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ABSTRACT

Casgaiterite and base metal sulphides have recently been
discovered in Yarmouth County, scuthwestern Nova Scotia., in
an area of folded and metamorphosed Cambro-Ordovician
turbidites of the Meguma Group intruded by the monzogranitic
Wedgeport pluton.

Several kinds of tin mineralization occur:

l. rare detrital cassiterite grains in a pelitic ’microscour’.

2. stratiform sulphide-cassiterite replacement bodies in
calcareous layers.

3. sulphide-cassiterite veinlets in metasediments with
restricted chlorite alteration.

4., rare sulphide~cassiterite veinlets in pluton with
restricted greisen alteration.

Cagsiterite occurs in several habits:

l. equant - in detrital, stratiferm replacement bodies and
veins.
2. prigmatic - in stratiform replacement bodiss.
3. acicular - in veina.
4. botryoidal - in stratiform replacement bodies(rare) and
veins.

Geochemnical 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
apecialized 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

l.1 General Statement

Caasaiterite mineralization waa discovered i{n the
Wedgeport area in 1976 to 1977 by Millmor Syndicate and Shell
Canada Resources Limited. It conaiats of a velnlet stockwork
in the margin of the Wedgeport monzogranite, and both vein
and atratiform styles in the surrounding turbidite sequences
of the Goldenville Formation. The study area is situated
alecng the coast of southwestern Nova Scotia in Yarmouth

County, about 10 km southeaat of the town of Yarmouth (Fig.
1.13. It covers an area of approximately 240 kmz. Access ia
gained by provincial highway 103 from Halifax to Yarmouth,
and secondary paved and dirt roads. Yarmouth ie also linked
to Halifax by the CNR railway line and by daily sair aervice.

Generalized geoclogy of the arsa is shown in the map in the

bpack pocket of the thesia,

1.2 Physiocgraphy and Surficial Geoclogy

The study area ls part of the Atlantic Uplanda, a

low-lying region with rolling hills of up to 50 m relief



Figure 1.1 Locatlon of the atudy area in
southwestern Nova Scotia.
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(Sineclair, 1978); amall lakea, awampa and atreama occur in
between. The coast is a submergent one and is characterized

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

Drainage toward the socuth ls controlled by the Tusaket
River to the eaat and the Chebogue and Little Rivers to the

west (Taylor,19867).

Bedrock expogure la limited to the cosastline, rivers and
lakeshores, with minor occurrences along ;‘oad and railway
cuts., Most of 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) of the
underlying bedrock is the main type of drift: stratified
outwesh and ice contact deposits of sand and gravel occur
locally (Sinclair,1978). Two ice lobes may have exigted in
this aresa, one moving south-southeast, the other

scuth-southwest (Cant et al., 1978; Taylor,l1967).

1.3 Regional Setting

Tin mineralization la found In both the Goldenville
Formation of the Cambro-Ordovician Meguma Group and the
Wedgeport pluton. The sediments are part of a thick sequernce
(at least 10 km; Schenk,1975) of turbiditic wackes and

alates, partly interfingered with, and partly overlain by,

the pelitic Halifax Formation. Rare graptolites in both



formationa indicate an Early Ordovician period of aadimant
deposition. K-Ar ages from detritel muscovite in sandstone,
provide ages of 476 =z 19 Ma and 496 z 20 Ma (Harris and
Schenk,1975). The sedimenta are believed to have been derived
from a large, low-lying continental mass of granodioritic and
matasedimentary composition: they were deposited by
channelized turbidites (‘contourites’), overflow turbidites

and bottom currents (Schenk and Lane,1982).

The Meguma Group is overlain, mostly conformably, by
Late Ordovician to Early Dewvonian volcanic rocks and detrital
sedimentary rocks of the White Rock, Kentviile, New Canaan,

and Torbrook Formations (Schenk,l97S).

The Palsozolc atrata were subsequently tightly folded
and regionally metamorphosed to greenschist, locally
almandine-amphibolite facies, during the mid-Devonian Acadian
Orogeny (Tavlor,1967). These folds were offset by ncorthwest-
trending, mainly sinistral, faulks with horizontal

displacements of up to 6 km (Harris and Schenk,19753).

Following thease events, the South Mountain batholi.th and
related satellite stocks were emplaced at relatively shallow
depths in the crust (about 4 to 10 km:McKenzie and
Clarke,1975), causing local thermal metamorphism (Reynolds et

al.,1981>. The batheclith coveras 1/3 to 1/2 of western Nova

Scotia, ocutoropping over aboub 10 000 kma. The batholith is



predominantly of granodioritic to monzogranitic compoaition,
but parts of ik may range from norite and tonalite to
syenogranite in composition (McKenzie and Clarke,l1975: Clarke
et al., 1980). Stratigraphic relationships indicate that the
batholith waza emplaced after the Acadian Orogeny, from the
mid-Devonian to Early Carbonifercus. Age dating of 28 mica
samples from the batholith and wvarious northern satellite
atocks by K-Ar and40Ar/3%r vield a mean age of 3867 Ha.'
(Reynolds et al.,1981). Clarke and Halliday (1980),
consgtructing Rb-Sr isochrons from whole rocks and mineral
separates, estimated the age of granodiorite "emplacement at
371.8 + 2.2 Ma and that of adamellite emplacement at 364.3 =
1.3 Ma. Dating of 14 mica samples from southern satellite
astocks (ncluding the Wedgeport pluton) yield yocunger ages
(258-353 Ha.). This may be due to either actual intrusion
during the Late Carboniferous or Lo a thermal or tectonic
event(g) which partlially degassaed the rocksa or, less probably
to protracted cooling to argon blocking temperatures
(Reynolds et al.,1981). The Brenton pluton near the study
area is a cataclastic granite with foliation parallel to
regional schistosity and was believed intruded befocre or
during the Acadlian Orogany: 6 analyzea of both blotite and
nuscovite vield apparent Ar agese of from 314 to 328 Ma,
suggesting emplacement during the Late Carbcniferous before

or during a pericd of deformation ('Maritime Disturbance’).



Analysis of chloritized biotite from the Wedgeport pluton
reveals apparent ages of 258 to 175 Ma (Permian to Jurassic)
and may bea aaaociated with a mineralizing evant; ths youngser
agea are probably due to reaetting (degaaaing) by Triaaaic
mafic dykes. Muacovite and blotite from mineralized grelaen
and pegnatite of the Davis Lake pluton yield ages from 335 to
267 Ma (average of 290 Ma). Biotites from a granitoid body
near thia pluton give an average age of 272 Ma. These young
ages aggin imply scome kind of intrusive, tectonic, or
hydrothermal event in the Late Carbonifercus to Permian

(Reynolds and Zentilli, in prep£ Reynolds et al.,1981).

1.4 Previoua Work

Prior to 1950, preliminary mapping waa carried out by
such geologists as C.T. Jackson and F. Alger in 1328, A.
Gesner in the first half of the nineteenth century, L.W.
Bailey in 1898, E.R. Faribault in the early twentieth

century, and S. Powers in 1915 (Taylor,1967).

Gravity and aeromagnetic mapa of southwestarn Nova
Scotia haye been produced by G.D. Garland, and the Geological
Survey of Canada in the nineteen fifties (Tavlor,1967): the
Nova Scotia Department of Mines and the G.S.C. in 1977
produced airborne gamma ray spectrometric maps covering the

South Mountain batholith cf southern Nova Scotia (Chatterjee



and Muecke,1982: Sinclair,1978),

R.W Boyle and otheras in the late fiftiea analysed water
and sediment samples from streams, rivers and lakes of the
southwestern part of the province for Cu, Pt and Zn

(Taylor,1867).

A more detalled (nvestigation of the geology of the
atudy arsa was made by Taylor (1967), in which he described
the sedimentary Meguma Group, the volcano-sedimentary White
Rock Formation, and the various intrusive felsic and mafic
rocks: he made a preliminary study of the area’s structure
and metamorphic characteristics and assembled.a list of metal

and industrial mineral locations.

Further refinement of the geology was accomplished in
the fields of: the Meguma Group (Schenk and Lane,1982:
Scheank,1975; Harria and Schenk,1375); the White Rock
Formation (Lane,l1975; Sarkar,1978); atructural geclogy by
Fyson in 1966 and Keppie in 1977 (Cullen,1983): geochronology
of intrusions (Reynolds and Zentilli,in prep: Reynolds et
al.,1981: Clarke and Hallidavy,1980) and Meguma Group siates
(Raynolds et al.,1973); and metamorphic petrology by Taylor
and. Schiller in 1§,66, Hueéke in 1973, Keppie and Huecke (n
1979, Clarke and Muecke in 1980 (Cullen,1983), and J. Cullen
(1983). Pleistocene glacial hiztory has been described by

Grant and Gravenor (Sinclair,1978).

(1]



1.5 Economic Geology

Only minor exploration took place in the region before
1975. Three small gold occurrences were worked in the late
nineteenth and early twentieth centuries. Beryl- and
spodumene-bearing pegmnatites 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 of quartz veins.
Granodiorite, hornblende diorite and quartz diabase were once
quarried for building stone. From 19453 to 1960, quartzite
beds of the ¥White Rock Formation at Cheggogin Point were '

quarried for the production of ailica brick (Taylor,1%87).

Prior to 1977, proapecting for Cu, Pb, Zn, Sn, W, Ag,
and Mo was performed by Chib-Kayrand Ccpper 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 Rescurces Limited. In 1378 a tin deposit was
discovered about 35 km northeast of Yarmouth, near East
Kemptwville. Tin, in the form cof cassiterite, occurs with
various sulphides within a 100 m thick, 500 by 1500 m zone of
gsericitized and greisenized rocks of the Davis Lake pluton, a

part of bhe 3South Mountsin batholith. By 1982, reserves wara



estimated at 38 nmillion tonnes with a grade of 0.2 % Sn and a

0.1 % Sn cutoff grade (Richardson et al., 1982).

Shell Canada Rescurces Limited undertock an exploration
program In the study area, performing airborne and ground
geophysical surveys, geclogic mapping where possible,
geochenical sampling (soil and rock), minefalized boulder
tracing, and overburden and diamond drilling. Most diamond
drill holes were located over geophysical anomalies. From
18377 to 1978, 80 holes were drilled for a total of about
10 600 m; in 1979 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 stringera in beoth the
metazediments and pluton, and to magnetic mafic dykes.
Because of the unsatisfactory results, the company decided
against further work In the area (Cant et al.,1978:
Cant,1979: Sarkar,1%80). This area and the East Kemptville

deposait are currently owned by Rio Algom Limited.

1.6 Purpose and Methods of Study

Tin and base metal mineralization have only recently
been discovered within scuthwestern Nova Scotia. Subsequent
exploration for these metals may be aided by a knowledge of

their mode of formation. In an attempt to underzatand the

10



Jensaia of tin and aasaocciated metala, the thesla had asavaral

basic objectives.

l. To determine the type of tin mineralization. In what form
dces it occur with respect to veinsa, sedimentary and
igneocus hoat rocks? With what minerals is tin associated?

wWhat is its relationship with the pluton?

2. To determine the general type and extent of alteration

associated with mineralization.

3. To determine the diatribution of a selected group of
metals in the metasediments and pluton, and establish

background and threshold values for these lithologies.

Because of the limited exposure of both the pluton and
country rock (mainly along part of the western shoreline),
the thesis is based upon the study of about 11.5 km of drill
core. Ccre logs, drill hole cross-secticng 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, unmineralized zones, and varicus structures

like foliations, fractures and breccias.

Four weeks were spent sampling the core stored at the
base camp of Shell Canada Resources Limited near East
Kemptville. Core and refersnce samples(l22 in total) were

claaned, powdered and aent for geochemical analyaia to X-Ray

11



Aasay Laboratoriea Limited In Toronkteo. Thin and polished
sections(almogt 200 in total) of relevant samples were made,

degcribed and analyzed by nicroprobe.

This detailed study of tin mineralization in and around
the Wedgeport pluton should contribute to the overall
understanding of tin genesis in Nova Scotia and assist in

subsequent exploration programs.

12



CHAPTER TWO
LOCAL GEOLOGY AND PETROLOGY

2.1 Introduction

The study area comprises about 240 square km of pavrt of
the Lower Paleozoic Meguma Group metasediments with later
1nt‘rusive monzogranite and basic dykes. Because oEv the
paucity of outcrop, the petrologic study was performed on
gsections of diamond drill core, uSing a combination of
microscope, microprocbe and geochemical methods. . All
microprobe and chemical analyses are tabulated in the
Appendices. Hodal compositions were visually determined with

the aid of percent comparison charts (Terry et al.,1855).

The core conslsts of & meonotonous metamorphosed aequence
of interbedded wackes, siltstones and argillites of the upper
members of the Goldenville Formation flysch. Black
carbonaceous pelitic layers ars also present and may
rapresent coeval, interfingered parts of the Halifax
Formation (Schenk,1973: Harris and Schenk.1975). Bedding
contacta are usually sharp, with minor gradational

sequences.

Bedding thickness wvaries, from less than 1 cm to about 7

m (Taylor,1967); aimilar lithologies found along the eastern

13



shore of Nova Scotla have maximum thicknesses greater than 50
m (Harris and Schenk,1975). The core generally has thin to

medium bedding (3-30 cm).

The meta-wackes and meta-siltstones are commonly
structureless, with minor graded bedding, cross-bedding,
flutes (Fig. 2.1), and argillaceous rip-up clasta. Minor
alump features occur within the pelitic units (Fig. 2.2).
Calcarecus concretions, metamorphosed to calc-silicate
nodules occur within particular psammitic layers and are

described by Cullen (1983),

Because the study iz bassd on drill core, continuity of
individual layers is unknown. One sample of drill core
exhibits a facies change in an open fold (sedimentary
alump?), from carbonaceocous argillite to bilotite meta-wacke

(Fig. 2.3).

This sedimentary package was affected by low grade
greenschist facies regicnal metamorphism (Cullen,l1983),
folding, intrusion by the Wedgeport pluton (with asscciated
thermal metamorphiam to the hornblande hornfela faciesa),
faulting, and intrusion by a series of mafic dykes. Airborne
and ground geophysgaical surveys performed by Shell Canada
Resocurces (electromagnetic, magnetic and induced
polarization) plus dip orientations of core and ocuktcrop
indicate the presence of several northerly-plunging synclines

and anticlines in the study area (Cant et al., 13978).
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Figure 2.1 Contact of scoured meta-argillite with
’ upper meta-wacke. Note light coloured
current marks rich in ilmenitel(altered
to leucoxene and rutile) and zircon.
Note silver white angular arsenopyrite.

Sample 77-34-86.13

Figure 2.2 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 fold(sediment-
ary slump?). Graphitic meta-argillite and
central meta-wackel(with green blades of
?) grade laterally to the right into
biotite meta-wacke.

Sample 77-31-105.38
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The meata-pelitic rocka uaually poasesa two foliationa:
the first is parallel or at low angles (up to about 40
degreea, depending on location of aample in the folded
metasediments) to bedding planes and manifests itseif by
parallel orientation of phyllosilicate minerals or elonga'te

blebs of pyrrhotite (Fig. 2.4); the second foliation. occurs

as a set of crenulations which in many places develop into
cleavages, and are usually oriented at high angles (50-90
degrees) to the first foliation. Pre-existent veinlets are
kinked, ptygmatically folded or broken (Fig. 2.3).
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 firat foliation.

The metasediments are in sharp, sometimes parallel
contact with the Wedgeport pluton and exhibit thermal
metamorphic features such aa hornfelsic texture and
development of biotite, cordierite, andalusite and garnet.

The intrusion dipa steeply under the metasediments.

Both metasediments and pluton are faulted, exhibiting
narrow (up to about 1 metre wide) shear and breccia zones
with associated late atage veina(calecite-gquartz-araenopyrite
=z pyrite). Minor displacement, on the order of several cm is

obgerved in drill core (Flg. 2.6): aesromagnetic maps show a
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Figura 2.4 Carbonacecus meta-argillite and mekta-
argillite with metamorphic biotite in
bedding planes. Foliated pyrrhotite
blebs occur at an angle to bedding.

Sample 77-31-111.97






Figure 2.5 Meta-argillite cut by early quartz-
calcite veinlets, which are both
ptygmatically folded and cut by
crenulation cleavage.

Sample 78-1 0-10

Figure 2.6 Blue mineralized zone in meta-wacke
containing fine sulphide hair veinlets
and cut and displaced by a late calcite
vein.

Sample 77-25-197.8






ahift in the position of 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 phyllosilicate grain boundaries.

The lithclogies are also cut by northeasat- and
nor*:.hs;est-, 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 planeé 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

zoneas.
2.2 Metasedimentary Lithologies

2.2,1 Ma=ta-p=litie Lithologias

In drill core, the meta-pelitea range Iin colour fron
pale greenish grey and greyish gresen to bluish green to
greyish blue to black: this is a manifestation of the
concentrations c¢f chlorite, muacovite, quartz, feldspar and

carbonacecus material (graphite:Cullen,1983). .

Pelitlic rocka generally conalat of medium to coarae,

24



silt-sized (averaging 0.03 mmn) aggregates of chlorite,
muacovite, quartz and feldapar (albitic; in placesa,

potaasic), with minor amounts of coarser ilmenite (about 0.l
:ﬁm), pyrite and pyrrhotite, finer anhedral to euhedral zircon
and sphene (about 0.01 mm), and variable concentrations of
extremely fine-grained graphite (£0.003 mm). Several whole

rock geochemical analyses are tabulated in Appendix II.

Flakes and needles of chlorite and muscovite are usgually
'tightly intergrown with their long axes defining 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 gutured lobate. Other pelitic
samples have the tectosilicates segregated into silty

partings (Filg. 2.7).

Subhedral latha of llmenite ar= ubiquitoua and are
unaually partially to wholly altered to rutile or leucoxene,
glving the laths a poikilitic appearance (see Stendal,1982).
They parallel foliation and are usually reoriented by
crenulation. Ilmenite ig a minor constituent of the
argillites, but may comprise up to 15 modal percent of sonme

thin layers.

Pyrrhotits is l=aa common in meta-pelitie lithelogi=za.
It occura aa elliptical blebs usgually oriented parallel teo

foliation: stress caused pyrrhotite elongation by translation



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 mn.
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gliding along (0001} cryatal planes (Reamdohr,1980: Spry,1969:

Graf et al., 1970).

Darker varietiea of meta-pelites contain leas chlorite
and mnuscovite, 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-pelites may become ailtier, with decreaased
phvyllosilicate content, and increased concentration of

equigranular quartz, forming fine-grained siltstones.

Thermal metamorphism caused overprinting of foliation by
such poikiloblastic minerals as: euhedral garnet; subhedral
chiastolite retrograded to assemblages of mugcovite-quartz-
carbonate (Fig. 2.8); euhedral to subhedral blades of
carbonate (calcite.,dolomite,ankerite); biotite: and
chlorite. Round to elliptical aggregates of quartz-
chlorite~-carbonate are also found, discontinuouzly rimmed by
opaques auch aa leucoxene and pyrite, and may be altered
cordierite ‘apoks’. One carbonaceous argillite sample
contains green poikiloblastic blades of a mineral that has a
retrograde assemblage of quartz-chlorite-carbonate: it i{s not

known what the original mineral was (amphibolea?).

The most common sulphide mineral within. the

meta-argillites is pyrrhotite, usually found as blebs, but



Figure 2.8 Slightly sheared carbonacecus meta-
argillite containing contact
metamorphic andalusite(var. chiastolite)
retrograded to muscovite, quartz and
calcite.

Sample 77-31-87.30






may occur aa atratiform layera aeveral cm thick and very
alightly foliated. More discussaion of this and other

sulphidea ias found in chapter 3.

2.2.2 Meta-psammitic Lithologies

Interbedded with the meta-pelitea are palg greenigh-grey
to greyish-green meta—psammites; They are a fine-grained,
massive, indurated rock with rare graded bedding, scours and
argillacecus 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 plagicclase with albite and
Carlsbad twinning: less potassium feldspar). They are
distributed in a finer (averaging 0.04 mm) sgilty matrix of
quartz, feldspar (up to 25 modal percent), chlorite and
muscovite with minor ilmenite, pyrrhectite and carbonate with
trace amounts of biotite, zircon, sphene, apatite,
chalcopyrite, arsenopyrite and graphite (e.g., Fig. 2.9).

Most of the geochemically analysed meta-psammites fall within

‘typical’ greywacke compositions (Fig. 2.10).

The coarser grains are angular to subrounded and roughly

equant: quartz gralns are satrained.

The matrivw (and unimodal meta—psammitéa) conaiata of

tightly intergrown minerala with embayed bto sutured lobate
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Figure 2.9 Typical meta-wacke.
PPL

Long axis of photégraph
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Figure 2.10 NagO : KoO0 contents in metasediments.

Moat meta-wackes plot in the greywacksa
field:; 2 samples have greater amounts
of sericite and so plot in the other
field.

Heta-argillite which plots near the
origin is mineralized.

+ meta-wacke
O] meta-argillite
& carbonaceous meta-argillite
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FIELD OF “TYPICAL” GREYWACKE

FIELD OF

“TYPICAL"™ ARKOSE
& ARGILLITE
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grain contacta. Tectoallicates are anhedral, tabular to
equant, and are separated by chlorite-muscaovite

intergrowthae. Subparallel orientation of the phyllosilicates

and tabular feldspar grains define the linear fabric.

A few meta-psanmnnmitic samples app=ar ‘apotted’, 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,13975).

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. Thia is overprinted by such thermal metamorphic
minerals as euhedral garnet, bioti.te, granoblastic epidote

and actinolite, euhedral to embayed carbonate (calcite,

dolonite, ankerite) and poikilitic, colloform and massive

pyrite.

Several intereating features are found within the

meta-psammnitic layers:

1. Layers of manganese-rich garnet (Cullen,1983) in fine =sand-
sized meta-psammite (Fig. 2.12): this may reflect metamor-
phosed, originally manganiferous sediments. These may have
formed by concentraticn of manganese carbonates or

cxides/hydroxides or both during diageﬁesis or by accumnulation
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Figure 2.11 Contact metamorphic zones paralleling
original layering.

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

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

Sample 77-10-44.6
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n=ar aubmarine venta thiteh&;ad,lg73; Germann,l1973: Duurama =t
al., 1976). Apparently, there is a calcarecus manganese-rich

zone within the upper part of the Goldenville Formation sediments
throughout Nova Scotia, and may have formed in response to some
wideapread synsedimentary, diagénetic or mineralizing event

(Zentilli, pers. comm.,1983;: Jenner,1982).

2. Calec-allicate layera previcualy diacuasad: and cale-
silicate nodules (Fig. 2.13) - elliptical to amoeboid
metasomatised calcareocus concretions within meta-psammitic
lithologies. They appear similar to altered limestone nodules
in pelitic hornfels of the CanTung tungsten deposit (Dick and
Hodgacon,1982). Original calcium carbonate may have derived from
dissolution of shelly material by acidic intrastratal water and
subsequentlybreprecipitated elsewhere in a less acidic
environment within psanmitic layers (Schenk,197S5: Pettijohn et
al.,1972). Additional calcium may have been obtained by
elbitization of plagioclase (Blatt et al.,1980) during
diagenesis. These nodules have been studied in detail by M.F.

Purves (cited in Cullen, 1983).

3. Stratiform aulphide zones; these will be discussed

in a later chapter.
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Figure 2.12 Layeraed manganifercua garnebt in mebta-
wacks. They posalbly reprasaent
metamorphosed manganiferous
sediments,

Sample 77-34-10

Figure 2.13 Metasomatic concretion in meta-wackae.
It is an amoeboid body with a white
core and rim of quartz, muscovite
and zoisite, with a middle green
zone of quartz, zoisite and chlorite
(Cullen, 1983).
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2.3 Plutonic Lithologlea
2.3.1 Wedgeport Pluton

The Wedgeport plutecn 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). Hoat of thé shoreline comprises monolithic boulders

weathered from till.

Samples from the pluton have a modal mineralogy
corrasponding to monzogranite of Streckeisen‘’s (1876)
classification (Fig. 2.15). 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) plua scarcity of opaque
minerals, of which ilmenite is the most common, may possibly
characterize the pluton as an ‘ilmenite series’ type
(Izshihara,1%81: Takahashi et al.,1980: Ishihara et
al.,1979). Geochenmically, the pluton appears to be an
’I-type’ granite (Chappell and White, cited in Plimer,1980);:
mineralogically, it resembles the ’S-type’ variety (Table
2.1). Attempts to characterize the pluton geochemic'ally as
either poctentially 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 ‘normal’ (the interior of the



Figure 2.14 Wedgeport plutondleft) in sharp
contact with metasedimentary
country rock. A thin granitic dyke
(centre) is injected intc
hornfelsed meta-wackes.
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Figure 2.15 Modal QAP composition of plutonic

lithologles. All plot within the
monzogranite field.

