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The wvelins tGUypicelly have open-space-illliing texturses with
coth the sciheelite end carbonate on or nesar the wall., The sedinents
near the velns are predominantly gquartz, chlorite, auscovite,

arsenopyrite with wminor

to be enriched in tungsten aand coanta

pressure hadows, porphyrceDd

kel

"ipota-eaten” or pateny like rutile,

amounts of plagioclase. The host rocks appear

in large arsenopyrite crystals in
bictite and chlorite, and
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The purpose of this thesis is to summarize information about
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the scheelite occurrences found in the receks o©
ljova Scotia, and axanine possible controls for ‘the localizatiscn of
tungsten in quartz-arsencpyrite-carbonate (gold) veins in the lieguma

o

LOlie .

THTRODUCTION

Tungsten in the mineral form scheelite 1s found in nunerous

-y

localities south of the Glooscap fault in Bova Scotia. lHost commonly
sciheelite can De found in quartz veins which are conformable with and
parallel to the the bedding planes of tne Halifax and GColdenville
Formations. Less commonly it can bpe found assoclated with poegmatites
and granites of Devonian~Carboniferocus age. Figure 1 lists most of the

scheelite occurrences in kHeva Scotia and some general information

apout themn.



oUTATIS

jaheien TTOMY
DLV iAUu v Ualh

The first major geological study on the mineral occurrences
in the Heguma was by E.dJ. Feripbault, who mapped the entire area
between 1889 and 1939. His work was compiled by V. Halcolm inm 1912
under the title, 'Gold Fields of lova Scotia,' which was later revised
and republished by ialcolm and the Geologic Survey of Canada under the
sane title in 1929. Although Faribault's work wrostly concerned the
gold fields, he also investigated the scheelite occurrences,

The vast wmajority of the information available on the
scheelite occurrences can be found by searching the assessment files
of the Hova Scotia Department of ilines and Energy (liSDH). Although
many are not authored, the information is invaluable in locating and

researcning information. Alsc invaluable in the research are various

[

annual reports of the NSDH, especially: iiesservey, 1930; Douglas,

{

1939; Cameron, 1941; Charlick, 1941; and Flynn, 1942, all of which
provide much information on individual sites.

In wmore reéent years (since the early 1940's) very little
work has been done on the scheelite occurrences. Several papers and
articles during this time should be considered regarding these
deposits. They ineclude: Little, 1559G; Hiiler, 1974; Nance, 1977;
Miller, Graves and Zentilli, 1976; Shaw, 1683. Little's (1959) paper,
'Tungsten Deposits of Canada,' summarizsd the findings at most of the

occurrences in Nova Scotia.
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The purpose of this thesis was to better understand the
geological factors that may control the concentration of tungsten in
the most important localities known to have produced scheelite in Hova
Scotis.

Several of the larger scheelite deposits in the lMeguma were
visited,. samples were ccllected from cutcrop and dump piles, and
occurrences where maps are not available were ziapped. Seven sites were
visited, (fig. 2) which include the most prominent occurrences as

follows: 1) The mine site commonly known as Scheelite Mine, will be

-1y

referred to as Stillwater Brook so as not to confuse it with other
scheelite occurrences; 2) The Waverly scheelite cceurrence which will
be referred o nere as Fall River to distinguish it from the Waverly
gold mine; 3) Indian Path; 4) Goff; 5) Lake Charlotte; &) Lower
Sackville; and 7) Hurchyville.

A literature searcn was combined with the information found
in the rield and summary written of each of the seven occurrences, 4
visit to many of the smaller occurrences and to gold districts where
scheelite is reported is outside the scope of the thesis due to time
limitations and financial considerations, General information on these
cccurrences were obtained obtained from the literature.

The purposs of this thesis involves an examination of several

and an attempt o find a common factor

O
)
’.\ -
ot
(4]

aspects of the mineral depes
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bevween them:

1) ares they found in the saue lithologic unit, stratigraphic
level, or iz rock units with similar sand:shale ratio?

2) the first guestion concerns any geological structures
where the occurrences are found.

3) what is the uwineralogy of the veins?

4) are the metamorphic effects in the areas of the deposits

5) is there any relation between the deposits and the granite
in the area?

6) is there any relationship between the scheelite bearing
veins and the gold bearing veins?

7) are the host sedimentary rocks enriched in tungsten?

o

§) what is the best model teo explzin the formaticn of these

i)

[
PN

velr
The scope of the thesis here 13 not to investigate ecach of
these in greatest depth but rather each in general, in an attempt to

find a factor that may give a clue to the formation of these deposits

which may later be studied in greater depth.

FIELD AKD LAB WORE

3
o
[v]

field work for this thesis includecd visiting the seven
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o
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scheelite occurrences that were chosen. iliapping was conducted
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later use from outercops, velas if they could be foung, and from dump
neaps. This apprecach required the use of an ultraviclet lamp ia the

"ield at the

-ty

field. A total of seventeen days ¥were spent in the
various scheelite c¢ccurrences as follcows: Goff - three; Fall River -
five; Lower Sackville -~ two; Stillwater Erook - two; Indian Path -
one; Lake Charlotte - two; and Hurchyville - two. Time was also spent
at several of the local gold uines locking for traces of scheelite in
the dump rock and collecting samples for compsrative work ir desired.
Six gold wmines were visited, a couple while in the vicinity of the
scheelite properties, including Moose River and Tangier while the
cthers: Lake Catecha; Waverly; Hontague; and Oldham were visited over a
two day period,

Samples for z-ray diffraction; electron microprobe; slabbing;
thin-polished secticns; oxygen isotopes; tungsten analysis zand rare
earths were collected from all sites. A total of 215 samples were
collected from the scheelite occurrences and $3 from the gold mines.
Of the 278 samples, chips were taken from 50, powdered and run through
x=ray diffraction by the author. Thin-polished sections were made from
22 winich were later described under both transmitted and reflected
light. Of these 12 had electron microprobe analysis performed by the
author, Fifty more samples were slabbed and along with the 22 cut for
thin-polished sections, &all were examined for =zineralo
paragenesis, Twenty-two samples of sliate and gquartzite were sent away

for tungsten analysis, whilz seven chips of carbonates were sent for
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files, =mineral occurrence repo
library, whieh took approximatly 10-12 days. Other lab worXk included
taking various pictures and slides of the thin-polished sections and
slabs,

The remaining work included research in the Dalhousie Science
Library for reference material on other scheelite occurrences and the
drafting of the various tables, maps, graphs, and sections contained

in thnis thesis.
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TUNGSTEHN

GELERAL IKFORMATION

Tungsten was ~rirst discovered and isolated from its ore
minerals, scheelite and wolframite, in the 1780's (Stevens, 1975). The
element Tungsten, whose chemical symbol is %, is one of the so-called
"less abundant elements". Cronan (1980) reports its crustal abundance
tc be 0.,00015 in weight percent, The word Tungsten comes from the
Swedisnh and means neavy stone. The term was [first used by A.F.
Cronstedt din 1755, and referred to the heavy ninerals of tungsten
(Little, 1959). In 1781 C.W. Scheele fcund that the mineral now known
as scheelite was cowmposed of calcium zand a peculiar acid, and two
years later, J.J. é.nd F. de Elhuyar isolated <{he element fron
wolframite (Little, 1959). Since this tinme the element has becone
known as cungsten in the english-speaking world, but in other areas,
especially Germany, it has been called wolfram. Since this time both
terms have become commonly accepted.

Jith an atomic number of T4, tungsten is found in group VI

(chromium group) in th

[0
)

eriocdic table, The properties of

include: brilliant white; nighest melting point (34010 C) and boiling



point (5900C C) of any metal; low volatility; nigh specific gravity

(19.3); relatively chemically inert, but readily forms alloys; it has

W)

the greatest tensile strength of all metals (590,000 pounds per square
inch); elastic and ductile properties allow wire to retain its rigit:
at very high temperatures; forms allcoys with many metals and with
carbon, imparting to these increased hardness, durability and

resistance to corrosion and heat.

HIHERALOGY

There are four tungsten mnminerals which are of w@ajor
‘impcrtance, this includes both ferberite, an iron tungstate FeWOy, ip
which atomic substitution of Fe by Hn up to 20% may occur and
hubnerite a manganese tungstate, UnWOy, yhere Fe may substitute for up
to 20% of ln. Wolframite (Fe,ln)WOy is a solid solution series between
the two.

