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Hrojeci umtyb*-uui. nare-meiai ivimeraiizcuiuii 
Associated with the Berens River-Sachigo 
Subprovincial Boundary, Northwestern Ontario: 
Discovery of a New Zone of Complex-Type, Petalite 
Subtype Pegmatite and Implications for Future 
Exploration

F.W. Breaks1 , A.G. Tindle2 and S.R. Smith2

1 Precambrian Geoscience Section, Ontario Geological Survey. 

Department of Earth Sciences, The Open University, Milton Keynes, U.K.

INTRODUCTION
The distribution pattern of rare-metal mineralization in north 
western Ontario is generally characterized by linear belts that 
represent subprovince boundary zones (Breaks 1989; Breaks 
and Osmani 1989; Fyon et al. 1992, p.1118-1120). In particu 
lar, rare-metal pegmatites are especially abundant where one 
of the bounding subprovinces is characterized by a low to 
high grade metamorphic transition and contains abundant 
clastic metasedimentary and derived S-type, peraluminous 
granite masses. A good example is the Bird River-Separation 
Lake belt which is situated between the English River and 
Winnipeg River subprovinces of Ontario and Manitoba 
(Cerny et al. 1981; Breaks and Tindle 1997).

Other linear zones of peraluminous granite and associat 
ed rare-metal mineralization potentially exist in northwestern 
Ontario but have been examined only on a reconnaissance 
basis, for example, in the Sachigo subprovince (Ayres 
1972a,b; Ayres et al. 1973; Stone et al. 1998). Therefore, to 
better evaluate the exploration potential for rare-metal miner 
alization in the Sachigo subprovince, this initial study was 
undertaken on one zone, which lies between the Sachigo and 
Berens River subprovinces (Figure 24.1). This zone is con 
sidered one of the most significant within northwestern On 
tario, in terms of exploration potential, as five rare-metal 
mineral occurrences are known (Figure 24.2):

* Bearhead Lake holmquistite occurrence,

* Mattless Lake Zn-Be-Bi-Mo occurrence,

* Pennock Lake holmquistite occurrence,

* Pennock Lake spodumene occurrence, and,

* Pakeagama Li-Be-U-tourmaline occurrence.

Furthermore, the zone contains nine peraluminous granite 
masses, emplaced at 2697   2 Ma (Corfu and Stone in press), 
which were delineated by Stone (1998: Map P.3382) over a 
strike length of 140 km, between Favourable Lake and 
McDowell Lake. Peraluminous granite and pegmatitic gran 
ite represent common parent magmas of rare-metal mineral 

ization elsewhere in the Superior Province (e.g., Breaks and 
Moore 1992).

PREVIOUS GEOLOGICAL WORK
Rare-metal mineralization in the Sachigo subprovince was 
first documented by a 1:15 000 detailed mapping program in 
the Setting Net Lake region (Ayres 1970; 1972a; 1972b). 
Three rare-metal mineral occurrences were detected along 
the Bearhead Lake fault zone over a 16 km strike length, 
however, these are only shown on the 1:253 440 Bearhead- 
Favourable Lake geological compilation map (Ayres et al. 
1973). Two of the occurrences contain holmquistite, whilst 
the third is represented by spodumene in white aplite near 
Pennock Lake with a bulk sample containing Q.52% Li 
(Ayres 1972b, p.12; Voset al. 1987, p. 219). Elsewhere, Stone 
et al. (1993a; 1998, p. 81) encountered anomalous Li (1063 to 
5450 ppm), Q(493 to 1410 ppm), Ta (48 to 242 ppm) and Be 
(47 to 164 ppm) values in three samples of tourmaline-rich 
rocks selected near Pakeagama Lake and these results are 
shown by a mineral occurrence symbol on the 1:50000 
Whiteloon Lake sheet. However, the true significance of the 
mineralization (i.e., classification of the pegmatite type, its 
mineralogical and chemical nature and dimensions) re 
mained unknown until the present study. It is now clear that 
the Pakeagama Lake occurrence represents the second largest 
complex-type, petalite subtype pegmatite in Ontario, being 
only surpassed by the Big Whopper pegmatite in the Separa 
tion Lake area (Breaks and Tindle 1997). This pegmatite sys 
tem also contains the pollucite, the only ore mineral for ce 
sium. This occurrence represents only the fourth occurrence 
in Ontario, and indicates a high exploration potential for 
zones rich in cesium.

PRESENT STUDY
Five weeks of field study were allotted to a reconnaissance 
examination of the northwest and southeast parts of the 
known rare-metal-mineralized zone along the Berens River- 
Sachigo subprovincial boundary zone, at Favourable Lake 
and Pakeagama Lake.
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FAVOURABLE LAKE AREA
Several peraluminous granite masses were delineated in this 
area by Stone etal.(1993b; 1998: Map P.3382). A reconnais 
sance examination of pegmatitic exposures was undertaken 
coupled with mineral chemistry sampling that focussed upon 
potassium-feldspar as a means of discerning potential fertile 
granite masses and pegmatite swarms (Cerny 1989, p.

F.W. Breaks el at.

288-292). Analytical work is currently in progress and will be 
reported at a later date.

Two relative ages of peraluminous granitic pegmatite 
were noted. The oldest is a swarm of garnet-biotite granitic 
pegmatites which are common along the southwestern shore 
line of the middle arm of Favourable Lake across from the 
point of discharge into the Severn River. Here, pegmatite

Sachigo Subprovince

Bird River - 
Separation Lake
greenstone belt Berens River Subprovince 

l
Uchi Subprovince^- 

River SubprovinceEnglish
Winnipeg River 

Subprovince

Opatica Q l 
Subprovince l

Wabigoon Subprovince Quetico Subprovince
-  -   v

Wawa Subprovince

Abitibi 
Subprovince

J Superior Province
Southern Province and Nipigon Plate 
Paleozoic and Mesozoic basin sequence 
Subprovince boundary

Figure 24.1. Location map of study areas.

