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1. INTRODUCTION

This report is one of a series {Groat er al. 1994, 1995a, 1995b, 1996) on the results of our
research on granitic pegmatites in northwestern Canada. These unusual rocks are of scientific and

economic interest for the following reasons:

1. Rare clements such as tantalum, niobium, lithium, rubidium, cesium, beryllium, and tin are
commonly found in granitic pegmatites, and can occur in concentrations sufficiently high to
warrant mining operations (e.g.. Bernic Lake, Magnitoba). Ta and Nb are used in prostheses,
capacitors, laser crvstals, and piezoelectric mstruments; Li is medicinally important for the
treatment of manic depression, 1s used in advanced technology batteries, and 1s a key ingredient
of specialized glassware (see front-page article in the Globe and Mail, September 26, 1994);

and Be and Sn are industriallv important as components of allovs.

2. Granitic pegmatites host a diversity of rare mmeral species, and are a globally important
source of gemstones such as emerald, topaz, aquamarine and tourmaline. Pegmatites in

western North America have known gemstone potential.

3. Granitic pegmatites reveal information about melting of rocks in the lower crust and are an
important source of information regarding fractionation of felsic magma suites, especially
extreme fractionation. The minerals from granitic pegmatites were among the first to be used
in absolute (radiometric) dating; granitic pegmatites are of importance in relative and absolute

dating of the late stages of tectonic events.

This research project involves the study of granitic pegmatites from the Canadian Cordillera in
northern British Columbia and the Yukon and Northwest Territories. Considerable research has
been done on granitic pegmatite suites from the Canadian Shield; by comparison, the pegmatite
potential of the Cordilleran region is largely unknown. Our study represents the first attempt ever

to conduct original research on the regional geology of Cordilleran pegmatites.
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1.1 Granite-Pegmatite Systems

Pegmatites represent end-products of the magmatic stage in the evolution of gramitic melts. The
appreciable degrees of fractionation required to produce granitic pegmatites can result in
significant accumulations of large-ion Iithophile elements (LILE) such as Li, Rb, and Cs, and high
field-strength elements (HFSE} such ag Nb, Ta, and Sn. As such, granitic pegmatites sometimes
host economic concentrations of the rare metals Li, Rb, Cs, Ta, Nb, Sn and Be (e.g., Tanco

'pegmatite, Manitoba).

Granitoids parental to rare-element-enriched pegmatites (“fertile™) have features which distinguish
them from other (“barren™) granitoids: these features serve both as a prospecting tool for selecting
regions worthy of study, and are prophetic of the degree of rare-element enrichment of associated
pegmatites. Fertile granites are typically late- to post-tectonic and emplaced at moderate to
shallow crustal levels. They are typically texturally inhomogeneous, ofien with megacrystic
(“pegmatoid”) pods or regions. They are highly silicic, leucocratic and meta- to peraluminous,
often expressed 1n the accessory mineralogy {cordierite, andalusite or gamet-bearing). They are
typically mica-bearing; best prospects are two-mica graniles, but biotite granites and, rarely,
biotite-hornblende granites have been known to generate rare-clement-enriched pegmatites. They
generally carry a S-type geochemical signature (White & Chappell 1983); initial *’Sr/™Sr isotopic
ratios are high, and K/Rb, K/Cs and K/Li ratios are low.

1.2 Fertile Granites in the Canadian Cordillera

Granitoid rocks are widely distributed in the Canadian Cordillera; however, Sr isotope
geochemistry indicates a strong tectonic control over the distribution of evolved granites in the
Cordillera. Granitoids with Sr isotopic signatures and trace-element chemistry typical of S-type
plutonism {Anderson 1988) are Jocalized in the Omineca and Foreland Belts. Largely the products
of partial melting of older Precambrian and Paleozoic supracrustal rocks during regionai
compression and thickening, they denote a mid-Cretaceous plutonic event represented in the
northern Cordillera by the Selwyn and Cassiar plutonic suites, and in the southern Cordillera by
the Bayonne suite. Plutons of the northemn suite are occasionally associated with Sn-tungsten skamn

mineralization. For some of these occurrences, aplite and pegmatite dykes are most abundant in
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high-grade ore zones (e.g.. Mactung; Atkinson & Baker 1983); despite extensive work upon
skarn mineralization, little has been done to assess the rare element potential of associated

pegrmatites.
2. LITERATURE SEARCH

The study began with a comprchensive literature search to identify pegmatites of interest. We also

used the following characteristics to identifv possible fertile granites:

l. Parent granites arc usually isolated, small stocks, typically < 30 km® in size; however, they are

sometimes found as apophwvses and at the margins of larger intrusions (batholiths).

2. They are S-tvpe granites. meaning that they are derived from supracrustal (often sedimentary)

source material (White & Chappell 1983).

For the Cordillera, fertile granites rich in rare elements are usually mid-Cretaceous in age

{Armstrong 1988).
4. They are peraluminous (ASI index 1-2), often megacrystic and leucocratic.

5. They show initial *'Sr/*°Sr ratios greater than 0.7100 (often 0.7200 to 0.7400) and they have

large negative eNd values (typically -6 to -9).

6. They often have a peraluminous accessory mineralogy (two-miica granites, gamet- or

andalusite-bearing) or rare-clement bearing accessory mineralization (lepidolite = Li).
7. Their whole-rock geochemistry is rich in LILE and HFSE.

Using these criteria, we identified a number of areas of interest i northem British Columbia and

the Yukon and Northwest Territories.

1 ;
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3. ANALYTICAL METHODS

Electron microprobe analyses were done at the Canadian Museum of Nature, using a JEOL 733
microprobe with Tracor-Northern 5500 and 5600 automation. Operating conditions were (in
general) 15 kV and 20 nA, with a maximum count time of 25 s. Data were reduced with a
conventional ZAF routine. Undetected constituents {L1-0, B-0O;, BeQ, and H.0) were caleulated

according to mineral stoichiometry.

Whole-rock analvses were done by Chemex Labs Limited of North Vancouver.

4. PREVIOUS WORK AND THE 1995 FIELD SEASON

The study began with a comprehensive literature search in 1991. The next summer e spent one
week studying the Little Nahanni Pegmatite Group, and one week in the Horseranch Range n
northern British Columbia. The following vear {1993} we worked for over a month in the LNPG
area. In 1994 we spent a total of six weeks in the Nosthwest and Yukon Territories, studying the
LNPG, O°Grady batholith, Clea pluton, and the northwest margin of the Cassiar bathotith in the
Yce Lakes area. In 1995 we spent more than a month visiting the LNPG, the O’Grady batholith,
the Horseranch Range, and the eastern side of the Cassiar batholith. Ficld work in 1994 was

hampered bv extensive forest fires, and in 1995 by very poor weather.

