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INTRODUCTION 
The Aley carbonatite  complex was discovered in 1980 and staked 

by Cominco  Ltd. in 1982 (Pride, 1983) for its niobium  potential. 

kenzie, on the  east  side of Williston Lake, at latitude 56“21’  north, 
The property  is  located 140 kilometres north-northwest of Mac- 

longitude  123”45’  west. 

1986~).  This contributian is an  outline of an M.Sc. thesis recently 
A brief account of the  geology was presented by  Pel1 (1986a, 

completed at The University of British Columbia by the author 
(Mader, 1986). 

GEOLOGY 
The Aley carbonatile  complex  intruded  Cambrian  sediments 

(Figure  4-5-1) of the  continental  margin of ancient North America 
near  the  shelfloff-sheli  boundary  prior to the  formation of the 
northern Rocky Mountains  (potassium-argon  ages of 340 to  350 
odlion years)  (Pell, 1 9 8 6 ~ ;  Pell. this volume). The youngest unit 
affected by the intrusion  is  the  Skoki  volcanic  sequence  (mid- 
Ordovician?). 

diameter and occupies  an  area of about 7 square kilometres. The 
The carbonatite  complex is oval in outline,  3  to 3.5 kilometres in 

body is cylindrical in the third dimension with a nearly vertical axis 
and has probably  been  only  slightly  tilted  from its original 
orientation. 

The complex  consists of an older, outer ring of metasomatically 
altered syenite that occupies  one-third of the  volume. Thc core is 
formed by dolomite  carbonatite with minor  calcite  carbonatite 
“sweats” and some rare-earth  carbonate-rich “sweats”. Rare-earth 
carbonate-rich  fcrrocarbonatite dykes intrude  the  contact aureole. 
The contact aureole is composed of recrystallized  carbonate  rocks 
charactenzed by a cream to brownish weathering colour, but is little 
affected by mctasomatism  and  shows no indication of high- 
temperature contact  metamorphism. 

diatreme  (Pell, 1986b; Pell, this volume) to the carbonatite  complex 
The relationship of nearby ldmprophyric dykes and the Ospika 

is unclear. 
The Aley complex and its contact aureole are part of an imbricate 

thrust sheet of the  northern Rocky Mountains,  bounded to the west 
by a  high-angle thrust fault juxtaposing  Cambrian rocks of the 

4-5-1). The Silurian  rocks form part of the tectonically thinned 
contact aureole against  unmetamorphoaed  Silurian  rocks  (Figure 

eastem limb of a tight  anticline with a  Cambrian core to the west. 
This  structural  element is dissected by faults striking at high angles 
lo the Rocky Mountain trend. Along the eastern side of the complex 
a tectonically thinned, reversed stratigraphic  section, with a  set of 
subparallel lower angle thrust faults, is thrust onto an imbricate 

Parts ofthe carbondtite complex may be faulted out above and below 
sheet containing  Silurian  rocks (to the east of the  area  mapped). 

the exposed level. The fault zones along tile eastern and western side 

of the Aley complex are mapped as two  branches of the Burtien 
thrust (Thompson, 1978). 

STRUCTURES  RELATED  TO  THE 
EMPLACEMENT OF THE  COMPLEX 

drical,  ductile  shear  zone  evidenced by  “chocolate-tablet” 
The inner  part of the  contact  aureole forms an annular, cylln- 

boudinage,  shear  folds and locally by sheath folds. Horizontal and 
vertical components of extension  near  the  contact are in the order of 
200 to 400 per cent.  The ductile  shear  zone  suggests that doming 

circular, steeply  dipping  structural trends in the carbnnatite core, 
was the  major  mechanism of emplacement.  This is consistent  with 

outlined by a cleavage and mineral  layering  (apatite,  magnetite, 
pyrochlore,  fersmite,  biotite and amphibole).  ‘kmperatures within 
the  contact  aureole,  deduced from calcite-dolomite  geothenno- 
metry  (250°C to 350°C) and  metamorphic phase assemblag:es 
(S400’C), further  support  the view that at least part of the comp ex 
was emplaced  at  subsolidus  temperatures. 

