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ABSTRACT 

Cassiterite and base metal sulphides have recently been 

discovered in Yarmouth County, southwestern Nova Scotia~ in 

an area of folded and metamorphosed Cambro-Ordovician 

turbidites of the Meguma Group intruded by the monzogranitic 

Wedgeport pluton. 

Several kinds o£ tin mineralization occur: 

1. rare detrital cassiterite grains in a pelitic "microscour". 
2. stratiform sulphide-cassiterite replacement bodies in 

calcareous layers. 
3. sulphide-cassiterite ve.inlets in metasediments with 

restricted chlorite alteration. 
4. rare sulphide-cassiterite veinlets in pluton with 

restricted greisen alteration • 

. Cassiterite occurs in several habits: 

1. equant - in detrital, stratiform replacement bodies and 
veins. 

2. prismatic - in stratiform replacement bodies. 
3. acicular - in veins. 
4. botryoidal - in stratiform replacement bodies<rare) and 

veins. 

Geochemical analysis of drill core show that most 

background values in the metasediments and pluton are low 

compared to lithologies in the Cornish tin district and 

specialized ore-bearing granitoids. The sulphide-cassiterite 

veinlets exhibit a mineralogical and therefore geochemical 

variation with distance from the pluton: from Mo and W within 

2 km of the pluton, to Sn about 3 to 4 km distant, to Pb and 

Zn about 4 to 7 km distant. 
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CHAPTER ONE: 

INTRODUCTION 

1.1 General Statement 

Cassiterite minersli.zation was discovered in the 

Wedgeport area in 197 6 to 1977 by Millmor Syndicate and Shell 

Canada Resources Limited. It consists o£ a veinlet stockwork 

in the margin of the Wedgeport monzogranite, and both vein 

and stratiform styles in the surrounding turbidite sequences 

of the Goldenville Formation. The study area is situated 

~long the coast of southwestern Nova Scotia in Yarmouth 

County, about 10 km southeast o£ the town o£ Yarmouth (Fig. 

1.1 ). It covers an ere a of approximate! y 2 4 0 km2
• Access is 

gained by provincial highway 103 from Halifax to Yarmouth,· 

and secondary paved and dirt roads. Yarmouth is also linked 

to Halifax by the CNR railway line and by daily air service. 

Gener~lized geology of the area is shown in the map in the 

back pocket of the thesis~ 

1.2 Physiography and Surficial Geology 

The study area is part of the Atlantic Uplands, a 

low-lying t"egion with t"olling hills of up to 50 m relief 

1 



Figure 1.1 L~catlon of the study area in 
southwestern Nova Scotia. 
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<Sinclair# 1978); small lakes# swamps and streams occur in 

between. The coast is a submergent one and is characterized 

by salt marshes, tidal flats, bays, peninsulas and islands .. 

Or~inage toward the south is controlled by the Tusket 

River to the east and the Chebogue and Little Rivers to the 

west <Taylor,l967>. 

Bedrock exposure is limited to the coastline, rivers and 

lakeshores, with minor occurrences along road and J:ailway 

cuts. Most o£ the region is covered by Pleistocene deposits 

of the Wisconsinan glaciation. Sandy till <up to 18 m in 

thickness>, with boulders (up to 7 m across) o£ the 

underlying bedrock is the main type o£ drift.; stratified 

outwesh and ice contact deposits of sand and gravel occur 

locally <Sinclair,l978). Two ice lobes may have existed in 

this area, one moving south-southeast, the other 

south-southwest <Cant et. al • ., 1978; Taylor,l967). 

l. 3 Regional Setting 

Tin minerali2atlon ia found in both the Goldenville 

Formation o£ the Cambro-Ordovician Meguma Group and the 

Wedgeport pluton. The sediments are part o£ a thick sequence 

<at least 1 0 km; Schenk, 1 97 5) o£ turbiditic wackes and 

slates, partly interf'ingered with, and partly overlain by, 

the pelitic Hall£ ax Formation .. Rare graptolites in both 

4 



£orma.t.iona indicate an Early Ordovician period o£ sediment:. 

deposition. K-Ar ages from detrital muscovite in sandstone, 

provide ages of 476 : 19 Ma and 496 : 20 Ma <Harris and 

Schenk,l975). The sediments are believed to have been derived 

from a large, low-lying continental mass of granodioritic and 

metasedimentary composition; they were deposited by 

channelized turbidites <'contourites'), overflow turbidites 

and bottom currents <Schenk and Lane,l982). 

The Meguma Group is overlain, mostly conformably, by 

Late Ordovician to Early Devonian volcanic rocks and detrital 

sedimentary rocks of the W.hite Rock, Kent.viile, New Canaan, 

and Torbrook Formations <Schenk,l975). 

The Paleozoic strata were subsequently tightly folded 

and regionally metamorphosed to greenschist, locally 

almandine-amphibolite facies, during the mid-Devonian Acadian 

Orogeny <Taylor,l967). These folds were offset by northwest­

trending, mainly sinistral, faults with horizontal 

displacements of up to 6 km <Harris and Schenk,l975). 

Following these events, the South Mountain batholith and 

related satellite stocks were emplaced at relatively shallow 

depths in the crust <about .4 to 10 l<m;Mci<enzie and 

Clarke,l975), causing local thermal metamorphism <Reynolds et 

a1.,1981 ). The batholith covers l/3 to 1/2 o.£ western Nova 

Scotia~ out~rcpping ever about 10 000 km2 • The batholith is 
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predominantly of granodioritic: to mon2ogrenitic c:ompoaition~~ 

but parts of it may range from norite and tonalite to 

syenogranite in composition <McKenzie and Clarke,l975; Clarke 

et al. ~ 198 0 ). Stratigraphic relationships indicate that the 

batholith was emplaced after the Acadian Orogeny, from the 

mid-Devonian to Early Carboniferous. Age dating of 28 mica 

samples from the batholith and various northern satellite 

40 39 
stocks by K-Ar and Ar/ Ar yield a mean age o£ 367 Ma· 

<Reynolds et al.,l98l). Clarke and Halliday <1980), 

constructing Rb-Sr isochrons from whole rocks and mineral 

separates, estimated the age of granodiorite emplacement at 

371.8 t 2.2 Ma and that of adamellite emplacement at 364 .• 3 : 

1. 3 Ma. Dating of 14 mica samples from southern satellite 

stocks <including the Wedgeport pluton) yield younger ages 

<258-353 Ma). This may be due to either actual intrusion 

during the Late Carboniferous or to a thermal or tectonic 

event<s) which partially degassed the rocks or, less probably 

to protracted cooling to argon blocking temperatures 

<Reynolds et al. ,1981 ). The Brenton pluton near the study 

area i.s a catac:lastic granite with foliation parallel to 

regional schistosity and was believed intruded befor:e or 

during the Acadian Orogeny; 6 analyses o£ both biotite and 

muscovite yield apparent Ar agea o£ from 314 to 328 Ma~ 

suggesting emplacement during the Late Carbcniferous before 

or during a period of deformation <'Maritime Disturbance'). 
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Analysis o£ chloritized biotite from the Wedgeport pluton 

reveals apparent ages of 258 to 175 Ma <Permian to Jurassic) 

and may be aaaoc:ia.ted with a. minerali2ing event; the ycun•;,t:u .... 

ages are probably d~e to resetting (degassing) by Triassic 

mafic dykes. Muscovite and biotite £'rom minerali2ed greisen 

and peg~atite o£ the Davis Lake pluton yield ages from 335 to 

267 Me <average of 290 Ma). Biotites £'rom a granitoid body 

near this pluton give an average age of 272 Ma. These young 

ages ag~in imply some kind of intrusive., tectonic, or 

hydrothermal event in the Late Carboniferous to Permian 

<Reynolds and Zentilli, in prep; Reynolds et al., 1981 ). 

1. 4 Previous Work 

Prior to 1950.., preliminary mapping was carried out by 

such geologists as c.r. Jackson and F. Alger in 1328, A. 

Gesner in the first hal£ of the nineteenth century, L.W. 

Bailey in 1898, E.R .. Faribault in the early twentieth 

century, and S. Powers in 1915 <Taylor,l967). 

Gravity and aeromagnetic maps of southwestern Nova 

Scotia have been produced by G.O. Garland, and the Geological 

Survey of Canada in the nineteen fifties <Taylor, 1 9 6 7): the 

Nova Scotia Department of Mines and the G .. S.C. in 1977 

produced airborne gamma ray spectrometric maps covering the 

South Mountain batholith o£ southern Nova Scotia <ChatterJee 
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and Muecke.-1982; Sincla.ir.-1978) .. 

R.W Boyle and others in the late fifties analysed water 

and sediment samples from streams~ rivers and lakes of the 

southwestern part of the province for Cu~ Pb and Zn 

<Taylor~l967). 

A more detailed investigation of the geology o£ the 

study area was made by Taylor (1967)~ in which he described 

the sedimentary Meguma Group, the volcano-sedimentary White 

Rock Formation, and the various intrusive £elsie and mafic 

rocks; he made a preliminary study of the area's structure 

and metamorphic characteristics and assembled a list o£ metal 

and industrial mineral locations. 

Further refinement o£ the geology was accomplished in 

the fields o£: the Meguma Group <Schenk and Lane,1982; 

Schenk,l975; Harrie and Schenk,l975); the White Rock 

Formation <Lane, 197 5; S.arkar ~ 197 8); structural geology by 

Fyson in 1966 and Kepple in 1977 <Cul1en~l983); geochronology 

of intrusions <Reynolds and Zentilli,in prep; Reynolds et 

al. ,1981; Clarke and Halliday~ 198 0) and Meguma Group slates 

<Reynolds et al.~l973>; and metamorphic petrology by Taylor 

and Schlller in 19.6 6 ~ Muecke in 197 3 .. Keppie and Muecke in 

197 9 ~ Clarke and Muecke in 1 98 0 <Cullen~ 1 98 3), and J. Cullen 

<1983). Pleistocene glacial history has been described by 

Grant and Gravenor <Sinc1a.ir,l978). 
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l. 5 Economic Geology 

Only minor exploration took place in the region before 

19?5. Three small gold occurrences were worked in the late 

nineteenth and early twentieth centuries. Beryl- and 

spodumene-bearlng pegmatites and veins are found at several 

localities <e.g. Brazil Lake, Port Joli and Shelburne 

granodiorites). One very small molybdenite occurrence is 

near the Jordan River, within a series o£ quartz veins. 

Granodiorite, hornblende diorite and quartz diabase were once 

quarried for building stone. From 1945 to 1960, quartzite 

beds of the White Rock Formation at Cheggogin Point were 

quarried for the production o£ silica bz:-ick <Taylor,l967). 

Prior to 19??~ prospecting for Cu, Pb, Zn, Sn, W~ Ag, 

and Mo was performed by Chib-Kayrand Copper Mines, Cuvier 

Mines, Quebec Uranium Mining Corporation and Lacana Mining 

Corporation <Sinclair ,1978). Discovery of sulphide-bearing 

boulders in gravel pits by Millmor Syndicate in 1976 resulted 

in staked claims and subsequent optioning of the property to 

Shell Canada Resources Limited. In 197 8 a tin deposit was 

discovered about 35 km northeast of Yarmouth, near East 

Kemptville. Tin, in the form of cassiterite, occurs with 

various sulphides within a 100 m thick, 500 by 1500 m zone o£ 

sericitized and greisenized rocks o£ the Dsvis Lake pluton, a 

part o£ the South Mountain batholith. By 1982~ reserves were 
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estimated at 38 million tonnes with a grade of 0. 2 " Sn and a 

0.1 % Sn cutoff grade <Richardson et ~1., 1982). 

Shell Canada Resources Limited undertook an exploration 

program in the study area, performing airborne and ground 

geophysical surveys, geologic mapping where possible, 

geochemical sampling <soil and rock), mineralized boulder 

tracing, and overbu'rden and diamond drilling. Most diamond 

drill holes were located over geophysicel anomalies. From 

1977 to 1978, 80 holes were drilled for a total of about 

10 6 00 m; in 197 9 only 8 holes were drilled for a total of 

about 650 m; and 1980, 3 holes were drilled, totalling about 

280 m. The anomalies were found to be due to pyrrhotite and 

graphite in the metasediments, sulphide stringers in both the 

metasediments and pluton, and to magnetic mafic dykes. 

Because o£ the unsatisfactory results, the company decided 

against further work in the area <Cant et a1.,1978; 

Cant,1979; Sarkar,l980). This area and the East Kemptville 

deposit are currently owned by Rio Algom Limited. 

1.6 Purpose and Methods o£ Study 

Tin and base metal mineralization have only recently 

been discovered within southwestern Nova Scotia. Subsequent 

exploration for these metals may be aided by a knowledge of 

their mode of £ormation. In an attempt to understand the 
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geneaia of tin and associated metala~ the thesis had several 

basic ObJectives. 

1. To determine the type o£ tin minerali:zation. In what form 

does it occur with respect to veins., sedimentary and 

igneous host rocks? With what minerals is tin associated? 

What is its relationship with the pluton? 

2. To determine the general type and extent o£ alteration 

associated with mineralization. 

3. To determine the distribution o£ a selected group o£ 

metals in the metasediments and pluton., and establish 

background and threshold values for these lithologies. 

Because o£ the limited exposure of both the pluton and 

country rock (mainly along part o£ the western shoreline)., 

the thesis is based upon the study o£ about 11.5 km of drill 

core. Cere logs, drill hole cross-sections and plan maps of 

all 91 drill holes in the area were studied in order to 

select core with such features as: vein systems., stratabound 

mineralization, unmineral.ized zones., and various structures 

like foliations., fractures and breccias. 

Four weeks were spent sampling the core stored at the 

base camp o£ Shell Canada Resources Limited near East 

Kemptville. Core and reference samples<l22 in total) were 

cleaned., powdered and aent for geochemical analysis to X-Ray 
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Assay Laboratories Limited in Toronto. Thin and polished 

sections<almost 200 in total) of relevant samples were made, 

described and analyzed by microprobe. 

This detailed study of tin mineralization in and around 

the Wedgeport pluton should contribute to the overall 

understanding of tin genesis in Nov~ Scotia and assist in 

subsequent exploration programs. 
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CHAPTER TWO 

LOCAL GEOLOGY AND PETROLOGY 

2e 1 Introduction 

The study area comprises about 240 square km o£ part o£ 

the Lower Paleozoic Meguma Group metasediments with later 

intrusive monzogranite and basic: dykes. Because of the 

paucity of outcrop, the petrologic study was performed on 

sections of diamond drill core, using a combination of 

microscope, microprobe and geochemical methods. All 

microprobe and chemical analyses are tabulated in the 

Appendices .. Modal compositions were visually determined with 

the aid of percent comparison charts <Terry et al.,l955) .. 

The core consists of a monotonous metamorphosed sequence 

of interbedded wackes, siltstones and argillites of the upper 

members of the Goldenville Formation flysch. Black 

carbonaceous pelitic layers are also present and may 

represent coeval .. interfingered parts of the Halifax 

Formation <Schenk,l975; Harris and Schenk,l975). Bedding 

contacts are usually sharp~ with minor gradational 

sequences. 

Bedding thickness varies, from less than 1 em to about 7 

m <Taylor,l967); similar lithologies found along the eastern 
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shore o£ Nova Scotia have maximum thicknesses greater than 50 

m <Harris and Schenk, 197 5 )., The core generally has thin to 

medium bedding <3-30 em> .. 

The meta-wackes and meta-siltstones are commonly 

structureless, with minor graded bedding, cross-bedding, 

flutes <Fig. 2.1 ), and argillaceous rip-up clasts. Minor 

slump features occur within the pelitic units <Fig. 2.2). 

Calcareous concretions, metamorphosed to calc-silicate 

nodules occur within particular psammitic layers and are 

described by Cullen <1983>. 

Because the study is based on drill core, continuity of 

individual layers is unknown.. One sample of drill core 

exhibits a facies change in an open fold <sedimentary 

slump'?), from carbonaceous argillite to biotite meta-wacke 

<Fig. 2 .. 3>. 

This sedimentary package was affected by low grade 

greenschiat facies regional metamorphism <Cullen,~ 983 )., 

folding.., intrusion by the Wedgeport pluton <with associated 

thermal metamorphism to the hornblende hornfels facies), 

faulting, and intrusion by a series of mafic dykes. Airborne 

and ground geophysical surveys performed by Shell Canada 

Resources <electromagnetic, magnetic and induced 

polarization) plus dip orientations o£ core and outcrop 

indicate the presence o£ several northerly-plunging synclines 

and anticlines in the study area <Cant et al., 1978 ) .. 

14 



Figure 2.1 

Figure 2.2 

Contact of scoured meta-argillite with 
upper meta-wacke. Note light coloured 
current marks rich in ilmenite<altered 
to leucoxene and rutile) and zircon. 
Note silver white angular arsenopyrite. 

Sample 77-34-86.13 

Meta-argillite exhibiting contorted soft 
sediment deformation and linear clusters 
of pyrrhotite and pyrite. 

Sample 80-03-118 
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Figure 2.3 Facies change within an open £old<sediment­
ary slump?). Graphitic meta-argillite and 
central meta-wacke<with green blades o£ 
?> grade laterally to the right into 
biotite meta-wacke. 

Sample 77-31-105.38 

17 



18 



The meta-pelitic rocks usually possess two foliations: 

the first is parallel or at low angles (up to about 40 

degrees, depending on location o£ sample in the folded 

metasediments) to bedding planes and manifests itself by 

parallel orientation o£ phyllosilicate minerals or elongate 

blebs o£ pyrrhotite <Fig. 2.4>; the second foliation occurs 

as a set o£ crenulations which in many places develop into 

cleavages~ and are usually oriented at high angles <S0-90 

degrees) to the first foliation. Pre-existent veinlets are 

kinked, ptygmatically folded or broken <Fig. 2.5). 

Meta.-psammitic lithologies exhibit the first foliation in the 

same manner as the meta-pelites but the second foliation is 

either absent or manifested as quartz-calcite-filled tension 

fractures <but may be of later origin), also at high angles 

to the first foliation. 

The metasediments are in sharp, sometimes parallel 

contact with the Wedgeport pluton and exhibit thermal 

metamorphic features such as horn£e1sic texture and 

development o£ biotite, cordierite, anda!usite and garnet. 

The intrusion dips steeply under the metasediments. 

Both metasediments and pluton are faulted~ exhibiting 

narrow <up to about 1 metre wide) shear and breccia zones 

with aaaociated late stage veins<calcite-quart2-araenopyrite 

: pyrite). Minor displacement# on the order o£ several em is 

observed in drill core <Fig.. 2. 6); aeromagnetic maps show a 
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Figura 2.4 Carbonaceous meta-argillite and meta­
argillite with metamorphic biotite in 
bedding planes. Foliated pyt"rhotite 
blebs occur at an angle to bedding. 

Sample 77-31-111.97 
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Figure 2 .. 5 

Figure 2.6 

Meta-argillite cut by early quartz­
calcite veinlets, which are both 
ptygmatica!ly folded and cut by 
crenulation cleavage. 

Sample 78-10-10 

Blue mineralized zone in meta-wacke 
containing flne sulphide hair veinlets 
and cut and displaced by a late calcite 
vein. 

Sample 77-25-197.8 
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shift in the position o£ a pyrrhotite-bearing sedimentary 

member <Cant et al., 1978> by several hundreds of metres 

<Cullen..-1983). Pre-existent veins are stretched; sulphides 

are smeared along phyllosilica.te grain boundaries. 

The lithologies are also cut by northeast- and 

northwest-, rarely north-trending lamprophyre and olivine 

diabase dykes. They have roughly the same orientations as 

the previously described faults and may have intruded along 

these pre-existent planes of weakness. They were mapped by 

Shell Resources by airborne electromagnetic surveys and by 

drill intersections. 

The upper 20 to 30 m of the core are weathered, 

resulting· in oxidation of sulphides and dissolution of 

calcite in veinlets and tension fractures, leaving vuggy 

zones .. 

2.2 Metasedimentary Lithologies 

2. 2.1 Meta-peli tia Li thologiea 

In drill core., the meta-pe11tea range in colour ft"om 

pale greenish grey and greyish green to bluish green to 

greyish blue to black; this is a manifestation o£ the 

concentrations of chlorite, muscovite, quartz# feldspar and 

carbonaceous material <graphite ;Cullen, 198 3 ) .. 

Pelitic rocks generally consist of medium t:.o coarse, 
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silt-si:ed <averaging 0.03 mm) aggregates of chlorite .. 

muscovite,. quart.:z and feldat=?er <albitic:; in places., 

potassic> .. with minor amounts of coarser ilmenite <about 0.1 

mm), pyrite and pyrrhotite .. finer ~nhedral to euhedral zircon 

and sphene <about 0.01 mm), and variable concentrations of 

extremely fine-grained graphite <i0.003 mm>. Several whole 

rock geochemical analyses are tabulated in Appendix II. 

Flakes and needles o£' chlorite and muscovite are usually 

tightly interqrown with their long axes de£ ining the 

foliation. They may be intergrown with roughly equant 

subangular to subrounded grains of strained quartz and 

feldspar. Grain contacts range from straight. to curved; less 

commonly they are embayed to sutured lobate. Other pelitic 

samples have the tectosilicates segregated into silty 

partings <Fig. 2.7). 

Subhedr.el laths of ilmenite are ubiquitous and are 

usually partially to wholly altered to rutile or leucoxene, 

giving the laths a poikilit.ic appearance <see Stenda1 .. 1982). 

They parallel foliation and are usually reoriented by 

crenulation. Ilmenite is a minor constituent of the 

argillites, but may comprise up to 15 modal percent of some 

thin layers. 

Pyrrhotite is lese common in meta-pelitic lithologies. 

It occurs aa elllptic::al blebs usually oriented parallel to 

foliation; stress caused pyrrhotite elongation by translation 
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Figure 2. 7 Crenulated meta-argillite with silty 
partings and ilmenite blebs reoriented 
by crenulation. In .Places crenulation 
develops into cleavage. 

Crossed nicols. 

Long axis of photograph measures 5 mm. 
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gliding along COOOl) crystal planes GRamdohr~l980; Spry#l969; 

Graf et al., 197 0 >. 

Darker varieties of meta-pelitea contain less chlorite 

and muscovite, more quartz, carbonate and graphite. Graphite 

is found as extremely fine disseminations or as linear 

clusters, forming 'wispy' sheaf aggregates intergrown with 

the phyllosilicates. 

The meta-pe!ites may become siltier, with decreased 

phyllosilicate content, and increased concentration o£ 

equigranu!ar quartz, forming fine-grained siltstones. 

Thermal metamorphism caused overprinting of foliation by 

such poikiloblastic minerals as: euhedral garnet; subhedral 

chiastolite retrograded to assemblages of muscovite-quartz­

carbonate <Fig. 2.8); euhedral to subhedral blades o£ 

carbonate <calcite,dolomite,ankerite); biotite; and 

chlorite. Round to elliptical aggregates of quartz­

chlorite-carbonate are also found., discontinuously rimmed by 

opaques such as leucoxene and pyrite, and may be altered 

cordierite "spots'. One carbonaceous argillite sample 

contains green poikiloblastic blades of a mineral that has a 

retrograde assemblage o£ quartz-chlorite-carbonate; it is not 

known what the original mineral was <amphibole'?). 

The most common sulphide mineral within, the 

meta-argillites is pyrrhotite, usually found as blebs,. but 
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Figure 2.8 Slightly sheered carbonaceous meta­
argillite containing contact 
metamorphic andalu.site<var. chiastolite) 
retrograded to muscovite~ quartz and 
calcite. 

Sample 77-31-87.30 
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may occur as stratiform layers several em thick and very 

slig-htly foliated. More discussion of this and other 

sulphides is found in chapter 3. 

2.2.2 Meta-psammitic Lithologies 

Interbedded with the meta-pelitea are pale greenish-grey 

to greyish-green meta-psammites. They are a fine-grained, 

massive, indurated rock with rare graded bedding, scours and 

argillaceous rip-up clasts. These lithologies have both 

bimodal and unimodal grain size assemblages. The coarser 

fractions <up to 20 modal percent) of the bimodal samples 

consist of medium sand-sized <averaging 0.5 mm) quartz and 

feldspar <usually albitic plagioclase with albite and 

Carlsbad twinning; less potassium feldspar). They are 

distributed in a finer (averaging 0.04 mm) silty matrix o£ 

quartz, feldspar <up to 25 modal percent), chlorite and 

muscovite with minor ilmenite, pyrrhotite and carbonate with 

trace amounts of biotite, zircon, sphene, apatite, 

ch,alcopyrite, arsenopyrite and graphite <e.g., Fig. 2.9). 

Most o£ the geochemically analysed meta-psammites fall within 

'typical' graywacke compositions <Fig. 2.1 0). 

The coarser grains are angular to subrounded and roughly 

equant; quartz grains are strained. 

The matrix Cand unimodal meta-paammitea) conaiata c£ 

tightly intergrown minerals with embayed to sutured lobate 
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Figure 2.9 Typical meta-wacke. 

PPL 

Long axis of photograph measure 8 mm. 
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Figure 2.10 Na20 : K20 contents in metasediments. 

Most meta-wackes plot in the greywacke 
field; 2 samples have greater amounts 
o£ sericite and so plot in the other" 
field. 
Meta-argillite which plots near the 
origin is mineralized .. 

+ meta-wacke 

0 meta-argillite 

9 carbonaceous meta-argillite 
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grain contacts. Tectosilic:at:.es are anhedral, tabular to 

equant, and a~e separated by chlorite-muscovite 

intergrowths. Subparallel orientation of the phyllosilicates 

and tabular feldspar grains define the linear fabric. 

A £ew meta-psammitic samples appear 'spotted', due to 

subrounded aggregates of either more (appearing darker) or 

less <appearing lighter) chlorite and graphite. These may 

have once been individual clay-rich pellets rolled around by 

currents and incorporated into sandy layers <PettiJohn, 1975 ). 

Calc-silicate layers .also occur throughout the core 

<Fig. 2.11). They generally have a fine-grained <averaging 

0.05 mm) matrix of quartz, with lesser feldspar, biotite and 

chlorite. This is overprinted by such thermal metamorphic 

minerals as euhedral garnet, biotite, granoblastic epidote 

and actinolite, euhedral to embayed carbonate <calcite, 

dolomite, ankerite) and poikilitic, co11o£orm and massive 

pyrite. 

Several interesting features are found within the 

meta-psammitic layers: 

1. Layers of manganese-rich garnet <Cullen .. l983) in fine sand­

sized meta-ps.ammite (Fig. 2.12); this may reflect metamor­

phosed, originally manganiferous sediments. These may have 

formed by concentration of manganese carbonates or 

oxides/hyd~oxides or both during diagenesis or by accumulation 

36 



Figure 2.11 Contact metamocphic zones paralleling 
original layering. 

Green zone: actinolite-epidote-garnet­
carbonate-biotite-sphene. 

Brown zone: quartz-biotite-epidote­
garnet-sphene-chlorite­
plagioclase-carbonate. 

Sample 77-10-44.6 
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near aubmsrine vents <Whitehead,l973; Germsnn,l973: Duursma et 

al., 197 6 ). Apparently~' there is a calcareous manganese-rich 

zone within the upper part o£' the Goldenville Formation sediments 

throughout Nova Scotia, and may have formed in response to some 

widespread synsedimentary, diagenet.l.c or mineralizing event 

(Zentilli, pera. comm.,l983; Jenner.,l982). 

2. Calc-silicate layers previously discussed; and calc-

silicate nodules <Fig. 2.13> - elliptical to amoeboid 

metasomatised calcareous concretions within meta-psammitic 

lithologies. They appear similar to altered limestone nodules 

in pelitic hornfels of the CanTung tungsten deposit <Dick and 

Hodgson,l982). Original calcium carbonate may have derived from 

dissolution of shelly material by acidic intrastratal water and 

subsequently reprecipitated elsewhere in a less acidic 

environment within p.sammitic layers <Schenk,l975; PettiJohn et 

a1 .. ,1972). Additional calcium mey have been obtained by 

albitization of plagioclase <Blatt et al., 198 0 > during 

diagenesis. These nodules have been studied in detail by M.F. 

Purves <cited in Cullen, 1983). 

3. Stratiform sulphide _zones; these will be d.l.scussed 

in a later chapter. 
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Figure 2.12 

Figure 2.13 

Layered manganiferous garnet in meta­
wacke. They possibly represent 
metamorphosed manganiferous 
sediments. 

Sample 77-34-10 

Metasomatic concretion in meta-wacke. 
It is an amoeboid body with a white 
core and rim o£ quartzp muscovite 
and zoisite, with a middle green 
zone o£ quartz .. zoisite and chlorite 
<Cullen .. 1983). 
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2m3 Plutonic Lithologies 

2.3.1 Wedgeport Pluton 

The Wedgeport pluton is exposed along a part of the 

shoreline. It is in sharp contact with the metasediments, 

which contain minor inJections of granitic material <Fig. 

2.14). Most of the shoreline comprises monolithic boulders 

weathered from till. 

Samples from the pluton have a modal mineralogy 

corresponding to mon2ogranite o£ Streckeisen's <1976) 

classification <Fig. 2.1 5). The samples have normative and 

oxide contents similar to those of adamellites of the South 

Mountain batholith <Figs. 2.16 and 2.17). A high ferrous to 

ferric iron ratio <Fig. 2.18) plus scarcity of opaque 

minerals, of which ilmenite is the most common, may possibly 

character-ize the pluton as an 'ilmenite series' type 

<Ishihar-a, 1 9 8 l; Takahashi et al., 1 9 8 0; Ishihara et 

a1.,1979). Geochemically, the pluton appears to be an 

'!-type' granite <Chappell and White, cited in Plimer,l980>: 

mineralogically, it resembles the 'S-type' variety <Table 

2.1 ). Attempts to characterize the pluton geochemically as 

either potentially ore-bearing or barren have proved 

disappointing.. Selected trace and maJor element. ratios <e.g. 

Table 2.2, Fig. 2.19) exhibit both 'specialized' <at the 

margin of the pluton) and 'nor-mal' <the interior- o£ the 
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Figure 2.14 Wedgeport plut.on<left) in sharp 
contact with metasedimentary 
country rock. A thin granitic dyke 
<centre) is inJected into 
hornfelsed meta-wackes. 
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Figure 2.1 S Modal QAP composition of plutonic 
lithologies. All plot within the 
monzogranite field. 

+ Wedgeport pluton 

0 . South Mountain bathoiith 
a.damellites<McKenzie and 
Clarke, 1975) 
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Figure 2.16 Normative quartz-albite-orthoclase 
diagram. Parallelogram approximately 
denotes field for adamellite and 
granodiorite lithologies o£ the 
SMB<Mc:Ken:.?!ie and Clarke, 1975>. 
Greisen sample near the orthoclase 
apex contains white mica end fluorite 
with little quartz. 

+ monzogranite and greisen samples, 
this study. 

• 2 biotite granites, 1 muscovite­
quartz greisen £rom the Davis 
Lake pluton, East Kemptville 
(ChatterJee, 198 0 >. 
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Figure 2.17 K20-Na2 0-Ca0 variation diagram 
of 11 samples from the pluton. Dotted 
parallelogram approximately denotes 
the adamellite field of the SMB; 
shaded parallelogram approximately 
denotes the granodiorite field of 
the SMB<McKenzie and Clarke, 1975). 
Arrows point to 3 grelsen samples 
adJacent 3 unaltered monzogranite 
samples, indicating loss of Na20 
and relative increase of K20. 

• monzogranite and greisen 
samples, this study. 

