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Introduction

The metamorphosed sediments assigned to the Upper Paleozoic are
largely exposed on the hilly land of the Tsukuba district which extends
sporadically from the northern corner of Tsukuba-gun to the southern
half of Niihari-gun as well as to a part of Ishioka City, being charac-
terized by the frequent occurrence of granitic rocks, abundance of
various contact minerals, lit par lit injection of igneous materials, for-
mation of hybrid rocks, etc. These metamorphosed sediments indicate
a wide range of alteration from place to place. In this case, some of
them were metamorphosed from sandstones, whereas the others were
derived from conglomerates, shales and clayslates. They are all subjected
to remarkable disturbances here and there. Such geological features
have already been studied by H. Yamada,” F. Otsuki,® K. Jimbo,» S.
Kozu,? K. Iwasaki,” R. Kimura,” Y. Odaira,” H. Sat5, K. Sugi,” B.
Yoshiki®™ and others.

The Tsukuba district is also a well-known area to the writer who
was born there, and he was thus in a favorable position to promote
his geological and mineralogical works on the metamorphosed sediments
of this district. In the latter case, the writer had a special interest in
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heavy mineral components almost free of those in original sediments
except zircon crystals. Moreover, his attention was attracted to the
presence or absence of some heavy minerals depending upon the distance
from the granitic contact. - To examine these heavy minerals, he collected
abundant specimens from many localities during his field work. They
were crushed and analysed mechanically by using heavy solutions. The
isolated crystals extracted in this way were crystallographically and
optically investigated, their mineralogical characters being furthermore
confirmed by microscopical observations of thin sections of each specimen.
The results are summarized in the present paper.

General Features of Mother Rocks

The hilly land of the Tsukuba district (Fig. 1) is geologically a very
complicated area, where various kinds of metamorphosed sediments as-
signed to the Upper Paleozoic are extensively exposed together with
granitic rocks (Fig. 2). It extends from Ryiijin-yama to Hoj6o westwards,
including Negoyashinden, Kankyo-san, Fuji-yama, Sengen-zan, Aoyagi,
Onogoe, Bussh6ji, Asahi-toge, T6joji, Sawabe, Fudo-toge, Hirasawa,
Yamaguchi, Kowada, ete. The metamorphosed sediments here are the
alteration products of clayslate, shale, sandstone and conglomerate due
to the large intrusion of biotite granite and two-mica granite. In these
cases, the grade of metamorphism is very changeable from place to
place depending upon the distance from the granitic body and lit par
lit injection of the granitic substances.

The Upper Paleozoic sediments of this district are thus affected
weakly at the east, but strongly at the west, resulting in the formation
of spotted biotite clayslate, hornfels, metamorphosed conglomerate and
mica gneiss or schist. Among them, spotted biotite clayslate is widely
distributed at the area extending over Ryiijin-yama, Namitsuki-iwa,
Negoyashinden and Kankyo-san. This type of clayslate has a black
color and is generally characterized by the abundance of biotite spots,
2mm. in the maximum diameter. Commonly, the rock is composed of
quartz, orthoclase, plagioclase, reddish brown biotite, hematite, zircon,
apatite, muscovite, tourmaline and graphite. Moreover, some of it
contains many andalusite or chiastolite erystals, 3 mm. or more in length,
as is indicated by the specimens from the hill behind Tenma. It is
frequently intercalated with hornfels derived from arenaceous rocks and
has a strike of N40°-70°E and a dip of 50°-70°NW-NNW.
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By going westwards, however, hornfels and injection rock begin to
crop out predominantly with the gradual transition and the frequent
change of strike and dip. In the case of hornfels, there are several
varieties altered respectively from argillaceous, arenaceous and calcareous
sediments. They are represented by biotite hornfels, two-mica hornfels,
hornblende diopside hornfels, diopside garnet hornblende hornfels, diop-
side biotite hornfels, andalusite or chiastolite hornfels and cordierite
hornfels. The commonest type of these rocks is two-mica hornfels
derived from clayslate or shale. Its exposures are traceable from Ryijin-
yama to Sawabe southwestwards, passing through Negoyashinden,
Sugisawa-fudo, Sengen-zan and T6joji and intercalating other kinds of
hornfels changed from arenaceous sediments as well as from rudaceous
rocks. The occurrence of andalusite or chiastolite-bearing biotite or
two-mica hornfels is known near Sengen-toge and also on the ridge
extending from here southwestwards, whereas cordierite hornfels is
found at Sugisawa-fudo. Minerallogically speaking, biotite hornfels or
two-mica hornfels consists of quartz, orthoclase, magnetite, apatite,
zirecon, tourmaline and graphite together with reddish brown biotite and
muscovite. Such mineral components are quite similar even when
phenoblastic andalusite, chiastolite and cordierite are present. The
distribution of hornblende-bearing diopside hornfels and diopside garnet
hornblende hornfels is restricted to a small extent as compared with
other metamorphosed sediments. So far as is known at present, the
former is to be seen on the hill just behind Kangoéri, and the latter is
found at the Hirasawa quarry. Besides these, quartzose diopside plagio-
clase hornfels is noticed by Sugi on the hill near Sugisawa-fudo, Kami-
aoyagi and Nakayama.

