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Nine specimens of metamict zircon from granite pegmatites of the 
district of Zambézia, Mozambique, have been analyzed by wet 
chemical methods and by X-ray fluorescence. 

The specimens, which are contaminated by xenotime, display 
low densities and a low degree of order with only a few of the 
strongest zircon lines in the X-ray powder pattern. The mineral 
apparently crystallized in open wugs. The high water content is 
considered interstitial incorporated in the structure, not as • (OH), 
replacing Si04. The incorporation of water into the structure may 
have been simultaneous with the crystallization and metamictization 
of the mineral. 

Ragnar Törnroos. Geological Survey of Finland, SF-02150 Espoo 15, 
Finland. 

In troduct ion 

T h e b e d r o c k of t h e d i s t r i c t of Z a m b é z i a in 
n o r t h e r n M o z a m b i q u e c o n t a i n s a n u m b e r of 
g r an i t e p e g m a t i t e s we l l k n o w n for the i r w i d e 
va r i e ty of r a r e mine ra l s . A br ief a c c o u n t of t h e 
p e g m a t i t e local i t ies h a s b e e n g iven by Corre ia 
N e v e s et al. (1971). 

B e a u t i f u l s p e c i m e n s of z i rcon h a v e b e e n 
co l lec ted f r o m s o m e of t h e local i t ies . T h e s e 
z i rcons a re i n a h igh ly m e t a m i c t s t a t e and 
o f f e r a g o o d o p p o r t u n i t y to s t u d y t h e m e t a -
mic t i za t ion p roces s . S i n c e n o c o m p l e t e 
c h e m i c a l a n a l y s e s of t h e s e m e t a m i c t Z a m -
bézia z i r cons a r e r e p o r t e d in t h e l i t e ra ture , 
it s e e m s p e r t i n e n t to p r e s e n t h e r e s o m e d a t a 
on t h e m . 

S o m e a u t h o r s r e fe r to a m e t a m i c t z i r con 
as m a l a c o n . B e c a u s e m a l a c o n is n o t t h e n a m e 
of a spec ies , h o w e v e r , b u t app l i e s to a m e t a -

mic t var ie ty of t h e m i n e r a l z i rcon, it wil l not 
b e used in t h i s p a p e r . 

Mater ia l s 

T h e ma te r i a l for th i s s t u d y c o n s i s t s of n i n e 
m e t a m i c t z i r con s p e c i m e n s f r o m t h e Z a m -
bézia g r a n i t e p e g m a t i t e s . S ix of t h e spec i -
m e n s w e r e o b t a i n e d f r o m t h e co l l ec t ions of 
t h e Geo logy D e p a r t m e n t of t h e U n i v e r s i t y 
of M a p u t o ( fo rmer ly L o u r e n p o M a r q u e s ) a n d 
a r e l abe led L. M. (cour tesy : p r o f e s s o r s J . M. 
Cor re ia N e v e s a n d J . E. L o p e s N u n e s ) . T h e re-
m a i n i n g t h r e e s p e c i m e n s w e r e co l lec ted in 
t h e f ield by p r o f e s s o r Th .G. S a h a m a , w h o 
p l aced al l t h e s p e c i m e n s a t t h e a u t h o r ' s dis-
posal . 

T h e n u m b e r i n g of t h e s p e c i m e n s u s e d 
t h r o u g h o u t t h i s p a p e r , t o g e t h e r w i t h t h e 
local i t ies f r o m w h i c h t h e y or ig ina te , is g iven 
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Fig. 1. Bipyramidal xenotime in parallel growth 
with prismatic zircon. Specimen L. M. 4627. Boa 
Esperanga, Ribaué. Scanning electron micrograph. 

