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ABSTRACf

The results of electron-microprobe analyses of 38 samples of allanite from granitic rocks and calcite veins in the Grenville
province of southeastem Ontario'and southwestem Quebec are presented. Allanite from granitic rocks show a w.ider rang e o!ffn

contentsthanttrosefromcarbonateveins.Thesamplesofallanitestudiedexhibitthecoupledsolid-solutionCa
nZ* + IvP* as well as an omission solid-solution of the form 3Cazn =2REP* +n'

Keywords: allanite, epidote group, electron-microprobe analysis, solid solution, Grenville Province, Ontario, Quebec.

SoNaMerns

Nous pr6sentons les r6sultats d'analyses i la microsonde 6lectronique de trenre-huit 6chantillons d'allanite provenant de r@hes

granitiques et de filoni de calcite dans ia province du Grenville, dansie sud-est de l'Ontario et le sud-ouest du Qu6bec. L'allanite

ir6lev6e des roches granitiques montre une qlus gonde variabilit6 en tenews de teres rates (7R) que celle des 
frloqs 

de^carbonate'

La solution solide coupl6e Ca2+ + Al3+ * p"3+ -ip3+ + M2' et tn m&anisme impliquant une lacune, comm e 3Ca'* = 2TR3* + n,

rendent compte de la composition des &hantillons. 
(*aduit par la R6daction)

Mots-cl€s: allanite, groupe de f6pidote, analyses d la microsonde 6lectronique, solution solide, province du Grenville' Ontario,

Qudbec.

INTRODU(NON

Allanite-(Ce), which has, as idealized formula
(Ce,Ca"Y)z(Al,Fe3+)3(SiOr3(OH), is the most abundant
and widespread rare-earth-element-bearing mineral
found in the Grenville hovince of the Canadian Shield.
The allanite, which is commonly metamict, is an acces-
sory mineral in many rock types including: granite'
granitic pegmatite, syenite, syenitic pegmatite and cal-
cite skarns and veins. Allanite generally is associated
with radioactive minerals, and its mode of occurrence is
well documented (Ellsworth 1932, Hewiu 1955, Satterly
1957, Shaw 1958, Rose l960,Langet aL 1962, Masson
& Gordon 1981).

In the Grenville Province of southern Ontario and
southwestern Quebec, aUanite most commonly occurs
as an accessory mineral in $anitic pegmatites. From
textural, mineralogical and structural featuresn Masson
& Gordon (1981) divided these pegmatites into four
types: 1) simple zoned pegmatites, 2) complex zoned
pegmatites, 3) simple unzoned pegmatites, and 4) com-

* 
Present address: Grenville Minerals, P.O. Box 453' Kingston,

Ontario K7L 4W5.

plex unzoned pegmatites. Although allanite is found in
all four types, it is particularly abundant in simple zoned
pegmatites in the vicinity of Bancroft and Madawaska'
bntarlo. In this area, individual crystals up to 60 cm in
length and 15 cm in width have been reported (Hogarth
et aL 1983), Allanite also occurs as an accessory mineral
in some of the calcite veins of the Grenville hovince
(Hogarthet at.l983). Masson & Gordon (1981) divided
the uraniferous carbonate veins into two types based on
their mineralogy and internal structure. These are the
fluorite-apatite-rich pink carbonate veins, which Sat-
terly (195f referred to as the "fission type", and
'Cardiff or Eagle's Nest type" veins, which contain
calcite, fluorite, apatite, biotite, diopside, hornblende
and scapolite.

The purpose of the present study is to investigate the
detailed chemisuy of Grenville allanite by electron-mi-
croprobe analysis and to compare the compositions of
allanite from granitic pegmatites with those obtained
from calcite veins.

PREVIOUS STUNTTS OT. DTSTRIBUTION OF RARE-EARTH

Et-sMEI'l'fs N ALLANTTE

The distribution of the rare-earth elements (REE) in
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allanite was first described by Goldschmidt & Thomas-
sen (1924), who noted that allanite" like monazite.

concentrates the light rare-earth elements (LREE). Se-
menov (1958) attributed the preference for LREE to a

