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ABSTRACT

Monazite specimens from various localities in the Alps
have been examined by electon microprobe and by single-
crystal X-ray diffraction. With the exception of Sm, which
is higher in general in pegmatite specimens, the average dis-
tribution of the.REE is similar for fissure and pegmatite
samples. The general avaage is similar to the value reported
in the literature for the mineral; appreciable variations,
however, occur in several cases. The samples from pegma-
tites usually contain higher amounts of actinides (U, Th)
than the samples from fissures; in some cases, the REE dis-
tribution of very highly thorian and uranoan monazite is
markedly different from the average, but no unique corre-
lation between such distribution and the actinide content
is found. There is evidence that the Y-REE fractionation
does not depend exclusively on differences in ionic radii.
Particularly interesting is the presence of sulfate ion (up
to about lVo SO3) in specimens of the Devero-Formazza-
Veglia area.

Keywords: monazite, rare eanhs, )ttrium, thorium, ura-
nium, pegmatite, fissure, Alps, electron-microprobe
analysis.

SOMMAIRE

Nous avons €tudi6 des €chantillons de monazite de diver-
ses localitds dans les Alpes, par microsonde 6lectronique
et par diffraction X sur cristal unique. A I'exception du
Sm, qui est enrichi dans les dchantillons pegmatitiques, en
g€n6ral, les teneurs en terres rares de la monazite pegmati-
tique et celle des fentes alpines sont semblables. La com-
position moyenne ressemble d'ailleurs d la composition cit6e
dans la litt6rature, mais il existe des variations importan-
tes dans plusieurs cas. La monazite des pegmatites contient
g€n€ralement plus d'uranium et de thorium que celle des
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fentes alpines. Dans certains cas, la distribution des terres
rares dans un monazite riche en Th et en U s'6carte beau-
coup de la moyenne, mais sans corr6lation dvidente avec
la teneur en Th et U. Le fractionnement entre Y et les ter-
res rrues ne d6pendrait pas uniquement des diff6rences en
rayon ionique. Nous signalons la prdsence de sulfate
(usqu'i environ I 9o) dans les 6chantillons de la r6gion de
Devero-Formazza-Veglia.

(Traduit par la R6daction)

Mots-cl6s: monazite, terres r:ues' yttrium, thorium, ura-
nium, pegmatite, fentes alpines, Alpes, analyse i la
microsonde 6lectronique.

INTRODUCTION

Monazite from the Alps has been known for more

than a century and a half. On account of its rarity

and the beauty of some samples, it has been consi-
dered as one of the most prized of Alpine fissure
minerals. Many new localities of monazite have been

discovered, even quite recently; this paper deals in
considerable part with this new material. An account
of some discovery sites was given by Gramaccioli
(L977), but the situation has changed considerably
since then. Yet, there are only a few complete chem-
ical analyses available for Alpine monazite.

Some years ago, our group (Mannucci et al. 1986)
made a preliminary comparative study of eleven
monazite specimens from various Alpine localities,
eight from pegmatitic occurrences and three from
Alpine fissures. Our study showed that the compo-
sition of monazile varies considerably, and we found
no correlation between the REE distribution and the
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TABI,E 1. CONDITIONS AND STANDARDS FOR
ELECTRON-MICROPROBE ANAI,YS I S

AcceLeratlng voltag€: 20 kV
gmpl€ cunent on brasB: 0.01 t IA
Beu atpt dimeLers about 15 pB
Counthg tLne3 l0 I at lDak tDeltlon

2 a at both backgroundE
AnaLyzhg crystals3
PEII P!d, ThUq, WB, CaIa, La!c,

Ce!c, Pr!q, NdLq, Yl:c, SKq
LIf SELo, Cd],q
RAP gltrq
Anali'tlcaf standarda :
sl ,P apatt te,  USNu lO4O2r'
S synth€Clc standard qel€st lne
Ca enatat i te,  USNM 745-
Y  B t m t h e t l c  9 1 a s s ,  4 . 4 1  w t . t  Y , O ,
La slmthet lc a1ass, 14.45 wt.8 La-"O,
C e  s l m t h e t l c  g l a B B ,  1 9 . 7 0  w t . t  C e ; O :
P r  E y n l h e t l c  g l a s s ,  8 . 5 5  w f , t  p r d , '
N d  B l m L h e t l c  g l a s s ,  1 5 . 0 7  w L . C  N a , b ,
S n  a t m L h e t l c  g L a a a ,  4 . 7 3  w t . 8  S E , d . -
G<l synthet lc alasa, 5,02 sg.t  cd;O;
Th synLhot. lc glass, 10,05 f ,L.8 ThO-"
U slmthettc uranlm oxld€ 99.80 rt .8 UO-
M€ehod of so!!€ctLons Magic Iv (Colby 1968)"

