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Pyrochlore f rom the Sokli carbonat i te complex has been studied in 
four phoscorite and two regolith samples. The crystal forms of the 
euhedral pyrochlores are either an octahedron or a combination of 
an octahedron and a cube. Twinning according to the spinel law 
was found on two occasions. Zoning and inclusions are common. Af te r 
the recrystallization of metamict pyrochlore, fersmite and lueshite 
phases also occur in addition to the pyrochlore phase. Cell dimensions 
for the recrystallized pyrochlore vary between 10.375 A and 10.426 A. 
The Ce /La- ra t io varies between 3.1 and 9.6. The low NbjOs/TaaOs-
ratio (4.9—177.9) indicates that the pyrochlore was crystallized in a 
relatively undi f fe rent ia ted magma. 
In weather ing u ran ium is leached f rom pyrochlore and, as indicated 
by distr ibution studies, is rebound in supergene secondary minerals 
or amorphous material . A pyrochlore factor wi th heavy loading for 
u ran ium was found in a statistical study of an analyzed vert ical 
sample series f rom weathered carbonati te. 
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I n t r o d u c t i o n 

The main geological fea tures of the Sokli 
carbonati te complex have been given by 
Paa rma (1970). Vart ia inen and Woolley (1974, 
1976) have discussed the age of the intrusion 
and its relat ion to the North Atlantic alkaline 
igneous province, and described the extensive 
aureole of fenites enveloping the plug. P a a r -
ma and Talvitie (1976) have discussed the 
tectonic and s t ructura l position of the in-
trusion and a t t r ibuted the deposition of the 
Sokli plug to the opening of the Kanta laht i 
deep f rac tu re zone. Mäkelä and Vart ia inen 

i Present address: Geological Survey of Finland, 
SF-02150 Espoo 15, Finland. 

(1978) have given the S-isotope data for 
sulphides in the proposed magmatometa-
somatic stages of the mult i-s tage carbonatite, 
established the t empera tu re order of the 
stages, and presented an est imate of the 
tempera ture range of formation, f rom 600°C 
to 300 C. Pyrochlore f rom the complex is 
described in the present study. 

The main rock types in the complex are 
phoscorites, silicosövites, sövites and r auhau-
gites. Calcite-rich carbonate rocks are domi-
nant . Pyrochlore is present in all the main 
types of carbonati te and enriched in phosco-
rites (Paarma 1970). Phoscorites characterize 
the proposed stages I and III of the mul t i -
stage carbonati te succession (Mäkelä and Var-
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t ia inen 1978). The phoscori tes of s tage I a re 
m e d i u m - to coarse-gra ined and massive in 
t ex ture . Serpent in iza t ion of olivine is the 
only typical a l te ra t ion phenomenon of these 
rocks. The he te rogeneous phoscori tes of s tage 
III, which are considered pos t - in t rus ive m e t a -
somatic der iva t ives of the phoscori tes of 
s tage I, a re dis t inguished by the presence of 
red phlogopi te ( te t raferr iphlogopi te) , clino-
humi te and amphiboles . 

Mater ia l and methods 

Pyroch lo re was invest igated in six samples 
and a stat is t ical s tudy was m a d e of the chem-
istry of a ver t ical sample series f r o m w e a t h -
ered carbonat i te , wi th special r e fe rence to 
the d is t r ibut ion of u ran ium. Pyroch lo re was 
s tudied f r o m the dri l l core samples 1003, 1004, 
1008 and 1014 and f r o m the regol i th samples 
M 05 and M 06. The dri l l core samples a re 
phoscori tes w i th a ma in mine ra l composition 
as p resen ted in Table 1. The regol i th samples 
M 05 and M 06 belong to the vert ical , 3.2 
m deep series of 13 analyzed samples, M 01— 
M 13, f r o m w e a t h e r e d ca rbona t i t e (see Fig. 6). 
All the samples a re f r o m the n o r t h e r n and 
no r thea s t e rn pa r t s of the complex. 

A Phi l ips wide-angle goniometer wi th Ni-
f i l tered Cu, r - radia t ion was used in t h e X-Ka 
r ay d i f f rac t ion studies. The cell d imensions 
w e r e calculated us ing the X R A Y - P A R A M 
prog ram of A m m o n and Maue r (1967). 

