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ABSTRACT

Drift prospecting is defined as the application of glacial
geologic, geochemical, geophysical and sedimentological techniques to
the problem of mineral exploration in areas mantled by glacial over-
burden. Glacial drift in the Sheffield Lake - Indian Pond area of
north central Newfoundland contains local accumulations of massive
sulphide float, grading up to 8.27 Cu. Previous investigations by
industry have failed to locate the source of the float.

The objects of this research were to locate the source of the
float by means of drift prospecting, to evaluate the applicability of
combined exploration techniques to the glaciated terrain of Newfoundland
and to resolve the glacial history of the study area.

Glacial drift thickness in the area, determined by hammer seismic
profiling, varies from 5 to 60 feet. An extensive trenching program
revealed the presence of two till units. Till fabric analyses in-
dicated local ice flow directions toward 020 for the Lower Red Till, and
either 020-045 (low) or 000-315 (high) for the Upper Grey Till. The
sulphide float occurs as first-cycle clasts only in the Lower Red Till
and, sparsely, as second-cycle clasts in the Upper Grey Till. The two
lodgement tills have been differentiated on the basis of colour,
stratigraphy, fabric, texture, pebble lithology, clay mineralogy and
geochemistry. The two tills provide the first conclusive evidence
of multiple glaciation in north central Newfoundland.

The sulphide float, which generally weighs 1-5 1lbs., ranges in

composition from weakly pyritized and chloritized (host) andesite to

VIIT



massive phyrite—-chalcopyrite. Clasts are concentrated in the Lower
Red Till where they form a well-defined dispersion fan with the apex
pointing toward the southwest. Anomalous concentrations of Cu, Fe,
S, Co, and Zn in the Lower Red Till likewise indicate a southwesterly
bedrock source of the micro-float dispersion fan. A target area for
further detailed exploration of the bedrock source of the float has
been delineated on this basis.

It was determined that the combination of methods employed was

essential for delineating the probable source area and it is recommended
that they be employed in any future investigations with similar ob-
jectives. Of the methods employed, trenching with a backhoe and
geochemical analysis of only a restricted size fraction of till

samples were found to be particularly valuable. Cu, Fe, and S were
found to be the best geochemical tracer elements, particularly when

they were mutually associated.
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CHAPTER I.

INTRODUCTION

Scope and Objectives

Prospecting for base metal occurrences in glaciated terrain presents
problems which collectively make these areas among the most difficult in
which to discover economic mineral deposits.

Geophysics (Electromagnetics, Induced Potential, Self Potential,
Magnetics) are often found to be useless because of bogs, thick drift,
aquifers and clay layers and Gravity methods have limited usefulness
because the instrument cannot be calibrated for till thickness, unless
supported by overburden drilling or seismic refraction profiling.

Exploration geochemistry which was, for many years, thought to be
impractical in glaciated areas has been shown, by a slowly increasing
dossier of case histories, to be of value to the "Drift Prospector"
(Donovan and James, 1967; Kauranne, 1967; Presant, 1967; Garrett, 1971;
Gleeson and Cormier, 1971; etc.).

Float tracing, a method which has been in use in Fennoscandia for
200 years (Grip, 1953) but which found its first systematic applications
in Canada only at the turn of the century (Dreimanis, 1958) has enjoyed
some success, e.g. the Sullivan Mine, B.C. and the Steep Rock Iron Mine
of Western Ontario.

Although a combination of these techniques shauld be particularly
applicable to the glaciated terrain of Newfoundland, they have not
generally been used in a systematic fashion in this province. Nor, in

fact, is the glacial geology of the province known to any great extent.



The present investigation is an attempt to delineate the source of
sulphide-rich float in the Sheffield Lake - Indian Pond area of North
central Newfoundland, using Drift Prospecting a combination of glacial
geological, sedimentological, geophysical and geochemical techniques.
A second objective is to evaluate the applicability of each technique
to Newfoundland terrain and conditions. Finally, the glacial geology

of the area will be studied and interpreted.

Location and Access

The Sheffield Lake — Indian Pond area is located in the Springdale -
Green Bay region of North Central Newfoundland (1:50,000 sheet,
Springdale, 12H/B West Half) (Figure 1).

The area of most intensive study comprises approximately nineteen
square miles (49 sq. km.) between 4% 28' and 49 24' north latitude
and 56° 30' and 56° 20' west longitude (Figure 2). A considerably larger
area between 49° 28' and 49° 17' north and 56°20' and 56° 39' west was
studied at the reconnaissance level.

The old Trans-Newfoundland Highway (#2) approximately bisects the
area. The northern half of the region is criss-crossed by a network of
over-grown logging roads. All roads are only passable by means of a
4-wheel drive vehicle due to the numerous culvert removals and subsequent
washouts. Travel in the southern half of the area is only practicable
on foot.

The former Brinex permanent base camp located one mile south of
8pringdale was made available to the project by the Newfoundland
Department of Mines and Energy. Tent camps were also used to some extent,

@specially in the southern half of the area.
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Climate, Vegetation and Topography

The annual precipitation in the Sheffield Lake -Indian Pond area is
approximately 35 inches (114 ccm.) of which 10 inches (25.4 cm.) occurs as
snowfall*® (Tucker, 1973). The frost-free season of 100 days stretches from
early June to mid-September. July is the warmest month with a mean maximum
daily temperature of 73°F and December is the coolest month with a mean minimur
daily temperature of 7°F.

The vegetation in the area consists of almost impenetrable alder
thickets (Alnus), Tamarack (Larix laricina), and occasional patches of white
spruce (Picea glauca) in poorly drained, sheltered areas. In the better
drained areas are large open patches of caribou grass and varieties of low
shrubs and bushes including Wild Rose (Wild nitida Willd.) and blueberry
(Vaccinium angustifolium Ait.). Some extensive areas of forest also occur
in the region in which balsam fir (Abies balsamea) and black spruce (Picea
mariana) are the dominant species. A few scattered stands of hardwood forest
are always of fire origin and contain white birch (Betula papyrifera Marsh)
and trembling aspen (Populus tremuloides) (Tucker, 1973).

The Sheffield Lake - Indian Pond area is situated on a slightly
undulating plateau about 6 miles (9.5 km.) wide, 11 miles (17.5 km.) long
and at elevations between 525 (160 m.) and 625 (191 m.) feet (Plate 2 and
Figure 2). To the west and north west the plateau is bordered by a range
of bedrock hills commonly reaching a height of 500-600 feet above the

mean plateau level. The two highest, Fire Tower Hill and Signal Tower Hill,

* 10" precipitation = 100" snowfall



are at elevations of 1025 (313 m.) and 1537 (469 m.) feet, respectively.

Beyond the range of hills lies the major glacial outwash system of
the Birchy Lake — Indian Pond depression, the bottom of which lies 500
feet below the mean plateau level.

The plateau is truncated in the north east by the Indian Brook
Valley and bordered on the east and southeast by a range of low bedrock
hills with a maximum height of 900 feet (275 m.) above sea level.

The southern boundary of the plateau is formed by Sheffield Lake
(9 sq. miles), which occupies a large structural depression trending east-—
northeast.

The Plateau is covered by glacial drift which varies in thickness
between 5 and 60* feet. Bedrock is rarely exposed. Only one or two outcrops
occur per square mile.

Sluggish misfit streams, large areas of bog and marshland, and a
myriad of small kettle lakes (rarely exceeding 0.4 square miles in area)

dot the plateau.

Previous Geological Work

Because the Sheffield Lake - Indian Pond area is within the Central
Mineral Belt of Newfoundland, (Snelgrove, 1928, Williams, 1967; Rose et al,
1970), it has attracted much attention from geologists in university,
government, and industry.

Bedrock studies of the Sheffield Lake - Indian Pond region and
adjacent areas include those by Peters (1954); Malmquist (1961); Neale and

Nash (1963); Williams (1967); and Dean (1970).



‘Plate 2: The Sheffield Lake - Indian Pond plateau looking west
toward the peripheral bedrock hills. The test trench
was excavated during the 1961-1962 Brinex-Boliden joint
attempt to discover the source of sulphide float in the
area.



These workers indicate that the area is mainly underlain by a
sequence of volcanic flow and pyroclastic rocks ranging in composition from
rhyolite to basalt, with local intercalations of fossiliferous limestone.
However, because of the highly sheared and faulted nature of the volcanic
sequence its relation to nearby Ordovician volcanic rocks is uncertain.

Williams (1967) considered the volcanic rocks as part of the Silurian
Springdale Belt which also forms the host rocks of the rich base metal
orebodies at Buchans (Figure 1), however, Dean (1970) correlates these
rocks with the Ordovician Catchers Pond Group to the northeast.

"Topsails'" granite and red syenite of Devonian age form the bedrock
of the remainder of the study area to the east, west, and south of the

volcanic sequences (Neale and Nash, 1963).

The Sheffield Lake - Indian Pond area was glaciated during the
Pleistocene Epoch. Several workers have postulated an insurgence of
Laurentide (Labrador) ice over most of insular Newfoundland from the
north or northwest during the early Wisconsinan glaciation (Murray, 1883;
Tanner, 1940; Flint, 1951 Lundquist, 1965). Recent work by Grant
(1969; 1972); Brookes (1970); and Tucker (1973), however, minimizes
the role of Laurentide ice on the Island, with the exception of
small areas of the Northern Peninsula.

The available data indicate that there was one or more glacial ice
centres to the southwest of the Sheffield Lake — Indian Pond area during
the Wisconsinan glacial period. MacClintock and Twenhofel (1940) and

Murray (1955) speculate that there probably were migrating ice centres in



the Red Indian Lake - Buchans area (Figure 1) on the basis of striation
orientation.

Lundquist (1965) concluded from striation measurements in and around
the Sheffield Lake - Indian Pond area that after the Wisconsinan ice
maximum (during which the ice moved predominantly to the northeast -
Tucker, 1973) thin, local ice was successively more affected by topography
resulting in local vagarities of flow. He states that from a late local
ice centre "in the flat depression on the southern side of the hills
along Indian Pond" (the Sheffield Lake - Indian Pond plateau) ice flowed
to the north and northwest (Figure 2).

Tucker (1973) has attempted to date the deglaciation of the region
on the basis of marine shell samples dated at 12,000 BP. by the
Geological Survey of Canada and average marginal recessions of 66 feet
per year between 12,000 and 7,000 BP. (Andrews, 1972). He speculates
that the deglaciation of the Sheffield Lake region (the southern edge
of the Sheffield Lake - Indian Pond area in Figure 2) occurred approx-
imately 1,500 years after the deposition of the dated shells, or 10,500

years BP.

Exploration Activities
In 1953 a Department of Highways road crew found a mineralized
boulder in the study area which was assayed to contain 67 copper. Since
then Brinex (British Newfoundland Exploration Ltd.) and several other
companies have discovered hundreds of mineralized clasts in the region,
but have had no success in discovering their source.

In 1953, Brinex conducted a reconnaissance geologic survey over

much of the area and first found copper mineralization in place in the



vicinity of Whitehorn's Brook (Figure 2). Subsequently, numerous
pyritic and copper sulphide boulders in glacial drift were found
scattered over a distance of 2-3 miles. Intensified, but sporadic,
geological, geophysical, and geochemical prospecting by Brinex during
the next few years turned up more mineralized float, but its source
was not located (H.R. Peters, Personal Communication, 1974).

In 1956 and 1958, airborne geophysical surveys were conducted for
Brinex over most of its Hall's Bay concession including the study area.
Results were essentially negative, possibly because both the Electro
Magnetic and Magnetic methods used went beyond the effective limits of
the equipment. However, some anomalies were detected in the valley of
Indian Brook west of the area of mineralized float. The airborne
anomalies were not satisfactorily explained (H.R. Peters, Personal
Communication, 1974).

In 1961-62, Boliden Co. of Sweden in joint partnership with Brinex
made a detailed study of the area where sulfide float was concentrated,
and from this, hundreds more massive sulfide cobbles and boulders were
uncovered in the upper 2-3 feet of glacial drift. One cobble appeared
very similar to Buchans type ore. Again, the source of the float was
not found (Malmquist, 1961).

In 1965, Cominco Ltd. undertook a three year exploration program
consisting of soil and glacial till geochemistry, geophysics, and bedrock
sampling. This work in the Sheffield Lake - Indian Pond area was
sketchy and samples were analyzed by THM cold extraction methods which
have been found to be unreliable in heavily glaciated terrain (H.R. Peters,

Personal Communication, 1974).



In 1970, Brinex collected over 200 dfift samples over a 300 square
mile area, including 35 in the proposed study area, for heavy mineral
analysis. However, because of a change in company policy, the laboratory
phase of this work was not completed.¥*

'The tentative conclusions that were drawn from the exploration work,
as well as from some independent academic investigations, were that:
(1) because the ore body supplying the float was not found, it presumably
was eroded away during glaciation, (2) Wisconsinan ice generally flowed
northeastward, but evidence has been found for northerly and westerly
components of flow, and (3) at least two tills might be present in the
area. None of these conclusions have been suitably verified and are the

result of several independent studies rather than a co—ordinated effort.

* These 35 samples were later released to the Memorial University Geology
Department by Brinex and were used for the initial laboratory phase
of this investigation.



CHAPTER IT.

GEOLOGICAL SETTING

Economic Geology

Baird (1956) in his enthusiastic paper concerning the possibility
of further mine discoveries in the Notre Dame Bay area of North Central
Newfoundland, states

"almost all of them (mines and prospects) are located along

the coast or very close to it, for here was where the

travellers passed, here was where the people lived, and

here the rocks were bare and easy of inspection. —-—-

Modern techniques of exploration, i.e. geochemcial,

geophysical and geological, are being used for the

first time in an area where drift and forest have pre-

served much of the country from the primitive plundering

of early mining efforts. When one considers the southwest-

ward extension of the same conditions for a hundred miles

a geologist sees only optimism'.

The Sheffield Lake - Indian Pond area is located within Baird's
one hundred mile long belt. The attention of mining companies was first
drawn to the area with the discovery in 1953 of a copper rich boulder
in till (H.R. Peters, Personal Communication, 1974). The chequered
exploration history of the area, however, has yielded no definite source
for the hundreds of sulphide boulders subsequently discovered in the region.

The study area, located within the Central Mineral Belt of Newfound-
land (Snelgrove, 1928) is within a larger region of extensive past and
present base metal mining activity (Figure 3). Thus, bedrock in the
Sheffield Lake - Indian Pond area is prime prospecting terrain for
sulphide mineralization. Bedrock in the region consists dominantly of
andesite, dacite, and rhyolite flows and proclastics that were originally

mapped as the Silurian Springdale Group, (Williams, 1967) but which

were later redefined as the Lower Ordovician Catchers Pond
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group, (Dean, 1970).

Mineral Occurrences in the Study Area

Malmquist (1961) mentions a small massive pyrite lens in dacite
outcropping 200 metres west of Pond II (Figure 4), however, although the
author made a concerted attempt to find and inspect the showing, it
could not be located. Bedrock chalcopyrite mineralization occurs in
place near Whitehorn's Brook (Figure 2) to the northeast of the main
float occurrences, and has been drilled by Brinex. However, it was
found to be a sub-economic occurrence, and no further work has been

attempted (H.R. Peters, Personal Communication, 1974).

Bedrock Geology

A compilation of the bedrock geology of the main float area from
maps by Peters (1954, 1962, Neale and Nash (1963), Malmquist (1961)
and Williams (1967) appears in Figure 4). The bedrock contacts are
based on very little empirical bedrock data, because of the paucity of
outcrop in the region, and must, therefore, be construed as approximate
locations only.

The andesite (Neale and Nash's, 1963, Unit 14) which makes up the
bedrock of the largest part of the map area may be part of the Catchers
Pond volcanics. It consists of plagioclase and mafic phenocrysts set
in a fine grained dominantly feldspar matrix, showing flow alignment.
The mafic phenocrysts and the matrix have been chloritized and epidotized.
In some cases the andesite is brecciated along shear zones. This

chloritized andesite is recognized as the host rock of the sulphide
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mineralization in the float clasts (see frontispiece). Where exposed
in the study area, the andesite rarely exhibits original depositional
structures since these have been obliterated by low grade metamorphism
of greenschist facies, and by intersecting fault zones. The andesites
dip dominantly to the west at angles of 50°- 90°, with small variations
in strike (Malmquist, 1961, Figure 4).

The remainder of the bedrock in the study area is composed of
granitoid betholitic intrusions (units 18, and 18A of Neale and Nash)
of probable Devonian age, to the east, west and south of the volcanics.
These rocks range in composition from granite to granodiorite, but
locally include important amounts of pale reddish-brown to greyish-
red syenite (Neale and Nash, 1963). The granitoid rocks generally
are massive, equigranular and medium to fine grained, although
coarse grained and porphyritic types do occur, especially south
and west of the main float zone, respectively (Figure 2). Potash
feldspar and plagioclase occur in roughly equal amounts. The rocks
contain 10 to 20 per cent quartz. Amphibole is the chief mafic mineral
with lesser amounts of biotite, locally altered to chlorite.

The geology is complicated by the occurrence of several shear
and fault zones. Two dominant faults, oriented N. 60°E. and N. 20°W.
occur in the region. The dominant of these (N. 60°E.) may be an
extension of the Lebster Cove Fault system into the Sheffield Lake -
Indian Pond area. Neale and Nash (1963) indicate that this fault

ends inside the study area but to the east of their unit 14.



Drill Logs

Subsequent to a joint attempt by Boliden and Brinex to discover
the bedrock source of the sulphide float (Malmquist, 1961), nine
diamond drill holes were drilled in the vicinity of the float discoveries
(Peters, 1962). All of the holes penetrated an alternating volcanic
sequence of andesites, rhyolites and dacites (see Appendix A) and minor
chalcopyrite was encountered in many of them.

Only two of the holes drilled, however, can be considered as
"up-ice'" (southwest) of the apex of the float fan to be described in
Chapter 1V. The two, #62-6 and #62-7, are 400' and 325' in length,
respectively. Hole #62-6 is composed dominantly of chloritized and
brecciated andesite containing a few inches of massive pyrite and a
small amount of disseminated chalcopyrite throughout its length. The
dominant feature of the section exposed in #62-7 which is located about
200 feet to the west of the first discovered float occurrence, is the
alternating volcanic sequence of rhyolite and andesite, which is
repeated at various depths in the section. Chalcopyrite is present

in minor amounts as disseminated blebs.

Bedrock Chemistry

Two of the trenches (TB60 and TB92) opened in till during the study
(see Chapter 1V) bottomed on chloritized andesite bedrock. 1In both
cases, bedrock samples were collected for chemical analyses (Chapter V).
TB-60 is located 2,000 ft. northeast of the centre of Pond II, while
TB-92 is located near the main float occurrence area, about 2,000 ft.

northwest of Pond II (Figure 4). Two rock samples were collected at



TB-92; one from the weathered bedrock/till interface (R92W) and a second
deeper unweathered sample (R92F).

It must be noted here that after the rock samples were powdered,
they were submitted to the same partial dissolution (F. Goudie, Personal
Communication 1974) as were the till samples (see Chapter V). Results
of chemical analyses appear in Table 1 and are discussed in Chapter V
along with chemical analyses of similar lithologies in the Buchans area

(Thurlow, 1973).

The Float

Subsequent to the original float discovery in 1953, hundreds more
float clasts have been unearthed in the Sheffield Lake - Indian Pond
region, primarily during a joint Brinex-Boliden study in 1961-1962.

As mentioned above, the host rock of the sulphide float clasts in
the main float zone (Figure 2) is chloritized andesite. Malmquist (1961)
described and analyzed 29 of the float boulders in the main float zone
(Malmquist's area A), of which 10 were found to contain between 2.75%
and 8.20% Cu (Table 1).

He noted that some of the boulders weighed over 300 pounds (136 Kg.),
and this author observed one weighing approximately 500 pounds (227 Kg.)
Plate 3. Most of the float clasts however weigh between one and five
pounds (0.5 to 2.3 Kg.).

Where the float occurs in the Lower Red Till (Chapter 1V), the
clasts are usually angular to subangular, and in some cases have developed

limonite oxidation rims to which have been cemented many adjacent float



Plate 3:

-

The largest sulphide float boulder discovered in the
Sheffield Lake — Indian Pond area.
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. N ' _ Table 1. -
| o - " Andesite and.Float Analfées
~ [4
#R60  #R92 £ #R92 w Fo F, F,  Maximum Float
: ‘ - Values Obtained in 7
(Malmquist, 1961)
s. : EN N . :
ppm Cu’ 25.Q 43.0  120.0 - 1217.0  1172.0  1238.0 - 8.20
ppm Pb 4.0 5.0 6.0 50.0 32.0 23.0 -
ppm Zn  14.0 30.0  * 22.0 132.0 ° 152.0 ~ 320.0 -
- ppm Co 17.0 20.0 ° 29.0 93.0 143.0  ° 90.0 < . — - o .
pom Ni  30.0 - 55.0  55.0° . 108.0  130.0 83.0 > . -
ppm Mn  20.0  580.0  680.0 725.0 - 750.0 . .1250.0 --
; ‘ 7 Fe 0.70  3.90 . 4.85 16.10° - 15.70 15.30 57720 .
7's 0.03  1.45 © 4.80,  39.10  28.40  23.60 42,90
——
. R - designates bedrock.samples ' ’ ' - . ' ,__/;

f - designates an unweathered bedrock sample

w - designates a weathéf-egl ‘bedrock sample

0t

F - désignates float boulders

-
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clasts and unmineralized pebbles (Plate 1). In the Upper Grey Till

(Chapter 1V) the clasts are most often rounded to subrounded, are heavily

weathered, and tend to crumble easily when disturbed. The previous
N 1 N . > )
occurrence of many small floatufrfagments and weak;y mineralized andesjite

pebbles in the Upper Grey Till are evidenced only by a locplized'liménite

stain in the first case and by boxwork structures in-. the second.

—y .
The mlneralizatlon of the float Llasts is domlnantly pyrite

"
v . ‘

(FeS ‘) and LhdlLOPyrlte ((.ul-’eS ) with lcsser amaupnts of bornite (Cu FeS; ) .
and ma‘lachite (Lu ((,0 ) (OH) ) ' The minerali{zation ranges from
‘disseminated blebs and small stringérs in’ the andesite host rock to
) clasts which are 100 per’ cent massive sulphide-s. . -

IR . -

. ) . *
Ore Microscopy

°

Four samples taken from. sulohide._ rich boulde,rs in the study area

(see frontispiete) were mounted in plastic and polished The* metallics

in the pollshEd sectlons were almost entirely pyrite or limonite, with

traces of magnetite. Chalc-prrLte was ‘present as a consistent 22’ of the

" metallics in the four ‘samples studied, occurring as small dissem-inated
' s
blebs, Two of the samples were sllgptly magnetic. The actual percen.tage .

2

‘of metallics in the _éections were 40, 50, 75, and 9G.
: J . . -




‘CGHAPTER I11..

BASIC PRINCIPLES OF DRIFT PROSPECTING

Drift prospecting, as defined in the introduction, involves the
i . o
application of glacial geological, geochemical, geophysical and sediment-

ological techniques to the problem of nfineral exploraiion in areas of

glaciated terrain,

Glacial CGeological Investigatious

Glacial geological techniques are important to every phase of drift
prospecting. Without.a thorough understanding of the glaéiai history of

the area to be studied, further work (with the possible exception of

some geophysical studies) will be futile (Hyppa, 1948¢ Dreimanis, 1960;

hawkes and Webb,‘1962;-Riddell, 1967; ilyvarinen, 1967; Wennervirta, 1968;

°

Garrett, 1969;‘Eorgefon, 1971; Lee, 1971; Nichol and Bjorklund, 1973;

Miléson, 1973} Gunton and Nichol, 1974; Levinson, 1934; ahd athers).

. Wideky known techniques for determining 'the most recent jce fleow

direction precisely, sugh as striation and groove measurement, often
need toO be supplemented by till fabric analyses (Holmes, 1941;-Kauranne, -

and others), particularly in till covered.éreas,where striated bedrock

éearce. Also-a trenmchant air phbtographic inberpretation
! ‘

often will reveal the dominant ice flow direction in the region and the

o . °

outcrops are

distribution and.type of'glaciak drift deposits present.

The* sequence of former ice flow directions can also be determined

by* these techniques. The vector sum of .the measured directional data

may often reveal a complitdted transport history of mineralized float .

and point to its probable bedrock source area (Kauranne, 1967).
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Boulder tracing is also an iptegral part of drift prospecting. Thisg

techniaue‘dates from,th.work_of'Danirl Tilas (1712-1772) in Finland and
gweden (Saurnmn.4l&fQ5, gnd possibly. can even be linked tg prehigtoric
American workihgs-in,ﬁichigaﬁ (Poilock et al., 1960). Thesé workérs,
‘however,.predated the aévent of dontemporar& glacial geo};gicaittheory
which étemﬁqd.from the work of De Carpentier and Agassiz in the mid-19th
Century.

Boulder tracing principles are<éimple and strightforward. The

discovery of a mineralized clast (termed float*) in unconsolidarted glacial

drift* generally is prime evidence that bedrock mineralization occurs in

LY
3

the vicinity. The discovery of tens or hundreds of such clasts increases
‘the probability of a proximal, provenance for them.
_ Not bnly do the float clasts indicate bedrock mineralization, but

they also éive a clue to the tenor of the source deposit: (on the basis

-of which the level apd e of further work is guided), the mineralqgy

of the‘SQUrce deposit and, most impértahtly, the host rock of the minerals

of interest, From availdble geologiqal_rqports and maps, large areas of -

. - . -

basis.
. L0 .

Other clasts assqciateé with the float are studied {by means of
. . BERY

pebble counts) to determine probable trandpert directions and distances

for the flbat deposit in question. Finally, glacial ice flow #ndicators

r
a

*The: terms "Drift and Float" date from the Diluvial .or Noah's Deluge

theory which was in vogue until the mid-19th century.

. -
-

.
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are measured (gither by means.of aln\photographs or in the field) to

determine the direction(s) of probable float ‘transport.

i

This rather simplistic approach has.accounted.for almost all of
the base metal mine discoveries 1in Fennoscandia since the time of Daniel
Tilas and has had some notable” successes in Canada as well, such as

Sqllivan'Mine, British Columbia -and Steep Rock Mine, Ontario (Lee, 1971).

Recént-wérk'by Bayrock and Pawluk 1966, hés suggesieﬂlthat the fine
«Q .

fraction of lddgement'till is probably of more local origin than the

€

boulder sized float clasts. However,

“there is no general agreement as to which textural parts
of till are indicative of long-distance transport, if indeed,
any such generalization may be-made" (Shilts, 1971)

Neveéthelegs, most inv;stigators involved in bouldér tracing studies try
’ A,
to'corroborateftheir findings on the ba;fs of 'float tracing, by studying
‘the fine, matri® fractions in glaciaf till (Evmengen, 1957; Wennervirta,
1968; Hyvarinen, 1967). ' ’; ' |

The study of the Micro float train (Dreimanis, 1960) or Micro

boulder fan (Bolviken, 1967) asslciated with the Macro float or boulder

train is usually more.precise in delimiting a2 source area because of
. s -

its greater continuity in glacial till (Figure 5). Most detrital

mineral grains in glacial drift have been derived from freshly ground-up

bedrock. In the unweathered "C" horizon of the soil profile the grains

&

are virtually unaltered since deposition, By means of deep overburden

sampling, ideally profile sampling, unaltered matpix”samples can be

obtained, and the Micro floét fan outlined throgﬁh geochemical analysis

of the'fine-fraction in the'till (Nichol and Bjorklund, 1973).

3
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Indicator Fan in glacial till (after Hawkes

and Webb, 1962).

Figure 5.