MINERALOGY  AND  MINERAL  CHEMISTRY 

rock types of the Aley carbonatite  complex (Table 4-51),  The lis1 of 
Approximately 50 mineral  species are identified in the four major 

minerals is still incomplete. Niobium-rich phases of economic ipler- 
est include fersmite, pyrochlon: and  columbite. 

of selected  minerals. 
Tables 4-5-2, 4-5-3 and 4-5-4 list averaged microprobe analy,ies 

PETROGRAPHY 

DOLOMITE CARBONATITE 
Fersmite  and  pyrite-bearing dolomite-apatite-carhonatite: 

Different degrees of deformation and alteration resulted i n  a vark ty  
of textures.  Fresh  dolomite  carbonatite  has  a  large  range of gnin 
sizes (0.1 to 4 oillimetres) with, a granoblastic  interlocking  texture, 
almost idiotopic in some parts. Apatite occurs as prismatic crystals 
or disk-like flattened  aggregates  oriented parallel to  the plmar 
fabric.  Fersmite  forms  fibrous 1.0 fine-grained  aggregates replac np 
euhedral  pyrochlore (cubic). F’rimary fersmite (orthorhombic) is 
rare. Columbite is observed  replacing  fersmite 

tion and minor silicification of narrow fracture zones with relative11 
Alteration of dolomite carbonatite includes extensive chloritira- 

abundant fersmite and/or  pyrochlore. Metallic black, granular ag- 
gregates are widespread and consist of chlorite-rutile mixtures or 
dolomite  with thin niobian rutile  lamellae grown along the rhomb 
ohedral  cleavage. 

CALCITE CARBONATITE 
Magnetite,  pyrochlore,  amphibole,  pyrite-hearing calcite,. 

apatite-carbonatite: Calcite  carbondtite  typically  displays  a strvnj: 

* This prujcct is  a contribution to the CanadaJRritnh Culumhia Mineral Drvelopmcnt Agrcement. 
Bntish Columbia Mlnistry uf Energy, Mines and Petroleum Resources, Geological Fieldwork. 1986. Paper 1987-1 
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Figure 4-5-1. Geological map of the Aley carbonatite complex based in part on geological mapping by 
Cominco Ltd. 
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TABLE 4-5-1 MINERALOGY 

Mineral 
dolomite-ankerite 

Mineral 
Class 

carbonate 
c.zrbonate 
carbonate 
carbonate 
carbonate 
carbonate 
carbonate 
carbonate 
carbonate 
carbonate 
carbonate 
carbonate 
carbonate 
carbonate 
carbonate 
phosphate 
phosphate 
phosphate 
phosphate 
oxide 
oxide 
oxide 
oxide 
oxide 
oxide 
oxide 
oxide 
oxide 
oxide 
silicate 
silicate 
silicate 
silicate 
silicate 
silicate 
silicate 
silicate 
silicate 
silicate 
silicate 
silicate 
silicate 
silicate 
silicate 
sulphate 
sulphide 
sulphide 
sulphide 

cd, rel, re2, au 
Occurrence 

cc,  au, sy 
r e 1  , cd 
El 
re1 , sy 
E l  
re 1 
re1 , sy 
re1 , cd 

red 
re, red 

re 1 
re2 
au 
rel, cc 
cd,  cc, r e l ,  sy 
cd 
au 
cd 
cd 
cd,  cc, au 
cc 
cc 
cd 

cd, (cc) 
cd 

cd 
sy. cc,  cd, re2 
SY, cd 

cd,  cc,  di, IB 
sy, re 1 

cd 
cc,  di, la 
au 
SY 

SY 

cd 
SY 

cd 
au 

re1 , re2 
cd,  rel, re2. cc 
rel,  cd 
SY 

cc 

cc 

cc 

cc 

light rare-earfh elements (La, Ce,  Nd, PI); ss = solid solution; cd = dolomite  carbonatite;  cc = calcite carbonatite; re1 = rare-earth element 
List of minerals identified in the Aley carbonatite complex with contributions by P.C. LeCouteur and K. R. Pride (Cominco  Ltd.): LREE; = 

carhonatite  dykes (north ridge);  re2 = barite-rich  rare-earth  element carbonatite dykes  (northwest  ridge); red = rare-earth-rich "swews" 
within the  carbonatite; sy = "syenite"; au = metamorphic  rocks of the contact aureole. 
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TABLE 4-52 
MINERAL  CHEMISTRY,  ELECTRON  MICROPROBE 

