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ABSTRACT

The Little Nahanni rare-element granitic pegmatite group (LNPG; ca. 82 Ma) in the western part of the Northwest Territories,
occurs as subparallel dike swarms over an area of ~11 � 5 km in the walls of a series of cirques dominated by schists of the Upper
Proterozoic Hyland Group. These pegmatite bodies, up to a few meter wide, are divisible into spodumene-bearing and spodumene-
free varieties that occur close together; some dikes split into these two variants. The two types are mineralogically similar. Both
contain K-feldspar, plagioclase, quartz, mica (muscovite to lepidolite), columbite-group minerals, cassiterite, tourmaline, beryl,
lithiophilite and garnet; they differ in the abundance of mica and accessory phases. The spodumene-free pegmatites have more
mica, particularly lepidolite, than the spodumene-bearing variety. Apatite and montebrasite occur primarily in the former, whereas
most lithiophilite is present in the latter. Sparse galena, titanian rutile, fluorite and helvite are also found in both variants.
Subsolidus phases are zeolite-group minerals, microlite, and secondary phosphate minerals such as triploidite. Internal zoning in
both pegmatites varies from complex to symmetrical. Where well developed, the zoning is typical from border through wall and
intermediate to core zone. Quartz and the feldspars occur throughout the dikes. Micas and columbite-group minerals initially
increase from the border to the wall zone and subsequently decrease toward the core, whereas tourmaline becomes less abundant
toward the core. Spodumene and cassiterite first appear in the wall zone and become more abundant toward the core zone,
whereas the reverse is true for beryl. Phosphate minerals exist mainly in the intermediate zone of the lepidolite pegmatites, and
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lithiophilite in the spodumene pegmatites. Garnet remains a trace mineral in all zones, with the exception of the core zone. where
it is absent. Sporadic small cavities containing quartz, K-feldspar, apatite, Mg-rich beryl, elbaite and calcite are present in some
dikes. The composition of the rock-forming minerals in both types of pegmatite is similar. An example of the chemical evolution
of the minerals is shown by tourmaline, which becomes richer in Al and Li, but poorer in Mg, and shows decreasing Na/(Na +
vacancy) and increasing Al/(Al + Fe) values from the schist to the inner (wall + intermediate) zone of the pegmatite. These trends,
together with the changes in the abundances and paragenetic sequence of the major minerals, are interpreted to reflect an increase
in the Rb, Cs, Li, F, P, Be, and Ta contents, and a decrease in the contents of Mg, Fe, and B contents, in the felsic liquids during
crystallization.

Keywords: spodumene, lepidolite, granitic pegmatite, chemical evolution of minerals, Nahanni, Northwest Territories.

SOMMAIRE

Le groupe de pegmatites granitiques à éléments rares de Little Nahanni (LNPG; ca. 82 Ma), situé dans le secteur ouest des
Territoires du Nord-Ouest, se présente sous forme d’essaims de filons subparallèles sur une superficie d’environ 11 � 5 km dans
les parois de cirques, où affleurent les schistes du groupe de Hyland, d’âge protérozoïque supérieur. Ces filons, atteignant une
largeur de quelques mètres, se divisent littéralement dans certains cas en deux variétés contigües, une à spodumène et l’autre qui
en est dépourvue. Du point de vue minéralogique, les deux variétés se ressemblent: les deux contiennent feldspath potassique,
plagioclase, quartz, mica (muscovite à lépidolite), minéraux du groupe de la columbite, cassitérite, tourmaline, béryl, lithiophilite
et grenat; ils diffèrent selon l’abondance et la nature du mica et des phases accessoires. Les venues dépourvues de spodumène
contiennent plus de mica, en particulier la lépidolite, que les filons à spodumène. L’apatite et la montébrasite sont surtout
développées dans les filons sans spodumène, tandis que la plupart des exemples de lithiophilite se trouvent dans les filons à
spodumène. Des proportions infimes de galène, rutile titanifère, fluorite et helvite sont présentes dans les deux variantes. Les
minéraux d’origine subsolidus sont les minéraux du groupe des zéolites, microlite, et des phosphates secondaires comme la
triploïdite. La zonation interne des deux types de pegmatite varie de complexe à symétrique. Dans les cas où elle est bien
développée, cette zonation est typique à partir de la paroi externe, en passant par les zones extérieures et intermédiaires, jusqu’au
centre. Quartz et les feldspaths sont répandus dans chaque filon. La proportion des micas et des minéraux du groupe de la
columbite augmente d’abord de la bordure vers la zone externe, et diminue ensuite vers le centre, tandis que celle de la tourmaline
diminue progressivement vers le centre. Le spodumène et la cassitérite apparaissent d’abord dans la zone externe, et leur inci-
dence augmente vers le centre, tandis que l’inverse décrit la distribution du béryl. Les minéraux phosphatés se trouvent surtout
dans la zone intermédiaire des pegmatites à lépidolite, et la lithiophilite, dans les pegmatites à spodumène. Le grenat est à l’état
de traces dans chaque zone, à l’exception du centre, où il est absent. De petites cavités, distribuées sporadiquement, et contenant
quartz, feldspath potassique, apatite, béryl riche en Mg, elbaïte et calcite, sont présentes dans certains filons. Du point de vue de
la composition des minéraux, les deux types de pegmatite se ressemblent. L’évolution des minéraux est illustrée avec la tourma-
line, qui devient plus riche en Al et Li, mais plus pauvre en Mg, et accuse une diminution du rapport Na/(Na + lacune) et une
augmentation du rapport Al/(Al + Fe) à partir de l’exocontact dans les schistes vers les zones internes de la pegmatite. Ces
tendances, de même que les changements progressifs en abondance et en séquence paragénétique des minéraux majeurs,
témoigneraient d’une augmentation de la teneur en Rb, Cs, Li, F, P, Be, et Ta, et d’une réduction de la teneur en Mg, Fe, et B, dans
la fraction liquide au cours de sa cristallisation.

(Traduit par la Rédaction)

Mots-clés: spodumène, lépidolite, pegmatite granitique, évolution chimique des minéraux, Nahanni, Territoires du Nord-Ouest.

tiple mechanisms. Despite these advances, mineraliza-
tion processes remain poorly understood (Vekler &
Thomas 2002). Moreover, what has been lacking is cor-
relation between certain mineralogical zones and par-
ticular kinds of mechanisms.

