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THE A LEY CARBONATITE COMPLEX i 

NORTHERN ROCKY MOUNTAINS , BRITISH COLUMBIA 

(94B/5) 

By Urs K. M a d e r 

Department of Geological Sciencies 

The University of British Co lumbia 

INTRODUCT ION 

The A l ey ca rbonat i te c o m p l e x was d i s c o v e r e d in 1980 and staked by 

C o m i n c o L td . in 1982 (Pr ide, 1983) for its n i o b i u m poten t i a l . The proper ty is 

l o c a t e d 140 k i lomet res nor th-nor thwes t o f M a c k e n z i e , o n the east s ide of W i l l i s tqn 

Lake, at la t i tude 56°27 ' n o r t h , l o n g i t u d e 123°45 ' west . 

A brief a c c o u n t of the g e o l o g y was p re sen ted b y Pell (1986a, 1986c) . This 

c o n t r i b u t i o n is an ou t l i ne of an M.Sc. thesis recent ly c o m p l e t e d - a t The Univers i ty o f -

Brit ish C o l u m b i a by the au tho r ( M a d e r , 1986) . 

G E O L O G Y 

The A i ey ca rbonat i te ' c o m p l e x i n t ruded C a m b r i a n s ed imen t s (Figure 4-1-1) of .'. ~ 

the con t i nen t a l marg in o f anc i en t N o r t h A m e r i c a near the sheif/off-shelf bounda r y . 

p r i o r t o the f o r m a t i o n of the no r the rn Rocky M o u n t a i n s [potass ium-argon • ages OJptrJppf 

340 t o 350 mi l l i on years (see Pe l l , this v o l u m e and Pe l l , 1986c)}. The y o u n g e s t unit 

a f f ec ted b y the in t rus ion is -the S k o k i vo l c an i c s e q u e n c e (? m id-Ordov i c i an ) . 

The ca rbonat i t e c o m p l e x is oval in ou t l i ne , 3 to 3.5 k i l omet res in d iameter 

and o c c u p i e s an area of a b o u t 7 square k i l omet res . The b o d y is . cy l indr ica l in the 

1 This p a p e r is a c o n t r i b u t i o n t o the Canada/Bri t ish C o l u m b i a M i n e r a l D e v e l o p m e n t 
A g r e e m e n t . 



th i rd d i m e n s i o n w i th a nearly vert ica l axis a n d has p robab l y b e e n on l y sl ightly t i l ted 

f r o m its or ig ina l o r i en ta t ion . i 

The c o m p l e x cons i s t s o f an o lde r , o u t e r r ing of metasomat ica l l y a l tered 

syen i te that o c c u p i e s one-th i rd of the v o l u m e . The core is f o r m e d by d o l o m i t e 

ca rbona t i t e w i th m ino r ca lc i te ca rbonat i te " s w e a t s " and s o m e rare-earth carbonate-r ich 

" s w e a t s " . Rare-earth carbonate-r ich fe r rocarbonat i te dykes in t rude the con tac t aureo le . 

The con tac t au reo le is c o m p o s e d of recrysta l l ized ca rbona te rocks character ized by a 

c r e a m to b r o w n i s h wea the r ing c o l o u r , but is little a f fec ted by metasomat i sm and 

s h o w s n o ind i ca t i on of h igh t empera tu re con tac t m e t a m o r p h i s m . 

The re la t ionsh ip of nearby l amprophy r i c dykes and the O s p i k a d ia t reme (Pell, 

1 9 8 6 b ; Pel l , this v o l u m e ) t o the carbonat i te c o m p l e x is unclear . 

The A l ey c o m p l e x and its con tac t au reo le are part o f an imbr icate thrust 
I 

sheet o f the nor the rn Rocky M o u n t a i n s , b o u n d e d t o the wes t by a high-angle 

thrust fault j ux tapos ing C a m b r i a n rocks of the con tac t aureo le against 

u n m e t a m o r p h o s e d S i lur ian rocks (Figure 4-1-1). The Si lurian r o c k s ~ f o r m part o f the 

tec tontca l l y t h i nned eastern l imb of a t ight an t i c l ine _wi_thi a -Cambrian c o r e : t o the 

wes t . This structural e l emen t is d i s se c t ed by faults s t r ik ing at .h igh angles t o the 

