AT ey nation, and identified as andesine/labradorite (AnssssAbas3)
30 40 50 60 70 80 (Table. 7). The composition is also similar for plagioclase

Fig. 9. A diagram of mg# against F contents of the biotite with
those from literature for comparison. Note mg# and F
portionally increase, and biotite inclusions in garnet
porphyroblast of the present study contain less F compared
to the literature’s one with similar mg#. Data from
Fitzsimons (1996), Braun et al. (1996), Dasgupta et al.
(1992) and Mazurek (1992). All are from granulite terrains
recording ~850-1000°C, except Mazurek (1992) with low-
est mg# and F indicating ~650°C.

occurring as inclusions in mafic minerals.

Accessory phases: Ilmenite generally contains a limited
amount of Fe,Os (< 0.05 p.f.u.) (Table. 8). Apatite included
in garnet porphyroblast of the mesosome is slightly enriched
in Fe compared to that in the leucosome matrix. The former
contains 3.05-4.56 wt% F (Table. 9).

Bulk chemistry of the leucosome and the diatexite
The SiO; of the leucosome and the diatexite ranges from

64.24 to 68.24 wt%, and from 66.74 to 70.11 wt%, respec-
tively. The leucosome has higher Ti, Al, Fe, Mn, Mg, V, Y,
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Fig. 10. A-D. Diagrams demonstrating the mode of chemical substitutions observed in the biotites in the veined migmatite
and the diatexite. See text for details.

Table. 8. Representative chemical analyses of ilmenite. Formula Table. 9. Representative chemical analyses of apatite. Formula unit
unit normalized by O=3. m: matrix; r: retrograde for oc- normalized by O, F, OH=26 for those including fluorine
currence type. *: calculated. analysis, and O=25 for others.

i i RockType Mesosome Leucosome
RockType Mesosome Leucosome Diatexite
Sample 9616 Jeml 950825-1
sample 950804-1 950825-1-2 950822-1d
Anal. NO. 1 2 3 3 e4 il
Anal. No. cS a20 d27
Occurrence m m r Si0, 032 031 0.21 022 0.20 0.14
: TiO, 0.02 0.03 0.00 0.00 0.01 0.00
SiO; 0.03 0.01 0.02 ALO; 0.01 0.01 0.01 0.00 0.00 0.00
TiO, 51.83 53.30 52.72 Cr,0; 0.00 0.00 0.02 0.01 0.00 0.03
AlLOs 0.02 0.00 0.01 FeO 0.92 1.04 1.04 0.18 0.17 0.06
Cr,0, 0.10 0.07 0.10 MnO 0.14 0.07 0.01 0.00 0.03 0.03
*Fe,0, 0.94 0.00 0.00 MgO 0.04 0.04 0.05 0.03 0.01 0.03
FeO 44.15 44.96 46.18 Ca0 54.85 55.23 55.59 55.68 56.16 56.41
MnO 0.21 033 027 Na,0 0.11 0.14 0.05 0.00 0.00 0.00
MgO 1.29 1.13 032 K,O 0.00 0.00 0.00 0.00 0.01 0.00
CaO 0.01 0.01 0.00 NiO 0.00 0.01 0.00 0.01 0.04 0.04
Na,0O 0.00 0.03 0.00 P,0Os 39.97 38.79 40.35 41.53 41.74 41.67
K.0 0.00 0.00 0.00 ZnO 0.00 0.06 0.00 na. na. na.
NiO 0.00 0.00 0.00 F 4.56 4.28 3.05 n.a. n.a. n.a.
total 98.58 99.84 99.62 total 100.94 99.99 100.40 97.66 98.37 98.41
O=F 1.92 1.80 1.28 2 : )
Si 0.001 0.000 0.000
Ti 0.989 1.003 1.001 total 99.02 98.19 99.11 97.66 98.37 98.41
Al 0.001 0.000 0.000
Cr 0.002 0.001 0.002 Si 0.061 0.062 0.062 0.061 0.060 0.060
Fe 0.018 0.000 0.000 Ti 0.003 0.004 0.000 0.000 0.001 0.000
Fe*' 0.936 0.941 0.975 Al 0.002 0.002 0.003 0.000 0.000 0.000
Mn 0.005 0.007 0.006 Cr 0.000 0.000 0.003 0.001 0.000 0.004
Mg 0.049 0.042 0.012 Fe 0.132 0.151 0.149 0.025 0.024 0.008
Ca 0.000 0.000 0.000 Mn 0.021 0.010 0.002 0.000 0.004 0.004
Na 0.000 0.001 0.000 Mg 0.010 0.009 0.014 0.008 0.002 0.007
K 0.000 0.000 0.000 Ca 10.025 10.259 10.217 10.044 10.064 10.104
Ni 0.000 0.000 0.000 Na 0.036 0.045 0.017 0.000 0.000 0.000
K 0.000 0.000 0.001 0.000 0.002 0.000
3 2.001 1.995 1.996 Ni 0.000 0.001 0.000 0.001 0.005 0.005
P 5773 5.693 5.860 5.920 5.910 5.898
Zn 0.000 0.000 0.001 - - -
F 2.457 2.346 1.655 s :

