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INTRODUCTION 
Both alkaline and subalkaline rare-earth element (REE) 

bearing pegmatites occur within the Wolverine Meta- 
morphic Complex et the Omineca crystalline belt west of 
Williston Lake (Figure 2-9-l). Detailed geological mapping 
(15000) of the Mwnt Bisson area between the Manson 
River and Munroe Creek has delineated a number of small 
REE-bearing intrusions (Figure 2-9-2) that are the topic of 
this study. The major REE-bearing phases are allanite and 

Figure 2-Y-t. Location of Mount Bisson field area rela- 
tive to tectonic framework of the Canadian Cordillera (mod- 
itied from Ferri ;*nd Melville. 19X8). Mount Bisson lies 
within the Ominrca crystalline belt (lined pattern). Inset 
figure locates Mount Bisxm area relative to belts of alkaline 
ultrabasic rocks types (I A and 16) defined by Pell (1987). 

monazite. Indeed, in some of tl-e REE-beari ‘g pegmxites 
allanite occurs as a rock-forming; phase: REE :oncentrati,sns 
in such pegmatites range as high as 17 per rent rare-.earti~ 
oxides. 

The REE pegmatites, especia:lly the alkali be pegmatita, 
represent a new exploration target within he Wolverin,? 
Complex. Rare-earth minevalii:ation was ( iscovered 01 
Mount Bisson in 1986 and 1987 and Chevron Mineral:; Ltc. 
conducted a limited exploraticmn program for we-earth cle- 
merits in 19X8 (HaIleran, 198X:1. Subsequently, the hl~nmt 
Bisson REE-bearing units were investigated n more ~&tail 
by Halleran and Russell (IYYO:I and Hallera, (1991). Th: 
objective of this paper is to present petrographic and i:eO- 
chemical data on these pegn;aiitcs and to e lucidate their 
origins and economic potential. ‘Th,e regional .mmework: for 
this research is derived entirely from recent xgional map- 
ping by Mansy and Gabrielse 1:lY78), Ferri and Mel.41: 
(1988, 1989, 19YO), Deville and Ijtruik (199 I), and Struiic 
and Northcote (I99 I) 

Figure 2-Y-2. Geological mg of the Mount Bisson uea 
with pegmatite sample locatic’ns denoted by : rmple nuns 
hers (Srr Tables 2-Y-t and ?-Y~~21. lngenika Gn up srratigr;. 
phy is from Ferri and Melville (1988). 
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GEOLOGICAL SETTING 
The Mount Bisson study area lies mainly within the 

Omineca crystalline belt and is dominantly underlain by 
undifferentiated metamorphic rocks of the Wolverine Com- 
plex (Figure 2-9-2). Schists and gneisses of the Ingenika 
Group, including calcsilicate gneisses and micaceous 
quartzite, parallel Munro Creek to the southwest of Mount 
Bisson (Ferri and Melville, 1988). Farther to the southwest, 
the Ingrnika Group rocks are in fault contact with phyllites 
and carbonates of the Slide Mountain Group (Figure Z-9-2). 
Both Wolverine gneisses and Ingenika rocks are intruded by 
apparently small granitic and pegmatitic intrusions. Peg- 
matite commonly occurs as small (<5 m thick) sills and 
dikes oriented subparallel to the metamorphic layering in 
the Wolverine gneisses and as larger (I km diameter) irregu- 
lar bodies. 

Previous workers have argued for at least two separate 
periods of intrusive activity based on relative age relation- 
ships. Intrusive rocks affected by the amphibolite facies 
metamorphism and deformation which characterize the 
Wolverine Metamorphic Complex are considered to be at 
least Cretaceous in age (Tipper cf al.. 1974; Parrish, 1976, 
lY79; Ferri and Melville, 1989; Deville and Struik, 1990). 
Deville and Struik (1990) ascribe the metamorphism and 
coincident intrusive activity to deep burial of the Wolverine 
rocks during Cretaceous crustal thickening. Intrusions 
within the Wolverine gneisses which clearly postdate the 
peak of metamorphism and deformation are most likely 
Tertiary (Parrish. 1976, 1979; Ferri and Melville, 1989; 
Deville and Struik, 1990; Struik and Northcote, 1991) and 
may be associated with crustal extension and regional uplift 
of the Wolverine Complex. 

