THE PRIMARY DISPERSION OF CU, ZN, NI, CO;*"MNSAND NA
ADJACENT TO SULFIDE DEPOSITS, SPRINGDALE PENINSULA,
NEWFOUNDLAND

4
CENTRE FOR NEWFOUNDLAND STUDIES

TOTAL OF 10 PAGES ONLY
MAY BE XEROXED

(Without Author’'s Permission)

=early

'\ GEORGE HENRY GALE (BA.ED. BSC)




BU“-' UNIVERS
™ LIBRaRy e

JUL 30 1970
°f"_nwrom9’§°

213568
Q)



The Primary Dispersion of Cu, Zn, Ni, Co, Mn, and Na
Adjacent to Sulfide Deposits, Springdale Peninsula,

Newfoundland

@ George Henry Gale

(B.A Ed.,B.Sc.)

Submitted in partial fulfillment of the
requirements for the degree of

laster of Science

HEMORTAL UNIVERSITY OF NEWFOUNDLAND

March, 1969




ABRITRACT

An investigetion was wade of the dispersion patterns of copper, zinc,
nickel, cobalt, manganese end sodium in the wall rocks of three sulfide
deposits revresentative of the miperal occurrences found on the Springdale
Peninsula, Newfoundland, ‘Whole rock samples from the Lady Pond prospect,
the Little Deer kine and the Little Bayv idine were analyzed by atomic
absorption spectrophotouetry,

The deposits, consisting of' several steeply plunging narrow lenses
conteining disseminations and impregnetions of chalcopyrite snd pyrite,
occur in chloritic shear zones in Ordovicieﬁ niliow lavas.

The sedium content of the sawmples gives a relieble indication of the
extent of alteration undergone by the country rocks and the chlorite schist
zones in which the deposits occur., [Mickel and cobalt dispersion vatterns
do not show any eureoles surrounding the deposits, kanganese end copper
dispersion votterns may exhibit narrow locel sureoles. The zinc dispersion
patterns suguest the nresence of mureoles, anproxiumstely twenty five feet
wide, around the suliide deposits for four out of gix traverses.

Lverage background values have been determined for the elements
studied and data are presented on the distribution of the elements bhetween

different parts of villows found in the epidotized pillow lavas.
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CHAPTER I, INTRODUCTIORN

As the searchr for economic mineralization continues, those deposits
which are easily discovered by simple examinztion of the earth's surface
have in large pert been located, and new methods of explsration for finding
"olind ore bodies" with no visual surfece expression are teinp developed.
One such exploration technique which has only been developed in the past
two decades is based on the detection of secondary weochamicsl dispersion
patterns and hes proved itself in meny instances in Cans@s and other

countries (see fawkes and Webb, 1962), The use of urimary geochemical

dispersion is not so well developed and in the words of Za

xes and Tebb
(op. cit.) "he application of primary dispersion natterns to mineral
exploration is still strictly in the experiwental stagce,"

The Springdale Peninsula, containing a number of covrer dearing
sulfide deposits in chlorite sctist zones developed from bzsic voleenic
rocks of Ordovician (?) age hns been the site of extensive sxploration
during the last decade, Studies of primary dispersion surecles around
this type of deposit are limited. The ares seemed an idesl plece in which
to make a scientific study and at the same time obtain informetion which
could be useful in exploretion for this type of devosit in an ares
characterized by extensive drift cover,

The present investigation sought'to collect basic data concerning
the levels of trace element concenmtrations in the vicirities of the
devosits and to determine whether these deposits are choracterized by
primary dispersion aureoles of suff'icient intensity and wiath tc serve
as ore guides.

A short review of the available information pertinent to the subject
of primary dispersion patterns is given, but the reader is referred to

the books by Hawkes and Webb (1962) end Ginzburg (1960) for s full




o

discussion of the theory and uses of all phases of applied geochewdistry,

PREVICUS WORK

Following the classification of Hawkes and Webb (1962}, reproduced
in Table 1-1, the priwary disrersion potterns ere divided into two types,
syngenetic and epigenetic, each with further sub-divisions, The patiern

of interest during the present study is the epigenetic "wali rock anowalr."

Bpigenetic Hydrothermal Dispersion Patterns

The tern "nydrothermal® is used in its broadest sense to indicate
hot aqueous fluids, whatever their source or direction of movement, that
served as the wedium in which or through which, the ore forming elsments
are transported., Introduction of the ore elements to the site of deposition
mey be by diffusion through a stationary hydrothermel fluid permesting
the host rocks or by mass moveient or flow of the hydrothermal fluids
through the site of deposition. In the present study the writer szipled
wall rocks adjacent to mineralized zones, i,e. the study concerned wall
rock anomalies., The possible existence of leaksge anomalies end coaros-
itional zoning was not investigated,

Wall Rock Anomalies

Lf the site of deposition represents part of a channelway through
which mineralizing fluids flowed from a distant source it is likely that
the difference in composition between the winerslizing fluids in the
ciennelway and the pore fluids in the wall rocks would cause a movement
of ore elements from the channelway out into the surrounding wall rocks,
oroducing a trace element dispersion pattern or sureole theot decreases
in intensity outward from the site of iineralization., These aureoles might

be thought of as a type of wall rock alteration even though they might




Table 1 - 1 Classification of the Principel Types of Primary Dispersion

Patterns (after Hawkes and Webb, 1962, p.46),

Geochemical province
Syngenetic
Patterns
Local syngenetic patterns
Well rock anomalies
Hydrothermal
dispersion Leakage anomalies
patterns
Compositional zoning
Epigenetio
Patterns
Pressure Mineral reconstitution
Temperature
effects in ,
Chemical geothermometers
epigenetic
minerals
Isotopic geothermometers




extend beyond the limits of mineralogical alteration. Such aureoleé, if
sufiiciently well developed, could serve as an exploration guide in that
they increase the size of the exploration target.

albternatively, if one assumes thet host rocks are the source of at
least some of the constitvents of ore ond gangue winerals (e.g. Hoyle,
1961, 1465) one would expect the host rocks in the vicinity of the
wineralization to be depleted in the clements concerned. .

Regional metemorphisw of mineralized rocks might of course, modify
oreexisting dispersion patterns, possitly enhancing them or possibly
destroying thenm,

Classical investigations into wall rock alterations, which greatly
influenced subsequent studies, were carried out by Lovering, (1949) end
Sales énd figyer (1948)., General reviews were presented hy Kerr (1955),
who sumuarized the field snd laborctory data on hydrothermel alteration,
and by Schawrtz (1955), who discussed altered rocks as gjiaes to ore.
Within the lsst decade considerable effort has been oriented towards the
investigation of hydrothermal slteretion.

One of the earliest documented studies concerned wainly with trace
elemont sureoles is thet of Sandberger (1682, 1885), on the heavy metal
content of ore shoots in the mining districts of Central Europe. The
disgovery of traces of heavy metels in the wall rocks led him to foruulate
his Temous hypothesis on lateral secretion, Fosepny (1902) refuted
Sandberger's theory and stated that the minute metallic aduixtures de-
tected by Sandberper were derived from the ore deposit.

Curtis (1884) found assavable silver in the shattered and altered

limestone wall rocks adjoining high-grade silver replacement deposits
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in the Bureka mining district of Nevada. The silver content of the lime~
stone decayed frou 17 pom in the wall rocks adjacent to the orebody to

8 ppw 30 feet away frow: the vein and to 5 ppw in the unaltered wall rocks
100 feet awsy from the ore wodies,

Interest in the subject aprears to ﬁave declined in the period 1910
to 1950 and it was not until the publication of the work b& Graf and
Kerr (1950; on the deposits of Senta Rita, iew Miexico that votential
industrial applications were recognized. They found lead aureoles 20-30
feet wide and zinc aureoles 60-250 teet wide extending outwerd from lead-
zinc deposits in fractured liwestones,

Schwartz (1950} reported that bleached limestones adjacent to lead-
zinc deposits at Bisvee and Leadville had been enriched in manganese and
iron by as much as 1% near the ore,

diorris and Lovering (1952}, working in the Tintic district of Utah,
concluded that tne movement of ore elements jﬁto The wall rocks was due
wainly to diftusion from the ore zone., They found that the metal content
of the wall rocks fell off logarithmically from the ore deposits, except
where cracks vermitied greater than normal access to the wall rocks,
along these cracks the umetal content generally was found to fall off
linearly from the deposit, The width of the anomaly seemed to vary in-
versely with the chemical reactivityvof the wall rock. In the limestone
the penetration was found to be vefy low, sometimes being restricted to
as little as five feet, Similar narrow aurcoles have besn reported by
others as characteristic of liwestones; e.g. Fngel and Engel (1956) and
Austin and Nackowski (1958). In less reactive wall rocks, e.g. ueta-
morphic and igneous silicate rocks, Morris and Lovering (1952) reported

sureoles up to thousands of feet wide, They were able to predict




accurately the existence of a 'blind vein' on the basis of their trace
element data in the limestones,

James (1957, as reported on page 56 in Havwkes and Webb, 1962),
during his study of srsenic in wall rocks of shear zones containing
arsenic and gold in Southern Rhedesia, discovered a logerithmic decsy
of the arsenlc content away from the ore deposits. He found an aureole
width ot 25 feet in sandstones and 200 feet in greenstones., wtoll (1911.5)
working on the veryllium pegmatites oi' Hew England found diffusion of
beryllium {ron the pepmstites into the mlca-schist and mica-gineiss
country rocks, Alfhough the exact shape of the beryllium anomely was
not established, anomalously high concentrations o1 beryllium wers found
several hundred feet away from the peguatites,

Fawkes and Webb (1962) concluded thet the varisble width of wall
rock anomalies was deteruined by the chemical activity or permeability
of the rock types together with the duration of the perdod of hydro-
thermal activity.

Boyle (1561) found that there was a decrease in the concentretion
of elements from greenstone country rocks towards gold-quartz veins in
chlorite schist zones. MHe concludes that there had been a migration of
carbon dioxide, water, sulphur, arsenic, gold, silver and other metallic
elements from the greenstones into shear mone systems producing chlorite
schists and economic minerél deposits,

Carpenter (1963) was able to correlste the width of copper halos in
sandstoues at White Pine, iichigan, with the tenor of the veins,

Faults, joints and fractures are other variables wirlch may cause

confusing anomalies in wall rocks, Graf and Kerr (1950}, during a
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geochemioal survey around a lead-zinc devosit in a limestone formation,
New Mexico, found that the lead highs were further eway irom the ore body
than the zinc highs, They found also that the zinc concentration was
variable and did not show any correlation with distance away from the
deposit and concluded that the distribution of the elements was larpely

centrolled Ly small scale fractures,

Total Rock Versus iineral Surveys

1t has been clearly demonstrated in the past that elements occouring
in trece amounts tend to concentrate in certain minerals, according to
their charge, ionic radius and other atowic properties (Goldschmidt, 195L;
Wager and Mitchell, 1943 and 1951; and others), Because of this efiect,
if total rock 1s analyzed, quite large differences in the recorded level
of concentration could be caused simply by a change in the mode of the
rock. For example, nickel is known to occur alwost ‘entirely in the ferro-
umagnesian and suliide phases and if the mode of' these phases double an
apparently significant change in nickel concentration will occur. In
order to remove this effect, it seems desirable to analyse individual
iinerals rether than total rock, Several workers in the past have, with
success, undertaken studies on individual or suites of winerals, e.g.
Slawson end Nackowski (1959), worked on lead in'K-feldspar; sash and Jook
(1460) analyzed jasperoid for heavy metals; Putmen and Surnham (1963)
determined copper in biotite; Jedwab.(l955) investigated the tin content
of several mineralé; Fullyar et al (1967) deterudined the iron and copper
conbent of bictites,

The wajority of workers, especially those involved in the earlier

investizations, have used total rock surveys, and the need for more




enalyses of individual minerals is apparent, 1t would appear from work
already published thet there has been a greater degree of success in

detecting trace element aureoles around mineral deposits utilizing mineral

sur\res;s. than utilizing whole rock surveys,

ROCK WEATHERING

Another effect which may mask the true primary dispersion pattern is
the alteration of the trace element content by weathering, While the exact
magnitude of this efrect has not been reported in the literature, it seems
possible that the movement of surface and near surface waters, particularly
in the neighbourhood of oxidizing sulfides, might partially or completely
distort or conceal the original pattern, In order to reduce the number ;)f

variables and to gain maximum control, it is desirable to analyze un-

weathered samples.,

CONCLUS 108
It appears from the literature that while a certain number of studies
of primary dispersion patterns have been undertaken in a large variety of
different areas, the number of investigations into the dispersion patterns
of sulfide deposits in greenschist volcanic rocks is extremely limited,
i method for extending the detectability of a mineralized zone for
several tens or hundreds of feet would prove a considerable asset to ;
exploration in the metasomstized, folded, complex and rerely correlatable
volcenic rocks of the Springdale Peninsula, The present study was
designed es a "reconnaisance® type of investigation with the purpose of

determining the general nature of primary wall rock dispersion patterns

-
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of the deposits in the area, therefore, the writer has not attempted an

exhaustive treatment of the trace element dispersion patterns of the sulfide

deposits studied,
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CHAPTER 1.  COLLECTION, PREPARATION AND ANALSSIS OF SAMPLES

General Considerations and Problems of Sampling

Ideally, geochemical studies should be a follow up to petrographic
and structural studies, howevér, although a number of studies have been
undertaken to date in the area studied very few have yielded any worth-
while results mainly due to the complexity of the geology, very fine grained
nature of the rocks which are similar in hand specimen and the scarcity of
outcrops in many areas. The geochemical data obtained in the present study
has not been correlated with petrological and structural studies of the
area because only limited geological informstion was available,

Almost all of the ore deposits of the Springdale Peninsula are found
in chlorite schist zones which are considered to be shear zones within
volcanio rocks (Peters, 1967). Post ore dikes cutting the ore zones and
chlorite schist display a slight fdliation, thus the ore zones have been
subjected to some degree of deformation, However, the occurrence of pyrite
and chalcopyrite in ramifying veinlets and massive sulfide veins cutting
across the schistosity and lithologies suggests that the emplecement of the
mineralization is certainly later than the emplacement of the volcanic
rocks and probably later then the main deformation associated with the
formation of the chlorite schist zones. This led the writer to the working
hypothesis that the deposits are "epigenetic hydrothermal', Peters (1967)
suggests that the genetic relationships msy go back to eriginal volcanism
end that the deposits formed or accumnlated in physical and chemical traps
within the volcanic pile,

In the initial stages of the project the writer attempted to make

chlorite separates from the chlorite schist zones and the country rocks.




It was found that althouph a chlorite separate could be obtained it involved
a considerable expenditure of tinme and it was rarely possible to attain a
sevarate of 98% purity because the wajority of the chlorite grains comtained
finely inberyrown quartz,

Since one of the aims of the present study was tu establish whether
primery dispersion halos suitable for exploration purposes existed around
the wineral devosits, the writer considered the time needed to prepare
suitable minersl separates would render the results of tie study impractical
for exploration purposes. Since there are recorded instances of reasonable

success in detecting trace element aurevles by means ot whole rock studies

-the writer decided to investigate the presence of primary dispersion pattérns

by means of whole rock anslyses,

Although the deposits have been subjected to metaworphism and the
initial dispersion patterns may have been altered, the present primary
dispersion patterns are still of' interest from the scientific and exploration

point of view.

COLLECTION OF SAMPLES

Areas Sampled

The present study was confined to three sulfide deposits on the»
Springdale Peninsula, lotre Dame Bay, Newroundland. It was impossible to
sample adequately all the sulfide occurrences on the Springdele Peninsula
in the time available for the present research, The deposits chosen are
representative of the area and yet provide S&ne variation in the type of
deposit, Samples were taken from: 1) the Little Bay line, which occurs in

a chlorite schist zone in basic volcanic rocks; 2) the Little Deer ine,

-
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wilch is found in a chlorite schist zone that formed in predominantly
andesitic volcanic rocks, and which contains dispersed vein-like mineral-
ization; and 3) the Lady Pond prospect, a chlorite schist zone derived mainly
from tuffaceous rocks containing traces of chalcopyrite end pyrite. Diagram
2-1 is en outline map of part of the Springdale Peninsula showing the

location of the properties investigated.

Sample Traverses

The desirability of avoiding a variable error due to surface weathering
was pointed out in the introduction, In order to do this, seamples were
collected only from diamond drill core and underground workings,

Samples were aollected as follows:

Lady Pond prospect = AXT' core from diamond drill hole ENX-5-6L was sampled.

Pigure 2-2 shows diagramatically the relationship of the Lady Pond drill

hole samples and the sulfide zones intersected in other drill holes in

the immediate viecinity,

Little Deer ¥ine - BXT core from Diamond drill holes No, 92, 132, and

135 were sampled, Figures 2-3 and 2-4 show the location of the Little

Deer drill holes and a diagramatic section of the ore zone as deter-

mined by diamond drilling. Little Bay line - The Worth crosscut on the

700 level, and a crosscut and a drift oﬁ the 1350 level were sampled,

Pigure 2-5 shows the locations of the Little Bay sampling traverses,

Methods of Sempling

Semples collected from drill cores consisted of several six inch lengths
of core selected over two to three foot intervals, Samples taken from the
walls of the drifts were, whenever possible, chamel or chip samples over a

five or ten foot interval, Chamnel samples were obtained in the friable

»‘\.‘
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chlorite schist zones. Chip samples, consisting of one inch to two inch
diameter chips spaced six inches apert, were collected from the massive and
pillowed basaltic lavas,

All samples were collected using a geological hammer, The outer dirty
parts of the rock were broken off and discarded. The samples, consisting of
three to five pounds of rock, were placed in lsbelled paper begs,

In chip sempling the basaltic pillow lava two samples were taken within
a circular area approximately five feet in diameter. One sample was taken
from the schistose chloritic rims of the pillows and a second sample was
taken from the epidotized pillow centers, In some cases a portion of the
pillow located between the rim and center was only lightly epidotized, and
resembled the massive levas in hand specimen., A grab sample was taken of
this "intermediate" pillow material whenever possible.

In places samples of chlorite schist were collected from inside zones
of economic mineralization. Such samples would not, of course, be part of a
.primary dispersion aureole, They were collected not with the purpose of
determining the extent of enrichment or impoverishment of elements within the
ore zones as a whole, but with the purpose of comparing wall rock chlorite
schist and similar (in so far as sampling would permit) chlorite schist
within the ore zones. To this end samples collected within the ore zones
were of material which did not appear to contain any chalcopyrite when
viewed with a 10X hand lens, It was fully reslized that in all probability
such samples nevertheless contained minute grains of chalcopyrite, Specimens
collected outside the ore zones were not selectively chosen with regard to |
sulfide content, and in fact, some did contain visible chalcopyrite,

Sampling Interval

;‘v

During the initisl stages of the programme an attempt was made to

colleat samples according to the scheme of logarithmically increasing

<




distances between samples as desorided by Stonehouse (1964). The decision
to do this was based upon the assumptions that the deposits are "epigenetic
hydrothermal" in origin and that consequently the rate of decay in inten-
sity of primary ‘dispersion aureoles might be logarithmic which has been
found to be the case for certain other epigenetic hydrothemmal deposits
(James, 1957; Morris and Lovering, 1952; and others). 1t was found that
the complex geology in addition to the presence of numerdus dikes made this
method impractical and the writer adopted an alternetive system of collecting,
Samples taken within fifty feet of the ore zone were spaced five feet apart,
Samples collected between fifty feet and one hundred feet away from the ore
zone were spaced twenty feet apart, Samples collected more than one
hundred feet away from the ore zone were taken at approximatelyvone hundred
foot intervals,

There was insufficient time available during the present research to
allow an investigation of the effects of dike intrusion on the trace
elements distribution, Samples of country rocks collected adjacent to
dikes and samples of dike rocks were not anslyzed., This omission of
samples has resulted in the distribution patterns of the analyzed samples
being less regular than implied by the above description of the sampling
intervals, Nevertheless, the sampling intervals are less closer to the ore

zones than they are several hundred feet away from the mineralization,

Sampling Precision

Several samples were taken from the same Llocation at a number of places
2long the 1350 level traverse of the Little Bay Mine in order to determine
the effects of sampling variables on the trace element content, The trace

element contents of these semples are presented in Tables 2-1, 2-2 and 2-3.
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Table 2-1 shows the difference in composition obtained for chip and
grab samples of the same materisl. Sample 34A consists of several pieces
from the schistuse chloritic rim of a pillow and sample 34B, a chip sample,
consists of numerous one-half inch pieces from the same pillow rim, The
only significant difference in the enalyses is in the content of sodium
which is higher inm, the grab sample, If the mean velues for duplicate chip
samples of a basaltic lava, OA and 8B, are compared with the values obtained
for o0, a four inch grab sample of the same material, the copper and sodium
values can be seen to differ considerably,

Table 2-1 Compogitional difference between chip and grab samples of
the seme material. Cu, Zn, Ni, and Co in ppm; Mn and Na

in per cent,

Sample Description Cu Zn Ni Co Mn Na
No.