Geochemical Investigations

Exploration geochemistry is hampered in glaclated terrain bycause

- . i

of the heterogeneity of the glacial deposits encountered. The use of

ginvinl till as a sampling EFdium is oot always Qn egsy ar simple procedure,
and yet, jn the last decade, the ﬁppliuation ;f exploration geoqhemica]n
techniques in gfuviated terrain-has $cen a markeq upsd}ge of fnfere%t.
und-hns led fo many successes (Kvalhiemr 1967 jonés, 1973). .
There is an apparent overlap between Micro float,studieé énd,glacial
till geouﬁumistry. Geochemiéal analysis is usually conducted on the
" 280 meSh (0.180 mm.) fraction of till. (Ermengen, 1957;.u;uimanis,
1960; Fprt;svue‘and Hughes, 1965{ Bolvfkcn, 1967; Fortescue and Hornbrook,
1967; Garrett, 1969; Peters, 1971; Nichol, 1973; Govett, 1973; Hom
1973;'Govctt htﬂ_al., 1974; Gunton and Nichol, 197;; and others). This
size fraction includes not only the detrital Micvo float particles but
also gécondary gxides apd hydroxides, cléy minerals, organic matter and’
sometimes carbonateé, all of which selectively-”scavenge"_aﬁd concentrate

metal ions, often in amodnté out of proportion to the actuai ‘local back-

ground vialues (Hawkes and Webb, 1962; Canney and Wing, 1966; Shilts,

1971; Govett, 1973; and others). s
. The secondary ¢xides and hydroxides are best avoided in till sampling by

utilizing the unweathvred portion-of the "¢" zone of the so0il profile (below the

oxide Tich "B" zone).. This zone is alsc impoyesrished in organic matter
) _ poye g

relative to upper soil hpyizons (Scott and Byers, 1965; Bayrock and Pawluk,
1966} Kauranne, 1967;'F6rgeron, 1971; Govett,  1973).

,Clay ﬁinerals,;which a;e ubfquitdhs in ;ll but the leaches "Ae"
zone of'the podéol profile, are-a more aifficult problem. }f till saﬁple§

arc only seived to -80 mesh then the sorption propensities of the clay \\_

\ "




minvrals in the sample could have a profound effect on the elemental
concentration in it’(Krcityr. 1968; Nichol, 1971; Shilts, 1971; Cunton
] : '

and Niuhﬁf}~l2<4f!‘ If, for c¢xample, one sample comtains 107 clay and
. e . .

the next sample in Yhe sequance contains only 57, there might arise
significant elemental variation at the ppm. level due solely to
viariations in theglay content,

Clay mincralogy must also be considered in geochemical analysis.
tf, for example, the c¢lay contained in a saﬁple is';bstly Montmorillonjte;
which has a very high adssrption potential (C.E.C.),‘theh'a mobile )
olemqng like giqc'wouid be expected to bé enrichgd iﬁ that sahblé; If,

fowever, “the pext sample in the sequdnce has the same clay content but

Kaolinite is dominant, then the zinc content would be expected to be much

lower simbly-becausc of Kaolinite's lower adsorption. potential.
For tthese reasons Shilts {1973) has strongly urged that clay-sized
. material be removed from any .till sample to be analyzed geochemically,

and eithef be analyzed separately or discatded. He suggests that the

end result of a geochemical survey which includes clay in the samples

danalyzed will be a sophisticated and expensive map of textural variation

(Shirts, 1971). He suggests that the -80 230 mesh (0.108-0.063 mm.
fine to very fine—éénd) frac:ion.ﬁight be the best sizelfange forzgeochemical

analysis..

.

“

Geophysical Investigations

Moyt geophysical methods: are limited in their usefulriess in areas
of thick, or variable, glacial drift cover, (Halonen, 1957), particularly

where the deranged drainage caused by ablation moraine has formed large .

areas of bog, marshland. and kettle‘lakqs (Nils%ﬁn, 1973).




Nevertheless, geophysics (airborne and ground based methods) have

had some successes in discovering massive sulphide deposits in glactigted

«

terrain in areas of thin drift cover, or where a very large conductor

‘ .

was present in the suBontcrop (e.g. Buchans, Newfoundland; Kidd Creck

tntario).
’

Of the possible ground methods.available to the drift prospector

‘in areas of thick drift cover, those which are best adapted to a support

role for the other facets of Drifrc Progpecting are rcsistivity and ‘seismic

refraction profiling, ’

Resistivity is limited in very wet areas but s useful in well

drained ones. Seismic refraction profiling, while also buing'udversely

affected by damp conditions, has the advantages of speed and portébility.
.. e , : .

It can also give rapid determinations of drift thickness in the field

-~ .

N,

which can provide a guiduline‘for turther work. Four example, a trenching
program for guuuhem}caI sumpiing can.be guidcd_tb the lee-side of

-

suboutcropping hédrdrkihighs;‘uhufeAa good sampling medium such.as lodgement

.

till might be expected to be besf-breserved (Brotzen, 1962; Okko, l§b7):

* a

Sedimentological Investigations - -

Sedimentological tecﬁnidués which can be applied to drift prospeéting

include studies of till pebble lithology (pebble counts), till strétigraphy;

> «
" .

structure, and component size range (e.g. sandy till vs clayey till, etc.).
" Sedimentological techniques are ralso important im the pre-treatment
of samples for geochemical analysis (wet and dry sieving, splitting, etc.)

ds well as for“heavy mineral and vtlay mineralogy studies.
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CHAPTER IV.

" GLACIAL GEOLOGY

)

Previous Work

The Sheff_ie;ld ..Lake.—" Indian Pokd ar,e‘a'.was_g.la.ciated during the
Pleistocene Ejpo%h. MlacCIintock ‘ajr'{d_"l"h;e‘nhofei ‘(119‘4‘0), Murray (1955),
" and others, postuiafg’ thét rﬁ'igrating- ice-Acentxjas (Figure 6) on the high
“Central l’léteau__near .Buchans were th'e’.-»'m:a‘jor centres of ice accumulation.

. -

which naffected all of Newfoundlan:‘i i:"i“th't'f\e éx‘ception of the Avalon

.

Peninsula.

Most early wor_}(ers (}Colleman,, 1926; MacClintock and Twer'\hgfel, 1940;. '
Fli{}t', 1940 and 1951) envisioned an inundation of Labrador ice onto |
Newfoundland prior to fhe development of a discrete lisl»and ice'c{ap_'.
Recent w;wrkcrs_ (Brookes, 1970; CGrant, 1969 and 1972; and Tucker, 1973)
however ‘fe.el that Labrador ice may only have invaded .\.ﬁe extreme north-
wos‘t- tip of the island.

H'[](‘Cliﬂt(.).(?k and Twenhofel (1940) hypothesize the following sequence
of, events in the Wisconsinan glacial périod:

Stage 1) . insurgence of Labradorian ice over all of Newfoundland

/ with deposition of drift as far east as the ‘Grand Banks

during the Wisconsinan maximum;
Stage - Labradorian ice wanes;
Stage .’ relict ice on Newfoundland develops radial motion as

impeding ice melts away from its margins;
local ice cap development and ‘migration of ice "centres

(Figuré 6) i.e., St. Georges River Stage;

ablat ion of main island ice capg
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Stage 6) 'gomation of deltas during deglaciat'ion;

St;'age 7) re-advance of ice, i.e., Robinsons Head Stage;

S.cége 8) final retreat of. the island ice cap;.

Stage 9) 1local cirque and v‘zllley glacier formation.

Evidence presented by érant (1969 and 1;372); Bt_’ookes (1970) ; 'and
Tucker (1973) including the re-interpretatilon (Brooks, 1970) of south-
trending striae on the lfprt au Port Peninsula which indicate not
Laurentide ice flow, but rather a south\'».'ard swinging arm of island-based
ice, has lead these workers to restrict the effect of Labrador ice on'.the. ,

island. to the extreme north west tip. Grant (1969) srates that Labrador '

ice inundated the .lowland portion of the Northern Peninsula, as evidenced

by unidirectional grooving, Labradorian erratics, and a shelly drift
that is apread widely over- the area, but that, it gdid not move over the

Long Range Mountains.

Tucker k1973) points opt\‘ that if Laurentide ice was to affect the

north-central pa’rt.of the isl‘an‘d without qver.riding these mount'ains then
. it Qnuldﬂmvv had to "wrap around‘ the tip of the Nortl;ern Peninsula with
a southcriy co.mp_onent of flow", then flow §outheast into Whit_e Bay, and
ba-\'k u'p)'f)nto th¢ island. There is no evid.ence fo_r- this h)}potheti‘cal
onshore f low apyﬁhere on the nerth coast of Newfoundland.

The sequence of glacial events in north central Newfoundland as..

outlined by Tdcker (1973) are¢ as follows:

Stage 1 - Late Wisconsinan maximum ice flow to the north east,

from-an ice cap in the Buchans area. N\
Stage 2 - T,oi)og'raphically controlled later ice flow i.&icat'ed by
. 0 .
A T multi-directional striae and ribbed moraine zones

confined to vallev bottoms.
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Ice retreat, and delta formation shortly before 12,000 B.P.

Valley and lowland ice ‘stagﬁation, indicated north of

Sheffield Lake by ridged ablation moraine which parfially

overlies a zone of ribbed moraine, amd formation of radial

0
‘

meltwdter channels. d . ’ ¢’

stillstand near, Sheffield Lake due to abrupt elevation

+

increase; some late topography controlled flow.

Stage Last ice approximately 9,250 B.P. near Buchans.

-

Glacial History of the Study Area ,.

In the Sheffield Lake - Indian Pond region, no evidence is available

to indicate the primary stages (1, 2 and 3) hypothesized by MacClintock and

Twenhofel (1940). However, their stages 4 through 8 are possibly better

preserved in the study area than in any of.the formerly studied regions.

~

Stage & . )

The devel'opment of an island ice centre to the south of the study

area and flow from it towards the north east are indicated by sptos’s—‘
: - ,
and-leg forms oriented southwest - northeast as seen on air photos of

the studv area (Grant, 1973).

.
.

Striations preserved southwest, west’, north anfyi,:nort.heas-tuof the
study area also indicate. an early, strong northeésferly ice flow in the
region (Lundquist, ‘1965)'.
"Fili fabric analyses performed on ba.sal till layers (Figur.és 13 and -
in the study area also sx;pport an early,.strong north easterl‘y ice flow.
Stages 5 and 6

The development of a heavily oxidized basal till sheet {n the study

area indicates a protracted peripd of sub-aerial oxidation probably during
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an interstadial per(gd‘of unknown duration. ~ If the Wisconsinan maximhm -

occurred in the same time interval as'in the rest of Canada (18,000 -
20, 000 B.P. - Pruét, 1970) this warm, moist interlude may have been

4 to 5,000 years in duration, as determined from marine foséils

discovered nearby and dated at 12,000 220 B.P. (G.$.C. 1733).

. . -

Stages 7 and 8

The Robinsons Head readvance stage (MacClintock and Twenhofel, 1940)

-~

may be contemporaneohs witﬁ.the Ten Mile Lake Readvance of Grant ¢f§69),

ddted at 10,900 B.P. 'fhesé events may also correlate with a.readvanée‘
of relatively thin ice over the SheFfield Lake - Indian Pond plateau

. e .
which became. more Qopograph;cally controlled as it ablated Lundquist

(1965) postulates from fine crossrng striations in the study area, that.-

this ice flowed first toward the north and then toward the northwest

’

and west . Ths§e_diféctions dre preserved in the fabptc of:ap upper till
unit whicd overlies the lower, heaGiLy oxidized unit éarl}e; ehplacgd
in the study drea (Figﬁres 13 add'ié). .

The relatively cléan, thin ice probably'abléted‘qdickly;'éé'

evidenced: by a dearth of ablarlon till in the~region, and left some large

-

blogkq emqla(ed in the upper t111 unit. These blocks probably remained

for many years bgfore flnally meltlng and formlng the myr {ad kettle .

lakes and bogs of the reglon. ‘

Stage 9 -

No evidence of cirque fgrmatioﬁ or valley_glacia;idn~is preserved
) the'qtudv area, hdwever, ''last ice™ in. the southern part of the region

wis probably located in the deep Qheffteld Lake depression (Figure 16),
as evidenced by f ine sxriag trending toward thjs area from the adjacent

highlands. Tce was“drobab)y‘maintafned‘£nr some time here by the
) . . . .

.
4
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.surround this feature. Major épillways (Tucker, 1973) radiate from this .

“until after regionai deglaciation,

\ . * .b ) .‘ . . -i

protect\en afforded:by the high bedrock hills which'almést cémplétely

general area and are accounted for by the persistence of ice in this area

AY

Valley, g¢aciers may have occupied the deep, U shaped Birchy Lake -

p)
Indlan Pond Hepression at this time (Figure 16). .
’Hliﬁ : .
Glacial Flow'fndicators ) /j

Preliminary and essential to the success of any investigation in

glaﬁiated terrain is an extensive air photographic interpretation, which
may reveal the dominant ice flow direction in the region and also the

distribution and type of glacial drift and surfigcial dep051ts present. ' ot

Some idea of relative drift cthickness, outcrop distrtbution and probably

surface“and‘groundwate; flow are also available to the experienced air

photograph interpreter.

Ffeld checks are then djrected to "problem areas”, to study ''micro

ice flow indicators (i.e. striae, chatter marks, crescentic gouges,

where there is a paucity of outcrop. From all bf this information a

E

!

i

]

etc.) or to collect bedrock informatign and samples, especially in areas . ‘
good map of the surficial geology and physiography can be produced and .

the glacial history 1nterpreted o . . L ‘

!

Some workers (Fortescue and Hornbrook, 1967' Hyvarinen. 1967

N a

%reiﬁer, 1968; and Forgeron, 1971) stre'ss the importance of one further
. P2 - .

step; a seismic refraction survey, to determine drift thickness more
3 Ab ’. ’

precisely than is- possyble from air photographs. - . o .

Results . . ‘ - .

The air photographs interpretation done on the area indicates a

"general southwest - northeast ice flow preserved as stoss-and -lee .

9
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features. However, these a,re always located 1in the Bbedrock hills (Figure

2) to the west 4nd east of the study area. Tucker (1973) cites the

.
occurrence of ‘northeast ftrending drumlin01d forms as indicating a

strong northeast ice flow in the region. 0'Donnel (19'{3) also fobnd‘,
[} .

evidench for an early northeast trending ice flo\.rom roche moutonnée

-

orientation in the Gullbridge area (Figute 3).

’

Strlae o ' . . T
Field checks in the bedrock areas near the study area, and measure-

ments of 30 stnae sets (Appendix D) and crescentic gouges support a

dominant southwest - northeast ice flow (020—060&2.) which overrode

2

these high/hills (Figure 2). However, at two locations crOSSing sets

of strlae (preserved on hard Rhyolite bedrock) were noted trending
/S

020 (coarse), 090 -(fine). At one sxte, located 1n the’ bedrock hill
saddle" thtough which the Trans Newfoundland nghway #2 passes

(Figure 16), the mean str{ae direction was toward 315. This striae
R
set may post-date the dominant north east trending set since no 020-

D

060 striae were discovered crossing the 315 set on the hard,_, polished,
.bevelled, rhyolite exposure investigated. a
I

Lundquist (1965) dlscovered east-west trending strlae south of

s

Fxre waer Hill (Figure 2) which probably correspond to t‘he 315

trending set mentioned .above.

° -

Neverthel'ess,_‘all of the rock-—preserved flow indicato’ns ‘were lacated

-

on the margins of the study:area, beca't:lse of' the paucity of suitable

5 - P
outcrop elsewhere.

]
%

et

Till Fabrics
As a means of deteminlng prec1sely, the ice flow directfon in the

‘

study area, 141 till fabric analyses (Appendl.x B) were perfonned in the

»




108 pits dug during the trenching program (Figure 12). %he‘tesults'
obtained from this work reveal a complicated ice flow history and will

" be described at’length in the section on the Two Till Hypothesis.

d
. Lorn
~ N

Properties of Glacial Ti1l

>

The outétanding characteristic of glacial till is the liﬁhblogig

and physical‘hetetogengily. It is the most poorly sorted-of sediments,

commonly gontéining particles that range from colloidal size to fragments

whose volume ﬁay be conveniénfly measured in cubic miles (Shilts, 1971).

N

Generally, the upper bart of a t#ll sheet includes more abundant

material ‘of distant provenance as compared to the basal portions

(Fertescue and ﬁughés, 1956; Lee, 1971; Hyvarinen, 1973; and others). -

Thus, the tracing of till components to their bedrock source i most

efficiently accompl'isHed by examining the basal portion. Nevertheless, ﬁﬁ""\

-

even in its basal zone, the relativéiy ?lbcal" components of a till
sheet are diluted due to the contxnuous admixture of fresh and
weathered bedrock material and unconcolldated pre-and interglac131

drift, a%l of which 1is subJected to severe comminution during
empiacqment (see page;?&)j ‘ - “- *

- Albhéugh glacial tranqurtigan cause xou22}ng‘of ciasts, a high.
proportiop of rounded t; sub;oundgd tillntragmeﬂfs usualiy indigétes

.
'

prior seorting of the sediment (e.g., in prdglaciél outwash deposits);
conveqsely. a predominance of subangular to angular till clasts
1ndlcages till formation by primary process Ce. g grinding and crushing)

(HolmesQ 1952: Slatt, 1971).

-

*




. érea, aﬁa its outcrop is biseeted by Highway #2. -1t wag at this

-
2
.
)

'The Tills of the Sheffield Lake - Indian Pand Area
. { - - .
Malmquist (1961) concluded from his work in the study area that

two till units probably exist in thé region but their relationship and,
mode'of'deposition (ablation/lodgement) are imcompletely deicribeétf ~fhw_
In the present study, two distinct tili units were recognized*és

occurring in the study area. The Lower Red Till is a heavily oxidiiéd,

> N

2

'indurated,‘fissile},gravélly till in'bh}ch angular primary bedrock
v fragmeﬁts of local provenance (e.glﬂchlbritized andesite) including

.

sulphide float, occur. . ) ‘ 4 ﬂﬁ) '

.ThéJUppet Grey Till is 4 lightly oxidized, ﬁassive, friable, s 'dy

a
& '

till id which rounded clasts, predominantly of more distant provgfiance

N
@

(e.g. granitey, as well as sécondary, reworked local and float .

ki

fragments, occur. _ , e

The ‘cutcrop areas of both of these units appear in Figure 7.

M . n

e .

Surficial Geblogy o . ’ .

a2

The Surficial Geoiogy oﬁfthe area of most intensive study in Ehe
Sheffield Lake - Indian Rond a consists of anly three maio units

(%igure 7). The Uppér Grey Till is the majo} surface deposit of 90
. : : : N L]

per cent of the area.. "It occurs as hummocky, bedrock controlled

‘ground moraine decreasing in thickness hﬁ the flanks of the bordering
- | - o
. bedrock hills to the west (Figure 7). The areas of thin aﬁd thicker

[

(see Seismic Reéfraction section) Qppér Crey Tiliflge separated by a
long, glacial fluvial spillway in which flows -a misfit stream. The

Lower Red_Tiil is exposed at the surface at only one location in this

.

location in 1953 that .the firét shlphide float diséoVery was made.

. N . . d
. [ + . i
= L] . N .
. . L
R . - - . . . . 4
| ’ * yoo . . 4
.




SURFICIAL GEOLOGY
LEGEND

Lower Red Till

m Upper Grey Till
m Grey Till Veneer/Bedrock

*{ Glacial Fluvial Spillway

/ Strige
- — Wood Road

TRANS-NEWFOUNDLAND
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1320 Ft.
e
404 M.
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Figure 7. Surficial geology of main float zone.




Seismic Refraction Survey.

"—Preliminafy to the trenching program, 122 hammer seismic refraction
" lines were run _in the study area (Table 2), each consisting of 15 - 20
impact points spaced at.10 foot intervals. Damp and very heavily wooded

(e.g.,’alder thickets) areas were avoided, eicept wheré old cut lines
. . .

were encounteréd. A Huntec F$-3 portable facsimile seismograph was

as
1]

used” (Plate 4).
The instrument print—out, recorded gn dry electro-sensitive paper
by a sweeping .electric stylus, was interpreted by the critical distance

method (Todd, 19595, uging the standard equation;

: —.}.(.9 VZ_Vl'
'H—MZ'\/V + V

2 '

‘

where H = layer thickness; xc  eritical distance; V ‘velocity layer -1

and V ~-vcldcity layer 2 (Figure B).- This method is generaily'

+

w‘consi&ered to.yield depth determinatinné yithin an accuracy of 10
'-ber cent of'the true vaiué'fﬁobson; 1967).
Six Brinex drill holes were'lpéateé in and around ‘the main float
" zone and a series pf sei§ﬁic lines'were run near enough to each to
check Eﬁc acchacy of the seismog;apﬁ ana far enough away so Ehat no
vff;ct of the casing would appea? on the'priﬁt out. fhe résultsrappear
on Table 3. P

Waveé velocities of 800' t& 3006 feet/sec. (Figure 85 were commonly
encountered for ﬁhe glacial drift. The bedrock velocities varied from
‘IO:bOO to 30,000 feet sec. however, an attemptto correlate bedrock
ve;ocity with rock.type proved ffuiti;ss in thig.terrain, probably due *

to the sheared, chloritized and ;nterbwdded néture'of the bedrock.

The placiotluviil outwash choked spillwavs usually contained dritt

e




"Table 2

Seismic Refraction Drift Thicknesé

Determinatibns (See Figure 9 )

“Station Number Drift Thickness Station Number Drift Thickness
(nearest foot) . (nearest foot)

9 30 o
11 : 31 10
14 - 32 10
5 ) 33 ' 19
8- 34 | 5
11 ‘ 35 12
12 3 ' 12
14 37 ' 14
18 _ 18 17
1 BT _ 23
13 . 40 8
% 41 . 17
No treading 42 19
R 43 14
13 4 o 12
13 C4s .5
13 46 10
15 , W7 30
16 48 17 ...
1 49 9
12 50 | .12
23 L 51 " 19
60 52 .} 22
\20' | I & S 48
54 - 755
55 v .- ‘18
56 . 17
57 . reading -
58 30

V-’ BN . N, I S R I A

NN = e e e e e e e e e
u——‘O\Dm-\JO\'u‘L‘uNr—O
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" 41 -
' \ Tab¥e 2 (continued)
. . - - ’ ) -
’ Station Number Drift‘ Thickness Station Number Drifec T’l;i:(“kness. .
B {nearest foot) ’ (nearest foot) !
59 20 91 - s |
© 60 40 92 4 9
) 61 ' 12 : .93 25
62 8 . . 94 4h
63 10 * 95 60
b4 10 96 o 12 - ,
65 It : 97 60 B
66 38 . 98 40
67 44 - : 9 . - 72 .
68 s 7 100. . 8. _
69 20 . 101 50 \ (
70 Y. 102 30° , 1
“711 . 17 103 . 19 | R
- oo 04 . 24
73 - 60 105 11 .
74 40 106 . 16 5 k
/ 75 60 107 ° No redding
76 15 108 . ' 60
77 ) o S 109 20,
- 8 - e 1100 ' 1
- 9 .12 © o 12 . v
B : 80 12 112 ’ 20_:':_ - ”
N 81 6 - 113 - AR T
: TR g 1% . -8
783‘ L No reading 115 10
84 - 7 116 - 16 ‘ )
85 R VR 117/ 10 ‘ .
BE 17 ﬂ. : 118 , ©10 ‘
- 87° 10 © 119 : 60 ¥
38 . 19 1207 60 - &
89 ' 17 . A .
. 90 13 - 122 60 ;
v \\ -~ '
< v J’
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Plate 4: FS-3 Seismograph
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FTABLE 13: SEISMIC REFRACTION ACCURACY
*D.D.H. SEISMIC . D.D.H, » (FS=3) o :
NUMBER  STATION DRIFT THICKNESS SEISMIC DRIFT THICKNES: ACCURACY SN
NUMBER _ DETERMINATION (in feet) DETERMINATION (in feet) \
62-3 104 .25 . 24 , -47 )
S e2-5 L 103 21 : 18.5 -127-
' o 62-6 47 VI 30 , -87 >
‘ A 62-7 39 21 - 23 107
P 62-8 33 - .18 19 67
St . 62-9 3 18 17 ’ -67
. -~
o ¥ ’ ?
.4 1
v *D.D.H. = Diamond Drill Hole
-~ oFr - *
- &
. &




thickness beyond the practical capabilities of the ‘instrument and are.

plotted as 60 feet. A ¢r111 hole in the Indian Brook Valley bottomed

still ®n outwash gravels, at 190 feet: (H.R. Peters, Personal Communi-

cation, 1974).

‘The interface between the two till units did not represent a

%-)significant' velocity Increase (see ternary gravel, sand, mud diagrvams)

and so_could not be delineated with this equipment. However, good

»

drift thickness pea’diqgs were uéually obtained a_nd appear .c;n F'igufe‘ 9.
On the jbas'is of the seismic‘ thickness régdings in the main floa;

zone, the.trenching program was di:rectedato the lee &"down—ilce") |

side of subputcropping.bedrocli "highé"._ -Theo;'eticaily, lodgement till

‘shouild be~ be'.sg pres‘erved in guch an environment (Brotzen, 1967;

Okko, 1967; Garrégt, 196.9).,_ The trenching program revealédd that .

indeed, ttﬁhe lower Red Till was always preserved in these areas (Figure

10), or in small bedrock depressiens.

Altimeter Survey

The seismic refréction survey yielded good drift thickness values. .
However, befor.e‘a profile diagram includihg depth determinations could

- he made (hgure ll), ‘an upper sur face elevation had .to be established.
For thxs purpnqe an FA 181 Wallace and Tierman barometric al!’.{meter.

WIth a range of 0-7000' wasesutilized.

The altime,te} stations.were always measured withip two Iturs'(')f
"zeroing' ‘the insttument at high tide level, to minimize the effect of

;1’tmdsphericjt.cmpemture variations. Immediately after the measute~
. ’ L] ; . . . -
ments were taken the instrument was again "zeroed" at sea level. The

amount of change (which never ex¢ecded 3 feet) was recorded as a
/ :

factor to bhe applied td the altimetered elevations obtained.




~~SEISMIC REFRACTION STATION
' (TABLE -2)

Figure 9. Seismic Refraction ‘Stations.
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TILL STRATIGRAPHY ALONG LINE A-B

DOMINANT ICE_FLOW IN RED )
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Figure 11 Stratigraphic section of the two tills

8y



\.

~

‘depth. Attempts were made at dozens of lacations to attain penetration

N

s
&
. . )

Dr-ii liirﬁvand- Trenching

"
-

Gleeson and Cormier (1971) and Hornbrook and Davenport (1972) have

had good success with dve\;‘E‘)urden drilling in glacidted terrain using )

the "portable", Pié)njar overbu?dén drill < a type of. gasoline powered

jack-hammer . S : o ‘ .

>

..Hom_ever, in the Sheffield Lake -’ Indian Pond area,? this machine

was found to be less than satisfactbry for obtaining 'drift; samr.;les at

v

- - AR Y - *

LA

v

to 4 sultable depth for sampling but.bwing to.e‘quipn'lenr: failures;;

. operator inexperience and the v'er); compact, cobble t{ill into yh{ch

‘dri1 ling was attempted, good results were unobtaimble.

.

-Af't.er a concerted attempt, the overburden drilling program was

¢urtailed in favour of a remarkably successful t'renchir‘lg program.

One hundred and eight pits were dug at selected sites-in the study
. A . N

ar.ea {Figure 12, Isixt'y ‘si‘)'( were excavated by a rented 'I"ntérn'ation',a'lr
3122 backhoe equipped \:vitlg a 2' bucket. The ;emaining &ZAI;Ier‘e-‘dug b§ -
the "tried and true" - pick, shovel and "elbow grease' met'ho‘d. The

fan shape attained for the L:ower Red Till occu;'rence - _an'd the float
within it - was not, then, a function E)f random "up ‘ice" ‘trench .

6pacing, byt rather the recsult of a careful effort to ‘expose. the

- .

lower unit wherever it was preseryed, based on drill._hole‘ and seismic
. ‘ ) .
drift thickness determinations. ‘ . ’

a

Not onty did the trenching ac.complish that whiéh theé drilling

could not do, 'atta‘inihg bulk samples at deptH in thé glaclal drift,

but it %lso allowed the authdr to map the stratigraphy of the drift,

(Figure 11) ,takex.pirofile samples, trace the sulphide boulder train

in both its horizontal and'. vertical.‘con?poner'\t (Figure 5), and cemplete

.