TABLE 1. LOCATION AND DESCRIPTION OF SAMPLES OF ALLANITE

SAMPLE DEPOSTT I{AI.IE

R1008

Rl010 Card i f f  M ine
R 1 0 1  1
R10 '12  co te  Quar ry

R1013 Rosenthgt Occur.
R1014 cuts Farm Occur.
R1015
R1018 Giroux prop (Bear

Lake il ine)

locATtoN HOST
80c(

GP

GP

CV

cv
cv

SZGP

GP
GP
SG
cv

SZGP
GP

SP
CZGP
SP

czeP

GP

cv
6P

CZGP

u
CUGP

CUCP

STJGP

GP
SZGP

cv

OP

GP

SUEP

SUGP

c1/

cv
STJGP

cv

GP

*T*
Sattef ty (1957)

E[ [8rcr th (1932),Roxe (1952)

satterty (192l)

s€t ter l .y  (1957)_--

logarth et at. (1983)

fieritt ('1954) 
---

Her i t t  (1954) 
- - -

Ssbina (1971) 
- - -

Etlsrorth (1932)
Heritt (1967)
Heritt (1954)
Satter ty (1957),  But t is  (1965)

: : :

Satterty (1957)

Satterty (1957)

satterty (1957)

fiarvie (t921)

Hdi t t  (1955)
ler l t t  (1955),  Et tsHorth (1932)

Sabin€ (1971)

Ettgror th (1932)

Heritt ('1955), Etl.srorth (1932)

tafontaine (1979)

sattefly (192)
ilagsor*cordon (1981)

tlaason & eo"Oon <tCglt
tilasson & Gordon (1981)

SOIJRCE

csc(07974)

RoM(24628)

ROlr(29754)

R0r,r(34034)

NMC(42755)
xr,!c(42758)
NMC(42759)

xr.lc(42760)
N(C<427&)
NMC(42766)
Nttic(42772,

NMC(43347)
Nf,rc(43348)

NMC(47504)
NMc(47550)
Nr.tc(47615 )
NMC(47681 )

NilC(48133)

NMC(48186)
NilC(481 88)

csc(60956)

GSC(60963)
GSC(60986)

csc(60987)

csc(60t4)

csc(60998)
Gsc(62545)

esc(63009)

csc(64446)

GSC(64447)

0w(lt1538)

outit0,t8617)

0!0r018618)

0r,610't8619)
aMil(118620)

Qfiil(r,t8621)
or,llt(1,18622)
0!$,r(M863)

R1002 Chalpagne Txp., Que. (Riviere Serpent-
near outtet of Lac Bois Ir€nc)

R1005 Moly .  co fp .  Cheddar  [  1 /Z  Lo t  11 ,  Conc.  11 ,  Card i f f  l xp . ,
Road occur. Ont.

R1006 F iss ion  (R ichardson)  Lo ts  4 -6 ,  Conc.  11 ,  C€d i f f  THp. ,  on t .
i l ine

Lot  7 ,  Conc.  11 ,  Armur  Trp . ,  Ont .  (Nor th
side of Pickerel ard Jack Lake R@d)
Lot A, conc. 17, c€rdiff TFp., ont.
Lot 27, Corc. 15, ctamrgan lxp., Ont.
Lots 14 ard 15, Conc. 4, Murchison Trp.,
Ont.
Lot 34, Conc. 4, Bndenell Trp., Ont.
Lot 34, Conc. 5, Brudenetl Twp., Ont.
S  1 /2  Lo t  26 ,  Corc .  19 ,  Ragtan  THp. ,  Ont .
L i tch f ie Id  THp. ,  oue.

11019 Five l,t i l .e Lake il ine Lot 17, com. Z, Dickem Trp., Ont.
R1020 Ust of ttaynmth, approx. 8 k|r from

Rl9?r *ai$rontr,rine i:l:'i;';:'i:ll'.,li"i!lil"'il;:,T;.
l ]9i1 Uat Gffi.East Quarry Lot 23, Corc. tS, LynAict irp., oirt.
x ruz)  Je te l l v iu .e  Cuts  Lo t  25 ,  Conc.  19 ,  Ragtan  Trp . ,  Ont .
R1026 Madaraska (F€rad€y) Lots 16 and ll, torcl,tt, r l" iOay rrp..

Mine Ont.
R1027 Lot i, Corc. 14, Lutterxorth Trp., (ptt

Rlo?8 i?L!| i;:i"l:,H*vs 
35 and 121 *oss)

R1029 Lot 6, Conc. Z, Dudtey THp., Ont. (f lry

Rlo3o Atr.in-Rurrner l ';ri 'f l:":,^:*:T:,t:#??|;i:1.,.
A[ [anite proD.

