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Chemical properties of allanite from the Ryoke and Hirosima granite pegmatites in Shikoku, Japan

Tetsuo Minakawa, Norihiro Funakoshi and Hokusui Morioka

Abstract

Allanite is one of the most common REE minerals in the Ryoke and Hiroshima granite
pegmatites. It generally occurs as prismatic crystal up to 20cm in length to tabular masses
in the contact zone of ferro-biotite and feldspar. The wide variation in chemical composition
of allanite from the Ryoke and Hiroshima granite pegmatites are observed. Chemical analy-
sis by EDS identified allanite-Ce, allanite-Y and allanite-Nd. In allanite from the Ryoke
granite pegmatite, the major rare earth elements generally vary between 2 and 6 wt% Y,0s,
4 and 5.5 Ce;0; wt%, 3 and 6 Nd;O; wt¥%, 1 and 2 La,Os wt%, and in allanite from the Hirosima
granite pegmatite, 1 and 3 Y,0; wt%, 5 and 7 Ce:O; wt%, 2 and 3 La,O; wt%, 2 and 5 Nd.Os wt¥.
The contents of REE for allanite in granite and syenite are 0 and 1.5 Y.0s wt%, 5 and 7 Ce;
O wt% , 2 and 3 La:0; wt%, 2 and 3 Nd,Os wt%. In all allanite, the maximum Th content is 4.99
ThO: wt%, Ca contents vary between 4 and 10 wt%, Mn contents is 1 and 5 MnO wt%. Allanite
in the Ryoke granitie pegmatite are characterized by high contents of Y and Nd than those
in the Hirosima granite pegmatite and accsesory allanite in syenite and granite. La and Ce
are rich in accsesory allanite from the Hirosima granite pegmatite and Matuyama granite .

Secondary minerals such as rhabdophane-Nd, monazite-Nd, calkinsite-Ce, lanthanite-Nd,
thorite, bastnisite-Y, bastnisite-Ce, synchysite-Ce, Fe-chlorite, halloysite and pyrite are
found as white to dark green massive aggregates, crusts, veins and pseudomorphs after
allanite. Those minerals are formed by weathering and hydrothermal alteration such as
carbonatization, phpspatization and hydrolysis.
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Fig.1 Location map of allanite occurrences in Sikoku.
@: allanite pegmatite, O: none allanite pegmatite, A: allanite bearing granite, l:allanite bearing syenite.
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Table 1

Localities of allanite bearing granite, syenite and pegmatite in Shikoku

Granite:Matsuyama granite

BB B Gogoshima(l), % Dogo(3), HJI| Higashikawa, K% # Komenono

Syenite

K11 35 Taisanji, 1178 Yamanishi(2): edenite syenite, # L Moriage(13):
andradite hastingsite syenite, 0¥8Kuchisubo(16): hastingsite syenite

Pegmatite

Ryoke granitic P.: FE Sho(7), &#i1L Takanawasan(6), %% 4 Komenono(8),
A7 Tateiwa (9), EJIl Tamagawa(10), &1l Kanayama(18)

Hiroshima granitic P. : 7] Mategata(12), KBl Otoyama(14), A5 B
Hagatajima, $f 4 I Nonoe(15), £ &5 Tkinajima(17), 8l Fukuda(19)

Yuyama granitic P. : # » #il Wakegafuchi, 8% # Syukunono(d), BF/II¥

4 Ishitegawa(5)

Kasamatsuyama granitic P.: ] Z A Kawanouchi(11)

Gneiss : K& Oshima(20)

Numbers are shown in Fig. 1
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Fig. 2 Allanite and altered minerals after allanite from the Ryoke and Hiroshima granite pegmatite.

1 : Allanite-(Y) + Allanite-(Ce) from Tateiwa, Al:allanite, Ab:albite, scale bar is 5mm, 2 : Microphotograph (open
nicol) of allanite-(Nd) and allanite-(Ce) from Tateiwa, Nd: allanite-(Nd) and Ce; allanite-(Ce), scale bar is 0.4mm,
3 : Allanite-(Ce) from Mategata, scale bar is Imm, 4 : Bastnisite-(Ce) vein (—) cutting allanite from Siraishi,
scale bar is Smm, 5 :Monazite-(Nd) crust coating altered allanite from Kanavama, scale bar is 5mm, M: monazite-
(Nd), 6: Pseudomorphs {bastnisite-(Ce)+ syncysite-(Ce) + halloysite + pyrite} after allanite from Fukuda, scale
bar is 4dmm, S+B:syncysite-(Ce) + bastnisite-(Ce), K: K-feldspar.

7 14 k& albite - K-feldspar #0 ¢ & %, Allanite # feldspar OEIRILICHERR L TWS,

WO ZHE L0 RETIEREHERTSHD, mica &
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Fig.3 X-ray powder diffraction patterns of altered
allanite.

1: Brown massive aggregate, chamosite?, after
allanite from Mategata.