Localities of rare-metal pegmatites
and peraluminous granites

sampled in this study

*
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masses occur as deformed, commonly sheared boudins up to 
10 m in thickness which are parallel to the 120 0 strike of the 
host-rock foliation. The most common varietal minerals are 
biotite and garnet; muscovite, tourmaline, molybdenite and 
black oxide minerals are rare.

A younger pegmatite dike was noted near the northwest 
ern end of the middle arm of Favourable Lake (OPS: 
52053'47.6"W93 057'42.7"W), where a 10 m thick, unde- 
formed dike of biotite-garnet-muscovite pegmatitic granite 
was emplaced at a high angle to strike of the older pegmatite 
swarm. Muscovite is abundant in contrast to the older pegma 
tites and suggests a higher degree of pegmatite evolution.

Severn River Pegmatitic Granite 
Mass

P. 3382) and several exposures can be examined along the Sev 
ern River north of Favourable Lake (Figure 24.2). Widespread 
black tourmaline in this pluton is a favourable indicator of pos 
sible fertile granite status, as boron is a important volatile in the 
complexing and transport of rare-metals and in the lowering of 
liquidus temperatures in pegmatitic melts (London 1986).

PAKEAGAMA LAKE AREA
Three weeks of detailed examination were directed towards 
the Pakeagama Lake pluton and its rare-metal pegmatite oc 
currence.

Geological Setting
The Pakeagama Lake rare-metal pegmatite is situated within 
the northwestern end of the Pakeagama Lake pluton (Figures 

This 0.5 to 2 by 10 km elongate mass of tourmaline-bioti- 24.2 and 24.3), an elongate, 2 to 3 by 15 km mass of peralu- 
te-muscovite was mapped by Stone et al. (1993b; 1998, Map minous granite first delineated by Stone et al. (1993a; 1998:

Peraluminous granite l pegmatite granite plutons 
Metavolcanic - metasedimentary belts

±_±J Unsubdivided granitic rocks
—-•-"" Major fault zones

Zn,Be,BI,Mo ^

Pakeagama Lake 
rare-metal pegmatite -l- -W^-O 

./-^

Pakdeagarria.,."1" "*" 
Lake pluton

A Rare - metal mineral occurrence

Li l ithium Rb rubidium
Be beryllium Ta tantalum
Cs cesium

* Mcp nnodffled after Stone (l 998)

Figure24.2. General distribution of peraluminousgraniteplutonsand rare-metal mineralization alongtheSachigo-BerensRiversubprovincial bound 
ary zone. Rare-metal occurrences: l. Bearhead Lake holmquistite; 2. Mattless LakeZn-Be-Bi-Mo; 3. Pennock Lakespodumene; 4. Pennock Lake holm 
quistite; 5. Pakeagama Lake Li-Rb-Cs-Ta pegmatite. Is Pakeagsmo lake area; 2^ Favourable Lake area.

170



Map P.3382). Rare-metal pegmatite mineralization is mostly 
contained within this pluton, however, at its northwest end the 
main pegmatite mass is in contact with banded iron formation 
and metapelite that comprise part of an extensive metasedimen- 
tary unit which extends southeast into the North Spirit Lake 
greenstone belt. Furthermore, an exocontact zone of muscovi- 
te-tourmaline granitic pegmatite dikes is emplaced within mafic 
metavolcanic and metasedimentary rocks that lie adjacent to the 
northwestern terminus of the pluton and have been noted at least 
l km from the main rare-metal pegmatite mass.

Pakeagama Lake Pluton
This pluton is the likely parent granite for the enclosed 
rare-metal pegmatite. However, the pluton is not composed 
of pegmatitic granite units more typical of fertile granite 
masses that spawned rare-metal mineralization elsewhere 
in the Superior Province (e.g., Cerny et al. 1981; Breaks 
and Moore 1992; Breaks and Tindle 1997). The granitic 
rocks are generally weakly to modestly foliated and/or lineated,

and medium to coarse-grained, \krietal minerals comprise bio 
tile, muscovite and garnet, which collectively account for less 
that Wf?o of the mode. Muscovite is mostly present in only the 
northwestern part of the pluton; southeast of Pakeagama Lake, 
biotite is the main varietal mineral within the pluton. Textures 
are prevailingly granoblastic, resulting from shearing and re 
crystallization induced by deformation along the Bearhead Lake 
fault system, delineated by Stone et al. (1993a).

Pakeagama Lake Rare-Metal 
Pegmatite
A large, undeformed, steeply-dipping, strongly zoned 
pegmatite mass with a minimum strike length of 250 m 
was delineated by 1:250 detailed mapping (Figure 24.4). 
The pegmatite is open to the southeast and northwest. 
The width is variable from 10 to 30 m and it appears to 
widen to the northwest where there is a notable bifurcation 
marked by a smaller apophysis extending to the east.

Pakeagama 
-;Lake:pegmatIte 
::: Li,Rb;Cs;Be,Ta

i;t6ur,ap;Fe^tant,tap
tourft

-H -l- -l- -I-
-I- 4- -l- -I- 

+ + + + + + +
+ + + ^ + 

Skloman* ^ J- -^ J-
^ "^ ^ ^ 52"31

Peraluminous garnet - muscovite - 
biotite granite

l H- j Pink biotite granite and granodiorite 
l J Foliated biotite tonalite and granodiorite 
l^/ y 1! Tonalite and granodiorite gneiss 
1:-:':-:-:-^ Metasedimentary rocks 
m Mafic metavolcanic rocks

* Mop mexSHed oftef Store e^ al.. ( l 993a)

A Mineral occurrence
U lithium
Cs cesium
Rb rubidium
Be beryllium
Ta tantalum
ap apatite

tour tourmaline
Fe-col ferrocolumbite
Fe-tant ferrotantalite

tap tapiolite
fl fluorite

Figure 24 J. Detailed geology of Pakeagama Lake pluton and location of Pakeagama Lake rare-metal pegmatite.
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Quartz-rich wall zone 
Potassic pegmatite zone 
K-feldspar-petalite zone 
Quartz-spodumene core zone
Layered spodumene-petalite- 

quartz pegmatite and aplite zone
Green tourmaline-muscovite aplite dykes

Green tourmalite-quartz- 
K-feldspar pegmatite dykes

98FWB-39 to 43
t v m ^* — (channel samples over 4.8m)