R1032 Lytton Tup., oue.
R1033 Bicfoft (Centre Lake) L;ts 27 a;rd'29, Corc. 11, Cardiff Try.,

Mine ont.
R1014 R6rc E€fth !,tine Sh€ft Lot 20, Conc. g, !,tornbuth lrp., Ont.

*1
R1035 Lsc a Baude Occuf. Normard Trp., eue. (Eagt short of L€c I

R1037 r.ratson fl uine i3fii, a"*. 6, r,tonteasre r*p., ont.
R1038 l,l€cDomtd iline-llorth Lot 1g, Conc. Z, ttontealte Trp., ont.

Di ke
R1039 Lot 27, conc. tg, Brougharn THp., ont (Hry

R1o4o ll;[3il"i.I,]ii,::il3#::1, *
Rlo41 3i:;ffi"'[::".;]',ill!ii."l^'r*,"1^*

Road 11.4 km north of Otter Lake
R1042 F.y L€ke Occur Lot ?1, Conc. B, Monteith Trp., ont.(Seguln Fat ls)
R1043 ilscDon€td iline - Lots 18 ard ,l9, Conc. 7, llonteagte frp.,

South Dike Ont.
R1044 Y€tes iline - Hatte Lots 16 ard i7, iange 5, Huddersfietd

Zone lrp., Oue.
R1045 Parhan occur. U 1lZ,Lot A, Conc. 8, Otden Trp., Ont.
R1046 Univers€t Light Lot 25, cm;. tS, r_ynaocl irp., ont.

lletats &cur.
R1048 l,titler Lake Occur. U 1/Z tot Z, Curc. 7, Ot.den lrp., Ont.
R1052 l'letsh Farm Occur. LoT g, Conc 10, ltonteagte irp., ont.R1054 sundstrm lorth |ltz Lot ta, c6nc. fa,-c".ioir irp.

Notes: n.d. npans !!not detectedtl
H2o- ras,catculated on the basis of 1 OH per fonnlta
F{'/Fe-' cas catculated by nomtizing on f ixed catis Ird anion surs of
si+M1+u2rtt!:6 ard (0,0H)=ll, respectively.

The fotloHing mtation js used todescrlbe the source of the specimens:
cSC - Geol.ogicat Survey of C€nsda, Ottars, Ontario
ROM - Royat ontario [useun, Ioronto, Ontaiio
NHC - Cansdian Muserm of Nature, Otiara, Ontario
QlilM - Queenrs University, Mil.ter l iuseun, Kingston, Ontsr.io

Host Rock Code6:
GP - granite pegDatlte
CV - catcite vein
SZGP - sirpl.e zoned granite pegmtlte
SlrcP - sinpts rnzoned granite pegmtito
SG - syenite gneiss
U - unknorn
CZGP - cqptex zoned grsnlte pegnatite
CUGP - corptex unzoned granite pegnatite
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crystal-chemical control. He showed that mineral struc-
tures having a cation site with a high coordination
number (1G12) are LREE-selective, and those with
low-coordinatron cationic sites prefer the heavy rare-
earths. Allanite" which has an ll-fold-coordinated site
(Dollase l97l), would therefore be expected to contain
a large proportionof. I'REE.

Several investigators have noted that the REE content
of allanite depends on thebulk chemistry of the host rock
(Vainshtein et al. 7956, Murata et al. 1957, Kosterin e/
al. 1961, Fleischer 1965, 1985). Murata et al. (1957)

defined I as the ratio (La+Ce+h)(total REE"), a numeri-
cal index to assess degree of fractionation of REE in
allanite from different sources. They showed that the
relatrve LREE enrichment of allanite increases pro-
gressively from granitic pegmatite to granodiorite to
iarbonatite to alkaline rocks to alkaline pegmatites.

Fleischer (1985) usedtheX value of Murata et al. (1957)
to compare data for 330 samples of allanite ftom a
variety ofrock types. lee & Bastron (1967) showed the
variation and relative abundance ofREE in allanite to be
related to the calcium content ofthe host rock. In a study
of accessory atlanite and monazite in the granitic rocks
of the Mount Wheeler mine area, Nevada they dis-
covered thal l) there is a direct correlation between
proximity to limestone and Ca content of the granitic
iocks, 2) the Ca content of the granitic rocks influences
the type of accessory minerals that developed, *9 l)
there is a direct correlation between Ca content of the
host rock and the I of the constituent allanite and
monazite.