Crystal length 1 mm. 

in t h e l e g e n d of T a b l e 1. S p e c i m e n No. 1 is a 
'z i rcon c o n c e n t r a t e w i t h e u h e d r a l , p r i s m a t i c 
c rys ta l s u p to 1 m m long. T h e r e m a i n i n g 
s p e c i m e n s Nos . 2 - 9 cons i s t of g r o u p s of 
e u h e d r a l to s u b h e d r a l crys ta ls , pa r t ly in a 
subpa ra l l e l a r r a n g e m e n t . T h e a p p e a r a n c e 
of t h e s p e c i m e n s s u g g e s t s s t rong ly t h a t t h e 
z i rcon crys ta l s w e r e g r o w n f r o m t h e s m o o t h 
wal l s of o p e n w u g s . T h e c rys ta l f ace s a re 
b r o w n in co lour . W h e n b r o k e n , t h e c rys ta l s 
a p p e a r h e t e r o g e n e o u s w i t h i r r egu la r ye l low, 
g reen , b r o w n a n d e v e n b l ack d o m a i n s , all 
w i t h a g rea sy lus t re . T h e b r o k e n p ieces a r e 
mos t ly t r a n s l u c e n t and on ly ra re ly t r ans -
pa ren t . 

T h e d o m i n a n t c rys t a l f o r m is a c o m b i n a -
t ion of {110} a n d {101}, c o m m o n l y w i t h 
s l ight ly c u r v e d faces . T h e f o r m s w e r e check -

ed w i t h X- ray p r e c e s s i o n p h o t o g r a p h s of a 
c rys t a l f r o m s p e c i m e n No. 1. S o m e c rys ta l s 
a lso s h o w n a r r o w f o r m s of {100}, {211} a n d 
{321}. 

T h e fo l lowing m i n e r a l s a re a s soc i a t ed w i t h 
t h e m e t a m i c t z i rcon: x e n o t i m e , qua r t z , 
co lumbi t e - t an t a l i t e , microl i te , ga rne t , t ho r i t e , 
a lb i t e (c leavelandi te) , mica , ana tase , b is-
mut i t e , be ry l and goe th i t e . A para l l e l g r o w t h 
of z i rcon and x e n o t i m e is i l lus t ra ted in Fig. 1. 

S a m p l e t r e a t m e n t 

T h e m e t a m i c t z i rcon c o n t a i n e d n u m e r o u s 
c r a c k s w i t h b r o w n i s h ma te r i a l in t h e s e a m s . 
T h e m i n e r a l w a s c r u s h e d , a n d p u r e p i eces of 
v a r i o u s co lou r s w e r e p i c k e d by h a n d u n d e r a 
b i n o c u l a r m i c r o s c o p e . To r e m o v e t h e b u l k of 
t h e e x t r a n e o u s crack-f i l l ing mate r ia l , e a c h 
h a n d - p i c k e d s a m p l e w a s t r ea t ed w i th an 
u l t r a son i c c l eane r in a l coho l a n d e l u t e d in 
wa te r . A n y m a g n e t i c c o n t a m i n a t i o n s w e r e 
r e m o v e d w i t h a F r a n t z i s o d y n a m i c s epa ra to r , 
a n d t h e l ight m i n e r a l i n c l u s i o n s (dens i ty 
< 3.9) w e r e s e p a r a t e d by c e n t r i f u g i n g in 
Cler ic i so lu t ion . 

T h e d e n s i t y w a s t h e n d e t e r m i n e d w i t h a 
N o t a r i v o l u m e t e r by m e a s u r i n g t h e v o l u m e of 
t h e s a m p l e a n d c o m p a r i n g it w i t h a s t a n d a r d 
of a p p r o x i m a t e l y t h e s a m e v o l u m e a n d t h e 
s a m e gra in size. H e d e n b e r g i t e w i t h a dens i t y 
of 3.482 w a s u s e d as t h e s t a n d a r d . F o r a 
c o u p l e of s a m p l e s t h e resu l t s , c o n s i d e r e d 
a c c u r a t e to ± 0.04, w e r e c h e c k e d by m e a s u r e -
m e n t s w i t h a B e r m a n ba lance . 

N e x t t h e ma te r i a l w a s g r o u n d in a c e t o n e 
to a g ra in size of c. 3 ^im. T h e f i ne -g ra ined 
s a m p l e s w e r e u s e d fo r t h e ana lys i s . 