Scheelite, Cawou, is the fourth major tungsten mineral and
also the only one that is reported to occur in the seven sites to be
examined. Scheelite forms a partial isomorphous series with Powellite,
CalMoWOy, in which MoO3 of up to 249 by weight, but rarely more than 2
or 3 percent, wmay replace W03, This mireral is referred to as
molybdoscheelite and it is not reported in these occurrences,

Calcium tungstate (scheelite) contains 80.6% tungsten

trioxide (WOy) and 19.49 lime (Ca0). Its colour varies frem white,



yellow, sgreen to bprown and is commonly noted in Hova Scotia as
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noney=-coloured, It has a hardness of 4,
5.9=8.1; vitreous <t©o adamantine luster; cleavage zlong (101);
extremely brittle; a wmember of the tetragonal crystal system; and
flouresces bright bluish white in short wave ultravioclet radiaticn
(Burlbut and Klein, 1971). Scheelite is hard to recognize in hand
specimen without an ultraviolet lamp, (fig. 3) especially if it is
finely distributed in the rock and its high specific gravity cannot be
noticed, This is especially true since it does not have a distinctive
metallic luster. Care must be taken during explorabion that it is not

ove looked,

GEOCHEMISTRY

Very little appears to be known zbout the geochemistry of
tungsten, preesent data is scarce and contradictory (Jeffery, 1958;
Miller, 1974). A Séarch at the Dalhousie 3cience Library for 100
references produced only one on the geochemistry of tungsten. Wolf
(1976) noted the low metamorphic mobility of scheelite, while Higgins
(1980) stated that fluid inclusion evidence indicated that COs-pich
fluids are involved in the transport of tungsten at nhigh temperatures

and pressures, most likely by carbonzte/bicarbonate complexes.
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The first significant use of tungsten, to make high-speed
tungsten-manganese steel (Stevens, 1975) was developed in the middle
of the 16th century. This accounted for most of the tungsten used
before 1900. Stevens (1975) reported that the major uses of tungsten
by 1974 could be di?ided into four categories: in alloys, chiefly
alloy steel, 159%; in:carbides (cemented or cast), 68%; as a pure or
substantially pure meﬁal, 15%; and in varicus chemical compounds and

other forms, 2%. It has become an imporant strategic metal in our time

due to its use in weapons.
ECONOQMICS

Tungsten trioxide, W03, is the part of scheelite that is of
interest when mining. To be profitable, scheelite must contain at
least 65% W03 (Law-West, 1981). Of the seven scheelite sites studied,
five have reported values in the 1literature for W03 percentage:
Stillwater 72%; Lower Sackville T7%; Goff T72%; Fall River 71%; and
Indian Path 65%; while there are no available wvalues for either Lake
Charlotte or Hurchyville. The current price is £U.S. 71=75 per tonne
unit Y03 (llorthern liiner, January 12, 1984). In 1975 estimated world

resources were estimated at 11,400 wmillion pounds with 354% of in



China, and Canada with the second hnighest tetal of 10%. The largs
production capacitises cowing on stream in Canada and other countries
combined with increased tungsten scrap recyeling could result in an
unbalanced market where supply is greater than demand, therefore
forcing prices down. The situation thus does not appear bright for the

tungsten industry in the near rfuture.

TYPE OF TUNGSTEN DEPOSITS

The following is a brief summary of the v#rious types of
tungsten deposits as described by Little in 1959.

Primary deposits, believed to have Tformed from ascending
waters or bY segregation fron a uwmagma, are said to be genetically
related to acidic igneous bodies. These include: disseminations in
igneous rocks; pegmatites;Acontact metamcrphic; hot spring; and guartz
veins of the hypothermal, mesothermal and epithermal type. Secondary
types of tungsten‘ deposits formed by imechanical processes of
cencentration include both alluvial and eluvial placers which account
for only a small percentage of production.

The type of tungsten deposits found in the HMeguma Croup do
not appear to it into any of Little's classical types. This‘ is

discussed later in the paper.
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HEGUIA GRCOUP

STRATIGRAPHY

The lieguma CGroup makes up approximately 30¢ of mainland liova
Scotia and lies south of the Glooscap fault (fig. 1). Faribault (in
lialcolm, 1912; 1929) referred to the Meguma as the "Goldbearing
Series" and mapped it in its entirety between 1886 and 1939 on a scale
of one inch to one mile (see appendix B for photocopies of some of his
maps); It is & thick succession of greywacke, sandstone, siltstone and
slate that was deposited in a deep-neérine eugeoclinal setting (3chenk,

The leguma Croup is overlain by the more fossilifercus White
Rock, Hentville and Torbrook Formations which ccnsist mostly of quartz
arenites, mixed quartzites, siltstones, shales, and black shales. The
presence of the fossil Dictyonems flapelliforme in the uppermost
Halifax Formation places the ninimum age of the lieguma at Early

Ordovician, Since fossils through the rest of the leguma are rare or
© .

]

nondiagnostic, the age of  the zroup is belisved to be
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Cambro=-Ordovician (Craves and base of the Heguma

is nol Known to outcerep and as yet has not been drilled., This cresates



problens in determiping the age of the group and its thicuness. The

ileguma Group is sstimated tc be at least 10 km thick and possibly
exceeds 14 km (Schenk, 1978). The Halifax Formation ranges in
thickness from 500 @ to 4400 m while the greatest thicknesses recorded
in the Goldenville Formation were 5600 um.

The Halifax Formation consists chiefly of slates of various
textures and colours, siltstone, minor sandstone with both distal and
non~turbidite characteristics (Harris and Schenk, 1975), and a very
small amount of limestone (Malcolm, 1912). The "limestone" is reported
to outcrcp out at two localities: Southeast Passage and Preston Road;
in the same horizon at the base of the Halifax,

The Goldenville Formation consists chiefly of a guartzite
varying from grey to blue grey to dark grey in colour with mica,
pyrite, and arsenopyrite comnonly assoclated; and slate units of
various colours and composions which consist of 3% of the formation
(Maleolm, 1812). Tayler and Schiller (1966) noted small amounts of
argillite, siltstone, and slate interbedded in the upper part of the
formation. The Goldenville is believed to be predominantly sandy
turbidites., Graves ‘and Zentilli (1981) referred to the Meguma as
predoninantly a quartz-rich greywacke and noted that the interbedded
slates dincreased in thickness and nuwmber towards the top of the
formation. Intercalations of up to 1 km in thickness of Halifax within
Goldenville lithologies are levee, overbank, and interchannel facies
of either deep sea fans or the upperslope (Harris and Schenk, 1§7%).
Schenkv(1970) places the boundary between the Halifax and Goldenville

where there is a sandstone to shale ratio of cne.
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Fyson (1966) noted that the Halifax and the GColdenville
Formations have the same deformational nistory. Tne most prominent

megastructures are the folds, up to 150 km in length, with wavelengths

iy

of up to 15 km. A regional cleavage parallels the folds, The axes o©
these folds trend northeast in southern liova Sceotia, curving to
east-ncrtheast, and finally to east toward Chedabucto Bay (Fyson,
1966; Graves and Zentillii, 1981), lost folds are upright or have axial
planes inclined no more than 20 degrees from the vertical, with no
overall preference for the dip of the axial planes. The folds plunge
gently excspt for =z few localities where they plunge wmore that 40
degrees either northeast or southwest (Fyson, 1966). Fold limbs dip
500-G00 with the southern limb being predominantly steep and conmonly
overturned (Henderson, 1983)., Fyson (1966, p.933) describes the
folding differences in the two formations as follows: "In the Halifax
folds are more similar than concentric in shape as the layers thicken
‘in tne hinge areas and the folds remain constant with depth. However
interbedded siltstones retain their thickness and form concentric
parallel folds. The Goldenville with massive quartzitic layers appears

Fad

to nave dominant concentric Ifolding, The slate oveds are found

o
w

Faribault (in lalecolm, 1912) to thicken in the hinge areas due to drag
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Later stress produced uminor kink-folds divided by Fyson
(1966) into F2 and F2 types. ie noted that these folds deformed both
the bedding and the axial-plane cleavage and therefore ilnterpeted them
as younger than the main F1 folds. These small cross-folds or
kink-folds do not occur in all outcrops but do predominate in the
Falifax Formation.

Host of the gold districts in the lieguma are located on or
near the crests of anticlines where there has been a doming of the
strata. The crest in these areas usually plunge at low angles to the
east and west.

