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                                  Abstract

    'l'anakamiyama graT!ite wa$ studied by me,m)s of nuclear emulsion te deter}nine the oyder
of radieactlvjty contained in its biotite constituent, whlL`h Nvas founct strong in the biotite
beloxtging lo tke latex stage or havinbv suffered a deuteric ac{ipn, and consecluently in its finer

ilakes siluated interslitially 1}et"Teen {jiiairsz and feldspar. 'rhe bi{;tite its.elf is rather feel')ler in

radieaet{v{ty when some nii]itiie raaioaetive ii)elusions are exi$tent therein t'kan when they are

absent.

                               Intredxxetioi}

    WhaL has been noticed eoncerning the distribution of radioactive elements
in granite i$ that they are concentrated mainly in its minute accessory minerals.
But little investigation ha$ been made as to their distribution in its essential
minerals. I{uriey(i>, for instanee, merely says ef pulverized granite tliat its
radioaetive elements are clus:ered chiefly upo;i tke surface of t}}e grain. As a
rule, among the essential minerals, quartz and feldspar are less raclioactive than
b!otite.{t'} But in this case, the radieactivity in guestien means net only the
radieac ive etement$ implied exclusively in quartz and feldspar themselves, hut
also those inve}ved in the very minute accessory minerals whieh the guartz and
fe•ldspar contain.

     New, the author's autoradiographic detailed studies were applied to the thin
sectiens ef granite to ascertaiti the radioactivity ef biotite itsel.f. And if the
author's experiment shouid be exposed te any u]icertainty, it is due firstly to
the existence of ultra-microscopic inclusions, and seeondly to the centamination
of tlie fragments of minute accessory minera]s and biotite flakes that rnight
oecurred in tlie pyoce$s of polisl}ing the thin section. Since such contamination
can be avoided by washing the thin section, the existence of tl}ose inclusions,
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as his experiment sliows, is negligibly small. INiTow what was true of zireoi)s(3)
is also true of biotites : minera}s ef the same sert, but ef dlvergent radieactivity,
are often contained k} ene thin section of rock. Thc degree of the radieactivity
stands hi elese relation with the stage ef biotite crystalization : the ]ater the stage

of biotite is, the richer it is in radioactive contents.

                                 Method

    The ausoracl!Dgraphic method, indeed, charaeterizes itse]f by the fact tbat
it are'nders tlie micro-distributien of radioactive elemeBts detectab}e, ltowever feebie

their radioactivity may be; but for the determination of can activity as feeble as
biotite proper furnishes, a special care must l)e taken for exposure: firstly, a
countable track nurr)ber cannot be availe[l before tJ)ree months' expos!ire.'pt'` rlro

enable such long exposilre, tke phete p]ate must be kept coo} or in clriecl kitrogen .
gas, le$t any fadir}g should occur. Secend!y, the thin sect!en must be as smooth
as pessible that it may be kept tigl}Lly togetlier xvith the eniulsion during the
exposiixe. I?or in l'avetu'able eircamstances the origina! mk]eral in tke thin
seelion is e: actly kriowa-b}e, under a microseo})e, frorn which the alpha traeks
were coming, becattse the ininate radioactlve minera}, liere in this case ]ying
insicle or near the biotite, projects the teracks in a radial form. If, on the
contrary, there is a smal]est eroom between tho thin sectien aRd the emulsion,
the area of the track d!strl})ution ean iiot be Ioealized with a great precision
even under a microscope: seme fraetuation is u]iavoidable betwe-."n tl]e area of
the tracks scattereci upen the photo p!ate and the position of l')iotite ln the tl]in

section which is perejectSng the tracks upoii the emulsion. The track number
upon the emulsion !s the Iargest in the center of tlteir radiation ancl becomes
smal}er as it gets remoter from the center. The author's experi}r,ent shows that
in tlie distance of ene kunclrecl microns it is rec!ucecl into a neg}igib}e value of

]ess tkan ene per eent.
    To be stricL, however, the pale brosvnish earthy materials containecl on biotite
and emittirag alplia tracks, mttst be taken into conslcleration, as showii in the next

paragraph. During the m2croscopic counting of a]plia tracks, it alse must be
rememberecl tliat bietite, because of its large size, r}rojects its trtaeks rather wide.r

upon the emalsion than the minute aecessory minerals do.

                      The radloactivit>r eÅí biotite

    The samples treatecl here were chiefiy the granite containing eoarse grained
biotite ancl o]]talned at Shishitobi, Shibcra I'refectare, re!atively near tl]e contact

margin of the Tanakamiyama granite. TS}e biotite imrolvecl in that granite

ee l)robab]y more than six rr!endis' exposure is reginired for the granite t13at contains less than
  thx'ee grainmes urani!un per toii.
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shows the fol]owing varieties :

    l) Green biotite with dark broxvn pleoel)uroism and scattered between crystals

    of quartz or of feldspar; author's microseepic observatlon and a]plia track
    cottnting ascrlbecl bot}} its blackness ancl pleoehroic halo to a simllar origin.