Jaros4tch et al .  (  1980 ) .

rABLE 2. I COUPARISON BETWEEN OUR MSULTS AIID BSPECTAD VIUAS

( 1 )

contents of Th, U, Ca and Si. The reason for thrs
lack of correlation is the ideal behavior of monazite
as a solid solution. On the whole, pegmatite monazite
is richer in Th (as well as Si and other non-REE
metals) than fssure monazite, but there is no definite
compositional distinction between the two fields.
One group of pegmatitic monazite was found to be
relatively high in U and Th: a specimen from Piona
contains 10.5 wt.q0 ThO2 and 12.0 wt.Vo UO2, and
another from Rio Graia, Val Yigezzo, contains 19.5
wt.Vo ThO2 and 1.6 wt.9o UO2.

A previous study (Gramaccioli & Segalstad 1978)
of another specimen of monazite from Piona showed
the presence of ll.3 wt.9o ThO2 and 15.6 wt.9o
UO2; another study by Gulson & Krogh (1973) gave
9.5 wt.Vo UO2 in the Bergell monazite, confirming
the very unusual composition of some Alpine
samples.

Recently, Graeser & Schwander (1987) showed the
presence of other possible end-members in the
monazite group, /.e., gasparite (the As-equivalent of
monazite) and monazite-(Nd), both found in Alpine
fissures of the Devero (Cherbadung)-Formazza arer.,

EXPEPJMENTAL PROCEDURE

We followed virtually the same experimental
procedure as in our earlier study. Electron-
microprobe analyses were performed on polished
glain-mounts, using the ARL-SEMQ instrument of

k - o -  d . g  2 . 7
co:o: 5.9
noioi  3.1
P':o:  I .7
s d o :  0 . 5
cd;o: 0.5
v , 6 .  

-  
1 . 1

1 . 6

0 . 1
0 . 4

6 . 8

0 . 1

3 . 4
8 . 0

3 . 7
8 . 2

R€sulta ple6ented fo! !h!eg Btmthetl.c glass€si average o! 4
analysog ( f llat col@) and ealEcted vahea of REE oald€s
(a€cond co l@)  .

IABLE 3. eNAr.yTrcsl RssuLTg Fl'R rgE DlFrERsrT sA!.{pras'

t a ,

La,o i  9 .7  19 .2- IO.7 l
@ ; o : 2 3 . 3 ( 2 2 . o - 2 4 , X |
F r ; o ;  3 . 4  ( 2 . 7 - 4 . 3 1
Nd;o ;  ro .6  (e -4-L7 .7 '
s n ; o ;  3 . 0  ( 2 . s - 3 . 4 )
Gd;o ;  2 .3  (2 .2 -2 .71
Y , 6 . -  3 . 6  ( 3 . 3 - 3 . 9 )
rho ;  t7 . r ( to .2 -72 .21
u o ,  0 . 7  ( 0 . 6 - 0 . 9 ,
c a o  1 . 3  ( 1 . 1 - 2 . 1 )
so-  o .o
Pd"  2a .se7 .6 -2s .31
s l o :  1 . 6  ( 0 . 2 - L . g )
rotir 

-!5J

:c/rao o.gglt.01

( 5 )

l a " o .  1 2 . 3  ( 1 1 . 8 - 1 2 . 7 )
cs;o; 2s. r (27. 3-2s,7',
P r , o .  3 . 4  ( 2 . 7 - 3 . 7 ,
N d ; o ;  x 0 . e  ( e . e - 1 x . 8 )
s n ; o ;  2 . 3  ( 2 . 0 - 2 . 6 1
cd;o ;  I .7  l r .4 -2 . r ,
Y , 6 . -  0 . 3  ( 0 . 2 - 0 . 4 )
r h o ;  8 . 3  ( 7 . 9 - 8 . 8 )
u o , -  0 . s  ( 0 . 4 - 0 . 5 )
c a 6  1 . 7  ( 1 . 6 - 1 . 9 )
g{r1 0.0
P , o .  3 0 . 6 ( 2 8 . 9 - 3 1 . 9 )
s l o :  0 . 3  ( 0 . 0 - 0 . 4 )
rotir roo.-7