Rocky M o u n t a i n t rend . A l o n g the eastern s ide of the c o m p l e x . a tec ton ica l l y t h i n n e d , 

reve rsed strat igraphic s e c t i on , w i th a set of subpara l l e l -riower^angliB'. '-.^hrbst^fault^ -!-is 

thrust o n t o an imbr icate sheet con ta i n i ng Si lur ian rocks- ( to the east of the area 

m a p p e d ) . Parts o f the carbonat i te c o m p l e x may b e ^ a u l t e d - j o u t a b o v e ar id b e l o w 

the e x p o s e d leve l . The fault z o n e s a l o n g the e a s t e r n , and w e s t e r n s ide of the A ley 

c o m p l e x are m a p p e d as t w o branches of the B u r d e n thrust ( T h o m p s o n , 1978). 

STRUCTURES RELATED T O THE EMPLACEMENT O F THE COMPLEX 

The inner part o f the con tac t aureo le f o rms an annular , cy l indr ica l , duct i le 

shear z o n e e v i d e n c e d by " c h o c o l a t e - t a b l e t " b o u d i n a g e , shear f o lds and local ly b y 
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sheath fo lds . Hor i zon ta l and vert ica l c o m p o n e n t s of ex t ens i on near the contac t are 

in the o r d e r o f 200 t o 400 per cent . The duc t i l e shear z o n e suggests that d o m i n g 

was the major m e c h a n i s m of e m p l a c e m e n t . This is cons i s ten t w i t h circular, steeply 

d i p p i n g structural t rends in the carbonat i te co re , ou t l i ned by a c leavage and mineral 

layer ing (apatite, magnet i te , p y roch lo re , fe rsmi te , b io t i te and a m p h i b o l e ) . Temperatures 

w i th i n the con tac t aureole , d e d u c e d f r o m ca l c i te-do lomi te g e o t h e r m o m e t r y (250 °C t o 

3 5 0 * 0 and m e t a m o r p h i c phase assemblages ( < 4 0 0 ° C ) , further suppo r t the v i ew that 

at least part of the c o m p l e x was e m p i a c e d at subso l idus tempera tu res . 

MINERALOGY A N D MINERAL CHEMISTRY 

A p p r o x i m a t e l y 50 minera l spec ies are ident i f i ed in the f o u r major rock types 

of the A ley carbonat i te c o m p l e x (Table 4-1 -1). The list of minerals is stjll 

i n c o m p l e t e . N iob ium-r i ch phases of e c o n o m i c interest i n c l ude fersmite , p y roch lo re 

and c o l u m b i t e . 

Tables 4-1-2, 4-1-3 and 4-1-4 list averaged m i c r o p r o b e analyses of se lec ted 

minera ls . 

PETROGRAPHY P H ' 

D O L O M I T E C A R B O N A T I T E 

Fersmite and pyrite-bearing dolomite-apat i te-carbonat i te . _ - ~ __: _ 

Di f ferent degrees of de fo rma t i on and alterat ion resu l t ed in a variety o f 

textures . Fresh d o l o m i t e carbonat i te has a large range of grain s izes (0.1 t o 4 mm) 

w i t h a granob ias t i c i n t e r lock ing texture, a lmost i d io t rop i c in s o m e parts. Apat i te 

o c c u r s as pr ismat ic crystals or disk-like f l a t tened aggregates o r i e n t e d para l le l t o the 

planar fabr ic . Fersmite f o rms f ibrous t o f ine-grained aggregates rep lac ing euhedra l 

p y r o c h l o r e (cubic ) . Primary fersmite ( o r t ho rhomb i c ) is rare. C o l u m b i t e ~is obse r ved 



rep lac ing fe rsmi te . 

A l t e ra t i on of d o l o m i t e ca rbonat i te i n c l udes extens ive ch lor i t iza t ion and min@r 

s i l i c i f i ca t ion of nar row fracture z o n e s w i t h relatively abundan t fersmite and/or 

p y r o c h l o r e . Me ta l l i c b lack, granular aggregates are w i d e s p r e a d and consist of 

chlor ie-rut i le mixtures o r d o l o m i t e w i th th in n i ob i an rutile lamel lae g r o w n a long the 

r h o m b o h e d r a l c leavage. 

C A L C I T E C A R B O N A T I T E 

M a g n e t i t e , py roch lo re , a m p h i b o l e , pyr i te-bear ing calcite-apatite-carbonatite. 

