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                                  Abstract

   The distribution of the radioactive accessery minerals in some granites in 3apan was
investigated by the aid ef autoradiographic method. Results obtained en specimens from 15
different granitic intrusives indicate that more than 80 percent in volume of the whole radio-
active accessory minerals are situated on the boundaries of the major constituellt minera}s,
and also that this trend is rnore distinct than in the case of the Gyojayama granite reported
in the writer's previous paper.

   Sorae petrographic descriptions on the granites and discussions on the manner of distri-
bution of these radioactive accessory minerals were made.

                     IntTeduÅëtion and Acknowledgement

    Radioactive minerals which distribute w2dely in the earth crust as a part of
accessory component in recks are indeed small in quantity, but the r61e that they
play, together with major constituent minerals, in the consolidation of magma or in
the later geologic phenomena, may be complicated because of the effects caused by
radioactive disintegratioR.

    The experiment carried out with photographic plate for the first time, about
60 years before, concerning radioactive mineral, seems to have surely brought a
revolution upon natural science, and in geology, many author$ ltave been interested
iR the distribution or behaviour of these radioactive minerals or substances, and
one caR't ignore them in discussing geological problems in these days.
    Numerous studies on the radioactivity of the earth crust have been done and
the writer thinks that ther'e have been two different standpolRts or methods in thern.
One is mineralogic.al; by picking up some individual crystals of large size from
granite or pegmatite, their chemical compositions are determined, their ages are
estimated, or the crystal structures are analysed by X-ray or by other physical
methods. The other is the measurement of the whole radioactivity of rocks which
is carried out by reducing them to powders or solutions. Thus many authors have
contributed much to solving of geologica} problems.
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    These methods, however, can't clear up all the questions concerning the radio-
activity of the earth crust, e. g. in what stcate the radieactive elements do occur in

rocks, and it seems to be of great importance to clear the positions of the radio-

active accessory minerals in situ, in other words, the distribution of them in the

predominant minerals.
    How delicate the measuring instruments rnay be, they may not be able to distin-

guisk the mincte radioactive accessories of several microns in diameter contained
in rocks, and in chemical analy$is a careful attention must be paid, for instance,
to the fact that a}lanite often contains apatite and sometimes biotite or plagioclase

as microscopical inclusions.

    In this way, using nuclear emulsion developed in t'hese days, the radioactive
accessory minerals in recks have been investigatedi), and these studies .are signifi-

cant in filling the vaeancy of raclloactive studies of the earth crust, but so far as

these investigations are concerned, they are cenfined to a partia} or special objects

"an(i there are few works2) tkat clear the relationship between the radioactive
accessories and the major constituents, quantitatively.

    Here, the present writer examined the thin sections of granite specimens
collected from several localities in Japan, and by the aid of nuclear emulsion, tlae
distribution of radioactive accessory mip.erais in these granites, especially tke posi-

tions of these minerals iR predominant ones, were studied petrographica]ly Moreover,
the volume, radioactivity, species of these minerals, and their distribution densities

were studied and the results thus obtained in the granites of different localities

were compared with each other.
    This is an application of the rnethod by which the present writer had examined
in the granite of Gyojayama, Kyoto Prefecture3), and the results obtained here were
the same, or moreover the tendency that the radioactive accessories situate on the
boundary of major constituent minerals was more distinct than in the granite of
Gyojayama. The areas of granitic rocks under consideration are as fol}ows:
      1. Hiei area, Kyoto Prefecture
      2. Kasagi areas, Kyoto and Nara Prefectures
         a) Kasagi area
         b) Yagiu area
      3. Koki carea, Kyoto Prefecture
      4. Yono areas, Osaka Prefecture
         a) Kirihata area
         b) Ninjoji area
         e) Tarumi area
         d) Sendaiji area
      5. Mihoro area, Gifu Prefecture
      6. Taira areas, Fukushima Prefecture
         a) Earlier granite area
         b) Later granite area
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      7. Karlkachi areas, Hol<kaido Prefecture
         a) Medium grained area
         b) Fine grained area
    These are the granites of various conditions and have been studied petrologi-
cally by many authors, but no systematic descriptions on radioactive accessory
mmerals have been made.
    The difference of radioactivity in each granite seems to depend on the degree
of erosion, that is to say, whether the granite mass is deeply eroded or not.
    The writer wishes to express his sincere thanks to Professor A. HARuMoTo of
Kyoto University for his kind helps and advices throughout this study. He is also
indebted to Assist. Professor H. YosHizAwA, Z. KATuDA for their kind advices,
and to Dr. I. HAyAsEfor his helpful advice in autoradiographic technique. Thanks
are also dne to Mr. H. AoyAGi of Rakuhoku High School who afforded much facilities
to hiin. This study was partly supported by the Grant iR Aid for Fundamental

Scientific Research of the Ministry of Education. '

                     Gemeral Remarks on Petrography

    2. HIEI GRANITE
    This granite exposes in the area of. about 24 square kilometers between Mt. Hiei
and Mt. Daimonji te the east of Kyote City, and is regarded as intrusion of Late
Mesozoic`). Petrological study on this granite is rareS), but recently aR investiga-
#ion of radium content of this granite was reported by T. AsAyAMA6).
    The rock is medium grained in general, and weathered especially along the
mountcain peaks. The fresh samples are obtained at the peripliery of the exposed
mass. Under microscope, quartz varies l9--35.0•oi in volume according to different
sections, and it is genera}ly transparent and fresh, but often cracl<s are present in
lt and are sometimes filled up with brown substances.
    Plagioclase mostly belongs to oligoclase, and varies 39--55.0.oi in volume by
different thin sections, and frequently shows weak zonal structure with basic core,
and when decomposed, alters to numerous crystals of minute felsic mineral and
sericite.

    Alka]ifeldspar, l2-35.0.o/ in volume, mostly shows perthite structure and partially

microcline structure, and oÅíten eccurs as large crystal. Biotite, 4-l19o' in volume,
dark coloured, strong pleochroic (X: brown, Y, Z: dark brown), sometimes shows
bended structure, often alters to chlorite, and banded muscovite is enclosed in it.
An aggregate of minute biotite is found to and fro. Hornblende is little in amount.
As accessory mineral, zircon is often included in biotite with distinct pleochroic
haloes, and allanite with weak pleochroism, is mostly situated en the boundary of
major constituents above stated, and it rarely includes a crystal of biotite, plagiociase

or quartz. Epidote and magnetlte are few, apatite is found in all minerals above
described, and especially abundant in biotite. The average mode of this rock is
given as follows :
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quartz
alkalifeldspar

plagioclase

biotite

opaque substance
accessory mineral
allanite

24.ll (in volume)":'
20.82

46.92

 7.78

 0.18

 0.19

 o.e

    2. KASAGI GRANITE
    The granite is distributed in the inner zone of riV!edian Dislocation Line, and
the area under descriptien is confined to the region surrounded by following points :

Kamo, Ogawara (Kacnsai Line), eyagiu and Nra•rukawa (northern part oÅí Nara
Prefecture). [lrhis graRite is reported as Early Mesozoic intrusien and is typical
facies of so-called "Ryoke type granite". Petrological studies vvTere made by many
authors7).

    a) Kasagi gra?zite
    Samples were collected in the eastern area of Mt. Kasagi along the Kizu river
and in the area along the road te Mima viljage. This rocl< contacts at the westem
boundary with hornfels extending nortla-southem direction, and beyond this hornfels,

distributes the Yagiu granite described next.
    Constituent minerais are coarse grained, and the average mode is :

               quartz
               alkalifeldspar
               plagioclase
               biotite
               hornblende
               opaque substance
               allanite

               muscovite
               other accessory mineral

    Quartz varies 20-429o! in volume
20--48.0.oi, belongs to oligeclase or

Alkalifeldspar sometimes amounts to
or microcline structure. Biotite is also

brown, Y,Z: dark brown or black, and
biotite. Furthermore, a small amount
brown, Y,Z: grass green, and chlorke
that biotite alters te green mica and

muscovite is present. Frequently

32.50

30.31

32.61

 3.68

 0.72

 o.e2

 o.e2

 O.02

 0.12

    accor(ling to different sections, plagioclase a}so

andesine and often shows weak zonal structure.
     58.0.o' in volume, and usualiy- shows perthite

        large, strongly pleochroic with X: light
       often occurs as a ciot of microcrystals of

      of green mica with pleochroism X: light
       are usually found, and it is considered
     still more to ehiorite. A smali amount of
  biotite with distinct pleochroism is observed

rk• The percentage of constituent mineral is given in volume hereafter.
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 Fig. 1-1. Index map showing the }ocations oi samp-
   ling in Kasagi area. Geological boundaries after
   T. Arita7). •
     Hf : I{ornfets K.G.: Kasagi granite
     Y.G.: Yagiu granite N.G.: Nara granite

    b) Yagiu granite
    It is a fine grained granite, and is regarded as blder intrusion. The average
mode of constituent minerals obtained from lo" sarnples is :

               quartz 44.05 (20.80--59.35)
               alkalifeldspar 7.76 (3.10-23.24)
               plagioclase 34.90 (20.84-56SO)
               biotite 10.72 (6.97-i4.42)
               muscovite 1.62
               hornblende 0.52
               opaque substance 0.34
               other accessory mineral O.l9

    The rock is aot always homogeneous in texture, and contains microfine part,
hornfelsic part or schistose part.
    Alkalifeldspar always shows perthite or microcline structure, and plagioclase
mostly belongs to andesine and sometime te oligoclase, and weak zonal structure
is usually present, and when decomposed alters to the microcrystals of felsic
mineral and sericite. Graphic structure is often present. Biotite is light6r coleured

than that oi Kasagi with X : light brown, Y. Z : brown and they are often arranged
in parallel directions with schistese structure. InÅíerstitial biotite between felsics
is eften seen. A small amount ef green hornblende, green mica and muscovite are
present and as accessory minerals, zircon which shows distlnct pleochroic halo in
biotite, and pale coloured allanite with X: pale yellow, Z: pale greenish yellow,
are abundantly observed.

    c) Nara graRite
    It is a coarse or medium grained granite and resembles to that of Kasagi, and

   in Setlle Granite$ in gapan l15

filling the interstices of felsic

rninerals. Green hornblende is
found clesely connected with
biotite and is often large in size

with pleochroism X : pale brown,

Z:green. Allanite is abundant
and often attains to 1min long,

with strong pleochroism X:
pale brown, Z:reddish brown
and sometlmes contains felsic
mineral as inclusion. Apatite,
magnetite and zircon are in-
ciuded in above mentioned min-
erals and the pleochroic haloes
are often passed by because of
the dark colour of biotite.
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its samples were main}y co}lected at Oyagiu and Narukawa. Average mode of the
samples is given as follows :

              quartz 54.97
              alkalifeldspar 7.94
              plagioclase 28.47
              biotite 6.85
              hornblende 1.38
              opaque substance 0.li
              accessory mineral 0.28
    Plagioclase belongs to oligoclase, quartz is much in volume, and alkalifeldspar

is smali in amount afid shows microcline structure. Hornbiende shows p!eoehroism
with X : pale yellow, Z : green, and biotite, strongly pleochroic with X : paie brown,

Y,Z: dark brown. As accessories brown allanite, zircon, rnagnetite and apatite
are usuaily found.