Another actively debated topic is the petrogenesis
of these unique rocks. Černý & Meintzer (1988), armed
with an extensive geological and geochemical database,
advocated extreme fractionation of crystals as the most
likely viable mechanism for the derivation of rare-ele-
ment pegmatites from a differentiating felsic melt. How-
ever, the spatial and petrochemical continuum between
pegmatites and granite as an evidence of a comagmatic
relationship has been questioned recently by Tomascak
et al. (1998) on the basis of Sm–Nd isotope systemat-

INTRODUCTION

Rare-element-bearing granitic pegmatites, character-
ized by high contents of H2O, Li, B, F, and P, uncom-
mon mineralogy, and extreme textural variations,
solidify under chemical and physical conditions that
differ greatly from the conventional paths of crystalli-
zation of normal felsic melts (London 1995). Experi-
mental investigations (London et al. 1989, London
1999, Vekler & Thomas 2002, Vekler et al. 2002) have
proposed a number of mechanisms (crystallization and
zone refinement, liquid immiscibility) by which the in-
ternal structure of pegmatites can be formed. Theoreti-
cal studies by Webber et al. (1999) indicated that
crystallization of aplite–pegmatite dikes involved mul-

139 vol 41#1 février 03 - 11 3/24/03, 10:44140



THE LITTLE NAHANNI RARE-ELEMENT GRANITIC PEGMATITES, N.W.T. 141

ics. Furthermore, in an idealized model of a rare-ele-
ment granite – pegmatite complex, the pegmatites vary
regionally from beryl-bearing in or near the parental
pluton, through beryl–spodumene-bearing in the coun-
try rock, to spodumene- and lepidolite-bearing furthest
from the pluton (Trueman & Černý 1982). Whereas this
regional zonation exists at some localities (Mulja et al.
1995, Černý 1992), many pegmatite fields contain only
the spodumene- or lepidolite-bearing pegmatites with
or without granitic bodies (O’Connor et al. 1991,
Stewart 1978). Thus, could the anatectic model of
Stewart (1978) for lithium pegmatites, which has been
sidelined in favor of the fractional crystallization model,
be applicable to some spodumene pegmatites?

The rare-element-bearing pegmatites of the Little
Nahanni Pegmatite Group (LNPG), in the Northwest
Territories, consist mainly of spodumene-bearing peg-
matite dikes, with subordinate spodumene-free (mainly
lepidolite-rich) dikes. Beryl pegmatites are absent. The
pegmatites are hosted by metamorphic rocks, and no
immediate large granitic bodies have been located de-
spite extensive exposures of bedrock. They are well
exposed (covering an area of about 11 � 5 km) and
undeformed, and have been explored for Li, Sn, and Ta.
The LNPG is therefore an excellent natural laboratory
in which to explore the aforementioned issues on the
nature and origin of rare-element pegmatites. In this first
contribution on the petrogenesis of the Little Nahanni
pegmatites, we report on the geology, mineralogy, and
mineral chemistry of the pegmatites.

REGIONAL GEOLOGY AND METALLOGENY

The Little Nahanni Pegmatite Group (LNPG) is 47
km northwest of Tungsten in the Logan Mountains,
Northwest Territories (62°12’N, 128°50’W, Fig. 1). The
Group is in the Upper Hyland Lake segment (105I/2,
1:50,000) of the Nahanni map area (105I, 1:250,000).
The regional geology of the LNPG was described by
Gordey & Anderson (1993), from which the following
summary is adapted. From the late Precambrian to
middle Devonian, a northwest-trending facies belt con-
sisting of turbiditic sandstone, deep-water limestone,
shale and chert (the Selwyn Basin) developed in the map
area. In the late Devonian and Mississippian, turbiditic
quartz–chert sandstone and chert–pebble conglomerate
were deposited. Early Mississippian to Triassic sedi-
mentation was dominated by shale, chert, minor sand-
stone, and siltstone deposited on a shallow marine shelf.

Regional Jurassic–Cretaceous deformation resulted
in northwest-trending folds and minor thrust faults. The
incompetent strata of the Selwyn Basin were deformed
into small- to large-scale open to tight folds with asso-
ciated axial-plane cleavage. The regional metamorphic
grade is subgreenschist facies.

The epizonal to mesozonal Selwyn Plutonic Suite
(ca. 100 Ma) cross-cuts the regional structure (Fig. 1),
and is divisible into: (1) hornblende-bearing plutons, (2)

peraluminous biotite–muscovite plutons, and (3) transi-
tional plutons with compositions intermediate to those
of (1) and (2). The geographically closest granitic intru-
sions to the LNPG are (from east to west) the Rudi (4.7
km2, 84–87 Ma), Cac (1.9 km2), and Lened (12.3 km2,
93 Ma) plutons; the latter is within 15 km of the north-
eastern part of the Group. All are two-mica plutons with
common peraluminous dikes, and are associated with
W- and base-metal skarns. Contact aureoles about plu-
tonic rocks are typically andalusite- and biotite-bearing;
the first appearance of andalusite occurs within 0.5 km
of intrusive contacts.

From a metallogenic viewpoint, the Little Nahanni
Li–Ta–Sn-bearing granitic pegmatites constitute the
youngest felsic intrusion and mineralization event (81.6
± 0.5 Ma, Mauthner et al. 1995) reported for the Selwyn
Basin area. The earliest recorded granite-related metal-
lic deposits in the area include the W-skarns of the early
Silurian (~420 to 440 Ma) Howard Pass and late Devo-
nian to Mississippian (~370 to 320 Ma) MacMillan Pass
districts. There seems to be a hiatus in magmatic–hy-
drothermal ore genesis, as the next period of mineral-
ization did not occur until late Cretaceous, when igneous
activity produced skarn deposits ranging from W- and
Cu-bearing in the east, through Zn(Pb,W)- and W(Mo)-
bearing, to Sn-bearing in the west (Fig. 1). The trend of
the skarn types appears to be parallel to the NNW- to
SSE-trending Tintina strike-slip fault. Two examples of
the W–Cu skarns are the well known CanTung (94 Ma)
and MacTung (89 to 90 Ma) deposits.

GEOLOGY OF THE LITTLE NAHANNI PEGMATITES

The oldest rocks in the immediate area of the LNPG
are the Precambrian to Lower Cambrian sedimentary
rocks of the Hyland Group, which is subdivided into
the Yusezyu and Narchilla formations (Gordey &
Anderson 1993; Fig. 2). The Yusezyu Formation hosts
the pegmatites and consists of a thick succession of
quartz sandstone, schist and shale. Minor limestone
forms a thin discontinuous layer at the top of the forma-
tion, which is overlain sharply and conformably by
maroon or dark grey shale of the Narchilla Formation.
Near the pegmatites, the rocks are metamorphosed to
subgreenschist facies. The schist shows a strong folia-
tion that is subtly kinked and displaced by the appear-
ance of andalusite, biotite, chloritoid, and staurolite
porphyroblasts. The andalusite porphyroblasts appear to
be coarser (to 2.5 cm) in the northernmost parts of the
Group. Cordierite porphyroblasts with biotite inclusions
and muscovite, chlorite and tourmaline grains along the
edges are found in some parts of the schist. Staurolite
porphyroblasts show curved trails of inclusions and bi-
otite inclusions similar to those in the groundmass.
Growth of cordierite and staurolite porphyroblasts has
consumed chlorite.