.
v
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"141 till fabric anglyses. - . : <;¥ : :

Properties of the'Tills

Kttempts were‘made to differentiéte'the two .ti11 sheets in the

study-area .on. the basis of colour, ;tratigraphy, till fabric,~t111

1ithology, clay m1neralogy, geochemist;y, gravel- ﬁand~mud ratios,,sand-

.

v silt-clay ratios.and the oqcurrence in at least two locations, of

. . "re—oriented_blobks (échollep) of the lower unit enclosed within the )

. o T ) e T e . . : v

" upper’one. - . . e

- -

“' ‘ _.“ Colour

/ —————— : : o . . . .

: ‘ The Lower Red Till of the Sheffield Lake - Indian Pond: area uaries

in colour between dark yellowish orange (Munsell chart ﬂlOYRﬁ/G) and

moderate reddlqh brown (lORa/ﬁ) ’

o

:3 ' The Upper Grey T{1l varies in colour between greyish red * (10R4/2)
and greyish red (5R4/2). The slight reddish tint lsjprobably due to
reworked Lower géd Till material.

Lo Ssseszssezhzs-BeleEﬂznsms : ’ S

The Uhoer'ﬁrey‘till; as the designation implies,, Is usually super-
igposed on the undvrlyine Lower Red till (Plate 5). In some caqes

however, the Lower Red till is not overlatn by Upper Grey: till

Aparticularly'nenr the Trans«Newfoundland Highway (Figure 7) where it
has been protected From later glacial‘erosion by suboutcropping bedrock
< "highs" and has since been exhumed‘by erosion. Okko (1969) and

Py

Garrett (19693) deqcr1be similar lee-side protected basal till units .

N °

-discovered in‘their. 1nveqtigat10ns in’ Gcandinavia and in mainland Canada

" i
N L]

The Upper CGrey till forms the surface deposit over 90 percent of

the studyAqrea. with the exception of glacio—fluyial gravels and, very

'y
.

minor, bedfock outcrop occurrénces (Figure 7). . .

5

[}




Plate 5:

N

Upper Grey till resting on the Lower
Red till in TB-92 (Figure 11). The

10" thick BF soil horizon of the Upper
Grey Till can be seen at upper right of
Photograph.
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The contact between the two tills is shown on Plate 5. The ice

moved, from right to left in the photograph and a short disténée,frgm

this point ‘the Lo&er Req till outcrops.at tne surfaée, as indicated

by the escalating till contact.

Ti1l Fabric

158 1855 H.Y. Hind, studying a quarry in Toronto, Ontario, became

the first researcher to note allgned clasts in glacial till (Elson,
‘ D
1966) . .Many workers have since studied this phenomenon, (Holmes, 1941;
N

Harrison, 1957; Kauranne 1960, and others) Till fabric analyses

(synonymous with”till'pebble qrientation analyses) is now a routime
practice in determinations of ice flow direction in giaoiated terrain.

L 4 . )

1n a viscous fluid medium, elogate particles are obserued. to adopt

[

an orlentation which correspnnde to the least dissipation of energy.

*

‘Under laminar motion and the pressure melting conditions prevaleht in

.

.4 thick, moving ice mass,‘yiscoJ% fluid conditions maj be considered

K
)

tqg exist (Kauranne, 1960).

A pfeferred orientation of elogate till élasts is achieved by

.flow within the tlll itself’ durlng glaCLal movement (Andrews and King,

~

1968; Andrews and Smith, 1970)._ The movement of_the fluid like

“matrix is faster relative to the till clasts which are then ,aligned. ~

High clay content in the till matrix has been correlated with strooger
. 5
pebble orientation (Harris, 1971).

Nevertheless, scattering does occur,’indicating that other processes

also 1nf]uoncL tlll rﬂnwc The-mnSt impartant of these incy&ge

rnlllng, attributed tn the presence -of enough meltwater to promott




S - . ..

re-orientation of the formerly a}igneé'clasts,;and ice thrusting, due
to ir;ggular surfaces of loading conditfons prevalent when the till
was deposiled.' Both qf these proéesses will result in a pebEle orgen;
‘tation &raﬁsVerse to gﬁe icé flow direction.‘ If,'however, these two
pr&cessés_have had only limited affect on thE'till,Aé-di;;iaéglj
bimodal orieniéfion can occur, with a portian of the clasts aligned’

v

parallel to ice fIOQ and the rest transverse to it (Andrews and Smith,
1970) . o I ’ h
( ,r
As well as elongate pebble alignment parallel to ice flow
dIrortion,,somq'workers {Harrison, l957§aEvanson, 1971; and others)

~

have noted an "up-ice" imbrication or plunge of elofgate till ¢lasts.

: Thislphenpmcnén'is at;ributed‘bo'up-curving shear zones which develop o
Cin till in response to the loédiné conditibns~of.overidlng ice,Aor fo;
-nltérnating high and l;w pressuré zones at‘the bése'of the moving

ice mass (Evanson, 1971).

Results

The profuse angular clasts of‘tHb,Lerr Red till, in the Sheffield

Lake - Indian Pond aréa'were deposited with théir dominant long axis
orientatfoﬁ.and "up-ice” imbricatthn ihdic;tiﬁé ; strong ice flow

duriﬁg thelr'émplacement tpwérds 026 (Figure 13), (Appendi; B): On

the other hand, more }ounded,jloné travelled clasts in the ﬁgper Gre&
tiil indicatg tyo'separdtc ice flow Bi;ect{ons. In ‘many cases (crossing
directions iﬁ Figure 14) .two till fnbrié.analyses were done in tﬁé .
Snme.bi;_in.hpper Créy tili.' The fabrics measured at a depth of 6-8
foéﬁ in’thg Grey ¢iLl11 indicaté a strong 020-045 flow sub-parallel to
that of the underlying qu'till.'.Hnwuver, highcr in the grey till

unig; BLS-YevL below the surfné;) thé'indifatvd flow %wings to the

north, then.to the west as the "saddle" south of Fire Tower Hill

.
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Figure 14: Upper Grey Till fabric in Main Float Zone
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S . ) g
(Figurc 16) is approached. This is 1ndicativ40f the same 'topographically

controtled late ice flow-as was deScribed by O'Donnell in the fabrics
he studied at Gullbridge, 20 miles to the east. These findings also ' '

substantiate the hypothesis of migrating ice centres to the south of
the study area.

’
[

The two till units can then. be differentiated on the b@si§ of

e

till tabrie, . . -

Clast Lithelogy . ‘ 4

141 pebble samples with an a‘verage\ p'eb.ble content of .385'were'
collected in the study area. In all, 54,581 pebbles werelyaﬁed, bqueh,'

Classified as to lithologic unit and counted (4}11ey’, 1972).° A

refuerence. collection of bedrock tvpes in the area was used to assign
cach cfast to-its proper source (Alley and Slatr, 1973). Table.4

summarized the varving pebble lithologies encountered in the two till ’

units (sce Appendix ¢ ),

-y Anlgy v,

<

'y - . H .
The till ¢last lithologies clearly demarcate the contact between, the
“two o till units formerly indicated by colour and stt'z;ti‘graphy; (see below): ~

-

TB-65 TB-92  TB-91A  TB-91B X% . +
Uppuer o . : - - . '
Grov ' " Granide 42 19 316 27- i’
Till CAndesite 47 65 59 S13 0 6l P !
Fower _ y . . . o . 3
) CRed Ctranite _ B 0 . 20 o5 7 ;
rill - Andesite a4 88 72 - 92 87 4
X7 = mudn per cent - ” ]

From these results, the Upper Grev til] can be shown to be enriched

. P . ) _ B . e E

Inopranite clases o the order of between 4 and 8‘:; imes that of the Lower.
-

Red till (Table 3).) The Lower Red till 'is \‘oi‘tespundirig’U vnriched between

st 1o s A AL ARy o -
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__—" DOMINANT ICE FLOW ‘
_ o LATER “TQROGRAPHICALLY ' 3

o .- - CONTROLLED FLOW : : ]
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MAIN FLOAT ZONE
-]

Sminres

K SRILOMETAES
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Figur'e l6: Late Wisconsinan ice flow directions




‘ABLE 4 @ TILL PEBBLE LITROLOGY

Main Float ) . _
Area Material  Rock Tvpe v X N, X

Upper Grey tiranite (18)- 31.
Till . :
Andesite (14) 42

Lower Red | Cranite (18) 4,
Till

W

. Andesi?e {14) 88

mead per cent .lithology in sample.

standard deviation.

“standard error of mean.
number of, samples

"X N.P.C. - mean number of pebbles counted per sample.

.

T.P.C. 1ot31_pe5b1es counted from unit, in mainh flvat zone.

© (118) (14)" Neale ‘and Nash (1963) units.
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1,2 and 2.1 times in andesite clasts of relatively 1oca1 provenance

(Figure 17). : o ' . ‘ oo

.

The dlscrebancles of 3 to 16 percent in the Eable and figures are

caused hy the presence 1n all samples of clasts of indecerminate provenance
4
‘(eg, monomineralic fragments usually quartz), a few far :ravelled pebbles

of lithologies not mapped 1n the study area and_small.percentages of

rhyolite clasts,

The preaence nf subrounded andebite and sulphide float clasts in the

Upper Grey till must have resulted from reworking of the Lower Red till

rather than from primary bedronk erosion. At che time of Upper Grey till

empldtcmnnt, most of the andesxte badrock of. the region was probably
s

alreud1 masked by, quersked till.

T R

-
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Figurc:17: Pehblg‘litﬁblogieslin Lower Red Till
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UPPER GREY TILL
PEBBLE COUNTS

_%GRANITE ,
7 o ANDESITE
/GRANITE/ANDESRTE CONTACT
/ ’)>4O%GRAN|TE CLASTS

/ 3gery;

40aw

' Flgur’c 185I Pebblg-"l.it.‘ﬁol._o'gies- 1n‘Upper' G.r-e"y' Till..




These two photographs were taken 30' apart in a Brinex-Boliden
trench in the Main Float Area (Plate 2). Note the dominance of rounded
to subrounded granitoid clasts in the Grey till above, and the angular,

stained andesite clasts in the Red till, below.

Plates 6 and 7: Till Clast Lithology
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* Clay Mineralogy : .
Clay minérals have diagnostic d-spacingg in their C-axis dirééti?n.
The clay sized (% 2u) mineral assemblage in gla;L?l tiil cén be'aetermined
qualitativeiy by méans of‘an X-ray diffraétometér. Orieqtéd c}ay miﬁerél.
ﬂslidei madgvby,piﬁétting (Carroll, 1950);of four selected saéplex,.two :
Upper.Gre} till, (#59 Low and.#9iB High) and twﬁjLower Red till, (#97 Low
and #91B'Low) were prepared (éeé Appendix £) and analyzed Qn h{Ehiiips

X-ray Diffractometer, using CuKa radiation, at settings of:

. s

» _Kill()yoits 40 o
. Milliamps - 20

’
o

« . -

Time Cohstant < 4 sec,

‘Ramge €.P.S. |, -4x10 U .

‘.

\

20 mm./Min. Chart Speed ;e
. Scanning Speed - =~ 1°26/Min (or 0.25° 26/Min)

Scan - sce Figure 53

The aims of the clay mineral ahéf}ses were to determine: 1) which

1

cliay minerals were present in the two till layers,_Z) the relative

abundance of: the various clay mineral types in each till, 3) 1 tﬁ;-clay
L .

minerals themselves will-serve as a basis on which to differentiate the

« Lill units of the study area, and H)fhe possible ‘extent of post-depositional

weathering on the mineral assemblage, espeéially in the Lower:Red till.
x ‘ ]
Rcsuits

s
.

Ong untreated sltide (Slide "A" - Pigure 53) of each éample was

. O o ' . ) ) . )
scanned from 3 to 307 at. a scan speed of 1 28/minute.




,i Co . oy ’ .

Feldspa# and illite- were 1dentified'by peqk on the untreated slide

o \
diffractogram% at 3.17 A ané\pt 10 A. 5 A and 3.3 A respectively

°

(Beaumont, 19;1), (Figure 19). Chlorite’was identified by 14 A, 7 A,

“r

4. 7 A and 3. 5 A peaks, ' .

To teqt for the %issence of Montmorillonite in the samples, another
'slide (Slide "B" - ngure 53) was placed overnight in a deasicatqr, into

whlch had been poured 200 mLs, of ethylene glycol, and heated overnight in an

. 80° C ovén- (Figure 20) Clycolatioi,causes a shift of the major

.

Montmorillonite peak from 16 A to about 17 A. The glycolated slides ‘were

- ot

-scanned from 3° to 15’.at a scan speed of 1° 246 /minute. No 'shift of the

.
0 .

peak was. observed on the diffractogram of any of the slides, therefore,

'
a

Montmorlllonite bp nét present in the samples. -

- @

Since Kaolinite and Chlorite cannot be dlfferentiated “in an untreated
sample qllde due to overlapplng peaks at 7 % and 3.5 A (Biscaye l964)

three Lachnlques were 1pplLed td the -slides G"A" "C“ and "p" - Figure 53)

~ N

to determtne if Kaolinite indeed occurred in the samples (Biscaye, 1964).

A slow scan (Sllde AN - Flgure 53) at- 0 25° 2ti/m1nute was runm on the

original untreated,slide. Chlorlte has its major peak at 3 54 A and

. . o
Kaolinite at «3.58 A, and thcse.‘—ally appear as one broad peak at the
. . B . ‘

a

regular scanning speed (Biscayve, 1966) Thib method revealed only one

large peak at 3.54 A for all of the wdmples (Eigure 21), therefore Chlorfte

and not_Kaolinite is prohahly present in the samples. "To ‘further verify

this interpretation, u,third s{ide (slfde "C" - Figure 53) of‘each sample

-

b
was placed in a muffle furnace, ‘heated to 600°C for one hour and 1mmediately

scanned from 2° - 15° at the “same’ 1nstrument settings as for the original”

«

untreuted slide (Curroll;‘l9?0);' Kaolinito becomes amorphous when heated

-
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Figure 19. X-ray Diffractogram, Untreated Rééular Scan. ' S




-_X-RAY PATTERNS )
'3~15 Degrees 124 (Glycoloted)
O Indicates “average background

" No 39 LOW (GREY)

'mw°

Ne 97 LOW (RED!

g O

R / - No 9IB LOW (RED)

g ©

f .
No 918 HIGH (GREY)

R

' . 4 ...80
0 Aw\_,.r...;./ N .V ST VAWV, S

w
i300° 14 00° v:.oo'[ 1200 1OG® 1000°  900* 8 00° 700 I 8°00° 500° 4 00* 300°
i —_— . -

A ' A - e —th. s A I L

Figurce 20, X-ray Diffractogram, Clycolated Regular Scan.

S—"




X—RAY PATTERNS,

24-26 Degrees 29 ( g;g-::x)

O indicates Average Background

42eireealde
3

No. 59.LOW (GREY)

o o]

No.97 LOW (RED).

Do

No.9IB LOW (RED)

Fa. SN ~ 0
AN aa v -

L]

No.91B HIGM (GREY)
AT 0

26.00° " 25.50° I "25.00° 24.50% 24.00°

L . 1

b : i | i

Figure 21,  X-ray Diffrnvtogrdm,‘Untruatéd Slow Scan. -




‘N
\ N
)
Lu‘bOO(C. [f a peak remains after heat treating the slide, then Chlorite

must definitely be present in the sample. The results were erratic and

inconclusive. Snmbles 59 Low and 91B Low definditely contain Chlorite as-

LN}

indicated by a strong 14 A peak after heat treatment. However, samples-
#918 High and.97 Low became” amorphous possibly indicating a Kaolinite :

presence not shown by the slow scan method (Figure 22).

v

To resolve thls’disgrépancy, a fqurth slide (sli@e "D" - Figure 53).
of éach was agid trdétcg'for one hour‘lﬁ an BOOC‘pven (B@écaygﬂ,L964).

The 3.5 A Chlorite peak‘should diminish or comple;ejy di;aﬁpgér,.slnce

the uvid'sejcctiveiy dissolves Chluriic but lcuves}thé Kaolihi;e pnscathed;

0 . . - -,

In all cases, the 3.54 A peak was either greatly diminished or disuﬁpear?d.
proving conclusively that Chlorite and not Kaolinlte is present in the

samples (Fjguru 23y,

Quantitative Analysis

]

. . While there is no genvral agreement as to the most accurate method of

. 2 T

“quant itative analySsis of clay mineral assemblages Biscaye (1965) advocates
a simple means ot ﬁPPTPﬁ}WﬂEiﬂg the content of the various clay minerals
in a4 sample. His method, which cannot be expected to produce results
oy N L : . "
better than - 107, involves maﬁ\urlng.thc arvas encompassed by the first order

o~

ditfractogram peak praduced Q)y%iuﬂn vlay mineral in the assemhl&gv (Tahle 9). 4

One hundred per cent of the clay in these samples 1s assumed to be made

Jp ot illite and chlorite, nithnugh small K feldspar peaks do occur on all

I N

of the ditf\ruvlngrdms at 3018 AL A measuremert of the relationship of the ‘
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I1lite and Chlorite dominant peak areas, should then reflect the relative
proportion of the two minerals in the samples. The dominant peak of
Chlorite occurs at 7 Z and for Illite at 10 Z, on the untreated slide
diffractogram (Figure 19).

Table 5 indicates that illite may be slightly enriched in the Lower
Red till. Lundquist (1965) has postulated that illite in glacial clay may
represent re—deposited older sediments (i.e., pre-glacial regolith). The
dominance of chlorite in the samples is a reflection of the chloritized
bedrock of the region.

Basing broad correlations on only four analyzed samples is never a
good practice, however, some differentiation of the two till units in the
study area (especially in the main float area, from whence the four
samples were collected) seems justified, on the basis of this work. Also
of importance here is the fact that both tills are enriched in Chlorite,
which would seen to support the work of Bayrock and Pawluk (1966),

concerning the local provenance of the '"fine fraction" of basal till.

Gravel, Sand, Mud Content

The results of the textural analyses (Appendix F) performed on 164
of the bulk till samples collected are summarized in Table 6 and are
Plotted on a ternary diagram of gravel, sand and mud (G.S.M.) content in
Figure 24. The mean (G.S.M.) content of both till units derived from Table
6 also appear in Figure 24.

It is deduced from the ternary diagram that both tills have similar
mud content, but are somewhat dissimilar in their gravel and sand
components. Nevertheless, the greater gravel (2-16 mm.) content of the

Lower Red till, and the greater sand (0.062-2 mm.) content of the Upper



TABLE 6 : GRAVEL, SAND, MUD CONTENT

Till Sediment il E
Unit Type X% S EX N.
Grey 16=2 mm.,

Gravel 42,6 13.01 1.07 144
Grey 2-0,0625 mm,

Sand 40.3 5.42 L. dL 144
Grey >0.0625 mm,

Mud 17.0 8.86 1.01 144
Red 16- 2 mm.,

Gravel 53.7 10.27 2:35 20
Red 2-0,0625 mm.,

Sand 31.4 7.09 1462 20
Red >0,0625 mm,

Mud 187 5.93 132 20

X%

mean per cent.

S - standard deviation.
EX - standard error of the mean.
N - number of samples.
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>

(rvy ;lll prubahly dn not ropresent significant <riteria on the babib of

y/hich. ul(me, m dl'fferenttate the two unltb. However, this work does:
BN . . ‘
indicate that the two ti}ls have som_ewhat diffé,.rent text'ures and the :

«imilar mud content of both units adds sﬁ-‘rf)pdrgtr{g evidence for thet.r'

2. . N . o T
. . Seas T

cmplacement by two ,d'lsr;'_etw ice advances, rathet than from the same ice

. '
. - . -

shect. . o ‘

T: xhh- 7 summ’rlzeu the results of  sieve and pipette analyses

performed on l() Upper - Grey til’l and 10 Lower Re(i till samples from. the *

mitn float zohe (ngro 2. The resulxs are also plottad on a ternary
~ .. -® - - -

sand,. si)t, clay d'lngram. (Fipure ;3.5). e .

These results indicate that no differentiation of the two tills
can be made on the basis of sand, silt, c¢lay proportions, Again, however,
r £ . .. B . , L .o Lt -
pood ?Huppurtihg evidence that hoth sills wgre emplaced as discrete till

B
toa
. . - .9 .

units rather than the Lodgement | and Ablation facles of the same till

b

~ - |

sheet is seen hv (hu high content of "f{nvs' in the tillsy.

< .

A .
. . '
v ca *

. l(uwnrkvd and lm orporated T i1 l lslm ks . ‘ .

l)uri.nk', thi( trcnr_hir\g.phusu of the study, subrounded blocks of: Lower

Red till were observed to oceyr in the Upper Grey t{11 {Figure 263. The’

M °

distinet” contacts which occurred between these blocks and the enclosing .
» . . - N . . - B
. . B \ v . L . M

gr{-v till matrix and thelr differing ¢ tast ‘lighology from that of the

. .- >

prev till lare inlvrpn-tvé to inddcate that they are, dis.cr(‘,u; rlppvd—

up” blocks (Schellen) of Lower Red till mato’l"‘.lnf, rdtho.r thap thv o

results of differential -weathering, or the fot:mvr ‘lu'(‘urn’n(-c at tht‘.

.
>

sftes of large, weathored fldat vl':;,s(s‘.,

B ' N - - -
¢ . 3 . »
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- Tild, Sediment
Urrit Tvpe - R
Crey 16-2 mm. 7
T ’ Gravel . .
- Grey - 2-0,062 mm.-
- Sand = . - -
Grev 0.0625-0.002
- Silt _
"~ Grey >0.002 i
' ‘Ctav :
.‘Red 16=-2 mm.
Co . Gravel

Red .
Red

Red

.

. FABLE 7 : GRAVEL, .SAND, SILT,.CLAY CONTENT °

2-0.062 mm.. .
Sand

AZBTQ:fSo.ooz mm.
' sil ) )

- 50,002
‘€lav

~ mean per cent.

.

- standaid deviation. - ..

- stamdard error of mean.

- nhmbeiAoﬁ samples.

38.8
40,9
rflzi
3.0:
i9.8
33.5

13.5°

.~

Ld

< .
. IS

5.45°

T 6.64.

2.15

2,64
11.63
0.80
3.05
1.72

2.10

0.68"

d
.

10

10

10

10

10

10

10

10 -
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'Flp\nru 26 -~ Dlagram of trench #65 showing block
of Lower Red Till emplaced in Upper
Grey, Till . :
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‘

The occurrence of these blocks is conclusive evidence that two .till
sheets, derived from sepavate ice advances, arepresent’ in the study area.
;. Ky - + -

Geochemistry
A complete discu'.s‘sion of tbe gm)(_'hem_istry of the two till units

appéars in Chapter V, and it is suf flcient here to mention that the two

till units are casily dtfferentiated on the hasis of their wid'ely varying

. . r

“voncentrations of triace elements,

. 3

- ”
As odutlined in Ghapter TIT (General Principles of Drift Prospectling),

the discovery of mincralized float in glaciaf drift is prime ‘evidence

that hedrock mineralization occurs in the vicinity, | .

The sulphide Tloat of the Sheffield Lake - Indian l;nn_d area is

dominantly confined to a sgmall area :'ﬂ;r:lddling"‘t,lw Trans~-Newfoundland
Hi phawav Mdufmtud as the "Main Fleat Zone”, on Figureé .2, The float, -

as deseribed in Chapter 1T, rnn;;,c.s from weakly pyritized, chloritized

andesite fragments to massive pyrite - chaleopyrite clasts.
~

Lt has been pointed out .that the. float clasts occur in great

«

protusion in the Lower Red till (Malmquisty 1961), but ondy sp;lrs{:ly in

‘.

the Upper Grev till of the main float zone, .

The occurrences of sulphide float inthe Lower Red till are plotted”

on Figure 27,0 They indicate of good  fan shape pointing to a source area

South West of TB=65 (Figure 12),

The float occurrénees in the Upper Crev till, (Figure 28) are  always

ol secondary, reworked derivgtiob, = The ef fect of the. second ice advance

and-tilt deposition in thé'vicinity has been, then, to mask, sméar and

.
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Figure 28 - Distributlon. of float in Upper Crey Till of Main Float Zone




attenuate the primary dispersion fan as it occurs in the Lower Red till.
Much of the confusion of previous workers (Malmquist, 1961) concerning
the tracing of the float clasts in this region can be linked directly

to these events.

The Ablation, Lodgement Till Hypothesis

Figure 29 indicates the mode of deposition of Lodgement and Ablation
Till from the same ice advance, and their superposition after ablation of
the ice (Flint, 1971). Since the two till units that occur in the
Sheffield Lake — Indian Pond area (Figure 1l1) have been previously
interpreted as the lodgement and ablation facies of the same till sheet
(Malmquist, 1961), a re-~interpretation of them as two discrete till
units emplaced by two separate ice advances needs to be verified.

Lodgement and ablation till (Figure 29), often referred to as
ground ablation moraine by Scandinavian workers (Embleton and King, 1968),
are thought to represent two completely different modes of deposition
and have been formerly mistaken for evidence of two ice advances (Drake,
19713

Table 8 lists the common characteristics of lodgement and ablation
till and of the Lower Red and Upper Grey tills of the study area. From
this comparison, the Lower Red till apparently has all of the features
of lodgement till, which would seem to support the lodgement, ablation
hypothesis,

However, a comparison of lodgement till features and those of the
Upper Grey till reveals some important similarities. Although the Upper
Grey till is somewhat friable, is non fissile, has many clasts of distant
provenance (see section on Sedimentology) and is relatively thin, all

features of ablation till; its properties also include some compaction
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Bedrock

Ablation drift
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= Ablation till
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Bedrock

Abiation till
Lodgement till
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Figure 29 - Origin of lodgment and ablation till. A. Basal
drift in transport over bedrock giving rise to
a lodgment till. B. During period of ablation,
ice near a glacial margin melts beneath a cover
of glacial drift and an ablation till is
deposited. C. Post—-glacial condition. A layer
of ablation till is found over a lodgment till.
From Flint (1971).
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(pits in this unit with vertical walls have remained open for more than
a year), subrounded clasts, a high mud content, two strong, superimposed
fabrics and, conclusively, discrete "ripped up'" and incorporated blocks
of Lower Red till material within itself (Figure 26). Furthermore,
the Lower Red till has been shown to be discontinuous beneath the Upper
Grey till., Thus, extensive areas of Upper Grey till are superimposed
directly on bedrock; a difficult phenomenon to rationalize with an
Ablation Till interpretation for the Upper Grey Till (see Figure 29).

These features, then, probably indicate that the Upper
Grey till is not the ablation till facies of the same ice sheet that
emplaced the Lower Red till. The deposition of the Upper Grey till,
probably from relatively thin ice, is evidenced by the lack of fissility
of the till. Reworking of the Lower Red till (which was in the frozen
state) resulted in the removal of any soil horizon that may have
developed and an unknown amount of "C" horizon material as well.

The Ablation, Lodgement Hypothesis has been shown, then to be
untenable from these finding. The results are interpreted to indicate
the presence of 2 distinct lodgement tills deposited during independent

ice advances.

The Englacial, Basal Till Hypothesis

Alternatively, it has been suggested that the Upper Grey and Lower
Red tills of the Sheffield Lake-Indian Pond area might represent the
Englacial and Basal facies of deposition from a single ice sheet (A.
Dreimanis, Personal Communication, 1975).

There is an apparent overlap between englacial till (Dreimanis,



1975) and ablation till, in that both derive from the same process,
glacier ablation. Nevertheless, features characteristic of englacial
till differ sufficiently from those of ablation till so that a rather
indistinct boundary may be drawn between the two.

A comparison of the characteristics of englacial till with those
of the Upper Grey till appears in Table 8. The table illustrates the
apparent dissimilarities between englacial till features and those of
the Upper Grey till. In particular, the presence of incorporated blocks
(Schollen) of Lower Red till in the Upper Grey till, and the discontin-
uous distribution of the red till beneath the contiguous grey till,
are conclusive evidence that the grey till is not the englacial facies
of the same till sheet represented by the Lower Red till.