Ca l c i t e carbonat i te typica l ly displays a Strang parallel fabr ic marked by a 

c leavage and minera l layer ing. Ca l c i t e fo rms a granob las t i c-po lygona l texture and is 

m u c h f iner gra ined (0.05 to 0.2 m m ) than d o l o m i t e ca rbona t i t e . Apat i te fo rms 

pr i smat ic crystals o r disk-l ike f l a t tened aggregates a l igned paral lel t o the fabric. 

B io t i te f o rms hexagona l , pr ismat ic , equant crystals assoc ia ted w i t h magnetite and/or 

p y r o c h l o r e . P y roch lo re displays its oc tahedra l l i a b i t and is z o n e d w i th rims relatively 

e n r i c h e d in n i o b i u m . A m p h i b o l e of r ichter i te c o m p o s i t i o n is f ib rous to acicular and 

a l i gned paral le l t o the fabr ic . At l e a s l - p a r f ^ ^ ^ h e a m p h i b o l e f o r m e d metasomat ica l ly 

near the con tac t w i t h the - , ^eni t ic*- ! --ft t^.- j Accts .sory minera ls i nc lude z i r con and rare 

b a d d e l e y i t e assoc ia ted -with yirioehte: 1 i f 

Ca l c i t e ca rbonat i te is... m o r e ^ e s M a a t ^ ^ w e a t h e r i n g than d o l o m i t e carbonat i te . 

Smal l a m o u n t s of ch lor i te t g g ^ j g g g g ^ j j g n i r aay^r i i a y f o r m In z o n e s of h igher strain. 

RARE-EARTH C A R B O N A T I T E DYKES 

4-1 -1). The dykes across the nor th r idge are charac te r ized by orange , o v o i d 

aggregates of rare-earth ca rbona tes (most ly burbank i te ) ; t h o s e across the no r thwes t 

r idge have d i s p e r s e d rare-earth ca rbona tes , abundan t barite a n d seconda r y quar tz . 

T w o dyke swarms o c c u r in the con tac t aureo le of the c o m p l e x (Figure 



Burbank i te , cordy l i te and h u a n g h o i t e are p robab l y pr imary i gneous rare-earth 

ca rbona tes whereas the h yd rous ca rbona tes and var ious calc ium-stront ium-bar iurp 

ca rbona tes are part of the a l terat ion a ssemb lage . 

RARE-EARTH-RICH " S W E A T S " W ITH IN T H E C O M P L E X 

M i n o r rare-earth ca rbona te r ich d i f ferent iates o c c u r at a f e w local i t ies w i th in 

the c o m p l e x . Large (cent imetre-scale) i r regular crystal aggregates of huangho i t e and 

bastnaes i te o c c u r in a d o l o m i t e matr ix. 

M E T A S O M A T I C A L L Y ALTERED SYENITE 

Aeg i r ine and ar fvedson i te-bear ing albite-quartz-rock to quartz-bear ing 

albite-aegir ine-arfvedsonite-rock. 

This unusua l rock displays a great c o m p o s i t i o n a l a n d textural variety. Relict 

mic rosyen i t e textures ind icate a pr imary i g n e o u s or ig in as an ar fvedsoni te and 

quar tz-bear ing syen i te . Alkal i m e t a s o m a t i s m resu l ted in extens ive ove rg rowth of 

f ine-gra ined acicular aegir ine and pr i smat ic a r fvedson i te a n d R e p l a c e m e n t of p r imary 

i g n e o u s textures b y m e t a m o r p h i c textures . 

R o u n d e d o r thoquar tz i t e xeno l i t hs and m i n o r m i c rosyen i t e . . xeno l i t hs o c c u r in 

var ious parts of the r ing s t ructure and may be ac (AJinulafe<^o'calfy ~(see Pel l , 1986a) . 

Xeno l i ths c o m m o n l y s h o w a b s o r p t i o n features and reacffe^rf=% 

C O N T A C T A U R E O L E 

W h i t e m i c a and po t a s s i um fe ldspar are the on l y c o m m o n m e t a m o r p h i c 

minera ls o b s e r v e d in impure marb les , marls and silts. Tale -arid calc-sil icates appear 

t o be absent . 