Contacts between the pegmatite and the country
rocks are typically sharp; locally, they are irregular de-
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FIG. 1. Locality map, showing the Little Nahanni Pegmatite Group, the Selwyn Plutonic Suite, and skarns (adapted from Gordey
& Anderson 1993).
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FIG. 2. Local geology of the LNPG, adapted from Gordey & Anderson (1993).
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pending on the type of host rock. Exocontact zones in
the schist commonly contain biotite, tourmaline, silvery
muscovite, and quartz; much less abundant are allanite-
and monazite-group minerals, zircon, and titanite.
Where the dike parallels host-rock foliation, the
exocontact zones have a uniform width. Where the con-
tact is at an angle to the foliation, tourmaline- and bi-
otite-filled fractures give an irregular width to the
exocontact zone.

The Little Nahanni pegmatite dikes occur southwest
of the March Fault and northeast of an erosional surface
along Steel Creek (Fig. 2). Dominant structures of the
range are the Fork Anticline and the Summit Syncline,
which form the major features of the Selwyn Fold Belt
(Gordey & Anderson 1993). Folds trend and plunge
northwest. The pegmatites are localized in the northeast-
ern limb and axis of the Fork Anticline. They strike
northwest, i.e., subparallel to the axial planes of the fold
system. The pegmatite dikes are exposed in the walls of
cirques, which are aligned approximately northwest–
southeast and open to the northeast, subperpendicular
to the strike of the dikes (Fig. 2). Cirque floors are at
1500 m elevation, and walls rise to elevations near
2000 m.

Pegmatite dikes, which commonly occur as swarms
of up to 25 individuals, are tabular to lenticular, and have
a high aspect-ratio; individual dikes are up to a few

(maximum 10) meters wide, yet extend for several kilo-
meters. Dike attitudes and shapes range from moder-
ately dipping, contorted and conformable to sedimentary
layering, to subvertical, tabular, undeformed and cross-
cutting the host strata. The pegmatites were presumably
emplaced during or after the last tectonic event affect-
ing the region.

MINERALOGY AND INTERNAL STRUCTURE

OF THE PEGMATITES

Mineralogically, the pegmatites are divisible into
spodumene-bearing and spodumene-free varieties,
which in some places occur next to each other. One dike
in cirque 10 splits into two smaller dikes, one with spo-
dumene and the other without (Fig. 3). The two variants
are similar with respect to most rock-forming minerals
[K-feldspar, plagioclase, quartz, mica (muscovite to
lepidolite), columbite-group minerals, cassiterite, tour-
maline, beryl, lithiophilite and garnet], but differ in the
abundance of mica and accessory phases. The spo-
dumene-free pegmatites have more mica, particularly
lepidolite, than the spodumene-bearing variety. Apatite
and montebrasite occur primarily in the former, whereas
most lithiophilite is present in the latter. Sparse galena,
titanian rutile, fluorite and helvite are also found in both
variants. Subsolidus phases are zeolite-group minerals,

FIG. 3. Rare split and cross-cutting dikes observed in cirque 10. Dike 10–7 is approxi-
mately 1 m wide.
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microlite, and secondary phosphate minerals such as
triploidite.

Banding

The spodumene-bearing pegmatites display a homo-
geneous mineral fabric and a rhythmic banding; the lat-
ter is defined by the distribution of the spodumene and
quartz crystals (Fig. 4). In most cases, spodumene laths
are subparallel, with their c axis perpendicular to the
contact. The laths overgrow and incorporate the other
minerals, indicating late-stage crystallization. Homoge-
neous dikes show randomly distributed subparallel crys-
tals of spodumene and other major phases such as quartz

and feldspar within and across the pegmatite dikes.
Aplite units are generally absent. Some dikes show an
internal fabric transitional from homogeneous to rhyth-
mic banding. Rhythmically banded dikes typically show
multiple bands of spodumene laths (Fig. 4d) oriented
perpendicular to the outer contact. Quartz crystals also
form bands in, or near, the dike centers. The most com-
mon banding is the multiple variety, in which bands of
coarse-grained spodumene + quartz + feldspar alternate
with aplite. Individual bands range from a few cm to 30
cm in width. Where present, lepidolite tends to occur
within the wider spodumene-bearing bands. Although
areas of banding occur throughout the dikes, they rarely
extend along strike for more than a few meters.

FIG. 4. Internal structure of spodumene-bearing pegmatites. (a) A homogeneous dike;
only the border and intermediate units are present. (b) Rhythmic banding in which the
lines of spodumene are noticeable but not sharp. (c) Rhythmic banding in which the
spodumene crystals are all parallel but distributed randomly across the dike; the banded
appearance is due to the elongate bodies of quartz. (d) Rhythmic banding showing
multiple bands of spodumene laths.
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Banding in the spodumene-free pegmatite dikes is
caused by an alternation of aplite and pegmatite con-
sisting of quartz + feldspar ± muscovite ± lepidolite and
as variations in mineralogy of aplite layers. The pegma-
tite layers are coarse-grained K-feldspar and quartz with
or without white to pink mica; the aplite layers are fine-
grained quartz and albite. A directional growth of crys-
tals is reflected by (1) the banding in the aplite layers,
parallel to dike contacts, and (2) by elongate K-feldspar
crystals in the pegmatite layers, perpendicular to the
dike contacts.

Internal zoning

Many dikes are poorly zoned. This discussion is
based on those dikes that show discernable zoning. As
the gross distribution of the most abundant minerals in
both variants is similar, the zoning is described collec-
tively. Typical zoning consists of a thin aplitic border
zone, a quartz + plagioclase + muscovite wall zone, a
K-feldspar + quartz ± spodumene intermediate zone,
and a quartz ± albite ± spodumene core.

Border zone: Where present, the border zone varies
from 1.5 to 2.5 cm wide, and can be aphanitic, very-fine
grained (aplitic), or fine grained. The first type re-
sembles a chilled margin, and is grey with black
mineral-filled hairline strings aligned parallel to the peg-
matite – host rock contact. Sporadic slightly coarser-
grained quartz and mafic mineral (tourmaline or
columbite–tantalite) occur within this zone. The very
fine-grained border zone consists of equigranular albite
(25 to 85%), quartz (10 to 45%), and mica (5 to 25%
muscovite to lepidolite). Minor minerals are cassiterite
and columbite–tantalite. Rare relict fragments of spo-
dumene (probably decomposed petalite) and K-feldspar
are present sporadically in some dikes. The fine-grained
border zone is composed of interlocking quartz, musco-
vite, and plagioclase. Apatite and tourmaline comprise
the accessory minerals.

Wall zone: The transition from the border to the wall
unit is normally sharp where the former is aphanitic or
fine-grained, and gradual where the border zone is fine
grained. The wall unit consists of medium- to coarse-
grained plagioclase and quartz, with less K-feldspar and
spodumene. However, K-feldspar in some places is lo-
cally more abundant than plagioclase, forming a K-feld-
spar–quartz-rich subunit. Pegmatite bodies, particularly
those that are lepidolite-bearing, emplaced in pelitic
metasediments have two wall units in which the outer-
most subunit has higher concentrations of mica (up to
40%) than the inner subunit.

Intermediate zone: From the wall to the intermedi-
ate zone, the minerals of the pegmatite become coarser
(up to 70 cm across in large bodies). The first appear-
ance of spodumene is a reliable indicator of the start of
the intermediate zone in spodumene-bearing pegmatite.
Generally, this unit consists of K-feldspar, plagioclase,
quartz, and spodumene, and pink and white muscovite.