Hornblende-bearing diopside hornfels is highly quartzose, and the
main part of this rock is composed of quartz, plagioclase, orthoclase
and diopside with a subordinate amount of green hornblende, magnetite
and zircon. Diopside garnet hornblende hornfels is a hard and compact
rock with a light green or dark green color, being constructed by a
granoblastic aggregate of quartz, orthoclase, plagioclase, titanite,
magnetite, apatite zoisite, allanite and zircon as well as green horn-
blende, diopside and garnet. It is a xenolith in porphyritic biotite
granite and grades into biotite-bearing variety at its marginal part.

Metamorphosed conglomerate is exposed in connection with spotted
biotite clayslate, two-mica hornfels and injection mica gneiss. The most

11) K. Sual, op. eit., (1930), 75, 89-92.
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remarkable one can be observed on the southern flank of a ridge rising
up close to the truck road between Sawabe and Oda. Its exposure
extends from north to south within the area of two-mica gneiss or
schist. A ,

The western half of this area is almost.built up of injection mica
gneiss characterized by a lit par lit injection of porphyritic biotite
granite and other igneous materials. Frequently, it has a banded
structure due to the repetition of mica-rich parts and quartzose laminae
or lenses. In general, they are represented by intricate aggregates of
quartz, orthoclase, plagioclase, biotite, muscovite, hematite, zircon,
apatite, tourmaline and graphite, containing occasionally sillimanite,
cordierite, garnet and andalusite or chiastolite. When biotite and
muscovite are found together, the former is always more predominant
than the latter, and some spotted structure is not infrequently formed
by shimmer aggregates of these two minerals. In the specimens col-
lected from near the exposures of granitic rocks, biotite flakes are
sometimes associated closely with confused swarms of sillimanite needles.
The occurrence of such sillimanite erystals seems to be restricted to the
area which was subjected to the intense contact metamorphism, and it
is well known at Hirasawa, Kowada and on Jo-yama as well as along
the truck road of Fudo-toge and in its vicinity where porphyritic biotite
granite is repeatedly and complicatedly exposed.

Of these, the metamorphosed sediments of the Hirasawa quarry
(Fig. 3) are biotite gneiss, biotite hornfels and diopside garnet hornblende
hornfels. In this case, biotite gneiss is the most predominant rock,
having thin layers of biotite or two-mica hornfels derived from sand-
stone. They are traversed and intercalated by porphyritic biotite gra-
nite, aplite, pegmatite and other - igneous materials (Fig. 4). Such
metamorphosed sediments are smoothly or intricately bordered against
granitic rocks, and a sudden or gradual transition can be seen between
them, being subjected to the complicated injection of igneous materials
near the granitic contact (Figs.. 5-6). Most of biotite gneiss here have
a distinct banded structure and are remarkably folded close to the
contact where biotite flakes are exceedingly increased and some aplitic
or granitic veins are found together. ‘

As to the chemieal characters of metamorphosed sediments mentioned
above, there are only few available data.”™ Some of them are shown
in the following table (Table 1).

