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                                 Abstract

    'i"he crystal structure oÅí allanite is t}ke same as that•of epldote. 'l'aking the structuyal
aspect as well as the results of Ihe chemical analyses into consideraliori, OH' (Ca, Ce)u (Feiii,

Feii) Alz 0 Si2 07 Si04 is given to the mineral as its e}iemical formula.

                              Introduetion

    Allanite, though a cemmon mineral, has not yetbeen found in its crystal
structure. As it bears, however, a c}ose resemblance to epidote in the crystal
form, axial ratio and chemical constitution, although the chemica} formula of
al]anite is net yet fully estab}ished, the strueture ef allanite may be tlae same as
that of epidote or at lea$t the two minerals must be in clese relationship to eac}i
other in their structures. It will, therefore, be interesting to inguire inle the
structural relationslaip between these two miRerals. The crystal structure of
epidote has been analysed by IToi) and his ceworkers. As fer a}lanite, eyen its
chemical fermu}a is not yet fully•established as $aid above. The follewing is the
fermulae given to the mineral by several authors.

    DANA:) HR2Ti R3iii Si3 0i3 where R]}: Ca, FreTi; Ri!r: Al, FeM, Ce, Di., La., Y

    CoRRE,x's3) (Ca, Ce, La, IVa)2 (Al, Fe, Be, Mg, Mn)3 [Oll KSi04)3] 7.

    &KRR".U,,S,•,.H.eff,T, Ca, (Al, c,, F,), oH (sio,),

    WiNcHELL5) (Ca, Ce, La)2 (Al, Feiri, 17eii)3(OM Sis 0i2

    HiLL}ÅíRe> (Ca, Ce)2 (Al, .llreM, Mg, Feii)3 [Si30i2 l (Oll)]

    MAcHATsc}mr7) (OII, 1;') (Ca, Ce, usw., IVa, Th, U)2 <Al, Fe, Mg, Ti, Mn)2 (Si, P, Be,
                  Al), 012
    The structure analysis wil}, therefere, be begun with the establishment of a

more suitable formu}a for the mineral.
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Establiskment of the chemical formula

    Specimens fountl in biotite granite at Daimonji-yama, Kyoto PreÅí, Japan were
chemlcally analysed. They were slender, needle-like iR shape and a large majority

ef them xvas abeut 2 to 5mm in length and about 1mm in diarneter. More
than twenty pieces of them were crushed together inte pewder and submitted to
chemical analysis. Result obtained is shown in Table l.

Tab}e 1

Components  XVei.rrht

l)ercentages

Numerical ratios ef the atoms

Catien Oxygen

sios,

AlaOs
.Fe203

FeO
caO
11,igO

MnO
TiLOa

Ceu03
[Ce]u03

[Y]203

TiOa
Sn•Ou,

"I20(+)
u. o( -- )

 "

30.5(1-

].7.4•8

 4,.l9

 9.22

ll.OO

 0.85

 O..58

 ].27
 9.9ti,

10.55

 0.63

 ].IO

 0.4].

 I..59

 0.88

0.508

0.34,3

o.es2

e.l28

O.l96
O.(j21

o.oes

o.oo,g

o.e6].

O.06S

O.O05
O.0].4

o.oos

O.].76

]..Ol.7

0.515

o.e7g
O.].28

O.l96
O.02].

o.oos

e.olo

O.091

e.og4,

0.007

O.028

e.oos

o.ogs

trota} ]OO.23 2.287

    Frem the resuit of the chemical analysis the writer lias derived chemical

formula for allanite as fellows: -
      Hi,,, Cat,, JTfg,, FerlSi FelSs Thr, Ce6t [Ce]6, [Y]s Al,,3 lklrbs Sn, Si•sog Tii., 0,,s,

     =If,,, (Ca•, Mbcr)i.,., EeSJs' FeS9 (Th, Ce, [Ce], [Y])os Ali.g Afrzon SiL,.g Tio.t 0ii{.a

Having Ca represent '(Ca, Mba) and Ce represent (Th, Ce, [Ce], [Y]),

     =i-I,., Ca,,., 1;Tegj,i jF7e5I7 Ceus Algo Si3.e Oi3.e• • .

Conceiving that a part of Ca atoms has been replaced by Ce atoms and because
of neutralizatien a parz eÅí Fe'ii'i' atoms has been replaced by FeTi atoms jttst as
many as ' Ca atorns by Ce atoms, the writer has finally ,obtained the chemical
formula for allanite as fellows:

               ff (Cra, Ce), (FeM, f?ei[) /ll,., Si, O,,,.

    rfiie above fourmula suggests that al}anlte is in its chemical eonstitutien nething

else than ep;dote, whose chemical formula is lf Ca,, Fe Al, Si, 0,,, in which i;le'i'
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atoms have been replaced by Feii atoms just as many as Ca atoms by Ce atoms.
To examine wkether the suggestion is true or not, the writer has referred to
some ot}}er results of the cl emical analyses of allanite fbund in Japan, Korea
ancl M[anchuria. These speeimens were totally analysed in the writer's laboratory
by the writer and his felluxys. From the weight percentages ef the components
have been calculated numerical ratios of the atoms, as shown in 'rab]e 2, frem
which t.}iese of Si, Al, 2LarTb, 7'i, Sn and Iil' are excluclecl.