T h e a n a l y s e s w e r e p e r f o r m e d as fo l lows: 
S i0 2 , F e 2 0 3 , CaO a n d w a t e r w e r e d e t e r m i n e d 
by r o u t i n e we t c h e m i c a l m e t h o d s . T w o pre-
c ip i t a t e s w e r e p r e p a r e d : o n e c o n t a i n i n g 
Z r 0 2 + H f 0 2 + P 2 0 5 a n d o n e U, T h and the 
ra re e a r t h e l e m e n t s as ox ides . Th i s pa r t of 
t h e w o r k w a s d o n e by Dr . O. v. K n o r r i n g . 
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Table 1. Chemical composition of metamict zircon f rom Zambézia, Mozambique. New analyses. 

Weight 
percent 1 2 3 4 5 6 7 8 9 

S i 0 2 30.38 27.86 26.30 27.80 27.13 26.82 27.46 27.39 26.69 
Z r 0 2 60.23 56.62 51.11 55.42 51.76 54.81 51.68 49.30 45.40 
H f 0 2 3.89 4.30 4.82 4.85 7.40 8.55 11.56 12.18 21.24 
Fe 2 0 3 1.00 1.19 0.44 1.48 0.89 1.86 1.11 0.97 0.56 
CaO 0.44 1.18 0.51 0.42 0.52 0.89 1.20 0.55 0.98 
P2O5 0.56 1.00 3.86 1.93 2.41 0.99 0.50 1.62 0.56 
Y2O3 0.41 1.25 3.54 2.28 2.53 0.79 0.20 1.92 0.17 
(La-Lu)203 1.10 1.95 4.26 1.54 2.13 1.45 0.84 1.42 0.46 
ThOa 0.04 0.22 0.17 0.24 0.11 0.08 0.12 0.14 0.16 
u o 2 nil 0.03 nil nil 0.02 nil 0.02 0.01 0.04 
H 2 0 + 1.69 4.07 4.33 3.45 4.28 3.25 4.42 3.73 3.61 
H 2 O - 0.45 0.60 0.81 0.65 0.61 0.58 0.91 0.73 0.47 
Total 100.19 100.27 100.15 100.06 99.79 100.07 100.02 99.96 100.34 
Cation percent 

Si 48.12 45.65 43.84 45.46 45.36 44.66 46.60 46.20 46.72 
Zr+Hf 48.28 47.25 43.84 46.45 45.77 48.56 48.37 46.42 49.37 
Fe 1.19 1.47 0.55 1.82 1.12 2.33 1.42 1.23 0.74 
Ca 0.74 2.07 0.91 0.74 0.93 1.59 2.18 0.99 1.84 
P 0.75 1.39 5.45 2.67 3.42 1.39 0.71 2.31 0.83 
Y + (La.. .Lu) 0.90 2.09 5.35 2.78 3.36 1.44 0.65 2.80 0.42 
Th 0.02 0.08 0.06 0.09 0.04 0.03 0.05 0.05 0.06 
U nil 0.01 nil nil 0.01 nil 0.01 <0.01 0.02 
100 • Hf 3.6 4.3 5.2 4.9 7.7 8.4 11.6 12.6 21.5 Zr+Hf 12.6 21.5 

Atomic proportions of the rare earth elements based on La+ . . .Lu = 100 

La 2.5 nil 0.7 1.6 0.8 nil 1.1 1.5 1.5 
Ce 15.3 nil 0.3 5.1 2.2 4.8 17.5 4.5 6.2 
Pr 1.1 0.3 nil 0.6 nil nil 2.1 nil 1.2 
Nd 3.0 1.3 nil 1.6 0.7 0.4 6.8 2.0 2.2 
Sm 2.4 1.2 0.6 1.3 0.7 1.5 7.3 2.3 2.3 
Eu 0.2 0.4 0.3 0.3 nil 0.2 0.4 nil 1.4 
Gd 3.6 1.4 1.5 4.1 2.1 1.6 9.3 10.3 22.3 
Dy 12.1 9.1 10.4 23.7 13.0 5.6 19.0 31.8 30.7 
Ho 4.9 3.2 4.7 7.7 5.2 2.2 7.5 11.0 16.4 
Er 12.7 12.2 17.2 16.2 18.1 8.0 6.2 10.6 3.7 
Tm 1.9 2.7 2.8 1.2 2.7 2.3 1.9 nil 1.0 
Yb 31.7 51.3 49.3 29.2 44.6 53.5 14.9 18.2 5.1 
Lu 8.5 16.9 12.2 7.5 9.9 20.0 6.0 7.8 5.9 
Y 61 110 143 249 203 94 39 224 60 

