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                                  Abstract

   Thorium uranium ratio me.asurement of the alpha Tadioactivity of minute mineral was $tudiecl

by the photographic method. The prellminary result of these studies was presente(l by total alpha

track length clistribution and by the absorbing method of metalic foil. The former method caR

be aplied on the feeble radioaetive minerals, ancl t}ie Iatter on the high radioactive ones.

   At the short tlme exposure, care rnust 1)e taken to the radon or thoron leakage from the
minute raflioactive ntinerals.

                               Introduction

     The range in die 3'adioactive order of minute .ieeessory minerals included

in granite is }arge. The radioactive eLements coiitained i}i each gi'ain of
these ininerals, inore espeeially l'he uyanium-tkorium ratio hi it, have remained

almost uninvestigated. In thls paper, therefore, tlie above said ratio in eaeli

grain and tke non-equi}ibyated radioactive coitditlon of tliese two elements
therein are treated. Their difTerent a}pha traek lengths 'printed oii 'the nuclear

emlllsion reRder this x'atio (lete]'minable. Here simpSy some data are given,
while thei}' petr61ogical and niinera}ogica]. jRterpretation is left fbr another cliance.

    The ideal (or theoretically presurrted) alpha track distribution

  oÅí different lengths emitting from the polished surface of miRerals

    In case ttranium and thoriuni are i]rL their radioaetive equilibriuiiti, I)ool'si)

* Read at the meeting of the Geological Society of Japan held in Kyoto on April 2 i956,
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and von Buttlafs2) resu}ts ccftn

be il].ustrated by sueh an alplia

track distribution of differenl;

lengths as seen in Fjgure l,
in whiclt the ordlnate designates

' the alpha t}'ack nuinber eini.tt-

ed, especially, ft'oni uranivttn

and tl}oriu'in of 'the saine a-

JM.ount, while 'the abscissa de-

notes the appareitt a].plia tracl<

].engths left on the ET iiuclear

e]nt'tlsion.

     rl"ke ratio })etN•xreen the total

tzrack nu'tnbe]r altd the longe}'

track populatioirt has b,es.en the

unigue clue for tke autoradio-
gra?hic stttdies oit th.e uraniuin

'

t' liox'itnai. ratio contained ilt yocks

a'nd ininei'al$. ]NTevertlieless,

' t}ie scarcity of ].onger tracks

ainonocr oi'di.nary ones is so
reniarkab}e that tlieir p]eniÅíttde

inust be searched for among
evade th'is dileinltia, 'track$ of

were 'taken up, as a x'zile, for

     Not that the conipa]rison

those einitted frojn rl"h.A is

countinocr total track n[nnber

altce of 'the least deseernib}e

endangers outr Åírack counti]ig,

lonocrez' than 5 ]nicrons al.one

     ATow Fiocrtire 2 illustrates

than IO, ].5, 20 cftnd 25 ]n'

series 'wfere emitting, whe]rt

Since 'the 't'raek.s of r{ihA and

ar}d RaC' origin, tlie '
abundance o'f 'thoriu'tn coRte.nt.

froin an ideal sur/face of rocl<.

Ichikazu
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         countless

           moderate

           the coniparison.

          of total

          ].ess necessary,

         seen]. 'to

         variet>r ef

           llO iO]lcrel-

         a'tre ch.osen

          }i.os•xr ]nach

        Lcrons, respecLivel.y,

        t/yacl<s lencrei'

          'll"kC' orio'Ln.

coRiparatixre plenitud

             tlVliis

       iO 2o 30 40 scfr
                 I?igurA)Pll)Eii'eiit track lensrth

  tracl<s be>rond our e]tunrteyation. rll'o

    ].enocrtli of between 5 and 25 microns

 ti'acl< n!unbem' Nvith k'acl<s lonocrer than

         but tha't the }iable eirz'ors !n

 'the author ]nore $erious. rl"he abund-
   tracks, which, as a]ready said,3) often

v. distu]'bs oLir investigation, if tracks

     diCTerent percentage of trac]<s ].onger

             the uraniuun an(l thoz"iuni

o tha]k 5 niicrons were 100 percenl/.

 'v' stu'pcltss in ]engtli. Lkose of RaA

    e of long tracl<s indieates the greater

 figtire is nothiiig btit a presu}ned resuk
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dListribution of di.fferent leiig, ths is examined iiit cft fligure,

rep}'esei.itiiig it falls, naniel>,r, iv}iei.her near tke uraniuni

                        S et}rve, or cl.ose 'to the thoiiuni

                       Percenta.cre

                        IJ'igure 2

always inevitable betN•xreen the emu}sion

for example, 'the ah' gap cftcused arottnd

out 2n the 'former report IIi') an alpha track

BLit aii air gap of oiie ]nillimeter is lleay]y

long alpha range in the air is considered

chieff>r upon the surface niagLiiLude of tlte

o'f 'tke ]nintite iiiineral keeping 'the surface

$hown in l"'igure 3, n.iakes the i'adioactive

aR exren surface, so that ou]r i'adioactive

R
         cttrve, or again between the

         'two curves, infor]iis u$ 'that

         'the radioactive conÅíent in a

         .yock oi' n.iineral !s urcftniu}n

         or 'th.oriu}n or both.