Heat ing in argon a tmosphere was carr ied out 
in a R igaku-Denki 8001 H-1500°C D T A / T G -
appa ra tu s at a r a te of 10°C/min up to 1000°C. 
As recommended by Lima de Fa r i a (1958, 
1964) the pyrochlore concentrates , w h e n 
hea ted in air, w e r e kep t for 1 h at 1000°C. 
According to Adams and S h a r p (1970) hea t ing 
s tudies of mul t ip le oxides should be done 
both in air and in an iner t a tmosphere , es-
pecial ly w h e n the recrysta l l iza t ion of d i f -
f e r en t phases is being s tudied. To f ind out the 
effects of t ime on the recrystal l izat ion, an 
al iquot of the pyroch lore concent ra te 1003 
was also kep t for 5 h at 1000°C. The e lec t ron 
p robe microanalyses of the pyroch lore sam-
ples were car r ied out wi th a Cambr idge Geo-
scan microprobe at R a u t a r u u k k i Oy, Raahe. 
The in tens i ty da ta w e r e corrected using the 
EMPADR VII p r o g r a m of Ruckl idge and Gas-
par r in i (1969). The regoli th samples w e r e 
analyzed by R a u t a r u u k k i Oy at Raahe using 
main ly the X - r a y f luorescence method. The 
correla t ions and R-mode ro ta ted fac tors w e r e 
calculated wi th the H Y L P S stat is t ical and 
ma themat i ca l p r o g r a m package developed by 
the Comput ing Centre , Univers i ty of Hels in-
ki. The dis t r ibut ion of u r a n i u m and thor ium, 
or of u r a n i u m alone, was mapped , using 
e i ther and au to rad iograph ic method wi th 
Kodak CA 80 — 15 f i lm or t h e r m a l neu t ron 
induced fission t racks w i th Bayer , Makrofo l 
N 20 f tm detectors (cf. Reh t i j ä rv i and Liehu 
1977), respect ively. 

Table 1. Modal composition of phoscorites f rom Sokli (point counting). 

1003 1004 1008 1014 

Drill code R 260 R 274 R 289 R 330 
Depth (m) 26.7—28.5 48.0—53.0 124.0—124.3 76.0 

Pyrochlore 2.6 
Magnetite 26.1 
Mica 3.5 
Apatite 18.3 
Carbonate 3.5 
Olivine 18.3 
Serpentine 24.5 
Clinohumite — 
Others 3.2 

4.9 2.1 7.3 
20.5 20.5 26.5 

9.3 2.1 27.0 
19.5 19.6 21.0 
4.3 • 33.6 12.8 

— 1 8 . 6 — 
39.2 — 3.5 

2.3 3.5 1.9 
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Fig. 1. Back-scattered electron image (BEI) and the distribution pat terns for Ta, Nb, Ti, Ca and Fe 
in pyrochlore f rom phoscorite sample 1004. Photos by Dr. Jaakko Siivola, Geological Survey of Fin-

land. 



Table 2. X- ray data for the heated (recrystallized) pyrochlore concentrates f rom Sokli. 

1003 1004 1008 1014 TDV-i o CD riidbc 
hkl Air 1 h Argon Argon 5 h Air 1 h Argon Air 1 h Argon Air 1 h Argon 

