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                                     Abstraet

    The uranium contents of representative zircon specimens collected from the weathered
granite sands of the Tensei Mine were analysed by the microfiuorimetric method. To eliminate
the quenching effect of fiuorescence intensity derived from the bulk zirconium, the actual
contents were calibrated by multiplying the apparent values determined by the direct method
by the coeMcient 1.31.

    The radioactivity of zircon was measured by the decathlon type countmeter, and it was
generally proportional to the uranium content.
    The natural fiuorescence intensity of zircon activated by the ultraviolet ray was dete-
rmined by means ef the sensitive photomultiplier detector, and the fiuorescence intensity of

zircon containing a comparatively large amount of uranium was lower than that containing
smaller amottnt.

    An attempt to find some relation between the colour and uranium content of zircon was
fruitless except for the fact that the co}ourless zirÅëon was re}atively low in its radioactivity,

but the greenish brown member was moderately high.
    The lattice defect of zircon was also investigated with the Geiger counter diffractometer
and related to the uranium content.
    Various minor elernents contained in zircon were semi-quantitatively determined hy the
spectyegraphic method.
    From the above experimental results, the intrusion of granite batholith was classified
into three following stages, first the stage on which the first intrusion of granite represents

the northern part of this district and the zircon content in granite is rich and the uranium

content in zircon is small, and secondly the stage on which the second intrusion of granite
represents the southern part and the zircon content is small and the uranium centent is
slightly richer than that of the granite found in the northern part, and finally the stage on
which the third intrusion of granite represents the middle part and the zircon content is of

moderic te amount but the uranium content ranges from a small to a large amount.

                                  Introduction

    Zircon is one of the mest common and familiar minerals which are dlstributed
wideiy in various rocks. Therefore the mineralogical characters of zircon have
attracted the interest of geologists, petrologists and mineralogists and have been
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investigated from various stand-points of geology. Some of these characters are
very intimately related to the centent of radioactive elements, and this .investiga-

tion was rnade as an attempt to aÅëcount for these relationships.
   For the quantitative analysisi) of a small amount of uranium, colorimetric,
volumetric, polarogrcaphic, spectrograplaic, radioactive, fiuorimetric method and etc.
have been applied. Amaong these metheds, the fluorimetric method2) which is based
on the fluorescence of the uranium fiuoride cake is the most sensitive method.
   Moreover this operation is so simple and easy that the authors constructed the
sen' sitive fiuorimeter and applied this fluorimeter for the microanalysis of urcanium

m zlrcon.

             Gekeral3,`) Geo}ogy and Preparation ef Samp}e

   The samples used for this investigation were col}ected from the weathered
biotite granite which is distributed in the north-eastern part of Osal<a prefecture.
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This rock consists rnainly of quartz, albite, microcline and biotite, bearing amphibole,
zircon, magnetite, ilmenite, anatase and allanite as the accessory minerals. There
are found numerous dykes of lamprophyre in this region which strike north to south
under the controi of geologicai structure. Some zircons were also found accompanied
by a large amount of anatase in the mineralized zone which was intimately related
to the above lamprophyre dyke.
    The rock mass collected from the appointed places oÅí the geological and sampl-
ing map was ground in a crusher to 60 mesh and the heavy minera}s were separated
from this crushed sands by means of the panning and the heavy Toulet-solution.
The above operations were repeated several times to reduce the loss of heavy minera}.
The heavy minerals were next separated roughly into several fractions with the
magnetic separator. The highest magnetic fraction obtained with a strong horseshoe
magnet consisted chiefiy of magnetlte, and in the higher magnetic field of separator,
!lmenite, biotite, hornblende, allanite and monazite were separated from the non-
magnetic fraction which consisted of zircon and anatase. The crystal size of anatase
was always }arger than that of zircon, so they could be easily separated Åírorn each
other by sieving through 60 mesh sieve.