It has been cornmon in the past to report results of
partial analyses of allanite. Furthermore, the frequent
presence of alteration products and inclusions in allanite
6Robinson & Abbey 1957, Withers 1976, Rimsaite
1978. Lafontaine l979,Masson & Gordon 1981, Habib
1982) makes most of the unpublished analytical data
suspect because all but a few have been based on
wet-chemical or bulk X-ray spectrographic methods. In
the present study, the use of the elecron microprobe to
study a wide range of elements allows a much more
complete study of the composition of allanite.

Serwt-e DEScRIPTIoNAND
Er-ecrRoN-MtcnoPRoBE DATA

The chemical composition of 38 grains of allanite was
determined by wavelength-dispersion electron-micro-
probe analysis. The microprobe data were collected on
an eru-SBtvtQ elecnon microprobe (take-off angle
52.5') equipped with Tracor Northern automation and
data reduction. Analytical conditions for quantitative
analysis include: an excitation voltage of 15 kV, beam
current of approximately 20 nA measured with a
Faraday cup, mean beam diameter of approximately 0.5

to 1.0 pm, and a counling time of 100 seconds (50
seconds on the peak and 25 seconds on each back-

ground). More specific instrumental settings for each
element are given by MacFarlane (1987).

Initial wa:velength-dispersion scans of the REE and
trace elements were conducted at 20 kV for eight
reDresentative samples, to determine which elements are
piesent and their approximate relative abundance' and
io select appropriate background positions. As a result"
the concentration of six REE (le Ce, Pr, Nd, Sm and
Gd) and two other trace elements (Y and Th) were found
to be above background. The scans were then superim-
posed and, with the aid of thewavelengthtables ofWhite
b. Johoron (lg7g), background positions above and
below the various peaks were chosen. During the
quantitative wavelength-dispersion-analysis, the upper
and lower background counts for these elements were
carefully monitored, and the dtfference was found to be
negligible. The K series of X-ray spiltra yT uled pr
thJm-ajor elements, the M series for Th, and the I series
for Y-and the REE. Lines were chosen to minimize

interference. By choosing the lar line for la' Ce and

Nd, and the LB1 line for Pr and Sm, no peak-overlap
corrections were needed. By assuming that there was no

Ho present, the,Lpl line for Gd could be used without
conection (Roeaer iggs). this assumption is supported,
as no Ho was observed in the spectral scans'

The locations and descriptions ofthe occurrences are
given in Table l. A list of the primary anOj"."9n!uw
itandards used in this study is presented in Table 2' A

TABLE 2. STANDAFDS USED FOR WAVELENGTH-DISPERSION
ELECTHON-MTCROPROBE ANALYSES

Stgnddd stmdsd
B€m6fr Number Nmo

sl, 'ti, Ai,
Fq Ms, ca

La 5341
c€ 9242
Pr eA5
Nd s244
Sm S24l)
od s261
Y S2€
Th s304
u s155

S@ndary Shdsd€

s(r8.86), n(283), AIC/.€g), 1
F€(8.4E, Mn (o04, MgC/.74,
cac/.36), Na(1.93), K(1.70),
o(41.90)
Sl(2221), Al(olE, Fo(asr, 1
Mn(5.5s), Mg(O20), Ca(5 39),
o(37.69)
l-a(59.39), P03.24), 0(r.36) 2
Co(59.60), P(141n, 0(27.24 2
P(59.74), P0a13), o(tl3) 2
Nd(60.30), P(1299, 0(26.75) 2
Sm(61.2€), P(1263), o(24(a) 2
Gd(e3q. P022E, 0(5.34 2
Y(€.35, P(16.s). o(s.80) 2
Tn(6/.s), 00214 2
u(88.15), O(11.8O 2

S205 l(aoMfts

s207 Rhodorflo

Synhdc L8PO.
sydhgdc c€Po.
q/dh€tio PrPo.
symh€tc NdPo.
sydhdlc smPo.
Sydmlc GdPO.
Sydhdc YPo.
Fus€d ThO.
Fus€d Uo,

sl , ' l l ,At s1$
FO, Mq Mg

14 C€, Pr S153

Nd, sm 9152

Gd Sl51

VG-2 Gl6 9(2a7q, n0.1 1), Alo.44),
Fe(9.20), Mn(o.14, Mg(4.0s),
ca0.sg, Na(1.94), K(0.1E,
o(4e65)
st(1269),A106.2q,cao8.10),
Y(3.20, La(269, C€(3.410)
Pr(479), 0(3489)
S10265),Al(16.21),Ca(l&t5),
Nd(369, Sm(36-4, Yb(3.74),
L!(c79, o(la28)
s(1 260),A106. I 5).coo 298),
Eu(380), od(3s1,'rb(x78),
Tm(481), 0(38.01)

