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BULK COMPOSfTION OF THE TANCO PEGMATITE 

AT - 
BERNIC LAKE. MANITOBA, CANADA 

ABSTRACk The Tanco pegmatite at Bemic Lake, Manitoba, Canada is a highiy fiaction- 

ated rare-element class, LCT f d y  pegnratite with 9 interna1 zones and is one of the largest 

complex i n t e d y  zoned pegrnatites in the world. The outer zones of the pegmatite are 

generaliy c o n d c ,  whiie the shape of the inner zones, based on underground workings and 

drill core observations, are very irregular and complex. Tanco presents a unique oppominity 

to calnilate the buk composition of a pegmatite which, unlike previous works on other 

pegmatites, does not need to consider structural deformation and/or erosion to reconstmct 

the onguial site and shape. Tanco is essentidy an undefomed blind pegmatite, with only 

minimal exposure through erosion at the bonom of Bemic Lake. ALmost no reconstmctive 

interpretation is required as the amount of eroded material is negiigible and does not affect 

the over-ail bulk composition caicuiations. 

Given the available information fiom the drill core logs and underground workings on the 

Tanco pegmatite, it was possible to create the k s t  3D cornputer representation of a 

pegmatite. The model shows a sub-horizontal, bilobate, saddle-shaped body, which dips 

shallowly to the north and doubly plunges to the east and West. It is about 1990 m in length, 

1060 m in width, attaining a maximum thickness of nearly 100 m in the central portions, 

while thuining out towards the edges. The model also provides the bais for the generation 

of volumes for the different zones within the pegmatite and bullc composition of the entire 

pegmatite as a whole. The pegmatite displaces approxhately 9.4 million m3 and has a mass 

of about 25.0 rniiiion metric tons. The proportionai volumes of each zone are: zone (10) 

O. 1 O%, zone (20) 3O.83%, zone (30) 2.69%, zone (40) 28.79%, zone (50) 1 3.12%, zone (60) 

13 S6%, zone (70) 7.47%, zone (80) 1.33%, zone (90) 2.1 1%. 



The bulk mineral composition of the pegmatite, by volume, is: quartz 32.54%, 

albite 25.56%, K-feldspar 22.05%, petalite 9.03%, lithian muscovite 3.00%, 

muscovite 2.9% poliucite 1.28%, spodumene 0.92%, amblygonite 0.77%, lepidolite 0.27%. 

The bulk chernical composition of the pegmatite is: SiO, 75.27%. M203 13.72%, 

TiO, 0.01%, F%03 0.00%, Feû 0.12%, MnO 0.19%, Mg0 0.01%, Ca0 0.21%, 

S r 0  0.0004%, Li,O 0.76%, 3.35%, KK, 33.0%, W O  0.58%, C%O 0.48%, 

P20s 0.94%, B203 O.OS%, BeO 0.0613%- H20+ 0.37%, H20- 0.03%, F 0.18%, 

SqO, 0.0001%, SnO, 0.0391%, %,O1 0.0129%, ThOs 0.0792%, UO, 0.0063%, 

Pb0 0.0014%, WO, 0.00004%, Zn0 0.00 l3%, ZrO, 0.005 1%. Hfü2 0.00 17%. 

T120 0.0047%, &O, 0.0 1 O6%, Sb203 0.0002%, -û=F2 -0.08%, total 99.92% by weight. 

The current calculateci bullc chernical composition of Tanco is different fiom the total 

calculateci by Morgan and London, (1990), who included only the centrai zones and did not 

include the outer reaches of the pegmatite, thus under-representing zone (20) in particular 

as well as zones (40), (SO), and (70). Improved modehg and modal e s t h t e s  aiso 

contniute to the higher SiO, and N+O, and at the sarne tirne lower A1203, Li,O, &O, RhO, 

and P20s calcdated in the present work. 

Tanco is slightly poorer in lithium and slightly ncher in feldspars when compared to other 

petalite and spodumene pegmatites. At Tanco the intemai evolution of lithium silicate 

rninerals starts inside the petalite stability field and moves into the spodumene stability field, 

fkom zones (40), (49, and (50), to zones (60) and (70). 

The bulk composition of Tanco and other lithium-nch pegmatites anaiyzed to date are 

enriched in feldspars and are impoverished in quariz and lithium aluminosilicates, relative 

to the minimum in the Li,0-A120,-Si0,-H,O system This shift is due to the influence of F, 

B, and P, as documenteci in experimentai studies. 

KEY WORDS: Tanco, Pegmatite, Bemic Lake, Bulk Composition, Volume Calculations, 

Geology, 3D Cornputer Modeliing. 
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1 INTRODUCTION 

1.1 Purnose of the Studv 

The purpose of this research is to caldate the b d k  composition of the Tanco 

pegmatite by determinhg the volumes, the mineralogy, and chemistry of the individual 

zones inside the pegmatite. 

The Tanco pegmatite at Bemic Lake, Manitoba, Canada is a highiy hctionated 

rare-element class, LCT famiy pegmatite with 9 intenial zones and is one of the largest 

complex internaUy zoned pegmatites in the world. It is a unique pegmatite in that one does 

not need to consider the missing volumes of material caused by structurai deformation andlor 

erosion, unlike other pegmatites which require these adjusmients when reconstnictuig their 

original &es and shapes. Tmco is essentially an undeformeci blind pegmatite, whose ody 

erosionai -sure is at the bottom of Bernic Lake. Almost no reconstructive interpretation 

is required as the amount of eroded material is negiigible, and so is its effect on the over-ail 

bulk composition calculations. Another factor that makes Tanco unique among other 

pegmatites is its daisely dRUed network of d a c e  and underground holes. Over the past 43 

years, 1,355 driU holes totalling over 102 km of core have been driven in and around the 

pegmatite. Given all the Uiformation from core logs and underground workings it was 

possible to develop and construct the fkst 3D computer model representation of a pegmatite. 

The construction of the model dong with a h a t e d  or reai tirne modelling generated the 

shape and size of the intemal zones and of the entire pegmatite. It ais0 provided the basis for 

the generation of volumes for individual zones for the bulk composition calculations. 

This study will describe the minerdogy of the interna1 zones of the pegmatite before 

describing the methodology used to create the computerized database, the 3D model 

represenfations, and the volume calculations. M e r  that, a brief section on methodology will 

descnbe how the mineral modes, compositions, and densities were obtained. Findings from 

the vohune and buik composition calailations will then be considered and compared to other 

pegmatites and @tes for petrologic considerations 



f .2 Location of the Studv Ares, and Access 

The Tanco nine and pegmatite are located in Manitoba, Canada (Figure 1.01). They 

are siîuated about 180 kilometres east-northeast of the city Winnpeg on the north western 

shore of Bernic Lake and is accessible by float plane or via the company's pnvate access 

roadway off provincial roadways 3 13 and 3 15 east-northeast of Lac du Bonnet 

(Figure 1.02). 

1.3 Historv and Previous Work 

The pegmatite was initially discovered in the 1920ts, when the area was being explored 

for gold. Th was found in a narrow vertical pegmatite dyke and in 1929, the Jack Nut Ti 

Mine acquired the property for assessment. A year later in 1930, the company changed its 

name to the Consolidated Th Corporation and began development of the property. They 

constructed a 10 ton-per-day miIl to produce th concentrates and sank a small shaft down 

into the pegmatite. They aiso began diamond driliing to define the pegmatite and discovered 

in one of the drill cores a deeper spodumene-rich pegmatite. Later that year, work at the 

mine ceased. 

In 1954 the property was re-evaluated for its lithium potential and restaked by 

Montgary Explorations Limiteci. The company later changed its name to Chemalloy 

Min& Limited and began a systematic diamond drilling program of 7,900 m to define the 

deeper spodumene pegmatite. With positive resuits from the drillhg program a mining plant 

was set up, and a was coiiared late in 1956. In 1957 the shaft was sunk to 93 m and the 

property was optioned to the Amencan Metal Company Limited (later Amencan Metals 

Climax) who drilled another 2,000 m. This work dong with previous work outlined the 

extent of the spodumene deposit and found interesting deposits of beryl, lepidolite, 

amblygonite, pollucite, and tantalurn minerais. Between 1 959 and 1 96 1, Chemalloy and 

American Metals extended the shafi to 103 m, completed another 8,800 m of diamond 

drilling, and 1,800 m of driftllig and raising into these deposits, discovering more 

spodumene, lepidoiite, pohcite, and tantalum minerais. By 1962 the lithium market dropped 

and spodumene production stopped. The mine was then dowed to flood. 

In 1967 tantalum markets improved and the mine was de-watered, when a 40/60 joint 

venture between C h d o y  and Northem Goidfields Investments Limited formed the 

Tantalum MUiing Corporation of Canada, Ltd. ( a h  referred to as Tanco). Within a year, 

sufficient reserves were established to begin construction of a 500 ton-per-day tantdum 
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Figure 1.01 Tanco's location within Canada and Manitoba. 

Figure 1.02 Tancovs location relative to Winnipeg. 



separation plant and by September of 1969 it was in fidi operation Internai problems in Juiy 

of 1970 put the company under a receiver manager untii a settiement and new partners were 

found in 1972. Chemdoy sold out 24.99% of its share in the Tantalum Corporation to 

Kawecki Berylco gMng them 37.5%, Hudson's Bay Srnelting 37.5%, and 25% to the 

Manitoba Government Development Corporation (Tanco Publication, 198 1). 

Capacity increases followed, and operations continueci until the end of 1982, when 

tantalurn markets and prices tumbled, suspendhg production temporarily. Operations 

continued as Tanco turned its attention to recovering highquality concentrates of rehctory 

spodumene, using parts of the tantalum niill to 'pilot' a spodumene plant, which was 

operational by the spring of 1984. One year later, construction of a dedicated 300 ton-per- 

day spodumene plant was finished in association with the tantaium miil. Fd-scale 

production of spodumene and tantalum mineral concentrates commenceci in 1 986. In 1 988 

production of tantalum concentrates ceased again because of poor prices. Spodumene 

production carried Tanw through the lean tantalum years, when the tantalum mili was shut 

down between 1988 and 1992. Two years later, when tantahm markets recovered, the mil1 

was brought back on line and was in full production by 1996. 

In 1993, the Cabot Corporation of Boston, Massachusetts purchased 100% controi of 

Tanco. Retaining the name, they maintaineci operations under their Speciality Products 

division, until they consolidated it in 1997 with the Cabot Specialty Fiuids division to 

produce cesium formate 6om pollucite for heavy drilling fluids (P.J. Vanstone pers. cornm. 

1997). 

1.4 Regional Geolow of the Bernic Lake Reeion 

The Tanco pegmatite is located in the southwestern portion of the Supenor Province 

of the Canadian Shield (Figure 1.03) in the Bird River SubproWice situated in the southem 

limb of the Archean Bird River Greenstone Belt (Beakhouse, 1991). The Bird River 

Greenstone Belt is flanked by the Manigotogan - Ear Falls gneissic belt of the English River 

Subprovince to the north and by the batholithic belt of the Winnipeg River Subprovince to 

the south (Beakhouse, 1977). Most of the bedrock formations on the rnap are dated between 

2780 - 2640 Ma, howwer, several remnant lithologies in the broader vicinity of the green- 

stone belt have ages in the range of - 3 Ga (Cerny et al., 1998). 



Thompson Bett 
Trans-Hudson 

Figure 1 .O3 Geological map of the Superior Province showing the location of the 
Winnipeg River, English River (Red), and Bird River (Green) Subprovinces 
Modfiedfiorn Beakhouse, (1991). 



1.4.1 Bird River Greenstone Belt 

The Bird River Greenstone Belt is composed of metasedimentaty rocks, derived from 

volcanics, which are shown with synvolcanic to late tectonic intrusive rocks (Figure 1.04). 

The metamorphic rocks of the belt are subdivided into six formations located in and dong 

the principal structural elements in an east to West alignment. These six formations, starhg 

with the oldest, are: 1 -Eaglenest Lake, 2-Larnprey Falls, 3-Peterson Cr* 4-Bernic Lake, 

5-Flanders Lake, and the 6-Booster Lake fonnations (Crouse et al., 1979, Cemy et aI. 

198 1,1998, Trueman, 1980). 

1.) The Eadenest Lake Formation is composed of fine to coarse volcaniclastic 

metasedirnents with minor biotite schistq arnphibolites, and banded iron formations. The 

formation exhibits multiple deformations and attendant greenschist-facies metamorphism. 

2.) The Lamorw Fails Formation is composed mainly of pïliowed, megacrystic, 

amygdaioidal, and hyaloclastic metabasalt and hypabyssai metagabbro sus, which include 

the chromite-enriched Bird River SU. Minor components of the formation aiso include 

intercalated tufEs, hyaioclastites, and extensive banded iron formations. These rocks form 

the undedying keel-iike base to the synclinorium, are unmodiied by minor deformation, and 

display dual mineral assemblages of the honifes and greenschist facies. 