rcl:A 0.98/1.01

( 2 1

e . 8  ( e . 0 - 1 0 . 2 )
23 .L(2 I .4 -24 .4 ' , t

3 . 3  ( 2 . 8 - 3 . 9 ,
LO.9  ( !O.2- I2 .41

3 . 4  ( 3 . 1 - 3 . 7 )
2 . 5  ( 0 . 6 - 2 . 8 )
3 . 0  ( 2 . 5 - 4 . 7 )

1 4 . 6 ( 1 4 . 2 - 1 6 . 0 )
0 . 4  ( o . 2 - 0 . 6 )
0 . 7  ( 0 . 5 - 0 . 7 )

2 7 . O ( 2 5 . 7 - 2 4 . 2 )
2 . 6  ( 2 . r - 3 . 3 '

101.3

0 . 9 9 1 1 . 0 0

( 6 )

1 3 . 7  ( 1 3 . 0 - 1 4 . 1 )
2 7 . 1  ( 2 L . 2 - 2 2 , 5 '

1 . 4  ( O . 9 - X . 2 )
3 . 6  ( 3 . 3 - 3 . 9 )
1 . 1  ( 1 . 0 - 1 . 3 )
1 . 1  ( 1 . 0 - r . . 7 )
0 . 5  ( 0 . 5 - 0 . 8 )

22 ,512r .7 -23 .6 '
1 . 2  ( O . 9 - 1 . 3 )
3 . 9  ( 3 . 8 - 4 . 2 )

2 8 . 4 1 2 1  , 5 - 2 9 . O '
0 . 6  ( 0 . 3 - 0 . 9 )

L . 0 2 / O . 9 8

( 3 )

7 .4  (6 .9 -7 .6 ' , t
z z .  z  l z t .  o - z z .  o ,

3 . O  ( 2 . 9 - 3 . 3 )
1 1 . 2  (  1 0 . 8 - 1 1 . 6  )

5 . 2  ( 5 . 9 - 5 . 5 )
2 .6  12 .5-2 .8 ' , t
0 . 3  ( 0 . x - 0 . 4 )

r l .  u  I  l u .  D - r l .  o ,

4 . 5  ( 4 . 1 - 4 . 9 )
3 . 2  ( 3 . 0 - 3 . 4 )

29 .4(27 .7-3O.4 '

1 o o . o

r . o 2 / o . 9 9

t 7 l

' J .3 .5  (L2 .7-L4 .7  '
24 .4(27  . t -2e .31

3 . 8  ( 3 . 6 - 4 . 7 )
1 2 . 9  ( 1 2 . 1 - 1 3 . 8 )

z . z  l L . a - 2 . 5 )

1 . S  ( 1 . 7 - 2 . 0 )
0 . 7  ( 0 . 4 - 1 . 3 )
5 . 0  ( 3 . 8 - 6 . 0 )
0 . 1  ( 0 . 0 - 0 . 2 )
0 . 4  ( 0 . 3 - 0 . 5 )

3 0 . 1 ( 2 9 . 5 - 3 0 . 6 )
0 . 6  ( 0 . 0 - 1 . 2 )

0 . 9 6 1 1 . 0 3

( 4 )

1 2 . o ( L r . 4 - r 2 . 6 1
26.O125.2-24 .41

3 . 8  ( 3 . 1 - 5 . 5 )
1 1 . 0  ( 8 . 8 - 1 3 . X )

2 . 9  ( 2 . 4 - 3 . 5 1
2 . 8  ( 2 . 5 - 3 . 3 )
2 .7  lL .e -3 .61
4 . 8  ( 3 . 8 - 5 . 4 )
z . o  l 9 . t - r . q t

1 . 6  ( 1 . 3 - 1 . 9 )

3 1 . 5  ( 3 0 . 3 - 3 3 . 4 )
0 . 3  ( o . 0 - 0 . ? )

1 0 2 . 0

0 . 9 8 / 1 . 0 1

( 8 )

1 5 . 4 ( 1 4 . 8 - 1 5 . 9 )
3 1 .  O  ( 2 9 . 0 - 3 2 . 5  )