REE Gl@
#3

REE SIA
92

REE GIa
s1

All dandnds do lrom tho Ousn'8 Dspdfrm ot G€doglcal Sdre Mloroprob€

1. Je€eioh 6t al. (1979) 2 Bdnor d 81. (19&) I Dnr€ & wdll (1974

Ngg:

@.
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TABLE 5' cHElillcAl collPostTloll (oBTAINED BY ELEcTRoft-t tcRopRoBE ANALysls) oF AILANITE FRoi THE GRENvttLE pRovnlcE

s i%
T i %
^,2u3
te$g
Fe0
in0
ilg0
ca0
te203
c%03
P12%
NQ%
Snb03
cQo3
Y203
rh%
nzu
Total.

Si 0A
ri02
AI2Og
Fe203
Fe0
l,ln0
ilg0
Ca0
LsZ03
Ce03
Pr20g
r{Q03
SlhO3
cdr03
Y2Q
Th%
n2u
Total

R1002 R1005 R1006rR1OO8 R1010 R1011 Rlol2rR1013 RtOl4 Rt015 R1018 R1019 S!-gaq Blg Bl!?4 R1025 R1O?6 RlO27 RlO28
t2.92 31.06 30.21 33.20 t2.65 31.62 33.U 12.05 3t.24 31.8 t2.50 t1.73 B.6r $.12 31.'t1 32.45 30.40 3?.8S 32.69

.95 .E .r2 .,t7 .68 .65 ,r5 .40 ,68 .48 .33 1.O2 .42 .28 .75 .50 1.2A .58 ,4816.65 l!.87 1t.21 18.67 13.r7 14.13 17.91 16.& 14.85 15.87 17.5t 15.9.1 16,40 't6.61 16.10 15.72 9.62 17.12 17.O011'8/ 15.54 14.47 5.79 1t.6 fi.n $.58 7.71 12.96 13.* 9.88 13.33 15,10 12.03 10.12 15.51 17.7t 7.81 7.192.66  2 .72  .00  3 .7 f  5 .45  .79  .00  5 .51  3 .8 !  3 . .15  2 .11  1 .O7 1 .76  4 . t6  2 .4 ' t  3 .73  5 .01  3 .70  3 .20.24 .48 .59 .55 -26 .37 2.35 .40 .27 .tO .12 .27 .27 :t i .E,r .y .63 .27 .14.80 .28 .83 .?3 .60 .58 ,41 .46 1:Ot .g3 1.99 1.38 .71 .45 .17 .80 .51 2.15 2,5g11'11 10.62 7.75 11'v l1-e6 10.20 12.45 12.21 lt. i  tz'.og 12.03 9.7a r.or rr.rs f i.oz 1z.La 9. 1i.26 ,t1.43
5'65 6.90 7.70 3.87 7.70 6.6 1.36 5.68 6.17 4.09 7.26 6.14 5.2t 7.28 5.59 6.24 8.47 8.74 8.709.7J 10.03 10.'10 8.13 10.08 10.52 3.21 9.78 10.69 10.24 10.33 1,t.30 8.E2 10.29 10.2E 10.25 11.29 11.62 11.U.e9  .80  .n  .u  .82  .82  .48  1 ,Oa 1 .05  1 .01  .92  1 .1 .1  .92  1 .06  .s4  ,w .80  1 .01  .u2 .& 1 .87  1 .63  3 .51  1 .78  2 .30  2 .10  2 .7a  2 .m 2 .& 2 . t7  3 .45  2 .88  3 .06  z .s  2 .74  1 .74  2 .27  1 ..22  n .d .  n .d .  .52  n .d .  n .d .  .86  n .d .  n ,d .  n .d .  n .d .  .29  n .d ,  .45  n .d .  n .d .  n .d .  n .d .  n .d ..24  n .d .  n .d .  . !6  n .d .  .20  1 .41  n .d .  n .d .  n .d .  n .d ,  .21  n .d .  .29  n .d .  n .d ,  n .d .  n .d .  n ,d .n .d .  n .d .  n .d .  .41  n .d .  n .d .  4 .4T n .d .  n .d .  n .d .  n .d .  n .d .  n .d .  n .d .  n .d .  n .d .  n .d .  n .d .  n .d .1'22 '89 '1.13 -51 1.oo n.d. z.1o .r7 .!3 n.d. n.d. .69 n.d. n.d. .80 n.d. n,d. n.d. n,d.