Minor minerals, in order of relative abundance, are
phosphates, columbite–tantalite, cassiterite, tourmaline
and beryl.

Core zone: A distinct core zone is rarely developed.
Where present, it forms a discontinuous zone of 2 to 20
cm wide, and is not necessarily situated in the center of
the dike, particularly in the complex banded type of dike
(Fig. 4d). In the lepidolite pegmatite, the core zone nor-
mally consists of monomineralic, massive crystals of
quartz or quartz + albite. In contrast, the spodumene-
bearing dikes have a spodumene + quartz + albite core.

Cavities: These partially crystal-filled holes within
the pegmatite body are small (less than 5 cm in diam-
eter) and rare. Although they are mostly associated with
the intermediate and core zones, some cavities occur in
the border zone of spodumene pegmatite. Two mineral
assemblages have been recognized in such cavities: K-
feldspar + quartz ± beryl ± tourmaline ± mica (musco-
vite or lepidolite) ± apatite, and K-feldspar + quartz ±
albite ± muscovite ± apatite ± helvite. Zeolite-group
minerals and calcite constitute the latest phases. Cavity
minerals are usually euhedral, with the exception of K-
feldspar, which is extensively corroded. In fractured or
collapsed cavities, clay minerals coat the earlier phases.

ANALYTICAL METHODS

A Philips XL30 scanning electron microscope
equipped with a Princeton Gamma-Tech energy-disper-
sion X-ray spectrometer was used for preliminary ex-
amination of electron-microprobe mounts using
back-scattered-electron imaging and to obtain qualita-
tive chemical data for mineral identification. A JEOL
733 electron microprobe with Tracor–Northern 5500
and 5600 automation was used for electron-microprobe
analysis (wavelength dispersion) of all minerals except
some phosphates (see below). Operating conditions
were 15 kV, 20 nA beam current, point focus to 30 �m
beam diameter. All samples were examined for chemi-
cal heterogeneities by back-scattered electron imaging;
the number of points analyzed per sample depended
upon the degree and scale of chemical zoning. Data for
standards were collected for 50 s or 0.25% precision (4�
level), whichever was attained first; data for samples
were collected for 25 s or 0.5% precision. An element
was considered as observed only if it was significant at
the 4� (measured) level. Data reduction was done with
a conventional ZAF routine in the Tracor–Northern
TASK series of programs.

Electron-probe micro-analyses of phosphate miner-
als other than apatite (in most instances) were done on a
fully automated Cameca SX–50 microprobe, operating
in wavelength-dispersion mode, with the following op-
erating conditions: excitation voltage, 15 kV; beam cur-
rent, 20 nA; beam diameter, >10 �m; peak count-time,
20 s; background count-time, 10 s. Data reduction was
done with the “PAP” �(�Z) method (Pouchou & Pichoir
1991). Information on standards, X-ray lines and crys-
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tals used may be obtained from the Depository of Un-
published Data, CISTI, National Research Council, Ot-
tawa, Ontario K1A 0S2, Canada.

Powder X-ray-diffraction experiments were done
with a Siemens D5000 diffractometer equipped with a
diffracted-beam graphite monochromator, incident
beam Soller slit, 2 mm divergence and antiscatter slits,
and a 0.6 mm receiving slit. The normal-focus Cu X-
ray tube was operated at 40 kV and 30 mA (40 mA for
some samples). Data were collected for 17 samples of
K-feldspar, 14 of columbite–tantalite, and 13 samples
of tourmaline. Samples and internal standards (CaF2
standardized against NBS standard silicon 640a) were
ground in an alumina mortar under ethanol; the mix-
tures were then smeared on a glass slide using a steel
probe. Powder-diffraction data were collected over
ranges of 10 to 70° 2� for columbite–tantalite, 12 to 55°
2� for K-feldspar, and 9 to 57° 2� for tourmaline, using
scanning steps of 0.02° 2� for K-feldspar, 0.01° 2� for
columbite–tantalite, and 0.04° 2� for tourmaline. Peak
positions of each sample plus internal standard mixture
were measured by Rietveld refinement using the pro-
gram DBWS–9807 (Young et al. 1995). CuK�1 peaks
were corrected for cell refinement by reference to the
internal standard. Unit-cell dimensions were determined

from the corrected X-ray powder-diffraction data using
the program UnitCell (Holland & Redfern 1997).

MINERALOGY AND MINERAL CHEMISTRY

Plagioclase

Albite is the dominant feldspar in the LNPG, occur-
ring in three major textural varieties: white to cream-
colored crystals with “cleavelandite” habit, white to
slightly grayish saccharoidal material, and brownish
grey, fine- to medium-grained crystals. “Cleavelandite”,
ranging from 0.5 to 5 cm in grain size, is the major con-
stituent in coarse-grained, particularly spodumene-free
dikes. Here the albite plates are intergrown with quartz,
K-feldspar and, in some places, muscovite or lepidolite.
This variety is also found with calcite occurring as frac-
ture-fillings. Saccharoidal albite (~0.1 to 0.5 mm) oc-
curs with equally fine-grained lepidolite and quartz,
mostly in the border and wall zones of the pegmatite
body. Fine- to medium-grained (1 to 5 mm) albite is
ubiquitous across the dikes, occurring with equal
amounts of quartz and muscovite in the aplitic layers
and pods of the pegmatites. Subsolidus albite partially
or completely replaces blocky K-feldspar in the inter-
mediate zone. The albite is almost pure NaAlSi3O8; the
maximum Ca content is 0.02 atoms per formula unit
(apfu), corresponding to An2. Analyzed grains of albite
contain Sr (0.03 to 0.07 wt.% SrO) and P (0.04 to 0.68
wt.% P2O5).

K-feldspar

K-feldspar ranges from white, to gray, to mottled
brown, and occurs as blocky and elongate crystals.
Blocky K-feldspar crystals from 2 to 70 cm long are
common in the intermediate zone of the pegmatite,
where they are intergrown with other minerals. These
crystals also occur in the core of the pegmatites, where
they surround quartz grains. Elongate anhedral K-feld-
spar forms, on average, 1-cm-wide stringer-like crys-
tals aligned parallel to each other, and generally
alternating with rod-shaped spodumene laths. In many
dikes, these two types of mineral are oriented perpen-
dicular to the contact between the pegmatite and the wall
rock. Anhedral K-feldspar is fine-grained, and normally
occurs in the wall zone of the pegmatite bodies.
Euhedral cryptoperthite crystals are restricted to calcite-
filled fractures and pockets, which are relatively rare
features in the Little Nahanni pegmatites.

Subsolidus alteration in the K-feldspar varies from
rims and patches of albite to extensive replacements by
albite ± white mica. In some pockets, the K-feldspar is
etched completely, and has been transformed into
boxwork-like frameworks of albite and zeolite.