> 18.520 18.589 17.984 16.060 16.072 16.090
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Table. 10. Chemical composition of the leucosome and the diatexite of the GOBM in the Tekkali area. Fe,O; as total iron. L.O.1.: Loss
on Ignition; n.d.: not detected; Tzr: temperatures (°C) calculated for Zr-saturation of each samples utilizing Watson and Harrison

(1983).
T 1
RockType| Leucosome | Diatexite
Sample No. 1 950803-1aL.  950803-1bL.  950803-2bL.  950804-1L  950809-1al. 950819-6bL. 950825-3bL  950902-1L | 950730-1b  950822-1d  950827-2b
| |
Si0, 68.24 64.24 65.07 65.69 66.89 67.36 66.07 6721 | 70.11 67.93 66.74
TiO, : 0.62 0.80 0.93 075 0.62 0.75 0.65 0.68 : 0.55 0.68 1.08
ALO, | 14.68 14.73 14.88 14.67 14.89 14.41 14.68 14.73 1432 14.41 14.43
Fe.0s 5.56 7.22 8.17 7.01 555 7.01 6.56 6.06 | 471 5.08 6.24
MO 0.10 0.12 0.15 0.11 0.09 0.13 0.11 012 0.08 0.07 0.07
MgO | 167 225 233 2.08 1.78 1.90 1.98 175 1.61 181 170
CaO | 3.84 377 439 3.56 375 3.60 3.61 3.82 331 326 3.97
Na,O | 2.03 1.91 1.99 1.91 236 1.94 2.14 1.87 | 1.80 2.03 241
KO ! 3.5 3.06 1.78 3.08 2.83 2.54 3.17 2.63 | 3.79 391 2.82
P0s ! 0.1 0.13 0.14 0.12 0.10 0.1 0.10 0.12 | 0.13 0.15 0.16
LO.L : 0.40 031 022 0.51 0.26 031 0.23 030 ! 0.17 0.29 0.15
|
total |' 99.98 98.22 99.83 98.98 98.87 99.74 99.06 98.99 : 100.40 99.33 99.62
T [
Ba : 557 556 421 526 510 494 559 51, 942 706 749
Cr | 50 44 76 57 46 63 39 40 | 47 40 40
Nb | 8 1 12 11 10 14 9 9 9 9 18
Ni I 13 14 29 16 10 35 13 16 1 17 14 31
Rb | 106 95 57 %9 115 85 109 104 1 115 131 101
Sr ! 207 185 166 181 207 159 179 181 | 159 155 189
v ! 95 131 143 126 %9 120 111 % ! 86 89 121
Y : 31 33 35 31 32 37 33 37! 27 29 24
Zn | 66 123 112 101 87 88 94 45 : 64 2 145
Zr , 149 185 174 175 154 170 143 154 | 166 190 251
Cu | 13 17 16 10 13 18 16 13, 5 n.d. 13
| |
A/CNK | 1.07 111 113 1.13 1.08 115 1.09 L15 1.10 1.07 101
ANK 1 2.18 228 2.86 227 2.14 2.43 2.11 249 | 2.03 1.90 2.06
Fe/Mg+Fel 0.77 0.76 0.78 0.77 0.76 0.79 0.77 0.78 | 0.74 074 0.79
} }
Tur : 824 842 839 824 827 840 819 827 | 837 846 869
|
and lower K, P, Ba, Rb contents in comparison with the 1000 y ; T r T , . . r
E
diatexite. Other elements indicate mostly similar values for : ]
both. Although the almina-saturation index values of the ! ]
leucosome and the diatexite are clustered around 1.1 (Table. 100 3
10), normative corundum is higher in the leucosome than in s .
the diatexite (Table. 11). In comparison with granitic rocks F y
with similar SiO, values (Whalen et al., 1987), it follows that 10 3 3
the leucosome and the diatexite contain higher Ti, Fe, Mn, - h
Mg, Ca than I-, S- and A-type granites. Al,O; content and 1 - | —— Leucosome 1
the resulting norm corundum are nearly similar to the S-type 3 Diatexite E
granite. Ti, Mn and Fe enrichment resembles that of | a»> CMT .
Charnockite Magma Type (CMT; Kilpatrik and Ellis, 1992), 0.1 \ | | n \ [ | L
giving rise to normative rutile and hematite (Table. 11). Some Sr K20 Rb Ba Nb P205 Zr TiO2 Y
trace elements, for example, Ba (< ~700-940ppm), Sr (<
~207ppm) and V (< ~131-143ppm) are particularly higher Fig. 11. Spidergrams of the leucosome and the diatexite normalized