8 2 biotite granites, 1 muscovite­
quartz greisen from the Davis 
Lake pluton, East Kemptville 
<ChatterJee, 1980). 
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Figure 2 .. 18 Ferrous/Ferric ratio of monzogranite 
samples. Broken line separates 
magnetite- and ilmenite-series 
granitoids o£ Japan. FeO/Fe203 
is roughly l to 2 on granite 
compositions<DI=95-80) and is 
roughly 2 to 3 on granodiorite 
<DI=8 0-6 0) and tonalite and 
quartz diorite <Ishihara et al., 197 9 ). 
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Table 2.1 Properties 0£ Monzogranite# S- and I-type granites 
(£rom Chappell and White# quoted in Plimer .~~198 0 > 

Wedgeport_ Monzogranite 
<n=8> 

Ns.20 
K20 

2.86-4'.28% 
4.25-5.07% 

S-type 
Granite 

N.s20 < 3.2"· in rocks 
with ... 5" K20 

< 2.2% in rocks 
with ... 2.2" K20 

I-type 
Granite 

Na20 > 3.2% in 
f elsie types 
> 2.2" in 
ma£ic types 

0.93-1.06 
Molecular Al203 I <N~20+K20+Ca0) 

>l.l<peralum!nous) <1.1 

0.00-0.45% 

0.00-1.74% 

Biotite common 

norm corundum 
> 1% 

norm diooside 

Muscovite and Biotite 
common 
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Table 2.2 

'Normal"' 

'Speciali.zed' 

This Study 

Mon:::ograni te 
<n=8> 

Greisen 
<n=3) 

MaJor Element Ratios Typical Of .. Normal' and 
.. Specialized"' Granites 

KINa K/Rb Mg/Li 

1.2 ) 100 270 

1.6 < 100 75 

1.18-1.78 120-180 14.7-40 .. 97 

7.53-25.5 60-70 4.75-17.5 

Values for normal and specialized granites are from various 
authors in Bois.savy-Vlnau and .,Roger< 198 0 >. 
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Figure 2.19 Proportions o£ F~ Li and Sn in 
samples from the Wedgeport pluton 
<n=25) and the Davis Lake pluton 
<n=3 ). 
There is a large scatter of data, 
but there appears .to exist a trend 
towards the Sn axis in altered, 
sheared and greisenized samples. 
Samples are grouped according 
to their positions in the pluton 
or to their states o£ alteration. 
The 3 arrows Join barren monzo­
granite to their adJacent 
greisenized zones. 

+ monzogranite and greisen 
samples, this study. 

• 2 biotite granites, 1 muscovite­
quartz grei.sen £rom the Davis 
Lake pluton<ChatterJee,l980). 
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pluton> features. Airborne gamma ray spectrometric 

measurements <ChatterJee and Muecke, 1982> indicate high 

total radioactivity and high thorium values within the pluton 

and these appear associated with mineralized intrusions found 

elsewhere in Nova Scotia (e.g. the tin mineralized Davis Lake 

pluton). 

The samples display a variety of textures throughout the 

pluton. Fresh material ranges from greyish white with black 

flecks to a mottled white, grey and black combination. It. 

has a hypidiomor-phic granular (gr-anitic) texture, fr-om f'ine 

grained equigranular- to por-phyritic with medium, rarely 

coarse grained phenocrysts. The endocontact exhibits this 

diversity of' colours and textures - there are no contacts 

among the different. types~ rather each type grades into one 

another. Figure 2.20 shows some examples of this diversity. 

Samples from the interio~ of the pluton are less 

heterogeneous and are generally medium grained with minor 

coarse phenocrysts. 

The monzogranite consists o£ roughly equal amounts 

<about 30 modal percent> of fine grained translucant grey 

(light brown in weathered exposures> quartz~ greyish-white 

<rarely pinkish) microcline and pale greenish-white <rarely 

pinkish) plagioclase o£ albite to oligoclase composition. 

Fine grained black, ragged flakes o£ biotite comprise up to 

l 0 modal pel.~·aent; they contain minor inclusions of euhedral~ 
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Figut'e 2 .. 2 0 

Figure 2.21 

Diversity of monzogranite textures 
in one drill hole<78-27). Depth 
increases from left to right: 
31.15 m,. 68.37 m<near a mafic dyke)., 
and 78 .. 55 m. 

Effects o£ mafic dyke intrusion upon 
monzogranite. 

Top: 78-31-30.18 Coarse monzo­
granite. Pink coloration of 
microcline; plagioclase 
remains greenish white. 

Bottom: 78-27-70.71 Chloritization 
o£ biotite. 
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zoned ~ircon prisms~ euhedral to subhedra1 needles o£ apatite 

and subhedral laths of ilmenite. Rare fine grained anhedral 

purplish fluorite, pinkish scheelite, molybdenum, pyrite and 

pyrrhotite occur throughout the core. 

Phenocryst abundances range up to about 15 modal percent 

and consist of medium <1-5 mm), rarely coarse (up to about 9 

mm) grained, round translucent pinkish quartz 'eyes' and 

subhedral white equant blocks of microcline; subhedral pale 

greenish-white plagioclase laths are less common. 

Quartz is usually slightly strained, showing undulose 

extinction.. Near areas of shear, it exhibits minor subgrain 

and new grain development. Quartz phenocrysts have minor 

inclusions of both the feldspars and biotite.. Irregular 

quart2 is interstitial to the feldspar crystals. 

Microcline occurs as anhedral blocks, rarely as anhedral 

laths. It is slightly perthitic with bleb and ribbon albitic 

plagioclase. Cross-hatched or 'tartan' twinning is common. 

Phenocrysts are poikilitic with quartz and plagioclase 

inclusions. .Rarely .. embayed microcline is mantled by 

plagioclase. It is usually slightly sericitized: near veins 

microc!ine is more altered and has a greyish turbid 

appearance due to the presence of microscopic to 

submicroscopic fluid inclusions. Near dykes it may take on a 

rust-brown turbid appearance (presence of iron oxides or 

hydroxides?) and look pinkish in hand sample <Fig. 2.21 ). 
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Plagioclase is found aa aubhedral to anhedral laths o£ 

albite to ol1goc1aae composition. It usually has albite 

twinning; some phenocrysts h~ve v~gue normal zoning. Minor 

microcline and quartz are included within the phenocrysts. 

Plagioclase suffers a greater degree of alteration~ changing 

to sericite with variable amounts o£' calcite and rarely 

epidote~ usually within crystal cores. Near dykes it usually 

becomes a turbid rust brown~ appearing pink in hand specimen, 

although it may remain greenish white. 

Biotite occurs as clear brown ragged individual flakes 

or aggregates of flakes. It usually contains inclusions of 

zircon, apatite, ilmenite and epidote<?>; rarely subhedral 

pyrite and arsenopyrite crystals and rutile<?> needles. 

Biotite alters readily to clear, d~rk green chlorite, even 

where no alteration is evident in adJacent minerals. Near 

veins, shears and contact with the metasediments, biotite is 

altered to a 'shredded' tan aggregate of vermiculite<?) with 

disseminated iron oxides or hydroxides; included ilmenite is 

generally altered to blue anatase. 

Rare vugs (mial:'olit!c cavities?) are found in some o£ 

the core. They are round to elliptical .. and up to 3 rnm 

diameter with drusy quartz coatings. 

Monzogranite is readily weathered, as seen by the 

pinkish to rust-brown ~oloration o£ both exposed country rock 
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and upper portlons of the drill core., some to 2 2 m depth 

<Fig. 2.22). 

The core is cut by several stages of veins~ several mm 

to several em width. Many are of quartz-calcite composition 

with variable sulphides, fluorite <both purple and green), 

scheelite, white mica.., kaolinite and cassiterite. Alteration 

envelopes r-.ange from slight "'bleaching' immediate the vein 

<sericitization of feldspars) to greisen zones up to 20 em in 

drill core. These vein types will be discussed in a later 

chapter. 

Rare aplite dykes are obset'ved in both core and 

outcrop. They are thin <several em>, greyish white end 

aphanitic with assimilated mineral fragments. They are in 

sharp contact with the monzogranite with no observable 

alteration effects. 

Shears cut the pluton with or without accompanying veins 

o£ quartz ~ arsenopyrite : scheel!te : molybdenite z pyrite. 

Widths vary from centimetres to several metres over the 

length o£ the drill core. In places one may observe a 

progressive !:"eduction o£ grain size .. destruction o£ 

feldspars .. or-ientation o£ elongate quartz 'eyes" and 

development o£ saccharoidal quartz and parallel planes of 

pale silvery green sericite. Within endocontact samples ... 

euhedral sulphides <principally pyrite; minor chalcopyrite) 

overprint the shear- planes. In shoreline exposures, these 
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Figure 2.22 Effect o£ monzogranite weathering. 
Sample 78-33 

Left: Hematite-stained at 13.7 3 m. 

Right: Unweathe~ed at 46.6 m. 
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sulphides weather to form iron oxides# producing ~rusty' 

shear zones <Fig. 2.,23). 

2.3 .. 2 Mafic Dykes 

A series of northeast- northwest- and rare 

north-trending mafic dykes intrude both the pluton and the 

metasediments. They are fresh, black, aphanitic with minor 

vitreous crystals, and are tens o£ em thick. Contacts are 

sharp and reddish brown; little alter,ation or assimilation o£ 

the host rock is observed. Several dykes appear composed o£ 

two phases, as i£ the magma had reintruded planes o£ 

weakness. Two types o£ dykes occur - one a lamprophyre, the 

other an olivine diabase. Relationships between the two are 

not known. Such dykes have been described and analysed by 

Cullen <1983), so will only be given a brief description 

here .. 

Lamprophyre dykes <monchiquite?) have a 

glomeroporphyritic texture, with up to 25 modal percent o£ 

clusters of medium grained clinopyroxene and olivine 

phenocrysts in a fine grained matrix o£ clinopyroxene, 

olivine, plagioclase<?>, hornblende <kaersutite?), biotite 

and either a zeolite or feldspathoid <Fig. 2.24a). 

Euhedral, zoned and sometimes twinned titani£erous 

augite laths occur <about 1 .. 5 mm), and may include olivine 

and magnetite; some have mantlea of ho~nblende. Subhedral to 
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Figure 2.23 Part of a 'rusty shear' from the 
western margin of the Wedge~ort 
pluton. The altered monzogranite 
hes a saccharoidal texture; feldspars 
are completely destroyed. Develops 
(to the right) into pyrite-<minor 
chalcopyrite) bearing end o£ shear~ 
altered to iron oxides. 
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anhedral olivine phenocrysts <about 1 mm) group with augite; 

they range from Ere~h,_to totally altered to serpentine, 

calcite and talc, edged with magnetite. Fine brown laths of 

hornblende <about 0.15 mm) comprise 10 to 15 modal percent of 

the lamprophyre. Rare flakes of dark brown and dark green 

biotite, and· fine needles of plagioclase(?) are disseminated 

throughout. The matrix also contains round amygdale.s(?) <up 

to 1.5 mm in diameter) filled either with a feldspathoid or a 

zeolite <analcite?). Matrix minerals are oriented around 

these forms; some minerals appear to grow into them. 

As the contact with the country rock is approached, the 

matrix becomes glassy and reddish brown. AdJacent 

metasediments appear slightly altered <sericitization of 

feldspars). Within the monzogranite feldspars may be turned 

pink and biotite may be chloritized <Fig. 2.21 ). 

Trace element analyses <Appendix ID include high 

fluorine <about 1000 ppm) which probably substitutes for the 

hydroxyl component of both hornblende and biotite. See 

Cullen <1983) for their whole rock chemistry. 

One sample o£ an olivine diabase dyke was observed in 

thin section <Fig. 2 .. 24b). It is relatively unaltered and 

consists of a fine grained holocrystalline assemblage of 

euhedral labradorite laths (about 60 modal percent) with 

undulatory extinction, euhedra1 augite laths (about 25 modal 

percent) and minor anhedral olivine altered to serpentine and 
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talc (about 5 modal percent). Disseminated throughout are· 

fine magnetite and skeletal ilmenite <about l 0 modal percent> 

and a trace amount of brown needles of hornblende(?). 
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Figure 2 .. 24a 

Figure 2.24b 

Glomeroporphyritic lamprophyre 
dyke. Solitary biotite £lake 
occurs in centre. Brown hornblende 
occurs throughout. 

PPL 

Long axis o£ photograph measures 3.23 mm 

Plagioclase-rich olivine diabase 
dyke. 

Cr-ossed nicols 

Long axis of photogr-aph measures 8.0 mm 
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CHAPTER THREE 

ORE PETROLOGY 

3.1 Introduction 

Both the metasediments and the Wedgeport pluton are cut 

by a variety of vein systems o£ variable orientation and 

mineralogy, reflecting stress and fluid regimes before and 

during mineral transport and deposition. A detailed analysis 

of fracture and vein system orientations is beyond the scope 

o£ the thesis; however, their positions with respect to 

bedding and foliation within drill core have been noted. 

Cassiterite mineralization occurs both in veins <mainly 

within the metasediments) and in thin.,. sulphide-rich 

stratiform blue grey to brown "'patches' or zones within the 

metasediments. The mineralogy~ textures and possible modes 

of genesis of the mineralization will be discussed. 

3 .. 2 Vein Systems 

Because the vein systems within the metasediments and 

pluton have somewhat different mineralogies and effects on 

the host rock, and because relationships between the systems 

in the two lithologies are not well known, they '-¥ill be 

treated separately. Each lithology appears to contain three 
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main stages o£ veins: pre-tin, tin, and post-tin.. Eac:h stage 

will be described in terms of its mineralogy and ~ltet:"etion 

effects on the wall rock. Cassiterite will be described in a 

later section, incorporating these descriptions in an attempt 

to develop a possible genetic interpr:-etation o£ tin 

mineralization. 

3.2.1 Veins Within Metasediments 

Relationships among the different veins are not clear as 

only a small segment o£ each vein is obtained in drill core. 

Crosscutting relationships are rare, therefore comparisons 

were made between the vein and structures within the host 

i.e., bedding, foliation, crenulation and fractures. 

Pre-m.inerali:zation veins may parallel bedding, are 

commonly affected by crenulation <see Fig. 2.5) and cause 

little, if any alteration o£ adJacent host rock. 

Veins associated with main-stage mineralization crosscut. 

bedding and foliation - some parallel crenulation cleavage -

and m.ay have thin, slightly perceptible alteration haloes. 

Post-mineralization veins appear related to a late 

shearing event, which caused fracturing, bleaching, 

"'smearing' and some displacement of pre-existent veins and 

mineralized 'patches', concentz:-ations o£ thin veinlets 

<"'crackle breccia') and minor brecciation infilled with 
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quar-tz and calcite .. 

3. 2 .1.1 Pr-e-mineralization Veins 

Pr·e-mine~-~ali~ation veins within meta-argillite are 

usually affected by crenulation. They a.r-e kinked., 

ptygmatically folded or- boudinaged <Fig. 3·.1 ). This vein type 

within the meta-wackes is at most .. slightly offset .. 

They are usually less than 1 em wide, and planar- in 

drill core; £iner- veinlet.s appear to be anastomosing. Some 

veins occur- at bedding contacts. Inter-grown quartz, calcite 

and chlorite are the principal constituents; muscovite and 

sulphides (arsenopyrite, chalcopyr-ite, pyrite, pyrrhotite., 

sphalerite(?)) are minor or r:-are. The quartz is commonly 

strained, forming sub- and new grains. The immediate host 

rock is bleached<on the order o£ <1 mm), usually adding 

sericite and carbonate ~ quartz. 

At least two stages o£ this vein type occur, at times 

crosscutting each other. 

3. 2.1.2 Main Stage Veins 

This type comprises a variety o£ widths, orientations, 

mineral assemblages, and alterations. ~idths vary from less 

than 1 mm to sevet"al tens o£ em o£ drill core length 

<commonly barren quartz);they are usually 0.5· em or less. 
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Alteration haloes vary, from slightly perceptible with 

slight bleaching, to about ten times the vein width. The 

main alteration types are: 

1. Bleaching<common> - destruction of biotite to chlorite<to 
vermiculite?); sericitization of 
feldspar; addition o£ silica, sericite, 
chlorite and carbonate. 

2. Biotitization<uncommon) - development of biotite porphyro­
blasts adJacent outer selvedge o£ 
quartz-calcite-sulphide veinlets 
<Fig. 3.2>; the biotite is later than 
the regional metamorphic biotite. 

3. Chloritization<minor> - development o£ chlorite ::t rare 
cassiterite around sulphide veinlets 
<Fig. 3.3). 

Main stage veins consist mainly o£ quartz, carbonate 

<calcite, siderite>, chlorite, pyrite, pyrrhotite and white 

mica with variable amounts o£ other sulphides, cassiterite 

and scheelite. Table 3.1 lists the common vein mineral 

assemblages. Vein mineralogy changes with distance from the 

pluton. Near the intrusion <up to about 2 km from its 

surface pt:oJection), rare scheelite, molybdenite and epidote 

are found. At greater distances, cassiterite and base metals 

predominate; scheelite is not observed. Cassiterite is a 

maJor mineral between 2 and 4 km from the pluton, after which 

sphalerite and galena become prominent. Arsenopyrite and 

chalcopyrite are common throughout the study area. This 

mineral zonation roughly follows that o£ greisen stockworks 

above an intrusion, and sulphide-cassiterite deposits 

described by Shcherba <1970) and Grigoryan <1974), 
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Figure 3 .. 1 

Figure 3.2 

E~rly quartz-arsenopyrite veinlets 
in meta-argillite, cut by crenulation 
cle~vage. 

Sample 78-10-83.55 

Vein types. 

Left: IW-005(77-27-57.7) 
Biotite developed around 
quartz-chlorite-carbonate­
pyrrhotite-pyrite-chalcopyrite­
galena veinlet in silty meta­
argillite. 

:Right: IW-0 54 <7 8-11-97.8 4) 
Arsenopyrite-g~lena<+ Ag/BD­
chalcopyrite-pyrite-marcasite­
carbonate veinlet parallel 
crenulation cleavage with no 
nt~Jo:r wallrock alteration. 
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rust brown material(iron 
oxides/hydroxides?> offshoot 
the veinlet into foliation .. 
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Figure 3.3a 

Figure 3.3b 

Sulphide-cassiterite veinlets with 
a green ch!oritic alteration zone 
within blue-grey meta-wacke. 

Sample 77-25-164.77 

Thin section o£ the above sample~ 
showing detail o£ sulphide-cassiterite 
veinlet and green alteration halo o£ 
chlorite and cassiterite(£ine dark 
brown spots). 
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Table l.l. Hlneralogy of Vcln SyRtcmu 

Hc'tasetllmf,nt!l 
Pr-e-Crt>nul..tt lon 11aln Stnge 

Quartz X 

Car-lwnate* X 

C.hlor!te 

\.Jhlte Hlca•• 

Pyrophylllte(1) 

Pyr-Jtt> ll 

Harcas lte 

Pyrrhotite X 

X 

X 

Sph.1Jer-lte x? 

Galena 

Sf lver/BI~muth 

Scheel he 

lpidote 

Garnet+ 

fluort te 

Ho lybtlenu•a 

Kaolinite 

,. ln.:luJc10 calcite. sldcr-ttc. dolomite 

•• may be 11th lum- or fluor inc-bearing 

+appo:arli incorpor-ated fr-om mattix 

uncertain 

K major vein mineral 

x minor veln mineral 

trace or rare 

X 

X 

X 

X 

X 

X 

X 

)( 

X 

X 

ll 

Pnst-Hinerallzatlon l're-Grelsen 

X X 

X 

X 

X 

X 

Pluton 
Crefsen 

X 

X 

X 

X 

X 

Post-Gr-el11en 

X 

ll 

X 

ll 

ll 
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respectively. 

Te~turea among casaite~ite~ sulphides and gangue 

minerals are ~elatively st~aight£o~wa~d. The habits, 

associations -!!nd genesis of cassiterite in this vein type and 

other settings will be discussed in a late~ section. 

Gene~ally, the fine grained sulphides <averaging ~0.5 mm) and 

cassiterite are found in the middle o£ the vein within a 

matrix of quartz, carbonate <usually calcite; minor 

siderite), chlorite and white mica. Othgr veins may have 

sulphides at the selvedges instead; othe~s may consist of a 

patternless intergrowth of a11 minerals. Mineral contacts 

are usually straight to curved. 

Arsenopyrite occurs as subhedral rhombs and blades, and 

as massive anhedral grains. It has minor inclusions o£ 

pyrrhotite, galena and chalcopyrite. Fine cracks may be 

filled, an·d crystal boc.ndaries may be discontinuously rimmed 

by lrregula~ massive galena, chalcopyrite, pyrrhotite, pyrite 

and sphalerite. Arsenopyrite may also be rimmed by fine 

druses o£ calcite. This sulphide is usually in the middle o£ 

the veinlet, but some rhombs are found at vein edges and 

within the the immediate host rock, grown a~ound phyllo- and 

tectosilicates. 

Py~ite is commonly anhedral and massive, grown around 

other sulphides, cassiterite and gangue mine=:-als <Fig. 3. 4); 

it also occurs a a angular- blocks <Fig. 3. S ). Gangue and minor-
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anhedral chalcopyrite and sphalerite may be included in 

pyrite. Minor pyrite hair veinlets may traverse the earlier 

sulphide-cassiterite veinlets, crosscutting vein minerals 

<Fig. 3.6) and the cleavages of phyllosilicates in the 

wallrock. This is believed to be a later part o£ the 

main-stage vein system. 

Weathered or altered samples contain round to 

ellipt;.ical., concentric intergrowths of blocky pyrite, 

marcasite and gangue ('graphic pyrite') <Fig. 3. 5 ). This is a 

result of pyrrhotite conversion to pyrite and marcasite by 

loss of iron during low temperature alt~ration 

<stoichiometric 2FeS --> FeS2 + Fe~ Stanton,l972>; cell volume 

·decreases <from roughly 180 A3 for stoichiometric hexagonal 

pyrrhotite to 160 A3 £or cubic pyrite using cell dimensions 

from Berry and Mason,l959), causing the structure to shrink 

and form creeks. Liberated iron may form oxides, hydroxides 

or magnetite, staining the surrounding rock <Stanton,l97 2 ). 

Much of the 'primary' pyrite may in fact be completely 

altered pyrrhotite. 

Pyrrhotite is found as irregular, lobate grains growing 

around other sulphides <principally arsenopyrite) and gangue 

minerals. It is rarely observed altering to an assemblage of 

pyrite <see above description). 

Marcasite is rare, and is found as subhedral blades and 

massive amorphous zones in altered pyrrhotite. Several 
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Figure 3.4 

Figure 3.5 

Part o£ veinlet containing pyrite, 
sphalerite and cassiterite 
intergrowth, with minor chalcopyrite 
inclusions. 

ReElected light, oil immersion. 

Long axis of photograph measures 1.08 mm 

Concentric graphic P~lrite<after­

pyrrhotite) in weathered vein 
sample. 

Reflected light, oil immersion. 

Long axis of photograph measures 1.08 mm 

83 



84 



Figure 3c6e 

Figure 3.6b 

Later pyrite vein!et crosscuts 
main stage sulphide-cassiterite 
vein<IW-174>; it cuts a sphalerite 
grain and travels around a 
cassiterite grain .. 

Reflected light. 

Long axis o£ photograph measures 0.54 mm 

Later pyrite vein!et cuts pyrite 
and marcasite grains<altered from 
pyrrhotite) in a stratiform 
sulphide layer. 

Reflected light, oil immersion. 

Long axis of photograph measu~es lo08 mm 
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sulphide veins in drill core contain 'vuc;gy' :zones lined with 

marcasite blades which appear to be a later weathering 

product. 

Sphalerite ia a rare to common constituent in the 

veins. It occurs as anhedral, equant to rectangular grains. 

The mineral may infi11 fractures in arsenopyrite and form 

discontinuous margins around both arsenopyrite and 

pyrrhotite. 

Chalcopyrite is a ubiquitous minor sulphide. It occurs 

as anhedral grains., forms small exsolution blebs in 

sphalerite, and is intergrown with pyrite, pyrrhotite, 

marcasite, sphalerite, galena and gangue; it also mantles 

pyrrhotite, pyrite, and sphalerite grains. 

Galena occurs as anhedral blebs and subhedra1 to 

euhedral blocks. It is included in arsenopyrite, fills the 

fractures of that sulphide, and rims and incorporates 

arsenopyrite, pyrrhotite, marcasite, sphalerite, and 

chalcopyrite. A very fine grained, highly reflective mineral 

is commonly included within galena and may be native silver 

or native bismuth. Attempts to microprobe several o£ these 

grains failed as they were too small. 

Scheelite is rare, and ls found in quartz-carbonate 

veinlets near- the pluton as flesh-coloured, rectangular 

anhedral graina. 
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The gangue consists o£ granular intergrowths o£ quartz# 

cerbonate# iron-rich chlorite <see Fig. 3 .. 7) and white mica 

<muscovite and probably F- and Li-bearing vat"iet.tes). Two 

stages o£ carbonate emplacement are observed in sevet"al 

samples: a minor encrustation o£ drusy carbonate around 

sulphides# followed by pyrite and massive carbonate.. White 

mica commonly occurs as discrete flakes# but is also found as 

radiating spherules intergr6wn with chlorite and sulphides. 

Rare garnet is incorpot"ated into the vein. 

A possible depositional sequence •.-~ith.in the vein system 

is given in Table 3.2. 

Later movement along veins <i.e.# along pre-existing 

planes of weakness) caused elongation of pyrrhotite <parallel 

to phyllosilicates)# strain in quartz <undulatory extinction 

to formation o£ sub- and new grains) and incorporation of low 

temperature acicular cassiterite into new quartz grains. One 

sample appears to have had regrowth of chlot"ite into random 

aggregates and overgrowth o£ garnet. 

3. 2.1 .. 3 Post-Mineralization Veins 

Identification of this vein type is difficult.. The best 

examples occur where they cut mineralized veins or zones 

<e.g.# Fig.· 2.6)# but this is relatively uncommon. 

Brecciated core is tentatively identified as post­

mineralization because breccias cut all sedimentary 
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Figure 3.7 Chlorite compositions of samples 
in veins and metasediments. Upper 
field A contains microprobe 
analyses from 16 chlorite samples 
in and adJacent to sulphide veinlets. 
I..ower field B contains analyses 
from 13 chlorite samples in meta­
wacke and in stratiform mineralized 
zones. 

<Classification by H.M. Hey# in 
Deer# Howie and Zussman# 1974) 
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Table 3.2 Mineral Paragenesis in Main Stage Veins 

Early late 

Scheeli te 

Molybdenite 

Arsenopyrite 

Pyrite 
weathered po 

Pyrrhotite 

Cassiterite 
equant 

co 
acicular 

...... 

Sphalerite 

Chalcopyrite 

Galena ---
Silver I Bismuth 

Druse Carbonate 

t-.1ai n Carbonate 

Marcasite 

Gangue 
(q t z +ch l +mica) 



structures and contain only trace amounts o£ sulphides and no 

cassiterite; they also are associated with the greatest 

displacement ocserved <up to several em>., which is not found 

in other vein stages. 

Widths vary £rom less than l mm to several em. Veins 

may occur either singly or in fine networks {"'crackle 

breccia'). Some quartz-c_alcite tension fractures cut 

mineralized zones, and therefore belong to this stage; it is 

not known how these relate to other tension gashes 

(pre-mineralization?). 

Ouart2 and calcite are the main components: minor 

arsenopyrite., pyrite and chalcopyrite are disseminated 

throughout. Several veinlets contain tan spherulitic 

intergrowths of pyrophyllite(?) and are possibly altered 

fragments of pelitic wallrock or rock 'flour' formed during 

brecciation. 

Wallroc:k alteration is variable. Restricted assemblages 

<S 1 mm wide) of muscovite, chlorite and quartz may occur 

adJacent to the vein and fine hair veinlets may branch from 

the main vein. Other samples have wide, light hued 

'bleached' zones several m in core length, containing 

intergrown quartz and muscovite aggregates. Several sheared 

core samples are cut by later quartz-calcite veinlets. 
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.3 .. 2 .. 2 Ve!na Within Pluton 

The endocontact of the Wedgeport pluton is cut by a 

myriad o£ thin veinlet.s; the interior contains minor 

veining. In contrast with veining in the metasediments,. 

crosscutting relationships are common, and it is sometimes 

difficult to resolve the various vein stages. As with the 

metasediments, three main stages of veins exist. Early, 

pre-greisen quartz veins are usual! y thin with minor 

concentrations o£ other minerals and do not perceptibly alter 

the adJacent wallrock. Main stage tin-bearing greisen veins 

are of variable thicknesses and alter.the monzogranite 

country rock from mm to several tens of em o£ core length. 

Late stage quartz veins cut the previous veins, may contain 

kaolinite and cause little, if any alteration. Later shears 

may cut any of these veins, and in places have associated 

quartz-arsenopyrite : scheel1te veining. 

3.2.2.1 Pre-Greisen Veins 

This type o£ vein is usually thin <~O .5 em) and is 

composed of quartz with variable, but minor amounts o£ white 

mica,. scheelite, purplish fluorite, molybdenum,. pyrite and 

pyrrhotite. Several of these veins usually crosscut each 

other. Alteration i.s minimal and compri.ses fine <several mm) 

assemblages o£ quartz and white mica in the adJacent 

wallrock. 

They are not otherwise notable except for their role as 
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physical barriers to later greisen!:zin<; fluids: greJ.sen 

alteration zones abruptly halt at these pre-existent veins 

(F'iq. 3.8). 

3.2.2.2 Greisen Veins 

This interesting vein type varies from <1 mm to about 1 

em thick veinlets. A typical greisen vein contains maJor 

quartz and minor fluorite, white mica, chalqopyrite, pyrite :: 

arsenopyrite : molybdenum : scheelite % sphalerite ± a rust 

brown phyUosilicate <vermiculite??) :!: cassiterite. 

Alteration is extensive, affecting a zone many times the 

width of the vein itsel£. The greisen halo is predominantly 

a quartz-white mica aggregate containing variable amounts of 

purplish <in places greenish) fluorite and minor calcite, 

chalcopyrite, pyrite, pyrrhotite and cassiterite. 

Clus.rt.z is fine grained <O. 2 S- 0. 7 5 mm) ,jl common! y anhedral 

<rarely euhedral), slightly stt'ained and appears to comprise 

relict quartz 'eyes' of the monzogranite plus silica 

introduced by greisenization. Fine grained (0 .1-0. 5 mm) 

white mica clusters are intergrown with the quartz grains. 

This phyllosilicate may be lithium-bearing, as evidenced by 

high lithium concentrations in geochemical analyses of 

greisen samples. Attempts to identify the mica by X-ray 

powder diffraction proved disappointing as the d-spacing.s of 

muscovite and the Hthium-bearing mic.sa (e.g., zinnwaldit.e,jl 
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lepidolite) are very similar .. 

Anhedral purplish fluorite <usually up to 2 mm in .size) 

has grown around the quartz muscovite aggregate, following 

their crystal outlines. It comprises from 1 to l 0 modal 

percent of the greisen; rarely it grades into massive 

fluorlte. 

Minor anhedral chalcopyrite, pyrite and pyrrhotite <up 

to about 5 modal percent) are found throughout the greisen 

and are usually enveloped by or in contact with fluorite. A 

few opaques are overgrown by calcite. 

Minor relict euhedral to subhedral prisms of zircon are 

disseminated throughout the greisen. 

Subhedral cassiterite is rare, both within the greisen 

vein and its halo, and is usually in close association with 

fluorite. 

Contact between the greisen and monzogranite may be 

sharp <Fig. 3.9), due either to rapid equilibration 

<'neutralization") of the greisen fluid with the wallrock or 

to the presence of a pre-existing quartz vein barrier. 1he 

greiaen may also be diffuse, changing £rom a "true' greisen 

(quartz-white mica-fluorite assemblage) to an altered 

<'greisenized ') ::tonzogranite, where matrix mlne:-als and their 

textures are progressively destroyed. Feldspar phenocrysts 

become rounded and are gradually broken down into mica-rich 
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Figure 3 .. 8 

Figure 3. 9 

Leucocratic mon2ogranlte with 
grelsen alteration which stops 
at pre-existent quartz veinlet 
barrier. 

Sample 79-07-70.66 

Veinlet with greisen alteration 
in relatively sharp contact with 
slightly phenocrystic monzogranite. 

Sample 79-08-72.93 
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aggregates, leaving dark 'ghost' rectangular forms. Quartz 

phenocrysts appear unaltered and remain as round pinkish 

"eyes-' in the greisen. This progressive alteration of 

monzogranite is rarely seen in drill core; usually only 

individual grelsen or slightly altered zones are observed. 

Fortunately_, one such specimen was obtained <Fig. 3.10). It 

exhibits a gradual change from unaltered material to a 'tan" 

alteration zone to a 'white' alteration zone to a greisen. 

The changes which take place during greisenization will be 

discussed in the cassiterite section. 

3.2.2.3 Post-Greisen Veins 

Both greisens and unaltered.monzogranite are cut by thin 

<.51 em) veinlets. They consist of quartz and kaolinite with 

minor calcite, dolomite and trace molybdenum, pyrite, 

marcasite, pyrrhotite, arsenopyrite, fluorite, scheelite, 

chalcopyrite and white mica. Quartz is commonly euhedral and 

terminated, and is intergrown with the sulphides; kaolinite 

and the carbonates overgrow these minerals <Fig. 3.11 ). 