                               F!uoriraeter

    ln any fiuorimeter which has been reported, there was no remarkable 5,6) dif-
ference in the principle. It was constructed with essential four parts, that is, emis-
sion part of ultraviolet ray, fiuorescence de-
tector, measurmg device of the ottt-put current
of dete' ctor and electric power source. Fig. 2
is the schematic fig. of fittorimeter, the upper
part is the exciting ultraviolet source. The
main body is the light-tight compartment into
which the ultra-violet ray falls through the
primary filter. The fluorescence light emitted
from the uranittm fittoride cake which is put
on the bottom of cempartment is introduced
into the detector tube by which the light is
converted into electric current througk the sec-
ondary filter which is often combined with
some other filters for the special requirements.
    In this fiuorimeter, photomultiplier was
of its high sensibility, and tlae authors
supply the suficient stable current to detector
was provided, which is shown in Fig. 3,
was proportional to the sixth power of dynode
    The out-put current from the detector
device. The circuit of measuring device,
amplifier, is shown in Fig. 4. In this circuit,
was required at the first stage amplifier, the
as is shown in Fig. 5.

              Fig. 2 Fluorimeter set

    prepared as the detector tube because
adopted the MS-6S tttbe (Iiv({atzuda). To
     tube, an additional voltage stabilizer
because the out-put current of this tube
      voltage.
   tube was measured by the measuring
  which was a kinCl of bridge type D.C.
     as the more stabi}ized supply current
    extra voltage stabilizer was prepared
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               Proeedure of fiuorirnetric analysls Gf uranium

    The procedure of this method is classified into two methods, tl;e indirect method
when uranium is prelimlnarily extracted from the sample, and the direct7,8) when not.

By the latter method, the procedure is very simple, while the former obtains the
more exact results in princip!e than the latter, excepting the errors derived from
the relatively compiex treatmeRt in the chemica! separation of uranium frorr) the
other compenent elements. However, even in the case of latter method, the con-
siderably good resu!ts may be obtained if the quantity of the sample is restricted

adequately to reduce the quenching effect of coexistent elements to a minimum.
    In this paper, the direct rnethod was applied and the quenching effects of Zr,
Ce and Th to uranium were examined close!y to obtain the accurate determination
of uranium amount in zircon.

    (a) Standard curve
    To obta2n the standard curve, two series of standard cakes which respectively
contain the following a-
mounts of uranium in 3g.
flux were prepared.
    Each cake was prepared
by adding the caicuiated
ameunt of standard uranium
sul phate solution correspond-

ing to the above described
uranium amount. Thus the
standard curves relating
between uranium content
and scale reading of each
series are shown in Fig. 6
aRd 7.
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    (b) Sensibility of fiuorimeter
    The sensibility of the fiuorimeter is variable by changing the dynode voltage
of photomti}tiplier or }oad register of grid of the bridge. Besides, the sensibility is

also variable by interposing the filter in the optical pass. However, the bigh sen-
sibility, by changing the register or dynode voltage disturbes the stability of the
out-put current of photornultiplier. In tlie case of the most favorable sensibi!ity,
one scale division is eqttivalent to O.OOO14mg. of U, ie O.05 r. In this condition, the

observationai error is about one scale division, that is, O.OOO14mg. U.

    (c) Quenching effect of coexisting elements in zircon
    It is wel} known that when the direct method is app}ied there are many quenchers
of coexistent elements which reduce the fluorescence intensity and the quenching
degree depends only on the concentration of the quencher in the fiux and not on the
ratio of Åëoncentration of quencher to that of uranium. Based on this account, by
using the suficiently small amounts of samples, it is possible to reduce the quench-
ing effect to a negligible low degree.
    However, in the case of zircon, zirconi'um is the bull< component and we can not
neglect the quenching effect of zirconiurn itself, even if zirconium is a relatively
mild quencher. Furthermore, the effects of Ce and Th were also examined.

    (1) Effect of a definite amount of Zr to various contents of U
    Quenching effect of a definite amount of Zr (1.48mg.) to the fiuorescence in-
tensity emitted froma the various concentration .cake of U were tested. Each sample
contains following amounts of U and adclitional Zr amounting to 1.48 mg.