3.) The Peterson Creek Formation is a mixture of metarhyolite, volcaniclastic, and 

epiclastic derivatives, which are intimately infolded and polydeformed dong with younger 

portion of the Bemic Lake formation in the core of the synclinorium. This formation has 

been metamorphosed to greenschist up to amphibolite facies. 

4.) The Bernic Lake Formation is a cornplex of volcaniclastic metasedimentary rocks 

and banded iron f o d o n  interlayered with pillowed metabasak, meta-andesite, metadacite, 

and metarhyoiite. The bulk of this formation resides in the core of the synclinorium formed 

by the greenstone belt and in part by the Peterson Creek formation. This formation attains 

greenschist and amphibolite-facies metarnorphism and was also intruded by stocks and silis 

of metagabbro, metadorite, quartz-feldspar porphyries, and granodionte. 

S.) The Fianders Lake Formation wnsists chiefly of iithic and pebbly meta-arenite 

interbedded with metaconglomerate. Multiple periods of deformation are seen with the 

idolding of the Peterson Creek and Bemic Lake Formations. The rocks display amphibolite- 

facies metamorphism. 
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6.) The Booster Lake Formation is composed of meta-greywacke-mudstone tudidites 

with mterbedded iron hnnation They are located dong the core of the synciinonum, d b i t  

a folding event, and are faut-bounded dong contacts, fomiing a monoclinal sequence of 

lower amphibolite-facies rocks. 

1.4.2 Intrusive Rocks 

nie  synvolcanic to late tectonic intrusive rocks, which flank the Bird River greenstone 

belt to north, east, and southwest have infiuenced the structural sethg and metamorphic 

regime of the area. The diapiric intrusion of the tonditic to granodioritic Maskwa and 

Maijane Lake batholiths in the north and east appears to be emplaced concurrendy with the 

development of tectonic foliation in the layered rocks of the greenstone belt (Crouse et al., 

1979). The emplacement of the younger Lac du Bomet biotite granite batholith to the south, 

occurred sirnuitaneously with the regional east-west faulting of the greenstone belt. These 

faults are considerd to have acted as the channeIways for the subsequent intrusion of 

pegmatitic granites and pegmatites of the W d p e g  River pegmatite district (Cemy et ai. 

1981, 1998). 

The Tanco pegmatite is a member of the Bernic Lake pegmatite group in the Winnipeg 

River cüstrict of southeastem Manitoba. This group typically ocnirs as sheets that penetrate 

subhorizontd joint systems subnormal to the foliation. These systems had the best chance 

of opening and dilating, in low pressure shadows developed at major lithological and 

cornpetency changes dong an east-tending fold axis, in response to ductility ciifferences 

between adjacent units (Cemy et al. 1981). 

This Bernic Lake group harbours the most fiactionated and rare-element-e~ched (Li, 

Rb, Cs, Be, Ta, Sn, P, and F) pegmatites of the whole Cat-Lake-Wuuiipeg River pegmatite 

field (Cemy and Tumock, 197 1). The largest of this group is the Tanco pegmatite, which 

shows the most advanced geochernical naaionation and enrichment. AIthough the parental 

source granite of this group does not outcrop at the surfke, t is assumed to be situated under 

the central portion of Bernic Lake (Cerny et al. 198 1 ,  1998). 



2.1 General Descri~tion 

The Tanco pegmatite is a sub-horizontal, bilobate, saddle-shaped body which dips 

shallowiy to the north, doubly plunging to the east and West. It is approximtely 1,990 m in 

length, 1,060 m in width, and nearly 100 m in maximum thickness in the central regions, 

pinchhg out towards the edges. The known and potential extent of the pegmatite, shown in 

yellow aod orange, are bounded by a heavy black zero-thickness iso-line, which is 5,120 rn 

in circumference, enclosing an area of 85 5,160 m2 (Figure 2.0 1). 

3D modebg fiom drill holes in the outskirts of the pegmatite shows the northem 

contact pinching offabruptiy, while the southern tip fingers out graduaüy in a series of four 

snall parailel dykes. The eastern margin of the pegmatite pinches out in two sub-horizontal 

hgers. The upper one is abruptly terminateci by a large vertical dyke, which is associateci 

with a subvertical faulf while the lower, longer finger tums upwards as it crosscuts the Mt. 

The western extension of the pegmatite is thin and not as weU dehed. 3D modehg of the 

hanging-wail and footwail contacts in the western half of the pegmatite show it dipping 

downwards nom the main body at a much greater angle, practically pinching out at the solid 

iine ofthe western extent, which coincides with pre-existing sub-vertical and sub-horizontal 

structures. It is a simple pegmatite and may be part of the main pegmatite, however, there 

is no direct evidence for connecting it to the main body or to determine its extent, based on 

the only four widely spaced drill holes with minor intersections of pegmatite. It is, therefore, 

marked with a dashed line in friture figures or shown in orange to indicate the possible extent 

and is not included in the volume caicuiations. 

The d d  holes also indicate a set of similas yet sirnpler and srnalier pegmatite dykes 

sub-pardel to, but below, the main pegmatite. The largest of these is referred to as Lower 

Tanco. These pegmatite dykes were not included in the bulk composition of the main Tanco 

pegmatite. 

2.2 Structural Setting 

The metamorphic host rocks surrounding the pegmatite fom a broad anticlinorium- 

synclinorium pair (Figure 2.01). They are sub-vertidy to verticdy foliated, greenschist- 

and amphibolite-facies metagabbros and volcaniclastic metasediments, in close proxhity 

to a synvolcanic granodiorite stock to the West (Crouse et al., 1979, AC. Turnock pers. 
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Figure 2.0 1 Stnictunil and geological setting of the Tanco pegmatite at Bernic Lake, 
Modified from Crouse et al. (1979). Showing the hown and potential 
pegmatite extents in yellow and orange. 



comm 1997). Emplacement of the pegmatite was controlled by pre4sting sub-horizontal 

east- and west-dipping joints, fractures, and fàuits that cross-eut the foliation, in a rnanner 

similar to the hctures hosihg pegmatites at the eastem end of Bemic Lake and at nearby 

Rush Lake (Brisbin and Trueman 1982). 

2.3 Internai Structure: Zonin~  and Minerai Assembla~es 

The pegmatite's nine intemal zones can be distinguished by the Werent mineral 

compositions, textures, and locations within the pegmatite (Table 2.01). The principd 

internal zones are far more cornplex and ofien have transition zones between them that do 

not fit into the standard mning designation scheme of wigning a zone with a single digit. 

Transition zones w i d y  have two predominant assemblages and are named in order of their 

zonal components (e.g.. zone (4) and then zone (5) to make a new zone designation (4/5)). 

This system has been informdy in use by the geologists at Tanco and is the basis of a new 

two digit system. It has been simpiifïed for cornputer use and coding by removing the slash 

nom the transition zone designation (45). To make the principal zones fit into the new 

system, zeros were added to their single digit zone numbers (e.g. zone (4) equals zone (40)). 

This zoning designation system is used at the mine and will be used to describe Tanco's 

zones in this thesis. Volumetricdy negiigible zones, such as (10) or tiny stringers of zones 

(30), @O), and (go), are too smd  to work with and their volumes and compositions were 

included within the domulant adjacent zones. The dominant portions of zones will be taken 

into account for the bulk composition calculations. 

In addition to the internal zones, a halo of contact exomorphism in the mafic wali rock 

a h  exists around the pegmatite. The bulk composition of the pegmatite calculated here does 

not include the halo of lost volatiles (B, Li, K, Rb, CS, and F) fiom the pegmatite into the 

host rock (Morgan and London, 1987). The caiculation is concerned with the composition 

of the solidifïed pegmatite rock, not with the composition of the parent magma 

The internal zonal structure can be seen in the cross sections 9100E (Figure 2.03), 

10200E (Figure 2-04), and 9700N (Figures 2.05 & 2.06) and in plan in Figure 2.02. Zones 

(10) and (20) generally form concentric shells within each other about the pegmatite. Zones 

(40) and (50), whose muhiai boundaries are transitional, can also be considered sheii-like 

when taken as a single unit. In contra& the other zones (30, (60), (70), @O), and (90) occur 





Figure 2.02 Plan view of the Tanco pegmatite - extcnt outline marked by a heavier solid and dashed zero iso-line. 'The heaviest 
black lines in the centre of the isopach map rcpresent three profiles on sections 9 IOOE in Figure 2.03, 10200E in 
Figure 2.04, and 9700N in Figure 2.05 and 2.06. 
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N Fence Section 10200E C 

Zone 20 Wall Zone 
Zone 30 Aplitic Albite Zone 

I Zone 40 Lower lntermediate Zone 
O Zone 50 Upper lntermediate Zone 

Zone 60 Central lntermediate Zone 

Zone 70 Quartz Zone 
Zone 80 Pollucite Zone 

I Zone 90 Lepidolite Zone 
Amphibolite XenolithslCountry Rock 

Figure 2.04 N-S fence section 10200E through the Tanco pegmatitc looking rat;  sec Figure 2.02 for location in plan view. 



W Fence Section 9700N 

Zone 20 Wall Zone 
Zone 30 Aplitic Albite Zone 

I Zone 40 Lower lntermediate Zone 
Zone 50 Upper lntermediate Zone 

I Zone 60 Central lntermediate Zone 

Zone 70 Quartz Zone 
Zone 80 Pollucite Zone 
Zone 90 Lepidolite Zone 
Amphibolite XenolithsICountry Rock 

Figure 2.05 Western half of E-W fcnce section 9700N through the 'l'anco pegmatitc: looking north; see Figure 2.02 for location 
of the sections in plan view. Continued in Figure 2.06. 
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as discontinuous layers or pods within the pegfnatite's central upper portion and in the 

eastern and western lobes (Crouse and Ce- 1972; Crouse et al., 1979, 1984; Cemy et al., 

1998). 

Along the strike and dip of the pegmatite, there is a distinct display of symmetry. At 

the central crest of the pegmatite, most of its thiclmess is ocaipied by the Li-rich zones (40) 

and (50). These two are sepaiated in both Banks by the interverhg zone (60), overlain by 

quartz (70) and poilucite (80) bodies. Most of the segments of the lepidolite zone (90) occur 

withjn and just above the two segments of zone (60), in part transitional into this zone. The 

aplitic albite zone (30) foUows the contacts of quartz core (70) with adjacent zones, and it 

penetrates partidarly the zones (20) and (60). However, late stringers of albite which 

crosscut and replace rnost of the primary zones on small local scale, are not necessarily 

C O M ~ C ~ ~  with the apiitic albite (30), and are not shown on the diagrams (Cerny et al., 

1998). 

Texhiral and paragenetic features strongiy suggest that the rnajority of ail  nine zones 

were produced by primaiy crysta11i7sition from a liquidnuid phase. However, zones (IO), 

(30), and in part (go), also show metasornatic relationships with adjacent zones, and small- 

scale plus very low-volume replacements can be seen within each of the zones (40) to (90) 

(Cemy et al., 1998). 

2.3.1 Zone (10): Border Zone 

The border zone is the boundary between the hoa wall rock and the pegmatite. It is 

usually sharp and ranges kom millllnetres to 30 cenbetres. This zone fonns an intermittent 

concentric shell of very fine grained albite and quartz with biotite, muscovite, apatite, beryl 

and tourmahe as the common accessory minerals around the entire pegmatite. Tourmaline 

and beryl crystals up to 20 cm can be found orientai approximately perpendicular to the 

contact and appear to have grown inwards fiom the contact. This zone can also be found as 

a reaction rim around the amphibolite xenoiiths in the pegmatite. It is not shown in any of 

the diagrams, as it is too thin to show up at the scale utilized, and for bulk compositions 

purposes it has been included in zone (20) as most of the driU logs have not recorded this 

zone. 

2.3.2 Zone (20): Wall Zone 

The wall zone, the next inner-most concentric zone is the first majour mineral 

assemblage of the pegmtite. It consists of albite, quartz, microcline-perthite, muscovite, and 



lithian muscovite with apatite, beryl and tourmaiine as cornmon accessory minerals. Grain 

size generaily mcreases inwards where large columnar microcline-pertbite (up to 3 m) ocairs 

in a matrk of quartz, medium-grained albite (30 cm), and tabular greenish muscovite books 

(10 cm). Other traits of the zone include columnar curviiarmeUar lithian muscovite, 

col= tourmaline (20 a), local metasomatic alteration features, and a generalized colour 

change fiorn reddishlpinkish to beigdwhite microche-perthite in zone (40). The thickness 

of the zone varies throughout, but is generally thicker on the footwaü of pegmatite, reaching 

a maximum thickness of 38 m in the footwd depression pits. 

