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                                  Abstract

    A new occurrence o.f tscheffkinite was discovered in Kobe-mura, Kyoto Prefecture, Japan.
Tlie niineval Qecurs i'R a pegmittite body intimaately assoeiatecl witk other rare element minera!s

sack as fergusonite, kobeite, monazite, xenotime ancl zireon. Accordix]g to the chemieaT
analysis, tl]e che}nical coinposition ef tltis inineTal is expressecl by a Åíormula ((]a, IYe, M.cr, Mn)

(Al, Ce, [Ce], [Y]>tt (Ti, Si, Sn)30ie ix}dicatincr. a titano-silicate containing rare eartli elemenis•

Tlxe x-ray speetre analysls gives the cerium-type distTibution of the rare eaurth e]ements. A
powder diffraction pattern was obtained u$ing an antomatic recordin.cr Philips Geiger Counter

Spectrometer.

                               Intreduetion •

    The pegmatltes distributed e]sewhere in biotite granite regien, nort}i-west part
of 1<yoto prefecture are aceompaniecl witli various kinds of r.are element minerals as

accessory coxtstitus:-nt minera}s. The tscheffkinite now under consideration, a titaiio-

si]ieate of the rare earths, was first fouBd by one oÅí the authors (Takubo) in a peg-

'

matite croppecl out at 2.2km east of Kobe, 1<ebe-mura, Naka-gun, Kyoto prefec-
ture during a geologic survey of this region in l94,9. The occurrence at this
locality is the first cliscovery in japan. Besldes eÅí this, some other rare e}ement

minenca]s such as fergusonite, kobeitei), monazite, xenotime, zircon and moderate
amount ef illmenite have been a]so identified in t}]e same pegmatite bedy.
 ' ]n far east Asia, fo!' the ?reseikt, the occurrence of tsclJeffkinite has been only

known i:.L a pegmatite clike in I<ogentdo regieii, Korea. The specimen from this
]ocality was first collected by N. Awazu a.nd it was made clear to be tscheff'kinite

}]y Dr. S. }IataL') after his detailecl examip.atlon anc! accurate chemical stif}cly. The

' localities reported in the wer]d besicles far e.a.st Asia inclucle the ilmen aN'lou]itaip.s,

IRussia3): the Salem district of South India`); the Tordendrika-}.fasina region of

Madagascar5): S,abaragemura Provi.nce in Ceylon6): in the Agttarius Mountains,
Mohave County, ArizoBa a]id l elson and Bedford Counties, Virginia in U. S.A7>.

     Tlie present brie{ report raainly deals xvith tl}e field occurrence, pliysical and

 cliemical properties and Å~-ray study of the mineral specimen eollectecl from the

above mentioned locality first discovered in Japan.
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                Field oecurrenee and pkysic21 properties

    The pegmatite associated with this mineral is mainly consisted of rosy mi-
croc]ine perthite, white albite, smoky and white quartz and biotite. Of these
minera]s, albite and biotite are less al)andant comparing with the others. Acco-
rding to the fielcl evidence tbat the pegmatite is characterised with the titanium-
bearing minerals auch as kobeite and i]lmenite, it is natural to ?ostulate that
tl}e tsc}}effkinite was crystalized out in place of al]anite duripg the period oÅí

crystalization from pegmatic fiuid. Tke crystal specimens of this mineral are
usila]ly prismatic in habit with climention having lcm in thiekness and 5.cm
in ]ellgth. Aecording to reugh external faces, mest of them are not avalable
for the morpho]ogieal measurement. They are eccationally grouped in fan-
shapecl cluster that weights even lkg. The mineral occurs elosely aggregated
with kobeite and it sometimes contains individual fine erystals of the ]atter.
Such aggregates of•t}ie two oecur sporadica]ly in the rosy microcline perthite,
surrounding part of wlaic}} has been always decomposed to tl3e c]ayey material
brownish red eolored as commonly seen in the case of the strong radioaetive
minerals.