* Wedgeport pluton
o .South Mountain batholith
adamellites(McXenzie and
Clarke, 1975
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Figure 2.1%6 Normative quartz-albite-orthoclase
diagram. Parallelogram approximately
denotes fleld for adamellite and
granodiorite lithologiea of the
SMB(McKenzie and Clarke, 1973).
Greisen sample near the orthoclase
apex conteains white mica and fluorite
with little quartz.

* " monzogranite and greisen samples,
this study.

® 2 biotite granites, 1 muscovite-
quartz grelsen from the Davis
Lake pluton, East Kemptville
(Chatterjee, 1980).
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Figure 2.17 K20~N320—Cao variation diagram
of 11 samples from the pluton. Dotted
parallelogram approximately denoctes
the adamellite field of the SHNB:
shaded parallelogram approximately
denotes the granodiorite field of
the SMB(McKenzie and Clarke, 1973).
Arrows point to 3 greisen samples
adjacent 3 unaltered monzogranite
samples, indicating loss of NagO
and relative increase of KgO.

+ monzogranite and greisen
samples, this study.

L ] 2 biotite granites, 1 muscovite-
quartz greisen from the Davis
Lake pluton, East Kemptville
(Chetterjee, 1880).
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Figure 2.18 Ferrous/Ferric ratio of monzogranite
samples. Broken line separates
magnetita- and ilmenite-series
granitoids of Japan. FeO/FegOg
is roughly 1 to 2 on granite
compositions(DI=95-80) and is
roughly 2 to 3 on granodiorite
(DI=80-60) and tonalite and
quartz diorite{Ishihara et al.,1979).
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Table 2.1 Propertilea 0Of Monzogranite, S- and I-~type granites
(from Chappell and White, quoted in Plimer,1980)

Wedgeport Monzogranite S-type I-type
(n=8) Granite Granite
Na20 2.86-4.28% Na20 < 3.2% in rocks Na20 > 3.2% in
K20 4.25-5.07% with = 5x K20 felsic types
< 2.2% in rocks > 2.2% in
with = 2.2% K20 mafic types

Molecular Al203 / (Na20+K20+CaQ)
0.93-1.06 >l.l1(peraluminous) <l.l

norm corundum
0.00-0.45% > 1% <1x%

norm dicpside

0.00-1.74% - ’ norm di present
Biotite common Muscovite and Biotite Hornblende
common commnon




Table 2.2 Major Element Ratios Typical Of ‘Normal’ and
‘Specializaed’ Granites

K/Na K/Rb Mg/Li4
‘Normal’ 1.2 > 100 270
‘Specialized’ 1.6 < 100 75
This Study
Monzogranite 1.18-1.78 120-180 14.7-40.97
(n=8>
Greisen 7.53-25.5 60-70 4.75-17.5
(n=3)

Values for normal and apecialized granites are from various
eauthors in Boissavy-Vinau and ,Roger(l1580).



Figure 2.19 Proportions of 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

cr to thelr atates of alteration.
The 3 arrows joln barren monzo-
granite to their adjacent
greiasenized zones.

* monzogranite and greisen
samples, this study.

® 2 biotite granites, 1 muscovite-
quartz greisen from the Davis
Lake pluton(Chatterjee,1980).
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pluton) features. Ailrborne gamma ray spectrometric
measurements (Chatterjee and Muecke, 1982) indicate high
total radicactivity and high thoriumAvalues within the pluton
and theae appear associated with mineralized intrualons tfound
elaewhere in Nova Scotla (e.g. the tin mineralized Davis Lake

pluton).

The aamplea diaplay a wvariety of textures throughout tﬁe
pluton. Fresh material ranges from greyish white with black
fiecks to a mottled white, grey and black combination. It
has 2 hypidiomorphic granular (granitic) texture, from fine
grained equigranular to porphyritic with medium, rarely
coarse grained phenocryats. The endocontact exhibits this
'diversity of colours and .textures - there are no contacts
among the different types, rather each type gradea into one
another. Flgure 2.20 shows scome examplegs of Lhis diversity.
Samples from the interior of the pluton are less
heterogeneous and are generally medium grained with minor

coarse phenocrysts.

The monzogranite consists of roughly equal amounts
(about 30 modal percent) of fine grained translucent grey
(light brown in weathered exposures) quartz, greyish-white
(rarely pinkish) microcline and pale greenish-white (rarely
ninkish) plagioclase of albite to oligoclase composition.
Fine grained black, ragged flakes of biotite comprise up to

10 modal parcent: they contain minor incluaicona of euhsadral,

[v]]
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Figure 2.20 Diversity of monzogranite textures
in one drill hole(78-27). Depth
increases from left to right:

31.15 m, 68.37 mi(near a mafic dyke),

and 78.55 m.

Figure 2.21 Effects of 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
of biotite. ‘
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sfoned zircon priama, euhedral to subhedral needlas of apatits
and subhedral laths of ilmenite. Rare fine grained anhedral
purplish fluorite, plnkish scheelite, molybdenum, pyrite and

pyrrhotite occur throughout the cor=a.

Phenocryat 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 undulcse
extinction. Near areas of shear, it exhibitas minor subgrain
and new grain development. Quartz phenocrysts have minor
inclusions of both the feldspars and biotite. Irregular

‘quartz ls intersatitial to the feldspar crystals.

Microcline occurs as anhedral blocks, rarely as anhedral
laths. It is slightly perthitic with bleb and ribbon albitic
plagicclase. Cross-hatched or ‘tartan’ twinning is common.
Phenocrysts are poikilitic with quartz and plagioclase
inclusions. Rarely, embayed nmicrocline is mantled by
plagioclase., It is usually slightly sericitized: near veing
microcline (s morz altersd 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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Plagioclaae ls found aa subhedral to anhedral latha of
albite to aligaclése composaition. IR usually has albita
twinning; some phenocrysts havé vagu2 normal zoning. Minor
microcline and quartz are included within the phenocrysts.
Plagioclase suffers a greater degree of alteration, changing
to sericite with variable amounts of 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 epidcte(?); rarely subhedral
pyrite and arsenopyrite crystals and rutile(?) needles.
Biotite alters readily to clear, dark green chlorite, even
where no alteration la evident in adjacent minerala. Near
vealina, sheara and contact with the metaaediments, blotite ias
altered to a ’‘shredded’ tan aggregate of vermiculite(?) with
disseminated iron oxides or hydroxides; included ilmenite is

generally altered to blue anatase.

Rare vugsa (miarolitic cavitiea?) are found in some of
the core. They are round to elliptical, and uvp to 3 mm

diameter with drusy quartz‘ coatings.

Monzogranite is readily weathered, as seen by the

pinkish to rusgt-brown coloratioa of both exposed country rock

61



and upper portlons of the drill core, some toc 22 m depth

(Fig. 2.22).

The cofe s cut by several gtages of veins, several mn
to several cm width. Many are of quartz-calcite composition
with variable sulphides, fluorite (both purple and green),
scheelite, white mica, kaolinite and cassiterite. Alteration
envelopes range from slight ‘bleaching’ immediate the vein
(gericitization of feldapars) to greisen zones up to 20 em in
drill core. These vein types will be discussed in a later

chapter.

Rare aplite dykes are observed ln both core and
outcrop. They are thin (several cm), greyish white and
aphanitic with aésimllated mineral fragments. They are in
sharp contact with the monzocgranite with no observakle

alteration effects.

Shears cut the pluton wi'th or without accompanying veins
of quartz + arsenopyrite * scheelite 2z molybdenite =z pyrite.
Widths vary from centimetres to several metres over the
length of the drill core. In places one may obaerva a
progressive reduction of grain size, destruction of
teldepars, orientation of elongate quartz ’‘eyes’ and
development of saccharocidal quartz and parallel planes of
pale gilvery 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 of monzogranite weathering.
Sample 78-33

Left: Hematite-stained at 13.73 m.

Right: Unweathered at 46.8 m.
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aulphidea weather to form lron oxidea, produecing ‘rusty’

ahear 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 of cm thick. Contacts are
sharp and reddish brown; little'altergtion or assgimilation of
the host rock ia observed. Several dykes appear composed of
twoe phases, as if the magma had reintruded planes of
weaknesa. Two types of dykes occur - one a lamprophyre, the
other an olivine diabase. Relationships between the two are
not known. Such dykes have been desc;ibed and analysed by
Cullen (1983), so will only be given a brief description

here.

Lamprophyre dykea (monchiquite?) have a
glomeroporphyritic texture, with up to 25 modal percent of
clusters of medium grained clinopyroxene and olivine
phenocrysts in a fine grained matrix of clinopyroxene,
clivine, plagioclase(?), hornblende (kaersutite?), biotite

and either a zeolite or feldspathoid (Fig. 2.24ad.

Euhedral, zoned and sometimes twinned titaniferous

auglite laths occur (about 1.5 mm), and may include olivine

and magnetit=: some have mantlea of hornblandse. Subhedral to
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Figure 2.23 Part of a ‘rusty shear’ from the
western margin of the Wedgeport
pluton. The altered monzogranite
has a saccharoidal texture: feldspars
are completely destroyed. Develops
(to the §~ight) into pyrite-(minor
chalcopyrite) bearing end of shear,
altered to iron oxides.
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anhedral olivine phenocrysts (abo'ut 1 mm) group with augite:
they range from fresh, 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 amygdales(?) (up
to 1.5 mm in diameter) filled either with a feldspathoid or a
zeolite (analcite?). Matrix minerals are oriented around

these forms: some ninerals 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
feldspara). Within the monzogranite feldepars may be turned

pink and blotite may be chloritized (Fig. 2.21).

Trace element analyses (Appendix II) 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 chemigtry.

One zample of an olivine diabase dyke was observed in
thin section (Flg. 2.24b). It ls relatively unaltered and
coneaists of a fine grained holocrystalline aaszemblage of
eudhedral labradorite laths (about 60 modal percent) with
undulatory extinction, euhedral augite laths ‘(about 25 modal

percent) and minor anhedral olivine altered tc serpentine and
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talc (about 5 modal percent). Disseminated throughout are-
fine magnetite and skeletal ilmenite (about 10 modal percent)

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

69



Figure 2.24a Glomeroporphyritic lamprophyre
dyke. Scolitary blotite flake
occura in centre. Brown hornblende
occurs throughout.

PPL

Long axis of photograph measures 3.23 mnm

Figure 2.24b Plagicclase-rich olivine diabase
dyke.

Crossed nicols

Long axis of photograph measures 8.0 mnm
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CHAPTER THREE

URE PETROLOGY

3.1 Introduction

Both the metaaedimentas and the Wedgsport pluton are cut

by a variety of veln systems of variable orientation and

mineralogy, reflecting stress and fluid regimes before and

during mineral transport and deposition. A detailed analysis
of fracture and vein aystem corientations ls beyond the scope
of the thesis; however, their positions with respect to

bedding and foliation within drill core have been noted.

Caagsiterite mineralization occura both in veina (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 geneaia of the mineralization will be dlacussed.

3.2 Vein Systemas

Because the vein syatems within the metagedimenta 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 will be

treated separately. Each lithology eppears to contain three
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main stages of veinal pre-tin, tin, and poat-tin. Each atage
will Abe described in terms of its mineralogy and alteration
effects on the wall rock. Cassiterite will be described in a
later section, incorpo:ating these descriptiona in an attempt
to develop a possible genetic interpretation of tin

mineralization.

3.2.1 Veins Within Hetasediments

Relaticnahips among the different veina are not clear aa
only a amall segment of 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-mineralization velna may parallel bedding, are
commonly affected by crenulation (see Fig. 2.5) and cause

little, if any alteration of adjacent host rock.

Velna assocciated with main-stege minerealization crosacut

bedding and foliation - some parallel crenulation clsavage -

and may have thin, slightly perceptible alteration haloes.

Posgt-mineralization veins appear related to a late
shearing event, which caused fracturing, bleaching,
‘gamearing’ and some displacement of pre-existent veins and
mineralized ’‘patches’, concentrations of thin veinlets

(‘crackle breccia’) and minor brecciation infilled with
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quartz and calcite.

3.2.1.1 Pre-mineralization Veins

Fre-mineralization veina within meta-argillits are
usually affected by crenulation. They are kinked,
ptygmatically folded or boudinaged (Fig. 3.1). This vein type

within the meta-wackes is at most, slightly éffset.

They are usually less than 1 cm widé, and planar in
drill core; finer veinlets appear tc be anastomosing. Some
veins occur at bedding contacts. Intergrown quartz, calcite
and chlorite are the principal con_stituents; muscovite and
sulphides {(arsenopyrite, chalcopyrite, pyrite, pyrrhotite,
gphalerite(?)) are minor or rare. The queartz is commonly
atrained, forming sub- and new grains. The immediate host
rock is bleached(on the order of <1 mm), usually adding

sericite and carbonate * quartz.

At least two stages of thia veln type occur, at times
crosscutting each other.

3.2.1.2 Main Stage Veins

This type comprises a variety of widthsa, orientations,
mineral assemblages, and alterationsa. Widtha vary from lesg
than 1 mm to several tens of cm of drill core length

(commonly barren quartz);théy are usually 0.5 cm or less.
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Alteration heloes vary, from slightly perceptible with
slight bleaching, to about ten times the vein width. The
main salteration types are:

1. Bleaching(common) - destruction of biotite to chlorite(to
vermiculite?): sericitization of
feldspar; addition of silica, sericite,
chlorite and carbonate.

2. Biotitization(uncommon) - development of biotite porphyro-
blasts adjacent outer selvedge of
quartz-calcite-sulphide veinlets
(Fig. 3.2); the biotite is later than
the regional metamorphic biotite.

3. Chloritization(minor) - development cf chlorite * rare
cassiterite around sulphide veinlets
(Fig. 3.3).

Main stage veins consist mainly of quartz, carbonate
(calcite, siderite), chlorite, pyrite, pyrrhotite and white
mica with variable amounts of other sulphides, cassiterite
and scheelite. Table 3.1 lists the common vein mineral
assemblages. Vein mineralogy changés with distance from the
pluton. Near the intrusion (up to about 2 km from its
surface projection), rare scheelite, molybdenite and epidote
are found. ALk greater distances, casaiterite and base metals
predominate: acheelite is not observed. Cassiterite iz a
major mineral between 2 and 4 KkKm from the pluton, after which
sphalerite and galena become prominent. Arsencpyrite and
chalcopyrite are common throughout the study area. This
mineral zonation roughly follows that of greisen stockworks

above an intrusion, and sulphide~cassiterite deposits

described by Shcherba (1970) and Grigoryan (1974),
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Figure 3.1 Early quartz-arsenopyrite veinleks
in meta-argillite, cut by crenulation
cleavaga.

Sample 78-10-83.55

Figure 3.2 Vein types.

Laft: IW-005¢(77-27-37.7)
Biotite developed around
quartz-chlorite-carbonate-
pyrrhotite-pyrite-chalcopyrite-
galena veinlet in silty meta-
argillite.

Right: IW-054(78-11-97.84)
Arsenopyrite-galena(+ Ag/Bil-
chalcopyrite-pyrikte-marcasite-
carbonate veinlet parallel
crenulation cleavage with no
major wallrock alteration.

A few fine veinlets of

rust brown materialliron
oxides/hydroxides?) offshoot .
the veinlet into foliation.
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Figure 3.3a Sulphide-cassiterite veinlets with
a green chloritic alteration zone
within blue-grey meta-wacke.

Sample 77-25-164.77

Figure 3.3b Thin section of thes above sample,
showing detail of sulphide-cassiterite
veinlet and green alteration halo of
chlorite and cassiterite(fine dark
brown spots).
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Table 3.1. Mineralogy of Veln Systema

Metasediments Pluton

Pre-Crenulatfon Haln Stage Post-Hinerallzation Pre-Grefsen - Greisen Poat-Grelnen
Quartz X X X X X X
Carbonate*® X X X X
Chlorlte X
White Mlca** x x X x
Pyrophyllite(?) x
Pyrite x X . . . x
Marcaslite x . .
Pycrhottite x X . x x
Ardgenopyrite x 'Y x x X
Chalcopyrite x “« . x
Sphalerite x? x
Galena x
Silver/Bismuth .
Scheelite . . - -
Epildote .
Carnel* .
Casniterite x .
Fluortfte i b X x
Molybdenua . x X X
Kaolinfte ' x

* fucludes calelte, sidertte, dolomite
** may be lithium- or fluorine-bearing
+appcaru incorporated from matrix

? uncertaln

X major vela mineral

x minor veln mineral

. trace or rare



reapectively.

Textures among cassiterite, sulphides and gangus
minerals are relatively straightforward. The habits,
associations and genesis of cassiterite in this vein type and
other settings will be discussed in a later section.
Generally, the fine grained sulphides~ (averaging £0.5 mm) and

cagsiterite are found in the middle of the vein within a

matrix of quartz, carbonate (usually calcite: minor
siderite), chlorite and white mica; Other veins may have
sulphides at the selvedges instead:; others may consist of a
patternless intergrowth of all minerals. Mineral contacts

are usually straight to curved.

Arsenopyrite occurs asa subhedral rhombs and bladesa, and
as massive anhedral grains. It has minor inclusions of
pyrrhotite, galena and chalcopyrite. Flne cracks may be
fllled, and crystal boundaries may be discontinuously rimmed
by lirregular massive galena, chalcopyrite, pyrrhotite, pyrite
and sphalerite. Arsenopyrite may also be rimmed by fine
druses of calcite. This sulphide is usually in the middle of
the veinlet, but some rhombs are found at vein edges and
within the the immediate host rock, grown around phyllo- and

tectosilicates,.

Pyrite is commonly anhedral and massive, grown around
other sulphides, cassiterite and gangue minerals (Fig. 3.4);

it alac occuras aa angular blocka (Flg. 3.5). Gangu= and minor
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anhedral chalcopyrite and aphalerite may be included in
pyrite. Minor pyrite hair veinlets may traverse the earlier
sulphide-cassiterite veinlets, crecsscutting vein minerals
(Fig. 3.%) and the cleavages of phyubsilicat.es in the
wallrock. Thias is believed to be a later parkt of the

main-stage vein system.

Weathered or altered samples contain round' to
elliptical, concentric intergrowths of blocky pyrite,
marcasite and gangue (‘graphic pyrite’) (Fig. 3.5). This is a
result of pyrrhoﬁite conversion to pyrite and marcasite by
loss of iron during low temperature alteration
(stoichiqmetric 2FeS --> FeSg+ Fe; Stanton,1972); cell volume
‘decreases (from roughly 180 ?‘xsfcr astoichiometric hexagonal
pyrrhotite to 1560 gsfor cubic pyrite using cell dimensions
from Berry and Mason,1959%9), causing the structure to shrink
and form cracks. Liberated ircn may form oxides, hydroxides
or magnetite, staining the surrounding rock (Stanton,1872).
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 ils rarely observed altering to an assemblage of

pyrite (see above description).

Marcagite is rare, and is found ags subhedral blades and

massive amorphcus zones in altered pyrrhotite. Several
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Figure 3.4 Part of veinlet containing pyrite,
aphalerite and caasiterite
intergrowth, with minor chalcopyrite
inclusions.

Reflected light, oil immersion.

l.ong axis of photograph measures 1.08 mm

Figure 3.5 Concentric graphic pyrite(after
pyrrhotite) in weathered vein
sample.

Reflected light, oil immersion.

l.ong axia of photograph measures 1.08 mm
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Flgura 3.6a Later pyrite velnlet crosscuts
main stage sulphide-cassiterite
vein(IW-174); it cuts a sphalerite
grain and travels around a
cassiterite grain.

Reflected light.

Long axlas of photograph measures 0.54 mnm

Figure 3.6Db Later pyrite veinlet cuts pyrite
and marcasite grains(altered from
pyrrhotite) in a stratiform
sulphide layer.

Reflected light, oil immersion.

Long axis of photograph meagures 1.08 mm
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sulphide veins in drill ccre contain ‘vuggy’ zones lined with
marcasite blades which appear to be a later weathering

product,

Sphalerite la a rare to common conatituaent in the
veins. It occurs as ani‘xedral, equant to rectangular grains.
The mineral may infill fractures in arsenopyrite and form
discontinuous margins around both arsenopyrite and

pyrrhotite.

Chalcopyrite ils a ubiquitous minor sulphide. It occurs
as anhedral grains, forme amall exsoclution 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 subhedral to
euhedral blocks. It is included in arsenopyrite, fillsz 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 bilsmuth. Attempts to microprobe aseveral of these

grains failed as they were too amall.

Scheelite is rare, and ls found in quartz-carbonate

veinlets near the pluton as flesh-coloured, rectangular

anhedral gralna.
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The ganéue consists of granular intergrowths of quartz,
carbonate, iron-rich chlorite (gsee Fig. 3.7) and white mica
(muscovite and probably F- and Li-bearing varieties). Two
stages of carbonate emplacement are observed in several
samples: a minor encrustation of drusy carbonate around
sulphides, followed by pyrite and massive carbonate. White
mica commonly occurs as discrete flakes, but is also found as
radiating spherules intergrown with chlorite and sulphides.

Rare garnet is incorporated into the vein.

A possible depositional sequence within the vein system

is given in Table 3.2.

Later movement aiong veing (i.e., along pre-existing
planes of weakness) caused elongation of pyrrhotiﬁe (parallel
to phyllosilicetes), strain in quartz (undulatory extinction
to formation of sub- and new grains) and incorporation of low
temperature acicular cassiterite into new quartz grains. Cne
sample appears to have had regrowth of chlorite into random

aggregates and overgrowth of garnet.

3.2.1.3 Pogat-NMineralizaticn Veins

Identification of this vein type ils difficult. The best
examnples occur where they cut mineralized veins or zones
(e.g., Flg. 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 contsains microprobe
analyses from 16 chlorite samples
in and adjacent to sulphide veinlets.
Lower 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

Scheelite ---
Moiybdenite ---
Arsenopyrite -

Pyrite -

Pyrrhotite -

Cassiterite -—
Sphalerite

Chalcopyrite

Galena

Silver/ Bismuth

Druse Carbonate

Main Cdrbonate

Marcasite

acicular

Gangue
(qtz+chl+mica)

Late

weathered po



atructures and contain only btrace amounta of sulphldea and no
casgsiterite: they also are associated with the greatest
displacement okserved (up to sevebal cm), which is not found

in other vein stages.

Widtha vary from leas than 1 mm to aseveral cm. Velns
may occur either singly or in fine networks (‘crackle

breccia’). Some quartz-calcite tension fractures cut

mineralized zones, and therefore belong to this stage; it is
not known how these relate to other tension gashes

(pre-mineralization?).

Quartz and calcite are the maln componenta; minor
arsenopyrite, pyrite and chalcopyritz are disseminated
throughout. Several veinlets contain tan spherulitic
intergrowths of pyrophyllite(?) and are possibly altered
fragments of pelitic wallrock or rock ‘flour’ formed during

braccliation.

Wallrochk alteration la variable. Reatricted assemblagesa
(¢ 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 Vaina Within Pluton

The endocontact of the Wedgeport pluton ia cuk by a
myriad of thin veinlets; 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
netasediments, three main stéges of veins exist. Early,
pre-~greisen quartz veins are usually thin with minor
concentrations of other minerals and do not percebtibly 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 cm of 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 *+ scheelite veining.

3.2.2.1 Pre-Greisen Veins

This type of velin is usually thin (£0.5 em) and is
composed of quartz with variable, but minor amounts of white
mica, scheelite, purpligh fluorite, molybdenum, pyrite and
pyrrhotite. Several of these veins usually crosscut =ach
other. Alteration ls minimal and comprises fine (zeveral mmd
assemblages of quartz and white mica in the adjacent

wallrock.

They are not otherwise notable except for thelr role aa
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phyaical barriers to later grelasenizing fluidsa: grelaen
alteration zones abruptly halt at these pre-existent veins

(Fig. 3.8).

3.2.2.2 Greigen Velns

Thia intereating vein type varieas from <1 mm to about 1

cm thick veinlets. A typical greisen vein contains major

quartz and minor fluorite, white mica, chalgopyrite, pyrite =
arsenopyrite z molybdenum 2 scheelite =z sphaleriﬁe + a rust

brown phyllosilicate (vermiculite??) * cassiterite.

Alteration la extensive, affecting a zone many times the
width of the vein (tself. The greisen halo is predominantly
a quartz-white mica aggregate containing variable amounts of
purplish (in places greenish) fluorite and nminor calcite,

chalcopyrite, pyrite, pyrrhotite and cassiterite.

Quartz ia fine grained (6.25-0.75 mm), commonly anhedral
(rarely euhedral), slightly strained and appears to comprise
relict quartz ‘eyesa’ of the monzogranite plus allica
introduced by greisenlzation. Fine grained (0.1-0.5 mm)
white micae clustera are intergrown with the quartz grains.
This phvyllosilicate may be lithium-bearing, as evidenced by
high lithium concentrations in geochenmnical analyses of
greisen samples. Attempts to identify the mica by X-ray
powder diffraction proved disapp'ointing as the d-spacings of

nuscovitae and the lithium-bearing micaa (=.g., =innwaldits,
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lepidolita) are very aimilar.