Point analyses of the K-feldspar reveal a range from
Or90Ab10An0 to Or97Ab3An0 (Table 1); the highest Ab
content corresponds to the maximum Na2O value of
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1.10 wt.%. The high Or and low Na and Ca contents are
an indication of subsolidus equilibration. Rubidium is
the second most abundant substituting element, ranging
from 0.39 to 1.23 wt.% Rb2O. Phosphorus content is
rather erratic (trace to 0.51 wt.% P2O5). The concentra-
tions of Ca, Mn, Fe, Sr, Cs, and Ba are nil or negligible.

Unit-cell dimensions were refined for 17 K-feldspar
samples, mostly from pegmatites in the northern part of
the study area (Table 2). Plots of b versus c and 	* ver-
sus �* (Fig. 5) show that the structural state varies from
intermediate microcline to almost completely ordered
low microcline, implying a relatively large spread in the
Al–Si order. This spread suggests rapid cooling of the
felsic melt, which in turns implies a high level of em-
placement for the pegmatite. All points, within the mar-

gin of error, fall inside the b – c quadrilateral, indicating
that the b and c cell edges remain close to the ideal
values.

Spodumene

Colorless to light pink primary spodumene occurs
as elongate or bladed and stubby crystals exclusively in
the intermediate and core zones. Rare, anhedral
xenocrysts of spodumene are present in the border or
wall zones of some pegmatites. The primary spodumene
constitutes up to 20% by volume of the host pegmatite,
and the average content is 5 to 7%. The elongate crys-
tals, up to 0.5 m but generally between 10 and 15 cm
long, are parallel to and alternate with K-feldspar rods,
and these two minerals are perpendicular to the coun-
try-rock contact. The stubby crystals, 2 to 4 cm long,
are randomly oriented, and do not normally occur in the
same dikes with the elongate crystals. Commonly, the
mineral is intergrown with blocky K-feldspar, or mas-
sive albite ± quartz ± mica (lepidolite, or less commonly,
muscovite). Rarely, intergrowths of spodumene and
quartz appear to have replaced petalite, and some of
these display a symplectitic texture (SQUI).

Many spodumene crystals are altered. Strongly al-
tered spodumene leaves relict fragments within a
pseudomorph of a secondary mineral (after spodumene)
and albite. Fragments range from vibrant pink to dark
purple, to green and black, and lack cleavage. Powder
X-ray diffraction analyses of the replacement materials
indicate that they are mixtures of illite–montmorillonite,
kaolinite, mica (white mica and lepidolite), and albite.

FIG. 5. (a) A portion of the b – c quadrilateral showing the distribution of data points. Symbols: LM low microcline, HS high
sanidine, HA high albite. (b) A portion of the �* – 	* plot showing the location of data points with respect to the LM corner.
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The major-element composition of spodumene is
generally homogeneous and is very close to LiAlSi2O6;
notable maximum values for extraneous elements such
as Na and Fe are 0.01 and 0.03 apfu, respectively. An
exception to this is provided by a crystal from dike 1N–
30A, which shows a decreasing trend of Fe content from
core to rim. It is interesting to note that spodumene with
lower Fe/Mn values shows a deeper pink hue, and that
green spodumene is found to be Mn-free and Fe-rich.

The micas

Micas from the LNPG are colorless to silver to deep
purple. The colorless to silver variety occurs in the wall
and aplitic zones of many dikes, where it forms masses
of medium- to coarse-grained crystals, books or “scaly”
aggregates, generally associated with spodumene,
quartz, and feldspar. In some cases, coarse-grained
purple mica forms cone-shaped aggregates with a
botryoidal “ball-peen” habit. The euhedral habit and
texture, along with the lack of compositional zoning (see
below), suggest that the coarse-grained mica, lepidolite
in particular, is magmatic. Fine-grained crystals of col-
orless to silver mica occur in the border zone of some
dikes, associated with similarly fine-grained quartz and
albite.

Back-scattered-electron images and electron-micro-
probe analyses show that individual micas are compo-
sitionally homogeneous (Table 3). The Li values were

calculated to yield a 1:1 atom per formula unit correla-
tion between the F and Li contents (Levillain 1980).
Fluorine concentrations range from below detection
level to 6.66 wt.%; the latter corresponds to 5.24 wt.%
Li2O (2.797 Li apfu). Other concentration ranges are as
follows: Na2O, 0.16 to 0.80, Al2O3 24.44 to 39.54, SiO2
41.26 to 52.17, and K2O 10.14 to 11.25 wt.%. MgO,
MnO, and FeO contents range from below detection
limit to 0.20, 1.04, and 0.91 wt.%, respectively.

The compositions are plotted on a “Foster” diagram
(Foster 1960) in Figure 6. The diagram shows that the
mica ranges from true muscovite to trilithionite. Sur-
prisingly few compositions plot in the lithian musco-
vite field, between about 10 and 25% Li.

Rubidium, Cs, and Sr contents range from below
detection limit to 17974, 3936, and 611 ppm, respec-
tively. Moderate to strong correlations are shown by K/
Rb versus Rb, K/Cs versus Cs, and K/Sr versus Sr
(Fig. 7). The Rb contents show positive correlations
with Li/F, Si, and Mn, and negative correlations with
Na and Al. Potassium and Fe contents seem to be inde-
pendent of Rb content. The mica from the northernmost
cirques is slightly more enriched in Fe relative to that
from the southern part of the group.

Columbite-group minerals

Minerals of the columbite group (CT) occur as dis-
seminated crystals, largely in the aplite unit, but also in

FIG. 6. “Foster” diagram of mica compositions (after Foster 1960). This and all succeed-
ing compositional diagrams are based on averaged compositions of individual crystals.
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the wall and intermediate zones of the host pegmatite.
Subhedral to euhedral, blocky to tabular crystals (less
than 1 mm to 5 cm long) generally are intergrown with
albite (rarely with tourmaline), and interstitial to the K-
feldspar and quartz. Wodginite and columbite-group
minerals are intergrown in some samples. Tantalian
rutile and uraninite occur as rare inclusions. Many CT
crystals, particularly the larger ones, show strong oscil-
latory or patchy zoning. Subsolidus alteration of some
CT grains is indicated by overgrowths and replacement
along the rims.

The chemical composition of CT minerals from the
LNPG is dominated by Mn over Fe and Nb over Ta
(Table 4), and the majority plot within the mangano-
columbite quadrant (Fig. 8); the values of Mn/(Mn +
Fe) range from 0.416 to 0.998, and of Ta/(Ta + Nb),

from 0.085 to 0.658. Ti, Zr, and Sn are common trace
elements, with a maximum concentration of 0.523,
0.054, and 0.127 apfu, respectively. Sc and W contents
are generally below the detection limit, and the maxi-
mum concentration is approximately 0.05 apfu for both
elements. The sum of the cations is between 11.93 and
12.09 apfu, implying that Fe3+ is absent or insignificant.