List of pegmati te localities of the specimens. 
No. 1. Boa Esperanfa , Ribaué. Specimen L.M. 4627. 
No. 2. Gui lherme I, Nauela. Specimen L.M. 4368. 
No. 3. Meco, Nauela. Specimen L.M. 3180. 
No. 4. Boa Espe ran fa, Ribaué. Specimen L.M. 5189. 
No. 5. Nachaca, Nauela. Specimen L.M. 4399. 
No. 6. Muiane. Specimen 4. 
No. 7. Nuaparra. No specimen number . 
No. 8. Boa Esperanfa, Ribaué. Specimen L.M 4423. 
No. 9. Muiane. Specimen 3. 
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U s i n g k n o w n m i x t u r e s of o x i d e s a s s t a n d a r d s 
(for P 2 0 5 a p h o s p h a t e rock , N a t i o n a l B u r e a u 
of S t a n d a r d s r e f e r e n c e ma te r i a l 120b), Mrs. 
T u u l a Ho l t a r i a n a l y z e d t h e t w o p r e c i p i t a t e s 
by X-ray f l u o r e s c e n c e . 

Chemis try 

T h e c h e m i c a l c o m p o s i t i o n s of t h e m e t a m i c t 
z i rcon s a m p l e s ana lyzed a re r e p r o d u c e d in 
T a b l e 1. 

T h e X- ray p o w d e r p a t t e r n s (Ph i l i p s w i d e -
ang l e g o n i o m e t e r , f i l t e red c o p p e r rad ia t ion) 
of t h e u n h e a t e d ma te r i a l s fo r ana lys i s reveal-
ed x e n o t i m e a s a c o n t a m i n a t i o n , t h e p r e s e n c e 
of w h i c h w a s c o n f i r m e d by t h in - s ec t i on 
m i c r o s c o p y . T h e a p p r o x i m a t e a m o u n t of 
x e n o t i m e in t h e s a m p l e s w a s e s t i m a t e d by 
c o m p a r i n g t h e p e a k h e i g h t s of t h e (200) l i nes 
of x e n o t i m e a n d z i rcon. T h e s a m p l e s w e r e 
h e a t e d for 4 to 5 h o u r s at 1000°C a n d t h e 
a v e r a g e s of t e n d i f f r a c t o m e t e r r u n s w e r e 
a d o p t e d . T h e i n t ens i t y rat io b e t w e e n t h e 
x e n o t i m e a n d z i rcon l ines w a s ca l i b r a t ed w i t h 
k n o w n m i x t u r e s of x e n o t i m e a n d fu l ly or-
d e r e d z i rcon. It w a s f o u n d t h a t t h e x e n o t i m e 
c o n t e n t of t h e s a m p l e s t h u s o b t a i n e d ag reed 
r o u g h l y w i t h t h e a m o u n t of x e n o t i m e cal-
cu l a t ed f r o m t h e f i g u r e for P 2 0 5 in t h e analy-
sis r epo r t . A p lo t of t h e s u m of t h e r a r e 
e a r t h e l e m e n t s aga in s t p h o s p h o r u s in ca t ion 
p e r c e n t (Fig. 2) r evea l s tha t , a l l owing for 
ana ly t i ca l u n c e r t a i n t i e s , t h e rat io R E : P ap-
p r o x i m a t e s 1 : 1. I t is c o n c l u d e d t h a t v i r tua l ly 
all t h e ( R E ) 2 0 3 a n d P 2 0 5 s h o w n by t h e ana ly-
ses a re i n c l u d e d in t h e a d m i x e d x e n o t i m e 
phase . T h e re la t ive a m o u n t s of l a n t h a n i d e s 
s h o w n in T a b l e 1. i n d i c a t e a p r e d o m i n a n c e 
of y t t r i u m a n d of t h e h e a v y l a n t h a n i d e s in 
a c c o r d a n c e w i t h t h e k n o w n c o m p o s i t i o n of 
t h e m i n e r a l x e n o t i m e . 