Faribault (in #alcolm, 1912) describes two types of faults in
the Heguma: local faults, those found within individual gold districts
which do not continue for great distances along strike or at depth;
and ¥cross-country faults®", These are Hil-trending and offset the folds
with horizontal displacements of up to & km. Graves and Zentilli
(1981) stated that faults and fractures are related to F2 and F3
Tolding events,

Taylor and Schiller (1966) found that the only conmon primary
structure in these rocks is bedding, but that cleavage is commonly so
closely spaced that it destroys or masks the bedding. They also report
other structures including graded bedding, scour and fill,
crossbedding, and ripple marks., Schenk (1970) also noted sole marks;
crescentic current = fipples; cross, parallel, contorted, and
convolute stratificaticn; fully - developed Douma sequences; flaser
structures; ball and pillow structures; clastic cikes; concretions;

furtiner noted: load casts;
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pseudonoduies; swall sand volcanoces; dish, pipe and sheet structures
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in the Goldenville Forxm

GRANITES

The Meguma Group has been intruded by large granitic bodies

of H#iddle Devonilan age (Clark and Halliday, 1980; Reynolds =t al.,

1961) throughout Lova Scotia. These rocks are primarily granodiorites
and adamellites (wmonzogranites) which are genetically related (Smith,
1979). Graves and Zentilli (1981) reported that the intrusions cut all
the lower Palezoic rocks of the lieguma zone, truncate the large scale
folds and their contact zureoles overprint the regional wmetamorphic

ninerals.

HMETAMGRPHISH

Regional metamorphism is prominent throughout the entire
lleguma while contact metamorphism is found associated with the
granitic intrusiocns overprinting the regional metamorphism. Taylor and
Schiller (1966) found that most roecks in the lHeguma could be placed in

cne or the other category while conly & few cannot be placed with

certainty. They also ncted that both types of uetamorphism resulted in



recrystallization accompanied by the orientaticon o¢f newly {formed
minerals in several places. The bulk composition of most rocks appears
to have changed little. Retrograde metamorpnism has occurred only on
a small scale {(Taylor and Schiller, 1866).

Of the regionally metamorphosed areas, the greenschist facies
appears to cover Dby far the largest part of the lieguma, It can be
subdivided into three subfacies:

1) quartz - albite - muscovite - chlorite subfacies;
2) quartz - albite - epidote - biotite subfacies;
2) quartz - albite - epidote = almandine subfacies;

These c¢an be subdivided Tfurther into tLtwelve individual
mineral assemblages (Taylor and Schiller, 1966).

411 seven of the scheelite occurrences studied are reported
to be in either the biotite or chlorite subfacies (Keppie and liuscke,
1979). Cullen (1983) recognized that two mineral assemblages are found
in the chlorite zone (fig. 4):

1) quartz - albite - musccvite = chlorite - ankerite (+/=~
calcite, sphene, rutile);

2) quartz - albite - muscovite = chlorite ~ ankerite -~ graphite
(+/= calcite, sphene, rutile).

He found the bioctite zone to contain three assemblages:

1) quartz - albite - oligoeclase -~ biotite - muscovite - chlorite
- epidote = calcite (sphene - ilmenite);

2) quartz - albite - oligoclase = biotite - muscovite - chlorite
~ calcite = graphite (sphene)- ilmenite - epidote);

3) quartz - cacite - albite - oligoclase - garnet - chlorite -
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auscovite = biotite (sphene - ilmenite - epidote).
bothh the chnlorite and biotite were found as small flakes
aligned along cleavage and as large (0.5 mm) porphyreblastic graias,
In the chlorite zone calcite could be found in late veinlets and
rutile locally in biotite zones near late alterations. Cullen further
noted the following reacticn to be the basis for the biotite isograd

in his area:
KAL3313010(0H)2 + 35102 + 8Calig(C03)2 + LH20 ===
(muscovite) (quartz) (dolomite)

8CaC03 + Klig3A1Si3010(0H)2 + CaphlpSiz012(0H) + 8CO2
(calcite) (biotite) (epidote)

Turner and Verhoogen (1960) noted temperatures from

300-5000C and P (Hz0) from 3000-8000 bars during greenschist
metamorphism, Cullen'(1983) noted the followigg physical conditions in
the chlorite zone: P= 3000 bars (approx.); T< 4300C; Xco2= 0.05-0.13;
£420= 0.95-0.87; while the conditions in the biotite zone were P= 3000
bars (approx.), T=' 400-4700C, Xco2= 0.08-0.13, XH20= 0.92-0.87. He
found the conditions of contact nmetamorphism to bé Py20= 1000-3000
bars and T= 550-7000C.

The almandine-amphibolite <facies 1is known only in the

southern and western parts of the province as well as at the most



veguma Group (Keppie

[o]
j1)]
[ 4]
ot
¢\
e}
b
1]
£
g
o
O
=3
<t
P
(]

different mineral assemblages are represented
and Schiller, 19%66).

Contact metawmorphnism overprints the regional metamorphisa and
produces aurecles which range from 0,.5-2.4 km away from the granite
(Taylor and Schillor, 1866). The rock from the aurecles are
characteristic of the - hornblende-hornfels Tfacies and consist
predominantly >of» quartz, mnuscovite,and Dbiotite; occasiocnally in
differing areas one may find one or more of: cordierite; plagioclase;
andalusite; and sillimanite (Taylor and Schiller, 1966). The mineral
assemblages &are consistent with temperatures of 500-7000C and water

pressures from 1000 to 3000 bars.

QUARTZ VEINS

llumerous quartz veins are found throughout the MMeguma Giroup
although the majorit? appear to be located in slates of the upper part
of the Goldenville Formation. The vast majority of the literature on
the veins concerns those that are auriferous. The following sunmery on
the quartz veins will come primarily from descriptions of these veins.

The mineralogy of the guartz veins has been summarized Dby
Halecolm (1912; 1929; and Hewhouse, 1938). Quartz is the most prominent
mineral with calcite (magnesian and ferruginous) and sulphides in

subordinate amcunts. Among the metallic nminerals arsencopyrite and



oy¥rite are tae most common but zalena, chalcopyrits, sphalerite, and
pyrractite aiso occur. Several other wminerals are rarely repgorted o

oceur in more than one district: wmolybdenite; stibnite; garnet;
zireon; black rutile; mica; and chlorite. Rarely arseanopyrite or
pyrite may form the complete vein filling. The gold occurs not only
free and visible but also bound up in the sulphides, Commonly silver
can be recovered from the gold.

Faribault (in Halecolm, 1912; 1929) noted that not all of the
guartz was equally aurifercus. He found that the coarsely crystalline
white guartz contained little if any gold while the best prospect was
the laminated veins of ‘"oily" quartz carrying sulphides. The
gold-bearing veins occur in parallel groups on limbs or at crests of
F1 anticlines and are commonly Ifound concordantly within or at eilther

margin of a slate bed (CGraves and Zentilli, 1981). The majority of the

s}
L’

aurifercus veins occur where there 1is a doming o¢f the anticline
although a few are found on the plunging parts of anticlines such as
those at Upper Seal Harbour (lalcolm, 1912; 1929). A vein can vary
between a few millimeters and a few wmefters in thickness and several
can oeccupy one slate‘unit (Graves and Zentilli, 1981).

Mining operations have shown that underlying the veins
exposed &at the surface are other parallel interbedded veins of a
similar type. Hany interstratified veins exhibit a folded or
corrugated structure and the slate beds adjacent to the ccrrugated
veins show a sympathetic folding which extends from a few to 6 m from

the vein and gradually dies out (Malcolm, 1912; 1929). When part of a

vein becomes enlarged or takes on some peculiarity of form, structure,
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ed

or mineral content, or wnen cne of the corrugations beccmes enlar
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30 &s to havé an individuality of its own, this porticn of the vein is
called a roll, (ialcolm, 1912; 1929). & roll is frequeantly richer than
other parts of the vein., Faribault (in Halcolm, 1612; 1929) noted that
veins commonly attain their maxinium thickness on the apex of the fold
and become thinner as they extend downward on the limbs. He also nctes
that the interbedded veins are continuous and may have been traced
over 300 m in length with little variation in thickness.