Anhedral purplish fluorite (uaually up to 2 mm in size)
has grown around the quartz muscovite aggregate, following
their crystal outlines. It comprises from 1 to 10 modal
percent of the greisen: rarely it grades into massive

fluorite.

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 caasiterite is rare, beth within the greisen
vein and its halo, and is usually in close association with

fluorite,.

Contact between the greisen and monzogreanite may be
aharp (Fig. 3.%), due either to rapid equilibration
(*neutralizatlion’) of the greisen €fluid with the wallrock or
te the presence of a pre-existing gquartz vein barrier. The
gqreliasen may alao be diffuse, changing from a ‘true’ greisen
(quartz-white mica-fluorite assemblage) to an altered
(‘greiaenized’) monzogreanite, where matrix minerals and their
textures are progressively destroved. Feldspar phenocrysts

become roundsd and are gradually broken down into mica-rich
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Figure 3.8 Leucocratic monzogranite wikh
greisen alteration which stops
at pre-existent guartz veinlet
barrier.

Sample 79-07-70.66

Figure 3.9 Velnlet with grelaen 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 la rarely seen in drill core; usually only
individual greisen or salightly 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 casgiterite section.

3.2.2.3 Post-Greisen Veins

Both greisena and unaltered monzogranite are cut by thin
(51 cm) veinleta. They consiat of quartz and kaolinite with
minor calcite, dolomite and trace molybdenum, pyrite,
marcasite, pyrrhotite, arsenopyrite, fluorite, scheelite,
chaicopyrite and white nica. 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 cm to tens of cm (up to 1 m) in drill
core. Pre-existent greisens and quartz-acheelite-molybdenite
veina may be sheared, although this pre-existence is usually

only =atabliaed {n thin aection! mineralized gquartz veins
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Figure 3.10 Phenocrystic monzogranite with
alteration zones from ‘fresh’
to ‘tan’ to ‘white’ to greisen

' proper. Core {s cut by later
kaolinite veinlets: note
displaced feldspar phenocryst
(arrow),

Sample 79-08-70.70

Figure 3.11 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 changes
course, following this pre-
exiatent veinlet to the top
right.

Sample 79-07-26.30
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contaln atrained quartz and are cut by parallel aggregates of
white mica. Some shears have associated quartz velns 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, crientation and

mineralogy. Feldspar and quartz phenocryats are broken down:
newly formed phyllosilicates are oriented in parﬁllel

planes.

3.3 Stratiform Mineralization

Many sulphide zones are found throughout the drill core
and consist of individual pyrrhotite blebs through to
concentrated sulphide digseminaticons in cm Ehick 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 sulphlde-rich beds
are commonly a distinctive dark blue grey and hance have been
termed ‘blue minersalized 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-araenopyrite vein.

Sample 76-07-33.3%
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Figure 3.13 Anhedral pyrrhotite diaseminated
throughout meta-wacke.

Sampla 78-26-117.54

PPL

Long axia of photograph measures 8 mm






3.3.1 Tin Barren Sulphide Zones

This type of mineralization is commbnly found as
fina-grained alongate blaba of pyrrhotite oriented parallsl
to foliation; in places they are crenulated. Rarely, layers
of almost massive sulphides (pyrrhetite, mineor chalcopyrite

and arsenopyrite) of several cm thickness occur(Fig. 3.14).

These aulphides conaiat of anhedral, granchlaatic
pyrrhotite altering to spotted and massive aggregates ofl
marcasite and pyrite (Fig. 3.15). The sulphides grow around
and include all gangue. These larger sulphide layers may in
fact represent part of the mineralized sequence, but do not

contain any cassiterite.

A number of azamplezs contaln ‘shredded-textured’
sulphides subparallel to the enclosing phylleosilicates (Fig.
3.16): this may indicate an episode of atresas after sulphide

formation, possibly metamorphic or shear related.

Varioua authors (e.g., Krauakopf,1979: Rickard,196%a,b:
Saxby,1976;: and Stanton,1972b) 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 becone
soluble in this reducing environment from 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 stratiform
pyrrhotite layer in carbonaceous
meta-argillite. Minor chalcopyrite
and arsenopyrite also occur.

Sample 77-34-233.35
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Flgure 3.15s Anhedral grains of graphic pyrite
and marcasite altered from pyrrhotite
within mineralized ’‘patches’.
Sample 78-12-93.60
Reflected light, oil imrersion.

Long axis of photograph measures 1.08 mm

Figure 3.15b Low temperature alteration of
pyrrhotite to a ’speckled’
assemblage of marcasite and
pyrite to homogenocus pyrite.
Sample 77-08-31.43
Reflected light, oil immersion.

Long axis of photograph measures 1.08 mm
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Figure 3.16 Elongate, ’‘shredded-textured’
pyrrhotite in a biotite meta-
® wacke.

Sample 77-05-74.75
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grains (Love,1969). The firat products are sof’t;, dark iron
sulphides (e.g. mackinawite, greigite) which may equilibrate
to pyrrhotite or incorporate more sulphur from bicgenic HgS
or elemental sulphur to form pyrite (Rickard,l19&9%a).
Sulphides may form in place in the organic-bearing sediments:
the mobile sulphide and metal ions may alsoc be expelled
upward during compaction and diagenesis ints porous beds to

‘combine there (Vaughan,1976).

An increase in temperature, by compaction, diagenesis
and metamorphism may lead to a decrease in sulphur content of
pyrite end subsequent conversion to pyrrhotite
(Stanton,1972a). Pyrrhotite responcis to directed pressure by
translation gliding along (0Q01> ‘crystal planes and thus
forms elongate bodies parallel to foliation. The released
sulphur from the pyrite may combine with existent {ron oxides
or hydroxides, iron carbonates or calc-ailicates to form
‘replacement’ or ’sulphidized’ iron sulphides (Rose and
Burt,1979; Gamble,1982; Love,1969; Kullerud and Yoder,1965;

Mcokerjee,19813,

Minor chalcopyrite, sphalerite and arsenopyrite found
with these pyrrhotite-rich layers may alszo have formed by the
combination of bacterial action, diagenesis and metamorphism

(Saxby,1976: Mercer,1976: Love,1969),

Rare samples contain arsenopyrite grainé. which appear

detrital (Flg. 3.17): these angular grains are disseminatead
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Figure 3.17 Diagenetic(?) arsenopyrite and
other sulphides(black) in a
coarae meta-wacke in contact with
a meta-argillite scour. Current
laminations consist of ilmenite
and zircon. Steeply dipping
lines within meta-argillite are
crenulation cleavages.

Sample 77-34-86.13
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thoughout coarser layers of meta-wackes. Closer examination
reveals arsenopyrite to be aubhedral with overgrowtha of
anhadral pyrrhotitas, minog‘vchalcopyrite and rare galena:

these softer sulphides are compressed around the arsenopyrite
and detrital gangue grains. One arsenopyrite dgrain
incorporates a detrital ilmenite lath. This evidence

suggests arsenopyrite and the cother sulphides formed in situ

after sediment deposition and before compression (regional
metamorphism?). Little work has ‘been done on arsenopyrite
(e.g. Kretschmar and Scott,1976: Barton and Skinner, 1979)
and much of that at high temperatures (>400° C) so it is not
known if this can occur. However, stratabound arsencpyrite
has been described within a sandstone layer in Late
Precambrian sediments of the East Greenland Caledonides
(Ghisler et al.,1980); euhedral crystals had grown acroas the
laminae, impiying a diagenetic to metémorphic(greenschist

faciea) origin.

3.3.2 Tin Bearing Sulphide Zones

The minerallzed ’‘patches’ are usually dark greyish green
to dark greyiash 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
maaass rich in phylloailicatea: gsaccharoldsl In the mora

paamnitlic zones:; or mottled, with light grey, white and
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Figure 3.18a Blue mineralized zone in
meta-wacke.

Sample 77-34-113.73

Figure 3.18b Two mineralized zones with
thin chloritic halces.
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Figure 3.19a Sphalerite-pyrite~chlorite
layers in quartz-carbonate
meta-wacke.

Sample 78~12-13.88

Figure 3.19Db Thin section of above sanmnple.
Elongate sphalerite and pyrite
(opaque) are intergrown with
chlorite and quartz, and are
overgrown by white mica laths.

PPL

Long axis of photograph measures 35 mnm
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orange atained bleba of carbonate, and irreqular
disseminations and veinlets of sulphides. They are thin (K1
cm) but rarely attain up to 12 cm length in drill core. The
zones are concordant with bedding, with sharp tc gradational
contacts. Sonme ‘patches’ have chlorite and white mica haloes
up to 0.5 cm width: one such sample has chlorite that,
crosscuts the foliation, implying a post-foliation

development of these mineralized layers. Their lateral
continuity is not known: areas which contain much of this
mineralization have these ‘patches’ at all stratigraphic
levels (e.g.,szee section A in Fig. 5.12). They are
pre-faulting, as is evidenced by the crosscutting and
displacement of one such 2one (Fig. 3.20); therefore they nmay

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, o the gangue mineralogy reflects the host
rock. It usually consists of tightly intergrown chlorite,
nuscovite, quartz, feldspar, and trace amounts of zircon,
rutile, sphene and ilmenite. The Lectosilicates are
granocblastic with lobate to triple point boundaries. The
minerals are commonly homogeneously intergrown, although
there are ‘patchy’ growths of: felted chlorite masses:;
chlorite and quartz:; and carbonate. Follation is defined by

parallel orientation of white mica, or vague parallel
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Figure 3.20 Blue mineralized zone displaced
by a fine veinlet, and cut by a
quartz-pyrite veinlet.

Figure 3.21 Carbonaceocus calcite layer
containing cassiterite
aggregatesiarrow).
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orientation of graphite.

Graphite occura aa <0.003 mm diaseminationa to about 0.l
mm needles and wispy aggregates, usually near chlorite. One
sample (IW-068) containa vaguely foliated and crenulated
graphite wisps and blades in a calcite matrix. It makes up

<1 to about 15 modal percent of the minerﬁlized zones. The

boundary between mineralized and barren layers ls defined, in

part, by the concentretion of graphite.

Chlorite makes up from 1 to 30 modal percent of the
2ones, and ls found aa 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 a&s chlorite; larger flakes (about 0.45 mm)

overprint the matrix.

Carbonate, in the form of calcite, alderite, dolomite or
ankerite, occurs throughout the ’‘patches’. It may form 0.06
to 0.1 mm amorphous blebs Intergrown with the matrix, or may
form subhedral, equant to tabular, lobate rhombs overprinting
the matrix. Inclusions of quartz, muscovite and cassiterite
are found. It makes up <1 to 20 (rarely up to 50) modal

percent of the zone (Fig. 3.21).

In the more psamnmitic ‘patches’ near the pluton,
biotite, tremoclite (only l‘grain observed) and epidote ar=

alao tfound. Epldote variea from rare to 25 modal percent,
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intergrown with, and overprinting the matrix.

Ceasiterite and the sulphides compriae from 1 to 30
modal percent of the mineralized zone and occur as clots of
grains and fine veinlets. The grains range up to 0.9 mm in
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 arocund, or replace the silicates and

carbonates.

Pyrite is the major sulphide and eppeara to have been
derived from pre-existing pyrrhotite; seen by remnant
pyrrhotite within the pyrite (Fig. 3.15). Pyrite iz found as
anhedral to subhedral, maasive to skeletal and graphic
textured grains with straight to embayed grain bcundaries,
following gangue bpoundaries. Other grains overprint and
replace tectoailicates, phyllﬁsilicates (along cleavage
planea) and carbonates (from the rim, inwarda): see Figure
3.22 for some examples of replacement textures. Many of the
grains are on or adjacent Lo pyrite veinlets, exhibiting a
paeternoster pattern. This sulphide is intergrown with and

replacad by minor chalcopyrite and sphalerite.

Pyrite is also found as individual or bundles of hair
vainlets, cutting or outlining silicate and carbcnate

grains.
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931

Figure 3.22 Replacement Textures In Stratiform Sulphide
Zonea. All are reflected light, oil
immrersion.

A. Detail of poikilitic pyrite(altered from
pyrrhotite) inundating cleavage planas of
a phyllosailicate, probably biotite.
LLong axia of photograph measures 0.21 mm.

B. Pyrite ‘atolls’ rimming and replacing gangue
minerals, probably carbonates. Long axis of
photograph measureas 1.08 mmnm.

C. Detail of partial pyrite replfacement of a
gangue dgrain. Long axias of photograph
neasuresg 1.08 mn.

D. Detail of ﬁartlal pyrite replacement of a
phyllosilicate along cleavage planes. Long
axis of photograph measures 0.21 mm.






Pyrrhotite varies from less than 1 modal percent in thé
tin-bearing zones, up to about 40 modal percent in the
tin-poor layera. It occura aa anhedral, embayed, polygonal
granular and polkilitic graina. This aulphide ié intergrown
with casgsiterite 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 (l1-2
modal percent), but can attain up to 60 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 pyrrhotitevpartially
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 isa a minor sulphide, ranging up to about 1
modal percent. It is associated with pyrite and sphalerite
grains. It is grown arcund, and may replace pyrite,

pyrrhotite and aphalerite.

Arsenopyrite is rare, occurring as sub- to euhedral

graings surrounded by pyrrhotite.

Cassitarite will ba deacribed in detail in the naxt

section, but generally is rare (K1 modal percent), and is
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closely asscociated with the sulphides. It overprints the
matrix, and incorporates pyrite, graphite and the

phyllosilicates.

A few of these nmineralized ‘patches’ have an adjacent
halo of tightly intergrown chlorite and white nmica with trace
amounts of pyrite, pyrrhotite, chalcopyrite and

arsenopyrite.

3.4 Casaiterite - Description

Cassiterite is found in a variety of mineral
associations and crystal habita. 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 oE' the habits and associations of

cassgiterite is found in Table 3.3.

3.4.1 Stratiform Association

Cagsiterite occurs as 0.01 to 0.3 mm sized equant
subangular to subrounded grains: several are subhedral
(square combination prisms) and have simple twir_zs. The
grains are commonly sharply zoned, although the zoning is not
always symnmetrical: aeveral grains have raggéd or brokan

edges, which may imply a possible detrital origin (Fig.
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3.23). One zoned caaalterite grain haa a rounded core, a

possible relict from an earlier origin (Fig. 3.24).

The graina have a variegated brown coloratbtion, =ither
asaociated with zoning, or completely random. The core is
usually dark brown, lightening outward. Approximétely

one-half of the grains have colourless ragged rims of

cassgiterite (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. T}xe unit consists of
two layers of white mica, chlorite, quartz, minor rutile,
graphite and rare chalcopyrite. The aggregates parallel the
layering: in one place cassiterite appears to bé in a
microscour (Fig. 3.26)., Caasiterite hasa alsoc besen noted
within crossbeds of a Goldenville Formation meta-wacke (A.K.

Chatterjee, pers. comnmn.,1983).

3.4.2 Stratiform Sulphide Association

Thia type of association is more common, and occurs in
the blue to dark green pelitic ‘patches’., Cassiterite occurs
in two habita: subequant anhedral grains and the more common
botryoidal clusters of grains (the sc-called ‘wood-tin’). The
anhedral grains are 0.01 to 0.5 mm in size, of irregular

ahape with rounded to aesrrats adgses. Theay are dark brown in
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Figure 3.23

Figure 3.24

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

Sample 78-11-112.4(IW-056)

PPL

Long axias of photograph measures 1l.44 mm

Zoned euhedral cassiterite with
round core. Part of detrital
aggregate of cassiteritae,
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 overgreowth.

Sample 78-11-112.4
PPL

Long axis of photograph measures 0.39
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Figure 3.26 Detrital cassiterite in a
gilkstone scour. Opaques in
lower laver are ilmenite.
Sample 78-11-112.4
PPL

Long axis of photograph ~ 6.25

135

mm






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

turbid.

Cassiterite is closely associated with sulphides
(pyrite, pyrrhotite, chalcopyrite and sphalerite), ilmenite,
rutile, zirceon and chlorite. It occasioneally partially to
completely encloses the sulphides, ilmenite and chlorite.

" Rarely, it is found without sulphides, within a quartz-

biotite~clinczoigsite meta-silitstone (Fig. 3.27).

Botryoidal caaaiterite occurs aa {rregular-shaped,
rounded or slightly prigsmatic clusters of grains from 0.003
to 0.2 mm in size, and is dark brown. They usually occur
within a groundmass of chlorite and white mica, with or
without carbonate, either alone or adjacent the sulphides
mnentioned previocusly. They occasionally encloge pyrite,

chlorite and white nica, and overprint the groundmass.

Both habits in this association usually comprise less
than 1 modal percent in the ‘patches’, but can attain a

maximum of 5 modal percent.

3.4.3 Stratiform Calcarecus Sulphide Association

This is an uncommon association, observed in only two
thin sections. Cassiterite occurs as 0.05 to 0.1 mm euhedral
tetragonal prismatic crystals. They have a variegated

coloration: neutral to light brown, with darker brown along
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Figure 3.27 Granular cassiterite in biotikte-
quartz-clinozoisite meta-wacke.

PPL

Long axis of phoctograph measures 0.84 mm

138






cryatal edges and microfracturea.

In one thin =zection crystal aggregabtes occur in a
layered graphitic, micaceous calcite-sulphide ’‘patch’ (Fig.
3.282a). The other thin section hosts cassiterite crystals in
a linear distribution (boundary layer?) between two

calcareocus siltstone layers. This type of cassiterite

comprises about 1 modal percent of the thin section.

The accompanying sulphides include up to 10 modal
percent of 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 Assasociation in the Metasedimenta

Three habitas of caaaiterite are diaplayed within and
adjacent to the veinletzs of
quartz-carbonate-sulphides(pyrite, pyrrhotite, chalcopyrite,
+ galena, arsenopyrite, sphalerite). Most cassiterite in the

study area iz found with this association.

i. Subhedral to anhedral equant crysatals{(agquare priams) up
to 1.0 mm in size occur either alone or adjacent to the
aulphides in veinlets. They commonly have diffuse colour
sonation, defined by a gradual colour cl;xange from dark
brown in the core to colourless in the rim; few have
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Figure 3.28a Adggregate of priamatic casait-
erite in carbonacecuz calcite-
rich layer(lwW-068).

PPL

Long axis of photograph measures 3.23 mm

Figure 3.28b Pyrrhotikte intergrown with
cassgiterite in IW-068. Darker
hued patches are remnants of
graphite coating.

Reflected light.

Long axis of photograph measures 0.54 nmnm

141







oacillatory zoning (Fig. 3.29). Dark to light brown

variegated coloration also exiats in other crystals.

ii. Pale to dark brown botryoidal casaiterite up to 0.25
mm in size is disseminated throughout the green
chloritic halo surrounding the sgulphide veinlets
(Fig. 3.30). It is intergrown with chlorite, muscovite,
ilmenite and zircon, and occasionally incorporates

ilmenite.

iii. Radlial clusters of orange brown Eo dark brown acicular
cassiterite up to 1.25 mm in diameter occur in the
veinlets aajacent to late stage carbonate (Fig. 3.31).
They form whole or partial gpherules and contain
variable amounts of inclusions, notably ilmenite,
with minor pyrite, pyrrhotite and chalcecpyrite.

Some form acicular druses con pyrite and pyrrhotite.

3.4.95 Grelaen Association

Cassaiterite rarely occura in this asasociation. It ls
found as light to dark brown, equant, saub- to anhadral
crystals up to 0.25 mm in size., It is intergrown with
quartz, white mica, fluorite, z pyrite, pyrrhotite,
chalcopyrite. One crystal occurs within a fluorite grain in
a greiseh zone (Fig. 3.32) and one is found within a greisen

veinlet.



Figure 3.29 Subhedral zoned vein cassiterite.
PPL

Long axis of photograph measures 0.84 mm

Figure 3.20 Botryoidal cassiterite in
chlorite alteration halo
adjacent sulphide-~cassiterite
vein.

PPL

Long axis of photograph measurass 0.39 mm
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Figure 3.3la Late stage spherulitic vein
cassiterite.

PPL

Long axis of photograph meagures 2 mn

Figure 3.31b Late stage acicular vein
cassaiterite grown around
pyrite.

PPL

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

Long axis of photograph measures 2 mm
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3.9 Cassiterite - Tamperature of Formabion

Studiea of the formation of casaiterite have ahown it to
form in the range of ahproximately 150%600° C (Taylor,1979%a:
Pan and Ypma,l974: Shneider,1937). The crystal forms of
cassiterite can be related to its temperature of formation
(Miyahisa,1968; Shneider,1937) and are not influenced by
trace element contents (although trace element substitution

+
of Sn4can change the cell volume: Taylor,1979a).

Cgagiterite belonga to the tetragonal cryatal ayatem and
the ditetragonal dipyramidal class. Itk occurs in a variety
of forms, including combinations of prisms, with pyfamids,
dipyramids without prisms, acicular fibers and botryoidal

grains (‘wood’tin’) (Berry and Mason,1959; Taylor,197%a)d.

In any glven depoait, caeagiterite characteriatically
occurs in more than one gener'at.ion, and in more than one
habit, and this diversity serves to assign the nminimum
relative temperatures of cassiterite formation (Tayleor,1979a:

Hosking, 1979),

Shneider (1937) and Miyshisa (1968) have meaaured
caaaiterite from different depoaits 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 labits and Related Temperatures of Formation

: at least 150°C

sulphide associatrion

Late stage spherulites
in sulphide veins

)
Habit 1,2 Temperature1 and Cell Parameter52 Hablts in Study
Environment of Formatlon a < Area
Obtusely bipyramidal > u00°C - - Equant grains
or octahedral (short in stratiform
¢ axls) with a col- assoclation
umnar bipyramidal
subtype ?Subequant grains
in stratiform
Cffffj Tabular > 500°C - _ sulphide assoc~-
iation?
“"Isometric" 500°¢ 4.736-  3.187-
(ictalice this author) High temperature type 4.739 3.190 J
Acutely bi- or 450°¢ 4.738-  3.184-
monopyramidal Meso-xenothermal type 4.742 3.187
Columnar-prismatic < 450°C 4,738~  3.186- Square prisms in
(includes acicular) Bolivian volcanic type 4.741 3.190 stratiform calcareous

Botryoidal, colloform,
globular, oolitic

Botryoids in chloritic
haloes adjacent vein
and in stratiform
sulphide association

1. Shneider,

1937

2. Miyahisa, 1968

N.B. S bneider reports that at high temperatures,
temperature.

the c-axis {s compressed and len
This is roughly true, although data from Mi
from Goncharov and Filatov (1972) roughly Indlcate an
depth (due to temperature or pressure?).

gthens with decreasing
vahlsa show that a alsoc increases. Data
increase In hoth a and ¢ axis lengths with



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,197%a; Hosking,1979; Lufkin,1977; Pan and
Ypma,1974; Lebedev,1967: Roedder,1968), Eloccuiating in zones
of rapid chemical change, such as in wall rocks adjacent

veins (Doucet, quoted in Taylor,1879%a).

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: detrital,

vein and replacement.
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3.6.1 Detrital

The anhedral, equant graina which occur within the
pelitic layera have aeveral featurea which aerve to

characterize thelr dekrital nature.

1. In the one sample (IW-0356), aggregates of casaaiterite

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

layer is a possible scour infill (Fig. 3.26).

2. Many grains in this sample have sharp growﬁh 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 salight fracturing of the
cgssiterite with development of brown coloration along the

fractures.

One zoned grsain has a rounded core (Fig. 3.24), a
possible nucleus around which subsequent layers grew. Such
zoning is indicative of relatively free growth into
fluid-fllled apacea with alight changes in the
phyaico-chemnical environment (Cralg and Vaughan,l1981:
Ramdohr,1980:). The equant habit is indicative of high
temperature formation, which could not have occurred under

conditions of low grade greenachlst facles metamorphism.

3. The caaalterite gralna are not aasociated with any

aulphldesa usually found in the stratiform sulphide
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asaociation: there is no evidence of alteration of
surrounding host minerals as in all the other associations.
There is a slight wrapping of phyilosilicates around the
cassiterite, suggesting the grains had existed before or

during regional metamorphism (Spry,1969).

Thia type of ceasiterite 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) hgve suggested that the sediments of the Meguma
Group were derived from a deeply eroded, cratonic terrain,
later sorted on a continental shelf and alluvial plain, and
then transported by turbidity currents down submarine
channels. 1t 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 channelsa, in ascours or on the abysseal plain.