2.3.3 Zone (30): Aplitic Albite Zone 

The aplitic albite zone (30) forms r o b g  sheet-like layers up to 16 m in thickness, as 

w d  as d e r  ragged discontinuous lenses in the eastem flank of the pegmatite, where they 

reside along the contacts of the waIl zone (20) with the overlying zones (60) and (70), or 

grading into zone (60). In the western part of the pegmatite, zone (30) is disperseci as a 

network within zone (60) and its contacts with zone (20) and (40); continuous and texturdy 

weU-defined layered sequences typical of the eastern part of the pegmatite are much less in 

evidence (Cerny et al., 1 998). Zone (3 0) primarily consists of bluish, greenish, and purplish 

banded saccharoidal albite and is only rarely medium-grained in texture, whereas 

cleavelandite is uncommon and only exceptiondy in contact with the saccharoidal 

aggregates. It aiso contains minor quantities of srnoky quartz with traces of tourmaline, 

apatite, lithian muscovite, and spodumene. This zone is also one of the primary producers 

of Ta and Nb oxide mineralization, along with minor amounts of Be, Sn, Zr, and Hf. 

2.3.4 Zone (40): Lower Intennediate Zone 

The lower intemediate zone, located d y  in the lower and centrai portions of the 

pegmtite is the next innennost adjacent to zone (20). The main constituents are microcline- 

perthite, aibite, q u w  spodumene, and amblygonite-montebrasite with Mian muscovite 

and lithio philite as the minor accessory minerals. Le pidolite, petalite, and tantahm oxides 

are the trace minerals. The zone is a heterogeneous assembly of minerals and assemblages 

that lack compositional uniforrnity, exhibiting two texturally characteristic assemblages: 

(a) Large crystals of pinkish-grey microcline-pesthite and spodumendquartz pseudomorphs 

after petalite (up to 2 m) embedded in a medium grained quark, albite, mica matrix and 

@) quartz pods (0.5 to 2 m) with amblygonite-rnontebrasite and spodumenelquartz 

aggregates; radial rims of cleavelandite and micas usually separate the feldspar-rich 



assemblages fiom the quartz accumulations (Crouse and Cemi, 1972). This zone is readily 

disthguished by the absence of tourmaline and beigdwhite microche-perthite. 

2.3.5 Zone (501: U D D ~ ~  Intermediate Zone 

The upper intermediate zone, located rnainly in the upper portion of the pegmatite is 

commody adjacent to the hanging waU zone (20). It graduaiiy evolves fiom the lower zone 

(40) upwards through a gradational transition designateci (49, compositionally a mixture of 

the two zones. Ifzone (40) and zone (50) were considered as one unit, they would make the 

next innermost sheïi-like zone in the pegmatite. Zone (50) consists of chiefly of 

çpodumaie/cpmtz psaidomorphs d e r  petalite, petalite, amblygonite, and quartz with rninor 

amounts of lithian muscovite, microche-perthite, apatite, lithiophilite, and poiiucite. This 

zone is characterized by gigantic crystals of amblygonite (at least 2 m), microche-perthite 

(at least 7 m), and petaïte (at least 13 m). There are also rare miarolitic cavities, localiy 

abundant leaching vugs fiiied with low temperature mineral assemblages, and an almost total 

disappearance of albite and mica as one moves up through the zone. This zone is the primaiy 

producer of anhydrous lithium silicate rninerals in the Tanco pegmatite. 

2.3.6 Zone (60): Central Intemediate Zone 

The central intermediate zone, also known as the MQM (microche, quartz, and mica 

assemblage), ocaipies r large portion of the central eastem and western flanks of the 

pegmatite, inside a concentric sheii of zones (40) and (50), which more or less approxirnates 

the shape of the pegmatite. Contacts between zone (60) and adjacent zones are often sharp, 

or transitional over a couple of metres, which contrasts with the gradational boundaries of 

many other zones ( e g  zones (40) and (50)). The majour components are microche-perthite, 

quartz, and albite with minor amounts of lithian muscovite, and trace amounts of beryl, 

spodumene, wodginite, cassiterite, microlite, tantalite, apatite, lithiophilite, and tapiolite. 

Within the zone there appear three texturaiiy characteristic assemblages: (a) medium- to 

coarse-grained microche-perthite, with minor quartz, beryl, spodumene, and albit e, 

penetnited by fine grained greenish muscovite with tantalum oxides and cassiterite, (b) 

rounded patches and "waves" of bluish aplitic aibite with disseminateci tantalum oxides and 

cassitente, and (c) grey to smoky quartz, with white and pinkish beryl accumuiated dong 

its contacts with feldspar-nch assemblages. The first assemblage is pervasive and forms a 

matrix in which the other two are regularly distributed with abundant, beryl-enrichecl quartz 



pods in the upper part of the zone (Crouse and Cerny, 1972). This zone is one of the primary 

producers of tantalum and niobium oxide minerais in the pegmatite. 

2.3.7 Zone (70): Quartz Zone 

The quartz zone does not form a true ceneal core, unlike its usuai fom in other 

pegmatites. It fomis several lem-shaped bodies asymrnetricaliy and predomümtly upwardly 

placed throughout the pegmatite. The zone is predominftntly monomineralic, massive, white 

to faintly rose-coloured quartz with minor arnounts of amblygonite-montebrasite, 

microciine-perthite, apatite, lithiophilite, spodumene, and pollucite, dependent on the 

neighbouring zones. 

2.3.8 Zone (80): Poiiucite Zone 

The polluate zone, ahhough petrologicaiiy related to the spodumene zone (50), which 

contains nurnerous smail inclusions of pollucite, is descriptively treated as separate zone 

because the dimensions of some poilucite bodies are large. In the western haif of the 

pegmatite, several srnaii poliucite blebs (up to 61 x 50 x 5 m) are elongated and paraliel to 

the strike of the pegmatite, whereas in the eastern half there is only one large ore body called 

the Main Poliucite Zone (1 80 x 75 x 12 m). Poliucite (80) is mainly located along the upper 

contacts of zone 50 between the hanging wd portion of zone (20) and (10). This zone is 

almost entirely composed of monomineraiic poliucite, with coarse veining of fine-grained 

lepidolite, quartz, and feldspar in most of its volume. 

2.3.9 Zone (90): Le~idotite Zone 

The lepidolite zone is a genenc name given to this zone, which contains lithian 

muscovite as the main constituent. True lepidolite is less cornmon in the pegmatite in 

general, and in this zone in partidar. The two main bodies of this zone form flat-lying, 

elongated, E - W sheets up to 18 m thick with several smaller bodies within the centrai 

intermediate zone (60) or along its contacts with spodumene-rich zones (40) and (50). Both 

micas are fine-grained and commonly intergrom with microche-perthite and quartz along 

these contacts. 



3.1 Data Collection and Storagg 

The collection of data for this project has been a involveci and timeconsuming process. 

Most of the maps and drill core logs generated at Tanco during the past 43 years have been 

recordeci on paper. Only recently, in the last couple of y-, have they been stored digitally. 

Upon starting this project, none of this information was available to the author in digital fomiat. 

In order to build a cornputer model of the pegmat&e, aii the reqtmd maps were digitized nom 

the original paper copies on a Calcomp digitizer and then storexi in AutoCAD 12 drawing 

fiies. In total 1,355 surface and underground drill holes ( F i i  3.01 & 3.02) with cores logs 

were coded in a standardized format and manualiy entered over the course of two years into 

set of Lotus spreadsheets and DBase databases. 

This task was complicated, as over the course of 43 years, the drilling was done for 

dEerent minerais and by different personel. With the guidance and expertise of the Tanco 

personel, the extremely time consuming task of re-interpreting drill logs was made easier. 

Cornparisons of independent assessments show that the author's zona1 interpretations were 

in dose agreement to those of the mine geologins'. The focus on lumping, for niining purposes, 

versus that on spiitting, for detailed modehg, accounted for interpretationai clifferences. 

Given the d e  and difficulfy in iuterpreting, authenticating, and revigng large geological 

databases, such as the one construaed fiorn Tanco's maps and core logs, the development 

of a well designed data storage and retrievai system was necessary. To increase the rate of 

data entry and to eliminate the possibility of incorredy typed data, spreadsheets were designed 

with bd-in data prompting, code checking, and automatic error-flagging routines. Once the 

spreadsheets were setup, databases were constnicted to organize and compile ai i  the coardinate 

and core-log spreadsheets into related database files. Over tirne the they were re-compiled 

to correct errors and to add new data Whenever this was done, the compilation program cross- 

checked the databases looking for inconsistency, as it merged the data for the model-building 

programs. 
3.2 Mode1 Construction 

The bulk of the 3D pegmaîite model was produced and designed in AutoCAD 12 with 

custom-written basic progtams. They accessed user-defined lists of drill holes fkom a databases 

or a spreadsheets to extract thek inforniaton fiom the main cornpiled databases, when building 







sections, srirfaces, or blodc models. When a segment of the ciriil hole model was buiif it was 

exaniired using animateci or real t h e  viewing, sectionhg and fly-throughs to visualize the 

intefaal structures and relationships within the pegmatite. This dowed one to get inside the 

pegmatite mode1 to Visuay. spot pote& problems and to debug cornplex geological situations 

in 3D. 

3.3 Volumetric Caiculations for h d ~ d u a i  anes 

Once the basic structure of the model was built, caldating the volumes for individual 

zones and for the pegmatite was done by constmaing hundreds to thousands of individual 

T W s  (Tnangulated Iireguiar Network) and TGRN's (Trianpuiariy Gridded Regular Network) 

trapemid surfiices between drill holes at drill-wre intersections ofthe hanging-wal and iootwall 

contacts of each zone or body. As an example, Figure 3.03 shows the western end of the 

pegmatite's hanghg-waU and footwall TIN surface contacts. In the centre of the figure is a 

green hi-lighted region. This region is shown in Figure 3.04, as an example of the drill-core 

intersections with TIN mfàces for each zone. These Surfaces were drawn in three-dimensional 

CAD space using Auto Miner (a mining software package) and SchraWs Quick Surf(a surâice 

construction and volume software package), using the Matrox Graphics rd-thne tools. The 

rdt ing  block volume trapemid (Figure 3.05) shows the individual zones, which are calcuiated 

using Simpson's Trapezoid d e  (Press et al., 1992). The individual zone volume components 

for every TIN in this case are then added up to get the totai zone volumes for the entire 

pegmatite (Table 3.01). As each zone in the block uses and shares the same TIN surfaces, 

the resulting total of al1 zone volumes is the same as the overall pegmatite volume, unless 

a zone trapezoid has been rnissed. Once the zone volumes were totalied, the results were 

checked against the pegmatite volume caidated 50x11 the pegmatite/waürock contacts minus 

the amphibolite xenoliths volumes, and the two numben were found to be identical. 

Initialiy, surfaces were created with TIEPs, which are good for flat surfaces with few 

points or for densely populated suhces; however, if the surface was complex and distorted, 

TGRNIs were used as they a p p r o h e  such d a c e s  closer. Essentiaiiy, the denser the grid, 

the better the approximation to the surfke, however, this is offset by exponentidy increasing 

file sizes. Grid &es fiom 5 feet (1.52 m) to 50 feet (1 5.24 m) were tned to optimize file size 

and reported volumes. File size manageability and volume accuracy converged around the 

20 foot (6.09 m) grid size, which was subsequentiy used for the grid volume calcuiations. 





Figure 3.04 Construction of TïN zone surfaces for volume calculation. Vertical lines 
are the drill holes. Triangles are the zone surfaces attached to the drill holes 
at the zone and wall rock contacts. Yellow represents zone 20, orange zone 
40, and red zone 70. View perspective is looking fiom above to the north. 



Table 3-01 Individual Zone and Total Zone Volumes 
Pegmatite 

Zones 
Zone(1 O) 
Zone (20) 
Zone (30) 
Zone (40) 
Zone (50) 
Zone (60) 
Zone (70) 
Zone (80) 
Zone (90) 

Volumes Volumes Volumes 
(ff) ( d l  m3) 
332,093 9,404 9.40e-06 

102,497,721 2,9O2,4 13 0.0029 
8,935,717 253,03 1 0.0003 

95,690,376 2,709,650 0.0027 
43,627,916 1,235,405 0.0012 
45,073,066 1,276,327 0.00 13 
24,820,16 1 702,829 0.0007 
4,423,243 125,252 0.000 1 
7,024,799 198,920 0.0002 

Volume 
rercentage 

O. 10% 
30.83% 
2.69% 

28.79% 
13.12% 
13 -56% 
7.47% 
1.33% 
2.11% 

Given the size of the pegmatite and the viewing perspectives on thin zones, the density 

of the surfàce grid h e s  makes it impossible to display individuai zones at a reasonable s d e  

as they show up as indistinguishable solid objects. Instead, data points and isopachs of the 

individuai zones have been used to show the shape and size of the individuai zones. The 

foUowing isopachs were caladateci using the vertical distance between the hanging and footwaIl 

surfaces created ftom drillare zone boundary intersection; they do not represent tme t h i h e s s  

even though the pegmatite is almost horizontal. The scaies used in the legend of each zone 

are not identical and were chosen to be proportional to their respective zones. They were done 

this way to maximize the resolution of the s d e s t  zones. 