2 : Pseudomorph (bastnisite-Ce + syncysite-Ce +
halloysite + pyrite) after allanite from Fukuda,
S:syncysite-(Ce), B:bastnisite-(Ce).
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Fig.4 EDS patterns of allanite.
Allanite-(Ce) from Matsuyama granite,
Allanite-(Nd) from Takeiwa pegmatite,
Allanite-(Y) from Tateiwa pegmatite,
Allanite-(Ce)from Tateiwa pegmatite,

1:
2:
3:
4:
5: Allanite-(Ce) from Mategata.
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4-412 K Ef % FE allanite-(Ce), Figd-5i1c B T]iBE
allnite-(Ce) @EDS ¥ % — v 2R L TW 5,

Allanite (& S HEA < 5 W CHIHE S EFSHRE= G L,
FLHIC & 5508 allanite-(Ce), allanite-(Y),
allanite-(Nd) O3Fi¥iIc /¥ TE 32 &AWL H

Fig.5 Back scattered electron images of allanite.
1: Allanite-(Nd) and allanite-(Ce) from Tateiwa
pegmatite

2 : Allanite-(Y) from Tateiwa pegmatite.

3 : Allanite-(Ce) from Tateiwa pegmatite.
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Table2 Chemical compositions of allanite from the
Ryvoke granite pegmatites.

Tateiwa Sho Takara Takanawa
1 2 3 4 5 6 7

Si0: |30.11 30.02 30.35 31.56 | 31.75 30.95 31.82
TiO. | 0.00 0.04 001 000 ] 000 023 034
ALO, |1358 14.18 1431 16.12 | 15.72 13.75 14.66
FeO |12.08 13.99 15.24 1292 | 1415 16.33 14.41
MnO [ 551 192 4.27 155 127 152 118
CaO | 408 915 632 697 (1063 954 9.15
MgO | 055 002 176 038 | 195 172 148
Na20 | 0.03 0.10 002 064 ] 088 021 094
ThO. | 153 496 09 299 ( 023 234 1.89
Y0, | 467 488 320 218 | 318 3.01 431
Ce0: | 464 435 515 481 | 445 535 4.72
La:O; | 213 122 206 215 | 1.76 1.87 167
PrO, | 091 104 064 053 | 051 059 111
Nd:O,| 460 343 6.24 315 | 462 401 3.82
Sm.Os| 266 058 212 1.03| 1.82 223 3.4
Gd:O:| 321 088 321 231| 146 302 219
Dy:0s| 112 187 117 1.16| 006 000 0.89
Er:Q. | 177 000 112 080 | 140 112 0.23
Yb:O:| 1.00 108 004 007 037 033 0.06
Total |94.20 93.71 98.19 9142 [96.21 98.12 97.91

Totao Fe as IF'eO, Total Mn as MnO
1: allanite-(Y), 2: thorian allanite-(Y),
3 : allanite-(Nd), 4: allanite-(Ce)
5 : allanite-(Ce), 6: allanite-(Ce),
T: Neodian allanite-(Ce)
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Tabled Chemical compositions of allanite from the
Ryoke granite pegmatites, Matsuvama gran-
ite, Daimonji granite and syenite.

Kanayama Sakaguchi Fukuda.| Dogo Daimonji Moriage
1 2 3 4 5 6 7
Si0; |30.56 30.79 32.55 31.85 | 32.63 32.66 32.67
ALO; 116.00 1391 1749 16.05 | 15.97 1391 15.83
FeO |14.73 15.17 1030 10.62 | 11.55 1248 13.73
MnO | 1.26 452 090 144 | 034 016 034
CaO 909 579 T51 748 |1L77 1009 10.10
MgO | 186 241 135 127 061 202 0.7
NaO | 068 047 038 053 | 020 090 0.78
ThO, | 219 101 366 253 | 298 189 235
Y0, | 273 526 256 279 001 065 1.17
Ce:0s | 405 469 480 486 | 658 6.13 6,68
La:Os | 213 220 196 189 234 255 283
Pr:0: | 0.07 197 000 021 - 0.58 0.21
Nd:O:| 361 556 332 3.13| 205 434 4.29
Sm;0;| 1.85 194 143 251 | 173 169 2.83
Gd:O;| 223 141 3.00 351 156 297 1.37
Dy:Os| 1.07 0.03 007 122 | 064 042 0.54
Er:Os | 0.06 0.00 0.13 - 0.00 025 064
Total |94.17 97.12 91.42 91.89 | 90.96 93.69 97.11

*Fukuda.:Fukudayama, Total Fe as FeO, Total
Mn as MnO
1,3,4,5:allanite-(Ce),
(Ce)

2,6,7:Neodian allanite-

Fig. 6
from Tateiwa pegmatite.

Y:allanite-(Y), Ce: yttrian allanite-(Ce), scale bar is
100 ¢ m.

