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                                Abstract

    In the course of the metamictization lattice expansion takes p]aee. The expansion is
aniEotropic in zireon. Biaxial zircon re$u]ts from the anisotropic expansion of tlie lattice•

                             Intreduetion

    DAMovRt)(l864) fotmd that zircon was varlable in.density and low dens:ty
zircon increasee in density by heatlng. He concelved that there woald be various
molecu}ar stages in zireon. CKuRcH2) (1875) observed, hQwever, tliat especially
low density zircon remained constant in density by heating. STEvANovl63) (1903)
divided zircon into three groups as follows :

    a•zircon : specific gravity about 4.0, by heating it remains eonstant, uniaxial
before and after heating, incandescent.
    6•zireon ; specific gravity abeut 4,.7, by heating it remains constant, uniaxial
before and after heating, itot inctandescent.

    c-zlrcon : specific grav!ty between these two }imits, by heating it approaches
to upper limlt, biaxia} partially uniaxial, biaxial porsions turn to uniaxia} after

heat!ng, seme specimen incandescent.
STEvANovi6 supposed a-zireon consisted of an element closely a}Iiea to zirconium
instead of the zirconium. In this connection KoEcHmNi) (l903) considered
c-zircen rnigl}t be a mixture of a-zircon and b-zircon. SpENcER5) (1904,) made ob-
servations ore zircon and approved of the division proposed by STEvANovx6.
MtiGGE6)(1922) was doubtful of the tkree group3 in zireon. Aecording to him,
b-zircen may be non-affeeted zireon by the alpka particles, hence, may be normal,
c-zircon may be rnore or Iess affecteG one, however, net decomposed chemieally
preserv!ng lattice remnants andi a-zlreon may be fully metamictized one.
    CRuDoBA and voN S rAcKELBERG') (!936) and voN STAci<ELBERG ancl CHuDoBA8)
(l937) made earefal observations en zircon. b-zircen was uniaxial and part!'ally
biaxia!, c-zlrcon was blaxial atad partiaRy unlaxia! and a-zireon was isotropic.
Upon the X-ray pla)tograp":as b•zircon ana c-zircon grave e")sentialiy the same Fatterns,
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however, one a-zircon gave no pattern, anether a-zircon gave cabic ZrO, pattern
together with very weak zireon pattem. Being heated to l4i500C, both a- and
c-zircon increased in density and gave t}}e same patterns that b-zircon gave. They
eoncluded that a- aiad c-zircon arose frem b-zircoR through the metamictization,
however, in c-zircon it was iR protocrress and in a-zircon it was finished. Lmrz9)
(1938) and BAuERiO) (1939) studied on zircon and coRfirmed the results obtained
by ClluDoBA and voN STAcKELB.F.RG. BAuER kept zireon on the photographic
fi}m for about a menth and founcl after development of the film that the low
density specimens blackened the film moxe intensively. On the basis of this ob-
servation BAuER was ef the opinion that the Iow density zircon arose from the
normal zircon through the metamictization.
     WEiGEr,ii)(l938) inguired into tlxe relationship between the density and the
radioactivity in zircon. Specimens Iow in denslty were always stronger in
radioactivity than these high in denslty. MoRGAN and AuERi2) (1941) examined
the relationship between optical properties and rad!oactivity in zircon and found
that specimen the highest in refringence and the strongest iB birefringence shewed
the lowest radl,oactivily, lower in refringence and weaker in b!refringence higher
raGioactivity an(l the lowest in refringeRce an(K the weakest in birefringenee the
highest radioaetivity.

    Summarizing the results obtained by these previous autkors, it is hardly to
doubt that biaxial zircon arosg, from the normal zircon in the course of the
metamictization. Kowever, no one has ever examined whether the ratio of the
lateral axes actually varies with progress of the metamictization. Recent}y the
author has founa i}]at in the course of the metamictization lattiee of zircon expanded

anisotropically and the crystal became biaxial.

Experimental

    Specimens submittecl to the present examination are as fol}ows•
in the range frem 4.66 to 4,.18 in the specific gravity.

                      I.oea;ity Specific gravity
           Burma .4d.66           Omiya-ch6 (Motimoto), Kyoto Pref. 4,.4S
           I'Iagala-mura, Ehime l'ref. 4i.38
           IN(!ineyama-ch6 (Ore), Kyoto l'ref. 4.24s
           Omiya-ch6 (K6be), Kyoto Pref. 4•.2Z
           Yamaguchi-mura, Nagano Pref. 4.20
           Ishikawa-ch6, Ful<ushima Pref. 4t.18
           Otsu-shi (Shimotanakami), Shi.cra Pref. 4.l8
           Na'k-atsugawa-shi (iNTaegl), Gifu I'ref. 4.24•

    With each of the specimens a portion was cut off and provided
measuremcnt of 2V. Unlt cell dmeinsions were measured by means

They

fer

ef

are

the
the



On the Biaxializalion of Zireon 299

A

B

c

D

s

i`

Nx")•'

vaw"tr"

r"'vv.vrgt,rv"'W I

twA

l
l

I

l

l
i

sl

il

Xi.

  x.N        l-         '

l

x.n.Avs
th

"-,os"S),
t"''WtCVvv"JW,/

/f;KA,vt.l

l

L-.-h-r.dv"
'"-v

.l

x
F'G.,.te.krv'/

a'L
)xv'X-"hrVi'•"rt

pmAtxr'X""-'

Xkt'.iAh;..