I dhkl I dhkl I dhkl I dhkl I dhkl I dhkl I dhkl I dhkl I dhkl 
Pyro-
chlore 
111 6 6.01 20 6.00 13 6.00 5 5.98 19 6.00 3 5.98 4 6.00 4 5.98 22 6.00 
311 6 3.13 20 3.13 11 3.13 17 3.13 7 3.20 3 3.20 23 3.15 
222 100 2.998 100 3.00 100 3.00 100 2.991 100 3.00 100 2.996 100 3.01 100 2.996 100 3.00 
400 20 2.596 27 2.600 23 2.598 22 2.593 28 2.598 22 2.597 23 2.608 22 2.597 27 2.600 
333.511 7 2.003 5 2.001 5 2.001 7 2.001 
440 42 1.837 52 1.839 44 1.838 38 1.835 43 1.836 24 1.837 27 1.843 38 1.838 53 1.839 
531 3 1.759 
532 18 1.684 
622 26 1.566 36 1.569 31 1.567 26 1.565 27 1.566 19 1.566 21 1.573 26 1.567 42 1.567 
444 6 1.502 7 1.502 7 1.500 5 1.502 5 1.500 9 1.501 
711.551 4 1.457 3 1.457 
544 7 1.379 7 1.378 
a„(A) 10.390 ±0.003 10.402 ±0.002 10.395 ±0.002 10.375 ±0.007 10.389±0.003 10.388 ±0.006 10.426 ±0.005 10.393 ±0.008 10.399 ±0.002 
V(Å3) 1121.6 1125.6 1123.2 1116.8 1121.3 1121.0 1133.3 1122.6 1124.5 
Lue-
shite 
100 31 3.90 5 3.91 47 3.90 62 3.89 
110 35 2.759 9 2.762 54 2.754 81 2.753 
200 16 1.952 23 1.948 33 1.949 
210 10 1.746 11 1.743 18 1.684 
211 10 1.594 14 1.592 22 1.591 
220 6 1.380 7 1.379 7 1.378 
a„(A) 3.903 + 0.001 3.906 ±0.001 3.897 ±0.002 3.895 ±0.002 
V(Å3) 59.5 59.6 59.2 59.1 
Fe r -
smite 
111.040 11 3.76 12 3.76 
121 6 3.45 
131 14 3.06 9 3.06 5 3.06 20 3.05 11 3.05 62 3.06 69 3.05 
200 7 2.874 3 2.876 
220 1 2.706 
002 20 2.596 27 2.600 23 2.598 23 2.608 
142 7 2.003 5 2.001 5 2.001 7 2.001 
232 6 1.803 

2.001 

081 7 1.774 
082 7 1.526 
281 6 1.502 7 1.502 7 1.500 5 1.502 5 1.500 9 1.501 
a 0 ( A ) 5.81 ±0.01 5.75 ±0.05 5.74 ±0.03 
b 0 » 14.91 ±0.01 15.00 ±0.15 15.06 ±0.05 
Co » 5.20 ±0.00 5.22 ±0.07 5.21 ±0.02 
V(Å3) 450.6 450.2 450.4 

CO 

s 
n. a 
e 

s 
s 
a 



Pyrochlore from the Sokli carbonatite complex . 85 

Pyroch lore minera l s 

Crystal habit, zonality and inclusions 

The pyrochlore occurs as b r o w n euhed ra l 
gra ins va ry ing in size f r o m 0.15 m m to 0.5 
mm, and occasionally as l a rge as 5 mm. T h e 
prevai l ing crys ta l f o rms a re an oc tahedron or 
a combinat ion of an oc tahedron and a cube. 
Pyroch lo re tw ins w e r e found in the samples 
1003 and 1014. The twinn ing fol lows the 
spinel l aw and the tw in p lane is (111). P y r o -
chlore twins have been described ear l ie r 
f r o m the Lueshe ca rbona t i t e complex by 
Saf iannikoff (1967). F ronde l (1958) and v a n 
der Veen (1963) repor t twinn ing to be r a r e in 
minera l s belonging to the pyrochlore group. 

Zoning seems to be m a r k e d and common in 
the Sokli pyrochlore . In the pyrochlore of 
sample 1004 t a n t a l u m together w i th u r a n i u m 
and/or t ho r ium shows zonal d is t r ibut ion 
(Figs. 1 and 2). However , in most cases the re 
a re no s ignif icant d i f fe rences in the d i s t r ibu-
t ion of the main components . According to 
van der Veen (1963) such zonal i ty is due to 
metamict iza t ion . P e t r u k and Owens (1975) 
repor ted only minor d i f fe rences in the dis t r i -
but ion of the main components of zonal pyro-
chlore f r o m the Oka ca rbona t i t e complex, the 
grea tes t d i f fe rences being found in the dis t r i -
but ion of iron, u r a n i u m and thor ium. 