S i l ic i f icat ion and g r o w t h of r ichter i t ic a m p h i b o l e is o b s e r v e d w i th i n 10 t o 4 0 

cen t ime t res of the contact . Thre is n o minera log i ca l e v i d e n c e fo r major mass 

transfer w i t h i n the contac t aureo le . Trace e l emen t abundanc i e s ( N b , REE, Th , F) and 



radioact iv i ty can howeve r be cor re la ted w i t h the apparent intens i ty of a l terat ion. The 

f lu id phase respons ib le fo r the fo rma t ion o f the con tac t au reo le was p robab l y higf^y 

volat i le ( C 0 2 , H z O , F) and d i d no t affect major e l ement concen t r a t i ons signif icantly. 

GEOCHEMISTRY 

D o l o m i t e carbonat i te is very l o w in si l ica, a lumina and alkalies but h igh in 

p h o s p h o r u s (table 4-1-5). It is en r i ched in the i n c o m p a t i b l e e l ements t ho r i um , 

u ran ium, n i o b i u m , tanta lum, z i r c o n i u m and light rare-earth e l emen t s but is l o w in 

t i t an ium, r u b i d i u m , po tass ium and lead. D o l o m i t e oarbonat i te is relatively d e p l e t e d in 

heavy rare-earth e lements and the s ide roph i l e and ca l coph i l e meta ls . 

Ave rage ca lc i te carbonat i te is h igher in sil ica, p h o s p h o r u s and s o d i u m than 

d o l o m i t e ca rbonat i te . The trace geochem i s t r y is similar to d o l o m i t e carbonat i te . j 

Bar ium, s t ront ium and tota l rare-earth e l emen t s may reach major e l ement 

concen t r a t i ons in the rare-earth-rich carbonat i te dykes. The dykes may represent 

res idual , l o w tempera ture l iqu ids der i ved f rom -a -dejomiter? carbonat i te- l ike parental 

mel t . . 5 

The metasomat ica l l y a l tered syenite has .variable m a j o r : e l e m e n t Concent ra t ions . 

Its trace e l e m e n t geochemis t r y is o f " d i l u t e d " ca rbonat i te character . 

STABLE ISOTOPE RATIOS 

Samples of calc i te. d o l o m i t e and anker i te (most l y -s ing le crystals) f r o m calc i te 

ca rbona t i t e , d o l o m i t e carbonat i te and a rare-earth c a r b o n a t i t e 1 d y k e respect ive ly , we re 

ana lysed for o x y g e n and c a r b o n i s o t o p e ratios (Figure 4-1-2). A l l the 5 1 3 C ratios 

s h o w va lues typical of pr imary i gneous carbonat i tes of mant l e o r i g in (Taylor et a!., 

1967; P ineau et al., 1973). The 818 O values are var iable, a feature c o m m o n l y 

o b s e r v e d in ca rbonate minera ls . A n e levated 6 1 8 0 s ignature , in c o m p a r i s o n w i t h 



8 

mant le va lues , is usually taken t o be indicat ive of p o s t m a g m a t i c recrystal l izat ion and 

deute r i c a l terat ion (Taylor et al . , 1967) . Bo th p rocesses preferent ia l ly affect carbonate 

minerals (rather than sil icates) a n d o x y g e n i s o t o p e ratios rather than ca rbon i s o t o p e 

ratios. The ex t reme l y f resh samples of calc i te carbonat i te f r o m dri l l cores are no t 

a f fec ted at all by alterat ion. D o l o m i t e ca rbonat i te , a lmost always w i t h a b rown i sh tint 

due to w e a t h e r i n g , shows 6 1 8 O values typ ica l o f mant le o r ig in and e levated 6 1 8 O 

values d u e to recrysta l l izat ion and deu te r i c a l terat ion. Anke r i t e f r o m carbonat i te dykes 

r ich in rare-earths shows s o m e w h a t e levated 6 1 s O s ignatures , but 6 1 3 C values of 

mant le character . 

DISCUSSION 

The A l e y is o n e of the best e x p o s e d and preserved alkal ine-carbonatite 

c o m p l e x e s in the wo r l d . Bes ides its n i o b i u m potent ia l the c o m p l e x prov ides ins ight 

i n to p r o b l e m s of a lkal ine-carbonat i te rock genes is : . "^ m o d e of emp l a cemen t , 

d ivers i f i ca t ion of alkaline magmas , nature of the mant le sou r ce , p rocesses in the 

mant le s o u r c e r eg ion and meta l l ogenes i s . — -.-^ 

A C K N O W L E D G M E N T S .. ~ ^ = B = ^ : £ l i 5 ^ B ^ : = - ~ ' 