IAll..1"x..IN..-;t.V...{A

tvwy"f VrvA-;m

Mw.of••

"

wta-rv•-,,re'v

'"'ts

twv

II.w-xtv

1.,,tk['';"-t-+"•--ri"itX.vbV'1"vvi•,l
xt.k'".•,>.crvv:'

tVVr"'t-Vr N-t""vrt".aj.titn.i'.1'• NAf"tH-.--.""1

I'vv'v-,zzvNfA --twt-ttSV.tx)t.IA!L'
-'v/"X,rrVr.k'Mwltb.h'V

beVVvVw•ivrts
'

'

fi•:v"tsVvstr-seVv

'

auptSt-Pt-moM_za-ptwwpte_M-. _pm#ewmLWdi.iwwLptnvwt.

Fig.
           - A720' 25 JOl. Diffraction pat!erns of ztrcon,

  A: Burma
  C: I'Iagata-mura
  E: Omiya-eh6 (K6be)
  G: Ishikawa-ch6
  I : Nalcats!igatva-shi (tNaegi)

    3if 4v' 4si
shoTving the range from 170 to 5iO (2e).

   B: Omlya-ch& (Morimoto)
   D: Mineyama-ch6 (Ore)
   I? : Yamaguehi-mura
   1'I : Otsu-shi (Shhnotanakami)

5o'
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X-ray powder photographing using Noreleo Ceiger counter X-ray spectrometer of
North American Philips Co. In the use ef the spectromeLer, following conditions
were adopted.

               voltage : 30 kr
                current :15 mA
               radiation : Cu-Kct
               scanning speed : IO per minute
               chart speed : ll2 inch per minute
               seale faetor : 8
                multiplier :i
                time censtant : 8 second
               slit : lo_o.eo6,,wwlo

    Palverization of the specimens was carefully carried out so that the powders
might net differ in size with d!fferent specimens. Packing ef the pewders inte
liollow of the gla$s plate was alse carefully se that the powders might net differ-
in compactness witli different specimens. 'The c}iffraction patterns of these
specimen•s are aal'rangecl in Fig 1, however, only in t}ie range from l70 to 51e (20).
    As will be seen in Fig. I, peaks in the diflrractioR patterns aare wide!y differ-

ent in sharpness and in height. Since the metamietizatien is a graclual change of
the crystal state into amorphou$ olle, sharpness anG heig])t ef the peaks in the
diffractien pattern arepresent the degree of the metamictization of tl'}e speeimen.
Comparing the cliffraction pattems $}'iewn in Fig. 1 with one another, it is noticeable

tliat the peaks shift more aitcl mere towayds low angle side as they decrease in
sharpne$s and in height. This shows that Iattice ef zirceB expands as the
metamictization gees on. 2e angles were measured ,it tlie maxima of the peaks
aRd calibrated YJy the sillcon diffraction pattern using the method of least squares.

Iu some specimens peaks in the diffraction patterns were asymametriea! in shape
and freqaently splitted •into branchlets, suggesting that the clistribution of the

radioactive elements in the specimen is intensely heterogeneous. }n Fig. 2 is
shown such dffraction pattern as an example. In the present examination
measurements with such patteyns were abaitdoned.
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     Indices ef the reflexiens wl}ich brought forth these vetks were calculated
making use of the result ef the structure alialysis carried ont by VEGARDi")
(1926>. In Table 1 are shown the indices of the reflexions and their sin2e -values•

              Table l. sln2 e-valges of tke reflexions in the diffraction

                     patterns of zl:con.

hkl

101

200

2Il

l12

220

202

3el

le3

321

312

213
400

}

sin 2e

A B c D E l? G II

.03024

.054,38

.084,68

.09364i

.10903

.12076

.13935

.16305

.i9378

.2e259

.21800

.03006

.054,36

.e84,l9

.09278

.10S33

.ll961

.l3832

.l6135

.19262

.20!l9

.21679

.03005

.05397

.08G34

.09243

.i0707

.l19G2

.13852

.1605e

.19i71

.2e049

.21583

.02976

.05357

.08321

09210
.10725

.II829

.13672

.16e06

.]8938

.19933

.2i368

.02966

.05357

.09120

.i3691

.Z592Z

.l8875

.199e9

.02945

.e5266

.08209

.09X60

.10528

.13452

.15986

.i8760

.1965-1

.21060

.02887

.0534,4,

.08976

.15834

.18920

.Z9770

.02887

.05344,

.08976

.l5836

.1892e

.}9909

          A: Burma . B; Omiya•ch6 (Morimoto)
          C: Hagata-mura D: ]NiEineyama-ch6 (Oro)
          E: Omiya-ch6 (K6be) F: Yamaguchi-mura
          G: Ishil<awa-ch6 H: Otsu-shi (Shimotanakam;)

    Cell-dimensions of the specimaens were calculated from the sin2e-values by
the following eguation using the methocl of least sguares.