3hh Grab 13 110 1% 96 0,131 3.k
3AB Chip 15 117 W0 93 0.2 2.6
Nean L 113 137 9% 0,136 35.05

Mean of Duplicate 112 15 113 60 0.092 1.18
84 and 8B chip

80 Grab 35 80 108 65 0,091 L6
ean 75079 10 62 0,091 1.3

Several samples were taken in order to determine the compositional
differences, if any, between parts of pillows from the same locality.
Semples taken at sample stations 3, 5 and 6 of the Little Bay 1350 level
traverse are presented in Teble 2-2. In general, lower concentretions of
the elements analyzed were found in the epidotized cores than in the
schistose chloritic rims of the pillows, The nickel value for 5b and the
copper value for 6C are anouslous, Samples 3Bb and 6D represent non-

schistose portions of the pillows thet have been only lightly epidotized
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and are probably near the couwposition of the pillows prior to extensive
epidotization. The analyses obtained for these lightly epidotized samples
are, with the exception of copper in sample 6C, intermediste in concentration
between the epidotized cores and the chloritic rius,

Table 2-2 Compositional diff'erences between different portions of

pillowed basalt from the same location sampled by iden-
tical methods, OCu, Zn, Ni and Co in ppm; Mn and Na as

per cent,
Sample Description Cu Zn Ni Co Min Na
No,
Mean of Chloritic 108 68 127 66 . 0,110 2.47
5a and 5o rims
5b Epidotized 30 32 150 42 0.08% 0,09
cores
3AB Chloritic 15 117 1.0 93 0,12 2,64
rims

3Bb Partly
epidotized
cores

o

L1 107 5 0,113 0,20

3Ba Epidotized 8 -- G2 50 —— 0,11
cores

64 Massive 113 gl 110 69 0,104 2,59
lava

63 Chloritic 119 108 153 97 0,125 2,92
rims

6D Partly 40 60 110 57 0,089 0.80
epidotized
interiors

6C Epidotized 158 38 70 45 0,067 0,12
cores

-~ Not determined
Sample 6A was taken from a band of massive lava six feet away from
samples 6B, 6C and 6D, This analysis is presented in order that a com-

parison may be made with the pillowed lavas. The values obtained for the
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pillow rims are slightly lower than, but of the same order of magnitude as,
those obtained for the massive lavas whereas the values obtained for the
epidotized cores of the pillows generally differ considerably from those of
the massive lava,

Table 2-3  Compositional differences between duplicate chip samples

of the saue material, Cu, Zn, Ni and Co in ppm; Mr and
Na in per cent.

Sample Description Cu Zn Ni Co . Im Na
No.
ba Pillow 116 71 130 65 0,113 2.2
5 rim 100 éé 123 _6_(2 0,107 2.69
Mean 108 68 126 65.5 0,110 2,46
Oi massive 105 bl 113 59 0,103 1,01
8B lava 120 78 —— 61 0,082 1.36
Mean 112 19 113 60 0,092 1,18
152 massive 95 79 125 62 0,090 1.5
15¢ lava 13 12 63 0,08, 219
liean 8l 15 12y 62 0,087 1.89
20b Dioritic 13 69 112 77 0,165 2.5
20c dike B2 76 114 T 0,141 2.67
Mean I 82 113 75 0.153 2.48

-~ Not determined,

The anelyses of duplicate semples presented in Table 2-3 indicate that
while copper and sodium tecad to show a slight varietion in concentration the
other elements have nearly identical concentrations,

The precision of the analytical procedure (Table 2-6} is approximately
the sane as the apparent precision of the sampling procedure, provided iden-
tical material is considered. The variations shown in Tables 2-1 and 2-3
could therefore be largely due to analytical scatter rather than sampling
inconsistencies, However, insufficient data were obtained to properly evaluate

the orecision of the sampling method, but the results shown in 2-3 indicate
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thet it is within reasonable limits, On the other hand the data reported
in Table 2-2 show veriations between samples from different parts of the
same basaltic pillows that are distinctly beyond the limits of precision of

the analytical and sampling methods,

PREPARATION OF SAMPLES FOR ANALYSIS

Preparation of Mineral Separates

Barly in the study the writer attempted to make mineral separateskof
chlorite, pyrite and chalcopyrite, Chlorite is abundant throughout the
chloriftc schist zones in which the mineralization occurs as well as in some
of the country rocks beyond the schist zones. It seems reasonable to expect
that chlorite in and near the mineralized zones would differ in trace element
content from chlorites away from the mineralized zones because they either
formed (in part at least) during and in response to the mineralizing process
or else they formed during post mineralization metamorphism, The motivation
for planning analysis of sulfide separates was mainly curiosity to establish
the abundances of trace elements present and to determine whether sulfides
from the three deposits investigated contained similar trace element values,

Soﬁe twenty samples of chlorite schists from the ore zone and the
surrounding rocks were processed by the method outlined in Appendix III,
however, the writer found that the average concentration obtained was 90%
chlorite, due to the presence of very finely intergrown quartz (less then
0,001 mn) in the majority of the chlorite grains separated. These chlorite
separates were not analyzed. (It may be possible to digest only the chlorite
by dissolving the separates in an appropriete scid, such as perchloric. It
may also be possible to obtain a better chlorite concentration by making a

visual separation of the more chloritic rock fragments prior to grinding

N




gnd separation),

The pyrite and chalcopyrite separstions were quite successful in that
mineral separates of 9%+ purity were obtained, The samples were not
analyzed because there was not sufficient time available during the present
study for the writer to establish a suitable analytical procedure and to
determine the trece element content of the seperates. This work is currently

being continued by Dr, W, G. Smitheringale at Memorial University.

Preparation of Whole Rock Powders

Whole rock powders were prepared using the method outlined by Hounslow

and Moore (1966), A detailed description of the method used is presented

in Appendix III,

The specimen was thoroughly cleaned of any adhering foreign matter and
broken to less than two inch diameters, The sample was coarse crushed in a
Bico jaw crusher to give fragments less than one half inch in diameter. Any ‘
pieces of steel derived from the steel jaws of the crusher during crushing
vere removed from the sample by a strong hand magnet. The crushed sauple
was passed through a Bico pulverizer first with the cereamic disks set 1 mm
apart and then s second time with the disks set at their minimum separetion,

4 fifty grem portion of the sample, obtained by repeatedly splitting the
powder from the pulverizer, was sieved through a plexiglass sieve fitted

with 97 mesh nylon bolting cloth, The plus 97 mesh fraction was reduced to
less than 97 mesh in ceramic grinding mills fitted onto a paint shaker. The
powder was mixed by first resieving and then coneing at least five times, The

mixed powder was stored in a lebelled snapcap plastic vial,

ANALYSIS OF SAMPLES

Flements Analyuzed

Copper and zinc were obvious choices because they are the principal




elements of economio interest contained in the ore zones. Nickel and cobalt

were chosen because they are among the trace elements most commonly essociated

with pyritio copper sulfide deposits,

Thin section studies showed that there was considerably less feldspar

in the chlorite schists of the shear zones than in the surrounding country
rocks, The feldspar was identified as sodic plagioclase and since its
decrease in the shear zones wes a result of alteration of the country rocks
during development of the shear zone or leaching during the mineralizing

processes or a combination of hoth events, sodium was determined in order to

=

obtain a chemical index of the extent of alteration and/or hydrothermasl

(o
b

leaching.

Manganese determinations were performed on the samples to determine

how the development of the shear zones and emplacement of the ores affected

the behaviour of thiz element,

Instrumentation 2 s

Since one of the objects of the present study was to become familiar
with the method of analysis by atomic absorption spectrophotometry, all
analyses were performed by this technique.

The rock powders were analyzed for copper, zinc, nickel, cobalt and
manganese on a Perkin Elmer Model 303 with the recorder readout coupled to a
Texas Instruments Incorporasted Servoriter II chart recorder, The sodium
analyses were détemined on a Techtron Type idk using the built in absorption

scale galvanometer,

Chemical Preparation

Approximately one gram of rock powder was weighed accurately into a
Teflon beaker. The powder was moistened with distilled weter and 10 mls of

nitric acid, 20 mls of hydrofluoric acid and 2 mls of perchloric acid were

L A ST S
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added in turn. The mixture was heated on a sand bath until the hydrofluoric
acid had been driven off and dense white perchloric fumes were being ev®lved.
The beaker walls were then rinsed down inside with several mls of distilled
vater and left on the hot plate until perchloric fumes ceased to be evalved,
The perchlorates were dissolved by boiling after adding 5 mls of hydrochloric
acid, and 10 to 20 mls of distilled water. The solution was made up to 100
mls in a volumetric flask, All reagents used were Analytical grade and twice
distilled water was used in all preparations and for washing glassware, The

method of chemical preparation is described in detail in Appendix IV,

Standards
Standards were prepared by diluting specially prepared solutions obtained
from the Fisher Scientific supply house, Details of the preparation of the

working standards are described in Appendix IV,

Contamination

Contamination checks were run by preparing an acid blank solution with
each batch of samples and by enalyzing one powder from each batch several

times during the course of the enalyses.

Operating Conditions

It was found that the opersting conditions specified by the Perkin Elmer
Corporation (1967) were suitable for most analysis, However, slight adjust-
ments were necessary in order to work within the concentretion ranges of the
semple solutions for certain elements. Table 2-4 lists the instrumental
settings used and the concentration of solutions for which these settings
were found to be most suitable,

The instrumental settings used on the Techtron instrument for the analysis
of sodium vere: wavelength, 3302 A; slit, 100u; burner set at 450 to the

optical path; meter response, lx and 5x; range of sample solution O to 600 ppma




Tahle 2-5 gzives the sensitivity (parts per million represented by 1%
absorption), detection limit in the sample solution, and detection limit in

the rock for the elements analyzed.

Table 2-4  Operating paremeters for the Perkin Slmer Model 303 fitted
with a Boling burner head,

Blement  Wavelength Slit Burner scale Range of sol,

40 angle response in ppm,
Cu 3247 3 0 3x 0-4

3eu7 3 0 1x 2 -2
Co 2607 3 0 x 0-2
Ni 2320 3 0 x 0-2
Zn 2138 5 0 1x 0~-2
Jin 2795 b 90° 1x 0 - 80

Burner angle = angle between axis of burner slits and optical path,

Table 2-5 Sensitivity and detection limits for the elements analyzed.

Element Sensitivity Detection liuit, Detection limit

(ppm/l% Abs.) sauple sol., ppm. in rock, wnpm,
Cu 0,01 0.00L Ouk
Co 0.06 0,02 2,0
Ni 0.06 0.02 2,0
Zn 0.015 0.005 0.5
Mn 1.0 0.2 20,
Na 2.0 0.2 20,

Precision and Accuracy

During the course of the analyses, several analyses were perforied on
the same rock sauples. & group of seven samples were analyzed a number of
times over a period of six weeks and should represent the overall variation
in analytical procedure since some of the analyses were performed at the
beginning of the analytical study and others near the end. These analyses
therefore represent the sum of errors from weighings, chemical preparation,
instrumental errors, and operetor errors, Table 2-6 shows the individual

values obtained for each run of the samples, Table 2-7 expresses these

data statistically,
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Table 2-6 Concertration of replicate analysis of samples L4, 15a, 15¢
of Little Bay 1350 level traverse, semple 22 from Little
Deer drill hole 92, semple 26 from Little Deer drill hole
132 and samples 18 and 48 from Little Deer drill hole 135.
Cu, Zn, Co and Ni in ppm; Mn and Ne in per cent.

Sample Cu Zn Co Ni Mn Na
La 163 60 60 98 0.087 3.33
112 56 59 79 0.087 3,29
- 66 - - 0.088 3.38
— 59 —— - — -
15a 87 80 60 130 0.089 1.65
102 76 63 119 0.090 1.52
- 81 63 - - 1,61
15¢ 75 7l 60 127 0.07k 2,27
78 73 62 121 0. 08 2,10
67 69 66 - 0.088 -
22 T 9l 67 79 0.118 S 2.72
72 95 13 88 0.120 2,72

6l 98 76 8l 0,123 2,66 '

7k 100 79 80 0.119 2,70 \

26 90 100 78 80 0,127 2.26 '
80 10k 82 71 0.127 2,29
90 107 81 79 0.126 2.21
83 112 82 - 0.127 2,30
_ 18 T 80 78 7k 0.126 2,72
o 83 T 72 0.136 2,80
68 82 76 78 0.128 301
75 89 76 - 0.129 -
48 80 ol 75 61 00143 0.35
19 95 75 63 0,139 0.35
78 99 - 62 0.136 0.35
al. 10% - - 0,137 0.33

-~ not determined,
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Table 2-7 Standard and Relative Deviation of Atomic Absorption Analysis
for replicate determinations of the samples given in Table 2-6,

Sample k4
Element  Mean (%) Standard Deviation  Relative No. of
Deviation  determinations
Cu 157  ppuw £30,0  ppm 21,1 % 2
Zn €  ppm Fh2  ppm 7.0 % L
Co 60  ppm * 1,0 ppm L6 % 2
Ni 88 ppm X 13l ppm 5.0 % 2
Jin 0.087 * 0,001 0.1 % 3
Na 33 % 0,00 % 0.1 % 3
Sample 15a
Cu 9%  ppm *10.6  pm 1.3 ¢ 2
n 79 pm 226 o 3.3 % 3
Co 62 PPm 17 ppm 2.7 % 3
Ni 125 ppm I ppm 5.7 % 2
Mn 0,089 X o0.001 % 0.0l% 2
Semple 15¢
u 73 pm * 56  pm 7.7 % 3
Zn 71 ppm * 2,0 pm 2.8 % 3
Co 6k ppm r 20 pom 3.1 % 3
Ni 12k ppm * 38 ppn 3.2 % 2
Mn 0,082 * 0,007 % 0.1 % 3
Na 2, % L 002 % 1,0 % 2
Sample 22
Cu 71 pm 2 L8 pm 6.7 % L
Zn 9 ppm * 2.8 Ppin 2.9 7’3 L
Co 69 ppm 279 ppm 11,1 7\; L
i 0,120 % 0,002 % 1.6 % 4
Na 2,70 % X 0,028 % 1.0 % L
Sample 26
Cu 86 Ppm * 51 ppm 5.9 % 4
Zn 105  pm kLl pm 3.9 § L
Co 81 ppm + 2,0 ppu 2.5 % 4
Ni i ppm * 50 ppm 6.5 % 3
Mn 0.127 % o000 % Oyt L
Na 2,26 ¢ o0 % 1.8 % L




Table 2-7 (continued)

Semple 18
Element Meen (X) ~  Stendard Deviation  Relative No, of
Deviation  determinations
Cu 72 pm 32  pm bt % L
Zn 85  ppm 3.9  pm L % L
C? 76 ppm 1.6 ppm 2.1 % A
Ni - 75 ppm 2.4  ppm 3.2 % 3
lin 0.129 # 0,004 [ 1
Na 2.8, % 0L % L9 % 3
Sample 48
Cu 80 ppm 2.6 ppu 3.3 % 4
Zn 98  ppm L6  ppm L7 % L
Co 75 pm 0.0  ppm 0.0 % 2
Ni 62 ppm 1.0 ppm 1.6 % 3
Mn 0,139 % 0,003 % 2.2 % L
Na 0.3 % 0.00 4% 0.3 % b
o)
True Standard Deviation =\ A_XZX
N-1
Relative Deviation . = ovondard Deviabion 4,

b
where x = Value in ppm or percent
Mean oconcentration
Number of times ssmple was run.

X
N

Interferences

The sharp-line light source of the atomic absorption spectrophotometer
removes most spectral interferences. A number of the earlier papers on
atomic absorption spectrophotometry.(Elwell and Gidley (1962), Slavin (196L)
‘and others) reported that the technique wes free from interferences. It
has since'been recognized that while the method is relatively free of inter-
ferences for aqueous solutions it is not necessarily true for geochemical
and other solutions which often have a high concentration of other elements
in comparison to the low concentration of the element being determined.
Trace element studies of rocks are extremely susceptible to interferences

since there is a low concentration of the trace element in comparison to




-32-

the high content of the msjor rock forming elements. Several interferences
were readily reoognized by geochemists utilizing the atomic absorption
method, Among these interferences are Al masking Mg and Ca and silicon
interfering with the determination of base metals (a complete listing is
given in Angino end Billings, 1967, p.58).

Billings (1965) discovered that high salt contents in geochemical
solutions produced an interference which seemed to enhance absorption, He
called this interference 'light scattering'. This 'light scattering' of
Billings was investigated by Capacho-Delago and Sprague (1965) who attributed
the enhanced absorption to absorption by a molecularly bonded species,
especially CaOH, and the inebility of the low temperature flame used by
Billings, to break the molecular bonds to produce atoms,

The writer ran a number of experiments to determine whether such inter-
ferences were present in the semple solution concentrations expected in the
present study. Potential silicon interference was obliterated by removing
the silicon with hydrofluoric acid during decomposition of the sample. 4
batch of twenty semples were analyzed by the method of additions described
by Abbey (1967) to ascertain any enhancements or depressions of the trace
elements being investigated arising out of the differences in matrix of the
samples, The writer found that there was a slight increase in absorption
of samples diluted 50 fold, that is, one gram of semple diluted to a final
volume of 50 mls, This enhancement disappeared when the samples were
diluted 100 fold, Two hundred fold dilutions gave exactly the same results
as those obtained for the 100 fold dilutions. The 100 fold or greater
dilutions were used throughout this study.

The method of measuring the absorption on a non-absorbing wave-length
as proposed by Billings (1965) to correct for light scattering was carried

out for copper and zinc, The copper non-absorbing line gave 1% to 2%




absorption for the 50 fold dilutions but did not give any absorptions for
the 100 and 200 fold dilutions, The zinc non-absorbing line rave erratic
values for the 50 fuld dilutions and reduced erratic values for 100 and 200
feld dilutions of the same samples, This was not surprising since the line
used 1is an absorbing line Tor cadmium which msy be present in the sample,

Similar tests were attempted for nickel ani cobalt without success since
there was sowe doubt éoncerning the instrumental settines required and the
writer found difficulty in disecriminating between the absorbing end non-
absorbing lines with the wavelength selector,

Further attempts to determine the effects of the major elements upon the

trace element determinations were carried out by mixing hish purity (not

e o o e —— —

Soecpure) solutions together to aporoximate the chemical compositions of
rock solutions and aweasuring t..e trace element contents of these solutions, )
In all cases the trace element content obtained was equivalent to the supplier's
analyses, Furthermore, portions of these synthetic solutions were spiked

with the trace elements being investigéted. The spiked samples were analyzed
using standards in aqueous solutions that had been acidified with the same
concentrations of acids as had been used in the mixed synthetic solutions,

The trace element content obtained was equal to thet of the spike plus the
concentration in the unspiked synthetic solution,

It was concluded frow the negative results obtained from the foregoing
tests and froa a detailed perusal of the literature that there were no
interferences to be contended with in the analysis for the trace eleuments in
cuestion if the dilutions were 100 fold or wore.