3 . 7  ( 3 . r . - 4 . 6 )
x x . 2  ( 1 0 . 3 - 1 3 . 8 )

2 . 1  ( 1 . 8 - 2 . 8 )
2 . O  ( L . 6 - 2 . 3 1
0 . e  ( o . 7 - 0 . 9 )
1 . 0  ( 0 . 6 - 1 . 8 )
0 . 1  ( 0 . 0 - 0 . 2 )
0 . 2  ( 0 . 1 - 0 . 3 )

3 1 . 0  ( 3 0 . 3 - 3 2 . 9 )
0 . 1  ( 0 . 0 - 0 . 2 )

98 .7

1 . 0 0 / 0 . 9 3
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( e )

L a " o "  1 . 5 . 1 ( 1 5 . 4 - 1 5 . 9 )
c € ; o ;  3 1 . 3 ( 3 0 . 2 - 3 3 . 8 )
P r ; o ;  3 . 1  ( 2 . 1 - 3 . 8 )
N d ; o ;  1 0 . 5 ( 1 0 . 2 - 1 0 . e )
s E ; o ;  2 . o  G . e - 2 . 1 1
G d ; o ;  1 . s  ( 1 . 7 - 1 . e )
Y , 6 , -  1 . 9  ( 1 . 3 - 2 . S )
rho ;  0 .9  (o .  t -1 .8 )
o o " '  o . t  ( o . o - 0 . 3 )
c a o  0 . 6  ( 0 . 3 - 1 . 9 )
9O"  O.O
P , 6 "  3 0 . s ( 2 9 . 6 - 3 1 . 3 )
s l o :  o . o  ( 0 . o - 0 . 2 )
rotAt s&9

rc l rA  o .gL l r .oL

( 1 3 )

L a , o r  1 5 . 0  (  1 4 . 3 - 1 5 . 9  )
c e ; o .  3 0 . 9 ( 2 9 . 2 - 3 3 . 3 )
P r : o :  3 . 2  ( 3 . 1 - 6 . 4 )
Nd;o :  12 .  o  (  to .  e -13 .1  )
s n ; o ;  2 . t  ( 1 . 6 - 2 . 6 1
G d ; o .  2 . o  ( 7 . 7 - 2 . 5 1
Y " 6 . -  0 . 5  ( 0 . 2 - 1 . 0 )
r h o :  1 . 0  ( o . s - r . 7 )
o o r '  o . o  ( o . o - 0 . 2 )
c a o  1 . 1  ( 1 . 0 - 1 . 2 )
so"  0 .9  (0 .8 -0 .9 )
P r 6 u  3 0 . X ( 2 8 . 5 - 3 0 . 9 )
s l o ^  0 . 2  ( 0 . 0 - 0 . 9 )
Totat 

- 
99 .6-

rc l rA  o .97 / r .o2

( 1 0 )

r 5 . z ( 1 5 . 1 - I ) .  r ,

2 9 . 8  (  2 S . 5 - 3 0 . 6  )
3 . 9  ( 3 . 4 - 4 . 4 1

x x . 8 ( 1 0 . 9 - 1 3 . 2  '
L . 7  ( 1 . 4 - 2 . 4 1
1 . 9  ( 1 . 6 - 2 . s )
0 . 6  ( 0 . 4 - 0 . 9 )
0 . 7  ( 0 . 4 - x . 7 )

1 . 6  ( 1 . 2 - X . 8 )
1 . 1  ( 0 . 9 - 1 . 4 )

3 1 . 0  (  3 0 . 5 - 3 1 . 9  )
0 . 1  ( 0 . 0 - 0 . 2 )

0 .9611.  03

( 1 4 )

1 2 . 5  ( 1 1 . 7 - 1 3 . 2 )
29 .7  (24 .2-3O.7 '

3 . 9  ( 2 . 8 - 4 . 3 )
1 3 . 8  (  1 2 . 8 - 1 4 . 8 )

3 . 4  ( 2 . 8 - 4 . 0 )
2 .8  (2 .4 -3 .O ' , t
0 . 7  ( o . 6 - 0 . 9 )
x . 1  ( 0 . 3 - 2 . 3 )
0 . 1  ( 0 . 0 - 0 . 2 )
0 . 1  ( 0 . 1 - 0 . 2 !