A grey or greenish grey mant le can be seen 
a round the w e a t h e r e d Sokli pyroch lore 
grains. Semenov et al. (1968) ident i f ied t h e 
greyish g reen n o n - t r a n s p a r e n t subs tance in 
the a l te red marg ina l zone of b r o w n pyro -
chlore f r o m I l imaussaq as igdloite (lueshite). 
According to van der Veen (1963) pyroch lore 
f r o m the Mbeya ca rbona t i t e complex a l te rs 
f i rs t to fe rsmi te , l a te r on to columbite . 

Magnet i te , apa t i t e and ca rbona te inclusions 
a re common in the Sokli pyrochlore grains. 
Also, a Hf - r i ch ZrO ä -mine ra l (?) was found 
in pyrochlore f r o m sample 1008. According 
to Heinr ich (1966) magne t i t e inclusions a re 

Fig. 2. Zonal distr ibution of u ran ium and thor ium 
in pyrochlore f rom phoscorite sample 1004. Kodak 
CA 80—15 film, radiat ion t ime 26 d. The phos-
corite sample contained 108 ppm of U and 1263 

ppm of Th (IN A A method). 

common in pyrochlore . The l a rge r pyro-
chlore crysta ls in the Mbeya ca rbona t i t e 
genera l ly conta in apat i te , calcite, i ron oxide 
and f luor i te inclusions (Fawley and J a m e s 
1955). von E c k e r m a n n (1974) repor ts wol la -
s toni te inclusions in pyrochlore f r o m Alnö, 
W i m m e n a u e r (1964) apa t i t e inclusions in 
pyrochlore f r o m Kaisers tuhl , and D e u t z m a n n 
(1964) ru t i le inclusions in zoned var ie t ies of 
da rk pyrochlore f r o m Kaisers tuhl . 

Thermal behaviour 

No t h e r m a l react ions could be recorded 
dur ing the hea t ing of pyrochlore concent ra tes 
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Ti O2 
20°/. 

1007. 207 . 

Fig. 3. Nb20ö-, TiOj- and TaoOj-weight propor-
tions in pyrochlore f rom samples 1003 (1), 1004 (2), 

1008 (3), 1014 (4), M 05 (5) and M 06 (6). 

f r o m the samples 1003, 1004 and 1008. In 
ear l ier s tudies on the t he rma l behav iour of 
pyrochlore , K u l p et al. (1952) and Kr ivokone-
va and Sidorenko (1971) obta ined s imilar neg-
at ive results . According to J ä g e r et al. (1959), 
weak exo the rma l peaks may arise at 400 C 
and 600°C. The peak t e m p e r a t u r e depends 
on the s ta te of oxidat ion and the r a t e of re -
crystal l izat ion. Pyroch lo re f r o m sample 1014 
exhib i ted an e x o t h e r m a l react ion at 540 C, 
which m a y have been due to the recrys ta l l i -
zation of pyrochlore (cf. Gorzhevskaya and 
S idorenko 1962). 

The m e a n loss of weight in the hea t ing of 
the pyrochlore concent ra tes w a s 8.9 °/o. Simi-
lar resu l t s have ear l ie r been a t t r ibu ted to 
the loss of w a t e r (Vlasov 1966). The loss of 
weight of the pyrochlore concent ra te f r o m 
sample 1003 did not cont inue unde r prolonged 
heat ing, 5 h at 1000°C. 

Dur ing the hea t ing studies, bo th in a rgon 
and in air, the pyrochlore concent ra tes t u r n e d 
yel low or reddish yel low. 