& study of the acid content of the sawple solutions gave differing
results for differing quantities of hydrochloric acid in the standards and

the samples. This was found not to be a spectral interference but to be

the result of changes in viscosity due to the different concentrations of

N



acid present, This was overcome by maintaining the equivalent of 5 mls of
concentrated hydrochloric acid in every 100 mls of both sample and standard

solutions,

Calculation of §ample Concentration

During the initial stages of the investigation the calculations were
performed on an electric desk calculator, The per cent transmission obtained
for the standard solutions was plotted against concentration on single cycle
logarithmic-linear graph paper (see Appendix IV). The per cemt transmission
for the sample solution was used to determine the concentration in parts per
million from the stendard curve, The concentration of the element in the

rock sample was determined using the formula

Volume of Semple Sol,
Weight of Sample

PPM in Sample Sol. = PPM in Rock

4 Fortran II computer programme used to compute the concentration of
the elements in the majority of the sample analyses is described briefly

in Appendix IV,

Y
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CHAPTER III, GEQLOGY AND DESCRIPTIUN OF THE SULWIDE DEPOSITS

Regional Geology

The geology of the Springdale Peninsula was described by MacLean (1947),
Williams (1962), and Neale and Nash (1963), Detailed studies of the geology
of part of the area of the Springdale Peninsula have been carried out by
Papezik and Fleming (1967), Fleming (in preparation) and by mining and
mineral exploration companies, Peters (1967) has described some of the

sulfide deposits found in the area, Kanehira and Backinski (1968) describe

in detail the geology and mineralogy of the Whalesback ifine,

The mineral deposits investigated are found within the assemblege of

Ordovician and Silurien volcanic and sedimentary rocks knmown as the Central
liobile Belt of Newfoundland which extends for nearly 150 miles from Red !
Indian Lake in the southwest to Notre Dame Bay in the northeast., Fenwick, '
et al (1968) and Sheridau and Drake (1968) present geophysical evidence
which suggests that the Central kobile Belt may extend for a considerable
distance out into the Atlantic Ocean as part of the continental shelf.
The volcanic assemblage of the Central iiobile Belt is represented on
the Springdale Peninsula by the Ordovician volsenic rocks known as the Lush's
Bight Group (Maclean, 1947) which occur as a northeast-trending, folded belt
consisting of a thick accumulation of mainly basic pillow lavas and pyroclastic
rocks with associated greywackes, cherts, rhyolitic lavas and minor limestones.
Numerous sills and dikes of different types have been intruded into these rocks
Papezik and Fleming (1967) have made a detailed study of the Lush's
Bight Group in the inmediate vieinity of the Whalesback Mine., They have

described the altered and sheared, pillowed basic rocks as:
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"The rocks between Whalesback Pond aud Little Bay
are mainly Ordovician besic lavas, both pillowed
and massive, associsted with minor amounts of pyro-
clastic rocks, Basic lavas predominate but some
acid flows and/or pyroclastios are present, parte-
icularly in the southern part of the area. Chert
appears commonly as fillings between pillows, as
minor lenses in the volcanic rocks and, towards the
north, as beds of ribbon chert of significant aggre-
gate thickness, Recent work has shown in addition
the presence of many thin lenses of magnetic "iron
formation", probably lenses of iron-rich tuffaceous
sediments, The volcanic assemblage is intruded by
fine-grained gabbroic rocks in the form of dikes,
sills, and small stocks, end a later set of por=-
phyritic dikes characterized by coarse phenocrysts
of feldspar, amphibole and pyroxene. 4 few thin
dikes of relatively fresh hornblende and biotite
lamprophyre and olivine diabase complete the ass-
emblage (most of the younger dikes range from only
a few inches to a few feet in thickness....

+e02+All rocks in the area, with the except-
ion on the younger dikes, have been subjected to a
low-grade metamorphism and are partly or completely B
re-crystallized to a rather monotonous wineral asse- y
mblage (meinly albite, chlorite, epidote and leuco- Lo
xene) characteristic of the greenschist facies. Mlany -
parts of the area have been affected by a local !
metasomatism involving meinly the addition of iron
and water to, and a transfer of silica and calcium
from, massive chloritic zones, which are the main
host-rocks of the copper mineralization in the area
eses" page 182,

Papezik and Fleming (1967) have defined two rock types within the
Lush's Bight Group mainly on the basis of chemical composition,: the Whale-
sback type", resembling calc-alkaline (tholeiitic) basalts, appears to be
the dominant rock type on the Springdale Peninsuls, and the "St.Patrick
type", which they classify as metamorphosed spiil ites. They have found

difficulty in distinguishing the relationships of the basalts and spillites.

Geology of the Lady Pond Property

The Lady Pond property is located on the eastern side and the south-

east corner of Lady Pond, Seven shafts were sunk to a depth of around



e
100 feet and mining operations were carried out in the 1890's (MacLean, 1947).

The geology of the area surrounding the sulfide zone has been mapped | *
by the staff of the British Newfoundland Exploration Compeny (Figure 3-1), ‘
The writer's study of the geology of the area was restricted to an examin- |
ation of drill core from the three drill holes shown in figure 3-1, ’

The drill cores consist predominantly of dark green, fine grained
tuffaceous and fragmental rocks that are banded in part. Several thinly
banded argillaceous and ash beds up to 1 foot wide, and fine - to medium -
grained amygdaloidal andesitic lavas, both massive and pillowed, are present.

The andesitic lavas have been foliated, lightly chloritized, and

epidotized while the schistose tuffaceous and fragmental rocks have been

e o e E e = e

moderately to strongly chloritized, lightly epidotized and in places mod-

erately pyritized (5-7 per cemt pyrite).

P

Medium grained, lightly chloritized dioritic dikes and relatively

L

fresh porphyritic feldspar and amphibole dikes intrude the country rocks.

The chalcopyrite mineralization exemined is located in chlorite schist
zones that vary from several feet to less than twenty _feet wide and consist
predominantly of chlorite with variable amounts, generally 30 per cent, .of
microscopic to fine grained quartz, epidote and calcite,

The mineralization consists of chalcopyrite and pyrrhotite veinlets
up to one inch in width and massive pyrite bands up to six inches wide
containing tiny irregular chalcopyrite veinlets. Minor amounts of bornite,
wurtzite and magnetite are present in the ore zones. Quartz and chlorite
are the principal non-metallic gangue minerals. Pyrite veins up to one : x
inch wide are found scattered throughout the country rocks. Narrow white
quartz veins, less than one-half inch wide are commonly found within a few

feet of the ore zones.
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Geology of the Little Deer Mine

The Little Deer Mine is owned and operated by the British Newfoundland
Exploration Company and is currently undergoing development in preparation
for mining operations,

The Little Deer sheer zone has been traced for several thousand feet on
the surface by trenching, and a mineralized section has been traced for more
than two thousand feet by diamond drilling. The mein ore body is located
beneath Little Deer Pond, but its delineation has not been completed and the
dimensions of the ore zone will not be khown until the current development
work and further diamond drilling have been completed.

Figure 3-2, after Papezik and Fleming (1967), shows in detail the
geology of the area around the Little Deer Mine., The chlorite schist zone
containing the Little Deer liine occurs within the Mihalesback Volcanics"
division of Papezik and Fleming (1967) and is roughly parallel to the
chlorite schist zone of the nearby Whalesback Mine.

The country rocks of the Little Deer liine are included in a detailed
petrographic study of the Whalesback - Little Deer area by Fleming (in
preparation).

The following description is besed upon an exemination by the writer
of drill cores from the hanging wall of the Little Deer Mine.

The country rocks consist predominantly of basic pillow lava inter-
banded with minor messive lava and pyroclestic rocks probsbly derived from
the same source as the lavas, The rocks are generally fine grained and
although the colour varies locally the rocks are generally greyish green,
%eﬁﬂwﬂlw%hwe%ﬂgmmrmsmdwwwydbwwﬂmmﬁ
centers, and the massive lavas have a light green nottled appearance due to
epidote mstacrysts. The pyroclastic rocks are generally banded and, like

the chlorite schists, have a dark green to greenish black colour,

—— e = i -
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In thin section the lavas have microporphyritic histal to seriate
textures. The phenocrysts, less then 1 mm in diameter, of albite and
occasionally pyroxene, are found in a matrix of plagioclase microlites,
cloudy granular epidote, pale green fibrous amphibole (actinolite), chlorite,
quartz and leucoxene. Pyrite crystals, up to 1 m in diameter, are scattered
throughout the rocks and hemstite coatings are commonly found on fractures,
Calcite may occur as individual grains, 0.2 to C,5 um in diemeter, in the
groundmass and as quartz-calcite veinlets several millimeters wide that
ngy parallel or cut across the schistosity planes, The pillowed lavas have
been altered to a greater exteﬁt than the messive lavas and have distinct
schistose -and chloritio ferromagnesian rims surrounding massive centers
consisting of more than 50 per cent epidote, The pyroclastic rocks do not
contain appreciable quantities of epidote but they have been strongly
chloritized and often contain more than 30 per cent chlorite., Feldspar
phenocrysts in the pillow lavas are generally restricted to the lightly
chloritized sections of the pillow rims,

Feldspar phenocrysts in the massive lavas are generally lath shaped and
twinned on the Carlsbad twin law, The composition of these phenocrysts, as
determined by means of a four axis universal stage, varies from Anj to An8.
In the pillowed lavas the feldspar has been partly or completely altered to
epidote and some partly altered grains contain microscopic chlorite, caleite,
quartz and epidote,

Epidote occurs as cloudy irregular grains in the groundmass and as
subhedral to euhedral crystals, as sperulites, veinlets, and massive lenses
in the lavas.

Chlorite occurs intergrown with quartz along schistosity planes and is
commonly found as submicroscopic grains formed by the alteration of minerals

in the groundméss. The pyroclastic rocks often contain lenses and patches

-
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of chlorite several millimeters wide by several centimeters long, The
chlorite found in the chlorite schist is generally darker coloured than that
found in the nearby country rocks,
Quartz occurs as tiny microscopic grains in the groundmass of massive
and pillowed lavas and as an aggregate of quartz crystals parallel to the
schistosity planes in the rims of pillows.
Pyroxene (augite) phenocrysts are found in both the massive and pillowed

lavas, The phenocrysts are generally euhedral and may be altered to chlorite

along fractures,

P

Acicular emphibole is found as microscopic crystals in the groundmass
of massive lavas, in the epidotized centers of pillows and in chlorite

schists.

Calcite occurs commonly in the country rocks as isolated erystals, as |
calcite veinlets parallel to schistosity and as quartz-calcite veinlets
cutting across the schistosity,

Intrusive rocks of the Little Deer property are similar to those found a "
throughout the Springdale Peninsula. Dikes of amphibole-feldspar porphyry,
andesite, fine - to medium - grained and porphyritic diorites, felsites, and
black, aphanitic lamprophyric rocks are found within the immediaté vicinity
of the mine, These dikes vary from several inches to tens of feet in width
and constitute an estimated 15 per cent by volume of the rocks in the area,

The andesitic and dioritic dikes have undergone an alteration similar
to that of the laves that they intrude., In places the andesitic dikes appear
to grade into the medium~grained andesitic lavas and are only distinguishable
on the basis of their chilled msrgins., These andesitic rocks may be sills
related to the same period of volcanic activity as the lavas or they may be

feeder dikes to overlying lavas that have been ercded. Some of the dioritic

dikes cut across the ore zones and are post mineralization in age.

)
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The Little Deer ore zone occurs in a shear zone consisting essentially
of chlorite and quartz-sericite-chlorite schists., Variations in composition
throughout the shear zone are common and many sections consist almost é;
entirely of chlorite schist, Peters (1967) states that the main ore zone
beneath Little Deer Pond occurs in a highly contorted and cremulated
sericite schist, The change from ohlorite to quartz-sericite-chlorite
schist may represent variations in the originel composition of the rocks

from which the shear zone was derived. The intensity of alteration varies

considerably along the length of the shear zone as well as across the shear
zone., Narrow zones, several feet wide, of a bleached, massive and siliceous

rock (rhyolitic-looking) occur in association with quartz-sericite-chlorite

K oD a e a—

schists. Sericitization is usually more intense near the center of the

mineralized zones, and within these rhyolitic-looking rocks. An agglomerate

=

intersected in the hanging wall of the ore zone and the presence of
tuffaceous-like rocks in other parts of the ore zone suggest that the ore
may closely follow a stratigraphic horizon along part of its length,
Pyrite, pyrrhotite, chalcopyrite and sphalerite are the main sulfide
minerals and quartz, calcite, sericite and chlorite are the main gangue
minerals in the ore zone. The ore zone consists of several disconnected,
high grade lemses containing 5 to 10 per cent copper and/or disseminated
chalcopyrite impregnations of the chloritic and sericitic schists.
Sphalerite generally occurs es narrow veinlets and threads in the footwall
of the ore zone.“ Pyrite occurs as massive veins and as disseminations in
the chloritis and sericitic schists throughout the ore zone. There is
generally more pyrite stratigrephically below than above the chalcopyrite
mineralizetion. The chelcopyrite-pyrrhotite mineralization occurs either
as massive veins, generally less than one inch wide, associated with quartsz,

or as chalcopyrite-pyrrhotite veins have been observed to cut pyrite and




sphalerite veins, Sphalerite veinlets often cut pyrite veins. The size

of sphalerite veinlets decreases away from the ore zones,

Geology of the Little Bay Mine

The Little Bay Mine is owmed and operated by the Atlantic Coast Copper
Corporation and is situated at the head of Indian Bight, Little Bay, The
mine, the oldest in the area, started production in 1878, and has produced
approximetely 1,500,000 tons of 2 per cent copper to date,

The mine consists of two "en-echelon" shear zones approximately 1000
feet apart. The main ore zone has been the principal producer ever since
the mine began production and the North zone has undergone development
during only the last few years, although its existence has been known for
a number of years. Both ore zones occur in chlorite schist zones which are
considered to be subsidiary to a nearby major fault,

The main ore zone strikes north 50 degrees east and dips 80 degrees to
the south., The economic mineralization has a strike length of over 1000
feet, attains a maximum width of 80 feet and has been traced by diamond
drilling to a depth of about 2000 feet, On the 700 level the chlorite
schists of the north zone are mineralized for a distance of approximately
1200 feet along strike and through an average width of less than 100 feet.
liineralization has not been encountered to date by diamond drilling from
the 1800 level of the main zone, and the depth of the ore zone has vet to
be determined,

The Little Bay mine occurs in schistose and altered andesitic %o
basaltic pillow lavas which contain minor emounts of massive lavas and
pyroclastic rocks, The rocks in the vicinity of the mine strike north 60
degrees east and dip at 75 to 85 degrees to the southeast.

In the pillowed lavas the pillows have an average diameter of two feet,

but they remge up to more than four feet in diemeter. They have dark green
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chloritic rims and light creamy to greenish yellow certérs consisting pre-
dominantly of epidote and containing only minor amounts of quartz, amphibole
and calcite,

In thin section the massive lavas resemble those found at Little Deer
Pond both texturally and mineralogically,

Bands of chert interbedded with pyroclastic rocks are found in several
places along the 700 level north crosscut., These chert bands are very fine
grained and consist predominantly of epidote and quartz.,

There is a decresse in the number and size of pillow structures as the
chlorite schist zones are approached and with the exception of small
epidotized knots less than one foot in diameter there is no indication of
any pillow structures within fifty feet of the chlorite schist zones. The
south contact of the chlorite schist in the north zone is in faulted contact
with schistose andesitic (?) rocks, and the north contact is separated from
the country rocks by a composite dike., On the 1350 level of the main zone
the schistosity and the quartz content of the country rocks increase as the
chlorite schist zone is approached, The increase in quartz becomes notice-
able in hand specimen approximately 25 feet from the chlorite schist zone,
The rocks become light green and take on a slaty appearance due to the
increasing quartz content and the closely spaced schistosity planes. The
siliceous rocks in this zone have 5 to 10 per cent disseminated pyrite which
increases slightly to within five feet of the chlorite schist zone, The
chlorite schist adjacent to this siliceous zone is dark green, friable and
contains less than 2 per cent disseminated pyrite,

The mineralized zones and the country rocks have been cut by a swarm
of north trending dikes which may vary in strike by 30 degrees east and west
of north (Figare 3=3). They vary in composition and abundance. The most

sbundant dikes in frequency of occurence and in volume are andesitic and
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dioritic types, The andesitic dikes are fine to medium ‘grained, dark green
rocks that are similar in appearance to the andesitic laves, These dikes
are foliated, epidotized and appear to be the oldest dikes in the area.
Their margins are only faintly chilled and it is often difficult to
distinguish them from the surrounding rocks wlﬁen they intrude massive
endesitic (?) lava, The dioritic dikes consist of two types: an older
fine-to medium-grained dioritic variety and a younger porphyritic variety.
These dikes are dark greenish to greenish black and faintly foliated. They
are either older than the mineralization or else they have remobilized the
chalcopyrite during their intrusion since there are instances of chalcopyrite
and quartz apophyses from massive pyrite and chalcopyrite veins penetrating
the dike for a short distance, however, the writer is nct aware of any
occurence of a sulfide vein cutting through the dioritic dikes, These
dioritic dikes pinch and swvell and have very irregular shapes, They contain
altered feldspar, epidote, chlorite, amphibole (actinolite) and scattered
pyfit e«grains,

Felsite, feldspar porphyry and amphibole-feldspar porphry dikes have
been found in the mine, A post-ore, aphanitic black dike considered to be
a lamprophyre is probably the youngest rock in the area.

The main ore zone consists of several lenses of varying lengths with
an average width of 25 feet, These lenses pinch and swell and plunge

steeply, Within them the ore occurs as massive to semi-massive sulfide

pods of 10 to 12 per cent copper and as narrow remifying veinlets and

impregnations of the chlorite schist by pyrite and chalcopyrite which
average 1 per cent copper (se;e Figure 3-3)., The chalcopyrite may occur as
veinlets up to an inch wide with only traces of pyrite and quartz or as an
uneven mixture of massive sulfides with pyrite predominating,

The north ore zone contains a number of uassive pyrite-chalcopyrite
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veins with en average width of 12 inches and several small zones of
disseminated chalcopyrite and pyrite in chlorite sohists. Only a small
portion of this zone is of economic interest.

The main sulfide minerels are pyrite and chalcopyrite. furtzite,
magnetite, mercasite, sphalerite, and pyrrhotite are present in minor amounts,
Small amounts of covellite and a narrow vein of nstive arsenic have been
identified. Quartz, chlorite, epidete and celcite are the main gangue
minerals,

Papezik (1967) has described native arsenic occurences in the Whalesback

and Little Bay mines.,
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CHAPTER IV, TRACE LLEMFNT DISPERSION PATTERNS

The mineralogical variations and the wall rock alterations ad jacent
to the sulfide deposits on the Springdale Peninsula have heen investigated
in connection with mineral exploration programs by H, R, Peters, ¥, J, Fleming
and others (personel comunications), The present study has been directed
toward a study of the winor element varistions in thé wall rocks of the
orebodies and the rocks within the ore zones. Insufficient attention has
been given t¢ the investigation of the mineralogical and textural aspects
of the ore zones and their wall rocks to provide a comprehensive account of
these features. The data gathered from thin section studies and from other
workers in the area will be incorporated into the tollowing discussions

where possible,

B S N O W S

Boyle (1961} found thet there was a definite decrease in the Na20
content of chlorite schist zones derived by the alteration of greenstone j
rocks in the Yellowknife district of the North West Territories. 4lso, 4
Papezik and Fleming (1967) found that the sodium content of chlorite rock
in the ore zone of the Whalesback liine is less than that of the surrounding
"Whalesback" type volcanics from which the chlorite rock was presumably |
derived, Since the ore zones of the three properties investigated are found
in chlorite schist zones, the sodium content of the sauples analyzed for
trace elements gives a rough index of the extent, if not the exact naturé,
of the slteration in the chlorite schist zones, The writer considers that
the data obtained on the sodium content of the rocks, in addition to the
mineralogical and textural information obtained from thin section studies,

ere sufficient to interpret the trace element data.