                                   Tal'}le 2

I,ecalllies

I

I
I Fe m

Numericai ratios of the atoms

FeH Ca. Mg 7'h Ce [Ce] [Y]

Mie-}nura (Japan)

Hagata-mura (Japan) A
}Iagata-mura•(japan) B

Kojima-mura (Japan)
AOtsunatsyi-mura (Japan)

Nogizawa-mura (.Tapan)
Shftgakuin (Japan)

Kitayamato-mura (Japan)
Kido-mura (Japan)
ARak-ub <Kerea) A
Anak-ub (Korea) B
Hakson-nisort (Korea)

Santaikou (Manchuria)
l'Isiayuhekou (Manehm'ia)

.le6

.036

.034,

.098

.090

.070

.052

.068

.i20

.024

.036

.088

.l 4,2

.l2e

.ll.4,1

.154,

.l.S4,

.ll.tl,7

.14,0

.l4e

.128

.].4,7

.120

.l74,

.].39

.165

.077

.088

.!73

.l84

.l83

.l4,7

.I29

.193

.].96

.l4.6

.184

.l79

.207

.19.a

.252

.330

.OOI

•Ol.r)

.el6

.eo3

.O09

.012

.021

.eo3

.015

.019

.023

.0(B

.021

.Ol.0

•Oo,r,

.0C}7

.{M7

.O08

.O05

.013

•Oo,r,

.eos

.O03

.O02

.902

.OOI

.O04,

.0]2

.057

.04,1

D47
.04•5

.061

.C4•6

.061

.037

.e4f4

.073

.oo5

.oso

.OTG.}

.04•2

.059

.065

.eor9

.o,r)s

.e64,

.o,r)4

.063

.057

.089

.067

.056

.Oif)6

.021

.019

.OOI

.023

.023
.04].

.024

.016

.O05

.05}

.ooi

.oe4,

.O07

.OOI

.Ol4,

.oel

     For these specimens are pletted the numerical ratios of (7'It"Ce+[Ce]+[Y]}
atoms to those of (Cat'Mg) atoms in Fig. 1 and the numerical ratios of Feii
atom to those of Feiii atom in Fig. 2. In these figures are appreeiable the
general tendencies that (1'ib+Ce-[Ce]+[Y) ratio decreases as (Cai-Mg) ratio
inereases, likewise, Feii ratio decreases as FeM ratle increases. The numerical
rat}os of Feii atom are also plotted to those of (7'lb+Ce+[Ce]+[Y]) atoms in
Fig. 3. In this ease is appreciable the general tendency that Fei' ratio increases
as (TI}+ Ce'iu[Ce]+[Yj) ratio increases. These relations were, fuyther, stochastically

examined and the t-values have been found as high as 6.32, 3.55 and 4i.66
respectively, between (1'lb+Cerfn[Ce]-F[Y]> ratios and (Ca+Mg) ratios, between
Fe'i ratios and Feiii raties, and between Feii ratios and (Th+ Ce"Y[Ce]+[Y]) ratios.

Accordingly, the re]ations are significant on the level of O.l%, IO/e and e.1%
respectively. As a matter of course it is coneluded that, in al}anite, (Th-t-Ce+
[Ce]+[Y]) ratio deereases with the increase of (Ccs+Mg) ratio, Fei' ratio decreases
with that of Fe'Ei ratio and FeH ratio increases svith the increase of (Th+Ce'F
[Cel+[Y]) ratio. The chemical formula given above for a}]anite seems, therefore,
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te be justifiable. "rhe   .wrlter has adopted t}ie fermula for the structure anal ysis•
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           Determinations oÅí t}}e eell-dimensions, eeli-volume

                     and the number oÅí molecules

    Speeimens found at Daimonji-yama were used in X-ray spectrometry. A
$lender specimen, elongated parallel to the b-axis, about 3mm in length and
about 0.2mm in diameter, was submitted to the b-axis rotatien and oseillation
photographing. For the a- and c-axis retation and oscil}ation photographing, small
rods paralie} te the a-axis and c-axis respectively were cut out of somewhat
large erystals. The rods were about l.8mm in length and about 0.2mrn in
diameter. The X-ray spectrometry was carriecl out using Ctt-Kct racliation
(N=:1.542 A> throughotit. The cell•dimensions ancl cell-ve}ume are as follows:

                      a :: s.gs Å} o.oiA
                      b ,,, 5.75 Å} O.OoA
                      , ,,,, 10.23 Å} O.OIA
                      [3 x 115000' t, 04!
                                  o                      if = ee9 As
giving the axial ratie a:b:c == 1.562:l:l.779, which is in good agreement
with that given by DANA8).
    Molecular weight has been calculatecl as follows :

      lli.o Cai.2 FeSl3i FeSli Ceo.s Alzv Si3.e 0i3.o

      :1.01 $ 48.10 + l6.75 -}- 39.09 + ll2.10 -}- 53.94 + 84,.18 + 208=:563.X7

The specific gravity measured by means of pycnemeter method is 3.85. The
number of molecules in a unit cell turns out as follows:

                       4,7g Å~ 3.85 Å~ 10-2" .. I.g7 * 2
                       563 x I.66 x }o-• L'i

Then, Z_-2.

                           Strueture a"alysis

    Complete sets of escillation photographs were taken witl} rotation about the
a-, b- and c- axis to get all possible refiexiens. The only possible space grottp
for allanite is C,L},-P2,!m., the refiexion OkO being absent when k is odd. The
intenslties of refiexions on the oseillation photograplas were estimated visua]ly and

eenverted into numerical values on an arbitrary scale. They were corrected for
the polarization and Lorentz factors as usual, but not fer absorption nor extinction.