    3. KOKI GRANITE
    e    Tkis granite, medium or fine grained in texture, occurs in the area about 1.5

square kilometers on the road from Karneoka, Kyoto Prefecture to Ikeda, Osaka
PreÅíecture, and contains numerous tiny mafics of green colour so, as a whole, shows

rather dioritic appearance. Average mode of this rock is given as follows:

              quartz
              alkalifeldspar
              plagioclase
             :{tbiotite

              hornblende
              opaque substance
              allanite
              muscovite
              other accessory mineral

              (* includes green mica)

    Qtiartz grains are often Iarge and
granite show porphyritic textgre. In
observed, plagiociase mostly belongs to
basic core is often present, and when
felsics and sericite. The biotite shows

dark brown. Other constituent minerals
covite, green hornblende, and as
and epidote. Pleochroic haloes due to
differs from that of Gyojayama in
thelr close localities.

25.14

15.56
47.35

 9.59

 1.49

 0.59

 O.04

 O.01

 0.23

(15.90-46.01)

( 4.38-22.20)
(29.13-56.90)

( 7.45-14.90)

( 1.28- 6.15)

      rouflci in form and these parts of this
    alkalifel(lspar perthite structure is usualiy

      oligoclase and weak zonal structure with
   decomposed alters to dirty aggregate of tiny
     strong pleochroism with X : yeliow, Y, Z :
     are green mica (Y, Z: grass green), mus-
accessories, callanite, apatite, magnetite, titanite

    zircon are distinct in biotite. This granite
 possessing hornblende and allanite in spite of
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    4. YONO GRANITIC ROCKS
    Granitic rocks distribute extending about 6 kilometers in length and 5 kilometers
in width, in Yono district in the northern region of Osaka Prefecture, and are also
reported as Late Mesozoic intrusion. By H SAEKi, they are classified as followsS) :

     Kirihata pyroxene quartz diorite '
     Ninj'oji qttartz diorite

     Tarumi amphibole granite porphyry
     Sendaiji porphyritic quartz dior2te
    The first one is pecgliar rock type bearing pyroxene, quartz9) and looks rather
melanocratic, and the latter three form the principal part of Yono intrusives com-
posed of medium or fine grained granitic rock.

    a) Kirihata diorite
   The volurne percentages of constituent minerals are :

  quartz
  a}kalifeldspar
  plagioclase

  biotite

  hornblende
  chlorite
  diopside & hypersthene
  opaque substance
  muscovite
  other accessory mineral

    As a whole, this rock
dium grained type,
mafic minerals and
broic appearance.
feldspar are little in

felsics are mostly
plagioclase which belongs

609o', and graphic structure

present.

    Biotite is pale
X: pale orange, Y, Z:

inclusions than ordinary
GreeR mica and green
are present and the latter
dant with distinct
!ight yellow, Z : yellowish

distinct birefringence, and

                    abundant
                    shows
                  Quartz,
                    amount,
                   eccupied

desine or labradorite with An

                  coloured

browR, and contains less radioactive

                     hornblende
                        is abun-
                 pleochroism X:

                        green.

 16.04

 1.l7
52.88

 8.84
13.22

 3.10
 2.29
 1.62
 O.08
 0.76

 ls me-
     in
   gab.
 alkali-

   and
    by
 to an-
  48.0.i_

is often

   with

 orange

granite.

           Fig. 1-2. Iitdex map showing the Iocatlons of
             sampling in Yono area. Geological bound-
             aries after H. Saeki8).

           K : Kirihata diorite N: Ninjoji granite
           T : Tarumi granite S: Sendaiji granite
           pn: Palaeozeic system

      Diopside, almost colourless or pale green with
hypersthene with X: light rose, Y,Z: pale green are
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fottnd, and they are sometimes large in size.
    As accessory minerais chlorite, muscovite, apatite and magnetite
ailanite is not abufidant.

    b) PrinciPal granites
    The volume percentages of constituent minerals in each granitic
from above stated localities are :

These

quartz
alkalifeldspar

plagioclase
biotitet

hornblende
chlorite

opaque substance
alianite

other accessory mineral
     (A) Ni?ijeji area
     (B) Tarttmi area
     (C) Sendaiji area
      7 includes green mica
      $ includes epidote

three di.ffer from each other

                (A)
size ef gram
texture
plagioclase

 green hornblende
 radioactive accessory

    Common
Biotite shows distinct
partially alters

grass green. At
decomposed, alters to
perthite structure.

rather pale brown in
with bietite in

of one granite mass

* In Tarumi, allanite is

characters found
         pleochroism
  to green mica with
   Ninjoji, clots

         numerous
     Magnetite,
       co}our,
 Sendaiji area.

      because

       distributed more

(A)
26.01

17.49

4Lll
 9.15

 3.65

 1.52
 0.69

 0.38*

(B)
34.94

17.61

38.21

 8.45

 O.05

 0.43

 e.o6

 0.25

             in the following

                i (B)

medium .fine
equigranular porphyritic
andesine oligoclase
                 or andesine

weak zonal -
structure

ofteR decomposed' --
present little or none
few abundant
    in these three aye:
         witk X: light brown,
        pleochreism X : Iight
    of minute biotite are often
       minttte minerals.
    apatite and epidote
   is abundantly founcl for
    These three rock types
   distinct differences between

densely than in

polnts :

are seen, and

rock obtained

(c)
27.89

23.27

37.22

 9.34

 1.23

 0.58

 0.47

(c)
fine

porphyritic
oligoclase
or andesine
weak zonal
structure
often decornposed
Iittle

moderate

        Y,Z: dark brown and
     brown or colourless, Y, Z:
       seen. Plagioclase, wheB
  AIkalifeldspar usua}ly shows
are always present and ailanite*,

  accessery. Titanite co-exists
   seem to be'different facies
      them cannot be noticed.

Hiei or Kasagi.
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    5. Mi}IORO GRANITE
    This granite is exposed in the area, about 16 kilometers long, along the valley
of Mihoro Dam in the westerR Hida Plateau, Gifu Prefecture, and is reported as
Late Mesozoic intrusion. The rock is fine or medium graip.ed, predominant in
felsic minerals, and sometimes shows a reddlsh appearance due to the decomposed
potash feldspar. Main part of this granite is distributed between Mihoro and
Ushikubi, and in the southern region it borders on quartz perphyry by fault }ine
running east-west direction, and also in the northern margin, gradually alters to
the same rocl<. These areas are now under artificial lake.
    Volume percentages of constitRent minerals are :

               quartz
               alkalifeldspar
               plagioclase
               biotite
               green hornblende

               green mlca
               opaque substance
               titanite
               allanite
               other accessory mineral

    Alkalifeldspar usually shows perthite
of albite, and microciine structure

These structures are clear and typical
or oligoclase, often shows weak zonal
alter to decomposed minute minerals.
pleochroism with X : Iight brown, Y, Z :
times it shows a bended structure and
dark green) or further to cklorke.
    Magnetite ls abundant and occurs '
zircon with distinct pleochroic halo iR
usually found. Kornblende is absent '
hornblende occurs frequeptly, and often
brown in colour (X: light brown, Z:
but is confirmed by its radioactivity.
    Quartz porphyry distributed in this

leucocratic rock having large
ute felsics and a few mafics.

               quartz
               alkalifeldspar
               plagioclase
              biotite
               aÅëcessory mlneral

       structure
including large
     in this granite.

    structure
      Biotite
      dark
     alters to green

33.e4 (23.50-39.70)
26.30 (12.90-34.01)
36.13 (27.27-53A8)
 3.32 (1.21-7.40
 0.21
 O.04
 0.59
 0.10

 O07
 0.20

     including numerous large patches
    crystal of plagloclase in the core.
          Plagioclase belongs to albite

   and is usually fresh bat sometime
   is little in amount, and has strong
greenish brown or dark brown. Some-
        mica (X:light brown, Y,Z:

  m or near biotite, and colourless or smoky
   biotite, titanite, epidete and apatite are

  m general but in southern margln, green
    includes biotite. Allanite, rather smoky
dark brown) is found, and resembles to biotite,

        district close-by the above stated granite, is
phenocryst of quartz and groundmass composed of inin-
 Constltuent rninerals are in the following proportion :

               39.17
              43.90
               14.20
                1.76
               0.97
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    Quartz has many cracks in it, a}kalifeldspar is abundant in groundmass and
usually shows perthite structure. Biotite, pale brown or smoky in colour, often
contains opaque substances by decomposition. Green mica, aggregate of muscovite,
titanite and magnetite are present and the latter two are abundant for accessory.

    6. TAIRA GRANITE
    Samples were collected from a part of AbRkuma granitic rocks in the area
between Shinmachi and Taira, Fukushima Prefecture. Detailed petrological studies
were made by "Abukuma Groups"iO,i') to whom the present writer owes for the
geological maps.

    a) Earlier gTaRite
    It is a medium or coarse grained granitic rock, but sometimes fine grained
xenolithic part containing numerous mafic minerals is found. Average volume
percentages of constituent minerals are :

              quartz 36.31
              alkalifeldspar 17.30
              plagioclase 37.18
              biotite 7.66
              hornblende 0.90
              green mica 0.19
              opaque substance 0.24
              accessory mineral 0.22
    Alkalifeldspar usually shows microcline structure and oligoclase is abundant
as plagioclase which often shows weak zonal structure. Biotite indicates (listinct

pleochroisrn with X : light yeilowish brown, Y, Z : dark brown and partial}y alters

to green mica, and then to chlorite. In these mafics, zircon, apatite and magnetite

are found and the zircon shows distinct pleochroic haloes. Green hornblende is
contained in fine xenolithic part. Allanite, well formed, brown in colour, occurs,

but not abundantly compared wkh other granite.

    b) Later granite
    Average volume percentages of constituent minerais are ;

quartz
alkalifeldspar

plagioclase

biotke

hornblende
chlorite

epidote

opaque substance
allanite

other accessory mineral

30.54

19.13

40.35

 8.12

 1.02

 0.20

 0.11

 0.20

 0.21

 0.22
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 Fig. 1-3. Index map showing the
   locations of sarnpling in Taira
   area. Geological boundaries after
   Abukuma Groupii).
    E.G.: Earlier granite
    L.G.: Later granite
    B.R.: Basic rack

pass. Two diffeyent rocl< types were
grained granite coRtaining a little alkalifeldspars and pale coloured

form. This type occurs in western abrupt
The other*, expDsed in the eastern slope,

much alkalifeldspar and little amount

    a) Medin}n grained granite
    At the western margine in this granite,
with gabbro. On examining the polished
complicated structures with many aplitic
these granite and migmatite are:

Their Distribution in Some Granites in Japan 121

    Alkedifeldspar shows microcline structure.
Plagioclcftse belongs to oligoclase or andesine

and also weak zonal structure is observed.
Biotite shows distinct pleochroism, rr}ostly
with X : light greenish brown, \, Z : greenish

dcark brown and rarely X: brownish red,
Y, Z:dark red, and green mica shows X:light
green, Y, Z: grass green. These three parts
of biotite are eften observed in one crystal.