There is no cassiterite in the only ot.per scour infill
(Fig. 3.17>. This may be because of the scarcity of
casgiterite 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 lts dissolution by intrastratal
aolution in the more permeable wackes during diagenesis

(Blatt and Sutherland,1969; Blatt et al.,1980>. Although
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detrital cassiterite grains do have ragged edges (Fig. 3.23),
the associated ilmenite and zircon (which theoretically

ahould be corroded) do not.

It ia beyond the acope of the preaent atudy to do more

than gpeculate on the posalble origina of detrital
cagsiterite. Schenk (1973) and Harrias and Schenk (19%5).have
suggested that the source continent consisted of
metasedimentary or meta-igneocus naterial of Precambrian age,
possibly the present Seaharan Shield in northwestern Africa or
even a Precambrian shield Iin northwestern South America.
Although satratiform copper, manganese, lead, zinc and uranium
mineralization occur in clastic and chemiczal sedimentary
rocks of the ’‘Infracambrian superieur’ of Morroco, no
Precambrian tin occurrencess have been documented by Michard
(1976). Minor tin mineralization in quartz veins occurs in

the Morrocan Hercynian Qulmés granite of El Karit in the
Meseta with aplites, pegmatites and rare lamprophyres. Minor
tin is associated with quartz veins and pegmatites of the
Precambrian metamorphic shield of northeastern South America
in Brazil: Lower Paleozecic tin deposgits are documented in
northwestern South America in Bolivia (Taylor,19879a). These
tin occurrences may have either been tco young to have been
the source of the Meguma detrital cassiterite, or may have
been too far removed apatially at the time of erosion
(Strong,1980;: Harris and Schenk,1975), although other

realatant minerala auch as diamonda have been known to travel
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by fluvial and marine processes hundreds of Rilometers from

their primary source (Sutherland, 1982).

3.6.2 Maln Stage Vein Geneais

The transportation and deposition of tin in vein aystems
have been subjsct to much study and experimentation (e.g.
Smith, 1947: Shcherba,l1970; Cuff in Taylor,l1979%9a) and the

reéder is referred to these authors for further details.

Because of the amphoteric nature of stannic oxide
(Smith, 1947), it is socluble as both alkall 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 of solutions played
roles in the transportation of tin in veins in both the

pluton and the metasediments.

Tin can form a variety of complexes in aquecus
solutions: those commonly described in the literature are

presented here.

Acid aqueous solutions - tin scoluble as simple ions(sn%™)
(Smith,1947).

- chloride, fluoride and hydroxide
complexes of divalent tin under
conditions of acid pH(K7) and low oxygen
fugacity(< gtz-feld-musc buffer)
(Taylor,1979a; Patterson et al.,1981).
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Alkaline agqusoua aoclutiona - if a high concentration of aulphids
ions exist, tin is soluble as an alkalil
stannic sulphide complex(SnSg%™)
(Smith,1947).

-alkali complexes of tetravalent tin,
auch as Na g (Sn(OH) g )J,
Na 9 (Sn(F)g ) and
Na g (Sn(QH,F)g) in neutral to
alkaline solutions (Taylor,1979%9a).
—hydroxy-fluorostannate(Sn4*)
complexes of the type
(Na,K) g [Sn(OH)x Fg.xl at
pH 6-11.75 (Taylor,197%a)

Changes in the ambient physico-chemical conditicona (e.qg.

P, T, pH, £09) lead to the destruction of the complex and

deposition of tin as cassiterite, either directly or as a

hydroxide, Sn(OH)4which then dshydrates to SnOg.

A poasaible model for the tranaportation and depoaiticon

of tin in the atudy area is presented.

3.6.2.1 Greligsen Veins

According to Shcherba (1970), greisenization involves
the high temperature (3002500° ©) alteration of rocks by acid
aqueocus (z vapour) solutions, the residual fluids of a
crysatallizing granitic intrusion. These fluide are rich in
water, silica and such volatiles as F, Cl, S, and C: the
concentratlion of F being much lower than that of HgO, COgand
Cl (Bailey.,1977). They alao contain Al, K, Na and Ca. Metals

which commonly occur in these flulds are! Sn, Li, W, Mo, B,
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Fe, Mg, Cu, Pb, Zn and Aa, and are transported ag halogen
complexes. Salinities, measured in fluid inclusions from
greisen deposits range up to about 10 wt. % NaCl equivalent
(Charcy and Weisbrod,1974: Kelley and Rye,1979:

Taylor,197%a).

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 mégmatic
feldspars to secondary albite or microcling or both is
repoi‘ted to occur (Shcherba,l970: Tavlor,1979%9a). 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 flucuating An content. Taylor (1357Ga)
cites from the literature several causes for this diverse

feldspar composition:

1. Removal of anorthite component from primary

plagioclase. by alkaline
solutions
2. Addition of Nag0 and removal of (Erom residual
K90 from potassium feldspar. ' fluids?)

3. Albite already primary magmatic.
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Table 3.4 Major Mineral and Element Changes During Greisenization

(K20-Aly03 65107 ) + 2A1503+ 4(F,0H) ——= [K;0-3A1,05 6510, -4(F,0H)}

K- feldspar Muscovite

[Ca0-Aly03 -Siy0g 1+ 2HF —— [CaF, ] +Al,04 + 250,

An component of plag Fluorite

[KZO-G(Mg,Fe)O-Al203-65i02-4(0H,F)]+ 2Al203 -————>[K20-3A1203 -BSioz'L(OH,F)]'I‘B(Mg.Fe)
Biotite Muscovite

Biotite ——=Chlorite4-Magnetite —=Muscovite+Pyrite J

[imenite——=> Rutile + Pyrite

Elements brought to greisen zone-Sn W Li Mo Be Cu Pb Zn As Bi REE’s Ta NbP ThZr
‘ -SiF CI B Hy0 S €O,

Elements removed from wallrock - Ca Mg Al(in part) Na

Elements redistributed -K Al Fe Ti

From Mulligan,1975; Shcherba,1970



According to these' authors, feldespar alteration can be
both pervasive and locallized, of irregular geometry, and may
occur repeatedly, before and after greisenization, aa the
physico-chenical conditions of the fluid changes with time
and loe_.'at.ion within the pluton. Shcherba (13970) gxplains
that microclinization occurs by conversion of orthoclase to
K-anorthoclase to twinned microcline, but .not how it happens
(possible conversion of monoclinic potassium feldspar to a
lower temperature triclinic system during final stages of
cooling of the pluton?). J. Logothetis (pers. comm., 1983)
suggests that rea.djustments in major element contents by
greisenizing solutions may cause albitization 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 eplasode and not by a prior ‘alkaline
atage feldspathization’ episode described by Shcherba (1970).
Localized alteration occurs adjacent later shears, mafic

dykes and along weathered fractures.

Freah unaltered monzogranite cecnaista of guartz,
slightly serlcitized plagioclase and microcli’ne, with
accesgory biotite containing inclusions of apatite, zircon
and ilmenite (Fig. 3.33). In the early stages of

greisenization, biotite flakes alter to chlorite(s

vermiculite?: poaaibly * potaaalum feldapar x epidote? (J.
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Logothetlis, pers. c<¢omnm.,1983)) and magnetite (+ iron
hydroxide?) aggregates, appearing rusty brown or tan in hand
apecimnen. This is the indicator material of the ‘tan
alteration zone’. Ilmenite aiters to anata_se: apatite and
zircon appear unaffected. Microcline shows slightly grester
sericitization and begins to take on a turbid appearance due
to a myriad of extremely fine (K0.001 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 grelsenization continues, the chlorite breasks down
into a light rust-brown hydrous phyllosilicate (vermiculite
with iron hydroxide staining?; Craw,1981: Kodama et al.,1982:
or epidote graina with subsequent alteration to carbonate?:
J. Logothetis, pers. comm.,1983). Plagioclase continues to
alter to white nmica (possibly lithium-bearing) and carb_orxate.
while microcline becomes more bturbid with diffuse grid-iron
twinning. The hand specimen now appears a homogeneous nmilky
white (‘white alteration zone’) with pinkish-grey quartz

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

In the greisen proper, both teldapars are destroyed, aa
is the vermiculite(?), pocssibly due to its instability at
temperatures over 300°C (Deer et al.,1974). The zone
consists primarily of white mica and gquartz, with common to

abundant fluorite, rare casaiterite and aulphldes.
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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: blotite flakes
are clear and include apatite,
zircon and ilmenite. The
aurrounding feldspars are
alightly sericitized.

‘Tan alteration zone’:; biotite

flake has altered to a chlorite-
vermiculite(?) aggregate contain-
ing iron and titanium oxides
(ilmenite teo anatase). Microcline
becomes turbid; plagioclase remains
clear.

‘White alteration zone’; biotite
flakes completely alter to oxide

"and vermiculite(?) aasemblagesa.

Microcline becomes more turbid:
grain boundaries become diffuse.
Plagioclase remaing clear but
becomes sericitized.
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Grelzenization begina with acid leaching of the granitic
wallrock. The acid fluids may either be ‘primary’ residual
solutiona cof a crystallizing granitic intrusion or may result
from the breskdown of alkaline Eluid;: a rapid decrease in P
or T or both destroys complexes, thereby freeing halogens and
causing.the pH to decrease (Shcherba.,l1970). 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 gubstitute 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 may either precipitate as
cassiterite or recombine to form other complexes. The close
association of cassiterite and sulphides with fluorite (Fig.
3.32) suggests that fluorine probably aided in metal
transport. Evidence for transport of tin 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 subhedral egquant habit of
cassiterite suggests it precipitated at a relatively high

temperature (2450°C?) (Shneider,1937).

Removal of F also decreases the activity of the fluids,
and this, in combination with the addition of alkali metals
trom the lmached silicates, causss the fluida to becoms nors
alkaline (Shcherba,l1970: Tiachendorf,1973).
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The paucity of caaaiterite within the greisena of the
study area suggests either a low initial concentration of tin
in the residual fluids, or the persistance of tin in solution
by complexing with alkali metais (+ sulphide ions) introduced
by greisenization. The greisen zones in the pluton are
rather narrow (on the order of cm) and usually in sharp
contact with fresh or incompletely altered monzogranite.

This implies relatively rapid equilibration (neutralization)

of acid fluids with the wallrock, removing large amounts of
alkalies from the gilicate 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 alkalli metals and remain
in sclution (now alkaline) instead of precipitating as
cassiterite. [t 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.,1981).

3.6.2.2 Metasediment Veina

Thease alkaline fluids may enter the metasedimentsa via
fracture systems and react with the wallrock. Hetals may be
carried in such alkali complexes as:

(K.Na)g(Metalgy(CO3)(OH,F,CL)p] or (K,Na) [MetallF,Cl)1]
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(Bhoherba,1970), and, if eriough sulphide lona ars available,
as alkali-metal-sulphide complexes (Smith,1947:
Stanton,l1972a: Barnes,1979). Shcherba (1970) and othera
believe that aince Cl is more mobile than F, it is eble to
travel beyond the greilsen in aolution and ia £here£ore 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 of 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 valués were below the detection

limit of S50 ppnm.

Changes In the physico-chemical conditicns (e.g.
decrease in P, T and pH, dilution of fluids, increase in the
fugacity of oxygen) can result in destruction of the
complexes and precipitation of metals and gangue minerals
(Barnes,19879). Depositiog of metal sulphides(in this case
mainly pyrrhotite, pyrite and chalcopyrite) decreases the
sulphide ion content of the alkali-thio-metal complex,
leading to precipitation of tin as caasiterite with the
aulphidea. The subhedral, equant habit of this type of
cassiterite may indicate a relatively high temperature of
formation CzdSDOC??) (Shneider, 1937). Fluid incluaicn

atudlea, however, polnt to lower formation temperaturea (~350°
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C) of cassiterite-sulphide veins (Jackson et al.,1979).
Carbonate and later acicular casaiterite 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,1937). 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 fér 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
considered a late-stage, low-temperature (at least 150°C;
Shneider, 1937) tin oxide, formed by rapid nucleation of

saturated solutions (Taylor,1979a).

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: flulds 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 atratiform
minaralization ia the mode of ilta formation. Two achoola of
thought exist on this lssue: ﬁhis type of mineralization
forma azs a result of ayngenetic or diagenetic processes: or,
it EoEms aa a result of eplgenetic processes, in this case by

replacement. This section will deal with these two genetic.

models in termgs of formation of the skratiform zones.

To determine the posaible origin of theae ‘patcheas’, a
number of questions must be answered, namely:

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

2. Where is tin deposited (unconsolidated aedimenta, sediment-

seawater interface, consolidated sediments)?

3. Under what conditiona is tin deposited and does thia

process noticeably affect the surrounding hosgt?

4. If the tin ia indeed an early precipitate l.e., aynsedi-
mentary or diagenetic) will it and its associated host

rock be affected by subsequent metamorphic events?

An attempt wiil be made to qualitatively answer these

questions for each genetic interpretation.
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3.6.3.1 Synsedimentary / Diageretic Origin

In this model, tin la somehow mobilized from
pre-exiating 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 of 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,1978).

Mobilization of tin may prove difficult. If it is
adsorbed onto particles or forms organo-metallic‘ complexes,
compaction and resultant dewatering cf 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 dissolved by intrastratal
golution (Blatt and Sutherland,1969). This may have occurred
with caasiterite, but evidence for this is poor - only one
sample conktains detrital cassiterite, and it occurs within a
pelitic layer (detritus in less permeable shales may not be
subject to this process; Blatt and Sutherland,1969). The
cassgiterite 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 exhiﬁits no demonstrable corroded edges,

even within coarser (and thus more permeable) psamnmitic
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layera. Mobilization of tin by diaaolution le therefore not

considered likely.

If, for the aake of argument, corrosaion did take placs,
what conditions are necessary for this process? MNost studies
(see Cuff, in Tayler,1979a) deal with formation of
cagsiterite at high temperatures 250°C) and under various
chemical conditions. Diagenesis is thought to take place at
temperatures ranging from several degrees below OOC to about
2502300°C (Hanor,1979). Smith (1947) determined that
cassiterite was stable in, and crystallized from, sodium
atannate(dV) solutions from room temperature up to at least
450°C. Barsukov and Kuril’chikova (quoted in Taylor,197%a)
reported that tin can be transported as
hydroxy-fluorostannate complex’es in the temperature range of
252400°C and pH range of 6-11.75. Patteraon et al. (1981)
calculated from thermodynamic data, dissociation equilibrium
constants of divalent tin complexes of 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 posaible 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, casaiterite ls insocluble.
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Can sedimentary formation water dissolve caasiterite?
Various authors (e.g., Blatt et al.,198C; Mcokerjee,1981;
Pettijohn et al.,1972; Hanor,1979: Bischoff et al.,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
semni~ permeable membranes and, driven by pressure
differentials wit:.h depth, can effectively ’‘salt sieve’,
leaving certain ions behind in the pore fluid. Increase in
galinity 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, COgand metal concentrations
within interstitial water increase by dissclution of various
mineral species. The chlorinity of sandstone porewater
increases; shale pore water is dominated by HCOgand S04ions
(Hanor,1979). 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 2l1.,1980). Seawater sulphate is

reduced to bisulphide ions by bacterial action.

Compaction of shales at ashallow depths (0 to 100 m)
results in the expulsion of 75 percent of their pore water:

sandstone requires burial to about 3 km before this amount of
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fluid is expelled. This compaction would displace shallower
waters out of the basin and not produce hot saline brines
(Hanor,1$79). It is necessary for the fluid to remain at
depth to heat up and react with coexisting a=dimenta to form
a brine capable of mobilizing and transporting metals. Large
amounts of fluid within rapidly deposited turbidites may be
trapped by overlying shale units of low permeability. As -
subsequent layers are deposited, the increased weight causes
deeper fluids to be 'overp;essured. Growth or block faulting
provides a meana of rapild egress (Morganti,1981); fluids may
alsoc migrate through more permeable strata laterally Lo a

fault zone or angular unccnformity (Cathles,1981).

Studies by Bischoff and others (1981) indicate hot
brines (2000-350°C; 500 bars) are capable of leaching metals
from greywackes with little change in bulk rock composition.
Long and Angino (1982) found that low temperature (25290° <,
low pressure (K400 atm) fluids ares capable of leaching metals
from shales. In both studies, incrsase of temperature or
ionic strength of the fluid, or both effectively increases
the leaching capability of the fluids. At low temperatures
(25°C> tin is more chemically active than iron in a system
with iron in excess (Krauskopf,l1979) and so it is possaible
cassiterite may be leached in addition to iron and other base

metals during reaction with low temperature brines.

The brinss move rapldly up the fault conduibts and cool:
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they may mix with shallower formation wabters or may even
reach the sediment-seafloor interface before minerals
precipitate. In the study by Bischoff and others (1981),
metal-Cl complexes within high temperature brines (350°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,

but at a lesser magnitude; at temperatures less than 200°C,
few sulphides coexist with metals unless the £fluid has a low
pH (K7) (White.,1981). Gross sclution 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, HgS and metals (including tin) and

depleted in Mg and sulphate (Edmond,1982).

Stratabound tin deposits have been documented throughout
the world (e.g., Mulligan,l1975; Lehmann and Schneider,1981),
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

atratabound, stratiform tin depoalts are of exhalative
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origin, one of the reasonsa being the close association of cre
within submarine mafic volcanics. Thia idea has been
disputed by Solomon (1980) and Patterson (1981,1982), who
believe these deposits are of replacement type. Plimer
(1980) describes a ’‘typical’ stratiform submarine exhalative
tin deposit as consisting of extr:'emely fine casnsiterite

(<0.001 mm) associated with pyrrhotite * carbonate or

quartz-tourmaline rocks within & thick deep waker sequence of
pelites, carbonates, calc-silicates, cherts and mafic
volcanics. Thermal energy, supplied by the volcanics, was
sufficient for 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 deplet;ion, whereas
Mn is enriched in the sediments surrounding the deposit, all

due to fluid-sediment interaction.

Stratiform tin-bearing deposits not aaacociated with
velcanic lithologies\are lesa common, or are not recognized
as such. The Sulliven Mine of British Columbia is a
polymetallic base metal sulphide deposit within argillaceocus
meta-siltstones and quartziteas. Cassiterite occurs near the
outer edge of the orebody’s pyrrhotite core. Mineralization
cccurred at the sediment-seawater interface, where
hydrothermal brines were expelled from feeder con;:luits.
Continued activity caused tournmallinlzation of footwall rocka

and albitization of hanging wall rocka: the feeder zone
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itaelf asuffered chloritic salteration.

Subsequent low grade regional metamorphism may readjuat
mineral assemblages in several ways in addition to general
coarsening of grains and ‘Eorm.ation of ’‘typical’ metamorphic
mineral suites; this has been described in detail by
Mookherjee (1981). The ilsograd of pyrike 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 of material (except COg
and Ho0) across lithological boundaries is restricted to.the
higher metamorphic grades. Cassiterite is not affected by
low gfade metamorphism (Plimer,1980). Non-sulphide
metal-bearing zones may be transformed into lavers containing
distinctive mineral species, e.g., Mn-carbonate-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 Lo the mineralized zones in the study
area meetsa with a number of difficulties:

l. Scarcity of cassiterite (only one sample obtained) exhi-

biting unequivccal solution textures, plus no evidence of

175



aolution of other minerals in supposedly once permeable
psannitic layera. As cassaiterite 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 fold hinge,
which acts as a locus for atructural weakness and can
therefore act as a conduit for epligenetic E{uids.
Similar favourable layers{(containing carbonate, calc-
gsilicate nodules) far from this hinge(l00’s of m) do
not show this type of mineralization, implying its
structural control. Limited atudy of 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(Plimer,1980; Hutchinson,1979,
1980,1982) to the effect that existence of & granitic

body does not preclude a pricr synsedimentary origin.

5. No volmanics within the ssdimsntary sequence which would
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have added thermal energy to drive the hydrothgrmal brine
syatem, Evolution of a sedimentary basin with no additional
heat source may not have besen encugh to provide the necess-
ary temperatures(>200°C) for metal mobilization and |

tEransport (White,1981).

Existence of a chloritic alteration halo adjacent a
mineralized zone in which chlorite and white mica
needles crosscut pre-existent Eoliatiém, therefore

inplying a post-metamorphic event.

Sulphide 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 suiphide
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 Eplgenetic Origin

In contrast to a syngenetic origin, these mineralized

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

fluids with chemically reactive host rocka. 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-allicate minerala.

Skarn formation haa been recently deacribed by Elnaudi
and others (1981) and Rose and Burt (1979) and the reader is
referred Lo these worka for further information. Detalled
deacription and interpretation of tin-bearing skarns have
only been published in the past few decades (e.g.,Patterson
and Solomon,1981; Lehmann and Schneider,1981; Dobson,1982;
Nekrasov, 1971: Shcherba,1970; El Sharkawi and
Dearmann,1966)., The findings of these authors will be used to
discuss the formation of tin-bearing skarns in relation to

the stratiform mineralization of the study area.

According to Einaudi and others (1981), the_re are three
main stages in the genesis of a skarn deposit:

l. 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,

unmineralized calcium aluminum silicate layers.

2. Metescomatism of calcareous country rock by reaction with
high temperature (4002650° C) magmatic hydrothermal fluids
along permeable zones (e.g. beds along stock and fault
bpundaries; sedimentary contacts). This produces an
’igneocus metasomatic skarn’ and can affect up to hundreds

of mebtres of hoat rock. The skarn may be conformable or
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crosscut bedding. The resultant calc-silicate mineralogy
depends on both the protolith and the fluid chemistry.
Sulphide mineralization is minor at this stage of skarn
development (usually pyrrhotite, bornite, chalcopyrite

and sphfalerite). Metasomatism may also occur locally
(‘reaction skarn’) on the order of mm to several metrss,
and is concordant with bedding. It is due to reaction
between chemically incompatible layeré (e.g. limestone

and shale) in moderate to high grade metamorphic terrains.

Ore is noct usually found in this type of skarn.

3. Low temperature alteration and sulphide deposition. Early
formed hornfels: and skarn(containing metals in silicate and
carbonate crystal structures) are subject to hydrous
alteration by lower temperature (300::_4500 C) mixed fluids of
magmnatic and meteoric origins. Alteration patterns are
influenced by lozal structure, and usually crosscut earlier
skarns. Calc-silicate minerals are leached of their calciunm,
and are replaced by silicate-carbonate-oxide-sulphide
assemblages.‘Neutralization of hydrothermal fluids by
carbonate host rocks, decreasing temperakbure and
increasing Eh cause sulphides to precipitate, replacing

earlier mineralis. -

_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

179



calc-silicate, sulphide or aluminoborosilicate (e.g. garnet,
axinite, idocrase or epidotﬁe), possibly substituting for iron

in the mineral atructure.

Several typea of tin-bearing skarna hava bsen dascribed
(Einaudi et al.,1981; Nekrasov,1971) - magnesian skarns,
calecic skarns, and replacement deposits. Their mineral
compogitions and stages of nineralization are a reflection of
the changing physico-chemical conditions of the fluid (Eh,
pH, T, activities of S, F, B, £0g, £C0g) 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 cassiterite or
atannite In aasociatlon with chlorite, carbonate, quartz and
sulphides. The depositional sequence of tin and sulphide
minerals is similar to that of cassiterite-sulphide vein
deposits (Nekrasov,1971). Cassiterite, chlorite 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 contrasat to this step by atep development of contact
metasomat;ism, reaction and magmatic hydrothermal metasomatism
(skarn) and retrograde alteration with ore deposition, there

is another way in which to form stratiform tin deposits.

180



Contact metamorphic calcarecus lithologies are replaced by
relatively low temperature hydrothermal fluids from
intrusions; there is no intermediate skarn formation (Einaudi
et al.,1981). Oxides (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 (Einaudi{ et al.,1981).

The Renison Bell caasiterite-sulphide deposit in

Tasmania is considered a carbonate replacement type
(Taylor,1979b; Patterson et al.,1981; Einaudi et al.,1981).

Dolomite beds were replaced at about 350°C at low fO ¢~ 1531'5

atm; probably controlled by COg-CHgreaction), low £Sg(104-10%22
atm) and low pH (3.9-5.4). Tin was transported as a divalent
chloride complex. Dolomite replac‘ement 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. Lavyers of
pyrrhotite parallel to bedding may represent original

carbonate-rich lavers in the siliceous sediments (Patterson

et al.,1981).

Comparison of the blue ‘patch’ mineralogy (msection

3.3.2) with the above descriptions shows this type of
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mineralization to be of the lower temperature replacement
origin. There are none of high temperature calc-silicate
minerals (e.g. calcium pyroxene, amphibole, garnet)
indicative of skarn formation. Cassiterite and sulphides
appear to have replaced original carbonates within thin
calcarecus layers. Carbonate and phyllosilicates are 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 lithogeochemiatry section) and formed restricted

chlorite and muscovite haloes.

The layéred aphalerite 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
(Elnaudi et al., 1981) - zinc may remain in gclution over a
greater range of conditions, and thus be precipitated far

from its aource, either in veins or in replacement layers.