 R SucharesL{lt as given
     E in the foregoiiig paragraph
     g' c:an be e:"pected onl>r wken,

     g f,rstl>r, 'the polislied surfaee
     n     rlr-i,,' of` the rock o}' n]ineral is so

     C6 geometricall.yeven that 'tlaere.
 9 "S-la. e.xists n.o air tecrap between it

     .S{ and 'tke nuc}ea]r e]n'ulsion,
     g secondl>r, the a}pha pernieabi-
     :i lity of all tlie ininerals on

     kt""' the po}ished sur'face is stnict

 R ly the sa}ne, and, third}>r,
         the tn'anlu]n and thoriuni
         contents are in their per-
         fect radioactive egLAIibritini.

         'S"irstl>r, however, Lhe geomet-

         rical evenikess is hopeless in

 4'J tke .at'tificia}ly polished sttr-

         face of a thin seetioR soitie

         30 inic]rons'in 'tliickziess.

         Secondl>r, some air gaps car'e

and the iniperfe.ctl>r evened surface,

an allanlte grain, as already pointed
    di'flfusion of sonie O.]. inilliB3e'ter.

   . nothing, if t!ie hiconiparab].>r

 , and the radioactive e{fect depends

   ]niReraL 'I"he differen't hardness

    uneven against the polishing as

   e'ffect inore ]reniarkab].e than 2n

comparison of two grains by means
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of onl>r their sttrface jnagnituae under 'the ]nicroscope is rendered niore dif-

ficult. [l.ihe radioacl'ive eoniparison i.q., neverl'.he]ess, e'fl;ecl/ive, xvhen the two

grains .are foL}nd in the sanie o]; nea]'ly the sanie surfaee cond.itioR$, naniely,

when the>r tew'e of tl]e sa]3ie ]nineral kind and inc]uded in the same host
niiiieraL If one nia>r staltds hitcrher,

wkile the othey rather lowe'rr 'thatt

' L}ie eveii s'ur/faee A, as Band Cin
} igcrta'e 3, gemerally, the B condkion

makes lonocr 'tracks niore, vvliile the l?igure3
Cl condi'tion rend.ers 'thein less, 'tliaix "'linute radioactive minerals of various
the A condiÅíiolt does. rl."he discri_ hardness in a thin section of rock.

)ni]katiozi of their surf'ace condLtion is o'fteii rat.hei' eas'>r, if tb.e radial distri-

bution of a}pha ti'acks and the size of the ocr}'ain ejecting them are carefLd}>r

observed. rl'hat is, owing bot'h to tlius en],ar'ocred po]ished surface cnnd to the

air gap betNveen it and the ennulgion, a niineral in B condi.{/ion sccftttei's the

n)u}tipled long Lracks farther away, N•xrhei'eas a grain in C; condition ratlier

eoncent]'ates, on the einulsion, hlgh angled 1'}'acl<s almost verl'lca}ly around

it. Even in case a {]'ain in A co}i{lition, its track lentcrtk mList be carefttll>r

obseyved, apart froin tl]e afore said theoi'etical or idea! va].ue, due to the

di'{'ferent pernaeabi}it>r bel',ween t}ie g. i'aik it$e]f and it/s host mineral. Rather

the big role that {',he grain gize and sliape p].ay heTein. s]iould be ]'emennbered.

Tke best comparable is of Åëourse betweelt eitlier two 'incltisions or two hosts

belonocring to the stftme n]ineral l(.ind. Annong. quart'.z, feldspa'r and })iotite,

the di'fference in 'per'meabi}it>r ]ls kot remarkable. rl"lie d.islribtttion of traek

]ength of uraniuin and tho]'iani oul/ of thei}' radieactive equilibrit"n ]'eseinb}e

Lhose in Figure ]. aiid }iocru're 2. ALid a considerab}e deviation fyom liigLu'e

l oy IFiigure 2 in tlteir distribution, iR turn, cenfirms iis of 'tke remoteltess

of these tx•Nro e]etnents fron/i their ]'adioae.l'ive egtiiilbi'iu]n. 0iit tliis suppositioit,

the iiiinute i'adioactixre l].ieltisions in Kitt}shirakawa ocrranite 'were studied.

       The minute radioactive minerals in Kitaskirakawa granite

8ua
'

     T}iis biotite granLte is adannelli.te.