3 0 . 6 ( 2 9 . 5 - 3 2 . 1 )
0 . 2  ( o . o - 0 . 6 )

9 8 . 9

o .96 /L-02

( 1 1 )

1 5 . s ( 1 4 . 3 - X 6 . 7 )
3 0 . 8 ( 3 0 . 1 - 3 1 . 7 )

3 . 5  ( 3 . 2 - 4 . 0 )
1 3 . 0 ( 1 2 . 1 - 1 3 . 6 )

L . 7  ( L . 2 - 2 . O '
r . o  ( r .  r - 2 . r ,
0 . 7  ( o . 6 - 0 . 9 )
1 . 4  ( 0 . 9 - r . . 9 )
0 . 1  ( o . o - o . 2 )
0 . 8  ( 0 . 5 - 0 . e )

3 0 . 4 ( 2 9 . 5 - 3 1 . 0 )
0 . 2  ( 0 . 1 - 0 . 3 )

9 9 . 9

1 . O O l 1 . 0 1

( 1 5 )

3 . 7  ( 2 , s - 4 . 2 1
x 5 . 9  ( X 5 . 6 - 1 9 . 5 )

4 . 4  1 4 . 2 - s . 2 1
29.1  (29  . r -3O.51

e . 4  ( 8 . 9 - 9 . 7 )
4 . 1  ( 4 . O - 4 . 3 )
0 . 7  ( 0 . 5 - 0 . 8 )
0 . 1  ( 0 . 0 - 0 . 1 )

0 . 1  ( 0 . 0 - 0 . 1 )
0 . 1  ( 0 . 0 - 0 . 1 )

29 .5(27 .9-3O.4 '
1 . 8  ( 0 . 5 - 2 . 4 )

100.5

o . 9 9  / ! . 0 4

( 1 2 )

1 3 . 6  ( 1 3 . 6 - 1 3 . 9  I
2e .9  (29  .4 -3O.61

3 . 7  ( 2 . 9 - 4 . 4 1
12.9  (  11 .4-13 .8)

2 . 7  ( 2 . 3 - 3 . 0 '
2 .O lL .e -2 .2 '
0 . 7  ( 0 . 5 - 0 . 9 1
L . Z  l L . t - L . . t
0 .o  ( o .o -o .1 ,
0 .2  ( 0 .1 -o .2 )

3r .6 (3O.2-32.2 ' , t
0 . 2  ( o .o -0 .4 )

94.7

o.94/r .o4

(16 )

L2 .7  ( r 2 .4 -L2 .e l
26.3(25.5-27.3 '
3 .5  ( 2 .8 -3 .9 )

11 .3  ( 10 .1 -X2 .3 )
L .7  l r . 4 -2 .O1
L . ,  l L . . - a . z l
2 . 3  1 2 . O - 2 . 4 ' t
7 . 9  ( 7 . 3 - 8 . 5 )
0 . 4  ( 0 . 2 - o . 5 )
1 . 0  ( o . 8 - 1 . 1 )

29 .7  (24 . I -3 t .A l
1 . o  ( 0 . 8 - x . 2 )

9 9 . 5

o . 9 7  /  L . O 2

(1) val Masino (av€rag€ of 16 ualyges), fr@ tr€$Batl-te. (2) Arvogno, val
vLgezzo (av€rage af 13 salyBea), f,tom lpgBatlt€: Alb€rtlnl (L988). (3) vaf
codera (avstage of 8 mlyses), frm lEgmtit€: dark gr€n crystal.. (4) vaf
Dmbastone, valt€lLlna (average of 15 analyses), f,ron lEgmatite: greenish
srystal. (5) cuzzagor ogEoLa (av€rage of, 11 salyses), f,rm trEgmatlts:
uattj.of.t (1983). (6) I.avonchi.o, val vig€zzo (average of 8 analys€s)' f,lom

tpgBatlt€t yell*greeniEtr ctyEtal, cantadore & crmaccioli (1969).