    Cenera]ly the fine grains of thls biotite are foLmd, together with albitic or
    potash felclspar, interstitially between guartz or felclspar erystals (Fig. 1);
    iii the same thin secLion of roek its xaclioact,ive or{ler varies, according as
    the positien it oeci}pies there diffL.rs, from Tcv= O.03 to 0.li; inslcle this
    bietite no radioactive inclnsion Is f'ouncl ; nor cloes the track distribution on

    t}te autoradie.araphie plate suggest any such inclusien. (Table 1)

                    Table} 1 Raclioactlvity of dark green biotite

Sttmple I)a:

668 O.l10
              0 097

896 (2) O.080
              O.070
896 (3) O.e62
896 (2) f).059
658 e.058896 (2) O.053
895 (2) O.051
896 (l) O.050
              O.050
770 (l) O.eti8
os8 O.04,5
R9.5 (2) O.04,.l
668 O.038
896 (l) O.028
846 ") O.028
              O.028
              O.028

Slze (O J}lmm2) UegLtlv. <9E;)

i.C)'I O.OB2 Slrlpe
3.78 O.072 l}etween two Qti.
o.,gc) o.o6o ti0.70 O.052 ii4d.46 O.Ct16 Stx•ipe
3.75 O.04A, betwe.eii two Qti.
3.60 O.0432.69 e.0•40 be"veen two Qu.
I.08 O.Ol39 St.ripe
 3.36 O.037 ti0.56 O.037 ft]..es o.e36 ul8.5 e.0:34•
0.22 O.03:'l Stripe
l.08 O.C}28 ])etween twe On.                                      t69e O.021L Styipe
e.63 O.09.l.
 1.08 O.021 ].92 O.e21. with inelusions

    In a tkiR sectiQn ef rock Qurientecl in the direetion ?erpendicular te the
001 p]ane, this sort of biotite furnishes pleochreisrn of pa]e green and dark
green. Radioaetivity stancls 1iigh at sttch especially {ilark eolored parts.
I.lke tlte p}eocliroic lialoes often fottllcl in biotite, th!s intense]y dark pleo-

chroism has })een blackenecl by the alp'ha paz'ticles; but in case of these
parts, radioactive elements are scattered mueh wider in the biotite, aiid the
alpha effeet is much wi(ler th.a.n in ca•se of haloes.

2) Green biotite iR paral}e} intergrowth witk muscovite. (Fig. 2) This
}aminav structizre 1]as been clerivecl from byewn or green biot!te whlck has
undergone a deuteric action, .ftnd wl]ieh is always .found in contact with
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albitic or potash feldspar. The white stripe in this structure lies in the
same optical orientation with the dark green and is Iinked up with museovite
in potash feldspar. The occasionally existent pleochroic haloes (Fig. 6)
and the extraerdinary smallness of 2V identify the white stripes with phengite
rieh in Fe". In radioactivitY, however, suci] muscovite is as feeble as less

Table 2 Raclioaclivity ef' greenish l)rewn biotlte wit.1} snioky stain

Sa}nple Tct Size (e.01t wtm2> Uequiv. <%)
770 (1)

896 (2)

668
77e (D

O.023

O.Ol9

O.Ol9

O.0].4

O.0]2

0.8xt,

23.1

25
2.e

IS

O.Ol7

O.Ol4

e.oM
o.o].o

O.O09 with inclusions

77e (l)

896 (1)

896 (3)

668
895, (4)

896 (l)

O.058
O.04,0

O.039

O.036
O.031

O.029

o.e2o

0.4,7

3.61t

2.61t

3.32

3.l.5

l.9e

7.6e

O.043
O.0.30

O.029

O.027

O.023

O.022
O.Ol.5

Black .gtaln on]y

Brown staln on}y
  tl

  !l

  tl

  r!

  rt

than Tcv :O.OO05 (Table 4,) (Fig. 6), and the dark bros•vn stain amounts
to Tct =: O.020-O.058 (Table 2), while tl}e clusty part ancl the brownish stainecl

portion are the strengest in this sort of green biotite. Inclusions ef
radioactive minute minerals are extremely rare and, if there are any, very
feebly radioactive is tlie biotite itself.

3) Brewn biotite. (Fig. 3) This is the commonest in Tanakamiyama granite
and often furnished with myrmekite strueture on its fringe. Minute
radioactive• minerals, tegether with remarkably cleveloped pleochroic haloes,
are cencentrated especially in its brownish parts, whi]e tlae biotite itself is

feebly radioactive: Tct==O.OOi-O.O07. ([rable 3) Hence brown biotite
eontaining minute radioactive minerals is naturally higher in activity t.han
that whic}} dees not contain them. Owing to its comparatively ]arge size,
hesvever, the radioactivity is not uniferm in all its parts. In its protrusion
into potash or albitic feldspar Tct =O.010-O.OZ2. (Table 3) (Fig. 4,).

