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of the Yanai Area, Southwest Japan®

By

Yoshifumi KARAKIDA

Abstract

The Ry6ke metamorphic terrain of the Yanai area, Southwest Japan, con-
sists of non-metamorphosed sediment zone, biotite schist zone, and banded gneiss
zone, and the older Rydke granodiorites and the younger Rydke granites. Zircon
overgrowths sometimes found in the zircon concentrates from granitized banded
gneisses and granitic rocks are divided into three types according to mor-
phological forms of core and shell: 0-A, 0-B, and O-C. The relations between
the overgrowth type and the enclosing rock type as well as characteristic
features of each overgrowth type were examined in detail. These investigations
reveal that the zircon overgrowths were originated by mixing, in a broad sense,
of sediments and granitic liquids and by the subsequent contamination of
granitic magma, and that characters of the overgrowth may indicate the con-
ditions of mixing and contamination.
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Introduction

During my petrological studies of zircon in Japanese igneous and meta-
morphic rocks, some overgrown crystals were found in the granitized gneisses
and granitic rocks of the Rydke metamorphic zone in the Yanai area, Southwest
Japan. Since this area is a representative of the metamorphic zone just men-
tioned, it has been geologically investigated in detail by Sato (1933), Iwao
(1936, 1940), KoJiMA and OKAMURA (1952), and OKAMURA (1957). In this
paper are described overgrowth phenomena in zircon of the rocks in question
and is presented a preliminary consideration as to a petrologic meaning of
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such overgrowths, though much more extensive and exhaustive investigations
are demanded before the formation of the rocks concerned can be thoroughly
explained.
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Outline of Geology

The Yanai area is one of the representative fields of the Ryoke metamor-
phic zone in Southwest Japan. KoJiMA and OKAMURA (1952) and OKAMURA
(1957) divide the metamorphic complex of this area into three progressive zones,
from north to south: (1) non-metamorphosed sediment zone, (2) biotite schist
zone, (3) banded gneiss zone; they also divide the associated granitic rocks
into two distinct groups: the older Ryoke granodiorites (Obatake and Gamano
granodiorites) and the younger Ryo6ke granites (Towa, Kibe, and Murotsu
granites). These geologic units, as a whole, roughly show a zonal arrangement
extending in the east-west direction, though it is somewhat disturbed by block-
movement and granite intrusion of later periods.

The age of the Rybke metamorphic rocks is currently believed to be late
Paleozoic or early Mesozoic (KoJIMA, 1953; OKAMURA, 1957), though no con-
clusive evidence of this assignment seems to be found.

The non-metamorphosed sediment zone.—This zone is composed mainly of
“thick beds of banded chert” alternating with thin beds of slate and sandstone
(KoJiMA, 1953). Small lenses of limestone, schalstein, and diabase are also
found.

The biotite schist zone.—This zone is composed mainly of banded siliceous
biotite schist and biotite schist. The majority of rocks in this zone suffer
intensely from thermal polymetamorphism by the Hiroshima granite of Cre-
taceous age, the intrusion of which does not appear to be directly related to the
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Ryodke metamorphism and plutonism proper. Thus, the rock characters which
were developed by the Rydke metamorphism proper are generally obscure now.

The banded gneiss zone.—The rocks of this zone are characterized by the
banded structure due to alternation of a few centimeters of leucocratic (quartzo-
‘feldspathic) bands or lenses and melanocratic (biotite-rich) layers. Generally
speaking, in the banded gneisses of pelitic origin the white bands show more
intense micro-folding and are, as a whole, smaller in thickness but more con-
‘spicuously variable than those in the siliceous gneisses derived from “banded
chert.” These rocks consist mainly of quartz, biotite, plagioclase, potash feld-
spar, muscovite, sillimanite, cordierite, and garnet, proportions of these minerals
being variant from specimen to specimen taken from different localities. Besides
these main rock types intercalating thin seams and lenses of amphibolite rarely
occur as well.

Not only adjacent to the contact with the older Rydke granodiorites
(Obatake and Gamano granodiorites) but also in the xenolithic fragments in
them, the banded gneisses are so granitized as to show diverse rock facies
intermediate between typical gneiss and granodiorite. It is to be noted that
these xenolithic fragments are, according to OKAMURA (1957), the remnants
preserved from granitization by which the granodioritic masses were formed.