\ r"^*98KM5 
VV 98FWB-48

Sample site for mineral analysis 
Sample site for bulk rock analysis
External contact of pegmatite dykes 

~~ (observed; inferred)
Internal contact of pegmatite dykes 

--" (observed; inferred)
:r^~ Outcrop area 
85^ Foliation in host-rocks with dip

Garnet-muscovite-biotite granite
'2au Holmquistite metasomatic overprint on 

garnet-muscovite-biotite granite
Green lithian tourmaline metasomatic overprint on 

garnet-muscovite-biotite granite
Banded iron formation

Figure 24.4. Detailed geology and sample locations of Pakeagama Lake rare- 
metal pegmatite and immediate host-rocks
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Internal Units
Five internal units were delineated (Figure 24.4). All 
geochemical sample sites discussed below are also indicated 
on this map.

QUARTZ-RICH WALL ZONE
This 2 to 10 m-thick unit is restricted to the southeast part of 
the pegmatite and is characterized by 70 to 909fc grey to 
white, locally vitreous or recrystallized quartz. The unit is in 
gradational contact with the potassium-feldspar-rich pegma 
tite zone described below. Subordinate phases include white 
to light brown stained, euhedral to subhedral montebrasite (a 
lithium aluminum phosphate), typically 2 to 3 cm in diameter 
or as irregular masses (Photo 24.1), blocky potassium-feld 
spar up to 27 cm diameter, recessively-weathered, deep blue 
fluorapatite up to 2 by 3 cm, deep green tourmaline (elbaite 
species) and sporadic, clear white to light brown beryl up to 2 
by 4 cm. Local patches up to l m in length rich in mauve mica 
(possible lepidolite or lithian muscovite) occur sporadically 
in the wall zone. These zones are well foliated and contain 
blobs of quartz up to 8 by 14 cm and sparse, inconspicuous, 
black and brown oxide minerals, that in part are represented 
by cassiterite.

Photo 24.1. View of the quartz-rich wall zone with masses and single 
crystals of montebrasite. Coin diameter = 2.5 cm.

Potassium-Feldspar-Rich Pegmatite
This unit is dominated by grey-blue, generally blocky 
potassium-feldspar that typically exceeds 80 ^ and is up to l 
m in diameter. The unit has been traced over a 90 m strike 
length in the southeast part of the pegmatite body and varies 
in width from 3 to 10 m. Euhedral and subhedral megacrysts 
of a light brown weathering, fine-grained aggregate of 
spodumene + quartz up to 0.7 by 1.1 m occur sporadically, 
and these are interpreted as pseudomorphs after petalite. Such 
megacrysts increase in abundance towards the spodumene- 
rich core zone and texturally envelop blocky potassium-feld 
spar, which indicates a later crystallization for the petalite. 
Subordinate phases in the potassium-feldspar-rich pegma 
tite include quartz and green, lithium-rich tourmaline that 
occur interstitial to the coarse blocky potassium-feldspar 
crystals.

SPODUMENE-QUARTZ-RICH CORE 
ZONE
This unit only occurs in the southeast part of the pegmatite 
and occupies a minimum area of about 10 by 15 m and is 
completely open to the southeast along strike. The rock 
consists of a generally fine, randomly-oriented intergrowth of 
60 9fc white to light pink spodumene and 40 fc lamellar to 
blob-like grey quartz.

Several large, blocky to triangular aggregates of spodu- 
mene-quartz are evident and up to 55 by 70 cm. Quartz also 
occurs as irregular, much coarser segregations up to 2 by 15 
cm accompanied by minor montebrasite, green tourmaline 
and mauve mica. Blocky potassium-feldspar is rare in the 
core zone and up to 10 by 12cm. Montebrasite (Photo 24.2) is 
disseminated throughout the core zone and generally evident 
as recessive and chalky-weathered euhedral crystals up to 6 
by 8 cm, either enclosed by the spodumene-quartz inter 
growth or as smaller crystals completely isolated in the 
irregular quartz-rich masses. The spodumene-quartz unit is 
overprinted by wispy veins, l to 5 mm in width, composed of 
fine-grained albite and quartz. Small patches of fine-grained 
lepidolite alteration has replaced parts of spodumene crystals. 
Black, fine-grained possible oxide phases are only sparsely 
evident.

PETALITE-POTASSIUM-FELDSPAR 
PEGMATITE
This unit may represent a variant of the potassium-feld 
spar-rich pegmatite unit as both grain size and colour of the 
potassium-feldspar megacrysts are similar. However, a 
marked increase in the amount of light brown, fine-grained, 
elongate, generally subhedral, spodumene-quartz aggregates 
after petalite is notable. These comprise 30 to 50 9fc of the 
mode and exhibit maximum dimensions on outcrop surface 
of 1.2 by 5.2 m and envelop blocky potassium-feldspar 
crystals up to 34 by 61 cm.

LAYERED SPODUMENE 
PEGMATITE-APLITE
This unit dominates in the northwestern part of the pegmatite 
where it is associated with subordinate, much coarser
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Precambrian Geoscii'iice .\cciion (24)

petalite-potassium-feldspar pegmatite. Typically there te inte 
rcalation of recessively-weathered, faint pink, spodumene-rich 
layers, 5 to 50 cm thick, with similar thicknesses of creamy 
white aplite. Larger pods rich in spodumene also occur in the 
zone that reveal the coarsest size for the mineral in the entire 
pegmatite: 2 by 5 by 10 cm.

External Units
Two types of pegmatite and aplite dike, generally less than 2 
m thick, are common in the Pakeagama Lake pluton 
immediately southwest of the rare-metal pegmatite mass 
(Figure 24.4). Here such dikes strike parallel to the pegmatite 
body and most commonly comprise aplite with dark green 
lithian tourmaline up to l cm diameter, muscovite and rare 
dark brown lithiophilite (LiMnPO,}). Pods with abundant, 
randomly oriented white spodumene occur locally in some of 
the aplite dikes. The aplite dikes are characterized by a core 
rich in black tourmaline enveloped by bleached margins rich 
in white feldspar (probably albite) typically less than 5 cm 
thick, which can locally be traced into larger quartz-rich 
masses.