The individual pegmatite localitics are described in the following sections, beginning with northern
British Columbia, followed by the Yukon Territory (from west to east), and the Northwest
Territories. The last two localities (LNPG and O°Grady) are described in more detail because the
pegmatites found there are the most highly fractionated, and ar¢ therefore of greatest geochemical
interest. They also help to illustrate the degree of fractionation present in the more primitive

pegmatites found in northern British Columbia and the Yukon Territory.

5. HORSERANCH RANGE (BC; 59°21'N, 128°32'W)

This locality includes the 26 Cassiar Beryl claims, staked in 1935 to cover occurrences of beryl in

pegmatite in the central part of the Horseranch Range (see Mulligan 1968). We spent several
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weeks in the area in both 1992 and 1995, The pegmatites occur on the westemn side of the range,
and are especially common around the cirque drained by Camp Creek (local name). They intrude
foliated metasedimentary rocks of the Horseranch group, and range in width from a few cm to

several m. In general, the pegmatites are parallel to the foliation (approximately NW).

Mineralogically, the pegmatites are composed of feldspar, quartz, muscovite, black tourmaline, and
minor amounts of palc-green beryl and gamet. The beryl generally occurs as hexagonal prisms

from a few mm in width to several ¢m across. Some zoning is seen in the narrower dikes.

What we assume to be a granite parental to the pegmatites was discovered on the south side of
Camp Creck. Whole rock and mineral analvses are needed to confirm the relationship between the
pegmatites and the granite. Very little analvtical work has been done to date because we have
concentrated on pegmatites in the Yukon and Northwest Territories. However, preliminary
electron microprobe analyses of gamnets (Fig. 2), tourmalines (Fig. 3), feldspars and micas (Fig. 4)
from the Horseranch pegmatites suggest an intermediate degree of fractionation. The analyses also
suggest that beryl from more primitive pegmatites (such as Horseranch and Ice Lakes) have higher
Fe and lower alkali and H-O contents than bery] from more highly fractionated pegmatites (such as

LNPG).
6. McQUESTEN RIVER REGION (YT: 63°47'N, 137°25'W)

Two-mica granites in the McQuesten River region of central Yukon are similar to those in the
Selwyn Suite, thus are potentially parental to rarc-element pegmatites. LAG and TSE spent
several days in late July, 1994, studying granitoid plutons in the area, in the company of D.
Murphy and J. Mortensen. Subsequent to this, we examined an additional pluton in the area (the
Two Sisters batholith) in detail. The Two Sisters batholith is a late Cretaceous (65 Ma), medium
to coarse grained, locally porphyritic two-mica granite. We examined the northern margin of the
batholith, where a megacrystic marginal phase is exposed. Numerous small, black tourmaline-
bearing, coarse-grained segregations are present in the marginal phase, but pegmatites sensu
stricto are conspicuously absent. The presence of tourmaline in the segregations indicates local
enrichment in boron, which is a potential indicator of rare-metal enrichment. However, there are

no mineralogical indicators of rare-metal mineralization (i.e., no rare-metal oxides of Sn, Ta or Nb,
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nor coloured tourmaline indicative of L1 enrichment). Whole rock and mineral analyses are needed

to confirm these observations.

7. ICE LAKES AREA, CASSIAR BATHOLITH (YT, 60°22.5'N, 131°20'W)

The Cassiar batholith is known for associated tin skarns, but very little is known of the beryllium
potential of the batholith. Mulligan (1968) was the first to note the association of beryllium
mineralization with the Cassiar batholith, in the form of an occurrence of beryl within a single
pegmatite dike. Consequently, previous to our studies, nothing was known of the extent or relative

concentration of bervilum m the batholith.

We spent one week at the locality in August, 1994. Field activities centred on Mulligan’s
occurrence, south of the Ice Lakes. A region 6 km by 3 km was investigated, sampled and
mapped, and the occurrence of bervllium-bearing pegmatites was delimited {see Groat et al.

1995b).

Granitic pegmatites are common in the arca; aplite dikes are distinctly less common than the
pegmatites. All pegmatites are hosted by the batholith; field relations suggest that the area of
investigation represents an upper margin of the batholith. The host granite is variable in texture,
ranging from fine-grained to megacrystic and sometimes pegmatoid, and unsheared to distinetly
sheared; it shows many of the field characteristics expected of granites parental to pegmatite fields.
Pegmatite distribution is zoned: NNE to SSW traverses show the following zonation sequence:
pegmatite-free = barren-pegmatite = biotite + muscovite-bearing pegmatite = beryl-bearing
pegmatite = biotite + muscovite-bearing pegmatite. Exposures to the extreme SSW are 00 poor
to trace pegmatite zonation past the last sequence in the zonation scheme. In general, beryllium-
enriched pegmatites are localized in a NNW to SSE trending topographic high in this part of the
batholith.

Pegmatites are most commonty as dikes, less commonly as irregular pods. They are typically
inextensive along strike (<10 m) and less than 0.5 m thick. The pegmatites tend to be well zoned,
the usual margin to core sequence is {1) narrow plagioclase-rich border zone, {2) graphic K-

feldspar + quartz £ 2 mica plagioclase wall zone, (3) blocky K-feldspar + quartz intermediate
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zone, and (4) a quartz core. Plumose muscovite 1s sometimes found at the wall zone-intermediate
zone contact. Accessory phases include beryl, allanite and magnetite. Cross-cutting relationships

mdicate the aplite to be younger than the pegmatites.

The Ca content of (rare) gamet from the Ice Lakes pegmatites suggest a higher degree of
fractionation than the Horseranch or Cassiar East pegmatites (Fig. 2). The tourmaline
geochemistry (Fig. 3) and the K-Rb signature as seen in the feldspars and micas (Fig. 4) suggests

an intermediate degree of fractionation,

Beryl crystals range to 5 em in length, and beryl-bearing pegmatites are common in the area;
however, the concentration of beryl in these pegmatite bodies is generally low. Because of the
anticipated low grades of bervllium, the deposit is unlikely to be of economic value. Furthermore,
while the large tonnage, low-cost Spor Mountain deposit in Utah is in production, (annually
supplving approximately 60% of the world’s beryllium), North American pegmatitic deposits of

beryllium will remain subeconomic.
8. CASSIAR BATHOLITH, EASTERN MARGIN (YT; 60°27'N, 130°40'W)

Poole (1957) describes abundant bodies of granitic pegmatite at the eastern margin of the Cassiar
batholith (near Caribou Lake): the quantity of pegmatite varies from zero to nearly 95% at the
batholithic contact. We spent more than a week in the area in 1993, Given the results of our work
the previous year in the Ice Lakes area we anticipated that these pegmatites would be rare-element-

enriched and worthy of our attention.