    Green hornblende is sometimes abundant
but sometimes absent, and is often chloritized.

As accessories, allanite cf brown er greenish
brown in colour is abundant, and epidote,
zircon and apatite are usually seen.

    7. KARIKACHI GRANITE
    Granite distributed along the Hidaka
mountains, Hokkaido Prefecturc, has been
studied by many authorsi2) and also re-
garded as Late Mesozoic intrusion. Samples
were collected from the outcrops of Karikachi
distinguished in this granite, one is medium

                         biotite of bended
    slopes neighbouring the Karikachi peal<s.
   is fine grained, leucocratic granite bearing

of dark biotite.

      migmatitic rock is observed contacting
    specimen of this rock, often molten and
   veins are recognized. Average modes of

quartz
aikalifeldspar

plagioclase
biotite

green mlca
chlorite

opaque substance
other accessory mineral

gramte
 38.53
 15.73

 33.32

 11.24
  O.06

  056
  0.35

  0.21

* This is badly outcropped.

migmatite
  28.30
   8.08
  51.20
   9.49

   2BO
   0.43

   0.20
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Fig. i-4. Index map showing
  the locations of sampling
  in Karikachi area. Geological
  boundaries after gidaka
  Groupi2).

   Gb : Gabbro
   }If : Hornfels
   K.G.: Karikachi granite

but sometimes leaves
samples is given as follows:

              quartz
              all<alifeldspar

              plagioclase
              biotite
              hornblende

              opaque
              accessory

    This rock is more or
and irregular cracl<s are

xenolithic

    Quartz is rather large ancl often shows weak
undulatery extinction, and alkalifeldspar usually
indicates perthite structure and sometimes microcline

structure. Plagioclase belongs to oligoclase and
often shows dirty feature by decomposition. Graphic
stTucture ls observed and generally many cracks
are developed in these felsic minerals. Biotite is
mostly pale coloured with pleochroismX: }ight
brown, Y,Z: pale brown, and is bended severely
and eften alters to green mica or chlorite 'remain-
ing as bended form. Some biotite of reddiSh brown
(Y,Z) in colour shows irregular form filling the
interstices between felsic mip.erals. Moreover, an
aggregate of mintite biotite (X : gray, Y, Z : grayish

green) is found to and fro. Small amount of green
hornblen(le*L, and as accessory mineral, zircon with

distinct pleochroic halo in mica, magnetite and
epidote are met with, but allanite is rare.

    b) Fine graix,ed granite
    This granite is leucecycatic containing much
alkalifeldsp.ar, less amount of biotite, some allanites

as accessory, and is generally homogeneous textured,

  part of hornfels origm. Average inode of the

                                        37.88
                                        43.85
                                         14..l8
                                         2.79
                                         0.95
                     substance 0.20
                       minera.l 0.15
                       less porphyritic in texture, qtiartz
                       developed in it. Alkalifeldspar
but eccasionally micrecli'ne structure. Plagioc}ase belongs to

decomposed and alters to dirty minute minerals.
Biotite has strong plecchroism with X: light brown,
contrasts well with that of medium grained granite above
fills the interstices between felsics in xenomorphic
little in volume but wideiy occiirs (O.07-i.71 percent in
connected with biotite and they often enclose each other as

S` Often includes plagioclase.

        is rather large in size
      shows perthite structure
       oli.goclase aRd is often
Micrographic structure is seen.
   Y, Z: darl< brown, and this
      described. Some biotite
  ferm. Green hornblende is
      volume) and is c}osely
    inclusions. As accessories,
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magnetite, titanite and epiclote are present clesely contacting with biotite. Colourless

or pale coloured zircon witla clear pleochroic halo in biotite, and allanite with
X:brown, Z:dark brown or reddish brown are also observed. In a part of this
granite which is considered catching hornfeisiÅë roclgs, numerous aplltic veins, fibrous

actinolkic hornbleride, large a!lanite with reddish colour and zircon are found.

      Radioaetive Accessory Minera}s and Their Distributien in GraMite

    The distribution of radioactive accessory minerals in the granite samples above
described was investigated with nuÅëlear ernulsion plate. By exposing the thin section

of sample in direct contact with the plate fer about a month, the alpha emission

pattern produced from minute radioactive accessory minerals was examined. The
samples were picked up as widely as possible in order to represent the whole
granite mass, and the sampling points were partly illustrated in Fig. 1. A month's
exposure is considered to be suitable to detect the radioactivity of ordinary rocksi3)

but the exposure was shortened into 6 hours for the most strong mineral in this
study.

    Radioactivity was expressed, as it had been, by the number of alpha trajectories

per unit area per second (T.). By H. YAGoDA, a list of common radioactive
minerals found in thin section of recks is shown as follows'3):

             Radioactive mineral Colour Tev
                uraninite black 215-160
                pitchblende black 186-140
                gummite orange 135
                clarkeite brown 155
                curite erange 134
                soddite yellow 115
                thorianite black 111-76
                 uranophane yellow 97-50
                torbemite green 97-82
                carnotite yellow 48-29
                autunite pale yellow 55-40
                betafite brown 29
                uranothorite orange 25-15
                ferrothorite reddish brown 18
                samarskite dark brown 21-15
                euxenite brown 24-16
                priorite black 20-8
                polycrase brown 12
                fergusonite brown 12
                eschynite black 10
                monazite brown 7-4
                microlite brown k.6
                allanite black 0.2-0.8
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    Crhese accessory minerals* found in this way in each granite sample were
partly listed in the Table 1, and the position, colour, size and radioactivity of
them were recorded. Here, the size of mineral was expressed by its areas occupied
in thin section in the unit of iOO square microns, and the radioactivity was clas-
sified into the following grades :

                         a: very strong
                         b: strong
                         c: moderate
                         d: weak
                         e: very weak

    The species of mineral can't be decided conclusively because these rr}inerals
are mostly very small, but those described in the Table are the minerals presumed
with much probability judging from the radioactivity and optical charactersi`).

    1. HIEI AREA
    The average number of grains of radioactive accessory mineral obtained in
every square centimeter was 2.7*,* and this is moderate value comparing with other
granites after described.
    Colourless or pale coloured zircons are al)undant and their radioactive intensity
is within the range of 0.1--0.2 T.. When they co-exist with bioiite, distinct pleechroic

haloes are developed, but they also situate included in or on the boundary of other
minerals. Xenetime, monazite and opaque minerals of some strong radioactivity.

are seen.
    Two exarnples are shown in the Table i ancl besides, following rninerals are
noticed :

      No. of sample*** Situation*'"L*L Colour*su•* Size**•* Ta.*'** Remarks***

          g-31 Pla**"'* opaque (3.2)*rk4*** 5,70
          g-7 Pla colourless (17.4) 0.32 xenotime
          g-19 Qtz colourless (13.8) 0.75 xenotime
          g-42 Pla smoky (10.5) 3.40 massive
          g-25 Qtz smoi<y (21.0) 0.75 decomposed
          g-1 Qtz colourless (39 e) 29.10 thorite
          g-4e Qtz colourless (56.0) 0.94 zircon
           " Qtz smeky (13.8) 0.66 zircon
          g-53 Alfe yellow (8.3) 0.91 zircon
These are indeed coRtained in one fe}sic mineral, but are all situated on the frac-

ture or on the center of cracks arranged radially in the host mineral. Large,

   * About two thousand grains were examined in this study.
   *'* "Distribution density" will be used.

  *** These terms will be abbreviated hereafter and arranged in this orclet
 **** Pla means the position of mineral included in plagioclase.
**"'** Expressed in the unit of 100 square microns.
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idiomorphic crystal of allanite lies on
and shows the value of T. within the
one rnineral. In addition te the Table,
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    2. KASAGI AREA
    Distirct differences in radioactivity are recognized between'the granites of
Kasagi and Yagiu in spite of their close loeblities.

    a) Kasagi area
    In this granite, distribution density is iow (1.5/cm2) and the minerals are weak
in radioactivity but are large in size. Most radioactive accessories are allanite and

zircon whose T. are less than 2.0 and when they situate in contact with biotite,

pleochroic haloes are observed. As for allanites, they are ali large in size,
abundantly distributed, and mostly lie on the boundary of major constituents, they

were partly shown in the Table 1, and besides, the following cases are noticed :

        Kas-2 Pla-Qtz (100) 0.66
          ,, Bio-Pla (4200) 0.66
        I<as-8 Bio-Nfe (425) 0.49 srnol<y, red brown
          " Bio-Alfe (2942) 0.41
        I<as-9 Alfe-Pla (740) 0.32
          ,, Alfe-Pla (156) 0.32
        Kas-10 Bio-Alfe (6600) 0.35 reddish brown
          " Bio-Bio (104) 0.48
          " Alfe-Alfe (246) 0.76
        Kas-12 Pla-PIa (350) 0.27
          ,, PIa (62) 0.30
          }} Bio (75) O.08 brown
        Kas-13 Qtz-Pla (485) 026 includes quartz
        Kas--46 Pla-Pla (226) 0.32
          ,, Pla-Pla (1025> 0.37 includes apatite
        Kas-7 Bio-Pla-Qtz (2650) O.075 deeomposed*
          " Bie-Qtz-Alfe (814) O.07 decomposed*
    Next examples are situated en distinct cracks:

        Kas-4 Qtz opaque (13.9) 0.26
        Kas-8 Qtz smoky (84.0) 0.37 zircon
    Even in the case observed to be entirely enclosed in one mineral, many radlal
fractures are often seen arouncl the grains by photographic observation. Minerals
of high radioactivity are few, but the followings are rather strong:

        Kas-2 Pla colourless (4.2) 7.76
        Kas-9 Qtz smoky (l5.0) 6.90
These correspond to the radioactivity of thorite or ferugsonite. In this granite, the

minerals with T. Iess than 2.0 occupy about 98 percent in number of all the radio-
active accessory grains (Fig. 3-D and the percentages classified by their positions
are as foilows (Fig. 2-1):