The Obatake granodiorite—This granodiorite, keeping concordant and
‘harmonic relations to the adjacent country rocks, occurs in the banded gneiss
zone as thin long belts or isolated small lenticular bodies. The rock, consisting
essentially of plagioclase, quartz, biotite, and potash feldspar, sometimes with
varying amounts of muscovite, sillimanite, or cordierite, is medium-grained and
shows a gneissic structure as a whole, but it is variable in grain size, in the
proportion of constituent minerals, and in the degree of gneissic structure. In
addition, the bodies of this granodiorite have many xenolithic gneisses and
“basic inclusions” which have been digested in various degrees. Such a hetero-
geneity is one of the characteristic features of this geologic unit.

KoJiMA and OKAMURA (1952) and OKAMURA (1957) have regarded this
granodiorite as a product of granitization “in situ” of pelitic sediments (or
banded gneisses) on the basis of the following field evidences: structural harmony
between this rock and the adjacent gneiss, gradation in appearance from one
rock facies to the other in the strike direction, and heterogeneity of rock charac-
ters in the granodiorite body itself.

The Gamano gramodiorite.—This granodiorite is mainly developed in the
southern part of this area. Its concordant relation to the country rocks is
generally noted, and its “flow structure” is in harmony with the schistose or
banded structure of the surrounding metamorphics and the xenolithic blocks.
"This granodiorite is generally coarser in grain size and weaker in the gneissic
structure than the Obatake granodiorite. It is composed mainly of plagioclase,
quartz, potash feldspar (usually subordinate to plagioclase), and biotite, some-

times with varying amounts of common hornblende, muscovite, pyroxene, garnet,
etc.
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“Basic inclusions” and the banded gneiss xenoliths of various sizes are
commonly found, and in places biotite-rich schlierens which may be attributed
to further assimilation of the “basic inclusions” and banded gneiss xenoliths.
just mentioned are also met with. Here, for convenience of description, the
granodiorite under consideration is classed into (1) the Gamano granodiorite
A (Gamano GD-A), which is free from biotite-rich schlierens, and (2) the
Gamano granodiorite B (Gamano GD-B), which contains the schlierens. This
Gamano GD-B so strongly resembles the Obatake granodiorite already described
that even careful observation of hand-specimen cannot distinguish one from the
other.

OKAMURA (1957) offered the opinion that the Gamano granodiorite is a
parautochthonous granite produced through granitization followed by mobi-
lization.

The Kibe granite—This is a representative of the younger Rydke granites,.
which are largely developed cutting discordantly across the structures of both
the older Rydke granodiorites and the metamorphic zones. It is coarse-grained,
weakly foliated, and adamellitic in composition. It consists mainly of potash
feldspar, plagioclase, quartz, biotite, and muscovite.

Methods

Preparation.—Zircon concentrates to be examined were obtained from about
fifty rock-samples collected from almost all of the geologic units mentioned
above; rocks in the biotite schist zone, which has undergone the intense thermal
metamorphism by the Cretaceous granite, was excluded, because the character--
istic features due to the Ryodke metamorphism proper might be destroyed to a
certain extent.

Separation.—The following procedure was used in separating zircons from.
rocks. About 1kg of rock (fresh or more or less weathered) are crushed with
a stamp crusher to pass through a 50 mesh sieve (0.279 mm opening). The rock--
powder is divided into several fractions which are treated separately. Each
fraction is put into a 1000 cc beaker, water is poured into the bearker, and after
agitating the mixture of rock-powder and water dust particles and lighter
minerals such as quartz and feldspars are washed away from the beaker. This.
is repeated several times until almost all of lighter minerals are removed. The
heavy residues thus obtained are put together in a 300 cc beaker. Next the
material is gently boiled with conc. HCl for about 10 minutes to solve apatite
and to clean the surfaces of zircon; then washed with water. Again it is gently
boiled with HNO, for about 10 minutes to decompose pyrite, when present,
washed, and dried. By these chemical treatments zircon does not undergo
any notable change in size and color (ToMITA and KARAKIDA, 1956, p. 24). After
removing the magnetic minerals by means of a Frantz isodynamic separator,
other minerals which prevent careful and exact observations of zircon are
removed by hand picking from the residue. Thus concentrates of practically-
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Ppure zircon are obtained.