X-ray diffraction studies 

The unhea t ed pyrochlore proved to be 
metamic t . The un i t cell d imensions for the 
recrys ta l l ized pyrochlore var ied be tween 
10.375 Å and 10.426 Å. T h e l eng th of t h e 
a -ax is for the pyrochlore phase recrysta l l ized 
in air w a s found to be less t h a n for t h e cor-
responding phase recrysta l l ized in a rgon 
(Table 2). Three mine ra l phases w e r e ident i -
f ied: pyrochlore , f e r smi te (CaNbäO, ;) and 
lueshi te (NaNbO s) . The genera t ion of lueshi te 
seems to be f avoured by the air a tmosphere . 
Gorzhevskaya and S idorenko (1962) have ob-
ta ined perowski te and f e r smi te w h e n hea t ing 
metamic t pyrochlore, and lueshi te w h e n 
hea t ing crystal l ized pyrochlore . L ima de 
Far ia (1964) has, in addi t ion to some un iden t i -
fied reflections, obta ined th ree phases w h e n 
hea t ing pyrochlore : a pyrochlore phase w i t h 
a 0 = 10.4 Å, a cubic NbCX-phase, and a 
fe r smi te phase. The metan ioba te (Na2Nb.>0(1) 
crystal l ized by S e r u m (1955), dur ing hea t ing 
of pyrochlore f r o m Sove wi th ca lc ium oxide, 
exhibi ts the same powde r pa t t e rn as lueshite. 

Chemical composition 

The chemical composit ion of the pyrochlore 
minera l s is p resented in Table 3, w i th r e f e r -
ence samples f r o m Alnö and Oka included 
for comparison. The atomic propor t ions be-
tween the A-a toms in pyroch lore (general 
f o r m u l a A 2 _ m B 2 0 6 ( 0 , OH, F)j _n • pH äO) f r o m 
the phoscor i te samples a re p resen ted in Table 
4. The pyrochlore f r o m sample 1008 proved 
to be u r anpy roch lo re (cf. Hogar th 1977). 

In the pyrochlore f r o m the samples s tudied, 
the Ce/La-ra t io var ies be tween 3.1 and 9.6. 
The propor t ions of the B-a toms (Nb, Ta, Ti) 
a re presented in Fig. 3. The pyrochlore min -
erals contain a no tab le a m o u n t of t an t a lum; 
t h e NboOj/TajjOj-ratio var ies be tween 4.9 and 
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Table 3. Chemical composition of the pyrochlore minerals f rom Sokli, with reference samples f rom 
Alnö, Sweden (von Eckermann 1974) and Oka, Canada (Petruk and Owens 1975) included for com-

parison (%>, n.d. = not detected). 

1003 1004 1008 1014 M 05 M 06 Alnö Oka 

A1203 0.00 0.03 0.16 0.07 0.11 0.06 0.00 n.d. 
SiÖ-2 0.04 0.05 0.61 0.01 0.01 0.04 0.00 3.16 
CaO 17.75 16.63 9.29 18.18 11.64 13.62 17.01 5.06 
T i0 2 5.08 4.45 0.57 2.83 2.52 2.78 6.06 5.14 
MnÖ 0.04 0.07 0.08 0.09 0.04 0.03 0.30 0.23 
FeO 0.22 2.47 1.30 0.70 1.02 0.31 0.24 3.00 
Fe 203 2.40 
Ce 2 0 3 1.99 1.38 1.01 0.89 0.93 0.43 3.49 
Ce (La) O2 0.16 
LaoOß 0.56 0.22 0.11 0.12 0.16 0.14 0.79 
ThO-5 5.26 3.67 2.08 5.17 3.51 3.98 1.32 n.d. 
U 3 0 8 0.21 0.30 27.52 0.34 11.64 7.44 0.03 20.73 
Nb2Og 55.70 52.19 48.94 55.16 44.29 52.30 61.87 49.62 
Ta2Og 0.34 0.80 10.01 0.31 4.71 0.98 0.10 3.88 
ZrOg 0.29 2.20 3.35 1.77 4.03 3.36 2.55 0.27 
F 4.4 5.7 1.6 3.3 1.6 3.6 2.75 
N a 2 0 3.911 3.721 1.161 4.451 3.33 0.00 
SrO 1.18 
MgO n.d. n.d. n.d. n.d. n.d. n.d. 0.58 n.d. 
KjO 0.26 
N d 2 0 3 0.58 
H2O+ 2.13 
H2O- 0.28 
1 Instrumental neutron activation analysis (INAA) 

177.9. The NboOg/TaoOg-ratio in pyrochlore 
f r o m var ious ca rbona t i t e locations var ies be-
tween 7 and 6000, most ly be tween 100 and 
500 (van der Veen 1963). The highest va lues 
a re found for pyrochlore crystal l ized f r o m a 
d i f fe ren t i a t ed m a g m a in l a t e -magmat i c or 
pos t -magmat ic stages. Pyroch lo re f r o m Kai -
sers tuhl , for example , shows a N b 2 0 3 / T a 2 0 5 -
ra t io ma in ly about 600, a va lue tha t is con-

Table 4. A-atom proportions in pyrochlore min-
erals (°/o). 