* Dirty yellowish brown, birefringence weak.
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                Percentages in number Percentages in volume
                 Bio 22.5 Bio-Alfe 38.2
                 Bio-Pla 10.5 Bio-Pla 17.3
                 Bio-Alfe 7.9 Pla-Qtz 10.9
                 Pla 7.9 Pla-Pla 6.6
                 Qtz 6.6 Bio-Pla-Qtz 6.2
                 Alfe 6.6 Pla-Alfe 3.7
                 Bio-Qtz 6.6 Bio 2.3
                                             Pla 0.6
                                             Qtz & Alfe 0.6

This clearly shows that the minerals included in biotite are minute in size and a
large amount of them are situated on the boundaries of major constituents.

    b) Yagiu area
    Differences between this granite and above mentioned one, mainly in thelr
radioactive accessory minerals are:

                                              Kasagi Yagiu
    size of major const. minerals coarse grained fine grained
    size of radioactive accessories large small*
    radioactivity of accessories ' weak strong*
    distribution density 1.5/cm2 3.41cm2
    :g.egg,g.e,,Zgea,,?Cg".PGI2d,.bY,.E2g.i.OaC"Ve ag A,I i "rwza i76.61crn2

This trend is observed also in other granites, that is to say, the radioactive acces-

sories in the coarse grained granite are larger in size, smaller in number and weaker
in radioactivity than in the fine grained. The results obtained in this granite are
partly shown in the Table, and besides, the following points are noticed: colourless

or smoky zircons within 1.2--40 Tat are abundant, and especially in tlte sectlon of

sample Yag-590, Yag-56, Yag-51, Yag-63, Yag-57, Yag-55 are observed zircons
situated on veins and cracks developed in quartz or feldspar. Allanite is usually
yellowish brown in colour, with weak birefringence, more or less decomposed, and
is sma!ler ln size. The foilowing instances are al}anites obtained in addition to
the Table 1.

         Yag-56 Alfe (!875) 0.48 decornposed
         Yag-57 Bie-Qtz (42) 0.49 decemposed
         Yag-610 Qtz-Kor-Alfe (1800) 0.49
          " Bie-Pla-Qtz (692) 0.52 decomposed
         Yag-54 Bio-Qtz (4i) 0.5e
          )J Bio-Pla (8) 0.50
         Yag-62 Bio-Pla (400) 0.26
         Yag-63 Bio-Qtz (120) 0.10
    These are mostly on the borders of major constituent minercals, and in sample
Yag-51, biotite ls observed to have been wrecked by the growth of allanite inclRsion.

* These words were relatively usued.
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    In this granite very strong minerals are present such as:

   Yag-56 Bio-Alfe opaque (250.0) 61.15 (with brown rim)
   Yag-54 Qtz opaque (1.9) l55.e (on craÅëk)
   Yag-64 Bio colourless (2.6) 1295
   Yag-58 Bio colourless (16.5) 20.0
In these grains, tke forrner two may indicate the values of thorianite or pitchblende.
As a whole, the' radioactive accessoyies are distributed in the major constituent

minerals as follows (Fig. 2-1) :

                Percentage in number Percentage in volume
               Bio 24.3 Alfe
                Bio-Qtz 14.2 Bio-PIa
                Bio-Pla 13.8 Qtz-fforptAlfe
               Bio-Alfe 8.7 t Pla-Qtz-Bio
               Pla 7•8 Bio-Qtz
               Qtz 6.4 Pla-Qtz
                AlÅíe 5.0 Bio-Alfe
                Pla-Qtz 3.7 Bio
                Pla-Pla 3.2 Pla-Pla
                Bio-Bio 2.8 Bio-Bio
                                            PIa

The number of mineral grains with T. Iess than i.0 occupies
whole, and with the increase of Tpt, the number of percent
This is a marked difference from Kasagi granite (Fig. 3-1).

    c) Nara granite area
    The examined samples of this granite are few, but
shown below, and some results were also cited in the Table
is 2.6/cm2, and most of the radioactive accessories are
pale green zircons with distinct pleochroic haloes in
phic, opaque minerals with T. 2-3. This granite seems
character in radioactivity between' above described two

    The feature of distribution of radioactive accessories is
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     the general tendency is
      i. Distribution density
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     to have an intermediate
   (Fig. 3-1).
       (Fig. 2-2):

Perceptage in volume
       14.4
        1.9
       71.5
        1.6
        2.0
        3.3
        0.9

       accessories is situated
ls inc}uded in biotite are very
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    3. HOKIAREA
    Distribution density is 3.0/cm2. This granite is rather fine grained in texture,

and the radioactive grains are also minute in general. ZircoR is abundantly present

and pleochroic halo is clear when the mineral co-exists with biotite. Some minerals

of strong radioactivity are as follows:

          Kok-4 Pla-Bio pa}e yellowish brown (29.2) 21.2
           )) Alfe pale yellow (2.8) l3.9
          Hok-5 Pla colourless (3.l) 13.4
           7} Alfe-Mag yellew (2.2) 23.8
           ,, Qtz clourless (0.8) le.1
           " Alfe opaque (1.4) 21.3
          Hok-6 Bio smoky (1.4) 12.3
Judging these minerals from their radioactivity and the length of alpha track, they

may be thorite or uranothorite class. A]lanite of stroRg pleochroism (Z: dark brown)

is always present on the border of the major constituents, with Tpt in the raRge
of 0.24-0.54. In this granite the number percentages of grains inclttded in plagio-
clase, biotite and quartz are 12.4, ll.4 and 3.8 respectively, but in volume, plagio-

clase: 4.7, biotite: 1.8, and quartz: 0.6, and the majority is on the border of
predominant miRerals (Fig. 2-2). The number of mineral grains with T. Iess than
1.0 occupies 24 percent, Ttu l-2 : 28 percent, T. 2-3 : 13 percent, T. 3-4 : 10 percent,

and T. 4-5 is 6 percent (Fig. 3-3). Thus the percentages gradualiy decrease wMi
the increase of T., this trend is seen in the stock type mass as ffoki granite.

    4. YONO AREA
    Generally allanite and minerals of some high radioactivity are abundantly found
especially in Tarttmi area, and the distribution densities of each diorite or granite

are:

                     Kirihata 1.8/cm2
                     Ninjoji 0.5/cm2
                     Tarumi 4.9/cm2
                     Sendaiji 2.1/cm2
    a) Kirihata area
    Zircons of pale green or pale yellowish brown in colour and weak in radio-
activity with T. Iess than 1.0 are observed in biotite, in green hornblende, or in

green mica with pleochroic haloes, but sometimes these radjoactive accessories are

not clear by the decomposition of the mafic mineral. Allanite is rare but the foi-

wing is large.

                 Yon-4 Kor-Pla (1386.0) 0.33
This reck has a curious composition with quartz and hypersthene, but the cases
described below show the radioactivity corresponding to euxenite or thorite.
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     Yon-5 Qtz-Bio-Alfe pale brown (124.5) 8.26 low birefr.
       }} Bio-Pla-Alfe paie brown (22.0) 12.80
     Yon-6 Bio colourless (8.8) 9.37
       " Pla colourless (23.8) 10.7 lew birefr.
In Yon-3, twe minute opaque minerals of strogg radioactivity are recognized",`, and
in Yon-4 greeR mica containing brown parts shows T. O.013 without any inclusions,
and these micas are occasienal}y met with. The volume percentages of the radie-
active accessories distributed in the positions of Hor-Pla, Qtz, Bio, Bio-Pla, Chl-Pla
are 55.4, 12.6, 20.l, 9.1, and 6.3 respectively, and this fact shows that these radio-
active accessories in this granite have a preferential association with biotite to some

extent. This depends on the fact that sorne large crystals of radioactive accessories

are included in mafics and that allanite is rare iR this granite, but the trend to
assemble on boundaries is clearly recognized (Fig. 2-2).

    b) Yono PrinciPal granites area
    Tarumi area
    In this granite the radioactive accessory minerals are very cabundant ancl somae
of them show strong radioactivity. They are mostly zircon with distinct pleochroic
haloes in biotite, and allanite** with Tat in the range of 0.14-0.54, in average 0.33.

Allanite shows pale brown colour afid is situated also on the border of major con-
stituents in idiornorphic form, and the cases that allanite is included in one mineral

are only five, that is, decomposed Pla:l, greeR IVEica:2, and Aife:2. Seme
minera}s of strong radioactivity are:

     Yon-i3 Biof-Alfe colourless (10.5) 19.90
       ir Bio-Pla colourless <24.3) 17.85
       " Biot-Biot opaque (100.0) 57.12
     yon-16 Alfe-Bio pale yellow (28.2) k3.iO low birefr.
       . Alfe pale yellow (52.0) 16.15 low birefr.
These minerals indicate the values corresponding to thorite, thorianite and ttrano-
thorite, and further, the foliowings may belong to uranophane.

     Yon--16 Alfe-Mag colourless (0.69) 84.0
     Yon-14 Bio?-Qtz-Pla pale brown (55.0) 41.75
          t indicates green mica.

    Sendai j'i aptea

    Sendaiji granite occurs contacting "rith the southern margin of Tarumi granite
and both of them are of similar types. Radioactive accessories are mostly zirÅëon
of pale colour, allanite, monazite and opaque ininerals of some high radioactivity

with clear pleochroic haloes. Allanite, pale brown in coleur is usually on the
boundary, sometimes on the crc3ck or interstice filled with brown materials, especially

the following ailanites are notab}e :

 * Opaque minerals included in green mica with Ttu 49.5-54.5.
*rk+ Abundantly found - 37 pcs were examined.
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    Yon-25 Pla-Qtz (692) 0.50 includes plagioclase
      " P}a-Hor (1230) 0.52 includes feldspar
    Yon-21 Qtz-Pla (385) 0.24 includes biotite
    Some streng minerals are:

    Yon-25 Pla-Pla brown (19.2) 30.50
    Yon-27 Bio-Alfe yellowish brown <52.0) 40.10 partialiy weak birefr.
      " Bio-Pla colourless (2.1) 23.9
These radioactivities correspond to those of betafite, uranophane, and

    Yon-27 Alfe-Alfe Åëolourless (1.1) 6.5e
lies on the brown vein connected with biotite, and such cases like this are often
observed. !n this granite, sometimes biotite or •decomposed plagioclase oÅí feeble
radioactivity is found.

    The trends of distribution of the radioactive accessories in both Tarumi and
Sendaiji are nearly the same i.e. the grains of the radioactive minerals are abundantly

situated on the border of Bio-Pla and decreases the number in the following order
in both granite$: Bio, Bio-Alfe, Bio-Qtz, Pla, Pla-Qtz, Pla-Pla. But the total volttme
of the radioactive accessory minerals included in Bio, Alfe, P}a Qtz is only several
percent as shown in Fig. 2-3. Then, the total number of grains with Tdi less than
1.0 is the greatest and decreases the number as the radioactivity iitcreases in both
granites (Fig. 3-2). These facts may indicate that both granltes are not of different

orlgm.
    NinjeY area
    Distribtttion density is the lowest and zircons of feeble radioactivity are usually
seen, but seme of the high valued are notable:

     Yon-9 Pla-Pla colourless (15.2) 17.7
is situated on the the radial fractures and has the valtte cQrrespending to tkorite.

