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I 
INTRODUCTION 

Carbonate r o c k s , i n a s s o c i a t i o n with a l k a l i n e i n t n u s i v e 
complexes, have been known f o r some time, but. only r e c e n t l y 
has i t been r e a l i z e d that the carbonate rocks may be pet r o -
g e n e t i c a l l y related to the a l k a l i n e intruslv¥s; that pif i s 
both may have been derived from the same magma. ^ 

The purpose of t h i s p r o j e c t was to fa m i l i a r i z e the auth­
or w i t h some of the c h a r a c t e r i s t i c s of earbonatites, and to 
examine the geology and mineralogy of carbonatite occurrences 
at Oka, Quebec, and I r o n H i l l , Colorado, 

Rock specimens from the Oka complex were k i n d l y supp­
l i e d by Dr. Gower. 

CARBONATITES IN GENERAL 

DEFINITION (Verwoerd,1966) 
Carbonatite: "granular rock c o n s i s t i n g of primary c a l -
c i t e , dolomite, a n k e r i t e , or other rock forming carbon­
ates as primary c o n s t i t u e n t s . . . . and e x h i b i t i n g the 
primary features of i n t r u s i v e rocks." 
The rock i s c a l l e d s o v l t e i f the carbonate I s p r i m a r i l y 
e a l c i t e and b e f o r s i t e i f the carbonate i s p r i m a r i l y do­
lo m i t e . 

PRINCIPAL CHARACTERISTICS (based on Heinrich,I966) 

1. The a s s o c i a t i o n of earbonatites I s r e s t r i c t e d to a l -
k a l i c undersaturated to saturated Igneous ro c k s , to a l k a l i c 
u l t r a m a f i c igneous rocks, or both. 

2. The environment of emplacement Is c o n t i n e n t a l , c r a -
t o n i c , or p e r i p h e r a l c r a t o n i c , with close r e l a t i o n s h i p s to 
zones of major f a u l t i n g i n many cases. 

3. Carbonatites range i n age from Pre-Cambrian to pre­
sent. 

4. Car l m a t i t e s are u s u a l l y I n the form of plugs, d i k e s , 
v e i n s , or cone sheets, and r a r e l y , concordant I n t r u s i o n s and 
la v a s . U s i i a l l y , c arbonatite bodies are c i r c u l a r to oval i n 
plan, with a diameter of 1-3 m i l e s . Commonly the carbonatite 
with r e l a t e d a l k a l i c rocks forms a c o n c e n t r i c , r i n g type 
s t r u c t u r e , with carbonatite at the centre. An i d e a l sequence 



2 of r i n g s would be syenite- — f o y a i t e - i j o l i t e - pyroxenite l 
or dunite - c a r b o n a t i t e . There may be more than one centre 
i n a s i n g l e complex. The contacts between l a y e r s are usu­
a l l y v e r t i c a l or n e a r l y v e r t i c a l . L ater carbonatite dikes-
o f t e n cut the c e n t r a l f r a c t u r e s to form cone sheets. The 
carbonatite dikes often cut the associated a l k a l i c rocks' and 
country rocks. ' 

5. Many carbonatite bodies show features c h a r a c t e r i s t i c 
of other I n t r u s i v e rock masses, such as c h i l l e d margins, 
x e n o l l t h s , c r o s s - c u t t i n g contacts, and apophyses. Some also 
show evidence of having been formed at l e a s t p a r t i a l l y by 
replacement; examples are pseudomorphs and corroded r e l i e f s . 
V o l c a n i c earbonatites are represented by both flow and pyro-
c l a s t i c types. 

6. Almost a l l c a r b o n a t i t e - a l k a l i n e complexes are s u r ­
rounded by an aureole of wal l - r o c k a l t e r a t i o n c a l l e d f e n i t i -

* z a t l o n . 
7. Carbonatites and the r e l a t e d a l k a l i c rocks charact­

e r i s t i c a l l y c o n t a i n unusual concentrations of Ba, Sr , CffRE, 
P, T i , Nb, F, Th, and Zr. Most common accessory minerals are 
magnetite, a p a t i t e , b i o t i t e , aegerine soda amphibole, and 
a l k a l i c f e l d s p a r . Ml^nor accessories Include pyrochlore, 
p e r o v s k i t e , r u t i l e , z i r c o n , s t r o n t i a n l t e , and rare earth min­
e r a l s . 