4,) Crreen bietite. This exists either as a myrmekite structure on the
fringe of brewn bietite or as a detached rale greenish biotite lying side by
side with the forrr}ez'. In radioactivity, however, if pale, not clusty in color,

it is as feeble as Tct :=O.OO06--O.O02, but if slightly smoky then nearly
Tcv =O.Oe7. (rable 4+) And this stain has }]een procluced by the radioactive
e}ements which a deuteric action breught into the green biotite.
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Tahle 3 Radioactivity of greenish }')rown biotite

Sample TaSize (O.O.l.mm2) ' U eqttiv (.e•o")

668

846
668
896
84,:3

8Xl6

846
8?5
846

896
84.6

895
896
895
770
846
770

(3)

(1)

(3)

(.l.)

(1)

(4,)

(3)

(2)

(l)

(2)

(2)

(2)

(2)

(2)

(ll.)

 O.O080
(e.o't27

o.eoso
o.oe7g

(e.oloo

(O.0]16

O.{ro72

O.(}070

e.(n7o

O.O062

O.O069_

O.O062
O.('ro58

 O.(X)r,4,

O.0050
O.oo34,

o.oo3e

 O.O026

O.O025
 o.oo.l.c)

 O.OO].5

 O.OOI2

 O.OOI1

 o.eolo

3.24

2.16

22D
3.46

,g.6o

S.41
2:•3.C)

5.75
ll.2 5

l0.8

 7.0

2.16

33.8

72.0
II5.6

I2.6

16.6

 7.9
23.0

la'rge

32.2

l5.3

4,5.0

}6.7

O.O060
O.O095)

O.O060

O.O059
O.oo7,r))

o.cogb
(}.O054,

0.0052

().O052

e.oo4.6

O.OCK,6

O.O046

O.O043
O.OO•4()

O.O037

O.O025
O.(}022

O.OOI9
O.OOI9
O.OOII.2

0.0011

O.OO09

O.OO08

o.eoo7

ee

N.

witli

with

sv1th

  st

ÅíTesh

with

Wit}l

inelusions

inÅëlgsions

inclusions

l){otite

incSusions

inclusions

ee Bietite protrusien part

      Ta}',]e 4

into orthoclase

Radioaetivity of pa]e green hiotite and       .muscovlte

Sample Ita Size (O.elmm2) U equiv. (%)

8.46 (2) Undev
O.OO032
e.ooo 3

51.0

22.4,

Under
O.OO02

O.oo04

ee

ee

Anheclral

  Xl

770

895
770

846

8g,'•",

89.r)

895

(II.)

('t')

(2)

(2)

(4,)

(2)

(4,)

O.O070

O.O056

O.O030

O.O02i)

o.eo.l.6

O.C}Oi2

O.OOI2
o.eoe7

0 OorK)

O.{}O06

li5.7

35.0

13.4

23.0

19.0
lto.tl,

20.3

l.7.9

l9.0

64.0

o.eos2

O.O04,2

O.O022

e.eoig
O.OOII.2

e.ooeg

o.eoog

o.eoos
o.oeo-1•

O.OO04,

Dusty
Anhedxa}
Peripherie part ef
Btown biotite
Anhedral
   I!

svith inclusions

Ankedral

ie Museoviteg
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       The l}eterogeneity of radieaetivity distribiition iii l}iotite

    It is natural that, if the inclusions of minute raclioactive mkiera]s are clearly
peyceivable in biotite, the raclioactivity is heterogeneously distributecl in it. What,

then, is the activity ef the biotite itse}f (if t'hat of those inc}usions is excladed)?

In traltsparent and fresh bietite, whether })rown or green or pa}e green in color,
its ra{lioactivity is l]omogeneous]y distributed in it. If hete'rogelleeusly, on the

contrary, some dusty stains brouglit about by a deuteric action are Laiways
perceivable therein.
    The larninar intergrowth of biotite with muscovite is feund ahvays in conjunc-
tion with potash or atbitic feldspar, and the brewn parts still remaining in qtiartz

often suggest that this laminar intergrowth has been transfermecl from fresh brown
hiotite. The dark green laminae (Fig. 5,6) are heteregeiaeous]y radioactive;
and the more radioaetive the biotite is, the mere rematkable this heterogeneity
appears; and in such a biotite as shown in Fig. 6 this tendency is the most
obvieus. Besides, here in this sample, heterogeneotis clistributien of radioactivity
is seen, not enly ameng sim"ar pieces ef }iiiotlte, but a}so on tke twe sides ef the

same biotite piece. NYIoreoxrer, the r.ftdioactivity is concentratecl espeeially en
its sharp edges. Biotite kept free frem the immersion ef residual so}ution,
probably because of its ]]ehig included either in ffuartz or in oligec]ase, uremains

t'resh, hrowii aiacl homogeneeus in aetlvity. Biotite alone caitses majority of its
radioactivity, and the.heterogeneous clistaribution of raclioactive e]ements in it is
also clue to t}}e uraniuni deposition wliich a resiclual solusion offered to it after

the biotiee had been formed.