The Ablation, Lodgement and the Englacial, Basal Hypotheses have
been shown, then to be inconsistant with these finding. The results are
interpreted to indicate the presence of two distinct lodgement tills

deposited during independent ice advances.

Evidence for Two Ice Advances

In 1926, A.P. Coleman, in one of the first studies of the glacial'
history of Newfoundland, was convinced that the island had been glaciated
on at least two separate occasions during the Pleistocene. He cited
as evidence for this interpretation the occurrence at Curling (near
Corner Brook), of gravelly till both underlying and over lying a marine
shell-bearing bed. He further states that the second advance was less
severe than the first, from which it was separated by a period of

climatic amelioration.



ABLATION TILL*

UPPER GREY TILL

ENGLACIAL TILL**

LOWER RED TILL

LODGEMENT TILL*

- Friable

- Non compact

- Non fissile

- May be stratified

- Undeformed

- Mud absent
- Usually thin

- Large areal extent

- Angular clasts

- Of distant
provenance

- Lacks a fabric

Somewhat friable
Some compaction
Non fissile

Non stratified

Undeformed

17% mud
10+ feet thick

Large areal extent

Subrounded clasts

Local and distant
provenance apparent

2 good fabrics

Friable

Non compact
- Some fissility
- Often stratified

- Often slumped and
faulted
- Low mud content

- Usually thin

Discontinuous
occurrence common
Angular clasts

- Of distant
provenance

- Rude fabric (Often
transverse)

Non-friable
Compact
Fissile

Non stratified

Undeformed

15,7% mud
30+ feet thick

Patchy occurrence

Angular clasts

Local provenance

Strong Fabric

"Plastered on"
Compact
Fissile
Non stratified

Undeformed

Some mud content
Variable thicknes:

Continuous sheet

Angular clasts

Local provenance

Strong fahzic

- Random - "Up-ice" imbrication =~ Flat lying a-b - "Up-ice" imbrication - "Up-ice" imbricat:
imbrication plane
- Few striated - Striated clasts - some striated - Some striated clasts - Some striated
clasts common clasts clasts
- Incorporated blocks
(schollen) of lower
red till
Table 8. A comparison of Ablation, Englacial and Lodgement Till characteristics with those of the Upper

and Lower Tills in the study area.

Dreimanis, 1975)

(*Flint, 1971; Embleton and King, 1968: ** Upham, 1891;



MacClintock and Twehhofel (1940) in éﬂeir classic study of the
glacial history and deposits of Newfoundland, also allude to more than
one glacial episode. Their interpretation, like that of Coleman, rested
primarily on the discovery of intercalated till and fossiliferous marine
clay beds in the Bay St. George area on the west coast of Newfoundland
and also near Baie Verte, on the north coast. The sequence and

interpretation near Baie Verte is indicated below:

Glacial-Fluvial
Outwash - ?, 2nd ice retreat
el - ?, 2nd ice advance
22 ft, -
Marine
Clay - 6', 1st ice retreat
L Till - 3', 1st ice advance

The sequence of deposits on the Central Plateau near Buchans was
interpreted as indicating that after retreat of the major ice sheet,
ice tongues pushed down the valleys and deposited terminal moraines.

MacClintock and Twenhofel (1940) also point out that no drift
older than Wisconsinan is found in Newfoundland.

Flint (1951) interpreted the Wisconsinan glacial deposits of
Newfoundland as indicating radial flow from a centre near Buchans
followed by the formation of smaller more local ice caps, which
presumably were responsible for local pulses in the ice front.

Jenness (1960) describes an extensive end moraine deposit in
Eastern Newfoundland which resulted either from a lengthy stand of
retreating Wisconsinan Ice at that position or, more likely, from

a final re—advance to that position from further inland.



Lundquist (1965), in a study of striae sets in the Sheffield Lake -
Indian Pond Region, concluded that there was an increasing topographic
influence upon ice movement as the major Wisconsinan ice sheet waned and
that a last readvance occurred in the area from an isolated ice mass
near the Sheffield Lake - Indian Pond plateau (see Introduction). He
notes, that there are many signs of a general stage of equilibrium or
temporary readvance during the ablation of the major ice sheet.

Prest (1970), on the basis of flow indicators, states that during
the waning of the island ice cap complex, ice-flow patterns developed
with erratic, shifting active centres of ice flow.

Brookes (1969), described marine clays intercalated between layers
of till on the Port au Port Peninsula, indicating a readvance.

Grant (1970) recognized similar till deposits beneath and above
fossiliferous marine clays dated at 10,900 B.P. on the Northern Peninsula
and from this he named the Ten Mile Lake readvance.

O'Donnell (1973) states that as the major Wisconsinan ice cap
waned, small local ice caps were formed in the High Central Plateau area
and sporadic topographically controlled advances, pulses and surges
were widespread. He also reports two till fabric directions in the
Gullbridge area but attributes them to the more topographically controlled
late ice rather than to a readvance.

Tucker (1973) records multi directional striae just to the east of
the Sheffield Lake - Indian Pond area which he interprets as indicating
late, topographically controlled ice flow.

Rogerson and Tucker (1973) have found evidence in the St. Vincent
area of the Southern Avalon Peninsula of a glacial readvance. A lower

till unit of unknown thickness is overlain by a marine outwash delta

s\



and it, in turn, by a layer of till 10 fegt thick.

All of these researchers, then, present evidence of either
topographically controlled late Wisconsinan ice or a period of readvance
during the late Wisconsinan glacial period. The widespread evidence
of a period of readvance preserved as crossing striations, increased
drift thicknesses and intercalated marine and/or glaciofluvial deposits
with glacial till are convincing. The conclusive evidence for two ice
advances—superimposed till sheets—-however, has not previously been
reported in central Newfoundland.

In the Sheffield Lake — Indian Pond area, two distinct superimposed
till units do occur. The hypotheses that they are the ablation -
lodgement facies or the englacial - basal facies of the same ice advance
have been shown to be untenable. They may be interpreted, then, as
corresponding to the readvance postulated to have occurred during the
waning stages of the Wisconsinan ice sheet in Newfoundland. Alternatively,
the possibility exists that the Lower Red till is much older than the
Upper Grey till which may be the only major Wisconsinan deposit in
the area. Coleman (1926) postulated that very old (Kansan?) tills occur
in Newfoundland and the deeply oxidized and indurated Lower Red till

might then conceivably date from a pre-Wisconsinan glaciation.



CHAPTER V.

GEOCHEMISTRY

Introduction

In 1957, S.V. Ermengen stated that,

"A study of the literature available reveals that
relatively little has been written on geochemical
prospecting in parts of the world which have been
submitted to continental glaciation during
Pleistocene time."

His observation, probably true eighteen years ago, certainly does not
apply today. A rapidly increasing dossier of case histories has been
documented in various journals and two books on the subject of geochemical
exploration in areas of Pleistocene continental glaciation (Kvalhiem,
1967; Jones, 1973) have been published to date.

The number of geochemical prospecting projects has surged ahead
in the formerly glaciated areas of Fennoscandia, Ireland, and mainland
Canada, particularly in the last decade. However, insular Newfound-
land has until recently (Hornbrook and Davenport, 1972) been ignored
by exploration geochemists, even though the glacial history, deposits,
and post-glacial conditions are thought to closely resemble those of
the more intensively prospected areas mentioned above, and even though

techniques developed in these other areas should be particularly

applicable here.

Sampling

It is a rather obvious dictum that where float boulders occur in

large numbers in glacial drift the finer grained matrix of the drift



must also include detrital float fragments. This syngenetic halo of
fine detrital grains has been referred to by Kauranne (1958) as a
micro-float train, as a microboulder fan by Bolviken (1967), and by
Wennervirta (1968) as a glaciogenic fan.

Since the fine grained (200 mesh) fraction of glacial till is
postulated to have only been transported a very short distance (Bayrock
and Pawluk, 1966) a study of its elemental composition "up ice" should
reveal, even more precisely than the macroscopic float clasts, their
common provenance in the subcropping bedrock.

It is also apparent that in areas of deep overburden the optimum
sampling depth is within the unweathered, undisturbed glacial till
material (the "C" zone of the podzol profile) where detrital sulphide
grains are almost insoluble in the reducing conditions that predominate
there (Scott and Byers, 1964; Kauranne, 1967; Forgeron, 1971 Parslow,
1972). Of importance, as well, is the determination of elemental
variations with depth in the overburden as a further criterion
for source determination, since elemental concentrations in both the
horizontal and vertical components of the micro-float fan should increase
in proportion to the proximity of the suboutcropping source (Figure 5).
This purpose is best served by the collection of profile samples at
regular intervals in a pit opened into the glacial drift (Ermengen,
1957; Hawkes and Webb, 1962; Hyvarinen 1967; Brotzen, 1967; Halonen,
1967; Kauranne, 1967; Wennervirta, 1968; Larsson and Nichol, 1971;
Gunton and Nichol, 1974).

In the Sheffield Lake - Indian Pond area, 108 trenches were dug
from which 167 bulk samples were collected for geochemical analysis

(Appendix ¢ ). Samples at two depths (designated High and Low) were



collected from 28 of the trenches, and at 6 selected sites profile

samples (designated A, B, C, etc.) were collected at one foot vertical
intervals. 1In all cases only "C" horizon parent till material was collected.
At two locations sample pits bottomed on andesite bedrock and in each

case bedrock samples were collected for geochemical analysis (Table 1).

Pre-Treatment and Analyses

Critical to any geochemical exploration program is the choice of
a suitable analytical method. The geochemist must consider (1) the size
fraction of the sample (2) the number of samples and elements to be
analyzed (3) the pre-treatment and extraction techniques to be used
(4) the reliability, ease of implementation, and detection limit of the
method and (5) the accuracy and precision to be expected from the method.

As outlined in the general principles of Drift Prospecting (Chapter
III) most geochemical exploration programs in glaciated terrain concen-
trate on the unweathered "C" zone of the glacial till, and specifically
on the -80 mesh fraction of the till. Gunton and Nichol (1974)
have pointed out, however, that the clay—-and-silt-sized
fractions (-230 mesh) must be removed to avoid the variable effect they
can have on elemental concentrations.

The Sheffield Lake - Indian Pond area samples were first wet sieved
to remove the -230 mesh (0.063 mm) fraction. The +230 mesh fraction was
then dried, and sieved on an 80 mesh stainless steel screen to obtain
the -80 to +230 mesh fraction. This fraction was then split into 3
subsamples for geochemical analyses. (Appendix C). From prior analyses
of float samples (Table 1) Cu, Pb, Zn, Mn, Co, Ni, Fe, and S were chosen
to be the tracer elements analyzed.

Studies are available on the merits of one pre-treatment extraction



over another (Foster, 1971). Generally, the methods available
can be divided into Total and Partial e#tractions.

A total extraction technique is performed by fusion or by the
addition of strong, hot acid to the sample which results in complete
sample dissolution. This method is best adapted to lithogeochemical
surveys, since it extracts even the silicate complexed-and strongly
bonded-metal in the sample.

A partial extraction technique is performed with weak or dilute
acid which takes into solution only discrete sulphide grains and the
relatively loosely bonded and absorbed metals in the sample. This partial
dissolution is best adapted to the study of unconsolidated sediments
(e.g., glacial till) when the survey is directed toward the pinpointing
of anomalous metal concentrations which should reflect the presence of
sulphide minerals rather than silicate bonded metal.

However, some partial extraction methods (e.g., cold buffer THM
extractions) are often insufficinet to delimit anomalous areas in gla-
ciated terrain, where anomalies may be only 10 ppm above threshold. A
balance must be struck then between a too weak partial extraction and
a too strong total digestion when glacial till is the sampling medium.

In this investigation Ward's (1969) extraction method (HOT 16N
HNO;) was first tested but later rejected. It was very time consuming,
required specialized equipment, and failed to produce the degree of
precision desired.

A boiling dilute acid (10/1, 1N HNO3 16N HCl1l) (F. Goudie,

Personal Communication, 1974) was found to be superior for partial
digestion of the -80 + 230 mesh fraction since neither nitric (HNO )

nor hydrochloric (HCl) acid decompose the more stable rock-forming



silicates (Levinson, 1974), but they do leach all forms of sulphide
minerals.

Elemental analyses were performed by Atomic Absorption Spectro-
photometry (A.A.S.). The advantages of A.A.S. are its sensitivity,
precision, reliability, and speed (Brotzen, et al., 1967). One special
appeal of A.A.S. in exploration geochemistry is the fact that, from one
sample digestion, as many as 40 elements can be determined, thus resulting
in a considerable saving in cost while at the same time providing a
wealth of information (Levinson, 1974).

In this study, each subsample was analyzed for Cu, Pb, Zn, Co,

Ni, Mn, and Fe on a Perkin-Elmer Model 303 Spectrophotometer using
standard procedure (Figure 54), after a 13 hour hot acid digestion
(10/1, 1N HNO, 16N HC1).

Elements to be analyzed in the digestion solution by A.A.S. must
be in the atomic state. This is readily achieved by aspirating the
solution at a controlled rate into a flame fueled by a mixture of air
and acetylene. A light beam at one of the characteristic wavelengths
(i.e., 2139A for Zn) of the element of interest is directed through
the flame, into a monochromator and into a detector which measures the
intensity of the light beam. The amount of light absorbed by the flame
when a sample is being aspirated is proportional to the concentration
of the element in the sample. This reading is then compared with read-
ings obtained from standard solutions of known concentration, and the
concentration in ppm of the element in the sample is attained.

Sulphur content of 77 of the samples was determined using a LECO
Sulphur Analyzer which is generally thought to be the best method of
sulphur analysis (Foscolos and Barefoot, 1970). The method involves

the combustion of the sample in a stream of oxygen in a high frequency



furnace. As the sample is combusted, al} sulphur compounds are vola-
tilized, primarily as sulphur dioxide. The SO, is carried by the
oxygen to the titration vessel where it is absorbed by bubbling through
a dilute HCI solution, which also contains free iodine. The absorbed
S0, is titrated with standard LIO3 using starch indicator, and the
amount of SQ,, hence sulphur in the sample, is determined.

In exploration geochemistry, precision (which is the ability to
produce and repeat the same result) is often more important than
accuracy (which is the approach to the true value), at least in the
initial stages of a project (Levinson, 1974). Precision and accuracy
by A.A.S. are thought to be better or comparable to any other method
of trace element analysis (Brotzen et al., 1967).

For precision determination, within each batch of 22 samples 2
were weighed, digested, and analyzed twice each; also within each batch,
2 control samples (#59L and #67), of high and low elemental concentrations
(determined in the first batch) were always included resulting in each
being analysed 10 times. Samples were analysed at random, that is, all
of the samples from one till unit or within a small part of the project
area were never analysed in one batch (Table 9). As a check of accuracy
and precision 30 representative samples were sent to Atlantic Analytical
Services, (Springdale, Newfoundland) and were analysed by A.A.S. for
Cu, Pb, Zn, Ni, Co, Mn, and Fe; comparative results appear in Table 10.
Generally, good agreement is apparent from this comparision, with the
possible exceptions of the Zn and Ni values where the Atlantic
Analytical Services determination are generally lower than those
recorded by the author.

All of the sulphur analyses were performed over a 48 hour period



Table 9.

Sample #
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Zn
Co
Ni

ZFe
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4.1
9% |}
189.0
0.75
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Table 9 Continued
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Table 9 Concluded

Sample # X
96L ppm. Cu 37.5
it Pb 9.5

5 Zn 90.0

i Co 18.5

9 Ni 15.0

. Mn 725.0
ZFe 2.20

102A ppm. Cu 38.0
1 Pb b e

ki Zn 29.0

s Co 7.0

e Ni 14.0

Ly Mn 136.5
ZFe 1.90

102D ppm. Cu 25.0
i Pb 8.5

Y. Zn 16.0

" Co 3.8

24 Ni 15.5

i Mn 112.5

%#Fe 1.3

* Control Samples
= Mean
S Standard Deviation

EX Standard error of the mean
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using the standard procedure of Foscolos and Barefoot (1970). As in the
A.A.S. work, the samples were analyzed at random and each tenth sample
run was a blank containing accelerator and flux only. Two control
samples (#86 and #59L) were analyzed periodically until the S content

of each had been determined 10 times.

Subsamples of 20 representative samples from the area were separ-
ated in TETRABROMOETHANE (S.G. = 2.92) into heavy and light fractions,
again following standard procedure (Allman and Lawrence, 1972) (Appendix
C). All of the heavy separates and 11 of the light fractions were then
analyzed by the A.A.S. method for the elements listed formerly.

Good estimates of the accuracy of A.A.S. and Leco determinations,
except those done by Atlantic Analytical Services (Table 10) were
difficult to obtain since no unconsolidated glacial sediment standards
are available, as are rock standards. As well, the acid dissolution
used in the study was adjudged too weak to leach the silicate bound metal
in rock standards. Nevertheless, an attempt was made using Geological
Survey of Canada rock standards U.M.2 and U.M.4 to obtain accuracy
figures for the A.A.S. and Leco methodologies. Values obtained in the
A.A.S. analyses of rock standards U.M.2 and U.M.4 appear with the
published trace element values in Table 1ll. An acceptable degree of
agreement between the values is apparent, however, in all cases the
published values are somewhat higher than those obtained by the author.
This discrepancy can be traced to the weak acid dissolution used by the

author in the pre-treatment of the standard samples.

Statistics

It is in vogue to apply statistical manipulations to geoanalytical

data to "better" define anomalous areas (Le Peltier, 1969). Levinson



Table 10.

ACCURACY AND PRECISION OF ATOMIC ABSORPTION ANALYSES
A RAW DATA - COMPARISON OF VALUES OBTAINED IN THIS STUDY AND BY ATLANTIC ANALYTICAL SERVICES LTD.

AT. A. * AT. A. ¥ AT.A. * AT.A. * AT.A. * AT.A. * AT.A. *
Sample Cu Cu Pb Pb Zn Zn Co Co Ni Ni ' Mn %Fe %Fe
1 8 8.0 5 4.0 12 21.0 5 5.0 5 20.0 170 152.5 0.70 0.57
14 5 2.5 5 4.5 10 14.0 5 3.7 7 15.0 150 135.0 .50 0.45
50 2 17.5 5 6.0 15 20.5 5 8.8 5 12.5 215 225.0 1.10 1.00
k% 59L 160 164.6 15 7.4 100 98.8 25 21.5 25 17.3 850 628.0 2.80 2.63
63L 22 22.5 5 2.0 20 27.5 5 2.1 5 6.0 225 212.0 1.10 0.85
65H 18 17.5 5 6.0 13 17.0 5 4.5 5 6.0 140 140.0 0.90 0.80
65L 25  30.0 5 9.5 20 30.0 5 5.0 10 6.0 230 250.0 2.00 1.80
66L 8 8.0 5 8.5 10 17.0 5 3.5 5 4.0 135 125.0 0.65 0.50
*% 67 15 16.5 5 6.9 25 37.0 5 4.1 5 11.1 190 189.0 0.90 0.75
+ 6203 7 S 25 - 90 - 15 - 30 - 295 - 1.20 -
70A 165 151.0 175 175.0 340 202.0 40 30.0 15 66.5 590 575.0 7.50 5.60
70B 60 62.5 65 62.5 200 187.0 30 26.5 15 19.0 560 540.0 3.30 3.80
70C 15 15.0 15 19.0 48 62.5 12 8.8 10 12.5 330 300.0 1.30 1.00
87 27  30.0 5 3.0 10 19.0 18 19.0 5 10.0 460  500.0 0.60 0.56
89L 15 15.0 5 3.0 18 28.0 5 7.5 5 6.0 190 180.0 0.86 0.86
91B-H 42  48.0 10 8.0 " 26.5 10 6.4 10 15.0 230 240.90 1.80 1.30
91B-L 20 22.5 10 7.0 25 28.5 10 6.5 10 26.0 350 310.0 3.30 3.00
92B-A 380 300.0 20 19.0 50 50.0 15 10.5 15 14.5 595 550.0 10.90 10.00
92B-B 50 54.0 30 37.0 35 80.0 10 7.5 15 12.5 440  332.5 4.70 4.50
+ 6204 7 = 15 - 390 = 12 - 20 - 185 = 1.10 -
92B-C 42 52.5 25 23.5 25 31.5 12 7.5 15 15.0 330 275.0 3.00 3.40
92B-D 37 37.5 10 6.5 18 24,0 15 12.5 5 10.0 285  260.0 1.30 1.10
92B-E 35  40.0 5 6.5 18 24,5 10 2.5 5 15.5 255 135.0 1.20 1.10
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- Table 17, Concluded S

ACCURACY AND PRECISION OF ATOMIC ABSORPTION ANALYSES
A RAW DATA - COMPARLSON OF VALUES OBTAINED IN THIS STUDY AND BY ATLANTIC ANALYTICAL SERVICFS LTD.
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Table 11:  ACCURACY OF CHEMICAL ANALYSES

3

z .

CUM.28A R UL M. ax* X*

ppm. Ct 950 540

" b N.ASC . N.A, oo-
Zn 32 . 64 57

Co - 120 , 70 54

Ni . 3850 2514 1500

Mn 619 1161 1088
10.06 9.94 9,50

0.94° ; 044 0.46

(WRV. RV RV RV RV NV NV
2 K

mean of values obtained by the author . I

number of analyses

published values in Faye (1972)
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Table 12: PRECISION OF LECO SULPHUR ANALYSES-

SAMPLE . - X _ppm. : EX

" %8b L 496.20
R
*S9L 72.20
67 . Trace
1393.66
2530.00

'}97.50

mean_
. Standard Deviation

number of determinatioﬁs -
Standard error of the mean.

Control samples

© s o ol iy 2 T
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(1974) points out that geochemical anomalies, and numerous mines, were
) o . .

found long befnreAcBmputvrs canfe into Being,'nn?vsince then as well by
virtue of the proper interpratation of available geochemical data. Rawkes
i . . . [ a) - : ' :
~and Webb (1962) stress that statistical methods Shpuld be used solely
. ' N ’ !

as. a disciplinary guide and never as a replacement for qualitative
N

4 -

appraisal.

~

. The ShHefficld, Lake Tndian Pond'geochbmicar‘déta is presented,
insofar as possihle, as. "'real" data (Shilts, 1973) with a minimum of

transformation hy'stnListibaI manipulatdon.
* [
Background is defined as tHe normal abundance of an clement in
barren earth material (Hawkes hnd.UeBB, 1962). Threshold is defined as

. : ; ? .
the upper limit of normal ba¢kground fluctgafion 6r, statistically, as
. r ‘ Y

the mean'plus twice the. standard deviation. An énbmaly is defined as a

deviation from the norm of those values which lie beyond threshold on a

¢
.

fryquvncy distribution vurve of the data.
Each ¢lement has fts own distinctive background, threshold, and

possibhly anomalous vAlues. In the Sheffield Lake - Indian Pond area

.

-, . £ . . -
two till units are present. Samples from each unit will have separate

bavkgrﬂund,'throsﬂold, ahd anomalous values for each element {see below):

3

Aoy (TOURd Surface

'CY zone Grev Till (e.g., Zn Thresk8ld 400 ppm)

Bedrock
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Flemental Géochemistry and Results

v .
Krauskopf (1967) .points out that the process of chemica#l |
wedthering. of sulphides 1) gets the metal ions inte sol tion‘or into

stahle insoluble compounds, 2) produces relatively acid solutions »

.

and 3) converts sulphides to sulphates. .

Optimum conditions for sulphide dissolution naturatly occur
! ' ) .
~above the zone of permanent saturation (the water table), however,'
descending oxvgenated waters can extend oxidation to'dpp{hs far below-

o

the phreatic supface (Hawkes and Webb, 1962), Gravenor and §tupavsky

(1974) state that oxidation in tills can he found at depths of three

metres or mare. > . - ‘- : . .

In polymetallic sulphide orebodies the oxidation of ope'mideral

L

. ' .
.is often favoured over that of others in sulphide aggregates., Thus,

L

“in a deposit consisting of valcopyrxte and pyrite, the chalcopyrite

is oxidized preferentially to the pyrite (Hawkes and Webb, 1962),

In the final stages of chemical weathering of‘sulpﬂides, the

| <V .
suhoutcropping ore has become desulphurized a‘g disburdened of most

' .
i)

‘heavy metals (Kég€iter, 1968), lcadﬁvg.only those' sedentary compaunds
derived from the weathering of ‘the silicate gangue.

Regardless of the ordér in which sulphides oxidize, they

7

Y

usually go through a sulphate stage'(Kreiter, 1968). Most.metal

sulphates dissolve readily in water. The greater the acidity of the
" groundw:tgr; Fhe gpronger is its leaching actiof, and the more -
saturated it becomes with soluble sulphates. As a result, many elements

are "washed out” of the primary, suboutcropping sulphides with a

marked tendency toward dispersion ngernedJonlyfhy the migration




.
. R
propensities of the element involved.

Nickel (Ni)

- »
General QOccurrence

Nickel is a SIDEROPHILE (to n lcsser degree vhaleophile) clement

L] -

usually associated in sulphifle .deposits with Copnor, Cobalt and’Platinum

(Hawkes and Webb, 1962%, It OCCUFH,kprmeTiiV as Pentlandite - NiS
" , _— . :

(to a lesser extent as Millerite - YNiS and Niccolite NiA_) which is

. ) . . 9 . .

labile #n nxidizfug conditions and quigklv alters to nickel Sulpﬂ'ke.

Nickel is a less mobile element than Cobalt hut is more so than

Copper (Canney and Wing, 1966); however, its moderately high mohiiity

(Hawkes and, Wehb, 1962) is often limited in the epigenetic environment:
hecause of its affinity for coprecipitation &r sorption from solution
bv hvdrous manganese and iron oxide precipitates and by clav minerals

(Hawkes and Webb; 1967: Jenne, 19A8; Bavle &t al., 1965). °

Nickel is A useful tracer clement to the Drift Prospgotor
primarily becaus¢ of its high mobilitv. Due to this property-a much

Targer Ni'anomaLnus.nren can occur, in till than that produced by the
less mobile elements (i.e. P'h).

A standard method of Ni analvsis bv A,A.S, is available .in the . |
. ’ LN ~
literature and Ni lends itself to dissolution in the.hot, HNO, - HC1

Sacid extraction prevjnus]v out lined «Goudic, Persohul Communication, °
- U . ' . . y s
1974) . : . . ' '
As a first Approximation to the regional hackground of an
clement in- the "C" zone of a podzol developed on glacial till,
! .o Y .
nvvfngv_datn on- the underlying-bedrock of the studv area can be

utilized. As described in Chapter TT the. hedrock of the area of

B




’

mast intensive study within the Sheffield Lake - Indvan Pond area

consists dominantlv of  andesite (or dacite) with graﬁitoid lithologies

in the Mup-ice'" diredétion,

Thurlqw~(1973) in n.study of barren andesite seqﬁences associated
with‘thv'nearhy Buchans oroho@iés (which have béen described aé being ,
dcp&sited in tﬁeAsamevenvirnnmentvas the Sheffieid Lake - Indian Pond
andesites hy Willlaﬁ§,1967f reported Ni concon;rat%ons,of 19 - 29 ppm.
The "analysis ‘of tw6 andesite samples from the s;udyrarea k by the same

partial extraction technique used for the till samplces) yvicelded values

of 30 ppm (outside the zone of maximum float accumulation) and 55 ppm

T '

(slightly "up—ice” from the main float zone) (Figure 2).
- The "¢ zone of the glacial till directly overlying these rocks

Qbu]d be expected to have a hackgrouﬁd value considerably lower than

that of the bedrock (Ermengen, 1957; Mehrtens et ai, 1973) upless

“sulphide minetalization, which included an appreciable amount of/ Ni§S,

Wis iﬁ the suhéutcropbing bedrock..