Based on mineralogy and chemical composition, both 
alkaline and subalkaline pegmatites are recognized in the 
Mount Bisson area and many are enriched in rare-earth 
elements. We distinguish three types of pegmatites as: 
alkaline versus subalkaline REE-bearing pegmatites and 
barren pegmatites. In addition to being chemically distinct, 
the alkaline and subalkaline REE-bearing pegmatites are not 
all the same age. Several of the subalkaline pegmatites are 
deformed or foliated, suggesting a minimum age of Cre- 
taceous. In contrast, the alkaline REE pegmatites crosscut 
the Wolverine structural fabric and are themselves unfoli- 
ated, suggesting they are Tertiary. 

Pell’s (1987) regional synthesis of alkaline ultrabasic 
rocks in the Canadian Cordillera established three belts 
containing all significant carbonatite and related alkaline 
rock occurrences. The divisions reflect the age relation- 
ships. tectonic history and mineralogical and chemical 
characteristics of these igneous rocks. Mount Bisson lies 
within Belt I B, which comprises the Devon”-Mississippian 
syenites and carbonatites at Manson Creek, Blue River and 
Three Valley Gap. In contrast to these occurrences of 
alkaline ultrabasic rocks, the Mount Bisson REE peg- 
matites. based on field observations. are Cretaceous or 
younger in age, chemically basic to acidic and alkaline to 
subalkaline. Furthermore, they appear to be unrelated to 
carbonatite magmatism. 
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DESCRIPTION OF PEGMATITES 
Mineralogically the REE pegmatites are diverse (Table 

2-Y-1:1. Chemical discrimination of the alkaline and sub- 
alkaline pegmatites (Macdonald and Katsura, 1964) is 
shown in Figure 2-9-3. The alkaline and subalkaline chem- 
istry is expressed modally by the presence of nepheline or 
quartz, respectively. The alkaline pegmatites are also 
characterized by abundant sodic pyroxene (e.g.. aegirine- 
augite) and accessory sphene. Mineralogical distinction can 
also be based on whether the dominant REE-bearing phase 
is allanite or monazite (Table 2-9-l). 

REE ALKALINE PECMATITES 
The REE alkaline pegmatite group comprises numerous 

&mite-bearing dikes which outcrop at two localities in the 
Mount B&son map area (Samples 7826 and 791 I: Figure 
2-Y-2). These pegmatite bodies commonly occur as dikes I 
to 4 metres wide with minimum strike lengths of over 30 
mares. In several places they crosscut the structural fabric 
of the Wolverine gneisses. 

The REE alkaline pegmatites comprise perthitic 
potassium feldspar, plagioclase, green to brown pleochroic 
allanite (<35 volume %), titanite (<5 volume %), apatite, 
with Iminor aegirine-augite and trace zircon and opaques. 
One sample contains fresh nepheline. The allanite occurs as 
subhedral to euhedral grains 0.3 to 20 millimetres in size 
and is typically associated with titanite and apatite. The 
modal abundance of &mite varies substantially and the 
mineral commonly occurs in clusters and along the edges of 
the dikes. 

TABLE t-9-1 
VISUALLY ESTLMATED MODAL MINERAI. ABUNOANCES 
(VOLUME PER CENT) FOR MOUNT BlSSON PEGMATITES 

Figure Z-9-3. Chemical compositions of pegmatites plot- 
ted as NaZO+K,O vs SiO, with superimposed silica- 
content classification. 



The allanite pegmatites have little to no fabric. suggesting 
that they intruded the Wolverine metamorphic rocks after 
the peak metamorphic-deformatiollal event and are prc- 
sumed to represent Tertiary magmatism (Deville and Struik, 
19YO). 

REE SUI~ALKALINE PEGMATITES 
Monarite is the most abundant rwe earth bearing mineral 

in the REE-enriched suhnlkalinc pegmatites. A single 
exposure of quart/ nllanite pegmatite occurs at Mount 
Bisson (Sample 7X42-52: Figure 2-9.-Z). It is 0.5 mrtrr 
u,ide, tens of metres long, and has an internal fabric parallel- 
ing the metamorphx foliation of the Wolverine gneisses. 

Although the quartz &mite pegmatite is chemically sub- 
alkaline (Figure 2-Y-3). mineralogically it comprises hetem- 
grneous clusters of mafic minerals including: allanite 
(5 volume c/c), titanite, euhedral apatite, pink pleochroic 
zircon and thorite. These intergrowths occur with uncon- 
man aegirine-augitc in a groundmass of potassium feldspar, 
quartz and minor plagioclase. The alla& occurrence is 
erratic and commonly limited to compositionally distinct 
bands. Anhedral polycrystalline quartz grains are elongate 
parallel to the mafic bands. 