According to A.H. Clark (pera. comm. 1983), these blue
‘patches’ resemble the replacement tin-bearing ‘carbonas’ of

Cornwall,
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CHAPTER 4

GENERALIZED MODEL OF TIN GENESIS

4.1 Introduction

The tin proapect of the atudy area conprises a variety
of styles of cassiterite mineralization. Detailed
description of these styles, as presented in this thesis,
suggests both a syngenetic and an epigenetic origini: 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 HMagna

Casaiterite and other claatics were eroded from a
low-lying continental mass (Schenk,1975). Because of its
zoned, equigranular habit, cassiterite probably derived from
a relatively high-temperature source: possibly from
Precambrian tin-bearing veins. Cassiterite was deposited

within scours and crossbeds.

Partial melting of theae caasaliterite-bearing

carbonacecus turbidites may lead to a melt of low oxygen
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fugacity (below the quartz-magnetite-favyalite buffer)
(Lehmann,1982) and low SUOgfugacity (Burnham and Ohmoto,1980).
In such a magma, tin may exist in its divalent state rather
than its tetravalent state (Lehmann, 1982). This is a
possible analogue of the reduction of iron by hydrolysis in a
felsic melt (Burnham, 1979) where.

172 Hg + 027+ Fe3* ¢---=> OH~ + Fe?*

Hg + 2(027) + sn%¥<----> 2(0H") « sn2*?
Divalent tin is larger than its tetravalent counterpart;
about 0.93 X va 0.568 X respectively, for these
octahedrally-coordinated iona (Cotton and Wilkinson, cited in
Taylor,197%9a). Because of its low oxidation state, relatively
large radius and relatively high electronegativity, Sn'?“*tends

to be excluded from the crystal lattices of rock forming

minerals, becomning concentrated in residual fluids.

Mulligan (19753) gstates that Sn4+may alao exiat 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
ien to be concentrated in residual fluids. Tetravalent tin
may substitute for Ti4+and Feangn ferromagnesian minerals, and
is therefore concentrated in such accessory minerals as

ilmenite, rutile, magnetite, sphene, biotite and hornblende

(Mulligan,1975: Lehmann,1982).
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4.3 Magma Emplacemsnt

According to McKenzie and Clarke (1975), the adamellitaa
(monzogranites) of the South Mountain batholith were emplaced
at pressures of 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

3 kb (about 4 to 10 km depth) and 550°to 700°C (Cullen,1983).

Marsh (1982) haa discuased 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 aacend by stoping the wallrock. Because of the thermal
stresses set up, blocks can spall off and sink through the
magma. The country rock suffers little deformation, and the

magma may exhibit unassimilated =xencliths.

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(4~10 km depth) implies ascent by

wallrock stoping.



4.4 Fluid Genesis

Burnham (1979) and Burnham and Ohmoto (1980) have
discussed how an aqueocus fluld evolves and is released from a

cooling magma body.

In cne of their examples, a granodioritic magma is
emplaced and ;:cols. The margin of the pluton has cocled 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 of
low diffusivity and will tend not toc 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 of
this vapour phase is accompanied by an increase in volume (of
this phase), which can produce stress on the outer
crystalline margin. This margin behaves in a brittle manner
at shallow depths and will tend Eo be fractured by the
expanding volatilea. At deeper levels, total pressure s
greater, resulting in leass volume expansion (and therefore
leaa mechanical energy) of the volatiles. Leaa 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, ceusing crystallization of the
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innar magma: the water saturated liner withdrawe deeper into

the magma body.

Mineral precipitation heals the fractures and laclatea
the nmelt system. Continued cooling of the magma begins the

above process all over again.

Initial water content of a magme influences i{ts 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 endcugh vapour at second boiling to
cause extensive fracturing at pressures less than 2 kb (¢ 8
km depth). An ‘idea2l’ 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 becomnes 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 of
vapour released on second boiling, resulting in little or no

fracturing of the wallrock.

Strong (1980) noted that biotite granites usually do nct
have enough initial water to concentrate lithophile elements,
but are too water-rich to reach shallow crustal depths and

leach metala from the country rock.
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According to Burnham and Ohmoto (1980, a granodioritic
mnagma with an initial water content of 2.7 wt % will only
cause sufficient wallrock fracturing at depths of less than 5
km. Shallow magna emplacement (< 10 km) appears toc be one of

the criteria for hydrothermal ore genesis.

The evolved aqﬁeous phase contains lithophile elements
and chloride 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 COgand CHgin
nearly equal proportions, low total sulphur content(SOgand HgS?

and low oxygen fugacity.

These fluids precipitate small amounts of 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. Othe;
authors (e.g. Barsukov, in Taylor,19879a) suggest tetravalent
tin transport as a hydroxy;fluorostannate complex, although
divalent tin could conceivably be carried in this way: i.e.
(Na,K)olSn(OH)Fgq.x ]« Smith (1947) also suggests divalent

tin transport as a sulphide complex.

Reaction of such chloride-rich flulds with feldspathic
wallrock results in potassium and hydrogen metasomatism

(potassic and phyllic alteration), hydrolysis of SOgto HaS

188



and HoS04 and production of HCl from matal ahleride

complexea, leading to precipitation of the metalsa.

Reaction of theas fluida with carbonate rocka leada to
destruction of HCl by decarbonation (CaCOg+ 2HCl --> CaClg+
HoO + COg9). This results in destruction of the metal chloride
complexes and precipitation of metal sulphides and oxides,
replacing the carbonates (Burnham and Ohmoto,1980). For

example, ’
ZnClg + HoS --> Zn3S + Z2HCI and poesibly,

SnClg + 4Hg0 --> SnOg + 2HCl + 2Hg + 2(OH™

Study of the Wedgeport monzogranite reveals thg 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 reach
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 CO09?). 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
fugaecity and low aulphur content which cauaed gr=isen

formation, sulphide~-cassiterite veins and replacement zones
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within the country rock. Sulphide mineralogy ls a reflection
of the changing physico-chemical conditions outwards and
upwards from the pluton. It may be possible that a later
evolved fluid (containing radicactive 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 aurvey was performed to ldentify
those elements associated with tin mineral;:ation and to
study their dispersion patt;erns to discover possible
indicator elements (‘pathfinders’) for use in subsequent

exploration programs in similar geological settings.

Specific drill core aamples were analysed for a
selection of 13 eléments typically associated with tin
deposits (Table II-1). Results of the 122 analyses are

tabulated in Appendix II.

Geochemical diaperaion petterns are based upon a2 number
of factors which must be taken into account during any

lithogeochemical aurvey (Levinson,l1674):
1. Different mobilitles of elementa in asolution.

2. Poroaity and permeabllity of country rock, be it primary

(e.g. pore sgpace) or secondary(e.g. fractures).
3. Poaaibility of fluids reacting with the country'rock.

Certain elements remain ln solution over a wide range of
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Figure 3.1 General base map of study area
ghowing location of diamond drill
holes samples and 2 cross-section
lines A-A’, B-B”’.
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phyaico-chemical conditiona (hence 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 of discovery than the

element bE economnic intereat.

For ore-bearing fluids to paas 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 of certain deposits and may be used
as guides in exploration, e.g., reaction with calcareous

rocks prodﬁcing metalliferous skarna.

Levinson (1974) describes from Hawkes several
gecchemical patterns which may occur: extensi';/e penetration
of rock by fluids producing an areal pattern: migratican of
fluids from an ore body during or just after its formation,
along fractures, creating leakage halces: reaction and
alteration of adjacent wallrock with solutions producing

wallrock 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 waé
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established to aslect drill core with obsgservable
mineralization as well as unmineralized (‘barren’) material
from a varlety of locations and depths. This was to
determine several characteristics of the atudy area:l
'
l. Rglationship of elements with respect to different
lithologies (meta-argillites, meta-wackes, 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

waere obtzained, on the order of several centimektres to

several mektres distant.

4. Relationship of elementa in the metaaedimentas with reap=ct
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, powdesrsd and ssnt to X-Ray Aaasaay Laberatories
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Limited (Toronto) for analyses. Appendices I, II and III
describe sample preparation and analytical methods with their

precision and accuracy estimates.
5.2 Population Partitioning

To adequately interpret the metal distribution in the
mineralized samples, a compariscn is made with that in the
unmineralized core. The distributions are assumed to result
from either the ‘normal’ processes of 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 of
relatively late fractures with recognizable oxidation
.products; all sample surfaces were ground to remove the

effects of recent weathering.

Separatifm of the data set of each element in each
lithology into background and anomalous populations was
acconmplished graphically by means of cunulative frequency
plots, which depict the general form of esach population. The
graph is constructed in such a way that points of a single
population will form a straight line: deviations from
linearity represent combinations ¢f populations
(Sinclair,1974; 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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cunulative 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 alao arbitrary (aze
Levinson,l1974: Paralow.,1974), this particular method is
believed to be juat aa aatisfactory. Sinclair (1974) notes
that although a minimum of 100 values should be used to
construct 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
amall 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 gecchemical analyses were performed on a
selected sampling of 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 besat posaaible
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-psammitic

samples) facilitated interpretation of 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 if further exploration in the area is
planned, as an anomalous value in one lithology may only be
of secondary importance in another; more time, éEEort and
money would need to be expended to perform follow-up
examinatioq (and possible rejection) of these spurious
anonalies. It 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:

1. Values below the detection limit. To continue population
partitioning with a large enocugh data set, values one order
of magnitude lower than the detection limit were substituted
during mathematical manipulations. This can cause errcneous
cumulative frequency curves and therefore, inaccurate
background and threshold valuea. An example of this (s
observed in molybdenum values in thé retasediments; 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
nust be ‘taken in the subsequent interpretation of such

results.
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difficulty in selection of inflection points and can cause

inadequate partitioning of the data set.

3. Inaufficient number of analysea to give a continucus .e,
‘amaooth’) range of values. This can produce & rapid change
in slope, giving the impression of the existence cf two or

three populations where in fact only one or two exist.

4. Exigstence of two inflection points dmplying three popula-
tions) complicates partitioning as a limited number of 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.

wWhen 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 deta 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 of thé ao-called ‘apacializad? 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 of
analyses of each element in each lithology is found in Table
5.2. Plotsr of 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, comparison of trace element contents among this

selection of lithologies (s believed toc be limited.

It is also nece.ésary to realize the lmportance of
analytical control. Duplicate and reference standard samples
were included in the sample batch to evaluate the precision
and accuracy of 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 toco
accurate. In other words, the results may be considered
‘valid’ within the data set but are not to be taken as

abgolute (‘true’) values.
5.3 Discussion

Assuming the analyses and population partitioning are
valid, the following observations of geochemical distribution

can be made.
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Table 5.1 Background and Threshold values In the lithologlies of the study area " and average values in varlous other lithologles.
ALl values Motapelitic Metapsamnitlc Honzograni te Davis Lake 1 Cornlsh 2 Plumaaitic 3 “Speclallzed™ "Normal” & Clarkes 3 .
in ppm Rocks Rocks Blotite Granite Hvtasedlmenta:ﬁrnnt[e Rare-Metal Granlte Grantte Shale Sandstone Cranlte
(n = 23) (n = 51) (n = 25) (n=2) (Avg. min-mix) Granitoids
Background 3.5 18 f 16.5 10- 17 I 17-58 . 6.3 WS 1-8 & 0.X 3

22 Yhreshold 100 180 48 |

I
y DBackground 7.5 5 12 - 4~ 5 y 20-30 4.1 7+3 1-2.7 2 1.6 2
- Threshold 60 19 65

|
" Background 0.4% 0.4% 4 - - | - 1.4 4o 2 <1-2.5 3, 0.2 2
=2 Threshold 5 9 2
As Background 11.5 18 4.5 - 12-30 26-65 - - - 15 1 1.5
-=  Threshold 100 160 20
Cu Background 36 10 4.5 4.5 30-59 4~ 9.5 - - - 50 X. 10
== Threshold 250 365 135
" Background 4.5 7 8.5 - 14-51 13-44 30 - - 20 ? 20
=2 Threshold 50 120 15.5
2o Packground 80 110 26 40 112-245 39-63 51 - - 100 16 40
—  Threshold 215 330 76 I -
o, Background 0.54 0.44 0.3 - - v - - - 1 0.0x 0.2
22 Threshold 2.0 1.45 0.6 I

I
5 Dackground 0.42 1.65 5.4 - - . - - - - 0.18 - 0.1
-— Threshold 3.5 10 100 '
\; Background 30 52 45 186 — r . 97 200t 100 36:£5-150 60 15 lo
== Threshold 100 100 80 '

]
¢ Mackground 410 470 130 4000 - V- 1000 3700£1500  250-1500  |740 270 135
= _ Threshold - 900 1000 1550 '

Values from:
,Chatrcr|ee, 1980
ZJackson, 1979
1974

}
Tauson,

3
Ttechendorf, in Hosking, 1979

5
Taylor in Levinson, 1974 ard Turckian and Wedepohl, 1961
=lth order of magnitude estimates {n form of X

*Background values unreliable; near or at

Dashes (~) denote unavailable data.
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Figure 5.2 Trace element variation with
lithology and nmineralization
in meta-argillites.
Values in ppm unless otherwise noted.

Carb Argillite - carbonacesous argillite

Min’d "Patches" - atratiform mineralization
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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”" - atratiform mineralization

Contact - refers to those samples in or
near the contact with the
pluton in DDH 79-05, 80-01
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Figure S.4 Trace element variation with
lithology and alteration in pluton.
Values {n ppm unless otherwiss noted.

Non pheno - non-phenocrystic monzogranite

Sl. pheno - slightly phenocrystic monzo-
granite(l=-5 modal %)

Pheno - phenocrystic monzogranite
>S5 <75 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
veinlet containing scheelite,
molybdenite and chalcopyrite

Adj. mafic dyke - 2 samples(78-27)
adjacent a mafic dyke
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5.3.1 Relationship of Elementa With Respect to Different
Lithologlas '

Trace element distributiona were compared within =ach
lithology, i.e., among gross mineraloglical types arbitratily
established in each rock group. For example, meta-psamnmitic
samples were classified on both mega- and microscopic
features such as presence of biotitfe, feldspar and carbonate,
as well as by grain size; meta-argillites were typed by
presence of carbonacecus material: samples from the pluton
were groupe§ arbitrarily by- the presence of phenoccrysts
(none, 1 to 5 meodal percent, greater t)fxan S modal percent),
presence of greisens, alteration, veinlets, 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 toc be no major
differences in trace element contents among the various
unmineralized meta-psammitic samples. Within meta-pelitic
samples, wider ranges of metal contents are observed in the
carbonaceous meta-argillites, due either to slightly greater
number of samples or to primary sedimentological differences:
organic-rich sediments appear relatively enriched in metals,
by adaorption or by forming m=tallo-organic or chelate
compounds (Krauskopf,l1979). Both metasediment types have

relatively high contents of molybdenum, tungsten, lithium and
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fluorine in samples close to the‘pluton, implying posaible
addition of these elements from the intrusion. Background
values of both lithologies are similar except for those of
tin, copper, zinc and bismuth:; the meta-pelitic samples have
aumgher. copper background, and the meta-psammitic samples
have higher backgrounds in the other elements. This may be
due to the presence of discrete metal-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 veinlets, in main-stage
mineralization veins and patches, and in post-mineralization

veing and breccias.

Determination of variations within plutonic samples is
nore difficult as consideration must be taken cf 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-phenocrystic
samples (of the interior of the pluton) usually have slightly

lower ranges than those samples with phenocrysts. Two
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unmineralized samples ad;acent'a mafic dyke (DDH 78-27)
contain biotite wjzth incluaiona of arasencopyrite, causaing high
concentrations of arsenic, eantimony 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 of
Mineralization

(1) Sulphide-Cassiterite Veins

Certain mineral assemblages are associated with the
sulphide-cassiterite veins in Vthe metasediments and this is
reflected in the trace element distributions. Two main types
of veina exist! tin-rich (¢ 1000 ppm), arsenic-poor and
arsenic-rich ( 1000 ppm), tin-poor. Tin-rich veins have
relatively high concentraticons of copper and bismuth due to
the existence of cassiterite and chalcopyrite; tﬁe high
bismuth content may be due to neative biamuth, solid 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 of 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 deviationa, whereaa that of biamuth
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against tin shows no correlation (Fig. 5.8). Biamuth
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 appeare: 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, mor;e distant arsenic-rich veins with their more
‘mobile’ base metals_ and fluorine. Figure 5.7 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
veina in the metasediments surrounding the pluton. Veilns
close to the pluton are relatively rich in tungsten and
molybdenum n the form of scheelite and molybdenite,
respectively). -Tin, 2zinc and lead become dominant farther
érom the intrusion. Arsenic and copper, cf variable
concentrations, are ubiquitous. Shallower and more distant
veing 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 uszse in exploration, to
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Figure 5.5 Variation of Sb and Bi with As
content in veins in the
metasediments.

Sb is proportional to As
content. Bi, with a few
exceptions, shows a negative
correlation.
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Figure 5.6

Variation of various metals with
Sn content in veins in the
naetasediments.

Note the antipathetic relationahip
of 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 metasediments.
There is a pattern of metal
concenkration from the pluton
outwards and upwards, from
W and Mo to Pb and Zn: As and
Cu are ubiquitous: Sn has an
intermediate range(™ 3-5 km
from pluton).

Lower case metals have relatively
lower abundances.

"Mid" refers to those metals
occurring in veins at "middle"
depths 'of 50-100 m in DDH 78-34.
“Bottom™ refers to those metals
occurring in veins at "bottom™
depths greater than 100 m in

DDH 78-34.
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indicate poaaible directiona and deptha for further

geochemical or geophysical work.

The vaina ara rather thin (commonly on the order of mmd
and have relatively narrow alteration halces (mm to several
cm). There has been no wide mineralogical or geochemical
response associated with these veins. If 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 respoz:xse, but this has not bee.n

observed.
(i1) Greisen Velns

Grelaen veina and their aasociated halces are relativeiy
high in tin (about 200-800 ppm) with respect to the rest of
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 nultiple-stage, cross-cutting veinlets
containing molybdenite, arsenopyrite,aphalerite and

acheelite. 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 contentas c¢f unaltered

aamnplea adjacent grelisena ahow elther no changs or a alight

225



Figure 5.8 Varlatlon of several major
cxides(in %) and minor elementsd(in
ppm) in plutonic samples from study
area and two other granitoid bodies.

Greisens have higher concentrations
of FegOg(total) and Rb(addition

of sulphides and white mica): they
are relatively depleted in NagO,

Sr and K/Rb{(destruction of feldspars).

Non pheno - non-phenocrystic monzogranite

Sl. pheno - slightly phenocrystic monzo-
granite(l-5 modal %)

Pheno = phenocrystic monzogranite
(>5 <75 modal %)

»Biot gte - biotite granite and greizen

»Gsn samples from the Davis Lake

* pluton, East Kemptville
(Chatterjee, 1980)

=xAdan - adamnellite from part of the

South Mountain batholith
(McKenzie and Clarke,1975)
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enrichment in tin and fluorine. One sample of 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 cm, rarely up to
about 20 cm. Trace element contents have a narrow zone of
enrichment around each greisen vein, e.g., gee Figure 5.10
for variation of tin and copper in greisens and their
adjacent country rock. Unless there is a concentration of
such veins to produce a broad geochemical effect, they cannot
be traced gecochemically. If 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 of the intrusion, ‘ponding’ sagainst the
country rock, forming broad greilsen zones of economic

interest.
({i1) Stratiform Mineralization

The stratiform patches are rela»tively enriched in tin,
copper and bismuth,‘ due mainly to the presence of cassiterite
and chalcopyrite: bismuth may occur in the form of sulphides
or sulphosalts, as subnmicroscopic 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) tl=aching =ffect?). UObther slement diatribution patterna
are not as distinct: tungsten contents have a slightly higher
range, with larger values in samples clcse to the pluton;
zinc contents are similar to those of unmineralized samples,
with the excepticon of two samples contalning much aphalerite;
meta-psamnitic samples have a higher range of antimony
contents but they are not always directly related to arsenic
content (Fig. 5.9) as cbserved in veins - perhaps Sb

o
13+'4instead

substitutes for other elements, e.g., Fe, Sn‘p; T
of existing as a sulphosalt within arsenopyrite. Sb analyses
are alsc not very precise (see Appendix III for accuracy and

precision estimates).

Samples adjacent psammitic mineralized zones ghow
slightly elevated tin contents. Copper contents are
ambiguocus! 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 effect?).
Figures 5.10 and 5.11 show the variation of tin and copper,
and tin and bismuth in mineralized patches and their adjacent
zones. Other elements show no significant observable
changes. Figures l12a,b show cross-~sections of parts of the
study area containing tin mineralization but show no

clear-cut geochemical healoes.

Again, a restricted geochemical dispersion exists around

the mineralization. No widesprsasd halo occura which would be
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Figure 5.9 Variation of Sb and B{ content
with As in mineralized ‘patches’.
There la no apparent relationship

of the two elements with As(scome
increase of Sb with As).
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Figure 5,10 Variation of Sn and Cu within
mineralized ’‘patches’ and greisens,
and their reapective adjacent
unanineralized 2onea. The sharp
decrease in both elements indicates
their reatricted ranges in both
mineralization types.

|
i

Mineralized ‘patch”’

Barren sample adjacent ’‘patch’
(cm to m distant)

Greisen

Barren sample adjacent greisen
(cma to m distant)
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Figure 5.11

Variation of Sn and Bi within
mineralized ‘patches’ and their
adjacent unmineralized zones. There
isa 8 aharp decrease in both elements
from mineralized to unmineralized
samples, indicating the restricted
extent of these elements.

a Mineralized ‘paktch’

a Barren adjacent samples
(cm to m distant)
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of use in a geochenical explor.ation program,

S.3.3 Relationship of Elements With Respect to Distance
From the Pluton
Establigshment of 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 cre-bearing zone with some degree of

confidence.

Based on the present study, the mineralizing event(s)
exerted no broad geochemical influence upon the country
rock. Vein and stratabound mineralizaticn are of limited
lateral extent, wikth only a few cm of altered wallrock.
Rarely, veinlets in the pluton have relatively wide greisen

alteration haloes.

Because of the restricted nature of ‘the mineralization,
an attempt waa made to investigate trace element distribution
in mineralized samples at various distances from the pluton.
Two cross-sections were made! one roughly follows a fold
hinge from the metasediments to the pluton (A-A’): the second
cuts regional foliation (B-B’). Sample point locations from
each diamond drill hole were translated onto the plane of
each cross-section., The cross-sections were arbitrarily
divided into ‘top’, ‘middle’, and ’bottom’ zones,

representing depths of, respectively, to 50, S0 to 100, and
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more than 100 metrea. This waa to look for trace alement
variation with depth. Several of these cross-sections are
shown in Appendix 5. There appears to be little variation in
trace element content in unmineralized 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. psamnmnitic), so
no definite conclusions can be made about geochemical
dispersion in barren metasedimentary country rock.
Relatively high contents of some trace elements in
unmnineralized samples occur close to or adjacent the pluton
and appear caused by metalliferous veinlets (containing
tungsten, fluorine, lithium and copper). 2Zinc decreases
alightly with depth. Arsenic is ubiquitous, disseminated in
the metasediments and within several stages of veins as
arsenopyrite., Bismuth is erratic, and is related to boeth

arsenic and ’tin.

Within the pluton, there ig a alight decreasase In trace
element content in the interior. This may result from
primary differentiation or the absence of metal-bearing

veinlets found in the endccontact.

Few analyses were made of vein samples in areas of the
cross-sections, so interpretation includes megascopic and
microecopic pressnce of the metal-besaring minerala. Thersa ia

a metal zonatlon within vein aystema from the pluton intec the



metasediments and thls wasa discussed in 8 pravious 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 concentrationa vary with
depth or lateral extent in the sedimentary package. The
geochenicsal 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 h&st rock.  Several samples adjacent the
dykes were analysed and only the arsenic content in two
nonzogranite samples increased. Arsencpyrite was included in
the binotite flakes = it is not known how this acccurred, as

arsenic contents in the dykes are low.

‘Chemiéal 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 places
however as'a precautionary measure these cores were not
sampled. Some mineralized patches show eléngate,
'shreddy?~textured sulphides, as if they had besen 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
elenents. Other, more brittle, barren psammitic layers are
well brecciated with later infillings by calcite, guartz and
minor sulphides; a restricted bleached zonme and rarely, a
stockwork of veinlets (?crackle brececia’?) surrounds this

breccia. Dispersion of elements appears limited.



Figure 3.12 Pseudo-three~dimensional sections
of two mineralized area with tin
concentrationa of sampled core
(in ppm except where noted). See
Fig. 5.1 for drill hole locations.