A set of numbers proportienal te the structure faeters have thus been obtained.
    Similarity between allanite and epidote with respect to their chemical formulae
and eell-dimensions, as well as identity ef tlieir space group and the number of
melecules in a unit ce!l with each other suggest that ceordinates for cerresponding

atoms in these twe minerals might also be identical. In the space group ef
Cx`-i, - jP2i!nt, efftiivalent positions are as foliows :
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          (a) oeo; o-3 o. (b) l, oo; -S- -g-o.

          (,) oo-S,o-.S--S-. (,l) .,i o ,i ;.S ..l, .._i.2.._ .

          (e) re--i z; sc 43-tr.

          (f) x- pt :; :v" Y 2; ff,, -:-- + y, ff; x, S-- y, z.

In the case of the structttre analysis for epiclote, IToS) has put four AZ-atoms in

(a) ana (c), three sets of four e-atoms in (f) and the rest in (e). In the
present case the writer, assuming that the crystal structure of allanite might be
tl]e same as that of epidote, c,alculated structure faetors for hOl, 01tl ancl hkO
reflexions with coordinates fer atoms in epidote, substituting (Feigi, Fe") fbr Al
(Fe> and (Ca, Ce) for Ca.
    The structure factor eÅí li7gl reflexion in a spaee greup of C,?,.--P2,/mrtins:

     F <h,kt) =Åí4f cos 2 rr (h.x -F-igi' -t- lx) cos 2rr (kpt--2-),

where s is the atomie scatterh}g factor. The writer use{l fer it the value given
in the Xnterncttion,ale 7iabelZen. For the scattering facter ef (Ca, Ce), the writer

appliecl value obtained by adcling three fiftlis of the value of Ca scattering factor

to two fifths of the value of Ce scattering factor. Since, in the .qpecimen found
at Daimonji-yama the numerica} ratio ef Ca atems to tliat of Ce atoms is 1.2 :
0.8 (=3 : 2). 'l]he ob$erved and calculated structure factors Nvere in goed

agreement.
    For the reflning of the ceorclinates of the atoms, electron densiÅíies projected

on (010) and (OOI) planes were evaluated by means of tl]e Fourler syntheses
w•ith the ealculated strueture factors. Electrendensty e (.ft;, x) at a point (sc, z)

projecteci on (010) plane rui]s:

           P (sc, x) =: X- [F(OOO) +2 ;i)F (hOO) cos 2rr h x+2 ; l7 (ooZ) cos 2 rr l x

             , +2)" [7t {F (hOl)+ li' (EOI)] cos 2rr l.v.] ces 2rr hx

                  -2l []Iil {F (hOl) - F (7,01)] sin 2z INpt] sin 2rr hx],

and electren density P <.v, y) at a peint (x, )t) projeeted on (OO}) plane:

        P (X, )') ": Iii [F(OOO> + 2 i; 'F.` (hOO) cos 2 Ti h ec- ÅÄ 2 ii"ilt (O lcO) cos 2nr ky

                      icm2}i                  +4+}il[i {F (hkO) cos 2rr ky]] cos 2nr hsc

                       lt ==i, )l + 1
                  -4+;, [it IF (hlgO) sin 2rr k)']] sin 2ra li x'].



The Crystal Structure of AIIanite 151

Fig. 4. Electron density projected on (010) plane.

C

The summations were carried out with the aid of Beevers and Lipson strips at
the intervals of al,o,c!,o;a!6o,b!,o respeetively. After repeating this proeedure
several times, giving necessary corrections for the atomic coordinates, the maxima
in tl]e electron maps coincided Nvith the atomic coordinates chosen. In Fig. 4
and in Table 3 respectively are shown the electron density projected only on
(010) plane and atomic coordinates, both finally obtained.
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Tahle 3

Atom NutnJ)er of atoms
in a unit celt

x
a

Y..

b
x

c

Sii

Sill

Sirl[

AII
AIIf

(1;TellV, Fei})

(Ca, C'e)i

(Ca,, Ce)i'[

ot
Ofl
Oll'I

OI.V

Ov
OVI
OVII
OVII•I

OIX

OH

2

2

2

2

2

2
2

2
4,

4
4
2.

2

2

2

2

2
2

o.,g2g

0.690
o.ltgg

o.(x)o

o.eeo

0.297

0.755

0.603

0.222

0.307

0.803

O.038

O.038

O.083

0517
0.528
0.625

O.083

o.7se

0.250
0.7.rr,0

o.ooo

o.ooo
o.2,go

0.750

0.750

o.ooo

0.950

e.ooo
o.2r)o

0.750

0.750

0.750

0.250

0.250

0.250

O.058

0.279

0.317

e.ooe

0.5(M}

0.228

0.150

OA,21

O.(rs4

0.356

O.l50
O.l.39

e.]39

OA08
O.]75
0.3].7

O.083

0.408

    In Tables 4+, 5 an 6 are summarized the observed and calculated structure
factors for hOl, Okl and hkO reflexions respective}y. The ealculated values are
those wliich were ealculated with atomic coordinates finally obtained and the
observed values are those which were, at the final stage ef the analysis, rendered
cemparable on an approxlmately absolute scale for the benefit of eomparison with

                                                     lcthe ealculated enes, by multiplyin.cr the factors of ( B'raiifi!i'/fi- ) respectively•

                                               exp - ix2

Table 4

hOl e
l -l-cos2 2e

sin 2e
sln e

 K
Fo Fc

 loo
 200
 3eO
 4e{}

 5f}0

 600
 700
 seo
 900
]o,oo

 .r)e

Ioe

l6e

22"

2sa

34,e

4Ie
4,ge

5se

71o

26t

.r)6'

3et

l6'

l .r,i

37'

34,'

]2t

2:3'

(K}t

]0.4,22

 4.998

 3.127

 2.150
 l.564

 l.204
 ].022
 IK}32
 ].34,7

 2.650

o.oo

O.l2

O.].8

0.2.5

0.31.