Faribault (in Malcolm, 1912; 1929) also noted several other
types of vein which are described as follows. Cross or fissure veins
cut across the strata for a considerable distance and 1in some
districts form <the principal gold deposit. These veins commonly
contain inclusions of c¢ountry rock, tnicken only where they intersect
interstratified veins and have the same mineral content. Angulars are
veins which pass into the foot-wall and hanging=-well Irom the main
veins. The point from which an angular passes from the main wvein into
the hanging-wall is usually higher than that from which it passes into
the foot-wall. Interbedded veins are found to be very rich in gold at
intersections with the angulars, Their mineral content is similar to
the main lead but the quartz is fine, more granular, and free of
laminations. Bull veins may c¢ross the strata or lie in a
stratification plane. They are white coarsely crystalline quartz with
no laminations, few metallic minerals, and are neot auriferous.

Graves and Zentilli (1981) noted that the vein minerals
typically have cpen-space-~filling textures. Commonly carbonate makes

up 10 to 20 percent of the vein by volume at the walls and strained
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quartz is the dominant vein mineral in the center of the vein. There
is up to 5 percent arsenopyrite and much more locally in the veins iﬂ
sharp contact with lesser amounts of pyrite and pyrrhotite.
Arsenopyrite is found throughout the vein, bui generally occurs wiﬁh
carbonate at the walls. Arsenopyrite, as well as other vein minerals,
is also common in the wall rock and has been deformed, resulting in
the c¢rystal Dbeing shattered, Tfollowing crystallization. Gold
distribution generally, but not exclusively, focllows that of
arsenopyrite and carbonate.

O'Brien (1982) in his structural classification of the quartz
veins noted two groups of veins that can be distinguished in the field
easily. The first is an early array commonly transected by steep
cleavage and a late array injected along Jjoints or faults., He notes
that the early array is in part auriferous, having been emplaced
before and during several structurally dated episcdes of metamorphism,
and appear to ©Dbe unrelated to the granites and pegnmatites.
Furthermore, some folded veins are deformed along with bedding, while
others fold independently of this surface. The late array of veins is
injected along jointé, fault gouges and kink planes.

Haynes (1982) in his work in the Isaac's
Harbour-Goldboro-Seal Harbour area revealed the existence of at least
eleven different quartz vein polytypes. Of these he notes gold in
three types: stratiform; stratabound; and ac-joint infillings.
Following are his names for the other types of gquartz veins: step

veins; side veins; discordant lenses; concordant lenses; radial veins;

vertical veins; quartz tension gashes; and late quartz veins.
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The origin of these velns nas been wuch disputed over the
years. Several of these theories will be described later ia the

section on genesis.

p

Three different types of scheelite mineralization can be
distinguished in the Eeguma Zone of liova Scotia (fig. 1 ): the New
Ross; Lazy Head; and Koése River types (Shaw, 1983). Figure 2
indicates the location of the 7 sites to be examined.

The XNew Ross type of deposit is known to occur in only three
localities, TheseV.deposits are characterized by a scheelite,
woliramite, tungstenite, cassiterite, bismuthenite and base mnetal
sulphide assemblage (Smith, 1983). The ore mninerals are found in
guartz, plagioclase, microcline, muscovite, fluorite, +/-~ apatite, +/-
tourmaline, +/- manganese oxide veins and greisen =zones, The
mineralized zones 6ceur in, muscovite, +/~ biotite granite of
Devonian-Carboniferous agé (Charest, 1978). Miller (1974) reported
that scheelite can be found in pegmatites that are traceable to these
sane granites,

Shaw (1983) reporteé that the Lazy Head deposit is the only
occurrence of this type known in Lova Scotia., 3cheelite, sphalerite,

~

chalcopyrite, pyrite and pyrrhotite occur in 2 to 5 cm wide veins of

v

quartz, microcline, chlorite, and apatite. The wveins have filled
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post=tectonic and post-intrusive sxtensicon Joints that are restricted
to a 1.5 m wide, spessartine-guartz-cilorite norizon at tnhe top of the
Goldenville Formation.

Of the 29 reported occurrences of scheelite in Kova Scotia 25
are of the Moose River typé. These appear to. occur throughout the
entire Meguma within the biotite and chlorite zones, Scheelite in
these types of deposits is found in the folded quartz-carbonate veins
with arsenopyrite and rutile, subparallel to the bedding of the

zetapelites of the COrdovician Heguma Group (HMiller et al., 1975).

Graves (1976) Tfurther reported that this type of wmineralized vein
bears many of the characteristics of the gold-bearing quartz veins in
the Meguma Zone.

Fifteen of the scheelite occurrences are in fact reportedly
found in the quartz veins within one of the gold producing districts.
Here though, the scheelite 1s predominantly reported in only trace
aimounts, The other 10 reported scheelite occurrences have reported
only trace amounts of gold, Indian Path being the only exception where
50 ounces of gold were recovered. There are no mines which are
reported to have reéovered both scheelite and gold. Figure 5 plots
ounces of gold against pounds of W03 for several of the reported
scheelite occurrences and several of the gold-producing areas.
Virtually all the data points fall along either one of the axes of the
graph, indicating ; very definite separation of the two. Little (1959)
found that scheelite is widespread in gold-bearing veins, though it is

)

(e

usually most abundant where the gold content is low. Hewhouse (193

5 1

reported that the gold-bearing series in the lieguma has negligible, if
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(1679) noted that some gold

(]

any, gold values reported from them. Doyl

or their sciheelite whereas others have little or

by

belts are notable
none of the mineral, He Tfurther stated that, "some shoots in
gold=quartz veins enriched in scheelite tend te be relatively low

grade in gold", and notes the Meguma as one such area,
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STILLWATER BROCK

LOCATION AND ACCESS

The Stillwater Brook scheelite mine 1is 1located in the
northeastern part of Halifax county at latidude 450 (1' and longitude
630 03' on topographic map 11D/15 (appendixz A, map 1). It is found on
the western edge of the loose River gold district 3.2 km west of the
village of loose River village oh Stillwater Zrook.

The area can be accessed from the east zlong good secondary
roads off highway 224, & km northeast of iiddle liusquodobolt or fron
the south through ilooseland by taking the turn off to the north at

Tangier on highway 7.

GEQOGRAPHY

3,

The area consists of low rolling hills. There are itwo brooks

o~

in the vieinity of the mine, 3Stillwater Erook and Little Brook, which

drain to the south. Swanmps cover a large area lying to the north and

o



Some of the land has oveen culiivated while the vast majority
is neavily forested with softwood trees., Logging cperations are active

in the area and farming is carried out to a winor degree.

PREVIOUS WORK

The first note of scheelite in the area came from a trapper
who found a heavy white stone in the late 1800's in the area. The
stone eventually made its way te California where it was found to be

scheelite (Halcolm, 1912; 1929).

ot

In 1908 John Reynolds and ¥.S. Currie found scheelite floa

in Little Brook. Further prospecting in the area revealed scheelite in

(e

situ, after trenching across the beds (izlcolm, 1912; 192%9). The adit

near Little Brook was his first work on the area. From 1908 to 1911

mine shafts were sunk and considerable drifting was done (fig. 6 ). In

i8]

1911 Scheelite Minés took over the =zrea and worked on it
intermittently until 1919. A total of 15 shafts were sunk, 7 on the
east side of Stillwater Brook, & on the west side (Douglas, 1939) and
thousands of feet of drifts and crosscuts were made from them (XSDHM).
The shafts were sunk to varying depths of up to 37 m. During this time
it is reported that approximately 45 tons cof coancentrate at 729 HC3
was rewmoved. No work occurred again until 1942.

a 1942 work began again on t long
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incline was sunk and 200 & of drifting done, nothing new was found.

d

After dewatering the spafts and drifts in 1942, exeminations bty G.V.

1]

Douglas indicated that there was several tons of scheelite available
by high grading the previous drifts (iiller, 1974). Salvage operations
began in early 1943 and continued until all possible scheelite was
brought to the surface (HSDH) later in the year., YWork on the property
then ceased,

Further exploration was undertaken fronm 1969-74 by E. Hartin,
who carried ocut extensive trenching, and exposed a number of the veins
in the area. He produced an estimated 1500-2000 pounds of scheelite by
high-grading the dumps (Hiller, 1974). Ian 1977 TFM Hiineral Resources
Ltd. claimed the property and hired D. Hance as consultant to evaluate
it. He recommended that there was not sufficient scheelite to warrant
further work on the property (Hance, 1977).

During operations at the mine it is reported that 3 scheelite
bearing veins were disccvered ranging in thickness from 2.5-20 cnm
(Little, 1959).

It is reported that a little scheelite occurs in some of the
leads at the Moose River gold mines 3.2 km to the east. The principal
showings are on the £Kaulback and Cameron properties (HSDM). ﬁo

preduction is reported from these showings.