Sheared monzogranite may be unmineralized, may cut 

pre-existent mineralization, or may be mineralized itself. 

Widths range from < 1 em to tens of em <up to 1 m) in drill 

core. Pre-existent greisens and quartz-scheelite-molybdenite 

veina may be sheared, although this pre-existence is usually 

only establised in thin section: mineralized quart2 veins 
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Figure 3.10 

Figure 3.11 

Phenocrystic monzogranite with 
alteration zones from 'fresh' 
to 'tan' to 'white' to greisen 

' proper. Core is cut by later 
kaolinite veinlets; note 
displaced feldspar phenocryst 
Carrow>. 

Sample 79-08-70.70 

White and tan altered slightly 
phenocrystic monzogranite cut 
by a fine greisen veinlet 
and a later kaolinite veinlet. 
Although the latter veinlet 
appears truncated by a thin 
veinlet, it actually change.s 
course, following this pre­
existent veinlet to the top 
right. 

Sample 79-07-26.30 
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contain strained quartz and are cut by parallel aggregates of 

white mica. Some shears have associated quartz veins with 

variable concentrations of arsenopyrite, scheelite, pyrite 

and chalcopyrite <Fig .. 3.12>; others have sulphides <pyrite, 

pyrrhotite, sphalerite, chalcopyrite) overgrowing the shear 

planes. Contact with the monzogranite is gradational, 

exhibiting changes in grain size.- orientation and 

mineralogy. Feldspar and quartz phenocrysts are broken down; 

newly formed phyllosilicates are oriented in parallel 

planes. 

3. 3 Stratiform Mineralization 

Many sulphide zones are found throughout the drill core 

and consist of individual pyrrhotite blebs through to 

concentrated sulphide disseminations in em thick beds. They 

occur in both pelitic 'and psammitic lithologies <Fig.3.13) 

within discrete layers, usually in sharp contact with 

adJacent beds. The thicker, tin-bearing sulphide-rich beds 

are commonly a distinctive dark blue grey and hence have been 

termed 'blue mineralized patches'. Description of these 

concordant zones has been divided into tin-barren and 

tin-bearing sections. 
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Figure 3.12 Sheared monzogranite with 
quartz-arsenopyrite vein. 

Sample 79-07-33.36 
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Figure 3.13 Anhedral pyrrhotite disseminated 
throughout meta-wacke. 

Sample 78-26-117.54 

PPL 

Long axis o£. photograph measures 8 mm 
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3.3 .. 1 Tin Barren Sulphide Zones 

This type o£ mineralization is commonly found as 

£ine-r;srained elongate blebs o£ pyrrhotite oriented parallel 

to foliation; in places they are c::renulated. Rarely, layers 

of almost massive sulphides (pyrrhotite, minor chalcopyrite 

and arsenopyrite) of several em thickness occur<F'ig. 3.14 )., 

These sulphides consist of anhedral, granoblastic 

pyrrhotite altering to spotted and massive aggregates of 

marcasite and pyrite <Fig. 3.15). The sulphides grow around 

and include all gangue. These larger sulphide layers may in 

fact represent part o£ the mineralized sequence, but do not 

contain any cassiterite. 

A number of samples contain 'shredded-textured' 

sulphides subparallel to the enclosing phyllosilicates <Fig. 

3.16); this may indicate an episode of stress after sulphide 

formation, possibly metamorphic or sheer related. 

Various authors <e.g ... Krauskopf.,l979; R!ckard,l969e.,.b; 

Saxby,1976; and Stanton,l972b) suggest iron sulphide 

formation is due to reaction of biogenic sulphur with iron 

from the sediments. Anaerobic bacteria within 

organic-bearing sediments reduce seawater sulphate in marine 

pore water to hydrogen sulphide, and in so doing, produce 

water and carbon dioxide <Krauskopf ,1979>. Iron may become 

soluble in this reducing environment £rom detrital iron 

minerals or iron hydroxides <e.g. goethite) found alone, 

adsorbed to clays and organic material or coated to clastic 
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Figure 3.14 Slightly crenulated stratifor-m 
pyrrhotite layer- in carbonaceous 
meta-argillite. Minor- chalcopyr-ite 
and arsenopyrite also occur. 

Sample 77-34-233.35 
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Figure 3 .. 15a 

Figure 3 .. lSb 

Anhedral grains o£ graphic pyrite 
and marcasite altered £rom pyrrhotite 
within mineralized 'patches'. 

Sample 78-12-93.60 

Reflected light, oil immersion. 

Long axis o£ photograph measures 1.08 mm 

Low temperature alteration of 
pyrrhotite to a 'speckled' 
assemblage of marcasite and 
pyrite to homogenous pyrite. 

Sample 77-08-31.45 

Reflected light, oil immersion. 

Long axis o£ photograph measures 1.08 mm 
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Figure 3.16 Elongate, 'shredded-textured' 
pyrrhotite in a biotite meta­
wacke. 

Semple 77-05-74.75 
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grains <Love.,l969). The first products are soft .. dark iron 

sulphides (e.g. mackina~ite., grelgite) which may equilibrate 

to pyrrhotite or incorporate more sulphur from biogenic H2 s 

or elemental sulphur to form pyrite <Ric.kard.,l969a). 

Sulphides may form in place in the organic-bearing sediments; 

the mobile sulphide and metal ions may also be expelled 

upward during compaction and diagenesis into porous beds to 

combine there <Vaughan .. 197 6 >. 

An increase in temperature .. by compaction .. diagenesis 

and metamorphism may lead to a decrease in sulphur content of 

pyrite and subsequent conversion to pyrrhotite 

<Stanton .. l972a). Pyrrhotite responds to directed pressure by 

translation gliding along CO 0 0 1) crystal planes and thus 

forma elongate bodies parallel to foliation. The released 

sulphur from the pyrite may combine with existent iron oxides 

or hydroxides .. iron carbonates or calc-silicates to form 

"replacement' or 'sulphidized" iron sulphides <Rose and 

Burt .. l979; Gamble,l982; Love,l969; Kuilerud and Yoder,l965; 

McokerJee, 1981 ). 

Minor chalcopyrite, sphalerite and arsenopyrite found 

with these pyrrhotite-rich layers may also have formed by the 

combination of bacterial action, diagenesis and metamorphism 

<Saxby,l976; Mercer,l976; Love,l969). 

Rare samples contain arsenopyrite grains which appear 

detrital <Fig. 3 .17); these angular grains are disseminated 
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Figure 3.17 

·. 

Diagenetic<?> arsenopyrite and 
other su1phides<b1eck) in a 
coarse meta-wacke in contact with 
e. meta-argillite scour. Current 
laminations consist o£ ilmenite 
and zircon. Steeply dipping 
lines within meta-argillite are 
crenulation cleavages. 

Sample 77-34-86.13 
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thoughout coarser layers o£ meta-wackes. Closer examination 

reveals arsenopyrite to be subhedral with overgrowths of 

anhedral pyrrhotite~ minor chalcopyrite and rare galena; 

these softer sulphides are compressed around the arsenopyrite 

and detri~al gangue grains. One arsenopyrite grain 

incorporates a detrital ilmenite lath. This evidence 

suggests arsenopyrite and the other sulphides formed in situ 

after sediment deposition and before compression <regional 

metamorphism?>. Little wot"k has been done on arsenopyrite 

<e.g. Kretschmar and Scott~l976; Barton and Skinner, 1979) 

0 
and much of that at high temperatures <>400 C> so it is not 

known i£ this can occur. However, stratabound arsenopyrite 

has been described within a sandstone layer in Late 

Precambrian sediments of the East Greenland Caledonides 

<Ghisler et a1 .... l980>; euhedral crystals had grown across the 

laminae, implying a diagenetic to metamorphic<greenschist 

facies) origin .. 

3.3.2 Tin Beal:'ing Sulphide Zones 

The minerali2ed 'patches' are usually dark greyish green 

to dark greyish blue bands <Fig. 3 .. 18). Less commonly they 

are green, dark and light brown amorphous masses. Rarely, 

they form dark brownish red and white bands <Fig. 3.19>. In 

drill core the 'patches' have a varied appearance: felty 

maaaea rich in phylloailicatea; aac:chs.r·oldal in t.he mora 

paammitic zones; or mottled ... with light grey, white and 
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Figure 3.18a 

Fig.ure 3.18b 

·. 

Blue mineralized zone 1n 
meta-wacke .. 

Sample 77-34-113~73 

Two mineralized zones \¥ith 
thin chloritic haloes. 
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Figure 3.19a 

Figut'e 3 .. 19b 

Sphalerite-pyrite-chlorite 
layers in quartz-carbonate 
meta-wacke. 

Sample 78-12-13.88 

Thin sect ion of above sample. 
Elongate sphale~ite and pyrite 
(opaque) are intergrown with 
chlorite and quartz, and are 
overgrown by white mica laths. 

PPL 

Long axis of photograph measures 5 mm 
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orange stained blebs of carbonate~ and irregular 

disseminations end veinlets of sulphides. They are thin << 1 

em) but rarely attain up to 12 em length in drill core. The 

zones are concordant with bedding~ with sharp to gradational 

contacts. Some 'patches' have chlorite and white mica haloes 

up to 0.5 em width; one such sample has chlorite that. 

crosscuts the foliation, implying a post-foliation 

development of ~hese mineralized layers. Their lateral 

continuity is not known; areas which contain much of this 

mineralization have these 'patches' at all stratig:-aphic 

levels Ce.g.~see section A in Fig. 5.12). They are 

pre-faulting, as is evidenced by the crosscutting and 

displacement of one such zone <Fig. 3.20>; therefore they may 

have formed at the same time as the mineralized veins. 

The dark coloration is mainly due to less chlorite and 

muscovite, and more quartz with disseminated graphite. 

Mineralization is found in both pelitic and psammitic 

lithologies, so the gangue mineralogy reflects the host 

rock. It usually consists of tightly intergrown chlorite, 

muscovite, quartz, feldspar, and trace amounts of zircon, 

rutile, sphene and ilmenite.. The tec:tosilicatea are 

granoblastic with lobate to triple point boundaries. The 

minerals are commonly homogeneously intergrown, although 

there are 'patchy' growths o£: felted chlorite masses; 

chlorite and quartz; and carbonate.. Foliation is defined by 

parallel orientation of white mica, or vague parallel 
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Figure 3o20 

Figure 3 .. 21 

Blue mineralized zone displaced 
by a fine veinlet. ... and cut by a 
quartz-pyrite veinlet .. 

Carbonaceous calcite layer 
containing cassiterite 
aggregates <arrow) .. 
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orientation of graphite. 

Graphite occurs as <0.003 mm disseminations to about O.l 

mm needles and wispy aggregates, usually near chlorite. O-ne 

sample GW-068) contains vaguely foliated and crenulated 

graphite wisps and blades in a calcite matrix. It makes up 

<l to about 15 modal percent o£ the mineralized zones. The 

boundary between mineralized and barren. layers is defined ... in 

part, by the concentration of graphite. 

Chlorite makes up from 1 to 30 modal percent of the 

zones, and is found as 0.01 to 0.15 mm anomalous blue 

needles. It can concentrate at the boundary with 

unmineralized layers. White mica has about the same form and 

concentration as chlorite; larger flakes <about 0.45 mm) 

overprint the matrix. 

Carbonate, in the form o£ calcite, siderite, dolomite or 

ankerite, occurs throughout the 'patches"'. It may form 0 .o 6 

to 0.1 mm amorphous blebs intergrown with the matrix, or may 

form subhedra1, equant to tabular ... lobate rhombs overprinting 

the matrix. Inclusions of quartz ... muscovite and cassiterite 

are found. It makes up < l to 2 0 <rarely up to 50) modal 

percent o£ the zone <Fig. 3.21 ). 

In the more psammitic 'patches' near the pluton, 

biotite ... tremolite <only l grain observed) and epidote are 

alae found. Epidote varies from ~are to 25 model percent~ 
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intergrown with, and overprinting the matrix .. 

Cassiterite and the sulphides comprise from 1 to 30 

modal percent o£ the mineralized zone and occur as clots of 

grains and fine vein lets. The grains range up to 0. 9 mm ln 

size and veinlets are about 0 .. 09 mm wide. Most veinlets are 

found near the contact. with the unmineralized zone~ with the 

graphite and chlorite. They are subparallel to the 

foliation~ following phyllosilicate grain boundaries. The 

opaques overprint~ grow around, or replace the silicates and 

carbonates. 

Pyrite is the maJor sulphide and appears to have been 

derived from pre-existing pyrrhotite; seen by remnant 

pyt'rhotite within the pyrite <Fig. 3.15). Pyrite is found as 

anhedral to subhedral, massive to skeletal and graphic 

textured grains with straight to embayed grain boundaries, 

following gangue boundaries. Other grains overprint and 

replace tectosillcates, phyllosilicates <along cleavage 

planes) and carbonates (from the rim, inwards); see Figure 

3.22 for some examples of replacement textures. Many of the 

grains are on or adJacent to pyrite veinlets, exhibiting a 

paternoster pattern. This sulphide is intergrown with and 

replaced by minor chalcopyrite and sphalerite. 

Pyrite is also found as individual or bundles of hair 

veinlets, cutting or outlining silicate and carbonate 

grains. 
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Figure 3.22 Replacement Textures in Stratiform Sulphide 
Zones. All are reflected light, oil 
tmmer.ston. 

A. Detail of poikilitic pyrite(altered from 
pyrrhotite) inundating cleavage planes of 
a phyUo.sUicate, probably biottte. 
Long axta of photograph measures 0.21 mm. 

B. Pyrite 'atolls" rimming and replacing gangue 
mtneraJa, probably carbonates. Long axis of 
photograph measures 1.08 mm. 

C.. DetaU o£ partial pyrtte rep.lacement. of a 
gangue grain. Long axis of photograph 
measures 1.08 mm. 

D. Detail of partial pyrite replacement of a 
phylloailicate along cieav~ge planes. Long 
oxts of photograph meoaucea O.Zl mm. 
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Pyrrhotite varies from less than 1 modal percent in the 

tin-bearing zones# up to about 40 modal percent i~ the 

tin-poor layers. It occurs as anhedral, embayed, polygonal 

granular and poikilitic grains. This sulphide is intergrown 

with cassiterite and gangue minerals; it rarely occurs within 

chalcopyrite# and is partially to completely replaced by 

pyrite. 

Sphalerite is a rare mineral within tin-rich layers <1-2 

modal percent)# but can attain up to 6 0 modal percent in tin 

poor zones. It is usually disseminated, and surrounded by 

chlorite and white mica. In the richer zones, massive, 

anhedral sphalerite is intergrown with pyrrhotite partially 

altered to pyrite; these sulphides are interlayered with 

chlorite and quartz and are overprinted with white mica <Fig. 

3.19>. Sphalerite may replace pyrite and may be replaced by 

chalcopyrite. 

Chalcopyrite is a minor sulphide, 2:anging up to about 1 

modal percent. It is associated with pyrits and sphalerite 

grains. It is grown at•ound, and may replace pyt:ite, 

pyrrhotite and sphalerite .. 

A2:senopyrite is rare, occurring as sub- to euhedral 

grains surrounded by py2:rhotite. 

C•eaiterite will be described in detail in the ne~t 

section, but general! y is rat:e < < 1 modal percent), and is 
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closely associated with the sulphides. It overprints the 

matrix~ and incorporates pyrite, graphite and the 

phyllosilicates. 

A £ew of these mineral!:zed ~"patches"' have an adJacent 

halo of tightly intergrown chlorite and white mica with trace 

amounts of pyrite, pyrrhotite, chalcopyrite and 

arsenopyrite .. 

3.4 Cassiterite - Description 

Cassiterite is found in a variety of mineral 

associations and crystal habits. This diversity appears to 

be due to the different modes and temperatures of cassiterite 

formation, and will be discussed further in a later section 

of the chapter. A summary of the habits and associations of 

cas:aiterite is found in Table 3.3. 

3 .. 4.1 Stratiform Association 

Cassiterite occurs as 0.01 to 0.3 mm sized equant 

subangular to subrounded grains; several are subhedral 

(square combination prisms) and have simple twins. The 

grains are commonly sharply zoned, although the zoning is not 

always symmetrical: several grains have ragged or broken 

edges, which may imply a possible detrital origin <Fig. 

129 



3.23). One :zoned r.::aea.iterite grain has a rounded c:ore6 e. 

possible relict from· an earlier origin <Fig. 3.24). 

The grains have a variegated brown coloration, either 

associated with 2on.ing# or completely random. The core is 

usually dark brown, lightening outward. Approximately 

one-half of the grains have colourless ragged rims o£ 

cassiterite <Fig. 3.25). 

In the only thin section where this particular habit ia 

observed# about 15 modal percent cassiterite occurs in 

granular aggregates in a pelitic unit. The unit consists o£ 

two layers o£ white mica, chlorite, quartz, minor rutile, 

graphite and rare chalcopyrite. The aggregates parallel the 

layering; in one place cassiterite appears to be in a 

microscour <Fig. 3 .. 26). Cassiterite has also been noted 

within crossbeds of a Goldenville Formation meta-wacke <A .. K. 

ChatterJee; pers. comm.,l983>. 

3. 4. 2 Stratiform Sulphide Association 

This type of association is more common, and occurs in 

the blue to dark green pelitic 'patches'. Cassiterite occurs 

in two habits: subequant anhedral grains and the more common 

botryoidal clusters o£ grains <the so-called 'wood-tin'). The 

anhedral grains are 0. 0 1 to 0. 5 mm in size, of irregular 

shape with rounded to serrat2 edges. They are dark brown in 

130 



Figure 3 .. 23 

Figure 3.24 

Broken zoned cassiterite crystal .. 
Part of detrital aggregate of 
cassiterite .. 

Sample 78-ll-112.4<IW-056) 

PPL 

Long axis o£ photograph measures 1.44 mm 

Zoned euhedral cassiterite with 
round core. Part of detrital 
aggregate o£ cassiterite. 

Sample 78-11-112.4 

PPL 

Long axis of photograph measures 0.39 mm 
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Figure 3.25 Zoned twinned cassiterite with 
ragged colourless overgrowth. 

Sample 78-11-112.4 

PPL 

Long axis of photograph measures 0.39 mm 
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Figure 3.26 Detrital cassiterite in a 
siltstone scour. Opaques in 
lower layer are ilmenite. 

Sample 78-ll-112.4 

PPL 

Long axis o£ photograph ~ 6.25 mm 

135 



136 



the centre~ lighten toward the edges, and vary from clear to 

turbid. 

Cassiterit·e is closely associated with sulphides 

(pyrite, pyrrhotite, chalcopyrite and sphalerite), ilmenite, 

rutile, zircon and chlorite. It occasionally partially to 

completely encloses the sulphides, ilmenite and chlorite. 

Rarely, it is found without sulphides, within a quart:z­

biotite-clinozoisite meta-siltstone <Fig. 3.27). 

Botryoidal cassiterite occurs as irregular-shaped, 

rounded or slightly prismatic clusters o£ grains from 0. 0 0 3 

to 0.2 mm in size, and is dark brown. They u.suelly occur 

within a groundmass of' chlorite and white mica, with or 

without carbona~e, either alone or adJacent the sulphides 

mentioned previously. They occasionally enclose pyrite, 

chl.orits and white mica, and overprint the groundmass. 

Both habits in this association usually comprise less 

than 1 modal percent in the 'patches", but can attain a 

maximum o£ 5 modal percent. 

3. 4. 3 Strati£ orm Calcareous Sulphide Association 

This is an uncommon association, observed in only two 

thin sections. Cassiterite occurs as 0. 0 5 to 0 .. 1 mm euhedral 

tetragonal prismatic crystals. They have a variegated 

coloration: neutral to light brown, with darJ.<er brown along 
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Figure 3.27 Granular cassiterite in biotite­
quartz-clinozoisite meta-w-acke. 

PPL 

Long axis of photograph measures 0.84 mm 
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crystal edges and micro£ractures. 

In one thin aeation crystal aggregates occur in a 

layered graphitic, micaceous calcite-sulphide 'patch' <Fig .. 

3.28a). The other thin section hosts cassiterite crystals in 

a linear distribution <boundary layer?> between two 

calcareous siltstone layers. This type o£ cassiterite 

comprises about 1 modal percent o£ the thin section. 

The accompanying sulphides include up to 10 modal 

percent o£ pyrrhotite, plus rare pyrite, chalcopyrite and 

arsenopyrite. They occur throughout the sections and have 

curved to embayed boundaries <Fig. 3.28b). 

3.4.4 Vein Association in the Metasediments 

Three habits o£ cassiterite are displayed within and 

adJacent to the veinlets o£ 

quartz-carbonate-sulphides(pyrite, pyrrhotite, chalcopyrite, 

z galena, arsenopyrite, sphalerita). Most cassiterite in the 

study area is found with this association. 

i. Subhedra1 to anhedral equant crystals<square prisms) up 

to 1.0 mm in size occur either alone or adJacent to the 

sulphides in veinlets. They commonly have diffuse colour 

~onation# defined by a gradual colour change from dark 

brown in the core to colourless in the rim; few have 
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Figure 3.28a 

Figut"e 3.28b 

Aggregate of prismatic cassit­
erite in carbonaceous calcite­
rich layel:"<IW-068>. 

PPL 

Long axis o£ photograph measut"es 3.23 mm 

Pyrrhotite intergrown with 
cassiterite in IW-068. Darker 
hued patches are remnants o£ 
graphite coating .. 

Reflected light. 

Long axis o£ photograph measures 0.54 mm 
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oscillatory :zoning <Fig .. 3.29) .. Dark to light brown 

variegated coloration also exists in other crystals. 

U.. Pale to dark brown botryoidal cassiterite up to 0.25 

mm in size is disseminated throughout the green 

chloritic halo sur·rounding the sulphide veinlets 

<Fig. 3 .. 30). It is intergrown with chlorite, muscovite, 

ilmenite and zircon, and occasionally incorporates 

ilmenite. 

iii. Radial clusters of orange brown to dark brown acicular 

cassiterite up to 1.25 mm in diameter occur in the 

veinlets adJacent to late stage carbonate <Fig. 3.31 ) .. 

They form whole or partial spherules and contain 

variable amounts o£ inclusions, notably ilmenite, 

with minor pyz:-ite, pyrrhotite and chalcopyrite. 

Some foz:-m acicular druses on ~yrite and pyz:-z:-hotite. 

3.4. S Greisen Association 

Cassiterite rarely occurs in this association. It is 

found as light to dark brown, equant, sub- to anhedral 

crystals up to 0. 2 5 mm in size. It is inter:-grown with 

quartz, white mica, fluorite, .: pyrite, pyrrhotite, 

chalcopyrite. One crystal occurs within a fluorite grain in 

a grei.sen zone <Fig .. 3.32) and one is found within a greisen 

veinlet. 
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Figure 3.29 

Figure 3 • .30 

Subhedral :zoned vein cassiterite. 

PPL 

Long axis o£ photograph measures 0.84 mm 

Botryoidal cassiterite in 
chlorite alteration halo 
adJacent sulphide-cassiterite 
vein. 

PPL 

Long axis o£ photograph measures 0.39 mm 
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Figure 3.3la 

Figure 3.3lb 

Lata .stag~ spherulit.lc vein 
cassiterite. 

PPL 

Long axis q£ photograph measures 2 mm 

Late stage acicular vein 
cassiterite grown around 
pyrite. 

PPL 

Long axis of photograph measures 0.84 mm 
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Figure 3.32 Subhedral cassiterite 
associated with fluorite, 
pyrite and chalcopyrite in 
a quartz-white mica greisen. 

PPL 

Long axis of photograph measures 2 mm 
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3.5 C•ssiterite - Temperature o£ Formation 

Studies o£ the £o~mation o£ cassiterite have shown it to 

0 0 
form in the range of approximately 150-600 C <Taylor,l979a; 

Pan and Vpma, 1 97 4; Shneider, 19 3 7 ). The crystal forms of 

cassiterite can be related to its temperature o£ formation 

<Miyahisa,l968; Shneider,l937) and are not influenced by 

trace element contents <although trace element substitution 

4+ 
of Sn can change the cell volume; Taylor,l979a). 

Cassiterite belongs to the tetragonal crystal system and 

the ditetragonal dipyramidal class. It occurs in a variety 

of forms, including combinati-ons of prisms, with pyramids, 

dipyramids without prisms, acicular fibers and botryoidal 

grains <'wood" tin') <Berry and 11ason,l959; Taylor,l979a). 

!n any given deposit, cassiterite cheracteriatic:ally 

occurs in more than one generation, and in more than one 

habit, and this diversity serves to assign the minimum 

relative temperatures of cassiterite formation <Taylo~,l979a; 

Hosking, 1979). 

Shneider (1937) and Miyahisa (1968) have measured 

cassiterite from different deposits and found that cell 

parameters change with decreasing temperature. This change 

is manifested by a change from more equant, dipyramidal 

forms, to more prismatic, acicular forms <Table 3.3). 
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Table 3.3 Cassiterite Crystal Habits and Related Temperatures of Formation 

[] 

[] 

1 ., 
Habit ·-

Obtu~ely bipyramldal 
or octahedral (short 
c axis) with a col­
umnar blpyramldal 
subtype 

Tabular 

"Isometric" 
(italics this author) 

Acutely bi- or 
monopyramidal 

Columnar-prismatic 
(includes acicular) 

Temperature1 and 
Environmcnt2 of formation 

500°C 
High temperature type 

450°c 
Meso-xenothennal type 

< 450°C 
Bolivian volcanic type 

Botryoidal. colloform, 
globular, oolitic 

Shneider, 1937 
Hiyahisa. 1968 

Cell l'arametcrs
2 

!!. .£ 

4. 736-
4.739 

4.738-
4.742 

4.736-
4.741 

3.187-
3.190 

3.184-
3.167 

3.186-
3.190 

Habits in Study 
Area 

Equant grains 
in stratiform 
association 

?Subequant grains 
in stratiform 
sulphide assoc­
iation? 

Square prisms in 
stratiform calcareous 
sulphide association 

Late stage spherulites 
in sulphide veins 

Botryoids in chloritic 
haloes adjacent vein 
and in stratiform 
sulphide association 

S hneider reports that at hJgh ~cmperatures, the c-axts Js compressed and lengthens with decreasing 
temperature. This is roughly true. although data from Hlyahlsa show that 8 also increases. Data 
from (:oncharov and Filatov (1972) roughly Jndlcate an increase ln both 8 and c axis lengths with 
depth (due to temperature or pressure?). 



Botryoidal forms <'wood tin'> occur in late stage, high 

level, lower temperature deposits, and are believed to form 

by rapid nucleation from highly saturated, possibly colloidal 

solutions <Taylor,1979a; Hosking,l979; Lufkin,l977; Pan and 

Ypma,l974; Lebedev,1967; Roedder,l968), flocculating in zones 

of rapid chemical change, _such as in wall rocks adJacent 

veins <Doucet, quoted in Taylor,1979a). 

3. 6 Cassiterite - Genesis 

The variety of cassiterite crystal habits appears to 

reflect the temperature and environment of its formation. 

There appear to be three main stages of genesis: d~trital, 

vein and replacement. 
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3e6.1 Detrital 

The anhedral_, equant grains which occur within the 

pelitic layers have several features which serve to 

characterize their detrital nature. 

1. In the one sample GW-056)., aggregates of cassiterite 

are restricted to the bottoms of two thin pelitic layers; one 

layer is a possible scour infill CF!g. 3.26). 

2. Many grains in this sample have sharp growth zoning 

and several such grains have broken edges <Fig. 3.23) .. These 

grains could not have grown and been broken in place. No 

evidence of cataclasis exists, only slight fracturing of the 

cassiterite with development of brown coloration along the 

fractures. 

One zoned grain has a rounded core <F lg. 3. 2 4), a 

possible nucleus around which subsequent layers grew. Such 

zoning is indicative of relatively free growth into 

fluid-filled spaces with alight changes in the 

physico-chemical environment <Craig and Vaughan.-1981; 

Ramdohr, 198 0 ;). The equant habit is indicative of high 

temperature formation, which could not have occurred under 

conditions of low grade greenschist facies metamorphism. 

3. The cassiterite grains are not associated with any 

sulphides usually found in the stratiform sulphide 
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association; there is no evidence of alteration of 

surrounding host minerals as in all the other associations. 

There is a slight wrapping of phyl1osi1icates around the 

cassiterite~ suggesting the grains had existed before or 

during regional metamorphism (Spry ,1969). 

This type of cassiterite does not appear to have formed 

in place; rather it originated in a high-temperature open 

space <a vein?>. Subsequent uplift and erosion liberated the 

grains and they were transported to a basin. Harris and 

Schenk <1975> have suggested that the sediments of the Meguma 

Group were derived from a deeply eroded, cratonic terrain, 

later sorted on a continental she!£ and alluvial plain, and 

then transported by turbidity currents down submarine 

channels.. It. is therefore possible that the cassiterite, 

eroded from the above terrain could have been winnowed on the 

continental shelf, transported and then deposited in or along 

these channels, in scours or on the abyssal plain. 

There is no cassiterite in the only other scour infi11 

<Fig. 3.17>. This may be because of the scarcity of 

cassiterite in the first place; finding detrital cassiterite 

in any concentration would therefore be fortuitous, even in 

scours. A less likely explanation for the paucity of 

detrital cassiterite would be its dissolution by intrastratal 

solution in the more permeable wackes during diagenesis 

<Blatt and Sutherland,l969; Blatt et al.,l980). Although 
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detrital cassiterite grains do ·have ragged edges <Fig. 3.25>~ 

the associated ilmenite and zircon <which theoretically 

should be corroded) do not. 

I~ is beyond the scope o£ the present study to do more 

than speculate on the possible origins o£ detrital 

cassiterite. Schenk (1975) and Harris and Schenk <1975> have 

suggested that the source continent consisted of 

metasedimentary or meta-igneous material of Precambrian age~ 

possibly the present Saharan Shield in northwestern Africa or 

even a Precambrian shield in northwestern South America. 

Although stratiform copper, manganese, lead, zinc and uranium 

mineralization occur in clastic and chemical sedimentary 

rocks of the 'Infracambrian superieur' o£ Morro co... no 

Precambrian tin occurrences have been documented by Michard 

<1976 >. Minor tin mineralization in quartz veins occurs in 

the Morrocan Hercynian Oulmes granite o£ El Karit in the 

Meseta with apUtes ... pegmatites and rare lamprophyres. Minor 

tin is associated with quartz veins and pegmatites o£ the 

Precambrian metamorphic shield o£ northeastern South America 

in Brazil; Lower Paleozoic tin deposits are documented in 

northwestern South America in Bolivia <Taylor,l979a). These 

tin occurrences may have either been too young to have been 

the source of the Meguma detrital cassiterite, or may have 

been too far removed spatially at the time o£ erosion 

<Strong~l980; Harris and Schenk~l975), aithough other 

resistant minerals such as diamonds have been known to travel 
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by fluvial and marine processes hundreds of kilometers from 

their pr-imar-y source <Sutherland, 1982). 

3 .. 6. 2 Main Stage Vein Genesis 

The transportation and deposition o£ tin in vein systems 

have been subJect to much study and experimentation <e.g. 

Smith, 1947; Shcherba,l970; Cu££ in Taylor,l979a) and the 

reader is referred to these authors for further details. 

Because of the amphoteric nature o£ stannic oxide 

<Smith, 1947), it is soluble as both alkali stannates and tin 

halides and may therefore be transported in, and crystallized 

from both alkaline and acid aqueous solutions. It is 

tentatively suggested that both types o£ solutions played 

roles in the tr:-ansportation o£ tin in veins in both the 

pluton and the metasediments. 

Tin can form a variety o£ complexes in aqueous 

solutions; those commonly described in the literatur:-e are 

pr:-esented here. 

Acid aqueous solutions - tin soluble as simple ions<Sn4 +) 

<Smith,l947> .. 
- chloride, fluoride and hydroxide 

complexes o£ divalent tin under 
conditions o£ acid pH<<7> and low oxygen 
fugacity<< qtz-£e1d-musc buffer) 
<Taylor,l979a; Patterson et el.,l981). 
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Alkaline aqueous solutions - if a high concentration of sulphide 
ions exist, tin is soluble as an alkali 
stannic sulphide complex<SnS4 4 -) 
<Smith,l947) .. 

