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                               Abstract

   This is the second report treating the distribution of radioactive elements in
granitic intrusives. Up to the present, seven intrusions have been examined for
radioactivity. The results of determination of radioactivity using a radioscope, an
alpha-scintiilation counter and a low-background gas-flow counter showed sLich ten-
dencies of the radioactive elements as to concentrate towards the periphery of the
intx'usive mass, to increase with Si02 ancl K02 content, and to be moclified in content

by weat.hering.

                              introduction

   Investigations on the alpha- and beta-radioactivities of some granitic bodies

have been reported in the first papert>. "4ost of the intierences in it were those

concerning the prohlem of g'ranite and granites from geological field evidence
and laboratory examination of the sample specimens. A new attempt is reported
in this study, in which the radioactive distribution relevant to the problein is
presentecl. The data presented in this paper consist of alpha- and beta-radio-
activities of 287 samples from seven pkitons.

                               Procedure

   Sampting: Samples were coiiected from seven granitic intrtisives; Tanakami,
IN4ikumo, Kitashirakawa, Rokk6, I{[ira, Yoshino and iXTabari. In order to obtain

a reliable average vaiue of radioactivity, more than 3-4 }<gs of samples were
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collecteci at eacli site of Tanakami-Mikumo, Rokk6, Yoshino anci Nabari
intrusives, and more than four or five fist-sized sarnples at each station of
K'itashirakawa and Hira intrusives. These samples were ptilverized to a 270
mesh sieve fineness and provided for measurements.
    Measurement' of alpiza-radioactivity: The procedure of n3easurements by•
means of a radioscope and an alpha-scintillation counter was fully described by

Z. HATb:DA and S. AilSHIMuRA (.1964).2} The clifference observed between the
alpha-radioactlvity obtained by the radioscope and that by the alpha-scintillation

counter seems to depend on the different sensitivities to llranium and thorium, i. e.,

the radioscope as more sensitive to thorium than the a]pha-scintillation counteir.

    Measu?'ement of beta-radioactivity bbl means of low-background gas-flow
counter: The effect of absorption of beta-rays by aluminium foil and by the
sample 'itself was discussed in the first report. i) As the result, it was found

that the potassium content was largely reflected in the beta-raclioactivity,
whilst the uranjum and thorium contents were mainly reflected 'in. the
alpha-radioactivity.

    The radiocftctivity nieasured by the radioscope, and the beta-radioactlvity
of the saniples collectecl froni KitashirakaNva, Tanakanii, IVIikunio cftnd the east

part of Rokl<6 have been reported in the first paper. b

             Some descriptions of the geology of the lecalities
                      frem where samaples were taken

    The clescription on Kitashirakawa, Tanakami, ]VIikumo and the east part
of Rokl<6 was made in the first report, so in this paper it may be excluded.

Hira: Hira mountain is situated 'in the east part of the Tamba mountain
clistrict. The west side of this district is botmded bv the Hanaore fault which
                                                 v
runs along the river Ado ancl its east side by Lal<e Biwa' with a great fauit.
Igneous rock in this sampling area is mostly biotite granite. This granitic body

intrucled into the Chichibu Paleozoic formations, altering them into hornfels
at the. contact zone. The geoiogica'I map is shown in Fig. 1. Samples near the

west margin and in the north part of the area are mediuna-grained biotlte
granite. Potash feldspar of the samples collected t'rom the east of the main
ridge is pinkish in colour. Generally speaking, rocks founcl in this g'ranitic

body have been weathered to a moderate degree, but the samples were
preferably collected from the fresh part of tlae exposures.

    Yoshino and Nabari: The granitic rocks ln this reglon are metamorphic
rocks, plutonic rocks and myloRitic rocks as shoxxtn in F'ig. 2. Lithologaca]ly,
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they are gneissose granite, tonalite, biotite hornblende granite, feisic
porphyritic biotite gyanite, inecliuin-gr'cainecl biotite granite ancl inylonite.

Grallitic rocks in Yoslaino and Nabari are called RN6ke type in general. The
mylonitic rocks showing zonal clistribution are developed in the iimited area of
the southern part of the granite region and are svtpposed to be the derivatives
of granitic i-ocks by the tectonic movement of a later stage.

   The west part of Rokle6: The west part of Rokk6 mass consist of granites.
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These are biotite granite, hornblencle granodiorite and hornblende-bearing
biotite granite (Fig. 3).