8. The isotope r a t i o s C 1 3 / C 1 2 and S r 8 7 / S 8 6 of carbon­
a t i t e s d i f f e r from those of limestones and marbles but are 
s i m i l a r t o those of b a s s a l t l c rocks. 

ECONOMIC SIGNIFICANCE 

Carbonatites c o n s t i t u t e a la r g e reserve of Nb, mainly 
as pyrochlore. P r e v i o u s l y Nb was obtained mainly as colum-
b i t e from pegmatites, a l k a l i c g r a n i t e s , and t h e i r p l a c e r s . 
Niobium (Columbium) i s used mainly i n high temperature st e e l s 
f o r a i r c r a f t and ro c k e t s , and i n atomic power pl a n t s (Howe, 
1958). 

Some carbonatites c o n t a i n major accumulations of Rare 
Earth elements of the Ce group. Carbonatite complexes also 
represent a major type of Thorium d e p o s i t . 

Carbonatite complexes, with t h e i r associated veins and 
a ccumulates, c o n t a i n economic and p o t e n t i a l l y economic de­
p o s i t s of Fe (magnetite-hemetite), T i ; ( r u t i l e , b r o o k i t e , i l -
menite), Mn, Cu, a p a t i t e , b a r i t e , f l o u r i t e , v e r m i c u l i t e , ne-
ph e l l n e , and carbonate rock. 



PATHOGENESIS 3 

The i r e x i s t s the usual disagreements between g e o l o g i s t s 
advocating a metasomatlc o r i g i n f o r c a r b o n a t i t e s , and those 
advocating a magmatic o r i g i n . Most of the recent l i t e r a t u r e 
i s i n favour of a magmatic o r i g i n f o r most c a r b o n a t i t e s . Some 
convincing arguments i n favoud? of a magmatic o r i g i n were giv­
en by Verwoerd (1966), who concluded: 

a. Carbonatites intrude mainly i n the form of a melt 
which l a t e r undergoes v a r y i n g degrees of m o d i f i c a t i o n by r e ­
placement. 

b. B a s $ a l t i c magma i s probably the most l l k k y parent 
magma. ( 

c. Most -of the associate a l k a l i n e s i l i c a t e rocks can be 
derived i n s e v e r a l ways from a primary b a s s a l t l c magma. 

IRON HILL, POWDSRUORN DISTRICT, 
COLORADO 

GENERAL 

The a l k a l i c rock complex near Fowderhorn, Colorado, 
contains one of the l a r g e s t s i n g l e reserves of both C o l -
umbium (Niobium) and t i t a n i u m i n the United S t a t e s , as w e l l 
as s i g n i f i c a n t amounts of ra r e earth elements and thorium. 

The U.S. Bureau of Mines d r i l l i n g and surface sampling 
program i n 1957 estimated t h a t the complex contained over 
100 m i l l i o n tons of average grade 6.5$ TIO^and ±1.7% Feo 

D r i l l i n g programs, by DuPont,in 1957 and 1958, i n d i ­
cated a columbium reserve of over 100,000 tons of Cb-TOs • 

STRUCTURE 

The a l k a l i c complex ( F l g . l ) i s roughly pear—shaped i n 
plan and I s be l i e v e d to be cone or funnel-shaped i n s e c t i o n 
( F i g . 2 ) . I t covers approximately 12 sq. m i l e s . About 70$ i s 
u n d e r l a i n by pyroxenite which i s intruded and/or replaced 
by concentric nepheline and m e l i l i t e bearing rocks, magnet-
i t e - p e r o v s k i t e concentrations, b l o t i t e r i c h zones, and c a r ­
b o n a t i t e . The c e n t r a l carbonatite covers approximately 2$ 
sq. m i l e s . 
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Figure 1. Geologic map of I r o n H i l l Carbonatite 
complex, (Temple & Grogan, 1965) 