-alkali complexes of tetravalent tin, 
such as Na 2 <Sn<OH> 6 ), 
Na 2 <Sn(F) 6 ) and 
Na 2 <Sn<OH,F>6 > in neutral to 
alkaline solutions <Taylor ,1979a). 

-hydroxy-£1uorostannate<Sn 4+) 
complexes of the type 
<Na,K) 2 CSn<OH> X F 6-X J at 
pH 6-11.75 <Taylor,l979a> 

Changes in the ambient physic:o-c:hemic:al conditions <e.g. 

P, T, pH, £'0 2 ) lecd to the de-?truc:tion o£' the complex and 

deposition o£' tin cs ccssiterite, either directly or as a 

hydroxide, Sn<OH>4 which then dehydrates to Sn02. 

A possible model for the transportation and deposition 

of tin in the study area is presented. 

3. 6. 2.1 Greisen Veins 

According to Shc:herba (1970), greisenization involves 

the high temperature <300~500°C) alteration of rocks by acid 

aqueous <: vapour) solutions, the residual fluids of a 

crystallizing granitic intrusion. These fluids are r-ich in 

water, silica and such volatiles as F, Cl, S, and C; the 

concentration o£ F being much lower than that o£ H20, C02and 

Cl <Bailey ,1977). They also contain Al, K, Na and Ca. Metals 

which commonly occur in these fluids are: Sn, LL VJ, Mo, B .. 
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Fe, Mg, Cu, Pb, Zn and As, and are transported as halogen 

complexes. Salinities, measured in fluid inclusions £rom 

greisen deposits range up to about 10 wt. ~ NaCl equivalent 

<Charoy and Weisbrod,l974; Kelley and Rye,l979; 

Taylor ,l979a). 

Plutonic feldspars and micas are destroyed by these 

fluids and replaced by variable amounts of muscovite, 

fluorite, topaz, tourmaline, feldspar, cassiterite, 

wolframite and sulphides <e.g. chalcopyrite, pyrite and 

molybdenite). Table 3.4 presents some of the maJor mineral 

and element changes which occur during greisenization. 

Prior to greisenization, alteration of primary magmatic 

feldspars to secondary albite or microcline or both is 

reported to occur <Shcherba,l970; Taylor,l979a>. Microscopic 

examination and microprobe analysis of the feldspars both 

adJacent to greisens and in optically unaltered monzogranite 

show the plagioclase to vary in composition from 

oligoclase-andesine to albite, although there appears to be 

no pattern to their £lucuating An content. Taylor <l979a) 

cites from the literature several causes for this diverse 

feldspar composition: 

l. Removal of anorthite component from primary 
plagioclase. 

2. Addition of Na20 and removal of 
K20 from potassium feldspar. 

3. Albite already pt"imary magmatic. 
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Table 3./. Major Mineral and Element Changes During Greisenization 

(K20 ·Al203 ·6Si02) + lAl203+ 4(F,OH) -~~ [ K20·3Al203 · 6Si02 ·4(F,OH)]' 

~<-feldspar Muscovite 

[CaO·At2o3 ·Si208 ] + 2HF -~::- [CaF2] +Al203 + 2Si02 
An component of plag Fluorite 

U<20·6(Mg,Fe)O·Al2o3 • 6Si0 2 ·4(0H.F )] + 2 At
2
o

3 
Biotite 

:> £K20 · 3At2o3 ·6Si02 ·4(0H
4
F)] + 6(Mg.Fe) 

Muscovite 

Biotite --?Chlorite+ Magnetite-~> Muscovite+Pyrite 

Ilmenite-->- Rutile+ Pyrite 

Elements brought to greisen zone- Sn W Li Mo. Be Cu Pb Zn As Bi REE*s Ta Nb P Th Zr 

- Si F Cl B H20 S C02 

Elements removed from wall rock- Ca Mg Al(in port) No 

Elen1ents redistributed - K Al Fe Ti 

From Mulligan.1975; Shcherba.1970 



According to these authors, feldspar alteration can be 

both pervasive and locallized, of irregular geometry, and may 

occur repeatedly, before and after greisenization, as the 

ph ysico-chem.i.ca1 conditions of the fluid changes with time 

and location within the pluton. Shcherba <1970> ~xplains 

that microclinization occurs by conversion of orthoclase to 

K-anorthoclase to twinned microcline, but not how it happens 

<possible conversion o£ monoclinic potassium feldspar to a 

lower temperature triclinic system during final stages of 

cooling o£ the pluton?>. J. Logothetis <pers. comm., 1983) 

suggests that readJustments in maJor element contents by 

greisenizing solutions may cause albitizat.i.on and 

microclinization. The only unequivocal optical evidence of 

alteration of the feldspars in the Wedgeport monzogranite is · 

observed in the greisen zones and this is deemed to be caused 

by the greisenization episode and not by a prior , alkaline 

stage feldspathization" episode described by Shcherba (197 0 ). 

Localized alteration occurs adJacent later shears, mafic 

dykes and along weathered fractures. 

Fresh unaltered monzogranite consists of quartz, 

slightly sericit.i.zed plagioclase and microcline, with 

accessory biotite containing inclusions of apatite, zircon 

and ilmenite <Fig. 3.33). In the early stages of 

greisenizat.ion, biotite flakes alter to chlorite<.: 

vermiculite?; possibly .:r potassium £eldapar ~ epidote? (J. 
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Logothetis, pers. comm.,l983)) and magnetite (+ iron 

hydroxide?> aggregate·s, appearing rusty brown or tan in hand 

specimen. This is the indicator material of the "'tan 

alteration zone'. Ilmenite alters to anatase; apatite and 

zircon appear unaffected. Microcline shows slightly greater 

sericitization and begins to take on a turbid appearance due 

to a myriad o£ extremely £ ine ( <0. 0 0 1 mm) inclusions. 

Plagioclase is more sericitized, with larger white mica 

flakes and contains calcite, usually in the crystal cores. 

Fluorite rarely occurs in this zone. 

As greisenization continues, the chlorite breaks down 

into a light rust-brown hydrous phyllosilicate <vermiculite 

with iron hydroxide staining?; Craw,l981; Kodama et a1.,1982; 

or epidote grains with subsequent alteration to carbonate?; 

J. Logothetis, pers. comm.,l983>. Plagioclase continues to 

alter to white mica <possibly lithium-bearing) and carbonate, 

while microcline becomes more turbid with diffuse grid-iron 

twinning. The hand specimen now appears a homogeneous milky 

white <'white alteration zone') with pinkish-grey quartz 

blebs. Minor fluorite and sulphides may occur in this zone. 

In the greisen proper, both feldspars are destroyed, as 

is the vermiculite<?), possibly due to its instability at 

temperatures over 300°C <Deer et al.,l974). The zone 

consists primarily of white mica and quartz, with common to 

abundant fluorite, rare cassiterite and sulphides. 
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Figure 3.33 Progression of alteration in 
greisenized monzogranite. 
Sample 79-08-70.70 
All PPL; long axis of first 
two photographs measures 
3.23 mm; last one measures 4.9 mm. 

A. Unaltered zone; biotite flakes 
are clear and include apatite, 
zircon and ilmenite.. The 
surrounding feldspars are 
slightly sericitized. 

B. 'Tan alteration zone'; biotite 
flake has altered to a chlorite­
vermiculite<?> aggregate contain­
ing iron and titanium oxides 
<ilmenite to anatase>. Microcline 
becomes turbid~ plagioclase remains 
clear. 

C. 'White alteration zone'; biotite 
flakes completely alter to oxide 
and vermiculite<?> assemblages. 
Microcline becomes more turbid; 
grain boundaries become diffuse. 
Plagioclase remains clear but 
becomes sericitized. 
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Greiseni:zat.ion begins. wit.h acid leaching of the granitic: 

wallroc:k. The acid fluids may either be 'primary" residual 

solutions of a crystallizing granitic intrusion or may result 

from the breakdown of alkaline fluids: a rapid decrease in P 

or T or both destroys complexes, thereby freeing halogens and 

causing the pH to decrease <Shcherba,l970). These acid fluids 

break down the feldspars and biotite, adding and removing 

various constituents. Fluorine tends to react with calcium 

released from destroyed plagioclase, forming fluorite; F may 

also substitute for OH in the white micas of a greisen .. 

Removal of F from the fluid destroys whatever complexes it 

held with tin and the tin mcy either precipitate as 

cassiterite or recombine to form other complexes. The close 

association o£ cassiterite and sulphides with fluorite <Fig. 

3.32) suggests that fluorine probably aided in metal 

transport. Evidence for transport of t1n by other complexes, 

such as chlorides or hydroxides., is more difficult to 

ascertain because such elements form few independent 

minerals, and are instead incorporated in other minerals or 

in fluid inclusions. The subhedra1 equant habit of 

cassiterite suggests it precipitated at a relatively high 

temperature <~450°C?) <Shneider ... l937). 

Removal of F also decreases the activity of the fluids, 

and this, in combination with the addition of alkali metals 

tr·om the le&ched ailicates, causes the £luide to becomt: more 

alkaline <Shcherba ..,197 0: Tischendorf, 197 3 ). 
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The paucity of cassiterite within the greisens of the 

study area suggests either a low initial concentration of tin 

in the residual fluids~ or the persistence of tin in solution 

by complexing with alkali metals C.z sulphide ions) introduced 

by greisenizatlon. The greisen zones in the pluton are 

rather narrow <on the order of em) and usually in sharp 

contact with fresh or incompletely altered monzogranite. 

This implies relatively rapid equilibration <neutralization) 

o£ acid fluids with the wallrock~ removing large .amounts of 

alkalies from the silicate minerals. As tin-halogen 

complexes break down and the halogens are incorporated in the 

greisen minerals <fluorite~ white micas)~ tin may be able to 

form complexes with the now abundant alkali metals and remain 

in solution <now alkaline) instead o£ precipitating as 

cassiterite. It may also be possible that other halogen 

complexes would be more stable under these changing 

conditions <chloride complexes) and keep tin in solution 

<Patterson et al.~l98l ). 

3.6.2.2 Metasediment Veins 

These alkaline fluids may enter the metasediments via 

fracture systems and react with the wallrock. Metals may be 

carried in such alkali complexes as: 

<K,Na)KCMetalM<C03 >N<OH .. F .. CDpJ or <K,Na)KCMetal<F ,Cl)NJ 
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(Shaheer·ba,.l970),. and,. if enough sulphide ions are available .. 

as alkali-metal-sulphide complexes <Smith., 19 4 7; 

Stanton.,l972a; Sarnes,1979)e Shcherba <1970) and others 

believe that since Cl is more mobile than F., it is able to 

travel beyond the greisen in solution and is therefore the 

more important carrier of tin in complexes; F tends to be 

readily fixed within the greisen zones as F-bearing 

minerals. Geochemical analyses seem to bear this out: 

greisen vein samples in the pluton show enrichment o£ F 

relative to unmineralized monzogranite., while those of 

sulphide-cassiterite veins in the metasediments show F 

concentrations at or near background levels. Chlorine 

analyses were unusable as all values were below the detection 

limit o£ 50 ppm. 

Changes in the physico-chemical conditions <e.g. 

decrease in P, T and pH, dilution o£ fluids, increase in the 

fugacity o£ oxygen) can result in destruction o£ the 

complexes and precipitation o£ metals and gangue minerals 

<Barnes, 197 9 ). Deposition o£ metal sulphides <in this case 

mainly pyrrhotite, pyrite and chalcopyrite) decreases the 

sulphide ion content o£ the alkali-thio-metal complex, 

leading to precipitation o£ tin as cassiterite with the 

sulphides. The subhedra1, equant habit o£ this type o£ 

cassiterite may indicate a relatively high temperature o£ 

£ormation (~450° C??) <Shneider .. 1937). Fluid inclusion 

studies .. however .. point to lower £ormation temperatures (~350° 
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C> of cassiterite-sulphide veins <Jackson et al.,l979>. 

Carbonate and later acicular cassiterite overgrow the 

previous minerals as the fluid cools and complexes continue 

to break down - the acicular habit indicates a lower 

formation temperature <<450°C) <Shneider,l937). Quartz, minor 

accessory white mica and chlorite form within the vein; 

iron-rich chlorite and botryoidal cassiterite surround the 

vein, forming a thin alteration halo, again implying rapid 

equilibration of the fluids. Formation of the 

phyllosilicates and quartz accounts for most of the other 

constituents of the fluid; Na may enter feldspars in the 

country rock, or remain in solution with Cl and other 

material in fluid inclusions. Botryoidal cassiterite is 

0 considered a late-stage, low-temperature <at least 150 C; 

Shneider, 1937> tin oxide, formed by rapid nucleation of 

saturated solutions <Tay1or,l979a). 

The relationship of these fluids with cassiterite-absent 

veins is not known. They exist farther from the pluton and 

at shallower depths than the tin-bearing veins. They may be 

extensions of the same vein system; fluids are depleted in 

tin, but still contain such metals as Cu, Pb, and Zn in 

complexes whose solubility products are exceeded at lower 

pressures and temperatures. 
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3.6.3 Stratiform Mineralization 

A maJor problem in dealing with stratiform 

mineral!:zation ia the mode of ita formation., Two schools o£ 

thought exist on this issue: this type of mineralization 

forms as a result of syngenetic or diagenetic processes; or# 

it forms as a result of epigenetic processes, in this case by 

replacement. This section will deal with these two genetic 

models in terms of formation of the stratiform zones. 

To determine the possible origin o£ these "patches"# a 

number o£ questions must be answered, namely: 

1. What was the original habit of tin and how was it mobilized? 

2. Where is tin deposited <unconsolidated sediments ... sediment­

seawater interface ... consolidated sediments)? 

3. Under what conditions is tin deposited and does this 

process .noticeably affect the surrounding host? 

4. I£ the tin is indeed an early precipitate <i.e .... synsedi­

mentary or diagenetic) will it and its associated host 

rock be affected by subsequent metamorphic events? 

An attempt wii1 be made to qualitatively answer these 

questions for each genetic interpretation. 
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3.6.3.1 Synsedimentary I Diagenetic Origin 

In this model~ tin is somehow mobili2ed from 

pre-existing sediments, transported in a hydrothermal fluid 

with other metals and ionic complexes, and deposited in 

higher level unconsolidated sediments or onto the seafloor. 

The most common form o£ tin within these sediments is 

detrital cassiterite: it is possible that tin ions or their 

complexes were adsorbed to clastics or organics, or had 

formed organo-metallic complexes <Saxby, 197 6 >. 

Mobilization o£ tin may prove difficult. If it is 

adsorbed onto particles or forms organo-metallic complexes, 

compaction and resultant dewatering of the fluid-rich 

turbidites may be sufficient to strip the tin from its 

substrate. Cassiterite is harder to deal with as it is 

considered a stable resistate. However, another such 

resistant mineral, zircon can be dissol·..red by intrastratal 

solution <Blatt and Sutherland,l969> .. This may have occurred 

with cassiterite, but evidence for this is poor - only one 

sample contains detrital cassiterite.,. and it occurs within a 

pelitic layer <detritus in less permeable shales may not be 

subJect to this process; Blatt and Sutherland,l969>. The 

cassiterite is subrounded with irregular edges and this may 

be more due to abrasion during transport, rather than 

solution by pore water. Zircon is found throughout the 

metasediments·and exhibits no demonstrable corroded edges, 

even within coarser <and thus more permeable) psammitic 
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iayera. Mobilization o£ tin by dissolution is therefore not 

considered likely. 

I£~ for the sake o£ argument. .. corrosion did take place., 

what conditions are necessary for this process? Most studies 

<see Cu££, in Taylor ,1979a) deal with formation o£ 

0 
cassiterite at high temperatures <> 250 C) and under various 

chemical conditions. Diagenesis is thought to take place at 

0 
temperatures ranging from several degrees below 0 C to about 

250~300°C <Hanor,l979). Smith <1947> determined that 

cassiterite was stable in, and crystallized from, sodium 

stannate<IV> solutions from room temperature up to at least 

450°C. Barsukov and Kuril'chikova (quoted in Taylor,l979a) 

reported that tin can be transported as 

hydroxy-£luorostannate complexes in the temperature range o£ 

0 0 
25-400 C and pH range o£ 6-11.75. Patterson et al. <1981) 

calculated from thermodynamic data, dissociation equilibrium 

constants o£ divalent tin complexes o£ Cl, OH and F .. at 

temperatures from 25°to 350°C. Tin concentrations in 

solutions containing such complexes would be small at low 

temperatures << 10 ppm). 

If cassiterite can precipitate from low-temperature 

solutions, it may be possible to dissolve cassiterite by such 

fluids. According to the above authors, 'tin is soluble in a 

variety of pH's <because of its amphoteric nature); at 

neutral pH, cassiterite is insoluble. 

170 



Can sedimentary formation water dissolve cassiterite? 

Various authors <e.g., Blatt et a1.,1980; MookerJee,l981; 

PettiJohn et a1..,1972; Hanor,l979; Bischof£ et a1.,1981) have 

listed the diverse physico-chemical characteristics of 

hydrothermal brines derived by sediment diagenesis and the 

reader is referred to their works. Generally, pore water 

chemistry changes in response to mineral-ion-fluid reactions 

during diagenesis. Clay layers within shale units can act as 

semi- permeable membranes and, driven by pressure 

diff'erenti~ls with depth, can effectively 'salt sieve', 

leaving certain ions behind in the pore fluid. Increase in 

salinity is attributed to this process. Reaction of' clay and 

feldspar minerals to chlorite and calcite to dolomite 

depletes pore fluid of magnesium and increases H+ ion 

concentrations for further reaction with host sediments. 

Potassium, calcium, silica, C02and metal concentrations 

within interstitial water increase by dissolution o£ various 

mineral species. The chlorinity of' sandstone porewater 

increases; shale pore water is dominated by HCOaand so4 ions 

<Hanor, 197 9 ). Chlorine concentrations range up to 7. 61 molal 

with a median of 2 .. 48 molal <compare to modern seawater of' 

0.535 molal Cl;Blatt et a1 ... 1980). Seawater sulphate is 

reduced to bisulphide ions by bacterial action. 

Compaction of' shales at shallow depths (0 to 10 0 m) 

results in the expulsion of 75 percent o£ their pore water; 

sandstone requires burial to about 3 km before this amount o£ 
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fluid is expelled. This compaction would displace shallower 

waters out of the basin and not produce hot saline brines 

<Haner~ 197 9 ). It is necessary for the £1 uid to remain at 

depth to heat up and react with coexisting aedimenta to form 

a brine capable of mobili.zing and transporting metals. Lat'ge 

amounts o£ fluid within t'apidly deposited turbidites m.:ly be 

trapped by overlying shale units of low permeability. As 

subsequent layers are deposited, the increased weight causes 

deeper' fluids to be overpressured. Growth or block faulting 

provides a means of rapid egress <Morganti,l981 >; fluids may 

also migrate through more permeable strata laterally to a 

fault zone or angular unconformity <Cathles,l981 ). 

Studies by Bischof£ and others (1981) indicate hot 

0 0 
brines <200-350 C; 500 bars)·are capable o£ leaching metals 

from greywackes with little change in bulk rock composition. 

0 0 
Long and Angino <1982) found that low temperature <25-90 C), 

low pressure <<4 0 0 atm> fluids are capable of leaching metals 

ft"om shales. In both studies, increase of temperature or 

ionic strength of the fluid, or both effectively increases 

the leaching capability o£ the fluids. At low temperatures 

<25°C) tin is more chemically active than iron in a system 

with iron in excess <Krauskop£,1979> and so it is possible 

cassiterite may be leached in addition to iron and other base 

metals during reaction with low temperature br:-ines. 

The brine.s move t"apidly up the feult. conduits. and cool; 
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they may mix with shallower for-mation waters or may even 

reach the sediment-seafloor interface before minerals 

precipitate. In the study by Bischof£ and others <1981 ), 

metal-Cl complexes within high temperature brines <3 5 0° C) 

dissociate below 200°C, at which temperature metal sulphides 

precipitate and reaction of K-rich brines with sediment 

produces extensive potassic or sericitic alteration. Lower 

temperature, lower salinity fluids cause the same effects, 

. 0 
but at a lesser magnitude; at temperatures less than 200 C, 

few sulphides coexist with metals unless the fluid has a low 

pH <<7) <White,l981 >. Gross solution chemistry of brines 

after reaction with.greywacke samples appears similar to that 

of hot submarine springs .. namely hot acidic saline fluids 

enriched in Ca, K, H2S and metals <including tin) and 

depleted in Mg and sulphate <Edmond,l982). 

Stratabound tin deposits have been documented throughout 

the world <e.g., Mu1ligan,l975; Lehmann and Sshneider,l981), 

but are usually associated with volcanic lithologies: e.g .. , 

Precambrian cassiterite-bearing Pressnitz Series of the 

Erzgebirge and equivalent beds in the Izera Mountains in 

Czechoslovakia and Poland; the polymetallic massive sulphide 

deposits of Canada, including Kidd Creek and Brunswick Mining 

with byproduct cassiterite and stannite; and possibly the 

sedimentary complex of the Belitung district of Indonesia. 

Hutchinson <1979,1980,1982) suggested that the Tasmanian 

stratabound, stratiform tin deposits are of exhalative 
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origin# one o£ the reasons being the close association of ore 

within submarine mafic volcanics. This idea has been 

disputed by Solomon <1980) end Patterson <1981 ,1982), who 

. believe these deposits are of replacement type. Plimer 

(1980) describes a 'typical' stratiform submarine exhalative 

tin deposit as consisting of extremely fine cassiterite 

<<0.00 1 mm) a.ssociated with pyr:-rhotite .:t carbonate or 

quartz-tourmaline rocks within a thick deep water sequence of 

pelites, carbonates, calc-silicates, cherts and mafic 

volcanics. Thermal energy, supplied by the volcanics, was 

sufficient £or fluid circulation and associated leaching of 

tin from the sediments; cassiterite and other metals were 

deposited at the sediment-seawater interface. Below this 

deposit is a zone of K enrichment and Na depletion, whereas 

Mn is enriched in the sediments surrounding the deposit, all 

due to fluid-sediment interaction. 

Stratiform tin-bearing deposits not associated with 

volcanic lithologies are less common, or are not recognized 

as such. The Sullivan Mine of British Columbia is a 

polymetallic base metal sulphide deposit within argillaceous 

meta-siltstones and quartzites. Cassiterite occurs near the 

outer edge o£ the orebodyli's pyrrhotite core. Mineralization 

occurred at the sediment-seawater interface, where 

hydrothermal brines were expelled £rom feeder conduits. 

Continued activity caused tourmalin.i:zation of· footwall rock.:! 

and albitization o£ hanging wall rocks; the feeder :zone 

174 



itself suffered c:hloritic alteration .. 

Subsequent low grade regional metamorphism may readJust 

mineral assemblages in several ways in addition to general 

coarsening of grains and ·formation o£ 'typical' metamorphic 

mineral suites; this has been described in detail by 

MookherJee <1981 >. The isograd o£ pyrite to pyrrhotite and 

sulphur is found within the chlorite zone of the greenschist 

facies; if the released sulphur cannot escape, 

sulphide-sulphide, sulphide- silicate, sulphide-carbonate or 

sulphide-oxide reactions may take place, forming new 

minerals.. Softer minerals may flow into cracks and 

fractures. Metals within carbonaceous material may migrate 

into iron sulphide grains. Movement o£ material <except C02 

and H20> across lithological boundaries is restricted to. the 

higher metamorphic grades. Cassiterite is not affected by 

low grade metamorphism <Plimer,l980). Non-sulphide 

metal-bearing zones may be transformed into layers containing 

distinctive mineral species, e.g .. , Mn-carbonat.e-bearing 

layers metamorphosed to layers containing Mn-garnet. 

This discussion is made in an attempt to show that tin 

may be of a syngenetic or diagenetic origin. However, 

applying this model to the mineralized zones in the study 

area meets with a number o£ difficulties: 

1. Scar-city o£ cassiterite <only one sample obtained) exhi­

biting unequivocal solution textures, plus no evidence o£ 
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solution of other minerals in supposedly once permeable 

psammitic layers. As cassiterite is believed to be the 

maJor tin-bearing mineraL it does not appear likely tin 

was mobilized in the first place. 

2. No clearcut alteration zones attributable to this model 

except for the layered Mn garnet. Other restricted 

alteration zones can be attributed to metamorphism, 

later veining and shearing. 

3. Proximity of these mineralized "patches" to a £old hinge_, 

which acts as a locus for structural weakness and can 

therefore act as a conduit for epigenetic fluids • .. 
Similar favourable layers<containing carbonate, calc-

silicate nodules) far from this hinge<l 00 's of m) do 

not show this type of mineralization, implying its 

structural control. Limited study o£ this area does 

not show any evidence of diagenetic growth or block 

faulting. 

4. Proximity of these mineralized zones to an intrusion 

containing tin-bearing greisens and which produced the 

tin-sulphide veins in the adJacent metasediments; 

arguments have been made<PUmer _,198 0; Hutchinson, 197 9, 

1980,1982) to the effect that existence of a granitic 

body does not preclude a prior synsedimentary origin. 

5. No volaa.nit:!.s within the aedimenta.r·y sequence which wr.:suld 
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have added thermal energy to drive the hydrothermal brine 

system. Evolution of a sedimentary basin with no additional 

heat source may not have been enough to provide the necess­

ary temperatures<>200° C) for metal mobilization and 

transport <White,l981 ). 

6. Existence of e c::hloritic alteration halo adJacent a 

mineralized_ zone in which chlorite and white mica 

needles crosscut pre-existent foliation, therefore 

implying a post-metamorphic event. 

7. Sulphi~e replacement textures can be explained JUst as 

easily by an influx of ore fluids from the pluton, 

replacing pre-existent minerals. One does not have to 

resort to desulphurization of pyrite to produce sulphide 

minerals from gangue. Individual pyrrhotite blebs in the 

study area have been elongated, but do not show vein forms 

or replacement textures. Other 'shredded-textures' in the 

sulphides are attributed to late shearing of sulphides 

within ductile phyllosilicate layers. 

3.6.3.2 Epigenetic: Origin 

In contrast to a syngenetic origin, these mineralized 

layers may form by reaction of magma-derived, ore-bearing 

fluids with chemically reactive host rocks. Tin may 

precipitate directly from the solutions as cassiterite, or 

form the oxide as a consequence of destruction of earlier 
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tin-bearing calc-silicate minerals .. 

Skarn £ormation has been recen~ly described by Eina.udi 

and others <19$1) and Rose and Burt <1979> and the reader is 

referred to these works for further information. Detailed 

description and interpretation of tin-bearing skarns have 

only been published in the past few decades <e.g. ,Patterson 

and So1omon,1981; Lehmann and Schneider,l981; Dobson,l982; 

Nekrasov, 1971; Shcherba,l970; El Sharkawi and 

Dearmenn,1966). The findings o£ these authors will be used to 

discuss the formation o£ tin-bearing skarns in relation to 

the stratiform mineralization of the study area. 

According to Elnaudi and others <1981), there are three 

main stages in the genesis of a skarn deposit: 

1. Isochemical contact metamorphism in response to magma 

intrusion. Groundwater is expelled, local reaction skarns 

occur and a widespread <km scale) zoned thermal aureole 

<hornfels) is formed in the surrounding country rock. 

Calcareous shales are metamorphosed to their equivalent, 

unminerali2ed calcium aluminum silicate layers. 

2. Metasomatism o£ calcareous country rock by reaction with 

high temperature <400~650°C) magmatic hydrothermal fluids 

along permeable zones (e.g. beds along stock and fault 

boundaries; sedimentary contacts). This produces an 

"igneous metasomatic skarn' and can affect up to hundreds 

of metres of host rock. The skarn may be conformable or 
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crosscut bedding. The resultant calc-silicate mine~alogy 

depends on both the protolith and the fluid chemistry. 

Sulphide mineralization is minor at this stage of skarn 

development <usually pyrrhotite, bornite, chalcopyrite 

and sphalerite>. Metasomatism may also occur locally 

<'reaction skarn') on the order of mm to several metres, 

and is concordant with bedding. It is due to reaction 

between chemically incompatible layers <e.g. limestone 

and shale) in moderate to high grade metamorphic terrains. 

Ore is not usually found in this type of skarn. 

3. Low temperature alteration and sulphide deposition. Early 

formed hornfels· and akarn<containing metals in silicate and 

carbonate crystal structures) are subJect to hydrous 

0 0 
alteration by lower temperature (300-450 C) mixed fluids o£ 

magmatic and meteoric origins. Alteration patterns are 

influenced by local structure, and usually crosscut earlier 

akarns. Calc-silicate minerals are leached of their calcium, 

and are replaced by silicate-carbonate-oxide-sulphide 

assemblages. Neutralization o£ hydrothermal fluids by 

carbonate host rocks, decreasing temperature and 

increasing Eh cause sulphides to precipitate, replacing 

earlier minerals •. 

In this highly simplified evolution of skarn, tin may 

precipitate in the last two stages, either as a maJOr tin 

mineral <e.g. cassiterite or stannite) or:- as a tin-bearing 
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calc-silicate, sulphide or aluminoborosilicate <e .. g. garnet, 

axinite, idocrase or epidot~>, possibly substituting f'or iron 

in the mineral structure. 

Several types of tin-bearing akarns have been described 

<Einaudi et a1 .... 1981; Nekrasov ,1971 > - magnesian skarns, 

calcic skarns, and replacement deposits. Their mineral 

compositions and stages of mineralization are a reflection of 

the changing physico-chemical conditions o£ the fluid <Eh .. 

pH, T, activities of S, F, B, f'02, £C02> as it reacts with 

the carbonate wallrocks. Primary minerals are destroyed and 

replaced by new minerals, which in turn are replaced by later 

phases. Tin-bearing phases which are destroyed release tin 

to the fluids. It may be reprecipitated as cassitet"ite or 

atannite in association with chlorite, carbonate, quartz and 

sulphides. The depositional sequence o£ tin and sulphide 

minerals is similar to that o£ cassiterite-sulphide vein 

deposits <Nekrasov ,1971 >. Cassiterite, chlot"ite and quartz 

are deposited first, followed by arsenopyrite and pyrrhotite; 

these sulphides may be replaced by sphalerite, chalcopyrite, 

stannite, loellingite and valleriite. Bismuth minerals ... 

galena and siderite are the last minerals deposited. 

In contrast to this step by step development of contact 

metasomatism, reaction and magmatic hydrothermal metasomatism 

<skat"n) and retrograde alteration with Ot"e deposition, there 

is another way in which to form stratiform tin deposits. 
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Contact metamorphic calcareous lithologies are replaced by 

relatively low temperature hydrothermal fluids £~om 

intrusions; there is no intermediate skarn formation <Einaudi 

et al. ,1981 ). O~ides <principally magnetite) or sulphides 

<mainly pyrrhotite) predominate. In the sulphide replacement 

deposits, cassiterite occurs in a carbonate gangue with 

pyrrhotite and minor stannite, arsenopyrite and pyrite; this 

may be followed by calcite, fluorite, chalcopyrite, galena 

and sphalerite <E.inaudi et a1.,1981 >. 

The Reni.son Bell cassiterite-sulphide deposit in 

Tasmania is considered a carbonate replacement type 

<Taylor,l979b; Patterson et al.,l981; E.inaudi et al.,l981). 

Dolomite beds were replaced at about 350° C at low- £0 <- 1 531·5 

-11 -12.5 
atm; probably controlled by C02-CH4r-eaction), low £S2 C 10 -10 

atm) and low pH <3.9-5.4) .. Tin was transported as a divalent 

chloride complex. Dolomite replacement resulted in pH 

increase, causing ore deposition. Replacement assemblages 

include cassiterite, massive pyrrhotite, arsenopyrite, minor 

chalcopyrite, iron oxides, quartz .. tourmaline, talc, 

tremolite, magnesian siderite and fluorite. Layers of 

pyrrhotite parallel to bedding may represent original 

carbonate-rich layers in the siliceous sediments <Patterson 

et al.,l981). 