12) K. Sual, op. cit., (1930), 103.
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Table 1.

(1) (2) . (3) .
Si0y 63.63 : 65.54 60.20'
AlL,Os 16.09 ©16.27 16.98
Fe, 03 0.55 1.10 5.89
FeO , 5.00 3.54 3.80
MgO 2.28 A 2.15 2.98
Ca0 1.24 2.00 1.57
Na,O 2.09 2.99 ‘ 0.83
K0 4.52 3.00 3.42
H.0. 1.02 « 1'4?} . 4.14 (ig. loss.)
H,O_ 0.17 0.40 }
TiO, 0.74 0.50 ’ not det.
P,0; 0.08 0.56 not det.
MnO 0.10 0.07 . not det.
C - 2.00 ) not det not det.
Total 99.53 99.54 - 99.81

) Sillimanite biotite gneiss from the Hirasziwa quarry. Anal., S. Tanaka.
(2) Injection biotite gneiss from Fudo-tdoge. Anal., T. Katd.
(3) Spotted biotite clayslate from Ry@jin-yama. Anal., Y. Odaira.

Mineralogical and Optical Characters of Heavy Minerals ‘

The mineralogical and optical characters of heavy minerals can be
well investigated by isolating them from their mother rocks. For this
purpose, the writer crushed various types of metamorphosed sediments
collected from many localities of the Tsukuba district (Fig. 1) and used
Thoulet solution to extract them. In this operation, he could concentrate
such heavy minerals as allanite, andalusite (chiastolite), apatite, biotite,
garnet, hematite, magnetite, monazite, muscovite, sillimanite, titanite,
tourmaline, zircon and zoisite. They are sometimes in high frequency,
but are scarcely present, or absent in other cases. ' :

Among them, biotite is the most remarkable heavy ingredient in
all of metamorphosed sediments which include biotite gneiss (schist),
two-mica gneiss (schist), biotite hornfels, two-mica hornfels and spotted
biotite clayslate. The mineral is commonly scattered through the rock,
but crowds together occassionally to form rounded spots here and there.
It is strongly pleochroic from light brownish yellow (X) to reddish brown
(Y, Z), having an index of refraction (y) between 1.639 and 1.649. The
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crystal contains apatite, graphite and zircon.

Muscovite is less important than biotite. Both the minerals are
frequently associated together, particularly at Hirasawa, Yamaguechi,
Kowada and Oda as well as on Asahi-tdge and Fudo-toge. It is often
characterized by the presence of a worm-eaten structure and the
abundance of enclosures represented mostly by graphite erystals.

The occurrence of andalusite (chiastolite) and sillimanite is restricted
to a small extent. Andalusite takes a long prismatic habit, and its
crystal is imperfectly terminated. Sometimes, the interior of this mineral
is rich in the carbonaceous matter and passes into chiastolite. It alters
to minute sericite scales when decomposed. The indices of refraction
are as follows:

a=1.613—-1.627 , 7=1.637—1.642

Sillimanite consists of transparent and colorless needles, 0.5 mm. in
the maximum length. The ecrystal shows the highest frequency in
biotite gneiss of the Hirasawa quarry (Fig. 9) and constructs confused
aggregates which are distinguishable even with naked eyes. The indices
of refraction are «=1.651, #=1.653 and r=1.673.

Diopside and hornblende (Fig. 7) are characteristic ingredients in
hornfeles metamorphosed from sandstones rich in lime and magnesia.
Both the minerals are found together, and some of them are associated
with garnet, taking a subhedral or anhedral form in most specimens.
In the case of hornblende, it has usually a poikilitic texture and is
often intergrown with diopside in an intricate manner. The largest
crystal is 1.52 mm. long and 0.72 mm. across. The mineral is distinetly
pleochroic from light yellow or light brown (X) to greenish brown or
brownish green (Y) and green or bluish green (Z). Moreover, its ex-
tinction angle, ¢AZ, is 15°. When the crystal encloses zircon, the ple-
ochroic halo is seen along the contact between them.