     ].) (Sample }<-21-e) A ti'ansp`ftretkt, zii'con ..crrain a (52Å~l,P.2 microns in

size) included in quartz ofl'ered, after 28 c]ays' ex'posure, 74• ti'aci<s of divei'se

len,c,rth distributed just as ill.usti'ate{l b>r a in IJ'"i.crtH'e 4t, 'cvhich, i.f' ploLted upon

llitocrure 2, prodtices I?ibcrui'e 5 and ma]<es its radioaetive con.tent re{lueible niaini]y'

te uyallium. Figiires 4 and 5 designate kew the traeks ofelfferent lengtlx,
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NumbeT of a}pha tracks
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I{istegram of the alpha track-length
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       s'van to'tal 'is fe.wer than

       I.OO, are distirlbtvted.

.Anotlier gi'ain b red and tyans-

parent (28> 28 microns) witl}
Ro definite for]n altd cftdjacent

to a left, after the sa]ne ex-
posure, 63 't,yacks distributed

as eesignated by b in Figtu'e 4

and b eurve in Figure 5. If
tkese two ocri'ains are supposed

' to be in their- radioactive equF

librtuin, the greater pienitude

of lo}ig tracks, and eonseguentl >r

tlie greater abundance e{'i tko-

riuin eontent in b grain than
in a, is clear fyoni the coin-

parison between the two curves

2R Figure 5. [l"he pessible
fluc'tuations in 'tke distribu'tion

of diversely l.engtliened tracks

often prevent the curves of
'this sort f]'o]n fal}i.ng between

5

Figure

 io
5 Thovium-Uranlum
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tenGeney of the

  20
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t',he uraniuin and 'thorium'eurves. 
     2) (Sample K-3}) two trans-

pai'ent grains A. and B found in
inte]'grow t.h avoand a biotite g.al<.e

liave eniitted t'h.eik' difl'eren.tl>r

lengthened tracks as showlt by A
and B in I?ig{tre 6. "I"he grain A,

granlllar and 0.165Å~O.Olnnin2 in
size, o'ffie]red. aftei' 28 da>'s' expo-

sure 3•b"" '{'.i=ticl<s, w].i.ese d'Lst.ribu'l/ion

curve in.di(.'ates nio'tJe 'tho]r.i.u/ni

coiite•'n.t 1/ha}i uraniu]n o/tie in /Lt/. 

De.spite ils zlreon like appearaiice,

this tocri'ah.i ina>r be i(le.nttfied ellhe]'

a$ n]oiiazi.te ()r as xe'no'tinae,because

            . of its sniaLt })k'efringence and of

i't.s abu}id.tuit 'thoriu.nrt co'nLen't.

rl.'he other bffrai}t IB, Nvith zircon

like Iine c]'ystal forni and 0.85Å~

O.0}]nniJ2 in size, ejeeted dtu'iRg

28 days' exposm'e !57 tracks,
' ;vhose dis'tir5butiolt /i.n.foi;'nis us 'tliat of

     iee

       

so

I-IAyKsE

r

         f•0 .2b So /-,o
Figtire 6 HistograTn of the alpha turack-length

 uraniuni to be sr}per-abundant 'iri it.
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    3) (Sample K-29) Thi'ee zircon
Iil<e grains (a, b and c in Figuye
8) emitted during 4 weeks' exposure

29 and 32 tftnd 28 tracl<s, respective-

ly', iyhose (]istributlo]rt curve$ are

illustrat.ed in Figu]'e 7 b.y a, b and

c. Althou,,{,r.h the greater thoriuin

abundance ln a grain is obvious
'Åíro}n a cu]rve, 'the u'iraniuin tli.ori.uni.

]•,ltiO ill tWO Otllel• g.'1-,ftiLIS 1•elll,ftillS

stj.l.1 i]ide'terinina}}l.e fi"o'ni b Ein(l c

cul'ves. Gl'aitl c pl'oBlises Lls E! lllol'e

defini'te /yesul.t eblainabl.e fro'tn t'h.e

f'ar greater tt-ael< nunibe]' b.y ]iiuch

pi'olonocred exposu]'e, whi]e grain b
interests us wi[.h its Dcri'eat]. y' deviate(][

dis'tribution cu'rve, son]ewlia't re-
seinbling cL}rve b in ]f"igure 5, and

proba'bly due either to the non-
egulibniated radioactive condition, oi'

to the exh'eme heÅíerogeneity in
radioactive distributien, in 'the grain

itself. INTow grain cl in Fjgui'es 7

ts

Figare 9
IO

 Thorium-Uranium f5 20tenclency of the minute minerals
25f.
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and 8 is included in plagioclase, ratlier flat and rlionibic in crystal forip,

]ow in bir6fringe'nee, ]nonazite ].ike in appearai}ce, lias emitted daring 4•

weeks' ex'posure 4+2 tracks, and >ret it is evident, from this small tota} track

nuinber, that its radioactive content 2s niost]y 'thoriuni, as curve d in l?igure