A. Intersecting drill hole grid
Mineralized ’‘patch’
+ Unmineralized core
A Mineralized vein

adj -unmineralized 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 above, plus

Sn -relatively high amount of
mineral containing this metal

en -relatively low amount of
mineral containing this metal

. sample location described but not
geochemnically analysed

e’ general bedding orientation
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S. 4 Summary

A group of barren and mineralized diamond drill core wes
analysed for 13 trace elements. Chlorine analysis was
disappointing as most were below the detection limit (50
ppm). Boron &analyses were not much use as the values were
multiples 9£ 10 and 25: however they proved useful in the
mineralized samples, as all values were below 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 psamnmitic samples
are aimilar for most trace elementa, with a few exceptions
(Sn, Cu, Zn, and Bi). This may be due to primary
sedimentologic factors. Element contents are sgimilar to or
lower than the average values found in Cornish tin-bearing
metasediments, and the clarkes of sheale and sandstone (Table
S.1). Trace element background values of plutonic samples are
lower than those usually associated with ‘specialized’,
in-bearing granitoids. Accordingly, the Wedgeport pluton is

not considered a major tin-bearing intrusion.

Alteration haloea around mineralization are limited
(wallrock pattern of Hawkes, in Levinson,l1974) and therefore

lithogeochemnical 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 of the stage of a vein and
its mineralogy may aid in tracing the more economic members

cf the systenm.
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Table 5.1
ELEMENT
Sn

SUMHARY OF LITHOGEOCHEMICAL SURVEY

Meta-psammitic Samples (n=51)

Honzogranite (n=25%5)

2 Populations:

Anomalousa(>100 ppm)
All known mineralized
asamples

Background(<100 ppn)
All known unmineralized
aamplea

No salgnificant differences
in background (Snl between
meta-arglllite and carbona-
ceous meta-argillite.

In mineralized patches a
posltive correlation exists
among Sn, Cu, and Bi; all

B values &t or below
detection limit(10 ppm).
Relationship with other
elements less clear.
Background and threshold
are lowver than thosae of
meta-psammites. Hay be due
to amall data set or to
primary sedimentologlical
differences, i.e., Sn as
cassiterite more likely
occurs in psammitic layers
(rarely in pelitic scours).

3 Populationa:

Anomalous(>180 ppm)
Mineralized samples

Intermedlate (<180 >128 ppmn)
Mineralized asamplea and
samplea adjacent mineral-
ization .

Background(<128 ppm)
All known unmineralized
samples, plua several sam-
ples adjacent mineralization:
1 in a mineralized patch;
1 In a veln.

No significant differences in
background [(Sn) among meta-
psammitic lithologlea(wacke +/-
blotite, feldaspar, carbonate).
In mineralized patches a +ve
correlation exists between
Sn and Cu:less so with W,5b,
and Bi; most B values at or
below detection limit.

In veins a +ve correlation
exiata between Sn and Cu: a
-ve correlation between Sn
and As,Pb,Sb and Zn. Other
relatlonahipa leas clear.

3 Populetions:

Anomalous{(>48 ppm)
Greisens; 1 sample with
kaolinite alt’n: 1
sheared sample

Intermedliate(<48 >15 ppm)
Samplesa adjacent
greilsens, cut by
several vein stages:
unmineralized samples

Background(< 15 ppm)
Unmineralized samples
and 1 adjacent greisen

No apparent distinction
in [Sn] based on presence
or absence of phenocrysatas.
Endocontact background
samples have a higher
range(7-35 ppm) than
those in the interior

of the pluton(3-10 ppm).
Hay be due to: amall data
aet; presence of a myriad
of Sn-bearing veinlets

in endocontact: primary
differentiation of magma.
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Table 5.1 cont‘’d.

ELEMENT Meta-pelite

Meta-psammite

Monzogranite

- - an cw ao.

W 1 Populationiusually
agsume upper 2 1/2%
anomalous until
proven otherwise
Sinclair,1974), l.e.,
60 ppm threshold.

Similar values occur
in min’d and barren
meta-pelitea(2-23 ppm);
slightly higher (W]

in carbonaceous and
min‘d meta-arglllites.
Higher (W] near pluton.

2 Populationa:

Anomnalous(>19 ppmn)
10 min’d patches
and velnas: 1 °*
sample adjacent
min’n

Background(<19 ppm)
Mostly unmin’d
(22/40 samples);
11740 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-poaaibly cut

by acheelite-

bearing veinleta.

2 Populationa:

Anomaloug(>63 ppm)
1 greisen and ail
sampleas with non-
greisen veining

Background(<65 ppm)
All other samples,
Including 3/4 greisens

High W values appear rela-
ted to non-greilsen achee-
lite bearing quartz vein-
leta. Similar valueg exiat
for dlfferent phenocryst
concentrations:[W]l increases
from non-phenocrysatic

to phenocrystic samples.

W valuea In grelsen alightly

higher than unmin’d samplea: -

23-38 ppm vs. <1-24 ppm
reapectively.Endocontact
samples have higher values
than interior samples:
8-24 ppm vs.<1-9 ppn,
respactively. '
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Table

5.1 cont‘’d.

Meta-pelite

Meta-pasamnmite

- - -

2 Populationsa:

Anomnalous(>5 ppm)
3 unmin‘d carbona-
ceous meta-argil-
lites near the
pluton (1 ias adja-
cent a maflc dyke)

Background(5 ppmn)
16/23 samples below
detection limit
(0.5 ppmiincluding
min’d patches and
velns 4/23 are <5
and >0.5 ppm(3 are
min’d patches:l is
barren)

In population partiti-
tioning, value of 0.05

~ ppm(l order of magnitude

lower) waas used for all
valuea below detectlion
Hmit, producing an
interpolated background
of 0.4 ppm. Use this
value with caution.

Mo content appears
related to pluton
proximaty.

1 Population:

Hoat high Mo values
aasociliated with velns,
elther near pluton
with molybdenite

+/- acheelite, or
contalining arsenopy-
rite and other sgul-
phidea(?). [Mo] in
min’d patches erratic
(<0.5-2.5 ppm) and
cannot be correlated
with [Snl. 35/51 values
< 0.5 ppm, so 0.05
ppm wag used in popu-
lation partitioning,
glving an interpolated
background of 0.4 ppn.
Uzse this value with
caution. Mo content
appears related to
pluton proximaty.

Monzogranite

2 Populatlons:

Anomalouas(>32 ppm)
In samples cut by vein-
leta containing molyb-
denlte +/- acheelite

Background(<32 ppm)
In unmin’d, altered,
and greisenized
samnples.

Most low values sare from
interior pluton samples:
endocontact samples are
higher in [Mol and are
alao cut by stockwork
hair velinlete bearing
molyb"enlte +/- scheelite.
Greisen Mo values are
ambiguous-appear to
depend on presence of
non-greisen veinletsa.
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Table

ELEMENT

5.1 cont’d.

Meta-pelite

Meta-psamnmite

As

3 Populationsa:

Anomalous(>100 ppm)
1 veln: 2 min’d patchea;
1 barren sample with
diaseminated arsasenopyrite;
1 barren asample with pre-
crenulation arasenopyrite
veinlet.

Intermediate(<100 >16 ppm)
1 min‘’d patch:; 3 barren
samples

Background(<16 ppm)
5 min’d patches; 9 barren
asamnplea

Arsenic has erratic distri-
bution in metasediments,
patchea and veina. Have to

know ite atage in paragenetic

sequence before usaing Aa in
exploration.

- -——

2 Populationa:

Anomalous(>160 ppm)
6 velna:; 1 min‘’d
patch and 1 barren
sample with dissem-
inated arsenopyrite.

Background160 ppmn)
Includes barren and
mineralized gsamples,
samplea adjacent min’n
and 1 vein.

Appeara to be an anti-
pathetic relationahlip
between Sn and As in
veina and patches.
Those velina with [Aal
>7000 ppm have [Snl
<500 ppm and are at
ahallower deptha
farther from the
pluton. Low [As] (€220
ppml)in velns have high
(Sn1(>1500 ppm) and

are found closer to the
pluton at deeper levels.

MHay use Sn-As content in
velnas as exploration gulide.

Monzogranite

—— -

2 Populations:

Anomaloua(>70 -ppn)

3 samples(barren:
greisen; kaolinite
alt’n) cut by
argenopyrite-bearing
hair veinlets: 2 gam-
plea adjacent wmafic
dykes contain blotite
with incluaions of
arsenopyrite(?).

Background(<70 ppm)
All other samples,
both barren and
mineralizeds
actually ali
<3U ppn.

Arsenic content ap-
pears related to syn-
& post-grelsen
veining.
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Table

5.1 cont’d.
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Monzogranite

2 Populationa:

Anomalous(>250 ppm)
All mineralized
patches, 1 vein and
1 carbonaceous meta-
argillite adjacent a
nafic dyke and the
pluton.

Background(<250 ppn)
All barren samples:
1 carbonaceoua meta-
arglillite (190 ppm)
lsa near pluton and
and contains chalco-
pyrite within pyrrho-
tite.

There exists a definite
gap between mineralized
and unmineralized samples.
Get interested In values
>125 ppn.

2 Populationa:

Anomnalous(>365 ppm)
8 mineralized
patches: 3 ‘high Sn’,
1 ’high As’ veilns.

Background(<365 ppmn)
All barren samples:
samplea adjacent min-
eralization:; 3 mineral-
ized patches and 3
‘high As’ velins.

No major differences be-
tween unminersalized samples
and those adjacent mineral-
ization. In adjacent miner-
allzed samples there is a
gap between very low values
(<0.5 ppm) and those above
background(poasaible leaching
effeckt?).

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 lts use as
a palkhfinder. Try veins.

2 Populationsa:

Anonmnaloua(>135 ppn)
3 grelaens

Background(<135 ppm)
All other samples,
including 1 greisen

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;<0.5-
5.5 ppm va. 1.5-35 ppn,
regspectively. May be due to
ubiquity of veilning in

the endocontact.

Both greiszen and non-greisen
vein samples have erratic
Cu values, possibly because
of low sample size.
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Table

5.1 cont‘d.

Meta-pelite

2 Populations:

Anomalous(>50 ppm)
2 mineralized patches:
1 barren sample

Background(<50 ppmn)
All other samples

Pb distribution erratic;
glvea a poor population
aplit.Higher values

(>15 ppm) assaociated
with mineralized patches,
1 vein,l pre-crenulation
arsenopyrite veinlet and
1 barren sample. Pb
usually in galena, often
aagsoclated with arseno-
pyrite.

— i s s e s s e,

- -

2 Populationsa:

Anomalous(®120 ppm)
4 ‘high Aa-low Sn’
veins, 1 barren
aample

Background(<120 ppm)
All other aamples

Moat valueas <23 ppm
(39/51 samples):;higher
valueg(<90 >23 ppn)
include 3 milneralized
patches, 1 ’high-Sn
low-As’ vein and 3
barren samplesa(l near
pluton with rare mo-
lybdenite on fracture
surface). 2 barren
aamnples from 1 driil
hole(78-29) contalnse
relatively high [Pbl
(40 & 170 ppm);not
known why. Nob much
dlfference between
mineralized and un-
mineralized samples.
In veins, there 18 a
+ve correlation be-
tween Pb and As; a
~-ve correlation
batween Pb and Sn.

2 Populations:

Anomaloug(>15.5 ppm)
1 sample adjacent a
greisen:; 1 cut by
non-greisen veining;
1 barren sample

Background(<15.5 ppmn)
All other samples

Pb valuea are erratic
with respect to litho-
logic types and miner-
allzation: higher values
appear related to post-
greisen velnletas(contain-
ing arsenopyrite, molyb-
denite and acheelite).



Table

5.1 cont‘d.

Meta-pelite

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-argillite - narrow
cluater of values
(79-130 ppm)
Carbonaceous meta-
argillite - wider
range of values
(41-260 ppm)
Mineralized patches-(54-
680 ppm and 14.6%)
Vein(’high Sn-low Asg’
type)- 1500 ppm

——— -

- B -

HMeta-psamnmnite

Monzogranite

- . . S o o S S e S T i o i o e .

2 Populations:

Anomalous(>330 ppm)
3 velna of ‘high
As-low Sn’ type: 1
mineralized patch;
1 sample adjacent
mineralization.

Background(<330 ppm)
All other samples

Little difference among
various psamnmitic types
or between mineralized
and barren samples.
Veins high in As have
high Zn contents.

1 Population:

Host wvalues(21/25)
<41 ppm. 2 anomalous
values exist in
grelsen zones(140 &
2900 ppm)

Little difference
among dilfferent
granitoid types.

[Zn] in grelsen
erratic-may be due

to cross-cutting
poat-grelasen veinleta.
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Table

5.1 cont‘d.

Meta-pelite

2 Populationsa:

Anomalous(>2.0 ppm)
1 mineralized patch;
2 carbonaceouas neta-
arglllites with pre-
crenulation arseno-
pyrite; 1 meta-argil-
lite

Background(<2.0 ppm)
All other sample.17/23
samplea 1.0 ppn

[Sbl appears tied to
fAs]l: those samplea with
araenopyrite have higher
Sb contente.

Meta-psanmnike

Monzogranite

- -

2° Populations:

Anomalouga(>1.45 ppm)
4 velins of ‘high
As-low Sn’ type: 1
‘high Sn’ type: 4
mineralized patches.

Background(1.45 ppm)
All other samplesa.
25/51 aamplea
<0.5 ppm

No major observable
differences among
various psamnitic
types; both wacke

and calcareocua wacke
values are leas than
background(£0.44 ppm)-
may be due ko low sam-
ple slze.Hligh [Sbl in
mineralized patchea
and veins tied to [Asl.

2 Populations:

Anonalous(>0.6 ppm)
1 greisen(with ar-
senopyrite-bearing
veinlet): 1 sample
with kaolinite
alterstion: 2 with
non-greisen veining;:
2 samples adjacent
mafic dyhke(with
argenopyrite in
blotite flakesa)

Background(<0.6 ppmn)
All other samples

Slightly phenocry-
stic samples have
lower Sb contents
than other unminer-
allzed samples:not
known why. High (Sb}
tied to [Asl.
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Table

5.1 cont’d.
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ELEMENT

Meta-pelite

2 Populations:

Anomalous(>3.5 ppm)
All mineralized
patcheas & the Sn-
rich vein

Background(£3.5 ppm)
All unmineralized
samples

There is a definite
difference between
mineralized and
barren asampleasa.

Heta-paammite

Monzogranite

1 Population:
Mosat(7/8) mineralized
samples have higher
Bi contente(>10 ppm)
than the other samples.
No observable differ-
ences among various
psammitic types or
between unmineralized
& adjacent mineralized
gamplea(reatricted
range).(Bil erratic
with respect to ‘high
As’ & ’‘high-Sn’ type
veins.

1 Population:
Lower Bi content
In non-phenocry-
atic gamples
Unterior pluton}.
Tan altered asample
below detection
limit(<0.1 ppm).
Other samplea
have wide spreads
of valuea.
Bl does not appear
related to Sn miner-
alization as in the
metasediments.
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Table 5.1
ELEMENT
L1

cont’d.

Heta-pelite

Heta-psammite

Monzogranlte

- s O o a2> > € s 20 o

2 Populationa:
(Posslibly 1)

Anomalous(>100 ppn)
1 carbonaceous meta-
argillite adjacent
pluton

Background(<100 ppm)
Rest of data set

L.ittle difference
between pellitic types.
Tightly grouped(31-

70 ppm).
Exceptionaisample with
pre—-crenulation arsgeno-
pyrite velnlet(89 ppm);
1 sample adjacent mafic

dyke(13 ppm). Hineralized

patches - values spread
out(8-59 ppm)

1 Population:

Moast valuea (35/51)
<60 ppm. High [Lil
usually occurs near
the pluton. One high
value(l100 ppm) found
in a ’barren’ sample
in a DDH with other
high trace element
contents(78-29).
Primary cause? Little
difference among
peammnitic typesa, be
they barren or
mineralized.

2 Populations:

Anomalous(>80 ppmnd
3 greisens; 1 kao-
linite alteration:
2 non-phenocrystic
barren samples
from the Interlor
pluton(78-31)>X(?).

Background(<80 ppn)
Rest of data set.
10/25 samples
<49 ppn.

Resatricted range of
Li in greilsens.
Little difference
among non-grelgen
samplesgsusaually in
range of 26-80 ppm.



Table 5.1 cont’d.

ELEMENT Heta-pelite
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HMeta-psamnite Monzogranite

- - ——— 1 s s < e e -

[ ]
[¢2]

1 Population:

Carbonaceous meta-
arglllites have
wider spread(l100-
820 ppmdthan meta-
arglillites(320-

630 ppmd.
Mineralized patches
not different(360-
660 ppm)except for
2 samples(190 &
200 ppm): not
known why.

Highest value(820
ppm)found in barren
sample adjacent
pluton(80-01).

2 Populations:

Anomaloua(>1009 ppm)
4 barren samples
and 1 mineralized
patch, all adjacent
the pluton(79-05:
80-01)>; 2 ‘high
As’ type velns.

Background(«1000 ppm)
Rest of data set.
41/51 samples <760
ppm. Little differ-
eance among various
pesamnitic types or
mineralized patches.
fF1 in veins not
clear cut: 3/4 ‘high
As’ > ‘high Sn-
types; 670-1500 ppm
vs. 280-530 ppm
respectively.

2 Populations:

Anomalous(>1550 ppm?
All 4 grefsens

Background«l1550 ppm)
Rest of data set

Slight differences
amrong various types
of hon-grelsen
samples. Interior
pluton samples have
a slightly lower
range than endo-
contact samples.
Greisena have
‘clasaic’ high F
contents, but are
of restricted range.
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Table 5.1 cont‘d.

B Population partitioning not performed aa all values
are multiples of 10 or 2510, 25, 50, 75, 100 and
150 ppm). This does not appear ‘natural‘.Little
difference among meta-pelitic and meta-psanmnitic
lithologies, except in aineralized patches of both
rock types - at or below detection limit of 10 ppmn.
Due to leaching?

Cl Not performed as most values below detection limit
of 50 ppnm.



CHAPTER SIX
CONCLUSIONS AND RECOMMENDATIONS FOR

FURTHER WORK AND EXPLORATION

6.1 Conclusions

Mineral and geochemical study of the Wedgeport pluton
and adjacent metasedimentary host rocks has provided the
following impressions concerning the genesis of tin

mineralization in the area.

1. Tin as cassiterite, occurs in several habitas and
mineral associations, reflecting variable conditions of its
foermation. It is a rare detrital mineral within
Cambro-Ordovician Meguma metasediments; it rarely occurs
within greisen veins in the pluton; it occurs as a minor to
common nineral within sulphide veinlets and stratiform

sulphide replacement bodies in the metasediments.

2. Partial melting of carbcnaceous, cassiterite-bearing
metasediments produced a low f09, ilmenite-series melt with
divalent tin(and other lithophile elements) concentrated
within a later evolved aqueocus phase(s). Tin may have been
transported as chloride and fluoride complexes. Fracturing
of the pluton margin provided a means of escape for this
phase. Healing of the fractures by mineral precipitétion and

refracturing by later aquecus phases resulted in several



g=nerationa of veinleta. Sulphide—caaaitar‘ité precipltation
occurred in a ‘middle’ stage of vein formation, after barren
quartz veinleta and before quartz-kaolinite veinleta and
shears. These cre-bearing fluids caused limited
greiaenization within the pluton margin. They then travelled
through fractures near or along an anticlinal éold hinge:
sulphides and cassiterite precipitated in veins and replaqed
calcareous layers within the metasediments. Apparently there
was insufficient initial‘water in the melt to generate

econonically significant amounts of ore-bearing fluid.

3. Mineralization is found in a zonal sequence away from
the pluton, reflecting the changing physico-chemicsal
conditions of the fluid(s) as it travelled through, and
reacted with the metasedimentsle.g. P, T, £0g, £Sg, pH, Eh,

wallrock chemigstry).

4., Alteration effects asscciated with mineralization
within both the pluton and metasediments are restricted - no

broad geochemical or mineralogical halo is observed.

6.2 Posgsible Guides for Tin Exploration

l. Ilmenite series granitbids appear associated with tin
deposits (Ishihara,l$81) and those containing biotite or
biotite-muscovite may have contained sufficient water to
evolve a separate aqueous phase of adequate volume to carry

ore m=abtala. Tha charaschteriatics uvasd to recognize auch
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. intrusiona are (Iahlhara,1981):

magnetic auasceptibility below 1*10'4 emu/g

- low bulk Feg0g/Fe( ratio

- magnetite and ilmenite content < 1 vol. %

- contains accesséry 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 Davis Lake pluton; New Ross-Vaughan Complex in the South
Mountain. batholith) contain high total radicactivity and high
thorium values (Chatterjee and Muecke,b1982). Airberne gamma
ray spectrometric measurements may serve to locate potential

ore-bearing intrusions (Yeates et al., 1982).

3. Mineralization within the study area is structurally
controlled - in fracture systems and replacement 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 Kemptville deposit is
controlled along an irregularly-shaped contact (‘inflection
contact’) of the Davias Lake pluton with the Goldenville
mnetasediments (Richardsen et al.,1982). In European and some
Tasmanian deposits, mineralization ias found in apical zones

(‘cupolasa’) of an intrusion, in contact with impermeable
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country rock. Therefore, it would be of benefit to

invastigats any granite-country rock contacta.

4. Some of the tin minersalization occcura in
sulphide-cassiterite replacement bodies of calcareous
metasediments. It may be of interest to lcok for such beds
adjacent relevant plutons in structurally prepared

ground(e.g. fold hinges, intrusive contacts).

S. Pyrrhotite la the major sulphide in 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 lay'ers.

6. If mineralized veins and replacement layers have beesn
found, it is poaaible to uaas the mineralogical and
geochemlical zonation of the vein ayatema to locate the

tin-bearing sections.

6.3 Recommendations for Further Work

Much of the work accomplished within this thesis has
been of a qualitative nature. A more quantitative
investigation of the mineralization in this area would serve
to define the parameters of ore genesis more rigorously.

These include:

1. Fluid inelusion studies of the differsent vein stagas



to obtain estimates of gross salinitles and filling
temperatures; possibly use the latest techniques (lagsar?) to

obtain fluid chemistry.

2. Age dating of unaltered and mineralized samples of
the pluton to obtain better estimates of time of emplacement
and time of mineralization. Studies of various mineralized
plutons (Reynolds and Zgntilli, in prep.) point to a
Hercynian mineralizing event, which may have implications in
future mineral exploration. Possibly dating of the lead in
gelena-bearing veins would further tighten age of

mineralization.

3. A search for coexisting sulphide minerals in vein and
replacement bodies to obtain estimates of temperatures of

equilibrium.

4. A study of sulphur isctopes 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
amcunts in these minerals, as s indicated in other plutons
(g.g. Nigerian Younger Granite, Erzgebirge plutcns)? The
microprobe can only analyse for elements in conceantrations as
low 23 500 ppm, which ia too high for tin in such minerals

(nore in the 10‘a ppm range),
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6. A study of the reactions between ore-bearing fluids

and wallrocks to get a better undersatanding of masas

axchangsa,

7. A atudy of the ‘ruaty ahears’ within the pluton.
They apparently.conteain radiocoactive minerals (Cullen pers.
comm.,1982Y and are the probable cause of the high values
obtained in airborﬁe gamma ray spectrometric measurements
(Chatterjee and Muecke,1982). They are therefore an integral

part of the evolution of mineralization in the study area.



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 of a lighter hue, with a clean

smooth surface.

2. Split core into approximately 1 cm cubes. Discard
any pleces with saw marks or marker labels., Clean the
splitter with brush and 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 nylon brush and air hose.

4a.Grind crushed sample in a ceramic shatterbox. Preclean

sanple holder with an aliquot(about 10 ml) cf the sample.

Run the machine for about 1 minute. Discard the powder

and blow out holder with the air hose.

4b.Place a larger aliquot(about 30 ml) of the sample in

the holder and run for about 8 minutes. Check resul-
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tant powder - if amall granulea are evident

(i.e. > 0.5 mm), sample must be ground a further 5
minutes. If iﬁ doubt, sieve a portion of powder to
check its size. For ease cf acid digestion, sample

powders wera -200 mesh.

4c.Transfer powder onto a clean folded sheet of paper.
Pour powder from sheet into a labelled 40 ml

polyethylene vial.
4d.Clean holder after use by these atepa:

i. Air blow holder.
ii. Run an aliquot (about 10 ml) of silica gel for
about 1 minute and discard powder. Air blow again.
iiil. Wash out shetter box - 5 rinses with tap water
- 1 rinse with distilled water
- 1 rinse with alcohol
iv. Air blow dry inside and cutside of holder. The
ateel rim will rust if left damp and can cause

aample contamination.

Sources of Contanmination:

1. Dust is a major problem during sample preparation and

may result in appreciable contamination. Rigorous

2895



cleaning between each stage may decrease this effect.