than granitic magma types. The trace element concentra-

tions give a similar pattern to that of CMT in the primordial
mantle-normalized spidergram (Fig. 11).

Temperature-pressure estimates

As the melting experiments have shown (cf. Fig. 4 and 7

by the values of primordial mantle (referred from the
values of data set No. 4, and No. 2 for P, of Table. 4.7 of
Rollinson, 1993). The striped area indicating the CMT
with the same level of SiO, contents with the leucosome
and the diatexite. CMT data are from Kilpatrik and Ellis
(1992) and Zhao et al. (1997).



Yamamorto Tetsuya

173

Table. 11. Calculated norm composition of the leucosome and the diatexite, and of I-, S-, A- type granites and average CMT Ardery
Charnockitic Intrusions. Abbreviations after Kretz (1983) except Di and Hyp for diopside and hypersthene, respectively. WCC
(87); Whalen et al. (1987); K&E (92): Kilpatrik and Ellis (1992); -: not calculated.

Rock type Leucosome

Sample No. | 950803-1al. 950803-1bL 950803-2bL. 950801-1L 950809-1al. 950819-6bL. 950825-3bL. 950902-1L
Qtz 33.97 30.35 34.20 3240 31.92 36.12 31.08 35.81
Crn 1.21 1.73 2.03 2.01 1.37 2.19 1.40 2.15
Or 18.62 18.08 10.52 18.20 16.72 15.01 18.73 15.54
Ab 17.18 16.16 16.84 16.16 19.97 16.42 18.11 15.82
An 1833 17.85 20.86 16.88 17.95 17.14 17.26 18.17
Di - - - - - - - -
Hyp 4.16 5.60 5.80 5.18 4.43 473 493 4.36
Mag - - - - - - - -
[lm 0.21 0.26 0.32 0.23 0.19 0.28 0.23 0.26
Hem 5.56 722 8.17 7.01 5.55 7.01 6.56 606
Ttn - - - - - - - -
Rt 0.51 0.66 0.76 0.63 0.52 0.60 0.53 0.54
Ap 0.25 0.30 0.32 0.28 0.23 0.25 0.23 0.28
Rock type Diatexite I-type S-type A-type CMT
Sampe No. 950730-1b 950822-1d 950827-2b - - - -
Qtz 36.01 31.90 31.34 28.06 33.17 30.19 26.80
Crn 1.55 1.27 0.58 - 2.52 - -
Or 22.40 23.11 16.67 20.09 23.40 27.48 2571
Ab 1523 17.18 20.39 26.49 20.39 34.44 22.00
An 15.57 15.19 18.65 15.01 9.09 1.83 12.43
Di - - - 0.12 - 1.40 -
Hyp 4.01 4.51 4.23 6.24 7.66 1.34 3.29
Mag - - - 1.51 0.81 1.80 -
Ilm 0.17 0.15 0.15 0.82 0.91 0.49 0.23
Hem 4.71 5.08 6.24 - - - 6.89
Ttn - - - - - - 2.07
Rt 0.46 0.60 1.00 - - - 0.29
Ap 0.30 035 0.37 0.25 0.35 0.09 0.97