                     Results
  The restt]ts of radioactivit>r deterniination are shown in Table 1, and Figs. 2,
tl-, 5, 6, 7, 8 an cl 9.
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   Table 1 Radioactivity of granitic rocks

Granitic mass

Kitashirakawa
 biotite granite
 porphyritic biotite granite

Tanakami
IXflikumo

Rokk6
 granite

no. of sample a'-activity
               (cpm)
     13 17.4thl.1
      7 13. 8Å}0.7
      6 2L5,l,1.4
      6 17. 7.x[ 0. 7
      9. 9. 0 ,i, 0. 7

     51 17•5tin O•9

P'-activity

  (cpm)
10.4deO.5
le. 1Å}0. 6

10. 7Å}0. 4

10. 4 li, 0. 4

13.3,i,1.2

11. 9 ,G, 0. 3
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         Table 3 The average silica and K20 content of granitic mass

    Granitic mass no. of sample Sil02 K20
                                        (in weight pey cent)
    Hira 3 73. 47 :h (>. 57 4. 49 .Å} 0. 38
    Tanaka mi 12 74. 27 ti:0. 49 4. 08 =i :. 0. 13
    Rokk6 2 75. 24 .-/un O. 49 2. 90 ,ft, 0. 96
    Kitashirakawa i7 7L). 19 t! e. 89 2. 93 Å}. O. 09
    Miku mo 10 73. 63 .:i:0. 84 3. 63 ."me. 22
    Yoshino t)L 65. 65 .-1. 0. 16 2. 52 ti:0. 12
    NTabai'i L) 66. `_t.6 :i/zO. 44, l. 83 i:O. '12

                    Or y'ig.g Ternary diagram of the
            system, orthoclase - albite -
            anorthite relations obtained
            from norm calculation show-
            ing significant bearings on
            alpha-radioactivity.              H: Hira              T: Tanakami     ".'i. IN(a,',k.tg l,7.k,,,,.

         Y: Yoshino              N: }Siabari

insufficient nuniber of the availal)le cheniical data of roclgs as a representatixie

of each of the igneous masses, sotne disturbances are 1"otmcl in the order
arrangements of Si02 and K20 content, and also in 'the felclspar relation
obtai"ed by the norm calculation.

   The variation of the a]pha-raclioactivity of different parts of Hira gyanitic

inass has been sttidied. The results for the granitic yocks reveal a contrast in

alpha-racHoactivity between the core (mainly coarse-grained granite) and bordei'

(mainly fine-grained granite) zones ot' the intrusive (Fig. 10). TIae average
alpha-raciioactivity for the core is 20.7thO.9 cpn'i and that for the border zone
is 30.4i:1.5 cpm.
   The variation of the aipha-raclioactivity ot' clifferent grain slze of each
granitic inass has been also founcl. It was shown that the alpha-radioactivity
of the sai'nples 'froni the core ot intrtisives increases with increasing gr'ain size
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      Fig. 10 Distribution of alpha-radioactivity across Hira intrusive mass.

(Table 4), whiie beta-radioactivity does not slaoNv such a relation. ('IL"ab]e 5).

    The original granitic rocks would have suffered oxidation and Ieaching
through weathering and erosion. Under sucli conditions the uranium may be
oxidized into a very soluble uranyle form cftncl carried away by ground- and
surface-water. Thorium, on the other hand, cannot be oxidizecl uncler usual
geologic conditions to a hexa-valent state to form an analogtte of the uranyle
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I Rokk6

I biotite granite ..um2 4 24 14 6
    (C.,OgEf.ellilillrS}8,ss,, , 5 l8 8 6
                                               4                               1     me-gralne'

l hor i?lendeb?.eia,IYig,a.,t. .2 1 ttt 1 i
Ii-iirll'mm'' - -'- ' -t-t--t-..t.."...t . .

    biotite granite I 12 11 4   ]tgg:g,ggg.rgaueSa,,.,.ed , li i i'
i ,fM,,9,iEP,1•g5gine l ., Z
'                                  /'' porphyrite l i
ion. This fundaniental effect in weathering is partly responsible for the
wide-clispersal of vti'aniuni, ancl it also gives rise to a very lox•v ThlU ratio

observed in natural water. On the othe}' hand, tlie degree of weathering of
rocks was not defined clearly. So that the relation between the clegree of'
weatheiriRg aitd radioactix,'ity is not definecl, but it too niust be considered.

Using the coarse-gra'inecl biotite-granite of Hira, the semFquantitative
anaiysis of this problein was clone as follows:

    Tlie rocl< samples were classified into t'ive according to the degree of
apparent weathering. "lrhe relation betweeii this degiee of weathering and
radioactivity, was shown in Figs. .llN13. Froni these resu]ts, it was found

     div/min.

       I.0
           
           
           
           
            Fig. 11 Relation between alpha--ra-
            dioactivity and the degree of       0'5  weathering for the Hira lntru-
                   sive mass by a radioscope.
           

           
           

         o
           $lightly                             considerably
                  weathering
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that alpha-radioactivity

tivitv cloes not.
    "

increases with aclvancing xveathering, but beta-radioac-

                                Conclusions

    Frona the aboxre discussion, the following conclusions may be deduced; (1)
alplaa-radioactivity of granitic masses increases with silica and K20 contents,

(2) alpha-radioactivity increases with 3ncreasing normative albite and orthoclase

and with decreasing norniative anorthite, (3) radaoactiv•e eleinents concentrate

towards the inargin of the intrusive inass and this is reinarkable in the granitic
niass intrucled in shallower depth, (4) alpha-radioactivity increases i•vith grain

saze, and (5) alpha-rac'lioactivity increases xvit'li advanced apparent iitieathering.
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