2. Remnant marker, drill and saw marks:; remnant powder and

chipped material from splitter jaws, jaw crusher and

shatter box.

3. Excessive grinding may oxidize ferrous iron, producing

decreased FeO contents (Jeffery and Hutchison, 1981).




APPENDIX II

ANALYTICAL METHODS

Powders of 122 samples were analysed for 13 trace
elements by various methods (Table II.1) by X-Ray Assay
Laboratories Limited in Toronto, Ontario. Of these, 13 were
duplicate samples and 6 were reference samples. Powders of
30 additional samples were sent for whole rock anaiyses 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 communication,l1982).

Tin Determination by Emission Spectroscopv(EMS)

Low concentrations of tin are determined using a 0.lg
sample, mixed with. graphite and burnéd in a direct current
arc. The spectrum i3 photographically recorded and
interpreted using a densitometer. For small samples with
greater than 50 ppm tin, 8.1lg of sample ia fused with 0.7g of
lithium metaborate (LiBOg) in a graphite crucible, and the
melt is dissolved in 5% HNOg. The solution is run on a
direct-current plasma emissicn spectrometer. Calibration in
both setups is done on synthetic standards. Larger samples

with values above 50 ppm are determined by x-ray fluoreacence
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Table |l-1 Elcments Analysed, Methods and Detection Limits

Element Hethod* Detcetion Limit
(ppm except where noted)

. sa (ppm) - 3,000
sn (%) XRF 0.0102

W XA 1.000

Mo pcP 0.500

! As X 1.000

Cu (ppm) ‘ DCP 0.500
Ca (%) RF 0.010%

| Pb (ppm) A ' pce 2,000
Pb (D) XRF 0.0102

§ Zn (ppm) DCcpP 0.500

za (%) ®F 0.010

sb NA 0.200

31 FAA 0.100

Li aA 1.000

F SIE 100.000

B pcp 110..000

c XRF 50.000
Fe0 () Wet Chemical 0.100%
WRG-Major Oxides (%) XRF 0.010%

5 UnclMinor Elements iRF . 10.000

I (Cr,Rb,Sr,2z)

#*EMS - Emission Spectroscopy

XRF - Wavelength Dispersive X~ray Fluorescence Spectrometry
NA - Neutron Activation

DCP - Direct-Current Plasma Emission Spectrometry

FAA - Flameless Atomic Absorption Spectrometry

AA - Atomic Absorption Spectrometry

SIE - Scluctive Ion Elcctrode.




epactronaebry using a Philips FW 1410 segquantial m-ray
fluoreacence apectrometer interfaced to a Digital PDP 11/40

computer.

Tungsten, Arsenic and Antimony Determination by Neutron
Activation(NA)

Powdera are (rradlieted in a high denaity neutron fluw,
producing isotopes of elements contained in the sample. A
multi-channel gamma spectometer determines element

concentrations.

Molybdenum, Copper, Lead and Zinc Determination by Direct-
Current Plasma Emission Spectrometryv(DCP)

Samplas are preparad by the acid soluble procadura.
Sample powders (0.25g) are digested with 2 ml of HNOgfor 1/2
hour in a water bath, then 1! ml of HCl ia 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
apectrometer using an echelle grating lnterfaced to a
microprocessor. Higher values (in the percent range) are

analyaed by the XRF method.
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Biamuth Determination by Flameless Atomic Absorption
Spectromnebry .
Samples are prepared by the acid soluble procedure and
solutions are run on an atomi‘c absorption spectrometer whgre
the flame has been replaced by a heated quartz tube. Bismuth
hydride is formed using scdium borohydride and is emplaced

within the furnace containing the quartz tube.

Lithium Determination by Atomic Absorption Spectrometry

Sample powders are digested by HF and HpSUO4(total metal
digestion method) followed by HCl to redissolve any residue.
Scolutions are run through the atomic absorption

spectrometer,

Fluorine Determination by Selective Ion Electrode

Sample powders (0.25g) are fused with NaOH in a nickel
crucible for 15 minutes at 650°C. The resultant sclid is
dissolved in an ammonium citrate buffer solution. A
flucride-selective ion electrocde deitermines the fluoride
concentration in solution. The electrodes are used in
association with reference electrodes and the reference

samples are run with every baktch. -
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Boron Determination by Direct-Curvent Plasma Emission

Spectrometry

Sample powders (0.05g) are fuased with KOH in e nickel
crucible and the resultant solid is dissclved in 5% HCl. The

sclution is run on a direct-current emission spectrometer.

Chlorine Determination by X-Ray Fluorescence Sgectrometry

Sample powders (d4g) are mixed with 4 g of sand and 2
binder pellets and are pressed into pellets. The analysis is
performea on a sequential x-ray flucrescence spectrometer.
Peak and background readings are taken using a germaniun

crystal.

Whola rock major and minor element detarminationa ar=
performed by x-ray fluorescence spectrometry: FelO, by wet

chemical methods.

The analyses are calibrated on synthetic standarda and

reference samples; in house standards and previously analysed

samples are run as controls of the digestion procedures.
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Rock Coding for Lithogeochemistry

Explanation
Major rock classification; in} lll Average grainsize; in
this case, a metasedimeat this case, medium silt-sized

Type of metasediment;
in this case, a graphitic argillite

I  METASEDIMENTARY ROCKS 100 SERIES

(a) Type - (b) Size
10 _ Argillite 1 0 ¥ine Silt (0.004-(',0156 mm)
11_ Graphitic Argillite 1.1 Medium Silt (0.0156-0.0312 mm)
12 Calcaraous Argillite 1 2 Coarse Silt (0.0312-0.0625 mm)

131 _Siltstome
14 _Biotite Arzillite

3 Fine Sand (0.0625-0.25 mm)
4 Medium Sand (0.25-0.5 mm)
5

i.
i
13 _ Wacke 1.5 Coarse-Sand (0.5-2.0 mm)

16 _ Feldspathic Wacke

17 _ Calcareous Wackes (tFeldspar)
18 Biotite Feldspathic Wacke
19 _ Biotite Wacke

IT VARIATIONS IN METASEDIMENTARY ROCKS

3 _ Sulphide Vein Zonme L . s
—=-- b Type and size varliations as above
4__ Sulphide Disseminated Zome i

I1I MONZOCRANITE 500 SERIES

(a) Tyvne (b) Size (if porphyritic, 'size'
indicates phenocryst size)
Fine (<1 mm)

Medium (1-5 wm)

50_ Nouporphyritic

51 _ slightly “ornhyricic
(<5 modal % phenocrysts)

29
st

52 _ Porphyritic (>3, <75 modal % 5.2 Coarse (>5 mm)
phenocrysts)

1V ALTERED MONZCGRANITE 600-900 SERIES

6__ Tan Alteration

7__ Greisen Alteration

8__ Kaolinite Alteraticn > Type and size variations as above
|

9__ Sheared Monzogranite J

900 Mafic Dyke
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Table }{-2 Trace Element Contents of Selected Drill Core Samples (Metasediments)

DDA 78-32 78-29 78-29 18-44 18-44 78-44 7¢-40 78-40 77-29 77-29 78-38 78-38 78-38
Depth () 19.8 57.72 80.3 29.10 59.94 100.0 83.6 132, 68.30 99.50 30.18 68.5 12%9.22
Rock Type* 100 154 164 163 164 164 102 352 184 184 164 164 164
Values in ppm

except where noted

Sa 3 50 60 3 12 3 3 60 5 7 204 50 20

W 3 5 6 2 5 5 9 6 6 3 3 3 1
Mo <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
s 13 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 L4 4 4 1.44% 10 4 6 16 8
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
BY 0.9 1.0 9.1 0.4 0.2 0.2 0.2 1.5 0.2 0.1 0.7 1.3 6.7
Li 60 42 100 51 48 63 a8 <1 65 54 27 36 60

F 470 460 720 480 400 480 420 190 320 300 360 500 540

B 50 25 25 25 10 50 75 <10 50 50 50 50 75
cl 50 100 50 50 <50 <50 <50 <50 - 50 <50 <50 <50 <50

* Table of definitions on previous page.
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Table -2 (Cent’d) Trace Element Contents of Selected Drill Core Samples (Metasediments)

DDA 78-34 78-34 78-34 78-10 77-34 77-34 78-03 78-03 77-25 77-25 77-25 77-25 72.25
Pepth (m) 72.16 75.61  109.24 93.5 48.30  154.90 44.18 132.0 53.88  132.19 135,56  186.23  186.35

* Rock Type® 354 364 364 110 110 422 100 164 455 301 163 412 173
Sn 200 160 0.33% 30 15 0.31% 80 60 380 1.23%7 200 1.672 200
W 550 <25 12 16 6 10 6 1 16 34 5 9 4
Mo 1.0 <0.5 1.0 <0.5 <0.5 2.5 <0.5 <0.5 <0.5 <0.5 1.5 <0.5 0.5
as 90000 15000 160 7500 2600 130 220 10 17 86 8 9 6
Cu 1000 89.0 400 48.0 24.0 400 41.0 140 160 860. <0.5 95.0 140.
Pb 4000 1000 26 22 <2 26 3 <2 60 26 16 <2 4
Zn 1300. 440. 91.0 260. 120. 89.0 120. 120. 0.96% 1500 220. 680. 480,
sb 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
BL 220 72.0 16.0 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 46 56 34 70 72 47 46 38
3 1200 1500 530 630 650 060 630 410 650 450 690 500 420
3 25 30 10 25 100 19 50 50 <10 <10 75 <10 10
c1 <50 <50 <50 <50 <50 <50 <0 " <50 50 150 50 50 <50
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Table |1-2(Cont'd) Trace Elcment Contents of Selected Drill Core Samples (Metasediments)

DDH 78-11 78-11 78-11 78-11 78-11 78-11 78-12 78-12 78-12 78-12 78-12 78-12 78-12
bepth (m) 19.3 58.6 77.45 85.45 85.45 123.6 70.25 118 118 136.27 163.3 156.3 183.67
Rock Type# 164 163 432 432 132 452 423 422 153 453 423 164 164
S0 50 200 Q.74% 0.73% 160 0.52%7 250 0.33% 160 0.76% 1.39% ° 40 100
v 10 19 21 19 1) 15 4 14 11 25 19 11 7
Mo <0.5 <0.5 <0.5 <0.5 <0.5 1.5 <0.5 1.0 C.5 <0.5 4.0 2,0 <0.5
As 34 6 66 14 7 36 9 7 25 6 14 6 7
Cu <0.5 55 510 2000. <0.5 670 670 430° <0.5 1000 260 41.0 140
Pb 6 <2 34 6 4 70 <2 22 4 18 18 8 2
Za 170. 100. 98. 150. 85.0 93.0 14.6% 100. 100. 110. 54.0 90.0 77.0
sb 0.6 0.9 1.6 1.6 0.3 0.6 0.3 0.6 <0.2 0.6 1.1 0.2 0.5
Bi 0.2 2.1 16.0 11.0 1.2 10.0 26.0 56 1.8 20.0 15.0 1.0 1.0
Li 40 46 45 63 31 27 8 40 39 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 50 160
Ccl <50 <50 50 <50 <50 <50 <50 50 50 <50 50 " <50 <50
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Table -2 (Cont'd)  Trace Elemenr Contents of Scelected Dril) Core Sumples (Motascdiments)

Lt 78-13 76-13 77-12 77-12 77-06 77-06 77-06 77-04 77-04 77-07 77-07 77-07
Deprh {m) £1.40 31.57 135.70 135.77 74.7 127.5 128,14 62.1 105.9 31.85 106.75 183.10
Bock Tvpas 42 172 900 333 183 422 184 331 , 186 184 394 183
Sn 0.38¢ 160 15 0.452 60 0.68% 80 500 25 50 0.1 12
v 20 17 7 6 <1 64 1 <25 3 S 21 2
o 1.5 <0.5 2.0 4.0 <0.5 <0.5 <0.5 <0.3 <0.5 <0.5 1.0 <0.5
As 12 28 8 40 59 160 49 28000. 26 74 220 190
Cu 150. <0.5 40.0 940, 27.0 1100. 16.0 23.0 38.0 15.0 410. 25.0
Pl 10 6 4 22 16 430 6 430, 4 <2 8 2
Zn 170. 150. 95.0 220. 240. 200, 150. 180. 150. 89.0 120. 91.0
ib 0.4 0.3 0.2 2.5 0.6 0.6 0.3 120. <0.2 0.9 0.7 1.0
Bi 30.0 4.0 0.2 32.0 0.1 27.0 0.3 0.3 0.5 6.5 0.9 4.2
Lt 41 38 30 65 41 40 35 5 60 37 29 51
F 210 680 1100 280 340 540 340 670 410 340 350 680
B 10 25 10 25 - 25 <10 50 10 25 25 50 100
c1 <50 <50 50 <50 <50 100 <50 <50 50 50 <50 <50
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Table -2 (Cont'd)

Trace Element Conteats of

Selected Drill Core Sampies (Metasediments)

DL 77-05 77-05 77-08 77-08 77-08 77-08 77-08 77-01 77-01 78-24 78-24
Depth (m) 71.93 74.5 7.6 31.34 36,37 117 5 136.7 80.1 178.35  44.75 91.8
Pock Type* 183 413 422 £03 183 Qcz ein 183 163 163 102 100
Sa 40 160 0.5% 300 120 3 120 20 17 3 3
W 1 250 20 8 A<1 2 <1 10 2 3 a
Mo <0.5 <0.5 <0.5 <0.5 <0.5 1.5 <0.5 <0.5 <0.5 <0.5 1.5
as 21 4200 7 5500 7 12 23 120 4 13 16
Cu 43.0 1000. 1100. 1000. 14.0 1.5 36.0 " 38.0 77.0 39.0 60.0
Pb 4 <2 24 460 70 14 16 <2 <2 4 100
Zn 68.0 110. 3U0 140. 180. 25.0 61.0 97.0 100. 110. 130.
Sb - 0.6 7.8 0.6 12.0 0.4 0.3 0.7 0.4 0.2 0.7 0.9
Bi 8.2 52.0 9.1 15.0 9.0 3.4 1.0 0.3 8.2 0.4 0.7
Li 3 34 59 24 29 2 34 83 99 31 48
F 280 620 360 200 290 10 280 1000 700 320 420
B 50 <10 <10 10 T2s 50 25 75 50 50 25
cl <50 <50 50 <50 <50 200 <50 <50 <50 50 <50
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Table 1F2{cConc'd)

Trace Element Contents of Selceeted Orill Core Samples (Metasedimencs) -

poil 78~20 78-20 78-20 77-31 77-31 77-3 77-31 77-31 77-31
Depth (m) 53,88 86.67 104.68 55.61 55.61 59.90 60.16 78.94 115.79
Reck Type* 110 110 194 900 110 900 110 112 141
Sn 5 10 5 3 7 3 3 3 3

W 4 3 <1 4 2 3 6 1 5
Mo <0.5 <0.5 <0.5 4.5 0.5 3.5 55.0 23.0 <0.5
As 8 8 2! 4 9 12 3 4 10
Cu 34.0 44.0 39.0 62.0 270. 64.0 8.5 45.0 21.0
Pb <2 6 <2 2 4 46 <2 6 6
Zn 43.0 68.0 57.0 68.0 42.0 190. 32.0 45.0 120.
Sb 0.3 0.2 0.2 0.7 0.3 0.3 0.2 0.4 0.8
Bi 1.0 0.3 0.1 0.2 0.1 5.4 0.1 0.3 0.7
Li 52 61 41 32 13 51 32 50 70

F 350 550 440 820 230 820 260 - 370 360

B 100 150 25 10 10, 10 50 75 50
Ccl <50 <50 <30 100 <50 50 <50 <50 50
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Table | |-2(Cont'd) Trace Element Contents of Selected Drill Core Samples (Contact and Endopluton)

DDH 79-05  79-05  79-05  79-05  79-05  79-05  7y-05  80-01  80-01  80-01  80-01  80-01.  80-01  80-01
Depth (m) 15.07  51.60  53.48  54.0 63.C8  63.08 ~ 81.54  24.3 37.2 47.68  51.25  52.0 76.0 85.85
Rock Type* 183 183 154 511 e11 700 521 110 433 193 194 920 522 521
Sn 40 15 15 15 252 460 10 5 50 7 80 50 35 20

W <1 9 19 8 15 24 32, 23 430 3 16 21 29 5400
Ho <5 4.5 17.0 3.0 . s.d 6.5 10.0 65.0 2.5 1.5 <0.5 280, 5.0 10.0
As 16 13 17 3 } 7 %( 4 6 42 9 n 9 14 11.0 2
Cu 18.0 7.0 6.5 2.0 g 13.0€‘ 220. 4.0 190 340 11.0 80.0 20.0 4.5 17.0
Pb <2 <2 6 10 f 0 6 16. 6 <2 82 <2 8 6 30
In 170. 97.0 110. 21.0 f, 18.0 11.0 38.0 41.0 47.0 220. 250, 14.0 21.0 30.0
sb 0.4 0.3 0.2 <0.2 { 0.2 | 0.3 0.3 0.8 3.1 0.9 0.3 0.5 0.5 1.3
BL 2.6 a.s 6.8 4.4 1 0.1 i 0.9 1.4 1.4 88.0 4.3 0.7 16.0 20.0 210,
LL 160_ 150 120 28 i 59 £ 150 76 130 76. 190 170 46 41 50

F 2400 2500 2300 520 3 1000 jsaoo 1200 820 1500 2000 ‘2200 500 620 830

B 10 10 10 25 i 25 50 50 50 . 25 25 25 25 25 50
cl <50° <50 <50 <50 | <s0 <50 <50 <50 <50 50 <50 <50 <50 <50
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Table 11~2(Cont'd) Trece Element Contents of Selected Prill Core Samples (Endopluton)

Do 79-06  79-06¢  79-06  79-06  79-07  79-07  79-G3  79-08  79-08  79-08 7827  78-27  18-27
Pepth (@) 10.45  48.24  32.0  85.30  70.66  70.66  36.22  55.62  72.93  72.93  68.19  66.37  73.55
Rack Types 521 500 700 s11 511 711 511 800 521 121 501 501 511

| B
Sn 25 30 76’5 7 10 3%0 12 0 25 200 7 7 30 T
u 170 390 3@ 300 24 3 1n 4 18 190 14 10 0 5
Mo 3.5 19.0 140  631.0 5.5 130. 10.0 2.0 6.5 120 12.0 2.0 1.0
As 3 1500 g 4 3 Eo 3 370 20 7400. 1600 1100 18
cu <0.5  12.0 2?.0 1.5 10,0 430, 3.5 6.0 4.0 0.60z 7.0 5.0 120
b 12 8 é 6 16 1 4 14 3 8 6
Zn $6.0  35.0 13&0 6.0 30.0 zgoé. 3.0 49.0 210 1. 25,0 3.0 3.0 >
sb 0.2 3.8 o}s <0.2 0.3 o 0.3 ,(0.9 0.4 14 3.7 2.2 0.2
Bt a7 220 0.2  11.0  16.0 iz.n 5.0 2.0 4.0 210 26.0 190, 140
Lt 1% 57 330, 26 EY) %5 40 %3 57 120 56 4 53 ¢
F 260 1100 2.80% 610 1300 2589 906 a%o 860 - eioo 440 g0 960 580
B 25 25 25 50 25 s 25 s 25 2 25 25 25
<1 <50 50 <50 <50 <50 <i) <50 <5k <50 <50 50 100 <5$




Table |1-2 (Cont®d) Trace Element Contents of Selected Drill Core Samples (Endcpluton)

183

DUH 78-33 78-33 78-33 78-31 78-31
Depth 13.73 46.6 73.33 9.4 71.75
Rock Type# 501 501 511 501 501
San 5 3 3 10 7
w 9 4 1 <1 4
Mo 0.5 <0.5 0.5 1.0 <0.5
As 15 20 7 3 1
Cu 5.5 <0.5 1.5 <0.5 <0.5
Pb 6 10 10 10 10
in 21.0 21.0 29.0 ;0.0 25.0
Sb . 0.4 0.6 0.2 0.5 0.3
B 0.7 0.3 0.3 0.3 0.2
Li 30 49 48 97 92

F 270 310 230 620 500

B 23 25 25 25 25

Ci - ] <50 <50 <50 <50




Table i11-3 Whole 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.%

SiO2 31.8 55.8 57.5 52.3 60.4 46.5 66.6 61.9
Tioz 0.76 1.02 0.95 .22 0.83 1.21 0.68 1.00
A1203 14.3 19.4 18.0 19.6 17.1 23.4 16.4 15.7
Fe203* 32 2.04 1.64 2.07 1.71 3.4 0.88 1.84
FeQ 31.8 7.5 6.8 ‘5.5 5.9 7.2 1.1 5.5
MnO 0.42 0.17 0.14 0.06 0.14 0.24 0.02 0.12
Mgo 3.98 3.88 3.14 2.42 3.33 4,31 1.18 2.92
Cal 0.19 0.52 2.88 0.42 2.19 1.08 0.39 3.17
NaZO 0.26 1.63 2.28 2.22 2.37 1.56 2.85 3.46
KZO 0.20 3.49 2.90 4,51 3.26 4,79 3.57 1.83
PZO5 0.09 0.14 0.14 0.18 0.13 0.18 0.11 0.15
L.0.I 7.08 4,16 4.23  10.00 2.54 5.62 6.77 1.62
TOTAL 94,08 99.75 100.60 100.5 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 130 130 140 160 100 170 109 120

Zx 110 180 140 260 170 220 210 230

2

*Fe 03 = Fe203 (total) - FeO
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Table 11-3 (Cont'd) Whole Rock Geochemistry (Meta-wackes)

DDH 78-29 77-25 77-06 77-04 78-20.  79-05
Depth (m) 80.3 135,08 74.70 105.9 104.568 51,60
Rock Type 164 163 183 184 194 183
§10, 42,6 65.3 66.4 46.9 66.7 69.3
Ti0, 1.21 0.78 0.85 1.54 0.86 0.71
A1203 23,0 13.6 14,3 21.5 13.9 13.6
Fe203* 2.6 1.61 1.40 4.73 0.92 1.24
Fel 9.5 6.6 5.0 4.9 4.9 3.8
MnO 0.22 6.19 0.11 0.20 0.14 0.09
Mg0 5.93 2,28 2.36. 2.91 2.40 2.00
ca0 2.54 1.83 1.68 2:79 3.56 2.19
REPAY 1.9% 2.85 4.16 2.11 3.26 4.49
KZO 4.08 1.36 2.04 5.43 1.C3 2.03
P,04 0.19 0.13 0.14 0.22 0.13 0.13
L.0.I. 5.47 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)

Rb 220 110 140 220 50 220

St 110 150 250 240 310 290

Cr 180 120 110 180 11¢ 100

zr 190 140 170 210 140 110
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Table 11-3 (Cont'd) Whole Rock Geochemistry (Monzogranites)

DDH 79-06  79-07  78-27  18-33  78-31  79-05 _ 80-0L  79-08
Depth (m) 85.30 70.66 78.55  46.6 72.0 81.45  85.85 72.93
Rock Type 511 511 511 501 501 521 521 521
510, 76.60 76.70 75.40  76.70  75.00 74.60  78.20  74.80
10, 0.14  0.12  0.20 0.09 0.20 0.22 0.17  0.23
41,0, 12,60 12,30 12.40  12.80  13.40  13.20  10.7  12.9
Fe,0 4* 0.60  0.54  0.95 0.38 0073 0.76 0.83  0.84
FeO 0.8 0.8 1.0 0.8 0.9 1.3 0.9 1.3
¥no 0.02  0.02  0.04 0.03 0.03 0.03 0.06  0.03
g0 0.11  0.09 0.36 0.14 0.29 0.23 0.16  0.27
ca0 0.64  0.67  0.93 0.52 1.21 0.93 0.89  0.90
Na,0 3.92 3.49 3.73 4,16 4.28 3.60 2.86  3.59
Ry0 4.60 4,98  5.07 4.51 4.51 4.99 4.54  4.69
?,0¢ £.06 0,03 0.06 0.03 0.07 6.09 0.05  0.07
L.0.I. 0.77  0.93 0.70 ~ 0.62 0.23 0.77 1.00 1,23
TOTAL 100.84 100.67 100.84 100.78  100.87 100.72 100.34 100.85
Trace Elements

(ia ppm)

Rb 300 370 330 320 220 160 270 300

Sr 20 0 110 0 60 70 10 80

cr 40 30 30 40 50" 30 40 40
Zr 150 120 160 90 130 160 120 160
CIPW Norms

Quartz 34.37  35.54 31.97  33.45  29.79  31.82 42,35 33.32
Orthoclase 27.19 29.53 29,95  26.63  26.51  29.53  27.03  27.85
Albite 33.14  29.60 31,51  35.14  35.98  30.47  24.36  30.49
Anorthite 2,91 3.14 2.10 2.38 4.00 4.03 2.96.  4.02
Diopside 0.00  0.00 1.74 0.00 1.25 0.00 0.98  0.00
Hypersthene 1,05 1.09 G.83 1.41 0.85 2,03 0.67 2.05
Magnetite 0.87 0.78  1.38 0.55 1.08 1.10 .21 1.22
Hematite 0.00 0,00 0,00 0.00 0.00 0.00 0.00  0.00
Ilmenite 0.27 0.23 0,38 n.17 0.38 0.42 0.33  0.44
Apatite 0.09  0.07  0.14 0.07 0.16 0.21 0.12  0.16
Corundum 0.1  0.02  0.00 0.20 0.00 0.40 0.00  0.45
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Table 11-3 (Cont'd) Whole Rock Geachemistry (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 analvses)

5102 76.10 49,60 75.30 73.04

Tio2 0.14 0.13 0.13 0.36

Alzo3 12.0 27.5 11.9 13.34

Fezbs* 2.58 2.42 2.05 } 2.14 Total irom as FeO
FeO 1.0 2.0 2.4

MnO 0.03 0.06 0.04 0.08

Mg0 0.16 0.26 0.16 0.66

Ca0 1.20 3.85 0.37 1.98

Nazo 0.38 0.42 0.67 2.76
'K,0 4.88 9.59 4.51 ©5.23

PZOS 0.05 0.07 0.04 0.11

L.0.1 2.08 4.54 2,82 1.05

TOTAL 100.6 100.44  100.19 100,75

Trace Elemencs

(in ppm)

Rb 630 1410 650

Sr 0 0 0

Cr 40 30 40

Zr 120 110 140

CIPW 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 .71 19.44 1.61 7.80

Diopside 0.00 0.00 0.00 0.82

Hypersthene 0,40 2.31 3.05 4.57

Magnetite 2.96 3.66 3.05

Hematite 0.:58 0.0b 0.0¢C

Ilmenite 0.27 0.26 0.25 0.68

Apatite 0.12 0.17 0.10 0.26

Corundum 4,09 \10.00 5.47 0.00




APPENDIX 1II
GEOCHEMICAL REFERENCE MATERIALS AND

DETERMINATION OF ANALYTICAL ACCURACY AND PRECISION

In an attempt to asseas the accuracy of the analytical
results a set of 5 samples of known trace element content and
a set of 2 samples of known major oxide content were randonly

placed in the sample batch (Tables III-1 and III-2).