and references cited therein), the relation between tempera-
ture/pressure conditions and chemical compositions of the
hypersolidus phases generally follows that documented by
thermodynamic and experimental calibrations for
thermobarometric usage (e.g., Harley, 1984; Lal, 1993; Green,
1977; Newton and Perkins, 1983), although some experimen-
tal results disagree with it (cf., Patifio Douce and Beard, 1995).
The Grt-Opx thermometer and the Grt-Opx-Pl-Qtz (GOPQ)
barometer are, therefore, considered to be suitable for a melt-
bearing system. The Grt-Opx thermometers by several au-
thors were evaluated by interpolating the mineral data of
melting experiments (Fig. 12). Thermometer by Lal (1993)
appears to be the most appropriate. The merit of utilizing
Lal (1993) is, furthermore, the availability of the internally
consistent GOPQ barometer, and that its reliability can also
be simultaneously checked (see Lal, 1993). Utilizing whole
rock analysis, the Zr-saturation thermometer (Watson and
Harrison, 1983) was also applied for the leucosome and the
diatexite. Estimation of temperature-pressure conditions of
the veined migmatite and the diatexite are attempted on:

(1) a combination of core-compositions of garnet
porphyroblast, Opx 1 and medium- to coarse-grained plagio-
clase in the mesosome for pressure and temperature condi-
tions of the beginning of partial melting;

(2) a combination of compositions of garnet rim, bulk

Sen&Bhattacharya (84) ¢ Bhattacharya et al. (91)

A
0 Harley (84) @® Lal (93)
X Lee& Ganguly (88) -+ Ganguly et al. (96)
1000 r @/ O O+X A
L /
E 1 / A
g 8 g!. /6 %o??f “
F / O A
b L H o/ agoq_xaxx a
5 900 - &0 ./‘n X <o
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Fig. 12. Particular temperature conditions (“‘Temperature expected”) at which
the minerals equilibrated with melt in experimental studies are
compared with temperature calculated by garnet-orthopyroxene
thermometer interpolating their compositions (Temperatures in “C).
Harley (1984) tends to indicate lower temperature, while Sen and
Bhattacharya (1984) always estimate over 100-300°C (cf.
Fitzsimons and Harley, 1995). Lee and Ganguly (1988) and
Bhattacharya et al. (1991) show similar results, i.e., some are within
< 100°C error range, but others are highly over estimated. 50 %
of the results of Lal (1993) shows good agreement with < 50°C
error range. Ganguly et al. (1997), recently established calibra-
tion, results in values similar to those of Harley (1984). These
observations indicate that Lal (1993) best estimates among all tested
here. The data sets utilized are from Conrad et al. (1988), Sjkerlie
and Johnston (1993), Patifio Douce and Beard (1995), Singh and
Johannes (1996b) and Montel and Vielzeuf (1997).
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Opx 2 and plagioclase rim in the diatexite to obtain the con-
dition of the last reequilibrium before exsolution of Opx 2.
The Zr-thermometer is expected to indicate the maximum for
this condition because zircon is the near-liquidus phase, ac-
cording to petrography; and

(3) a combination of adjacent compositions of zone 2 of
retrograde garnet and Opx 2, and adjacent rim composition
of plagioclase for minimum IBC pressure and temperature
conditions for both the veined migmatite and diatexite.

As a result, condition (1) ranges from 5.6 to 6.8 kbar and
742 to 779°C. The estimated condition (2), ranging from 6.9
to 7.9 kbar and 837 to 906°C, by GOPQ thermobarometer is
concordant with that by Zr-thermometer, ranging from 815
to 869°C, with temperature higher than ~ 840°C being ob-
tained from the diatexite. The following isobaric cooling
event records 5.2-6.0 kbar at 639-700°C and 6.0-6.3 kbar at
675-710°C, for condition (3) of the veined migmatite and the
diatexite, respectively. Average values from GOPQ calcula-
tion for all the conditions are listed in Table. 12, and results
from Zr thermometer are given in Table. 10.