The border zone (10) was not dadateci for reasons acplained in the m e n t  of interna1 

structures in the fira paragraph of Section 2.3 on page 1 1. 

3.3.1 Zone (20): Wall Zone 

The waII zone is e d y  distinguished f?om other zones in the pegmatite and is recorded 

in the core logs fairly well. It usually occurs at the contact of the pegmatite and forms the 

first, outermost, sheli which surrounds eveIything inside the pegmatite. Zone (20) was 

inter~ecfed by 805 drill holes over the known area of the m e  7 13,l O6 m2 (Figure 3-06), 

averaging 1 dnU hole per 885 m2. The zone comprises 30.83% of the pegmatite by volume. 

3.3.2 Zone (30): Aditic Albite Zone 

The aplitic albite zone is limited in volume and in extent throughout the pegmatite. Its 

interpretation has not been consistent throughout the years, and it is was IocaiIy combined 



Figure 3.05 Volume block trapezoid shows individual zones, which are calculated using 
Simpson's trapezoid rule. Yellow represents zone 20, orange zone 40, and 
red zone 70. View perspective is looking fiom above to the no*. 
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Figure 3.06 Plan view (top) showing drill hole intersections of the zone w e d  
to conetruct the zone 20 isopach map (bottom). 



with zone (60). In the present study it was split out of the logs on the bsis  of high Ta and 

Sn *es and matching rnineralogy. Zone (30) was intersected by 121 drill holes over an area 

of 233,500 m2 (Figure 3-07), averaging 1 drill hole per 1929 m2. The zone comprises 2.69% 

of the pegmatite by volume. 

3.3.3 Zone (401: Lower Intermediate Zone 

The lower intermediate zone, an aggregaîion of four mineral assemblages, was generally 

wd logged. In a few cases, entire holes were logged as zone (a), even though they may have 

containeci other zones. These holes were sorted out in the present study and spüt based on 

their minerdogy, their assays, and their fit into the 3D modeled surfaces. Zone (40) was 

intersected by 683 drill holes over an area of S28JOû m2 (Figure 3.08), averaging 1 drill hole 

per 774 m2. The zone comprises 28.79% of the pegmatite by volume. 

3.3.4 Zone (50): U ~ p e r  Intermediate Zone 

The upper intermediate zone has been recordeci consistently over the years and is easily 

idenfifiai underground, in drill cores, and fiom the assays. The zone compliments zone (40) 

in the upper part of the Pegmatite and in part surrounds zone (80). Zone (50) was intersected 

by 409 drill holes over an area of 395,8Uû m2 (Figure 3.09), averaging 1 dru hole per 967 m2. 

The zone comprises 13.12% of the pegmatite by volume. 

3.3.5 Zone (60): Central Intermediate Zone 

The cenaai intermediate zone in combination with its rock-fonning minerd asseblages 

has g e n d y  been logged well, but was locally combined with zone (40) and confused with 

zone (30). However, in the present study it was identified and traced fiom assays, as it is one 

of the two mineable tantaium ore zones. Zone (60) was intersected by 344 drill holes over 

an area of 20 1,000 m2 (Figure 3. IO), averaging 1 drill hole per 584 rn2. The zone comprises 

13 -56% of the pegmatite by volume. 

3.3.6 Zone (70): Ouartz Zone 

The quartz zone is well understood due to its monomineralic nature. It tends to fom 

long thin bodies in the eastern half of the and in the core. Zone (70) was intersected 

by 286 drili holes over an area of 2 1 1,000 m2 (Figure 3.1 l), averaging 1 drill hole per 737 m2. 

The zone comprises 7.47% of the pegmatite by volume. 

3.3.7 Zone (80): Poliucite Zone 

The pllucite zone is srnail in total volume, but tends to fom a few individuai large bodies 

and maay smail blebs. The main bodies are volumentncally weli definecl, whereas the s d e r  



Figure 3.07 Plan view (top) showi~g drill hole intersections of the  zone used 
ta conatruct the zone 30 iaopach map (bottom). 
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Figure 3.08 Plan view (top) showhg d.rill hole intemections of the zone uaed 
to constnift the zone 40 isopach map (bottom). 
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Figure 3.OQ Plan view (top) shoning driïi hole intersections of the zone wed 
to conatruct the zone 50 isopach map (bottom). 



Figure 3.10 Plan view (top) shoning drill hole intersectiona of the zone used 
to coastnict the zone BO isopach map (bottom). 



Figure 3.11 Plan view (top) showhg driU hole intersections of the zone used 
to conshct  the zone 70 isopach map (bottom). 



Zone 80 
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Contour I n t m l  2m 

Figure 3.12 Plan view (top) showhg drLU hole intersections of the zone used 
to construct the zone 80 isopach map (bottom). 



ones are pooriy d&ed and have consendvely interpreted surfàces and volumes. Zone (80) 

was intersecteci by 53 drill holes over an area of 21,000 mZ (Figure 3-12), averaging 1 drill 

hole per 396 m2. The zone comprises 1.33% of the pegmatite by volume. 

3.3.8 Zone (901: Le~idolite Zone 

The lepidohte zone was historically easily distinguished because of its colour and 

mineralogy in the drill core log. It fonns large bodies and thlli stringers. Whenever it was 

encountered in the core logs, but reported as another zone, it was split in out the present study 

and logged as zone (90). Zone (90) was imersected by 90 drill holes over an area of 50,400 m2 

(F'igurr 3-13), averaging 1 drill hole per 561 m2. The zone comprises 2.1 1% of the pegmtite 

by volume. 

3.4 Volumetric Calculations for the P-atite 

The surface construction for the entire main body of the pegmatite (i.e. hanging-wail 

and f o o d  contacts) was generdy the easiest task because the black to white contact was 

wnsistentiy identifiai by all workers aii the tirne. The top surface is sloping, flat, and regular, 

whereas the bottom surface is pitted and has troughs. These two surfàces pinch out graduaiiy 

or abmptiy depending on the local structural features that controlled the emplacement of the 

pegmatite. 

Sub-vertical and sub-horizontal pegmatite dykes off the main body were observed in 

the drill-cores. The dykes were constructeci into the cross sections and 3D model, however, 

they are not part of the main pegmatite and were not included in the caldations Surface 

exposure of the pegmatite is only hown to outcrop in the lake bottom (Figure 3.14). Based 

on modelling, this spot is minimal in extent and only exposes the outermost contacts of zones 

(20) and (50). Volume reconstruction of the erosional surface was calculated to be 23,000 

m3, about 0.0024% of the total volume of the pegmatite and its composition does not affect 

the bulk data. The overall volume caiculation for the known pegmatite body is considered 

to be accurate as the pegma&e intersects 908 drill holes over an area of 7 13,100 m2 (Figures 

3-15 and 3.16), averaging 1 drill hole per 785 m2. 



Zone 90 

Contour In teml  l m  

Figure 3.13 Plan view (top) showing drill hole intersections of the zone used 
to construct the zone 90 isopach map (bottom). 



Figure 3.14 Lake bottom exposure of the Tanco pegrnatite in red. Lake bottom is 
brown. Land is green. Tailing pond is blue. White blocks are the head 
frame for scale and the white line is the outline of the known pegmatite. 





FQure 3.16 Plan view of the Tanco pegmatib - known extent and potential extent outlines marked with 
a heavier solid and by a daahed zero iao-line. The heaviest black lines in the centre of the 
isopach map represent three profiles on eections QlOOE in Figure 2.03, 10200E in Figue 2.04, 
and 9700N in Flguree 2.05 and 2.06. 1 



4 METHODOLOGY OF MASS COMPOSITION CALCINATIONS 

4.1 Modal Minersl Com~ositions of Individual Zones 

Mineral compositions have been estimateci for individual zones by examinhg the drill 

cure, the underground wo- photographie obsewations, and microscopic studies of k e -  

grained assemblages. Many years of personal obsewations and communications by former 

mine geologists, the m e n t  chief mine geologist Peter Vanstone (confidentid mine reports 

and personal communications), by Dr. Dave Teertstra (Teertstra, 1997), Dr. Scott Ercit 

(Ercit, 1995b), Dr. George Morgan and Dr. Dave London (Morgan & London, D. (1987), 

the author, and Dr. Petr Cemy (Cemy et ai., 1998) have gone into the compilation and fine- 

tuning of Table 4.01. 

The table shows rnost of the primary minerals, which compose at Tanco in a roughly 

descendhg order of abundance by zone. Major components are greater than or equal to 3% 

by volume and are the most accurate modal estimates, approximately *5% relative, for the 

rninerals: K-feldspar, albite, quartz, petalite, spodumene, pollucite, most micas, and 

amblygonite in ali  zones. Reliability of zones, specincaiiy zone (40) and zone (50), with 

uneven distributions of very coarse-grained minerals is somewhat laser. Zone (50) and 

zone (80) are also correlated with Li,O and Cg0 wt?40 ore grades, based on minerais that 

make up most of these zones. 

Subordinate cornponents are less than 3% and greater than or equal to 1% by volume, 

and are *20% relatively accurate for the minerals: beryl, apatite, lithiopMite, tourmaline, 

eucryptite, and amblygonit e. 

Minor components, those less than 1% by volume, are about *40% accurate for: Nb, 

Ta-oxïdes, cassiterite, rutile, zircon, and uraninite. Nb, Ta and Sn mineral abundances, 

however, are in rough agreement with Tanco's pub lished preproduction reserves of tantalum, 

their ment confidentid updates, and their confidentid Ta and Sn assay data. Nb, and in part 

Sn, were then calculateci using the minera1 chemistries of cassiterite and rutile. Proporiions 

of the Ta-bearing phases were worked out fiom microscopic observations and nom modes 

of Ta-ore concentrates. 

The modal percanage of Prcon rnay be slightly overestimated, but this is wmpensated 

for by the recently discovered subordinate Zr and Hf contents of wodginite and ixiolite 

(Cemg, Ercit, Smeds and Groat, ms. in preparation). 
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4.2 Com~ositions of Individual Minerals 

Compositions for inavidual minerals were taken fiom many sources. In the cases of 

albite, K-feldspar, and columbite-tantalite, recalculations were d e d  out to match the 

observed minera1 compositions in Mirent  zones. Ga,O, and Ti20 values were dso added 

to total mineral compositions fiom Cemy et (11. (1998) and unpublished data of P. Cemy to 

account for these trace elements in many minerals. 

Quartz: 
- assumed to be pure SiO,. 

Aibite: 
- calculated for optically estimateci &An proportions. 

K-feldspar: 
- aikali and akaline earth contents averaged per zone Cerny et al. (1 W8), 

complemented by calcdation of other components; P20, for both types of 

feldspars fiom London et al. (1 990). and unpublished data of P. Cemy . 

Micas: 
- fiom Rinaldi et ai. (1972), Cemy et al. (1 998) and unpubiished data of P. Cemy, 

except for fine-graineci vedet muscovite - D.K. Teertstra (1997). 

Petalite, spodumene: 
- fiom Cemy & Ferguson (1972), Cerny et ai. (1998). 

Eucryptite: 
- fiom Cemy, (1972), Cemy et al. (1998). 

Apatite: 
- fiom unpubiished data of P. Cemy & P. Povondra. 

Lithiophilite: 
- from unpublished data of A-M. Fransolet et ai. 

Amblygonite-montebrasite: 
- fiom Cenia et al. (1972). 

Beryi: 
- fiom Cemy & Simpson (1977), with modifications for individual zones. 

PoUucite: 
- fiom Cemy & Simpson (1978). 

Tourmaline: 
- averages per zone with d d a t e d  B,O,, LiO, and H20 contents, provided by 

J.B. Selway (1998, in prep.). 



Cassiterite, rutile, ferrotapidote: 
- nom Cern9 et ai. (1998). 

Columbite-tantalite: 
- cddated fkom average F e M n  and Nb/Ta ratios per zone Cemy et ai. (1998) 

and wmplemented with minor elements f?om Ercit (1986). 

Wodginite, microlite: 
- fkom Ercit (1986) and Cemy et al. (1998). 

Uraainite: 
- Born Cerny et ai. (1998). 

Zircon: 
- nom Cemy & Süvola (1980). 