Mounting.—A crop taken at random from the final concentrates of zircon
is permanently mounted on a clean slide glass with Canada balsam. Now it
is much to be regretted that many of the crystals are apt to move towards the
sides of the slide on pressing down the cover glass. In order to distribute
the crystals evenly over the slide, the following operation is undergone before
adding Canada balsam: one or two drops of distilled water are carefully placed
over the zircon crop on the slide, and while gently heating the water to evaporate,
the crystals are uniformly dispersed with a needle. When this is done, they
‘will adhere to the slide glass (KRUMBEIN and PETTIJOHN, 1938, p. 360).

Measurements.—Both length and breadth are measured of each doubly
terminated crystal encountered at equally spaced intervals. Linear traverses
are made with a mechanical stage so as to cover the entire slide. As already
suggested by POLDERVAART (1955, p. 436), measurements of about 200 crystals

are normally sufficient, and care should be taken that spaced intervals are wide
enough to exclude previously measured crystals.

General Characters of Zircon

Brief description of general characters of zircon in question is given here.

Abundance—Even rough comparisons of the zircon crops from wvarious
rocks in this area reveal that the amount of zircon much differs among different
geologic units, which, in ascending order of abundance, are the non-metamor-
phosed sediment, the banded gneiss, the xenolithic banded gneiss, and the
granitic rock—this may imply some deep relationship between the amount of
zircon and the origin of rocks that contain it.

Zircons are most abundant in the Obatake granodiorite, the Gamano grano-
diorites A and B, and the Kibe granite, being of roughly the same amount as
those in granites of the other areas I studied. The non-metamorphosed sediments
generally contain a few zircons: none or only scores to hundreds of grains were
recovered from about 1kg of the crushed banded cherts; zircons are far more
abundant in the sandstones than in the banded cherts but only half of the
amount of those in the granitic rocks; in the slates zircon varies in amount
from specimen to specimen, being between those in the cherts and the sandstones.
Zircons in the banded gneisses are of nearly the same amount as those in the
non-metamorphosed sediments. The xenolithic banded gneisses except the
siliceous variety are richer in zircon than the banded gneisses but generally
poorer than the granitic rocks.

Zircon types.—In the non-metamorphosed sediments different varieties of
zircons are present in varying proportions: they are colorless, pale brownish
gray, and strongly pleochroic purple in transmitted light. In the slates, how-
ever, colored zircons are less in amount than colorless one. It is very interesting
to note that all the zircons in the banded gneisses are seen colorless in trans-
mitted light. They show varying degrees of rounding and fracturing as those



mnu.

0.20

0.15

0.05

a b c
. 1 1 " 1 n 2 " . " 1 L 4 I 1 2 " . i Il i n i -
0.05 0 0.05 0 0.05 0.10 mm,
Breadth
Fig. 1. Length-breadth diagrams of zircon crystals in different concentrates as a representative of each zircon type

a: Zircon type I (Xenolithic gneiss, Yn 30) b: Zircon type II (f)batake granodiorite, Yn 153)
¢: Zircon type III (Kibe granite, Yn 337) r: Length/breadth

=
@
0
<]
=
=%

i
N
R

79

VapIvavy ‘X



Zircon Overgrowths in the Ry6ke Metamorphic Zone of the Yanai Area 65

in the non-metamorphosed sediments, though some few euhedral crystals are
also present. Elongated and metamict zircons, which are common in the granitic
rocks in this area, occur only in an extremely low proportion in the non-
metamorphosed sediments and the banded gneisses.

Presenting a striking contrast to the rounded form of detrital zircons in
the non-metamorphosed sediments and the banded gneisses described above,
zircons in the rocks ranging from the xenolithic gneiss to granite are euhedral
and show little difference in color. Each individual of the zircons from these
geologic units may be classed into three types according to their crystal forms
whose diagnostic characters are summarized in Table 1. Figure 1 shows the

Table 1. Zircon types

._Character . N
I Habit Size l?:longatxonl Other characters
Type (See Fig. 1)
Highly faced (football- Fresh. Usually colorless in
71 shaped): large z; domi- Rather Moderate transmitted light. Inclu-
nant a, m; small p; small sions: common, generally
rare ¢ finer than those in Z-II

Generally fresh, sometimes
metamict. Usually color-
less in transmitted light.
Inclusions: less in amount
than those in Z-1 but
larger in size