0.37

0.43

0.4•9

o. .r)s

(}.6t

29

80
68
32

]6

49

- l6

- 86
 c)8

 73
 :39

- II

  7
 l7
 -5
 44,
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Table 4t (cont.)

7tOl e
] +cos2 2e sin e Fo Fc

sin 2e h

ool

]OI

202
30t
401.

50I

601
701
8el

90L

(M2
I02

202
302
402
502
602
702

802
902
O03
.1 03

203
303
403
503
603
7o.g

803
(>Otl,

10it,

2oo,

:30tl,

404
504,

604,

704,

(M5
]es
2e.5

305
4S5
505

 4,o

 8e

1.?a

lge

24e

31e

37a
<V4e

52"

62o

 9e
l2e
.l 7o

22e

2sa
34,e

4oe

4,ge

57e

6ge

l4o

17e

21e
26ts

32e
.Q,so

4se

53o

63o
]- 9o

22[j

26e

31e

36e

43e

5oa

5go

24,o

27u

31o

36a

42o

4so

46'

3st

4,3t

10'

54t

(x),

29'

33'

42t

53t

3(}t

55'

29'

4.0'

27'

]8'

57t

26'

l5'

04,t

27'

35'

5or

4,7'

I 7'

3or

15'

08'

eil,t

26'

30'

34'

28'

52t

e7t

l9'

02'

36'

39'

36'

35'

eet

36'

11.9i2

 6.441.

 3.880

 2.605

 l.855

 1.382

 l.105
 1.00()

 1.l]e

 l.653

 5.752
 4,.154

 2.917
 2.101.

 ].563

 l.217
 l'.030

 iD22
 l.368
 2.329

 3.514
 2.8g.r)

 2.2oo

 i.681

 1.286
 1..078

 1.(}e{}

 1.l23
 l.669
 2.60(}

 2.12i

 l.70{}

 l.355

 1.l23

 1.007

 l.052
 1.38Åë

 1.88.r)

 l.6].l

 1.l48

 l.l92
 ] •Ol.r)

 l.024,

o.es

0.10

O.].5

0.21.

0.27

0.33

0.39

0.46

0.52
O.,E;8

0.ll

e.l5

e.19

0.25

0.31

037
0.43

0.49

0.55

0.61

O.l6

0.20
0.24,

0.29

0.35

0.40

0.46

0.52

0.58

0.22

e.:s

0.29

e.34

0.39

0.44

0.50
o..r)6

0.27

0.30
0 34,

0.39

OAA,

0.4,9

  7
 37
  5_

  2
 51
 8,r,

 56
 ].2

 34,

llO

 l2
 2'l.

](u}

 24,

 20

 ]5
 4,1

  7
 ].2

 .56

 29
 6C,

 46
 r)6

 (}6

 l9
 27
 58
 58

27
 88

 5
  7
107

 27
 61.

 IO

l29
 12

 49

 -4
 29

-- 88

  9
 -6
 -I
 .g6

--
76 •

  l.

 77

- l3

 4E

I34

- 28

- 18

iog

-
:l5

--
].R

 311

 4,3

 -5
 20

-- 76

6
- 82
  9
 67

- 52

 l5

- 43

- 48
 74,

 57
 61-

- 23
 35
 94
 26

- 82
 --4

10(}

-
l.7

- 45
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Table 4• (cont.}

I, Ol e
1+eos2 2e sin e

sin 2e A
Fo Fc

 6or)

 O06
 ll e(r} -

 206
 3{Y)

 4<K)
 .r,o6

 606
 0(}7

 ]07
 2{)7

 307
 407
 507
 6e7
 O08
 l08
 208
 308
 408
 O09
 ll 09

 209
 309
 eo,Io
 10,10
 OO,l1
 le,] l

 roi
 20i
 3ol
 40il'

 sol
 6di.

 70'i
 80']'.

 gol
IO,Oi
 IO':5

 2o2
 302-
 4,0'>

 ,r)e2

560 28'

290 57t

33" o4/

370 10'

4,20 09t

(l.70 57t

r)so es'

64,e ]o'

350 4.ot

38e r)6i

4,3a 07'

48" 20'

54e 4,7'

63" ()(l,t

750 4,9t

4J.a 4,lt

4,5" ]5'

49U sot

.55e 42t

63ts 15'

48ts 22t

52b 22'

570 44f

6tlP s4,t

56e 09i

60a 59t

66e 04,'

73a 21t

 5e 31'

 ge s,g'

]50 05t

20e 39t

26e 25'

32e 35t

39e ]4f

46e 31'

55e 05t

660 04'
 8ts Ll9'

1].O 05t

]sa ]et

200 05'

25ts 31t

 1.251

 l.4t16

 1.272
 l.I L)4,

.l .O.l5

 l.Ol7
 l.i.92

 ].765
 ]..I64,

 ].068

 ].{X)7

 J.020
 1.l80

 l.6(}9

 3.734,

 1.020

 ].ooo
 l.04,3

 l.217

 1.684

 l.021

 1.IOI

 1.312

 3.835

 1.236

 I.509

 ].955

 3.094

IO.258

 5.576

 3.4,78

 2.370

 ].713
 l.296

 1.061

 l.oe4

 Ll92
 ].955
 6.3oe
 4,.924,

 3.4•55

 2.4,56

 1.796

0.54

0.32

(} 35

0.39

o.4a,

0.48

0.53

0.58

0.39

0.41.