Background
A prerequisite assumption in the investigation of dispersion patterns ‘




=50 =

adjaocent to orébodies, is that the abundance of an element is relat ively
constant in an area which has not been affected by the presence of a

mineral deposit, That is, it is assumed thet background concentrations

are reasonably uniform, The initial sempling program was designed to

obbtain samples as far us possible from known mineralization on each traverse,
in order to ensure that dispersion patterns of several hundred feet, if
present, would be included, and to ascertain the background concentrations
of the elements under investigation,

Table 4=l gives the mean and the range for those samples in each
traverse considered by the writér to be outside the influence of mineral-
izing fluids. All the samples used in compiling Table 4=l are more than
one hundred feet away from the nearest chalcopyrite mineralization or

chlorite schist zone, Samples cntaining less than one per cent sodium

T A AT AN e
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and more than three times the mean copper values were omitted from these

s

calculations to avoid including samples which k{ad possibly been subjected
to some hydrothermal activity, It is possible that some of the samples
discarded may represent original syngenetic variations in the rocks, however,
very few samples were omitted from the calculations and the indiscriminate
inclusion of ali analyses more than 100 feet away from the economic mineral-
ization would produce results that are similar to those shown. During
the interpretation of sample traverses background was considered to have
been attained if, after a zone of erratic values adjacent to a minerslized
or chlorite schist zone, a reasonably constant level of trace element
content was obtained. For example in Figures 4-4 and L-5 samples 30 to 39
are considered to represent the background velues of the wall rocks,

The values obtained are local background values, and although they
possibly do indicate the spproximate values for similar rocks in other

parts of the Springdale Peninsula the sampling was not extensive enough

N



Drill Hole 5
Element Arithmetic
Mean
Cu 32
an 102
Co I3
Ni 29
lin 0,164
Na 412
Drill Hole 92
Element Arithmetic
Mean
Cu 80
Zn 86
Co 66
Ni 61
Mn 0. Lig
Na 2.2%
Drill Hole 132
Element Arithmetic
Mean
Cu 76
Zn 83
: Co 71
Ni 73
in o.1z§
Na 2,36k
Drill Hole 135
Element Arithmetic
Mean
Cu 87
Zn 77
Co 71
Ni 69
Mn 0,11%
Na 2.7%

Table 4-1 Background concentrations of elements,
Mn and Na as per cent.

LADY POND

Standard
Deviation

I+ 1414140+ 1+

Standard
Deviation

=\
OO\N.O\\_TAI\)
[ ]

I+ 1+ 14+ 14 1+ 1+
|_-I
- L ]
ONOWDW\WO O

Standard
Deviation

1+ 1+ 1+ 1+ 1+ i+

Range
13 - 59
91 - 116
LO - 48
28 - 30
0,12 - 0,19
3092 “ ll-'}ll%
Range
52 - 182
62 - 105
50 - 73
L0 - 82
0.12 - 0.17%
1'30 = 3-1"5%
Range
4 - 101
60 - 108
& - 85
4o - 87
0,10 - 0.1%b
1.27 - 3.27h
Range
5k - 170
56 - 86
63 - 87
63 - Th
0,10 - 0.1%
150 - 3.5%

Cu, Zn, Ni and Co in ppu;

Number of
Samples
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Number of
Samples

Number of
Samples

12
12
12
10
11
12

Number of
Samples

11
11
11

9
11
11
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Table 4=1 (Continued)

Total for Little Deer Property (Sum of three traverses)

Element

Cu
Zn
Co
Ni
Mn
Na

Arithmetic
Mean

81

82

69

68
0.12%
2,55k

700 Level North Zone

Blement

Cu
Zn
Co
Ni
Jn
Na

1350 Level

Element

Cu
Zn
Co
Ni
Mn
Na

Arithmetic
Mean

61
95
70
u8
0.11%
197

Arithmetic
Mean

91

71

69

111
0,10%
2. 25%

Standard
Deviation

I+ I+ + i+ 1+ H

Standard
Deviation

1+

345
294
541
3.6
0. 0254
0.712%

1+ 1+ 1+ 1+ 14+

Standard
Deviation

Ly b
16.9
12.7
2h.9
0. 01%
0.63%

I+i+ 141+ 1+ 1+

Total for Little Bay (Sum of two traverses)

Element

Cu
Zn
Co
Ni
Mn
Na

Arithmetic
Mean
83
80
69
120

0.10%

2.18%

Standard
Deviation
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+i+ |+ 1+ 1+ 1+

Range
4 - 182
56 - 108
50 ~ 87
L0 - 102
0,10 - 0.17%
1,27 - 3.5%
Range
31 - 136
55 - 131
50 - 92
100 - 240
0,06 - 0.1%
1.06 - 3.5%
Range
13 - 169
57 =117
58 - 97
71 - 10
0,06 = 0.1.%
1,0l - 3.6t
Range
13 - 169
55 =131
50 - 97
67 = 240
0,06 - 0.,l4%
1,0l - 3.5%

Number of
Samples

Number of
Samples

O e ~J oo

Number of
Samples

22
22
22
22
2l
2l

Number of
Samples
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to provide reliable regional background values. Local variations in the

intensity of low grade regional metamorphism in the Springdale Peninsula
volcgnics (Papezik and Fleming, 1967) is one factor that might produce

local variations in background values, The date presenmted are from samples
of different rock types, although most profiles taken individually represent
a single rock type, or at least very similar rock t&pes. The trace element
and sodium contents of the chloritic rims are similar to the values obtained
for the massive basalts and thus are used instead of the values obtained on
the epidotized pillow centers in preparing Table k-1 and Figures 4-1 to 4-18.
The relationships between the trace element and sodium contents of the

pillow rims and centers are shown in Figures L-1k and L-15.

DISPERSION PATTERNS IN THE WALL ROCKS OF THE L4DY POND PROPERTY,

One sampling traverse wes obtained from dismond drill hole Fo. 5 in
what is considered to be the hanging wall of the Lady Pond property
(Fig. 2~2), The copper, zinc, manganese and sodium profiles obtained from
$his drill hole are shown in Fipure 4-1. The nickel and cobalt values for
the same samples show little devistion from a streight line and were omitted
from the diagram, however, the values obtained are discussed below and are
presented in full in Table I of Appendix I. This drill hole was investigated

o determine whether the tuffaceous rocks of the Lady Pond property would

produce different dispersion patierns from those obbtained in the predominantly

massive and pilloved lavas of the Little Deer and Little Bay Mines.

The drill hole intersected traces of chalcopyrite between 275 and 295
feet. A sulfide intersection at LhO0-452 feet averaged 0.61 per cent copper.
The mineralization consists of bands of massive chalcopyrite and pyrite lgss
than one inch wide, A& number of quartz veinlets, less than one half inch

wide, occur over a six foot zone (425-43L feet) in the hanging wall within
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ten feet of the sulfide zone, This drill hole contains considerably more

disseminated pyrite cubes than any of the Little Deer or Little Bay traverses
and the strongly foliated tuffaceous bands often contain as much as five per
cemt pyrite visible in a hand specimen. It was possible to collect samples
on both sides of the main intersection of sulfide mineralization, however,
it is not known if this drill hole intersected all of the sulfide zones in
the imnediate vicinity, |

The Lady Pond profiles are the most irregular obtained during the
present study, There are considerable variations in the content of all

elements shown in Figure L-1 for over 175 feet away from the major sulfide

zone. It is not known whether this is due to the action of mineralizing

fluids or to the original composition of the sedimentary and tuffaceous rocks

& & & a

or a combination of both factors,

e

The sodium content of the wall rocks appears to have two distinct ranges,
one with concentrations of approximately 1,0 to 4.3 per cent and the other i
with concentrations of 0,07 to 0,1y per cent, Thin section studies and é
examination of core reveal that specimens falling within the lower range
were collected from zones of chloritization and silicificetion and that the
sodium content of the rock varies inversely as the degree of chloritization,
The concentration of copper in some samples is inversely related to the
“sodium content, for example, in samples 2 to 5 outside the tuffaceous zone
and in samples 8, 9, 10, 15, 16, 23 and 27 within the tuffaceous rocks.
This suggests a possible relationship between copper content and degree of
chloritization, which might be expected on the basis of the general geo-
chemicel affinities of copper. On the other hand, not all samples with a
low sodium and high chlorite content have a high copper content, for example,
samples 17, 18 and 19, There is insufficient data to suggest with any

certainity that the copper in the chloritized rocks was introduced by

A |



hydrothermal fluids during their chloritization since the copper distribution

may simply reflect syngenetic variations,

The high copper content of samples 13 and 14, which are high in sodium
but low in chlorite, is due to tiny chalcopyrite grains in pyrite veinlets
(approximetely 1 mm wide) in the samples.

The low copper concentrations found in samples 27 and 30, which occur
on either side of a sulfide zone, could be interpreted as evidence of pre-
mineralizing fluids leaching the wall rocks and failure of the copper bearing
solutions to permeate the wall rocks to any extent, or migration of the copper
from the wall rocks into the ore zone, or of pre-alteration-mineralization
variations in the wall rocks, The samples analyzed are spaced too far apart
to provide sufficient information to determine exactly the behaviour of the

elements in the vieinity of this sulfide zone.

ke kA G M T m TR N

Before an intelligent discussion of abnormalities in the profile cen
be undertaken it will be necessary to obtain trace element data on more 1
samples and also to determine the variations in the major elements, iron, é
magnesium and others with which the minor elements are associated,

The manganese profile of the Lady Fond traverse is relatively smooth
in comparison to the erratic copper and sodium profiles. The anomalously
high manganese content of sample 12 may be due to the presence of manganese
minerals in some of the quartz veinlets in the sample,

The zinc profile is similar in shape to the manganese profile for
samples 2 to 16, Samples 17 to 22 and 31 to 33 have background values much
lower than the rest of the profile and consequently there appears to be a

ginc sureole around the sulfide zone between samples 27 and 30, that is

sbout 25 feet wide in the hanging wall. The maximum values obtained on the

samples adjacent to the sulfide deposit are less than the background values

a zinec aureole,

|

found in other parts of the traverse, and thus do not represent




The nickel values obtained on the Lady Pond samples show little variation

with mineralization and range between 21 and 38 parts per million. The
cobalt content of the samples have a range of 21 to 56 parts per million,
however, samples 9 and 10 which have high copper values have 75 ppm cobalt,
The nickel content of these two samples was not determined. The samples on
which nickel and cobalt were both determined have nickel/cobalt ratios equal

to or less than 1,

DISPERSION PATTERNS IN THE LITTLE DEER MINE.

Three diamond drill holes which intersected the Little Deer sulfide
deposit at approximately 500 feet below the surface were sampled along their
entire length, The holes were drilled in the hanging wall of the deposit
and consequently penetration of the foot wall wes seldom more than several
tens of feet (Fig., 2-L). The widths of the sulfide mineralization inter-
sected varied from less than fifty feet in drill hole 135 to almost 200 feet
in drill hole 92,

Fipures 4=2 to 4=9 show the dispersion patterns found in each drill

hole, The figures are Gesoribed separately below,

Drill Hole 92

Figures 4=2 and 4=3 show the dispersion patterns for drill hole 92,
Thin sections again show that the sodium content of the samples is a good
index of their chlorite content, AlLl of the samples which contain less than
one per cent sodium have undergone considerable chloritization, The more
extensively chloritized samples such as samples 26 and 36 contain 20 per
cent and 30 per cent chlorite and 0,76 per cent and 0.72 per gent sodium

respectively, Samples 50, 51 gnd 70 are chlorite schists containing 50 %o

60 per cent chlorite and less than 0,10 per cent sodium, Furthermore, samples

50, 51 and 53 and the three samples 70, 71 and 72 show e definite increase
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in sodium with a corresponding decrease in chlorite.

The mangenese profile is fairly uniform and shows little correlation
with the sodium content of the rocks, The anomslous manganese values in
samples 50, 53, 70 and 71 are associsted with silicification and sericit-
izetion, however, s quartz-sericite schist adjacent to sample 75 contains
only 0,12 per cent manganese, Samples 3L to 39 contain more manganese,
0.22 to 0,30 per cent, than the surrounding rocks which contain an average
of 0,13 per cent manganese. lany of the samples in this profile containing
nanganese values greater than the mean are associated with alteration and
mineralization,

Copper tends to show increases in the chlorite schist zones, However
the samples from this hole are spaced too far apart to reveal whether or

not there are narrow copper aureoles surrounding individual zones of

P N S S

economic mineralization, The chlorite schist zone containing samples 70

-

and 71 has relatively low copper values. No visible chalcopyrite was found

V3 =5 -

in this chlorite schist zone, but massive pyrite and sphalerite veinlets
are scattered throughout the zone, It is possible that the hydrothermal
activity preceeding the mineralization was active in this zone but the
later copper bearing solutions did not pass through this chlorite schist
zone,

The nickel and cobalt dispersion patterns of the wall rocks and the
ore zone, are erratic, There is a weak expression of an aureole in the
chalcopyrite zone at samples 50 and 51, however, the high cobalt contents
correspond to high copper values and it is thought thet the cobalt is
present in the disseminated sulfides as a trace constituent.

The zine profile of drill hole 92 has aureo}es in the foot wall of
two of the chlorite schist zones, The most pronounced of these aureoles

is found adjacent to the chlorite schist zone that does not appear to

N



contain visible chalcopyrite, It could be seen from the drill core that

the size and quantity of the sphalerite threads and pyrite veinlets

diminished away from the more chloritic parts of the schist zone and that

the sphalerite threads penetrated the wall rocks for only é few feet, Only
samples with visible sphalerite and pyrite mineralization and semples collected
adjacent to visible sphalerite mineralization exhibit zine values above the
background,

Since sample 39 is a massive volcanic rock with several pyrite vein-
lets, the high copper, cobelt and zinc values are considered to reflect
leakage from the nearby chalcopyrite zone via the pyrite veinlets, The
sample does not show extensive chloritization, sericitization or other

evidence of alteration,

Drill Hole 132

The alteration zone itself was probably a tuffaceous horizon. It is

bounded in the hanging wall by a fifty foot section of agglomeratic andesite,

s e a ca - -

and the foot wall border consists of chloritic andesitic lava. The alteration
consists of silicification, sericitization and chloritization which varies
slightly throughout the section in that some sections are friable and consist
predominantly of chlorite and quartz while others are only lightly chloritized
or consist of a foliated siliceous-sericite-chlorite schist with a slaty
appearance, The contacts with the hanging wall and foot wall are sharp.
Imuediately beyond the foot wall contact the andesitic lava has been cut by
several massive pyrite veinlets, less than one inch wide, quartz bands up to
one half inch wide and a one foot wide quartz-sericite section, The drill

hole was stopped at.a dioritic dike and it is not known how far the alteration

penetrated the foot wall, however, it is assumed from the restriction of the

alteration in the ore zone to several narrow sections with sharp contacts,

that the alterstion here will not extend for any great distance away from

)
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the wain sulfide zone,

The sodium content of the samples corresponds to the extent of alteration
and although the sodium profile does show some variations within 200 feet of
the ore zone the profile is relatively smooth outside the sulfide zone (Figure
Leh). Copper has a relatively smooth background profile in comparison to that
found in drill hole 92 (Figure 4=3) and increases only immediately adjacent o
the chlorite schist zone,

The manganese content of samples adjacent to the ore zone decreases
sharply and approaches background values quickly outside the ore zone (Figure
k) and maintains a uniform concentration for at least 600 feet away from
the ore zone, Siwilarly the zinc, nickel and cobalt profiles in Figure L5
gttain uniform background values a short distance from the ore zone and show
little variation over the 600 feet of wall rock sampled, Iione of the elements
appear to show, at the scale of Figure k-l, dispersion aureoles, although
samples 21 and 4, on either side of the mineralized schist zone do show values
different from those of the background.

The nickel and cobalt profiles show little variation along the drill hole
(Figure 4-5). The exception is sample 17 with more than 2 per cemt sulfide
which has a nickel content of 117 parts per million in comparison to a mean
background value of 73 parts per million.

Figure 4=6 shows in detail the dispersion patterns of copper, manganese,

zinc end sodium adjacent to the ore zone. The assay values obtained by the

British Newfoundland EXplération Company on samples across the mineralized

zone are presented to show the distribution of copper and zinc within the

ore zone.

Sodium maintains background values to within 2h feet of thf: hanging wall

. . . . P arithmic. decrease as
of the mineralization and then shows an approximate logarithmt

the ore zone is approached, The manganese profile exhibits a steady rise
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toward the ore zone from the background value of sample 23 through to sample
17 which has a manganese content seven times the background value, Samples
4 end 2 from the foot wall also have uanganese values higher than those of
the background,

Zinc has higher than background values in the hanging wall rocks for
approximately 25 feet from the ore zone, The profile rises sharply as the
zinc content increases from a local background value of less than 100 parts
per million to about 200 parts per million for samples 21 and 20 and then
rises quickly to almost 8000 parts per millioﬁ. Sample 17 was collected one
foot away from visible copper mineralization but it contains threads of
sphalerite and some pyrite. The foot wall samples show a decrease from 7000
parts per million in sample 4 to 130 parts per million in sample 2 only three
feet away. The British Newfoundland Company reports that zinc values in the
ore zone range from trace amounts to 4.1k per cent.

Sample 17 with 224 parts per million copper has a value ligher than backe

ground while sample 19 has a copper content well within the background range,
It is concluded from this that the copper bearing solutions did not penetrate
5ix feet into the hanging wall in this part of the ore zone,

The sodium and manganese ocontents of the hanging wall rocks have been
affected for a distence of at least 25 feet outward from the visible
mineralization. Zinc too has been increased for a distance of at least 25
feet beyond the copper minerslizetion and for approximately 10 feet beyond
the visible sphalerite minerslization, although copper hes not reached six
feet, This could be a reflection of the permeability of the wall rocks since
the agglomeratic andesite becomes finer grained and more tuffaceous as the
ore zone is approached and there is an increase in banding towards the ore
zone,

The samples in the foot wall provide only limited information on the
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dispersion patterns since they are restricted to a three foot interval of
andesites, The foot wall portion of the zinc profile exhibits a narrow
aurcole which can be attributed to the presence of disseminated sulfides.
Samples 4, 3 and 2 contain 5, 2 and 1 per cent sulfides respectively and
saiples & and 3 contain both pyrite and sphalerite whereas sample 2 contains
only pyrite.

The copper, zinc and uanganese valuss for the dioritic dike at the end
of the drill hole (Figure 4=6) are within the background range for these
elements in the andesitic rocks., The sodium content of the dioritic dike

is below that of the andesitic rocks.

Drill Hole 135

The dispersion patterns for drill hole 135, Figwres 4-7 and 4-9, are
similar to the patterns obtained for drill hole 132 in that the elements
attain background values within a short distance of the ore zone and have a

relstively uniform distribution along the traverse away from the ore zone.