TABLE 4-5-4 
MINERAL  CHEMISTRY,  ELECTRON  MICROPROBE 

ANALYSES OF CARBONATE  MINERALS  ANALYSES OF PYROCHLORE 

wt w DO C C  Ank wt % Formula A2B,0s (OH,F) 
CaO . . . . . . . . . . . . . . . . . . . . . . .  32.  I 1  53.16  28.98 
MgO . . . . . . . . . . . . . . . . .  17.03 0.55  14.12 Nb205 61.12  69.08 Nb (B).  1.77  1.96 
FeO'.. . . . . . . . . . . . . . . . . . . .  3.50  0.14  7.29 T 5 0 ,  0.18 0.32 Ta (B) 0.01 0.01 
MnO . . . . . . . . . . . . . . . .  0.33  0.21  3.66 210,. 1.44 0.06 Zr (B) 0.04 0.00 
sro . . . . . . . . . . . . . . . . . . . .  0.00 0.80 0.24 Ti0 , 3.86  0.82 Ti (B) 0.18 0.04 
C0,2. . . . . . . . . . . . . . . . .  46.14  42.87 25.00 Tntal B  2.00 2.01 

Total . . . . . . . . . . . . . . . . . . .  99.1 I 91.72  99.29 
Na.0 7.34  9.16 Na (A)  0.92 1.11 
C a O . .  16.38  16.33 Ca (A) 1.12 1.09 

Core Rim Core Rim 
. . . . . . . . .  .......... 

. . . . . . . . . . .   . . . . . . . . . . . .  

............  ............. 
. . . . . . . . . . . .   . . . . . . . . . . . .  

............ 
......... . . . . . . . . . . .  

. . . . . . . . . . .  .......... 

Mol 5% 

CaCO, ........................... 
MgCO, .......................... 
FeCO, ............................. 
MnCO, ............................ 

Total .............................. 
srco, ........................... 

54.61 
Normalized Analyses 

40.31 
97.39 

I .40 
50.54 

4.64 
34.26 

0.20 
0.44 0.30 

9.93 

0.00 
5.04 

100.00 100.00 1 0 0 . 0 0  
0.79  0.23 

I total iron. 

Do=dolamite from dolomite carbnatite, Cc = calcile from calcite  car- 
bonatite, Ank = ankerite from rawearth carbonatite  dyke. 
Samples were analysed with an ARL-SEMQ (University of Calgary) oper- 
ated at 15 keV and 0.15 &A with a Split beam. 

calculated. 

MINERAL  CHEMISTRY,  ELECTRON  MICROPROBE 
TABLE 4-5-3 

ANALYSES OF ARFVEDSONITE  AND  AEGIRINE 

FeO . . . . . . . . . .  
MnO . . . . . . . . . .  
La,O, . . . . . . . .  
Nd,O, . . . . . . . . . . .  
Ce,O, .............. 
Tho, . . . . . . . . . . . . .  

Total ......... 
UO, . . . . . . . . . . . . . .  

0.36 0.00 Fe (A) 
0.10 0.01 Mn (A). . . . . . .  
0.07 0.04 La (A) ............... 
0.22 0.20 Nd (A ) .  . . . . . . .  
0.89 0.13 Ce  (A) .............. 
3.44 0.26 Th (A) ............... 
0.01 0.M) U(A)  . . . . . . . . .  

95.41  96.41  TotalA ........... 