Long prismatic (pencil-
7-11 shaped): dominant e, m,

p; large or small z;
rare ¢

! Large to

moderate | LaTge

3 . . Commonly metamict.
Z-111 Dominant a, m, p; small #; ‘\ Moderate | Mederate | Cloudy or dark. Usually

sometimes ¢ ! irregular cracks

Tracht C* with or without
large

* This type of crystal habit has been defined by ToMITA and KARAKIDA (1958, p. 27).

relation between lengths and breadths of the euhedral zircons in (a) the
xenolithic banded gneiss characterized by the zircon type I (Z-I), (b) the Obatake
granodiorite characterized by the zircon type II (Z-11), and (c¢) the Kibe
granite characterized by the zircon type III (Z-III).

Zircon assemblage.—The zircon concentrates from the specimens ranging
from the xenolithic banded gneiss to the Kibe granite are classified into five
groups according to assemblages of the three zircon types mentioned above as
follows:

Assemblage 1 (ZAl): Z-I only, or sometimes with a few of Z-II
Assemblage 2 (ZA2): Z-1 and Z-I1

Assemblage 3 (ZA3): Z-II with a few of Z-1 and Z-I11
Assemblage 4 (ZA4): Z-1 and Z-IIT

Assemblage 5 (ZA5): Z-II and Z-1II

Assemblage 6 (ZA6): Z-III with or without Z-II

Relation between zircon assemblage and rock type.—The zircon assemblages
just mentioned may be related to the rock types or modes of rock formation
(Table 2).



66 Y. KARAKIDA

Table 2. Relative abundance of the three types of zircon

Z. assemblage ; ZAl ‘ ZA2 ‘ ZA3
*
Rock type N A B cl N A B C N A B C
Yn 30 0.52.5 0|Yn 247 2.5 6 1.5
Xenolithic Yn 45a 0 0.5 0
banded gneiss Yn 345b 0 3 0
Yn 353b 0.5 6.5 1
A K >0.5 0|Yn362 6 6 0 |II 016 0
Obg(}%kgte Yn34 1 2 0 Yn153 0 0.5 0
£ranodl Yn 361239 22 0 Yn345 0 2 0
Gamano . Yn 2453 2.57.5 2
granodiorite B Yn250 0 27 25

Gamano
granodiorite A

Kibe granite |

* N: Number of rock specimen; A, B, and C: content of the overgrowth

Of five specimens of the xenolithic banded gneiss four have ZA1l and only
one ZA2. The rock characterized by the latter assemblage, which occurs as a
small xenolithic lens about 30 cm thick in the Gamano GD-B, has apparently
been more highly assimilated than the rocks of ZAl.

Among the rocks belonging to the Obatake granodiorite, those of ZA1l show
a well-developed banded structure due to rather roughly alternating white and
gray bands, but its structure presents a weaker contrast in color and more
obscure boundaries than in the typical banded gneisses, while those of ZA3, which
is medium-grained and uniformly foliated, are so similar to the Gamano GD-B
of ZA3 that it is very difficult to distinguish between them in hand specimens—
it is possible only by field observations.

Among the rocks of the Gamano GD-B, those of ZA3 are medium-grained,
moderately foliated, and comparatively homogenous in appearance, while those
of ZA4 contain thin biotite-rich lamellae or films. In these rocks Z-III scarcely
displays metamict state, which is common in those from the Gamano GD-A and
the Kibe granite.

The zircons in the Gamano GD-A are of either ZA5 or ZA6. According to
this fact, the granodiorites may be classed into two groups, which cannot be
distinguished by the ordinary petrological methods and geological observations.

In general the pyramid x (311) of Z-II is developed smaller in the Gamano
GD-A than in the GD-B.

In ZA6 of the Kibe granite Z-II is smaller in amount than in ZA6 of the
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overgrowths (0O-A, O-B, and O-C) in Yanai rocks

ZA4 \ ZA5 ZA6
N A B C ’ N A B C A B ¢
|
| Yn 4b 0 0.5 2.5
Yn 45¢ 0.5 0 0.5
Yn102 1 0 2 S 9 1 51
Yn 211 0.5 1.5 12 Yn 57 0 8.5 1
Yn241 0 0.5 5 Yn 89 0
Yn3% 0 0 15| Yn 972 0 1 &
Yn3522 0 2 3 Yn216 0 0.5 32.5
Yn352b 0 3.5 1
| Ynssia 0 22 4
Ks 0 9.5 45
| Yn337 0 0.5 45

types O-A, 0-B, and O-C in percentage of the whole zircon concentrate

Gamano GD-A. In Z-III of the Kibe granite metamictization takes place most
intensely.