Sample UC-I (Figure 2-9-2) is a representative monazite- 
bearing pegmatite taken from a body intruding calcsilicate 
gneisses of the Ingenika Group (Ferri and Melville. 1988). 
The pegmatite occurs as a strongly deformed to mylonitized 
dike, 1 to 2 metres wide. It comprises recrystallired 
potassium feldspar, quartz and oriented albite grains with 
more weakly oriented monazite. The monazitr distribution 
is erratic with concentrations of up to 2 volume per cent 
occurring over tens of centimetres. The average monazite 
concentration of the rock type is less than 0.5 volume 
per cent. Biotite, chlorite, titanire, allanite and zircon occur 
as trace phases. The coexistence of monazite and allanite is 
of petrologic interect as these minerals rarely occur together 
(Parrish, I9YO). Biotite occurs as irregularly shaped crystals 
intergrown with allanite and appears to be partly replaced 
by allanite. A similar textural relationship has been 
described between hiotite and allanite in rocks of the Boul- 
der Creek batholith and is ascribed to allanite rcplacemcnt 
of biotite (Hickling rt al.. 1970). 

Field and prtrogrephic observations show that at least the 
monazite pe&matil,es arc affected by the last significant 
regional metamorphic-defonnational event. This suggests 
that they are older than the alkaline intrusive rocks and may 
be Cretaceous or older in age. 

BARREN PEGMATITES 
Pegmatites devoid of significant REE concentrations also 

outcrop at Mount Bisson and make a useful petrologic 
contrast to the REE-bearin& pegmatitrs. They include both 
alkaline and subalkaline rock types (Figure 2-Y-3). Miner- 
alogically this group ranges from quartz feldspar and 
hornblende pegmatites which are chemically cubalkaline, to 
quartz syenite pegmatites which are alkaline (Table 2-Y-l). 
The contact relationships between them are not known 
because mutually crosscutting relationships have not been 

observed, although the rock types ‘“mm mly ou~:crop 
together. Large xenoliths of. Wolverine an phibolite arc 
commonly incorporated within rhe pegmatite bodies. 

Major constituents of the holmblende pegm; tites are plag~ 
ioclase, hornblende, potassium ft:ldsper an< quartz, ‘vith 
euhedral titanite, apatite, allarite :and epidotl occurin;; 8; 
trace phases. The quartz feld:;px prgmetite contains .j to 
IO-millimetrr polycrystalline quartz gra ns, perl,t !ti,: 
potassium feldspar, plagioclasc and minor ma metite, biotit,: 
and chlorite. Trace phases include zircon, e rhedral i:r’rwl 
monazite and opaques. The biotite is replac :d by chlorit: 
and exhibits slight kink bending Coarse-$ rained cl~art~. 
syenite pegmatite comprises plagioclaw, hed mbergite, per- 
thitic potassium feldspar, elorlg:ltt: quwtr cr ‘stals and lat: 
fracture-filling epidote. I,& stage retry: tallizatiw cf 
quartz and plagioclase also o~:cur!; along frac tures. 

GEOCHEMISTRY 

Table 2-Y-2 lists the major, trace and rare earth ehxnerlt 
comp<,sitions of the Mount I3isson pcgmat tes. The pq- 
matite suite includes basic to acid rock types based on !iiO, 
content (Figure 2-Y-3). The majority of pegn atites art: roe:- 
aluminous (Table 2-Y-3) and the nornxxivc n ineralogy ~a.- 
allels the chemical classificatiwl Iused in Fig rre 2-9-3. ‘Tte 
subalkaline REE pegmatites al-e silica eve xaturated and 
characterized by normative quartz. The alkaline pegm;l~itr:s 
are silica undersaturated to saturated dependi ~g on the: ]pre:;- 
exe or tabsence of normative nepheline (Tal ale 2-Y-3). The 
barren pegmatites are internxdiate to acidic (Figure 2,)).Ii) 
and compositionally separate t~he alkaline (basic to inter- 
mediate) and subalkaline (acid) REE pe;;matites. Nor- 
matively, they are oversaturated with respec to silica. TN o 
pegmatites (UC- I and 7844) are chemicall: peraluminous 
(normative corundum), although neither rot : type contains 
any of the characteristic peralu minous phase ‘s. 