     The color of tscheffkinite is b]ack and streak brown. Hardness 5 to 5.5.
The cleavage is none and freslx fracture shows somewhat glassy. It breaks with
an irregular fracture. If we treat the mineral with hydroc})loric acid, it is ea$i]y

decemposed and geTatinized owing to the precipitatiolt of tlie hydrous silica. Ixx
t}}ese respeets, the mineral is much alike to a!lanite which is usually found in some

other pegmatites distributed in this region. The case beipg so, the allanite is,
in qute general, is ceated with a limonite-like substance whieh is probably pro-
duced by weatherillg decomposition, w}iereas the tseheffkinite is t}ihi coated with
some titanium oxide yel}owish w}iite colored. Under microseope, thin sectien of
the mineral shews moderate preoclileism changing their color from redish brown
to dark brewn. Biaxial and index of refraction is higher than l.85. With specimen
which was perfect}y free from tlie decomposed preduct coating its surface and
clesely associated foreign mineral, kobeite, the determinatien of specific gravity

was made. The resu]t is shown as G(2:) = 4,.381. This nearly accords witli
those previously reported for the minerals from all localities i}i the world.

                        Chemical analysis

     To avoicl the neticeable impurities, the special cautien was paid to prepare
the sample fer the chemical analysis. The tscheffkinite speeimens whieh were
previously used for the determination of the specific gravity were crashed into
the grains of moderate size. Vnder the binocular micrescope, the only those
grains, which appear not te be associated with foreign material, were carefully
selected. [l]he sample thus obtaiBee was ground to fine powaer and the chemical
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treatment was eenducted with it. The determination of each compenent of Si02,
TiO,, Nb,Os, SnO,. ThO,, rare eart}is, Al,0,, Fe,0,, MnO, CaO, MgO was made
respectively in the eourse of successive chemical procedure with the sample
weighed al]out 1g aBd tliat of component FeO, with another sample weighed
abeut 0.2g using the ordinary methed. The analytieal results aye shoiva in
the fellowing table, wherein t}ie publis}ied results of tsc}ieffkinite found in Kogen-

do regien, Korea8) and Mohave CeuRty, U. S. A9). are also gueted for t]'ie sake
of eomparison in tl]e following table.

                              Table 1.

Compenent Kobe-mura, Kyoto Pref. Japan

l a) 1 C2)

 caO

 MgO
 MnO
 FeO
 I;ez03

          F A}z03

 Cetl03

 [Ce]•z03

 [Y]s03

[.Nb l'a]aOs

 Th02

 sn02

 'i"i02

 Si02

 I-l20(+)

 HtlO(-)

'yetal

 5.04,

 0.8I

 ].01

6.07

6.01

l7.57

I6.3e

6.96

O.07

0.20

 O.06

19.84

19.IO

 0.55

 0.34

99.93

4,.71

0.20

0.70

 6.19

 1.33

6.13

I9.02

l8.51

3.49

0.23

0.59

 o.eg

l9.e6

l9.35

 0.25

 0.21

IOO.06

Kogen-Ge,
 Korea

Mohave Co.
 U. S. A.

 2.12

 0.31

 tr

 9.95

 8.81

 e.23

14,.21

24•.09

 2.4•5

 0.63

 0.67

 0.25

17.93

17.66

     3.35

     0.74

     0.50

     7.76

     9:56

     0.93

    25.29

    l8.35

     ]..50

     0.82

    17.e8

    ]2.04

     l.50

P20fi == 0.38

99.3i
I

99.80

    As shoNvn in tl)e above table, the centent of component of the mineral is
nearly aecordant with those of minerals from Kogen-do, Korea as well as from
Mohave county, U. S. A. wit}a the exception of the components A1203 artcl Fe,03,
the former somewhat larger and the latter somewlaat smaller than those of ether
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two. According to the analytical resu}ts, the composition of the mineral can
be considerea as the titano-silicate of the rare earth elements ancl the rare eartks

are shown b>' the cerium-type distribution as we see in the allaBite. Such a
fact was clear}y estahlislie(l by the experiment of x-ray spectTe analysis undertaken

 witli the rare eartlis whic}i was prepared by the ana}ytical procedure•

     Intensities ef the spectres are distinguished by the Ietters such as ss (very
strong), s (strong), m (medium), w (weak), ww (very iiveak).

                                  Tal}Ie 2.