C o m i n c o Ltd. p r o v i d e d a 1:5000 g e o l o g i c a l i ua j^&ased o n four men-months 

of w o r k c o m p l e t e d dur ing 1983-84, ^as we f l ^BSB ' j 1 * ™ 1 " 1 " , c f ' " a " ^ ! ^ and logist ical 

suppo r t . Va luab le d iscuss ions w i th H.J. G r e e n w o o d TThe Univers i ty of British 

C o l u m b i a ) , K.R. Pr ide and P.C. L e C o u t e u r ( C o m i n c o L td4" c o n t r i b u t e d m u c h to the 

f i e ldwork and research. Suppo r t by the Canada/Brit ish C o l u m b i a M ine ra l D e v e l o p m e n t 

A g r e e m e n t f o r current research is ful ly a c k n o w l e d g e d . 
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F igure 4-1-1: G e o l o g i c a l m a p of the A ley ca rbonat i te c o m p l e x based in part o n 
g e o l o g i c a l m a p p i n g by C o m i n c o Ltd. j[ 
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Figure 4-1-2: Stable i so tope d i ag ram of s e l e c t ed ca rbona te minera ls (analyses by Dr. 
K. M u e h l e n b a c h s , Un ivers i ty of A lbe r t a , E d m o n t o n , Alberta) . 6 1 3 C ratios 
no rma l i z ed to p e r mil l PDB , 6 1 B O ratios n o r m a l i z e d t o per mi l l 
S M O W . Box out l ines the range of pr imary i gneous carbonat i tes 
una f fec ted by wea the r i ng o r deu te r i c and hyd ro the rma l a l terat ion (Taylor 
et al., 1967). 
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TABLE 4-1-1: Mineralogy 

Mine ra l M ine ra l C lass O c c u r r e n c e 

d o l o m i t e - ankeri te 
ca lc i te 
s t ront ian i te (?) 
a ls ton i te (barytocalc i te) (?) B a C a ( C 0 3 ) 2 

aragonite-stront iani te so l id so lu t i on (?) 
Sr-Ca-Ba ca rbona te (?) 
bu rbank i t e (Na,Ca,Sr ,Ba,LREE) 6 ( C 0 3 ) 5 

ancyl i te L R E E ( C a , S r ) ( C 0 3 ) 2 ( O H ) « H z O 
cordy l i t e B a ( L R E E , C a , 5 r ) 2 ( C O 3 ) 3 F 2 

h u a n g h o i t e B a L R E E ( C 0 3 ) 2 F 2 

bastnaes i te L R E E ( C 0 3 ) F 
Ce-Ba-La-Ca carbonate (?) 
Ca-La-Nd carbonate (parisite) (?) 
LREE ca rbona te (calkinsite, lanthanite) (?) 
Ca-Sr-Ba-Ce ca rbonate (?) 
apat i te 
m o n a z i t e (LREE,Th,Ca)PO« 
r h a b d o p h a n e (LREE)PO,, • H 2 0 
chera l i te ( Th ( Ca ,LREE ) PO f l 

ruti le 
hemat i t e 
magne t i t e 
badde l e y i t e Z r 0 2 

thor ian i te T h 0 2 

p y r o c h l o r e ( N a , C a ) 2 N b 2 0 6 ( 0 H , F ) 
fersmite ( C a , N a ) ( N b , T a , T i ) 2 ( O . O H , F ) 6 

c o l u m b i t e F e ( N b , T a ) 2 0 6 

z i rke l i te (?) ( C a , T h ) Z r ( T i , N b ) 2 0 7 

Ta-Ca z i r conate-n iobate 
quar tz 
a lb i te 
p o t a s s i u m fe ldspar 
ch lo r i t e 
s e rpen t i ne 
b io t i t e 
m u s c o v i t e , p h l o g o p i t e 
magnes io-ar fvedson i te N a 3 ( M g , F e ) 4 F e 3 * S i 8 0 2 2 ( O H , F ) 2 

r ichter i te N a 2 C a ( M g , F e * , F e * ) 5 Si 8 O 2 2 ( O H , F ) 2 

aeg i r ine ( N a , C a ) ( F e 3 * , M g , F e 2 + , T i ) S i 2 0 
l o r enzen i t e N a 2 T i 2 S i 2 O 9 

z i r c o n 
thor i te (huttoni te ) 