However, this tumed out to not be the case. It took several days to find the pegmatites, all of
which are hosted by the batholith. All of the pegmatites were barren and devoid of exotic
accessory phases. Electron microprobe analyses of garnets (Fig. 2), tourmalines (Fig. 3), and
feldspars and micas (K-Rb signature; Fig. 4) all suggest that these are the most barren (poorly

fractionated) pegmatites encountered in our studies.
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9. CLEA PLUTON, SELWYN PLUTONIC SUITE (YT, 62°36.5'N, 129°52'W)

The Clea pluton is a smatt (0.3 k" in exposure), massive to weakly foliated two-mica granite, and
is another member of the Seiwvn plutonic suite. It 1s associated with a tungsten skarn (described
by Tompson 1978, and Godwin ef al. 1980). Anderson (1983} divides this pluton into
equigranular and coarsely megacrystic phases. Pegmatite seams and pods intrude both phases and

the scheelite-bearing skams.

We spent one week at the Clea pluton in August, 1994, Three types of marginal to satellitic dikes
were observed and sampled: aphanite {alaskite), aplite, and granitic pegmatite dikes. Aphanite and
aplite dikes are intersected by hvdrothermal quartz veins which host low concentrations of tungsten
mineralization. We found pegmatite dikes to be extremely uncommon and small {to 1 m thick).
The few dikes exposed in outcop have irregutar contacts, are pod-like in shape, simple in
geochemistry and mineralogy (no concentrations of rare metals), and are simply zoned {concentric
border, wall, intermediate, and guartz zonesj. Biotite is the only mica associated with the
pegmatite dikes. None of the exposed pegmatite dikes host any W-mineralization or show cross-

cutting relationships with hydrothermal veins.

We had hoped that pegmatite would be reasonably abundant or geochemically complex to (1} test
models on the timing of pegmatite generation and generation of hvdrothermal W mineralization,
and (2) assess the economic potential of pegmatite deposits associated with W-mineralized granites
of the Yukon. Clea does not provide these answers, and casts an unfavourable light on the
economic potential of pegmatites associated with W-mineralized granites and their deposits. It
does, however, raise many questions about the timing and role of water saturation in granitic melts

parental to rare-metal (Sn, W) hydrothermal deposits.

As all granitic pegmatites hosted by the Clea pluton were barren and devoid of exotic accessory
phases, all analytical work concentrated on previously unstudied accessory phases in a number of
hydrothermal deposits in and about the pluton (sce Groat ef al. 1995b). Mineral chemistry is, on
the whole, unexceptional. Cassiterite is mildly tantalian and titanian, well below extremes shown
by granites and associated deposits. Tungsten oxide minerals (scheelite and wolframite) are

impoverished in trace HFSE such as Ta and Nb, and show low to moderate Fe/Mn ratios (2.7 in
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wolframite). All apatite samples are fluorapatite; Cl is conspicuously absent in these samples, and
transition metal contents (e.g., Mn, Fe) of the samples are low. Given the barren pegmatite dikes,
the lack of any direct association of pegmatite dikes with hydrothermal deposits, the lack of a
common HFSE-bearing accessory mineralogy of pegmatite dikes and hydrothermal deposits, and
the unexceptional chemistry of accessory oxides and phosphate minerals in the hydrothermal
deposits, little can be said about the relative timing and relationship of pegmatite-gencrating events

and the main hydrothermal event at Clea.
10. THE LITTLE NAHANNI PEGMATITE GROUP (NWT; 62°12'N, 128°50'W)

10.1 Geological Setting

The granitic pegmatites are located in an unnamed mountain range bound to the northeast by the
March Fault and to the southwest by Steel Creck. The dominant structural features of the range
are the Fork Anticline and the Summit Syncline, major features of the Selwyn Fold Belt (Gordey &
Anderson 1993). The folds trend northwest-southeast, and plunge to the northwest. The
pegmatites are localized in the northeast arm to axial sections of the Fork Anticline. In general,
they strike northwest; i.e., subparallei to the strike of axial planes of the fold system. They are
dominantly hosted by calcareous metasedimentary rocks of the upper Yusezvu Formation, which
consist of mildly metamorphosed equivalents of limestone, variably calcareous sandstone and
shale., Granitic plutons are unexposed in the vicinity of the pegmatite group. Syntectonic
metamorphism in the immediate study area, however, occurred at an anomalously high grade for
this region. Andalusite porphyroblasts occur scattered throughout the metasedimentary rocks, and
appear to be coarser in areas to the north of the pegmatite group. Late-tectonic porphyroblasts of
staurolite and corderite, and chlorite pseudomorphs after gamet (?), indicate that the area
experienced syntectonic metamorphism at temperatures in excess of 500°C. This may reflect the

existence of a pluton at shallow levels below the present erosional surface.

10.2 Description of the Pegmatites

Field Relations. The pegmatites range from tabular to lenticular in shape. They have high aspect

ratios; individual dikes are a maximum of a few meters in width yet can extend for several
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kilometers along strike. Contacts are typically sharp, sometimes irregular depending upon the type
of host rock. Pegmatites emplaced in calcareous metasedimentary rocks show low degrees of
assimilation as evidenced by calcite-lined fractures and late calcium-rich mineral assemblages
{often including apatite). Pegmatites emplaced in pelitic metasedimentary rocks often have wide
(up to 10 cm) exomorphic aureoles rich in coarse silvery mica or narrow (several mm) bands of
black tourmaline. The pegmatites show no mineralogically obvious signs of regtonal zoning aver

the 10 km extent of the group.

The pegmatites appear to be synchronous to late in the timing of the last tectonic event to affect the
region: dike attitude and shape is variable, ranging from moderately-dipping, contorted and
conformable to sedimentary lavering to sub-vertical, tabular, undeformed and cross-cutting host
strata. The pegmatite group is lithium-rich; the mineralogy and style of internal zoning indicates
the group to belong to the albite-spodumene type of the rare-element class of granitic pegmatites

(Cerny 1991).