THESIS %CRK



Cne day was spent 1in the area lgoking over the mine site.
Several old tresnches that nad collapsed along with a couple of shaftis
were located. Outerop in the area is very scarce except for some which
is found along Stillwater Brook.

The majority of the time was spent at the site of what
appears to have been a crusher (fig. 7a). It is found on the main road
through the property mnext to Stillwater Brook (fig. 7b). The area
appears to have been a dump pile for the crusher and there is abundant
broken rock scattered throughout the area., A lot of this rock contains
scheelite in the quartz veins which often is nearly massive, filling
the whole vein. At the Brook interbedded slates and quartzites crop
out but contain no veins. Heanwhile scheelite can be found in the
rocks on the stream bed, A total of 45 samples was collected from the
area most of them coming from this location. Hore than half of these
samples contain scheelite.

lance {1977) stated that numerous velns are exposed, However,

the author found no outerops of these,

STRATIGRAPHY

The host rocks of the Stillwater Breok deposit are located in
a low hnorizon of the Coldenville Formation (Douglas, 1941). The
scheelite=Dearing veins in the area are interbedded and conformable

1

with the bedding of the nost rock. The veins range in thickness Irom
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1612; 1929; Douglas, 1541) in the series.

Faripault (ia ialcolm, 1912; 1929) believes that the host
quartzites show some minor metamorphic changes since they are sonewhat
schistose, He describes the interbedded slates to be graphitic with
black specks throughout giving evidence of incipient recrystallization
and the formation of a knotted phyllite, Adjacent to the vein they
carry much white scaly mica and well-formed arsenopyrite. Nance (1977)
referred to them as dérk gray greywackes and slates, The author noted
grey greywackes, quartzites, and slates. The slates were described as:
grey to green in colour; waxy to semipayllitic in appearance; abundant
white micas in fractures; well formed arsenopyrite crystals in both
the quartz and country rock; and locally long, thin, black rutiles

B

were found predominantly in the quartz but alsc in the slate.

Thicknesses of these beds could not be measured. A search

through the literature did not find any mention of either absclute or

.

relative thickness of the beds. Ho drill holes have been put down in

the area., The only way found to measure the beds and obtain
sandstone:shale ;atios was to measure themn on ﬁwo generalized
transverse sections prepared by Faribault in 1911 (in Malcolm, 1912).
The blown up versions included here in the back (see also fig., 8 )
were measured. The cross section through No, 4 to the north of the
anticlinal axis gave a ratio of 2.1:1.0 and to the scuth 2.0:1.0. The
section through the crosscut west of shaft Ko. 14 gave a ratio of

1.0:1.1 both north and socuth of the axis. This is ot what night be

expected 1in the lowsr 1lesvels of the Coldenvilles Formation.



placed tie mins site 5200 w delow the base of the Helifex Formation.
The author notes that these neasursrents wmay uaolt be accurate since at
the =sczle that the cross sections were drawn the apparent thiclinesses
of the slate beds wmay not be the true thickness. In the area near the
crest of these folds there is reported drag folding in the slates. IT

this 1s the c¢ase here then at this scale the slates would give a

greater apparent thickness and a lower sandstone:shale ratioc than

The nearest granites to the area are located 16 kmn to the

south.

Two kilometers east of the scheelite property the Beaver Dan
and Fifteen-idile Stream Anticlines converge near the lloose River gold
wine and form the ‘Moose River Anticline which runs through the
Stillwater Brook mine (appendix B, map 1). The Hoose River Anticline
is reported as being very broad and plunging gently SW. Superimposed
upon the anticline at the Stillwater property are three anticlines and
two synclines which trend roughly east-west and plunge 120 to 170 west
(Miller, 1974). The axes of the northern and southern anticlines lie
approximately 200 @ apart lesservey, 1930). Figure 6 1is from

Douglas's work in 1639.



The bedding iIn the area 1s generally east-west and dips =zt
varying degrees from 500 to 900 , north and south. Clesavage is near
vertical throughout the area (llance, 1977).

1

Douglas (1939) dindicated a left nand (14 m displacement)
horizontal fault west of Stillwater Brook striking 0450, He also noted
two small right hnand ones in the brook striking 1600 and dipping
steeply west with a displacement of 45 cm. He also suggested a
longitudinal fault paralelling the axis of the wmajor anticline. He
could not determine its dip or displacement. After further nmapping in
the area in 1941 Douglas determined that all three were left hand
faults (Douglas, 1941). Both Faribault (in Malecolm, 1912) and
lesservey (1930) noted that the major fault in the area west of the
brook had a displacement of between 25 and 57 m. Little (1959) noted
that the faultz cut toth strats and veins.

Quartz veins in the area vary in thickness from 1 to 60 cm
and are found within the 3slate beds which are interbedded with the
guartzites. The major scineelite-bearing veins are reported to average
2.5=10 cm acress. Scheelite is found on the limbs of the anticlines
but not on the apex of all the folds (ialcolm, 1512). Veins are
generally uniform in width but some enlargements and rolls are commoen
(HMalcolm, 1912; HMesservey, 1930; Douglas, 1941) and tungsten values
generally increase in these areas. The rolls plunge westward and
parallel the plunge of the fold., In the larger veins the scheelite

oceurs between the wallrock and the vein; in the smaller ones (which
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average 10 cm in width and in which most of the scheelit

occurs as lenses (Douglas, 193%). A oremarkable feature of the
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Quartz is by far the most abundant mineral in the vein and
appears to be of two types (Hiller, 1974): 1) transparent, glassy and
dark in colour; 2) milky with a greasy luster. In the veins it is
found tc be highly strainsed and Hiller (1974) and the author noted
strained quartz grains in the sedimentary rocks to have undulose
extinction in thin section. The quartz veins are locally fractured and
occasionally scarce muscovite can be found zlong these. Other mineral
phases in the veins are: scneelite; ankerite; dolomite; arsenopyrite;
calcite; rutile; muscovite; and minor amounts of pyrite. Traces of
gold, silver and platinum are noted by the HNSDil.

Scheelite ié noted by Miller (1974) to océur in three ferms
in the veins: crystals 2.5-7.5 cm in length; coarse granular masses;
and lenticular "kidneys". The scheelite is often veined by quartz (
figures G and 10a) and usually found on or near the walls. Hiller

(1974) noted that the veins of quartz may be found in contact with the

Ankerite is believed to be the most commen carbonate wmineral

found in the veins., It is usually found along the walls of the vein
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anda is almost always associated with scheelite although the opposite

is not necessarily true. The ankerite is elso commonly veined by the
guartz (figures 10b and 11 ). Although it was not recognized in hand
speciumen or in thin section the existence of dolomite was proven by
probe analysis (appendix C1). Faribault (in HMalcolm, 1812) found
dolomite in the veins but it has not been reported in the literature
since that time. How much of the alleged ankerite is actually dolomite
has not been determined. The minerals found to be dolomite were probed
originally with the belief that they were ankerite,

Arsenopyrite was noted by Hiller (1974) to occur as massive
bodies varying in shape. The author noted it as individual well-formed
grains in the host rock (fig. 11b) and along the quartz vein edge of a
carbonate covering along the slate wall, iiller further noted that
small bDlebs of a yellow sulphide surrcunded some arsenopyrite
crystals., The author also noted in thin section arsenopyrite
accompanying quartz in veinlets into the ankerite. Some micas also
appeared to be associated with these veinlets.

Rutile can be seen in hand specimen as long thin black
needles (fig. 12a) in the veins and in the country rock. Originally
noted as tourmaline by most authors including Malcolm (1912) and
llewhouse (1936) they were probed by Hiller (1974) and the author and
found in fact to be rutile (appendix C1). It must be noted here that
these large (up to 1 cm) crystals may not necessarily be of the same
generation as the small (0.1 mm) "moth eaten® prutiles that are notad
in the sedimentary rocks (fig. 12b, proven by probe analysis) here and

elsewnere,
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ailcite was alsc noted in the vein and proved by IED.