Fig . 3 p lo t s Si aga in s t t h e s u m of ( Z r + H f ) 
in ca t ion p e r c e n t . T h i s f i gu re d e m o n s t r a t e s 
t h a t m a n y of t h e z i r cons s t u d i e d d i sp l ay a 
m a r k e d de f i c i ency in s i l icon c o m p a r e d w i t h 

5 -

4 -

c 
O 3 
re 
o 

n i 
cc 

2 -

1 -

x ^ 9 
t r 
2 3 

P c a t i o n 
Fig. 2. Rare earths plotted against phosphorus. 
Cation percent. Broken line indicates RE:P = 1 : 1 . 

Numbering refers to Table 1. 

t h e t heo re t i c a l f o r m u l a (Zr ,Hf )S i0 4 . T h e 
d e f i c i e n c y e x c e e d s a n y poss ib l e ana ly t i ca l 
e r ro rs . What is more , t h e c o n t e n t of H 2 0 + 
is h i g h in all t h e s a m p l e s ; h i g h e r t h a n is 
n e e d e d for c o m p e n s a t i n g t h e d e f i c i e n c y in 
S i 0 2 . It is c o n c l u d e d tha t , a l t h o u g h s o m e 
w a t e r m a y r e p l a c e t h e s i l icon t e t r a h e d r a a s 
t e t r a h e d r a l g r o u p s D(OH)4 , m o s t of t h e H 2 0 + 
m u s t b e in ters t i t ia l ly in t h e s t ruc tu r e . 

A s w a s m e n t i o n e d ear l ier , t h e m i n e r a l 
t h o r i t e w a s i den t i f i ed in t h e o r ig ina l spec i -
m e n s . T h e c o n t e n t s of T h 0 2 in t h e s a m p l e s 
ana lyzed (Table 1) a r e too l o w to p r o d u c e 
d e t e c t a b l e l ines in t h e X-ray d i f f r a c t o g r a m s . 
I t i s no t pos s ib l e to tell w h e t h e r t h o r i u m is 
p r e s e n t a s a n i n d e p e n d e n t t h o r i t e p h a s e or 
w h e t h e r it is i n c o r p o r a t e d in t h e s t r u c t u r e 
or z i rcon or x e n o t i m e . T h e u r a n i u m c o n t e n t 
is c o n s p i c u o u s l y low. T h e a m o u n t s of Th and 
U t h a t m a y h a v e b e e n p r e s e n t i n t h e c r a c k 
f i l l ings w e r e mos t ly , if n o t ent i re ly , r e m o v e d 
by g r i n d i n g a n d u l t r a s o n i c c l ean ing d u r i n g 
t h e p r e p a r a t i o n of t h e s a m p l e s for analys is . 

T h e H f 0 2 c o n t e n t s r a n g e u p to fair ly h i g h 
va lues . S p e c i m e n No. 9 r e p r e s e n t s t h e m o s t 
Hf- r ich m e t a m i c t z i rcon k n o w n so far . 
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OT 4 4 -

T 
44 46 

Z r + H f c a t i o n % 
5 0 

Fig. 3. Si plot ted against (Zr+Hf). Cation percent. 
Broken line indicates Si:(ZrHf) = 1 : 1 . Number ing 

refers to Table 1. 

Cell data and density 

The X-ray powder diffractograms prepared 
from the unheated samples Nos. 1 - 9 display 
only the strongest zircon lines. These lines are 
broad and diffuse. Within the accuracy attain-

able in the measurement, the d-value of a 
particular line remains virtually constant in 
all the specimens. The following approxima-
tion of the cell data on these metamict zircons 
could thus be given: a = 6.62 Å, c = 6.06 Å 
(both ± 0.02 A), volume = 266 A3. 

The powder lines become sharp after 
heating for 4 to 5 hours at 1000°C. The cell 
data on the heated materials are compiled in 
Table 2. The data vary only slightly, aver-
aging a = 6.608 Å (standard deviation 0.004 A), 
c = 6.000 Å (st. dev. 0.005 Å) and volume 
= 262.0 A3 (st. dev. 0.2 A3). 