, _  
............... 0.02 

0.00 
0.00 
0.01 
0.02 
0.06 
0.00 
2.15 

0.00 
0.00 
0.00 
0.01 
0.00 
0.00 
0.00 
2.21 

Analyses by Dr. G .  Perrault, Ecale Palyachnique, Montreal, Quebec. 

parallel fabric marked by a cleavage  and  mineral  layering.  Calcite 
forms a granoblastic-polygonal  texture  and is much finer  grained 
(0.05  to 0.2 millimelre)  than  dolomite  carbonatite.  Apatite forms 
prismatic  crystals or disk-like  flattened  aggregates  aligned  parallel 
to the  fabric.  Biotite forms hexagonal,  prismatic,  equant  crystals 
associated  with  magnetite andlor pyrochlore.  Pyrochlore  displays 
its  octahedral  habit and is zoned  with  rims  relatively  enriched  in 
niobium.  Amphibole of richterite  composition is fibrous  to  acicular 
and aligned  parallel to the  fabric. At least  part of the  amphibole 
formed  metasomatically  near the contact  with  the  "syenitic"  ring. 
Accessory  minerals  include  zircon  and  rare  baddeleyite  associated 
with  zirkelite. 

Calcite  carbonatite  is  more  resistant to weathering  than  dolomite 
carbonatite.  Small  amounts of chlorite  and  secondary  quartz may 
form  in  zones of higher  strain. 

Wt 90 Normalized Analyses' RARE-EARTH CARBONATITE DYKES 
A d  Aeg Alf Aeg Two dyke  swarms occur in  the  contact  aureole of the complex 

TiO, 0.21 5.82 Ti 0.02 0.16  orange, ovoid  aggregates of rare.earth carbonates  (mostly bur. 
si02  54.66  52.71 s i  8.09  1.98  (Fig~~e4.5.l).  The  dykesacross  henorthridge are cbaracferizedby 

AI,O, . . . . . . . . . .  0.13  0.52 AI. . . . . . . . . . . . . . . .  0.02 0.02 bankite);  those across the nodwest  ridge  have  dispersed  rare-earth 
Fe02 ............... 11.00  23.24  Fe . . . . . . . . . . . .  1.36 0.66 abundant  barite and s e c o n d q  quartz. 

Burbankite,  cordylite and huangboite  are  probably  primary  igne- 
Mna.L ........... 0.94 0.37 Mn . . . . . . . . . . . . .  3.60 O.I4 ous rae.earth  carbonates  whereas  the  hydrous  carbonates and var- 
cao ................ 2.45 Ca . . . . . . . . . . . . .  0.39 0.05 0 ~ s  calcium-strontium-baum carbonates are p a t  of the  alteration 
N5O ................ 8.34 13.51  Na. ................ 2.39  0.98 assemblage, 

BaO 0.01 0.03 Ba 0.00 0.00 
K,O 1.78 0.01 K 0.34 0.00 

F ........................ 2.45 0.01 F .................. 1.15 0.00 

................. ................. 

................. ................. 

MgO . . . . . . . . . . . .  16.31  2.55  Mg . . . . . . . . .  0.12  0.01 

. . . . . . . . . . . . .   . . . . . . . . . . . . . . . .  
................ . . . . . . . . . .  

RAKE-EAIKH-RICH "SWEATS" WITHIN THE 
COMPLEX H,O~ . . . . . . . . . . . .  0.70 OH. . . . . . . . . . .  0.69 

. . . . .  
Total..  98.99  100.01 0,OH.F 24.00 

0. 22.16  6.00 Minor  rare-earth  carbonate-rich  differentiates occur at a few 
. . . . . .  . . . . . . . .  localities  within  the  complex. Large (centimetre-scale)  irregular 

crystal  aggregates of huanghoite  and  bastnaesite occur in a dolomite 
matrix. 

1 afvedsoaite namlired to 24 (0, OH, F). aeginne  normalized to 6 

2 total iron. METASOMATICALLY  ALTERED SYENITE 
3 estimated. 

0Xyge"s. 