lz1 fmpr.Lesan' ob€rsulzbachtal. (avelage of, 8 malys€E), f,rom f,Lssu!€.
(8) B€ura' oEsola (average of, 10 eBLyEes), from figeure: D€ Battlsti &
Scottj. (198?). (9) Trl-olet, Mont B14c (averag€ of 7 salyEes), f,rm
f,lssu!€. (10) AlfE vegtla (av€rag€ of 6 uaLy6eE), f,r@ fiEsule.
(11) Isbntngbncb, Rauris (av€rage of 7 malyges ) , fron f iggur€3 KontnE
& Nied€may! (L969) or scheb€sta (1984). (12) Uj-ag€, li{ont Bluc (averag€

of 8 i lalyseE), f lom fisgutet uonlgtler & lurconi (1983). (l '3) D€vero,
csnsdon€ (av€rag€ of 7 analys€s), froB fisaur€. (1.4) sopff,eldbodel!
Ob€lsulzbachtat (av€rag€ of 9 anatys€s)' f,t@ f,l6sqr€3 schobegta (1982)
or Plelte (1986). (15) Glogstafelb€rg, val Fornazza (avatage ot 7 eal-
ys€s), fron f, iE6ur€, mnazlte-(Nd) descrlltsd in Graeser & schwsder (1987)'

( 1.6) aoEente Etvo (average of I saLyEeE ) , alluvlaL EmPle.

a) tror each sspl€r tir€ colwg r€f€r to reLght lEr cent averag€ (retgtrt
t tmga in puettth€geE). The telprted rsge includ€s vuj-ation due to
tnh@og€relty of tlte 6aspteE, slnce every ualysis was lErf,ored ln a
dlfferent lDint of tlte crygtal. b) tc ts the 6m of the REE, Y, actln-
tdsg md ci atms, EA 16 tir€ sm of I, P ud gl atonE on the basiE of
f,our oxygan at@.

the National Research Council (CNR) at Centro di
Studi per la Stratigrafia e Petrografia delle Alpi Cen-
trali, Milan.

Standards and the operating conditions are
reported in Table l. As recommended in Roeder
(1985), a wavelength-dispersion spectral scan of
average-composition sample$ or for each sample of
unusual composition was conducted. To accoun[ for
interferences in the X-ray spectrum of the REE (Amli
& Griffin 1975, Roeder 1985), a series of measure-
ments of standards of known composition was car-
ried out for all the elements considered. As in our

former work, such interferences were found to be
noticeable for La (overlap of the Zo line with PrZo)
and for Ce (overlap of the respective Io line with
Nd and Gd). The accuracy of ow procedure is shown
in Table 2. Here, three synthetic glasses of known
composition were analyzed by us, and the results can
be satisfactorily compared with the theoretical
values. Another substantial proof of the validity of
our procedure is given by the internal consistency of
our results for monazite (Table 3): the total is always
reasonably close to 10090, and the stoichiometric
proportions are close to the theoretical values. There
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is also substantial agreement with results published
by other authors on material from the same occur-
rence (see, for instance, Graeser & Schwander 1987).
A systematic search was made for a considerabie
number of other elements, such as Dy, Er, Yb, Eu,
Tb, Ba, Sr, Na, Zr, As, V; in these operating condi-
tions, their concentrations are lower than three times
the standard deviation. This generally means that
they are below 0.190 in all the samples examined.

Unit-cell data for some of these samples were
obtained from X-ray diffraction of single-cryslal
fragments, using MoKcr radiation O = 0.71073 A)
on a CAD-4 diffractometer. For each crystal, the
results (Table 4) were obtained from a least-squares
fit of 25 reflections. The standard deviations were
derived from full-matrix least-squares calculations.

RESULTS

The chemical data (fable 3) pertain to 16 samples:
of these, nine are from Alpine fissures, one consists
of small grains of alluvial origin, and six are from
granitic pegmatites. Three of these samples come
from the same localities considered in our previous
work (Val Masino, Val Dombastone, Miage);
however, the analytical results given here correspond

TABLE 4. WIT.CEE DATA ON SOW UONAZITA.EROUP SMLES

c(A)  !  (A)  9 (A) g ( " )  v ( A ' )

Hopffefdboden 6.790(3)
Cenandotro 6.76914)
val Cdera 6,77613)
kvonchlo 1 6.788(4)
kvonchlo 2 6.795(41

TABI]E 5. AVERAGE OF OUR RESI'LTS AND coIiTPARIsoN wlTri
CORRESPONDING DATA' (tREErOr + YrOr = IOO)

to different crystals. Details about the origin of each
specimen are given as a footnote in Table 3, with
reference to the most recent literature dealing with
their discovery.