Mineralogy and Internal Zoning. The dominant minerals of the pegmatite dikes are quartz,
potassium feldspar, and albite. Subordinatc to thesc are spodumene, then lepidolite, the dominant
carriers of lithium. The spodumene seems to contain trace quantitics of manganese, as evidenced
by the pink colour of weathered samples, and by the concentration of black manganese oxides
along fracture planes. Spodumene and K-feldspar are typically the coarsest phases, with individual
crystals often greater than 10 ¢m in length. and account for the pegmatitic texture of most dikes.
Albite is variable in size and texture; mostly it is saccharoidal in texture, but in places is coarsely
cleavelanditic. Lepidolite is similarly variable, comparable in size to saccharoidal albite in aplitic
sections of dikes, but ranging to coarse-grained “ball-peen” (colliform) lepidolite in pegmatiﬁc
sections of some dikes. Accessory minerals include tantalian rutile and cassiterite, columbite-
group minerals, Mn-bearing apatite, lithiophilite, amblygonite-montebrastte, and beryl. Electron

microprobe work shows that many of the oxide phases are strongly oscillatorily zoned.

Internal zoning of the pegmatites ranges from simple to chaotic. Where simple, the cutward to
inward succession of zones consists of a narrow border unit, one to two wall units, an irregularly-
zoned intermediate unit, and uncommonly, a quartz core. Where chaotic, there 1s less ofa

distinction between wall and intermediate units as expressed by altemations of aplitic and
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pegmatitic layers. At contacts there is a thin fine-grained border unit rich in plagioclase and
muscovite. The wall unit dominantly consists of plagioclase and quartz, with lesser amounts of K-
feldspar. Pegmatites emplaced in pelitic metasediments have two wall units, the outermost of
which has relatively higher concentrations of muscovite or lepidolite. Wall units vary considerably
in thickness and texture but are typically several em in width and aplitic in texture. The contact
between the wall unit and the intermediate unit is not sharp, but is defined by a coarsening of
mineral textures towards the centres of dikes. For many dikes, the first appearance of spodumene
can be used as a reliable indicator of the start of the intermediate unit. In general, the intermediate
unit consists of K-feldspar, plagioclase, quartz, spodumene, with or without lepidolite. The
appearance or absence of lepidolite can simply be explained as being due to shight variations inm
HE. pushing phase relations in and out of the lepidolite-stable field (London 1984). The
intermediate unit is tvpically rhvthmically banded; this banding is expressed in two ways: (1) as
alternations of pegmatitic and aplitic lavers, and (2) as variations in modal mmeralogy of aplitic
layers. Aplitic layers are similar in mineralogy and texture to the wall unit. Pegmatitic layers
consist of coarse-grained K-feldspar, spodumene, and quartz with or without lepidolite.
Directional crystal growth is strongly expressed by (1) banding in the aplitic layers, which is
parallel to dike contacts, and by (2) clongate K-feldspar and spodumene crystals in the pegmatitic
lavers, which are perpendicular to dike contacts. Monomineralic quartz cores are rare and occupy

central portions of the dikes.

Geochemistry and Perrogenesis. The pegmatite dikes are peraluminous. The dikes show an
overall predominance of lithophile elements; they are strongly enriched in lithium and fluorine,
weakly enriched in phosphorus, manganese, beryllium, tantalum, and niobium. The absence of
tourmaline (except at exocontacts) indicates that the pegmatites are poor in boron. Microprobe
analyses of oxide phases show that the dikes are enriched in Mn with respect to Fe, and in Ta with
respect to Nb (Groat ef al. 1994, 1993a, 1995b). Thus, in terms of mineralogy and preliminary
geochemistry, the group is part of the LCT (£i-Cs-Ta) geochemical suite of granitic pegmatites

(Cerny 1991). The sporadic occurrence of goshenite beryl implies a possible Cs enrichment.
Electron microprobe analyses show that the Ca content of gamnet is an indicator of degree of

fractionation (Fig. 2a). However, the high Ca concentration in the LNPG gamets 1s anomalous,

and is most likely due to the assimilation of limestone (the gamets most often occur in calcite-lined
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fissures in the host pegmatite dikes). Note that the covariance of Mg with Fe/Mn (Fig. 2b) is
relatively poor. This is probably due to competition between gamet, micas, and tourmaline for

Mg. The corresponding graph for tourmaline (Fig. 3b) shows a more consistent trend.

Electron microprobe analyses of the feldspars and micas indicate that the Group is highly evolved
in terms of K-Rb systematics {Fig. 4}, Note that in terms of K/Rb fractionation, all other
pegmatite groups are intermediate, with the exception of pocket minerals in Li-dikes of O’ Grady
which attain levels similar to the LNPG. However, it is interesting to note that the LNPG is much

less evoived than O Grady in terms of K-Cs systematics.

Phase relations amongst the lithium aluminosilicates can be used to apply preliminary petrogenetic
constraints to pegmatite evolution {London 1984). The absence of (1) primary petalite, (2)
secondary spodumene plus quartz intergrowths, and (3} eucryptite, in the presence of primary
spodumene plus quartz, implies relatively low T/moderate P emplacement conditions for the

pegmatitic melts (crirea 3 to 3.5 kb, 350-630°C).
10.3 Geochronology

The details of the geochronology studyv are given in Mauthner er o/, (1993). Columbite, muscovite,
and lepidolite were used because of the absence of zircon, titanite, and monzonite, Cassiterite was
not used because of abundant inclusions. A U-Pb age of 81.6 % 0.3 Ma was obtained for
columbite. K-Ar ages for micas were determined to be 65.4 + 4.0 Ma for muscovite, and 65.8
3.4 Ma and 63.4 + 3.6 Ma for lepidolite. The U-Pb ages are interpreted to be the emplacement
date for the pegmatites and the K-Ar ages are interpreted to be the timing of a thermal event
responsible for resetting the K-Ar mica system. The U-Pb columbite ages are 8 to 13 Ma vounger
than the average age of the plutons in the Selwyn plutonic suite and indicate that these pegmatites
tepresent 2 magmatic event that has not been previously recognized. Likewise, the K-Ar ages point

to a later thermal event not previously recognized in this area.

Granitic Pegmatites in Northwestern Canada - 15




11. THE O°GRADY BATHOLITH (NWT; 62°45 to 63'N, 128°30" to 129°13'W)

The O’Grady batholith is located in the western Northwest Territories, approximately 100 km
NNW of Tungsten, in the Sehwyn Mountains. Our decision to investigate the batholith was
prompted by information in Gordey & Anderson (1993). They reported that it is a 270 km®
homnblende-bearing, alkali-feldspar-rich composite intrusion with S-type characteristics, consisting
of a megacrystic hornblende quartz svenite core, a marginal massive equigranular hornblende-

biotite granodiorite, and a foliated transitional phase between the two.