The wide variations in Mn, Fe, Nb and Ta contents
are attributed to the homovalent exchanges Ta ↔ Nb
and Mn ↔ Fe. This is supported by the linear relation-
ships between Ta and Nb, and between Mn and Fe. The
levels of Ti and Sn decrease with increasing Mn/(Mn +
Fe), whereas Zr shows a positive correlation at high
values of Mn/(Mn + Fe) (Fig. 9). No correlations among
or between Ti, Sn, and Zr, and Ta/(Ta + Nb) were ob-
served.
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Compositional variations within single grains are
complex, as shown in Figure 10. In most crystals, the
Mn/(Mn + Fe) values change little, or show an initial
increase or decrease then remain constant. However, in
some patchily zoned grains, this ratio changes greatly,
generally showing a positive trend from core to rim.
Overgrown or replaced parts of CT grains generally
show higher values of Ta/(Ta + Nb) than sections con-
taining primary compositions.

Unit-cell dimensions of the columbite-group miner-
als show limited structural variation from moderate
(71% order) to strongly ordered (94% order; Table 5).
In general, the degree of cation order increases with
decreasing concentration of impurity elements (Fig. 11).

Cassiterite

Cassiterite occurs as disseminated subhedral grains
in quartz- and lepidolite-rich parts (locally 10% vol.) of
the wall and intermediate zones, as bands between two
texturally distinct zones of the pegmatite body (Fig. 12)
and along microfractures, and as sharp, lustrous, wedge-
shaped crystals in calcite-filled miarolitic cavities. It
ranges in size from microscopic to 1.5 cm wide, is com-

FIG. 7. Mica compositions. (a) K/Rb versus Rb (ppm). (b) K/
Cs versus Cs (ppm). (c) K/Sr versus Sr (ppm).

FIG. 8. Ta/(Ta + Nb) versus Mn/(Mn + Fe) for the columbite–
tantalite minerals: (a) ferrocolumbite, (b) mangano-
columbite, (c) ferrotantalite, (d) manganotantalite, (e) two
phases, (f) tapiolite.

139 vol 41#1 février 03 - 11 3/24/03, 10:44151



152 THE CANADIAN MINERALOGIST

monly black, and rarely brownish black or reddish
brown.

The cassiterite composition ranges from 88.92 to
99.90 wt.% SnO2 (Table 6); the lower value is reflected
in the elevated contents of Ta2O5 + Nb2O5 (9.51 wt.%)
and MnO (1.13 wt.%). Ta ranges from 0.76 to 7.37 wt.%
Ta2O5. Nb attains 2.18 wt.% Nb2O5. Other substituent
elements are Fe and Mn. Cassiterite can contain Ta +
Nb in solid solution as (1) an (Fe,Mn)(Ta,Nb)O4 com-

FIG. 9. Impurity elements versus Mn/(Mn + Fe) for the
columbite–tantalite minerals.
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ponent (very rare), (2) an (Fe,Mn)(Ta,Nb)2O6 compo-
nent (very common), and (3) as a �0.2(Ta,Nb)0.8O2 com-
ponent. The slope of the regression line on a graph of
Mg + Mn + Fe versus Nb + Ta (all apfu) is 0.42
(Fig. 13), which indicates that mechanism (2) is the most
significant. However, the y intercept of the data is
slightly but significantly negative (–0.0033), and the
slope assuming only mechanism (2) is 0.38, indicating
that mechanism (3) plays a minor role.

Tourmaline

Tourmaline in schist and pegmatite occurs as finely
disseminated grains, as prismatic aggregates of crystals
up to 4 mm across and 2–3 cm long, and as fracture-
fillings. It is invariably black, with the exception of a
green tourmaline from a dike in cirque 2. In the schist,
especially near the contact with the pegmatite, fine-
grained tourmaline also forms veinlets (0.5 cm wide).
In pegmatite, the mineral is confined primarily to the
border zone, and in the wall and intermediate zones (col-
lectively, inner zone). Some crystals are perpendicular
to, and rooted in, the contact with the schist. Fracture-
filling tourmaline, particularly in the border zone, nor-
mally radiates out of the fracture plane. Broken or bent
discrete grains are found in the inner zone, but the sur-
rounding phases remain intact. One peculiar feature is
the presence of planar accumulations parallel to the con-
tacts, along which tourmaline crystals are aligned. These
are interpreted to be tourmalinized xenoliths incorpo-
rated into the pegmatite. The green tourmaline, approxi-
mately 1 cm across, is anhedral and intimately
intergrown with spodumene and the feldspars.

Tourmaline compositions are aluminous (i.e., Al
fully occupies the Z site and is a minor constituent in
the Y site), and show some compositional variations
(Table 7). In general, tourmaline crystals from the schist
and border zone overlap in Mg, Al, Li, Fe, and Mn con-
tents, and in the proportion of X�. On average, they are
higher in Mg, but lower in Al, Li, Mn and X� valuesFIG. 10. Element variation, core-to-rim traverse across a

columbite–tantalite crystal from cirque 4, dike 1.

FIG. 11. Total concentration of impurity elements versus de-
gree of cation order for the columbite–tantalite minerals
(after Ercit et al. 1995). The outlier represents a sample
from dike 2–1 with a very high Ti content.
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than those from the inner zone. The Ti contents are er-
ratic, whereas Fe varies very little. Most crystals are
schorl (Fig. 14). The crystals display a decreasing Na/
(Na + �) value with an increasing Al/(Al + Fe) value
from the schist to the pegmatite inner zone.

Results from unit-cell determinations (Table 8) in-
dicate that black tourmaline is intermediate to the
dravite–schorl solid solutions, although it is closer to
dravite (Fig. 15). All samples plot below the dravite–

schorl reference line, and seem to indicate a trend to-
ward the elbaite–schorl join from tourmaline in the
schist to that in the inner zone. Such a trend can be ex-

FIG. 12. Band of cassiterite between aplitic (or wall zone) Qtz–Lpd–Cst assemblage (left)
and pegmatitic Ab–Qtz–Lpd (no cassiterite) assemblage to the right (sample from cirque
10; scale in cm).

FIG. 13. Graph of Mg + Mn + Fe versus Nb + Ta for
cassiterite.

FIG. 14. Na/(Na + �) at the X site versus Al/(Al + Fe) at the
Y site for LNPG tourmalines.
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plained by a coupled substitution involving Ti4+ +
(Mg,Fe,Mn)2+ ↔ Al3+ + 3Li+, or 2(Mg,Fe)2+ ↔ Al3+ +
Li+, as limited substitution exists for compositions in-
termediate to the dravite and elbaite end-members
(Chaudhry & Howie 1976). Either proposed exchange-
mechanism is possible, since both sets of operators have
a linear antithetic relationship. Furthermore, as men-
tioned previously, the tourmaline becomes richer in Al
and Li, but poorer in Mg, and shows a decreasing Na/
(Na + �) value with an increasing Al/(Al + Fe) value
(Fig. 14) from the schist to the inner zone of the pegma-
tite dikes.

The measured unit-cell dimensions of the lone green
tourmaline plot near the elbaite end-member, but are
slightly above the reference line (Fig. 15). This depar-

ture is most likely due to the elevated content of Fe2+ in
the elbaite.