     Yen-11 Pla-Qtz pale yellow (460.0) 23.15
       " Pla-Pla-Qtz pale yellow (26Z5) 2590
     Yon-l2 Mag-Pla pale yeliow (350.0) 34.75-40.6e
They are subhedral and large minerals with weak birefringence, low reÅíractive
indices and have the va!ues of Tat to be uranotherite or uranophane, these are the
pecu}iar minerals in this district. Ailanite is rare but in sample of Yon-12, a
brown mineral with T.. I.0 is presRmed to be allanite.
    Quartz porphyry dike which runs across this area in the direction from north
to south was also examined and some zircons with Ttu less than 1.G and brown
allanlte with Tat 0.20 were foRnd.

    5. MIHORO AREA
    Distribution density shows the value of 2.7/cm2 in this granite, pleechroic haloes

are not so frequently met with due to less amount of biotite, and the radioaÅëtive
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accessories often co-exist with magnetite which is rather abundant for accessory.
Generally, the radioactive accessories, colourless, brown, yellow, dark green, pale
yellow and opaque in colour with T. in the range of 2.0-IO.0, are usual and have
an inclination to be high in radioactivity. They are mostly situated on the boun-
daries or fractures of major constituents. In additiofl to the lists shown in the
Table l some strong minerals are partly given as follows:

     Mih-26 Bie-Pla brown (4.e) 7.20
       " Pla-Pla colourless (3.5) 8.26
     Mih-45a Bio colourless (2.7) 15.20
       " Bio colourless (6.7) 10.85 weak birefr.
     Mih-45b Bio colourless (2.1) 20.3
These radioactivities may belong to those of ferguspnite or thorite. Allanite with
distinct pleochroism (Z: dark brown) is occasionally found, for instance:

     Mih-9 Mag-Pla (565.0) 0.25
       " Pla-Qtz-Bio (244.0) 0.62 includes zircons
Sometimes, titanites of weak radioactivity are observed. As a result, the radioactive

accessories in this granite are mostly zircons aRd some minerals of high order
corresponding to fergusonite, therite or euxenite.
    'lrhe percentages ifi volume of radioactive accessories classified by their posi-

tions are:

                          Pla-Qtz 26.2
                          Pla-Mag 21.0
                          PlaQtz-Bio 10.7
                          Bio-Pla 7.1
                          Bio-Qtz 6.1
                          Bio-Alfe 5.0
                          PIa 3.6
                          Bio 3.2
And also in this area, as shown above, a large amount of the radioactive accessorles
are found on the boundary of major constituent minerals (Fig. 2-4).
    On examining the reiation betweefi the number and the radioactivity of these
mineral grains, the number with Tpt 2-3 is the largest (Fig. 3-3) and this is a
different point compared with other granite.
    Quartz porphyry distributed in the southern regioR contains colourless or pale
coloured zircon and reCLdish brown allanite (Fig. 3-3). They are usually found
among the minutefelsics in the groundmass. Some were shown in the Tab!e I.

    6. 'IlrAIRA AREA

    a) Eargier granite area
    Distribution density is 2.7/cm2, and the minerals are generally weak in radio-
activity. Colourless or pale coloured zircons with Tdi iess than 1.0 are numerous and
clear pleochroic haloes are observed.
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    The fo}lowings are remarkable :

     Tair-25 Qtz pale brown (8.25) 2.50
       )) Pla colourless (1.28) 2.90
       " Alfe colourless (22.0) 2.IO
These are zircons included but situate on the cracks in the host mineral.

     Tair-33 Pla pale brown (8.82) 0.75 is a zircon
situated on the brown veinlet connecting with biotite.

     Tair-25 Bio colourless (4.25) 4.36 is idiomorpkic
zircon in spite of severe bending of biotite.

     Tair-28 Alfe-Bio (457.e) 0.25
       ti Alfe (418,0) 0.35
     Tair-33 Qtz-Pla-Mag (274.0) 0.24
       i! Bio-Qtz (348.0) 0.13
These are hexagonal, or interstitial brown allanites containing reddlsh patches. More-
over, a few minera}s of fergusonite class and biotite of feeble radioactivity are fouRd.

    The percentages in number of these mineral grains included in Bio, Pla, Qtz,
Alfe are 19.0, 17.5, 3.4, 3.4 respectively, but in volume 8.3, 2.7, 0.4, 17.0 respectively

(Fig. 2-4). The number of minerals with Tat less than 1.0 occupies 50 percent
and the number gradually decreases with high radioactivity (Fig. 3-2).

    b) Later granite area
    Distribution density is comparatively low (1.7/cm2), as a whole, the dlstribution

feature resembles to that of Kasagi coarse grained granite. As radioactive acces-
sories, colourless, pale yellow or pale brown zircons with Tdi Iess thaR 1.0, aRd
brown or pale greenish brown a}ianites are abgRdant, as for the latter :

                 Tair-7

 ' }1                   lf
                 Tair-9

                   f)
                   Jl
                   ))
                 Tair-11

                   )t
                 Tair -14
                 Tair-15

                   7r
                 Tair-18

These allanites are rather

major
ferm wi#h T. 0.57-l.60
and sometimes colourless
minerals of high

 Pla-Epidt
 Pla-PIa
 Pla-Pla
 Qtz-Bio
 ?la-Bio
 Pla-Mus-Bio
 Pla
 Bio-Pla
 Qtz-Qtz
 Pla-Pla
 Pla-Qtz

 Qtz
 Bio-Pla

yellowish,

are:

 (187)
 (322)
  (83)
 (111)
 (348)
(1800)

 (168)
(2100)

 (50i)
 (56.5)
(4250)
(755)

(1575)

                   Iarge and mostly situate
constituent minerals except two cases. Black or brown
                 are present the borders or cracks
                   or octahedra} xenotimes
          radioactivity

0.32

0.31

0.15

0.21

0.57

0.48

0.31

e.33

0.26

0.15

0.48

0.29

0.62

on the boundary of the
 inaterials of irregular
     of felsic minerals,
   are observed. Some

'
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        Tair-9 Pla brown (5.60) 20.60
        Tair-11 Mag red brewn (21.0) 18.90
these show the value of fergusonite or betafite. Genera}ly speaking, in this granite,

the number of mineral grains included in Pla, Bio is comparatively large, but in
volume a large amount is situated on the boundaries (Fig. 2-4). As a whole, the
radioactivity of accessory minerals in this granite is weak, and the minerals with
Tdi less than 1.0 occupy 86 percent and the mineral with T. 3.0-5.0 is not present
(Fig. 3-2). 'lrhis is a peculiar point of bathelith type granite.

    7. KARIKACHI AREA
    Generally, the radioactive accessory minerals are abundant, especially ln the
eastern fine grained area. These minerals are colouriess, pale yellow, pale brown
or dark coloured zircons with T. Iess than 4.0, and frequently make distinct
pleochroic haloes in biotite. AIIanite is usua}ly found in eastern area. A part of

the examined results weye cited in the Table. '

    a) Medi"m grained granite area
    Average distribution density is 3.0/cm2. In the western margin of this granite,

melanocratic migmatite is seen between granite and gabbro, and in these parts
the radioactive accessories are also found. Some notable cases in this granite are
as fol}ows:

        Kar-13 Alfe-Bio colourless (24.4) 3.8
          " Bio colourless (4.3) 19
These are zircons that not deforrned in spite of severe bending of biotite.

        Kar-13 Qtz colourless (4.4) 0.84 zircon
          " Qtz-Qtz colourless (0,7) 10.3 thorite
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These are situated on the distinet cracks or brown veinlet developed in host
mineral. Some strong minerals are:

        I<ar-12 Pla dark (7.1) 23.51
        Kar-4 Bio colourless (5.5) 8.30
          ,, Bio colourless (0.8) 27.60
These radioactivites belong to those of thorite and samarskite. Allanite is rare

but a few are found in the migmatite part.

    In this granite the volume percentage of radioactive accessories included in

biotite is comparatively large, and yet this value is less than 2e percent of the

who}e (Fig. 2-5), and this is partly due to the absence of allanite that often situates

on the boundary. The relation between the number and the radioactivity of grains

was also illustrated in Fig. 3-2.

    b) FiRe grained granite area
    The average distribution density in this granite is 6.2/cm2 and is the largest
in this study. Generally, celourless zircons are abundant and a srnall amount of

accessories with strong radioactivity are present. In this granite, conspicuous are

the following mlnerals which are all dark in colour, square in form, and these are

presumed to be monazite or eschynite.

        Kar-6 Bio pale brown (8.25) 2.40
          " Alfe epaque (24.4) 2.07
          " Qtz-Bio smoky (19.1) 3.56
        I<ar-7 Qtz-Alfe opaque (6.25) 2.25
          ,, Hor-Aife epaque (5.3) 3.77
          " Pla smoky (10.5) 2.75
          " Alfe opaque (2.7) 2.60
        Kar-10 Qtz opaque (6.25) 2.k8 crack
        Kar-11 Mag-Alfe dark brown (10.5) 2.0e
          i} Alfe-Qtz opaque (1.56) 4.50
The followings are the minerals of some high valued:

        Kar-10 Bio coleurless (0.7) 7.80
        I<ar-11 Bio-Alfe colourless (0.7) 14.30
          )) Bio-Qtz colourless (0.6) 7.75
          )} Qtz smeky (2.0) 6,20
Allanite with strong pleochroism is usually found, and is rather small in size and

weak in radioactivity as foilows :
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        Kar-7 Alfe (294.5)
          " Alfe (24.3)
        I<ar-8 Qtz-Qtz (306.0)
          " Pla-Alfe (222.e)
        Kar-10 Alfe (110.0)
          ,, Qtz-Alfe (560.0)
        Kar-11 Pla-Qtz-Hor (625.0)
          ii Alfe-Alfe (137.0)
In the following case, minerals are present along
brown substances:

        Kar-7 Alfe colourlesss
          " Pla-Pla dark brown
    Tlae volume percentages ef the radioactive
pesitions of Alfe-Qtz, Qtz-Hor-Pla, Bio-Alfe,
8.4, and 7.1 respectively, and Bio shows only 4.1
a}so clearly indicates that the volume of the

boundaries of predominant minearal is
    In this granite the minerals of T. Iess than 1.0

and the percentage ef mineral with T. more
the increase of T. as shown in Fig. 3-2.

the

0.27

0.20

0.34

0.37

0.12

0.28-0.43

0.27

0.17

  djstinct veinlet filled with

        (13.28) 0.62 zircon
        (38.6) 0.80 zirÅëon
        accessory minerals sitttated in the
      Hor-P}a, Qtz-Qtz ax"e 15.9, 14.4, ll.7,

         in volttme (Fig. 2-5). This fact
    radioact'ive accessories situated on the

enormously large.
         camount to 46 percent in number
        tlian 1.0 gradually clecreases with

         Some Coms2deratiens anG Discllssions on the Mstributiem eÅí
                 Radioactive Aeeessery Minerals in Granite

    l. THE DISTRIBUTION OF RAI])IOACTIVE ACCESSORY MINERALS IN
       GRANITES
    The granites, under consideration, are varioLis in iocalities, mineral compositions

and geological ages, but when the relations between the radioactivity and the number
of grains of radioactive accessory mineral are examined, these granites can be
divided into some types. The percentages in number of miReral grains classified
by the value of radioactivity were illustrated in Fig. 3 (1-3). Here abscissa denotes

the radioactivity in the range of T. from 1 to 5, and ordina#e the percentage in
number of minerals*.'