Discussion of the nature of the thermal event in the
Tekkali area

Implications from mineral chemistry: A migmatitic rock is
a complex of phases equilibrated with melt, crystallized from
melt, and even devoid of melting (restite sensu stricto) (cf.
Osanai et al., 1997). This implies that a portion that seems
to be neosome, possibly includes a part of palacosome, and
vice versa. The mesosome of the veined migmatite is also
not an exception, as observed in the petrography. Because
the mesosome is a portion with tiny veins of melt channels
(Yamamoto et al, 1998), it should consist of minerals that
originated in both subsolidus and hypersolidus conditions.
Taking the example of plagioclase, that crystallized from the
melt coexists with and/or forms a rim on that originally present
in the protolith. The composition of the hypersolidus plagio-
clase is changed. depending on whether or not garnet coex-
ists with it (Johannes, 1989; Patifio Douce and Beard, 1995;
Stevens et al., 1997). The coarser-grained plagioclase in the
mesosome of the GOBM is considered to be a product of in-
situ growth from melt (Yamamoto et al., 1998), which is sup-
ported by the common composition of biotite in the matrix
and in the plagioclase. Antiperthitic lamella, which tends to
appear in coarser plagioclase, may be attributed to the origi-
nally less anorthitic nature of the plagioclase stabilized with
garnet porphyroblast. The P-T condition estimated using
garnet porphyroblast and Opx 1 is ~6.3 kbar and ~760°C.
The pressure is consistent with Vielzeuf and Montel (1994)
and Stevens et al. (1997), who recognized garnet with melt in
8 and 5 kbar runs, contrary to others showing garnet stability

at higher pressure conditions, e.g., ~>10 kbar (e.g., Sjkerlie
and Johnston, 1993; Patifio Douce and Beard, 1995; Singh
and Johannes, 1996a; b). Comparing pressure conditions
and the resulting mineral compositions of experiments by
Montel and Vielzeuf (1996) and Stevens et al. (1997) with
those of the mesosome indicates that the possible protolith of
the mesosome is metagraywacke.

Experimental as well as field evidences have shown that
even in the metaluminous system with low aH,O, melting
starts at temperatures as low as ~700-780°C by dehydration
breakdown of biotite (Le Breton and Thomson, 1988; Singh
and Johannes, 1996a; Owen and Greenough, 1997). The
melting fraction at this temperature range is limited to < ~30%
(Clemens and Vielzeuf, 1987; Holtz and Johannes, 1991;
Wickam, 1987; Allibone and Norris, 1992). The tempera-
ture of 760°C, estimated for the melting of veined migmatite,
permits a limited fertility of melt, which now forms leucocratic
portions within the mesosome.

Although mg# of the biotite inclusions in garnet
porphyroblast may be one of the indicators of high tempera-
ture (Guidotti, 1984; Stevens et al., 1997 and references
therein), the effect of retrograde Fe-Mg exchange between
biotite and garnet cannot be ignored. However, the higher Ti
content of the biotite inclusions in garnet porphyroblast than
in the matrix biotite in the mesosome is consistent with
observations in the literature, which emphasis their propor-
tional trend to temperature (Singh and Johannes, 1996b;
Stevens et al., 1997 and references therein). Al in the meso-
some biotite changing against Ti is also a feature often re-
ported, although it is usually for octahedral Al (e.g., Montel
and Vielzeuf, 1997, Stevens et al., 1997). The highest F in
the biotite inclusions in the present study indicates that the
biotite breakdown contributed to the melting, but it is still
lower than in biotite of the migmatite formed at ~850-1000°C
(Fig. 9). This implies that either the biotite is less dehy-
drated during melting or that it experienced less heat events
to release OH. The latter case is not favored by the less F
content in the matrix biotite of the mesosome. The former
case is then feasible, with the assumption of relatively low
temperature together with the presence of external H.O, which
set a temperature condition below biotite-out and fertility of
melt restricted. The plutonic diatexite is a probable reser-
voir of heat and H,O necessary to induce incipient melting in
the mesosome, originally metagraywacke.

Heat source and thermal event in the Tekkali area: Yamamoto
et al. (1998) deduced a migmatization process in the Tekkali
area as follows: the melt that was initiated and percolated
into the mesosome of the veined migmatite was partly
seggregated and created the leucosome, leaving a part of it
within the mesosome, and the plutonic diatexite resulted from
advanced melting. This interpretation, however, seems to
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Table. 12. Average of temperature-pressure estimation resulted
from GOPQ assemblage of the veined migmatite and the
diatexite, and dT/dP calculated from P-T values for both

lithologies.
Veined migmatite Diatexite
Peak(n=10) Retro(n=4) Peak(n=8) Retro(n=6)
P (kbar) 6.2 55 7.5 6.2
T(°C) 756 657 877 689
dT/dP 128 138