I 1111 M l i t , : •  

f i g u r e 2. 3-DImensIonal model of the I r o n H i l l Car­
bonatite complex. (Temple & Grogan, 1965) 
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The a l k a l i c rocks are roughly concentric with the cen-

re of the c a r b o n a t i t e , as i s the f l o w banding w i t h i n the 
ca r b o n a t i t e . Age r e l a t i o n s and character of these rocks 
p o i n t t© formation along concentric zones of heavy f r a c t u r e , 

Carbonatite cone sheets south of B i g I r o n R i l l , and 
carbon a t i t e dikes and thorium veins i n the country rock 
(Pre-Cambrian Powderhorn granite) south of the complex are 
also: c o n c e n t r i c , 

Carbonatite dikes seem to r a d i a t e outward from a com­
mon point on the north side of B i g I r o n H i l l , These dikes 
are n e a r l y v e r t i c a l , and cut the inward dipping cone sheets. 
S l i g h t movement has taken place along some of the d i k e s . 

The complex I s cut by a major WWW trending f a u l t . This 
i s probably r e l a t e d to the major Cimarron f a u l t system. Smal­
l e r f a u l t s t r e n d i n g ENE, WNW, N, and NNE traverse the c a r ­
b o n a t i t e . These f a u l t s are marked by massive jasper. 

CARBONATITE ROCK TYPES 

Several v a r i e t i e s of carbonatite occur i n the c e n t r a l 
core of the complex. The dominant type Is a brown, f o l i a t e d , 
g n e i s s o i d , a n k e r i t i c dolomite. This rock i s the p r i n c i p a l 
columblum c a r r i e r . Pyrochlore occurs with f i n e granular apa­
t i t e along shear planes, and replaces carbonate along g r a i n 
boundaries. I t g e n e r a l l y occurs as euhedral, octahedral 
c r y s t a l s v a r y i n g from pale green t o brown. Other minerals 
are magnetite, i l m e n l t e , p y r i t e , z i r c o n , r u t i l e , monazlte, 
and f l o u r i t e . I n general, b i o t l t e bearing rock i s low In 
pyrochlore, except where cut by a p a t i t e s t r i n g e r s . 

Massive white carbonatite occurs I n pods and dikes i n 
the f o l i a t e d type. This carbonatite i s d o l c J i t i c , but lower 
In Iron than the f o l i a t e d type. Appreciable amounts of s t r o n -
l l u m (2%) occur I n t h i s rock as w e l l as b i o t i t e , p y r i t e , and 
other sulphides. Pyrochlore I s r a r e . 

Zones of a l t e r e d carbonatite occur near jasper d i k e s . 
This type has f o l i a t i o n s i m i l a r to the o r i g i n a l but i s s o f t 
and h e a v i l l y i r o n - s t a i n e d . This rock contains pyrochlore 
i d a e x i c a l - t o ^ t h a t contained i n the f r e s h carbonatite and has 
a concentration of barium and RE. 

A mixed zone of carbonatite and pyroxenite l i e s between 
the main carbonatite and the surrounding pyroxenite. 
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DISTRIBUTION OF ELEMENTS OF POTENTIAL ECONOMIC IMPORTANCE 

Columbluni (Niobium) occurs as pyrochlore i n the f o l i ­
ated and weathered c a r b o n a t i t e , as perovsklte i n the mag-
n e t i t e - p e r o v s k i t e bodies, and as columblte i n the thorium 
v e i n s • 

Titanium occurs as Ilmenlte I n the magnetite-perov-
s k l t e bodies, and as sphene In the pyroxenite and mixed 
zone. 

Rare earth minerals are found In the s l d e r i t i c c a r ­
b o n a t i t e 5 dikes,' we atherdd c a r b o n a t i t e , and magnetite-per-
o v s k i t e bodies. 

Thorium occurs i n the f o l i a t e d c a r b o n a t i t e , magnetite-
perovsklte bodies, jasper d i k e s , s l d e r i t i c c arbonatite dikes 
and thorium v e i n s . 