1003 1004 1008 1014 

Fe 0.6 7.2 5.4 1.9 
Ca 65.6 62.2 49.4 64.1 
Na 26.2 25.2 11.2 28.4 
U 0.2 0.2 29.3 0.2 
Ce 4.1 1.8 1.8 1.1 
La 2.5 0.3 0.2 0.1 
Th 0.7 2.9 2.4 3.9 
Mn 0.1 0.2 0.3 0.3 

sidered typical of carbona t i tes (van W a m b e k e 
1964). 

U r a n i u m is readi ly leached f r o m pyrochlore 
dur ing wea the r ing processes and rebound in 
supergene minera l s and substances. The 
wea the red pyrochlore g ra ins a re l ighter in 
colour t han the u n w e a t h e r e d gra ins and are 
su r rounded by a grey or greenish g rey m a n -
tle. The only notable radioac t ive mine ra l in 
the phoscori te is pyrochlore (see Fig. 2 and 
Fig. 4). In wea the red (regolith) samples in 
addi t ion to pyroch lore also secondary apat i te 
and f ine -gra ined l imoni te conta in m a r k e d 
amoun t s of u r a n i u m (Fig. 5). Fer r ic h y d r o x -
ides and amorphous substances a re k n o w n to 
have a considerable capaci ty fo r sorbing 
u r any l ions (Lovering 1955, Rozhkova et al. 
1958, Wei jden et al. 1976). According to 
Al tschuler et al. (1958) and Rozhkova e t al. 
(1958), calcium phospha te m a y also concen-
t r a t e u r a n i u m f r o m su r round ing wate rs . 
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Fig. 4. Distribution of uranium and thorium in 
phoscorite sample 1008. Kodak CA 80—15 film, 
radiation t ime 26 d. Pyrochlore is the only de-
tected radioactive mineral. The phoscorite sample 
contained 943 ppm of U and 397 ppm of Th. 

(IN A A method). 

The sample series from weathered 
carbonatite 

The regoli th samples have been analyzed 
for Al, Ba, C, Ca, Ce, Fe, K, La, Mg, Mn, Na, 
Nb, P, S, Si, Sr, Ta, Th, Ti, U, V and Zr and 
the loss on ignit ion (L.I.) measu red (see Fig. 
6 and Tables 5 and 6). The s ta t is t ical s tudy 
is based on 12' samples . 

A s t rong posit ive corre la t ion can be seen 
be tween the e lements Nb, Th, U, Na and Ta 
(Table 5), which are also the main components 
of the pyrochlore . The resul ts of an R-mode 
ro ta ted fac tor analysis a re p resen ted in Tab le 
6. The loadings for the main components in 
pyrochlore a re h igh in fac tor 2, which hence 
m a y be des igna ted the pyroch lore factor . 

1 The contents of U, Th and Ta are missing for 
one sample 

Fig. 5. Distribution of uranium in weathered 
carbonatite. Regolith sample M 02. Macrofol 20 
«ra detector, radiation time for thermal neutrons 
3 h. Uranium-bearing minerals are A) pyrochlore, 
B) secondary apatite and C) fine-grained limonite. 
The sample contained 530 ppm of U and 463 ppm 

of Th (INAA method). 

Calcium and s t ron t ium show posi t ive cor re-
lat ion to P and C, which m a y be expla ined 
by the presence of apa t i t e (francoli te-col lo-
phane) and Ca-(Sr)-carbonate . Magne t i t e and 
its w e a t h e r e d der iva t ives (iron oxides and 
hydroxides) may be responsible for the posi-
t ive corre la t ion be tween Fe, Mn and V. 
Fac tor 1 is considered a combined magne t i t e 
and apa t i t e -ca rbona te factor . J u d g i n g f r o m 
the fac tor loadings and correlat ions, u r a n i u m 
seems to be ma in ly bound in pyrochlore , or 
to be in close association w i th it, also in 
wea the red carbonat i te . 