Arf=arfvedsonite from "syenite", Aeg= aegerine from "syenite". quartz-bearing albite-aegirine-arfvedsonite rock: This unusual 
Aegirine  and  arfvedsonite-bearing  albite-quartz rock to 

Samples were analysed  with an ARL-SEMQ (university of Calgary) oper- rock  displays a great  compositional and textural  variety.  Relict 
ated at I5 keV and 0.15 PA. microsyenite  textures  indicate  a  primary  igneous  origin as  an 
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GEOCHEMISTRY 
Dolomite  carhonatite  is very low in silica,  alumina and alkalies 

hut  high in phosphorus (Table 4-:5-5). It is enriched in the  incompati- 
ble elements  thorium, uranium, niobium,  tantalum,  zirconium  znd 
light rare-earth  elements but is low in titanium,  rubidium, plt- 
assium and lead.  Dolomite  carhonatite is relatively depleted in 
heavy  rare-earth elements and the siderophile  and  chalcophle 
metals. 

Average calcite  carhonatite is higher in silic,l, phosphorus a ld  

to  dolomite  carbonatite. 
sodiumthan  dolomitecarhonatite.  The tracegeochemistry is similar 

Barium,  strontium and total r;ue-earth  elements may reach miijor 
element  concentrations in the rare-earth-richcarhonatitedykes. The 
dykes may represent  residual, low-temperatureliquidsderivedfrmn 
a  dolomite  carbonatite-like  parental melt. 

The metasomatically  altered  syenite  has  variable  major elemmt 
concentrations. Its trace  element  geochemistry  is of "diluted" I:=- 

bonatite character. 

STABLE ISOTOPE RATIOS 

Samples of calcite,  dolomite and ankerite  (mostly  single  crystals) 
from  calcite  carbonatite,  dolomite  carhonatite and a  rare-earth cx-  
bonatite dyke respectively, were analysed  for  oxygen and carbon 
isotope ratios (Figure 4-5-2). All the 13C ratios show values typical 
of primary igneous  carbonatitcs of mantle origin (Taylor er tal . ,  

commonly  observed in carbonate  minerals. An elevated 1 8 0  :; g- 
1967; Pineau er al. ,  1973). The ' 8 0  values are variable, a  feature 

nature, in comparison  with  mantle  values,  is usually taken to he 
indicative of postmagmatic  recrystallization and deuteric alteration 
(Tayloreral., 1967).  Both  processes preferentially affectcarbonite 
minerals (rather  than  silicates) and oxygen isotope ratios rather t h a n  
carbon isotope ratios. The extremely  fresh  samples of calcite car- 
bonatite from  drill  cores are not  affected at all by alteration. [)',I- 

WHOLE  ROCK  GEOCHEMISTRY, 
TABLE 4 - 5 5  

OF  SELECTED  WHOLE  ROCK  SAMPLES 
X-RAY FLIJORESCENCE  ANALYSES 

Wt a 
SiO, . .... 
AI,03 ... . 
Ti02 . ... 
FeO (tot) 
FeO . ..... 
Fe203 .. . 
MnO . . . 
MgO ....... 
cao ..... . 
Na,O . ... 
K 2 0  ....... 

s . . . . . . . . . . . . . 
Ba ., ....... 
L O I . . . . .  
Total . .. 

P,O, . .... 

ppm 

7J . . . . . . . . . . . 
Nh . .... . 

Y . . . . . . . . . . . 
Sr . ....... 
u . . . . . .  
T I . . . .  
Rh, ....... 

Ta . . . . . . . 
Ba ...... .... 
L a .  . .... 
Ce . . . . . .  
Nd ..  ..  ..  .. . 
CeiLa . . 
CeiNd ..... 