0.4,4,

0.49
o..r)3

0.58

0.63

0.4•3

0.46

0.50

0.54

0.58

0.4,9

0.5i

0.55

0.59

0.54,

0 57

0.59

0.62

O.06

0:li

0.17

0.23

0.29

0.35

0.4,]

0.47

0.53

0.59

o.io

0.12

O.l7

0.22

0.28

 ]5
  7

 51

 gr)

 l5
 sr)

 63
 46
 73
 56

 80

 63
 ]2
] 4,f}

 51
 l5

 66
  7
 19
].I0

 80
 34,

 73
 4S]

.l 54,

 4,4,

 2e
 22

 37

 ]2

 85
 10
 ]2

 78
 58
 80

-- 27

 l2
  1
 5tl,

  i
 (}o.

 15
 4,4

 55
 -9

 38

- 21

  !

 55

- 79•

- ]1

l]2

-- 46

 5/
 59•
 -4,

  2
 60•

-- 55

- 33,
  ,1,

- 82

- 33

 .l5

- 17

 15
l61

-- 50

-
2t;, .

 36
 56
 -4,

-- 88
 31
 51
l].2 '

--
61.

 6.5
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Table 4 <eont.)

hOl e
1+cos2 2e sin e Fo Fc

sin 2e x

 602
 7(}2

 802
 902
IO,02

 ll03

 203
 303
 4e3
 503
 603
 703
 803
 903
] (},03

 1oi,

 204
 30aj,

 ,lo4,

 50'4',

 60S'

 704,

 804•
• 9ed•

]0,04,

11,04•

 105
 205
 30S
 .1,0um5

 505
 oo:5

 705
 80'S

 gog
lo,es
] 1} ,es

 1(rd

 2(S
 3(}6

 40J6

 506
 606

31ts

37o

44o

52e

62o

l3e

13e

16e

2ofo

2su

31"

37e
4,:3o

51.e

6e"

I.7"

l7e

l9v

22o

26o

31u

37o

42e

5oe

5ge

71o

22v

22"

23c

25"
2st:.

33es

3so

4•3e

5oe
59Åë

7oe

27o

26e

27e

2se

31e

3se

l8'

46'

41'

4,2'

4•5'

05t

5st

46t

49'

37'

Oot

01'

36'

13'

31.'

4,7t

48'

32t

38'

4,3'

38'

10'

16'

33t

19'

32'

4,lt

llt

07'

23'

4•5'

o<t,t

padt

50'

<ro'

02t

39'

52'

57'

3gt

53t

38'

l2'

l.365

l.09,7

1.oee

l.110
l .M•3' '

4•.094,

3.801

3.e68

2.346

1.785

lt.382

l.ll9

l.(}04,

1.072

l.4•77

2.857

2.854•

2.54•3

2.].05

1.687

l.346

1.i14,

1.0] 4+

1.e57

l.401

2.727

2.099

2.161
2.04,7

l.808

]..528

l.272

].089

l.O03

1.059

l.384

2.574•

l.594

l.667

l.637

].519

l.346

1.18I

0.34,

0.40

0.46

e.52

0.58

e: s

0.16

e.19

0.23

0.28

0.33

0.39

0.45

0.5I

e.57

0.20

0.20

0.22

0.25

O.L)9

0.34,

0.39

0.44,

0.50

e.56

0.62

0.25

0.24

0.25

e.28

e.31

0.35

0.4-0

0.4•5

0.50

0.56

0.61

o.3e

0.29

0.30

0.31

0.34•

0.37

 !7
 44
l22

 34
•l5

 IC}

 :39

 32
 10
 27
 32
166
 34,

 51
 34•

 l7
 29
 46
 20
144

 37
302

 41

  5
 17
 34,

 37
 ]5
 24,

 76
 12
 73
  7
 5i
 85
l83

 95
 97
I61

 27
 4,1

  37
  14•

  96
  -6
  l6
 --38

  50
 -35
  l8
  !7
  50
  se

- 123
  35
  57
  78
 -24,

  34+

 -4•5

 --23

 l4`1

   7
  -5
  62
  54,

   6
  44

  50
 -77
 -32
  39
 -60
  -6
 -"47

  ]8
  g9
 -6e
 !65
 -69
 mep
 l65
  49
  l7
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Tab'e 6 (cont.)

ltOl e
1 -Fcos2 2e sin e

sin 2e A
Fo Fc

 706
 so6
 go6
]o,e6

ll.,06

 IG7
 20'7"

 30-7

 407
 se7
 6o7'
 7e7-

 so7
 90um7

llo,e7

l.1,07

 lds
 20um8

 30-8
 tl,Osi

 s(sg

 6og
 70'i

 8e8'

 gog
IO,08
.I ]. ,08

 ]o9

 209
 3or)

 t•109

 Dre9

 oo9
 7e9
 so9
 ge9
10,09
 io;llb

 20,IC}

 30,]0
 40,IO
 50,10
 60,10

3ge

44,e

51e

5ge

70"

33"

32e

31u

33u

3.se

;38u

42e

4,7"

53e
6].?

7`.)e

3ge

37"

37e

37e

3ge

4,!a

4,so

5oe

56ee

63o

75"

4.5"

4•3e

tl,2'j

4,3e

44,e

46e

49ts

53e

59ne

67a

5g..o

5oe
4,go

48e
4,9')

51e

50'

57t

35'

39'

5oi

23'

oot

56'

e4•'

ota,'

12'

16'

14!