The slate host rocks are well cleaved and consist primarily
of chlorite (0.1-0.2 mm) aligned along the clsavage planes and and
small (0.1 mm) quartz grains. Plagiocclase was also noted and proven to
be albite by XRD. In the slate 2-3 mm long pods of quartz and chlorite
crystals are orientated along cleavage and often contain well-formed
arsenopyrite crystals 2-3 cm long. The arsenopyrite commonly appears
corroded in the center and appears tarnished in these areas. Rutile as
small "moth eaten™ biebs is found throughout the sediments,

HMiller (19?&) found that the time relationships of the
rminerals appeared to be contradictory and therefore proposed that each
phase had more than one period of introduction as follows:
1)Crystallization of scheelite, along with glassy quartz, carbonate,
rutile, and arsenopyrite; 2) main introduction of scheelite-carbonate,
quartz and arsenopyrite; 3) arsenopyrite and carbonate; 4) milky
quartz, rutiie and sericite. The author's work found general agreensnt
with Miller in that scheelite and ankerite (or dolomite) were early
precipitates which were followed by gquartz, arsenopyrite, and rutile

in turn followed by muscovite along the fractures (fig. 13 ).
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LOCATION AND ACCESS

The Fall River scheelite mine is located approximately 1.5 ka
north of the Waverly gold mine and the community of VWaverly (appendix
A, map 2). It is found at latitude ULL4OLT'35" and longitude 63037' cn
topograpniec map 11D/13. The NSDM occurrence report has it wrongly
located about 1 km south of this location. The mine site can be
accessed by foot frcm DBicentennial Drive near Lake Themas where the
old Cobequid Road intersects the highway. Although the road is
drivable and the mine site cén be reached by car from Fall River, the
Cobequid Road cannct be accessed by car from the highway due to the
construction that toék place. From the highway one travels north along
the old road for 200 m then turns west, where the mine is 200 m into
the woods, along the crest of a ridge about 15 m above the height of

the road.

GEOGRAPHY



LAl
(Yo

: B}

The deposit is located on a ridge that rises 15-20 m above

the surrounding land to the east. Along the side of the ridge there is
abundant outcrop. The remaining area consists predominantly of low
roliing hills as the land slopes down to Lakes Perry and Thomas.

The area is wmostly softwood trees with some birch and small
scrub throughout. The land at one time appears to have been logged
over and there seems to be some minor cutting (likely a private
woodlot) going on in the vicinity today. There are no streams near the
mine site. During operations water had tc be pumped in from Lake
Themas., The ridge appears to be close to the boundary of the Lake

Thomas and Perry Lake watersheds.

PREVICUS WORK

During 1911-12 the first work was begun on a single
interbedded quartz véin which averaged 5 cm in width with a strike of
0700. The work consisted of 100 m of trenching along strike and
digging two shafts 10 and 14 m deep. By 1917, 750 pounds of W03
assayed at T0.99 were reported to have been removed. In 1925 one
trench was extended for 70 m to a depth o¢f 15 m where the vein
averaged 20 cm in width. In 1939-40 trenching was extended for 370 .
One shaft was deepened to 25 m and a 20 m drift was dug at the 20 n

level., Unfortunately there are no production figures available since



Faribault (in HMaleolm, 1%29) reported that to the south
another quartz veln containing scheelite occurs which nas not been

carefully examined, nor have other veins in the area.

THESIS WORK

The Fall Hiver deposit was not located until the third day in
the field searching for it. This was due to its wrong location on the
oceurrence reports of the NSDM. Three additional days were spent in
the area mapping the site (fig. 14), measuring beds and searching for
scheelite,

This occurrence has the best exposure of all cccurrences
visited, Outcrop is abundant enough along the ridge, especially at the
eastern edge, to give a good cross section through the strata.
Although some of the trenching is filled in there are still some good
exposures of the vein in some of the trenches and near the shafts. The
shafts themselves are filled with water and cannot be examined.

There was no visible scheelite in the exposed veins, but it
cﬁuld be found through the dump piles in the area. Samples of 61 rocks
were taken, mostly of dump rock, with some of it from the exposéd

vein, and the rest from slate and quartzite outcrops.



GECLOGY

STRATIGRAPHY

The quartz vein is found 1lying conformably within the
interbedded slates and quartziftes of the Goldenville Formation. The
author noted that the vein is found within a slate bed that averages
30 cm in width (fig. 15). The KSDM reported that it is usually found
on the hanging wall within this bed but at other times can be found at
other places in the bed,

The slate beds in the area range in thickness from 5-87 cm
and the quartzite beds from 10-213 c¢m. Sandstone:shale retiocs are
measured for the beds stratigraphically above the vein, 2,3:1.0, and
for those below 1it, 5.7:1.0. The overall average Ior the area is,
3.6:1.0. Figure 16 is =z cross section drawn of the beds measured in
this area. Faribault's wmaps and cross sections (1886-1939) were
interpreted by the éuthor who found that the Fall River deposit lay
2100 m below the base of the Halifax Formation.

The author noted the slates and quartzites to be dark-light
gray in colour and contain both arsencopyrite and biotite, Both the
NSDM and Little (1959) reported the host rocks to be slates and
arkoses.

The nearest granite to this deposit is found 3.2 km to the

norti.



STRUCTURE

The Fall River mine site is located cn the northern limb of
the Waverly Anticline. Bedding in the area was measured between 0590
and 0750, averaging 0650, and dipped from T750-900 to the north. The
strike of the cleavage is the same as for the bedding but it dips fron
650-900 south. Some of the beds consist of very fine well-developed
laminae that have good cfoss~bedding and give a younging direction to
the south, indicating that these beds were overturned. This would
agree with Faribault who mapped overturned beds on the east side of
Lake Thomas.

One quartz vein ranging in thickness from 1.5-20 cm and
averaging 5 c¢m, is found interbedded in the slates and quertzites
{(¥Shii). One part of the quartz vein was measursd in the field at 23
cm in width. Various reports of the HSDH, liesservey (1930), and Little
(1959) report that the scheelite occurs in "chutes" or zones that
pinch out westward. They claimed that the rest of the vein is ususally
barren but may contain specks of scheelite. These zones are usually
’found along the wall and are 5.0-7.5 cm thick and 7.5-10 cm long,
containing solid scheelite. True rolls as such are not nentiocned in

the literature.
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LINERALCGY

Scheelite is reported to be associated with arssnopyrite and
galeha in the ore shoots (lSDM; !Messervey, 1930), The author found
scheelite only in the dump rock where it 1is was found within the
quartz vein associated with slate chips (fig., 17). [leither
arsenopyrite or galena vwere noted in the vein material but
arsenopyrite is abundant in the host rocks, The quartz veins have
abundant carbonates occurring wmostly along the walls and alsce in
fractures. X-ray diffraction techniques proved these to be ankerite
and caleite,

Polished-thin sections of the quartzite showed abundant
0.1-0.5 mm quartz grains with a minor amcunt of plagioclase. Cleavage
is poor ‘but does have some chlorite developed along it. Scarce
muscovite can also be seen, Small (0.1 mm) "mothe-eaten™ rutiles were
also common. The slate consists mostly of very fine-grained micas,
occasional quartz grains, some randomly orientated biotite, rutile,
and arsenopyrite. The quartz veins have slate along the edge
associated with large (up to 2 mm) euhedral arsenopyrites, usually in
§ressure shadows, and large (up to 2mm) euhedral biotites. There are
also carbonates, commonly veined by quartz, and chlorite. ZX-ray
diffraction indicated that the chlorite is clinochlore.

In hand specimen a green banded structure was evident in many
of the rocks. The bands are compcsed of chlorite (0.5 mm) and small

(Ce1 mm) "mothe-eaten® rutiles. 41l the quartz in the veins was highly
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The NSDH reported gold assayed at 0.C04 oz per ton

and traces
of platinum in the gold., Faribault (in Halcolm, 1912; 1929) and

tiesservey (1930) reported that the veins do not contain any gold.
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LOCATION AND ACCESS

The Goff scheelite mine is located in the central northern
part of Hzlifax county, approximately 3.2 km NE up the old Guysborough
Road from Goff and approximately 1.5 km SE down an old woods road
adjacent to the radio tower, at latitude 63025'30" and longitude
4Lo53' on topographic map 11D/14 (appendix A, wmap 3). This old woods
rcad, no longer suitable for driving, can be followed to a swamp by an
cld cabin where it appéars to end. On the other side of the swampy
area, which is about 50 m across, a small path can be found. This is
followed for about 300 m and the mine site is about 30 m off the path

to the east.