The amount of hornblende is more abundant than diopside in the
specimens from the Hirasawa quarry, but is vice versa in those from
Muko-yama.

Diopside has a diameter of 0.3mm. or thereabouts even in the
largest crystal and contains zoisite crystals. Its extinction angle, ¢cAZ,
is 40°.

The most remarkable accessory heavy mineral is tourmaline which
is present in most specimens of biotite gneiss (schist), two-mica gneiss
(schist), biotite hornfels, two-mica hornfels, spotted biotite clayslate,
etc. It occurs as a stout or long prismatic crystal (Figs. 10-11), the
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former taking frequently a well-defined form as compared with the latter.

They are composed of m(1010), a(1120) and 0(0221) as well as of (1011).
So far as has been examined by the writer, the commonest form is re-

presented by a combination of (1010), (1120) and (1011). When the

elongated crystal is truncated at the end, (1011) is always absent as is
indicated in the specimens of two-mica gneiss or schist from the area
including Hokyo-zan and Kowada. The size of such crystals shows a
wide range. The largest one is 0.93 mm. long and 0.42 mm. across in
the erystal with a stout prismatic habit, whereas it is 0.81 mm. long
and 0.15 mm. across in the long prismatic variety. In this case, the
refractive indices are as follows:

N;=1.622—1.628 , N,=1.648—1.655. N,—N,=0.026—0.027 .

The mineral strongly pleochroic from light brownish yellow or light
brown (Ngz) to dark yellowish brown or dark brown (&,). Some of it
is faintly zoned and reveals a darker color at its inner part. The crystal
has occasionally a clear appearance without any inclusion, but it is com-
monly rich in graphite and gas (?) inclusions. In the elongated crystal,
they are exceedingly abundant and a dark core is formed by the high
frequency of graphite inclusions.

The occurrence of zircon (Fig. 12) is not so remarkable as tourma-
line, although this ingredient is contained in most of metamorphosed
sediments. Its frequency seems to depend on the lithological characters
of original sediments and has a tendency to be high in hornfelses derived
from arenaceous sediments, but it lacks occasionally in gneisses and
hornfelses altered from argillaceous rocks.

The mineral is found as colorless, purple and pink crystals with a
short or long prismatic habit and well-rounded form (Fig. 12). In the
writer’s specimens, the frequency of the colorless zircon is much higher
than that of the purple or pink variety, and sharp prismatic crystals
are rarely found. It constructs the combinations of (100), (111); (110),
(111) and (110), (100), (111), (311). Among them, the common type is
composed of (100) and (111) or (110) and (111). In these cases, the
colorless zircon is quite free of such a long and sharp prismatic form
as found frequently in porphyritic biotite granite of the Hirasawa quarry
and two-mica granite of Kankyo-san or elsewhere.

The purple zircon is contained in the specimens obtained from
Ryiijin-yama, Negoya and Fudo-toge, where the mother rock is two-
mica hornfels changed from sandstone. It usually takes an ill-defined
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form and is sometimes worn to a spherical grain. In the specimens
from Ryiijin-yama, the crystal has a bright purple color and is slightly
pleochroic. The pink variety occurs only in two-mica hornfels exposed
at the western side of Fudo-toge. The original rock of hornfels here
is also sandstone.

The length or diameter of various zircon crystals mentioned above
ranges from 0.03 mm. to 0.22mm., and their minute grains enclosed in
biotite flakes afford a pleochroic halo along the contact between them.