cd 
0.50 

<0.01 
0.26 

2.95 

0.26 
17.34 
32.89 
0.63 
0.02 
1.74 
0.01 

43.52 
95.70 

490 
66 

360 
41 

<9 
4 

I30 
18 

310 
39 

750 
240 

2.4 
3.2 

ee 

0.02 
2.17 

0.04 

0.97 
8.41 

I .32 

5.85 
45.69 
0.48 
0.05 
4.60 
0.21 

38.71 
99.90 

3290 
600 

97 
5280 
<20 
<20 

65 
<20 
315 
315 
710 

2.3 

Rl 
0.65 
0.21 
0.01 

10.49 

4.11 
11.29 
28.14 

1.13 
0.04 
0.14 
0.06 

42.55 
0.69 

98.77 

580 
<5 

13 
5550 

<4 
21 

28 

2670 
4760 
1020 

1.8 
4.7 

re2 
7.30 
0.67 
0.04 

12.00 

3.30 

24.59 
7.91 

0.79 
0.06 
0.09 

7.74 
1.11 

98.74 
33.31 

96 
29 

700 
96 

<I0  
<4 
840 

2290 
7210 
3580 

3.1 
2.0 

syl sy2 
66.36 53.00 

4.28 1.33 
0.68 0.35 

0.27 0.35 
12.91 

2.55 16.00 
4.05  3.50 
7.79  7.71 
0.24  1.15 
0.70  0.68 
0.02 

0.84 
98.86  97.88 

71  280 
270  390 

6 
300 

21 

<9 <20 
670 

<3  <20 
<7  <20 

I340  540 
63 

170 
235 

56 
I10 

2.7 2.1 
3.0 

cd = dolomite  carbonatile, cc = calcite  carbonatite. re1 = rare-earth 
carbonatite dyke (nunh ridge), re2 = ramearth carbonatite dyke (northwest 
ridge), ry l  = "syenite", sy2 = "syenite". 
Analyses cc and sy2 by Cominco Ltd. 

arfvedsanite and quartz-bewing  syenite. Alkali metasomatism re- 
sulted in extensive overpowth of fine-grained acicular aegirine and 
prismatic afvedsonite and replacement of primaq igneous textures 
by metamolphic texture,s. 

xenoliths occur in  various parts of the ring s tm~turc and may he 
Rounded  orthoquartzite  xenoliths  and  minor  microsyenite 

more abundant  locally (,we Pell. 1986a). Xenoliths commonly show 
absorption features and reaction  rims. 

CONTACT AUREOLE 
White mica and potassium  feldspar are the only common meta- 

morphic minerals observed in impure  marbles, mark and silts. Talc 
and calc-silicates  appear to he absent. 

Silicification snd growth of richteritic amphibole i s  observed 
within 10 to 40 centimetres of the contact. There is no mineralogical 
evidence for major mass transfer within the contact  aureole. Trace 
element  abundancies (Nh,  REE,  Th. I:) and  radioactivity can 
however he  correlated  with the apparent intensity of alteration. The 
fluid  phase  responsible for the  formation of the contact aureole was 
probably highly volatile (CO,, H,O, F) and did not affect major 
element  concentrations  significantly. 

S'"C 

t 
0'3 a 

* CALCITE 
0 ANKERITE -7 n DOLOMITE 

I -  9 + 6% 

minerals (analyses by Dr. K .  Muehlenhachs, University cd 
Figure4-5-2. Stable  isotopediagram of sdected carbonate 

Alberta,  Edmonton.  Alberta). S I T  ratios normalized to pel 
mill PDB, SIX0 ratios normalized to per mill SMOW. Box 
outlines  the  range of primar) igneous  carhonatites unaffected 
by weathering or dueteric and hydrothermal alteration (Taylol 
er al., 1967). 
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omite,  carbonatite,  almost  always  with  a  brownish tint due to 
weathering,  shows 1 8 0  values  typical of mantle  origin  and  elevated 
1 8 0  values due  to recrystallization  and  deuteric  alteration.  Ankerite 
from carhnatite dykes  rich  in  rare-earths  shows  somewhat  elevated 
1 8 0  signatures,  but  '3C  values of mantle  character. 

DISCUSSION 

carbonatite  complexes in  the  world.  Besides  its  niobium potential 
The Aley  is one of the best  exposed  and  preserved alkaline- 

the  complex  provides  insight  into  problems of alkaline-carbonatite 
rock  genesis:  mode of emplacement,  diversification of alkaline 
magmas,  nature ofthe mantle  source,  processes in the  mantle  source 
region  and  metallogenesis. 
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