The Lower Red till in tH; éheffield Lake - Indian-Pnnd-area
has a hackkroﬁnd (i) value of 22 ppm Ni and é threshn{d (_ ) of
(ﬂ?¥pm.‘ The 1un; anomalous value of 67 ppm. (X + 25+) occurs in sample
“HT0A - (Figure 30). |

A Qv;ond overlying. till-unit would be expected to showhsonnwhat
tower background values, (a hilution factor) ern taking into account
th; migrabiqn‘p;opensitv ;f Ni. fn.rho llpper Grev Fil],tho background

- 20 ppm, is surprisingly close fo that of the Lower Red t£ill. This is.

probahly a reflection of the mobilitv of Ni (n the op{geneéic
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Figure 30 - Distribution of Ni in Lower Red Till
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Figure 31 - Distribution of Ni in Upper Grey Till
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cunvironment, The threshold is S5 ppm.’ Two anomalous va‘lues of 68 and
673 pprﬁ. yeecur to the east-nf the zone uf:main float occurrence
(Figure 1),

In the study area thun, Ni, which should be in anorﬁalous
quantities in the main float zone ard, therefore, be a good tracer
¢lement and help delimit the float source, does not do so. It must
. w

be aspumed, therefore, that the source sulphide mineralization is

def.ie‘i(:nt ig this element,

Cobalt (Co)
" General Occurrence
Cobalt is a Siderophile (to a lesser degree chalcophile) element

usually associated in sulphide deposits with iron, copper, nickel,
. .

arsenic, and silver, It occurs primarily as cobaltite -~ CoAsS or

-
-

smaltite - ‘(IoAsﬁ » hoth of which are labile, in an oxidizing environ-
‘ -x ! .'

ment and soon alter to cabalt sulphate in the secondary environment

1

(Kreiter, 1968), | f

.Cobalt is considerably more. mobile than copper or nickel (Canney

and Wing, 1966); towever, its relatively high mobility is often limited

in the_epigenetié environment by .the._presence of arsenic which retards.
i -

fts migrdtion by fixing cobalt sulphate in the mineral erythrite -

( €0, (As0,)..8H,0)(Kreiter, 1968).

The elemental distribution and conc‘ntration of Co in till is

also restricted by co-precipitation or adsorption in the secondary, Fe
or Mn product.ﬁ;' of weathering and also by clay minérals (Hawkes & Webb,

1962 Jénne, 1966; Govett, 1973; Govett et al., 1974; Levinson, 1974).

a
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¢

Cobalt is ubiquitous as a trace element in sulphide deposits
and is, therefore, a useful indicator element to the Drift Prospector,
A standard ﬁ\ethud of .Co analysis by A.A.S. s av;aifaable in the llitera- .
ture, however, Co is not readily attac‘ked by dilute acids particularly
dilute HNO,. Foster (1971).po1nts out that Co is'at.tacked more
VLgbrously by HC1l- than by HNO; particularly if the acid is heated.
The box]ing HNOQ - HC1 -acid extraction, utlllred, although not the
optlmum medl.um for. Co dlssolutlon was considered sufficient for the

.

purpose of this study.

Results

The average conceatration of Co in andesites similar to those in
Lhe,She-ffiéld~ Lake - Indian Pond area (Thurlow, 19‘73)7 is in ’the rangé .
of 21 to 30 ppm. In the 2 analyze'd' samples of bedrock andesite fr;om
the Sheffield Lake -v[n-dian P.ond area Co vaiuesveré,&f and 29 ppn;.
A somewhat ,llowor hzxckgrounAd value chan‘this would be expected in
ovz;rlying glacial se%iiments unless hedrock Sulphide'minéra.lization
wontaining Co occurs ‘in the 'vi'(;i‘nity.f

The Lower Refi'till in the study area ﬁas é background (i)‘ value
of 21 ppm. Co and thresho,ld (X + 2S) value of 64 ppm. Thé lone anoma-. .
lous -value '(§A+ 2S+) of 70 ppm. occurs in bample 97-Low (Figure 32), |

Background .'(+X) 15 only 6 ppm, Co in the Upper Crey till;, which
pr‘oha;aly reflects the scavenging of Co by limonite ‘andvclay’ minerals =
in the Red till, thus restricting its dispersi'on into the overlying
unit. Th(, threshold (X + 7S) value is 20 ppm. Three anoﬁaloug valu'esr

?

do occur in the Grey til1l at sample sites 69, 87 and 103, all of which

are in the main float occurrence area (.Figure 33).

[} ) -

i -

.
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Figire 33 - Distribution of Co in Upper Grey Till




Cohalt, fhen, probably is a very worthwhile tracer element in
the Sheffield Lake ~ Indian Pond area s_i.nce it outlines the main float"
area. Its use is hindered somewhat by low background contrast due ty
its affinlty for limonite sorption and possibly to some extent, by

the acid dissolution used_ in the study,

" Copper, Lead, and Zinc ' .

Gene ral Occurrence

' i e e e e o e .

»

The "old standbys" of exploration geochemists the world over are

of primary. importance to this study since a?l three elements have been

reported as occurring in the float, but only Cu is present in economic ®

quantities (up to 8,2%, Mal;nquist, 1961),

.

Copper, lead and zinc are Chalcophile elements, usually associated .

with each other in sulphide deposilts and variouslj} with Mo, Ag, Au,

*Co, Ni, Fe, Mn and As, . (Hawkes and Webb, 1962). Chali:opfr_ite* - CyFes§,

°

and bornite - Cur FeS are the o're minerals most_ ofCen mined for copper

although thelr oxidized equivalents, malachite’ Cu? (Co )((')H)Q, cuprite
Cu707), etc., are locally important. The two primary ores of copper

have been reported in the Sheffield Lake - Indian Pond float (P'talnquist,

- 1961). .Both minerals are labile in oxidizing conditions and quickly

. i . ¥

are weathered to.sulphate or carbonate,

Galena - PbS, is the meost important ore mineral of lead. In

- B
/

oxidizing conditions galena is weathered to relatively insoluble’

anglesite, - PbSOL‘. : B . T

'

. R
i
\ . . /

~* . The most important ore mineral of zinc is sphalerite = Zn§, a

labile mineral, It quickly alters under'oxidizing condit‘ions, fi1rst

+
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to the sulphate phasé, possibly due to bacterial action (Starkey,
1966) and then to simthsonite - ZnCO]Z which is often visually
mistaken for limonite. .. \

The three elements have widely varying nigration propensities,

[ -

Zinc, the most mobile, has amphoteric properties (Ermangen,;1957;

Hawbps and WEbb 1962' Riddell 1967; Garrett, 19693, However, the
'hlgh mob111ty of Zn, is restricted by adsorptibn on i:on and manganese

1, 1966; Krauskopf

et

hydrated oxides (Hawkes and Webb, 1962; Boyle
1967; Shiltes, 1971;-Covet et al, 1974); by chelation with organics,

and because Zn is_p;eferéntially sqrbed.into lattice positions by
* clay minérgléh(Héwkes and Webb, 1965; Shilts, 1971). .
Although .the mobilities of Zn, Co, and Ni, are sbmewhat greater
fh;n that.nf;Cu (Ermbngen; 19573 Hawkes and Webb, 1962; C;nney and ..
Wing, 1966; Levinsdn, 1974) the latter is still considered to be :a
relatively’ highly mobile element in acid environmerts (Kreiter, 1968
Morrlssey and Romer, 1973):\especially below PH 5.5 (Hawkes and Webb,

1962). The mobility of Cu,* however, like Zn, 1is réstficted'in the

‘:epigenétic environment by chelation with organics (Horsnatl and
EiIiott 1971), sorption wlth clay minerals (Hawkes and Webb, 1962)
and coprecipitation, occlusion and absorption with Mn gnd Fe

“hydroxide precipitates (Hawkes and Webb 1962 Canney and Wing, 1966'

" Jenne, 1966; Horsriall and Ellfott, 1971 _Shilts, 1973)

The least mobile qf the three elements in the epigenetic environ-
ment is lead The:sulphxde form, galena, is relativety unstable and

o

weathers easily to the}ﬁulphate form which 1s in801uab1e in water

(H&Qar[nen, 1967 Riddell 1961L,Keller,-1968; Kreiter, 1968; Mehrtens




.

t al, 1973). As well as its demonstrated inSolubility and,

therefo‘re, low mobility, its dispersion 1’s even further restricted

by the same scavengers thuat affe‘ct Zh‘and _Cq—of‘ganics, clays and
limonite (Hawkes and Webb, 1962). For these reasons then, Pb 1%

of ten relativelx enriched in the epigenetic till ehvironment near

Ltq quboutcropplng bedrock so‘urce, as a result of the leaching of the .

more 'mobile constituents (Jf the.'deposit.f 5
e .
"Copper, lead and- zin® are useful tracér eléments to the Drift.

Prospector prirda‘r"'ily because of their varying mobilities and their eco-
nomic potential. Zinc, the most mobile, can {ndicate anomalous areas

at the reconnaissance level of exploraution. Copper, being less mobile, °

is 1mportant in the follow-up phase in . that its anomalous area is
smaller in area, and~1ead, the least mobile, is generally effectiw

i-n'-,devlifhitin.g the source area ip the detalled ph‘ase “of the stpdy,

since irs anomalous cohcen.trat{ons are only located' close to bedrock

mineralization. . T

y -

Standard’ methods of Cu, Pb and Zn anelys'is by A.A.S. which are

capable of High precision and accuracy with a minimum of expense .and

v
»

tlme per analysis are available in the, literature. Copper, zinc and
lead are easily dissolved 1n the hot HN(S -HCl acid extraction

prevxously outlmed (F Goudie, Personal Communication, 1974). .

" Results

Bedrock background values f'or'these ele.memgin similar andesites

** (Thurlow, H73) are Cu-53-72 ppm., Pb=24-25 ppm. and Zn=83-91 ppm.

o

. "I‘he corresponding values from the two Sheffield Lake ~ Indian Pond

.andesite’ eamples are Cu=l5 and 120, Pb=3 and -6..and Zn=14 and 30. ppm.




¢
o

The Pb background value in the Lower Red ti1l samples is 25 ppm.,"
well aboyve the 346 ppm. in the bedrock samples from the 'vicinity.
The threshold value is 120 ppm. One anomalous value of 175 ppm.

occurs atrtsample site 70A (Figure 34). o s

’

Zinc in the Lower Red till has a background value of 63 ppmi,
also well above the 14-30 ppm. occuring in the andesite bedrock. The’

threshold value is 168 ppm. Again sample 70A has the lone anomalous
u |

«

value (200 ppm.).
Copper has a background value of 92 ppm. and a threshold value

of 254 ppm. The anomalous value of 281 ppm. oceurs in sample 92B -

.

(Figure ¥6).

-
o -

Dreimanis (1960) _has étated thaf a 200 ppm. value for Cu in
till reflects a 2% concentration of thét e;erﬁent' in its 4bedrock source.
These resullts, ht'herefore, suggest thz abundancé’ of Cu in. the
bedfoqk qf the \{icinity. It\must be considered then that sample‘site

92B is close to but probaBly still some distance '"'down-ice" from the

bedrock source of the Cu-rich float boulders,

-

Both Pb.and Zn ate enriched -in sample 70A which is some distance

"down-ice'" from the main float occurrence!, however, as will be

» B

.discussed in a later section, this anomaly is probably a. spurious ome,

‘ . .

due_ to the high Mn con'centr'ation asso.ciat'e-d with itc.

;
/

o _ 7
"The Upper Grey till in the region has background values of 7 ppm.

"for Pb, 34 ;;pm. for Zn and 29 ppm. for Cu. The corresponding thre74old

values are 14 ppm., 83 ppm. and 93 ppm. (Figures 35,37,39). /

L c A

Contamination from outside sb_ur.ces is often an ‘import'ant cgﬂsider— '

a -

/

ation in glacial drift studies, especially for Pb. Lead en.ricv}{ment

.
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can occur up to hundreds of feet from highways as a result of automobile

oxhaust and the Pb content of fudls}(Levinson, 1974). As mentioned,
in the introduction, the study area is bisected by the old trans—New-
foundland highway (#2) - the only rpad across the province until 1967,

and so Pb contamination must be considered as possible in the samples

collected in the area.

. . ’
Lead contamination,.if present in the area, would be expected to

s

-give erratically high Pb values in the Upper Grey till. Apparently,
such contamination has had little or no effect here, probably because
the samples were taken from the "C" horizon in the till, below the

. s
zone where downward percolating meteroric water has had any ef fect on

i3

the Pb concegtration.

Values slightly above Pb threshold occur at 7 locations in the

study area, however, none of these seem to défine any one anomalous
area, and therefore they must be consldered as insignificant erratic

Q . a
highs (possibly dues to contamination).

7 +

“ Anomalous Zn_cqncéntfations ﬁccur in 5 samples from .the Upper
Crey'till, 3 of which (#96H, 89H aﬁd 69).are in the main flgat area
"(Fiéure 395. The 'gmearing, maéking; and dilution effect of fhe secpnd
ice advance in the region is here again demonstrated due to their

relatively low concentrations.

Thre€ sgmples from the Upper Grey Till have amomalous Cu values. *

Number 26 (200 ppm.) is Focated to the north east of the maip‘ r

occurrence. Other samples in this area have relatively. high lues

so thls area bears further iqvéstigation. This is particularly true

in light of Drelmanis (1960) conclusion cdncerning Cu values in till,
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mentioned previoﬁsly. Numbérs 69 and 103 are also anomaldus in Cu
(98 and 231 ppm respectiveiy). Both are‘in the main area ."of floath'
occurrence. Number 103, bedause of 1ts'.‘high~vvalue and proximity to
red till outcrop, (50 feet to the Fast) must be considered to represent
reworked Lower Red till material, Number 69 is well '"'up-ice" from 103
and possibly its high value 'can be more eaéily linked f:o a proximal

bedrock source. . . . 1

The Cu and Zn value.s‘ in the Upper Grey till and Lo'werr Red till

then, generally outline the main fioat occurrence area. Lead values

are, however, erratic in the gf'gy till and .mig,ht be ﬁr,a_aed ;to contamination. ’
From the above feSul'ts, it is suggested that overBurden.drilling

in the vicinity of #26 &nd "up-ice" from 92B (near #69) would be an

N\
obvious next step to delimit the float source. (Figure 12).

Manganese (Mn)

General Occurrence
Hvdrous oxides of Mn and Fe are nearly ub1$uitous. in'glacial 3
sediments, both as partial coatings on other minerals and as discrete
oxide particles. Some 36 oxidic manganese minerals are recognized as
opposed to c;nly about a halfe (;lozein iron oxides. Dominant among tHe
concr'eti,onat_',v Mn minerals %Vn uncoqsolidatgd sediments are lithiophorite,'
birnessite and hollandite (Jenne 1968). Other Mn minerals of importance
include byrolusité - MnO., braunite - (Mn, .51)203., psilomel;ane - (Bli,\Hz())2
Mn, ()] . and rhodocrosite - MnCO.( ) »

Manganese is a lithophile element which is often associated with

massive sulphide deposits (uaually in pyrite and sphalerite‘) (Boyle

et al, 1966). Tt is roadllv oxidized even under only slightly




» ~

oxidizing cond_itiohs (i.e. below the water table) (Hawkes and Webb,. -

1962) to dioxide or hydrpxide forms. However, the primary importance

[N

of Manganese hydroxides to the -Drift Prospector is thelr great
capacity for co—pré‘cipif:atin'g or scavenging cations of Co, Cu, Zn,

Ni, Pb, Au, Ag, etc. from solution. (Hawkes and Webb, 1962; Boyle et al,

—

1965; Brotzen, 1967; Hornsnail and 'El‘liott, 1971; shilts, 1973; Govett,

1973; Meyer and FEvans, 1973; Govett et al, 1974; and others.)

* Manganese and iron oxides control the fixation of many elements
’ : ) : .
in glacial till. Since they. often occur as coatings.on other minerals,

they can exert chemical activity far out of proportion to their total

concentrations (Jenne, 1968). Brotzen '(1.967) has pointed out the strong

correlation between Mn and Fe concentration and that of heavy metals in

<
0y

unc':lonsolida'ted sediments, dele gg}_.(1968) repo‘rted similar resultsl
from a stream sedin'\gnt éurvéy 1n“!.iew.Brunswick.

The presence <;F Mn compounds '{s c;:msid.er‘ed significant in ex.plora—
tion - hoth':as_ a pathfinder element and as a means of enhancing minor
metal anomalies (Govett et al, 1974). 'However, tl;le s.cavenging "ab,ilit)r'
of Mn compounds can producé_ spurious anomalies of other elements in

,

glacial sediments (see discussion of sample #70A in the section on

Mode léf Occurrence.,)

anganese 1is readily‘at.tacked by the dilute acids used in the

pre-treatment of samples in this study, and standard procedures of -

Atomic Absorption Spec’trophz)tometric analysis are available in the

- ) e\

literature. . ) ‘

.




, Results

Unmineralized andesites associated with the Buchan's orebodies A

analyzed by Thurlow (1973) were found to cc;nt:ain apbroxigately 1239

. . - .
ppm. Mn after a strong acid digesticn.™ The twe andesi:e’s’amples analyzed

«in the Sheffield'Lake - Indian Pond area, by means of the paftial ex~
traction outlined formerly, yielded values of 163 and 680 ppm. Mn

respectively. The higher of the two values was obtained from.-an

andesite sample’ collected near the méin,float area.
. . L%

The Lower Red til] ‘ove'r‘lying these rocks would be expected to

have BackgrOund values lower than those of the andesite. The back-
- . . )

ground value for Mn in the Lower Red till is 491 ppm. and the threshold .

value is 1338 ppm. Sample #97 low is angmal{lous (1700 ppm) (Figure 40).

In the Upper Grey till the background \Akalue is considerably-'

lowér than that of the red till (254 ppm), indi.cating the low mob.ility'

of Mn in the epigenegic_environment. The threshold is 530 ppm,

°

Samples #69 and #103 from the maln ﬁoat area have anomalous va_'lure's»- of

625 and 900 ppm., respectively.. Samples #12, situated near Sheffield
, ' . 3 N

‘Lake, and #48 and #49 straddling the trans-Newfoundland Highway a mile

. . ‘

east of the main float zone, are also anomalous, with values of SbO,

585. and 750 ppm,, -respe«;r_ively.'\

It must be interpreted then, that the significaﬁce of Mn in the

? -

.

study area Is twofold. First, Mn, as well as Fe Oxides which were

always present in the samples '(Table 14) are apparently-capat;le of
concentrating the other ele:.nent’svof interest, Second, because of the

generally high concentrations it exhibits in the Lower Red till (Table

13) and in the Upper Grey till of the main float zone, Mn must be

~ Fl
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considered a very i.mportant traner element in the Sheffield Lake -
onss Y v ;

fndilan -Pond area.

. Ir'onv (Fe) '

General Occurrence : . ' .

°

Iron is a' sidér.ophile element which usually occurs .1In ,sulphideg_‘
deposits pt_;imarlly as pyrité - FeS; , marcasite - Fe§) p):frl;qt:ite - “_
.Fe'l_xs, and chalgopyrite - Cufe,Sz, all-nf {Jhich arevlabilg min:é'ral.s.
'fhe oxidation "of the polymorphous iron‘sulph'ides, pyrite nnd marcasiné,
produces an acid environmnn that promotes the migration noAt only of
the iron, but of inany‘bas‘isoc_iated'element‘s as well (Kreitgr. 1968; Hunt,
1972). The Gxidatio‘n“pr‘océss also results in the production of ~
e,lementai sniphur' and in the Eomation of highéf valéncy oxides or
hydroxides (Haw'kes and Webb, i§62; Hunt, 1972). Predominant amorllg"
these secondar); products:of iron éulphide decnmposition are hematite
. = Fe:0:, amorphous ferric iron - Fe:(OH);, or, one or both of two
FeO (OH) polymorphs, goethite and lepidocrocit:e.n? The last three ‘

minerals, which are»hydr_ate;d oxides, cannot be readily identified on ;

sight and are therefqré commonly labelled as limonite, a.non-committal

group name (Keller, 1968)-.

. The hydrous iron and manganese oxides are’ of particular concern
to .the Drift Prospector because 1) they coprecipitate with a suite ‘of
other elements, —)2) during and efter precipitation they have an affinity
fnr scavenging elemental cations with which they come‘in éonfagt, 3)
;chei limiF the mobility ‘of all other eleménts"_norma-ily associated nitl'\

sulphide deposits,. even under the 'low pH conditions cau?ed' by Fe.

{




, 1972; Govett,

-

7.

1973, Nichol, 1973; LevinSon, 197&) /
Because hydrous Fe ox1des in gl#ia‘l sediments geherally occur

as coatmgs on silicate minerals, thelr scavenging propensity is in—

‘creased far out of propertion to eir concentration due to the expanded_

reactiye surface at:tained, //

© . : -/ S ‘ : .
Nevertheless. although thg¢ hydrous oxides must be used with

caution by the Drift. Prospec)ior, they are important tracer elements
for sulphlde mineralizanoy/(covett et al 1971;), and the bonus of

their Scavengmg ability éerves to enh':-mce the generally low threshold

contrast. normally encou tered. Lnég_lacial till samples, In fact,

Hawkes and Webb (1962 point 60!: that,
/

3

"most: of the :Z/tal of clastic patterns, 1nc1ud1ng anomalous
metal, is contalned in secondary: minerals, principally in

the clay'miférals ,and hydrous oxides."

| Jenne (1968} states that the prlncipal control on the fixation

5

of he'avy metalg in solls 1s the hydrous oxides of Mn and Fe, and that
pO‘;‘;lbly zr: orpthn of heavy metals by clays can be traced to
| l1mon1té c atings on these ‘minerals as well.
It & appare’-nt:*then“, that if a series of geochemical samp;les ‘ayre‘.
to be tﬁken in .an' area, they shomild include only one 'soi'b'énf (organjics,
v-clays/or oxide&) (Shilts, 1971) and that SOrbent should be the hydrous
oxides of Mn and Fe whlch are ubiquitous in all soil horizons (except
" paksibly, ‘the leac’hed,Ae_in a podzol) (Jepne, 1968) . The or‘ganics
/Zre moﬁ_t easily av;ided by sampl‘ing only"C:" horizem—material and

‘a
<




.

organics and clays are readily removéd~5y‘we£ sieving the samples .

.

(Appendix C). .

ﬂIron exhibits low mobility in the epigenetic%gnvironmen;, due to
its rapid precfpitaiiqh as limohite an& gématite}‘ Even éo,‘high Ké
values (in tﬁe perceg;~réngg) are to be expected in'glacialltifl
bgcause virtuglly every rock type o§eri&dén and eroded Qy ice contains
FeVAé okiaes, hydfoxideé;fshlphides, silicates, e£c. Howgyér, only
néar increaséd bédrock concentrations of‘one'or more of the many Fe.
minerals (e.g. a'sulpﬁidg deposit) should the values be abpteciably
higher thah expected. |

Limonitic precipitates and their adsorbed ions are easily digested

An the dilute hot acid leach used for. this investigation and a standard

e

" method of Fe analysis by.A.A.S. is available in the literature.

Results

.

Andesites from the Buchans area contain 6.6 to 8,4% Fe (Thurlow;

19?3). ’Coﬁparable rocks.from th S;:?field Lake - Indian Pond area
(digested by wéaker reagents) haj:\Thdiggted values of 4,87 in the main
'floataarea aan1.7ZAoutside that zone (Table 1). i

The Lower Réd till overlying the main float zone andesite‘is_
enriched in Fe but hag a slightly prér concentr;tion than ghé bedrock.
The‘h€ckground yalue is 4.65% and‘tﬁe thréshold, 11.2%. An anomalous

value of 12.12 occurs in sgmple_92L, a short diStince "yp-ice" from

the mdin float occurrence (Figure 42).

The Upper Grey t#ll would be expected to have much lower Fe
- . ,
concentrations than the Lower Red till because of the Low mobility of.

Fe. A background value of 1.1% and a threshold of only 2. 47 seems to .

» . .
o N N ; -
1
¥ - . .
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bear out this dictum. Four anomalous value occur in the main float

area (Figure 43). These anomalous values for samples #69 #96, #97
and #103, stretch along the domihant early ice flow direction, and
out11ne the suboutcrop and outcrop of the Lower Red till amazingly
well Two other anomalous samples #75 and #100, oceur. to the 'east
" and north east of -the main float area, respectively.

Iron, then, is a very worthwhile tracer element in the Sheffield:
Lake - Indian Pond area. The dominant metallic mineral in the float
samples'is_pyrite (lable l ). Thereforef high iron;concentrations
weuld be expected in tillupverlying and "down-ice" ?rnm the sub?ut;'
cropping bedroek.source, since the main dispersion mechanism in the'-
areaféeems to be mechanical rather than hydromorphic (see section

on Mode of Occurrence),

. Sulphur (S)-,

‘General Occurrence -

L g

"Sulphur, although ‘the one elemead common to all suylphide
deposits, has been neglected in exploration geochemistry
in favour of the more specific metals derived from the
ore minerals .forming the explorat1on target" (Meyer and
Peters, 1973).

Sulphur i;.a chaleophilelelement, and pccurs in du sulphide de-
Vpoaits prlmarily aa pyrite - EeS » marcasite - FeS , pyrrhotite -
"Felh S, bqrnite - Cu FeS , chalcopyrite - CuFeS and possibly in "

7 associated sphalerite = ZnS%S and galena - PbS (Hawkes and Webb 1962),
The weathering of sulphideq produces transient elemental sulphur

which seldom per51stq 1n the epigenetic environment. Most of the

1n0rgan1c sulphur in soils is in the sulphate form (Starkey, 1966;




Hunt, 1972) As oxidétion of sulphides brogtesses the parert deposiE
is gradually desulphurized (Kreiter, 1968) and the sulphate thus
produced is, in pa:t, adsorbed by silt and clay particles and‘ 1@
importantly by Mn and Fe hydrous oxides (Meyer and-Peters, Ing'w
product of sulphide oxidation is sulphuric acid which drastically "
lowers the pH to 2.5 or less (Levinson, 1974) and thereby‘increases
the mobility of all of the associated suipﬂide elements and” sulphur
((Kragsﬁopf, 1967). The sulphate form exhibits extremely high ﬁobili;y
especially under low pH conditions and fof this reagon itiis at,;.~
impottant tracer element to the Drift Prospector. ‘ N, .
It is a fa1r1y obvious dictum that where metal sulphides occur in
séme quantity 1n'bedrock, the’ ovetlying soil or till in the vicinity.
éan be expected to contain anomalous quantities of a soluble, moblle

element like sulphur.

In 1971 Brinex conducted a survey of the sulphur ¢ontent of soils

ih their Newfoundland Halls Bay concession area (Peters, 1971). The

samples were analyzed for’Fe,VCu, gnd S,_ Where an anomalous -value for
S coingided with one for Cu t#én copper mineralization -in the form of
Chalcépﬁrite_was suspected. Conversely, when a S anomaly éoinbided'

- with an F; anomaly: then pyri}e minerqlization qas,sdspected in thé
un&erlying bedrock. This hypéthésis was tested in areas of known:
'mineraliZation and a good degree of succesé‘was attéined. However,’
severdl S anomalies were found to be unrelated to'either Fe or ‘Cu
anomaliés;and their occurrences are inadequately expléined by Peters

(1971). _ Qulte possxbly they are due’ to the Sﬁppllng method used

threbv organlc r1ch humus was included in the samples Since plants




require sulphur in varying amounts as a ﬁutrient they tgﬁd to

concentrate it, fhus more erratic concentratfoné wguid be expécted

in humus'than in the "C" horizon, due.solely to boténigal éifferences}
Guntoa and gi;hol (1974), using‘the sulphur content of the -80,

+230 mesh fraction of basal till, likewise had géo& success in

outlining bedrock mineralization. Théy found that values in the rdnge

of 1.0% sulphur in the till were’anomalous.

The use of sulphu: as a pathfinder element” in drift prospectiAQ
studies has been hindered by the lack of a qu{ck, accurate, and reliéble
method of analysis, With ihe advent of the LECO SULPHUR ANALYZER in
.geochemical prospécting however, this obsgacle has,seen largely remévéd
(Foscolos and Barefoot, 1970; Peters, 1971; Hausen et al, 1972; Meyer

:

and Peters, 1973) (Appendix C).

3 a

Results -

The analyzed samples of andesite bedrock froh the Sheffield Lake -.