The copper profile is very erratic for samples taken from the pre~-
dominantly pillowed lavas. The explanetions of the two anomalously high
values, samples L and 19, are not apparent. Saaple 19 is peculiar in that
it consisted of over 80% epidote yet its content of sodium, manganese, zine,
cobalt and nickel is close to backgrouna values, Sample 4 contained a number
of quartz and carbonate veinlets, and this is reflected by its abnormally
low values for all the elements except copper. It is possible that the
high copper comtent of both samples is due to the unnoticed presence of
chalcopyrite,

Pigures 4-7 and L-9 indicate a zinc aureole extending some 75 feet

into the foct wall. The aureole is odd in that two samples immediately

adjacent to the foot wall (Nos. 43 and 49) and one sample in the widdle of

Purthermore, two of the samples

the aureole (No, 53) have background values.
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iaving high zino values (Nos, 54 and 55) and which have been hydrothermally
altered, are separated by massive unaltered andesite, These features suggest
thet the aureole may be composite in nature, consisting of several aureoles
related to different chennels of hydrothermal activity, Samples 50, 51 and
5, contain threads of sphalerite visible with a hand lens, Sample 55 is
silicified and contains visible pyrite,

The sodium and copper values for the foot wall samples show that while
there has been a considerable removal of >sodium in some samples, there has
not been any eppreciable addition of copper.

The nickel and cobalt oontents of the samples remain relatively constant
in the ore zone and the host rocks, It is possible that the pyrite contents
of the samples collected was too low to appreciably affect the nickel and

conalt,

DISPSRSION PATTERNS IN THe LIITLE BAY MINE

Samples were obtained from two traverses across the ore zones of the
Little Bay line (Figure 2-5). The North Zone was sanpled along the 700
level crosscut from the lain Ore Zone to the North Zore. The 1350 level

was sampled along a dismond drill drift and a crosscut to give a traverse

that was approximately at right angles to the liain Ore Zone, see Figures

2-5, 3~3 and 3~5.

The samples from this property are mainly chip samples taken over

several feet of a drift wall., In the initial sampling progrem the writer

collected a number of samples to study the distribution of trace elements

i i i rock
not only in relation to the ore zone but also in relation to various

types and the effect of dike intrusions. Only a limited number of the

samples collected could be analyzed in the available time.

i
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700 Level

Figures 4-10 and 4-11 show the dispersion patterns found in the %raverse
across the North Zone, Further detail of parts of this traverse are shown
in Figures 4=12 to 415,
In the case of samples obtained from wall rocks consisting of basic
pillow lava, only the values fer the riws of the pillows are presented in
Figures 4~10 and 4-11. The data obtained on the intermediate portions and
centers of the same pillowsare presented in Figures L~li and 4-15,
The dispersion patterns of the elements, with the ebcception of copper
and sodium, show little variation in either the ore body or the wall rocks. 3
The sodium profile is rather uniform over the wall rocks, in which it
varies between 1,06 and 3.18 per cent, In the chloritic schists of the ore ‘
zone, however, its distribution becomes less regular and drops to less than
0,10 per cent, except for sample 31 with 0,30 per cent sodium,
The manganese profile is fairly uniform over most of its length, Although |
the majority of semples in the ore zone have values similar %o $hose obtained
on the wall rocks local highs are found (Figure L=13)e
The zinc, nickel and cobalt profiles (Figures 4-11 and 4-13) are quite
flat within the wall rocks, and although values vary erratically within the

wineralized zone (Figure 4-13) the general levels of concentration do not

differ mich from the wall rocks.

Figures 4-10 and 4-13 show copper values within the mineralized chlorite

schists to be an order of magnitude higher, and much more erratic, then copper

velues in the wall rocks. In an attempt to obtain samples from the ore zone

with a mineralogy as similar as possible to the chlorite schist wall rocks

i ing there.
highly mineralized portions of the ore zone were avoided when sampling

i i 1fides
Nevertheless ore zone samples did conteln small grains or threads of su

d erretic copper values

.

and these are of course the reason for the high an
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for these samples,

Figure 4-12 shows the concentration of the elements adjacent to a
massive pyrite-chalcopyrite vein, The three samples represented here were
cach collected over a one foot interval with the purpose of testing for
lateral dispersion origineting from an obviously localized source of metal
(the massive sulfide vein). The purpose was nob fulfilled, for‘ not enough
samples were taken and the efféct of the dike, which may be post-ore is
unknown. Nevertheless two points are worth noting, Tirstly, the concentrat lon
ranges for the rest of the mineralized zon:a, and secondly, the semple collected
12 to 2 inches from the vein contained more copper, zinc, nickel and manganese i
than the sample on the same side of the vein collected 0 to 12 inches from

the vein, One would expect the reverse relation if elements diffused out from

the vein, Although the detail is scanty, it does seem to rule out any

significant migration of material outwards from the vein into the immediately

surrounding rocks.

Figures 4-1L and 1,-15 show the distribution of the elements between three

recognizable petrographic units of the basic pillow lavas: the chloritic and

schistose rims, the massive relatively unaltered intermediate section, and

the yellowish, predominantly epidote centers.

. . . . s .
Tt can be seen that there is a definite fractionation of sodium between

the three units. The sntermediste section of the pillow contains approx-

ips . . .
imately twice as much sodium as the chloritic and schistose rims, and the

rims in turn have more than twice as much as the epidotized portions of the

The sodium values obtained for the Little Bay pillows are quite

ned by Hopgood (1962) on an unaltered

pillows.

different from the values obtai

ranciscan Formation, California. Hopgood found

[
/

spilitio pillow from the T

that the sodium values for the selvedges of his pillow were 2,51 to 3.73
i i ' nis pill ntained 5.24 o0 7.06
per cent Na20, the intermediate portion of nis pillow co




-80-

Tgble 4~2 Concentration of elements in the sheared chloritic rims,
massive and relatively uneltered intermediste portions and
the epidote centers of pillows from the same locations on
the Little Bay 700 level. Cu, Zn, Ni and Co in ppm;

Mn and Na as per cent,

Copper
Sample No, L5 46 L8 49
Chloritic Rim 81 136 40 13
Intermediate - - 5 51
Epidote Center 56 28 30 -
4ing
Sample No, 45 46 48 L9
Chloritic Rim 131 111 112 1523;]_
Intermediate -- - 7(23 o
Epidete Center -- 29 b
Nickel
Semple No. L5 U6 48 &9
. -— ul
Chloritic Rim 05 10k 136 157
Intermediate - - 108 o
Epidote Center - 79
Cobalt
L9
Sample No. 45 46 48
8 92
Chloritic Rim 72 8# 62 %
Intermediate 22 18 55 -

Epidote Center

i
)
1
f
!

P
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Table 4=2 (continued) '. i
Manganese
Sauple No, L5 16 18 19
Chloritic Rim 0,107 0.,121% 0.129% 0.139%
lntermedigte =~ mee=m === A 0, 104 0,121%
Epidote Center 0. 065% 0.08% o108 000 —e—e :
Sodium ",
Sample No., L5 16 148 L9 (
Chloritic Rim 1.99% 2.40% 1.79% 1,81% |
Intermediate e R 2.5% 2,91% 2
Epidote Center 0.08% 0.0%% 0. 3¢ - L
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ver cent Naj0, and the central portions of the pillow contained 5.62 per
cent Ne,0.

The distributions of copper, zine, nickel, cobalt, and manganese within
pillows are shown in Figure 4-15, All three portions of a pillow were sampled
in only one case, saumple 48, In obher cases the rim was sampled but either
tle intermediate portion or the center of the pillow was omitted, Nevertheless
the trends shown in Figure 4-15 are distinct. The rius are richer than the
inner portions in all eleuments except copper. Copper is uwost aburdant in the
intermediate parts of the pillows and least abundant in the certers. All ;
elements are least abundent in the ceuter of pillow 4b.

Table k-2 gives the numerical values obtained for the data shown in

Figures k-l and L-15.

1750 Level

Chip samples were collected in the hanging wall of the iain Zone of the

Little Bay Mine on the 1350 level to give & traverse at appfoxjmately right

angles to the ore zone. The dispersion patterns, Figures 4~16 and L-l7, are

quite similar to those found in the other traverses described previously in

this chapter.

Tn the wall rocks each element shows a greater range of vaj.ues than in

the other Little Bay profiles, although like the other profiles the mean is

uniform throughout the wall rocks, Copper: especially shows several except-

ionally low values, two of which (numbers 3 and 13) are semples of chloritic

rimg of pillows.

Th 1 L .. ] ] .ld 1 b}, tl tI aveI SGS 11‘ 1
i p p 5

r is extremely variable

low concentrations throughout the ore zone. Coppe

. ; 1ti f finely
throughout the ore zong, possibly reflecting varying quentibies o :
. s visible in
disseminated chaloopyrite in’ ne samples, Vel though none was
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the hand specimens. Nickel and cobalt are fairly constant throughout the
ore zone at approximately the same levels as the wall rocks. It should be
noted that the nickel and cobalt contents of samples 17 to 26 which contain
visible pyrite are similar to those samples without visible pyrite,

The zinc profile has two high values outside of, but adjacent to, the
ore zone., Both of the samples, 21 and 24, contain visible pyrite, which is
abnormal for wall rock samples. It is possible that the pyrite contained
very fine grained disseminated sphalerite.

Samples 36 and 28 of this traverse are of special interest. Sample 36 L
was obtained from a six inch post-mineralization, but ummineralized, shear

zone that cuts obliguely across the ore zone. Sample 28 was obtained two

H
[
I
e
i
'

i

inches from a two inch wide vein of massive chalcopyrite.

Figure 4-18 illustrates the dispersion of elements in and adjacent to
a post-ore dioritic dike, In general, the concentrations of the elements in
and adjacent to the dike are similar to the background values of the wall
rocks.

Samples of rims and centers of epidotized pillow lavas show a distri-
bution of-elements similar to that obtained for the 700 level, The values
obteined for the chloritic rius and the epidotized centers of pillows are
shown in Table 4-3. Except for the erratic values of copper there is a

general tendency for the clements to be lower in the epidotized centers than

in the schistose and ferromagnesian rich chloritic rims of the pillow

structures. The high nickel content of 5b 1s an exception. This value may

be spurious; it wes not duplicated.
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Table 4=3 Concentration of elements in the chloritic rims and epidote
centers of pillows from the Little Bay 1350 level, Cu, Zn,
Ni and Co in ppm; lin and Na as per cent.

Sample Rock Type Gu In Ni Co ¥n Na

i Chloritic Rims 13 110 135 96  0.131% 3,466

3Bb Epidote Center 8 L 7 56 0,11%  0.20%

5 Chloritic Rims 116 7L 130 6 0.1L% 2,206

5o fpidote Cembers 30 32 150 k2 0.00% 0,093

63 Chloritic Rims 119 108 153 97 0.125;3; 2.9%

& fpidote Cemters 158 38 70 0,067 0.12h

13a Ghlopitic Rus 2 57 105 79 0.10% 24T .

38 0,0706  0.0% :,

13c Epidote Centers 27 26 72

i
.
!
]
,
b
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GILFTER V. SUMAITY D CONCLUSIONS

The origin of certain economic mineral deposits has always been very
mich in dispute, ldeally the shape of the dispersion pattern found can
help in deciding this point. issuming the dispersion pattern is primary
and epigenetic it is generally possible to tell the direction of movement
during mineralization of material across the contacts of the ore body; that

is, whether ore constituents moved into or out of the wall rocks. This

question of the direction of movement of components in relation to the wall

rocks has been discussed by Reitan (1959) whose diagrams, with explanatory

notes, are reproduced here (Figure 5-1), Reitan's models assume movement

into the wall rocks by diffusion. However, permeation of permeable wall

rocks by physical flow of ore fluids would not produce the same patterns

as those suggested by Reitan,

liost of the examples quoted in the literature appear to be the type

of dispersion pattern which would be expected from deposits with a hydro-

thermsl origin, or by eny other origin, involving epigenetic emplacemeht

(e.g, lorris and Lovering, 1952, and many others). They would correspond
to model 4 of Figure 5-1. Boyle (1961, 1968) argues for the liffusion of

orim an ore deposit as in

metals from the counbry rocks into the vein to T

model B of Figure 5-1.

lodels C and D of Pigure 5-1 camot produce 6% deposits b €1
sy often represent the behaviou of the major rock forming elements during

the formation of an ore deposit.

Most of the sodium profiles presenteél in Cnapter IV show an abrupt
change from high end uniform sodium values sn the country rocks to low
and lnon—unj_f‘onn values in the chlorite schists. Except for.Little Deer

drill hole 132 the sampling interval is too0 great o show whether this 18
in fact an abrupt change oF whether it is a gra&ual change OVer distances
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5

A, Diftusion from concentrgtion in vein into country rocks.

8. Movement of component from surrounding rocks into vein.

C. Movement of another(other) component(s) from vein into
surrounding rocks.
D. Movement of another(other) component from surrounding

rock into vein.

FIGURE 5-1 Wall Rock Dispersion Patterns alter

Reitan (1959) .
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less tunan bhe sampling iuterval, when the author outalined this data
there was, unfortunat Ly

blere we netely, .nsutticient tine available to rvesauple the
eritical sress on a closer svacing. [Hovever, in the Little Deer drill

nole 132, wheve the sawples ave closely svaced the sodlum values decresse

gradually over a 25 foot intervel as the ore oesring chlorite schist zone

is gyprosched. In terws of e woriine hvothesis thet these are enigenetic

wdrothermal deposits this gradual change in sodium content adjecent to an
ore zone sug: ests bhnt sodium was removed rrom the country rock, as well

) ! . D . - : 2o 3 a 1
ss frow the ore bearing cilurite schists, by pre-ore and/or ore foruing

fluids, The sodium distribution resemocles a modified form

andel ~, o vhich tue soddun removed from tue country rock did not accu-

mlste in the "vein" but was carried out of the sysbew by the by drotherual

fluids.

on the other hand, if tue ¢oienetic hydrotherns 1 yypothesis is not

sihered to, it is possible that the low sodium coptent in those ore zones

ocenring in chlorite schists which are developed n pyroclastic rocis could

ve abtributed to en initially low sodium conteat, relstive to the country

rock laves, of the ryroclastics. This could be the case the Little

_ . o seation to this inmber-
Deer and Ledy Pond chlorite schist zones. In onacsibion to this inber

. } . ) R e s ehn ‘lc () nu‘L Dten
nretation it should be noted that the qyroclasvlo rocis waien nev

. . N e et lovag. Hurther-
eltered to chlorite schists contain @s auch sodium &g Tuf levas, ¥

woye, s synpenet ic Jistribution canno Le invoked to jesgrive the Litt le
HFay traverses since part of the ghlorite schist zones there annear to nave
seen depived from lavas. Thus the Low sodiun content of the Chlol‘ite
schist zones is considered £o De the result of sodium removal bY hydro-

Lueraal activiby.

_ ) . o ove pemarkably upd
isngenese values 1n fhe wall rocks &r€ remarkably

‘ I st
i gt es, The errabic
approximate a streight 1ine outside the ipmediate ore zon

iform end generallf,.r
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manganese values found in the Lady Pond drill hole have been explained o
earlier as being due to variations in lithology., The distribution of

wangenese in the ore zones, chloritic schist zones and adjacent to pyro-

clastics is mmch wmore variable than in the noﬁnal country rocks., hanganese

profiles obtained across the two Little Bay ore zones exhibit different

patterns, The Little Bay North ore zone has uanganese values nearly iden-~

tical to the surrounding country rocks while the iiain ore zone values

increase as the ore zone is approached, attain a maximum of three times ,
that of the background at the edge of the chlorite schist zone, and i
gradually decrease to background values within the ore zone. The Little

Deer drill hole 132 shows a narrow but distinct manganese aureole around .
the ore zone up to 25 feet wide., However, the remaining Little Deer pro-~

files and the Lady Fond profile do not exhibit anomalous manganese values

adjacent to the ore zones,

Nickel and cobalt analyses fall within the seme range in country rock,

chlorite schist zones and ore zones for each profile. There appears to

be & tendency for nickel and gobalt to have a more uniform distribution

in the country rocks, however the Little Deer diamond drill hole 92 and

Little Bay 1350 level profiles are excepbions. Several high cobalt and

nickel values in the ore zomes can be directly correlated with sulfides

visible in hand specimens with the naked eye. The nickel:coball ratio in

the wall rocks of the Little Bay mine are grester than one while in Little

Deer the ratio is usually less than one away from the mineralization but

greater than one neer the Jineralized zone, The Lady Pond nickel :cobal®

ratio is less than one in most cases, unfortunately not all of the

semples from this traverse were analyzed for both element s

The zinc profile of Lady pond diamond drill hole 5 is quite irregular.

end to be uniform in the country rocks

_ In the other deposits zine profiles t




although the range of concentration is greater than for sodium, uanganese,
nickel and cobalt. Within the chlorite schist and mineralized zenes the
zinc profiles are much less regular than in the country rocks and although
some of the lower values are within the range of the country rocks many
values are several times higher than the highest country rock values.

Some, although not all, of the high values were obtained from specimens
containing disseminated threads and tiny grains of sphalerite visible in
hand speciuens with a 10x hand lems. Zinc enrichment relative to country

rocks seems to be at least as wide spread as copper enrichment, In places

zinc forms aureoles around zones of copper mineralization even though the

ore zones are barely enriched in zinc (e.g. Little Bay profiles), The

Little Deer zinc profiles show pronounced aureoles around the ore zones

as well as around chlorite schist zones which contain only traces of chal-

copyrite, lowever, the aureoles are narrow and extend for less than several

tens of feet beyond the sphalerite sineralization visible in hand specimen

with a 10x hand lens (e.g. Figure 4-6), The zinc aureole in tne foot wall

of the Little Deer deposit is revealed by finely jisseminated sphalerite

in the drill core. The Little Bay 700 level profile does not show any

nt between the wall rocks and the ore zone.

narked difference in zinc conte

The Little Bay 1350 level profile shows an erratic and weakly defined zinc

aureole extending for some twenty pive feet into the hanglng wall

lightly higher
(specimens 17 and 23), hovever, ore 20n€ values are only slightly gh

than those found in the wall rocks.

in t! lorite
Copper profiles are irregular throughout, although 1 Vi€ onlo

s are characteristlcally more

schist and wineralized zones the profile

Y nitude greater than
irregular and contain values at least an order of mag

a d
, goles exist aroun
the values obtained in the country rocks. Copper aur
ronly irregulal,
all zones of copper mineralization. The gureoles are GO J
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and in some, although not all, cases they are characterized by disseminated
chalcopyrite visible in hand specimens with the naked eye. In most cases
the dispersion of copper hes not extended beyond the limits of the chloritic
schist zone and where primary dispersion halos of copper exist in the wall
rocks, Figure 4-6, the dispersion has been restricted to within a few feet
of mineralizetion visible to the nsked eye.,

The mengenese, cobalt and nickel dispersion vatterns obviously do not
it any of Reitan's models. The generally similar velues throughout the
profiles of these elements suggests that the main component of the present i
dispersion is a primary dispersion syngenetic to the volcanic rocks. This
is not surprising since the composition of the pyroclastic rocks (in which ‘
nost of the ohlorite schist zones eppear to have formed) is similar to that z
of the flow rocks from which they presumably were derived and because cobalt

and nickel, and to a lesser extent manganese, are not elements that one

would expect to be contributed to marine pyroclastic rocks by sea water.