7 sliows /it

      4) (Sample K-21-f) Of two zireons like .crrains a and b iii Figtu'e 9
colttai/lted in the saine thiza $ection, 't}ie foriner is 0.69xO.01 nnnL' in size,

situated between quartz and 2o
biotiÅíe., 7"a=0.49 i}i i'adioactY

vity, ejected durinocr 28 da>rs'

exposure 82 l'.}'acks, i•vhose
disti-ibution eurve is design- iO

ated by ailt ]rigure IO. '.E'he

lattel', l}al31e}y, zi]'coll gl'aiJl

(1•lbkiiel,,igS3-X•xSokkLiitilXi"g,t2ii ,, /U

vity. It is wel] exeniplifie(i

in tltis graill t!]at, in case

the tota} trac]< nu]nber sLu'- • 6
passes 100, the iuraniuni
thoriuin. /ratio is detern)inab}e

wkh far greater accuracy.
Both these gi"ain$ are abult-

dant in rtraniu]n, but; graiii

a seenas to include also goine

thoriuin. [l."his tendencrvr o/C
                            "
includintocr so]ne thoriun] be-

sides u]rani/ferous coltteiit is

stiR niore clearl>r seen in a

grain (K-9_7) whicli is O.}5
Å~ O.Ohn]n"' i.n size, contained

in biotite, seeniinocr 'froni its

appearance under the inicro-

scope to be someLhing else
than zi.i'co'n, '.Vrz==:3.04, iira

radioactivity, and 1].4 in

total t]'aek nttmber, whose

'
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     s IO {tr 20 25'1,`,
            I?igure il 'i]horium-Uranium tenclency of the minute minerals

distributioii cuyve is giveti as c in Figure 10. Its two lonoff tracks between

45 and 50 niierons seen in I?itocrure 10 naturall>r prove thoriLun contents in

it, whlle tlie distribution curve of its diverse tracks desibcrnates thoeriuni as

the pri}icipal radioaetive eleinent in it.

    5) Of the two zircon tocryains a and b in Figures ll and 12 contained
in a granite (K-16), the foriner is inclttGed in biotite, wkile 'the ]atter in

guartz;rl'a=1.27 and "l"a=2.26 in radioactlve order, and 81 and l36 in
total "'ack ntimber, respectively. UL'altium is prineipa}l>r regarded as i'adio-

active eiement alone froin the entire absence of t}'acks ioi2ger 36 niici'ons
ainonocr so niany tracks. [I"wo zircoft gains (K•-24 and 26) a're 9e and 77
(Figure 13) !n 'tyack num'ber and, like zircon samp]es (K-16), of uraniferous

tendency in radioactive eontetit. It is ki3own b>r 'tlie four exainples (a, b,

c, and d) 'that the ey. perimekted uranitm'} curve of different}y lenocrthened

track distribu'tion stands soinewhat }ower 'tl}an 'tke theore'Lical uraniLnn eurve.

Distribution curves A and B in }iigure 11, Lhe resalts obtained from two
ai}anite grains (K-15 and 29), fa!I rather near the uraniuin curve, despite
our expectation of 'tkeir approxiinatlotk 'to the thoriLu3.i curve, as tlio}'luin is

their almost sole radioactive colttent. Like the above-tocriven foL}r zireolt graiRs,

}iere is seen also the tendenc>r of the experimental curve fallinocr rather }ower

iii  figAililieiSutteii[)ii>,stlliei lil)if't2 eikCl1iiuC;ArVi[lieochieic haio iik i<itasiiHakawa granite
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Iigtire I2 I/{istogram of the alpha track-length Fi.,rr,ure ]3 }IIistogram of tlae alpha track-}ength

(K-l6-2) sl]ows the tyack length ralio l9 pereent (tiracl< number longe]r t}ian
20 inic]rons/total track .nutnber), and conseq/uent]>r it see]ns inineral x'ich in

tlioriutn. "'!inute nionazite in plagioclase xvith [l."(z ::0.89 shows tlie ratio

I.9 percent. Zircon in plagioc}ase 'f'roni the dyke gt'anite of Ikeno"zo, ]<ita-

shirakawa gi'anite, shows the ratio 7.7 perc•enL and it .n)a>r be xt]'aniuni on].>r

as 'the yadiiee!ement. Zircon graln in tke graniLe of K-9 (2) ikear Lhe coxxtaet

niai" gin has tlie ratio ].7 pe}'cent and it contains thoriiMn altd (uraniuin) as
'the rt}dioele'ments.

     I?ro'tn tke };igu]'e 1, if tlio.viu}n uraniu]n yal/io is infikite, the ].onocr alpha

track over 20 ]]]icro]ks must 'be 17 percent of the tota} alp}ia track and if
' I.he yatio is zero (uyani.utn only) the }ong a]p]]a track nMist be 8.6 percent.

Expe}'iiMenLal resR}t sho"fs abouL the saine order.
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  I"isfure i4, l{istQsrram of the alpha track-}ength

in orthoc}ase (rl"ct=:1.9.,.j., pa!e

yellox-Tisli eolor, low baief.) shows 

            froin tlie ratio as       riclitkoyiltni

l9.7 percent. (Fig. l4• b). ri"lie 
sanie Åíhin secLio.n of rock has tlte

reddis!i browik 'feri'o-mangaRean
depo31t at the interstitlal. boundav>r

of rockforniing p.iinercft].s. [l"hese

material (Fig. I5) seems fro]n 'the

slkape and size cfts secondary oriocrin.