Overgrowths of Zircon

Classification of overgrowths

Zircon overgrowths are often observed in the rocks of various geologic
units in this area. For example, even the non-metamorphosed sediments contain
a few of such crystals of detrital origin (Pl. 10, Figs. 14-16), which, together
with those from the banded gneiss, are not the object of the present study; in
this paper are dealt with overgrown crystals in the rocks ranging from' the
xenolithic gneiss to granite. They are divided into three types according to
crystal forms of core and shell as shown in Table 3.

Table 3. Classification of the overgrown zircons according to crystal habit

( Type O-A | Type O-B ‘l Type 0-C
Rounded, or rarely sub- \ Tracht C with or with- Tracht C, Tracht D, or
Core angular to sharply | out large x, Tracht Tracht S
| angular | Dor Tracht S
Shell . Tracht C with large = ‘ Tracht C or Tracht D

The types of crystal habit are defined by ToMmiTA and KARAKIDA (1958, pp. 26-27).
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The type A (Pl 9, Figs. 1-11)

Almost all of the overgrown zircons of this type (0-A) have the crystal
form of Z-1. It is worthy of notice that the overgrowth of this type is charac-
terized by only one shell in striking contrast to that of the type B described
below. Shells of the O-A zircon are generally colorless, clear, crackless, and
characteristically free from inclusions, belonging to the normal zircon of ToMITA’s
classification (ToMITA, 1956, Fig. 2), while its cores are brownish hyacinth and
usually have cracks and inclusions. It is often found that the cracks in cores
do not pass into shells through the boundaries between them (Pl. 9, Fig. 4).

Surfaces of rounded cores are usually scratched, pitted, rough, and dirty
with dust-like materials. These distinguishing features of the surfaces seem to
make it easy to detect cores from shells, because the irregularities on rough
surfaces would reflect transmitted light irregularly to reveal the boundary be-
tween cores and shells under the microscope. Rarely cores are subangular to
sharply angular (Pl 9, Figs. 7, 8). Length of cores is normally parallel to, but
rarely oblique with respect to, ¢ axis of shells (Pl 9, Figs. 9-11). There is
some tendency that the last-mentioned cores are relatively small in size. Some
cores consist of overgrown zircon, broken parts of which are rounded (Pl 9,
Figs. 5, 6).

Chief inclusions in the cores, in order of abundance, are (1) subhedral,
short or long, prisms of zircon; (2) clouds or strings of fine black dust; (3)
dark brown grains with moderate pleochroism; (4) opaque materials of spherical,
cylindrical, or irregular shape. It is to be noted that some opaque materials occur
as nuclei in zircons.

The type B (Pl 9, Figs. 12-17; Pl 10, Figs. 1-5)

The majority of the overgrowths of this type (0-B) are developed in Z-II,
and the remainder in either Z-I or Z-III.

In most cases cores are distinctly euhedral. Sometimes rounded cores are
met with, but the degree of roundness is lower than that in O-A. Dirty materials
clinged to the surface of cores are less in amount than those in O-A (Pl 9,
Fig. 12). Rarely are found very interesting cores: core whose pyramidal ter-
mination at one end is broken off (Pl 10, Figs. 1, 3-5); core whose ¢ axis is
not parallel to that of shell (PI. 10, Figs. 1, 2). '

Shells are commonly colorless, clear, and fresh, belonging to normal zircon,
but some shells, especially those of Z-II which are cloudy, brownish, irregularly
crackled, and of weaker birefringence, may be, according to TOMITA’s classification
(1956), hyacinth or malacon. It may be noted parenthetically that some shells
consist of two or more separate zones (Pl. 9, Figs. 16, 17). On the other hand,
most cores are probably hyacinth A or B; others are hyacinth C (metahyacinth)
or malacon (PL 10, Fig. 3).

Inclusions in the cores are not so large in amount but tend to be larger in
size than those in O-A. They consist essentially of short or long subhedral prisms
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of zircon-like mineral, with subordinate amounts of opaque dust-like materials.
On the contrary, shells, in most cases, contain no inclusion—this is a prominent
character.