4

Indian Pond area contains 0.347% and 14.5% S. The lowetr value réj;gsents

the andesité sample collected 6u§side the main float area. Three float
. , . . ] o :
boulders from the area contain between 23,6% and 39.1% sulphur (Table

1) and Malmquist (1961) reports the S content in one clast as 42.9%.

The overlying Lower Red till of the area has a background value

.of only 579 ppm S, but a much higher threshold value of 2110 ppm.
Sample 921 is anomalous i2530 ppm). These-relatively low values

probably indicate'thentemoval of the highly mobile sulphate ion by

~ - .

circulating acid grourdwater with only a very small proportion of the

n

S remaining adsorbed’to limonite, or occuring in discrete sulphide grains,
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’

The Upper Grey till has a background S level of only 46 ppm, .

and a threshold value of 120 ppm, Anomalous, values occur in samples

192H (153 ppm) and #103 (245 ppm). Again the extremely high mobility’

f S.is indicated, although both of' the .ano'malous values occur. in the

o] b £
Ym*?floa t zone,

Summary
Manganese, the onIy litholphile element studLed is rapidly oxidized .

in the till and almost as quickly co-precipitated with ferric hydrdxide
or precipitated'i‘n neutralized groundwater as o%clusiohs on'various
mineral clasts in the ti1l, 1Tt is a good p‘athfinderreleme_nt in that

it is enriched in both till units in the main float zone.

Nickgl, cobalt and fron, the siderophile elements studied, have

widely '.varying mobilities and effica(‘y as tracer elements in the

Sheffield Lake - Indian Pond region .« Nickel is-probaply not a
worthwhtle tracer here bécause of its low concentration in the bedrock
soﬂrco of the float c]asts. Manganese and iron hydrated oxides are
particularly adept at scavenging éoluhle col_)alt. sulphate liberatec.l fror!a
the -sulphide source in the _S'heffiejd Léke - Indian Pond area aﬁd thus .

its high mobility is, in part, restricted. Nevertheless, cobalt is

anpther good tracer element here since the only anomalous values for

Co are fourdd in the main float zone. The low mobility usually

-

«-xlxll»i;od In the epigentic vnvironmenfhy Fe holds true in the study

area, H()wever, due to the predomitant mechanical dispersfoh (e.g.

f lpat (ldsts) v¢fry high Fe values nro*encounterod over the whole

Jun;,th nf Red til1l outorop and in the superimposed grey till in the
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, d
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.main float Zone: Because of the pyrite rich‘.source' in the area, -a,ndf

the low mobility of Fe, it must be considered. an indiégensible tracer' v

element for the purposes of this "study.

The chalcophile elements, Cu, Pb Zn and 5 represent a tremendous

‘range of elemental mobility in the Sheffield Lake ~-Indian Pond tills.

. The' extremely high mobility of S has resulted in much lower concentrations

of thiq element tm the tillq than expected from the andesite and float

Fi

concentrations. .However, S still outlines the main float area with

+
’

high or anomalous concentrationq and higher concentrations are seen in

.

.a few locations "up-ice' of - the main float occurrenceq in the grey till.

Zinc, the next most mobile of the éhalcophile elements studied is

o

hindered as a tracer e]ement betause of the presence of Fe and Mn

e avengers which restrict its mobility and because the quboutcropping

. t'loat sou-rce (as ascertained from float analyses is indigent in 7n). .

~ :

Even so, Zn must be considered as a relatively worthwhile tracer

olement, since the highest concentrationa are found either in the tills

.of the mailn float area or a qho, distance "down-ice" from there.

Topper, which ts considered td he less mobile than 2i or § in

tillt is, however, the main element of interest in the Gheffield Lake -

»

Indian Pond area, The concentrationq encountered, particularly in the
float boulders and: Lower Red till, warrant further work up-i_ce"ufrom
sample site #928 which was anomalous in Cu. ‘ |

Lead, thet leastimohile of the chalcophile e-lements, studied,.hae .
not proved to he a good'pathfinder- element In th°e 'Shef-f‘ie;.ld' Lake;-
Indlan Pond area. This can be .primarily attributed to a paucity of ,

Pb in the bedrock source (as ascertained by float analyses) and possibly

9
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also to its very immoblle nature, whereby it should occur . 1n anomalous

concentration 1n the till of - the IMME;;:¥E~v1cinity of the subgutcropping

. deposit, but ahould rapidly diminish down—ice from it. Since .no pits

were opened ‘immediately over suboutcropping sulphides, till enriched in

.

Pb'was'oot found.
It is important to noté here that the weathering of the float
bonlderé themsefves is not the source of the'anomaloos trace elément-‘
coneentrations 1n the two ttll units. Theranomalous values for Cu,
Fe and S the three most important tracers (stnce the float analyses

reveal that high concentrations of these 3 elements exist.in the

LY

bedrock source), do not. correspond to the areas where hundreds of
sulphide float_claets are concentrated in the tills, but rather are-
generally up-ice from'them. (Fredriksson and Lindgren, l967)'ootained

similar results from a survey in Finland. !

.

Pnofile‘Samples

K]

Six of the 108 pitq dug in. the trenching and sampling phase of

the Sheffield Lake - Indian Pond project were profile sampled. to,

’

‘ 1) determine elemental variations with'depth, and in that way to find
the optimum sampling depth. 1n the- "C" horizon and ro 2) ttace the
micro-float train. in fts vertical, as well as its hortzontel, 9omponent

(Hawkes and Webb, 1962) (Figure 5),

Pits #46 and #64 were 10 and 8 £eet deep, respectively. Only

the Upper Crey Till was encountered in each (Table 13). Pit 64 was

located wlthln the maip float area, while #66 was aPProximately two

miles to the Eaet (Figpre 12).

.
-
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- In pit #64 Cu, Co, Ni - Mn values are generally higher than 1n
pit #46., This could. be because of the proximity of pit #64 to the
outcrops off the Lower Red till (approximately 400 feet to the east)
Possibly the red till ‘occurs: below _the 8 ft, depth of the pit.

In both pits the Pb Zn and Fe value& are simidar, ‘D\ere is no

-

.qyetematic variation :ln eIemental concentrations with depth in either

» profile, as would be expected in #64 1f red till was, indeed below B -
the base of the pdt These results sug‘est that in the Upper Grey till
any "C" zone sample would be equally representative of the unit as. a whole.

Pit #102 is located 6 m‘.les to the north east of the main’ float

P Lo

area. The 8 foot’ deep. pit was located on. the lee side of, and 200 feet
"down—ice“ frOm bedrock outcrop. It-was apparent from the rhc;ttled
n'attl‘re' of the pit walls that grey and red 4till are ntixed at this .
1oca11ty.‘ VIn fact, a rather angﬁlar.block of red‘“til‘l conlo be ‘
“outlined which appeared to have been "ripped up" from the red till
near the base of the pit and incorporated into the .overlying grey t:lll
"I‘he profile samples were col-lected 80 as to avoid this red till block.
The profile samples taken at pit #102 show a very slight increase .
in Cu and Fe toward the base of the pit (F..>A), (Teble 13). A1
other elemental concentrations are relatively constant throughout the
profile with the possihle exception of S, which seems to increase in |

concentration upwards (A..>F) in the profile. reflecting its high

mohll ity, =~

The reddish till at this site bears little chemical similarity

to the Lower Red tfll in the main float area, 4s can be seen from

»
~

~ 2




Table’ 13 It may have'been Empléced‘confemﬁoranéously with the Lower

\

Red Till and been oxidized during, an 1nterstadia1 period as was the

- Lower Red'till._ Apparently;]it has been diluted with barren'rock ,

material incoporated into the till, The grey till at locality 102;‘\

however, seems to bear a strong chemical similarity to that in the
v . . . .

main float atea, as is apparent from a comparison of #64 or #46

with #102 onTable 13. . N 4 -

Pits- #70 #7OB and #9ZB all bottomed in Lover Red till.

Numbers 70 and 70B were located in the same small bedrock depression~

about one mile to the west of the main float zone and approximately
30° feet apart., They were 7 and 6 feet in ﬂepth, respectively and

. ;e%e dﬁg perpendicular to each other to gbtaip a 3 dimensional view of
theitill'stratigféphy, as éhoqn below:

N,

. “\.

The occurrence of Lowet Red till in the bas; of each pit is
”EVLdenced by higher concentrattonq of Cu, Pb, An, Co Ni, Mn, Fe and
S in samples. A and B of pit 70, and by Cu, Co, Fe and S in sahple A
of pit 7OB (Table 13). The lack of contrast in elemental concentration

for the other 3 elementq qtudied in the red and grey till in 7OB might




-

! o be explained by a greater incorporation of tqﬂ till material 1n the

- grey unit during deposition.

v »

Pit #92B bottomed on chloritized andesite bedrock which contains

LY

very minor-pyrite disseminations, as sbown below,

. . TR Q2B :
Nt ;‘ e e
, . E
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. . . e B o
' . T .
RED TILL

- . &

Avgharp break is:éﬁparent betweea-thé.elehgﬁtal c?nceptrétions in
the Lower Red, and Upper Grey tills~(Téb1é 13). The{h&ptr Red till is,
.enriched in évegy_element agalyzed én;'the concentration, as would be
: : ‘expézted, inqreases as the weakly pytitized bedrock is approacﬁed. From
the very high concentratlonq encountered in the Lower Red till .in this
pit - eVen allowing ‘for the prox1mity of bedrock - it is apparent that'
bedrbck Cu sulphide mxneralizat1on is to be expected a short distance
up ice from this 1ocality. The high'cbncéntr;tions, eépecially for Cu,

Fe, Mn and §, are not qedentary or residual deposits becaUQe the bedrock

at the slte has no viqible mineralization - other than the very minor
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pytite alluééd toAabove ~ which could have been oxidized, and

re—-precipitated in the "brlef” 1nterstadial interval between red and
.grey till emplacement. It is conJectured then that the hundteds of

sulphide float boulders "down-~ ice and the high trace element concen-

> trations at pit #92B have a common bedrock source "up-ice" from this

sample site.

s
s

Mode of Metal Occurrence; L.

-7 The profuse float clasts.in the Sheffield Lake - Indian Pond area

’

apparently indicate meohanical (clastic) dispersion'as the domlnant’
syngenetic dispersion process in the -area, as 6pposed to hydromorphic -
dispersion. s .

Moot of ‘the metal comptioing dlast!c‘diépersion patterns including
anomalous metal, is contéingd in secondary‘minerals (f.e. hydrous onides
of Mn and Fo).and as discrete primaty (sulphide) grains. |

As ‘a means of obtéinlngva reliable prognosis'of'nhlch of'these tno
modes of occurrence,. secondary minorals or primary sulphides, is dominant
‘in the Sheffleld Lake - Indian Pond area, the heavy and light fractions
of samples from both till units were analysed Twenty samples selected
as representatlve of both till units and a range, of metal content were

-} .

separaﬁed with tetrabromethane in Hutton centrlfuge tubes (F1gure 48)

- ‘

- according to_the procedure of 221man and Lawrence, (l972) Each of the
. heavy separates and eleven of the 1lght fractlons were then- analysed by .
A.A. S. using the'same methodology as for the bulk samples (F. Goudie,
Personal Communication, 1974). The re5ults_appear.in Table 14, Sample

pre-treatment is dutlined on Flgure 54. o

-
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Table 14 : Heavy and Light Mineral Fractions Analyzed by
’ Atomic Absorption Spectrophotometry
. 5 |
ppm. ppm. - ppm. Ppm Weight per cent light
n Co Ni Mn- : : and heavy nlingrals
44 25 47 245 4.6 -
21 5 20 153 ‘ . -
-- - C em - : 95.4

46 - 30 255 ' 4.8
20 - 9 168 . - -
-- -- -- £ 95.2

315, : 35 2.5
60 5 ' -
-— : - _ 47.5

| 32 N 1.0 16.9
99 _ 17 T L -

23
4 19
25 ; 12,

43 26
30 . g 6
14 ' 20

49 7
25 , 13

72 34
37 i 11
34 ’ 32




No.

704
86

89L
91AL
91A§
92L

92H

94L

Hvv,
Bulk
lc.

Hvy.
Bulk
Le.

Hvv.

Bulk
Lt.

Hvy,

Buik

Lt.

Hvy.
Bulk

L.

Buik

Lt.

Hvy,
Bulk
Lt.

Hvy.
Bulk
Lt.

ppm.

Cu

160
151
115

30
15
10

40
15
N.A,

28
18

.17

27
18

266

185
160

95

41
.27

110
24

ppm.

Pb

425
175
175

O

17
13
12

o

17
16
15

ppm.
Zn

244

1202

252

34
35
-20

70
28

46
20
36

36
18
19

70
38

o

54
31
73

59

25 .

25

P

'Tahle ]5~(Continued)v

ppm.

Co

—

30
" 30
28

12

15

15
40
34

ppm.
Ni

48
27
28

25

13
13

44
6

40
24
24

32
11

. 30

30
27
25

40
15
30

23
20
20

ppm.”

Mn

282
575

588-

213
188

200 .

332

- 180

175

105
205

122
155
105

463
681

620

385

450
282

332
240

202

s
]

-
[V, NV Ve )
NP
~ O

o N O ore N oW P
. . N
O = b

LOQON
[« - IV TP

11.4
12,1
10.1

— -
N

[« o SN
@ O &

Weight per cent light
and heavy minerals

O oW

5.2

8.4

91.6

4.9

95.1
7.5

. 92.5

—
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. .
Table 14 (Concluded) .
. 'ppm. Dpm, opm. apm, ~ ppm, ppm. : Weight per cent light
Nes . Cu Ph Zn Co Ni Mn . Fe and heavy minerals

951 Juyv, 18 13 44 2130 332 1.9 4.6
Bulk 8 8 - 85 5 10 120 0.5 - --
Le. N.A, - - | = - - - 95.4
' 1024 Hwv. 40 11 37 - 19 25 87 3.4 ‘ 4.9
Bulk 38 - 6 29 - 7 14 137 1.9 -
Le. N.AL - - - e - - ) 95.1
103 Hww. 125 7 24 50 30 577 " 3.4 19.0
Bulk 231, 7 36 50 19 900 2.8 --
Lt. N.A. - - - - Co-—- —-—- 81.0
104 ~ Hev. . 68 7 33 10 - 26 500 3.9 20.3
Bulk 60 6 39 - . 8 15" - 480 3.6 . el
. 0.7 71.7

Lt. 55 6 32 9 28 425

Not analyzed ‘
See flow chart (Appendik C) . ’ oL ) T [ N

Y

Hvy Heavy mineral fraction (+ 2.92 S5.G.)
Lt. = Light mineral fraction (- 2.92 S.G.)
Bulk = -80, +230 Mesh sample R . N
y ] . ) N .
- ';;// -

&
g¢t




»

In &4 few cases (Table 14) the eiémental concentra'tioq \;alues
rure’somewhat erratic, in tha;t _t'he he&‘vy dand/or light fractton vaiues
greatly exceed or are l‘ess .thar{ the bulk sample cépqéntratiop ol“ the
element in the —same sample. This 'i_s_expiained by either 1'ﬁhoﬁogene‘o¢s
suh-—sampiing o'r‘by. precision effecg:s. For example,- ;he value for'?.n;
. in: the WGIK sample ,‘59[,_ iq l_f;ss than ‘either at‘:he light':~ or heg;/y- fraction®
vadluu. The va.lue oi’ 99’ ppm r;rorded is the- :mean_of 10 analyses ra%u;’,ing
from 50 to 105 ppm, whéar"eés the light and h.'ea.vym'fvﬂn.ctton valué!i are ‘
single determinations only., ) ' ‘

Manganese h}drous _oxic;ea ‘aro noted for their meta'l} séévenging;
-abil i“Ly and also for .theiraﬁiﬁty to précipltate-'on slli_cate mineral \
p.ralvns.' thereby exe‘rting a éhemjcai a;:ttvity out of pruporltlon to their
congentratlon, A resalt of this effect {s th‘e; hiéhér Mn content of _
the light than heavy fraction of s\arr-!prles #70A, 91A Low and QZLow_; (:T'able]ll)..

~

. Sample #70A, in which the light separate contains almost.twice as
. : . . .-
much Mn as dves the corresponding heavy frac_t fon also contains :more Zn

and is'relatively highly enriched in Cu,- Co and Pb in the light f-j:'actinn.

as well,  The vu-prec{ipl-tat10n¥f’ Zn, Cu, Co and Pb, in such quantitles with 3

Mn has obviously been the deminant metal fixing process in this sje-lmple.
o s : -
Zn and Pb anomalies in #70A, ‘then, must be construed as resulting from

thv. high Mn ('onc.ent ration {n rhe s-.ample and c.'m' hé l‘nlterp:reged as a ‘.

spurfous anomaly. . - ' . "’
Samples #91AL and #92L are also enriched lh Mn In the‘ "lights",

however, no other elomf:nt is mrruspopdinp;ly'enr[('h(;d as in the cade

of #I0A (Table 14), Afac".t higher values occur in the "heavies' for

cvery other clemen nalyvzed in these samples,




Mn content of the light fraction of the other eight samples is
lower than that in the corresponding heavy fraction which indicates
that most of the metal in the Sheffield Lake — Indian Pond samples
occurs as discrete sulphide grains, with the Mn and Fe oxides,
relegated to a secondary, but important, role.

The role of hydromorphic dispersion in the samples cannot be
determined because the complex soluble salts, evolved from this
mechanism, were removed during the pre—treatment wet sieving of the

samples.

Elemental Correlations

Upon completion of the A.A.S. and Leco analytical programs, the
"tracer" element concentration data was punched on separate computer
cards according to the format shown in Figure 49. Pearson correlation
coefficients were calculated for all of the elements analyzed in both
till units, (Wennervirta, 1968; Nichol, 1971; Levinson, 1974) on a IBM
370/155 computer, using Fortran IV language and a program developed
by G. Cawthorn (Personal Communication, 1974). The correlation
matrices calculated (Table 15) indicate strong correlations between
iron and sulphur, copper and iron, and copper and sulphur. Samples
of float from the Sheffield Lake - Indian Pond area are rich in pyrite,
chalcopyrite and bornite, with traces of galena, sphalerite and
pyrrhotite (Table 1 ). The bedrock source must, therefore, be enriched
in these minerals, in approximately the same proportions, and this
is reflected by the correlations obtained.

As a test of the significance of the correlations, the confidence
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Cu
"Pb

in

,CO

N
Mn
Fe
s

¢

1.0

-

0.7219 - 0.2316

1.’0

 TABLE

'0.9446*
1.0

Zn

. . -

. . ‘
Significance =-~ 0.553" @ 95%

0.684% @ 997

15

, 0.2;69
-0.1629
0.2542
1.0";

0.1844
1

10,4544 .

0.4075

0.6229"

1.0

Correlation’Matrlx'for Lowetr Red Till‘Déta: (13 samples

0.310
0.0606

-0.1557

0,9359%

" 0.5069 -

1.0

0,8727

0.0851
0.0887

- §.3262
1Q.2615

0.3025
1.0

0.6276
-0.6276

-0,1810-

8., 0847
0,0399
0.0566
0;3566*
1.0,




o

levels (95% 'n4';d 99%) h;":w; been calculate;!,.and appear. on the Tablves'_.r

The norrelations obtained seem to indicate that, althougn the
"mlxing of ti11 .material during emplacement ‘naturally teduces the
correlatlona, the mu:ual order of the coefficient remains unchanggd
(wennervirta, 1968) (e.g. although the Zn and Pb contents of the sourcél‘.'ﬂ
" are low, and -even though ‘the actual concentrations have been further
-reduced by di lution. the‘ cotr'elation b_etween them ls _sti}l-stron-g‘).

_ Oth'er.correlatinns of intefest 'a‘re: o .
Mn and Fe with Cu, 'Co, Pb and Zn - reflecting the scavenging
propensity of llmonlte in the epigenetic till envirc;nment. '

Ni correlates only weakly with Co in the Lower Rad till thus

refleéting its lack of association with the other elements

analyzed and its absence et the‘s"o_urc'e rocks. Nickel. i‘s,

theréfore,A not a _wbrthwhile tracer eLemenE in" this study aren.

¢~A c‘ompnrison of 'elennenta-l correlatinns f-or'th_c_e“Upper Grey and
Lower Red tills underscores the dominant:mi'ne.ra’logy of the bedrock floa't ‘
s(mr'm-. Cu/Fe, Cu/S.and Fe/S make up half the Lower Rnd ti11 . - > o
(orrclatiuns and reflect the dominant chalcopyrite - pyrit:e mineralization

in the qviclnit.y.' The ' Upper (.rey till elemental cortelations include

all of thnse‘ found in the angr Red ti1l (wi-thr‘th‘e éﬂxcept.i,on of the

.weak Co/Ni correlation) (Tables 15 and 16) .{howev,er,. these domlnnnt

ones dre ‘rendered obscure due to the occurrerce of a welter of

equally significant correlations of the less interesting elements.

a




_ “TABLE 16 - g - i
Correlation Matrix for Uppér Grey till Da’ta: S Included -(52 gamples)

1

. |
Cu 1.0 -0.0204 O.3B10% 0.7360% 0.1685 0.7257% 0.6439%  0,5154
Phe - 1.0 0,4025% 0.0029  0.2098 00885, ' 011021 -0,1680
Zn - - 1O . 0.3286"  0.2175 0.5037% 0.6382 -0.0112
co R X 0.0217  0.8798% . 0,6646% 0,6129% -
T C - - - 10 0.0935  0.0867 " 0.0646
T - 1o 0.8036% . 0,5138%
Fe - . - - - L0 - 0.5647%
A o S S R

{ . " e T J
Zn o . NEC M . Fe.

’

Significance --- 0.273"
' N.354%




TABLE 17

-

. Correlation Matrix far Upper Grey Till Data: S, Excluded (142 samples)

Cu. 1.0 0.326 0,3295% 0.4682%  0.0430 0.6411%  0,4261%
B - 1.0 0.3845% _ 0.1126  0.0600 0.1758"  0,4054*
Z. - - 1.0 " 0.3170% - 0.1158 . 0.5335%  0.5499%
Co . - 10 -0,0207 © 0.5761* 0,4382%
NG - - 1.0 0.0940 -0.0711
Mn . - - - - 1.0. 0. 6264*
Fe - - - - . 10

Co = - Ni Mn Fe °

/]

Signiflcance —-- 0.166" '@ 95%
L 7 0.216% @ 99%

-




The ramifications of this obseryation coupled with the threshold
. ‘ ' . . . \

contrast and profile sample data formerly presented (Figures 30-45 and

*47) include 1) the importance of sampling the.stratigraphicglly

1owesf'unlt in any geocheélcal study based on glacial till sampling,

and 2) the imporrance of obtaining a giaqial geological interprgtatfdn

of the area to be studied'prior to ché gi?chemical survey.

[
a

B




. TABLF 1B SUMMARY OF SIGNTFICANT CQRRELAiIONS"

Upper Grey Till , o _ cU/zn;_CuICo; Cu/Mn; Cu/Fe;
‘ T ' , - .Cu/S; Fe/Zn; FefCo: Fe/Mﬁ*;»
o . ’ %-S/m; S/Co; Mu/Cox;

Mn/Zn; Zn/Pb; Zn/Co**; Fe/Pb**

Cu/Fe;. Fe/S; Zn/Pb%; Cu/S;
Mn/Co; Co/Nik*
. ‘N, -

Lower Red Till

~
* Strongest significant correlations

** Weakest. sfgnificant ‘correlations




CHAPTER VI:

CONCLUSTONS AND RECOMMENDATIONS

(:()NCLUSiONS_ o f '
A reiteration -of the three main aims of the Sheffield Lake - Indian

1
Pond Project is in order herg¢. They were to:

.

occur in the vicinity ‘on the ha#ﬁs of coﬁbined Drift Prospecting teche

v

1) Iﬁferpret the Glacial History of the region

¢

2) Delineate a source area for the sulphide ¥loat clasts -which

N -

niques; and

I

3). "Fvaluate the applicability of each  of these techniques to

Newfoundland terrain and conditions.
.“ . (=]

A‘thorough search of reievant litera;ure, an extensive air»photov
.intvrprétatfon ahé ficld measurement of striae setSJ'groovesrand
cre?ccncic marks all indicate a dominang'féé,flow toward the northeast,
However, 4 mére cdﬁplex regional ice flow history was revealéd during.
thv’nnnlyses of till faﬁrics in the study area.‘ An early,;strongAndrth
. . . .

casterly ice flow is préserved in the till fabrics of the Lower Red t}il
and in the basal portion of the Upper Grey till in the area. However,

higher in the Upper Grey till, the'floﬁ is indicated as moving toward

the north and northwest.

The two till dnits, differentiated, on tlfe basis of variou$ physico-
chemical parameters, record two scparate ice advances in the area, the

] ,
carlicr of which may antedate the Wisconsinan Period. * This is the first
:

conclusive evidence of multiple glaciation in north-central Newfoundland.

it SRR P




-

The primary float fan, which occurs in the Lower Red till, has heen
masked, §mea?ed, ana a:teﬁuated by tﬂe ghacigf“re-advance which emplaced
the Upper Grey till, Much of the pa;t confusion in'interpreting‘thé souarce
of the sulphide float fh the Sheffield Lake‘— Indian Pond area has derived
from the failure to recognize and_correctly interpret'thg relationship of

these two distinct till units as representing separate ice advances.

v

This also accounts for the often "patchy" surficial occurrencesyof the
. #

float in the région. . o ¢
Mélmquist (1961) concluded his feport on the_Boiiden-Brinex joint
boulder tracing project in the Sheffield Lake - Indian Pond area with

Y .

the observation that "without doubt, thére must be .., copper mineraliz-

-

ation somewhere" in the region, however, "whether the mother lode is
an ore body of large. or small size (or several such bodies) is a very

difficult question to answer,"
These condé¢lusions, with a few important new cqnsiderations, are

= «

still bnsically“applicable to the resylts of the present study., Unless

the source of the hundreds of sulphidg‘floa; clasts was cogpletely eroded
away during the pre-glacial and glacial perio&s since its formation,
then copper mineralization must exist i the bearock up~-ice from the
indicator train outlined during tﬁis st;dy (Figure 27).

Buecause of the host rock of the flqac, (andefite) the- ore body(s)
must be within the area of suboutcrpepping andésite rock, north of the
Andvsite/Syenfte and Cranite/Andesite contacts.

The small angle of giyg}gence of the primary indicator train in

- i - .
the Lower Red till indicates that the source area probably consists.of
. o, _

one ore bodv of limited sub-outcropping extent (but quite possibly of




tahular shape ana steeﬁ inclination) eqcloéed within one of thé
alternating andesite "bands" revealed during the diamond drilling phase
of the Boliden-Brinex project (Figure 51). V

| A short distance of trangport is indicated by the angularity of the
f[oat Flast;, the high éhlogite content'of the clays in the vicinity,

X

the generally low resistance to comminition of sheared, chloritized

and highly miqeralized float clasts, the transport distances of associated ,

indicator pebb}e.lithflogy,in the till,*and the anomalous concentrations
of trécef eLements in tﬁe.%ﬁli matrix of the vicinity.

. On thelhasis Qf £h§ édmbined Dfifc Prospecting teqhnﬁques.utilized

a probable source are; on wﬁich ¥o cénéentrate more Enténsive exﬁloraﬁion
(Figure 50) las been delineated. Thié target érea encgmpasses' a zonhe

of small, 1enticuiar rhyolite outcrops, so mineralization may be associated

with the andesite-rhyolite contacts (H.R. Peters, Personal Communication,‘}

1974).

" The air‘phot;graphic interpretétion gnd'bedréék preserved ice flow
indicator méasurements performed in the regiqn gavé a good indipacion.
of the dominant‘regional ice flow, however, little ind&cation‘of the
important, late, topographicaliy'contrblled ice flow (revealed in the

Trill fahrfcé) was indicated hv these tecﬁniques.v
The various sedimentological tecgniqugs utilized were particulartly
rffefti;c in‘différentiating the two till units in the study area on the
basis Qf colour, texture, clay minerals, and pebble lithology. As well,
s - ' .

these ‘techniques were invaluable during the pre—treatment splitting,

wet and drv sieving, and heavy -mineral separation of the samples.