'l"he alpha acLivity of these four 
gvains A, B, C and D are T. : 
0.307, 0•258, 0•246 aRd 0'l54 
iticlilded in 'the niicaceous part. 
rl"he i•atio o{i the alpha tracks
shows i5.9, 14.4, l7.8 and l6.8 .,F .i .b',U.ieal55 i';ilY,Sgi,

percent', shoN•sring it a inineral

rieli in tliorittin bat fair}y in u]'aniki]n. The alpha tracl<.

3kows I-iigures ].6 and 17. These data clearly .lndicate

minute radioactive minerals iR Tanakamiyama

         and Mushima granite

                              rl'he }eucocratic coa rse grain
    granite CL'-298) 'Åírom Daradani

 contact mai' gin of ri"anakan}i-

    yama contains zircon. (O.048 Å~
    O.0! n] n}'2, r'I". =:= 1.38) ilt te]'stitial

    between guaytz aRd a!bitic
    fe}spar. rl.'he track length
    distribution of tlAs zircon shows

    I?igLire 14 (a) to be uraniferous

    froin 'Lhe ratio between tllie
    'number of alpha tracks longer
    'i;han 20 }nici'ons, and the
    iiumber of total alpha tracks

                          is 14i.6 'percent. IEJiie ottier
                          graiii of zii'co !iic i]i i tiu te iM i ti e.i'al

})rown f'erro-n'ianganvan

A'i-)'nicaceous j'nateyial

   ]eiigth distJ'lbution

the sanie }-esu]L protting
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on the curve ime Figure 2.
    [I"he 'jJa}iakanii>ra ap'iite Cl]

- 770 I) near the eoRtact hoyn-

feis kas radioac'tive zircons,
'r.=1.ls (a), 3.56 (b), 3.43 (c),

and thek' track lengtlt distri-

buti6n shows Figui-e I8 wkich
in6icates (a) u}'an'i'ferous, (b)

tkoi'iu]n-ricli, (c) tl}oriuin-i'iek

ln tke ti'ack lengLb ratio (a)
14.6 9•b (b) 34`.7 9/o (c) I7.6 9/c.

    Minute zix'con ftoin the
gi'anite ot' "aushima is}and,
Oda Collnt>r, Okayama Pre{'.,
sltows feebie radioactivity d.e-

spite of the 84 day$ exposure.
rlr!ie!r radioaetiv!'tles aye (a)

[l.i.==O.I5. (b) O.].2, (c) 0.13 and

(d) 0.19, and the {.}'ack Sength

ratios are (a) 20.0 o/6 (b) 6.6 g/o

(c) 5.l g•S and. (d) IO.0 g•'o'. rl.'he

grain (a) is lncluded in ortho-
e]ase, (b) (c) (d) in gree]i horn-

b}en{le, and the Åílrst s'kews
rlch in 'tlxo]riuin a/nd 't'he o'thei-s

t\ran;ferous (F. igLire 19).

The mineral determiBation
 bv their uranium thorium
  v
         --- content m mmute gralns

lp

20

jo

20

10

    It beca'me evident fl'oni
tlie foregoing ex.ftmpies that s tO i5 2e atr So ss aete
diff'erent }ength ef a}pha tracks l?igure l6 I'Iistograin of the a}pha track-length

renaers the uraniun] and tl}orium. eontent senG2-eqiiantitatively delerininable.

[l."he pereseltt stu(3ies on. granites are ceneenb'ated in the tu'altiuin thoriuiwr

content deterniinati.oR in. so i'eeb}>r 'radioactive inclLisioLis that eaeli of 'which

xKrill proli)t}b}>r reitiain be>rend al! ouy chei:tiical ineasurenient of thQse twQ

A

'

s IO i5 2o us 3o 3SSo A

B

]

'
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         Figure l9
I'Iistogram of the aipha track-length

elellients in i't.

    "l'he resutlts of our e.x'peri]nent have shown us thaL the zk'Åëon-]ike ]ninute

grain '{'i'esh in their microscopic appeai'aikce seem, with tlie Dcrood hayniony

behveen t.1ie real traek distributiolt of di{'rerent lengeh and the Lheoretical}>r

presunMned one, to be in their perfect radioactive eguilibriuin.

    At tl}e same ti}ne a few secondar>r see]ning iMineral grains reinain doubt-

ful of theiy radioactive eguilib}'iurmi owinocr to their peculiar distribution cui'ves

of differentl>r len.crthened tyacks.

    Iior 't}ie tl}oriu]n iiraniuin ratio deterinina'Lion at leas't 50 'tracks ai'e

needed, }srhile IOO or 200 aye the niost favoLirable, thou.gli in seine rare cases

                       ;
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20 oy 30 are sufficient.