    1) A type
    This is a type in wiaich the percentage in ntimber of mineral grains with Ttu
less than 1.0, amounts to more thaR 80, and the number abruptly decveases with
the increase of the value of T. (Parabola type). This type is seen in the granites
of I<asagi and Taira (Later), both of which are rather coarse grained and have
the lowest values of distr.ibution density. These granites expose in broad areas
and are considered te have been eyedecl deeply.

rk' The grains with Tpt more than 5 were neglected in this diagram as they were few in number
  and very irregiilarly distributed.
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                               Explanatien of Table

1) 2nd column: Alfe, Bio, Chl, Hor, Mag, Pla and Qtz stand for alkalifeldspar, biotite,
chlorite, hornb}ende, magnetiee, plagioÅëlase and quartz. A combination for example Chl-Alfe
indicates that the radioactive accessory mineral is situated on the boundary between chlerite
and alkalifeldspar, more deeply in the former than in the latter, and a combination for example

Bio-Qtz-Mag implies the positien among three minerals.
2) 3rd co}umn: Colour of the radioactive accessory mineral.
3) 4th column: The size of rnineral is given in the unit of 100 square microns.

4) 5th column: a:Tat)>10.0
                      b : Ta<lo.o-s.o
                      c : Tct<s.o-1.e
                      d': Ta<1.0-e.2
                      e : Ta<0.1
    (In some strong cases values ef Tct are given.)
5) In Remarks are given names of radieactive accessory minerals when identification is possible.

                                     Table 1
                       Radioactive accessory minerals in granite

Kiei (g-53)

         SituationNo.

1
2
3
4
5
6
rr

8
9

IO
11

Colour
t

Alfe
Pla (decomp)*"
Pla (decornp)
Bio-Bio
Qtz
Qtz-Qtz
Bio-Bio
Pla
Pla
Bio
Chl

l  pale yellow
  colorless
     ls
     1)

Ei
  dirty
  smoky
  colorless
     le

Size Radioactivity
   (Ta)

 8.3        d
22.0        d
84.0        d
21.0 I c
ii& g

 -d84.0 c
 1.2 b (5.50)
42.0 1 d

Remarks

zircon (crack)*
zlrcon
  IJ
  lt
  tr
  ls
  rr
(decomp)
 .zlrcon

zlrcon

    rk- Zircon is formed in a
    ** decomp= decernposed

ffiei (g-33)

conspicuous crack in Alfe.

 ll
2
2[
g
gi

,g

IE

l2i

AlÅíe-Alfe
Bio
Pla-?la
Bie-Pla
Bio
Chl
Bio-Pla
Bio-Alfe
Qtz-Qtz
Qtz-Bio
Chl-Pla
Chl-Pla
Chl
Bio

l
I
I
i
i
I
i
i
i
I
I

co!orless

   et
dirty
colorless

   lr
   ")
   11
   1}
pale yellow
colorless

   tv
   lr
   rr
   Ir

l

i
I

l

 3g.o l d

  -i d 62D d
  9.8 c  0.7 i c
  6.2 i d
 31.5 i a (21.0)
12e.o l d
 8.2 I d
  8.3 j c
 22.0 I d
 24.5 i d
  ww l d
 ms l d
     i

I

zlrcon
  77
  "s
  lr
  tt
  1)
  p
 t-
zlrcon
xenetime
 .zlrcon
   t7
   ts
minute zircons
zircons(5pcs)
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Kasagi (Kas-12)

No

1

2
3
4
5
6
7

Situation Colour Size

Pla-Chl-Alfe
Chl-Alfe
Qtz-Chl
Bio
?la
Pla-Bio
Pla-Qtz

F
I
I

i
i

l
I
t

red. brewn
 ')1
   t)
opaque
colorless

   }I
   )t

E
E

i
i
i
E

 970.0
 322.e
1162.0

  10.5
  28.1
  35.6

Radioactivity
    (Tec)

d
d
d
d
d
d
d

Remarks

allanite

  e!
  11
(decomp)
 .zlrcon
  1}
  lt

Kasagi (Kas-8)

1

2
3
4
5
6
7

Qtz
Bio
Bio-Qtz
Pla
Bio
Bie-AIfe
Bio-Alfe

colorless(dirty)
celorless

   1)
yollow
co}orless
dirty
red. brown

I s4.o
l 26.e
I 16.o
l 24.4
l 34.s
j 2942.e
1 42s.e

d
d
d
c
d
d
d

 .zlrcon
zircon (2
zlrcon
  tt

pcs)

allanite (decomp)
allanite (decomp)

Yagiu (Yag-52)

1

2
3
4
5
6
7
8
9

10
11
12
13
l4
15
16
17

Alfe-Bio
Bio-Bio
Bio-Pla
Bio-Bio-Pla
Qtz-Pla-Bio
PIa-Bio
Pla-Bio
Pla
Qtz-Bio-Pla
Qtz-Bio-Pla
Pla-Qtz
Bio-Alfe
Alfe-Bio
Pla-Bio
Alfe-Bio
Pla-Qtz
Pla-Pla

! pale yellow

I"'

i Åëolorles$
  yellow
  pale yellow

Fll     t!
j opaqtte
i pale yellow
iI"I yellow

l.I colorless

I.I yeiiow

I)lI colorless
i

125.0
 24.7
  1.4
 22.1
1250
725.0
 16.5
  2.8
 38.3
 49.2
 41.5
 54.0
  3.5
  5.5
 55.6
 41.5
  6.2

d
d
d
d
d
d
d
c
d
d
d
d
c
c
d
d
c

l

l
/

l
i
l
i
l

i
1
!

1
I

allanite

 ' tf

zlrcon
allanite

  tr
  el
  71
(massive)
allanite

  }t
(massive)
allanite

zlrcon
  t}
(decomp)
  Tt
(black rim)

Yagiu (Yag-52)

1

2
3
4
5
6
7
8
9

10
11
12
13
14
15
26
27

l
i
t
r
g

I
I
I
I

I
l
1

I

t

Qtz-Bio
Bio
Bio
Bio
Bio-Bio
Bio-Bio
Pla-Bio
Bio-Qtz
Bio-Qtz
Bio
Bio
Bio
Bio
Bio
Bio-Qtz
Bio-Qtz
Bio-Pla

colorless

   }t
   }r
   T)
   tr
   IJ
   1!
   lt
   }I
   ll
   1)
   t)
   "r
   lt
   lr
   Ie
colerless(dirty)

41.5
24.5
21.e
31.5
 4.2
IO.5
6Z2
10.5
31.2
 4.2
10.9
10.0
 2.8
22,0
 6.3
 7.0
290

d
d
d
d
d
d
c
d
d
d
d
d
c
d
d
d
c

1

t
l

l

:
I
f

1
1
1

l
i

;

I
I

 .zlrcon
  t!
  p!
  Tt
  }l
  lt
  tt
  }l
  rJ
  l)

  tJ

  pl

  lt

  rs

  11

  pl

  lt
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Nara <Nar-66)

No Situation
E
l

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18

I Bio
i Qtz-Bio
l Pla
I PIa-P!a
I Qtz
i Qtz-Bio
I PIa
I PIa-Bio
I Qtz
I Qtz-Bio
I Qtz
I AIfe-Bie
I PIa
I Bio-Qtz
I PIa
I PIa
I P!a
i Pla

Colour

l

celorless

   I)
   Jl
browri
pa!e yellow
colorless

   fr
   t}
   )f
   pp
pale yellow
colorless

   )1
   )}
dirty
celorless

   ll
   ls

Size

14.0
18.5
 e.7
69.0
 8.2
 2.7
 4.0
11.0
 6.9
11.0
 6.2
 1.4
 2.2
 6.3

 2.7
 0.4

'

Radioactivity
    (Ta) Remarks

E

i

Åë

c
b
d
c
c
c
c
d
c
d
c
c
c
c
c
a
d

(9.20)

(iO.60)
l
I

zlrcon
zircon(weak birefr)
(strong birefr)
allanite
zlrcon
  )1

  It
  r}

  ))
(massive)
zlrcon
  Ir
  lt
  )t
(decomp)
zlrcon
(high birefr)
  ?

Hoki (flok-4)

1

2
3
4
5
6
7
8
9

IO
21
12
l3
14
15
16
17

Pla
Mag
Bio-Pla
Pla-Bio
Bie-Alfe
Bio
Bio
Bio-Qtz
Bio-Qtz
Bio-Qtz
Bio
Alfe
Pla-Bio
Alfe
Alfe-Bio
Bio
Pla-Bio

pale brown
colorless
pale brown
yellow brown
brown
dirty

  "
brown
colorless
brown
  tl
pale yellow
colorless
pale yellow
colorless

opaque
dark brown

10.5
10.9
 8.2
192
 7.0

  6.2
 10.5
 i3.9
  4.2
  4.2
 13.5
  28
 53.4

730.0

1

d
d
c
a
c
d
d
c
d
c
c
c
c

a
d
c
d

(11.2e)

(13.9)

z!rcon
  IT
menazite

z!rcen
  ?
  ?
monazite
 .zlrcon
monazite
 ' tl

zlrcon
  t)

 'zlrcon

allanite

Kirihata (Yon-5)

1

2
3
4
5
6
7
8
9

20 '

t

Qtz-Bie-Alfe

Chl
Bio
Bio-Pla-Alfe
Pla-Bio
Bio-Pla
Bie-Pla
Pla-Bio(green)
Pla-Chl
Fel-Pla

l
l
,

I
t
1
l
i
L

pale green.
brewn
pale green
colorless
pale brown
  ls
  J}
  ))

epaque
brown
dark

l
l

124.5

  3.5
 21.0
 22.0
 10.2
  8.2
  8.0
153.0
 17.2
  6.2

I

b (8,26)

c
c
a (12.8)
d
c
Åë

c
d
c

i
l

l

(low birefr)

 .zlrcon
  Jl

zlrcon
  es
  }l
(massive)
 .zlrcon
(massive)
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Tarumi (Yon-l3)

Tolcttclo T$UTSUMI

 No
     i  1
  2
  3       Chl
  4, I Chi

  ?i

g
l2

  22 Bio
  13
  14 Chl
  15
  16
  17
  18
  l9
  20
  21 Bio
  22 Bio
  Z2 i

  25 I Bio
  26 l Bio
  27
  28
  29 ,
  30
  31 .
  32 i Pla
  33
  34 Qtz

Tarumi

Situation
,
L
L

Coiour i_S..i.z..e._....

pla-Qtz I pale brown
Chl-Alfe

Bio-Alfe
Alfe
8{zlSlg9Aife

Pla-Pla
Chl-Alfe
Bie-Alfe-Pla
Aif,SBgf.een)

Alfe-Pla
Pla-Qtz
Alfe-Alfe
Qtz-Bio
Bio-Bio
Bio-Pla
    (green)
gigiA?ige")

    (green)
Bio-Pla
Bio-Fla
Bio-Pla
Slg9B?60(green)

Pla-Pla

  co;orless

    lt
  pale brown
    t)
  B21zrLepg..