We spent a week on the western margin of the O’Grady batholith m August 1994. We found
abundant pegmatite and aplite dykes along the margin, especially in the outer parts of the quartz
svenite core. We retumed to the batholith in the summer of 1995 to determine the extent of the
pegmatite-rich area, and discovered that it is much smaller (about 5 knr, at approximately
62°53'N, 128°59'W. see Figure 3) than the “zone of commom leucocratic aplite, pegmatite, and

alaskite intrusions” shown in Gordev & Anderson (1993).

The quartz svenite Lost is remarkably homogeneous over the investigated region, the only obvious
field variation is in the modal abundance of hornblende. Aplite dvkes show uniform
characteristics: fine-grained, plagioclase-feldspar-rich, moderately boron-rich (abundant
tourmaline). The dykes are typically small (1 m to, exceptionally, a few m in width), and often

occur in en-echelon swarms.

The vast majority of granitic pegmatites are coarse-grained {crystal size often exceeds 10 ¢m) and
rich in B, as shown by abundant tourmaline and sporadic axinite. Most of the pegmatites show
simple internal zonation; the typical margin-to-core sequence is: a border unit {feldspar-rich),
followed by a wall unit {graphic K-feldspar + quartz * plagioclase feldspar), an intermediate unit
{blocky K-feldspar, quartz) and a quartz core. The intermediate unit and the quartz corc are
commonly miarolitic. Most of the pegmatites show a distinct NYF affinity, hosting magnetite,
allanite, titanite, amazonite, and some smoky quartz. However, pegmatites near the upper margins
of the batholith show LCT characteristics in the form of lepidolite, gem-quality coloured

tourmaline, and rare boro- and beryllosilicate minerals.
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Note that the Li-enriched and Li-poor pegmatites are co-eval. Both show abundant tourmaline and
amazonite and similar gross characteristics (7.e., shape, size, textural properties}. The Li-enriched
pegmatites do not represent a separate (7., later) generation. The O’Grady pegmatites could be
thought of as transitional to the NYF {Li-poor dykes) and LCT types (Li-bearing dvkes).

Satellitic dvkes on the western margin of the batholith were also investigated (in 1994). We had
anticipated that such dvkes would represent exterior pegmatites (i.e., exterior to the O’Grady
batholith), which, according to current prospecting models for pegmatite deposits, should be more
rare-metal-cnriched than the interior to margmal pegmatites. All investigated satellitic dykes are
aphanitic in texture (i.e.. non-pegmatitic). By inference, either exterior pegmatite dvkes are absent
{i.¢.. perhaps the finer-grained marginal phascs of the batholith were impermeable to pegmatitic
melts, thus trapping the pegmatites within the confines of the current-day batholith}, or all
significant migration of pegmatite melts was upward, and erosion has removed all traces of

resultant dvkes.
11.1 Mineral Chemistry

Tourmaline. Most analytical work focused on variations in tourmaline chemistry, as tourmaline is
the main indicator of Li enrichment in the dvkes. Selected aspects of tourmaline geochemistry are
shown as a function of the fractionation indicator Mn/(Mn + Fe) in Figure 6. Samples with
Mn/{Mn + Fe) less than 0.05 represent dvkes which host only schorl; samples with Mn/(Mn + Fe)
greater than this value represent Li-enriched dykes which host coloured tourmaline (elbaite} =
lepidolite. Consistent behaviour is shown by tourmaline samples from the various dykes: Mn, F,
and Li behave incompatibly {increase with fractionation), and Fe, Ti, and Mg behave strongty
compatibly (decrease with fractionation). These are normatl trends for LCT-class granitic
pegmatites. The high degree of correlation of FAF + OH) with incompatible cation éoncentralions

may indicate that incompatible metals are complexed with fluorine in the melt {cf Keppler 1993).
Tourmaline chemistry of samples from the O’Grady batholith pegmatites and other pegmatite

groups from the northern Cordillera is shown in Figures 3a and b. The graphs show that F/OH
increases and Fe/Mn decreases with fractionation. Note the very broad range for O’Grady; the
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schorls extend to much lower degrees of Fe/Mn fractionation (J.e., larger values) than other

localities, and the elbaites are extremely enriched in F relative to OH and are depieted in Mg.

One conclusion we can make is that tourmaline colour is a useful indication of Li enrichment
(black is Li-poor, coloured varieties are Li-rich), however, for low to moderate degrees of Li
enrichment, colour changes mav not be visible in hand specimen or even in thin section. Diagrams
like Figure 4a may help with assessing the Li potential within and between pegmatite populations.
Note, however, that some tourmaline crystals from the O’Grady pegmatites show compositional

zoning.

Feldspar. Most plagioclase in the dvkes is extremely sodic, with compositions ranging from Ang
to An; (analvses F16-19, lamellae associated with K-feldspar, and analyses F24-26). However, a
sample of oligoclase (var. cleavlandite) with composition Any, (analysis F27) was found in a
pegmatite dike. K-feldspar (analyses F1-7) is only weakly to moderately enriched in large-on
lithophile elements. The analvses indicatc that samples from Li-enriched dvkes are more enriched
in LILE (Rb, Cs) than samples from Li-poor dyvkes. K/Rb ratios for K-feldspar are not

exceptional. They range from 327 (microperthite matrix, pegmatite dike) to 61 (cryptoperthite

matrix, Li-enriched pegmatite dike), somewhat outside the range shown by the batholith (151 +
24, Gordey & Anderson 1993), and typical of moderately-lithophile-fractionated pegmatite dykes
(Cerny 1991).

The K/Rb ratios are plotted against wt.% Rb in Figure 4a for K-feldpar samples from the O°Grady
batholith pegmatites and from other pegmatites in the northern Cordillera. Cassiar East represents
a barren pegmatite group, and shows a primitive K-Rb signature. The feldspars on the LNPG
indicate that it is highlv evolved in terms of K-Rb systematics. The other pegmatite groups are

intermediate in terms of the K-Rb system.

Mica. Lepidolite is the sccond-most abundant carrier of Li in these dykes, and is recognized by its
characteristic violet colour. As a species, lepidolite can show a broad range of ALLi ratios. The
analyzed samples (M1-3; lepidolite from a Li-enriched pegmatite dike, cirque 3) show high
degrees of Li enrichment, and are moderately enriched in Cs [K/Cs = 26 (M1), 8 {M2), 6 (M3)],
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reflective of its late timing in the crystailization history of the Li-enniched pegmatite dykes {(always
as a pocket phase).