The tendency for a greater spread, or range, of values in the chloritic

schist and mineralized zones call be abtributed to modification of the

syngenetic pattern by hydrothermal activity. If the profiles do represent

primary syngenetic dispersion, the £irst thought that springs to mind is

that there has been no hydrothermal or epigenetic introduction of manganese,

cobalt and nickel. However, it is not possible to make this conclusion

nlorite schist and

because it must be remembered that the samples in the ¢

i i cen-
mineralized zones were chosen SO as to avoid as much as possible con
ive
trations of sulfides, In other words, the semples are not represemtat

of the whole ore zone, It would be interesting, however, to sample in a

: : : L
representative mnner the chlorite schist and mineralized zones with the
aim of determining the average mangenese, cobalt and nickel contents of

these zones,




-94 -

The zinc and copper dispersion patterns are compatible with the
hypothesis that the zinc and copper mineralization is epigenetic, that
movement of zine and copper (but not manganese, cobalt, or nickel) took
place from the sites of mineralization into the wall rocks for shorb
distances, end that the ideal dispersion pattern that would be expected
from such a process was modified by e directional fabric, a foliation,
that already existed at the time of mineralization or by post mineral-
ization shearing and/or wetamorphism,

Phe sampling of pillow lzves at the Little Bay Mine illustrates the
need for detailed petrological studies to be carried out in conjunction
with geochemicel investigations. & limited amount of data on the distri-
vubion of the elements between the rims, centers and intermediate sections
of pillows found in pillow lavas is presented in Tables k-2 and L4-3e

One purpose of this study was to simply collect geochemical data

characterizing the mineral deposits of the Springdale Peninsula, of which

the three deposits studied are representative, 4 good indication of

local background values and more important, their range of variations,

has been obtained for sodium, manganese, cobalt, nickel, zinc and copper

in the country rocks and chloritic shear zones in which the three repre-

sentative deposits occurs

Another purpose of the study was %o determine whether or not trace

element dispersion aureoles that could be used as an aid to exploration

exigt around the ore bodies, Of the elements studied none has & distinct

and broad aureole around the economic mineralization and where local

aureoles do exist thqy'are seldom wider than the chlorite schist zone

itself and therefore of 1ittle or no practical use in exploration.

Since the present study Las been of a reconnalsance type, several

n only limited attention and

facets of the investigation have been give

MR LTI S A LR AL B L v g b L T e
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should be pursued further.

ldeally, provided a suitable method of separation can be devised,
analyses of sulfide phases and chlorite should be performed on the samples
included in this study to determine what portion of the trace element
content cen be attributed to the sulfide phases and chlorites of the rock.
Mechanical methods of separation have proven unsuccessful and hot nitric
acid digests dissolve some of the chlorites. 1t may be possible to separate
the sulfides by means of the hydrofluoric acid digestion method of
Neverburg (1961)s :

If further work similar to the present study is planned, quantitative i
mineralogical studies should be incorporeted as an aid in interpreting the

partition of elements between minerals. Such work would be difficult,

i
)
5
!
,
{

however, due to the very fine grained nature of many of the rocks. Since

modal analysis of thin sections is next to impossible in these rocks,

quant itative X-ray diffraction analysis would have to be adopted.

najor element analyses of the chlorite schists and host rocks are

needed to determine the nature of the metasomatism of the chlorite schists

and host rocks. These analyses would also permit correlation of trace

element and major element data.

Detailed sampling and major and trace element analyses of pillowed

and massive lavas should be undertaken in order to deterumine what con-

stitutes a representative sample in these rocks, A4 determination of major

and trace element geochenistry of the metasomatized pillowed lavas could

nave a direct bearing on the problem of the origin of gpilites.

Since the present investigation has shown that aureoles for copper

and zinc extend for less than 25 feet beyond the zones of economic uineral-
igation, it is advisable that awy further investigetion of aureoles around
]

these deposits be pased on shorter sampling intervals.
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4 study should be nade ot the normel distribution of elements in
sulride free chlorite schist zones in order to provide background infor-

wation for assessing slterations produced by the uinerelizing processes.

i
1
i
!
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APPENDIX I

CONCENTRATION OF ELEMENTS IN

SAMPLES ANALYZED




Table L
Sample Cu
2 13
3 2
4 167
5 59
8 239
9 872
10 8l
12 35
13 517
U -
15 3260
16 1380
17 260
18 248
19 92
20 4=
21 362
22 201
23 1530
25 Wb
26 300
27 -
30 L5
31 168
32 298
33 203

Zn
101
116
52

9l
270

51

45
266
130

63

59

59

35

35

p=

32
28

60

73

7
29

23

* perts per million

-= not determined

Ni
28*
29
38
30

21
30
29

25

30
26

31
26
21
28
26

25

2L

-1 06~

)

uo
L0*
18
55
42
L8
15
7
50
28
30
38
35
28
52
3
I
30
33
LO
3
3
29
3
42
35
26

Mn
00124
0.19
0.28

0,17

© 0,18

0,07
0.08
0.53
0,13
0.16
0.08
0.13
0,10
0,10
0.10
0.15
0.12
0.15
0.11
0.11
0.4
0.15
0,13
0,10
0.06

0.06

Concentration of Elements in Lady Pond Samples.,

Ne
k.3l
4,00
245l
3492
0,41
0.04
0,08
3.19
1,12
2.15
0.21
0oLk
0.56
0.16
0,25
0.18
2.13
1.67
0,2k
2.5k
2,28
1,00
0,26
3,07

1.78

3,11




Table 11

Hole 92.
Sample
11
12
17
19
22
25
25
26
30
3
35
36
39
43
by
46
48
50
51
53
70
11
72
75

-107~

Concentration of Elements in Little Deer Drill

102
75
2350
656
95

85
117
2290
1320
102
215
2
56
83

* perts per million

255
209
101
100
76
83
350
168
8

1,900
6680

1504
56

Ni

k3

65
82
15
52
36
68
60
58
63
71
65
67
I
68
52
W

68
61
T
67

109
80

73
66

62
126
81
61
65
56
78
70

0,17
0.12
0o L
0.12
0.12
0,12
0.12
0,12
0,13
0,22
0.22
0.25
0.30
0.13
0.13
0.16
0,13
0,27
0.15
0.2l
0.77
0.57
0,18

0.36

Na
3.12%
3uk5
2,53
2,27
2,70
1.3l
1,30
0.76
3.03
2:93
2,86
0.72
2,07
2.93
2,6l
2,89
2,87
0.09
0.10
0,69
0,10
Oulib
3495
3,06

1
3
)
)
i
i
i
!
1
t




Tgble JII  Concentration of Elements in Little Deer Drill Hole

132 Samples,
Sample Cu
1 9%
2 82
3 28
b 95
17 22
19 9
20 66
2a 79
22 T
23 127
2% 8
25 19
2% 83
27 80
29 59
30 72
31 66
32 76
33 76
3, 101
35 - b
36 The
39 88

* parts per million
-- not determined

in

97*

132
4000
6900
7910
2850

205

222

106

29
85
65
106
68
93
6l
60
108
91
76
90
71
99

-108-

Ni
3%
68
73
65
177
58

85

80

90
80

87
57

81

7

61
78

N T

Co
72*
69
73
%
8
66
62
71
bl
67
78
68
81
69
65
70
bl
76
Th
67
85
A
T

0,17
0,23
0,57
0,72
0454
0.7
0,50
0,20
0,09
0,10
0.13
0.13

0.13

0,12
0.10
0,15
0,12
0.13
0.13

0,15

0.15

Na
2,08%
2.05
1,06
0.07
0,02
1,76
2,22
2,57
2,93
2,66
325
327
2,27
2,87
L97
2,27
L.27
2,88
2,83
2448
263k
2.2

1.8




Table IV Concentration of Elements in Little Deer Drill Hole

135 Samples
Sample Cu
2 3B
b 430
8 78
L 2
15 170
18 12
19 2340
86
2 76
23 105
2 5
25 12
26 60
30 76
33 86
Ll 17
48 80
49 4
50 a5
51 160
52 276
53 15
5k 162
% p2 4
56 78

in
68*
33
&
131

86

101
76
11
8l
79
56
83
73
63
91
98
107
20600
10200
5100
125
17700
4750

267

* parts per million
-= not determined

~-109-

Ni
66*
25
L
60
63
Th
82
63
71

70
66
72

53
71
62
65
73
7

51

62

12

Co
63*
L3
70
66
72
76
86
87
7
7L
15

63

68
105
&

59
61

56
62
L6
70
60

}in
0,11
0.08
0.11
0,18
0.12
0,13
0.16
0.1k
0,12
0.10
0,10
0,12
0,10
0,10
0,12
0.16
0.1k
0. Lk
032
0.52
0,73
0.19
0,71
0,98
0,35

Ne
1,50
0,12
1,89
0, 84
2,60
2,85
2,01
342
3409
3455
2,95
2.96
3005
2.36
3,50
0.06
0 3
L17
0,0k
0.05
0.03
3,02
0.0k
145
1,85

1
i
)
¢




Table V

Sample

16
13
20
21
25
2%
27
29
30
3l
33
364
36D
364

EE &8 g3

-110-

Congentration of Blements in Semples from Little Bay 700 Level

North Zone.

Cu
7ix
3500
165
355
192
5870
167
25
T9%
621
497
1060
565
1910
14180
6630

1050

2180
895
156
12

3l

Zn

58

1l
175
197
184
189
172

97

98

112
82
87
7
92

125

155
93
69
8l
72

12

* parts per nillion

- pot determined

Ni

88«

28
321
306
273
564

129

399
121

19
105

120

176
251

8l

92
106
10
100

Co

bl %

130
68
69

98
87
120

119

29
122

101
153
100
134
85
L7
160
66
60
51

0.1%%
0,1
0.29
0.36
0.2
0,18

0.22

0.15
0,15
0.17
0,09
0,12
0,11
0,13
0,132
0,17
0,11
0,10
0,08
0,08

0,06

Na
0,634
0,06
0.05
0,06
0,08
0,06
0,10
0.09
0.0
0,0
0.38
0,02
0,03
0.05
0 04
0,02
0,03
0,04
0,03
3,02
3,18
3653




Tgble V. (cont inued)

Sample Cu
42L 62x
438 bl
WD %
45D 81
L5E 5
46D 136
LSE 28
48A 40
488 Sl
L48C 30
490 b3
49D 51

Zn
5o
67
78
131

29
12

70

127

81

* parts per million

-~ not determined

Ni
240 %
199
126
105
10k

9

136
108
Ll

127

Co
50 »
60
62
12
22

83
66
55
92

70

}in
0.12%
0.09
0.12
0.11
0.07
0.12
0,08
0,13
0,10
0,10
0.1k

0.12

Na
1.06%
1.79
2,32
1.9
0,08
2.40
0.07
1.79
2.53
0,3k
1,81

2,91




Table VI Concentration of Elements in Samples from Little Bay 1350 Level
Main Ore Zone, ’

13a

13¢

Cu
o5*
95
13
15
8
8
137
116
30
100
113
119
158
10
89
105
120
35
117
12
w2
6l
25
21

Zn

5%

66

110

117

60
n
32
65
81

108

PR,

* parts per million

-= not determined

38
60
T
81
78
80
L
76
3
69
51
26

Ni
115%
108
135
140
92
107
88
130
150
123
110
153
70
110
113
113
108
103
89
71
9
105

12

Co
67%
50
%
93
50
58
60
65
42
66
69
97
15
57
63
59
61
65
60,
65
5|
66
79
38

O.11
0,09
0.1l
0,08
0.11
0.10
0,13
0.07
0.09
0,11
0,10
0.08
0.09
0,10
0,08
0.09
0,10

0.10

0.07

Na
2.80%
2,06
36
2,6l
0.11
0,20
3433
2.24
0.09
2,69
2.59
2.92
0.12
0,80
1.92
1,01
1,36
146
Lok
Oulil
2,36
077
241

0.09

e e I

:
:
;
i
]
%
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Table VI (continued)

Semple Cu Zn Ni Go Jin Y
Ly 150 % 57 % 90* 63 0,068 2.50h
15a 95 19 125 62 0,09 1.59
150 73 71 124 63 0,08 2,19
16a 169 66 108 58 0.11 2,40
17 69 83 107 5 0,17 3,70
18 72 83 112 76 Ou Ll 2.26
19 L 82 110 82 0.1 1.91
208 82 82 110 72 0. Lk 1,56 :
200 T3 89 112 7 0.17 2.9 |
200 82 7% 1L o R 2,67
208 99 231 129 69 0.2 2,96 :
21 6l 1100 75 56 0.25 2,39
22 96 154 1 56 0,27 2.5k
23Bb L9 177 80 69 0.2 0,09
2 29 1120 - 66 0629 0.51
26b 997 68 73 95 0.15 0.0l
27 92 95 86 79 0.15 005
28 10 58 89 Yl 0,09 0.03
n 509 103 87 109 0,08 0.03
32a'” 180 L5 106 121 0,09 0.03
32b L3 18 98 91 0.09 0.0k
33 1910 190 83 136 0,09 0,04
35a 2655 63 62 s 0,09 0,0k
350 83 68 105 60 0,09 0.92
36 750 169 30 5 0.18 0e2k ‘

* parts per million

-- not determined
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Table I Lady Pond Drill Hole

Sample

2

10

12

13

15

16

17

18
19

20

Footage *

51

150

199

27k

205

300

330

33

360

310

30

390

399
405
410

* measu

red from collar of dril

Description

Andesitic lava; bgnded amygdaloidal sections; fine grained,
grey green rock with quartz filled amygdules; several
quartz and epidote veinlets less than 1 inch wide.

Andesitic: fragmentel; dark green, fine grained, foliated
rock; banded; weakly chloritic; scattered quartz metacrysts.,

Andesitic: dark green, fine grained rock with several '
purple-grey pands which may be tuffaceous. '

Andesitic: fragmental; fine grained, greyish green,
siliceous rock; chloritic in part; several carbonate
veinlets.

Andesitic tuff: grey greem, fine grained, schistose rock;
leminated in part; several eye-like quartz metacrysts. |

Andesitio tuff: same as sample 8, but poor core recovery. :

Andesitic tuff: dark green, chloritic schist; eye-like

quartz metacrysts; disseminated chalcopyrite and pyrite.

Andesitic tuff: dark green, banded rock with several

quartz veinlets.

Andesitic tuff: chloritic, banded rock with several 1 mn

pyrite ve inlets.

Andesitic tuff: chloritic, banded rock with several pyrite

veinlets.

Andesitic tuff: dark green, chloritic, and schistose rock
with numerous eye-like quartz metacrysts.

Andesitic tuff: derk green, fine grained, banded rock;
chloritic; scattered pyrite crystals.

Andesitic tuff: chloritic, dark green schistose rock

with disseminated pyrite grains.

Andesitic tuff: same as 17,

Andesitic tuff: same as 17.

Andesitic tuff: same as 17.

1 hole.
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Andesitic tuff: chloritic, dark green, banded rock
with disseminated pyrite.

Andesitic tuff: chloritic, dark green, banded rock
with disseminated pyrite.

indesitic tuff: dark green, chloritic, schistose rock
with several quartz veinlets.

Andesitic tuff': in part fragmental; dark green, chloritic,
panded rock with several quartz veinlets.

Andesitic tuff: dark green, chloritic, banded rock with
disseminated pyrite.

Andesitic tuff: 0" to 6" away from mineralized section;
dark green, chloritic, schistose rock.,

Andesitic tuff: light green, chloritic rock with elternating
lignt and dark bands; slightly siliceous.

indesitic tuff: light green, chloritic, fine grained,
folisted rock; siliceous_in part.

Andesitic tuff: dark green, chloritic and schistose rock.

Andesitic tuff: light greem, fine grained foliated rock;
lightly chloritic,
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Table I

Sample

11

12

iy

19

22

2

25

26

30

b

35

36

-117-

Little Deer Drill Hole 92

Footage*

200

220

33

1402

460

480

50k

5L

550

550

600

646

Description

Andesitic lava: dark green schistose rock; partly altered

feldsPa? phenocrysts in an aphanatic to very fine grained

chlgrltlc groundmass; scattered epidote, quartz and pyrite
grains; hematite on fractures.

Andesitic lava: chloritic; fine to medium grained, foliated
rock; approximately 50% epidote; several hematite coated
fractures; scattered quartz veinlets.

Andes?tic lava: brecciated, fine grained, foliated rock;
chlorite, epidote, feldsper, amphibole and quartz.

An@esitic: fine grained, foliated rock; approximately 60k
epidote, 10% chlorite, 106 quartz porphyroblasts, and 20k
groundmass; many of the feldspars have been completely

epidotized.

Andesitic lava: fine grained, foliated rock; epidotized in
part; chlorite developed, nainly on foliation planes;
occasional quartz and epidote segregations.

Andesitic lava: fine grained massive rock; light green
with yellow epidote spots.

fine grained foliated rock with

andesitic: chloritic;
approximately 10k white quartz veinlets.

Andesitic lavai very fine and fine grained schistose rock

containing feldspar (30%), quarts (10#), carbonate
veinlets and grains (20%), chlorite (20%), and scattered
i microscopic groundmass.

epidote and pyrite grains in a
ose rock with fine grained
fine grained chloritic
less than

Andesitics fine grained, schist
feldspar phenocrysts in & very
groundmass; approximately 1% carbonate,

epidote; tuffaceous?

;stose rock with approximately

AM%ﬁm:mhﬂﬁqsm :
g and disseminated

Fh pyrite as quartz-pyrite veinlet
crystalse.
e rock

fine greined schistos
tuffaceous?

rtz-pyrite veinlets;

smately 4O chlorite;
pyrite blebs.

Andesitic: chloritic, very
with about 4% pyrite in que

Chlorite schist: friable; approx

scattered pyrite grains and chalco

¥ from collar o

£ drill hole.




Andesitic lava: very fine grained with fiine grained
feldspar phenocrysts; several quartz-pyrite veinlets.

Ar.xdesitic lava: very fine to fine grained chloritic rock
with traces of epidote.

Andesitic lava: fine grained foliated rock containing
feldspar phenocrysts (20%), epidote (10k), carbonate
(5-1G%), Chlorite (10-20%) and a very fine grained quertz
and feldspar groundmass (40-50%). )

Andesitic: fine grained folisted rock with traces of
chlorite and epidote.

Andesitic; tuffaceous looking fine grained schistose rock
with feldspar phenccrysts (20%), epidote (20%), chlorite
(15%), carbonate (%), quartz (1¢), and groundmass (3Gk).

Chlorite schist: very fine grained, dark green to black
schist; no sulfides visible in hand specimen.

Chlorite sohist: friable; approximately 2 pyrite.

Chloritic schist: tuffaceous looking; very fine grained
rock with quartz metacrysts (20%), cerbonate 30%) and

chlorite (50%).

Chlorite schist: dark green schist with sphalerite, and
quartz-pyrite veinlets.

Chlorite schist: tuffaceous looking; very fine graine:d
schist with a 1 mm pyrite veinlet and seversl 1 mm wide

quartz=c arbonate veinlets.

chloritic, schistose reck with feldspar

Andesitic: : )
in a very fine

phenoorysts, quartz, epidote and calecite,
grained chloritic groundmass.

ed, light green, foliated rock;

ndesitic lava: fine grain )
p g pillow selvedge in parte

geveral epidote veinlets;




Sample

1

17

19

20

21

22

23

Footage *

1180

1162

1160

1159

1105

1099

1096

1091

1085

1075

1065

Table III Little Deer Drill Hole. 132 Semples,

Desoription

Di9ritic dike: fine to medium grained greenish black;
epidote, feldspar (partly epidotized), amphibole, minor
amounts of quartz and chlorite,

Andesitict aphanitic to very fine grained greenish
black; foliated but not schistose; several 1 mm epidote
veinlets.,

Andesitic: fine grained, black, massive rock with
several fractures.

Chloritic schist: very fine grained, dark green,
schistose rock with scattered 1 mm pyrite crystals;
porphyroblastic quartz knots on schistosity planes; {
microscopic quartz grains intergrown with chlorite;
several streaks of sphalerite in 0,1 mm veinlets,

Andesitic (tuffaceous): very fine greined, banded rock;
sericitic, chloritic and moderately schistose; several
0.5 m pyrite veinlets and one veinlet of sphalerite
0.2 mm wide.

indesitic tuff: fine grained, foliated; scattered quartz
metacrysts; chlorite and sericite on foliation planes;
pyrite crystals 1 m in diameter are comaon,

Andesitic agglomerate: microscopic to fine grained

quartz and chlorite in bands 1 mn wide alternate with
fine grained feldspar and quartz bands approximately
1-2 mn wide; oocasionally the bands consist of partly

chloritized submicroscopic materials

Andesitic tuff: fine to medium grained; light green,
chloritio end foliated.