4.3 Densities of Individual Minerais 

Densities for individual minerals were taken from many sources. Table 4.02 nimmarizes 

the densities used in the calculations of zone and bulk compositions. 

Quartz, albite: 
- textbook values fiom Deer, Howie & Zussman (1962). 

K-feldspar: 
- interpolated between textbook value for pure potassium microcline (2.55) and 

Rb- rich microcline from Red Cross Lake from Cemy et ai. (1985). 

Muscovite, lepidolite: 
- average textbook values fiom Deer, Howie & Zussman (1962) as the full extent 

of compositional variabiiity is not yet known. 

Lithian muscovite: 
- interpolated between muscovite, lepidolite. 

Petalite, spodumene: 
- as deterrnined on Tanco samples from Cemy & Ferguson (1972). 

Eucryptite: 
- textbook values fiom Vlasov et al. (1962). 

Apatite: 
- textbook value for fluorapatite end member fiom Deer, Howie & Zussman 

(1962) and manganoan apatite determineci by Quensel cited in Deer, Howie & 

Zussman (1962) for a composition close to those analyzed for typical Tanco 



Table 4.02 Minera1 Density by Zone 
Zones 
Densities 
Quartz 

-. -- -- 
Albite 
K-feldspar -- - - -. 

Muscovite ---- - - . . . 

Li-muscovite - -- -. -- - - 

Lepidolite - - - . - . - - 
Petalite ----- -. . - 
Spodumene - .. - . 

Eucryptite --- -. .- . . . 

Apatite 
~ i th io~hi l i c -  

- ' 

- - - . . - - . 
Am blygonite 
----- - 
Beryl - - - - - - - - . - - 
Pollucite ---- --. -- . . 

Tourmaline 
-. - . 

Cassiterite 
Rutile 
----- - - 

Ferrotapiolite ---- -- 

Columbite Grp --- -. 
Wodginite Grp --- - 
Microlite Grp -- 
Sirnpsonite 
--.. -- - 
Uraninite - 

Zircon --- 
Biotite 

Zone (IO) 1 Zone (20) 1 Zone (30) 1 Zone (40) 1 Zone (50) 1 Zone (60) 1 Zone (70) 1 Zone (80) Zone (90) 
g/cm3 

2.66 



Lithiophiüte: 
- average values nom (I% et etal. 1989), for average compositions anaiyzed for 

Tanco sarnples (unpublished data of A-M. Fransolet et al.). 

Ambiygonite-montebrrsite: 
- measured in Cern& et al. (1972) for samples close to zona1 averages. 

Beryl: 
- interpolated fkom a diagram by Schder & Stevens f?om compositions and 

optical data in Cemy & Simpson (1977, Fig.6). 

PoUucite: 
- measured on a typical sample analyzed by Cemy & Simpson (1978). 

Tourmaline: 
- interpolated for typical average compositions per zone by J.B. Selway in Cemy 

et al. (1998) from textbook end-member values Deer, Howie & Zussman (1962). 

Cassiterite, rutile: 
- textbook values from Deer, Howie & Zussman (1962) adjusted for Fe, Nb 

substitution. 

Ferrotapialite: 
- textbook values fiom Vlasov et ai. (1962). 

CoIum bite-tantalite: 
- interpolated for average Ta/(Ta+Nb) (at.) ratios per zone Cemy et 01- (1998) 

nom the diagrarn in Vlasov et al. (1 964). 

Wodginite: 
- average value estimated for Tanco compositions fiom Ercit (1986) and Ercit et 

al. (1995a). 

Microlite: 
- average textbook value from Vlasov et ai. (1964); however, the compositional 

range and consequently the densitiu are very diversified. 

Simpsonite: 
- average value from the Iiterature, and calculated for a Tanco sample Ercit et al. 

(1 995b). 

Uraninite, thorite: 
- textbook values fiom Vlasov et ai. (1 964). 

Zircon: 
- interpolated for typical Tanco composition çemy & Süvola (1980) fkom 

synthetic end-member data of Bideaw et al. (1995). 



4.4 Bulk Comoosition Cdculations for the Peematite 

There are two stages involveci in calcuiating the bulk composition of the T a r n  

pegmatite. The initial stage of this process takes each individual zone of the pegmatite and 

calculates the corresponding "Zone Composition." This composition is caiculated by 

multiplying the individual minerals in the modal composition of the zone in (from Table 

4.01) by their densities fiom that zone (Table 4.02) aga& each elemental oxide for that 

rnineral, calailateci h m  the sources in Section 4.2. The redting product for each elemental 

oxide of each mineral in the zone is then summed up to create a "Weighted Factor." 

Individual weighted factors for each oxide are then summed up to m a t e  a "Total Factor. " 

The zone composition of the pegmatite represents a normalized composition for aU the 

mineral oxides ushg the individual weighted factors over the total factor. A weighted zone 

density is also produced for each zone by summing the products of each mineral mode 

multiplied by the mineral density. The results of zone compositions can be seen in Tables 

5.01 and Tables 5.09. 

The nnal stage of this process takes the individual zone compositions and densities dong 

with the corresponding zone volumes to calnilate the "Bulk Composition." It is calculateci 

by multiplying the individual oxides in the zone composition by the zone densities againn 

the zone volumes nom Table 5.10. The resulting product for each zone olride in every zone 

is then sunmed up to create a weighted factor. Individuai weighted factors are then summed 

up to ma te  a total factor. The b d k  composition of the pegmatite represents a composition 

adjusteci to 100% for al the mineral oxides using the individual weighted factors over the 

total Wor .  A weighted bulk density is also produced by surnming the products of each zone 

volume multiplied by the zone density. The bullc composition results cm be seen in 

Table 5.11. 



5 BULK COMPOSITION RESULTS BY VOLUME AND MASS 

5.1 Bulk Com~osition of Individual Zones 

The moda mineral compositions and densities of the individual zones shown in the 

foiiowhg Tables 5.01 to 5.09 were taken nom Tables 4.01 and 4.02. The elemental oxides 

of each minerai in each zone were taken or calculateci fiom the sources in Section 4.2, The 

normaiized density and results of each zone composition appear in the right-most column 

5.2 h d ~ d u a i  Zone and Total Zone Volumes 

The individual zone and total zone volumes shown in Table 5.10 are the results of the 

volumetric calculations for individuai zones in Section 3.4. 

5.3 Bulk Com~osition of the Pegmatite 

Table 5.11 summarizes the Zone Compositions fiom Tables 5.01 to 5.09 and Zone 

Volumes fiom Table 5.10 showing the caldateci pegmatite bulk composition adjusteci to 

100% in the right moa column. 



Table 5.01 Mineral Compositions and Densities in Zone (10) 
Minerai Quartz j Albite Muscovite Apatite l Tourmaline f B q l  ! Lithiophilitt Zone Comp. 
Mode 28.70% 1 66.00?h( 1 . W h  1 2.000/01 2.0W00) 0.20%j 0.1W0 1100.W0 
Densiîy 2.66 i 2.62 i 2.83 1 320 i 3.161 2-75] 3.40 2.66 
Si02 100.00 1 67.61 / 4320 i 35.85 1 6235 f 7427% 
A1203 1 20.12 : 3436 I 0.02 i 34.05 1 1750 i 1432Yo 



Table 5.02 Mineral Compositions and Densities in Zone (20) 
Apa~ite 

0.10% 
Lithiophilite Amblygonitc Beryl : Tou Li-muscovite 

3.0096 

Na20 
K 2 0  
Rb20 

Mineral - 

Mode O. 10961 050% 
3.40 1 3.03 

0.50%1 
2.75 ! Density 

Si02 
A1203 
Ti02 

Qw 1 Albite / K-feldspar i Muscovite 

2.80 
36.00% 

34.1 8 

1 1 1.57 

3.20 

Fe203 
, Fe0 
Mn0 
M e 0  
Ca0 
S r 0  
Li20 

40.70%1 15.00% 1 3.0046 
2.66 

100.00 62.35 1 
17.50 ! 

1.70 i 0.90 
13-00 i 9.20 
1-20! 2.15 

1.38 i 
0.05 1 
0.03 , 

0.12 1 0.20 
0.03 1 

1 
Cs20 
~ 2 0 5  

0.90 ; 

2.62 f 2-56 1 2.83 
,. 50.00 1 

1 I 

! n.d.1 0.15 
18.50 1 I 
25.71 1 
0.77 f i 0.10: 

0.60 
6.80 
2.10 

0.10 ! O. 18 

0.09 
0.0 1 

0.35 

Be0 
H20+ 
H20- 

41 .56 

67.60 
20.06 27.50 

0.48 
0.0 1 

55.12 
0.06 
n.d. 

1 1 ! 

0.16 1 0.02 

0.22 

- B203 
45.85 i 

64.65 ! 43.20 
18.93 1 34.36 0.02 

0.01 : 
1 

0.35 I 
i I 

49.1 1 1 
I 

I 

1 t 
i 6.00 
1 

0.30 1 0.55 

I l 1 12.20 t 

0.12 1 I 1 1.96 
I f I 0.08 ; 

I 

10.00 

F 
Sc203 
Sn02 

0.07 

i 0.43 

9.52 1 0.80 

1.00 

L 

T 0.64 
f I 

! 

-0.01 1 0.20 

Nb205 
Ta205 
u02 
Pb0 
W03 

6.43 

0.20 : 

0.03 1 0.52 

l 

. !  

, I 
l 

1 

1 

I 

0.86 

~ T O ~ I S  (46) 1 ~M).OOZ! 100.02% 

Zn0 
Zr02 
Hf02 
Tl20 
Ga203 

t 

1 

1 
1 

i 

1 
0.011 1 

! 

1 

100.18Ri 97.86% 

0.002 

1 

0.009 

89.66% i 97.50% i 1 O 1. I 8% 1 99.35% I 97.52% I 

0.007 
Sb203 1 I 

0.011i 0.010 
0.010 i 0.085 

0.015 
0.063 





Densities in Zone (20) 





Table 5.03 Mineral Compositions and Deasities in Zone (30) 
Mineral 
Mode 
Density 
Si02 
A1203 
Ti02 
Fe203 
Fe0 

, Mn0 
M g 0  
Ca0 

* Sr0 
Li20 
Na20 
K20 
Rb20 

Quartz 1 Albite 1 Muscovite ( Lepidolite f Apatite I Lirhiophilite 1 Amblyponite 1 Beryl 1 Tourmaline 1 Zircon 
0.02% 
5.07 

27.00% 
2.66 

0.7 1 
--- 

0.25 Cs201 
P205 

100.00 

67.00%/ 3.00Rtj - O.Io%/ 0.404&/ 0.20% 1 O.lO%j 1.009bJ OSO% 

0.38 

2.62 1 2.83 / 2.75 1 3.30 f 3 -40 

- B203 
Be0 
H20+ 

3-03! 2-751 3.19 

! 

i l I 1 9.50 

1 63.35 1 36.62 28.50 
34.18 ; 16.77 / 35.97 1 0.80 

1 

67.55 
20.08 .. 

H20- 
F 
Sc203 
Sn02 

. Nb205 
Ta205 
u 0 2  

, Pb0 
W03 
Zn0 

,Zr02 
- Hf02 
n20 
Ga203 

vSb203 
Totals (%) 

l I [ 0.24 / 

1 
0.12 1 

j 11.21' 6 

! 