A plot of K/Rb ratios versus wt.% Rb for the micas (Figure 4b) is very similar to that for K-
feidspars. Note, however, that the pocket lepidolites from Li-enriched dyvkes of the O°Grady
bathalith show levels of K/Rb fractionation similar to the LNPG, It is interesting to note that
O’Grady 1s much more evolved than the LNPG in terms of K-Cs systematics; this is shown by the
occurrence of a Cs-analogue of lepidolite, and the elevated Cs content of feldspars and muicas {this

is not shown in a plot because most localities other than O’ Grady have undetectable Csj.

Analvsis M4 is of an unknown nanpingtte J{CsAlL(Si, Al}.0,,(OH.F).]-lepidolite-like tate green mica
from a Li-enriched pegmatite dike in cirque 3. The analysis 1s not included in Figure 4b because
Cs no longer behaves tike a trace- to minor-clement in this mineral; its K-Rb systematics deviate

from the norm for micas.

Allanite. As noted previously, allanite is an uncommon constituent in the pegmatites. When

present it often shows oscillatory zoning due to variations in REE content.

Axinite. Axinite is low in abundance in all dvkes, but occurs in many dykes in the area. Axinite is
recognized by its euhedral, bladed crvstais, and pale violet-grev colour. The presence of axinite in
conjunction with tourmaline mdicates that the dvkes show high degrees of B enrichment. The

analyzed sample (analvses AX1-3) comes from a schorl-bearing (pegmatite) dvke and, like schori,

shows high degrees of Fe enrichment,

Danburite. A sample of danburite (analysis D1) was found in a pocket in a Li-enriched pegmatite

dvke (cirque 3).

Hambergite. Hambergite is the sole concentrator of Be in the dvkes. It is rare, found only m the
most fractionated Li—enriched dvkes. Only moderate enrichment in F versus OH is shown by the
analyzed sample (analysis HI, of an inclusion in an elbaite crystal from a pocket in a Li-enriched

dvke mnt cirque 3}
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Opal. Opal showing compositional zoning is also associated with the pegmatites.

Titanite. Titanite samples show low to moderate degrees of enrichment in Ta and Nb (to 2.3 wt.%
Nb.Os+ Ta,0s) and moderate to high degrees of enrichment in F (to 1.25 wt.% F; see analyses
TT1-9, all from pegmatite dvkes). These points are consistent with other data for the dykes,
indicating the pegmatitc melts to be F-rich, yet conspicuously poor in HFSE such as Ta, Nb, Sn or
W.

Zircon. Only one zircon crystal was analyzed (analyses Z1-4, from a pegmatite dvke). The results
are shown in Figure 7, a plot of zircon geochemistry as a function of U/(U + Th) and mineral
zonation. The zircor sample s enriched im U, Th, Y + HREE, and moderately to weakly enriched
in Hf Core to rim zonation shows that (1) crystal-melt systematics were not sufficient to result in
significant Zr-Hf fractionation, (2) total actinide clement content diminishes with increasing U-Th

fractionation, and (3) Y + HREE behave compatibly.

11.2 Whotle-Rock Geochemistry

Whole-rock analvses of the quartz svenite host were done by Chemex Labs Lid. and are given in

Appendix 2. The rock is geochemically unspectacular. The K/Rb ratio (K by ICP) is 152 or 131

{depending on technique), which is inside the range (151 + 24) given by Gordey & Anderson
(1993). The K/Cs ratio (2249) indicates that the Cs content of the host rock is much lower than in

some micas and feldspars from Li-enriched pegmatites.

11.3 Origin of the Li-Enriched Pegmatites

From a geochemical viewpoint, the association of Li-enriched pegmatite dykes with the O’ Grady
batholith is highly unusual. Previous work has indicated the batholith to show only low degrees of
fractionation: it is at most metaluminous, the most fractionated unit of the batholith is a
homblende-bearing quartz svenite, and trace-element chemistry is unexceptional (Gordey &
Anderson 1993). The question exists as to how Li enrichment came about: by extreme
fractionation of a rather unexceptional parent, or by assimilation of Li- and B-enriched overlying

metasediments. The coincidence of Li and B enrichment, the localized occurrence of Li-enriched
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dvkes, and the geochemical unsuitability of the quartz-syenite hést to the dvkes as an immediate
parent to Li and B-cnriched pegmatite dykes could be cited as supporting an assimilation origin.
However, the high Li and Rb, Cs contents of the clbaite-bearing pegmatites indicates that these
pegmatites formed by fractionation, not by assimilation of Li-rich metasediments. It is still
difficult to conceive of 2 magma now represented by the homeblende quartz syenite as directly
generating dvkes of these compositions by fractionation. Instcad, a more evolved {direct) parent is
called for. Further, as field relations imply that current erosional levels for the batholith are near
the upper margin, the chances seem good for other (i.e., more cvolved) phases of the batholith

below the current erosional surface.
12. PROSPECTING FOR RARE-ELEMENT BEARING PEGMATITES

In terms of prospecting for rare-clement pegmatites, the previous section reinforces the importance

of the following indicators of fractionation:

1. Mineralogical diversity. [n short, the more diverse the mineral assemblage, the more

fractionated the pegmatite, and the better the economic target.

2 QOccurrence of rare-element indicator minerals (columbite, bervl, spodumene, lepidolite,

coloured tourmaline, nanpingite, efc.).

3. Geochemical enrichment, monitored using {a} fractionating element pairs (Fe/Mn, NbfTa, ete.),
(b) compatible/incompatible element variations (compatible: Ba, Mg, Ti, etc.;, incompatible:

Rb, Li, Cs, etc.): {c) isotope geochemistry, e.g.. St ratios (the more radiogenic, the better).

Another point to be madc is that when the “parent” plutons are exposed (as at O"Grady,
Horseranch, possibly Icc Lakes, the Seagull batholith) we seem to be observing their upper
margins. What is unusual is that there are no horizontal pegmatite halos around the batholiths. In
the case of the LNPG there is a well-exposed pegmatite group, but the granite is at depth. It scems
unusual that there are no crustal sections with granites and (exterior) pegmatites exposed. This
may be because all pegmatite melt migration in the Sehwyn plutonic suite is upwards relative to the

location of the parental granite. If this is the case, locating (exposed) radiogenic granites may not
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be a good strategy for locating pegmatite ficlds. Instead the best strategy may be to initially use
dense populations of radiogenic granites/granitoids as an indication of broad areas where
pegmatites are likely to be found. Afier that it may be necessary to use geochemical sampling to

locate anomalies {especially of Li).