Andesitic agglomerate: aphanatic with fine grained,
0.5 m diameter, feldspar phenocrysts; sgattered
dote crystals make up 3¢ of the specien; scattered

epl
s of quartz metacrysts.

pyrite crystals; trace

Andesitic agglomerate: tuffaceous in part; fine grained
ohloritic, schistose rock; mottled appearance dug to
eye-like quartz and epidote retacrysts and chlorite

clusters.

Andesitio sgglomerate: aphanitic to very fine grained,

chloritic schistose rock,

* from collar of drill hole.




Sample

25

2

29

30

3l

32

33

Sl

3

36

59

Footage

1054

1030

1008

Il
9oL

895

851

800

701

605

400

200
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Description

Andgsi§19 agglomerate: light green, foliated rock;
devitrified groundmass with feldspar and pyroxene
phenocrysts; scattered epidote grains.

Andesitic pillow lava: light green, foliated rock,
porphyroblastic quartz; quartz and epidote filled
anygdules (?).

Andesitic agglomerate: fine grained, faintly foliated
rock; quertz and carbonate veinlets less than % inch
in width; chlorite found only on foliation planes.

Andesitic lava: pillowed in part; fine graived, granular,
epidotized rock; several hematite coated fractures.

indesitic lava: pillowed; fine grained, epidotized,
granular rock; several threads of epidote and quartz.

Andesitic lava: pillowed in pert; light green, fine
grained, massive rock with several quartz and carbonate
veinlets.

Andesitic lava: pillowed; light green, fine grained
massive rock; epidotized and cut by 1 mm epidote
veinlets; traces of chlorite on fractures; quartz
carbonate veinlets less than % inch wide; mey be a
pillow selvedge in part.

Andesitic lava: fine grained, epidotized, granular rock
with seversl 1 mm quartz veinlets.

Andesitic lava: pillowed in part; very fine grained,
epidotized rock with fine grained feldspar and
pyroxene phenocrysts; groundmass consists mainly of
microscopic feldspar, epidote and chlorite.

Andesitic lava: pillowed; very fine grained quartz-
feldspar-epidote groundmass containing feldspar
phenocrysts; chlorite patches on folistion planes.

1lowed; fine grained feldspar
ine grained chloritic and
approximately 20% carbonate.

Andesitic lava: pil
phenocrysts in a very f
epidotized groundmass ;
MMﬂﬁchm:ngmm,wmeeyﬂmdwﬁmnw
rock; scattered qua
veinlets 1 mn wide;
planes.

rtz metacrysts; several quartz
chlorite flecks found on foliation
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Table IV  Little Deer Drill Hole 135 Samples,

Sample

2

15

18

19

2l

22

Footage *

52

145

200

362

396

500

551

650

703

49

820

Description

Andesitic lava: fine grained, light green vesicular
rock with epidote metacrysts.

Epidote: massive, fine grained epidote with scattered
1 mn quartz veinlets; approximately 85% epidote, Fh
quartz, and 106 ascicular amphibole; several 0.5 wm

chalcopyrite grains visible in hand specimen; specimen
taken adjacent to an aphanatic black besic dike.

Andesitic lava: fine grained, light green, and foliated;
mottled appearance due to epidote netacrysts; traces
of chlorite on foliation planes.

Andesitic: chloritic and noderately schistose;
scattered quartz and epidote metacrysts.

Andesitic lava: fine grained, light green, foliated
rock with euthedral feldspar phenocrysts, scattered
quertz and epidote grains in a very fine grained,
chloritic groundmass of feldspar and quartz; epidote
and calcite veinlets are parallel to foliation,

Andesitic lava: pillowed and vesicular; specimen taken
from pillow selvedge; extremely fine grained cloudy
groundmass of devitrified glass and feldspar microlites
enclosing 0.5 mm feldspar phenocrysts and scattered

fine grained epidote grains.

Andesitic lava: pillovwed and vesicular; fine grained,
chloritic and folisted; mottled appearance due to
scattered epidote metacrysts up to 1 mn in diesmeter;
several tiny chalcopyrite and pyrite grainse.

Andesitic lava: pillowed and vesicular; fine grained,

light green gnd massive; feldspar and pyroxene

phenocrysts; epidotized and chloritized feldspar and

quarta groundmass.

fine grained, light green

Andesitic lavai pillowed; ]
nce due to light, crealy

and foliated; mottled appeara
yellow, gpidote petacrysts.

Andesitic lava: pillowed, fine grained, ligl}t green
d and epidotlzed.

and foliated; weakly chloritize

Andesitic lava: probably agglomeratic ; fine grained
feldspar phenocrysts in a groundmass of feldspar,

amphibole gpidote and chlorite.

B e s e P e e e il L R e




882

910

L

983

1051

1051

1061

1083
1084
1087
1092
1101
1115
1142

1160

Andgsitic: tuffaceous; very fine grained, banded and
scplstose; fine grained feldspar phenoc:;sts and
epidote metacrysts in e feldspar rich groundmass with
approximately 204 chlorite, 20f calcite and about

104 extremely fine grained dusty epidote.

Andgsitic: tuffaceous; fine grained, chloritic and
folisted; scattered epidote metacrysts and pyrite
grains.

Agdesitiq lava: blocky with quartz filled fractures;
fine grained, dark green and massive; hematite films

on open fractures, .

Andgsitic lava: pillowed selvedge; aphanatic to fine
grained, dark green, and weakly epidotized; several
narrow quartz veinlets.

indesitic tuff: dark green, fine grained, dark green
and schistose; approximately 7% very fine grained
chloritic quartz and feldspar groundmass.

Andesitic tuff: dark green chlorite schist with
approxiuately 796 chlorite, 196 quartz, 10k feldspar :
and traces of sericite and pyrite.

Tuff/argillaceous sedimert ! Very fine grained dark
brown argillaceous rock with several carbonate veinlets

less than + inch in width.
Felsitic Dike: aphanitic; numerous carbonate and
quartz veinlets.

Chloritized fragmental: very fine grained and schistose

with numerous sphalerite threads.

Chloritized tuffaceous schist: fine grained with
scattered sphalerite threads.
Andesitic tuff: chloritic and schistose; traces of
sericite; scattered pyrite grains.

Andesibic (?): fine grained, siliceous and sericitic.
andesitic: fine grained, siliceous and fgliated; .
traces of sericite; pyrite vein 1 inch wide contains
considerable sphalerite.

schistose and giliceous;

itic: tuffaceous
Andesitic: Tu ! halerite threads.

gpproximately 10 pyrite and several SP
fine grained

r and chlorite with ;
hyroblasts.

tuffaceous and schistose;
rtz, feldspa
ts and quartz porp

Andesitic:
groundmass of qua
feldspar phenocrys

-123-
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Table V  Little Bay 700 Level Samples, Sample locations are shown on

Sample

2
16

19

20

2l

25

26

27

29

30

31

33

364

36D

36J

37B

Figures 4-10, L-11, 412, 4=13, L-L4, and 4-15,

Description
Basaltic lava: dark green, chloritic and schistose.

Chlorite Schist: disseminated pyrite; taken from 12 inch
chlorite schist bend located between a diorite dike and a
12 inch wide massive pyrite and chalcopyrite vein.

Chlorite Schist: dark green; scattered white quartz veinlets
and disseminated pyrite crystals; chip sample taken 0-12
inches away from massive sulfide vein.

Chlorite Schist: chip sample 12 to 24 inches away from
massive sulfide vein,

Chlorite Schist: very dark green %o black; disseminated
pyrite; located between two dioritic dikes.

Chlorite Schist: black, friable; scattered white quartz
veinlets; dissmeinated pyrite and chalcopyrite.

Chlorite Schist: black; friable; scattered white quartz
veinlets and disseminated pyrite.

Chlorite Schist: dark green, friable, scattered white
quartz, calcite and epidote veinlets; approxinately L0
porphyroblastic white quartz in eye-like metacrysts;
disseminated pyrite and chalcopyrite.

Chlorite Schist: dark green; friable; disseminated pyrite
and chalcopyrite.

Chlorite Schist: dark green; friable; disseminated pyrite

and chalcopyrite.

Chlorite Schist: dark green; friable; disseminated pyrite

and chalcopyrite.
silicified in part producing

Chlorite Schist: dark green; . :
a slaty appearance; disseminated pyrite and chalcopyrite.

Chlorite Schist: dark green to plack; friable; disseminated

pyrite and chalcopyrite.

Chlorite Schist: dark green to black; frisble; disseminated

pyrite and chalcopyrite.

slaty appearance; scattered white

: hist: green; -
Chlorite Sc g ’ing chalcopyrite veinlets;

quartz veinlets; remify
disseminated pyrite.

Chlorite Schist: dark green; f‘r?able ; ramify'fing Yei;xizts of
quartz and chalcopyrite; approximately 1% dissemina

pyrite.




38B

4,28

42D

L2t

L2L

438

45D

L5E

16D

L6E

~-12%4-

Chlorite Schist: dark '
: ¢ green; friable; 1y ,
veinlets; disseminated pyri’ée, ; remifying chalcopyrite

H ’ g

Chlorite bjchist: dark green; friable; widely scattered
chalcopyrite veinlets; disseminated pyrite grains,

Basgltic la'\va: light green; fine grained; chloritic and
sch}stose in part; eye-like quartsz metacrysts; disseminated
pyrite end epidote.

Bgsaltic lava: chloritic and schistose; very fine grained with
fine grained feldspar phenocrysts; approximately 306
porphyroblastic quertz, 10% carbonate, 4O chlorite, end 206
epidotized groundmass consisting predominantly of feldspar

and epidote.

Basaltic lava: ohloritic and schistose; scattered feldspar

phenocrysts; approximately 306 chlorite; quartz and epidote :
metaorysts ere visible in hand specimen and make up gbout L0k )
of the rock; scettered tiny celcite veinlets; hematite films

are present on many of the fractures.

Chloritic Schist: slaty appearance; epidote veinlets and
metacrysts are common; quartsz porphyroblasts are present
along schistosity planes and are generally wrapped in chlorite.

Chloritic Schist: slaty appearanceé; weakly epidotized;

geveral quartz.—carbonate veinlets; occasional scattered

quartz-epidote metacrysts.

Basaltic lava: fine grained, dark green and schistose;
feldspar occurs &8 phenocrysts and as microscopic grains

in the groundmass; quarta porphyroblasts occur along
schistosity planes; banded chlorite constitutes 40f of the
icroscopic crystals in the

groundmass, &S 1 mn epidote and quarts yeinlets and as
epidote and quartz metacrysts; carbonate veinlets and
crystals meke up approximately 10% of the rock.
Beseltic pillow rims: very fine grained 4o fine grained,
ohloritic and schistose.

fine grained, creany yellow, and

. 111 enters:
Epidote pillow ¢ o quarts and 106

massive; approxinately 70% epidote, 2
chlorite end amphibole.

Basaltic pillow rins: very fine to fine gra

chloritic and gchistose.

ined, dark green,

greenish yellow and
dote and less than

fine grained, .
minantly of epl
d calcite.

Epidote pillow centers:
massive; consists predo

20% quartz, amphibole an

fES




LB

L8C

L9C

49D

Basaltic pillow rims: fine grained, dark green, schistose.
rock containing feldspar, quartz, chlorite, ascicular
amphibole and traces of epidote,

Besaltic pillow lava: intermediate between chloritic rim
and epidote center; fine grained, light greenish grey, and
massive,

Epidote pillow centers: fine grained, creamy yellow and
nassive; consists mainly of epidote, minor amounts of quartz
and a fibrous amphibole are usually present; there are no
feldspars or pseudomorphs recognizable in thin sections.

Basaltic pillow rims: fine grained, dark green, chloritic
and schistose.

Basaltic pillow lava: intermediate part of pillow found
between chloritic rims and epidote centers; greenish grey
and massive; fine grained and granular; consists of feldspar
(30%) fibrous amphibole (15-20%), quartz (10%), chlorite and
caloite (10%), less than b epidote, end approximately 305
submicroscopic groundmass.




Table VI

Sample

1

ba

5b

hc

64

6B
6C
6D

Ta

Little Bay 1350 Level Samples. Sample locations are shown

on Figures 3-3, 4=16, 417 and 4-18,

Description,

3asaltic lavat very fine grained, light green, chloritic

and schistose; consists of fine grained feldspsr ohenocrysts

in a very fine grained grounduass of quartsz, epidote, asciculer
auphibole, feldspar, chlorite and calcite.

Basaltic lava: very fine grained, derk green, foliated;
scattered quarts porphyroblasts,

Chloritic rims of pillow lava: very fine grained, dark green,
and schistose; scattered quartz and epidote porphyroblasts;
traces of calcite and tremolite.

Chloritic rims of pillow lavas: hand picked pieces less than
one half inch in diemeter.

Epidote center of pillow: very fine grained, greenish yellow
and massive; consists predoninantly of epidote; less than 10
per cent quarts, ascicular amphibole ani calcite.

Epidote center and partly evidotized section from the central
portion of a pillow,

Bagaltic lava: very fine grained, dark greenish, and schistose;
approximately 50k epidote.

Bagaltic lava: very fine grained, dark green and schis‘t:,ose;
contains quertz, epidote, chlorite, smphibole, and celcite.

Bpidote center of pillow.

=] O LA
Basaltic lava: saue as ha; dust from mining operavions not

thoroughly removed.
. dark green and schistose;

Basaltic lavai Very fine grained : :
iz end epidote veinlets.

contains several 0,5 mm wide qua

Chloritic rims of pillows.

Epidote center of pilliow: contains several 1 mm quarta veinlets.

+ Intermediate section of pillow 1ocated between

ngsaltic lave
d epidote centere.

chleritic rim an
proximately

fine grained, dark green, massives ap

Basaltic lava:
20 epidote.

'
i
v
3
4
.
‘




BA

10

11

12

13a

13c

15a

15¢

16a

17

18

1
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Basittic 1av§: fine grained, dark green, and massive;
;ca e?ed epidote clusters up to 1 mm in diameter; séveral
mn tiny quartz veinlets; hematite coatings on fr"actures

Basaltic lava: sample taken over same area as OA.
Basaltic lava: grab sample from seme area as OA.

Basaltic lava: very fine grained, chloritic and schistose.

Basal#ic lava: very fine grained, dark green, schistose; )
contains feldspar, ascicular anphibole, quartz, chlorite and :
up to 30k carbonate.

Basaltic leva: fine grained, dark green, and foliated,

Basaltic leva: fine grained, dark green, foliated; lightly
epidotized. :
!

Basaltic lava: fine grained, greyish green, moderately :
schistose; scattered querta and epidote eye-like metacrysts; '
several quartz, epidote and carbonate veinlets.

Basaltic lava: fine grained, light green, end foliated;
quertz and epidote filled vesicules.

d, dark green, and foliated;
feldspar phenocrysts are found in
tion; the groundmass consists
rtz, ascicular amphibole and

Basaltic lava: fine graine
approximately 30% epidote;
the unepidotized parts of the sec
of very fine grained feldspar, qua
chlorite.

Volcanic: dark green, fine grained, chloritic and sohistose.

Basaltic lava: duplicate sample of 15a.

fine grained, dark greem, and schistose;
ts and quartz nebacrysts in 2 groundgass
r, quertz, ascicular awphibole, calcite and

Basaltic lava:
feldspar phenocrys
containing feldspa
chlorite.

soattered quartz grains

dark green, gchistose;
sample taken o" to

seuinated pyrite grains;
act of dioritic dike.

Basaltic lavai
and veinlets; dis
19" away from cont
ated; lightly
amphibole, and

Dioritic dike: fine grained, granular and foli
n o 12" from

epidotized; consists essentially of feldspar,
traces of quarts, and chlorite. sample taken O

contact.,

ely 5! from contact.

er of dike, aPPNXimat

Dioritic dike: cent




20c

20d

21

22

23Bb

2k

26b

27

28

31
35a

35e

36
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Dioritic dike: 1' from contact,
Dioritic dike: 0" to 6" from contact,
Dioritic dike: chilled margin,

Basaltic lava: O" to 12" from dike contact,

Basalt:i_.c lava: schistose and chloritic; slaty appearance;
approximstely %% pyrite; scattered eye-like quartz metacrysts.

Chloritic schist: slaty appearance; chlorite aggregations on
schistosity planes give the rock a mottled appearance;
approximstely 2% disseminated pyrite,

Chloritic schist: dark green and frisble; disseminated pyrite
end several tiny pyrite veinlets. |,

Chloritic schist: greenish black and friable; approximately
2 disseminated pyrite.

Chloritic schist: slate-like appearance; no visible chalcopyrite
or pyrite.

Chloritic schist: silicic; slate-like appearance; no sulfides
visible in hand specimen.

Chloritic schist: dark green, slate-like appearance; scatiered
pyrite grains; sample taken 2" to 6" away from a 2" massive

chalcopyrite vein.
Chlorite schist: dark green, brittle.
Chloritic schist: dark green, friable,

Chloritic schist: light green, brittle. Same location as 35a.

Chloritic schist: post mineralization shear 6" wide; dark greem,

friable; no visible sulfides.
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PREPARATION OF ROCK SAMPLES FOR ANALYSIS BY ATOMIC ABSORPTION
SPECTROPHOTOMETRY ,

The methods described here have been adopted with modifications from
the techniques published by Laverque (1965) and Hounslow and Moore (1966)
for the preparation of rock samples for chemical and instrumental methods
of analysis,

The techniques used in the preparation of rock samples for Atomic
Absorption Spectrophotometry are similar to those utilized in the preparation

of rock samples for analysis by chemical and spectrographic techniques.

The techniques employed in the preparation of minersl separates are

described to provide future workers in this department with a reference to

the techniques used and equipment employed. ‘ :

Preparation of Whole Rock Powders

Sempleg selected for analysis were cleaned of any adhering foreign
metter that may have been a possible source of contamination. Specimens

collected from underground drifts were brushed clean with a stainless steel

brush and washed in distilled water, Semples of diamond drill core were

washed in hot soapy water followed by rinsing in distilled water. This

effectively removed dust and any drilling grease present. Core samples

were discarded if they contained a thin film of metal derived from the walls

of the core barrel.

The crusher, pulverizer, ball mill and all equipment to be used in the

preparation of the samples were thoroughly cleaned of any adhering rock
fragments or dust prior to starting a group of samples, The crusher, pulveriger

and ball mills were cleaned of residue from previous samples by first passing
high purity quartz through them as a sample and then thoroughly cleaning them

with paper towels, a stiff brush and a vacuum cleaner.
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The samples were arranged in nmuerical order in batches of ten to
reduce the possibility of errors in labelling since several samples were
usually processed at the same time, Sulfide~bearing samples and rock samples
were processed separately,

The samples, if larger than 2 inches in diameter, were first broken on
a hydraulic rock splitter to less than two inches in diémeter. Lenticular
shaped samples were broken on a stainless steel plate with a steel geological
hanmer, It was found that the steel haumer and plate method resulted in

considerable loss and some contamination when the samples were hard and

equidimensional.

The samples were crushed in a Bico jaw crusher with the steel plates
set approximately one inch apart. The Jaws of the crusher were then closed ;
as tightly as possible and the sample was passed through the crusher again,
resulting in rock fragments less than one hslf inch in diameter,

A hand magnet was passed over the sample as it was gently shaken to
remove any bits of steel from the grinding .jawé which not only preduced

contamination of the sample but also caused danage to the ceramic disks of

the pulverizer.

Phe crushed sauple was ground in a Bico pulverizer fitted with ceramic

grinding plates reinforced with an annular steel ring. The crushed sample

was first ground with the grinding plates set approximately 1 mm aparb.