2st

l.0'

34•'

]4'

:S8'

]o'

46i

23'

59'

26'

08'

06t

46t

4,9i

29'

3st

51t

uo'

04,'

16'

3Y
54'

39'

36'

4,2t

22t

04tt

5I'

4,].'

3k)t

!.04,9

l.ooO

l.080

l.4,21

2.604+

].258

1.321

1.330

l.272

].T86
ll .086

ll..Ol4,

MO09
M132
ll.522

2.928
] .061.

1.]el
].IItl,

].094,

l.058

l.Ol.7

Leoo
l..049

l.234

1.729

3.734s

ILOOO

l.O04,

]..O08

]..eo7

.1 .eo2

l.oe3

I.037

].14,9

l.421.

2.l34

].llO

l.053
].o3e

1.027
'! .04,0

].079

0.4,2

e.46

e.51

0.56

0.61

0.36

0.34,

e.34,

0.35

0.37

0.40

0.4,4

e.4•8

0.52

o.Jr7

e.62

o.4•r

0.40

e.39

o.4o

0.41

0.4,13

C}.46

o.so

0.54,

0.58

0.63

0.46

0.4•5

o.4q,

e.44,

0.4•5

0.4•7

0.49

0.52

0.56

0.60

0.52

e.,so

0.49

0.4•9

0.50

e.5I

  5
 37
 71

 15

 22
 10
  5

 I9
 'IO

 ,i,4,

 29
 :34,

 IL)

37
 kL)

 78
l.IO

 4,4,

 34,

 95
 93

 30
 58

 7
 ]2

 4•9

 tl,9

 24
 l9

 7
 40
 12

 66
 71.

 51

l39
 ]9
 7i

 33

- 23
 24,

 54i

-- l9

 3i
 l4,

  6
  3
-- 19
 ]L)

- 4•5

-' l7

 46

-- 33

 -9
_.

,10

-- l i3

 69
]e3
 tl,9

-• 45
 65
 86

- 33

 39
-- le

 -7

- l5

- 50
 58

- l7

 -6
 i3
 34,

 l6

- 62

 56
 3].

III

-- 41
 L?3

 36
 -2
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Table 4 (cont.)

hOl e
1+cos2 2e sin e

sin 2e A
Fe Fc

 70,IO
 80,IO

 90,IO
10,0,IO

 10,1}

 20,}l

 30,1!
 4,e,1.z

 50,ll
 60,] .l

 70,!-1

 80,).'l

 20,]2
 30,I2

 40,l2
 50,l2
 6o ;.l i2

54,Åë

5se

64e

6se

6]e

5se

56e

5se

56e

57o

6eo

6so

6sc

66o

64,o

64,o

6sv

29'

4.2t

4•2'

22'

21'

23'

28'

51,

l8'

53'

49'

06'

5oi

04,,

4•2'

4,D..,

l3'

1.169

1.365

l.815

l.88L

1.535

l.34,7

1.251

ll.223

l.24(3

l.32e

1.4,98

l.855

2.296
l..955

l..815

l815
2.213

0.53

0.55

0.59

0.59

0.57

0.55

e.54,

0.54•

0.54•

0.55

0.57

0.59

0.61

0.59

0.59

e.59

o,6e

i24•

 12

29
29
4•9

27

i5
 44i

 ]5

56
37

 ].9

73
37

20
11 L)2

 ]9

 88
 -6
- 31

 53
 34
 l8

-
].5

- 5].

  0
 67
- 39

 12
 44,

- 13
. -2].

 87
- 24,

Table 5

Okt e
] -}- cos2' 2e sin e

sin 2e A
Fo Fc

OOI

oo2
O03
C}04•

6os

O06
eo7
O08
O09
ee,le

OO,l]

elo
eil
0]2
013
014
Ol5
0]6
Ol.7

0].8

 4o

 9o
]4,e

l9e

24"-

2ga

3se
4+l.v

4se

56e

66{"

 7e
 9c
].2a

l6e

2.l.e

25co

3].o

36e

42e

4,7'

3st

27'

27'

35'

57t

40'

4].'

22t

or)t

e4•'

42t

05'

2g'

28'

e2t

5st

08'

4ty

51'

ll.868
.5.7bl,

3.655

 2.677

 l.887
1..446

 ].164,

1.e2o

 ].02l

 l.236
l.9sor

 7.265
 6.l.e5

4.376

3.135

2.315

 l.758

 l.375
 ]..l28

 1.008

O.05

o.]]

O.]6

e.22

0.27

0.32

e.38

0.43

0.49

0.54•

o.Jrg

O.09
o.].o

O.I4
O.].8

e.23

e.28

0.34

0.39

0.4<1•

]2

7

27
27

7

63

l2
7

34
7.3

29
].5

85
32
37

39

44
97

 --4

-
1:&

 -5
-- 43

 26
 ]2
 55

- ll

 -4

- 33

- 82

  o
 34a

 42
127

- 23

- 48
 ]2
 55
I06
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Tablo 5 (cont.)

Ohl e
1 + ces2 2e sin e

sin 2e A
Fo Fc

e].g

e].,].e

Ol,].1

e2o
021
022
e23
e2,i

025
e26
027
028
029
e2,'lo

02,] l.