On the whole, the average RgE distribution in
monazite from fissures and pegmatites is substan-
tially the same (Tables 3, 5); however, the monazite
from pegmatites has a significantly higher content
of the actinides (U, Th) and Ca. No definite bound-
ary between these groups can be traced on grounds
of the Th content alone, but if the sum of ThO2 and
UO2 contents is considered, then a 5.5 wt.9o) limit
appears to be a possible discriminant between the two
groups, at least on the basis of the data obtained so
far. The actinide content of the alluvial sample (8.3
wt.9o) is significantly higher than the maximum con-
tent for fissure material.'Within 

each group, there is significant composi-
tional variation: for instance, monazite-(Nd), from
a.fissure, is quite different from all the other sam-
ples, and among the samples from pegmatite, a fur-
ther division between "normal" and highly
uranoan-thorian members could be made (Mannucci
et al. 1986); however, in this new data-set, this dis-
tinction is not so sharp.

A maximum content in the sum of ThO2 and
UO2(23.7 wt.9o) can be observed for the specimen
from Lavonchio: this monazite may be considered
to be the thorian equivalent of the monazite from
Piona, and its composition approaches that of cher-
alite. But if the distinction between the two species
is based on 50 mole 9o of the REE phosphates, we
are not dealing with a true cheralite, because REE
prevail over actinides and Ca. The silicon content
is low, and charge balance has been achieved (as in
most cases) by substituting Ca and actinides for the
REE instead of Si for P. As for the monazite from
Piona, the REE distribution in the Lavonchio
monazite differs considerably from the average, and
it corresponds to a marked enrichment of La (and
Ce) with respect to Nd. The pegmatites from Piona
and Lavonchio are among the most renowned Alpine
occurrences for a number of unusual minerals and
have been known as such for many years (see, for
instance, Boscardin et al. 1970, Gramaccioli 1977,
and references therein).

From Table 5, the average distribution of the R EE
in the monazite sample$ appears to be substantially
the same for pegmatite and fissure material; the
agreement between the two groups is very close for
La, Ce and Pr, whereas some discrepancies occur,
especially for Nd, and also for Sm and Gd. However,
if a very unusual sample such as monazite-(Nd)
(Glogstafelberg, Y al Formazza) is omitted from our
"fissure" average, the average content ofNd2O3 of
the two groups becomes closer, and it becomes still
closer if the Lavonchio monazite also is omitted from
our "pegmatite" average (19,2 versus 18.7 wt.9o).
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Considering the average excluding monazite-(Nd),
Sm and Gd appear to be somewhat more abundant
in monazite from pegmatite; this difference is prob-
ably linked to the different average concentration of
Y, which is also more abundant in these samples.
A possible explanation is that associated xenotime
tends to absorb the "middle" and heavy R.EE
preferentially. This species is relatively widespread
in Alpine fissures, whereas it seems to be quite rare
in pegmatites. On the other hand, in many Alpine
pegmatites, rare-earth niobotantalates rich in Y are
found, but a close association of monazite with these
oxides has never been noticed. As for the other
Alpine samples studied by Mannucci et al. (1986),
here again no unique correlation between the con-
tent in La2O, and the actinide content (as sum of
UO2+ThO, is found (Fig.l). This confirms our
earlier conclusions that the concentration of the REE
in a crystal is not influenced by its actinide content,
because solid solutions of end members like
CaTh(POr)z and the RE'E phosphates approach
ideality. In line with this behavior, the unit-cell
parameters (and volume) show little variation, even
if some extreme cases are taken into account (see
Table 4, and Table 4 in Mannucci et al, 1986).

In the sixth and seventh columns of Table 5,
general ayerages for all kinds of occurrences and for
granitic pegmatites are reported for a world-wide
sampling, as given by Fleischer & Rosenblum (1990);
the adjacent eighth column shows the general aver-
age on Alpine monazite quoted by Mannucci e/ a/.
(1986). On the whole, there is a good agreement
among all these data, with the exception of the Nd
content, which is systematically too low in Mannucci
et al. (1986), both with respect to our new analyses
and to the world-wide general average. This seems
to indicate a systematic error on the low side in our
group's earlier data on Nd. Although the samples
examined are not the same (though they came from
the same fissure), our data and those of Graeser &
Schwander (1987) do not differ substantially for
monazite-(Nd), especially in the Nd2O3 contert
(30.3 wt.9o agunst29.7 wt.9o); this is additional evi-
dence in favor of our new procedure. Whereas a re-
examination of all our former samples and standards
was not possible, owing to their loss, discrepancies
in results can be explainedby variation of the cor-
rection coefficients depending on the particular ses-
sion of analysis. In particular, a correction coeffi-
cient for the interference of Ce with Nd was found
to be 0.12 and was assumed to be constant, whereas
in many instances we r?ol, know it can drop to zero,
depending on the adjustment of the slit width in the
spectrometer. By considering an average Ce2O, con-
tent of 26 wt.o/0, and assuming that in most cases
the correction coefficient should have been zero
instead of 0.12, in orir older analyses the Nd2O,
contents (with respect to the total R.EE oxides) should