Most of the pegmatites we have seen are terior pegmatites, Where are the exterior pegmatite
groups? Is the LNPG the onlv example of exterior pegmatites? It could be that we are looking at
granites emplaced at ligh crustal levels (1.e. in relatively cool hosts; note that the regional
metamorphic grade is low). The cool ambient conditions of the country rocks coupled with the
development of chilled margins for the granitoids may have prevented pegmatite melts from
migrating far from their source. If this is the case, the LNPG is an anomaly. 1t might be that the
presence of staurolite in the host rocks and the presence of spodumenc in the pegmatites indicates
that the mountain range hosting the LNPG represents a deeper crustal section than surrounding

parts of the Sclwyn Mountains, More work needs to be done in the area to answer these questions.
13. SCIENTIFIC COMMUNICATIONS
13.1 Refereed Journal Pubiications

Mauthner, M.H.F., Mortensen, J. K., Groat, L. A. & Ercit, T.S. (1996): Geochronology of the
Little Nahanni Pegmatite Group, Sclwwvn Mountains, southwestern Northwest Territories. Can.

J. Earth Sci. 32.

A paper on the mineralogy and geochenustry of the O°Grady pegmatites is in preparation, and will

be submitted to Canadian Mineralogist in late summer (1996).

13.2 Refereed Conference Abstracts

Groat, L.A. & Ercit, T.S. (1996): Granitic pegmatites of mixed NYF-LCT affinity from the
(’Grady batholith. NWT. Geol. Assoc. Can./Mineral. Assoc. Can. Program & Abstr. 21, A-
38.
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Ercit, T.S., Groat, L A, Mauthner, M H.F. & Raudsepp, M. {1996). Regional versus local
variations in the geochemistry of Ta-Nb oxide minerals: Little Nahanni Pegmatite Group.

Geol. Assoc. Can./Mineral. Assac. Can. Pragram & Abstr. 21, A-26.

Mauthner, M.H.F ., Groat, L.A., Mortensen, J.K_, Raudsepp, M. & Ercit, T.S. (1993): The Little
Nahanni Pcgmatite Group, Northwest Territorics, Canada: An albite-spodumene type

pegmatite. Geol Soc. Am. Abstr. & Programs 27, A-411.

Randsepp, M., Mauthner, MH.F_, Groat, L A. & Ercit, T.S. (1993): Characterization of
phosphate minerals in albite-spodumenc pegmatites of the Little Nahanni Pegmatite Group,

Northwest Territorics. Geol. Soc. Am. Abstr. & Programs 27, A-471.

Mauthner, M.H.F., Mortensen, J.K.. Groat, L.A. & Ercit. T.S. {1993): Geochronology of the
Little Nahanni Pegmatite group and implications for regional tectonics. Geol. Assoc.

Can.,Mineraf. Assoc. Can. Program & Abstr. 20, A-67.

Mauthner, M. H.F., Groat, L A, Ercit, T.S., Mortensen, J. K. & Raudsepp, M. (1994):
Mineralogy, geochemistry, and geochronology of the Little Nahanni Pegmatite Group,
Northwest Territories, Canada. Geol. Sac. Am. Abstr. & Programs 26, A-222.

Groat, L.A., Ercit, T.S.. Raudsepp, M, Mauthner, M.H.F. & Ahlborn, V. (1994): Geology and
mineralogy of the Little Nahanni Pegmatite Group. Geol Assoc. Can./Mineral. Assoc. Can.
Program & Abstr. 19, A-26.

14. BENEFIT TO THE YUKON TERRITORY

Since 1992 we have spent approximately $172,000 on field work in northwestern Canada.
Support was obtained from the Yukon MDA ($51,000), Canamera Geological Limited (estimated
$50.000), the Canadian Museum of Nature ($24,000), DIAND Yellowknife {$24,000), and
NSERC Research Grants to LAG and M. Raudsepp ($23,000). Almost all of this money was

spent in the Yukon Territory, primarily in Watson Lake, Whitchorse. and Ross River.
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As noted in a previous report {Groat er al. 1995a) the entire LNPG area (35 k") was staked by
Canamcra Geological Limited of Vancouver. This was done on the basis of our research but
without our knowledge. The company is continuing to develop the property for its L1, Ta, Nb, and

Be potential.

As noted in Groat ef al. (1995a). the gem tourmaline from the Li-enriched pegmatites of the
O’Grady batholith is of cutting grade. The area was staked in early 1996 by Alpine Gems Limited.
The company is planning to develop the property, beginning this summer (1996) with a program of

mapping, drilling, and blasting.
15. SUGGESTIONS FOR FUTURE WORK

There are a number of arcas that we identified to be of interest that we have been unable to visit.
Thesc arcas should be looked at in the future to assess their pegmatite potential. The areas are

listed below.
15.1 Seagull Batholith (YT: 60°I0'N_ [31°30'W)

The Seagull batholith is a medium-sized (300 km®) mid-Cretaceous micta- to peraluminous
leucocratic granite: with an inital ¥ Sr/**Sr ratio of 0.7120 (Mato ef al. 1983). As described by
Sinclair & Richardson (1992) it contains quartz-tourmaline orbicules that appear to be the product
of a hydrous, B-, F- and Fe-bearing fluid that was trapped in a crystallizing granitic melt.
Anomalous concentrations of Sn {12 to 90 ppm) in the orbicules suggest that this fluid may have
been related to the hvdrothermal fluids that formed Sn-bearing veins and skams associated with the

Seagull batholith (described by Mato ef a/. 1983, and others).
The Seagull batholith has relatively high contents of lithophile elements such as Li, Be, Nb, Rb and

Ga; F contents range from 0.15 to 0.65%, significantly higher than those of most other granitic
v hig

rocks {Sinclair & Richardson 1992}
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15.2 Thirtymile Pluton and Ork Stock (YT, 60°45'N, 132°13'W)

As described by Liverton (1990}, the Thirtymile pluton is roughly elliptical in shape, with a
diameter of 8 km. 1t is made up of four facies: a porphyry, an equigranular microgranite, a
megacrvstic granite, and a leucocratic topaz- and fluorite-bearing microgranite. The latter contains
pale, lithiun mica as a major component. Topaz is a common interstitial mineral; fluorite is also
common. Tourmaline, apatite, and allanite are occasional accessories. The nearby Ork stock is

similar to this facies of the Thirtymile pluton,
15.3 Mount Mye Bathelith, Anvil Plutenic Suite (YT: 62°20'N, 133°15'W)