.
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The Seismic refraction survey was useful in determining drift
thickness, however, the contact between the two tills did not represent
a significant velocity increase and so could not be mapped with this
instrument. The survey was also limited due to the restricted penetration
achieved using the hammer and plate mode instead of more efficient
explosive boosters,

Stemming from the geochemical phase of the project are the
observations that the —-80, +230 mesh fraction of the till matrix is an
exceptionally good size range on which to perform geochemical analyses,
the hot HCl1l - HNOz digestion, and both the Atomic Absorption Spectro-
photometer and the Leco Sulphur Analyser are well adapted to a study of
this type, and the generation of Pearson Correlation Coefficients and
correlation matrices were very useful to the final source determination,
since important, obscure elemental affinities were enhanced. Cu, Fe and
S were found to be the best tracer elements in the area, especially

where they were mutually associated.



Recommendations

Malmquist (1961) recommended that any further work in the Sheffield
Lake - Indian Pond area should concentrate near the Main Float Zone
(his area '"A"). The study area should "be extended further to the west
and south (from Highway #2) as far as the boundary between andesite and
syenite'. He also recommended ''a more extensive diamond drilling program
complemented by bulldozer digging for ore boulders in order to follow
the copper mineralization from the showings to the source'". He further
suggests that "it would also be of value to take samples for geochemical
analyses in connection with digging in the till". All of Malmquist's
(1961) recommendations, with the exception of costly diamond drilling,
were incorporated in the present investigation.

As a result of the Sheffield Lake -~ Indian Pond study, it is
recommended that:
I. Intensive exploration for the suboutcropping source of sulphide float
be confined to the area shown in Figure 50.
IT. Rotary overburden drilling on a grid pattern in the delineated
source area be utilized for further intensive exploration. A unit of
this type could quickly and efficiently collect basal till and bedrock
chip samples for geochemical analyses and ultimately define a diamond
drilling target.
IIT. The combined methods of Drift Prospecting, including glacial
geologic, sedimentologic, geochemical and geophysical techniques, be
used in the future for similar investigations in Newfoundland. Glacial

geologic studies provide an understanding of glacial history, and most



importantly of former ice flow and sediment transport directions.
Sedimentologic investigations provide a means of differentiating drift
units and estimating transport distance of drift. Geochemistry provides
a further means of differentiating drift units, and more importantly,

of tracing metallic float to its source. Geophysics provides an idea

of the thickness of glacial drift and topography of buried bedrock.

IV. Of the various specific techniques and equipment employed in this
investigation, the following were particularly well adapted to a study
of this type:

a) Trenching with a backhoe (where possible) provides an investi-
gator with a vertical section through drift for examining stratigraphy,
measuring till fabric, and collecting samples at known depths for
sedimentologic and geochemical analysis. For this latter aspect, trench-
ing proved far more suitable than overburden drilling with a Pionjar
drill, and extra information was obtained.

b) The Huntec seismic refraction unit utilized was suitable for
determining drift thickness. However, it was not possible to differentiate
drift units nor bedrock types.

c) Geochemical analyses of sediments should be confined to a
specific size range (with a lower and upper size limit), such as the
0.180-0.062 mm. (=80, +230 mesh) fraction used in this investigation.

By doing this it is possible to eliminate several sources of metals under
investigation which ultimately simplifies interpretation. Spurious ano-—

malies resulting from sediment textural variations are also eliminated.



d) Of the various elements investigated Cu, Fe and S are particu-
larly good tracers, especially when the three are mutually associated.
Mn, Zn, and Co were also found to be useful tracer elements. All six of
these elements were anomalous but showed lower threshold contrast in the
Upper Grey till of the main float zone, therefore, geochemical prospecting
of surficial deposits is of some value in outlining areas of potential
economic importance. However, geochemical analyses of stratigraphically

lower parts of a till provide more useful imformation.



APPENDIX A ' , ‘
‘TABLE 19 S .o o

s

DTAMOND DRILL HOLE LOGS: RRINEX-BOLIDEN JOINT PROJECT. 1961-1962

-/ ‘(Frqm Malmquist, 1961 and Peters, 1962)

/ Refer to Figure 51 for Drill Hole Locations
Q

D.D.H, 61-1 - . : ‘ Length - 400'.
o . Plp . 45°
Azimuth 075

-0 . — Casing -
30! Andesite-minor pyrite
45" Rhyolite Porphyry
60! . Andesite-pyrite
195" Rhyolite Porphyry
210" - Andésite
225" - Rhyolite Porphyry
2507 Andesite o
340" - Rhyolite Porphyry
3607 ‘Andesite

-

I

. -

DD, 612 o o Length 405"
‘ , : " optp 4s°
Azimauth 155

Casing -
Andesite-minor pyrite
Rhyolite Porphyry
Andesite~minor pyrite
Rhyvolite Porphyry
Andesite A
Rhyolitv_Porphyry
‘Andesite

Rhyolite Porphyry
-Andesite




D.DGH,

Length . 466"
Dip ’ 45°
Azimuth 142 .
Core Recovery 932

Casing -, . ' - . .
Andesite Porphyry — chloritic with epidotized-sections
Rhyolite Porphyry - R
Andesite

Quartz. Feldepnr porphyry

Andesite

Rhyolite porphyry

Dacite -,

Andesite

Quartz Feldspar .Porphyry

Andesite

~ Quartz Feldspar Parphyry

Length 3497 .
Dip ‘ " 50°
Azimuth 142

Core Recovery 84%

Casing R
Breeciated, Andeqlte 1xwphyry-mlnor pyrite . N
Quartz Feldspar Porphyry (considerable missing core)-
Andesite-minor pyrite -

Quartz ¥Feldapar Porphyry
Andesite-minor pyrite
tuartz Feldspar Porphyry

«~ Brecelated Andesite




n.h.H,

0

.26°

37"
39!

78!

90"

REYA

137!
167" -
303!
i
315"
1553

379°
381"

456"
462"

. 46737
4700
TLA4810

D.DUHL

\

-
o

"T¥

92!
141°*
127

RUYAR
176"
- 149"
w201

207*%-

. )42'

’62'
287,

330% -

3491

377

62-5 ‘. oo Length 487

' Dip 50°
Azimuth - 142
Core Recovery 987
(Asing : T
Porphyritic Andesite -~ epidote pAtcheq
Quartz veiln . . -
Andesite , . ' .
Silicified Andesite - minor chaicogzrite
Porphyritic Andaqlte

.Quartz, Feldspar Porphyry

Andesite

.Porphyritiv Andestta - mlnor ghalcogxriten

Quartz, Feldspar Porphyry .
Lamporphyre Dike o . R
Quartz Feldspar Porphyry T . o o

~ Andesite -

- Massive fine gralned Pyrite,'

<> Caslng

"

LT

-

-

.

Andoqite-ﬁihor pyrite .. ’ :
,Feldqpnr porphyry - *
Andeqlte e o
Dacite - PR

Andesite =

Quartz Feldspnr Pnrphvry : . . !

-

62-6 RN . Length : .400!
L ' Dip o- 45°
'h - ] “_ , ' ) l3Azimuth~ 0112 _
o : .Care Recovery 97%
Andesite,- brecciated - minor pyrite
~ hassive pyrlte 70'-71'
Quartz Fe1dspar Porphyry. T :
Andesite- mtnor pyrico
Dlorite t : - .
Andeslite minor pyrite’ * S, ' ‘ .
Quartz Feldspar Forphyrv CL - . o
. Andesite = ' : - o7
Quartz- Feldspar Purphvry B
"Andestte - - v " . o
Quarte Feldspar Pnrphyry o
Andcsite-mihﬂr pyrite . e
Quartz Feldspar Pnrphyry ‘ X ]
"Andesite~minor pyrite- stringorq e L . .
Quarte. Feldspar Potphyrv—minor chalcquyltv L
Diabase Dike-minot’ hnlgogirlte Y '
Andeelto—minor pyrite .-
Qunrtz Feldedr Purphury/thelltv .




D,DH.

Cor
30"
50"
59!

YA
113
130°
135"

152"

157!

. 207"
228"

254"

267"

. 276"

286"

2997

320"

D.H,

- Length
. Dip,

Azimuth

Core Recovery

Fabing

Porphyritic Datite
Porphyritio’Rhyolite
Andesite-minar hematite

" Porphyritic Rhyolite:

Andesite-minor pyrite

‘Porphyritic ﬁhyolitu

Andesite = chlor{itic

‘Porphyritic Rhyolite -

Andesite .

Porphyritic Rhyolite ,
Andesite -3 " stringer of pyrite -
Porphyeitic Rhyolite, . .
Andesite :

Dacite

»

- Andeqlte-mlnor chalcngxrite and pyrite
~ Rhyolite Porphyry ) . )

Andesite-minor pyrite

¢

N .

. n . ° . .
62-8 . ‘ . Length 300!
: . Dip - | . 45°.
*+Azimuth ~ 135
Core Recovery °~ 95%

Casing o ) ‘

bragmentad Andesite - (onqlderable pyrlte throughout qection

3

. -~ some chalcopvrite erecially 45' to" 89'
- ' - at 47' 3n btringer estimated 0 2 Cu”

X Qudrt7 Fvldspar Porphyty . - ' Sr
Andesite - some. hemhtite )

Granite - pink - coarse grained
Chloritic Andesite — some pyrite
Quartz Feldspar Porphvry'
Andesite

Quarta Fcldspar Pnrphyry
Andesite .- migor'pyrite .
Quartz Foldqpar Porphyry

‘Andesite

\

Quartz Feldspar Pnrphyry
Andesite : .

.




I.eng'th

- Dip °
~Azimuth
Core.Recovery

-Casing e '

Fragmental Andesite - 1" massive pyrite at 113
- - minor chalcopyrite .

Porphyritic Khyolite N .

Andesite . . .

Granite - inclusions of andesite

Andesite - minor pyrite




@ BRINEX—BOLIDEN DRILL
. HOLE LOCATION

0 - 2000 F1.
L - J




APPENDIX B

FIELD METHODS

Till Fabric Apnalyses:
As a means of determining regional ice flow directions in the
Sheffield Lake - Indian Pond area, 108 pits were dug in the till to
. depths of between 5 and 12 feet. A depth of at least 3 feet was thought
i to be sufficient to restrict the affects of frost heaving and plant
I roots on pebble alignment. The pit sites chosen were always located on
relatively flat ground to avoid, as much as possible, the affects of
; soil creep and solifluction. Usually, two till fabric analyses were
performed at different depths in the deeper pits or where the Lower Red
till unit was encountered, to determine ice flow variation with depth.
Fresh surfaces were cleared on the pit walls to avoid clasts
disturbed by digging. The strike and plunge of at least 50 elongate

pebbles with a visually determined A:B axial ration of 2:1 or more

(Andrews and Smith, 1970), and a long axis of at least one centimeter
(Young, 1969), were measured with a Brunton compass corrected for
magnetic declination.

At least two workers were always employed in the measurements of
clasts in any one pit, thereby, limiting personal bias.

If there was any doubt that the pebble had one dominant axis, it
was discarded. Pebbles for measurement were selected, not from only
one pit face, but rather a few were taken from each cleaned surface

of the pit.
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Results were plotted on Rose Diagrams and the dominant orientations
obtained were plotted on Figures 13-15. One hundred and thirty one till
fabric analyses were completed in this way, and an interpretation of

regional glacial movement obtained.



APPENDIX C
FLOW CHARTS

8 KG. CHANNEL SAMPLE OF
ENTIRE “C" HORIZON OR
LOMER & UPPER HALVES
SEPARATELY*

HANO SIEVE THROUGH 16MM.
SCREEN. DISCARD > 16MM.
FRACTION

=

COLLECT PEBBLES In

48 0Z. CONTAINER UNTIL
1/2 - 2/3 FULL, WASH
AND SIEVE THROUGH 8MM.
SCREEN. DISCARD
REMAINDER

8 - 16MM.
PEBBLES**

IDENTIFY AND GROUP
INTO SIMILAR
LITHOLOGIES.

M LT AT

S

PERCENT PEBBLES
OF EACH LITHOLOGY

SO

Z 2222z

f

WET SIEVE 1 XG
SAMPLE THROUGH
-063MM. SCREEN.
STORE REMAINDER

FOR REIiERENCE .

16MM. - .O63MM.
FRACTION

OVEN DRY

DRY SIEVE THROUGH
2MM. AND 0.180MM.

< .063MM,
FRACTION

SETTLE OVERNIGHT,
ST WET IN 250ML. POLY BOTTLE

AIR DRY TO SLURRY
- SUBSAMPLE 10-20

STAINLESS STEEL GM
SCREENS. I
1
{ 1 | { i |
16 - 2w, | |2wm. - 0.180MM.| | 0.180MM. (80 MESH) REMAINDER 10 - 20GM.
(GRAVEL) | |FRACTION T0 .063MM. (230 OF SLURRY SLURRY
FRACTION MESH) FRACTION
T T
OVEN DRY PIPETTE
WEIGH ANBLYSIS, ————y
SEE APPENDIX C
Jj
WEIGH WEIGH WEIGH WEIGH TOTAL WEIGHT
] Wi, ’ SIPHON OFF
i1 GRAVEL, ; 20M.. < .002
] sAMD, MuD ‘s MM. FRACTION
] (SILT + CLAY [
i o A ,IIIII Ak kL L
] 80-230c MESH [} ] <.ooam. ¢
H FRACTION, FOR {] [1 FRACTION FOR
] GEOCHEMISTRY. 1 ] CLAY MINERAL []
1 ¢ ] ANALYSIS.
| SEE APPENDIX C 1 A
TITTITTZZZ ; SEE APPENDIX C

FIGURE 52 : PROCEDURES FOR SEDIMENT ANALYSES AND FOR

OBTAINING SAMPLE FOR GEOCHEMICAL ANALYSIS

=

22272772227

* - IN 6 OF THE 108 PITS DUG, PROFILE SAMPLES WERE COLLECTED AT 1 FT.
INTERVALS, DEMNOTED A, B, C, ETC. FROM BASE OF PIT.

** - LEE, 1965



10 - 20 gm. < 0.063 mm. mud
subsample in 4L. beaker

|
preparation for pipette analysis

25 ml. uzoz + 1 ml. M’lz
- overnight -(rewoves organics and flocculates)

siphon off water, transfer mud to molt mixer cup with 5%

calgon solution until cup 2/3 full,

blend for 10 minutes

transfer to IL. cylinder and bring to volume with calgon solution

pipette analysis of silt and clay fractions*
1

I

siphon off 20 ml. clay (< 0.002 mm)

preparation for clay mineralogy

add 1 - 2 ml. clay suspension to each of
4 glass slides - air dry

X-i"ly analysis

|
e S

N SILT/CLAY RAT!OR
N e T S e R

183

Heat in 80°C. oven overnight

scan 3% - 15%, 19 2¢/min.

lmd'lu 1y scan
- Mse 19 29/min.

PSS S SN SSSSN
CLAY MINERALOGY

BRI R BRI

1968.

FIGURE 53 : PIPETTE ANALYSIS AND CLAY MINERALOGY

SLIDE “D*
ACID TREATED

|
Place on rack over contafper
of 2N, HC1 for 1 hr. in 80°
oven

£ 8 . | 1
SLIDE "A" SLIDE "B" SLIDE "C"
UNTREATED GLYCOLATED HEAT TREATED
= 1 . I ' 5
ar Scan Slow Scan Place in dessicator with Place in 600 C. muffle
2°, 1° 20/min.  24° - 26°, 0.25° 20/min. 200 mls. Ethylene Glycol, furnace for 1 hr.

slow scan 24° - 26°.
0.25° 20/min.



OVEN DRItD 0.180
0.063MM. FRACTION,
STORED IN PLASTIC
VIALS

SPLIT INTO
3 SUBSAMPLES

184,

(SEE FIGURE 48)

——

0.400GM. INTO
20ML. TEST TUBE

A DIGESTION

10ML. ’IN.HK)3
THEN TML.
16N.HCL

PLACE IN 100°C

WATER BATH FOR 1.5
HOUR. STIR WITH
VORTEX ACTION STIRRER
EVERY 30 MINUTES

COOL, THEN BRING
TO 20ML. WITH

DISTILLED HZO'

ATOMIC ABSORPTION
ANALYSIS. SEE
APPENDIX

PPM. CU, PB, ZN,
Co, NI, MN; %-FE

b4
5GM. CRUSHED TO
POWDER IN PORCELAIN
BALL MILL.

v
0.100GM. INTO DISPOSABLE
CRUCIBLE. ADD TIN FLUX
AND IRON CHIP ACCELERATOR*

s

0,
FIRE AT 3000°C FOR
5 MINUTES IN LECO
INDUCTION FURNACE.

b4

PPM. SULPHUR

*

* FOSCOLOS AND BAREFQOT, 1970
** ALLMAN AND LAWRENCE, 1972

ADD 2GM. SAMPLE
INTO EACH OF FOUR
HUTTON CENT IFUGE
TUBES FILLED WITH
TETRABROMOETHANE .
STIR WITH GLASS ROD.

SPIN WITH CENTRIFUGE
AT 2000RPM FOR 3
MINUTES**

v
ISOLATE HEAVY FRACTION
WITH O-RING ON GLASS
ROD. DECANT, FILTER
AND COLLECT LIGHT
FRACTION ON FILTER
PAPER. RINSE WITH
ACETONE AND OVEN DRY.

DECANT HEAVY FRACTION,
FILTER AND COLLECT

ON FILTER PAPER.

RINSE WITH ACETONE
AND OVEN DRY.

Z WEIGH BOTH
: FRM‘I;IOKS
WT. % NT. %
HEAVY LIGHT
MINERALS MINERALS

ELEMENTAL ANALYSIS ‘

OF EACH FRACTION

FIGURE 54 SAMPLE PRE-TREATMENT AND GEOCHEMICAL ANALYSIS



APPENDIX D
TABLE 20

Ice Flow Indicators
Orientation Location

SET # COARSE FINE TYPE LATITUDE LONGITUDE

1 030 Striae 49Re 2O OY 56539 RO
2 025 "Nailhead" Striae 49° 20' oo0O" 5651381y 351"
3 020 Striae 49° 20' 15" 56° 37' 40"
4 030 Striae 49° 20' 45" 56° 36' 00"
5 020 Groove 49RO AL 561 135 E QO
6 060 Striae 49° 20' 20" 565N O O
7 020 Striae ZORNZONS 0T 56 5S4 bSO
8 060 Striae 49° 21' 30" 56° 34' 00"
9 020 090 Crossing Striae §A9° 21' 30" 56° 33" 45"
10 035 ""Nailhead" Striae 49° 21' 45" 56° 32' 15"
11 020 Striae e ety 2 MR {0 b S5oEaI3 2NN
12 025 "Nailhead" Striae PO RN S () SNy ARG,
13 020 090 Crossing Striae ZEOE N (OO I Sars IO A
14 035 Striae 49° 22' 00" 56° 30' 45"
15 030 Striae 49° 21' 40" 56° 29" 30"
16 035 Striae ORI 56\ % E29 R3O
17 030 Striae and Gouges ORI ZEl 315 SoEERZRZ Ol
18 020 Striae 4Ol 45 56° 29' oo0O"
19 025 Striae 49° 22' 05" 56° 29' 00"
20 045 Striae 49° 23' o0" 56° 28' 35"
21 040 Striae 49° 23' 50" 56° 28' 30"
22 025 Striae G OERD/RISR /(N 56° 28' 20"
23 020 Striae and Gouges AQRND S0 0N SHEEED S5 T
24 315 Striae 4 IenZ2e i3 0% BIEEERZTA N5 [
25 020 Striae AOR25NS 0N 565027 teil b
26 025 Striae 49° 25' 55" 56, 51261 v 501"
27 020 Striae 49° 26' 00" 56° 26' 15"
28 030 Striae 49° 26' 15" 56° 23" 50"
29 050 '""Nailhead" Striae e S 27 AR T O 561 123ty ot
30 060 Striae OSSN0 B 565123V 00




APPENDIX E

Cost Sheet

Capital Expenditures (Seismograph-Lab Equipment-
Field Equipment, etc)

Transportation and Living Expenses

Salaries (3-man Field party)

Backhoe Rental (incl. operator) f

Check Analyses (Atlantic Analytical Services)

Miscellaneous (Aircraft Rental - Air Photographs etc.)

Total

$6,600.00

1,400.00
8,200.00
510.00
120.00

_3,040.00

$19,870.00



APPENDIX F

TABLE 21
SEDIMENTOLOGICAL DATA

Sample 16mm§2mm 2mm~0?063mm —0.023mm
Number Depth Material (gravel) (sand) (silt & clay)
T-1 4" grey till 38.0 54,6 7.4
T-2 4" grey till 54.3 33.0 12.7
T-3 4" grey till 23.2 42.0 34.8
T4 4.5 grey till 35.3 43.8 21.0
T-5 4.5 grey till 46.8 39.0 14,2
T-6 8' grey till 49.3 47.0 3.7
T-7 4" grey till 34.0 $41.0 25.0
T-8 4' grey till 17.6 56.6 25.8
T-9 4" grey till 44,7 41.0 14.3
T-10 4" grey till 27.8 63.6 8.6
T-11 4" grey till 62.3 33.5 4.2
T-12 6' grey till 49.6 22.6 27.8
T-13 85" grey till 38.0 39.0 23.0
T-14 4.5' grey till 36.2 34.8 29.0
T-15 6' grey till 20.2 47.8 32,0
T-16 4" grey till 47.2 47.0 5.8
T-17 b grey till 37.6 35.5 26.9
T-18 b b grey till 50.0 339 57 [
T-19 4" grey till 63.6 23.1 13.3
T-20 4! grey till 53.9 26.0 20.0

See Figurel2 for pit locations. T = dug by hand, TB = dug by backhoe.



SEDIMENTOLOGICAL DATA

%

7%

%

Sample 1 6mm—2mm 2mm—-0.063mm -=0,063mm
number Depth Material (gravel) (sand) (silt & clay)
T-21 5" grey till 56.1 27.0 . 16.9
TB-22 high 4" grey till 35.8 38.6 25.6
TB-22 low ik grey till 72.4 16.9 10.7
TB-23 high at grey till 54.6 33.0 12.4
TB-23 low 5 grey till 54.6 28.8 16.6
TB-24 i grey till 43.2 53.0 3:05
TB-25 T 5" grey till 63.5 f 35.3 1.2
TB-26 F it grey till 45.3 31:2 235
TB-27 7* grey till 63.1 24,7 12,2
TB-28 high 3" grey till 49.3 47.0 o Py
TB-28 low 6' grey till 60.2 25.9 13.9
TB-~29 high 4" grey till Sl 33.7 13.6
TB-29 low 8" grey till 51.6 33.8 14.6
TB-30 7.5" grey till Ll 36.2 16.6
TB-32 1 grey till 44.1 49.7 6.2
TB-33 high 4" grey till 49.0 37.5 13.5
TB-33 low 8' grey till 45,0 44,7 10.3
TB-34 " grey till 47.2 45.7 Tel



SEDIMENTOLOGICAL DATA

%

%
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%

panpl 16mm-2mm 2mm—0. 06 3mm ~0.063mm
number Depth Material (gravel) (sand) (silt & clay)
TB-35 6.5"' grey till 48.1 45.0 6.9
TB-36 high 4' glacio-fluvial 58.4 36.4 Sad
TB-36 low 8' glacio-fluvial 35.8 42.0 22.2
TB-37 high &' grey till 36.8 41.4 21.9
TB-37 low 8! grey till 39.2 41.3 185
TB-38 high 4.5' grey till 45.6 43.9 10.5
TB-38 low 8! grey till 35.1 4 25.5
TB-39 i grey till 45.0 2?.2 21.8
TB-40 7' grey till i T 41.2 33
TB-41 8' grey till 36.5 41.3 22.2
TB-42 high 3' grey till 42.0 41.9 16.1
TB-42 low 7.5' grey till 44,0 41.8 14,2
TB-43 high 4' grey till 49.0 37.0 14.0
TB-43 low y A¥ L grey till 38.9 49.4 13.7
TB-44 i grey till 64.8 30.4 4.8
TB-45 7! grey till 59.7 35.3 5.0
TB-46 P A 10' grey till 52.0 40.0 8.0
g B 9 grey till 53.4 35.4 11.2
£ 6 8' grey till 50.4 42,0 7.6
i D 7 grey till 55.3 37.5 X
eE 6' grey till 48.1 40.4 11+9
ot " = grey till 44,3 41.8 13.9
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SEDIMENTOLOGICAL DATA

Sample l6mﬁ—2mm 2mm-0f063mm —Of063mm
Number Depth Material (gravel) (sand) (silt and clay)
G 4" grey till 53.2 38.8 8.0
H i grey till 48.7 39.6 11.7
TB-47 T 3" grey till 27.5 37.3 35:2
TB-48 ™ grey till 60.3 28.5 1.2
TB-49 8' grey till 65.9 25.0 951
TB-50 i grey till 51.1 36.7 12.2
TB-51 745" grey till 60.3 f28.7 11.0
TB-52 75 grey till 50.3 44,0 .
TB-53 Tt grey till 44,3 39.9 15.8
TB-54 3 grey till 67.8 22.0 10.2
TB-55 8' grey till 46,7 48.5 4.8
TB-56 8' grey till 45.8 38.8 15.4
TB-57 Tt grey till 46.8 36.4 16.8
TB-58 at grey till 23.6 215 24,9
TB-59 high 4' grey till 48.1 34,7 172
TB-59 low 8' grey till 48.9 37,7 134
TB-60 high 3' grey till 39.5 35.0 2540
TB-60 low 6' grey till 45.4 37.6 17.0
TB-61 s grey till 18.4 45.0 36.6

TB-62 6' grey till 24.8 44.0 31,2




SEDIMENTOLOGICAL DATA
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Sample > > 8
16mm—2mm 2mm-0, 06 3mm -=0.063mm
Number Depth Material (gravel) (sand) (silt & clay)
TB-63 high 4" grey till 37.4 38.7 2309
TB-63 low r grey till 40.0 40.5 19.5
TB—64 P A 8' grey till 37«3 38.1 24,6
o grey till 33.3 36.1 30.5
7 F[E A 6" grey till 21.3 38.2 10.5
= T & grey till 40.0 36.3 23.7
e E 4" grey till 41.6 4%.8 13.6
TB-65 Tow 7' red till 53.5 31.0 25.5
TB-65 high 4° grey till 25,2 40.3 34.5
TB-66 high 4" grey till 38.8 50.6 10.6
TB-66 low B8’ grey till 26.0 45.5 28.5
TB-67 P ls" grey till 38.7 33.2 28
TB-68 6' G.F. (?) 30.4 50.1 19.5
TB-69 x? grey till 59.2 33.3 7.5
TB-70 P A 8 red till 31.2 32.1 1647
A red till 47.1 375 15.4
£ C 6 grey till 44.5 40.1 15.4
ik 5P grey till 35.4 47.8 16.8
e E 4' °  grey till 18.6 42.3 39.1
s



SEDIMENTOLOGICAL DATA

%

%

%
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Sample 1 6mm~2mm 2mm~0 ., 06 3mm —0.0gBmm
number Depth Material (gravel) (sand) (silt & clay)

TB—-70B P A F i Red till 7349 18.2 T8

L grey till 66.1 25.4 8.5

£ G e grey till il 325 10.3

= T grey till 42.4 36.9 20.7

e E 3" grey till 43,7 35,2 5 B |
T-71 s 5¢ grey till 39.6 47.7 1247
T-72 5% grey till 55.2 6.8 8.0
T-73 4" erey till 55.0 32.4 12.6
T-74 4.5 grey till 69.7 17.5 12.8
T-75 5°* grey till 50.3 44,2 5.5
T-76 4" grey till 44.1 36.1 19.8
T-77 - grey till 69.8 ¥ rAel B!
T-78 &5t grey till 38.9 40.3 20.8
T-79 4" grey till 34.7 38.8 26.5
T-80 4" grey till 45 7 357 18.6
T-81 4" grey till 38.0 45.1 16.9
T-82 LeS? grey till 44 .9 36.0 19.1
T-83 . b grey till 31.8 42.5 25.7
T-84 < grey till 42.6 26.3 31.1
T-85 4" grey till 61.7 24.7 13.6
T-86 5.5 grey till 65.9 23.8 10.3