The REE pegmatites have a wider range n barium I:” I- 
tent, compared to the barren pegmatites, frc m 350 to !;300 
ppm. and a smaller range in strontium, fro n 450 trl 1000 
ppm (Table 2-9-Z). The barrw pegmatite; have bzrium 
concentrations of 360 to 800 ppm and stront turn conc~ntra- 
[ions of 100 to 750 ppm That are also Ggnificanl dif- 
ferences in trace element contents between t me alkaline and 
subalkaline pegmatites. Alka’ioe REE pegm itites haw: 357 
to IX41 ppm barium, wherea:; the subalke ine pegmatitic 
rocks have substantially higher barium co xentratio 1s of 
3000 to 5290 ppm. Zirconium and rubidiun 1 are below tx 
lower detection limits in the alkaline REE pegmatire>. but 
vary from 238 to 5 I7 ppm zirconium and 62 to 83 ppm 
rubidium, respectively, in the ?,ulsalkaline R EE pegm;r:itcs. 

Figure 2-Y-4 illustrates thr: rare-earth ele lnent chontlrilr- 
normalized (REE,,) abundance patterns (aft :I Wakita if r,l.. 
1971; Boynton, 1984) for representative saroples of Alot nt 
Bisson pegmatites. As summarized in Table 2-Y-3, the RIIE 
pegmatites have high total REE concent ations ranging 
from 2783 to greater than 3:; t:IOil ppm, uh:reas the tamen 
pegmatites have lower values 1:12X to 607 ppm). The ;hree 
groups of pegmatites differentiated on the t asis of mixral- 
ogy, structural fabric and mrjar element ch :mistry x: a so 
distinct in terms of REE,,, patrerns (Figure 2-Y-4): strongly 
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Sample No. 7826 7911 7842-52 UG-1 7835 7844 7808 
SiOl 50.44 59.08 71.50 72.98 64.34 81.90 68.56 
TiOi 2.96 1.25 1.17 0.12 0.19 0.15 0.03 
&OS 19.92 17.42 12.43 15.28 17.91 7.93 15.50 
Fe0 4.78 3.78 1.43 0.82 3.07 2.21 1.68 
‘+A 2.45 1.44 0.84 0.18 0.47 1.60 0.60 
MnO 0.18 0.17 0.09 0.02 0.08 0.05 0.14 
Ma0 1.29 1.39 0.51 0.38 1.41 0.16 0.77 
CaO 10.22 7.76 2.46 2.17 5.31 0.37 2.53 
NazO 2.97 5.61 2.86 3.88 5.73 2.48 5.65 
&O 4.75 1.51 5.86 3.80 1.28 2.20 4.09 
P*Os 0.67 0.42 0.14 0.17 0.13 0.03 0.03 
Total 100.61 99.38 99.30 99.81 99.91 99.10 99.58 
LOI 0.56 0.28 0.34 0.38 0.62 0.20 0.35 

Nb 
Zr 
Y 

2 
Ba 

Rl 
U 

Trace Element Concentrations (ppm) 
358 241 554 bd 

3% 157 bd 245 138 517 16 
444 474 1031 455 

bd bd 63 83 

1841 357 5291 26.1 28.7 7.6 3011i 
3050 1090 1910 305 

91 25 93 6 

13 30 
24 736 

7:: ‘Ai 
20 42 

416 493 
24.9 0.3 

33 58 
1.6 10 

9 

2 
388 

85 
797 

19.9 

3.: 

Rare Earth Element Concentrations (ppm) 

>9OOO >9000 1240 751 169 >20000 16400 2440 1370 290 

4190 1400 2630 750 430 240 450 140 <50 77 

>200 >200 77 61 
77.8 24 3oii 18.0 6 2.7 2 

12 
<‘l 

82 150 :98 

<50 35 <50 13 

0.; 0.: 
2 1.5 

117 51 3:; 5 5 3 2.0 
12 7.4 <l <I <l <l 
13 8.4 1.7 co.5 1.4 1.8 1.5 
2 1.3 0.15 <O.lO 0.18 0.31 0.26 

WLu)n > 450 > 667 930 751 93 26.4 7.3 
(La/Sni)n >2b >2b 9.2 7.1 8.8 9.6 5.7 

i%E)n 8.6 6.3 0.23 17.6 0.05 18.7 0% 0% 0% 
Major and trace elements were determined by XRF and rare-earth elements by neutron 
activation. Fe0 was measured by volumetric analysis. Ce, La and Sm have upper 
detection limits of > 2OOCO pm, > 9OC0 ppm and > 200 pm respectively; bd denotes 
below lower detection limit 

304 



REE-enriched alkaline pegmaties, less REE-enriched sub- 
alkaline pegmatites and barren pegmatites which lack sub- 
stantial REE concenrrations. 

The REE,,, patterru for the hanen pegmetites are lower 
and flatter than the corresponding patterns for the REE- 
bearing pegmatites, indicating that the latter have under- 
gone greater degrees of fractionation. The subalkaline REE 
pegmatites have lower overall REE concentrations than do 
the alkaline REE pegmatites (Figure 2-Y-4). 