As described bv Pigage & Anderson (1986), the Mount Mye batholiith of the Anvil plutonic suite;
near Faro) is a heterogeneous, peraluminous two-mica granite of mid-Cretaceous age (initial
$7GrASr = 0.7405) that falls within the modal field for granites of the Selwyn suite. However, it 1s
not analogous to the highhv-evolved, lithophile-clement-enriched siliceous plutons of the Selwyn

suite, and therefore may have limited potential as a precursor to rare-element enriched pegmatites.
15.4 Lened, CAC, and RUDI Plutons (NWT; 62°20-25'N, 128°30-40'W)

These plutons are small, massive, composite stocks assoctated with important tungsten skarns
(Dick 1980). Leucocratic granitic aplite dikes and tourmaline-bearing pegmatite dikes are
associated with the phutons. Biotite granite intrusions invade pelitic and calc-silicate homfels near
the CAC and RUDI plutons. They contain muscovite, garnet, andalusite and tourmaline, and some
are miarolitic. These peraluminous dikes seem to be characteristic of plutons with extensive

tungsten skarns (Anderson 1982).
15.5 Sekwi Mountain Map Area (YT/NWT; near MacMillan Pass)

A hornblende-absent, biotite bearing pluton has been reported from this area (Anderson 1983);

little is known about it.
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15.6 Macmillan Pass (YT/NWT; Mactung)

At Mactung, the highest ore grades are assdciatcd with zones where quartz veins and aplite and
pegmatite dikes are the most abundant, south of the southem margin of the pluton (Atkinson &

Baker 1983).
15.7 Mid-Cretaceous Suite, Intermontane Belt (YT; 60°40'N, 134°10'W)

Morrison ef al. (1979) mentions stocks, plugs, and dikes of pegmatitic sycnite northeast of Marsh
Lake in the Whitchorsc map area. The svenite occurs within plutons of the mid-Cretaceous suite in
the Intermontane Belt, and as isolated masses in the country rock. However, all initial ¥ Sr/*Sr

ratios reported by Morrison er al. (1979) for the Whitchorse map area are < .7070.
15.8 Emerald Lake (YT: 63°36'N, 131°17'W)

In an assessment report by Robertson er al. (1981) the Emerald Lake intrusion is described as an
elongate, east-west trending body approximately 12 km long and 1.5 to 2.0 km wide. It1s
primarily svenitic in composition and presumably of Cretaceous age. One part of the intrusion
contains a number of very large vugs consisting of large crystals of smoky quartz in a matrix of
highlv weathered feldspar and mica with minor amounts of arsenopyrite and unidentified minerals
believed to be Au-Ag teliurides. Other features indicative of late-stage fluids within the intrusion
are the large miarolitic cavities. These range from “incipient vugs™ of 10 to 20 cm in diameter to
true miarolitic cavities up to 1.3 m in diameter (but 4 m or more in length where they occur as
“swells” on a vein) containing quartz crystals up to 1 m in length, tourmaline and mica. In several
areas, well-defined vein svstems (seen on cliffs, and described as pegmatites on the map in

Roberston e /. 1981) end abruptly and are replaced by a zone of cavitics.
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Fig 1. Location map.

Fig. 2. Gamnet chemistry of samples from pegmatite groups in northwestern Canada.

Fig. 3. Tourmaline chemistry of samplcs from pegmatites in the northern Cordillera. Note that in
(a) the data for samples with undetected F are plotted at the detection limit for F (at F /OH =(0.1).
A log-log plot was not used for (b} because the data are linear, and such a plot would exaggerate
the arca near the origin where anahvtical problems exist (7.e.. it is close to detection himit, poor

count statistics, €ic.)

Fig. 4. K/Rb ratios versus wt. % Rb for (a) K-fcldspar and (b) mica samples from the O’ Grady

batholith pegmatites and from other pegmatites in the northern Cordillera.

Fig. 3. Sketch map of the O Grady batholith, showing the zone of Li-enriched pegmatites (adapted
from Gordev & Anderson 1993).

Fig. 6. Tourmaline chemistry as a function of the fractionation indicator Mn/(Mn + Fe}.

Fig. 7. Zircon chemistry as a function of UXU + Th) and mineral zonation.
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Fig. 4a (top), 4b (bottom)
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Fig 5
Q'Grady Batholith
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Fig. 6
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Fig. 7
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APPENDIX 2: WHOLE-ROCK ANALYSES

MAJOR ELEMENTS
This Study Gordev & Anderson (1993)
Average (13) Standard Deviation

$10, 65.29 65.1 2.0
TiO- 0.51,047 0.60 0.07
ALO; 14.12, 13.36 13.9 0.6
Fe,0; 1.39 1.1 03
FeO _ 2.55 3.1 04
MnO 0.07, 0.06 0.09 0.01
MgO 1.70, 1.48 2.16 0.68
Ca0 3.73,3.34 424 0.54
Na,O 249,217 2.1 04
K,0 6.44 553 5.76 1.18
P-0s 0.23,022 0.25 0.04
H.0 0.52 0.7 0.2
CO- <02 01 0.2
Cl 0.0002 0.03 0.02
F 0.0015 0.12 0.02
S 0.04 0.02 0.03
Total 99.28 99.41

In this study major elements were done using XRF. Where there are two numbers the second

corresponds to a duplicate analvsis by ICP. H.O by LOI, Cl by NAA.
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TRACE ELEMENTS {ppm) l
This Study Gordey & Anderson (1993) l
Average (13) Standard Deviation l
Rb 332 325 66
Sr 392, 390 gcpy 389 82 I
Ba 8353, 780 qce) 8438 341
U : 26.6 18.0 70
Zr 180 217 22 .
Be 7.0 qacm 7.2 2.8 I
B i40 202 202 '
Li 34 51 11
As 4 3.6 19 I
Ag < (.2 (AAS) 0.2 0.1
Br <03 1 1 .
W 10 qacry 3 3 l
Sn <2 8 3
Mo 1 ucp 3 2 '
Co 9 (1c) 13 3 .
Cr 205 cerry. 181 gy 40 31 '
Ni 44 o 20 7
vV 73 1ce) 80 28 l
Cu 26 acpy ' 16.3 7.9 l
Pb 40} (AAS) 40 7 '
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Zn

Nb

Au
Bi

Cd
Cs

Rb/Sr

K/Rb
Ba/Rb

TRACE ELEMENTS (ppm)

This Study

32 (1cP

62
28

1.3
20

<5 (ppb) (FA + AA)
4 (1CP)
< 0.5 acm
205 (xan

14

0.90, 0.90 (cpy
62.6. 39.1 acp)
152, 131 gcp

3.33, 2.22 qacpy

Gordev & Anderson (1993)
Average (13) Standard Deviation
56 5
110 24
268 45
24 6
0.85 0.19
77.2 693
151 24
2.65 1.14
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