ca rbonate 
ca rbonate 
ca rbonate 
ca rbonate 
ca rbonate 
ca rbonate 
ca rbonate 
ca rbonate 
ca rbonate 
ca rbonate 
ca rbonate 
ca rbonate 
carbonate 
ca rbonate 
ca rbonate 
p h o s p h a t e 
p h o s p h a t e 
p h o s p h a t e 
p h o s p h a t e 
o x i d e 
o x i d e 
o x i d e 
ox ide 
o x i d e 
o x i d e 
o x i d e cd , ( c c ) 
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cer i te (?) si l icate au 
forster i te si l icate cc 
barite sulfate re1,re2 
pyr i te sul f ide cd,re1,re2,cc 
pyr rhot i te sulf ide cc 
spha ler i te sul f ide c d 
ga l ena sul f ide re1,cd 
cha l copy r i t e su l f ide sy 

Tab le 4-1-1: List o f minera ls ident i f i ed in the A l ey ca rbonat i te c o m p l e x w i th 
con t r i bu t i ons by P.C. L e C o u t e u r and ICR. Pr ide ( C o m i n c o Ltd.). LREE = 
l ight rare-earth e l ements (La ,Ce ,Nd,Pr ) ; c d = d o l o m i t e carbonat i te ; c c = 
ca lc i te ca rbonat i te ; r e l = rare-earth e l emen t ca rbonat i t e dykes (north 
r idge) ; re2 = barite r ich rare-earth e l ement ca rbonat i te dykes (northwest 
r idge) ; red = rare-earth r ich " s w e a t s " w i th in the carbonat i te ; sy = 
" s y e n i t e " ; au = m e t a m o r p h i c rocks of the con tac t aureo le . t 
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TABLE 4-1-2: Mineral Chemistry 

wt % D o C c A n k 

C a O 32.11 53.16 28.98 
M g O 17.03 0.55 14.12 
F e O 1 3.50 0.14 7.29 
M n O 0.33 0.21 3.66 
S r O 0.00 0.80 0.24 
c o 2

2 46.14 42.87 25.00 
Tota l 99.11 97.72 99.29 

m o l % N o r m a l i z e d Ana lyses 

C a C 0 3 54.61 97.39 50.54 
M g C 0 3 40.31 1.40 34.26 
F e C 0 3 4.64 0.20 9.93 
M n C 0 3 0.44 0.30 5.04 
S r C 0 3 0.00 0.79 0.23 
Tota l 100.00 100.00 100.00 

Tab le 4-1-2: E lec t ron m i c r o p r o b e analyses- of ca rbonate minera ls . D o = d o l o m i t e 
f r o m d o l o m i t e carbonat i teT" C c = calc i te f rom calc i te carbonat i te , A n k 
= •• anker i te f r o m rare-earth': ca rbonat i te dyke . 1 to ta l i ron , 2 ca l cu la ted . 
Samples w e r e ana lysed - vyijj-i an A R L - S E M Q (Univers i ty o f Calgary) 
o p e r a t e d at 15 k e V and ~ 0.T:r uA w i t h a split b e a m . 
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TABLE 4-1-3: Minera I Chemistry 

W e i g h t pe r cent f o r m a l i z e d a n a l y s e s 1 

Arf A e g Arf A e g 

S i 0 2 54.66 52.71 Si 8.09 1.98 
T i 0 2 0.21 5.82 Ti 0.02 0.16 
A 1 2 0 3 0.13 0.52 Al 0.02 0.02 
F e O 2 11.00 23.24 Fe 1.36 0.66 
M g O 16.31 2.55 M g 0.12 0.01 
M n O 0.94 0.37 M n 3.60 0.14 
C a O 2.45 1.25 C a 0.39 0.05 
N a z O 8.34 13.51 N a 2.39 0.98 
K 2 0 1.78 0.01 K 0.34 0.00 
B a O 0.01 0.03 Ba 0.00 o.oa 
F 2.45 0.01 F 1.15 0.00 
H 2 0 3 0.70 O H 0.69 

O 22.16 6.00 
Tota l 98.99 100.01 0 , O H , F 24.00 

Tab le 4-1-3: E lec t ron m i c r o p r o b e analyses of ar fvedsoni te and aegir ine. Arf = 
ar fvedsoni te f r o m " s y e n i t e ' ^ - - " A e g = aegir ine f r o m " s y e n i t e " . 