Comparison of the blue 'patch, mineralogy <section 

3.3.2) with the above descriptions shows this type o£ 

181 



mineraiization to be of the lower temperature replacement 

origin. There are none of high temperature calc-silicate 

minerals <e.g. calcium pyroxene~ amphibole, garnet) 

indicative o£ skarn formation. Cassiterite and sulphides 

appear to have replaced original carbonates within thin 

calcareous layers. Carbonate and phyllosilicates at"e rimmed 

and corroded; later carbonate, muscovite and chlorite 

overgrow the sulphides. Fluids which caused this probably 

leached the immediate surrounding host of boron and some 

copper <see lithogeochemistry section) and formed restricted 

chlorite and muscovite haloes. 

The layered sphalerite in one sample <Fig. 3.19) and 

higher zinc contents in 'patches' far from the pluton may be 

equivalent to the 'distal facies" zinc replacement skarn 

CEina.udi et al., 1981) - zinc may remain in solution over a 

greater range of conditions, and thus be precipitated Ear 

from its source, either in veins or in replacement layers. 

According to A.H. Clark (pers. comm. 198 3), these blue 

'patches' resemble the replacement tin-bearing 'carbonas' o£ 

Cornwall. 
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CHAPTER 4 

GENERALIZED MODEL OF TIN GENESIS 

4 c 1 Introduction 

The tin prospect of the study area comprises a variety 

of styles of cassiterite mineralization. Detailed 

description of these styles, as presented in this thesis, 

suggests both a syngenetic and an epigenetic origin: detrital 

cassiterite deposited within turbidites, and cassiterite 

precipitated in veins and associated replacement layers. 

Based on these descriptions and a review of the current 

literature, an interpretation of this mineralization will be 

attempted. 

4.2 Origin of Tin in Sediments and Magma 

Cassiterite and other clastics were eroded from a 

low-lying continental mass <Schen.k,l975). Because o£ its 

zoned, equigranular habit, cassiterite pt"obably derived from 

a relatively high-temperature source; possibly from 

Precambt"ian tin-bearing veins. Cassiterite was deposited 

within scours and crossbeds. 

Partial melting o£ these caasiterite-bear·ing 

carbonaceous turbidites may lead to a melt of low oxygen 
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fugacity (below the quart:::-magnetite-Eayalite buffer) 

<Lehmann,l982) and low S02fugacity <Burnham and Ohmoto,l980>. 

In such a magma, tin may exist in its divalent state r-ather 

than its tetravalent state <Lehmann, 1982). This is a 

possible analogue o£ the reduction of iron by hydrolysis in a 

felsic melt <Burnham, 1979) whereD 

1/2 H2 + o2 -. Fe3~ <----> OH- + Fe 2~ 

H2 + 2<02-) + sn4-:'-<----> 2<0H-) + sn2+? 

Divalent tin is larger than its tetravalent counterpart; 

0 0 
about 0.93 A vs 0.69 A r-espectively, for- these 

octahedrally-coor-dinated ions <Cotton and Wilkinson, cited in 

Taylot",l979a). Because of its low oxidation state, relatively 

lat"ge radius· and relatively high electronegat:.ivity, Sn2"tends 

to be excluded from the crystal lattices of rock forming 

minerals, becoming concentrated in residual fluids .. 

Mulligan <1975) states that Sn4 +may also exist in the 

magma. It is a very minor network-forming element in a 

silicate melt and can form three-dimensional bonds with 

oxygen ions. However, the dominant network-forming elements, 

silicon and aluminum, have much stronger bonds with oxygen, 

thereby excluding tin from these complexes; it remains a free 

ion to be concentrated in residual fluids. Tetravalent:. tin 

may substitute for Ti4~nd Fe3'i.n ferromagnesian minerals, and 

is therefore concentrated in such accessory minerals as 

ilmenite, rutile, magnetite, sphene, biotite and hornblende 

<Mulligan, 197 5; Lehmann, 198 2 ). 
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4.3 Magma Emplacement 

Ac:c:ording to Mc:Ken:zie and Clarke (1975), the adsmellitea 

<monzogranites) o£ the South Mountain batholith were emplaced 

at pressures o£ about 1 to 2 kb, equivalent to about 4 to 8 

km depth. Hornblende-hornfels thermal metamorphic 

assemblages in the study area indicate P-T conditions of 1 to 

0 0 
3 kb (about 4 to 10 km depth) and 550 to 700 C <Cu11en,l983>. 

Marsh (1982) has discussed two theories of magma 

emplacement. The magma body may rise buoyantly as a diapir; 

wallrock flows plastically around the magma with minor 

fracturing, giving rise to concordant contacts. Magma may 

also ascend by stoping the wallrock. Because o£ the thermal 

stresses set up, blocks can spal1 off and sink through the 

magma. The country rock suffers little deformation, and the 

magma may exhibit unassimilated xenoliths. 

According to Shell Canada, s mapping, the Wedgeport 

pluton cuts several fold hinges of the metasediments.. Its 

contact with the country rock on the western shore outcrop is 

concordant with bedding. There is no clear evidence of 

xenoliths in the pluton. Accordingly .. the pluton may have 

been emplaced by either method, although such a high crustal 

level of emplacement<4-l 0 km depth) implies ascent by 

wallrock stoping. 
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4 .. 4 F 1 uid Genesis 

Burnham <1979) and Burnham and Ohmoto (1980) have 

discussed how an aqueous fluid evolves and is released from a 

cooling magma body. 

In one of their examples, a granodioritic magma is 

empl~ced and cools. The margin of the pluton has cooled and 

crystallized first, and has an inner coating of water 

saturated interstitial melt. As magma cools and 

crystallizes, the water remains in the melt. The water is o£ 

low diffusivity and will tend not to move any great distance, . 

remaining in this lining. A further decrease in pressure and 

temperature oversaturates the melt, causing separation of 

volatile bubbles <known as 'second boiling'). Evolution o£ 

this vapour phase is accompanied by an increase in volume <o£ 

this phase), which can produce stress on the outer 

crystalline margin. This mar<;in behaves in a brittle manner 

at shallow depths and will tend to be fractured by the 

expanding volatiles. At deeper levels, total pressure is 

greater, resulting in less volume expansion <and therefore 

leas mechanical energy) of the volatiles. Less fracturing 

takes place, and few or no void spaces <miarolitic cavities) 

are formed. 

Early fractures are lengthened by the fluid phase 

outward from the inner lining ('hydraulic fracturing'). This 

decreases the fluid pressure, causing crystallization of the 
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inner magma; the water saturated liner withdraws deeper into 

the magma body .. 

Mineral precipitation heals the fractures and isolates 

the melt system. Continued cooling of the magma begins the 

above process af.l over again. . 

Initial water content of a magma influences its depth of 

crystallization., and therefore its depth at the stage of 

vapour separation and extent of subsequent wallrock 

fracturing. An initial melt with greater than 2 wt ~ water 

will be able to evolve enough vapour at second boiling to 

cause extensive fracturing at pressures less then 2 kb <~ 8 

km depth). An "ideal" magma to generate sufficient 

ore-bearing fluid would have an initial water content of 2 to 

4 wt ~ ; this would result in vapour phase separation at 2 to 

6 km depth before the magma becomes totally crystalline. 

Higher water contents restrict magma emplacement to deeper 

crustal levels which would not allow extensive wallrock 

fracturing. Lower water content restricts the amount o£ 

vapour released on second boiling., resulting in little or no 

fracturing of the wallrock. 

Strong <1980) noted that biotite g'ranites usually do net 

have enough initial water to concentrate lithophlle elements., 

but are too water-rich to reach shallow crustal depths and 

leach metala £rom the country rock. 
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According to Burnham and Ohmoto (1980), a granodioritlc 

magma with an initial water content of 2. 7 wt % will only 

cause sufficient wallrock fracturing at depths of less than 5 

km. Shallow magma emplacement << 10 km) appears to be one of 

the criteria for hydrothermal or:-e genesis. 

The evolved aqueous phase contains lithophile elements 

and chlor:ide complexes of alkalies, chalcophile metals, 

hydrogen and calcium. The chloride content of these fluids 

determines their ability to transport metals; a total 

chlorine content of greater than 0.3 molal is necessary. 

Ilmenite series magmas evolve fluids containing C02and CH4in 

nearly equal proportions, low total sulphur content<S02and H2 S) 

and low oxygen fugacity. 

These fluids precipitate small amounts o£ sulphides 

<mainly pyrrhotite) and larger quantities of oxides, such as 

cassiterite. According to Patterson and others <1981>, 

divalent tin may be transported as a chloride complex. Other 

authors <e.g. Barsukov, in Taylor, 1979a) suggest tetravalent 

tin transport as a hydroxy-fluoroatannate complex, although 

divalent tin could conceivably be carried in this way; i.e. 

<Na,K>2CSn<OH>xF4-X J. Smith <1947) also suggests divalent 

tin transport as a sulphide complex. 

Reaction of such chloride-rich fluids with £eldspathic 

wallrock results in potassium and hydrogen metasomatism 

<potassic and phyllic alteration), hydrolysis of S02to H2S 
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~nd H2S04 and production o£ HCl from metal chloride 

complexes., leading to precipitation of the metals. 

Reaction o£ these fluids with carbonate rocks leads to 

destruction of HCl by decarbonation <CaCOa+ 2HCl --> CaCl2+ 

H20 + C02>· This results in destruction of the metal ch!ot"ide 

complexes and precipitation of metal sulphides and oxides., 

replacing the carbonates <Burnham and Ohmoto,l980). For 

example.~ 

ZnCl2 + H2S --> ZnS + 2HCl and possibly, 

Study of the Wedgeport mon2ogranite reveals the western 

shore contact margin <endocontact> to be porphyritic with. 

several generations of veinlets and some shear zones. This 

may represent the chilled carapace described by Burnham 

<1979> and Burnham and Ohmoto <1980). The pluton either did 

not initially contain sufficient water or did not 1:each 

shallow enough crustal depths<2-6 km?> to cause extensive 

fracturing by an evolved aqueous phase. The endocontact was 

breached by minor fractures, allowing formation of early 

veinlets containing quartz and carbonate with rare scheelite 

<fluid with high activity of C02?>. Healing of fractures 

began the process again., causing fracture formation either 

along previous planes of weakness or in other orientations. 

A mid stage in this evolution produced fluids· of low oxygen 

fugacity and low sulphur content which caused greisen 

formation, sulphide-cassitet·ite veins and replacement zones 
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within the country rockc Sulphide mineralogy is a reflection 

of the changing physico-chemical conditions outwards and 

upwards £~om the pluton. It may be possible that a later 

evolved fluid (containing radioactive elements ??> caused the 

shearing in the pluton and consequent movement in the country 

rock. 
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CHAPTER FIVE 

TRACE ELEMENT LITHOGEOCHEMISTRY 

5.1 Introduction 

The lithogeochemical survey was performed to identify 

those elements associated with tin mineralization and to 

study their dispersion patterns to discover possible 

indicator elements <'pathfinders') for use in subsequent 

exploration programs in similar geological settings. 

Specific drill core samples were analysed £or a 

selection o£ 13 elements typically associated with tin 

deposits <Table II-1). Results o£ the 12 2 analyses are 

tabulated in Appendix II. 

Geochemical dispersion patterns are based upon a number 

o£ £actors which must be taken into account during any 

1ithogeochemical survey <Levinson, 197 4 >: 

1. Different mobilitie·s of elements in solution. 

2. Porosity and permeability of country rock.- be it primary 

<e.g. pore space) or secondary<e.g .. fractures). 

3. Possibility o£ fluids reacting with the country rock. 

Certain elements remain in solution over a wide range o£ 
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Figure S.l General base m~ oE study area 
showing location of diamond drill 
holes samples and 2 cross-section 
lines A-A', B-B'. 
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physico-chemical conditions Chence are 'mobile,> and 

therefore are observed over a greater volume of rock than 

other, less mobile elements. These more mobile elements 

associated with mineralization may be used as pathfinders, as 

they may have a greater possibility o£ discovery than the 

element of economic interest. 

For ore-bearing fluids to pass through the country rock, 

permeability must exist. Extensively fractured host rock 

enables these fluids to travel longer distances from their 

source, creating wider geochemical dispersion patterns. 

Fluids reacting with the country rock may precipitate 

minerals characteristic o£ certain deposits and may be used 

as guides in exploration, e.g., reaction with calcareous 

rocks producing meta11i.E erous skarns. 

Levinson (1974) describes from Hawkes several 

geochemical patterns which may occur: extensive penetration 

of rock by fluids producing an areal pattern; migration of 

fluids from an ore body during or Just after its £ormation, 

along fractures, creating leakage haloes; reaction and 

alteration of adJacent wallrock with solutions producing 

wa11rock patterns. 

One of the obJectives of the geochemical study was to 

search for the existence of these patterns and try to relate 

them to the tin mineralization. The sampling· procedure was 
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established to select drill core with observable 

mineralization as well as unmineralized <'barren') material 

from a variety of locations and depths. This was to 

determine several characteristics of the study area: 

1. RelationS~hlp of elements with respect to different 

lithologies <meta-argillites, meta-wac.kes, monzogranite) to 

compare their mean ('background') and anomalous <above 

'threshold') values. 

2. Relationship of elements with respect to different styles 

of mineralization: greisens, sulphide veins and stratabound 

zones ("patches'). 

3. Extent of trace element dispersion from the mineraliza­

tion; for this reason samples adJacent the mineralization 

were obtained, on the order of several centimetres to 

several metres distant. 

4. Relationship of elements in the metasediments with respect 

to distance from the pluton. A series of samples were 

obtained at increasing distance from the surface proJection 

of the pluton and at various depths. 

After the drill core samples were selected they were 

cleaned# powdered and sent to X-Ray Assay Laboratories 
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Limited <Toronto) for analyses. Appendices I.., II and III 

describe sample preparation and analytical methods with their 

precision and .eccuracy estimates. 

5.2 Population Partitioning 

To adequately interpret the metal distribution in the 

mineralized samples.,. a comparison is made with that in the 

unmineralized core. The dis·tributions are assumed to result 

from either the 'normal' processes o£ geochemical dispersion 

in the metasediments and the pluton <e.g. sedimentation, 

metamorphism, anatexis, diffusion in a melt> or the 

mineralizing event<s> and not from a secondary dispersion by 

later chemical weathering. Most samples were chosen free o£ 

relatively late fractures with recognizable oxidation 

products; all sample surfaces were ground to remove the 

effects of recent weathering. 

Separation of the data set of each element in each 

lithology into background and anomalous populations was 

accomplished graphically by means of cumulative frequency 

plots, which depict the general form of each population. The 

graph is constructed in such a way that points o£ a single 

population will form a straight line; deviations from 

linearity represent combinations o£ populations 

<Sinclair,l974; Parslow, 1974). These populations are 

separated by the partition method explained ·bY Sinclair 

<1974) and summarized in Appendix IV along with the 
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cumulative frequency diagrams of the analysed samples. The 

procedure arbitrarily chooses threshold values between 

background and anomalous populations. Because other methods 

of choosing threshold values are also arbitrary <see 

Levinson,l974; Pars1ow,l974), this particular method is 

believed to be JUst as satisfactory. Sinclair <1974) no'tes 

that although a minimum of 100 values should be used to 

con~truct a cumulative frequency graph, fewer values can be 

dealt with using the plotting percentage technique of Koch 

and Link (1970). Such computations were performed on the 

small data sets <see Appendix IV for an example) and the 

differences in the final values between the two methods were 

not large enough to warrant the use of the latter technique. 

Furthermore, the geochemical analyses were performed on a 

selected sampling o£ lithologies,. from known unmineralized to 

known mineralized material, so as to estimate background and 

anomalous populations.. Manipulation of these small data sets 

by Sinclair~s method serves to define further the backgrounds 

and thresholds. 

Several attempts were made to obtain the best possible 

groupings of metasedimentary sample data; e.g. group all 

metasedimentary analyses together, all unmineralized sample 

analyses together, etc. It became evident that grouping the 

metasediments according to their lithologies 

<'pre-partitioning" into meta-pelitic and meta-psammit.ic 

samples) facilitated interpretation o£ the cumulative 
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frequency graphs. It also established different background 

and threshold values for several elements <e.g. Sn, Cu, Zn>. 

This is important i£ further exploration in the area is 

planned, as an anomalous value in one lithology may only be 

of secondary importance in another; more time, effort and 

money would need to be expended to perform follow-up 

examination <and possible reJection> of these spurious 

anomalies. !t is easier to first establish background and 

threshold values of the two lithologies; it is also 

relatively easy to distinguish the two lithologies in hand 

sample so no extra effort need be expended. 

Several difficulties were encountered in population 

partitioning: 

l. Values below the detection limit. To continue population 

partitioning with a large enough data set, values one order 

of magnitude lower than the detection limit were substituted 

during mathematical manipulations. This can cause erroneous 

cumulative frequency curves and therefore, inaccurate 

background and threshold values. An example of this is 

observed in molybdenum values in the metasediments; most are 

below the detection limit of 0.5 ppm. Use of 0.05 ppm instead 

results in one or two populations with an interpolated 

background of 0. 4 ppm which is not a valid estimate. Care 

must be taken in the subsequent interpretation of such 

results. 
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2m Gentle alopes o£ the cumulative frequency curves create 

difficulty in selection o£ inflection points and can cause 

inadequate partitioning of the data set. 

3. Insufficient number o£ analyses to give a continuous <i.e. 

'smooth') range of values. This can produce a rapid change 

in slope, giving the impression o£ the existence of two or 

three populations where in fact. o~ly one or two exist. 

4. Existence of two inflection points <implying three popula­

tions> complicates partitioning as a limited number o£ data 

points are available for the partitioning equation. At least 

three points per population are desirable and this is not 

always possible when more than one inflection point occurs. 

When this happens, points are obtained from the cumulative 

frequency curve, which may produce errors in final background 

and threshold values. 

Once the background and threshold values were acquired, 

they were compared with the data set and their corresponding 

lithologies to determine possible causes for their trace 

element distributions. Background and threshold values of 

the elements in the three lithologies, average values in 

tin-bearing rocks of Cornwall, of the nearby Davis Lake 

pluton, and o£ the so-called ,speciali~ed .. and "normal" 

granites, as well as the clarkes of shale, sandstone and 
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granite are listed in Table 5.1. A summary of the results o£ 

analyses of each element in each lithology is found in Table 

5.2. Plots o£ element distributions with respect to 

lithologic type or mineralization type are found in Figures 

5.2 to 5.4 and are discussed in the tabulated summary. It is 

·important to keep in mind the small sample sizes; even though 

an adequate estimate of background and threshold values was 

obtained, comp~rison of trace element contents among this 

selec.tion o£ lithologies is believed to be limited. 

It is also necessary to realize the importance of 

analytical control. Duplicate and reference standard samples 

were included in the sample batch to evaluate the precision 

and accuracy o£ the analyses performed by X-Ray Assay 

Laboratories Limited. Details are shown in Appendix III. 

Precision <reproducibility of analyses) ranged from poor to 

excellent; accuracy <closeness to 'true' or accepted 

concentrations) ranged from very poor to acceptable. The 

analyses appear to be relatively precise, but not too 

accurate. In other words, the results may be considered 

'valid' within the data set but are not to be taken as 

absolute <'true') values. 

5.3 Discussion 

Assuming the analyses and population partitioning are 

valid, the following observations o£ geochemical distribution 

can be made. 
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Figure 5 .. 2 Trace element variation with 
lithology and mineralization 
in meta-argillites. 
Values in ppm unless otherwise noted. 

Carb Ar9illite - carbonaceous argillite 

Min'd "Patchesu - stratiform minerali2ation 
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Figure 5.3 Trace element variation with 
lithology and mineralization 
in meta-wackes .. 
Values in ppm unless otherwise noted. 

Unmin 'd - unmineralized samples 

AdJacent Min'n - barren samples adJacent 
mineralization 

Min'd .. Patches" - stratiform mineralization 

Contact - refers to those samples in or 
near the contact with the 
pluton in DOH 79-05, 80-01 
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Figure 5.4 Trace element variation with 
lithology and alteration in pluton. 
Values in ppm unless otherwise noted. 

Non pheno - non-phenocrystic monzogranite 

Sl. pheno - slightly phenocrystic monzo­
granite<l-5 modal "> 

Pheno - phenocrystic monzogranite 
<>S <7 5 modal ~> 

Tan alt'n - sample adJacent greisen with 
tan-coloured alteration 

Kaol. alt 'n - sample with kaolinite vugs 
and veinlets 

Post gsn veining - samples with those 
quartz veinlets which cut 
greisen zone 

Shear - sheared monzogranite 
containing a pre-shear quartz 
vein.let containing schee.lite, 
molybdenite and chalcopyrite 

AdJ. mafic dyke - 2 samples<78-27) 
adJacent a mafic dyke 
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5. 3 .l Relationship of Elements 1Nith Respect to Different 
Lithologies 

Trace element distributions were compared within each 

lithology~ i.e.~ among gross mineralogical types arbitratil y 

established in each rock group. For example~ meta-psammitic 

samples were classified on both mega- and microscopic 

features such as presence o£ biotite~ feldspar and carbonate~ 

as well as by grain size; meta-argillites were typed by 

presence of carbonaceous material; samples from the pluton 

were grouped arbitrarily by the presence of phenocrysts . 
<none, 1 to 5 mo~al percent, greater than 5 modal percent>, 

presence of greisens~ alteration~ velnlets~ shears or mafic 

dykes. Obviously the meagre number of samples precludes any 

definite conclusions about trace element distribution within 

each lithology; however~ a rough estimate of the ranges may 

be inferred. Accordingly~ there appear to be no maJor 

differences in trace element contents among the various 

unmineralized ·meta-psammitlc samples. Within meta-pelitic 

samples~ wider ranges o£ metal contents are observed in the 

carbonaceous meta-argillites., due either tC? slightly greater 

number o£ samples or to primary $edimentologica1 differences; 

organic-rich sediments appear relatively enriched in metals, 

by adsorption or by forming metallo-organic or chelate 

compounds <Krauskop£,1979). Both metasediment types have 

relatively high contents of molybdenum, tungsten, lithium and 
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fluorine in samples close to the pluton.- implying possible 

addition o£ these elements from the intrusione Background 

values o£ both lithologies are similar except for those o£ 

tin.- copper., zinc and bismuth; the meta-pelitic samples have 

aohigher copper background, and the meta-psamm.itic samples 

have higher backgrounds in the other elements. This may be 

due to the presence of discrete met~l-bearing particles, 

minerals with those metals in solid solution, or 'sorption of 

those metals or their complexes to particular mineral 

grains. 

Arsenic has a long paragenesis, occurring principally as 

arsenopyrite in sediment disseminations (detrital or 

diagenetic?), in pre-crenulation veinlet.s, in main-stage 

mineralization veins and patches, and in post-mlneraliza~ion 

veins and breccias. 

Determination of variations within plutonic samples is 

more difficult as consideration must be taken of sample 

location within the pluton <endocontact vs. the interior) 

and of the ubiquity of metal-rich veinlets which may go 

unnoticed but cause high trace element analytical results. 

Therefore.- only general conclusions are made. No maJor 

differences in trace element contents exist in samples of 

different crystallinities., although the non-phenocryst.i.c 

samples <of the interior of the pluton) usually have slightly 

lower ranges than those samples with phenocrysts. Two 
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unmineralized samples adJacent. a mafic dyke <DDH 78-27) 

contain biotite with inclusions of arsenopyrite, causing high 

concentrations of arsenic, antimony and bismuth. This has 

not been observed in any of the other plutonic samples and 

may due to the mafic dyke intrusion, although it is not known 

how this occurs. 

5.3.2 Relationship of Elements With Respect to Style o£' 
Mineralization 

(i) Sulphide-Cassiterite Veins 

Certain mineral assemblages are associated with the 

sulphide-cassiterite veins in the metasediments and this is 

reflected in the trace element distributions. Two main types 

of veins exist: tin-rich <> 10 0 0 ppm), arsenic-poor and 

arsenic-rich <> 1000 ppm), tin ... poor. Tin-rich veins have 

relatively high concentrations of copper and bismuth due to 

the existence o£ cassiterite and chalcopyrite; the high 

bismuth content may be due to native bismuth, solld solution 

within such minerals as native silver or galena .. or to 

presence of unobserved rare bismuth sulphides or 

sulphosalts. Veins rich in arsenic have relatively high 

contents o£ lead, zinc, antimony and bismuth. Bismuth 

content within the two vein types is not clear - both types 

·have background and anomalous concentrations. A plot of 

bismuth against arsenic <Fig. 5.5) appears to show a negative 

correlation with several deviations, whereas that o£ bismuth 
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against tin shows no correLation <Fig. 5.6). Bismuth 

therefore seems to occur in other forms not associated with 

arsenic or tin mineralization. Most of the arsenic-rich 

veins have a higher range of fluorine content than the 

tin-rich veins. 

There appears to be a chemical and physical relationship 

between the two vein types. Chemically, there is a positive 

correlation between tin and copper, and a negative 

relationship between tin and arsenic, lead, zinc and antimony 

<Fig. 5.6). Physically, tin-copper-rich veins occur deeper in 

the country rock and closer to the pluton than the relatively 

shallow, more distant arsenic-rich veins with their more 

'mobile' base metals and fluorine. Figure· S. 7 gives a rough 

metal pattern observed in this vein system. The two vein 

types are not observed together in drill core, so their 

relationship is only inferred; however, there is a 

mineralogical <and therefore elemental) zonation in the maJor 

veins in the metasediments surrounding the pluton. Veins 

close to the pluton are relatively rich in tungsten and 

molybdenum <in the form of scheelite and molybdenite, 

respectively). ·Tin, zinc and lead become dominant farther 

from the intrusion. Arsenic and copper, of variable 

concentrations, are ubiquitous. Shallower and more distant 

veins show a decrease in tin and an increase in the other 

base'metals. This type of zonation has been described by 

Grigoryan (1974), and may be of use in exploration, to 
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Figure 5.5 Variation of Sb and Bl with As 
content in veins in the 
ntetasedimen ta. 
Sb is proportional to As 
content. Bi, with a Eew 
exceptions, shows a negative 
correlation. 
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Figure 5.6 Variation of various metals with 
Sn content in veins in the 
Jaetasediments. 
Note the antipathetic relationship 
o£ As, Pb and Zn<with one 
exception) with Sn. Relationship 
with Cu and Bi is not as clear. 
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Figure 5 .. 7 Plot of metals commonly 
occurring in mineralized vein 
systems in both the pluton and 
surrounding metasedimentsu 
There is a pattern of metal 
concentration £rom the pluton 
outwards and upwardsp £rom 
W and Mo to Pb and Zn; As and 
Cu are ubiquitous; Sn has an 
intermediate range(· 3-5 km 
£rom pluton) .. 

Lower case metals have relatively 
lower abundances • 
.. Mid•• refers to those metals 
occurring in veins at "middle,. 
depths 'o£ 50-100 m .in DDH 78-34. 
"Bottom .. refers to those metals 
occurring in veins at .. bottom .. 
depths greater than 100 m in 
DOH 78-34. 
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indicate possible directions and depths £or further 

geochemical or geophysical work. 

The veins are rather thin (commonly on the order o£ mm) 

and have relatively narrow alteration haloes <mm to several 

em>.. There has been no wide mineralogical or geochemical 

response associated with these veins. I£ a stockwork of such 

veins occurred within a small volume of rock, the geochemical 

effects may be enhanced to such an extent as to produce a 

broader, noticeable response, but this has not been 

observed. 

<.iD Greisen Veins 

Greisen veins and their associated haloes are relatively 

high in tin <about 200-800 ppm) with respect to the rest o£ 

the pluton, although low compared to sulphide-cassiterite 

veins. The greisens are also relatively high in tungten, 

copper, lithium, fluorine, total iron and rubidium; they have 

wide ranges of molybdenum, arsenic, zinc and bismuth - this 

is probably due to multiple-stage, cross-cutting veinlets 

containing molybdenite, arsenopyrite,sphalerite and 

scheelite. Both sodium and strontium are depleted in the 

greisens <Fig. 5.8). 

Contact of the greisen with the monzogranite varies from 

sharp to gradational. Trace element contents of unaltered 

.samples adJacent gr·eiaena show either no change or a alic;~ht 
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Figure 5.8 Variation o£ several maJor 
oxides<in %) and minoz:- elements<in 
ppm) in plutonic samples from study 
area and two other granitoid bodies. 

Greisens have higher concentrations 
of Fe20a<total) and Rb<addition 
o£ sulphides and white mica>; they 
are relatively depleted in Na20, 
Sr and K/Rb<destruction o£ feldspars>. 

Non pheno - non-phenocrystic monzogranite 

Sl .. pheno - slightly phenocrystic monzo­
granite<l-5 modal %) 

Pheno 

•Biot gte 
•Gsn 
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enrichment in tin and fluorine. One sample o£ slightly 

altered monzogranite <tan alteration adJacent greisen) is 

relatively enriched in copper and depleted in antimony and 

bismuth (addition of chalcopyrite~ removal of 

arsenopyrite?). 

As with veins in the metasediments, greisens do not have 

a wide zone of influence - usually several em, rarely up to 

about 20 em. Trace element contents have a narrow zone o£ 

enrichment around each greisen vein, e.g., see Figure 5.10 

for variation of tin and copper in grei.sens and their 

adJacent country rock. Unless there is a concentration of 

such veins to produce a broad geochemical effect~ they cannot 

be traced geochemically. I£ the overlying country rock had 

behaved in a more ductile fashion, with less fracturing, the 

ore-bearing 'greisen' fluids may have instead remained within 

the apical parts o£ the intrusion, 'ponding' against the 

country rock, forming broad greisen zones of economic 

interest. 

(iii) Stratiform Mineralization 

The stratiform patches are relatively enriched in tin, 

copper and bismuth, due mainly to the presence of cassiterite 

and chalcopyrite; bismuth may occur in the form o£ sulphides 

or sulphosalts, as submicroscopic inclusions in the other 

sulphides, or as solid solutions within native silver or 

galena. All boron analyses are below the detection limit < 10 
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ppm) (leaahinrJ ef£t:!ct£•). Other els::ment distribution patterns 

are not as distinct: tungsten contents have a slightly higher 

range, with larger values in samples close to the pluton; 

zinc contents are similar to those of unmineralized samples, 

with the. exception of two samples containing much sphalerite; 

meta-psammitic samples have a higher range of antimony 

contents but they are not always directly related to arsenic 

content <Fig. 5. 9) as observed in veins - perhaps Sb 

substitutes for other elements, e.g., Fe, Sn4 : Ti3 +. 4!n.stead 

of existing as a sulphosalt within arsenopyrite.. Sb analyses 

are also not very precise <see Appendix III for accuracy end 

pr:-ecision estimates>. 

Samples adJacent psammitic mineralized zones show 

slightly elevated tin contents. Copper contents are 

ambiguous: seven of the eleven adJacent samples are in the 

upper ranges of the normal population; the other four samples 

are below the detection limit of 0. 5 ppm <leaching ef £ ect? >. 

Figures 5.10 and 5.11 show th.e variation o£ tin and copper; 

and tin and bismuth in mineralized patches and their adJacent 

zones. Other elements show no significant observable 

changes. Figures l2a,b show cross-sections o£ parts o£ the 

study area containing tin mineralization but show no 

clear-cut geochemical haloes. 

Again, a restricted geochemical dispersion exists around 

the minerali2ation. No widespre.9.d halo occurs which Yould be 
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Figure 5.9 Variation o£ Sb e.nd Bi content 
with As in mineralized 'patches'. 
There is no apparent relationship 
o£ the two elements with As<sonae 
increase o£ Sb with As). 
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Figure 5.10 Variation o£ Sn and Cu within 
mineralized 'patches' and greisens, 
and their respective adJacent 
unmineralized zones. The sharp 
decrease in both elements indicates 
their restricted ranges in both 
mineralization types • 

• Hinerali::ed 'patch' 

0 Barren sample adJacent 'patch' 
<em to lit distant) 

A Greisen 

6 Barren sample adJacent greisen 
<em to m distant> 
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Figure 5.11 Variation o£ Sn .and Bi within 
mineralized Jlpatches' and their 
adJacent unminerali::ed zones. There 
is a sharp decrease in both elements 
£rom mineralized to unmineralized 
samples, indicating the restricted 
extent o£ these elements. 

II Mineralized 'patch' 

0 Barren adJacent samples 
Ccm to m distant) 
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o£ use in a geochemical explor.ation program .. 

5 .. 3.3 Relationship of Elements With Respect to Distance 
From the Pluton 

Establishment oE a trace element zonal pattern in any 

region can aid in subsequent geochemical exploration 

programs. Once position in any 'zone' is known, one can 

travel toward the ore-bearing zone with some degree o£ 

con£' idence. 