The type C (Pl 10, Figs. 6-13)

0O-C; resembles O-B in every respect except habit of shells. O-C,, however,
is unique in the nature of shell, which is very different from other overgrowth
types. Thus the shell of this type is merely a thin mantle of highly metamictized
zircon, which completely or sometimes partly envelopes core of hyacinth. This
feature tends to representatively manifest itself in the overgrown crystals from
the Kibe granite, which is the latest intrusion in this area. It may be well to
mention here that in this type there is no core with pyramidal termination at
one end only or with length oblique to the ¢ axis of shell as seen in other types.

Distribution of the overgrown zircons

In Table 2 the percentages of the overgrowth types to the whole zircon
concentrate are disposed with reference to both the zircon assemblage to which
the overgrowths belong and the enclosing rock type. This table shows that the
relative proportions of the three types in zircon overgrowths vary with rock
type and zircon assemblage as well, though the sum total of the percentages
has no definite relation to rock type; that O-A is confined almost entirely to
ZA1l and ZA2, while the bulk of O-C is found as a constituent of ZA3 to ZA6
in the Gamano granodiorites and the Kibe granite; that O-B is distributed
among all the assemblages, its proportion for each specimen being higher in
ZA2 and ZA3 and lower in ZAl, ZA4, ZA5, and ZAS6.

Again, it is interesting to note that overgrowth phenomena in zircons,
excluding some of O-C, may bear some relation to their crystal habit. Thus,
the shells of overgrown zircons are not assigned to the habitus M—m (110) is
larger than «(100)—but either to the habitus A—a is larger than m—or to
the habitus G—a and m are equally developed (ToMITA and KARAKIDA, 1958,
p- 27). Furthermore, few, if any, overgrown zircons are present in the concen-
trate that contains only small amounts of zircons assigned to the habitus A;
for example, those concentrates from the rock specimens Ynl53, Yn335, and
Yn89, which belong to ZA3, ZA5, and ZA6, respectively (Table 2).

Consideration

The overgrown zircons described in this paper are entirely different in
appearance from ordinary zoned crystals which consist, under the microscope,
of numerous fine, almost thread-like concentric bands.

TRUEMAN (1912) found in a quartzite invaded by a granite secondarily
developed zircons which partly or completely envelope original detrital grains
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of zircon, and he considered that the material for the enlargement or later
crystallization was, in part at least, introduced from the granite. Similar over-
growth phenomenon in zircon has been observed by different authors in different
rocks: in granites by SMITHSON (1928), GRrRovEs (1930), TYLER and others
(1940), POLDERVAART and ECKELMANN (1955), and POLDERVAART (1956); in
gneisses by PRESTON (1954) and HARRIS (1959); in sedimentary rocks and sand
beds by TYLER and others (1940) and HuTTON (1950). In particular, POLDER-
VAART and ECKELMANN (1955) published splended photomicrographs of over-
grown, outgrown, and aggregated zircons in the authochthonous granites from
the Beartooth Mountains of Montana-Wyoming and considered prevalence of
zircons with such growth phenomena in granites formed in situ as a convincing
laboratory evidence of the reality of Read’s granite series.

But to return to our subject, many of the cores of O-B and O-C; are sharply
euhedral, consisting chiefly of a(100) and p(111) with poor development of
m (110) and 2(311). This morphological characteristic of the cores is invariant
throughout the granitic complex under consideration. POLDERVAART (1956)
and the authors cited in his paper, ALPER and POLDERVAART (1957), and TAUBE-
NECK (1957) ascertained the fact that zircons from normal granite exhibit the
same morphological feature throughout a granite mass. Thus, assuming that
such uniformity and sharpness of crystal form are regarded as evidence for
magmatic origin of zircon, it appears to be permitted that the cores of 0-B and
O-C; were crystallized from a granitic magma.

The cores of O-A are well-rounded, and this type of zircon overgrowths
occurs exclusively in the xenolithic banded gneisses but less granitized—these
facts may indicate that the cores arc relicts of original detrital zircon. In
addition, the observations that some of the rounded cores again contain sharply
terminated zircon as nuclei (Pl. 9, Figs. 5, 6) and that the cores of this type
are far more rounded than the detrital zircons in the non-metamorphosed sedi-
ments of this area may support the conception that further corrosion of detrital
zircons took place to some extent before the formation of outer shells. The
phenomena impressed on the cores of O-A, such as corrosion, dirtying the cor-
roded surface, breakage, crossing of the ¢ axes for core and shell, ete. are inter-
preted as indicating that there was a break in zircon generation—a break cor-
responding with a period during which zircon grains were chemically reacted
with and also were moved to and fro through the surrounding medium.