    So far as Ki'taslhira-
]gawa tocrTanite is concerned,

zircoll grailts were a}nlost

invariably found iii content

ef u}raniuni series and 'i'n

radioactive eguilibritin3,

xsrhereas tl}oriuni super-
abandance 'was renia/r]<.abie

2n inonazite aRd a].la/nite

g}'ains. By wtfty of t'he
}neasureinen'# of di{'ferent

tracl< Ieltgth, 'tlie niost

interesting ai'e the second-

ar' y o'r xNpeat}iered nrtinercft]s

out of 'Lheir radioactive
equillbriuni, the interp]'e-
#ation of whieh will 'follox•Nr '

to so.me exte.nt, as sootl as
iL.

     Fluetuation of

v.al SiYlietl gumbey of alpha

' tsFere t/ried Nsritlt 'the san].e

On the severa} sa]np}es of
i•v'ere o' bta'in.ed f]]o/ni 'the

exposui'es, tke alplit} #}'ac:k

exactiiess. The data cross
dcft>rs orme. (I'ab].e 1 b) '

hours expostu'e. rl"ke

'i"his fluetuatien appe.ars

radioactivit>r, not on tlie

    'l]lie effect of rado].a.

tiine exposure such as 28

o.n tl].e sliort tinie

     011e '111'illUte l'a

,

ie

s

tr

io

tr

iekikazu HAyAsE

a

Sioi5ZO.ZS3o35-
b

slots2ejzs;-3o3so.sLssv

c

S10IS202S3035 "sse

             'the d.ata

         alpha track

              ti'ack
t}iack autoradiogrcaphy

             t.llill sectloll

              rl]anal<tuni>

           28 da>'s
              ].iu/ni ber

              'tlo sojne
           .I'hey c]'oss,

         da'ta flro]n il]ab}e

           'to be ea'use-d
            fi-esli zii'coLx

           Ieal<age,

             days.

      e: posure.
       dioactive }nineyal

lrigure l8 Histograni of the alpha 'L'rack-Iength

 thereofare gal.}iered sufilici.ent].>r enough fo}'

 number by the exposure iRterval

m'List be proportionate to the e: posu]'e inter-

of' radloactive niinei'als. T}iese expei'iments

  ' in the $a}tie or different ei po$ure Liine.

    Tan]a granite, Lhe satisfacLory results

 exposure Cll"able 1 a). IRe'peated 28 da>r$

   is comparable x-ritk '{'airl.y qeantkative

  deÅíqJ'ee be'tween 7 da>rs e: posure and 28

   stili more, between 'the data of several
    2 (a) shows t'Lie remarkable {'luctuation.

     b>r the q.econdai'>r niinera'L witl} high

    ..crrain of feeb}e radioactivity.

nevertheles$, does ltot appear by the Ionocr

Radon and even tko]'on Ieal<age must affect

    (1.'.--l8.85 ! 1.9.•,4•) xNfith >reliowish eolor
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'1"able l "Table 2

28 clays exposure (a)

Sarnple 1 st trial 2ncl trial

Siunple C;i'ain size

  (Microns)
Exposure tinie

   (hotiTs)

K-894,

K-889

I<-4,23

93
4,7

4,5

64,

27
75
85
4t)

32

21

21

25

55

c)8

46
Ll,7

67 '

23
74,

87
tl,8

31

23

20

29

58

               24, h

K-IO (2)22 Å~ ,58 ll

I<-2 70X53 55
K-17 34,Å~37 4•5

K-23 52Å~4,7 tl,1

K--25 3t!,Å~22 l6

l8 h

19

31

21

21

22

i5 h

ll

51

2tl,

21

25

18 h

l9

4,4,

33

37

7

18 h

17

4,6

35

33

].7

20 h

22

55

37

tl,e

l7

rl'able 3

7 days and 28 days exposures (b)

sariip}. EXil;.5.l re Tfikll,ligy I{k';a,C.k,RX:;,bS6 %

7 claysÅ~4, 28 days K-2

K-211 (l)  68

 84
 60

128

 68
 24,

 4,6

 54,

 67

ll2

 70
 25

K-iO(2)

24, h

}8h
15 h

24, }i

18 h

l5 h

5,r,

3].

51

ll

19

ll

].3

 .5

IO

2

5

 tl,

23.6

5.2

l9.6

18.2

26.4,

36.4,

and inoderate birefringence is conl.cained in the Kitashirakawa gyanite (K-2).

