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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
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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).
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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.
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ELEMENT Heta-pelite
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HMeta-psamnite Monzogranite
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[ ]
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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

280



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),

2682



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
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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.
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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
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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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