Copper has been observed i n small q u a n t i t i e s as c h a l -
c o p y r i t e I n c a r b o n a t i t e , d i k e s , massive c a r b o n a t i t e s , and 
mixed zone rocks. I t i s t y p i c a l l y up to 0.2% Cu i n b i o t l t e 
r i c h zones of the pyroxenite* 

CKA REGION, TWO MOUNTAINS COW-SI ' QUEBEC 

GENERAL 
The Oka complex of carbonate and a l k a l i n e rocks,about 

20 miles west of Montreal contains deposits which are pot­
e n t i a l l a r g e tonnage sources of niobium (eolumblum). Up to 
1955 more than 150 diamond d r i l l holes were d r i l l e d i n t o 

tthe complex, and much more work has been done since 
The Oka comple:; I s believed to belong to the Monter-

egian p e t r o g r a p h i c a l province, which i s characterised by 
more or l e s s c i r c u l a r shaped bodies of gabbro and nepheline 
s y e n i t e p of post-Middle Devonian age. The country rock i n 
the Oka r e g i o n i s mainly Preeambrlan gniesses, g r a n u l i t e s , 
a n o r t h o s i t e s , q u a r t z i t e s and f e n i t e s . 

-STRUCTURE 
The Oka complex i s roughly oval shaped, about 4 miles 

long and 1 to 1.5 miles wide. ( f i g . 3 ) Evidence from surface 
exposure and d r i l l cores suggest that the Oka complex was 
formed by a c o n t i n u i i n g succession of r i n g dike i n t r u s i o n s 
of a l k a l i n e and carbonate rocks. The complex i s composed 
mainly of an Intimate mixture of c a r b o n a t i t e , c a l c - s i l c a t e 
r o c k s , and a l k a l i n e s i l i c a t e rocks. ( f i g .4) Several f a u l t s 
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and shear zones have been encountered, but they apparently 
are not r e l a t e d to the occurence of niobium minerals* 
Yard ous types of bre c c i a s are common and In many places 
c a l c i t e has flowed Into f r a c t u r e s w i t h i n the s i l i c a t e rocks. 

LEGEND 

Oka complex 

Gabbio-syenite 

Palaeozoic sedimentary rocks 

Precambrijn rocks 

Scale of Mi les 

G. S. C 

Figure 3- G e o l o g i c a l sketch map of Oka region and 
v i c i n i t y , Quebec*(Rowe, 1958) 

-"'unjrnri i i ' imii iu'n.;^^ 

flllilJHlllN 

v v \ V 
, « ' n n , . r m , t i m . f . j | i | 

H l - 4 i " , l j t n l i truhi ii ii i 

iurni.n1irUtttih;i-;.-i-4itr;».;!••--, •• 

""'"^.Hli'::};!!!!;!!!!:!!.1 

\ N j Mainly calcite rock with lesser amounts ofsoda 
pyroxene - biotite - calcite - pyrochlore rock 

G. S. C. 
Figure 4." Composite plan showing the general geology 

of the Bond zone, Oka re g i o n , Que- CRowe 195$/ 
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The main carbonatite at Oka i s composed of white 
tp- .grey s medium to coarse grained c a l c i t e . Some of the 

c^Carbonatite i s composed almost e n t i r e l y of c a l c i t e but 
1 most, of i t contains v a r y i n g amounts of the accessory 
minerals a p a t i t e , b i o t i t e , magnetite, o l i v e n e , pyroxene, 
m o n t i c e l i i t e , m e l i l i t e , p y r i t e , p y r r h o t i t e , garnet, pyro-
e h l o r , perovskite . and n i o c a l i t e concentrated i n streaks, 
bands, and l e n t i d e s * . "Varieties of carbonatite are d i s t ­
inguished mainly by t h e i r accessory mineral content* 

The northern part of the comglex contains some dolo­
mite rocks which do not o^tcrop lf ?Dut were present i n some 

d r i l l cores. Carbonate veins"lJc*3ur In parts of the complex, 
some of which are c a l c i t e and others dolomite. 

The most important rock of economic i n t e r e s t i s the 
soda-pyroxene — b i o t i t e - c a l c i t e - pyrochlore rock. 
Aegerine-augite, b i o t i t e , and c a l c i t e make up the bulk of 
t h i s rock, with pyrochlore present up to 20% i n some 

places. Accessory minerals are magnetite, p y r i t e , and 
p y r r h o t i t e . This rock u s u a l l y occurs as lenses In the main 
ca r b o n a t i t e . Lenses of rock g r e a t l y enriched i n a p a t i t e 
also occur. 