Apatite is not so widely distributed as tourmaline and zircon in
metamorphosed sediments. This mineral is almost or entirely absent in
spotted biotite clayslate and associated hornfels of Ryiijin-yama and the
adjacent area, but has a tendency to be increased in biotite gneiss
(schist), two-mica gneiss (schist) and biotite or two-mica hornfels of
Hirasawa, Kowada and others, where granitic rocks are exposed here
and there. It is, therefore, always noticeable in the specimens obtained
from the granitic contact of the Hirasawa quarry and also in their
xenoliths captured by porphyritic biotite granite of the same place.
Even in these cases, its frequency is not very high when compared
with porphyritic biotite granite, particularly biotite-rich part of the
contact which has already been described in the writer’s previous paper.™®

Apatite has a stout prismatic habit or rounded form, the good
crystal being a combination of prism, pyramid and base. It is mostly
colorless and clear without any enclosure, but has rarely a dark grey
core supposed to be a decomposed part. Such a crystal is occasionally
associated with biotite flakes and sillimanite needles. The largest one
is 0.14 mm. long and 0.09 mm. across. '

The frequent occurrence of pink garnet is known in some specimens
of biotite hornfels or two-mica hornfels collected from Muko-yama,
Hirasawa and the ridge between Busshoji and Rokusho, where they are
believed to have been derived from various kinds of sandstone. Com-
monly, the mineral has a rounded form with the exception of beautiful
rhombic dodecahedron formed in two-mica hornfels of Blissh()ji-Rokusho.
At the Hirasawa quarry, garnet is complicatedly intermixed with green
hornblende and diopside in the mother rock enclosed by porphyritic
biotite granite. The round erystal mentioned above is 0.06 mm-1.12 mm.
across and has an uneven surface, being characterized by the frequency
of a mesh structure in thin sections (Fig. 8).

Monazite is a very rare ingredient in metamorphosed sediments of

13) T. ICHIMURA, Bull. Earthq. Res. Inst., 33 (1955), 392.
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this district, although it shows a high frequency in porphyritic biotite
granite near its contact of the Hirasawa quarry. The writer separated
out this mineral from biotite hornfels and two-mica hornfels which
alternate with two-mica gneiss or schist at the western side of Fudo-
toge and are undoubtedly alteration products of arenaceous rocks. The
crystal occurs as minute round grains, 0.07 mm.-0.17 mm. in diameter
and is slightly pleochroic from light greenish yellow to light yellow or
almost colorless. Moreover, it has a dark border due to the effect of
refractive indices and is easily distinguishable from zircon or titanite.

The restricted occurrence of heavy minerals is also indicated by
titanite and allanite which are present together only in the xenolith of
diopside garnet hornblende hornfels found at the Hirasawa quarry. The
former has an irregular or rounded form and is frequently associated
with. green hornblende or diopside, including occasionally ill-defined
magnetite crystals. The latter is, on the other hand, very scarcely
contained in the rock mentioned above. It is strongly pleochroic from
light brown (X) to reddish brown (Y)or light yellow (X). The crystal
is 1.07 mm. long and 0.3 mm. across.

In addition, there are some metallic minerals such as hematlte
magnetlte and pyrite, but they are neghglble or absent in most specl—
mens.

The heavy minerals in many specimens are summarized in Table

Geological Considerations on the Occurrence of Heavy Minerals

As has already explained, metamorphosed sediments of the Tsukuba
district contain various kinds of heavy minerals which. change their
frequency from place to place. In many specimens collected by the
writer, biotite is the most predominant mineral. Even in the sediments
affected slightly by contact metamorphism, this ingredient is' always
present with a high frequency. Its amount seems to depend on the
grade of metamorphism and the lithological character of original sedi-
ments. It increases its frequency in metamorphosed sediments derived
from clayslate and is especially abundant at or near the granitic contact.

The same may be said of muscovite which has a tendency to
gradually increase in frequency in the area, where granitic rocks are
sporadically exposed and some of them are still concealed under the
present surface.