    Il
  colorless
  pale brown
    ll

  SZ12rLe,s.gwn

'te
    7t
I colorless

    tr
')1
    )}
  oplique

  colorless
  pale      brownl
i colorless

    }t

it}' op' ique

i colorless

/el'

    11

    61.0
   i?glg

    ,,;l8

    ?gig

I }glss

    !lg•2

   ,,glg

 [ 147.0
 ' I 2i3

 I 2.1
 '     8.2
     6.2
    Zl.0
    89.5
     4.1
    114.e
     4.2
    24.3
    10.9
     2.1
    100.0
     6.2
     2.l
     2.8 l
"

tt't't!"''t"t"'""""""'

Radi?gC.tiVitY Remarks

   d
, cl
'Idicld
   d
I a (19.9)
IdIg
idIa
Ibl (1IdIdI

IcIc!g
lcldIdI

'c   d
I Ca <nss)

lb]

l   c
   a (57.12)'

/

FIg
Ic:

1

/ allanite

ltl   -l zircon

l.I allanite

l.I
i allanite
  :l 2gkte (2)

  al}anite (zonal)
  lll?.n.aftL`e

I (monazite)
i allanite

l./erl.I Zircon

l"l II
I"I
i

1-. zlrconI a}lanite

  Zlrcon

. zlrcon
  (rd'assive)

I Zi{fon

r}
1

(Yon-16)

1

2
3
4
5
6
7
8
9

10
11
12
13
14
15
16

Alfe-Bio
Alfe-Alfe
gl8i,Qf.z

Bib-AlÅíe
Qtz-Bio
Pla
Pla
glglfllig.Bio

Sli,g'veg,,,

?la-Bio
Pla-Bio (green)
Alfe

pale yellow i 2s.2l
              ltbrown j lO.51ggl8,P,g'gw" Ii3ggI

  . I 4.2I  " i s.4Ipale brown i 83I
colorless I 2.l i
pa},e brown i l}gEl8•

igpla:6s:e:g i2iS

              //pale brown. I 97.0 i
  lf I625.0ipale yellow 52.0 i

a (13.1)
c
d
c
d
d
c
c
d
d
a (84.0)
c
c
d

d
a (16.15)

i
I (metamictized)
  allanite
I
i '"
  zlrconi"1
I (rfihssive)

  allanite

j"l E }ggfiive)

i allanite

i (ni'etamictized)
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Sendalji (Yon-21)

Ne Situation I Colour
i

Size

1

gl
4• I

gi

Qtz-Qtz
Bio-Qtz
A!fe-Bio-Pla
Bio-Pla
Qtz-Alfe-Bio
Qtz-Pla

I br?.w,n

l g?,.r.ess

i colorless
i brewn

1"I

l gg.o
ii ,gsig

   37.5
' 225.0
I 38s.o

Radioactivity
   (Tpt)

d
d
d
d
d
d

Remarks

i
L
E

allanite
 .zlrcon
allanite

zlrcon
allanite
allanite*

    * inclttdes bietite

Ninjoji (Yon-11)

     lI   !i PIa-Qtz I pale yellow
  32 pPl:"Pia'QtZ i coi6riess

                      i smoky  4       Bio
   5i Chl colorless
Ninjoji (Yon-12)

460.0 a (23.15)
167.5 a (25.90)
  2.0 c zirÅëon  s.6Id "32.0id "

>iElg.p,. coigfiess ,i ,Z8Ig •ziEFon
  31 Mag-pla pale yellow
     '  gil ew gggese

Mihoyo (Mih-9)

   1l Mag-Pla brown (dirty)
   2i Qtz dark green
   3 i Pla-Qtz-Bio brown
     '     '  g,Q.t3g{/5f.g gR{igEYess

   6I PIa colorless  7i Alfe "  8l Mag i"

  3so.o I a (2,` Jg) i (2 pcs)

       '   ,algl g I <aiianite)

' s6s.ol d l aiianite
I 82 I a (11 80) I• 244.oi d '  aii(ain:ctiendes zircons)
       '       '       '' igig I gEigiS8] l
    1.5I a(10.32) ?
   21.0 I b( 8.40) ?
    5•5I c zircoR

Mihoro (Mih-12)

   ll Mag-Alfe I smoky 16.s c i zircon
   2 Mag-Alfe i" I 8.2 c I"     '                                                           '                                       '                                                           '     '   2:ixiftgSlfe coloRless •io3•6 C ' •" c b• f)
   5iBioPCit}O l• BIiliOegre.. I22sJe 8 . I:lfgg.n OW !"er
   6I AIfe-Mag i Åëoler}ess I 4.2, b l                                                             zirÅëon (low birefr)

  gl2kg i ;; i glsi2 ,zilfon
   9i Mag-Pla " l 13.8 c l ,,  lgjglg ll li ,glg g ,i;}..(2,,,)
  lg l B.t.ogPia I ,.;sk, g2IgI g(,.,,) , zircon (2 pcs)

  nv ' ww __.nv "'------ ' -----)'-----._L--1.----L r __
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Mihoro (Mih-54) (Quartz porphyry)

No Situation

1
2
3
4
5
6

Blo-Alfe
Pla-Qtz
Bie
Pla
BiQ
Bio

Colour Size

i
I
I

brown
colerless
brown
colorless
dirty

  Il

i
I
l
I
I
I

i
i
f
I

125.0
  4.3
 13.8
  2.6

Radioactivity
   (Tca)

d
a (10.7)
c
a
d
d

Remarks

l

:
'

allanite

 .zlrcon
(iow birefr)
(decomp)

(}))
Taira (Tair-33) (Earlier granite)

1
2
3
4
5
6
7
8
9

10
11
12
13
i4

Qtz-Pia
Qtz-Pia-Mag
Qtz-Qtz
Pla-Bio
Bio-Bio
Bio
Bio
Bio
Pla
Bio-Bio (green)
Pla-Alfe-Bio
Bio-Pla
Bio-Qtz
Bio-Pla

'l
l

l

colorless
yellow & red
brown
pale yellow
colorless

  tt
  l7
  1}
pale brown
  sl
colorless

  lp
red brown
colorless

l

 10.5
174.0

 48.0
 22.0
 10.5
  6.2
 10.5
  8.8
 24.3
 27.3
 24.3
348.0
l65.0

c
d
e
c
d
d
d
d
d
d
c
c
d
c

zlrcon
allanite
bietite

zlrcon
zircon (metamict)
 .zlrcon
  ls
  1)

  tt
  7r
  t)
  lt
a}lanite (rnassive)
 .ZlrCOn

Taira (Tair-28) (Earlier granite)

1

2
3
4
5
6
7
8

Alfe-Bio
Pla
Pla
Pla-Pla-B
PIa
Alfe
Bio-Pla
Pla

       ,
       l
       i
       i-/10I       I
       I
       i
       l

brown
colorless

  lr
  t!

  rr
brown
colorless

  }s

457.0         d
  5.2 I c
  6.2 i c
 76.4 1 e
     '  8,3 1 d
418.0 i d
  2.7 i c
  4.0 1 c
     i

'

allanite
 +zlrcon
zircon (black yim)
zlrcon
  7)
allanite

zlrcen
  tr

Taira (Tair-9) (Later granite)

  1
  2
  3
  4

  5
  6
,7
  8

pla-Bio I
AIfe-Bio i              'Alfe-Bio
Pla

Qtz-Bio l
              FPIa-Bio I
pla-Mus-Bio I

PIa I              '

 pale yellow
 colorless

   )s
 pale brown
{ pale greenish
 brown
brown

   1!
   1}

  12.2
  52.8
 270.0
  5.6
 111.0

 348.e
2800.0
 268D

,

d
d
e
a (20.6)

d

d
d
d

 .zlrcon
  p!
  ls

allanite

l.
    Il

i

Taira (Tair-14) (Later granite)

1

2
3
4
5
6
7
8
9

10
11

E Pla-Pla
Mag
Pla-Pla
Pla-Pla
Bio
Bio-Qtz
Pla
pla-pla
P}a-Mag
PIa
Bio-Pla

smoky
pale brown
yellew <dirty)
ye}low
color}ess
pale brown
celorless
brown
dirty
opaque
co;orless

10.9
13.8
 5.6
12.5
41.5
 8.2
 5.2
565
12.5
20.8
46.0

d
d
c
d
d
d
c
d
d
d
d

i zircon

1It
    sti

j""lTt
    ll

/ allanite
i'j zlrconi (peassive)

  zlrconl
'
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KarikaÅëhi (Kar-4) (Mediurn granite)

No

1

2
3
4
5
6
v
8
9

10
11
12
13
24
15

Situation

Bio
Bio
Bio-Alfe
Bio
Pla-Pla
Alfe
Alfe-Alfe
Bio-Pla
Bie
Bio
Bio
Pla
Bio-Alfe
Bio
Bio

Colour

colorless
dirty
colorless

  Is
dirty
  }J
colorless
yellow
colerless

  t)
  ts
dirty
  lt
colorless

  )1

(dirty)

Size

 l.6
16.5
13.9
35.0
13.9
 4.3
 6.3
31.6
 3.0
28.2
27.5
 3.6
24.4
 5.5
 0.8

Radioactivity
    (T.) Remarks

i

l
l
i

E
l

c
c
c
c
c
c
c
.c

c
d
d
c
c
b
a

(8.3)
(17.6)

I
i
i
I
i

I
I

i
l

I
I
l

 'zlrcon
  }r
  I)
  sl
  }e
  ft
  }r
monazite
 +zlrcon
  Is
zircon (weak
zlrcon
  tt

birefr)