030
e31
032
033
03il,

035
036
037
038
039
03,I C}

040
0`1,1

e42
04,3

044
045
04.6

etl,7

048
049
050
051
052
053
054
055
056

4go

57o

67e

lso

16o

lso

21o
2,r)a

2go

34o

3go
4ore

52o

6oo

72D

23e
2(i,e

25"

2se
31.o

3sc:

3gc
(1'4aO

5ee

5sc

67o

32o

32o

34o

36e

3ge

42e

4s7e

52e

5so

66a

4,2e

42e

43a

4se

a,se

51e
Dr 6"

25'

lst

27'

33t

]-8t

24,t

29'

18'

40'

37'

5gt

4,6'

3]'

49'

I.7'

43'

I5'

48'

I5'

28'

23'

5ot

57t

56t

03t

27'

25'

53'

08'

l6'

Oor,

4,1;.i

e.l.'

].tl,i

:3 3t

47t

09t

34t

36t

3ttf

23'

57'

37'

1.036

i.288

2.1]5

3.356

3.I 73

2.740

2.253
l.8].5

k465
l.2e4

l.046
].•oo].

]..].es

]..498

2.870

]..979

]..870

l..768

l..564,

].356
].]74,

1.049

1..oeo

1.065

l.329

2.]I5

].30,5

].9.81.

I.224
]..]4,3

l.065

1.0]0

i.O07

l.C}97

.L356

2.036
]•0]..r)

l..Ol].

j..O04

l.OO].

I..e21

L090
].2ors

O.tl9

0.55

0.60

O.l.7

O.l8

o.2e
e.24,

e.28

0.32

0.37

0.4,2

0.47

e.52

0.57

0.62

0.26

0.27

0.28
0.31.

0.3rk

0.38

0.42

e.46

0.50

0.55

0.60

0.35

0.35

O.36

0.38
0.4,1

0.4,4•

e.aj•s

O.,5I

0.5,5

0.60

0.4xS

O.<;4

0.4,5

0.46

0.49

0.51

o.r)4

 37
 44
 51
180

 39

 58
 71
 q.!

 24
 71
lo.r)

 56

 ].9

 4tl,

 ]'{)

 ]e
 5•{,

 37
 32
 39
 29
 51
 ]2

224,

 ]o
 10
  7

 l9

 34

24
24

73

37

 -24
  39
 -52

- 260
 -37
  84
 ]02

 55
 -34
  77
 -96

 44
  8
 29
  71

  e
 -24,

  26

- IOO
  76

  39
  58
 -48
 -54,

  26

  2
 271
  -]'

  -5
 -12
  -4
  L)5

  or
  45
 -]o
  --2

   o
  22

 24
  88
  -1

 -37

  "
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Tablc 5 (cont.)

Ohl e
]. g-cos2 2e sin e

sin 2e x
Fo Fc

057
e58
060
    f06i
'062

063
06•1•

o6Dr

066
070
07].

072
073

62e

7oe

53e

53o

5se
.r)7o

6oo
64,e

71e

6ge

7oo

72o

75Q

34,'

39'

2st

54'

06'

IJr.

2].t

4i2'

06'

29'

09'

O.r,,

4,9'

l..628

2.574,

]. ]32

]..].4,9

l.l93

1.288
'l..466

l.8]nr

2.650

2.390
2.4,92

2.83].

3.734,

0.58

e.61

0.52

0.52

0.53

0.55

0.56
o.Jrg

0.61

0.6].

0.6I

0.62

0.63

 37

58
IOO

29
29

27
.3. 2

,1,ll.

 15

til{,

 4,l

 83
-

.l.12

  o
 48
 4+7

 36
 -L)4,

 4,9

   o

- ] 6

  .l.4,

- 6tk

Tab}Åë 6

hkO o l+ ees2 2e
sin 2e

Sill e
              Fo

A
2"c

 ].ec

 20{}

 300
 4,eo

 oroO

 600
 7oo
 seo
 eeo
IO,OO

 e].e

 H.0
 210
 310
 4,]0

 510
 610
 71U
 8].0

 910
IO,10

 o2e
 ].20

 220
 320

 5e 26t
iloe s.r),

I6e 3]J

22a ]6t

28" ]7'

34,0 37'

41" 34,i

4,9" 12t

580 2,3'

71.0 06'

 7e 42'

 90 27'

130 2st

lse .l9'

23" 4•2'

29" 30'

350 4e'

420 34'

5oe ]]f

59e .29t

72e 4•5'

]sO 33'

l60 31t

].ge lo'

L)3e oo'

]0.423

 5.006
 3.l24,

 2.150
 ].56e

 ] .204,

 ].022
 ]..032

 l.:347

 2.650

 7.26rD

5.85].

 3.979

 2.755

 l.981

 ].476

 ].164
 I.Ol1
 .l..050

 I.4,] i.

 2.965

 3.356
 3.].24,

 2.604
 2.06].

{'}.06

OJ2
e.ls

0.25

0.3]

O. :-l7

O.t{,3

0.4,9

o..r)s

0.6]

o.et)

O.l1

0.15

0.20

0.26

0.32

0.38

0.44

e.so

0.56

0.62

0.17

0.ll8

(}.2].