                    4sin2e= :h2 af2+ki a,*2+IZ c*2

Results are shown in Table 2 in which ce]1-dirr}ensions cletermined by VEGAim
are inserted for comparison. !SLTow, it is c}eaur that ce]1-climaensions of zircoR

inerease progressively as the metamictiza{ion goes on, lioiyever, the lattice
expansioR takes plac3 anisotropically. In Table 3 are s}iown the erates of increa$e

of ai, a, and c taking the cell-[limensions eetermined by VEGARD,as standard,
and the raLios of at : a..

    Optical observations were carried out with thin sections cat oflr perpendicular

to c•axis, using uBiversal stage. Under the eross nicols specimens from.Burm
and Mineyama-ch6 (Oro) proved in every portion of the thin sections to }[}e
always dark. In ether specimens interferencc eo!oar was obsexveG. XXrith suoh
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[l]able 2. Cell-dimensions and cell-volumes of  .zlrcon.

E
l
l
'

VEC;ARD A B c D E F C H

al

a2

c

V

      o  6.59 A

      o  6.59 A

      e  5.94, A

      o3
257.96 A

 6.600

 6.595

 5.974,

260.03

 6.620

 6.612

 6.001

262.67

6.616

6.678

 6.0i6

265.80

 6.660

 6.658

 6.032

267.4,7

 6.64.5

 6.776

 6.o4g

272.32

6.717

6.704,

 6.04,9

272.39

 6.657

 6.730

 6.080

272.39

 6.623

 6.803

 6.078

273.85

A
c
E
6

:

:

:

:

Burma
ffagala-mura

Orniya-ch6 (K6be)
Ishilcawa-ch6

B:
D:
F:
II:

Omiya-ch6 (Merimoto)
Mineyama-ch6 (Oro)
Yarnaguchi-muva
Otsu-shi (Shlmotanakami)

Table 3. Rates of increase oÅí
   ai:a2 and 2M-values

cell-dimensions, ratios of

-iln zlrcon.

  al

  a2

  c

al: a•2

 27

A B c D E F G• II

e.I5%

O.08%

0.57%

1.001

 Oo

0.46

0.33

l.03

].eol

 2o

0.39

1.34,

1.28

0.9907

 6o

l.06

].03

1.55

1.000

 Oo

0.83

2.8.9

1,82

0.9807

 8o

1.93

1.73

].84,

i.O02

 3o

1.02

2.l2

2.36

0.9892

 8o

0.50

3.23

2.32

0.9735

 loo

A
c
E
G

:

:

:

:

Burma
}Iagata-mura
Omiya-ch6 (K6be)
Ishikawa-ch6

B,
D:
F:
H:

Omiya-ck6 (Morimeto)
Mineyama-ch6 (Oro)
Yamaguchi-mura
Otsu-shi (Shimotanakami)

'

sections measurement of 2V-values was earried oat. 2V-values were somewhat
varied "ith different portions even in a section. Therefore, the measurement
was carried out witk ten to fifteen portlens in each section. In Table 3
are shown the average 2V-values of the speclmens. Comparii]g the 2ptvalues
with at : a, ratios, it is found that the 2J7T-value increases with increasing
ratio of ai : at•
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                             Consideration

    As the peak in the diffraction paltern is conslaered to be a sort of distribu-

tion curve, tliough iL is not the case in the strlct sense, the maxima of the
peaks in the diffraction pattern can, therefore, be tre.ated as egaivalent to the
modes of the'disfribution curves. In the normal clistributioR curve the mode is
the mean value. Accordingly, celi-dimeBsions ebtained in the present examina-
tion represent the mean xralues of the ce]}-dimen$iei}s of portions in a speclm.en.
Consequently, comparing of the ratlos of ai,:a, with average 2V-value3 wlll
]]e reasonable.

    Tlte increase of the 2Pr-valtte with increasing ratio of a, : a, indicates that
the biax!al zircon arose from ihe llormal zlrcon tlarough the anisotropic lattice
expansion due to tke melamietizatien. HuRLEy and FAiRBAmNi`) (l953) reported
that tlqe diffraction angle of ll2 refiexion in zircon dec_reased with increasing.total

alpha irradlation. HoLLAND and GoTTFRiEDi5) (l955) reported that cell-dimensions
of zircon inereased as th•e metamictizatioR went on, however, their calculalion was
based on the erroneous assumption that the increase in the directien perpendicu}ar

to c•axls was lsotroplc.
    The auther proposes to give a term biaxialization te the phenomenon that
uniaxial crystals are transfo.r.med into biaxial ones.

    The
advice in
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