The most important exocontact unit is sparse dikes of 
potassic pegmatite that were emplaced at high angle (070 0

strike) to the 125 0 strike of the aplite dikes. Especially 
noteworthy is the presence of pollucite 
[(Cs,Na)2 Al2Oio- HiO)], as several recessively-weathered 
crystals up to 2 by 4 cm (Photo 24.3) in part of a 30 cm thick 
dike of potassium-feldspar-green tourmaline-quartz-albite 
which is situated 120 m south of the main rare-metal 
pegmatite mass (Figure 24.4). This mineral was verified by 
X-Ray diffraction and represents only the fourth occurrence 
in Ontario.

Pegmatite dikes also occur in the supracrustal rocks that 
enclose the northwestern end of the pluton. In mafic 
metavolcanic rocks situated 500 m from the pluton, folded 
and sheared dikes of garnet-quartz-potassium-feldspar- 
tourmaline-muscovite-albite form boudins up to l by 3 m. 
Anomalously high levels of Rb and Cs in blocky potas 
sium-feldspar (Table 24.1 and Figure 24.5) support a genetic 
linkage with the nearby Pakeagama Lake rare-metal pegma 
tite.

Host-Rock Metasomatism
Granitic rocks of the Pakeagama Lake pluton have undergone 
conspicuous alteration proximal to the rare-metal pegmatite 
and three types of metasomatic transformation have been 
recognized:
1. Li-rich tourmaline metasomatism
2. black tourmaline veins with bleached margins rich in 

white feldspar
3. holmquistite porphyroblastesis.

Type l metasomatism occurs within one meter of the 
pegmatite, and involves the granitic host-rocks, either in 
contact with the quartz-rich wall zone or the potassium-feld 
spar-rock pegmatite zone. Type l is a conspicuous develop 
ment of 5 to 10 Ve coarse, dark green tourmaline porphyro- 
blasts in the host-rocks (Photo 24.4) within diffuse, bleached 
splotches and veins rich in white feldspar and devoid of 
muscovite and biotite that otherwise comprise 10 9fc of 
unaltered granite. Colour of the tourmaline porphyroblasts is 
dark green within 30 cm of contact with the pegmatite, 
however, the tourmaline changes to black at greater distance. 
One bulk analysis reveals Q.61% LJ2O and 2653 ppm Rb in 
the green tourmaline-rich granite. Electron microprobe work

Photo 24.2. Euhedral crystal of montebrasite in spodumene-quartz 
core zone. Coin diameter = 2.5 cm.

Photo 24.3. Several, recessively-weathered crystals of pollucite (ar 
rows) in an exoconlact pegmatite dike situated 120 meters south of the 
Pakeagama Lake Pegmatite.
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indicates a compositional range of elbaite to schorl with 
minor liddicoatite compositions (these are respectively Li-, 
Fe- and Ca-Li-rich end-member tourmaline compositions).

Type 2 metasomatism consists of veins rendered 
conspicuous by the presence of a thin core rich in black 
tourmaline that is enveloped by thicker margin zones rich in 
white feldspar. These veins are most common within 20 m of 
the pegmatite mass but have been observed up to 500 m to the 
southwest along the shoreline of Pakeagama Lake. Thickness 
of the veins is typically 3 to 5 cm but may reach up to 10cm.

Type 3 metasomatism is characterized by subtle, dark 
purple, elongate fibrous aggregates of holmquistite (a lithium 
amphibole), generally 5 mm in length, which occurs 
southwest of the Pakeagama Lake pegmatite (Figure 24.4). 
Occurrences of the mineral were traced for a minimum 
distance of 120 m from the pegmatite and coincides with a 
significant bulk rock lithium anomaly, marked by Li values 
between 295 and 843 ppm. The widespread distribution of 
holmquistite is quite unusual as the mineral normally favours 
mafic host-rocks within 20 m ot'a rare-metal pegmatite body 
(Cerny et al. 1981, p. 101). Holmquistite is rarely developed 
in granitic host-rocks such as the Pakeagama Lake pluton and 
its extensive occurrence in these granites, over at least a 120

F.W. Breaks el al.

m distance normal to the rare-metal pegmatite contact has, to 
the authors' knowledge, never been previously described. We 
therefore have interpreted that a large, lithium-rich, blind 
pegmatite mass occurs at shallow depth within the anomalous 
Li area.

Subsolidus Alteration in the 
Pakeagama Lake Pegmatite
Minor subsolidus alteration has affected several minerals in 
the Pakeagama Lake pegmatite. Narrow white veins, 
normally less that 5 mm thickness and rich in fine-grained. 
sugary albite and local green tourmaline, blue apatite and 
quartz subtly cross-cut blocky potassium-feldspar and the 
light brown spodumene-quartz intergrowths in the petalite- 
potassium-feldspar zone. Such veins locally contain zoned 
pods composed of a white fluorapatite core and fibrous 
montebrasite margins. Albite-rich veins also pervade the 
spodumene-quartz core zone and are normally devoid of 
accompanying phases except for sporadic black specks of 
possible oxide minerals. Fine-grained lepidolite also occurs 
in this zone and replaces small areas of spodumene.