                     Some petrologieal obsei'vations

    It is characteristic of Tanakamiyama granite that minute raclioactive minerals

have preduced maiiy remarkable haloes mainly inside brown biotite. As given
in Fig. 3, sometimes the minute mineral rnay be monazite. I-Iaving been
influenced by an albitic or potash feldspar se}ution, the laminar intergx'ewth of
phengite muscovite with dark green biotite has been made from brown biotite.
Changeable into a Iaminar intergurowth were, firstly, the boundaries of brown
biotite, secondLftry, pale green biotite of Iater fermation than that of the brown
biotite and, thierclly, as shown in Fig. 6, even the part most abilndant in minttte
raclioactive minerals, wl]ich is supposed to have once l}een the very core of the
brown biotite. Befere the tran$formation the brown biotite must have been just
as it is {lemonstrateCl in Fig. 3. The formation of various sorts ot' biotite
happened probably in the fellowing order:

    ])rown biotite-myrmekite greeii biotite-pa]e green biotite-Fe phengite
                                                i-dark green biotite
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     The uranium deposltion occurred eitl:er during or after t})e formation of the
biotite of ihe ]ast sort, and much later tl'an the pegmatitie stage of radioactive
element depositien. Tke heterogeneity ef such an uranium deposition indicates
tliat it is due to a hydrothermal solution.
     Notewortl}y are the facls that minute radioactive minera]s, thougli rarely,
are included even in greeR biotite, that those minute minerals are net homogeneous
in activity, and that radioactive elements are deposited far rr}ore on the surface
tliall in the core of green biotite(:'). In short, greeR biotits has been twice and

in two different stages depesited wkh }'adieactive elements; and in the hydro-
tl}ermal stage, however, the deposition was solely on the suarface of the biotite,
The larninar intergrowth of phengite with dark green biotite is seen only near
the place in which granite and Palaeozoie formation are in contaet, and where
the deuteric action was the most prominent.

                               Conclusioii

    The radieactivity of biotite ebtained at Shishitobi, Tanakamiyama, is clue to
the above saicl two Clifferent (lepositioiis. As regards the ra(lioactivity of biotite

proper, that whicla eontains minute radioactive inclusions standls generally rather

iewer than that which does not imply them; fresh ana transparent hiotite is
feebler in activity than smoky one or that which has suffeared some affection.

 Blotite of easclier stage

1 Brown

2 Inclusions are many and liig.iily
  rad'ioactive.
  Radieaetive element depositlon
  is oÅí pe.ffmatitic stage.
  When fh'st crysta}ized, alrnost
  1ioniogeneeiis in activity.

3 Mo$tly !arge sized. The biotite
  proper is feebly, but almost
  homQgoneou$ly, radioactive.

Biotite of later stage

Green Pale green Dark green
   Wliite
Inclusions are rare and rather fee})ly radioactive.
Radioactive element depositioii is of hyaro-
thermal stage. Elements c}'owded around the
grain are helerogeneoi]s i}a aetivity.

Generally sma}] sized. If unaffected, t}ie biellte
proper is Åíeel)ly radioaciive. If partly affected,
the radioacllve helerogeReity is more rema2'ka-
ble.
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P]ate VII



Fig.

Flg.

Fig.

Fist.

Fig.

FIg.

.I.

2.

3.

4,.

+"

x

6.

                   Explanation of Plate VII

Dark green })iotite between quartz erysta{s, "ra==O.028NO.II.

Dark greenlsh bietite stripes i" tlie pale gree}i biotite. Surrou"ding part:.albitic

plagloclase. Striped part Ta=rO.02-vO.58.
Brown }.)iotite with peripheric pa}e green rnyrmekitic zoiie. B: Broxvn part Ta

nvO.OOI-vO.O08; G: Cvreen part Tcr= O.OO06-"O.O06
Dark greell biotite after brewn biotite. D: Dark green biotite; M: Mnscovite;
l' : Potash felclspar ; B: Brown l)ietite.

Altered })iotlte ]}y potash feldspar. Cr: Green hiotite; M: Museovite; ]): Potash
feldspar.

Pleochroic haloes (ThC' halo) in Plieng;tic mtiscovite. I) : Dark green .}.)iotite; F:

Phengite; M: .Monazlte.
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