1 a.rfvedsonite n o r m a l i z e d " t o " 24~ (0 ,OH,F ) , aegi r ine no rma l i z ed t o 6 
o x y g e n s , 2 tota l i ron , 3 e s t ima ted . Samples we re ana lysed w i th an 
A R L - S E M Q (Univers i ty of Calgary)- o p e r a t e d at 15 k e V and 0.15 ^ A . 



TABLE 4-1-4: Mineral Chemistry 

W e i g h t per cent Fo rmu l a A 2 B 2 0 6 ( O H , F ) 
C o r e Rim C o r e R im 

N b 2 0 5 61.12 69.08 N b (B) 1.77 1.96 
T a 2 O s 0.18 0.32 Ta (B) 0.01 0.01 
Z r 0 2 1.44 0.06 Zr (B) 0.04 0.00 
T i 0 2 3.86 0.82 Ti (B) 0.18 0.04 

Tota l B 2.00 2.01 
C a O 16.38 16.33 C a (A) 1.12 1.09 
N a z O 7.34 9.16 N a (A) 0.92 1.11 
F e O 0.36 0.00 Fe (A) 0.02 0.00 
M n O 0.10 0.01 M n (A) 0.00 0.00 
L a 2 0 3 0.07 0.04 La (A) 0.00 o.oa 
N d 2 0 3 0.22 0.20 N d (A) 0.01 0.01 
C e 2 0 3 0.89 0.13 C e (A) 0.02 0.00 
T h 0 2 3.44 0.26 Th (A) 0.06 0.00 
u o 2 0.01 0.00 U (A) 0.00 0.00 
Total 95.41 96.41 Total A 2.15 2.21 

Tab le 4-1-4: E l ec t ron m i c r o p r o b e analyses of py roch lo re . Ana lyses by D r . . C . _ Perrault, 
Eco le Po l y t echn ique , M o n t r e a l , Q u e b e c ( pub l i shed w i t h permission).- . 
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TABLE 4-1-5: Whole Rock Geochemistry 

wt % c d c c re1 re 2 s y l sy2 

S i 0 2 0.50 2.17 0.65 7.30 66.36 53 .00 
A l 2 O a 0.26 0.02 0.21 0.67 4.28 1.33 
T i 0 2 <0.01 0.04 0.01 0.04 0.68 0.35 
FeO ( to t ) 2.95 8.41 10.49 12.00 
F e O 0.97 
F e 2 0 3 1.32 12.91 
M n O 0.26 4.11 3.30 0.27 0.35 
M g O 17.34 5.85 11.29 7.91 2.55 16 .00 
C a O 32.89 45.69 28.14 24.59 4.05 3.50 
N a 2 0 0.63 0.48 1.13 0.79 7.79 7.71 
K z O 0.02 0.05 0.04 0.06 0.24* 1.15 
p 2 o 5 1.74 4.60 0.14 0.09 0.70 0.68 
s 0.01 0.21 0.06 1.11 0.02 
Ba 0.69 7.74 
L O ! 43 .52 38.71 42 .55 33.31 0.84 
Tota l 95 .70 99.9 98 .77 98.74 98.86 97 .88 j 

p p m 

N b 4 9 0 3290 < 5 29 71 280 
Zr 66 600 580 96 270 390 
Y 41 97 13 96 6 21 
Sr 360 5280 5550 700 300 6 7 0 
U < 9 < 2 0 21 < 1 0 < 9 < 2 0 T ' 

Rb 4 < 2 0 < 4 < 4 < 3 < 2 0 : 
Th 130 65 28 840 < 7 < 2 0 
Ta 18 < 2 0 
Ba 39 315 1340 540 ^ - - - - " 
La 310 315 2670 2290 63 -235 •— 
C e 7 5 0 7 1 0 4760 7210 170 1 1 0 - — — 
N d 2 4 0 1020 3580 56 • r-r—- - . • - ~ ~" 

Ce/La 2.4 2.3 1.8 3.1 2.7 2.1 -• •-- - 7— 

C e / N d 3.2 4.7 2.0 3.0 — 

Tab le 4-1 -5: X-Ray f l uo rescence analyses of se lec ted w h o l e rock samples , c d — 
d o l o m i t e carbonat i te , c c = calc i te ca rbona t i t e , r e l = rare-earth 
ca rbonat i te dyke (nor th r idge) , re2 = rare-earth carbonat i te dyke 
(nor thwest r idge) , sy1 = " s y e n i t e " , sy2 = " s y e n i t e " . Analyses c c and 
sy2 by C o m i n c o L td . 