Problems exiat with such reference materials in that a
wide range in values exists in the analyses among
laboratories. 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 of guidelines i3 used to determine the ‘usefulness’ of a

laboratory’s results (Abbey,1980).

The reference samples used for trace element analysis

include:

l. Silica gel - thia was easentially used as a ‘blank’ sample
on the premise that it conteined inaignificant

trace elament concentrationa and thla is shown
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in the results. Actual trace element contents

are not known.

2. GSE - one of a series of 4 artificial glass reference
standards containing 46 trace elements and made by
Corning Glass Works. This sample contains the 46
elements at concentration levels of about 500 ppnm
2ach. The ‘accepted values’ ére defined as the
medians of the ax:xalyse,s by different laboratories
(Meyers et al.,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-grained
napheline sy=nite) from the Pilanesberg Alkaline
Complex. The means and medians O,E the sets of
results are used in the published values (Abbey,
1980; Steele et al.,1978). This sample was
submitted in duplicate to assess the precision

of the analysis.

4. SY-2 - a syenite sample from the Canadian Certified

Reference Materials Project (Abbey,1980).
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5. TLG-1 - a acheelite ore asample that la useful only for

the analysia for tungaten.

Two reference samples used for the whole rock

gecchemical analysis are:

1. NIM-G - a granite from the Bushveld Complex in the
Transvaal, South Africa (Abbey,1980; Meyers

et al.,1978).

2. GQMC-M2 - a pelite from the Queen Mary College, United

Kingdom (Abbey,1%80).

The accuracy of an analysia la a meaaure of the

‘ ‘correctness’ cf a result or how close the observad 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 = [1-1((X-T)/TOiI1 = 100% where X = observed value
T = ‘true’ value

In this study, accuracy was determined gr:aphically by
obtaining the vertical difference between the sample value
furthest from the ideal value (glope = l);these graphs are
shown in Figures III-1 and III-2. Results are plotted on

log-log graph paper, where results of analyses are plotted
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egainat the recommended or ‘usable’ values documented in
various publications{e.g. Abbey, 19807 A 45°line ia drawn -
if the analyses were carried out satisfactorily, the points
should lie on or very near this line (analysed values =
‘recommended values). Minor deviations may be expected due to
procedural errcors. Limits of # 10% (and in some graphs, =

25%) are marked off on the graph parallel the 45° line.

0f 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 reliéble ‘usable’ values
could be obktained from the literature for the above samples.
Of the remaining 11 elements, analytical control ranged from
acceptable ko poor (e.g. Mo accuracy for 3 samples ranged

from +117% to +183%).

Analytical control ©of whole rock analyses of the 2
gsamples fares much better, as most are within x 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 of sampleas, they were included for

comparison purposgses.

The precision (reproducibllty) of the analyses was
checked by sending duplicate samples for both trace element

and major oxide analyses (Tables III-2 and III-3). Duplicate
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gample valuss for each elemant and oxide ars plotted (Figa.
III-3 and III-4) and precisions are determined graphically as
well. Precision of trace element and whole rock anélysis
ranged from fair to excellent. Poor analytical results may

be due to inadequate homogenization of sample powder prior to
analysis (causing fluccuating results), inadequate analytical

technique, or low element concentration within the samples.
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Table ][] -1 Trace Element Reference Standard Analyses?

Silica Gel GSE Recommended SY-2 Recommended NIM-L Recommended TLG-1 Recommended

Sacple "Blank" Value Value Duplicate Value for W only Value
Values in
Ppa.
Sn <3y 300 440 5 4 3 3 71 20 -
W 3 510 420 1 - 8 9 <2017 890" 830
Yo <0.5 12.0 500 6.5 3? 7.0 8.5» N 54.0 -
As 6 490 450 19 18 4 3 <1517 25 -
Cu <0.5 16.0 300 2.0 5 10.0 11.0 1n 330. -
Pb <2 16 500 92 80 56 62 43 100 -
Zn 1.0 15.0 500 110 250 360 350 400 140. -
Sb 0.3 450 470 0.5 0.2 0.3 0.3 0.3% 3.7 -
Bi 0.3 1.2 480 1.0 - 0.5 0.7 <317 24.0 -
Li <1 470 480 83 93 45 39 487 135 -
F 140 260 300 3600 5100 2800 2600 4400 480 -
B 25 400 500 75 857 10 10 <2077 10 -
Ccl © <50 NSS 800 NSS 1307 - NSS NSS 1300 <50 -
CSE - Trace element glass standard from the USGS. Low values of some .

elemznts due to insufficlent dissolution from thelr glass matrix.
SY-2 -~ Syenite, from Canadian Certlfied Reference Materials Project.
NIM-L - Lujavrite (a trachytic eudialyre-bearing nephelinc sycnite from

the Pilanesberg Alkaline Complex), from the Naticnal Institute of

Metallurgy, South Africa. .
TLG-1 =~ Scheelite ore; usced for tungsien only,

Recommended valucs are tabulated in Abbey (1980), Meyers et al. (1976) and
al (1578). Values with question marks arc considered by the original
Jaboratortes to be inadegquate to recommend as usable values.

Stecle et
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Table T[-2 Whole Rock Duplicate and Refercnce Stundard Analyses

79-06 Duplicatc | 79-08 Duplicate

“Fa = Fe
h.zﬂ Fe,,0

3

273

(ToLal)-FcO

DDH 78-10 Duplicate NiM-C Rec— )

pepth (m)| 93.5 85.30 72.93 (gran-  onmended QHC-t:2 Reconmended
Rock Type| 110 511 521 fte)  Value (Pelire) ¥alue
Values in

wt.X

S!O2 46.3 46.5 76.6 76.0 74.8 74.8 6.2 75.70 42,9 48.867
’l'lO2 1.22' 1.21 0.14 0.15 0.24 6.23 0.10 0.09 0.€8 0.72
A1203 23.3 23.4 12.6 12.8 13.0 12.9 12.2 12.08 23,7 23.91?
Fe203* 3.2 3.4 0.6 0.58 0.73 0.84 0.75 0.6? 3.08 2.317
FeD 7.4 7.2 0.8 . 1.0 1.4 1.3 1.2' 1.30 h.2 6.36?
Ma0 0.24 0.24 0,02 0.02 0.03 0.03 0.01 0.02 0.24 0.26
Mgo 4.22 4.31 0.11 0.23 0.26 0.27 0.01 0.067Y 2.37 2.45
Ca0 1.08 1.08 0.64 0.68 0.b9 0.90 0.80 0.78 1.72 1.75
3320 1.57 1.56 3.92 3.88 3.59 3.59 3.72 3.36 1.38 1.40
K20 4.80 4.79 4.60 4.64 4.66 4.69 3.07 4.99 8.13 7.90
P205 0.18 0.18 - 0.04 0.04 0.08 0.07 0.01 0.01 0.5% 0.50?
L.0.1. 5.62 5.62 0.77 0.77 1.00 1.23 0.47 - 3.c8 -
TOTAL 99.13 99.49 100. 84 100.79 100.68 100,88 100.54 - 100.02 -
Trace Elcments B

{(in ppm)

Rb 150 170 300 330 300 300 [310 326 270 -
Sr 110 100 20 30 60 &) l 0 10 160 -
Cr 170 170 40 40 40 40 40 12 80 -
Zr 210 220 150 140 130 169 J?70 300 90 -

RIM-G - Granite from the Bushveld Complex in the Transvaal (Sicele et al., 1974)

Q@IC-M2 - Pelite, [rom Queen Mary Collepe, U.K. (Abbey, 1980)

Question marks are uscd for values considered uwncertain or inadequate by the
original laboratories.
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Table Y[[-3 Trace Elerment Duplicate Analyses.

Cl

[T 78-34  Duplicate 78-29  Duplicate 77-25  Duplicate 78-10 Duplicate 78-11  Duplicate 78-12  Duplicate
tepeh (m) 100 57.72 132.10 93.5 85.45 118

“fRock Type 164 164 301 110 432 153
Values in ppe
except where noted
Sa 3 3 50 50 1.23% 1.302 30 25 0.73% 0.74% 0.33%  0.36%
u 5 6 5 6 34 35 16 16 19 17 14 10
Mo <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 7 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
in 98.0 100. 270 290 1500 1500 260 230 150 160 100 83
sb 0.6 0.2 0.7 0.7 0.6 0.9 16.0 19.0 1.6 1.7 0.6 0.6
B1 0.2 0.2 1.0 1.0 G.é 8.2 1.3 2.0 11.0 15.0 56.0 70.0
Lt 63 62 42 51 72 81 89 61 63 42 40 51
F 480 560 460 480 450 420 630 670 740 590 560 610
B 50 50 25 25 <10 <19 25 25 <10 25 10 10

<50 50 100 <50 150 <50 <50 50 <50 <50 50 100
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Table JIT- 3 (Cort'd) Trace Element Duplicate Analyses

o 75-24  Duplicaze | 78-24  Duplicate| 73-20  Duplicate] 79-05 Dupllcate{ 79-07 Duplicate | 79-08 Duplicate | 79-06 Duplicate
Depth (m) 45.6 92 53.88 51.60 70.66 72.93 85.30

Rock Trpe 102 100 110 183 711 521 S11

Va'lves in ppm

except vwhere noted

Sn 3 5 3 5 5 5 15 25 360 340 25 20 7 5

W 3 <1 3 3 4 5 9 14 23 23 18 17 300 320
Mo <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 44.0 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
Zr. 110 110 130. 100. 43.0 72.0 97.0 96.0 2900. 2800, 21.0 22.0 16.0 17.0
5b 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
31 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
Li 31 37 43 52 52 55 150 130 55 170 57 57 26 25

F 320 310 420 420 350 480 2500 2200 2500 3500 860 1100 610 510

B 50 25 25 25 100 25 10 10 50 50 25 25 50 25
Cl 50 <50 <50 <50 <50 <50° <50 <50 <50 <50 <50 <50 <50 50




Figures III-1 Accuracy of traca element analysas
using reference zsamples. Results of
analyses are plotted against
‘uaable’ values. Precision limits
of = 10% are marked. Bi is not plotted
asg recommended values are unrellable
or, in the case of GSE, Bi was not
totally digested.
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Flgure III-2 Accuracy of whole rock analyses
using reference samples. Results of
analyses are plotted againat
‘usable’ values. Precision limits
of + 10X are marked.
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Figure III-3 Precision of trace element analyses
uaing duplicate samplea. Duplicate
regults are plotted againat each
other. Precision limits of * 10%
are marked. In the graphs of Bi
and Li, # 25% limits are also
marked.
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Figure 1II-4 Precision of whole rock analyses
using duplicate samples. Duplicate
results are plotted againat each
other. Precision limits of * 10%
are mnarked.
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APPENDIX IV

PARTITIONING OF POLYMODAL DISTRIBUTIONS

" This section summarizes the procedurea ussd by Slnclair
(1974) to choose background and threshold values from a set
of geochemical data. It is an arbitrary method of
segregating the data into background and anomaloué groups by
partitioning a cumulative procbability plot. Other methods
(e.g. Levinson,1974) established the mean (background) and
standard deviation of a set of data, with the threshold
arbitrarily chosen to correspond to the mean plus two
atandard deviations, i.e. the upper 2.25% of a nornal
population. This procedure is not recommended as it assumes
that 2.25% of any sample pcopulation will be anomalous: also,
the ranges of background and anocmalous populations in a data
set may overlap, so that the mean and standard deviation are
actually obtained from the sum of two populatione and thus

would be of no use.

Sinclair’s method uses lognormal probability paper, with
a lognormal absciassa scale and an ordinate acale of
cunulative frequency percent. A lognormal cunmulative
distribution of a single population will plot as a straight
line: that of two populations will plot as a curve. The

approximate proportiona of each population la shown by a
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change in curvature or slope, il.e., the inflection poainkt. 1In

an exanmple taken from Sinclair (Fig.IV-1), 20 percent of the

anomalous populaﬁion A is combined with 80 percent of

background population B. The slope of the combined

populations changes at about the 20th cunmulative frequency

percentile, forming an inflection pocint. The less

perceptible the change in slope, the greater degree oE’_

overlap in the populations.

To separate nultiple populaticns in a data set, a

cunulative 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

monzogranite will be shown later.

l-

Determine range of log values.
Range = log(Xmax) - log(Xmin)

Determine width of each class interval by dividing the
range by the number of intervals desired. Construction
of a histogram may aid in deciding on the number of
intervals.

Width = Range / # of intervals

List the ranges of each of the class intervals and their
corresponding antilogs.

Record the number of samples in each interval and deternine
their percentages of the total.

Sum {(cumulate) the percentages of samples in each claas

from the maximum to the minimum value and record the
cunulative valua for each classa interval. Thia is done
because of the poor preciaion of valueg in the lower ranges
{due to poor sample preparation or analyses or both) and of
the importance of the higher values in establishing the
threshoid. Cumulation from highest to lowest values will place
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the loweat (and therefore lesa deairable) claaa interval |in
the 100 percent cumulative range, which will not be plotted
due to the nature of the graph paper(Lepeltier,1969).

6. Plot points at the antilog of the lower class limit of each
class against the cumulative percentage for that interval.
Draw a best fit line or lines through the points.

According to Koch and Link(1970) a amall aanmple
population(less than 100) gives a poor estimate of the metal
centent in a data set because the standard deviation is
larger(giving a less precise confidence interval) than that

of 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 » [3(Cumulative Frequency)-11/3n + 1

where n is the sample size.

Thia manipulation waa accomplished in the courae 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 ahows a graph for tungsten with both the
cunulative and plotting percentage points. Note the
existence of essentially two lines of different slopes. This
implies the existence of two lognormal populationsa, a higher

anomalous one and one of a lower background. Pointa
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Figure IV-1 Two idealized hypothetical populaticns
A and B are combined in the proportions
A/B = 20/80 to produce the dotted curve
with an inflection point at 20 cunmulative
percent.
(Modified after Sinclair,1974)
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Figure 1V-2 Cunulative frequency plot of 25 values
of tungsten in plutonic samples, using
both cumulative frequency and plotting
percentage formulae. Solid lineas denote
cunulative frequency populationa; dashed
lines denote plotting percentage popula-
tions. There is little difference between
the two methods.
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representing class intervals accounting for 0 percent of the
total population (e.qg. 662-1950 ppm interval) are plotted but
are not connected. The types of curves obtained in the study
range from‘straight lines (one population) to samooth curves
(more than one population) to ragged curves. Data points
were connected by straight lines instead of smooth curves to
facilitate drafting and th}s may accocunt for some departure
from a smr.;'oth curve. Other reasons for such departures
include! incomplete sampling of the data set:;

non-iognormality of the distributions {(although most trace
elements have log-normal distributions (Levinson,l1974)) or:
polymodality of data due to different bedrock types or change
in element concentration by secondary dispérsion effects
(Parslow, 1974). Care was taken to ensure appropriate sample
collection (unweathered) and adequate preparation of core
before analysis, but errors can occur, resulting in poor

cunulative frequency plots.

The graph can now be pattitionedinto its constituent
populations. According to Sinclair (1974), the position of
the inflection point indicates the relative proportions of
the data set. If the populations are very different from
each other (background vs. anomalous), there is a
discernable change in slope of 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 palni. Paralow (1974) atsteas visual

estimation of the inflection point position may result in
errors of * 5-10 percent; he also states that because most
anomalous populations constitute a8 small porticon of the total
data set (less than or equal to 10 percent), this eatimation
may not compound any large error. It may be posaible to
formulate an equation of each cumulative frequency curve and,
by using second derivatives obtain an accurate position of
the ir/xflection peoint. For the purposes of expediency, this
was not done; instead, visual estimaticns were performed.
Uncertainties in the inflection point position occurred, and
so several different values were tried to obtain the ‘best
£it’. On the tungsten curve, the point was estimated at 32
cunulative percent, corresponding toc 27 ppm on the abscissa

scale.

Once the inflection point ia obtained, each population
of the data set can be defined. Each data point plotted on
the greph represents a certain percentage of the total data,
but also represents a certain cunulative percentage of one of
the populations. For example, the last point plotted on the
tungsten curve at the 1951 ppm abscissa level represents 4
percent of the total data. It also corresponds to (4/32 =
100> = 12.5 cumulative percent of population A, so a point is
plotted at this ordinate 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 points

326



start to curve. ;I‘hl.s would indicate the influence of the
other population(s). The lines are fitted by regression
analysis. One of the problems encountered were too few data
points ko effectively partition the population. Where this
happened, 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 cunulative frequency scale
are used instead, e.g., 30 cunulative 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 cor;ect, the two populations are
recombined using their defined proportions (e.g. 32
cumulative percent of A plus 68 cumulative percent of B) at
various abscissa levela, If these ’‘check points’ do not plot
close to the original curve, the process should begin with a
new inflection point or different proportions of each

population.

The geometric mean of each partitioned population is
chosen at the 50th cumulative percentile. The background
corresponds to the mgan of the lower population. Choosing a
threshold {a more difficult. If the populationa did not

overlap too much, there would be a significant chenge in
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slope an-d the threshold could be chosen at that point.
Usually this dges not happen and thresholda 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 compiementary 2.5 '(or 2; or 1)
cunmulative percentiles of the partitioned populations A and
B, respectively. This divides data into t.hr:ge groups at the
corresponding ppmr levels, so that for example, 99 percent of
population 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 la to effectivealy
segregate the anomalous values from the normal backgroun'd
data set. Sinclair’s method of 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 nmixture of anomalous and background
values; the lower group contains most of the background
valuesa. 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 of secondary importance.

It is Important to compare the values in sgach group with

rock types, sample locations and topography - do not simply
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look at the numbera. For example, those values in the middle
group which occur in the same location as those of the
anomalous group can be included in any follow-up

examination.

The following is an example of 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
= 3.73 Round to 3.75

2. Use 8 intervals; thus Intervel Width = 3.75 / 8 = 0.47

Interval Antilog of 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=28 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
3.29-3.7% 1951-5754 1 4 4
TOTAL 25

*l includes values <1 ppm

Cumul. Plotting
Freq. %

25 97.4

23 89.5

19 73.7

3 30.3

18.4

3 10.5

1 2.6

1 2.6
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Partition the population 3

3, Inflection Point(visually) = 32 cumulative % (equivalent
to 27 ppm)

Therefore, Population A conalats of 32 % of the data set

and, Population B consists of (100 - 32) = 68 %
of the data set.

4. Partition Pointa of Population A

i. at 1951 ppnm level = 4 cunulative % = 4/32 = 100
= 12.5 % of pop’n A

ii. at 225 ppm level = 12 cunulative % = 12/32 = 100 = 37.5 %

iii. at 77 ppm level = 20 cumulative % = 20/32 = 100 = 62.5 %

5. Partition Points of Population B

i. at 19 ppm level = 50 cumulative %(A scale) = 50 cunul. %(B>

= 50/68 » 100 = 73.5 % (on B scale) = 26.5 % (A scale)

ii. at 10 ppm level = 76 cunulative %(A scale) = 24 cumul. %(B)
= 24/68 =» 100 35.3 % (B

1]

iii. at 4 ppm level = 92 cumulative %(A scale) = 8 cumul. %(B)
= 8/68 = 100 = 11.8 % (B) '

Plot partition points on graph; draw best fit lines
through the pcints. Recombine the two populations in the
proportions 32 percent A plus 68 percent B at various ppm
levels to see how well the partitioned populations correspond

toc the original curve.
6. Check Point Calculations

Recombined Populations at a particular ppm level
= "Point of Hixture"(Pm)

Pm = £APA + fBPB

where fA = 32 % or 0.32
PA = A’s cunulative % at any ppm level
iB = 68 ¥ or 0.68

PB = B’a cumulative % at any ppm level
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Thus:s

it
32}
o
[y

B.32(92.3) + B.6€8((84%) 7

it

i{ at S5.& ppm level, Pm
ii. at 15 ppm level, Fm = @,32(81.5) + ¢.68(43) = S5.3 %
iii. at =23 ppm level, FPm = Q.32(78) + B.68(24) = 41.3 %

iv. at 42 ppm level, Fm = @.32(69) + Q.68(8.3) = &7.9 %

v. at 182 ppm level, Pm = @.32(48) + @.£8(Q.173) =13.48 %

-

vi. at 332 ppm level, Pm + @.E€8(1) = 13,84 %

]
s
]
o
(3]
{\)

vii. at 1292 ppm level, Fm = B.32(2d) + @ = 6.4 %

The check points appear to closely correspond the
original curve, so the partitioning is judged a success.

The above steps were repeated for the platting
percentage curve (rmt shown here) and similar populations
were obtained. :

Proport ion FProportion % N Background |

(# of samples) (S@th %-ile)
Population A 38 % a8 ~ 133 ppm
Fopulation B €8 % ' 17 12 ppm

7. Arbitrary Thresholds

i. By eye on graphj at inflection point = 27 ppm
Use as a 'lower threshaold?

ii. 392 cumulative % of population A = (1 ppm
1

cumulative % of population B = 52 ppm
iii. 98 cumulative % of population A = (1 ppm
2 cumnulative % of population B = 70 ppm

ive .59 cunmulative % of population B = €5 ppm
Use as an 'upper threshold?

# samples in group

Grzup I <27 ppm 17

)

Group II Y27 (&5 ppm

a

Grioup III YES ppm
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This appears to correapond well with the population
partitioning. When compared back to the samples, those of
groups II and IIl consist of 2 greisens and 6
‘unmnineralized’(with regard to tin) samples, containing rare
to minor scheelite-bearing quartz veinlets. Tungsten does

not appear assaociated with tin mineralization in greisens,

but with other vein sgstages.
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Figure IV-3 Cumulative frequency grapha of 11 elements
in 3 lithologiea(33 graphs)
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APPENDIX V

VARIATION OF TRACE ELEMENTS IN TWO CROSS-SECTIONS
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Figure V-1

Variation of aelected trace elements

in two croas—-sections, A-A’ and B-B’.
See Fig. 5.1 for location of cross-
aaction lines. There are salight
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
of some elements(Sn, Zn) in metasediment
veing with depth and distance from
pluton{crosa~-section A-A%).

+ barren or unnmineralized

atratiform mineralized ‘patch’

N

adjacent mineralized ‘patch’(cm to
m distanb)

vein in metasediments
sample adjacent vein

greisen vein or alkeration

Db o e

adjacent greisen

below lndicated detaction limit(note:
one vein has a high [Asl, complicating
W analyals, so that W’a detection
limit is raised tc 25 ppm; on section
A-A")
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