Table 2. also lists the measured densities 
and unit cell contents of the unheated ma-
terials. The values are compared with those 
calculated on the basis of the unit cell Si+ 
Zr+Hf+Fe+Ca+H 2 0(+) = 8.00 and volume 
= 266 A' . This way of calculating the densities 
is admittedly crude; the chemical composi-
tion of a metamict zircon cannot be expected 
to be stoichiometric, the distinction between 
H 2 0+ and H 2 0 - is necessarily more or less 
arbitrary, and the value for the unit cell 
volume is only an approximation. A compari-

Table 2. Cell da ta and densi ty of me tamic t zircon f r o m Mozambique. N u m b e r i n g refers to Table 1. 

1 2 3 4 5 6 7 8 9 
Uni t cell d imensions : samples hea ted for 4-5 hours a t 1000°C, uncer ta in ty ± 0.003 Å 

a (A) 6.606 6.608 6.612 6.613 6.611 6.610 6.605 6.604 6.603 
c (A) 6.000 6.008 5.996 5.992 5.999 5.992 6.004 6.004 6.001 
Volume (A3) 261.8 262.3 262.1 262.0 262.2 261.8 261.9 261.9 261.6 
Uni t cell content : basis see tex t 

Si 3.59 3.08 3.10 3.21 3.10 3.10 3.02 3.19 3.12 
Zr+Hf 3.60 3.19 3.10 3.28 3.13 3.37 3.13 3.21 3.30 
Fe 0.09 0.10 0.04 0.13 0.08 0.16 0.09 0.08 0.05 
Ca 0.06 0.14 0.06 0.05 0.06 0.11 0.14 0.07 0.12 
H 2 O + 0.67 1.50 1.70 1.33 1.63 1.25 1.62 1.45 1.41 
H 2 O - 0.18 0.22 0.32 0.25 0.23 0.22 0.33 0.28 0.18 
O 14.58 12.83 12.52 13.23 12.64 13.29 12.58 12.99 13.04 
Dens i ty 

Measured 1 4.32 3.96 3.94 3.98 3.96 4.25 4.00 4.12 4.26 
Calculated 2 4.35 3.98 3.90 4.07 3.97 4.19 4.05 4.15 4.34 
1 Corrected for t he xeno t ime contaminat ion , uncer ta in ty ± 0.04. 
2 Basis see text . 
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son of t h e m e a s u r e d d e n s i t i e s w i t h t h e cal-
cu l a t ed ones , h o w e v e r , s e e m s to i n d i c a t e t ha t 
w a t e r is a n e s sen t i a l c o m p o n e n t i n t h e s t ruc -
t u r e of a m e t a m i c t z i rcon. 

D i s c u s s i o n 

T h e s u b h e d r a l to e u h e d r a l h a b i t of t h e 
m e t a m i c t z i rcon c rys ta l s f r o m M o z a m b i q u e 
s u g g e s t s t ha t t h e m i n e r a l or ig inal ly crys-
ta l l ized w i t h a h i g h e r d e g r e e of o r d e r b u t 
t h a t th i s w a s s u b s e q u e n t l y l o w e r e d by m e t a -
mic t iza t ion . I t is d i f f i cu l t to e s t i m a t e t h e 
m i n i m u m d e g r e e of o r d e r still c a p a b l e of 
p r o d u c i n g a n e u h e d r a l z i r con crys ta l . 

T h e m e t a m i c t z i rcon s p e c i m e n s ana lyzed in 
t h i s s t u d y w e r e o b t a i n e d f r o m t h e m u s e u m or 
w e r e g iven by p e o p l e w o r k i n g in p e g m a t i t e 
qua r r i e s . T h e or ig ina l m o d e of o c c u r r e n c e of 
t h e p e g m a t i t e b o d y is, t h e r e f o r e , n o t k n o w n 
to t h e a u t h o r . T h e s h a p e of t h e s p e c i m e n s 
Nos . 2 - 9 m a k e s it h igh ly p r o b a b l e t h a t t h e 
m e t a m i c t z i r con c rys ta l s g r e w on t h e wal l s 
of o p e n w u g s . A l t h o u g h th i s s t a t e m e n t is n o t 
b a s e d o n f ie ld o b s e r v a t i o n s , it s e e m s r e a s o n -
ab le to a s s u m e t h a t t h e m i n e r a l s crys ta l l ized 
in a n e n v i r o n m e n t r ich in H 2 0 , F, e tc . Ac-
c o r d i n g to C a r u b a e t al. (1975), s u c h a n en-
v i r o n m e n t fac i l i t a tes t h e r e p l a c e m e n t of S i 0 4 