GEOGRAPEY

The maximum differences in elevation in the area of the mine

3,

site is reported to be 7 m. The tTopography varics between areas of

]



ghtly higher elevation, usually associated with cutcerop, which are
surrcunded by boggy or swampy areas. It would appear that this is the
area on Faribault's uzap (appendix 3, map 3) called Caribeou EBcg. The
wine site 1is located on cne of the outcrops in a higer reliefl area,
The vegetation on and surrcunding the outcrops is mostly large fir
trees while that in the boggy areas is knee-to waist-high shrub. One
spmall-slow moving stream runs in SSY. There was no apparent use for

this land except for the mining activites,

PREVIOUS WORK

The Goff deposit was first discovered in 1918 by Joseph Cope,
who with some friends soon after opened the first trench (Little,
195¢). Very little work was done until lir. Cope took Ralph Kirkpatrick
to the property in 1931. Uork continued intermittently until 1942
during which time stripping and trenching uncovered 6 veins containing
scheelite. Total pfoduction during this time was 3000 pounds of
scheelite which assayed at 72% W03,

Since 1942 very little work has been done on the property,
apart from a little work conducted in the mid 1950's, including a
report by Hopkins Exploration Consultants. Nothing came of this and nc

work has been reported since,
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THESIS WORE

The Goff deposit was mapped (fig. 18) over a two day periocd
during which time 26 samples were collected from the quartz veins,
outerop and the dump piles. The trenches have exposed the quartz
veins quite well but unfortunately no scheelite was found exposed
except for that in the dumps. In one area of the trenches there
appeared to be a shaft (although none are reported in the literature),
but 1t was full of water and nothing could be seen. There secened to be
soue recent prospecting in the area indicated by fresh hammering and

some digging in the trenches, but again this is not noted in recent

files of the HSDi.

GEQLOGY

STRATIGRAPHY

The prospect is located in the quartzites and slates of the
Goldenville Formation. At the wmine site the slate and quartzits beds
are well interbedded with the slate beds being nuch thinrer than the
guartzite., In fact all the quartz veins noted were within the slate

beds or between the slate and the gquartite. Douglas (1935%) noted that
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the slate beds ranged in thickness from 15 cm to 180 cm and always

contained at least one guartz vein. The author found the slate beds to
be from 3 to 240 cm thick and did not note quartz in gll of them., The
quartzite beds were from 30 to 500 cm thick.

The sandstone:shale ratio 1in the area measured from the
outcrops averaged 1.8:1.0 while over swmaller areas it ranged from
1.4:1.0 through to 2.3:1.0. Faribault (from varicus maps and cross
sections) mapped the area at this deposit as being 3650 m below the
base of the Halifax formation. The nearest granite to this deposit is
found 4.8 km to the south.

The slates are light green to grey in colour, well cleaved,
and show abundant small (approximately 1 mm) prismatic crystals of
arsenopyrite throughout the rock, The quartzites are 1light zgrey,

massive, with arsenopyrite disseminated throughout.

STRUCTURE

The Goff deposit is found on the north limb of the Waverly
Anticline about midway between the axis of the Waverly Anticline to
the north and the Wyses Corner Syncline to the south. The anticlinal
axis is located 1700 m to the soutn of the prospect (Douglas, 1939).
According to Douglas (1939) the beds strike approximately 0960 aand dip

from 700-850 N, while the cleavage strikes (750 and dips 700-800 to

the south. The author although agreeing with the cleavage diresctions
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Tound that the beds had a strike of 0700 and dipped from T00-C00 to
the south. Bedding and cleavage were both easily distinguished in the
slates and from the slate=quartzite relationship.

Drag folding was recognized by the author in one outcrop of
slate next to a quartz vein, and was noted also in the literature
(Douglas, 1939; Little, 195G; lSDH). Drag folds are parallel to the
bedding and plunge 25¢ to the east, defining the direction and plunge
of the ore shoots, Six quartz veins have been uncovered by trenching,
all of which parallel the bedding for 6 to 24 w and average 15 cm in
width, but locally in drag folds are up to 18 inches wide (Douglas,
1939). The NSDM noted that the scheelite is found mainly in two
positions in the veins: 1) where the vein begins to narrow down; and
2) on the quartz rolls in shoots, following the inclination of the
dragfolds. They furtner noted that most of the scheelite occurs in
these pockets, which average 15 cm in length by 10 cm in width.

Douglas (1939) reported faulting in the western end of the
property with a displacement in the corder of 70 m, where the ground in

the west has moved northerly relative to the ground in the east.

MINERALCGY

Scheelite is reported to occur mostly in pockets or rolls of
quartz asociated with arsenopyrite, pyrite and bog manganese (IHSDH).

In the field the author was able to find only disseminated scheelite



confirmed the presence of these minerals and czlcite.

Thin~polished sections show a good cleavage through the slate
with abundant fine micas and quartz orientated along 1it. Large
muscovite and chlorite crystals (0.5-1 mm) occur randomly throughout
the section, commonly occurring perpendicular to the cleavage. A
minor awmount of plagioclase was also noted. Large (up to 1 nm)

fractured arsenopyrite c¢rystals in pressurs shadows and suall

*3

"noth-eaten® putiles are also common (fig. 19¢). One large (1 om)
crystal of scheelite was found in the center of a quartz vein with
abundant quartz veining the nineral. A crystal of what 1s interpreted

to be ankerite veined by quartz was also found in the center of the
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LOCATION AHRD ACCESS

cheelite property is 1in Halifax Couaty
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located on the cast side of Lake Charlotte, approximately halfway up
the lake. It can be found on topographic map 11D/15 at latituds 440
52' and longitude 620 59', within 300 m of the lake near a point
jutting into it (appendix 4 map 4). The arsa is fairly easily

1

acessible by car by turninz north off the eastern shore highway

gnway i#o. 7) at Tangiler and driving north to Hooseland, and driving
gast along very good new dirt logging roads ror 20 lkm, toe whers the
road comes within 1 kam of the lake., Unfortunzately no roads go down to
the mine or the laké and it is therefore hard to judge where you zare
along the lake since there are no good maps with these roads. The
property may also be reached by boat fronm >Upper Lakeville on the
southwestern side of the lake. The site may be reached by car from the
nortin threugh Hurcnyville but personal experience has shown four-wheel
drive to be a necsssity.

The trench in the northern part of the property can be found

only 7 = from the lake, wnile the other trenching is found 200 = to
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The scheelite property is on the side of
slopes down to the lake.

-

=

The

large hill which
area

vertical drop is about 100 m over the
of the occurrence,

A small point of land Jjuts out into the lake
which is a small hill itself on the slope of the larger hill,

Two
small streams run down into the lake in the viecinity of the mine, one

south west around it.

There is

[=3

running northwest around the small hill and the other, Ash Brook,

larger seasonal stream in the eastern
and southern areas of the propertiy.

Vegetation in the area is wostly large coftwood trees with a

few hardwoods. The general area nhad been cleared and put under

1939).

cultivation in the 1870s and the area became wooded since (Douglas and
liacQuarrie, Today logging
the general area but not in the

cperations are quite extensive in
itself,

direct vicinty of the mine site

PREVIOUS WORK

The Lake Charlotte scheelite prospect is located on

the

east

in

N
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side of the lake, Cn the west side scheelite has been reported from a

-

couple of veins, but only oze small vein reported any significasnt

-

aizount and it was traced for less then 2 u {Douglas and liacquarrie,
1939). The west side of the lake has been mined for gold and the sast
side for scheelite,

The scheelite property was first leased in 1934 to R.A. Logan
who passed it on to Prospector's Associated Activities Ltd., in the
same year. Work began on the prospect in 1934 and continued until

1939, During this time three veins were expesed by trenching (fig

20). The first (trench No. 13) is near the shore, 45 cm wide and has
been traced for 33 m. Scheelite is disseminated throughout the vein.
The second vein (No. 2) is also 45 cm wide and is exposed
intermittently up the hill for 200 m. Grades are reported to De
relatively low in this vein. The third vein, near the No.2, is
reportedly only 3-4.,5 cm wide for 33 m and contains considerable
scheelite (HSDli; Douglas and Macquarrie, 1930; Little, 1959). A shaft
was sunk into the Mo, 2 vein to a depth of 25 m and drifting was
carried out 33 m west and 46 m east.

In 1939 a mill was constructed and reportedly produced for a
time (Little, 1959). Aside from 2 tons of ore taken as a mill test

there are no production results for the mine.