Table 2-9-2 also lists several calculated parameters based 
on the measured REE concentrations which can chemically 
discriminate igneous rocks and elucidate their origins. 
These indexes (r.,p.. Haskin, 19X4) monitor: overall rare- 
earth element fractionaion (L&u),,; light rare-earth ele- 
ment (LREE) fractionation (La/Sm),,,; heavy rare-earth ele- 
ment (HREE) fractionation (Tb/Yb),,,: and the europium 
anomaly (Eu/Sm). For example, compared to the REE- 
bearing pegmatites, the barren pegmatites have much lower 
ratios of LaILu and Tb/Yb, indicating that they have under- 
gone significantly less LREE and HREE fractionation. The 
alkaline and subalkaline REE pegmatites have significantly 
different LafLu, La/Sm and Tb/Yb indices. The REE data 
suggest that although the subalkaline pegmatites are less 
enriched and represent greater degrees of overall REE frac- 
tionation they have undergone less LREE fractionation and 
more HREE fractionation. 

DISCUSSION 
The alkaline REE pqmatites are virtually undeformed 

and are mineralogically and chemically distinct from the 
subalkaline REE pegmatites. They probably derive from 
Tertiary magmatism. REE concentrations are greater than 

TABLE 2-Y-J 
CHEMtCAt, CHARACTERwtlCS OF MOUNT BlSS”N 

Pl!mMATITES 

5 per cent and the dominant REE-bearing, mineral is 
a&mite. Based on their chemil:aI ;and minera logical con- 
position, these pegmatites are infwred to derive from mi~!le 
melts (Heinrich, 1966; Currie, 1976; Bell, 198)). There re 
a variety of other alkaline intrusive rocks i I the Molmt 
Bisson study area which crosscut: Wolverine s ructures 2nd 
appear to have a similar age (HaIleran. 1991). They ,~re 
probably genetically related to thi! alkaline RE? pegtnatites 
and may represent part of a larger alkaline mat matic event. 
The pegmatites are quite nunwrws, have siz :s consiwnt 
with other economic ore bodies and occur cl xe toget~hcr, 
presenting a reasonable exploration target. 

The subalkaline REE pegmat:ites are delxmed, :“I,;J- 
gesting a Creteceous age. Rare-r:ath element cc ‘ncentraticlns 
are predominantly less than 2 per cent and t x domin;mt 
rare-earth mineral is monazite. The subalkalin: pegmati:zs 
may derive from melts produced through part ial fusion of 
the upper cmst. This is suggested by the norm ltive chara:- 
ter of the pegmetite (peraluminous and silica o wsaturatr~d) 
and by the abundance of monazite (e.g., Whil: and Ch11?- 
pell, 1977). Monarite-bearing granitic pegmatit :s have tlesn 
shown elsewhere to result from regional meta norphisrn in 
grenulite facies migmatitic terr,Gns (Shearer (I nf.. 1987). 
The large negative europium anomaly (Table 2-9-2) is 
attributable to plagioclase fraxionation (e.p.. McK.:y, 
1989). The REE-bearing subalkaline pegmatite; have lower 
total REE concentralions than the: alkaline pet;matites. ;re 
only sporadically enriched in rare-earth elemzr ts and occur 
as small isolated bodies one or mol-e kilometres apart. The5.e 
characteristics result in the older (Creteceous’ ) REE pe):- 
matites exposed at Mount B&on being of Iit1 e econon!:c 
importance. 

CONCLUSION 
The spatial relationship of tte pegmatites. heir diverse 

mineralogy. and varying concentration of rar :-earth mitt- 
erals suggest the presence of more than or: period of 
intrusion. The REE-bearing pegmatites wt ich intrude 
Wolverine metamorphic rocks at Mount Bissor are divid:d 
into: Cretaceous or older monazite and allanite- xzaring suh- 
alkaline pegmetites resulting fr<~nv crustal ana :exis duri;lg 
regional metamorphism and p(ost-Cretaceo JS allanitt:. 
bearing alkaline pegmatites deriwd from mar tie sourwi. 
The latter group. and other related alkaline rocl s within tile 
study area, may be associated with a larger unexposed 
alkaline body. The REE alkalinr: Ipegmatites re xesent eczq- 
nomic REE targets for the following reasons: t key are rich 
in rare earths, they have potemiidly economic width ;and 
lengths, and the dikes commonly ~occur togethl r over hu?- 
dreds of metres. 
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