Karikachi (Kar-12) (Fine granke)

1
2
3
4
5
6
7
8
9

io
11
12
13
14
15
16
17
18
19
20
22
22
23
24
25
26
27
28
29

l
a

E

I

i
/

Bio-Mag
Alfe-Mag
Pla
Bio-Mag
Qtz-Bio
Hor
Bio-Alfe
Mag-Bio-Alfe
Mag-Bie-Alfe
Mag
Mag-Qtz
Alfe
Pla (zened)
Pla-Qtz-Hor
Mag-Alfe
Mag
Mag-Bio
Pla
Bio-Alfe
Alfe-Qtz
Aife-Alfe
Alfe-Alfe
Alfe-Mag-Bio
Bio-Qtz
Mag-Qtz
Bio-Alfe
Pla
Qtz
Mag-Bie-Qtz

l

l

I
I
I
}

l

'

'

1

l
i
i

i
I
I
I
1

colorless

opaque
pale green
colorless

  }7
  1)
  tr
  rr
  )t
brown
colerless
pale brown
celorless
dark brown
brown
celorless

  71
  lt
  tr

opaque
red
brown
pale brown
celorless

  I7
  7!

epaque
smoky
colorless

l

i
I

I

I

I
l
l

i

F

I
I
I

  6.3

  8.2
 !6.5
  5.2
  0.6
  0.7
 10.5
 29.0
 27.4
  8.8
  8.0
  5.3
625.0
 IO.5
  5.3
  2.3
  2.0
 4.3
  1.6
 18.7
137.0
  8.2
  0.6
  1.0
 29.5

 2.0
 13.8

i
I
l
i

l
l

l

,

l

l
I

I
:
i

d
d
d
d
c
c
a
d
d
d
c
d
d
d
c
c
c
c
c
c
c
d
d
b
c
c
d
b
d

(14.30)

(7.75)

(6.20)

I
I
I

E

,
I

l
l
I

'

i

zlrcon

 .zlrcon
  r)
  17
  fr

 .zlrcon
  7}

  lt
  1)

  t)
  )1
allanite

zlrcon
  }s
  lr
  lt

allanite

zlrcon

zlrcon
zircon (2
(decomp)

 +zlrcen

pcs)
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   Fig. 3 (1-3)
The relatioR between the radioaceivity and the
number of radioactive accessory minerals in grani-
tes, abscissa denotes the radioactivity in Ttu 1-5
and ordinate the percentage of mineral grains.
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     2) B type
     Tlte percentage in number of mineral grains with T. Iess than 1.0 is about 30,
 and the percentage gradually decreases with the increase of T. (Hyperbola type).
 This type is seen in the granites of Yagiu, }Ioki, Karikachi Mihoro and Gyojayarria.
 These granites indicate rather high valttes in distribution density, and are usually
 fiRe grained and rather porphyritic in texture, they are distributed in small areas
 and are considered to have been eroded shallow}y.

    3) C tyPe
    This is an intermediate type of the above described two, and is seen in the graRi-

 tes of Hiei, Kirihata, Taru!ni, Sendaiji, Nara and the elder granite of Taira. These
 are medium grained granites and show the moderate values in distribution density
 except Tarurni.
    Of course, these three types are Rot always conclgsive, and one gradually
 alters to the other types. Thus the granites of Hiei and Tarumi show a tendency
 similar to type A, and the fine gralned granite of Karikachi to type B.
    Hitherto, it has been admitted that the radioactive minerals or elements are
 densely contained in the marginal zone of granitefi,'5}'6,i7•i6), and this is, as it were,

 the variation in their horizontal distribution in one granite mass. It seems that
 the vertical differences in the distributien of radioactive accessory minerals or
 elemeRts are much more remarkab}e than the horizontal ones, and these radioactive
 minerals and elements are more likely to assemble to the apex parts of the graRite.
intrusives than the lateral margin.

    These granites, now under constderation, are various in type, kowever, it can
be presurned that granite masses of type A have been deeply eroded, those of
type B shallowiy eroded, and those of type C are the intermediate of the two.

    2. T}IE RELA lrlON BETWEEN THE RADIOACTIVE ACCESSORY MINERALS
       AND THE MAJOR CONSTITUENT ONES*
    The principal points concerning the radioactive accessory miRerals and their
distribution in the major constituent enes in granites are as follows :

    1) Radioactive accesso.ries incJuded in biotite are small in amount
    The grains ef the rafuactive accessory rninerals included in biotite are 19.l

                                tpercent in number, on average of '-15 granites which are in the range of 7.3-26.6
percent; and 5.9 percent in volume on average of 25 granites which also are in
the range of 1.8-i9.4 percent. This fact means that the radioactive accessories
included in biotite are usually minute in size. The average con't'ent of biotite in

these granites is 7.71 percent in volume and so these radioactive accessories caR be
said not to have so high asseciatien ratioig) t6 biotite (less than 1). IR the mediurr)

grained granite of Karikachi, the radioactive accessories laave rather high association
ratio to biotite, and this is partly due to the lack of ailanites as in the case of the

Gyojayama granite, and even in tlaese cases more thafi 80 percent in vo}ume is
situated except in biotite.

* This includes the data from the granite of Gyojayama, I<yoto Prefecture3).
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    2) The amoufzt incguded in fetdspar and quarte is smalt
    The radioactive accessory minerals included in felsics attain to 24.2 percent in
nurnber and 11.1 percent in volume on the average, aRd this means that those
included in felsics are also minute in size. In this case it is noticeable that they are

situated frequently on the cracks or veinlets develeped in these felsics. The associa-
tion ratio to felsics is far smaller20) as the average volume of felsics in these
granites is 88.79 percent.

    3) Radioactive accessories sitttated on the boundaries of essential grains are
        abundant
    As the volume of other component minerals except the biotite and felsics, is
veyy small in tke granite, it may be concluded that a gyeat deal ef the radioactive
accessory minerals lie on the boundary of the principal component minerals, iR fact,

they amount to 53.5 percent in number and 82.3 percent in volume. Considering
the minerals lying along the cracl<s and veinlets iR the grains of the essential
minerals, these values- would be still larger. And this fact indicates that those
radioactive accessories situated oR the boundary have a tendency to be larger in

graln slze.
    4) The radioactive accessory minerals included in the biotite are inclined to
be distributed more denseiy on the periphery oÅí the latter.
    5) The radioactive accessory minerals included in the bended biotite are not
seen to have been defermedi9).
    6) Well-formed zircon and alianite are also densely distributed iR the xenolithic

or migmatitic part in the granite.
    7) Interstitial biotite is often met with and some radioactive accessories lie
on the brown veinlet connecting with the crystals ef such biotite.
    8) There is a corre}ative relation between the grain size of the essential
compenents and that of the radioactive accessories, namely, the radioactive acces-
sory minerals in the fine grained granites have a tendency to be finer in size, more
numerous and higher in radioactivity thaR iR the coarse grained granites.
    9) Allanite is seldom included in biotite, but en the contrary, sometimes lt
includes biotite, plagioclase and quartz as well as apatite, and is usually idiomorphic,
often shows a zonal structure. Occasionally, alianite shows corona strttcture at the
marginal parts contacting with biotite, and these parts differ from the core in
optical properties.

    From a geochemical s#andpoiRt, the radioactive elements in a trifling amount
as well as yare earth elements, are regarded to eRter into a crystai at the last
stage of the magmatic differentiation because of the large radil of their ions, and
to ascend through the interstices or cracks in granite, along with silica, water and
othe E,v,o,iggl'e,.M,?gg?i?.gOglgilnl8.d,,i",.a,,Zg7;'d,".ai.il,lgf,M,imti.. at an eariier stage ef

consolidation of magma as has been generally considered, the radioactive acces-
sories would segregate in the early liquid because of their large density, as metallic
ores ofteR do. But the fact is quite diffevent. The radioactive accessories have
a distinct tendency to distribute all over the granite, nay, to gather in the marginal



The Radioactive Accessory Minerals and Their Distribution in Some Granites in Japan 149

parts or iR the apex of the intrusive bodies2i). If the theory of magmatic differentia-

tien be granted, and the radioactive accessories be considered to be crystailized
early in a magmatic history, they must be present abundantly in basic rocks consist-
ing of early crystallized minerals22,23,24).

    The mechanism by which the radioactive accessories gather in biotite or c}ose
to biotite which is only several perceRt in voiume in granite, is no# clear25). In fact

the radioactive accessories inclu(led in biotlte are Rot abundant as stated above26,27).

    Based on the geochemical consideration and on ;he obtained data that many
of the radioactive accessories situate on the boundaries between essentlal component
minerais, and that a few are enclosed, it may be concluded that the greater part
6f the radioactive elements, together with the rare earth elements, enter into cyysta}s

at the last stage of a consolidation of granite, though a small amount of them may
crystallize early. The interstices or cracks ift aiready formed minerals may be
weak in connection cand profitable to produce the iater crystals28). It seems to be
na#urai to consider that these later crystallizing elements can enter more easily
into the interstices, cracks and cleavages of early formed minerais than enter into
and replace the highly ordered crystal lattice, aRd in this case the interstices between

felsic-mafic may be weaker in connection than those of felsic-felsic because of the
difference of physical properties.

    Thus, the radioactive accessory minerals are abundantly distributed on the
boundaries of the other minerals, especially between biotites and felsics. The
idiomorphicform of crystais depends on the crystaliizatioB force as often observed
in the porphyroblasts of metamorphic rocks. Occasionally well-crystallized allanite
or zircoR are abundantly contained in the xeriolithic or migmatitic part of the
granite as described before, and it is notable that these compositions entered into
the already formed rocks and crystallized as idiomorphic accessory minerals.

                          Summaary and Conclusion

    Microscopic and autoradiographic studies of radioactive accessory miRerais in
granites and their positions in relation to the major constituent minerals, have led
the writer to believe the following conclusions.
    1) Modes of distribution of radioactive accessory minerals in granites show
characteristic types according to different localities, especially to the degree of
erosion of the intrusive bodies.
    2) Radioactive accessory minerais contained iR fine grained granite are more
abtfndant, stronger in radioactivity and smaller in size than those in coarse grained
granite.

    3) Of the radioactive accessory minerals contained in the grani#e, more than
80 percent by volume are situated on the boundaries or in the interstices ef major
constituent minerals, and those included are only less than 20 percent, and even
in the latter case they are not always enclosed perfectly. From these facts the
wrker believes that the greater part of the radioactive accessory minerals crystal-
lized later than the other constituent minerals.
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    4) As to the individual granite, the radioactive accessory minerals are densely
distributed in Karikachi, Tarurni and Yagiu areas, and are rather strong in radio-
activity in Mihore, Yono, Yagiu and Hoki, these miRerals are mostly zircon, allanite,

and partly xenotime, menazite and some minerals ef strong radioactivity.
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