A m e l i l i t e - hauyne - b i o t i t e r i c h rock, sometimes 
containing nephellne was f i r s t described by S t a n s f l e l d i n 
1923. t h i s rock which i s c a l l e d Okaite i s described In de­
t a i l by Davidson (1962). Other minerals which occur In 
Okaite Includemagnetite, a p a t i t e , p e r o v s k i t e , p y r i t e , 
garnet, and pyroxene. I t i s u s u a l l y medium bluish-gray i n 
colour with a g l a s s y to greasy l u s t r e . C a l c i t e r i c h 
v a r i e t i e s are l i g h t e r i n c o l o u r . 

The Oka complex also i n c l u d e s i j o l i t e , u r t i t e , Jacu-
p i r a n g l t e and other a l k a l i n e s i l i c a t e rocks which w i l l not 
be discussed. 

NIOBIUM MINERALS 

Pyrochlore I s probably the most Important niobium 
mineral i n the Oka complex. I t u s u a l l y occurs as-brownish-
red g rains and. c r y s t a l s up to 5 m.m. In s i z e . I n t h i n 
s e c t i o n the pyrochlore was reddish brown and i s o t r o p i c . A 
few of the c r y s t a l s appeared to be zoned* I n c l u s i o n s of 
b i o t i t e , a p a t i t e , and c a l c i t e were noted. B i o t i t e adjacent 
to pyrochlore was commonly b r i g h t orange-red i n t h i n s e c t i o a 
The pyrochlore was contained mainly i n the sod a*~.-yroxene -
b i o t i t e - c a l c i t e rock. ( f i g s . SIS) 
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K i o b i a n perovskite occurs as subhedralgrains and cubic 
c r y s t a l s up to 7 mm. In s i z e . I t i s a dark p u r p l i s h - g r a y 
i n hand speclman, with a sub-metallic l u s t r e . I n t h i n 
s e c t i o n perovskite Is reddish brown,, n e a r l y I s o t r o p i c , and 
e x h i b i t s very complex twinning under crossed n i c o l s . I t 
occurs mainly i n the a l t e r e d okaite and may be rimmed by 
secondary columblte. ( f i g * J ) I n c l u s i o n s of b i o t i t e , 
c a l c i t e , and a p a t i t e are not uncommon. 

Figure 7. Oka trench 9 crossed 
n i c o l s X80 

The minerals n i o c a l i t e , which occurs i n c a l c i t e rocks 
from the Bond zone, and b e t a f i t e , which occurs In the i j o l i * 
r o c k s , were not observed In the t h i n s e c t i o n s . 

Po l i s h e d sections from s e v e r a l rock types were prep­
ared and examined but proved to be l e s s h e l p f u l than the 
t h i n s e c t i o n s . Magnetite with exolved i l m e n l t e , p y r i t e , 
and p y r r h o t i t e were observed. 
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CONCLUSIONS 

A l k a l i n e I n t r u s i v e rocks, with t h e i r r e l a t e d carbon­
a t i t e s are the host rocks f o r unusually high concentrations 
of rare elements which were p r e v i o u s l y found , i n economic 
concentrations, o n l y l n pegmatites,alkaline g r a n i t e s , and 
t h e i r p l a c e r s * Some of the elements that may be concen­
t r a t e d In carbonatites are niobium, thorium, rare earths, 
i r o n t i t a n i u m , uranium, magnesium, copper, and„barium.. 

The carbonatite complex at I r o n H l l l J Colorado, i s one 
of the United States' main sources of columbium, t i t a n i u m , 
thorium, and rare earth minerals. 

TH'e carbonatite and r e l a t e d rocks near Oka, Quebec 
are mainly noted f o r t h e i r s u b s t a n t i a l reserves of niobium. 

Carbonatites occur on a l l continents except A u s t r a l i a 
and A n t a r c t i c a , with the g r e a t e s t number of known carbon* 
a t i t e s located i n A f r i c a . Carbonatite deposits throughout 
the world are remarkably s i m i l a r i n s i z e , shape, composition, 
and r e l a t i o n to surrounding rocks. They almost i n v a r i a b l y 
produce magnetic and r a d i o a c t i v e anomalies, p r o p e r t i e s which 
g r e a t l y aid the search f o r these rocks. 

r 
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