++ ry 1.47 1.5e 1.61_ ,1,4 1.7't  1.5e 1.65 ,t .62 J,e J_61 1.8 ' t .6 1.5r _14 1.54 1.65 1.6'100-56 97.37 90.5693.89 10'1.8598.19 100.5996.n ror.arc9.36 99.01 99.30 rOO.alroz.eoca.rg'1o1.42 .9g 101.0699.21
R10?9 R'1030 R1032 R1033 R1034 !lE!: i'1037r Nlo38 R1039 R1040 R1041 RlO42. RlO43. R1044 R1045 R1046 ElO48 R1052 Elg5g
30.63 !4.06 32.28 32.35 30.48 31.62 31.88 !4.5! 30.59 31.53 30.53 33.12 32.V t2.50 3r.11 51.06 31.02 32.50 to.21 .63  .18  .60  .78  1 .98  1 .25  .57  .?3  .80 ,1 .6s  .88  .80  .22  .42  .65  .85  .70  .7A 1 .1512.8 ' '17 .59 ' f5 .81  15 .70  14 .19  14 .53  15 .40  18 .21  l t .  8 .80  14 .74 ' t6 .55  17 .6  16 ,23  11 ,m 8 .47  12 .21  15 .y  13 .0210.12 12.50 14.@ 9.76 11.O4 15.67 17.61 15.20 9.'t6 18.0,t 4.69 18.58 13.44 't0.27 L.71 8.85 5.n p.98 6.447.97 3'70 2.51 6.57 4-s0 1.11 .oo .& 6.18 6.26 7.91 .00 .00 3.99 5.01 6.04 8.4 3.13 7,81.31 .A .17 .22 -28 .55 .74 ,21 .CS 

-.rr 
,36 .54 .32 .17 

' 
.s ,58 .31 .44 .48.26 .31 1.04 .r3 .31 .96 .46 .56 .20 .r,s .43 1.A .10 1.r8 ,f5 . .65 ,t.01 .4'l9'82 15.12 12.87 1't.25 e-ze e.63 13.24 14.tt to.ii c-.ze f.s 11.a1 ti.t6 i'.11 e.61 1o.zr'to.zt 12,33 9.7s10.67 !.69 7.s6 6.94 9.06 6.40 2.59 t.42 7.44 M-.11 5.7s 5,30 3.12 7'. i s.17 7.r9 8.07 7.62 7.s4'f1.60 6.99 8.68 11.50 10.78 11.44 6.17 6.91 9.99 10.9t 9,72 9.t9 6.80 10.85 ,t,t. l1 10.14 10.58 9.37 10.78.70 .80 .63 1.12 .7A 1.'t6 .81 .76 .74 .4a ,88 ,1.10 ,83 .89 .70 .88 .69 ,71 .851.31  2-44  1 .42  2-85  1 .59  3 .n  2 .8  2 .26  1 .57  .91  2 .65  3 .08  Z .9o  2 .26  1 .43  1 .80  1 .81  1 .49  2 .O3n.d. .35 n.d. n.d. n.d. ,28 .49 .30 n.d. n,d. n.d. .Zg .45 n.d. n.d. ,20 n.d. n.d, n.d.n .d .  .25  n .d .  n .d .  n .d .  .29  .25  n .d .  n .d .  n .d .  n .d .  n .d .  n .d .  n .d .  n .d .  n .d .  n .d .  n .d .  n .d .n .d .  n .d .  n ,d .  n .d .  n .d .  n .d .  n .d ,  n .d .  n .d .  n .d .  n .d .  . ,18  n .d .  n .d .  n .d ,  n .d .  n .d .  n .d .  n .d .n'd' z'u '70 .70 .93 -4s 4.16 1.to .99 n.d. 1,6s .50 r.i5 .63 .6'1 1.14 .43 ,50 .gz