500

100--

10-

PEGMATITES
BARREN OF

RARE-METAL
MINERALS COMPLEX-TYPE

PEGMATITE
(Bernic Lake Group Including 

Tanco Pegmatite)•f \
FERTILE GRANITE N 

(Separation Rapids pluton)

COMPLEX-TYPE PEGMATITE 
(Separation Rapids Group)

10 100
Cesium (ppm)

1000 4000

Figure 24.5. K/Rb versus cesium in polassium feldspar from Pakeagama Lake rare-metal pegmalile and adjaceni exoconlaci pegmalile dikes. Bernic 
Lake pegmalile group after Cerny et a] (1981); Separation Rapids pegmatite group and Separation Rapids pluton from Breaks and Tindle (1997).
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MINERAL CHEMISTRY
Potassium-feldspar chemistry has been established as a useful 
geochemical tool in the economic evaluation of pegmatites 
(Cerny 1989, p.288-291 and also references therein). In 
particular, the Rb and Cs contents and the K/Rb ratio in 
blocky potassium-feldspar are important in the discrimina 
tion between rare-metal-enriched pegmatites and those that 
are barren of such metals. Such data are typically examined in 
the K/Rb versus Cs plot devised by Cerny et al. (1981) whose 
extensive work in the Winnipeg River pegmatite district 
established boundaries between various geochemical pegma 
tite types (i.e., Be, Li-Be and Li, Cs, Be, Ta types). 
Furthermore, their work provided fields of K/Rb versus Cs 
variation for fertile parent granites that spawned various 
pegmatite groups in this district and hence facilitates 
geochemical recognition of potential fertile granites else 
where in the Superior Province (e.g., Separation Rapids 
pluton: Breaks and Tindle 1997, p.17).

Other useful minerals that can be utilized in the 
recognition and economic evaluation of rare-metal pegma 
tites include muscovite and beryl (Cerny 1989).

Photo 24.4. Dark green, lithium lourmalineporphyroblasts in granite host- 
rocks adjacent to potassium-feldspar-rich zone. Coin diameter = 2.5 cm.

Potassium-Feldspar
Twenty-one blocky potassium-feldspar samples were ana 
lyzed from the Pakeagama Lake pegmatite system and data 
received to date are presented in Table 24.1. Concentrations 
of rubidium (mean\g = 1 .11 9c; range = 0.97 to 1.2 9c) and 
cesium (range from 400 to 1349 ppm) are highly anomalous 
and indicative of a complex type pegmatite system (Cerny 
1989, p. 292). This assessment is supported by the K/Rb 
versus Cs diagram (Figure 24.5), a plot useful in assessing 
economic potential (Cerny et al. 1981), where most analyses 
from the Pakeagama Lake area (84 Ve) plot within the Bernic 
Lake pegmatite group of Cerny et al. (1981), which includes 
the Tanco Pegmatite. About one-third of the Cs values in 
potassium-feldspar exceed the 900 ppm upper limit for XRF 
analysis in the Geoscience Laboratory (currently being 
reanalyzed) and such levels of Cs generally suggest presence 
of pollucite, which was verified in part of the pegmatite 
system.

Two potassium-feldspar samples (Table 24.1: 98KF-26 
and 98KF-27) from exocontact dikes, situated to the 
north west of the Pakeagama Lake pegmatite, also indicate an 
advanced evolution by virtue of anomalous cesium (155 to 
247 ppm) and Rb concentrations (6400 to 9100 ppm). Such 
values compare with fertile granite units elsewhere in the 
Superior Province as exemplified by the Separation Rapids 
pluton (Breaks and Tindle 1997) and the Ghost Lake 
batholith (Breaks and Moore 1992).

Petalite
Textural and chemical evidence indicates that most of the 
spodumene 4- quartz intergrowth^ are likely pseudomorphs 
after petalite. No primary petalite was observed within any of 
the pegmatite zones which contrasts with the Big Whopper 
Pegmatite where unaltered petalite is pervasive (Breaks and 
Tindle 1997). Analyses of intergrowths taken from several 
sites of the Pakeagama Lake pegmatite reveal a similarity of 
its LJ2O content (Table 24.2: mean4 = 4.42 (2fc; range - 3 .77 to 
4.74 9c) to petalite analyses in the literature (Table 24.3; 
London and Burt 1982, p.104; Cerny et al. 1981. p.106). In 
contrast, the Li2O contents of spodumene are considerably 
higher (6.60 to 7.87 96: London and Burt 1982. p.105). 
Furthermore, the successive channel samples taken across 
one-half of the width of the spodumene-quartzcore unit, have 
revealed similar LJ2O levels (Table 24.2: mearu = 4.529c; 
range = 4.33 to 4.799r), which also implies that most of this 
unit was initially composed of petalite prior to subsolidus 
breakdown to the present intergrowth (London 1984).

Oxide Minerals
Several economically important, tantalum-rich minerals 
(e.g., Photo 24.5) have been documented in 70 electron 
microprobe analyses undertaken to date at the Department of 
Earth Sciences of the Open University. These include 
manganotantalite, ferrotantalite, manganocolumbite, micro 
lite (including antimony- and uranium-rich species) and 
ferrotapiolite. Dark brown cassiterite contains up to 596 
Ta2Os. Representative analyses of the various oxide phases 
are presented in Table 24.4. The oxide minerals are typically 
fine grained and sparsely evident in the zones observed to 
date.
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Table 24.1. Ba. Cs, Li. Rb and Sr content (ppm) in blocky potassium-feldspar from the Pakeagama Lake rare-metal pegmatite and adjacent 

exocontact dikes.

Sample #

98K.F-I

98KF-2

98KF-3
98KF-4

98KF-5
98KP-6
98KF-7

98FK-8
98KF-9

98KF-IO
98KF-1I
98KF-12
98KF-13
98KF-14
98KF-15
98KF-16
98KF-17
98KF-26
98KF-27
98KF-28
98KF-29

Rb

11220
10970

11200
11270

1 1 220

1 1 500
10970
11440

10500
10770

11350
11420
9980
11310
9670
11030
11270
6400
9100
12000
10000

Cs

1035
915
987
892
923
849
1349
924
730
415

418
407
678
940
615
691
1108
155
247
990
852

Ba

22
133
63
38
316
42
162
67
ND
ND
ND
ND
137
138
323
74
32
ND
ND
41
73

Sr

107
136
138
111
133
114
122
117
112
98
120
114
112
125
122
108
110
75
93
130
110

Li

175
185
169
127
107
133
162
163
135
89
89
138
167
201
379
635
270

53
67
120
130

K/Rb

9.6
9.9
9.9
10
10
9.9
10.4
10
10.6
10.7
9.8
9.3
11
10
11
10
9.8
16.5
12.5
11
9.7

K/Cs

119
112
126
121
121
134
84
124
153
270
266
262
162
113
173
160
100
680
462
117
131