               Table 2. Quenching effect of Zr to various U contents.

             added u in mg I apparent u in mg li coethcient

                           1l                o.1100 I O,0880 l 1.2s
                glgiig i ,.,,,rm, • ,.,E
                o.ooss l o.Oo42 l 1.31
                O.O028 i O,O021 ' 1.31
                e.eoll l e.oeos3 l 1.32                           Il
                                                 rnean 1.31

    From these experimental results, it was ascertained that the avarage valtte of
coefficient was 1.31 and each value did not deviate so mucb from the above value.

    (2) Effects of various amounts of Zr, Ce and Tk to a definite amount of U
    Each c.ake was preparecl by evaporating the standarct sulphate solutions of Zr,
Ce and Th correspon(ling to those amounts in Tabie 3 and adding it to the fiux which
contains O.0275mg. of U.
    As is indicated in Fig. 8, the quenching effects to the fiuerescence intensity
increased exponentiaily with the increase of these elements an(l Th-effect was most
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       Table 3. Quenching effects of Zr, Ce and Th.
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intense. Therefore in the case of malacon, the effects of these elements must be consid-

ered but in the case of zircon from granite, Zr-effect oRly must be taken into account.

         The radioactive9,iO,ii) i"tensity and uranium content of zirÅëon

    The uranium contents ef 28 representative zircons were determined by micro-
fiuorimetric method. The actual uranium content was calibrated by rnultiplying the
apparent value deterrmiRed by direct method by the coerdcient 2.31.
    The radioactive intensity was measured strictly in the sealed chamber protected
with lead tube by the decathlon type cottnter for iO minutes. The measured counts
were converted into the counts per 0.1g. sample per minute deducting the natural
count. Fig. 9 shows a genera} proportionality between the radioactivity and uranium
content. The cause of broad distribution of dots along the linear band in this figure
may be attributed to the following facts;
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 (A) for
       a)
       b)
       c)
(B) for the fiuorlmetric analysis

       a) quenching effect of coexistent elements
       b) unstability of exciting ultra-violet ray
           intensity
       c ) melting condition of cakes
    Superposition of the above mentioned and
other disturbing effects may introduce some ir-
regular distribution of dots.

    The uranium coMtent and fiuorescence in-
tensity of zircon

    There are found numerous miRerals"2) which
show the fiuorescence emission by ultra-violet ray
ey. citation and zircon is one of them. The authors '

intensity of zircon including more uraniurn was in

zircon and the zircon which contained uranium
fluorescence emission. This relationship was shown
    These facts may be attribu'ted to the lattice
metamictization of radioactive elements such as
the general
broad distribution of dots a}ong the inversed

following reasons. If the intensity of fiuorescence

tamictization, the crystal defect may depend
element but also upon the time elapse of radiogenic
irregularity may be atÅíributed to the different
the different colour of zircon or the contamination

                 The coleuri3) amd uraMium

    Zircons show various colors according to the
occurrences. It has long been accepted that the
minor impure elements such as Fe, Cu, Cr and
ascertained that the coloured zircon loses its colour
by radiogenic irradiation, it has been
to the radiogenic colouration'`) which makes the .
From the above facts, we can expect some
radioactivity or uranium content. In this '
tions between the colour and uranium content
that the colourless zircDn showed generally low
localities of zircons, as will be discussed later, there
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the radioactivity

 effect of thorium impurity
 grain size and amount of sample
 abundance of contaminated substance

Uranium
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in Zircon 255
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 10 Relation between the
          intensity and

   that the fluorescence

 29b' showed almost no
 IO.
  zircon, caused by the
   is shown in Fig. 10,
observed, but somewhat
  was inevitable for the
upon the degree of me-

  Other reasons of this
     of fiuorescence by
impurities.

  of their localities and
of colour is due to the
      since it has been
       and is recoloured
            be ascribed
    into colour centers.
between the colour and
      to find any rela-
     excepting the fact

Fig.

 fiuorescence
 U-content

                                   investigated
                                  ferior than that of less uraniferreous