0.25

L)9

80
68
32

 4,9

  8
 zo

 20

  8
 60

]. i3

 53

I80
 95

 25
 20

 -l6
 -86
  98
  73
  3c
 nell

   7
  ll7

  -5
  4•1,

   o
 -72
  43
  23
   7
 -77
  --4,

  90
 -50
  -8

  o
- 260
  90
  32
 -31
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Table 6 (cont.)

hlgO e
1' +cos2 ]e $in e

sin 2e N
].,"o Fc

 420
 520
 620
 720
 82o
 920
]0,2<)

 e3o
 l3q
 230
 330
 4•30

 ,530

 630
 7:30

 830
 930
 040
 ] tl.0

 24,0

 3tlO

 ttil.0

 stte

 6.20

 740
 840
 050
 l5e
 250
 :350

 4,50

 55e
 650
 750•
 060
 I.60

 260
 360
 460
 560
 070
 l70

27e

33e

3se

45e

Jr3"

63"

7go

23e
24,o

26e

2ge
3:-lv

3so
4,4,('

r)oo

,r, go

7ot•

i3`2e

33e
34.e

37v
tl,le

4r5"

5Ie

5se

6se

42e

4,2e

44,o

46e

5c)u

5se

61e

7oe

53e

54Q

5se

5so

62o

6so

6go

7oo

4ot

04f

56t

36'

25i

.I6'

:3ort

a•3'

`Z4'

24,t

30'

32t

so'

04,'

46'

02t

24,t

25'

0,1,t

37t

l8'

07t

:I6'

21t

23'

e3t

09t

34'

Otl,'

39t

]9'

es'

2Jt

24t

2st

03'

32i

23t
3(l,t

5ot

29'

24I

1.609
.l .272

!.068

].OOI

.Ll32
li .686

5.267

1.979

l.906

].714
lf ./l,76

IL2,r".

I.078

1.002

L061
ll .384,

2.532
l.lsor)

].272

.1.204

l.j]0

].028

l.OOJ.

L075
I.347

2.191
l .ol Dr

l.01]

l.O02

l.O05

I.052

].l92

].53or

2.532
}.ll.32

1..154

l.210

].347

I.628

2.296

2 390

2.5]6

0.30

0.35

0.4,I

e.46

o.Jr2

0.58
0.6tl,

0.26

0.27

0.29

0.32

e.36

0.40

0.4,5

0.50

G.or6

0.6]

0.35

().l5

0.37

0.39

0.4,3

Oil6

0,51

0.55

0.60

0.4,4,

0.4tt,

0.4,5

O.ti7

0.50

0.53

0.57
0.61.

0.52

0.53
0.5tl,

0.55

o.r)s

0.6}
0.6].

0.6.l

48
25
58
15

35
68

 75
 58
 ]5
 le
 58

le5

 53

224,

 !o
 n•3

 68
 :30

 38

 13

 25
 38

 2e

20
 5U

 75
IOO
 98
 65

 45

 IO

 30

 48
  32

 54,
  28
  I3

 57
  7
  o
  69
 _38

 -27
  -9

 7e
 -2
 --•8"v

  47

  3
 271

 -IO

 -55
  70

 46
  33
 -]o
  -3
  17

  o
 m..a3

  28

  8
  12
 --•54,

  -2
  75

- Ill

  64
  46
  -8
  25
  17

  e
  50
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    The propeertional constant, k, and the temperature factor, B, were
graphically, plotting tke values g{ togFoiF"c against these of sinLe!>vi'.

accuracy of the structure estimated from the value ef

                            2, Foi-iFc'
                                Z, Eo '

is 0.3}1, 0.316 and 0.289 for hQl, OlgL and hlcO reflexions respectively.

found
 The

                     Deseription oÅí the struetur'e

    In Fig. 5 is illustrated the structure of allanite the same as that ef epidete,
henee i}o detailed description about it.

    Tlie strticture is of the mixed si}icate type, containing both the single and
double tetra}]edral groups, SiO, and Si,,0,. These separate groups are ieinecl
to one another by Al, (l'"e"E, 1'"e`') and (Ca, Ce) atems on the one hand and }}y
0 atoms and OU" greups en the other. The fratnework of the structure }s
compesecl ef AIO, and AIO, (Off) chains which are stretched indefinitely along
the b- axis. The chains are formed of ociahedral groups ef six 0 atoms and of
five 0 atotns and one OEI' group arotind Al atom, and each group shares an
eCige with a neighbour on either side. (1;'eHi, l'"eH) atoms too have an ectal}edral

coorclination. (Ca, Ce) atems are eightfold coordinated by o ,atoms in a rather
irregular fashion.

    Taking tlie$e structural aspects into account the formula of allaiiite can }]e
described, after that of epidote given by ITo,ie) as fe}lews:

                 Off (Ca, Ce),, (l7eiii, lf"eir) Al,0 Si,C), SiO.,

              Relationship between allanite axxd ep3dote

    B'rom the present analysis it is found that allanite and epidote have almost
the same ce]l-dimensions and tke same atem-coordinates. On tl)e other hand,
no continuous series is known as yet between epidote and aljanite. These two
minerals may, therefore, be said to be in a re]ationship eÅí 'tsotypte. Taking the
chemical censtitution ef allanite into conslderation, however, the term isotypie is
inapplicable to the present case. It would better be said that allanite is nothing
else than epidote in which a part of Ca atoms have been replaced by rare earth
atems, and in whicla because of the neutralization also Fe(Jiatoms have been
replaeed by Feii atems just as many as Ca atoms by Ce atoms.
    Sllmmarizing tiie results of the chemical analyses hitherto earried out by
many aut.}}ors, the content of CaO in allanite amounts te aboat 8'v1896. (There
are some data in whieh the content of CcLO amounts enly to about 39of. These
spechnens have, kowever, probab}y suffered weathering.) The contenl of Ca•0
in epidote eernmonly aiir}oLmts to about 23%. Accordingly, in the strLicture of
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 Fig. 5. Tke strticture of allatrite projeatÅëd eR <OIO) piane.
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epidote

atoms.

about 22--659/o of Ca atoms are ]ikeiy te be replaceable by rare earth
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