}]tigure 20 s'hows 'the variation of alpha ti-ack length distribution, and tlie

ratio$ of long cftlp}ia t}'ack over 20 inicrons (Table 3) difi'er froin each other.

rl'he ratio of' Iong a'lpha track is sin.all, when the totaj. a]pl]a trac.k zitiniber

ls sniall. ]?roba'bl>r, tliis oNves radon ot' thoroirt }eakage. 'Sl{ece•ntl>F Giletti

and Kulp`) and Ii'iceLotto and Sal.xtetti"') as$tu=ed the ]reports on the .poN•vdered

rock on these subject. Elenients of the post eB]aRatLon g]'oup in the thoriuni

uraiiiuin series ejeet the ionecr raRge a}pha partieles, aRd ].oss of one atom of

radon oi' tlio]'on becon]es the reduction of thz'ee al.pka tracks ,f]'o]n the pkoto

pl.ate. rl"his loss al}pea.i'es coiispicuous, especia}ly at tlie sl{wrt tiiiie e.yposure.

     'I"he inineral grcailt of 'the ocrranite (I<-10 2) has its radio.ftctivit>r as 'j'. :

20.82!2.03, and it shews 'the ]neta]nict state with zirconic appearance in-
cliidinocr in guartz (Table 3). 3"hj.g ey. aniple shows 'the sa]netendenc>r of tlie

h'ack }engtli (IF'itocr. 2}) that the total traek nuniber is sinaller, the alpha tracl<

nunibeer longer than 20 inicvoks is fewer.
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   G;- tO IS 2o 2S 30 35
 Figttre 2i }Iistograrn of the alpha track-

}ength wit}i the same mineral grain

    S• to tS 20 25 3o 35
 I?igrure 20 Histogram of tlie alpha track-

length svith the same mineral grain

   Thorium uraRium ratio measurement by meansof absorber

    1) Aaetliod in the above pai'tft.cri"aphs, the ]ength of a}plia track was

ineasuyed and tlien 'tlioriuni urt}niuni ratio was deterinilted. rl'his ]ne'thod

is a very laborious task. Wken inoderate}y large num.ber of alpha track

"crable 4

AiT (cm)  Range
F.mulsion (p•)

Silver foll (y.)

Th
Ra
Ac
An
rrh

Ae
T}1

Ra

c,

c,

A

A
c
c
A

{ 8.57

6.91

6.4•6

5.67
5.64,

5.36

4,.73

4,.4,6

5tl,.6

4,4..0

41.1

36.1

36.0

34.i

30.l

29.7

23.8
i9.2

17.9

l5.7

l5.7

24,.9

l3.1

13.0
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is obtained, Ionoff. alpha k'acks xrer{.ically ejeeted froin tlie niinute 3nineral. ean

be selected. On the tliree natural radioactive series, loiiocr range alpha part'•icles

show 'lrab]e 4•. [lio catch onl>r Åíhe xrertically ].oRg alpha track, iiietalic foil

acts as an absorber by the in.seytlon between the tkin seetioii of rock and
plioto plate. In ease of insertielt of absorber equivaiently tkick to the alpha

rantocre of Ra C', 'p'hoto p{ate catches onl>r t'lie residaal 'track of Th C'. Thoriuni

u]ran2un.i ra'I.io can be ]neasuire(l bv 'the /ratio of this residt}.ftl 'track nu.tnber
                                      "
and 'total 't]'aek nu'm'ber.

     2) Aa'aterial fo]' nietalic foil. IN'Ietalic Åíoil use(l as abserbe}' mu$t have

tlie followinocr 'tiatures, (a) ijhickness of the foi} niust be even, (b) ]<nowLi

constant fer the eonversion facto/' of the a'lpha partic}e, (c) unaff4ection 'to
the nuc'lear etnLilsion durinsr the lonocr titne eNposure, (d) unaff'ec•tioii of the

inetalic '{bil itself even. du]'itig ttie long ttme e.Kposure and (e.) ebtainable

easi!>r f.br the va]riou$ thickness of the foil. Silver fbi} fits 'to Ihis /pLu'pose,

bu't aluniiklum. f'oil. does not.

 

 

 
 
 
 

 
 
 
 
 
 

 
Fibrure 22 The velation of the, thlckness of siiver foil xvith ,the purnl')er of re$idual alpha traeks

     3) Tliiekness of silver foil and t'tie nu.nibe.r of residual cftlpha traek.g.

     Various thiekness of si}ver foil .ftre iised fov pitchblende fro]n Joachimustal

and '#horianite 'Åíro]n (rte>rloR. Fitcr,tu'e 22 shows tke i'e]ation of #he thickness

of silver foil 'with t.he nuinber of residual alpha Lracl<s. Froni this 'figure.

cotnparative}>r man>r }'esidual a]plia traeks c:an be obtaiRed with about 7
inicrons silver foil, but can not be d.isti.n.cr.uished x•xrl]ether the>r are tu'aiiiani.