;VD - not detected

Important, however, from an exploration perspective, is 
the trend of compositional variation in the columbite-tantalite 

quadrilateral (Figure 24.6). A well-defined trend of chemical 
evolution, expressing a change from manganocolumbite into 

manganotantalite is obvious. This trend is similar to 
columbite-tantalite oxide populations, for example, from the 
Peerless Pegmatite, part of the Tanco Pegmatite (Ercit and 
Cerny 1985) and the eastern pegmatite subgroup of Separa 
tion Rapids group (Tindle and Breaks 1998, p. 613). Such 
evolutionary trends indicate a high potential for tantalum-rich 

zones in the pegmatite system.

A subordinate trend of manganocolumbite to mangano 
tantalite at lower Mn/Fe ratios is also notable and expresses a 
very similar range of Ta/Nb ratios to that of the main trend. A 
narrow aplite vein situated 400 m southeast from the 

Pakeagama Lake pegmatite contains sparse ferrotapiolite and 

ferrotantalite grains associated with tourmaline and blue 
apatite. These oxide minerals have not been found to date in 

the main pegmatite mass. Nevertheless, the occurrence of this 
aplite unit with such evolved tantalum-rich oxide minerals, 

suggests a continuation of the rare-metal pegmatite system at 

least 400 m to the southeast beyond the outcrop containing 
the spodumene-quartz core unit. The aplite and tourmali- 

ne-metasomatized granite host-rocks are also anomalous in 
lithium, respectively at 120 ppm and 1068 ppm, which 

supports this contention.

An absence of relatively primitive ferrocolumbite 
compositions in the Pakeagama Lake pegmatite is also 
notable and supports the high exploration potential for

tantalum. Ferrocolumbite was only documented in narrow, 
albite-rich dikes that occur in mafic metavolcanic rocks, 2 km 

from the pegmatite body.

SUMMARY
This section summarizes salient features in regards to the 
geology, mineralogy and geochemistry of the Pakeagama 
Lake rare-metal pegmatite:

1. Surface dimensions: minimum 250 m strike length; 
width 10 to 30 m.

2. Five internal zones: a) Quartz-rich wall zone (quartz ^ 
montebrasite-potassium-feldspar-muscovite-green tour 
maline); b) potassium-feldspar-rich pegmatite zone (potas 
sium-feldspar x* petalite-quartz-green tourmaline); c)Spo- 

dumene-quartz-rich core zone (spodumene > quartz-mon- 
tebrasite-green tourmaline); d) Petalite-potassium-feldspar 

pegmatite (potassium-feldspar-petalite-quartz); Layered 

spodumene pegmatite-aplite zone (spodumene-albi- 
te-quartz).

3. External units: a) Green tourmaline-muscovite-quart- 

z-albite aplite dike; b) potassic pegmatite (potassium- 

feldspar-green tourmaline-quartz-albite with local 

pollucite).

4. Metasomatic zones in granite host-rocks: a) li 
thium-rich green tourmaline metasomatism; b) veins 
rich in white feldspar with black tourmaline cores; c) 
holmquistite porphyroblastesis.
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Table 24.2. Major element analyses of spodumene-quarlz assemblages from the Pakeagama Lake Pegmallle

98FWB-29A

Si02
AI 2Oj

MnO

MgO

CaO

Na2O

K2O

Li2O

P20S

Ti02

FeO

Fe20.,

C02

H 2CH
H 20-

TOTAL

78.76

17.22

0.01

0.06

0.03

0.11

0.05

4.74

0.01

ND

ND

0.01

0.13

0.13

0.14

101.4

Megacrysts of Fine-Grained 

Spodumene-Quartz Intergrowth 

98FWB-29B 98KF-17

78.43

16.72
0.01

0.05

0.03

0.61

0.15

4.65

0.01

ND

ND

0.03

0.10

0.05

0.08

100.92

81.51

14.75

0.01

0.04

0.03

0.39

0.19

3.77

0.01

ND

ND

0.02

0.18

0.08

0.10

101.08

98KF-5

78.34

17.72

0.01

0.06

0.04

0.10

0.13

4.51

0.03

0.01

ND

0.02

0.15

0.05
0.11

101.28

98FWB-39

80.90

16.29
0.01

0.04

0.03

0.10

0.21

4.69

0.06

ND

ND
0.01

0.15

0.08

0.11

102.68

Coarse SpodumenoQuartz Assemblage from Core Zone 

98FWB-40 98FWB-41 98FWB-42

79.98

16.09

ND

0.05

0.04

0.10

0.22

4.33

0.06

ND

ND

0.01

0.18

ND

0.05

101.11

77.93

17.73

0.01

0.05

0.03

0.07

0.17

4.79

0.13
0.01

ND

ND

0.14

0.08

0.1 1

101.25

T8.89

16.85
0.01

0.05

0.04

0.07

0.23

4.44

0.46

ND

ND

ND

0.23

0.13

0.11

101.47

98FWB-43

77.79

16.89

0.02

0.05

0.03

0.08

0.48

4.36

0.28

0.01

ND

0.02

0.26

0.15

0.22

100.64

Samples front following zones: potassium-feldspar-petatite zone: 98FWB-29A, 98FWB-29B; potassium-feldspar-rich zone: 98KF-5 and 98KF-I7; Spodumene-quartz core zone as channel samples across 
part of zone: 98FWB-39 (O to l m), 98FWB-40 (l lo 2 m). 98FWB-4I (2 to 3m), 98FWB-42 (3 to 4 m) and 98FWB-43 (4 to 4.9m).
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Table 24.3. Major element analyses of petalite and spodumene-quartz pseudomorphs after petalite from Ihe literature and unpublished analyses 
of the authors.