Two compositions of the rim of one sample from the
inner zone of dike 3–2 plot in the foitite field (the other
ten data-points of this sample plot as schorl) on an Al/
(Al + Fe) versus Na/(Na + �) diagram. The Little
Nahanni sample may represent the second reported
Canadian occurrence of foitite, the first reported being
from the Tanco pegmatite (Selway et al. 2000).

Phosphates

Apatite is the most abundant phosphate in the LNPG,
occurring in interstices and as inclusions in the feldspars
in all zones, with the exceptions of the aplitic zone and
quartz core. Some crystals are found along the selvages
of calcite-filled veinlets and cross-cutting fractures. The
mineral is commonly zoned, with a green core and a
purplish rim; other hues are colorless and blue. Its habit
varies from discrete euhedra to acicular aggregates to
masses. The chemical composition of the primary apa-

FIG. 15. The cell parameters c versus a (Å) for the LNPG
tourmalines.
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tite ranges from fluorapatite to hydroxylapatite with
highly variable Mn contents (maximum 5.03 wt.%
MnO). In general, the green crystals show the lowest
Mn contents, and the purple variety, the highest.

Lithiophilite, Li(Mn2+,Fe2+)PO4, is the second most
abundant phosphate mineral. With regard to occurrence,
habit, composition and products of alteration, two dif-
ferent types have been distinguished. The first occurs in
orange- to salmon-colored nodules up to 20 cm in di-
ameter enclosed by quartz and plagioclase in the inner
wall zone. The lithiophilite is essentially clear and col-
orless; the color of the nodules is due to the alteration
products, light red triploidite, (Mn2+,Fe2+)2(PO4)(OH),
and a yellow to pale orange Ca–Mn phosphate mineral.
Compositionally, the lithiophilite is close to the end-
member; Mn/(Mn + Fe) ranges from 0.95 to 0.97
(Table 9).

The lithiophilite crystals are divided into relatively
unaltered islands of lithiophilite surrounded and invaded
by irregular masses of triploidite [Mn/(Mn + Fe) in the
range 0.96 to 0.98; Table 9], the unknown Ca–Mn phos-
phate mineral, and Mn-rich hydroxylapatite. Electron-
microprobe analyses (Table 9) show that the unknown
Ca–Mn phosphate mineral is fairfieldite-like in compo-
sition, with the approximate formula (Ca,Mn,Fe)3(PO4)2

•2H2O. Crystal boundaries in contact with the surround-
ing quartz are heavily altered to oxides of Mn and Fe.

The second type of lithiophilite occurs as dark brown
to black, euhedral to subhedral crystals up to 3 cm long
or as veinlets parallel to dike contacts (within the wall
zone). This type of lithiophilite is relatively rich in Fe
[Mn/(Mn + Fe) in the range 0.75 to 0.85; samples from
the ridge between cirques 1 and 2 and dike 2–7 show
higher Fe contents than samples from the ridge between
cirques 1N and 1S; Table 9]. For this type, the sequence
of alteration is as follows: lithiophilite → triploidite →
purpurite, Mn3+PO4 → Ca–Mn phosphate → Mn-rich
hydroxylapatite and fluorapatite. Triploidite is relatively
rare and occurs as small isolated grains and veins. Grain
margins and fracture walls are altered to purpurite. The
unknown Ca–Mn phosphate mineral is rare, except in
minor veins with triploidite, apatite, and calcite. Elec-
tron-microprobe analyses show that the Mn content of
the apatite ranges from approximately 3.5 to 13.0 wt.%
MnO (Table 9, anal. 1 and 2). Grain boundaries against
quartz are altered to oxides of Mn and Fe.

Rare montebrasite occurs as anhedral grains sur-
rounded by albite and lepidolite. Electron-microprobe
analyses show that elements other than Li, F, Al, and P
are found only at trace levels in the montebrasite, and
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that F contents range from approximately 0.20 to 0.33
apfu. The grains seem to be extensively altered to Mn-
bearing fluorapatite (Table 9, anal. 3).

Beryl

Beryl, a minor constituent throughout the Little
Nahanni Pegmatite Group, varies from colorless to
white to bluish, and from being equant to anhedral crys-
tals up to 6 cm long and 4 cm wide (generally approxi-
mately 1 to 2 cm across). Crystals commonly form at
the contact between the wall and intermediate units,
where the minerals are intergrown primarily with coarse,
anhedral quartz and K-feldspar, and subordinately with
patchy, fine-grained lepidolite and fine-grained, granu-
lar (saccharoidal) albite. Beryl crystals (including the
“aquamarine” variant) are also found with smoky quartz
and K-feldspar in calcite-filled vugs, and they host in-
clusions of muscovite, fragments of albite-bearing vein-
lets and uranmicrolite.

The Little Nahanni beryl contains appreciable trace-
element concentrations: 0.14 to 0.65 wt.% Li2O, 0.71 to
1.69 wt.% Na2O, and 0.07 to 0.93 wt.% Cs2O. The col-
orless crystals have the highest Na content, whereas the
rim of a translucent crystal is rich in Cs. Only the bluish
beryl in the vug has elevated contents of Mg (0.45 wt.%

MgO) and Fe (0.31 wt.% FeO). Following the classifi-
cation scheme of Černý (1975), all analyzed crystals of
beryl fall into the sodic-lithian category.

Garnet

Garnet-group minerals are rare, even in the aplitic
part of the composite pegmatite–aplite bodies. The min-
eral exhibits two modes of occurrence: interstitially and
as massive pods. In the former, garnet occurs as anhedral
to euhedral, orange-red to reddish brown crystals in the
border zone, at or very close to the pegmatite–wallrock
contact. The crystals, varying in size from several mm
to 2.5 cm, are interstitial to quartz, muscovite, albite and
schorl. In some cases, the garnet overgrows tourmaline,
but is in turn overgrown by muscovite.

Garnet of the second mode of occurrence forms
coarse-grained pods (up to 2.5 cm) associated with fine-
to medium-grained albite and quartz, most commonly
in the aplitic part of the composite pegmatite–albite
bodies. The larger crystals are usually glass-like and
heavily fractured.

Chemically, all grains consist of spessartine
(Table 10). Where compositional zoning is present, the
Mn content generally increases from core to rim, the Ca
content decreases and the Fe content remains relatively
constant. Titanium attains 0.27 wt.% TiO2.

Zeolites

Several members of the zeolite group have been
found. They occur as late-stage minerals lining vugs,
overgrowing all minerals except calcite in calcite-filled
fractures. The species were identified visually and with
powder X-ray diffraction and energy-dispersion X-ray
data. Stellerite, chabazite-Ca, and stilbite-Ca are com-
monly associated with apatite and beryl in late-stage
fractures and pockets. Laumontite and heulandite-Ca
occur in albite-rich units in vugs and voids left by al-
tered spodumene.