14,4 1.62 1.54 
J4,+A _14 1.51 1.52 1.4e '1.72 1.60 _L€ _l*:t _J4 J_47. 1.6' 1.4799'45 102.07t.80 101.6997.06 101.3398,87 1o1 1.7%.35 Toz.rccr.oz '104.049t.08 100.289g.04 94.65 92.63 g9.8! 93.34

kaersutite standard (Jarosewich et al. 1979'l was used for
the major elementso as no suitable epidote or allanite
standard was available. All the data wire corrected with
a"ZAF' matrix-corection program provided by Tracor
Northem. The resulting composition; are listedjn Table
3. Secondary standards were analyzed as unknowns at
the beginning, middle andend ofeachanahtical session.
Each time the secondary standards were run, 5, l0 or 15
spots were analyzed and averaged. Ifthe average varied
by more than 5Vo of the expected value for the maior
elements, or 7 .5Vo for the minor elements in the sec6n-
dary standard, the data were rejected. The term ..maior
element" refers to tlose elements with a concentratitn
greater thar 5Vo in the secondary standard. Table 4
compares the range and mean ofthe concentrations (in
atomic 7o) deiermined in this study with the results of
Has.egawa (1960). The two sets of results are very
similar, with the smaller ranges of the present study
consistent with the smaller set of samples and restricted
types of occwrence. Figures la and lb show the
chondrite-normalized concentrations of rhe kEE in
allanite in granitic rocks and calcite veins, respectivelv.
The REE enrichment trends for the two groupi are very

close. Although the relative slopes are very similar, the
spread ofchondrite-normalized values, for a particular
RE4 is smaller for the nine samples of allanite from
calcite veins than that for the 29 samples ofallanite from
granitic rocks.

In a study of uranothorite from eastern Ontario"
Robinson & Abbey (1957) showed that thorite from
calcite veins is greatly enriched in the REE relative to
thorite from granitic pegmatites. No such difference in
enrichment in REE was found in the allanite specimens
studied here.

COUPLED SussmuToNs TN ALT-A,NIE

A chemical substitution that takes place in allanite is
the replacement of Ca2+ by trivalent REE in the A sites,
coupled with a substitution ofdivalent species (predomi-
nantly Fea *d Inlgt) for trivalent species (inedomi-
nantly Al3+ and Fe3*) in the M sites (Fig. 2):

c** + lfi* = REE* + r,P* (l)
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TABLE 4. COMPOSMOML RANGES OBSERVED IN ALLANITE

Slandard
Eemont Rango(dornic %)
st 14.12-16.13
11 0.1G 1.19
At 4.6&9.88
FE 6.W17.47
Mn 0.@- 0.63
M9 0.(F 1.56
Ca 5.54-10.81
La 221-10.8
Co 5.27-9.92
Pr 0.41- 0.99
Nd 0.7&3.23
Sm 0.00,0.45
Gd 0.m- 0.31
Y 0.0G0.@
"rh 0.0G3.66
REE 11.a,'20.85

M6an
14.96
0.44
7.98
11.37
o.8
0.45
8.03
n@
&51
o.74
1.S
0.@
0.05
0.01
o.d2
17.n

Doridlon
0.52
o.
1 , 1 7
212
0.13
0.34
1.@
t .@
ln
0.13
0.58
0.15
0.10
0.06
0.@
238

tr
o

!

U

&

1o'

Compodtlonal Ranges Obss^€d In 126 gamplss of Allanhs
trom World-wide Localiil6 (Has€awa 1960)

Elomsnt Range (€iornlc %)
st 13.5&16.36
n 0.0G 210
N 3.70-1217
Fd* 23}^14.n
Fs$ 0.00.7.@
Mn 0.00- 5.42
Mg 0.@ 211
Ca 21$1215
REE 11.11-t.35

Mean
'14.83
o.47
s.25
&18
2e.
1.66
0.61
7.9
19.@

This coupled substitution allows all sites to remain filled'
and charge balance to be maintained.

The low A-site occupancies of some of the samples
suggest another mechanism of substitution, of the form

3C*n =\REE* +n (2)

which also would maintain charge neutrality. Figure 3
shows the sum of all cations in the A site versus REE
minus divalent cations in the M sites. XREE - Il* is the
amount of REE not participating in the coupled substi-
tution [mechanism (1)]. The omission-style substitution
[mechanism (2)] results in a correspondence betweenthe
deficiency in the A site and the amount of REE not
participating in the coupled substitution. Figure 3 shows
this conespondence; the intercept in A-site occupancy
of 1.92 is close to the expected value of 2 (full ,4 sites)
expected where all the REE are attributed to the coupled
substitution [mechanism (l)] discussed above. Figure 3
shows that most of the allanite samples studied exhibit
vacancy on theA site to varying deglees, indicating that
the omission-style substitution is not unusual in these
samples. It is possible that the omission-style substitu-
tion may be common in other epidote-group minerals
that have lesser amounts of REE than allanite. Further
work is required to test this hypothesis.