                                   more than
                                      in Fig.
                                    defect of
                                  uranium. As
tendency which indicated the above relation was

                             proportional llne
                                    depends
                              not only upon the content of radioactive
                                     damage.
                                absorption degree
                                    of other

                                content of zireoR

                                  discrepancy
                                    varlety
                                    etc. However
                                   only by heating
                       accepted that the colouratlon should
                                  crvstal defects
                               relatioRships
                            experlment, an attempt
                                  brought nothing
                                     radioactivity. Respecting the
                                      were found some relationships
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that the greenish
radioactivity and

coleur zircons

reddish brown
had high radioactivity, colourless
zircons had moderate intensity.

zlrcons had low

           The crystali5,i6,m

    Generally some minerals
or less crystal damage owing

defect

which
to the

 anG uraniurrt eontent of zircon

have any radioactive elements undergo more
radiogenic irradiation, therefore it is impossible
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between the diffraction intensity and

to analyse the crystai strttc-

ture by the X-ray diffraction

method. To iRvestigate these
relations, the relative intens-

ities of diffractien patterns of

some principal gitter planes
were investigated by means
of X-ray geiger counter spec-
trometer. The so-called ma-
lacon which contained a few
% of uranium showed almost
no diffraction pattern, but
members from this locaiity
contained very small amount
of ttranium ranging from O.02
to 0.20 f6 and had high crystal-

linity. The relation between
the crystallinity and uranium

content is shown in Tab}e 5
and Fig. 11.

    The members which con-
tained above O.e6696 of ura-
nium decreased the diffraction

intensity of each gitter plane
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according to the amount of uranittm but the others which contained be}ow O.066.r!o
of uranium also weakened their intensities. The relative intensities were recalcttlated

by inserting the quartz powder.
    The above experimental results show that the increase of uranium content pro-
motes the metamictization, but there remain certain problems on the behaviour of
remarkably low uraniferreous zircon less than O.0669ti.

                    The uranium and hafmlumi8) coRtent

    The semi-quantitative ratio of hafnium to zirconium was measured by the spec-
trographic method. This experiment was indebted to the workers of the Nagoya
Industrial and Engineering Institute. As the number of experiment was not so many,
the conclusion derived from these results was not quite sure. The direct relation-
ship between the content of Hf and U was not recognized but by classifying these
samples into three regions: northern part, southern part and middle part, it was
clarified that the higher ratio of Hf to Zr corresponds to higher cofitent of uranium
in each region.
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 semi-quantitatively analysed by the
       , primary voltage 35 volt, 3
            speed lr/min., intermit-
of each element was determined by
         were tabulated in Table 7.

                        Tke miner elernents

    Thirty-three minor elements in zircon were
spectrographic method under the following conditions
amp., secendary voltage 220 volt, rr amp., intermittent charge

tent ratio 1/20, exposed 3min. The content
referring to more than three ultimate lines. The results
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Table 7. Minor elements in Zircon.
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 From the above experiments, fo}lewing items may be summarized on the beha-
viour of minor elements in zircon,
(A) elements contained in nearly equa} amounts in zircons
 a) in Iarge amount
  Mg(1+i-), Al(N-), Zn(+Ll-), Cu(-H-), Ti(-l+D
  Ta(-l--), Rh(-H-), Ce(-l-l-i- or -K-), Fe(YIM)

 b) in small amount
' Pb(-VF or -l- ), Ca( -l- ), Ni(-l-), V( -F ), Os( --I- ), Yb( -l-), Th( -l-), Sc( -l-• ), Sr(+)

(B) elements contained in various amounts in each zircon
  Pb(-1-Y, -i-), Mn(-}l-, -l-), SnGM, -tll, -H-), Yt(-S-, =i:), RuG"il, -IM-, -YF), U(+,
  -Å}), Nd(--, lr), Ce(+l-Y, -i-Y), W(-l-, :lr), Cr(-l-E -1--, t), As(-Yi-, -l-, -),
  Lu(-i-, -), B(-l•-, :=t ), T}(-i-, =l-), Be(-1-, -wwl-)
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(C) elements not contained or very rare

        Cb(+, Å}), Co(+, -), Lu(d-, -), As(-H-, +, -)
In the case of (B), greenish brown coloured zircons contained impurity in large

amount aRd reddish brown members were next to the above zircons with some
exceptions of Ce, W, Ru and the impurity of non-coloured zircon was relatively little.