1 
0.02 i 

1 i 
i 

I 0.30 
1 i 0.07 

I -0.0 1 

43.20 
34.36 

1 2.10 6-00 
i 

I I ! n.d.1 0.07 1 l 
1 

I 1 0.03 1 16.61 8.121 0.03A 
0.22 0.48 , 26.66 ; 0.00 j 0.37 1 0.02 ' 

-0.0 1 0.01 ; 0.84 i 0.00 i 0.44 

47.50 
28.64 

3.00 
I 0.05 

6.43 

4.38 
0.2 1 

0.97 

I 

0.64 1 4.08 

I 

55.12 0.02 1 0.12 1 0.08 
0.06 1 1 

3.50 j n.d. 1 10.00 9.52 1 1 -29 0.10 
- 0.19 0.12 0.09 1 1.68 2.4 1 

9.45 0.03 0.01 1 0.07 0.02 
3.59 

0.43 

1 
1 

0.0 10 

I I 
I 

0.75 

- 

[ 

53.00 
17.60 

- 

I 
1 

100.00% 1 100.02% 

I l  .57 0.80 
9.00 
2.40 

- 

0.002 0.009 

99.72961 98.09% 1 99.95% 97.86% 1 102.55% 1 97.50% 1 99.17% 

0.20 

0.054 0.085 1 0.063 

1 

99.35% 

0.007 0.01 1 





el Amblvgoniie l Bewl 1 Tourmaline ! Zircon 1 Cassiterite Rutile 1 Femiapiolite 1 Col-Tant 1 Wodginite Microlite 
0.02% 
5 .SO 

1.081 
0.96 
0.36 

7.88 

Zone cornp.- 
99.48% 

2-64 , 
74.54% 
14.94% 
0.03% 
0.0096 
O. 12% 
0.09%. 
0.00% 
057% 

6 
1 

O.OZ%/ 0.02961 0.03%) 0.05% 

! 63.35 36.62 i 28.50 
34. 18 ] 16.77 1 35.97 1 0.80 1 

0.1Wl 1.00% 
3.03 ! 2.75 

b 

1 

O.SO%j 0.02961 0.02% 
4.40 1 7.90 1 6.60 

! 
1 

3.19 1 5.07 7.10 6.90 

---- 
1 0.24 / 0.26 

n,d.i 0.07 1 
l I 
1 

I I 8 - 1 2 :  0.031 0.49 
, 0.00 1 0.37 1 0.02 1 0.33 

1 

i 0.00 I 0.44 i I I I 

0.02 1 0.12 1 0.08 l / ! 1 l 

1 I 

1 -20 

6.62 
9.80 

59.40 1 0.17 
1.40 / 
5.14 ! 12.04 
0.04 1 2-00 

4.59 
0.87 
4.95 
6.72 





Table 5.04 Mineral Compositions and Densities in Zone (40) 