L a %

Frc. l. Relation between La and U + Th (atomic 9o over
the cation sum) in samples of monazite.

be raised by about 4.8 wt.9o, the right amount to
account for these drscrepancies. Following these con-
siderations, the general composition of the Alpine
monazite sample studied by us (column I in Table 5)
does not show substantial differences from the aver-
age of the world-wide sampling (column 6).

As in our former work, we can observe that the
ratio Y2O3lGd2O3 is not constant, and this indicates
a mechanism of fractionation of the R.EE and Y that
is not purely ionic. On average, this ratio is lower
for fissure monazite and higher for pegmatite sam-
ples (Table 5); however, within each one of these
groups there is considerable variation.

As pointed out by its discoverers (Graeser &
Schwander 1987), monazite-(Nd) from Glogstafel-
berg is particulary interesting, and not only for its
unusual Nd content. Of the range in composition of
the fissure monazite samples here studied, monazite-
(Nd) corresponds to the extremes in contents of Sm,
Gd, La, Ce, Pr, Nd, Ca, Th and Si. Sm and Gd
attain very high levels, whereas the contents in Th
and Ca are particularly low. The reason for this
unusual composition is not obvious. In many cases,
in fact, R.EE minerals rich in Nd or La are formed
in a strongly oxidizing environment, with pH high
enough to ensure hydrolysis of Cea*, so that the
greatest part of cerium is carried away (as CeO2)
from solution, together with other oxides (e.9., Fe,
Al, Mn, Ti, etc.)i from the solution rich in lighter
R,EE ions, but poor in cerium, a mineral with Nd
or La predominant may subsequently crystallize.
This process is, for instance, very likely to have been
the origin of the lanthanite-(Nd) from Brazil (Ces-
bronet ol. 1979). In such case, where tropical con-
ditions favor oxidation and hydrolysis, the oxygen
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potential is so high that Eu is not reduced to the 2 +
state and remains together with the other lan-
thanides. In monazite-(Nd) from Glogstafel, which
was not formed in tropical conditions, a considera-
ble depletion in La and the enrichment of lanthanides
such as Sm, which is close to Nd, seem to point out
to a highly specific process of fractionation. A pos-
sibility is that such monazite is formed from altera-
tion of gadolinite.

According to our analysis, the monazite-(Nd) from
Glogstafelberg contains a small amount of SO,
(0.13 wt.Vo). The sulfate ion also is present, in more
consistent amounts (around l9o), in a specimen of
monazite-(Ce) from Cervandone-Tscherbadung and
in another sample from Alpe Veglia; in all the other
samples we have analyzed so far, no trace of sulfare
has been found.

Since Alpe Veglia and Glogstafelberg are not far
from Pizzo Cervandone (8 and 13 km, respectively)
the presence of sulfate ions in monazite samples of
this limited area might be connected with Graeser,s
observation (1975) about the origin of the Binn Val-
ley sulfosalts and of the As-bearing Alpine fissure
minerals at Cervandone. According to this author,
As-rich solutions have transformed Pb and Ag sul-
fides (essentially galena) into sulfosalts and have
deposited As sulfides (such as realgar and orpiment)
in the famous Lengenbach quarry: a part of these
solutions migrated into the adjacent gneiss and
underwent oxidation, thereby forming arsenites
(cafarsite, etc.) and also arsenates like chernovite.
Therefore, since As-rich solutions also are rich in sul-
fur, and in view of the greater mobility of the sul-
fate ion, the presence of a small amount of sulfate
in Alpine fissure minerals from a wider area nearbv
Pizzo Cervandone is not surprising.
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