  ' As was stated before, zircons under investigation were selected from the fine
powdered rocks, therefore the contamination of anatase, i}menite, allanite and siiicate

minerals was unavoidable and it should not be exPected that the above elements
were included in zircon. Nevertheless, comparing these impurities with those of
the pure single crystal from foreign locality, they had much in common with each
other in the variety and amount of minor elements. The contents of Pb, Cb, Lu,
As of zircons from this locality were smaller than those of other localities and on
the contrary, the contents of Al, Zn, Cu, Be, Ti, Sr, Ru, Cr and etc. were larger

than those of others;of these Al and Ti may be attributed to the contarnination
of the above described minerals. It is an interesting fact that there were intirnate

similarity with those of Korea and Malay which occurred under same geological
conditions.

The uranium content --m zlrcort and zircon content in weathered granite
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     generally the higher zircon content and lower uranium content, and a decreas-
     ing tendency of the zircon content with increasing of uranium content. In
     colour, these samples belonged to the reddish brown to greenish red group.
 b) Sottthern region: the samples represented the southern part of mine showed
     generally the lower Zircon content and $omewhat higher uranium content, and
     in colour they belonged to the colotirless or reddish brown group.
 c) Middle region: the samples represented the middle part of mine showed the
     intermedlate zircoR content, but the uranium contents were distributed in wiGe
     range from lower to the highest content. The colours of these samples variecl
     from colourless to greenish members with increasing of the uranium contents.

      Evelutiexx of granklÅë magma and mineralogica! ckaraeter of zircen

     From the mineralogical investigation of uraniferreous zircen, the evolution process
 of granitic magma could be divided into three consolidation stages. Accepting t13e
 general principle that uranium and other minor elements were enrichecl in the later
 stage of magmatiÅë evolution, it should be concluded that the Rortliern granite eon-
 solidated in the earlier stage, the southern granite sRcceeded to the northem granite
 and that of the middle region consolidated in the latest stage.
     Many tectonic fissures striking to N-S direction were accompanied in this dist-
 rict by the last intrusion of granite and numerous lamprophyre dyl<es intruding
 along these geotectoniÅë fissures are attended with the mineralizations of anatase
 and zircon. The amount of heavy minera} in these mineralized .zones was relativeiy
 large, but anatase predominated. The zircon was greenish colourecl and had high
 radioactivity.

                                  Summary

 (1) The authors constrttcted a sensitive flttorimeter by using a photornultip}ier tube
      as the fiuorescence detector. The sensibility of this fiuorimeter could be varied

      over a wide range and Lmder the most sensitive condition, one scale division
      corresponded to O.OOO14 rng. of urcanium, i.e. O.05?t

 (2) This fluorimeter was applied for the microanalysis of Rranium in zircon. In
      this case, the quenching effects of Zr, Ce an(l Th to the fiuorescence intensity
      of uranium fiuoride cake were respectively investigated. It was clarified that
      the quenching effects increased exponentially with the iRcrease of these elements

      and Th effect was most intense.
 (3) Thus the uranium contents of zircons collected from the weathered granite of
      the Tensei Mine in Osal<a Prefecture were analysed. The actual uranium
, content in zircon was calibrated by irnultiplying the measured value determinecl
      by the direct flttorimetric method by the coefficient 1.31.
 (4) Various mineralogical characters of zircon such as radioactivity, natural fiuo-
      rescence, colour, crystal defect, Hf and other minor elements were investigated
      in detail and intimately related te the uranium content.
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(5) From these mineralogicai studies on the uraniferreous zircon, the evolution
    precess of granitic magma distributed in the Tensei Mine could be divided
    into three consolidation stages.
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