Sillimanite and andalusite (chiastolite) are, on the other hand,
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Table 2. Heavy minerals in metamorphosed sediments
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Table 8. Localities of metamorphosed sediments in
the preceeding table

Village or town

District or city -

(1) Rytjin-yama (Two-mica hornfels)

(2) " ( ” )

(3) Negoyashinden-Tenma (Andalusite spotted
biotite clayslate)

(4) Negoya-Tenma (Two-mica hornfels)

(5) ” (Two-mica gneiss)

(6) The summit of Sengen-zan (Two-mica hornfels)

(7) Yumizuru (Two-mica hornfels)

(8) 4 ( ” )

(9) " ( 4 )

(10) Shibauchi ( 4 )

(11) Komachi ( ” )

(12) Tojoji ( ” )

(13) 4 ( 4 )

(13) ” ( " )

(14) " ( " )

(15) Tojoji-Sawabe ( ” )

(16) Sawabe  ( 4 )

a17) ” ( ” )

(18) ” ( ” )

19) ” ( » )

(20) ” ( ” )

(21) Oda ( ” )

(22) Nakayama-Busshoji (Two-mica gneiss)
(23) Busshoji ( " )
@) v ( v

(25) Fudo-toge (Two-mica schist)

(26) Rokusho-Busshdji (Garnet two-mica hornfels)
(27) Yamaguchi (Two-mica hornfels)

(28) 4 ( " )

(29) Hirasawa-yama (Two-mica schist)

(30) ” (Two-mica gneiss)

(31) 4 (Sillimanite two-mica gneiss)
(32) Hirasawa ( ”

33) ” (Biotite hornfels, xenolith)

34 ” (Diospide garnet hornblende hornfels)
(35) Muké-yama (Sillimanite two-mica gneiss)

(36) ” (Hornblende-bearing diopside
hornfels)
37 ” (Biotite hornfels)

(38) Jo-yama (Sillimanite two-mica gneiss)

(39) Yamaguchi (Two-mica gneiss)

(40) Kowada (Two-mica gneiss)

(41) » ( r )

(42 ( " )

43) (" r )

44 ( ” )

(45) Hokyo-zan (Two-mica schist)

(46) Hokyo-zan—Fudo-toge (Two-mica gneiss)

Yasato-machi

4

n
Chiyoda-mura
Yasato-machi
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restricted in distribution, both the minerals not being found together
in the Tsukuba district. Generally speaking, the former occurs frequently
in the area where metamorphosed sediments are closely associated with
granitic rocks. In short, sillimanite is a stable mineral and is more
abundant in biotite gneiss exposed close to the granitic contact, but it
has. some tendency to decrease its frequency with the increase of
muscovite. Such a feature can be seen at the Hirasawa quarry and its
adjacent area. ,

Andalusite is seen in metamorphosed sediments derived only from
shale or clayslate which was less affected by the granitic intrusion. It
is, therefore, contained in biotite hornfels or spotted biotite clayslate
formed at the distance from the main granitic body.

. Green hornblende and diopside are, however, noticed only in hornfels
which were originally siliceous sediments rich in lime and magnesia.
Geologically, they are not important minerals, since such kinds of
mother rocks are scarcely distributed in this district.

One of the common heavy accessory minerals is tourmaline. General-
ly, it has a high frequency in gneisses and hornfelses derived from
clayslate or shale, but is occasionally lacking even in these kinds of
rock.

The similar tendency is also seen in hornfelses metamorphosed from
sandstones and spotted biotite clayslate subjected to the least metamor-
phism, although the occurrence of this mineral is restricted to a smaller
extent. These faets suggest that such a volatile component as boron
was not uniformly circulated in the metamorphosed area, and the
distribution of tourmaline crystals seems, therefore, independent of the
distance from the granitic body, the lithological character of original
sediments as well as of grade of metamorphism, spreading over all
parts of the contact aureole. Its formation is supposed to have largely
been facilitated by the sedimentary structure disturbed by the granitic
intrusion.