The cores of O-B and 0O-C; show the same phenomena as those of 0-A
mentioned above but not so markedly advanced. This fact seems to imply differ-
ences in both crystallization condition and time lapse of the break in generation
between cores and shells, a greater time lapse being demanded for O-A. As
previously mentioned, both cores and shells of O-B and O-C; are considered to
be of magmatic origin on the basis of sharpness of their edges and terminals,
and the morphological difference between cores and shells in O-B suggests that
their crystallization conditions are somewhat different from each other. Further-
more, the development of two or more zones in the shells of O-B and O-C,, does
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not imply continuous calm crystallization.

The absence of inclusions in the shells of O-B and O-C; as well as O-A is
one of the noteworthy features different from common zircons in granites.
Though this may indicate a comparatively rapid crystallization of the shells,
much more research is necessary before the subject can be explained.

The mode of origin for the types A (0-A), B (0-B), and C; (0-C;) of
zircon overgrowths mentioned above may lead to the following petrogenic con-
cept: such rocks as containing the overgrown crystals were originated by mixing
of 'sediments, which had detrital zircons now seen as relict cores of O-A, and
granitic liquids, which were crystallizing euhedral zircons now seen as relict
cores of 0-B and O-C, as well as parts of O-A. In the rocks rich in O-A (xeno-
lithic banded gneisses and Obatake granodiorites characterized by the zircon
assemblages 1 and 2) the original solid sedimentary material might be com-
paratively predominant, while in the rocks rich in O-B and O-C; (Obatake and
Gamano granodiorites characterized by the zircon assemblages 3 to 6) the
granitic liquid may have been incorporated in relatively great amounts. This
conclusion may be supported by a greater amount of zircon crops in the latter
group of rocks than in the former, because granitic magmas generally contain
more zirconium to form zircon than sediments.

The subsequent marked changes of environment after the mixing just
mentioned made the cores round and promoted the new growth of shells which
differ entirely from the cores in crystal habit, inclusion, etc. During the crystal-
lization of the shells, parts of the Obatake (zircon assemblage 3) and Gamano
granodiorites sometimes underwent changes of condition which may be due to
local and intermittent contamination of granitic magma by small blocks of pre-
existing gneiss and to successively repeated permeation of other new granitic
magmas, as indicated by the presence of two or more zones in the shells of
O-B and O-C;. Such processes cannot be clearly analyzed by ordinary laboratory
work on the present rock specimens. Lastly, the malacon mantle of O-C. is
thought to be crystallized from the acid magma which represents the latest stage
of magmatic evolution.

Detailed studies of the zircon overgrowths would refresh our knowledge of
the processes in the formation of granitic rocks.
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Plate 9



Figs. 1-11:

Figs. 12-17:

Explanation of Plate 9

Zircon overgrowths designated as type A from the xenolithic banded
gneiss and the Gamano granodiorite.

Note core with fractures independent of shell (Fig. 4); corroded cores
containing zircon nuclei (Figs. 5, 6); cores with ¢ axis oblique to length
of shell (Figs. 9-11).

Zircon overgrowths (type B) from the xenolithic banded gneiss and
the Obatake and Gamano granodiorites.

Note cores with two or more separate shells (Figs. 16, 17).
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Plate 10



Figs.

Figs.

Figs
Figs

6-10:

. 11-13:
. 14-16:

Explanation of Plate 10

Zircon overgrowths (type B) from the xenolithic banded gneiss and the
Obatake and Gamano granodiorites.

Note cores with ¢ axis oblique to length of shell (Figs. 1, 2) and cores
with only one pyramidal termination (Figs. 1, 8-5).

Zircon overgrowths (type C,) from the Gamano granodiorite.

Note cores with two or more separate shells (Figs. 6, 7).

Zircon overgrowths (type Cg) from the Kibe granite.

Zircon overgrowths from slate and sandstone of the non-metamorphosed
sediment zone.
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