Based on the present study, the mineralizing event<s) 

exerted no broad geochemical influence upon the country 

rock. Vein and stratabound mineralizatlon are of limited 

lateral extent, with only a few em of altered wa!lrock. 

Rarely, veinlets in the pluton have relatively wide greisen 

alteration haloes. 

Because of the restricted nature of the minez:-alization, 

an attempt was made to investigate tz:-ace element distz:-ibution 

in minez:-alized samples at vaz:-ious dis.tances from the pluton. 

Two cross-sections wez:-e made: one roughly follows a fold 

hinge from the metasediments to the pluton <A-A'); the second 

cuts z:-egional foliation <B-8'). Sample point locations from 

each diamond drill hole wez:-e translated onto the plane of 

each cross-section. The cross-sections were arbitrarily 

divided into 'top', 'middle', and 'bottom ... zones, 

representing depths of, respectively, 0 to 50" 50 to 10 0, and 
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more than 100 metres. This was to look £or trace element 

variation with depth. Several of these cross-sections are 

shown in Appendix 5. There appears to be little variation in 

trace element content in unminerallzed metasedimentary 

samples, either with depth or with distance from the 

intrusion. Small variations in their concentrations may be 

due primarily to their lithology <pelitic vs. psammitic), so 

no definite conclusions can be made about geochemical 

dispersion in barren metasedimentary country rock. 

Relatively high contents o£ some trace elements in 

unm.ineralized samples occur close to or adJacent the pluton 

and appear caused by metalliferous veinlets <containing 

tungsten, fluorine, lithium and copper). Zinc decreases 

slightly with depth. Arsenic is ubiquitous, disseminated in 

the metasediments and within several stages of veins as 

arsenopyrite. Bismuth is erratic, and is related to both 

arsenic and tin. 

Within the pluton, there is a alight decrease in trace 

element content in the interior. This may result from 

primary differentiation or the absence of metal-bearing 

veinlets found in the endocontact. 

Few analyses were made of vein samples in areas of the 

cross-sections, so interpretation includes megascopic and 

microscopic preeence o£ the metal-bearing minerals. There is 

a metal zonation within vein systems from the pluton lnto the 
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metasediments and this was discussed in a previous section of 

this chapter. 

Trace element distribution within stratabound 

mineralized patches appears regular. There is little change 

with depth or distance from the pluton~ except where cut by 

veinlets bearing tungsten~ molybdenum~ lithium and fluorine .. 

Zinc content appears to increase with distance from the 

intrusion in two samples - possibly related to higher zinc 

content in distant parts of the vein system? Arsenic is 

erratic because of its common occurrence throughout the 

area. 

5.3.4. Relationship of Elements With Respect to Other 
Variables 

Trace element distribution may vary with other factors 

such as stratigraphy and secondary dispersion processes. Due 

to time and monetary constraints, it was not possible to 

perform a study of these types of element distribution. 

It is conceivable trace element concentrations vary with 

depth or lateral extent in the sedimentary package. The 

geochemical study has been simplified by assuming there is 

little variation in trace element concentrations with depth 

or lateral extent. 

Mafic dykes in the area do not change the trace element 
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patterns in the host rock. Several samples adJacent the 

dykes were analysed and only the arsenic content in two 

monzogranite samples increased. Arsenopyrite was included in 

the biotite flakes - it is not known how this occurred, a~ 

arsenic contents in the dykes are low. 

Chemical weathering of the country rock can disperse the 

trace elements at surface, along fracture systems, or through 

breccia produced by late shearing. Examination of some core 

proved difficult because of weathering effects from storage 

at surface - iron sulphides became oxidized. Clean core with 

fractures or breccia zones usually show little oxidation and 

it was assumed that little secondary dispersion took place; 

however as a precautionary measure these cores were not 

sampled. Some mineralized patch~s show elongate, 

'shreddy'-textured sulphides, as if they had been stretched 

out by later movement, possibly the late-stage shearing 

event. It does not appear these chlorite- and sulphide-rich 

zones fractured cleanly with a minimum of rock powder 

<'gouge') to permit movement of fluids to disperse any 

elements. Other, more brittle, barren psammitic layers are 

well brecciated with later infillings by calcite, quartz and 

minor sulphides; a restricted bleached zone and rarely, a 

stockwork of veinlets <'crackle breccia'> surrounds this 

breccia. Dispersion of elements appears limited. 
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Figure 5.12 Pseudo-three-dimensional sections 
of two mineralized area with tin 
concentrations o£ sampled core 
<in ppm except where noted>. See 
Fig. 5.1 Eor drill hole locations. 

A. Intersecting drill hole grid 

Ei3 Minerali.zed 'patch' 

+ Unminerali:zed core 

& Mineralized vein 

adJ -unmi.nerali2ed sample 
adJacent mineralization 

78-12 -diamond drill hole 

Boxes with two numbers indicate a 
mineralized 'patch'<higher value) 
with an adJacent sample. Inset 
depicts general bedding and 
crenulation('"") orientation. 

B. Parallel drill hole grid 
Same symbols as ~bove, plus 

Sn -relatively high amount oE 
mineral containing this metal 

sn -relatively low amount of 
miner~! containing this metal 

. . . 

sample location described but not 
geochem.icall y analysed 

general bedding orientation 
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A group of barren and mineralized diamond drill core wes 

analysed for 13 trace elementse Chlorine analysis was 

disappointing as most wet"e below the detection limit:. <SO 

ppm). Boron analyses were not much use as the values were 

multiples o£ l 0 and 25; however they proved useful in the 

mineralized samples, as all values were belor.,.~ the detection 

limit < 10 pmm>. 

Analytical control was erratic: precision was adequate~ 

but accuracy was not. The analyses may be useful for 

comparisons within the sample group, but are not to be 

considered 'true' values. 

Background values between pelitic and psemmitic samples 

are similar for most trace elements, with a few exceptions 

<Sn, Cu, Zn, and Bi>. This may be due to primary 

sedimentologic factors. Element contents are similar to or 

lower then the average values £ound in Cornish tin-bearing 

metasediments, and the clarkes of shale and sandstone <Table 

5.1 ). Trace element background values of plutonic samples are 

lower than those usually associated with 'specialized', 

tin-bearing granitoids. Accordingly, the wedgeport pluton is 

not considered a maJor tin-bearing intrusion. 

Alteration haloes around mineral12ation are limited 

(wallrock 'pattern o£ Hawkes, in Levinson, 197 4) and thet"efore 

llthogeochemical exploration is of little use in terms of 
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discovering trace element haloes. However, there is a metal 

zonation within the main-stage vein system, from the pluton, 

outwards. Accurate determination o£ the stage o£ a vein and 

its mineralogy may aid in tracing the more economic members 

of the system. 
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Table 5.1 

ELEMENT 

Sn 

SUMMARY OF LITHOGHOCHEHICAL SURVEY 

Meta-pelitic Samples (n =23) 

2 Populations: 

Anomalous<>lOO ppm> 
All known mineralized 
samples 

Background<<lOO ppm) 
All known unmineralized 
samples 

No significant differences 
in background [Snl between 
meta-argillite and carbona­
ceous meta-argillite. 
In mineralized patches a 
posit! ve correlation exists 
among Sn, Cu, and Bi; all 
B values at or below 
detection limit( 10 ppm>. 
Relationship with other 
elements less clear. 
Background and threshold 
are lower than those of 
meta-psammites. May be due 
to small data set or to 
primary sedimentological 
differences, i..e., Sn as 
cassiterite more likely 
occurs in psammitic layers 
<rarely in pelitic scours>. 

Meta-psammitic Samples <n=Sl> 

3 Populations: 

Anomalous<>l80 ppm) 
Mineralized samples 

Intermediate <<180 >128 ppm> 
Mineralized samples and 
samples adJacent mineral­
ization 

Background<<l28 ppm> 
All known unmineraUzed 
samples, plus several sam­
ples adJacent mineralization; 
1 in a D\ineralized patch; 
1 in a vein. 

No significant differences in 
background [Snl among meta­
paammitic lithologies<wacke ... ,_ 
biotite, feldspar, carbonate>. 
In mineralized patches a ... ve 
correlation exists between 
Sn and Cu;less so with W,Sb, 
and Bi; most B values at or 
below detection limit. 
In veins a +ve correlation 
exists between Sn and Cu; a 
-ve correlation between Sn 
and As,Pb,Sb and Zn. Other 
relatlonshlpa leas clear. 

Monzogranite <n=25> 

3 Populations: 

Anomalous<>48 ppm) 
Greisens; 1 sample with 
kaolinite alt 'n; 1 
sheared sample 

Intermedlate<<48 >15 ppm> 
Samples adJacent 
greisens..,. cut by 
several vein stages; 
unmineralized samples 

Background(< 15 ppm) 
UnmlneraU:zed samples 
and 1 adJacent greisen 

No apparent distinction 
in [Snl based on presence 
or absence of phenocrysts. 
Endocontact background 
samples have a higher 
range(?-35 ppm> than 
those in the interior 
of the pluton<J-1 0 ppm)e 
Ha!( be due to: small data 
set; presence of a myriad 
of Sn-bearing veinlets 
in endocontact: primary 
differentiation of magma. 



Table 5.1 cont'd. 

-------------------------------------------------------~-----------------------------------------------------
ELEMENT Meta-pelite 

1 Population:usua.lly 
assume upper 2 1/2~ 

anomalous until 
proven otherwise 
CS1nclair,l974), i.e., 
60 ppm threshold. 

Similar values occur 
in min 'd and barren 
meta-pelites<2-23 ppm); 
slightly higher fWl 
in carbonaceous and 
min'd ~eta-argillites. 
Higher [Wl near pluton. 

Heta-psammite 

2 Populations; 

Anoaalous<>19 ppm) 
1 0 a in 'd patches 
and veins; 1 • 
sample adJacent 
aln'n 

Background<<19 ppm> 
Hostly unmln'd 
<22/40 samples>; 
11/4 o adJacent 
min'n;7/40 are min'd 
patches and veins 

Slightly higher values_ 
occur in min'd patches 
and zones adJacent 
min'n. Higher values 
occur in samples near 
pluton-possibly cut 
by scheellte-
bearing velnleta. 

Monzogranite 

2 Populations: 

Anomalous<>65 ppm) 
1 greisen and all 
samples with non­
greisen veining 

Background<<65.ppm) 
All other samples, 
including 3/4 greis.ens 

High W values appear rela­
ted to non-greisen achee­
lite bearing quartz vein­
leta. Similar values exist 
for different phenocryst 
concentratione;[Wl increases 
from non-phenocryetic 
to phenocrystic samples. 
W values in greisen slightly 
higher than unmln 'd samples; 
23-38 ppm vs. <1-24 ppm 
respectivelyaHndocontact 
samples have higher values 
than interior samples; 
8-24 ppm vs.<l-9 ppm~ 
respectively. 



Table 5.1 cant 'd. 

BLBMBNT Meta-pelite Heta-psammlte Monzogranite 

------------------------------------------------------------------------·--------~---------------------------

Mo 2 Populations: 

AnomalouaC>S ppm) 
3 unmin'd carbona­
ceous meta-argil­
lites near the 
pluton Cl is adJa­
cent a mafic dyke) 

Background<<S ppm) 
16/23 samples below 
detection lim! t 
<0.5 ppmHncluding 
rnin 'd patches and 
vein; 4/23 are <5 
and >0.5 ppm(3 are 
min'd patches;! is 
barren) 

In population partiti­
tioning, value of 0.05 
ppmCl order of magnitude 
lower) was used for all 
values below detection 
limit, producing an 
interpolated background 
of 0.4 ppm. Use this 
value with caution. 
Mo content appears 
related to pluton 
proximaty .. 

1 Population: 
Host high Ho values 
associated with veins, 
either near pluton 
with molybdenite 
+1- scheelite, or 
containing arsenopy­
rite and other sul­
phides<?>. [Mol in 
min 'd patches erratic 
C<O.S-2.5 ppm) and 
cannot be correlated 
with [Snl. 35/51 values 
< 0.5 ppm, so 0.05 
ppm was used in popu­
lation partitioning, 
giving an interpolated 
background of 0.4 ppm. 
Use this value with 
caution. Mo content 
appears related to 
pluton proximaty. 

2 Populations: 

Anomalous(>32 ppm> 
In samples cut by vein­
lets containing molyb­
denite +/- scheelite 

Background<<32 ppm> 
In unmin'd, altered, 
and greisenized 
samples. 

Host low values are from 
interior pluton samples; 
endocontact samples are 
higher in [Mol and are 
also cut by stockwork 
hair veinlets bearing 

d molyoenite +/- scheellte., 
Greisen Mo values are 
ambiguous-appear to 
depend on presence of 
non-greiaen veinleta .. 



Table 5.1 cont'd. 

ELEMENT 

As 

Meta-peUte 

3 Populations: 

Anomslous(> 1 0 0 ppm> 
1 vein; 2 min'd patches; 
1 barren asmple with 
disseminated arsenopyrite; 
1 barren sample with pre­
crenulation arsenopyrite 
veinlet. 

Intermediate<<lOO >16 ppm) 
1 min'd patch; 3 barren 
samples 

Background<<l6 ppm) 
5 mln'd patches; 9 barren 
samples 

Arsenic has erratic distri­
bution in metasediments, 
patches and veins. Have to 
know its stage in paragenetlc 
sequence before using As in 
exploration. 

Heta-psammite 

2 Populations: 

Anomaloua<>l60 ppa> 
6 veins; 1 mln'd 
patch and 1 barren 
sample with dissea­
inated arsenopyrite. 

Background<<l60 ppm> 
Includes barren and 
mineralized samples, 
samples adJacent min'n 
and 1 vein. 

Appears to be an anti­
pathetic relationship 
between Sn and As in 
veins and patches. 
Those veins with [Asl 
>7000 ppm have [Sol 
<500 ppm and are at 
shallower depths 
farther from the 
pluton. Low £As1 <<220 
ppmHn veins have high 
(Sn1<> 1500 ppm) and 
are found closer to the 
pluton at deeper levels. 

May use Sn-As content in 
veins aa exploration guide. 

Monzogranite 

2 Populations: 

Anomalous<>70 ·ppm) 
3 aamples(barren; 
grelsen; h.aoUnlte 
alt 'n> cut by 
arsenopyrite-bearing , 
hair veinlets; 2 sam­
plea tldJacent aafic 
dykes contain biotite 
with inclusions o£ 
arsenopyr ita<?>. 

Background(<70 ppm> 
All other samplea8 
both barren and 
mineralized; 
actually ali 
<3U ppm. 

Arsenic content ap­
pears related to syn­
& poat-greu-sen 
ve1n1ng .. 



Table 5.1 cont'd. 

ELEMENT 

Cu 

Meta-pelite 

2 Populations: 

Anomalous<>250 ppm) 
All mineralized 
patches, 1 vein and 
1 carbonaceous meta­
argillite adJacent a 
mafic dyke and the 
pluton. 

Background<<250 ppm) 
All barren samples; 
1 carbonaceous meta­
argillite <190 ppm) 
is near pluton and 
and contains chalco­
pyrite within pyrrho­
tite. 

There exists a definite 
gap between minerallzed 
and unmineraUzed samples. 
Get interested in values 
>125 ppm. 

Heta-paammite 

2 Populations: 

Anomalous<>365 ppm) 
8 mineralized 
patches; 3 'high Sn', 
1 'high As' veins. 

Background<<365 ppm) 
All barren samples; 
samples adJacent min­
eralization; 3 aineral­
ized patches and 3 
'high Aa" ve1ns. 

No maJor differences be­
tween unmineralized samples 
and those adJacent mineral­
ization. In adJacent miner­
alized samples there is a 
gap between very low values 
<<0.5 ppmJ and those above 
background<poasible leaching 
effect?>. 

High [Cul <<150 >70 ppm) may 
be due to chalcopyrite or Cu 
solid solution in the ubiqui­
tous pyrrhotite blebs. Good 
correlation of Sn and Cu, but 
restricted range of Cu in 
patches precludes its use as 
a pathfinder .. Try veins. 

Monzogranite 

2 Populations: 

Anomaloua<>135 ppm) 
3 greiaens 

Background<<l35 ppm> 
All other samples, 
including 1 gretsen 

Those samples adJacent 
to grelsens, are greisen­
ized, cut by non-greisen 

· veinlets and are sheared, 
have high Cu values higher 
than the background. 
Interior pluton samples are 
on average lower than the 
endocontact samples;<O.S-
5.5 ppm vs. 1.5-35 ppm .. 
respectively. May be due to 
ubiquity of veining in 
the endocontact. 
Both greisen and non-greiaen 
vein samples have erratic 
Cu values, possibly because 
of low sample size. 



Table 5.1 cont'd. 

-------------------------------------------------------------------------·---------------------------------
ELEMENT Meta-pelite Heta-paammite Monzogranite 

-------------------------------------------------------------------------·---------------------------------
Pb 2 Populations: 

Anomaloua<>50 ppm) 
2 mineralized patches~ 
1 barren sample 

Background<<50 ppm> 
All other samples 

Pb distribution erratic; 
gives a poor population 
aplit.Hlgher values 
<> 15 ppm> associated 
with mineralized patchea, 
1 veln,l pre-crenulation 
arsenopyrite vainlet and 
1 barren sample. Pb 
usually in galena, often 
associated wlth arseno­
pyrite. 

2 Populations: 

Anomalous<> 120 ppm> 
4 'high As-low Sn"' 
veins, 1 barren 
sample 

Background<<l20 ppm) 
AU other samples 

Most values <23 ppm 
C3 9/51 samples> ;higher 
valueaC<90 >23 ppm> 
include 3 mineralized 
patches, 1 'high-Sn 
low-As' vein and 3 
barren samples<1 near 
pluton with rare mo­
lybdenite on fracture 
surf ace>. 2 barren 
samples from 1 drill 
holeC78-29> contains 
relatively high £Pbl 
(40 & 170 ppm>;not 
known whye Not much 
difference between 
mineralized and un­
mineraUzed samples. 
In veins, there is a 
+ve correlation be­
tween Pb and As; a 
-ve correlation 
between Pb and Sn. 

2 Populations: 

Anomalous<>l5.5 ppm> 
1 sample adJacent a 
greisen; 1 cut by 
non-greisen veining; 
1 barren sample 

Background<<l5.5 ppm) 
All other samples 

Pb values are erratic 
with respect to litho­
logic types and miner­
alization; higher values 
appear related to post­
grelsen veinleta(contain­
ing arsenopyrite, molyb­
denite and scheellte). 



Table 5.1 cont'd. 

ELEMENT Meta-pelite Heta-paa~tmite Monzogranite 

------------------------------------------~----------------------------------·----------------------------

Zn 2 Populations: 

Anomalous<>275 ppm> 
3 mineralized 
patches and 1 vein 

Background<<275 ppm) 
All other samples 

Little difference among 
meta-argillites, carbon­
aceous meta-argillites 
and mineralized patches: 
Heta-arglllite - narro\..r 

cluster of values 
<79-130 ppm> 

Carbonaceous meta­
argillite - wider 
range of values 
<41-260 ppm> 

Mineralized patchea-<5 4-
680 ppm and 14.6~> 

Vein<'high Sn-low As' 
type>- 1500 ppm 

2 Populations: 

Anomalous<>330 ppm> 
3 veins of 'high 
As-low Sn' type; 1 
mineralized patch; 
1 sample adJacent 
JJtineraUzation. 

Background<<330 ppm) 
All other samples 

Little difference among 
various p.sammitic types 
or between mineralized 
and barren samples. 
Veins high in As have 
high Zn contents. 

1 Population: 

Most valuea(21/25) 
<41 ppme 2 anomalous 
values exist in 
greisen zones<l40 & 
2900 ppm) 

Little difference 
among different 
granitoid types. 
[Znl in grelsen 
erratic-may be due 
to cross-cutting 
post-greiaen veinlets. 



Table 5.1 cont'd. 

ELEMENT 

Sb 

Meta-pelite 

2 Populations: 

AnomalouaC>2.0 ppm> 
1 mineralized patch; 
2 carbonaceous meta­
argillites with pre­
crenulation arseno­
pyrite; 1 meta-argil­
lite 

BackgroundC<2.0 ppm> 
All other aample.l7/23 
aamplea < 1. 0 ppm 

[Sb] appears tied to 
[Aal; those samples with 
arsenopyrite have higher 
Sb contents. 

Meta-paammite 

2· Populations: 

Anomalous C> 1. 4 5 ppa > 
4 veins of 'high 
As-low Sn' type; 1 
'high Sn' type; 4 
mineralized patches. 

Background<<1.45 ppm> 
All other samples. 
2 5/51 samples 
<0.5 ppm 

No maJor observable 
differences among 
various paa.mmitic 
types; both wacke 
and calcareous wacke 
values are less than 
backgroundC<0.44 ppm>­
may be due to low sam­
ple alze.Hlgh [Sbl in 
mineralized patches 
and veins tied to [As1. 

Monzogranite 

2 Populations: 

AnoJAalousC>0 .. 6 ppm> 
1 grelsen<with ar­
senopyrite-bearing 
veinlet>; 1 sample 
with kaolinite 
alteration; 2 with 
non-greisen veining; 
2 samples adJacent 
mafic dyke<with 
arsenopyrite in 
biotite flakes> 

BackgroundC<0.6 ppm) 
All other samples 

Slightly phenocry­
stic samples have 
lower Sb contents 
than other unminer­
alized aamples;not 
known why .. · High [Sb] 
tied to [Asl .. 



Table 5 .. 1 cont'd. 

ELEMENT 

Bl 

Meta-pelite 

2 Populations: 

AnomalousC>3.5 ppm> 
All mineralized 
patches & the Sn­
rich vein 

8ackgroundC<3.5 ppm> 
AU unmlneralized 
samples 

There is a definite 
difference between 
mineralized and 
barren samples. 

Heta-paammite 

1 Population: 
Host C7 I 8 > mineralized 
samples have higher 
8i contentsC>lO ppm> 
than the other samples. 
No observable differ­
ences among various 
psammitic types or 
between unminerallzed 
& adJacent mineralized 
samplee<restricted 
range>.(8ll erratic 
with respect to 'high 
As' & 'high-Sn' type 
veins .. 

Monzogranite 

1 Population: 
Lower 8i content 
in non-phenocry­
stic samples 
<interior pluton) .. 
Tan altered sample 
below detection 
limit(<Oe 1 ppm). 
Other samples 
have wide spreads 
of values. 
Bi does not appear 
related to Sn miner­
alization as in the 
metasediments. 



Table 5.1 cont'd. 

------------------------------------------------------------------------------------------------------~-~ 
BLBHHNT 

Ll 

Heta-pelite 

2 Populations: 
<Possibly 1 > 

Anomaloua<>IOO ppm) 
l carbonaceous meta­
argillite adJacent 
pluton 

Background<<IOO ppm) 
Rest of data set 

Little difference 
between pelitic types. 
Tightly grouped<Jl-
70 ppm). 
Exceptiona:aample with 
pre-crenulat!on arseno­
pyrite velnlet(89 ppm>; 
l sample adJacent mafic 
dykeC13 pp1n>. Mineralized 
patches - values spread 
out<8-5 9 ppm) 

Heta-pasmmite 

l Population: 
Host values (35/51> 
<60 ppm. High [Lil 
usually occurs near 
the pluton. One high 
value<lOO ppm> found 
in a 'barren' sample 
in a DOH with other 
high trace element 
contenta(78-29>. 
Primary cause? Little 
difference among 
paammitic types, be 
they barren or 
mineral12ed. 

Monzogranite 

2 Populations: 

Anoaalous<>8 0 ppm> 
3 greiaens: 1 kao­
linite alteration; 
2 non-phenocrystic 
barren samples. 
from the interior 
pluton<78-31 ><?>. 

Background<<80 ppm) 
Rest of data seta 
10/25 samples 
<49 ppm. 

Restricted range of 
Ll in greiaens. 
Little difference 
among non-grelaen 
aamplea;uaually in 
range of 26~80 ppmc 



Table 5 .. 1 cont'd. 

ELEMENT 

F 

Meta-pelite 

1 Population: 

Carbonaceous meta­
argillites ha.ve 
wider apread<100-
820 ppm>than meta­
argillites<320-
630 ppm>. 
Mineralized patches 
not different<360-
660 ppm>except for 
2 aamplea<l90 & 

200 ppm>; not 
known why. 
Highest value<820 
ppm>found in barren 
sample adJacent 
pluton<S0-0 1 >. 

11eta-psamaite 

2 Populations: 

Anomaloua<>1000 ppm) 
4 barren samples 
and 1 mineralized 
patch, all adJacent 
the pluton<79-05; 
80-01>; 2 'high 
As' type veins. 

Background<<1000 ppm) 
Rest of data set. 
41/51 samples <760 
ppm. Little differ­
ence among various 
psamJ•litic types or 
mineralized patches. 
(fl J in veins not 
clear cut: 3/4 'high 
As" > 'high Sn' 
types; 670-1500 ppm 
vs .. 280-530 ppm 
respectively. 

t'fonzogrenite 

2 Populations: 

Anoaa1ous<>l550 ppmJ 
Ali 4 greisens 

Background<<l550 ppmJ 
Rest of data set 

Slight differences 
among various types 
of non-gcelsen 
samples. In tee loc 
pluton saaplea have 
a slightly lower 
range than endo­
contact samples .. 
Gre!aens have 
'classic" high F 
contents; but are 
of restricted ranqee 



Table 5 .. 1 cant 'd. 

ELEMENT 

B 

Cl 

Population partitioning not performed as all values 
are multiples o£ 10 or 25<.10, 25, 50, ?5, 100 and 
150 ppm). This does not appear .. n~tural ... Little 
difference among mata-peUttc and ~aeta-psa.Jaalt.ic 

lithologies., except in Jl\lnatal.ized patches o£ both 
rock types - at or below detection limit o£ l 0 ppm. 
Due to leaching? 

Not performed aa most values below detection limit 
of 50 ppm .. 



·. 

CHAPTER SIX 

CONCLUSIONS AND RECOMMENDATIONS FOR 

FURTHER WORK AND EXPLORATION 

6., 1 Conclusions 

Mineral and geochemical study o£ the Wedgepo~t pluton 

and edJacent metasedimentary host ~ocks has provided the 

following impressions concerning the genesis o£ tin 

mineralization in the area. 

1. Tin as cassiterite, occu~s in several habits and 

mineral associations, ~e£lecting variable conditions of its 

formation. It is a ~are detrital mineral within 

Cambro-Ordovician Meguma metasediments; it ~arely occu~s 

within greisen veins in the pluton; it occurs as a minor to 

common mineral within sulphide vein!ets and stratiform 

sulphide replacement bodies in the metasediments. 

2. Partial melting of carbcnaceou~, cassiterite-bearing 

metasediments produced a low £02, ilmenite-series melt with 

divalent tin<and othe~ lithophile elements) concentrated 

within a later evolved aqueous phase(s). Tin may have been 

transported as chloride and fluo~ide complexes. Fracturing 

o£ the pluton margin provided a means of escape fo~ this 

phase. Healing of the fractures by mineral precipitation and 

~efractu~ing by later aqueous phases resulted in several 
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generations o£ veinleta.. Sulphide-cassiterite precipitation 

occurred in a ~middle' stage o£ vein formation, after barren 

quartz veinlets and before quartz-kaolinite veinlets and 

shears.. These ore-bearing fluids caused Hmited 

greisenization within the pluton margin. They then travelled 

through fractures near or along an anticlinal fold hinge; 

sulphides and cassiterite precipitated in veins and replaced 

calcareous layers within the metasediments. Apparently there 

was insufficient initial water in the melt to generate 

economically significant amounts of ore-bearing fluid. 

3. Mineralization is found in a zonal sequence away from 

the pluton, reElecting the changing physico-chemical 

conditions of the fluid<.s> ·as it travelled through, and 

reacted with the metasediments<e.g. P, T, f02, £S2, pH, Eh, 

wallrock chemistry). 

4 .. Alteration effects associated with mineralization 

within both the pluton and metasediments are restricted - no 

broad geochemical or mineralogical halo is observed. 

6.2 Possible Guides £or Tin Exploration 

1. Ilmenite series granitoids appear associated with tin 

deposits <Ishihara,.l981) and those containing biotite or 

biotite-muscovite may have contained sufficient water to 

evolve a separate aqueous phase o£ adequate volume to carry 

ore metals. The characteriatica uaed to recogni~e euch 
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. intrusions are <Ish-ihara~ 1981 >: 

-4 
- magnetic suac:eptib!lity below 1 ~ 10 emu/g 

- low bulk Fe20a/FeO ratio 

- magnetite and ilmenite content < 1 vol. % 

- contains accessory pyrrhotite<look for limonite staining on 

weathered surfaces) 

Possibly look for these intrusions in carbonaceous sediments, 

which were supposedly assimilated to produce such melts. 

2. The Wedgeport pluton and granitic bodies associated 

with known mineralization <e .. g. East Kemptville deposit in · 

the.Oavis Lake pluton; New Ross-Vaughan Complex in the South 

Mountain. batholith) contain high total radioactivity and high 

thorium values <ChatterJee and Muecke,l982). Airborne gamma 

ray spectrometric measurements may serve.to locate potential 

ore-bearing intrusions <Yeates et al., 198 2 >. 

3. Mineralization within the study area is structurally 

cont~olled - .in fracture systems and ~eplacement layers 

within a fold hinge. Such axial structures may therefore be 

of interest in the location of this type of mineralization. 

Tin mineralization at the East Kemptvi11e deposit is 

contz:-olled along an irt"egularly-shaped contact <"inflection 

contact"') of the Davis Lake pluton with the Goldenville 

metasediments <Richardson et al., 198 2 ). In E~ropean and some 

Tasmanian deposits, minet"alization is found ln apical zones 

('cupolas") of an intrusion,> in contact with impet"meable 
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country rock. Therefore, it would be of benefit to 

inve5tigete any g~enite-country rock contacts. 

4 .. Some o£ the tin mineralization occurs in 

sulphide-cassiterite replacement bodies of calcareous 

metasediments. It may be of interest to look for such beds 

adJacent relevant plutons in structurally prepared 

ground<e.g. fold hinges, intrusive contacts). 

5. Pyrrhotite is the maJor sulphide !n veins and 

replacement layers. It gives a good magnetic and electrical 

response and could be of use in geophysical exploration. 

Unfortunately, this mineral also occurs in tin-barren 

graphitic layers. 

6. I£ minerallzed veins and replacement layers have been 

found~ it is possible to use the mineralogical and 

geochemical zonation o£ the vein systems to locate the 

tin-bearing sections. 

6.3 Recommendations for Further Work 

Much o£ the work accomplished within this thesis has 

been of a qualitative nature. A more quantitative 

investigation o£ the mineralization in this area would serve 

to define the parameters of ore genesis more rigorously. 

These include: 
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to obt.ain estimates of gross salinities and filling 

temperatures; possibly use the latest techniques <lasar?> to 

obtain fluid chemistry. 

2. Age dating o£ unaltered and mineralized samples of 

the pluton to obtain better estimates o£ time of emplacement. 

and time o£ mineralization. Studies of various mineralized 

plutons <Reynolds and Zen till!, in prep.) point to a 

Hercy~ian mineralizing event, which may have implications in 

future mineral exploration. Possibly dating of the lead in 

galena-bearing veins would further tighten age of 

mineralization. 

3. A search for coexisting sulphide minerals in vein and 

replac~ment bodies to obtain estimates of' temperatures ·of 

equilibrium. 

4. A study of sulphur isotopes in veins and in 

mineralized and unmineralized layers; are there any 

differences? 

5. A study of the tin concentrations in the 

ferromagnesian minerals of the pluton. Are there appreciable 

amounts in these minerals, as is indicated in other plutons 

<e.g. Nigerian Younger Granite, Erzgebirge plutons)? The 

microprobe can only analyse for elements in concentrations as 

low e.s 500 ppm .. which. is too high for tin in such minerals 

<more in the 1 O"s ppm range). 
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60 A study of the reactions between ore-bearing fluids 

and wallrocks to get a better understanding of mass 

exchangeQ 

7. A study o£ the ~rusty shears' within the pluton. 

They apparently.contain radioactive minerals <Cullen pers. 

comm.,l982J and are the probable cause o£ the high values 

obtained in airborne gamma ray spe~trometric measurements 

<ChatterJee and Muecke,l982>. They are therefore an integral 

part o£ the evolution o£ mineralization in the study area. 
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APPENDIX I 

SAMPLE PREPARATION 

1 .. Remove surface drill marks and weathering effects by 

drill-mounted garnet paper. Blow away ensuing dust. 