involve a pitfall, namely that the garnet porphyroblast and
Opx 1, which are the representative phases formed during
partial melting, do not appear in the plutonic diatexite. If
these minerals formed in the mesosome when underplated
magma crystallized providing heat and H,O to the
metagraywacke (parental rock of the mesosome), they are
not necessarily contained in the magma, i.e., diatexite. The
garnet in the diatexite is considered to have trapped from the
mesosome when the diatexite magma was emplaced. Some
of them have altered in chemical composition from those in
the mesosome due to reequilibrium, and others have resulted
in the formation of the symplectic biotite, which contains
higher Fe and lower Al than other biotites indicating exchange
of these elements with melt (Abdel-Rahman, 1994). The Zr-
saturation temperature of the leucosome, which is similar but
slightly lower than that of the diatexite, suggests that the
leucosome has been generated from the same magma as the
diatexite and that it plays a role in inputting heat into the
metagraywacke. The chemistry of the leucosome and the
diatexite is similar to that of CMT. High Ti in biotite indi-
cates its high temperature of formation, and the presence of
lamellae in the Opx 2 implies a specific temperature history
of the magma, as inverted pigeonite in typical CMT (Kilpatrik
and Ellis, 1992). Even a “dry” granulite, which had been
considered with very limited aH,O, possibly contains a higher
amount of water, if without other vapor species (for example,
brines) (Aranovich and Newton, 1998). Micro FTIR analy-
sis of dusty inclusions in garnet porphyroblast detected
aquaous species, but neither CO, nor CH4 (Niimi and
Yamamoto, 1998). The high temperature (~880°C) CMT
intruded and created the diatexite at the pressure of ~7.5 kbar
indicating a crustal level deeper than ~6.3 kbar estimated for
the veined migmatite. The magma veins propagated by means
of fracturing (Burg and Vanderhaeghe, 1993) effectively in-
troduced H,O and heat to the upper part of the country rock
and formed the leucosome veins. The aqueous fluid perco-
lated, where it could easily pass (Weber and Barbey, 1986),
and triggered a partial and incipient melting in the mesosome
of the veined migmatite (Pattison and Harte, 1988). Although

it is out of the scope of this study, the stromatic metatexite,
which is distributed north of the veined migmatite, might have
been placed at the uppermost level among the members of
GOBM.

The isobaric cooling (IBC) event, which followed, ceased
to record ~660°C at the shallower level (veined migmatite:
~5.5 kbar), and ~700°C at the deeper level (diatexite; ~6.2
kbar). These dT/dPs in the veined migmatite and the diatexite
indicate that they suffered from a similar IBC (Table. 12),
and thus, their relative difference in depth is maintained after
the CMT emplacement. Inthe EGMB, the IBC events from
~650 to ~850°C at around 5-6 kbar, were traced in the granu-
lite suites of the Chilka Lake region (Sen et al. 1995) and
Anakapalle (Dasgupta et al., 1994; Sanyal and Fukuoka, 1995;
Sengupta et al., 1997). The P-T path for the Anakapalle area
is interpreted as indicating that the crust with a normal thick-
ness suffered from heat input by thinning lithospheric mantle,
followed by crustal thinning and cooling (Dasgupta et al.,
1994). In this model, the heat input to the crust by rift-re-
lated basalt is enough to initiate the melting (Sengupta et al.,
1996). In the case of the Tekkali area, this may be appli-
cable, although rock indicative of mafic intrusion concomi-
tant with the CMT does not occur. It has been suggested that
the CMT was raised from partial melting that was induced by
Ti-rich mafic magma derived from the mantle (Chacko et al.,
1996; Kilpatrik and Ellis, 1992). Zhao et al. (1997), how-
ever, recently showed an igneous charnockite, which was
formed under a collisional setting. The tectonic setting of the
Tekkali area needs further investigation.

Conclusions

The garnet-orthopyroxene-biotite migmatite (GOBM)
around Tekkali changes its lithology from stromatic
migmatite, veined migmatite to plutonic diatexite from north
to south. The protolith of the GOBM is considered likely to
be metagraywacke, as indicated by the occurrence and typi-
cal composition of garnet porphyroblast and Opx 1 as phases
coexisting with the melt. Estimated pressure-temperature
conditions indicate melting initiated at around 760°C and 6.3
kbar under the effect of fluid (aqueous rather than carbonic).
The heat and fluid input was from high temperature (~880°C)
CMT emplacement at deeper levels (~7.5 kbar), the main body
of which presently forms the diatexite. Retrograde garnet
surrounding Opx 2 records an isobaric cooling event at
~660°C and 5.5 kbar for shallower, and ~700°C and ~6.2 kbar
for deeper levels. The IBC event, which is consistent with
the paths obtained from other localities of the EGMB, is con-
sidered to have followed a high-temperature CMT emplace-
ment.
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