Back scattered electron image of allanite-Y

i< (& allanite-(Ce) iz 5 # 54Kk %R allanite-
YY) v ohsd (Figh)o HEHIKFE allanite
(Table 2-5) ItEWVWTH Ce 714 7HE (S
A2H, RPROLSEKICY, Nd IcFUHEEMEV, K
P& (Table 2-6), wi#lhili (Table 2-7), 4@ lSLK

#£ allanite (Table 3-1,-2) & [a)kk D {Lof I %
AL, HEELNELL NG Y 21 7RSS
TV, MEUAOHEKIERGEK~7 <54 O
FZMERTH 5O (B4 (Table 3-3), #HLL
(Table 3-4) FWwWdFh s Ce #4147 ThHY, Y Fflild
Rts T uh—fic Nd it gL s 5,

Allanite th@ Th BEiFER IE—E L2 WAs, i L8eK,
4.92wt%, B4, 3.99wt%, WIITIF 6 wthici¥
T 5, CaOfilild =7 <% 1 bEEKICKk - THEID
4 ~10wt% D% & 5535, —fRIC{EV» Cafliz & 5
Z &M%, REE/Ca{Hl3 K&V, Mn @34
HIZP2E < MnO & LT 5 wi%A A 235855580,

2. ILEETERS <7 < % 4 +PE allanite ®
{L0IRE
ETIE (B4) BLERPE allanite (Table 4-2,-3)
i CelcEd Y iIcZ LW, Nd @EEftoZ bak
ELHBNCBVTAREEEZRL, 1E1F Ce=Nd

Table4 Chemical compositions of allanite from the
Hirosima granite pegmatites and Yuyama
granite (Hirosima type) pegmatites

Syukunono Mategata Ishitegawa Otoyama Senogawa
1 2 3 4 5 6
Si0. 31.34 | 30.86 31.44 31.49 32.76  30.42
TiO: 0.44 0.21 0.15 0.00 0.00 0.76
AlLOs | 1264 | 13.79 14.26 14.80 13.80 8.45
FeO 13.44 | 1417 1235 16.76 11.44  17.03
MnO 1.89 1.24 1.19 4.80 3.28 0.89
CaO 8.77 | 10.56 9.84 341 4.24 9.41
MgO 1.75 1.90 0.85 0.62 2.94 2.61
Na:0 0.00 0.81 0.02 0.00 1.19 0.85
ThO: 1.08 2.90 0.15 1.51 2.18 0.76
Y20, 1.68 1.51 1.98 2.34 1.92 2.55
Ce:O; 6.78 6.37 5.03 7.98 5.54 7.52
La:0s 2.36 2.22 2.10 1.98 1.89 3.01
Pr.0; 1.33 0.09 1.50 1.60 0.44 1.02
Nd:O;| 4.08 2.51 5.02 6.13 441 4.61
Sm.0;| 2.14 1.93 2.00 - 2.76 0.63
Gd:0: | 3.12 2.56 2.12 0.92 2.71 0.81
Dy.0;| 1.16 1.95 0.79 0.15 0.58 0.33
Er,0, 0.42 0.45 1.11 0.00 0.20 0.09
Yb.Os| 0,01 0.49 1.19 0.00 0.00 0.26
Total | 94.43 | 96.52  93.09 93.55 92.28  92.01

Total Fe as FeO, Total Mn as MnO
1, 2, 5, 6; allanite-(Ce), 3, 4,: Neodian allanite-
(Ce)
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Table 3-51CiE % O HIEM G HRAEM» 5 &1
allanite EOFHEERL T35, YIZEEAL
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Fig. 7 Back scatterd electron image of pseudomorphs after allanite and vein minerals cutting altered allanite.

1: Syncysite-(Ce) + bastnisite-(Ce) + pyrite from Fukuda,

2 : Bastnisite-(Ce) + thorite in serisite vein cutting allanite from Shiraishi in Osaka,
3 : Bastnisite- (Ce) and bastniisite-(Y)? from Shiraishi in Osaka,

4 : Bastnisite-(Y)? from Shiraishi in Osaka.
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Fig. 8 EDS patterns of altered allanite from

Shiraish in Osaka.
1: allanite matrix, 2: bastnasite-(Ce),
3 : bastnésite-(Y)?

h 3, ERR allanite 2T 2 K&, d30id
% /- allanite 28 < M@kD
3547 THB, FRIRFIE allanite 5 D FHHR
Cit-> THOEFEHERKE LTRELTWS (Fig.2-
4, Fig.7-2,3), HBa~HKBE, WEHE~TRKRTH2
B, BARERE LTHRRSNBLHB3, Ch
% Tz &1L LEE Nd rich calkinsite-Ce (&)1,
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g, TEFF 4 thorite (BIS, 1999) ML
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518 5 h 1 bastndsite-Y OF L HLK L You
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Fig.9 EDS patterns of thorite and bastnésite-(Ce)
in Osaka.
1: thorite, 2: bastnésite-(Ce)
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Fig.10 EDS pattern of Syncysite-Ce from Fukuda
in Shodoshima.
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Fig.11 Y-Ce-Nd diagram for allanite from granite
pegmatite, granite and syenite.

@®: from Ryoke granite pegmatite, O: from
Hiroshima granite pegmatite, A: from Abukuma
granite pegmatite, (J: from Matsuyama granite, A:
from syenite.
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