Drill core should be o£ a lighter hue, with a clean 

smooth surface. 

2. Split core into approximately 1 em cubes. Discard 

any pieces with saw marks o~ marker labels. Clean the 

splitter with brush anc air hose. 

3. Reduce the sample further into mm-sized pieces by a 

ceramic Jaw crusher. Preclean crusher with a portion 

of the sample and discard the crushed result. After 

crushing clean with ny!on brush and air hose. 

4a.Grind crushed sample in a ceramic shatterbox. Preclean 

sample holder with an aliquot<about 10 mD o£ the sample. 

Run the machine for about 1 minute. Discard the powder 

and blo•o~~ out holder with the air hose. 

4b.Place a larger aliquot<about 3 0 mD o£ the sample in 

the holder and run £or about 8 minutes. Check resul-
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tant powder - if small granules are evident 

<i.e. > 0.5 mm>, sample must be ground a further 5 

minutes. If in doubt.., sieve a portion of pow·der to 

check its size. For ease o£ acid digestion, sample 

powders were -200 mesh. 

4c.Trans£er powder onto a clean folded sheet of paper. 

Pour powder from sheet into a labelled 4 0 ml 

polyethylene vial. 

4d.Clean holder after use by these steps: 

i. Air blow holder. 

H. Run an aliquot <about 10 ml) o£ silica gel for 

about 1 minute and discard powder. Air blow again. 

iii. Wash out shatter box - 5 rinses with tap water 

1 rinse with distilled water 

1 rinse with alcohol 

iv. Air blow dry inside and outside of holder. The 

stael rim will rust if left damp and can cause 

sample contamination. 

Sources o£ Contamination: 

1. Dust is a maJOr problem during sample preparation and 

may result in appreciable contamination. Rigorous 
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cleaning between each stage may decrease this effect. 

2. Remnant. marker, drill and saw marks; remnant powder and 

chipped material £rom splitter Jaws, Jaw crusher and 

shatter box .. 

3. Excessive grinding may oxidize ferrous iron, p:-oducing 

decreased FeO contents <Jeffery and Hutchison, 1981). 
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APPENDIX II 

ANALYTICAL METHODS 

Powders of 122 samples were analysed for 13 trace 

elements by various methods <Table II.l) by X-Ray Assay 

Laboratories Limited in To~onto, Ontario. Of these, 13 were 

duplicate samples and 6 were reference samples. Powders of 

30 additional samples were sent for whole rock analyses by 

XRF, and of these, 3 were duplicates and 2 were reference 

samples. 

The following outlines the analytical methods used by 

the laboratory <J.H. Opdebeeck, X-Ray Assay Laboratories, 

written commu.n.icetion,l982). 

Tin Determination by Emission Spectroscopy<EMS) 
: 

Low concentrations of tin are determined using a 0 .. 1 g 

sample, mixed with. graphite and burned in a direct current 

arc. The spectrum is photographically recorded and 

interpreted using a densitometer. For small samples with 

greater than 50 ppm tin, O.lg of sample is fused with 0.7g of 

lithium metaborate <L.iB02) in a graphite crucible, and the 

melt is dissolved in 5% HN03. The solution is run on a 

direct-current plasma emission spectt"ometer. Calibration in 

both setups is done on synthetic standards. Larger samples 

with values above 50 ppm are determined by x-ray fluorescence 
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Tabl~ I 1-1 Elements AnOJlrsP.d, Hethods and Uetecti.on Limits 

Element ~let hod* Detection Limit 
(ppm except ...,here noted) 

Sn {ppm) EMS 3.000 

~n ( :) XRF 0.010% 

w NA 1.000 

Mo DCP o .• soo 

As NA 1.000 

Cu (ppm) OCP 0.500 

Cu ( :t) XRF 0.010% 

Pb (ppm) DC? 2.000 

Pb ( %) XRF ~.010% 

Zn (ppm) DCP 0.500 

Zn ( %) XRF 0.010 

Sb NA 0.200 

:ai FAA 0.100 

Li AA 1.000 

F StE 100.000 

B DC? 10.000 

Cl XRF 50.000 

FeO (%) Wet Chemical O.lOOi. 

WRG-Major Oxides (:!:) XRF 0,010% 

t.mG-Minor Elements XRF 10.000 

(Cr,Rb,Sr,Z.:) 

*EMS - E~ission Spect~oscopy 

XRF - Wavelength Dispersive X-ray Fluorescence Spectrometry 

NA - Neut.ron Activation 

DCP - Dircc.:-Cucrent Plasma Emis$1on Spectrometry 

FAA - .Flamcless Atomic Absorption Spectrometry 

AA - Atomic Absorption Sp~ctrometry 

SlE - Scl~ctive Ion Elcctro~e. 
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spectrometry using a Philips PW 1410 sequential ~-~ay 

fluorescence spectrometer interfaced to a Digital PDP 11/40 

computer. 

Tunastene Arsenic and Antimony Determination by Neutron 
Activation<NA> 

Powders are irradiated in a high density neutron flux, 

producing isotopes of elements contained in the sample. A 

multi-channel gamma spectometer determines element 

concentrations. 

Molybdenum, Cooper, Lead and Zinc Determination by Direct­
Current Plasma Emission Scectrometry<DCP) 

Samples are prepared by the acid soluble procedu~e. 

Sample powders <0.25g) are digested with 2 ml of HNOafor 1/2 

hour in a water bath, then l m1 of HCl is added and digestion 

continues a further 2 1/2 hours; test tubes are agitated at 

regular intervals. Samples are made up to volume with a 

lithium buffer. A high temperature argon plasma is used to 

excite the elements in solution and the spectrum is analysed 

by a direct-current Spectrametrics plasma emission 

spectrometer using an echelle grating interfaced to a 

microprocessor. Higher values (in the percent range) are 

analysed by the XRF method. 
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Bismuth Determination by Flameless Atomic Absorption 
Sp~ctrometry 

Samples are prepared by the acid soluble procedure and 

solutions are run on an atomic absorption spectrometer where 

the flame has been replaced by a heated quartz tube. Bismuth 

hydride is formed using sodium borohydride and is emplaced 

within the furnace containing the quartz tube. 

Lithium Determination by Atomic Absorption Spectrometry 

Sample powders are digested by HF an~ H2S04<tota! metal 

digestion method) followed by HCl to redissolve ~ny residue. 

Solutions are run through the atomic absorption 

spectrometer. 

Fluorine Determination by Selective Ion Electrode 

Sample powders <0.25g) are £used with NaOH in a nickel 

crucible for 1 S minutes at 650° C. The resultant solid is 

dissolved in an ammonium citrate buffer solution. A 

fluoride-selective ion electrode determines the fluoride 

concentration in solution. The electrodes are used in 

association with reference electrodes and the reference 

samples are run with every batch. · 
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Boron Dete~mlnation by Direct-Current Plasma Emission 
Spectrometry 

Sample powders <O.OSg> are £used with KOH in a· nickel 

crucible and the resultant solid is di.ssol ved in 5% HCl. The 

solution is run on a direct-current emission spectrometer. 

Chlorine Dete~mination by X-R~y Fluorescence Scectrometry 

Sample powders (4g) ere mixed with 4 g of sand end 2 

binder pellets and ere pressed into pellets. The analysis is 

performed on a sequential x-ray fluorescence spectrometer. 

Peak and background readings are taken using a germanium 

crystal .. 

Whole rock maJor and minor element determinations are 

performed by x-ray fluorescence spectrometry; FeO, by wet 

chemica! methods. 

The analyses are calibrated on synthetic standards and 

reference samples; in house standards and previously analysed 

samples are run as controls o£ the digestion procedures. 
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Rock Coding for Lithogeochemistry 

Explanation 

Maior rock classification; 
this case, a metasediment 

in]-------111 [Average g~ainsize; in 
T this case~ medium silt-slzed 

I:iE.£ of metasediment; 
in this case, a graphitic argillite 

I l-1ETASEDIHENTARY ROCKS 100 SERIES 

(a) Type 
J:Q_ Argillite 

.1:!_ Graphitic Argillite 

1~- Calcaraous Argillite 

1~- Siltstone 

j!!__ Biotite Argillite 

1:2_ Wacke 

1~- Felc!spathic ~~acke 

.ll_ Calcareous t.Jackes (±Feldspar) 

J&_ Biotite Feldspathic lhcke 

.12,_ Biotite ~-lacke 

(b) Size 
l_Q. r'ine Silt (0. 00.:.-t•. 0156 nun) 

lo~ Medium Silt (0.0156-0.0312 mm) 

]:_~Coarsf! Silt (0.0312-0.0625 nun) 

l_t Fine Sand (0. 0625-0.25 mm) 

]:_~Medium Sand (0.25-0.5 mm) 

1-~ Coarse Sand (O.S-2.0 mm) 

II VARIATIONS IN METASEDIHE.'iTARY ROCKS 

_1 __ Sulphide Vein Zone 

j __ Sulphide Disseminated Zone 

III NO~ZOG!V\..'HTE 500 SERIES 

(a) Typt.~ 

jQ_ Nonporphyritic 

51 Slightly Porphyritic 
--- (<5 modal ~~ phenocrysts) 

2~- Porphyritic (>5, <75 modal % 
phenocrysts) 

~Type and size var~stion~ ~s above 

(b) Size (if porphyritic, 1 Qize' 
indicates phenocryst size) 

2_Q Fine (<1 mm) 

..2,_1 Hed ium (1-5 tttm) 

2_ ~ Coarse (> 5 mm) 

IV ALTERED :-!ONZGGRAJ.'UTE 600-900 SERIES 

6 Tan Alteration 

l __ Grei~en Alteration 

8 Kaolinite Alte~ati(.ln 

~-- Sheared Monzogranite 

l Type and size vaEiationo as above 

J 
.2QQ. Mafic Dyke 
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Table 11-2 Trace Element Contents of Selected Drill Core SAmples (Metasediments) 

DDa 78-32 78-29 Je-29 78-44 78-1;4 78-44 71!.-40 78-40 77-29 77-29 78-38 78-38 78-38 
D.::rth (tn) 19.8 57.72 80.3 29.10 59.94 100.0 83.6 132. 68.30 99.50 30.18 68.5 129.22 
Ro.;k Ty?e* 100 164 164 16) 164 164 102 352 184 184 164 164 164 

\'alut!s in ppm 
except wher~ noted 

~!1 3 50 60 J 12 3 3 60 5 7 20 50 20 

w 3 5 6 2 5 9 6 6 3 3 3 1 

f'!o <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 < 0.~· 8.0 <0.5 2.0 <0.5 1.0 3.0 

J..s n 12 50 13 17 8 39 7100 19 12 10 23 19 

Cu 29.0 31.0 9.0 84.0 7.5 44.0 23.0 310 33.0 5.0 15.0 2.5 1.0 

~ 
Pb 6 40 170 <2 4 4 4 1.44% 10 4 6 16 8 -.1 

Ct.i 
Zn 110. 270. 230. 97.0 70.0 98.0 79.0 0.90% 86.0 80.0 57.0 61.0 55.0 

Sb 7.9 . 0.7 0.6 0.6 0.2 0.6 1.5 280 0.4 0.3 0.2 0.2 0.5 

Bi 0.9 1.0 9.1 0.4 0.2 0.2 0.2 1.5 0.2 0.1 0.7 1.3 0.7 

L1 60 42 100 51 48 63 38 <1 65 54 27 36 60 

470 460 720 480 400 480 420 190 320 300 360 500 540 

B 50 25 25 25 10 50 75 <to 50 50 50 50 75 

Cl 50 100 50 50 <50 <50 <50 <50 50 <so <50 <50 <50 

:: Ta~lo.> oi definitions on previous pa~e. 



Tub1 e 11-2 (Cent' d) Truce Element Contents of Selected Drill Core Sample~ (Metasediments) 

DD.l 78-34 78-3ft 78-34 78-10 77-34 71-3•· 78-03 78-03 71-25 17-1.5 17-25 77-25 71.25 
['E>pth (m) 72.16 75.61 109.24 93.5 4R.30 154.90 44.18 132.0 53.88 132.11) 135.56 186.2:> 186.35 
iZo.:k Typo:" 35-i J(J'; 364 110 110 1,22 100 1M lo55 301 16) 1,12 173 

Sn 200 160 o.1n 30 15 o.·nA 80 60 380 1.21% 200 1.07'1.. 200 

\.l 550 <25 12 16 6 10 6 l 16 34 5 9 4 

Ho 1.0 <.0.5 1.0 <0.5 <0.5 2.5 <0.5 <0.5 <0.5 <0.5 1.5 <0.5 o.s 

As 9uooo 15000 HO 7500 2600 1]0 220 10 17 86 8 9 6 

Cu 1000 89.0 l.OO 48.0 24.0 400 41.0 ).40 160 860. <0.5 95.0 140. 

Pb 40QO 1000 26 22 <2 26 I} <2 60 26 16 <2 4 

Zn 1300. 440. <.1} .0 2~0- 120. 89.0 120. 120. 0.96% 1501)- 220- 680. 480. 

l\j Sh 200. 29.0 1.1 16.0 5.8 0.6 0.7 0.7 0.4 0.6 0.3 0.6 0.2 
-.1 
~ IH 220 72.0 11.).0 1.3 0.9 13.0 0.6 0.2 0.6 6.2 1.1 9.7 1.5 

Ll 43 83.0 35 89 60 '·6 56 34 70 72 47 46 38 

F 1200 l5JO 530 630 650 (J60 630 410 650 450 690 500 420 

!i 25 so 10 25 100 11 50 50 <10 <10 75 <10 10 

Cl <50 <-50 <50 <50 <50 <50 <50 <50 50 150 50 50 <50 



Tuble II-2(Cont '•]) Trace Element Contents of Selected Drill Core Sanples (Hetast!d!ments) 

llull 78-11 78-11 78-11 78-11 78-11 78-H 78-12 78-12 78-12 78-12 78-12 78-12 78-12 
Depth (m) 19.3 56.6 77.45 85.45 85.45 123.6 70.25 ll8 118 130.27 163.3 166.3 183.67 
R.)ck Type* 164 163 432 432 132 452 421 422 153 453 423 161. 164 

Sn 50 200 0. 74% 0.73% 160 0.52'7. 250 0.331 160 0. 76~ 1. 39i; 1,0 ]01) 

1-1 10 19 21 19 ll l5 4 14 11 25 19 11 7 

~!o <0.5 <0.5 <0.5 <0.5 <0.5 1.5 <0.5 1.0 0.5 <0.5 4.0 2.0 <0.5 

.\:i 34 6 66 14 36 9 25 6 14 6 

Cu <0.5 55 510 2000. <0.5 670 670 430. <0.5 1000 260 41.0 140 

Pb 6 <2 34 6 ,, 70 <2 22 4 18 18 8 2 

Zn 170. 100. 98. 150. 85.0 93.0 14.6% 100. 100. llO. 54.0 90.0 77.0 

tv Sb 0.6 0.9 1.6 1.6 0.3 0.6 0.3 0.6 <0.2 0.6 l.l 0.2 0.5 
-1 
01 Bi 0.2 2.1 16.0 11.0 1.2 10.0 26.0 S6 l.tl 20.0. 15.0 l.O 1.0 

lL 40 46 45 63 31 27 8 40 3') 30 18 53 42 

F 440 540 460 740 450 490 190 560 570 550 430 610 680 

B 25 25 10 <10 25 10 10 10 50 10 10 50 ]00 

Cl <51) <50 50 <50 <SO <50 <50 50 50 <51) 50 <50 <50 



T .. t> L•· 11-2 (t'l'1't 'J) Tr•\.:c f J CUll•nt Contcntw of Sc 1 cctcJ Dr J 11 Con: SunlJllus (H·~tascdJmcnta) 

-------------
{;lJ:l 78-13 78-13 77-12 77-12 77-06 77-06 77-06 77-04 77-04 77-07 77-07 77-07 
Dc;•th (m) f-1.40 31.)7 135.70 135.77 74.7 127.5 12EI.ll• (,2 .1 105.9 31.85 106.75 181.10 
K, .. ._.-:, Tq•o.:• 4"'' 172 !.100 JJJ 18) lt22 uv. lU 184 184 394 18) 

!in o. )tli 160 1) 0.45% 60 0.66% 80 500 25 50 0.1~% 12 

I< 20 17 6 < l 64 1 .. 25 l 5 21 2 

:·lo 1.5 <0.5 2.0 4.0 <0.5 <0.5 <0.5 <O.:i <0.5 <0.5 1.0 <0.5 

1\) 
.\::; 12 28 8 40 59 100 49 28000. 26 74 220 190 

...., 
Cu ]50. <0.5 40.0 91•0. 27.0 (1) 1100. 16.0 23.0 38.0 !S.O 410. 25.0 

1'1, 10 6 4 22 16 4JO 6 430 4 <2 8 2 

ln 1.10. 150. 95.0 220.' 240. 200. 1~0. lliO. 150~ 89.0 120. 91.0 

:ih 0 ... 0.) 0.2 2.5 O.ll 0.6 O.l 120. <0.2 0.9 0.7 1.0 

.rH 30.0 4.0 0.2 32.0 0.1 21.0 0.3 O.J 0.5 0.5 0.9 4.2 

1.1 Itt 31i 30 65 41 40 35 15 60 37 29 51 

F 1!.0 61i0 1100 280 340 540 340 670 410 340 350 680 

8 10 25 10 25 2') < 10 50 )0 25 25 50 100 

Cl <50 <50 50 <50 <50 100 <50 <50 50 50 <SO <50 



T.:b1e II-2(Cont'd) Trace Element Contents of Selected Drill Core Samples (Meta~ediments) 

DI:•H 17-05 77-05 77-08 77-08 77-08 77-0!l 77-08 77-01 77-01 78-24 78-24 
n~rth (l!l) 71.93 74.5 7.6 J). )4 36.37 1175 1311.7 80.1 173.35 ~4.75 91.8 
~'-~-=k Type* 183 !.J] 422 1.03 183 Qtz ~ .. c!n 183 163 163 102 100 

Sn 40 160 0.5% 300 120 3 120 20 17 3 l 

w 250 20 8 <1 2 <l /0 2 3 

~lo <0.5 <0.5 <0.5 <0.5 <0.5 1.5 <0.5 <0.5 <0.5 <0.5 1.5 

As 21 1.,200 5500 12 13 120 4 ll 16 

Cu 43.0 woo. 1100. 1000. 14.0 1.5 36.0 38.0 77.0 39.0 60.0 

Pb " <2 24 460 70 1~ 16 <2 <2 100 

Zn 68.0 HO. :Juo r4o. 130. 25.0 67.0 97.0 100. llO. 130. 

t..:> Sb · 0.6 7.8 0.6 1~.0 0.4 0.3 0.7 0.4 0.2 0.7 0.9 
4 
--1 Bi 8.2 52.0 9.1 15.0 9.0 3:1., 1.0 0.3 8.2 0.1., 0.7 

L! 38 34 59 24 29 2 3~ 83 99 31 48 

F 180 620 360 200 290 110 280 1000 700 320 420 

B so <10 <10 10 25 50 25 75 so 50 25 

Cl <SO <SO 50 <50 <SO 200 <50 <50 <SO 50 <50 



T:'ll:>},! IJ-2(Ct>nt'd) Tr~l<·.._. El,,nk'nt ,;.._,tlt<!nl:i of Selc.:tt.•d I>.-! II Ctlrt.• S.tmplt.•B (H<!UtscJiment:s) • 

Dllll 73-.W 78-20 78-20 77-31 77-31 77··31 77-31 77-31 77-ll 
O<!pth (m) 53.88 86.67 10~.61) 55.61 55.61 59. 9tl 60.16 78.94 115.79 
1\,··ck Typt!* llt) 110 1')4 901) 110 ')1)0 110 112 141 

Sn }I) 3 

\~ ~ -;] 4 2 6 11 5 

~lo <0.5 <0.5 <0.5 4.5 0.5 3.5 ss.o 23.0 <0.5 

As 8 8 2! 4 ') 12 3 4 }() 

Cu 34.0 44.0 39.0 62.0 270. 64.0 8.5 45.0 21.0 

l'o:l 
Pb <2 6 <2 2 4 46 <2 b 6 

...:J Zn 43.0 68.0 57.0 SILO 42.0 190. 32.0 45.() 120. 00 

Sb 0 . .3 0.2 0.2 0.7 0.3 0.3 0.2 0.4 0.8 

Bi 1.(\ 0.3 0.1 0.1 0.1 5.4 0.) 0.3 0.7 

Li 52 6l 41 '32 l) 51 32 so 70 

f 350 550 440 820 230 820 260 370. 360 

B 100 150 25 10 10 • 10 50 75 5() 

Cl <SO <50 <50 100 <SO 50 <50 <50 so 



Table 11·2(Cont' d) Trace Element Contents of Selected Drill Core Samples (Contact and Endopluton) 

DDH 79-05 79-05 1~-05 79-05 79-05 79-05 7~-05 80-01 80-01 80-01 80-01 80-01 SD-01 80-01 
De;:>th (m) 15.07 51.60 53.48 54.0 6J.C8 6J.OS 81.54 24.3 37.2 47.68 51.25 52.0 76.0 85.85 
Rock ·ryp.:>* lin 183 154 5)1 tll 700 521 no 433 193 194 920 522 521 

Sn 40 15 15 15 25 460 10 5 50 80 50 35 20 

IJ <1 9 19 8 15 :.!4 3!. 23 430 3 16 21 29 5400 

flo <0.5 4.5 17.0 ).0 5.0 6.5 10.0 65.0 2.5 1.5 <0.5 280. 5.0 10.0 

As 16 13 17 3 ; 6 42 9 11 9 14 11.0 2 

Cu 18.0 J.i) 6.5 2.0 13.0 220. 4.0 190 )40 11.0 80.0 20.0 4.5 17.0 

Pb <2 <2 6 10 10 6 lb. 6 <2 82 <2 8 6 30 

Zn 170. 97.0 110. 21.0 18.0 u.o 311.0 41.0 47.0 220. 250. 14.0 21.0 30.0 

Sb 0.4 0.3 0.2 ~o.2 0.2 0.3 0.3 0.8 3.7 0.9 O.J 0.5 0.5 1.3 
1:\:) 

4 B1 2.6 0.5 6.8 4.4 '0.1 0.9 1.4 1.4 88.0 4.3 0.7 16.0 20.0 210. 
C!) 

L1 160 150 120 23 59 150 7b 130 76. 190 170 46 41 50 

F 2400 2500 2300 520 1000 . 5400 1200 820 1500 2000 2200 500 620 830 

B 10 10 10 25 25 50 ~{I 50 25 25 25 25 25 50 

Cl <50 <50 <50 <50 <50 <50 .... so <50 <50 50 <50 <50 <50 <50 



Table II-2(Cont' d) Trace Elem~nt C?ntents of Selected Drill Core Samples (Endopluton) 

ODii 79-06 79-0f 79-06 79-06 79-07 79-07 79-fHJ 79-01~ 79-08 79-08 78-L27 78-27 7!3-,27 
l'eplh tm) 10.45 48.24 32.0 85.30 70.66 70.66 3£:.22 55.62 72.93 72.93 66.19 6&.37 73.55 
1,.:..,•:k Typcl"; 5:1 500 700 511 511 711 ~11 800 521 721 5(11 !i01 511 

Sn 25 30 ,.r 7 10 + 12 t 25 200 1 30 I~- 'I 
\1 170 39\l 38 300 24 

f3 
11 18 190 14 10 20 y r ,'c /;: 

+· \'·" Mo 3.5 19.0 63.0 5.5 ltO. 10.0 6.5 120. 12.0 2.0 1.0 

As 3 150~ 

'~·· 
4 3 0. 3 3 0 20 7400. H.OO 1100 18 

I 
Cu <0.5 12.0 1.5 10.0 

l 
3.5 4.0 0.60% 7.0 5.0 12.0 

cb 12 8 

,~. 
b 16 1') 4 14 a 8 6 

f\:) 

00 Zn 54.0 35.0 16.0 30.0 2900. 31.0 21.0 140. 15.0 35.0 39.0 -, 

0 I 
Sb 0.2 3.8 ~ls <0.2 0.3 

1

C.4 0.3 0.4 14.0 3.7 2.2 0.2 

Bi 8.7 22.0 olz 11.0 16.0 12.0 5.0 19.0 4.0 210 24.0 190. 14.0 

3301 
i l) Li '/4 57 2b 37 155 40 57 120 56 47 53 41 

2.\sox 25~ I 
F 960 1100 610 1300 900 850 660 8100 440 840 960 3~ () 

I 

'~ R 25 25 25 50 25 50 25 25 25 25 25 25 

Cl <50 50 <50 <50 <50 <5) <SO <50 <50 .5(1 100 .<sJ 



Table 11-2 (Cont' c.l) Trace Element Contents of Selected Drill Core Samples (Endoplo.~ton) 

:>••H 7U-33 78-33 78-33 78-31 78-31 
!:lepta l). 73 46.6 13.33 9.4 71.75 
~~>ck Type* 501 501 511 SOl 501 

Sn 5 3 3 10 

\~ 9 4 1 '1 4 

~to 0.5 <0.5 0.5 1.0 <0.5 

A~ 15 20 7 3 

Cu 5.5 <0.5 1.5 <0.5 <0.5 
{lj 
00 Pb 6 10 10 10 10 ....,. 

Zn :n.o 21.0 29.0 40.0 25.0 

Sb 0.4 0.1' 0.2 0.5 0.3 

a: 0.7 0.3 0.3 0.3 0.2 

L1 30 49 48 97 92 

F 270 310 230 620 500 

B lS 2) 25 2) 25 

Cl ,~o <50 <50 <SO <50 



Table 11-3 l1hole Rock Geochemistry (Meta-argillites) 

DDH 77-25 77-34 78-24 77-31 77-31 78-10 77-31 78-20 
Depth (m) 132.10 48.30 92. 78.94 115.79 93.5 60.16 53.88 
Rock. Type 301 110 100 112 141 110 110 110 

Values in 
wt.% 

Sio
2 

31.8 55.8 57.5 52.3 60.4 46.5 66.6 61.9 

Ti02 
0. 76 1.02 0.95 1.22 0.83 1.21 0.68 1.00 

Al2o3 14.3 19.4 18.0 19.6 17.1 23.4 16.4 15.7 

Fe2o3* 3 2 2.04 1.64 2.07 1. 71 3.4 0.88 1.84 

FeO 31.8 7.5 6.8 ·s.5 5.9 7.2 Ll 5.5 

MnO 0.42 0.17 0.14 0.06 0.14 0.24 0.02 0.12 

MgO J.98 3.88 3.14 2.42 3.33 4.31 1.18 2.92 

CaO 0.19 0.52 2.88 0.42: 2.19 1.08 0.39 3.17 

Na2o 0.26 1.63 2.28 2.22 2.37 1.56 2.85 3.46 

K2o 0.20 3.49 2.90 4.51 3.26 4.79 3.57 1.83 

P205 0.09 0.14 0.14 0.18 0.13 0.18 0.11 0.15 

L.O. I. 7.08 4.16 4.23 10.00 2.54 5.62 6.77 1. 62 

TOTAL 94.08 99.7'j 100.60 100.5 99.90 99.49 100.55 99.21 

Trace Elements 
(in ppm) 

Rb 0 140 110 140 120 170 120 120 

Sr 0 90 200 130 240 '100 150 280 

Cr 130 130 140 160 100 170 100 120 

Zr 110 180 140 260 170 220 210 230 

---- ------

*Fe
2
o3 = Fe2o

3 
(total) - FeO 
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Table 11-3 (Cant f d) wnole Rock Geochemistry (Neta-wackes) 

DDH 78-29 77-25 77-06 77-04 78-20. 79-05 
Depth (m) 80.3 135.08 74.70 105.9 104.68 51.60 
Rock Type 164 163 183 184 194 183 

Si02 42.6 65.3 66.4 46.9 66.7 69.3 

Ti02 1.21 0.78 0.85 1.54 0.86 0.71 

Al203 23.0 13.6 14.3 21.5 13.9 13.6 

Fe 0 * 2.6 1. 61 1.40 4.73 0.92 1.24 
2 3 

FeO 9.5 6.6 5.0 4.9 ·4. 9 3.8 

MnO 0.22 0.19 0.11 0.20 0.14 0.09 

MgO 5.93 2.28 2.36 2.91 2. t,o 2.00 

CaO 2.54 1. 83 1.68 2.79 3.56 2.19 

Na.2G 1. 95 2.85 4.16 2.11 3.26 4.49 

K
2
0 4.08 1. 36 2.04 5.43 1.03 2.03 

P205 0.19 0.13 0.14 0.22 0.13 0.13 

L.O. I. 5.0:.7 2. 70 1. 39 5.31 1.16 0.85 

TOTAL 99.3 99.23 99. 33. 98.54 98.96 100.5 

Trace Elements 
(in ppm) 

Rh 220 110 140 220 50 220 

Sr 110 150 250 240 310 290 

Cr 180 120 110 180 110 100 

Zr 190 140 170 210 140 110 
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Table 11~3 (Cont 'd) Whole Rock Geochemistry ('t>tonzogranites) 

DDH 
Depth (m) 
Rock Tvpe 

Si02 

Ti02 

Al203 

Fe 2o 3* 
FeO 

MnO 

MgO 

CaO 

Na 2o 

·K
2
o 

P205 

L.O.I. 

79-06 
85.30 
511 

76.60 

0.14 

12.60 

0.60 

0.8 

0.02 

0.11 

0.64 

3.92 

4.60 

(:.04 

0. 77 

79-07 
70.66 

511 

76.70 

0.12 

12.30 

0.54 

0.8 

0.02 

0.09 

0.67 

3.49 

4.98 

0.03 

o. 93 

78-27 
78.55 
511 

75.40 

0.20 

12.40 

0.95 

1.0 

0.04 

0.36 

0.93 

3.73 

5.07 

0.06 

0.70 

78-33 
46.6 
501 

76.70 

0.09 

12.80 

0.38 

0.8 

0.03 

0.14 

0.52 

4.16 

4.51 

0.03 

. 0.62 

78-31 
72.0 
501 

75.00 

0.20 

13.40 

o. 75 

0.9 

0.03 

0.29 

1.21 

4.28 

4.51 

0.23 

79-05 
81.45 

521 

74.60 

0.22 

13.20 

o. 76 

1.3 

0.03 

0.23 

0.93 

3.60 

4.99 

0.09 

0.77 

80-01 
85.85 

521 

78.20 

0.17 

10. i 

0.83 

0.9 

0.04 

0.16 

0.89 

2.86 

4.54 

0.05 

1.00 

79-08 
72.93 
521 

74.80 

0.2.3 

12.9 

o. 84 

1.3 

0.03 

0.27 

0.90 

3.59 

4.69 

0.07 

1.23 

TOTAL 100.84 100.67 100.84 100.78 100.87 100.72 100.34 100.85 

Trace Element~ 
(in ppiC) 

Rb. 300 

Sr 20 

Cr 40 

Zr 150 

370 330 

0 110 

30 30 

120 160 

Quartz 34.37 35.54 31.97 

Orthoclase 27.19 29.53 29.95 

Albite 33.14 29.60 31.51 

Anorthite 2.91 3.14 2.10 

Diopside 0.00 0.00 1.74 

Hypersthene 1.05 1.09 0.83 

Magnetite 0,87 0,78 1.38 

Hematite 0.00 0,00 0.00 

Ilmenite 0.27 0.23 0.38 

Apatite 0.09 0.07 0.14 

Con.nclum 0.10 0.02 0.00 

320 

0 

40 

90 

33.45 

26.63 

35.14 

2.38 

o.oo 

1. 41 

0.55 

0.00 

0. li 

0.07 

0.20 
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220 360 

60 70 

50 30 

130 160 

29.79 31.82 

26.51 29.53 

35.98 30.47 

4.00 4.03 

1. 25 0.00 

0.8.) 2.03 

1.08 1.10 

0.00 0.00 

0.38 0.42 

0.16 0.21 

0,00 0.40 

270 

10 

120 

300 

80 

40. 