Unaltered petalite Spodumene-quartz 

intergrowth* after petalite

SiCb
A1 2O3

MnO

MgO

CaO

Na2O

K 2O 

Li 2O

P 2O5

TiO2

FeO

Fe 203

CO2
H 2 O*
H 2O"

TOTAL

ND = not detected

1

78.27

16.09

ND

0.03

ND

0.03

ND 

4.74

ND

ND

^.02

0.05

0.09

0.10

99.54

2
77.85
16.60

0.03

0.01

0.15

0.05 

4.54

0.37

0.13

99.87

3
76.79
16.85
0.04

0.21
0.31
0.46

4.36

0.05

0.09
99.08

4

77.30

17.68
0.03

0.09

0.18

4.40-j

0.02

0.34

0.26

100.30

5
76.8
18.1
ND

ND

0.08

0.36
0.03 
4.61
0.01
0.04

0.16

ND

0.07
0.16

0.06

100.4

6

0.32

4.22

0.12

1. Big Whopper Pegmatite. Separation Rapids pegmatite group. Unpublished analysis of light pink petalite of the authors.
2. Tanco Pegmatite, grey petalite from Tanco zone 5 (Cerny and Ferguson 1972)
3. Bikita Pegmatite, Zimbabwe (Cooper 1965, p.460).
4. Rubicon Pegmatite, Namibia (von Knorring 1985). Pink Petalite.
5. MNW Pegmatite, Georgia Lake pegmatite field, near Nipigon, Ontario. Unpublished analysis of the authors.
6. Tanco Pegmatite. Partial analysis in Cerny et al. (1981, p. 104).

Potassium-feldspar chemistry: a comparison of the 
mean values and ranges of Cs, Rb and K/Rb in the 
Pakeagama Lake pegmatite with data from the Bernic 
Lake pegmatite group in Manitoba and the Big 
Whopper Pegmatite in the Separation Rapids group is 
given in Table 24.5. It can be seen that the Pakeagama 
Lake Pegmatite has a comparable K/Rb ratio but has

Pholo 24.5. Back-scattered electron image of an oxide grain from the 
Pakeagama Lake pegmatite system, which reveals a complex crystal 
lization history marked by patchy-zoned manganocolumbite (left) and 
oscillatory-zoned manganotantalite (right), both rimmed by over 
growths of extreme lantalum-manganese-enrichment. Faint small 
circles represent probe-analyzed spots.

higher Cs values than the Big Whopper pegmatite and 
overlaps the lower ranges for Rb, Cs and K/Rb with 
the Bernic Lake pegmatite group.

COMMODITY TYPES MINED FROM 
RARE-METAL PEGMATITES
Rare-metal pegmatites of the complex-type are unique 
sources of several important commodities. These are listed in 
Table 24.6 along with current prices where available.

FUTURE MINERAL EXPLORATION
Rare-metal mineralization along Berens River-Sachigo 
subprovincial boundary is now known over a 65 km strike 
length, between Bearhead and Pakeagama lakes. Peralumi 
nous granites, the plausible progenitor of the rare-metal 
mineralization, occur over at least a 140 km strike length, 
(from Favourable to MacDowell lakes), and hence there is, 
accordingly, a high potential for further such discoveries of 
complex-type, petalite subtype pegmatites. Petalite-bearing 
pegmatites represent the most important exploration target 
for ceramic/glass grade petalite and/or spodumene, tantalum, 
rubidium and cesium. The discovery at Pakeagama Lake, is 
the direct result of previous OGS work (Stone et al 1993a; 
Stone 1998) in the region, with follow-up represented by this 
project.This discovery may well be significant and warrants 
follow-up work by the private sector. Recommended priori 
ties for exploration area:
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Table 24.4. Representative electron microprobe analyses of various oxide minerals from Ihe Pakeagama Lake area. Operating conditions for the electron microprobe are given in Tindle el al (1998).

FeO

MnO

TiO2

Nb2O5

Ta2O5

SnO2

WO.i

PbO

UO2

Sb2O.i

Bi 2O.i

Sc2O3

CaO

Na 20

F

H 2O

TOTAL

98SS- 1 1

14.93

3.06

1.94

62.10

14.23

0.07

2.11

0.34

0.41

99.19

98-34B-1

8.42

6.94

0.79

20.75

62.16

0.68

0.36

0.10

0.01

0.01

100.21

98AT-2

0.96

14.85

0.10

28.49

54.61

0.17

0.40

0.12

0.64

0.03

100.36

98AT-31

3.20

13.77

0.22

43.68

37.36

0.15

0.26

0.25

0.01

98.91

98AT-3ii

0.91

14.34

0.07

24.59

58.77

0.12

0.21

0.08

0.06

0.01

0.01

99.17

9HF\VB-36i

0.97

13.37

16.32

67.57

0.02

0.14

0.09

0.01

0.02

0.01

98.52

98-34B-ii

11.59

2.33

1.02

4.71

78.32

1.39

0.25

0.02

0.11

99.74

98-34iii 98FVVB-36ii

0.12 0.36

0.03 0.15
0.70 0.18
5.31 3.13
73.41 96.351

0.65 *~^

0.22

0.33

0.02

0.25

11.11

5.04

3.57

0.10

100.86 100.18 '

98SS-II: Ferrocolumbite from albite-rich dyke, 500 m southwest of Pakeagama Lake pegmatite.
98-34B-i: Ferrotantalite from tourmaline-apatite aplite dyke, 400 m southeast of Pakeagama Lake pegmatite.
98AT-2: Manganocolumbite from albite-rich veinlet that cross-cuts blocky potassium-feldspar. From potassium-feldspar sample site 98KF-4 (Figure 24.3) in Pakeagama Lake Pegmatite.
98AT-31. Manganocolumbite from patchy zoned grain (Photo 24.x) in muscovite-green elbaite-bearing aplite dike situated 3 m from southwest contact of Pakeagama Lake Pegmatite.
98AT-3U. Manganotantalite from same oxide grain as analyzed in 98AT-3L
98FWB-36L Manganotantalite from 3 m-thick layered aplite dyke situated 15 meters southwest of Pakeagama Lake Pegmatite.
98-34B-ii. Ferrotapiolile from same location as 98-34i.
98-34Biii: Microlite from same location as 98-34i.
98FWB-36U: Cassiterite from same location as 98FW
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Table 24.5. Comparison of me:an values and ranges for Cs, Rb and K/Rb in K-feldspar for PakeagarrrtTLake pegmatite with Bernic Lake 
pegmatite group and Big Whopper Pegmatite of Separation Rapids pegmatite group.