by D(OH)4 in t h e z i rcon s t r u c t u r e . T h e crys-
ta l l iz ing z i rcon wil l t h u s s h o w t h e f o r m u l a 
Z r ( S i 0 4 ) i . x ( 0 H ) 4 x . 

As is s h o w n by t h e u n i t cell c o n t e n t d a t a 
in T a b l e 2, t h e w a t e r c o n t e n t s of t h e m e t a -
mic t z i r cons ana lyzed in t h i s s t u d y a re h i g h e r 
t h a n is r e q u i r e d by t h e a b o v e f o r m u l a . T h e 
b u l k of t h e H 2 0 + c a n n o t r e p l a c e S i 0 4 in t h e 
f o r m of D(OH)4 w i t h o u t c a u s i n g a s e r ious 
de f i c i ency in Z r + H f . It s e e m s m o r e p r o b a b l e 
t h a t t h e w a t e r is p r e s e n t in te rs t i t i a l ly a n d 
n o n s t o i c h i o m e t r i c a l l y in t h e s t r u c t u r e of t h e 
minera l . T h i s c o n c l u s i o n is in a c c o r d w i t h t h e 

va r i a t i on of t h e c o m p o s i t i o n in t h e n a t u r a l 
z i r c o n - t h o r i t e se r ies ( M u m p t o n a n d R o y , 
1961). 

It is wel l k n o w n t h a t m e t a m i c t i z a t i o n is 
c a u s e d or, at least , g rea t ly fac i l i ta ted by t h e 
e f f e c t of n u c l e a r r a d i a t i o n f r o m t h e d e c a y of 
U, T h a n d t he i r d a u g h t e r e l e m e n t s . S t u d i e s 
on t h e p r o c e s s h a v e b e e n r e v i e w e d by severa l 
a u t h o r s , e.g., C a r u b a e t al. (1975) a n d S o m -
m e r a u e r (1976), and will n o t b e r e c a p i t u l a t e d 
here . A l t h o u g h t h e U a n d Th c o n t e n t s of t h e 
M o z a m b i q u e m e t a m i c t z i r cons a re low 
(Table 1.), t h e s a m p l e t r e a t m e n t h a s p r o b a b l y 
r e m o v e d s o m e p o r t i o n s of t h e s e e l e m e n t s . 
In a d d i t i o n , it is h igh ly p r o b a b l e t h a t t h e 
m e d i u m f r o m w h i c h t h e z i r con crys ta l l ized 
w a s su f f i c i en t ly e n r i c h e d in U a n d Th to 
c o m p e l t h e p r o c e s s of m e t a m i c t i z a t i o n to i ts 
p r e s e n t s tage . T h e i n c o r p o r a t i o n of w a t e r 
in to t h e s t r u c t u r e of t h e g r o w i n g z i rcon 
c rys t a l cou ld b e s i m u l t a n e o u s w i t h t h e 
p r o g r e s s of t h e d i s o r d e r i n g p roces s . 

T h e t a n t a l u m p e g m a t i t e s of M o z a m b i q u e 
a r e k n o w n to c o n t a i n z i r cons r i ch in h a f n i u m 
( Q u a d r a d o a n d L i m a d e Far ia , 1966; Cor re i a 
N e v e s et al. 1974). T h e m o s t H f - r i c h m e m b e r s 
of t h e z i r c o n - h a f n o n ser ies k n o w n so f a r 
d i sp l ay a h i g h d e g r e e of o rde r . W h e t h e r a h i g h 
Hf c o n t e n t will i n c r e a s e t h e res i s t iv i ty of t h e 
s t r u c t u r e aga in s t t h e e f f ec t of n u c l e a r rad ia-
t ion r e m a i n s to be s t ud i ed . 
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