160 

42.35 33.32 

27.03 27.85 

24.36 30.49 

2.96. 4.02 

0.98 0.00 

0.67 2.05 

1.21 1.22 

0.00 0.00 

0.33 0.44 

0.12 0.16 

0.00 0.45 



Table 11·3 (Cont 1 d) Whole Rock Geochemistry (Greisens) 

DDH 79-05 79-06 79-07 Biot. porphyritic gte from 
Depth (m) 63.08 52.0 70.66 Pine Hill - Renison Bell area, 
Rock Type 700 700 711 Tasmania (Patterson et al, 1981) 

(avg. 6 anah·sesL 
Si0

2 
76.10 49.60 75.30 73.04 

Tio
2 

0.14 0.13 0.13 0.36 

Al203 12.0 27.5 11.9 13.34 

Fe 2o3* 2.58 2.42 2.05 
I 

2.14 Tot:al iron as FeO 

J FeO J..O 2.0 2.4 

MnO 0.03 0.06 0.04 0.08 

MgO 0.16 0.26 0.16 0.66 

CaO 1.20 3.85 0.37 1. 98 

Na
2
o 0.38 0.42 0.67 2.76 

K2o 4.88 9.59 4.51 5.23 

P205 0.05 0.07 0.04 0.11 

L.O.I. 2.08 4.54 2.62 1.05 
----

TOTAL 1qy.6 100.44 100.19 100.75 

Trace Elemencs 
(in ppm) 

Rb 630 1410 650 

Sr 0 0 0 

Cr 40 30 40 

Zr 120 110 140 

CIP\-1 Norms 

Quartz 53.31 1.31 53.33 30.79 

Orthoclase 29.30 59.15 27.34 30.88 

Albite 3.26 3. 71 5.81 23.91 

Anorthite s. 71 19.44 1. 61 7.80 

Diopside 0.00 0.00 o.oo 0.82 

Hypersthe.ne 0.40 2.31 3.05 4.57 

Nagnetite 2.96 3.66 3.05 

Hematite 0.58 0.00 0.00 

Ilmenite 0.27 0.26 0.25 0.68 

Apatite 0.12 0.17 0.10 o. 26 

Corundum 4.09 10.00 5.47 0.00 
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APPENDIX III 

GEOCHEMICAL REFERENCE MATERIALS AND 

DETERMINATION OF ANALYTICAL ACCURACY AND PRECISION 

In an attempt to assess the accuracy o£ the analytical 

results a set o£ 5 samples o£ known trace element content and 

a set of 2 samples of known maJor oxide content were randomly 

placed in the sample batch <Tables I!I-1 and III-2 ). 

Problems exiat with such reference materials in that a 

wide ~ange in values exists in the analyses among 

la~oratories. Because of this uncertainty the values 

obtained by such laboratories are termed 'usable' or 

'"recommended', meaning they may be used with caution and not 

as exact concentrations. Most of the variability in the 

analyses appears to stem from inter- laboratory bias and a 

set o£ guidelines is used to determine the "usefulness" o£ a 

laboratory"s results <Abbey.,l980). 

The reference samples used £or trace element analysis 

include: 

1. Silica gel - this was essentially used as a "blank" sample 

on the premise that it contained insigni£ lean t 

trace element concentrations and thls is shown 

286 



in the ~esults. Actual trace element contents 

are not known. 

2., GSE - one of a series of 4 artificial glass ~e£erence 

standards containing 46 trace elements and made by 

Corning Glass Works. This sample contains the 46 

elements at concentration levels of about 500 ppm 

each. The 'accepted values' are defined as the 

medians of the analys~s by different laboratories 

<Meyers et a1.,1976). Because analyses for Mo, Cu, 

Pb, Zn and Bi involve acid digestion, these elements 

were not totally liberated in the digestion process 

and therefore give low values. These were not used in 

accuracy calculations. 

3. NIM-L - one of a set of 6 igneous rocks from South Africa, 

this sample is a luJavrite <a coarse-gt"ained 

nepheline syenite) from the Pilanesberg Alkaline 

Complex. The means and medians o£ the sets of 

results are used in the published values <Abbey, 

1980; Steele et aL.,l978). This sample was 

submitted in duplicate to assess the precision 

of the analysis. 

4. SY-2 - a syenite sample £rom the Canadian. Certified 

Reference Materials ProJect <Abbey,l9.80). 
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5 .. TLG-l - a sc::::heelite ore sample that is useful only £o1:' 

the analysis £or tungsten. 

Two reference samples used for the whole rock 

geochemical analysis are: 

1. NIM-G - a granite £rom the Bushveld Complex in the 

Transvaal, South Africa <Abbey, 198 0; Meyers 

et al.,l978>. 

"' 2. CMC-M2 - a pelite £rom the Queen Mary College, United 

Kingdom <Abbey, 198 0 >. 

The accuracy of an analysis is a measure o£ the 

'correctness' of a result or how close the observed result is 

to the 'true' or recommended result. Put another way, it 

reflects the absolute error of a measurement and is the 

difference between the measured value and the true value of 

the element being analysed, where 

Accuracy= Cl-I«X-T>IT>IJ * 100% where X = observed value 
T = 'true' value 

In this study, accuracy was determined graphically by 

obtaining the 'lertical difference between the sample value 

furthest from the ideal value <slope = 1) ;these graphs are 

shown in Figures III-1 and III-2. Results are .Plotted on 

log-log graph paper, where results o£ analyses are plotted 
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against the recommended or 'usable' values documented in 

v.sr·ioua public:ationste.g. Abbey, 198 0 ). A 4 5° line is dr·awn 

!£ the analyses were carried out satisfactorily, the points 

should lie on or very near this line <analysed values = 

·recommended values). Minor deviations may be expect~d due to 

procedural errors. Limits of : 10% <and in some graphs, : 

25~> are marked of£. on the graph parallel the 45° line. 

Of the 13 trace elements analysed, 2 were not plotted: 

chlorine, because all values were below the detection limit 

of 50 ppm, and bismuth, because no reliable 'usable' values 

could be obtained from the literature for the above samples. 

0£ the remaining 11 elements, analytical control ranged from 

acceptable to poor Ce.g. Mo accuracy for 3 samples ranged 

from +117% to +183%). 

Analytical control of whole rock analyses of the 2 

samples fares much better, as most are within : 10% • The 

graphs do not include those samples which have no known 

element content. 'Known' values include those with question 

marks, which are considered by the originating laboratories 

to be inadequate to recommend as usable values; however, 

because of the low number o£ samples, they were included for 

comparison purposes. 

The precision <reproducibilty) o£ the analyses was 

checked by sending duplicate samples for both trace element 

and maJor oxide analy•se.s <Tables III-2 and III-3>. Duplicate 
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~ample values for each element and oxide are plotted <Figa. 

III-3 and III-4 >,and precisions are determined graphically as 

well. Precision o£ trace element and whole rock analysis 

ranged from fair to excellent. Poor analytical results may 

be due to inadequate homogenization of sample powder prior to 

analysis <causing fluccuating results), inadequate analy·tical 

technique, or low element concentration within the samples. 
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"'ableiD -t"'race Element Reference Standard Analyaea~ 

Silica Gel GSE Recommended SY-2 Recommended NIH-L 
Sa:::!ple "Blank" Value \'alue 

Values in 
r:-p:a. 

Sn <). )00 440 5 4 

"ol 3 510 420 1 -
~:o <0.5 12.0 500 6 • .5 3? 

As 6 490 450 19 18 

Cu <0 • .5 16.0 300 2.0 5 

Pb <2 16 .500 92 80 

Zn 1.0 15.0 500 110 250 

Sb 0.3 490 470 0.5 0.2 

Bt 0.3 1.2 48{) 1.0 -
L1 <1 470 480 63 93 

F 140 260 300 3600 5100 

B 25 400 500 15 851 

Cl • <59 NSS 600 NSS ll07 

CSE Trace element l~l;osa stnndnr•l !rom th" USGS. Lov valu<!~ of SCifPP. 

elem~nts due to in~ufficient dlssolurton from their gl3ss matrix. 

SY-2 Syenite, fro~:~ Canar.U an Ccrt lfied Reference ~1atcrials Project. 

NUl-L - Lujavrite (a tracbytic ewH~ll)'tc-bf'arins nepheline ·syenite fro~:~ 
the Pilancsbcrz Alkaline Co111plcx). from Lhe Naticnal Institute of 
MetallurGY. South Afrlcn. 

TLG--1 Scht<t:Utc on?i u:;cd for tun;;st en only. 

Recommended valt:·~s nrc tabuhtcd in A~b•·y (lj80) • H<!y(,rs et al. (1976) and 
Steele et ~1 (19~8). Valu~s wJ~h ~acstlon Qartn are considered by thP orlstnal 
laborator1l·s to l>c JnadetJaatc to r.-co::lm<·:ltl as usnhlt, values. 

3 

8 

7.0 

4 

10.0 

56 

360 

0.3 

0.5 

45 

2800 

10 

· 'fSS 

Reco111111ended TLG-1 Recommended 
Duplicate Value for W only Value 

3 11 20 -
9 <2017 890 830 

8.5 31 54.0 -
3 <1577 2.5 -

11.0 13 330. -
62 43 100 -

350 400 140. -
0.3 0.31 3.7 .. ; 
0.7 <3?7 24.0 -

39 48? IS -
2600 4400 480 -

'10 <2011 10 -
NSS 1300 <50 -



Table TIT-2 Wl~<>le Rock Duplicate and 1\cfercnn• Stun1.bn.l Anrtly:ws 

DUH___ 18-l () 

f)cpth (m) 9).5 
Rock Type 110 

79-0b Dupli.:urc 
85.30 

511 

79-08 Dup! !"",;ale ~1~1-C 
72.93 (gran-
52! il~) 

ltl:C­

or.tnl."lldt!< 

\'alu<' (P~lira) ~a1ue 

r------r--------------+-----------·--r---------------
Q>IC-1!2 • ----;;;;;,::::,~ 

-----1----, -----------
Values Jn 
we.% 

~lnO 

~I gO 

CaO 

1(20 

0.24 

4.22 

1.08 

1.57 

4.80 

46.5 

1.21 

23.4 

3.4 

7.2 

0.24 

4.31 

1.08 

1.56 

'•. 79 

76.6 76.0 

0.14 0.15 

12.6 12.8 

0.6 0.58 

0.8 1.0 

0,02 0.02 

0.11 0.23 

o.o4 0.6il 

3.92 3.88 

4.60 

74.8 

0.24 

13.0 

0. 7) 

1.4 

0.0) 

0.26 

o.h9 

3.59 

4.66 

74.8 /6.2 75.70 48.86? I 
0.23 0.10 u.o9 O.t8 0.12. 

1~.9 12.2 12.06 23.7 23.97? 

0. B'• 0.7~ 0.6? 3.06 2. 31"! 

1.3 1.2 1. 30 6.2 6.3G? 

0.03 0.0! 0.02 

0.27 0.01 O.OlJ1 2.37 2.45 

0.90 o.tso 0.78 1.72 ]. 75 

3.59 3. 72 3.36 1.38 LitO 

4.69 :).07 4.99 8.13 7.!i0 

0.54 0.50? P205 0.18 0.18. 0.04 0.04 I 0.08 O.ll7 0.01 0.01 

1
_L_._o_._r_. --+ __ s_._6_z ___ s_._6_2 ·-r: __ o_._'_7 ____ o_. _n ____ ~--~~--~~~ ~----~-t----J_.c_a ___________ ~ 

1
_r_o_T_"-_L __ ~.--9_9_._l_J __ 9_9_._'•_9_y__._I_o_o_._&4 __ J_o_o_._79 _ _.1~o~~ IC.0.8!. jl00.54 - ! 100.0~ 

Trace El(:r:-;-en_u _________ --------·- ·------- ---------------.---------------1 
( in pptn) 

Rb !50 170 

lsr 110 100 

lcr 110 170 

~--~-~o_ __ 2~--

)00 3)0 ~. , •• --r:~----~:-~-2~0---------_--1 
20 JO I 60 £;:) I 0 JO 1 tiO I 

,:: ,:: 1,:: ,::: I,:: ,:: :: _________ l ______ --· ___ J_ --- .. _____ _._ _____________ _, 

~-F~2o3 ; fc
2

o
3 

(Tnlal)-Fc·O 

~aH-G- Cntnlt:e from ~he llushvtdd Complex in Lh•~ Trans'-<Hll (St ... ·..:h.: cL nl., 1978) 

Q~IC-H2- 1\.:llt<!, from Qu<.·NI ~:ary Collcl~''• U.K. {AhiJ<·y, l!Jt!O) 

Question mnrks nrc usc.-d fur values considen::d uu.:err;.dn or in:Hil"tu<~U.· hr Lh..! 
original l~hurnlories. 



Table ][-3 Trace Element Duplicace Analyses. 

DDI! 78-.:.4 Duplicate 78-29 0Utl1icate 77-25 Dop1icate 78-10 Duplicate 78-11 l>uplicate 78-12 Duplicate 
[',:pth (m) 100 57.72 132.10 93.5 85.45 118 
Roc:- T)"pL! 164 164 301 110 432 153 

\':a lues in rrr.: 
('XCCpt wnere noted 

Sn 3 3 50 50 1.23% 1.30% 30 25 o. 73% 0.74%. 0.33% 0.36% 

H .s 6 5 6 34 35 16 16 19 17 14 10 

No <0.5 <0.5 <0.5 1.0 <0.5 <0.5 <0.5 <0.5 <0. 5 <0.5 1.0 1.0 

As 8 9 12 12 36 81 7500 8500 14 15 7 7 

Cu 44.0 50.0 31.0 30.0 860. 960. 48.0 36.0 2000. 2000. 430 450. 

Pb 4 2 40 42 26 28 22 28 6 16 22 22 

Zn 98.0 100. 270 2~0 1500 1500 260 230 150 160 100 88 

::ib 0.6 0.2 0.7 0.7 0.6 0.9 16.0 19.0 1.6 1.7 0.6 0.6 

Bi 0.2 0.2 1.0 1.0 6.2 8.2 1.3 2.0 11.0 15.0 56.0 70.0 

L1 {>) 62 42 51 72 81 89 61 63 42 40 51 

F 480 560 '·60 480 450 ,,zo 630 670 740 590 560 610 

B 50 50 25 25 <10 <10 25 25 <10 25 10 10 

Cl <50 50 100 <50 150 <50 <50 50 <50 <50 50 100 



To.b lc IIf- 3 (Cor.t' d) Trace El.!ment Duplicate Analyses 

..-----~-- Duplicate 78-24 llu()licate 73-20 Duplicate 79-05 Duplicate 79-07 Duplicate 79-08 Duplicate 79-06 DuplJcaU: ~u~ 7J-24 
D~pth (r:1) 44.6 92 53.86 51.60 70.66 72.93 85.30 

nxk T~·pL 102 100 110 183 711 521 5ll 

\'.1 1 ees i~ ppm 
•!:ic...t·.pt ~<:ht!rEc" noted 

Sn 3 5 3 5 5 5 15 25 360 340 25 20 7 5 

u 3 <1 3 3 4 !I 9 14 23 23 18 17 300 320 

~lo -=0.5 <0.5 1.5 3.5 <0.5 <0.5 4.5 4.5 130. 120. 6.5 6.5 63.0 69.0 

As 13 12 16 12 8 7 13 12 30 24 20 21 4 7 

Cu 19.0 4t..O 60.0 84.0 34.0 34.0 7.0 6.5 430. 410. 4.0 4.0 1.5 2.0 

Pb 4 2 100 90 <2 <2 <2 2 8 8 4 4 6 6 

Zr. 110 110 130. 100. 43.0 72.0 97.0 96.0 2900. 2800. 21.0 22.0 16.0 17.0 

Sb 0.7 0.5 0.9 0.2 0.3 0.4 0.3 0.4 0.4 0.3 0.4 0.8 <0.2 0.2 

:H 0.4 0.3 0.7 0.3 1.0 0.5 0.5 0.3 12.0 9.0 4.0 0.2 11.0 6.3 

L1 31 37 43 52 52 55 150 130 55 170 51 57 26 25 

f 320 310 420 420 350 480 2500 2200 2500 3500 860 noo 610 510 

B 50 25 25 25 100 25 10 10 50 50 25 25 50 25 

Cl 50 <50 <50 <50 <50 <so· <50 <50 <50 <50 <50 <50 <50 50 



Figure III-1 Accuracy o£ trace element analyses 
using reference samples. Results o£ 
analyses are plotted against 
'uaable' values. Precision limits 
o£ % 10~ are marked. Bi is not plotted 
as recommended values are unreliable 
or, in the case o£ GSE, Bi was not 
totally digested. 
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Figure III-2 

·, 

Accuracy of whole rock analyses 
using reference samples. Results of 
an8lyses are plotted against 
'usable' values. ?recision limits 
o£ ± 10~ are marked. 
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Figure III-3 Precision o£ trace element analyses 
using duplicate samples. Duplicate 
results are plotted against e4ch 
other. Precision limits o£ : 1 0~ 
are marked. In the graphs o£ Bi 
and Li, :t: 25" limits are also 
•arked. 
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Figure III-4 Precision o£ whole rock analyses 
using duplicate samples. Duplicate 
results are plotted against eech 
other. Precision limits o£ :t l 0% 
are merked. 
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APPENDIX IV 

PARTITIONING OF POLYMOOAL DISTRIBUTIONS 

· This section aummari2es the procedur·ea used by Sinclair 

<1974> to choose background and threshold v~lues from a set 

of geochemical data. It is an arbitrary method o£ 

segregating the data into background and anomalous groups by 

partitioning a cumulative probability plot. Other methods 

<e.g. Levin.son,l974) established the mean <background) and 

standard deviation of a set of data, with the threshold 

arbitrarily chosen to cor.respond to the mean plus two 

standard deviations, i.e. the upper 2.25" o£ a normal 

population. This procedure is not recommended as it assumes 

that 2.25" o£ any sample population will be anomalous~ also, 

the ranges o£ background and anomalous populations in a data 

set may overlap, so that the mean and standard deviation are 

actually obtained from the sum o£ two populations and thus 

would be of no use. 

Sinclair's method uses lognormal probability paper ... with 

a lognormal abscissa scale and an ordinate scale o£ 

cumulative frequency percent. A lognormal cumulative 

distribution o£ a single population will plot as a st:-aight 

line; that of two populations will plot as a curve. The 

appro~imate proportions o£ each population is shown by a 
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change in curvature or slope, i.e .. , the inflection pointo In 

an example taken from Sinclair <Fig .. IV-1), 2 0 percent o£ the 

anomalous population A is combined with 80 percent of 

background population B. The slope o£ the combined 

populations changes at about the 20th cumulative frequency 

percentile, forming an inflection point. The less 

perceptible the change in slope, the greater degree of 

overlap in the populations. 

To separate multiple populations in a data set, a 

cumulative frequency diagram must first be constructed. The 

steps are similar to those used for creating histograms and 

are presented here. An example using tungsten values in the 

mon2ogranite will be shown later. 

1. Determine range o£ log values. 

Range = log<Xmax) - log<Xmin) 

2. Deter.mine width of each class interval by dividing the 
range by the number of intervals desired. Constcuction 
of a histogram may aid in deciding on the number of 
intervals. 

Width = Range I # of intervals 

3. List the ranges of each of the class intervals and their 
corresponding antilogs. 

4. Record the number o£ samples in each interval and determine 
their percentages o£ the total. 

5. Sum <cumulate) the percentages o£ samples in each class 
from the maximum to the minimum value and record the 
cumulative value for each class interval. This is done 
because of the poor precision of values in the lower ranges 
<due to poor sample preparation or analyses or both) and of 
the impor-tance of the higher values in establishing the 
threshold. Cumulation ft"om highest to lowest values will place 
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the lowest <and there£o~e less desirable) class interval in 
t.he 100 percent cumulative range, which will not be plotted 
due to the nat.ure of the gr~ph paper<Lepeltier.,l969). 

6. Plot points at the a~tilog o£ the lower class limit o£ each 
class against the cumulative percentage for that interval. 
Draw a best fit line or lines through the points. 

Acco~ding to Koch and Link( 197 0 > a small sample 

populat!on<lesa than 100) gives a poor estimate of the metal 

content in a data set because the standard deviation is 

l~rger<giving a less precise confidence interval) than that 

o£ a population with more than 100 values. They have derived 

an arbitrary 'correction factor' to replace the cumulative 

frequency percentages by a 'plotting percentage' where, 

Plotting Percentage =100 * C3<Cumu1ative Frequency)-1J/3n + 1 

where n is the sample size. 

This manipulation was accomplished in the course of 

population partitioning and an example is given with the 

usual cumulative frequency determination. It was found that 

there is not much difference between the two partition 

models. The background and threshold values changed slightly 

within the same order of magnitude, and so the plotting 

percentage formula was not used. 

Figure IV-2 shows a graph for tungsten with both the 

cumulative and plotting percentage points. Note the 

existence of essentially two lines of different slopes. This 

implies the existence of two lognormal populations, a higher 

anomalous one end one o£ a lower background~ Points 
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Figure IV-1 Two idealized hypothetical populations 
A and B are combined in the proportions 
A/B = 20/80 to produce the dotted curve 
with an inflection point at 20 cumulative 
per cant. 
<Modified after Sinclair,.l974) 
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Figure IV-2 Cumulative frequency plot o£ 25 values 
o£ tungsten in plutonic samples, using 
both cumulative frequency and plotting 
percentage formulae. Solid lines denote 
cuMulative frequency populations; dashed 
lines denote plotting percent~ge popul~­
tions. There is little di££erence between 
the two methods. 
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representing class intervals accounting for 0 percent of the 

total population <e.g. 662-1950 ppm interval) are plotted but 

are not connected. The types of curves obtained in the study 

range fr-om straight lines <one population) to smooth curves 

<more than one population> to r-agged curves~ Data points 

wer-e connected by straight lines instead of smooth curves to 

facilitate drafting and this may account for some departure 

from a smooth curve. Other reasons for such departures 

include: incomplete sampling of the data set; 

non-lognormality of the distributions <although most trace 

elements have log-normal distributions <Levinson,l974)) or; 

pplymodality of data due to different bedrock types or change 

in element concentration by secondary dispersion effects 

<Parslow, 1974). Care was taken to ensure appropriate sample 

collection <unweathered> and adequate preparation o£ core 

before analysis, but e·rrors can occur, resulting in poor 

cumulative frequency plots. 

The graph can now be partitioned into lts constituent 

populations. According to Sinclair < 197 4 ), the position of 

the inflection point indicates the relative proportions of 

the data set. I£ the populations are very different from 

each other <background vs. anomalous), there is a 

discernable change in slope o£ the curve, making the 

inflection point readily apparent·. Less disparate 

populations or populations with a greater degree of overlap 

have more subtle slope changes, complicating establishment of 
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the inflection point. Parslow <1974) states visual 

estimation of the inflection point position may result in 

e~rors of : 5-10 percent; he also states that because most 

anomalous populations constitute a small portion o£ the total 

data set Cless than or equal to 10 percent>, this estimation 

may not compound any large error. It may be possible to 

formulate an equation of each cumulative frequency curve end, 

by using second derivatives obtain an accurate position of 

the inflection point. For the purposes of expediency, this 

was not done; instead, visual estimations were performed. 

Uncertainties in the inflection point position occurred, and 

so several different values were tried to obtain the 'best 

fit'. On the tungsten curve, the point was estimated at 32 

cumulative percent, corresponding to 27 ppm on the abscissa 

scale. 

Once the inflection point is obtained, each population 

of the data set can be defined. Each data point plotted on 

the graph represents a certain percentage of the total data, 

but also represents a certain cumulative percentage o£ one o£ 

the populations. For example, the last point plotted on the 

tungsten curve at the 1951 ppm abscissa level represents 4 

percent o£ the total. data. It also corresponds to <4132 * 

100) = 12.5 cumulative percent o£ population A, so a point is 

plotted at this ordi.nate level on the 1951 ppm level. This 

formula is repeated until there are enough points to draw a 

straight line, representing population A or until the point.s 
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start to curve. This would indicate the influence o£ the 

other population<s>. The lines are fitted by regre.ssi<?n 

analysis.. One o£ the problems encountered were too few data 

points to effectively partition the population. Where this 

h~ppened~ points from the cumulative curves were used and an 

approximate line was drawn .. 

The second population (B) is derived in the same way~ 

although the complements of the cumulative frequency scale 

are used instead, e.g.,. 3 0 cumulative percent on the A scale 

is equivalent to 70 cumulative percent on the B scale .. 

Defining three or more populations is more complex and 

is described in Sinclair <1974> .. 

To ensure the method .is correct, the two populations are 

recombined using their defined proportions (e.g. 32 

cumulative percent o£ A plus 68 cumulative percent of B> at 

various abscissa levels. I£ these 'check points' do not plot 

close to the original curve, the process should begin with a 

new inflection point or different proportions o£ each 

population. 

The geometric mean of each partitioned population is 

chosen at the 50th cumulative percentile. The background 

corresponds to the mean of the lower population. Choosing a 

threshold is more difficult.. If the populations did not 

overlap too much, t:.here would be a significant change in 
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slope and the threshold could be chosen at that point. 

Usually this does not happen and thresholds are often chosen 

arbitrarily from various cumulative percentiles. Threshold 

values were chosen arbitrarily by Sinclair <1974> at the 97.5 

<or 98; or 99) and the complementary 2.5 <or 2; or 1> 

cumulative percentiles of the partitioned populations A and 

Bp respectively. This divides data into three groups at the 

corresponding ppm leve~s, so that for example, 99 percent of 

populati~n A <and 1 percent of population B> is above a 

certain ppm value, and 99 percent of B <and 1 percent of A> 

is below a certain level. See Sinclair for further 

information. 

The purpose of choosing the threshold is to e£feccively 

segregate the anomalous values from the normal background 

data set. Sinclair's method o£ choosing a threshold value 

from each population divides the data into three groups. The 

upper group contains most of the anomalous population; the 

middle group contains a mixture o£ anomalous and background 

values; the lower group contains most of the background 

values. In this way priorities can be attached to the data 

for subsequent work: top values demand top priority for 

follow-up investigation, whereas those of the middle group 

are o£ secondary importance. 

It is important to compare the values in each group with 

rock types, sample locations and topography - do not simply 
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look at the numbers. For example# those values in the middle 

group which occur in the same location as those o£ the 

anomalous group can be included in any follow-up 

examination. 

The following is an example o£ constructing a cumulative 

frequency diagram using tungsten in monzogranite. 

1. Range : <1 to 5400 ppm Use 1 in the computations, so that, 
Range = log 5400 - log 1 

= 3. 7 3 Round to 3 .. 7 5 

2. Use 8 intervals; thus Interval Width = 3.75 I 8 = 0.47 

Interval Antilog o£ Count % Total Cumul. 
Range Range(ppm) % 

.. 
0-0.47 1-3 2 8 100 

0.47-0.94 4-9 4 16 92 
0.94-1.41 10-26 11 44 76 
1.41-1.88 27-76 3 12 32 
1.88-2.35 77-224 2 8 20 
2.35-2.82 225-661 2 8 12 
2.82-3.29 662-1950 0 0 4 
3.29-3.76 1951-5754 1 4 4 

TOTAL 25 

• 1 includes values <1 ppm 

Cumu1. Plotting 
Freq. " 

25 97.4 
23 89.5 
19 73.7 

8 30.3 
5 18.4 
3 l 0.5 
1 2.6 
1 2.6 
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Partition the population : 

3 .. Inflection Point<visually) = 32 cumulative % <equivalent 
to 27 ppm) 

Therefore# Population A consists of 32 % of the data set 
and, Population B consists o£ <1 00 - 32> = 68 % 

of the data set. 

4. Partition Points o£ Population A 

i. at 1951 ppm level = 4 cumulative % = 4/32 * 100 
= 12.5 % o£ pop"'n A 

U. at 225 ppm level = 12 cumulative " = 12/32 * 100 = 37.5 % 

iii. at 77 ppm level = 20 cumulative % = 20/32 * l 00 = 62.5 % 

5. Partition Points o£ Population B 

i. at 19 ppm level = SO cumulative %(A scale> = 50 cumul. %(8) 

= 50/68 • 100 = 73.5 % <on B scale) = 26.5 % <A scale) 

ii. at 10 ppm level = 76 cumulative %(A scale) = 24 cumul. ~H8) 

= 24/68 * 100 = 35.3 % (8) 

iii. at 4 ppm level = 92 cumulative %(A scale) = 8 cumul. %(8) 

= 8/68 • 100 = 11.8 % <B> 

Plot partition points on graph; draw best £it lines 
through the points. Recombine the two populations in the 
proportions 32 percent A plus 68 percent 8 at various ppm 
levels to see how well the partitioned populations correspond 
to the original curve. 

6. Check Point Calculations 

Recombined Populations at a particular ppm level 
= .. Point o£ Mixture"<Pm> 

Pm = £APA + £BPS 

where £A = 32 " or 0.32 
PA = A"'s cumulative . ., at any ppm level .... 

£B = 68 % or 0 .t,8 
PB = a~s cumulative " at any ppm level 
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Tht.lS: 

i. at 5.6 ppm level, Pm = 0.32(90 .. 5) + 0.68{84) = 86. 1 y., 

i i. at 15 ppm level, Pral = 0 .. 32{81.5) + 0.68(43) = 55.3 ~ 

iii. at 23 ppm level, Prn = 0.32(78) + 0.68(24) = 41 • .3 ~ 

i v. at 40 ppm level, Prn = 0.32(69) + 0.68(8.5) = 27.9 '1-

v. at 150 ppm level, Pm = 0.32(48) + 0.68(0.175) =15.48 " 
vi. at 390 ppm level, Pm = 0.32(32) + 0.68(0) = 10.24 '1-

vii. at 1000 ppm level, Pm = 0.32(20) + 0 = 6.4 1-

The check p•:t i nt s appear tt;:. Clt:tSely cort"es pond the 
,;:.., .. i g i nal Cl.ll'"Ve, so the pat"t it i •:•n i rag is Jttdged a sa.tccess. 

The above steps WSl'"e t"epeated f·~l'" the pl•::.tt irtg 
pet"cent age CIJl'"Ve ( 'i'"t•:tt sh•::.wn het"e) and simi lat" popiJlations 
we'r"e ,:,bt a i ned. 

Pl'"OBI:Il'"'t i •:Jl'"l Pro p•:•'r"t i •:.n * N Back g t"•:• tt rtd 
(# of samples) (50th 1--i le) 

Pc,pul at i •:•n A 32 ~ a ~ 135 ppm 

l='•:tp•.tl at ion B 68 % 17 12 ppm 

7. Arbi tt"at"Y Th'f'•esh•::.l ds 

i .. By eye I:J'f'"l graph; at i raflect ion P•:t i nt = 27 ppm 
Use as a ' l•:twer thresh•:. 1 d' 

i i. 99 cttmr.t l at i ve '1- •:•f pt:•pu1 at i •:trt A = < 1 ppm 
1 c•.lmu l at i ve 1- of p•::.p•.t 1 at i •:tn B = 90 ppm 

iii. 98 c•.lrn•.tl at i ve y. •::.f pt:tp•J 1 at i ·~l"• A = < 1 ppm 
2 cumulative % •:tf pa:tpt.tl at ion B = 70 ppm 

iv. 2.5 c•.tmu 1 at i ve '1- l:)f p•::.p•.tlat i•::.n B = 65 ppm 
Use as an 7 llpper tht"'esho 1 d~ 

# samples in group 

G'r"'S:•'JP I <27 ppm 17 

Gt"•:•'-lP I I >27 <65 ppm 3 

Gr"•:~•.lp I I I ) 65 ppm 5 
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This appears to correspond well with the population 

partitioning. When compared back to the samples# those of 

groups II and III consist of 2 greisens and 6 

'unmineralized "(with regard to tin) samples .. containing rare 

to minor scheelite-bearing quartz veinlets. Tungsten does 

not appear associated with tin mineralization in greisens .. 

but with other vein stages. 
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Figure IV-3 

·. 

Cumulative frequency graphs o£ 11 elements 
in 3 lithologiea(33 graphs> 
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Figure V-1 Variation of selected trace elements 
in two cross-sections, A-A' and B-B'. 
See Fig. 5.1 for location of cross­
section lines~ There are slight 
increases in trace element content of 
barren samples toward the pluton, but 
these appear due to thin veinlets 
containing those elements. There does 
not appear to be any variation in trace 
element content with depth, either in 
barren samples or mineralized 'patches'. 
However, there is an apparent variation 
o£ some elements<Sn, Zn> in metasediment 
veins with depth and distance from 
pluton<cros.s-section A-A'). 
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