Other accessory minerals

Galena occurs as minute inclusions and as discrete
grains within feldspar grains. Sphalerite forms anhedral
blebs associated with albite and K-feldspar. Pyrrhotite
and pyrite are associated with schorl and garnet along
the pegmatite – host-rock contact. Tantalian rutile
(Table 11) occurs as rare discrete grains and as inclu-
sions in columbite-group minerals. Uranmicrolite is in-
cluded in apatite and in beryl. Small, anhedral, purple
crystals of fluorite up to 1 mm are present in a calcite-
filled miarolitic cavity. Orange-yellow to orange-brown
helvite forms tetrahedral crystals on “skeletal”, etched
K-feldspar in calcite-filled pockets in specimens from
cirque 1N, where it is associated with apatite, beryl, al-
bite and chabazite.
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DISCUSSION

Chemical evolution of the minerals

From the border through the inner (wall and inter-
mediate) zone to the core zone, the mineralogical asso-
ciation changes from columbite–tantalite ± mica ±
tourmaline, through spodumene + cassiterite + phos-
phate + beryl + mica ± tourmaline, to spodumene ± cas-
siterite. This trend continues to fluorite + calcite +
zeolite ± mica ± apatite ± beryl in the miarolitic cavi-
ties. The composition of the rock-forming minerals
shows systematic trends with, in general terms, an in-
crease in Al, Mn, Rb, and Cs, and a decrease in Mg and
Fe. These changes are clearly displayed by tourmaline
compositions, with an increase in Al and a decrease in
Mg from the border through the inner to the pocket zone.
Although other minerals lack this chemical-spatial cor-
relation, the above-mentioned trends indicate fraction-
ation of elements in an evolving pegmatite-forming melt
(Černý et al. 1985). Thus in concert with the mineral-
ogical changes, the bulk of the residual melts became
richer in Li, Be, F, P, Sn, and Ta and poorer in B and Nb
as the main stage of pegmatite evolution was ap-
proached. The increase of these elements reflects the
high solubility of Ta in F-rich melts (e.g., Keppler 1993,
Linnen 1998), the incompatible characteristics of Sn, a
lack of Ca to form (Ca, F)-based minerals, and a strong
affinity of F for the melt. Precipitation of spodumene,
cassiterite, montebrasite, beryl, and mica in the inner
and core zones depleted the melt in Li, Be, F, P and Sn.
Consequently, only traces of these elements are found
in the pocket zone.

Volatile phase

Indeed, the presence of a chilled-margin-like apha-
nitic aplite border zone and the lack of books of musco-
vite in the border zone, and the minor exomorphism
(other than B to form tourmaline), suggest that the Little
Nahanni pegmatite-forming melt was initially H2O-un-
dersaturated. High activities of P also increase H2O solu-
bility in granitic melts (Huffman et al. 1986), and
removal of P decreases the solubility of H2O in the melt.
Thus the felsic melts from which the Little Nahanni peg-
matite solidified apparently were not H2O-saturated
until the late stages of evolution. It is likely that the small
size of the dikes, thus the small volume of the injected
melt, did not facilitate the development of a hydrous
phase across the dikes, probably owing to a rather rapid
crystallization (as shown by the moderate degree of or-
der in some columbite–tantalite crystals). The melt did
eventually achieve H2O saturation, as indicated by the
formation of miarolitic cavities.

With regard to the genesis of tourmaline in the Little
Nahanni pegmatites and its implication for the presence
of B in the early felsic melt, texturally some of the crys-
tals are magmatic and most likely late. Although the

tourmaline grains have a composition and cell dimen-
sions similar to those of tourmaline in the country rock
in a few instances (Figs. 14, 15), the chemical evolution
of the majority of the tourmaline parallels that of the
rock-forming minerals, thus suggesting that not all tour-
maline crystals are metasomatic or subsolidus. We pro-
pose that an initial, and short-lived, exchange between
newly emplaced pegmatite-derived fluid and the host
biotite schist occurred and resulted in tourmaline
(dravite–schorl) in the exocontact zones. After precipi-
tation of the early Fe–Mg-rich tourmaline, the residual
fluid became depleted in those elements.

Late-stage processes

Several lines of evidence show that late-stage fluid–
rock interaction took place at subsolidus conditions. One
or more of quartz, microcline, tourmaline, beryl, gar-
net, and mica are found in the miarolitic cavities, veins,
and contact zones. The development of ordered perthitic
K-feldspar is attributed largely to aqueous fluids that
rearranged the Al–Si distribution in the tetrahedral
framework in the initially disordered crystals (Martin
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1982). However, most K-feldspar crystals are between
60 and 75% ordered, suggesting that the process was
sluggish, perhaps because the temperature fell quickly
below that needed to promote ordering. Furthermore,
all zeolites identified are Ca-bearing minerals, and this
fact, together with the presence of apatite in calcite pods,
suggest some degree of infiltration or circulation of flu-
ids between the host rock and the pegmatites. Beryl in
miarolitic cavities is richer in Mg than the earlier-formed
crystals in the main body of the pegmatite. Low-tem-
perature fluid–rock interactions affected the pegmatites
almost in their entirety, in all parts of the bodies across
their zonal sequences, albeit not everywhere. The pres-
ence of veins containing tourmaline, beryl, and other
accessory minerals in the pegmatite suggests that frac-
turing occurred prior to the final disappearance of re-
sidual fluids, which still carried enough elements to
form these minerals.

The limited extent of replacement phenomena in the
schist indicate that most of the residual fluids from crys-
tallization reacted back with the solidified or solidify-
ing pegmatites. This retograde fluid–rock interaction is
what Jahns & Burnham (1969) referred to as “stew(ing)
in its own juices”. The slightly contaminated residual
aqueous fluid from which the subsolidus phases depos-
ited is thus most likely rich in Li, B, F, Mg, Si, and Fe.
For those reasons mentioned previously, the first three
elements were most likely inherited from the felsic melt.
On the other hand, Mg and Fe were leached from the
country rocks by circulating residual fluids en route to
the main body of the pegmatite; the felsic melt from
which the pegmatite crystallized is very evolved and
depleted in these elements.

Characteristics of the melts and remaining questions

The occurrence of distinct spodumene (almost free
of lepidolite) and lepidolite (free of spodumene)
pegmatites and their respective accessory minerals im-
ply two compositionally distinct felsic melts. The spo-
dumene-bearing pegmatite most probably solidified
from a Li-rich, F-poor and P-poor melt, whereas the
lepidolite-bearing pegmatite formed from a Li-rich, F-
rich, P-rich melt. These elements are required to form
and stabilize the observed assemblage of minerals (see
London 1987, Černý & Burt 1984). The paramount
questions are thus: are the melts comagmatic? If so,
what are the physical and chemical mechanisms by
which the initially homogeneous melts differentiate into
two distinct batches of liquid? Furthermore, the close
spatial relationships between the two types of pegma-
tite suggest a crudely synchronous emplacement. This
field relationship points to pooling of two chemically
distinct liquids in the same magma chamber, which were
then ejected almost simultaneously. Can a dynamic
magma chamber produce such compositionally strati-
fied liquids with subtle differences in density and fluid-

ity? And finally, what causes the banding in the
pegmatites? These are some of the questions to be ad-
dressed in subsequent papers.
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