Conclusions 

Pyroch lo re f r o m the Sokli ca rbona t i t e 
complex, n o r t h e r n F in land , has been s tudied 
in fou r phoscori te samples and in t w o 
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regolith samples. The pyrochlore is euhedral 
exhibit ing crystal forms of an octahedron and 
a combination of an octahedron and a cube. 
Twinning according to the spinel law was 
found on two occasions and zonality is com-
mon. 

The X-ray diffract ion studies show that the 
pyrochlore is metamict. When heated up to 
1000 C, a lueshite and /o r a fersmite phase 
crystallized in addition to the pyrochlore 
phase. The crystallization of lueshite seems 
to be favoured by the air atmosphere. The 
calculated cell dimensions for pyrochlore 
range between 10.375 Å and 10.426 Å, with 
the recrystallization in an inert a tmosphere 
result ing in larger unit cell volumes than in 
air. DTA/TG studies show a weak exother-
mal peak, possibly indicating recrystall iza-
tion, at about 540°C. The loss of weight in 
the experiments averages 8.9 %>. 

Electron probe microanalysis of the pyro-
chlore minerals proved one of them to be 
uranpyrochlore. The pyrochlore minerals 
were found to contain a notable amount of 
tantalum. The Ce/La-ra t io varies between 
3.1 and 9.6 and the Nb205 /Ta.>05-ratio be-
tween 4.9 and 177.9. The low N b 2 0 5 / T a 2 0 5 -
ratio indicates that pyrochlore was crystal-
lized in a relatively undi f ferent ia ted magma. 

In weathered samples uran ium is par t ly 
leached f rom pyrochlore and aff ixed to super-
gene minerals. The distribution studies show 
tha t u ran ium is enriched in secondary cal-
cium phosphate and iron oxides. The R-mode 
rotated factor analysis of the sample series 
f rom weathered carbonati te revealed a pyro-
chlore factor and an apat i te-carbonate factor. 
The heavy loading for u ran ium in the pyro-
chlore factor together with the correlations 
indicate that most of the uran ium present in 
the weathered samples is still closely asso-
ciated wi th pyrochlore. 
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Table 6. R-mode rotated factor analysis of the correlations. 
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Factor loadings 

N = 12 1. 2. 3. 4. 5. Communa-

Al 0.09 —0.04 —0.83 0.29 0.17 0.82 
Ba 0.01 —0.17 —0.08 —0.93 —0.14 0.93 
Ca —0.99 0.01 0.10 0.00 —0.08 0.99 
Ce —0.38 —0.02 0.37 —0.31 —0.70 0.87 
Fe 0.83 0.01 0.33 —0.09 0.23 0.86 
K 0.14 —0.23 0.32 —0.89 —0.08 0.96 
La —0.00 —0.23 0.33 —0.59 —0.65 0.93 
Mg 0.07 0.40 —0.51 0.23 0.67 0.93 
Mn 0.79 0.17 0.23 —0.46 0.01 0.92 
Nb 0.04 0.94 —0.06 0.16 0.10 0.92 
P —0.97 0.10 0.21 0.00 —0.02 0.99 
S 0.04 0.28 —0.01 0.05 —0.92 0.94 
L.I. —0.39 —0.32 —0.83 —0.10 0.09 0.97 
Si —0.21 0.23 —0.78 0.22 0.48 0.98 
Sr —0.96 —0.15 —0.01 0.13 0.00 0.97 
Ti 0.70 0.25 0.56 0.19 —0.09 0.92 
V 0.74 0.27 0.57 0.06 0.09 0.95 
Zr —0.57 0.62 0.07 0.18 —0.03 0.74 
Ta 0.26 0.96 0.03 —0.00 —0.04 0.99 
Th 0.13 0.96 —0.13 0.13 0.04 0.98 
U 0.22 0.93 0.14 0.06 0.04 0.95 
C —0.81 —0.14 —0.35 —0.31 0.16 0.92 
Na —0.20 0.39 0.29 

Eigenvalues 
0.14 —0.21 0.97 

7.7 6.0 4.6 1.8 1.3 
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