Zircon is less frequently present than tourmaline, when both the
minerals are found together in metamorphosed sediments. Commonly,
it takes a rounded form and has some appearance of an ingredient in
the original sediments, being almost free of such well-defined crystals
as those of the Tsukuba type granite and Inada type granite.® These
granites are characterized by coexistence of colorless and pink varieties

14) S. OkapA, N. SHIMODA & H. SHIBATA, Stud. Geol. & Min. Inst. T.K.D., (1954),
217-307.




Heavy Minerals in Metamorphosed Sediments from the Tsukuba District 409

in which the former occurs as the beautiful crystal with a sharp out-
line. Among them, the pink zircon is generally contained in two dif-
ferent types of granite of the Tsukuba district, whereas the occurrence
of the colorless one seéms to be more remarkable in the Tsukuba type
granite, particularly near its contact. It is, therefore, necessary to
confirm whether zircon crystals of the granites were partly supplied
from the Upper Paleozoic sediments exposed here or not.

So far as is known at present, the colorless zircon of metamorphosed
sediments is, however, nearly wanting in well-defined ecrystals and
reveals a quite different feature from that of granites. Accordingly,
the ill-defined crystals of the colorless zircon derived from above-
mentioned sediments and enclosed in granites are impossible to get a
sharp outline without the subsequent addition of zirconium., The sharp
crystals of colorless zircon in granites, however, always have a clear
appearance and lack a zonal structure. This evidence seems to suggest
that there is no genetical connection between colorless zircon crystals
of metamorphosed sediments and those of granites.

The same may be said of the pink zircon which has mostly a Well-
defined form in granites. In this case, it is supposed that the original
zircon will lose its color by the thermal effect of the granitic magma.

The occurrence of apatite seems to depend on the distance from
the granitic contact and the grade of metamorphism. Hence, it has a
tendency to increase its frequency when approaching the granitic body.
Such features are somewhat different from those of tourmaline which
is found even at the periphery of the contact aureole and indicate an
irregular distribution without any connection to the lithological charac-
ters of the original sediments. These facts may suggest that fluorine

or chlorine acted only on the sediments adjacent to the granitic body.
The frequency is, therefore, high at the contact, but decreases strlkmgly
within a short distance from it. ‘

Monazite is rarely contained in two-mica hornfels exposed at the
western side of Fudo-toge, where porphyritic biotite granite was intruded
together with pegmatite. This mineral is, however, always absent in
other metamorphosed sediments including those of the Hirasawa quarry.
From these facts, it can be inferred that the formation of monazite
was restricted to a small extent in the sediments subjected to metamor-
phism and took place largely within the granitic body in which it is a
common accessory ingredient and increases its amount at the periphery.

Allanite, garnet, hematite, magnetite, pyrite, titanite and zoisite
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are also unimportant heavy accessory minerals, and their occurrence
has no geological significance, since they are found in a negligible amount.

Among various heavy minerals mentioned above, zircon is specially
noticed as an original ingredient of the Upper Paleozoic sediments. It
was least affected by metamorphism and seems to have been preserved
even when other minerals wholly disappeared by recrystallization. In
the investigation of these heavy minerals, it is very desirable to examine
those of the Upper Paleozoic sediments exposed on the Toriashi mountain
land®> which is situated farther north. The formation here is chiefly
composed of sandstone and shale with occasional intercalations of lime-
stone lenses and chert layers. It is, therefore, expected to contain
many kinds of heavy minerals as in the case of the similar formation
distributed largely in the Chichibu district.’®

Summary

i) Various kinds of metamorphosed sediments assigned to the Up-
per Paleozoic are extensively exposed in the Tsukuba district which in-
cludes a part of Ishioka City, Niihari-gun and Tsukuba-gun. They are
mostly the alteration products of argillaceous or arenaceous sediments
due to the large intrusion of the Tsukuba type granite (porphyritic
biotite granite and two-mica granite), being represented by biotite or
two-mica gneiss (schist), several types of hornfels, metamorphosed con-
glomerate and spotted biotite clayslate.