The ground sample vas then split repeatedly in an aluminium sample splitter

to give a sample of approximately 200 grams weight. The renainder of the

ce or used for mineral separabions. The 200

sample was stored for referen

gram portion of the sauple was again passed through the pulverizer with

The resulting powder vas split

the digks set at their closest setting.
. . . owiler.
several times in the sample splitter to give approximately 50 grams of powder
. . ’ "

The remainder of the powder was stored with the coarser fraction in the even

the 50 gram sample should be lost or contaminated during further processing.
1€ T

AR TERTRR
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The 50 gram portion of the sample was reduced to minus 97 mesh size
by sieving through plexiglasé sieves fitted with 97 mesh nylon bolt ing cloth,
The plus 97 fraction was reduced in ceramic grinding mills fitted onto a paint
shaker. The two fractions were mixed by resieving together and by coneing
at least five times. The final minus 97 mesh powder was stored in snapcap
plastic vials,

All equipment and working spaces used were thoroughly cleaned after each
sample, The jaw crusher was cleaned with a wire brush and a vacuum cleaner.
The pulverizer was cleaned by pulverizing a handful of high purity quartz
followed by a thorough cleaning with a vacuum cleaner and paper towels. The
sample splitter and the sieves were cleaned by means of a stiff brush and an :
air blast outside the working area. The ceramic ball mills were run for five
minutes with a charge of high purity quartz and then cleaned with the air
blast, When the ceramic ball mills and grinding balls became discoloured they
were boiled in strong hydrochloric acid for several hours, After every batch
of ten samples several pounds of high purity quartz were passed through the
crusher and pulverized to remove any rock fragments or particles stuck into
the grinding faces,

When sulfide-rich samples were being processed a separate set of sieves
and ceramic ball mills were employed, After the processing of eny samples
with a high sulfide content all of the equipment used was cleaned by passing

a considerable amount of quartz through it before atteupting to process any

sulfide free rock samples.

Preparation of Mineral Separates

Semples from which mineral separates were to be made were prepared in a

ole rock powders were prepared.

similar manner as samples from which wh

izer i essary
However, after the first grinding in the pulverizer it vwas generally nec
3

ul further
to take five hundred grams or lore of the coarsely ground material for




grinding in or ‘e il
g g in order to prepare wineral separates. The five hundred grams of

semple were passed through the pulverizer with the ceramic*piates set at
their finest setting, The finely pround sample was sieved on a mechanical
shaker in plexiglass sieves fitted with 97 and 200 meshes per inch nylon
bolting cloth. The minus 97 plus 200 mesh fraction was retained for Ffurther
processing. The outsize fractions were stored. 1t was sometimes possible
to hand pick coarse fragments of the wineral to be semarated and reduce them
in the ball mills before sieving.

The winus 97 plus 200 size fraction was then wéshed in distilled water i
several times by stirring with a stirring rod and decanting the fine dust
particles to avoid blocking the Frenz Isodynamic Separator and to prevent
gontauwingtion of the heavy liquid media, The washed sanple was dried at L
" approximately 120° Celsius in a drying oven. |
The magnetic minersls such as magnetite and pvrrhotite which tended to

clogg the magnetic separator were removed by means of a strong hand magnet,

The Pranz Isodynamic Separator was set at a 15? side tilt and a 259 forward

tilt, the vibrator wes usually set at L and the current was set either to

allow for unimpeded flow of the mineral grains or to sllow the magnetically

susceptible uinerals being concentrated to be barely taken down the magnetic

chute. Then the amerage vas set to separate the majority of the wineral

sought on the magnetic side of the insbruwent. The samle was run through

the instruvent several times at a current slightly above that at which the

mineral first ceme off and then slightly below that at which all of the
nineral sought was attracted to the megnetic side of the instrument. No
ngs ere given here since the settings varied slightly with

s given by kosenblum (1958) serve as an

absolute setti

each individual sample. The value

ragnetic suscept ibilities

excellent guide for getiing within the range of 1

quickly.
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For non-umagnetic minerals the current was gradually increased by steps
to prevent clogging of the instrument until a maximum current was obtained
and the non-magnetic minerals were left as & residue in the non-magnetic
channel.

The magnetic fractions obtained were treated separately in heavy
liquids to effect further concentration of the desired minerals.

The chlorite bearing magnetic fraction was first treated with Bromoform,
Specific Gravity 2,85, to remove the lighter than chlorite minerals and
secondly with Methyl Iodide, Specific Gravity 3.3, to remove the sulfide and

other heavy minerals. The flost from the Methyl Iodide treatment then

contained the chlorite fraction.
The non-magnetic chalcopyrite and pyrite fractions obtained from the

magnetic separator were treated with Methyl Iodide to remove any non-magnetic

silicate minerals present.

The heavy liquid used in the separation process was filtered through

Whatmen No. 1 filter paper and the filtrate collected for reuse. The

mineral grains of both sink and float and the filter papers on which they

were collected were treated with technical grade acetone to recover adhering

heavy liquid. The Bromoform was recovered from the acetone-Bromoforn

washings by stirring with water, allowing the acetone to dissolve in the

water and then collecting the purified Bromoform from the bottom of the
container. The acetone-Methyl Iodide washings were filtered into amber
wtained and then the

storage bottles until a gellon or more had been ©

Methyl Iodide was recovered by evaporating off the acetone.

obtained from the heavy med

i ] chiev
through the Franz geparator until the optimum separation had been &

The mineral fractions
ed,

itored by means of a binocular

All separstion processes were mon

of the chlorite separs

tion was monitored by
microscope. The final process

ia treatment were passed
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means of a polarizing microscope.
Since the preparation of mineral separates was not carried to
completion, the writer did not attempt to complete the separation process

by hand picking impurities remaining in the mineral fractions obtained.

T

'
.
i
'
'
i
1
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APPEDIX IV

ANALYT ICAL PROCEDURE USED IN ATOMIC ABSORPTION

SPECTROPHOTOMET RY




-131-

ANALYTICAL PROCEDURE USED IN ATOMIC ABSORPTION SPECIROPHOTOMETRY

The theory of atomic absorption spectrophotometry is well presented
in Elwell and Gidley (1962) and Angino and Billings (1967). Bost of the
published literature on atomic absorption spectrophotometry related to
geology has been orientated toward the preparation of rock, mineral and
goil samples for analysis and the detection limits of the elements deter~
mined by a perticular technique.

A number of papers have been written expounding the attributes of
atomic absorption methods applied to geological problems. One of the first
workers to apply the technique of atomic absorption to geology wes Belt

(196%) vho determined Zn and Ou in rock samples. Since Belt's pioneer work,

the equipment available has achieved a remarkable degree of sophistication i

and it is now possible to determine more than 45 elemerts by atomic

absorption techniques with accuracies comparsble to, or better than those

produced by other methods. Angino and Billings (1967) have presented 2

detailed and comprehensive survey of the literature pertaining to the

application of atomic absorption techniques to geological problems. They

have described briefly the pethods of sample preparat ion for wany geological

i ipti « direct application
samples and where their descriptions are $oo sparse for dir PP
riginal papers from

the analytical geochemist can obtain references to the o

their extensive bibliography.
. 3 s . . 34
The method used by the writer, outlined in detail below, is a mod

67)s
fication of the methods desoribed by Belt (1966) and Abbey (19 7)
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Chemical Treatment of the Sample

The rock powder in a 50 gram storage vial was thoroughly mixed by

repeatedly coneing and rolling, The powder was then spread into a three

to four inch diameter circle and tiny systematic grab sauvles were taken

and placed in an aluminium weighing pen to give approximately one gram of

rock powier, The aluwinium weighing pans vere transferred in batches of 20,

to a clean drying oven set st 120° Celsius and alloved to dry ror a period “
of 2 to 3 hours. The dried sanples vere stored in a sealed dessicator until ‘
cool, weighed on an analytical balance to the nearest 0.0002 gram and then E
transferred to 100 ml Teflon beakers. Care was taken to avoid loss of the :

fine fraction into the atuosphere during the transfer from the aluminium

weighing pans to the Tef'lon beskers. :

After each sample had becn moistened with approximately 5 mls of vater,

10 mls of concentrated nitric acid were added slowly by measuring cylinder.

The beakers were covered to avoid loss of csterial during any vigorous

reactions that often occured and to avoid contaninat ion from atmospherlc

dust, After the initial reaction hed subsided, 20 mls of 50 per ceut hydro-

fluoric acid was added slowly from a Teflon measuring cylinder,

The beakers were covered and left to stand at room tempersture for

several hours in a fume cabinet, Two mls of 70 per cent perchloric acid
were added to the mixture and the beakers were placed on a sand bath main=
tained as closely &8 possible o 1800 Celsius, After § to 8 hours dense
white perchlorate fumes began to De evolved. The mixture was allowed to

520 winutes and then the walls of the besker were

enove any hydrofluoric a

the hot plate until

fume vigorously for 1
cid adhering

rinsed down with digtilled water to I

to the sides of the peaker. The beakers remained on
1¢ the seuples Were unattended

perchlorate fumes ceased to be expelled.
cid was conpletely expelled before

jme and the perchloric a

for o period of t

S ) R EPTIE Wat 7 4 s LT et o
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the beaker walls were rinsed down, a further 0.5 al of perchloric ecid was
added to the dry salts, the walls were washed down with distilled water and
the beaker again heated on the sand beth until perchlorate fumes ceased to
be evolved.
Five mls of concentrated hydrochloric ecid were added to the dry
sauple cake and the beaker was heated at approximately 1000 Celsius to
dissolve the salts, Ten nls of water were added slowly a few mimites after o
the acid had been added end the solution boiled until clear.

The solution was filtered into 100 wl volumetric #1asks and allowed

.
i
i
:

4o cool to room teupersture, The solution was brought to voluwe, shaken

well end transferred to 125 wl polyethylene screw cap hottles for storage

until the analyses could be performed on the atomic absorption spectro-

photometer,

Calibration

The instrumental settings given in Chapter 11 were set for the element

being determined and the hollow cethode lamp was allowed to warm up foT 20

minutes.

Working standerds were sade up from 10, 100 and 1000 parts per million

stock solutions prepared from high purity standard solutions obtained from

Fisher Scientific Limited by first aixing an appropriate amount of the Cu,
Zn, Ni, Co and Mn solutions together to give stock solutions containing all
y Ny

of these elements in the same concent ration. The stock golutions were

prepared by evaporabing aliquots of the Fisher golutions to dryness and
b tion
treating in the seie manner as the rock samples. A 1000 ppm stock solutior

paui
Tuting a 10, 000 ppm stand

£ Na was prepared bY di ard solution obtained T
of Na w )

Tisher geientific Limited.

prepared by teking suitable aliquots of one

ntrated hydro chloric

Working standards were then

adding 5 mls of conce

acid and

of the stock solutions,

. %WT“A‘EHWW -
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diluting to 100 nls. For example, the Zn, Cu, Ni end Co working stendards
were prepared by pipetting 0, 5, 10 and 15 mls of the 10 ppm stock solution
and 2, 3, & and 5 mls of the 100 ppm stock solution into 100 ml volumetric
flasks. Five als of concentrated hydrochloric acid were added to each flask
and the mixture was brought to volume with distilled water to give working
standards of 0.0, 0.5, 1.3, 1.5, 2,0, 3.0, 4.0 and 5.0 ppm of Cu, Zn, K,

Co and Mn with the same scid content as each sample solution,

The standards were aspirated in order of increasing concentrztion for
appron'dma’cel}r 50 seconds each, Distilled water was aspirated before end
after each standard solution to ensure that the instrument was reset to a
comxon base line. & calibration graph ves plotted froa the absorption
readings obtained on the chart recorder by plotting the per cent transmission,
100 per cent minus the per cent absorption, on single cycle logerithmetic-

I the calibration graph vas 2 straight

linear graph paper (Figures 1 and 2)s

line over most of its length, the standards were accepted as being correctly

prepared, otherwise, the instrumental parameters were reset and if no improve-

ment could be obtained another set of standards was prepared.

When a satisfactory calibration curve had been established the sample

i i ' [ irating in tI : standards
solutions were run in batches of ten vy espirating n the order: standards,

£y

n Fa
nd standards. Thus for each babch of ten

iy

samples, standards, saiples 2

. . . —
samples the standards were deteruined three +imes and the u_mnown sample
aiqn . -

solutions were each aspireted twice. Distilled water was aspirated defore

and after each standard and seuple solution.

If the sample solution gave 2 lower transmission value than the highest

standard solution used, the sample solution was diluted until it gave @

f the standard solutions in use.

transmission value within the range O

Calculstion
; :oed by comparing
The concentration of the sample solutions was determined by CcOID

abion curve

on to the calibr

the transmission value of the sample soluti

Lev D e - s

LFIFIA IOV s

REEINC e




C 40 4000 7 \ - §

ﬂ(\ # = ! 5 1 CYCLE X 70 DIVISIONS MADE IK B, 1k ..__._
KEUFFEL 8 ESSER CO,

u uoTTTIW g0d s3aed

= ) w » ~ @ © =
] 1 ] ] ]
1 1 i !
: A, el
i PO | = ] e e (A o ) ET | LR N {NUFTRRF ANEIATiaA _t_ R LAEEN AR m
_ i [=_1 _ “ a3 _h " _ _ ! £ EREENF ERASREARTINRE MO AR LR DARA D b T e AR TR LR I*
_ ] i EEERERT 1 R TN 0 L0 RO NREEHARS ERERNANNNG ERENERLSH WMDY T i
¥ H_ | M.ﬁ | “F ) | R R 4 I | &N : il
” F -t T T e L _\ A.ut -+
* ) . : AR 1O W L 3 15 6 s st 11
i il ! i |
BN “EOAIMD  WOTIBIITED U pue BN TeoT6Ll iz sxundry Tt T Tl DT ENES”,« 55 ) L 5 SR RREat ! i idlne
I .y W i H _ N Y Ban R, 1 e
= _ I FITH ANAER R AT IR NN AN _ Tl g ej
] I ]| _ _ AN EERNES INLAERENEAERALN 14mi| i1, TR AT e T
. - » i _ 0 e 7 NN EANRAREEEA (RN AT AT 4 ]
= ! ] i ! ! IEENETROERENNEN i i e SRR 7 i
{ = ] } 2V 8 il ; NIV R L | R 11 y J1iiy
_ I R O _ ! i i O =y | gl [! ) A 2H0EY
” - _ _ Y D SR DR RARENRT NN MR LARTH BRI S ey VT EERHE \ NI
| ! | B i iy 1 Ty
o= _ i ] 1 T RILT It ARAANARRAAERER > m I - it
| el ] T I E| 1 LI AT e R | i 1) o
- al 1 “ ! __Lﬁ_m _w,; , __._IH 4_ {1 ] ! Arh \ 108
i " S EEN i . . [17] HEHRAYY) H Al
s ]t i o o T T e T H
_ =] “ 4 : ﬂ NEERNN _ a T T T T Miv
2] ) : L1 _ | i d] i . ] | NS
i [~% i | i =1 " I AT RO ML) &_r_:j::m [l 1 _~_1N‘ 1 & !
1 I 0 i W W W i il Al S BARET i TER Ei S VETM I T
| _ Pl 8 2 il N ” !
! | | | i il ir i TERGRAnETiNiEs | i R I
515 i
| =5, EARE I ) WE YR LR i ] i
< =1 ! - | _ ! - L P i 1 ﬂ
- ® _ — T T 3 ~h <R CEARRANNENIAREANTAARdURIRNY k] MLl
1 - e 1 LT S E R ] 00 R R A EiB AR 3
i A il m .rﬂr.l NNEARERYP A
] T AL 3N NI RENRERY SUNIR |
_ T T BEIAY £ oL T LY
1 EHAl | | RN RY JREHEETR: ; 1
x“! NH i ¢ ! \ W__q .|.IM HEE LT TEL.
AR { | !
L_,M 1 1L _ _‘ ._. f«}fg
T | T ﬁs !
ENSHENEF A (¥ i
5 AR TIbE S RESTIEE
¥ : __ 1=
i) _1_.H Hl..
VAR RRARREEER T EE | I
| _N\ T | ,_ L8 5
p ATRENRNENT ]
\ i
NEARRAN 09
i | 1S {
_ i 1 T
! ILEE 11
I HREENENN i
T i J|J1Ll
. : 1y |
Ty Wi T |
{ IR EAEREN AN i
~L ) _ 114
jan ..1* s@l :H»:
T A ._1 I | A%




-1 8-

uFEFL & _SSER CO.

(xo1) NOTSSINSNVAL %

—

= O

"N ) (2] o
q ) | i 0 1
[] [l | | |
! ] | !
1 = I |
e T e ) 5k B | ERERER UK ALY .
e — T TR 1 _
——— Illllll_A
= e = -.llﬁl. [l AN :
| e = =]
. - T (4 . -
| uz pus nH— 0) " TN JI0J SSAIND UOTIBIQITEO ?UH&H - whﬁw.mm
] - ol I 1 ! _|F.. VRS -
e 0 O SRR E~ AR BN RE AR ]
- AT LI WERRBTENARENNCAnahE
= L1+ _ _.“_ﬂ ..-..fhjrvf
1 Muﬁ [r‘_,ﬁ_ P i J_kA_
L= - _» ; M 4 |15, L _IM:_.JIHAE
b — A BEEY R E S
o — — — _ . g s}
I =i _ _ DUEBENED ENEE |
e o | i | . _A_M JMHIT»‘I.T‘.I. il
_ oo ! P L Uk T | [T
B L , A S E SR v i mFERT AN
. e _ A BT S BN ERNNED
e} 244 . j EENEENEAEREEE RO EANRY]
i N
— = e i, , T AT
i _ I
x = il ) il VEd A BRI
T E ClsilETe T Lo e e )
s i HE Esmad i |
) SR NN SRl SN MR LE. Y AL G T RS S0 R AL b
= - i EEE B ESEN R EA RN
= ] | ( ARRSAEETEESH A AR
—_— : FEEVVIgaYR F _ T
T T 1
1 | ! FE | /
| ! GRS L1 ] _ {1
T i \ T mﬁ_ e
S e S R | = e B 4 ¥
- ] A FeERRBe S UL RALS REERRT
£ 3 o] e P I _ _. L:L_ P «iE NEE |
O—— — 24 { { ||||._|o il Ll.l_ . el
i _ 1 ﬂi 1v_ IU N
e - . 1 . _ | | Sl _JL 6
g = EREAY d 8 3 EE
o] i A PR RATNEL
i
| ; .[ i Bt _
. — _— ] kil ET i
_ EREANISUEEEPTACES VEREATRESF
- T S el I MIEHS L R AR ERMEMARTYS
e | ¥ o i +V.T
T BAS
) | |
|l I ¥
e . Fl_r EREHES 1T. 5L g |
(" Y !IT¢ B e ] - | —~
b . .l i
[
—

uotTTTTW J98d Zjaed



derived from the standard solutions and reading off the concentration in

parts per million on the linear scale of the graph sheet., The value obtained
for the blank sample solution was subtracted from the concentration obtained
for each sample solution, excepting those requiring further dilution, to give
the true concentration of the element in the solution, The concentration of

the element in the original rock sample was obtained by conversion in the

formla:

Volume of Semple Sol.
Weight of sample

X ppm in Sample Sol. = PPM in Rock,

In the latter part of the project. the computation of the concentration

of the elemerts in the sample solutions and in the rock samples was performed

on an IBM 1620 computer utilizing a Fortren II version of a Fortran IV computer

program obtained from R, H. Vendt (1966}, The computer prepared a calibration

curve and calculated the parts per miilion of the element in the sample

golution and the parts per million or percentage of the element in the rock

sample.

e determined on the same solutions as those

Janganese and godium wer

However, the standard solutions used ranged

used for the trace elenents.
from O to 50 parts per nillion for manganese and 0 to 600 parts per million

lues for sodium were read directly from the

for sodium. The absorption va

instrument galvanometer since the Techtron instrument used for the sodium

ecorder.

determinations did not have & chart r
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