, Densitv 
Si02 
A1203 
Ti02 
Fe203 

2.66 
100.00 

Albite ! K-feldspq 
3c.096 

. Fe0 
M n 0  
Mg0 
Ca0 
Sr0 
Li20 
Na20 
K20 
Rb20 
Cs20 
P205 

Muscovite 1 Li-muscovite- 
1 .OO% i 2.00% 24.0096 

0.09 
0.77 
0.02 

3.50 

Lithiophilite 
0.50% 

-- 

~~~id~li& 1 Pet&= ( Spociumene 1 Apatite 
0.50%1 10.oosbl 0 . 3 ~ )  0.2û% 

11.81 f 
32.65 
0.46 

Aml 

2.62 

' 0.0 1 
0.16 

7.87 
0.1 1 
0-04 
0.00 
0.00 
0.02 

I 

2.57 1 2.83 / 2.80 2.75 1 2.42 1 3.15 

52.30 

67.78 
0.5 1 

1 
1 

3.30 

0.50 
0.07 

0.38 
n.d. 

O. 14 
0.05 

41.81, 

27.40 

0.05 

19.9 1 r 18.88 

, 0.07 1 0.06 1 
0.21 ? 0.44 1 

r 

10.00 

45.39 

1 ! -0.0 1 

63.45 44.77 1 43.20 
34.36 

0.37 1 0.90 ! 0.03 
i I 0.0 1 
1 ! 

' 45.25 ! 51.65 1 77.85 
25.90 f 26.65 I 16.60 

0.55 
0.80 

' 0.21 ] 0.02 
f 

3.97 
0.4 1 

1 1 1 
1 0.0 1 

1 1.69 

I 

1 
1 0.40 1 0.44 1 

0.08 
1.80 
13.20 
1.85 
0.12 

4.28- 
0.40 
8.68 1 0.05 

4.54 
0.05 

9 .O0 9.12 - 
2.25 
0.2 1 

3.46 / 4.47 
0.79 0.79 









Table 5.05 Mineral Compositions and Densities in Zone (50) 





h n e  Comp. 
99.71%' 

256 
72.10% 
1 6.69% 
0-0296 
0.01 CXC 
0.15% 
0.48% 
0.01 91O 
0.12% 

0.0006% 
2.99% 
1 -25% 
3.38% 
0.59% 
0.09% 
1 .40% 
0.0 f % 

O. 137946 
0.205% 
0.078 
0.08% 

0.0001 96 
0.0337% 
0.0 146% 

- 0.1 - -  168% 
0.0 1 82% 
0.0037% 
0.0000% 
0.0002% 
0.0100% 
0.0034% 
0.0062% 
0.0079% 
0.0004%m 
100.00% 

te flithio~lit&mblygonitel Beryl 1 Pallucite ITourmalinef CassiteriteI Rutile Col-Tant l Wodginitc 
o.o2%l 0.02% 
7.00 1 7.10 

0.02% 
4.40 

32.20 

Mimlite 
O.OZ% 

550 
0.01% 
6.90 

1.00461 0.10%) I-OO%~ 0.10% 
3.04 1 2.78 / 2.871 3.10 

5 1 

3% 
30 

Uraninite l Zircon 
I .cm% 
350 

59.40 
1.40 

o.om 
10.00 

0.1 1 i 0.07 1 1 

1 63.35 
1 34.53 1 16.77 

O-01% 
5.07 

5.14 
0.04 

1 

1 
0.30 [ 0.19 

47.07 1 3755 1 
15.95 1 39.29 

0.49 
0.33 

1 .O8 

I 1 2.70 1 

1 0.00 1 1 1 3 1  
09 
77 

1 0.98 
1 0.08 

1059 
3 3.50 

0.79 1 1 O.% 1 
14-70 / 9.49 1 0.36 

, 

1 

0.26 

O2 

0.04 
0.20 

0.01 1 0.00 1 ; 0.02 
0.02 1.60 

. l i t 

05 

l 0.24 
1 0.06 

I 

30 ) j 0.17 

i 

7.88 0.12 j i 0.22 

n.d. i 

f 

2.72 

- - r -  
I 

0.07 i 0.01 
0.07 

38 1 ! 

I 1 2.92 
.81 1 45.20 1 49.32 1 

3.d. 
14 

1 i 1 1 
I I .O8 

9.86 
0.05 

10.00 
0.1 7 

0.83 i I 

1 11.21 ! 1 I 

I 1 2-10 I 3.00 i 

1 
32.19 ! 1 

12%. 

1.29 
1.68 

0.0 1 

7 I I 1 i il.oo! 

1 1.40 
159 1 2.07 

0.33 j 0.01 ] 1 1 1 , I 

I 1 

I 1 0.05 ! I I I 1 i I 

i 5.56 1 
0.09 
1-18 
4.29 

28-90 

1 1 .07 i 

98.90%) 1 ûû.2646 

1 

! 1 ! 1 1 0.07 

99.73% 1 95-21 4R, l00.009b 99.46% 1 99.62% 1 99.7281 97.988 1 1 oO.O7% 

I 
0.05 
0.20 

50.40 
17-40 

93.36 
0.25 

1 

100.43% ( 1 00.44% 

1 
! 

1 

18.85 
65.06 

1 

i 1.82 

1 

t 

i 

14.01 

1 5.67 
l 
1 
I 

0.054 0.054 

0.49 
2.95 

71 -74 

0.9 1 

79.80- 
15.40 

1- 1 6-01 

1 0.14 

i 1 

0.010 1 T 
0.008 1 

l 

l ! 

- 

259 
68.76 

1 

1 
0.002 1 0.007 

1 

2.10 

1.65 
0.0 1 

0.01 3 





Table 5.06 Mineral Compositions and Densities in Zone (60) 
Mineral 
Mode 
Dcnsiîy 
Si02 
Al203 
Ti02 
Fe2031 
Fe0 
Mn0 
M g 0  
Ca0 
S r 0  
Li20 
Na20 
K20 
Rb20 
Cs20 
P205 
B203 

. Be0 
H20+ 
H20- 

. F 
Sc203 
Sn02 
Nb205 
Ta205 
UO2 

-Pb0 
W03 

Quartz Albite 1 K-feldspar 1 Muscovite Lepidolitc Spodumene Apatite j Lithiophilitcf Bay1 1 Towmaline 1 Cassiter 
15.00% 20.0046 50.00% 12.00% O. 1096 O. IORD 0.20% 0.50% 1.00% 

2.66 2.62 258 2.83 2.75 3.15 330 3.50 2.78 
100.00 67.64 63.74 43.20 46.72 1 63 -45 63.35 

19.97 18.70 34.36 27.97 27-40 1 0.06 16.77 
1 - 

0.109bl 0.0: 
3.10 

3530 
34.70 
0.38 

62 

O.: 

0.4 
m. 

1 0.32 0.05 1 0.10 8.66 12.17 
1 ! 0.07 0.27 / 1 0.89 35.64 0.00 
1 4.0 1 0.01 1 0.0 1 0.0 1 0.30 1 0.00 
1 0.21 1 0.10 I 0.16 53.50 1 0.12 

0.38 1 O.: 
0.05 
0.07 

1 1 I 1 0.04 
, 

I 
I I l 

0.06 1 0.29 3.33 i 7.87 n.d.l 10.00 1 -29 0.10 
1 1.69 1.10 0.23 0.19 1 0.1 1 . 0.15 1 0.20 1.68 1.77 

I 
l 

1 0.48 
1 

0.02 

0.0 1 
10.20 

1 I 

13.80 
2.20 
0.24 
0.52 

4 

. 10.80 
1.63 
0.2 1 

I 

I 1 6.00 
1 
i 0.64 

9.62 1 0.04 
3.23 1 0.00 
0.59 1 0.00 

1 0.02 

l 1 11.21 j 

0.04 

41.35 

I 

45.40 

i 

I 

! 
1 

1 
I 

0.07 
0.07 
2-92 

4.94 1 0.30 

0.C 
93.3 
0.2 
5.6 

l I 

1 

0.02 
0.76 

1 3.85 

1 

! 

1 ?.IO[ 3.20 ) 
0.1 1 

I 
, 

1 [ 
1 0.39 





wyl 
1 -0046 
2.78 
53.35 
16.77 

0.07 

0.00 
0.00 

Col-Tant 
0.01 % 
7.30 

1 -45 
12.88 

Ferrotapiolite 
0.01 46 
7.90 

. 0.17 

T o u d i n c  1 Cassiterite 1 Rutile 
O. 10% 1 0.02% 1 0.02% 
3.10 6.90 1 4.40 
35.30 1 l 

8.20% 

0.12 1 0.07 1 I 1 1 

0.07 

Zone Comp 
99.18% 

2.62 
6652% 
17.92% 
0.02% 
0.00% 
O. 12% 
0.27% 
0.008 
0.23% 

0.0001% 

Wodginite 1 Microlitc 

, 59.40 
1 -40 

34.70 1 

I 

0.08 
I 

1 I 1.29 

0.02 

0.05% 
7.10 

0.24 
1.16 

Simpsonite 1 Uraniniu ) Zircon 
O.OlO%t 0.01%] 0.02% 

5.14 1 12.04 
0.04 i 2.06 

I 

0.38 

12.17 

1 
7.33 f 1.60 

1 
0.10 

0.07 
2.92 

' 1 i 1 

0.03% 
5.50 

1 .O3 

6.70 
22.95 

0.26 

0.49 I 1.27 1 

0.00 

1.68 

10.00 1 5.07 
j 28.50 

0.80 
f 

0.38 1 0.33 
0.05 / 

0.03 

! 0.16% 
2.93% 

I 

I 2.01 1.77 1 ! l 
I 

0.0 1 

a 

1 

! 

i ! 
I 

l 
I 

11.21 
1 10.20 

10.64 

1.30% 
O. 1 8% 
0.76% 
0.0196 

I 
1 I 

! i 

0.42 f 1 1 0.02 

O. 1 188% 
0.8 1% 
0.00% 
0.09% 

1 .O2 

0.0001% 
0.0729% 
0.0084% 

, 
0.2 134% 
0.0204% 
0.0043% 
0.0000% 
0.0005% 
0.0205% 
0.0068% 

I 
I 

1 
1.45 

2.10 

1 
16.66 
2.49 
68.42 

3.20 i t 
1 I t 

0.39 
0.06 j 
0.67 f 

0.07 
93.36 

I I 
,. 

1 
i 

0.09 
1.18 
4.29 

2.10 
79.80 
15.40 ' 

0.49 
2.07 
66.44 

! 1.50 
1.20 
0.85 
72.25 

0.25 5.37 

8.27 1 
2.22 
0.0 1 

1 

0.42 
1 

1 

I 

5.67 
pp 

28.90 1 . . 83.45 
1 

53.00 
1 

80.25 

i 17.60 I i 





Table 5.07 Minerd Compositions and Densities in Zone (70) 
Minera1 Quartz ! Albite K-feldspar l Petdite / Spodumcnel Amblygonite Zone Comp 

Mode 94.50%i 0.10?4! 2.000hI 1.000/0~ 2.000/01 0.40% 100.00% 
ûensity 2.66 1 2.62 1 258 1 2.42 1 3.15 1 3 .O4 2.67 
Si02 100.00 ! 68.47 1 63.95 1 77.85 1 63.45 ; 97.76% 
Ai203 i 19.62 ! 18.60 1 16.60 1 27.40 1 34.53 133% 
Ti02 1 I 

m 

M N  0.03 0.0 1 0.0 1 O.OW! 
Ca0 021 : 0.07 1 0.01 0.16 . O. 17 0.01% 
S r 0  1 



Table 5.08 Mineral Compositions and Densities in Zone (80) - 

M n 0  
M g 0  
Ca0 
Sr0 
Li20 

. Na20 
K20 
Rb20 
Cs20 
P205 
B203 

Amblygonite Poilucite 
0.50%1 7 5 . m  
3.04 1 2.87 

47.07 

L 

Mineral 
Mode 
Density 
Si02 

! i 1 0.38 1 
i I 0.02 j 0.03 

0.21 l 0.07 1 ! ! 0.0 1 

A1203 
Ti02 
Fe203 
Fe0 

Lepidolite 
7.0M 
2.75 

Petalite . 

1 -20% 
2.42 

26.64 

K-feldspar 1 Muscovite 
2.50%! 2.009b 

~~odumcne!  Apatite Quartz 1 Albite 

0.0 1 

4.54 
0.05 
0.05 

l 
L 

0.08 i 1 3.38 
i 

44.85 

1.00% 
3.15 

5.00% 

19.97 

2.60 
0.0 1 

1 

77.85 1 63.45 

030% 
3.30 

16.60 1 27.40 

5 . 0 %  
2.66 

18.60 1 37.72 

0.0 1 
O. 17 

9-86 
0.05 
n.d. 

49.32 

0.19 
9.43 
3.18 
0.55 

1 1.69 , 1.40 1 0.23 

2.62 1 2.58 1 2.83 

1 I I 

1.59 

0.83 
32.19 
0.33 

0.16 52.93 

0.48 

0.1 1 
0.06 I I 

0.04 1 34.53 

1 0.0 1 
0.05 I 

1 

7.87 
0.1 1 
0.04 

15-95 1 

0.05 

0.06 
n.d. 

0.29 
0.05 

1 1 

13.20 1 10.04 

63.95 1 45.09 100.0 

2.30 
0.20 

67.64 

1 -44 
0.1 8 

0.00 1 

0.42 1 
0.00 
0.02 . 41.60 





~ n s  and Densities in Zone (80) 
- -p. -- 

dspar Muscovite Lepidolite Petalite ]~poduhene  Apatite ! ~ r n b ~ ~ g o n i t e  1 Pollucite ~ o d g i n i t e  1 ~icrolife 
5 0 %  2.00561 7.00% 1.20%1 1.00% 0.5096l 0.50%/ 75.00% 0.0396( 0.0146 





Table 5.09 Mineral Compositions and Densities in Zone (90) - 
L 

Wc Mineral 
Mode 

Quartz 
10.00% 

Albite 
8.00% 

34.53 

Density 
Si02 
A1203 

2.62 2.66 
46.72 
27.97 

Ti02 
Fe203 
Fe0 
M n 0  
M g 0  
Ca0 
Sr0 
Li20 
Na20 

, K20 
Rb20 
Cs20 
P205 
B203 

0.04 
63.35 
16.77 

100.00 1 67.64 
1 19.97 

K- feldspar 
10.009b 

1 

1 

0.07 

63.74 
18.70 

Lithiophili te 1 Amblygonite 
0.20% 1 050% 

Li-musc ~ c p i d  Apatite 
70.00%] 0.104b- 

2.58 

0.26 1 1 

Beryl 1 Cassiterite i Col-Tant 
0509b1 0.02461 0.01% 

3.55 1 3.04 

I 0.49 0.75 
0.00 1 0.33 14.10 
0.00 ; 
0.12 1 

1 

i 

1.29 ' 
1 -68 
0.07 
0.07 
2.92 j 

! 
l 1 

1 

I 

! 
0.2 1 

! 
I 

2.78 3.30 2.78 

0.1 1 

0.0 1 

0.06 
2.60 
0.0 1 

O. 1 O 

0.06 

6.90 f 7.60 

1.23 
43.23 
0.61 , 

0.05 
0.27 
0.0 1 

3.33 
11.69 1 1.10 

52.93 
0.06 

n.d. 
0.29 
0.05 

O. 19 

41.60 ] 45.52 1 49.32 
i i 

0.12 [ 0.17 

0.48 

10.00 
O. 15 

9.86 
0.05 

n.d. 13-80 
2.20 
0.24 

9.62 
3.23 
0.59 

0.52 [ 
I 





Zone Comp 
99.41 96 

2.72 
54.03% 
23.27% 
0.0046 
0.0096 
0.04% 
0.32% 
0.01 % 
0.09% 

0.0001% 

philite 
D.2W 
3.55 

i 1 

Zircon 
0.02% 
5 .O7 

Wodpinite 
0.03% 
7.10 

Amblyponite 
0543% 
3.04 

' Beryl 1 Cassiterite Col-Tant 
05096 0.02%f 0.01 % 
2.78 1 6.90 1 7.60 

0.24 
1.16 

' Microlite / Uraninite 

- 

1.23 

0.020% 
550 

34.53 

0.1 1 
( 

63.35 
16.77 

0.07 

0.005% 
10.00 

1 -03 

i 4 

! 

, 
l 

0.26 ! 

13.23 1 1 0.00 ! 0.33 14.10 

30.00 
0.35 

i 0.49 O 0.75 

0.6 1 
0.12 

1 1 -27 

1.60 

10.64 

0.08 
0.01 I 0.00 i 

0.06 
0.35 

0.15 

0.42 

7.33 0.17 0.12 1 





Table 5.10 Individaal Zone and Total Zone Volumes 

Pegmatite 
Zones 

Zone(10) 
Zone (20) 
Zone (30) 
Zone (40) 
Zone (50) 
Zane (60) 
Zone (70) 
Zone (80) 
Zone (90) 

Totals 

Volames i Volumes / Volumes 1 Density ! M a s  
(ft3) ( r d )  i (km3) (kg/&) j (Mg) 
332,093 1 9,404 i 0.0000 l 2657.02 / 24,986 

102,497,721 / 2,902,413 / 0.0029 i 2646.25 j 7,680,509 
8,935,717 / 253,03 1 1 0.0003 1 2639.21 i 667,804 

95,690,376 i 2,709,650 1 0.0027 i 2619.5 1 i 7,097,955 
43,627,916 ! 1,235,405 / 0.0012 1 2563.06 i 3,166,414 
45,073,066 I 1276,327 1 0.00 13 1 2624.66 1 3,349,930 
24,820,161 / 702,829 / 0.0007 j 2667.28 / 1,874,641 
4,423343 1 125,252 1 0.0001 1 2825.02 1 353,840 
7,024,799 i 198,920 1 0.0002 ! 2724.98 i 542,054 

332,425,093 1 9,413,23 1 i 0.0094 1 i 24,758,135 

Volume 
Percentage 

O. 10% 
30.83% 
2.69% 

28.79% 
13.12% 
13.56% 
7.47% 
1.33% 
2.1 1% 

100.00% 





6.1 Consideration of Errors 

Estimates of error for the bulk composition dcuiations are not easily detennined for 

some stages of the procedure and Vary fiom qualitative to semiquantitative. No attempt to 

work out the currmlative emor was attempted, although individual mors were estimated for 

certain stages of the procedure. 

During the data entry, every data point and bit of geologicai information was checked 

and double checked against the original drill logs, wre logs, and maps. 3D modelling of the 

compileci data also allowed visual checking and confirmation of the data. Any piece of data 

that did not correlate was investigated and ifshown to be recorded in error, corrected. The 

minera1 descriptions and assays f?om the core logs have been consistent over tirne, however, 

the older zona1 interpretations have not To correct this, the mineraiogy of the cores and core 

logs were re-examined and correlateci with current mnal descriptions. Errors from incorrect 

data a d o r  misidentifieci zones have been minimized by rigorous examination. 

The acairacy of borehole locations varies with age and location at Tanco. The accuracy 

of underground and newer vertical d a c e  holes (i-e., since draining the mine in 1967) on 

the land and lake are not in question because they have been properly surveyed within a few 

centimetres. Older hole collars on the land were found again and resurveyed with newer 

w e y  tools and methods to re-establish their exact locations as some of their locations were 

in question. Older hole collars on the lake bottom couid not be resurveyed as they were 

hidden beneath the lake and sediments, however, they were surveyed underground when 

they became exposed in the working. Newer drill holes with good control that became 

exposed underground were good control points for calculating the driIiing drift of holes. 

Upon examining break-through holes, it was found that most of the driU holes cm be 

considered vertical as they have less than a 3% drift. After back-calculating questionable 

holes, new locations within 1.5 to 2.5 m can be projected back to the lake bottom and 

checked aga& e x X q  coordinates. 3D modeliing of the surface boreholes with cornputer 

generated land and lake bottom surfaces helped to wnfinn locations using collar elevations 

and pegmatite intersection mineralogy. Modehg of underground drill holes was also used 

to confirm locations and orientations. Only 2.6% of the drill holes were rejected as they 

codd not be properly located or referenced. Error fiom hole locations is rninor, when 



compareci to the scale of the pegmatite, and does not signüicanty influence the construction 

of volume caldateci surfaces, and therefore the zone volumes, noticeably. 

Volume caldation errors were not measured as they are diffidt to quale or even 

to quanti@ because the zone volumes match the pegmatite volume. This is providing that 

every @en zone trapemid is accounted for in the total volumes and that each use and share 

the same trapezoidal surfaces. Thus niliog out under and over volume estimates from the 

constmcted and caiculated surfaces. Another potentid source of error for the volume 

calculations is the western extent of the pegmatite. Due to the lack of information in that 

region it was not calculateci. At this tirne it rnay or rnay not be part of the main pegmatite and 

cm ody be shown to be one way or another with more driliing in the fùture. Ifit is shown 

to be part of the main pegmatite it would only slightly increase the volumes for zone (20), 

zone (40), and the pegmatite as a whoie. 

Modal mineral component estimates of the pegmatite are, on average, serni- 

quantitative. Major components greater than or qua1 to 3% by volume and are the most 

accurate modal estimates, approximately *5% for the minerals: K-feldspar, aibite, quartz, 

petalite, spodumene, pollucite, most micas, and amblygonite in al1 zones. Reliability of 