if) These metamorphosed sediments were crushed, and heavy
minerals were extracted from them by using Thoulet solution. The
heavy minerals thus obtained were examined under the microscope
together with those in thin sections of the mother rocks. Besides biotite
and muscovite, there are allanite, andalusite (chiastolite), apatite, diop-
side, garnet, hematite, hornblende, magnetite, monazite, sillimanite,
titanite, tourmaline, zircon and zoisite.

ili) Among them, the commonest ingredient is biotite which is
contained in almost all metamorphosed sediments. It seems to increase
its amount in biotite or two-mica gneiss (schist) and biotite or two-mica
hornfels derived from argillaceous sediments and is abundantly present
at or near the granitic contact. The same tendency is also shown by
muscovite which is more predominant when approaching the granitic
body.

15) K. KawaDA, Sc. Rept. T. B. D., (C), 2 (1953), 217-307.
16) T. ICHIMURA & H. MATSUBAYASHI, Bull. Farthq. Res. Inst., 31 (1953), 159-164.
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iv) Sillimanite and andalusite (chiastolite) are restricted in distri-
bution, the former being found in biotite or two-mica gneiss (schist)
close to the granitic mass, whereas the latter being contained in two-
mica hornfels or spotted biotite clayslate less affected by the granitic
intrusion. Hornblende and diopside occur only in hornfelses altered
probably from sandstones rich-in lime and magnesia.

v) Of accessory heavy minerals, most remarkable is tourmaline
which has a wide distribution even in spotted biotite clayslate. Its
formation seems to be independent of original sediments as well as of
the grade of metamorphism, but reveals a close relationship to the
sedimentary structure and disturbance due to the granitic intrusion.

vi) Zircon is the next important heavy accessory mineral. It is
supposed to have been an ingredient of the original Upper Paleozoic
sediments, since there is no evidence to suggest its formation due to
the addition of zirconium from the granitic magma. In this case, the
crystal seems to have been preserved without any striking alteration
~during metamorphism. Moreover, it may be said that Paleozoic sediments
subjected to contamination were not the source of colorless zircon crystals
coexisting with the pink variety in the Tsukuba type granite and Inada
type granite.

vii) Apatite seems to increase its frequency in the neighbourhood
of the granitic body. It is, therefore, abundant in biotite or two-mica
gneiss (schist) near the granitic contact, but is almost absent in spotted
biotite clayslate.

Allanite, hematite, magnetite, monazite, titanite and zoisite are
negligible heavy accessory ingredients.
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Fig. 4. Metamorphosed sediments and granitic rocks exposed at the Hirasawa quarry.
Metamorphosed sediments here are intricately traversed by porphyritic biotite granite,
pegmatite and aplite. In this case, the intrusion of biotite granite was succesively followed
by those of pegmatite and aplite. 1=metamorphosed sediments, 2=Porphyritic biotite

granite, 3=Pegmatite, 4= Aplite, 5= Xenolith.
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Fig. 5. Lit par lit injection of biotite Fig. 6. Biotite gneiss contorted by

il granite. 1 Hil)tvite gneiss, 2= Biotite the granitic intrusion. 1-—Biotite
ki porphyritic granite. eneiss, 2=Porphyritic biotite granite.

— (Hirasawa quarry) (Hirasawa quarry )
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Fig. 7. Diopside and hornblende. 1= Fig. 8. Garnet crystals with a mesh
Diopside, 2=Green hornblende. (Diopside structure. (Garnet two-mica hornfels, Roku-
garnet hornblende hornfels, Hirasawa sho-Busshéji). = 100.
¥ quarry). =100.
Fig. 9. Sillimanite needles. (Sil. two Fig. 10. Short prismatic crystals of
mica hornfels, Muko6-yama). = 100. tourmaline (Sil. two-mica gneiss, Hirasawa
quarry). = 100.
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Fig. 11. Long prismatic crystals of Fig. 12. Rounded zircon crystals (Two-
tourmaline (Two-mica hornfels, Yumizuru). mica hornfels, Sawabe). = 100,
= 100,