Element i seriesi C?:Eie.nt i a,
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    The content ratio of each element, which is listed in 3rd colurlt in the
above table, is obtained by comparing the intensity of the spectre line of the
arespective element and tlie relationship between the conteRt ratio and the atomic

number is fu}iy held by the well known Harkin's Law.
    To eetermine the cliemical composition of the mineral the molecu]ar ratio of
each component was ca}culatecl, wherein tlie molecular ratio of [Y],,03 was cal-
culated by the mean atomic we•iglit oÅí tke yttrium group elements, w}}ich was
obtained flom the ratio of the we!glit ef unliydreus sulphate to the oxide as
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shoNwa as follows, 2 R,B isOeJ,), =0.546 R= l20.4, (mean atomic weight) and that

of [Ce],03 was obtained assuming the mean atomic weght as the mean of the
atomic we{ghts of the member belenging to the cerium greup. Since the content
of Fe..0, may be considered to ascribe te the secendary exidation, it was assumed
as FeO. [rhe resu}t thus obtaiRed is as fe}lews':

                               Table 3.

         l
Cemponent i
         l (o!6) 1

(l) i (96) l (2)

Moi. rat{o Mol. ratio

Cae

MgO

MnO
Fee

A}203

Ceu03

[Ce]z03

[Y]L03

sn02

,i'i02

Si02

 5.04,

 0.81

 1.01

 6.07

 6.01,

i7.57

l6.30

 6.96

 O.06

19.84

l9.10

e.0899

o.e2ol

O.e142

o.o76e

O.0590

O.0535

O.0485

e.0241

o.eee4•

e.2483

e.3I80

  II
 Ro= e.2oo2

 III
B203==0.1851

Cri,si,sn)o2=:
     0.5667

4.7!

0.20

 0.70

6.19

6.13

l9.02

l8.51

 3.49

O.09

l9.e6

l9.35

o.os4e

O.oo50

o.oooo

e.0862

o.e6o2

e.0579

O.0551

e.0138

O.Ooo6

0.2385

0.3222

  I!
 BO==0.1851

  IJI
 B203 =O.l953

('ri,Si,Sn)02==

       e.5613

From the above resu}t, the molecular ratios of RiiO (CaO, MgO, MnO) R;iiO,

(Al,03, Ce203, [Ce]203, [Y],,03) and (Si, Ti, Sn) 0, are shown as the fellowing
reiation :

          rfb : ii i6, : (Ti, si, sn) o, =o.2oo2 : o.issi : o.5667 (i)

                                     0.1851 : e.1958 : e.5613 (2)

                                   =!.e8 : 1 :3.06 (l)
                                     0.95 : 1 :2.87 (2)

so that the compositioR of the mmerai isim  'M
exipressei b; the foiiiwrng formuia

           II III          R 0• R,0,• 3 (Ti, Si, Sn) 02== ?CT?,Fgl.,Msg.,)IVI81,(A}, Ce, [Ce], [Y])2

denoting the salt of the titano-silicic acid H, (Ti, Si, Sn), 0io. The $ame state-
ment ls app}icable to the chemical compesition of the tscheff[kinites feund in all

other }oca}ities in the worle.
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X-}'ay stady

    A powder diffraction pattem of this mineral was obtained using an automatie
recording Philips Geiger Counter Speetrometer under eopper radiation, nickel
filter, 35 Kv, 17 ]!Vfa, scata speed l" per min., angular aperture le, receiving slit

e.e06inch, and goniometer radius l70mm. T}}e relative intensity of diffracted
x-ray, the facing angle and the p]anar specing in Angstroms are shoxwa in the
fellowing tabls.

                                 Table 44.

I
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2
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l6.06

s
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'

5.399

5.]95
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2
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4

2

2

5

4

2

3

2

3

3

2
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t
I
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/

]7.40

l7.87

18.28

20.06
   w
20.21

20.75

20.9].

21.44,

23.27

26.58

27.68

28.58

28.87

I

I

2.579

2.513

2.4,58

2.24,7

2.231

2.l76

2.l58

2.Ie8

1.952

I.723

1.6,59

l.612

1.597

    According to the x-ray stadies, the t$cheffkinite may be found in eith•zr
amorphous or crystal]ine state. The mineyal frem this locaiity gives marked
diffractioR pattern as in the case of the same mineral from Arizona, U. S.A.
but the results are much differ firom tl}oseiO) obtai]iecl wit}i the Iatter.
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