Pakeagama Lake 

pegmatite 

Bernic Lake
pegmatite group 

Big Whopper 
pegmatite

Cs (ppm)

Mean

827 

1262

249

Range

415lo 1349 

165 lo 2866

54 to 506

Rb (ppm)

Mean Range

11 100 9700to 11 100 

14800 3880lo26600

12592 9654tol5000

K/Rb

Mean

9.5 

9.5

8.5

Range

9.3 to 11.0 

4.0 to 24.3

7 to 11

N

19

57

5

N = number of analyses

1. Surface stripping to better reveal various pegmatite 
zones and to help extend southest and northwest limits 
of pegmatite system,

2. Trenching and continuous chip sampling across the 
various internal pegmatite zones to establish represen 
tative grades for Li2O, Cs 2 O, Rb2O and Ta2O5i

3. Lithochemical sampling of granite host-rocks to 
establish limits of the large lithium anomaly. Follo 
w-up with Cs and Rb bulk analysis to help establish 
drill targets for search for blind pegmatites, and,

4. Prospecting and regional mineral (potassium-feld 
spar) and lithochemical sampling in the supracrustal 
units to the northwest of the Pakeagama Lake 
pegmatite in search of other rare-metal pegmatite 
systems in the area.

1.00
FeTa O MnTaO

0.50

0.00

Tapiolite

Fe-tantalite

Fe-columblte

Mn-tantallte

Mn-columblte
. ..-

0.00 
FeNb O

0.50 1.00 
MnNbO

Figure 24.6. Columbite-tantalitequadrilateraldiagram for Pakeagama 
Lake rare-metal pegmatite. Tantaliie-tapiolite gap after Corny et al. 
(1992).

Our results reinforce the mineral exploration advice given by 
Breaks and Osmani (1989): "Favourable targets for rare-met 
al pegmatites in northwestern Ontario include the Bearhead, 
Ponask Lake and North Kenyon fault systems, and some 
subprovince boundary zones, such as the area along the 
English River-Uchi boundary between Attwood and Pak 
wash lakes".

Ayres (1972) indicated that the Pennock Lake spodumene 
occurrence (0.52 9fc lithium) represents an aplite zone within a 
white pegmatite dike that is common in a 500 m wide zone on 
the north side of the Bearhead Lake fault system. Furthermore, 
Ayres states that "since none of the localities were identified in 
the field, the distribution of lithium-bearing minerals may be 
much more extensive than that documented by the three 
samples" [i.e., lab samples selected by Ayres from the Bearhead 
Lake holmquistite, Pennock Lake spodumene, and Pennock 
Lake holmquistite occurrences].

In the Pakeagama Lake pegmatite, the presence of 
tantalum-rich minerals such as manganotantalite, ferrotanta 
lite, microlite and ferrotapiolite coupled with pollucite and 
rubidium concentrations that exceed 19& in potassium-feld 
spar, indicate a high potential for zones rich in tantalum, 
cesium and rubidium-rich potassium-feldspar. Primary peta 
lite has not been observed to date, and always is altered to 
SQUI (acronym forspodumene+quartz intergrowth). Monte 
brasite, which occurs abundantly in some zones of the 
Pakeagama Lake pegmatite, is an additional commodity to 
consider in exploration of the pegmatite. There is currently a 
limited market for this high lithium mineral (9.30 to IG.22% 
Li2O: London and Burt, 1982, p.114), which has application 
to production of high phosphate frits and ceramic glazes 
(Cerny et al. 1996, p.50).

The area immediately northwest of the Pakeagama Lake 
pluton and that extending to the Bearhead Lake area is 
recommended as one in which additional discoveries of 
rare-metal mineralization may occur, as evolved tourmaline 
pegmatites, described above, have been documented by this 
survey. Such pegmatites are potentially likely to be hosted in 
mafic metavolcanic and metasedimentary units adjacent to 
terminations of peraluminous granite plutons, as, for exam 
ple, adjacent to the northwestern end of the Pakeagama Lake 
pluton.
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Table 24.6. Current prices for various commodities from rare-metal pegmatite deposits

Commodity

Spodumene concentrate

Glass grade spodumene
Petalite
Montebrasite

Tantalum concentrate and

refined metal product

Niobium concentrate 
and refined metal product

Pollucite (crushed ore)

Rb-rich K-feldspar

Lepidolite

Ve rare metal

7.5?!: Li 2O
4.895 Li 2O
4.39t Li2O

Tft, L i 20, 89S P2O5

35-38* Ta 205 ;
H-18% SnO2J 

5 to 8 *7c Nb2Os

Concentrate with 
65"Z Nb2O5

24* CsiO, 1.5*. Rb2O, 
0.75* Li 2O

39c R b2O

Price (US S)

51763-2204/tonne

S363-385rtonne
S195-260Aonne
Price unknown
Price in recent past:

540/pound for concent rate 
with 409& Ta20s

S2.80 lo 3.20/pound in 1996; 
alloy:S18.5071bofNbin 1996

Up to SlOOO/tonne in past 
shipments from Tanco Mine
Price unknown
Price unknown

Price/kg or \\ Reference 
of rare metal

Current market price

per pound of Ta2Os 
powder: US S40-50

S8.17 per pound of 
Nb2O5 oxide powder; 
high purity ferrocolumbium

1
1
1
2

3

5

2,4

2

7. McCracken and Haight (1998); 2. Cerny ei a!., (1996); 3. US Geological Survey Mineral Commodities Summary 1998; 4. 1997 Annual Report 
ofAvalon Ventures Lid.; 5. USGS 1996 Annual review for Ta and Nb.
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