zones, specificdy zone (40) and zone (50) with their uneven distributions of very coarse- 

grained minerals, is somewhat les. Zone (50) and zone (80) are dso correlated with Li,O 

and C%O wt% ore grades, based on minerais which make up the majority of these zones. 

Subordniate components are less than 3% and greater than or equal to 1% by volume, 

and are +20% relatively accurate for the minerals: beryl, apatite, lithiophilite, tourmaline, 

eucryptite, some apatite, arnblygonite. 

Minor components, those less than 1% by volume are about *40% accurate for the 

minerals of Nb, Ta-oxides, cassitente, rutile, zircon, and uraninite. Nb, Ta and Sn mineral 

abundances, however, are in rough agreement with Tanco's published preproduction reserves 

of tantdum, their recent confidentid updates, are in good agreement with their confidentid 

Ta and Sn assay data. Nb and in part Sn were then calculateci using the minera1 chernistries 

of cassiterite, rude, zircon, and, uraninite. Proportions of the Ta-bearing phases were 

worked out fiom microscopie observations and fiom modes of Tasre concentrates. 

Chemical compositions of individual minerals are quite reliable, wen for the 

interpolateci data or for estimates fiom optical properties. However, the analyticai data have 

been acaunulated over the period of 30 years from ditferent laboratories using different 



techniques, therefore, a quantitative assessment of mors is not feasfile. The same applies 

to the data for minerd densities. 

The bulk composition resuits and errors are a produa of six sets of data and methods: 

borehole locations, computer modehg of volumes, local improvements of volume 

caldations by underground observations, chemical compositions of minerais, mineral 

densities, and minerd modes used to caldate the final numbers. The mineral modes are 

probably the major source of emor. AU the tabulated data represent direct produas of 

computing, which were not adjusted by roundùig-off at any stage to eliminate roundhg 

errors. The significance of the decimal digits for major oxide components, and the acwacy 

of the values of minor components, must be judged accordingly. 

6.2 Modal Trends in Zone Com~ositions 

The outermost zones of the Tanco pegmatite, namely (IO), (20) and to a degree (40), 

tend to be granitic, with substantial albitic plagioclase, K-feldspar and quartz. Intermediate 

and inner zones, however, distinctly to dramaticaliy deviate from granitic mineral modes, 

for example zone (30), and tend to be simpler in composition, up to virtuaüy rnonornineralic, 

as exemplineci by zone (70), the quartz zone. The deviation fiom granitic composition is 

accentuated by the appearance of high percentages of Li-silicates, such as petalite (SQUI- 

Spodumene Quartz Inter-growths) in (50) and lepidolite in (90). 

6.3 Chernical Trends in Zone Compositions 

Silica content is relatively stable in zones (10) to (40) (Table 5.11) but drops through 

the zones (50), (60), (80) and (90). This trend is "violated" by the quartz zone (70). which 

corresponds to a classic quartz core of granitic pegmatites in aII respects except for its 

segmentation and irregular spatial distribution. 

In contrast to silica, dumina increases siightiy from the outer to the inner zones, with 

the exception of zone (70), as above. 

Except for the outermoa zones of granitic modal composition, the different alkali 

metals tend to be concentrated in specifïc zones. Spodumene, petalite and eucryptite 

mineralization in zone (50) give it the highest Li@ value, foliowed by zone (go), which is 

associatecl with littmmi-rich micas. Rb20 and CqO tend to be zone-spdc and occur in the 

central zones of the pegmatite. Rb,O is concentrated in the feldspars of zones (50) and (60) 

and in the micas of zone (90). whereas CkO is in zone (80) in pohcite. N+O and K20 show 

reciprocal trends. NkO tends to be bigher in the outer zones dropping inwards, whereas K20 



increases inwards. The alkalis show increasing fractiomtion from the outside to the inside 

of the pegmatite. 

The volatiles H20 and F generaiiy tend to increase inwards, while B203 decreases 

inwards rapidly and is oniy concentrated in the outermost zones and in the exocontact. 

Traces of Ti and Ga tend to increase inwards and are the highest in the central zones. 

The highest values can be found in the feldspars and micas of zones (60) and (90). 

6.4 Cornosrison with Other Pegmatites - 

Results fiom present work on Tanco are, in many respects, Merent fkorn the resuits 

calculateci by Morgan and London (1987). These authon did not include the outer reaches 

of the pegmatite which were much less explorai 1 1 years ago. They under-represented zone 

(20) in particular, as well as zones (40), (SO), and (70), in their results. Irnproved modeiiing 

and modal estimates ais0 contribute to the higher SiO, and N+O, and lower A1203, Li,O, 

K20, Rb,O, and P20,, evident from the w e n t  analysis (Table 6.01). 

Tanco, one of the world's largest pegmatites, has the highest observed values of SiO, 

Rb@, and P20, among the fully analyzed rare-element pegrnatites and the lowest A1203 and 

Li20 values. However, the absolute ciifferences are rather smali, and the bulk composition 

is generally comparable to those of other pegmatites examineci by FiIippova (1971, 

" Siberia"), Buniham & Jahns (1 962, Harding pegmatite), Jahns (1 953, Pidlite pegmatite), 

Chackowsky (1987, INCO pegmatite), and Cemy (unpublished data, Red Cross Lake 

pegmatites). Tanco is similar to the Harding pegmatite, which has sllnilar SiO, Li20, Cao, 

and MnO, however, it has slightly higher K,O, lower M203 and N+O. AU other pegmatites 

have greater amounts of N%O than &O, with the exception of the Pidlite pegmatite, whereas 

Tanco has neariy equal amounts of both. The combined NqO and K,O values are nearly the 

same for ail these pegmatites, except the Pidlite pegmatite. Tanco may not have the greatest 

overall concentration of C%O, but it contains the largest and nchest known deposit of 

poilucite in the world. In highiy hctionated zoned pegmatites, Lithium and cesium minerals 

tend to be concentrated in individual and d y  inner zones in the pegmatite, howewer, 

these zones represent ody a small component of the bulk composition (Table 6.01). 

6.5 Com~arison with Eroerimental Work 

The bdk compositions of Tanco and other lithium-rich pegmatites d y z e d  to date are 

slightly e ~ c h e d  in feldspars, and impoverished in quartz and lithium aluminosilicates, 

relative to the minimum in the Li,O-Ai203-Si02-H,O system (Table 6.02 & Figure 6.01, 



Table 6.01 Bdk Composition of Rare-Etement Pegmatites 

Locations USSR NM NM MB MB MB MB 
50, 70 -62 75 -24 74.5 73 -70 72.44 69.74 75.27 

Subtotals 1 101.77 1 99.38 1 100.4 1 98.25 1 100.96 1 98.96 1 99.74 

Total Fe as FcO, - not determinai. 

1 Spodumcnc-subtypc of compIm. pcgmatitt with poiiucitt (Fjtlippova, 1971). 

2 Spodumcnc-subtypc of cornplex ptgmatitc (Buniham & Jahns. 1962). 

3 Lcpidolitcsubtypc of cornplex ptgmatitc (Jahns, 1953). 

4 Albite-spodumcno-subSipc of p%matitt (Chackowsky, 1987). 

5 Ltpidolitc-subtypc of  compltx ptgmatitc with poUucitc ( k q ,  unpublishcd data). 

6 Pctrlitosukypc of arnplar pegrnitite witb rkmdaiit lkpicblite, rmbiygoaife, & pUuQtt (Mm & r 19- 1990). 

7 Petalite-subQpc of cornplex pcgmatitc with abundant lepidotite, amblygonitc, & poiiucitt. 



Quartz 

Feldspars Weight Percent 
(Ab+Ks+Rb) 

Eucryptite 
LiAISiO, 

Figure 6.01 Tanco pegmatite bulk composition, composition of zones (40) & (50), 
and their weighted average (45), versus bulk compositions of petalite 
and spodumene pegmatites from the literature. 
Based on Stewart Fig. 2, (19 78). 

- T m ~ u a r t z  , Feids~ar ; Eucmtite Totals 
100.00% 

Table 6.02 Quartz, normative total alkali feldspars, and eucryptite for the 
Tanco pegmatite zone and bulk compositions 



d e r  Stewart, 1978). This shift is due to the influence of F, B, and P, as documenteci in other 

experirnental shidies (London, 1990). These wmponents reduce the siiica content of the 

residual melt, but enhance the albite component. 

Even arnong the spodumene and petalite bearing pegmatites, the bulk Tmco 
composition is poor in lithium aluminosilicates. Howwer, the weighted bulk composition 

of the continuous inner zones (40)- and, (point (45) in Figure 6-01), which solidified 

simultaneously, f d s  very close to the bulk composition of the lithium-richest pegmatites 

(and of inner lithium-rich zones of zoned pegmatites as illustrated in Stewart, 1978). 

6.6 Petrochemicd Com~arison with Fertile Granites 

From the petrogenetic viewpoint, it is significant that the large and compositionally 

granitic zone (20) of the Tanco pegmatite is closely comparabie in its b d k  mineralogy and 

chemical composition to the pegmatitic leucogranite phases of nearby fertile granites 

examined by Goad (1984; c. j  also Goad and Cemy 198 1, Cemy et ai. 198 1). The buik 

mineraiogy, chemical composition in terms of main rock-forming constituents, and the 

degree of fiadonation of rare elements are quite similar (Table 6.03). It is only the extreme 

fkactionation attained by the inner zones of the Tanco pegmatite which gives its overall 

geochernicai Sgnature the strong e~chment  in Li, Rb, Cs, P, and some other trace elements 

such as Nb, Ta and Sn. 

The cornparison is, however, imperfect, as the available compositions of pegmatitic 

leucogranites corne fiom granite + pegmatite systems other than that which encompasses 

Tanco; the parent of the Tanco-bearing Bemic Lake pegmatite group is not exposed (Cerny 

et al. 198 1). Nevertheless, some of the petrochernical features of the Greer Lake pegmatite 

group (Greer Lake Ieucogranite), and particularly of the Rush Lake pegmatite group (Osis 

Lake leucogranite) are closely comparable to those of the Bernic Lake pegmatite group, so 

the similarities shown in Table 6.03 can be considered legitimate. 



Table 6.03 Representative Chernical AnaIysis of Pegmatitic Granites 
TNL- OL- OL- GL- GL- ENL- Tana Tanco 

Si02 
Ti02 
A1203 
Fe203 
Fe0 
Mn0 
Mg0 
Cao 
Na20 
K20 
n o 5  
CO2 
H2W 
F2 
Subtotal 
-F=02 
Total 
AS1 CNKRC 
AS1 CNK 
Li 
Rb 
Cs 
Be 
Pb 
Ga 
U 
Zr 
Hf 
Sn 
WRb 
wcs 
Mg/Li 
WSn 
ZrfHf 
WGa 

1006 1004 1005 1002 1 0 3  1001 Zone (20) Bulk Comp 
73 -50 72.05 73.40 75.00 7530 76-00 76.85 7527 
0.03 0.03 0.06 0.03 0.04 0.00 0.00 0.0 1 

14.40 15.92 14.80 14.80 1430 13.98 13.57 13.72 
0.47 0.79 0.44 O21 0.86 0.59 0.00 0.00 
0.88 0-68 0.68 0.92 0.92 1-10 O. 17 0.12 
0.03 0.10 0.02 0.09 0.08 0.09 0.05 0.19 
0.09 0.08 0.03 0.03 0.03 0.04 0.0 1 0.0 1 
036 024 033 0.06 O Z  0.32 027 021 
3.98 4.08 4.80 2.75 5.20 425 5.0 1 335 
5.63 4.98 439 532 2.19 2.92 2-4 1 3.50 
0.05 0.42 0.56 0.03 0.06 0.04 0.59 0.94 
0.09 0.10 0.1 1 0.09 0.08 0.09 0.00 0.00 
023 0.53 0.39 0.71 0.55 0.56 024 037 

ïNL= Tm Lakt leucogranitc GL = Grra Lake leucogranitc 
OL = Osis Lake Ituwgranite ENi= Eaglc Nest iakt leucogranitc 
Note: 
AS1 CNKRC = Aluminium Satwation Index using Ca, Na. K. Rb, and Cs 
AS1 CNK = Aluminium Saniration index using CA, Na, and K 



(i) A 3D mode1 of the Tanw pegmatite and its b e r  zones was constnicted fkom a dense 

network of underground and surface drill holes in and around the pegmaîite, locaiiy 

improved &om underground exposures. The resulting mode1 shows a nearly b h d  

sub-horizontai, bilobate, saddle-shaped pegmatite dipping shallowly to the north and doubly 

plunging to the east and west. The pegmatite is about 1990 m in length, 1060 m in width, and 

at its thickest point nearly 100 m, thinning out toward the edges. 

(ii) The pegmatite displaces about 9.4 million m3 and has a mass of 25.0 million metric 

tons. Proportions of individual zones by volume are as follows: zone (10) 0.10%. zone (20) 

30.83%, zone (30) 2.69%. zone (40) 28.79%, zone (50) 13.12%. zone (60) 13 S6%, 

zone (70) 7.47%. zone (80) 1.33%, zone (90) 2.11%. 

(iii) Using the minerai compositions, mineral densities, and the volumes of individual 

zones, the bulk mineral composition of the pegmatite (via compositions of individual zones) 

was cdculated to be: quartz 32.54%, albite 25.56%. K-feldspar 22 05%. petalite 9.03%, 

lithian muscovite 3.00%, muscovite 2.97%. poilucite 1.28%, spodumene 0.92%, 

amblygonite 0.77%. lepiddite 0.27% by volume. 

(iv) The bulk chernical composition of the pegmatite is: SiO, 75.27%. Al,O, 13.72%, 

TiO, 0.01%, FqO, 0.00%. Fe0 0.12%, Mn0 0.19%, Mg0 0.01%, Ca0 0.21%, 

Sr0 0.0004%, Li20 0.76%. N%O 3.35%, K20 3.50%. Rb,O 0.58%, C%O 0.48%, 

P,O,0.94%, B203 0.05%. Be0 0.0613%, SGO, 0.0001%, SnO, 0.0391%. Nb20, 0.0129%, 

Ta,O, 0.0792%, U0, 0.0063%. Pb0 0.00 14%. WO, 0.00004%, Zn0 0.0013%, 

ZrO, 0.0051%, EUO, 0.0017%. TI,O 0.0047%. -O, 0.0106%. Sb203 0.0002%, 

H,O- 0.03%, F 0.18%. -0=F2 -0.08%, total 99.92% by weight. 

(v) The current Tanco bulk composition is different fiom the previous caiculations by 

Morgan and London (1990). The] used a broad E-W belt across the pegmatite as 

representative of the whole body, thus under-representing zone (20) in particular as weli as 

zones (40), (50), and (70) in their results. Improved modehg and modal estimates 



contribute to the higher SiO, and NgO, and lower A1203, Li,O, K,O, -0, and P20, in the 

present work. 

(vi) The bulk composition of Tanco and other lithium-nch pegmatites analyzed to date are 
e ~ c h e d  in feldspars, and impoverished Li quartz and lithium aliiminosiiicates, relative to 

the minimum in the experimental Li20-40,-SiO2-H20 system as examineci by Stewart 

(1978). This shift is due to the intluence of F, B, and P, as documentai in experimental 

studies (London, 1990). 
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