SEDIMENTOLOGICAL DATA

%

%

%

Sample 16mm~-2mm 2mm-0,063mm  -0.063mm
number Depth Material (gravel) (sand) (silt & clay)
T-87 4,5' red till 42,2 36.0 21.8
T-88 5! grey till 60.6 27.8 11.6
TB-89 high 4" grey till 14.6 53,5 31.9
TB-89 low 8! grey till TH A 535 3347
TB-90 high 4" grey till 28.5 44,1 27.4
TB-90 low 8' red till 287 50.8 20.5
TB-91A low  8' grey till 31.4 4f.3 28.3
TB-91A high At grey till 34.6 38.0 27.4
TB-91B low 8.5" red till 49.4 33.3 17.3
TB—-91B high 4" grey till 16.8 41,2 42,0
TB-91B middle 6°' red & grey 50.4 27 =9 2127
TB-92 high " grey till 38.2 39.0 22.8
TB-92 low 8! red till 62.9 28.:8 8.3
TB-92B P A T red till 58.4 31.0 10.6
o red till 63.7 25.0 11.3
fC L L red & grey 64.0 18.7 173
T 850 gy 33 49.7 31.2 19.1
e E 5 Grey till 34,1 4 ZD 23.4
s
TB-93 high 4" grey till 18.5 59.1 22,4
TB-93 low 8.5' grey till 13.1 56.2 30.7
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SEDIMENTOLOGICAL DATA

%

y4

%

Sample 16mm—2mm 2mm-0,063mm -0.063mm
number Depth Material (gravel) (sand) (silt & clay)

TB-94 high 4" grey till 30.1 43.5 26.4
TB-94 low 7 o grey till 13.2 50.5 36.3
TB-95 High 8! grey till 151 51.0 339
TB-95 low 4 grey till 19.6 51.8 28.6
TB—-96 high - b grey till 42.3 322 25.5
TB-96 low 9.5' grey till 26.5 45.6 27.9
TB-97 high  4° red till 465456 .4 11.0
TB-97 low 8! red till 29.7 44,3 26.0
TB-98 high 51 grey till 24,0 55,1 20.9
TB-98 low 9" grey till 32.9 44 .9 -
TB-99 high 4 grey till 50.4 37.5 i2.3
TB-99 low 8' grey till 43.8 41.0 15.2
TB-100 high 3! G.F. (?) 46.1 297 24,2
TB-100 low 6' G.F. (?) 53.2 28.0 18.8
TB-101 55" G.F. (?) 11.5 53.6 34.9
T B=102 P A 8' red till 44,7 39.2 16.1

o R o red till 51.9 31.8 16.3

G 6' grey till 48.1 35.9 16.0

s B 5 grey till 47.9 34.4 17.7

e E 4" grey till 5343 34,7 12,0

T E A grey till 42.0 44.0 14.0
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SEDIMENTOLOGICAL DATA

Sample 16mm52mm 2mmr0?063mm —0.363mm
Number Depth yaterial (gravel) %ggnd) gsilt & clay)
T-103 3 grey till 5242 33.4 14.4
T-104 41 red till 47.0 37.6 15,4
T-105 DD red till 51.8 31.6 16.6
T-106 41 grey till 44,3 34.4 2133

TABLE 21 SEDIMENTOLOGICAL DATA (Concluded)



APPENDIX G
TABLE 22
PEBBLE COUNTS TILL FABRIC
Till Dominant Secondary
% Granite 7 Rhyolite 7% Andesite Total Type Depth Mode Mode

Sample f# (18) (114) (14) % Others Counted (Grey or Red) (in feet) (Az.) (Az.)
T-1 59 8 33 - 203 G 4 030 345
T-2 91 7 2 - 330 G 4 015 090
-3 30 61 - 9 252 G 4 315 020
T-4 15 50 35 - 236 G 4,5 325 045
T-5 24 22 47 7 315 G 4.5 300 -
T-6 40 39 - 21 345 G 8 335 060
T-7 36 64 - - 252 G 4 320 035
T-8 46 40 B 14 353 G 4 045 100
T-9 63 19 18 - 357 G 4 000 065
T-10 40 25 35 - 587 G 4 345 -
T-11 46 18 36 - 463 G 4 015 130
T-12 NONE TAKEN DUE TO COMPACTED TILL

T-13 56 32 - 12 224 G 5.5 060 015
T-14 35 30 - 35 316 G 4,3 015 -
T-15 37 23 40 - 362 G 6 335 020
T-16 17 17 66 - 302 G 4 000 035
T-17 3 - 97 - 410 “ G 5 045 -
T-18 14 4 82 - 415 G 5 060 350
T-19 2 - 98 - 284 G 4 040 075
T-20 - ~ 100 - 324 G 4 355 -
T-21 5 95 - - 360 G 5 340 -
TB-22 low 2 5 92 i 570 G 7 270 290
TB-22 High y 14 75 4 387 G 4 335 030

See Figure 12 for sample locations.
Rock type numbers correspond to those of Neale and Nash, 1963,

G - denotes grey till; R-denotes red till; GF - denotes "Washed" grey till,

= dgnotes pit dug by hand; TB - denotes pit dug by back hoe.



TABLE 22

PEBBLE COUNTS TILL FABRIC
Till Dominant  Secondary
% Granite 7 Rhyolite 7 Andesite Total Type Depth Mode Mode
Sample # (18) (11A) (14) % Others Counted (Grey or Red) (in feet) (AzR) (Az.)

TB-23 low 26 18 49 7 366 G 5 335 -
TB-23 high 13 14 49 24 385 G 3 000 090
TB-24 26 13 59 2 335 G 7 340 040
TB-25 30 30 40 - 419 G 7.5 015 110
TB-26 20 - 80 - 490 G 7 090 015
TB-27 36 8 52 L 494 G 7 080 045
TB-28 - - 100 - 316 G 6 015 095
TB-29 low 19 E 81 - 344 G 8 005 060
TB-29 high 20 x 80 - 239 G 4 015 -
TB-30 9 3 88 = 450 G 7 035 135
TB-31 52 6 42 . 316 G 7.5 285 -
TB-32 98 2 L i 454 G 7 290 355
Thmy v 28 8 34 - 442 G 8 310 350
TB-33 high 37 11 35 17 291 G 4 330 065
TB-34 88 8 4 = 513 & 7] 340 065
T8-35 - - 1 - 318 G 6.5 040 320

$§Z§Z ﬁ‘i’“’h g; 3 o = 352 GEED 8 RANDOM ORIENTATION
T5-37 low 49 X e - ek ~ GF (2) 4 020 095
TB-37 high 28 T 22 - 40 G 8 070 000
: 18 51 3 326 G 4 015 100
TB-38 19w 19 il 59 11 535 a 8 050 a0
TB-38 high 34 11 49 6 488 G i e e
PN o 1o 43 10 296 G 7 345 H
TBma0 o8 2 42 - 261 G 7 030 :
e iy b 9 3 504 G 8 350 270
IBmaz low 5 9 55 - 403 G 75 095 005
il bign 2l 10 65 b 691 G 4 010 315
TBm43 Low 28 7 65 : 607 G 5 045 110
TB_ZZ T 4 b2 = 485 G 4 030 350
$§I45 ° 0 94 - 468 G 7 000 315
9 4 87 - 739 G 7 030 -

L6T



TABLE 22

PEBBLE COUNTS TILL FARRIC
Till Dominant Secondary

% Granite 7 Rhyolite 7 Andesite Total Type Depth Mode Mode
Sample # (18) (114) (14) % Others  Counted (Grey or Red) (in feet) (Az.) (Az.)
TB-46 low 21 3 74 2 641 G 10 340 -
TB-46 high 11 9 72 8 260 G 4 290 005
TB-47 22 10 68 - 495 G s 270 -
TB-48 3 - 97 - 544 G 7 005 075
TB-49 13 12 75 - 478 G 8 030 115
TB-50 20 7 66 i 544 G 7 030 -
TB-51 49 - 48 3 584 G Joo 015 105
TB-52 26 6 68 - 319 G S 045 105
TB-53 70 4 21 5 417 G s 045 115
TB-54 31 26 43 - 477 G 7 010 130
TB=55 43 7 50 - 491 G 8 355 100
TB-56 22 13 60 5 414 G 8 020 130
TB-57 70 6 24 - 515 G e 330 -
TB-58 21 15 64 - 469 G 8 345 -
TB-59 low - 1 99 - 433 G 8 355 285
TB-59 high 15 2 83 - 385 G 4 335 305
TB-60 low 10 5 85 - 347 G 6 345 270
TB-60 high 14 4 82 - 382 G 3 330 260
TB-61 11 62 27 - 466 G 7 270 350
TB-62 15 5 80 - 271 ad 2 G 6 315 10
TB=63 low 22 17 61 - 470 G 7 005 110
TB-63 high 42 7 51 - 292 G 3.5 345 085
TB-64 low 20 4 76 - 442 G 8 345 255
TB-64 high 18 8 74 - 274 G 4 280 355
TB-65 low 3 3 9% - 358 R 7 040 -
TB-65 high 42 11 47 - 349 G 4 015 045
TB-66 low 48 11 41 - 407 G 8 060 -
TB-66 high 49 11 40 - 400 G 4 030 330

86T



TABLE 22

PEBBLE COUNTS TILL FABRIC
TIL) Dominant Secondary

% Granite 7% Rhyolite 7 Andesite Total Type Depth Mode Mode
Sample # (18) (114) (14) % Others Counted (Grey or Red) (in feet) (Az,) (Az.)
TB-67 20 21 59 - 394 G 123 300 -
TB-68 29 45 26 - 402 GF (?) 6 000 050
TB-69 - - 100 - 352 G | 060 300
TB-70 low 2 87 11 - 386 R 8 355 330
TB-70 high 3 91 6 - 451 G 4 335 000
TB-70B low - 99 - 1 366 R 6 000 085
TB-70B high 3 94 - 3 198 G 3 330 -
T-71 50 - 1 49 415 G 5 015 095
T-72 63 - - 37 286 G 5 065 165
T-73 15 8 75 2 398 G 4 030 125
T-74 88 i 11 - 550 G 4,5 005 -
T-75 - 22 76 2 360 G 5 040 -
T-76 20 14 62 4 427 G 4 320 020
T-77 27 1 65 7 589 G 5 345 -
T-78 34 i 43 8 343 G 4.5 280 000
T-79 27 10 57 6 369 G 4 060 350
T-80 37 7 53 3 334 G 4 015 -
T-81 36 9 52 3 439 “ G 4 060 -
T-82 20 34 41 5 288 G 4,5 130 040
T-83 35 13 49 3 367 G 5 095 000
T-84 62 17 20 1 363 G 5 290 345
T-85 63 3 34 - 326 G 4 275 -
T-86 15 12 73 - 175 G 3.5 025 -
T-87 39 10 47 4 297 R 4,5 055 335
T-88 29 8 61 2 404 G 5 020 275
TB-89 low 22 27 50 1 472 G 8 350 -
TB-89 high 27 11 62 - 422 G 4 275 -
TB-90 low 31 18 49 2 348 G 8 015 250
TB-90 high 34 17 45 4 249 G 4 270 330

66T



TABLE 22

PEBBLE COUNTS TILL FABRIC
Till Dominant Secondary

% Granite 7 Rhyolite 7 Andesite Total Type Depth Mode Mode
Sample # (18) (114) (14) % Others Counted (Grey or Red) (in feet) (Az.) (Az.)
TB-91A low 20 7 72 1 358 R 8 015 -
TB-91A high 31 10 59 - 305 G 4 335 045
TB-91B low 5 3 92 - 331 R 8BRS 040 -
TB-91B high 16 7 73 4 374 G 3 005 270
TB-91B middle 19 - 76 5 249 R 5.5 - -
TB-92 low = 12 88 - 150 R 8 030 335
TB-92 high 19 16 65 - 424 G 4 345 065
TB-92B low ~ 43 57 - 145 R el 045 330
TB~-92B high 27 14 56 3 389 G Sio) 340 070
TB-93 low 43 19 37 1 339 G 8.5 020 065
TB-93 high 40 19 38 3 357 G A 010 065
TB-94 low 21 13 63 3 297 G 7 000 -
TB~94 high 18 30 51 1 262 G 3.5 345 230
TB-95 low 40 13 46 1 8ol G 8 015 090
TB-95 high 24 18 58 - 495 G 4 000 090
TB-96 low 8 13 75 4 858 G 555 355 -
TB=96 high 9 9 82 - 472 G 4.5 325 050
TB-97 low - 1 99 - 389 R 8 045 345
TB-97 high = - 100 - 423 R 4 030 310
TB-98 low 29 18 50 3 400 ~“y G 9 350 -
TB-98 high 35 23 40 2 306 G 4,5 330 275
TB~99 low Lk - 89 - 425 G 8 085 015
TB-99 high 20 3 77 = 336 G 4 110 035
TB-100 low 24 8 68 - 458 GF (?) 6 285 010
TB~100 high 14 20 66 - 294 GF (?7) 3 085 =
TB-101 36 8 54 2 365 GF (7) 6.5 030 125
TB-102 high 20 43 S/ = 338 R 8 330 -

00¢



TABLE 22

PEBBLE COUNTS TILL FABRIC
Till Dominant Secondary

% Granite % Rhyolite 7% Andesite Total Type Depth Mode Mode
Sample # (18) (11A) (14) % Others Counted (Grey or Red) (in feet) (Az.) (Az.)
T-103 1 2 97 - 376 G 5 330 055
T-104 - - 100 - 423 R 4 065 325
T-105 - - 100 - 376 R 5.5 065 330
T-106 22 - - 78 246 G 4 015 105
TOTAL SAMPLES TOTAL PEBBLES

141 54,581

Average of 385 pebbles/sample counted

PEBBLE COUNTS (COMPLETED)

TOC
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l"H"
l"L"

15
lS“H"
lS'lL"
16

17

18

19

20
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22L

22L||HII
22L"L"

22H
23L
23H
24
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28L
28H
29L
29H
30
31
31(2)
32
33L
33H
34
35

GEOCHEMICAL DATA

APPENDIX H

TABLE 23

ppm ppm pPpm ppm pPpPm ppm % ppm

Cu Pb Zn Co Ni Mn Fe S
8 4 21 5 20 153 0.6 34
27 16 44 25 47 245 2.0 NA
NA NA NA NA NA NA N NA
18 6 14 2 9 220 1.4 NA
8 8 25 1 26 185 0.6 30
8 9 50 2 6 268 1.0 NA
35 11 50 10 33 280 0.8 NA
23 9 60 8 26 320 1.6 i
10 5 24 2 26 173 1.0 L
10 65 20 7 99 118 0.3 2
13 s 20 2 13 155 0.9 2
45 95 63 2 45 260 0.9 Trace
20 65 34 3 26 280 0.8 NA
13 105 75 6 68 500 il 4al NA
E 7 18 2 L4 135 0.6 Trace
3 5 14 4 15 135 0.5 NA
10 4 20 2 9 168 0.8 Trace
5 20 46 8 30 255 1.9 NA
NA NA NA NA NA NA N NA
28 5 35 2 6 315 1.5 "
13 7 18 2 10 265 1.3 A
16 2 26 2 13 200 0.9 Hh
30 9 45 5 18 390 251l g
18 5 48 3 20 335 2.0 2
46 4 34 2 16 350 il ¥
98 7 65 5 10 308 1.6 gt

250 17 315 35 35 297 7.5 A

208 9 60 3 5 325 2| )
24 6 25 2 8 178 0.7 iy
27 30 23 3 12 205 0.6 i
33 60 21 il 26 240 0.7 i
18 Ll 21 3 13 163 0.7 g
WATER FILLED N.A.

200 8 36 5 28 275 0.8 i
38 3 24 6 20 185 0.9 Ly
73 5 25 2 12 218 L7 7
63 5 20 3 14 153 ileips )
53 9 21 6 20 180 0.6 &
75 5 20 2 17 275 0.8 z
68 3 29 3 110 190 0.6 z
45 8 20 6 18 153 0.6 g
50 7 20 6 20 153 0.4 &
15 3 26 7 19 238 0.7 &
45 6 16 2 26 174 0.9 &
43 60 il 6 25 143 0.8 i
53 3 16 3 20 198 0.7 &
18 6 20 6 20 155 0.7 20
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GEOCHEMICAL DATA

ppm ppm ppm ppm ppm ppm 7% ppm
i Cu Pb Zn Co Ni Mn Fe S
36L 15 7 20 2 13 160 0.6 NA
36H 15 7 20 2 6 220 0.6 R
37L 10 6 15 1 5 148 0.7 A
37H 28 65 20 6 63 143 0.5 2!
38L 18 4 21 2 3 205 0.9 Y
38H 30 3 28 7 16 230 0.8 i
39 22 3 35 8 22 215 0.8 NA
40 55 8 18 6 24 165 g g
41 37 19 48 7 26 445 s L
421 13 8 18 2 4 165 0.8 Y
42H 18 8 34 2 13 225 i B!
43L 13 6 28 2 3 185 0.8 K
43L(2) 15 5 28 2 20 195 0.9 B
43H 14 8 20 2 25 220 0.8 b
L4 13 6 32 3 19 315 2.1 Ly
45 s 9 20 6 20 230 g.o B
46 A 16 6 25 2 10 25 .9 NA
B 18 75 35 8 33 230 0.8 b
C 18 5 25 2 6 233 i l2 4y
D 23 4 24 8 23 218 0.9 Y
E 23 65 28 7 18 240 0.6 0
F 15 5 20 2 6 228 1.0 iy
= 20 5 38 10 21 190 1.0 iy
H 16 7 21 2 6 183 Il 2) i
47 28 5 30 3 12 260 1.1 i
47(2) 20 8 31 2 10 253 il Ll g
48 8 8 90 9 20 260 2g Ay
49 6 60 34 6 28 500 29[} oy
50 18 6 21 9 13 225 1.0 B
51 23 3 30 9 6 266 0.9 b
52 13 6 28 3 19 240 0.8 5
53 s 3 25 ik 18 215 1.0 Trace
53(2) 23 75 26 3 15 220 0.8 Trace
54 38 75 50 3 18 435 1.0 NA
55 23 15 42 6 5 238 1.9 Ly
56 28 9 26 2 10 230 1.1 B
57 23 9 38 il 9 200 1.0 8
58 15 30 26 8 10 240 1.3 NA
58(2) 16 4 28 8 13 235 0.8 NA
59L(1) 150 6 100 7 28 475 2.5 74
(2) 145 9 105 8 16 500 2.3 54
(3) 133 6 100 7 20 600 2087 81
(&) 164 9 320 22 15 600 2.6 93
(5) 170 7 240 30 18 825 2.4 62
(6) 178 7 80 22 18 628 2.4 65
(7) 185 4 105 21 17 633 25 77
(8) 180 8 100 20 16 640 2.6 68
(9) 165 7 99 23 15 610 217 74
(10) 165 7 99 ) 18 626 2.9 74
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GEOCHEMICAL DATA

ppm  ppm  ppm ppm ppm ppm A ppm
i Cu Pb Zn Co Ni Mn Fe S
59L""H" 218 8 113 60 32 612 4.0 NA
59L"L" 87 5 110 35 23 585 2.6 NA
59H 23 7 16 2 17 160 0.6 70
60L 45 5 36 5 6 390 1.5 68
60H 45 60 58 6 37 250 1.0 20
61 5 2 28 1 9 170 0.8 24
62 23 5 28 2 9 225 1.1 Trace
62(2) 23 5 26 3 5 225 o3 NA
63L 23 2 28 2 6 212 0.9 NA
6 3H 25 10 29 2 25 245 1.0 L
64A 23 5 25 10 20 285 0.9 Trace
64A"H" 38 17 44 30 19 332 1.9 NA
64A"L" NA NA NA NA NA NA NA NA
B 28 10 30 10 25 300 ? 1.0 29
C 28 3 31 12 15 243 1.0 20
c(2) 23 4 28 14 16 273 1.2 NA
D 23 3 18 5 18 110 0.6 97
E 23 7 35 8 32 293 Lod 20
E(2) 31 30 36 9 33 280 1.2 NA
65L 30 10 30 5 6 250 1.8 154
65L"H" 50 8 43 8 26 475 3.7 NA
65L"L" 15 3 14 5 20 138 1.5 NA
65H 18 6 17 5 6 140 0.8 5
66L 8 9 17 4 4 125 0.5 4
66H 8 5 25 4 13 158 0.5 19
66H"H" 15 19 49 12 7 192 1.4 Trace
67(1) 13 7 90 9 25 180 0.8 i
(2) 18 7 34 4 15 188 0.8 "
(3 20 7 30 4 10 175 0.6 NA
9] 15 9 32 1 8 190 0.9 NA
(5) 15 5 50 2 5 205 0.6 i
(6) 16 7 26 2 5 177 0.9 Ly
(7 18 4 32 4 11 200 0.8 o
(8) 18 4 36 4 12 200 0.9 "
(9) 17 7 37 3 9 190 0.7 .
(10) 17 7 36 5 10 188 0.8 it
67'"H" 31 22 72 14 34 332 1.9 g
67"L" 12 2 34 5 32 250 0.9 o
68 8 9 45 6 20 248 0.8 L
69 98 31 132 20 19 220 2.5 Trace
70A 151 175 202 30 67 575 5.6 284
70A(2) 153 175 200 9 78 550 5.8 NA
70A"H" 160 43 244 30 48 650 19.0 NA
7O0A"L" 115 175 252 28 28 588 507 NA
70B 63 63 187 27 19 540 3.8 120
C 15 19 63 9 13 300 1.0 Trace
D 8 13 60 8 25 245 1.1 Trace
E 1 12 50 8 6 140 0.9 30
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GEOCHEMICAL DATA

ppm  ppm  ppm  ppm ppm  ppm 7 ppm
i Cu Pb Zn Co Ni Mn Fe S
70B A 98 16 110 29 6 563 203 120
B 40 40 155 6 28 400 2.3 Trace
C 45 18 171 19 20 700 3.0 34
D 20 20 92 15 15 488 o7 14
E 5 14 49 2 50 135 0.9 NA
71 15 60 43 11 115 220 1.1 o
72 41 7 23 7 12 325 1.5 0
73 30 7 19 2 14 225 1.0 i
74 55 16 33 3 13 226 1.5 i
75 8 25 32 5 10 217 4.6 e
76 23 5 18 2 6 220 0.8 i
77 2 20 214 1.1 i
78 15 5 19 1 8 203 0.6 A
79 (1) 33 5 17 4 48 190 1.7 b
79(2) 10 6 23 4 8 255 f 1.6 o
80 18 5 38 1 8 145 0.7 NA
81 83 9 25 2 34 248 1.1 14
82 15 5 24 2 8 188 0.6 NA
83 13 5 19 1 13 140 0.6 Al
84 18 5 14 1 14 170 0.7 i
85 45 9 14 3 14 235 1.0 i
86 (1) 15 9 35 2 i) 188 3.5 525
(2) NA NA NA NA NA  NA N 544
(3) 1A 1"t 1" " " " 11 527
(4) 1] 1A 111 " " " " 544
(5) 1] " " " 11" " " 489
(6) 13] " " " 1" " " 484
(7) 1] 1" " " 11 " 1] 467
(8) 1] " " 1] " 1] " 484
(9) " " " " 1] 14 1" 466
(lo) " 1" 1" 1" 1" " 1" 432
86'"H" 30 13 34 6 25 213 4.5 NA
86"L" 5 8 20 2 13 200 2.9 NA
87 30 3 19 19 10 500 0.6 30
88 18 9 14 1 8 205 0.7 10
89L 15 3 29 8 6 180 0.9 Trace
89L'"H" 40 18 70 25 44 332 2 o L, NA
89L"L" NA NA NA NA NA NA NA NA
89H 38 9 108 2 33 188 0.8 10
90L 18 7 18 2 14 190 0.6 Trace
90H 16 3 22 9 6 188 0.8 Trace
91AL 18 9 20 2 20 191 1.8 117
91AL"H" 28 10 46 13 40 175 2ol NA
91AL"L" 17 7 36 8 24 265 0.9 NA
91AL"L" (2) 18 NA NA NA NA 262 25 NA
91AH 18 7 18 2 17 155 0.9 Trace
91AH"H" 27 17 36 12 32 122 2.4 NA
91AH"L" 15 3 19 15 30 NA 0.8 NA
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GEOCHEMICAL DATA

ppPm pPm  ppm ppm ppm ppm % ppm
# Cu Pb Zn Co Ni Mn Fe S
91BL 23 7 29 7 26 310 3.0 394
91BM 38 13 40 12 275 1.7 29
91BH 48 8 27 6 15 240 1.3 85
92L 195 13 41 44 20 775 11.4 2515
921L.(2) 173 13 30 37 28 563 12.2 2545
92L"H" 166 17 70 15 30 463 11.4 NA
92L."L" 160 12 24 34 65 620 10.1 NA
92H 41 4 31 17 15 450 1.5 153
92H"H" 95 17 54 21 40 385 3.5 NA
92H"L" 27 6 73 9 30 282 1.2 NA
92B A 300 19 50 11 15 550 10.0 1635
B 54 37 80 8 13 333 4.5 1481
C 53 24 32 8 15 275 3.4 292
D 38 7 24 13 10 260 ﬁ .1 45
E 40 7 25 3 16 135 .1 22
93L 8 6 16 8 6 130 0.5 NA
93H 8 7 24 3 30 135 0.6 5
941, 24 16 25 8 20 240 0.9 7
94L"H" 110 17 59 17 23 332 2.4 NA
941."L" NA NA NA NA NA NA NA NA
94H 18 4 32 8 21 158 0.9 5
94H(2) 15 9 32 8 20 185 0.7 NA
95L 8 8 85 5 10 120 0.5 19
95L"H" 18 15 44 21 30 332 1.9 NA
95L"L" NA NA NA NA NA NA NA NA
95H 15 7 26 8 13 145 0.8 Trace
96L 38 10 90 19 15 650 2.2 10
96L(2) 35 7 60 18 15 813 1.6 NA
96H 59 14 170 5 28 410 2.4 Trace
97L 83 13 62 79 30 1700 4,5 230
97H 33 6 63 12 15 450 3.4 198
98L 15 10 30 8 20 173 0.8 Trace
98H 18 6 31 12 20 325 1.0 Trace
99L 28 9 31 2 50 240 1.1 50
99H 30 5 24 2 14 285 1.0 Trace
100L 85 17 150 2 20 375 2.5 NA
100H 75 8 114 8 13 375 2.5 NA
101 20 5 10 2 8 90 0.5 NA
102 A 38 6 28 7 14 136 2.0 27
102 A"H" 40 11 37 19 25 87 3.4 NA
102 A"L" NA NA NA NA NA NA NA NA
102 B 35 8 20 2 12 125 1.5 138
C 28 7 16 2 6 115 1.5 118
D 25 9 16 2 10 110 1.3 35
E 28 3 26 5 19 125 1.7 35
F 30 10 23 8 20 140 1.4 65
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GEOCHEMICAL DATA

ppm ppm ppm ppm ppm ppm 7 ppm
i Cu Pb Zn Co Ni Mn Fe S

103 232 7 36 50 25 1000 2.8 245
103(2) 223 6 32 NA 19 705 2.4 NA
103"H" 255 7 24 50 32 577 3.4 NA
103"L" NA NA NA NA NA NA NA NA
104 60 6 40 8 15 480 3.6 157
104"H" 68 7 33 10 26 500 3.9 NA
104"L" 55 6 32 9 28 425 0.7 NA
105 126 18 110 8 14 475 5.4 366
106 28 7 22 2 8 135 0.8 Trace
R70 192
RI92F 43(45) 5 30 20 55 580 3.9 1450
F1l 218(195) 50 132 93 108 125 .2 39100
F2 173(150) 32 52 143 130 750 5.7 28400
F3 238(210) 23 320 90 83 1250 15.3 23600
R60 15(8) 3 14 47 30 163 0.7 34
RI92W 120(113) 6 22 29 55 680 4.8 4800

Table 23 Concluded
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