ALLANnE FRoM THE GoLE Quennv

The allanite-(Y) (R1012) from the Gole quarry was

(b )

Ftc. l. Chondrite-normalized concentrations of the REE in
allanite a) from granitic pegmatites, and b) from calcite
veins. The triangles represent the values for the sample from
the Gole quarry. The dashed line in a) connects the values
for the allanite from Mitchell Township, Quebec (RlM0)'
A solid line connects *te triangles, which are the averages
for the samples studied.

previously analyzed by Frondel (1964). She noted that
this material contains Y as the dominant A-site trivalent
species instead of Ce, as is common in most cases' After
siudying two heat-treated samples by X-ray diffraction'
however. Frondel concluded that this material is not
allenite at all but possibly a new species. We have
studied this high-Y, metamict material from the Gole
quarry and find it to have a chemical composition
consiltent with allanite and to contain appreciable
amounts of the intermedixe REE, as is common in
yttrium-rich allanite. This material contains the highest
itomic percentage of Y (3.527o), Sm (0.747o)' Gd

Standard
Dwidion

1.86
0.07
u.s

0.10
0.06
u.@
0.4(,
1 . 1 0

o

E

o

\
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-0.975 x + 4.73

0.0  0 .5  1 .0  1 .5  2 .O

Tolal REE +(Fe?++Mg+Mn)
Frc. 2. The coupled substitution of Ca2+ + (Al3+,Fe3+) = REE + M2* is the dominant

mechanism of solid solution in allanite.

+
o

q)
Fq 4.0
+

+
o
a
+

(1.227o) and Mn (l.82Vo), and the lowest atomic per-
centage of La (l .82Vo) and Ce (2.7 47o) observed in the
present study. Figure la shows the very different REE
abundances in this material. In addition to containing
allanite-(1), the Gole quarry contains abundant ferguson-
ite, YMO4, which suggests that the pegmatite itself
represents a unique Y-rich geological environment.

ALLANIE FRoM MncHsI-L TowNsHtp

A sample of allanite from Mitchell Township, Quebec
(R1040) contains more La than Ce. In addition, it
contains the highest atomic percentage of total REE
(20.8580) and total iron (17.47Vo), and the lowest
aluminum (4.667o), W (0.4l%o) and Nd (0.78V0) ob-

o
=
o

0.0  0 .2  0 .4  0 .6  0 .8  1 .0
T o t o l  R E E  -  M ' *

Ftc. 3. If the only mechanism of substitution operating in allanite is Ca2+ + Al3* + Fe3+ =
REE + Mz+,then REE and M2* should be in equal ab undance (EEE - II'P+ = 0). However,
as REE - lul+2 lncreases, the sum of cations in the A site is seen to decrease in order to
maintain charge neutrality, indicating that the substitution of 3Ca2+ = 2REE+ + n
operates in allanite.
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rABLE 5. SUMMARY OF pr{ysrcAl DATA FoR AIJANITE-(Ia) CONCLUSIONS

thrae strongest llnes:
hkL  d(obs . )A

2,944Loo, 2.7355, 3.24sr
I/Lo
l6
L9

l8

2L
10

L7
35

L6
5L
24

L00
1 a

39

2T

001
101

To2

9 .242
7 .957

5  . 053

4 .740
4.062
3 . 8 1 8
3 .623

3.243
3  . 191

2 .944

2.891
2 .730
2 .642

2 ,576

110
200
U.1
0L2
zLL

2L0
201
Zo3

fr3

o20
0t3

202

e  8 .934 (3 )  h  5 .760 (2 )  e  10 .236 (3 )  B  LL4 .e (2 ) '
sp.axp, !211E !-2

colour black streak brom E, 5 - 5 L/2
cleavage- (100) Poor fracture concholdal
Denst t t  3 .69-4 .o2  g /cn3 neas .  4 .06  g /cm3 ca lc .

optlqal plopertles
b i s l a l  + v e  a  1 . 7 3 0 ( 5 )  P  L . 7 4 0 ( 5 ) ' t  1 . 7 7 0 ( 5 )

2V -  129(2) '  (neas . )  1 "19"  (ca lc . )

(Ca6.sslas.a3Ce6-3sPre.s2Nde.m) n. 61

(Fe]:zsA!.o.eeFE?+soTio.rlgo.osl{no.0z)D.e8si3.o1012(0H)

one l{ pel forrula assued.

Allanite from the Grenville Province show a well-de-
veloped substitution of the form Ca2* + Al& + Fe3+ =

RErt* + UP* as well as an omission substitution 3Ca2*
=ZREE+ +8.
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