o]r thoriuin niinerals. [['he ratio of residua} alpha tracks and total alpha

tracks varies almost linear].y according to the #horitt]n uraniuni ratio.
'I"heoretically, 19.2 ]nicyoiis sLlver foil (RaC' a]pha ralt,,.ge eguiva}ant) preduces
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only ThC.1' residual. alpha
trac' ks, and 't'h.en 'tho'viuin

ineasttren3ent is exFeeted
po$sible. Experimentally,
on}y 0.3 percent of this ]'atio

w.fts obta'ined even in case
of Ce>rlok tlioi'ianite. rl;his

is not practica} for tlie Ionocr

 .k'me exposuz'e.
     4•) "'i lceroscopie observa-

' tion of higk ang.le, shorli
residual alpha track

     IFigure 23 shows the
geonietrica]. relatioix o{" tlie

resid.uai alpha traeks absorhed

b>r $i].ver foi'L [E"hese aipha

tracks 'iii 'tlie enau.lsion is not

eas>r 'to coun.t even iinder
' the high ?ower ]rtiicroscopic

obse]rvation. On}y un{ler the

high po"rer inin]erslon nnetliod,

        leo 
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   I'"iguye 23 The geoTnetrieal Telation of the residua}

 alpha tracks absoz'l]ecl })y the silver foil (l4+ niicrons

 in thicl<ness)

   Least clisceTni}.)le alpha track : 5 microns in the

 Erl'-2E nuclear emulsion (2.i4 mie.rons in the silver
 foil)

tlie cotinl,i.iig or scannlng of a'lpha t.racks

I"isrture 24i The ratio of the residual alplia tracl<

 l4, inicrons in thicl<ness, usinsr the ]ninerals of

radio-elements.

  Orclinate-'I'horiuni-Urank.im ratio

  Ah$ei$sa-The ratio of resiclual alpha traek

with si

known
lver foil

colltellts

ll.S
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easil>r perforined.

   Example of the knowR conteRt ef several radieactive mineurals

    Tab]e 5 shows the radioactLve niine]rals alrea(ly- kiiown iiraiiiuni and

thorium content. ll"hese mai}kerals may be he'terogeneous distribu{ion of
radioactivity and even ilt radioac#ive uneguilibrium condition. fl"hese thenie

wiR be toliehed in tlie fo}lowinbcr repo.rt. rlihe ratio of the 2xu/nber of residual

alplia 'tracks is 0.4i peree].it for uranium-rich ettJ.ceiiite, 2.3Ll• percent foi-

t}ioriuni-rich i.no/ltazi'te, wi'th tlie si.].ve'r foil of 13.94tÅ}0.14+ inici:ons tliickness•

']."his result shoN•vs tliat tlie exposure tinae 'for the residual alpha 'tracl< inust

be !ncreased about 100 tlmes to obtain the sanne ovder of normal alpha
track number. I?lgu're 24 sliows the teRdene>r of these relations, and applie•s

fot' an>r 'radioactive, egui].'tbriated niinei'als of unl<no"ren guant.ity of tlieriani

cft iid ii i.'a iii tun i ti tlie ni .

        Some application te the thin seetion autoradiography

    One ]ninute nionazite crystal iRcluded in biotite ln tlie Tanaka]ni>raina
ocrranite (rlL750) e.iected the 616 alpha tracks 'ÅíQr 7 days e:"posu]re, and the

78 residual a}p}ia 'traÅëks N"rith 'the l4I inict'oRs sil.ver absorber fbr ILI4 da>rg

ex?osure. The ratio of the two a]?ha 'tracks number is 3.11 percent altd
this graiit shows calmost thoriuin as a ra{liotftc.tive source !'roip l"iigure 24S.

Zircon grain of the stftme thin section of ]rock shows the radioactivky Ta :

2.40, and tke 'track ltum.ber ratio is P".23 percen#. IE"his imineral may be

fairly rick in thoriuni. "Ginute grain witl} brownish $tain and with pleo-
ckroic halo ina,v be thoriLini ricli nii.neral '{1'om 'tlie ratio as 2.64 percent.

    At the present stage of this stud>r, 'the curve of Figure 24 does not
exact].y guantitative due to the lieterogeneous dist}'ibuti.on of the standard

radioactive niiiie}'als. rl"his 2netliod is iiow proceeding to detect the hetero-

bcreneity, radioactive ine}usion and no equilibriuin coltditiolts of tke radioactive

nAnera]. Tl]ese data will soon be peblished.

                             ConclusieR

].) Thoi'iL{in uraniuni i'atlo of Lhe mStiei'al can be ineasured l)>r the al.pha

  'track lenocrth distribution.

2) Care must. be taken to tlie leakage oÅí x'adon er 'thoren fer the shert
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3)tiiir}eboei5ie/?ifiUIfilaniuni ratio can ea$ily be measured ivitli the inseriion of

  'the sil.ver f'oll (i4 microns in thickness) between 'photo ptate ,ftnd the thin

  sec'tion of rocl<.

4•) The distribution ef radioactive }naterial iii 'the iiainute ini]ieral can be

  deteeted exactl.>r by naeans of sil.ver foil absorber.

5) rl"he ininute radLoaetive /i]jnera]s have o'ft.e•n heterogeneous dist]'ibution

  Of t!10I•iUli} UYallill]31 ]JatiO itl Otle g]r,ftill.
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