More prospecting was carried out in 1%40-41 amd limited work

[
]
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Since this time no work has been reported.
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Part of first day in the area was spent sesrching for the

umine. The major problem finding the site was that the INSDM occurrence

reports had the site located approximatley 1 km ENE of its actual
location. A second day was also spent in the area examining the site,

The No.13 vein on the shore was well exposed for its full
length and outcrops were visible near the trench (fig. 21). The dump
rock near the lake and in the trench contained abundant visible
disseminated scheelite., In Tact scheelite was located 1in place
throughout the vein. It was at this time that the batteries in the
portable ultravioclet lamé died.

The trenches and the shafts of the HNo. 2 vein were easily
found but unfortunately the majority of the trenches were {illed in
and little couid be seen. The dump pile near the shaft was huge, over
10 m in height and contained abundant samples of guartz. Unfortunately
no scheelite was noted in this area at all, but without the lamp they
would be hard to locate.

A total of 23 samples were collected from the outcrop,

ineluding the veins, and the dump rock.

GEOLOGY

STRATIGRAPHY



U
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The rocks here are interbedded slates and quartzites of the
Goldenville Formation within which the gquertz veins lie conformably.
The author found that the veins were within a thin slate bed amongst
thicker quartzite beds,

Although outcrop was found near vein No. 13 most of it was
found along strike and therefore did not represent a very thick
section, only about 2 m. Along vein No, 2 the host rock visible was
only centimeters thick. A thorough literature search was conducted to
see if any mention is made of drill holes in the area or of bedding
thicknesses but none was. Therefore no mneasurements on the
sandstone:shale ratio could be made. Faribault's maps and cross
sections (1886-1939) were interpreted as placing the location of the
occurrence 1125 n below the base of the Halifax Formation.

Douglas and HacQuarrie (1939) noted that the host slates and
guartzites were contact metamorphosed to "ironstone", and described
them as silicified and mineralized with megnetite. Assays indicated
iron content as high'as 10%. The author found the rocks to be dark in
colour, very friable and slighly heavier than would be expected.
Disseminated scheelite and arsenopyrite may or may not account for
this. The quartz was noted as appearing granular and massive while
many of the samples were smokey in colour. Douglas and lacQuarrie
(1939) noted that the effacts of the granite were not noted more than
35 m from the contact, The author noted the effects of it throughout

the iio, 13 veln and to a lesser extent in No., 2.
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The granits outcrops less than 1 km south of the property,

but way be closer subsurface. Pegmatite and aplite dykes have been
mapped in several areas of the property (Douglas and ilacQuarrie, 1939)
and were found in tne dump piles of the HNo.2 vein by the author.
Douglas and HacQuarrie (1939) note that both the pegmatites and
aplites can be seen cutting the quartz veins and therfore cannot be
the source of the quartz. They suggest a separate earlier intrusion to

explain the veins,

STRUCTURE

The scheelite property is located on the southern limb of the
tooseland-CGegogan Anticline (appendix B, map 4). The author noted that
tedding and cleavage in the area strike 0750 and the bedding dips at
4oo to the north, while the cleavege dips 759 north. Douglas and
HacQuarrie (1939) found the same general strikes, with the dip of the
bedding varying froﬁ 450-750 north and the cleavage from 35c¢=500
north, They also noted that the beds are overturned to the north while
the NSDM and Little (1959) reported that the beds dipped steeply north
and are overturned to the south. These conclusions were based on the
pattern of the drag folds. Doﬁglas and HacQuarrie report the

anticlinal axis to be 2 km to the znorth plunging to the west (fig.

All the veins in the arez are reported to be concordant with
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ihe slates, and have an average thickness of 45 c¢on vwhile the richest
one (Lio. 3) is 5 cum., The main quartz veins are usually characterized
by rolls or corrugations plunging =zt approximately 15¢ to thne west
(1SDl; Douglas and MacQuarrie, 1939) and the scheelite is reported to
follow the narrow rather than the wide veins, Drag folding is reported
throughout the area in the slate beds.

There are no major faults in the area but numerous small ones
can be found on the exposed vein between veins Nos. 2 and 3. The
greatest displecement noted is Just over 1 um (USDH; Douglas and
MacQuarrie, 1939). Pegmatite and aplite dikes are exposed in the area
cutting both the beﬁding and the veins. They normally strike NW with =z

fairly flat dip SW, often they are found along the small faults (NSDH;

Douglas and idacQuarrie, 1939).

MINERALCGY

The quartz veins in the area seen by the author contained
disseminated scheelite associated with arsenopyrite and patches of
what appeared to be chlorite but had a minor reaction with HC1 acid.
The HNSDM reported that scheelite has been found disseminated in the
quartzites. There are also reports (NSDH; Douglas and HacQuarrie,
1939) that traces of gold, silver, wolybdenum and pyrrhotite are
associated with the scheelite., Thin-polished sections showed that the

quartz in the vein is weakly strained and commenly fractured. Chlorite



and rutile line some of these fractures. The disseminataed scheelite in

the veins is in direct association with eélcite (confirmed Dy XBD).
Slabs showed‘that the scheglite is veined by quartz (fig. 22). Large 1
cm obilotite and wmuscovite crystals are found on the edges of sone
veins.

Thin sections of the quartzite indicate a very poor cleavage,
along which quartz, biotite, muscovite and chlorite are oriented.
Quartz grains (0.1-0.2 wm) made up about 509% of the groundmass while
20% was biotite and 10% chlorite. Large pods of quartz crystals up to
5 tm long contained subhedral to euvhedral, 3-4 mm long, arsenopyrites,
Small 0.1 T"moth-eaten" rutiles were distributed throughout the
groundmass. Douglas and HMacQuarrie (1939) reported that thin sections
made by them showed the quartzite tc be even grained with considerabls
biotite and nuscovite aligned along the cleavage, but noted that they

are essentially quartz-rich rocks with @minor sericitized nd

[$)

kaolinized plagioclase and orthoclase.
f-ray diffrection on several samples confiirmed the existence

cf scheelite, calcite, clinochlore, muscovite, and albite.
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INDIAN PATH

LOCATION AND ACCESS

The Indian Path scheelite mine is located in Lunenburg County
and can be found on topographic map 21A/8 at latitude 44019'45" and
longitude 64020'30" (appendix A4, map 5). The property can be reached
easily by car from Lunenburg by following nighway 332 south from
Lunenburg for approximately & km to where it forks. The right hand
fork to the south is followed about 1 km to where it forks again. Turn
again to the right and follow an old woods road approximately 0.5 km

to where trenches can be seen by the road.

GEOGRAPHY

The land consists of gently rolling hills, except to tne
south where it drops off fairly steeply to a small salt-water inlet
surrounded by a large swanmpy area., This is found on the southern side

of the main road which continues through to the LaHave River. The



drainzge pattern in the ares is towards the south.
The vegetation is mostly small scrub and very thickly woodsd
areas of young softwocds. The area appears to have Deen cutbt over at

one time but has not seen any zctivity for a long tize.

PREVIOUS WORK

Faribault (in Malcolm, 1929) reported that gold was
discovered on the property in 18862, at which time trenching and a
shaft 9 m deep were dug. He noted that 10-12 veins were discovered,
some containing free gold. Between 1862 and 1896 work on the property
vias sporadic and a total production of 50 ounces was reported. He
reperted little work between that time and his paper. The 118Dl noted
in their occurrence report in Harch 1980 that although Faribault
indicated gold production in the area, there are no known records of
any such production.

Scheelite was discovered in 1926, and between 1927-31 work
was sporadic. During this time three shafts were dug, one reported to
a depth of 9 m. Drifting and crosscutting were carried on in all three
with one drift noted at the 60 m level, Trenching was also carried out

-

7 diamond

in the area and reported to total 300 m in length. In 1931,
drill holes were reported.
In 1935 & new shaft was sunk 330 m to the west of the old

workings and in 1937 work continued in the original area. In 1939=40,



18 drill holes totalling almost 2000 w and covering a length of U400 n

1

along the anticlinal sxis were drilled (iiSDM; Charlick, 1541). Io 1941

P

new shaft, with 260 m of cross cutting, and 200 m of new drilling

o
i

were done. Later in the year operations ceased due to high costs.

C.E. Richardson staked the areaz in 1979 and did sone new
trenching, but nothing has been reported on the outcome of this.

There is no mentiocn in the literature of the number of veins
found in the scheelite area although both ldesservey (1930) and Little
(1959) noted that there are several, some of which are 0.7-1.0 m wide.
Production from the arsz is noted at 29,296 pounds of W03 meking it
the second largest reported tungsten producer in the history of the
province,

Charlick (1941) noted that although Indian Path did not look
like a profitable operation, in times of necessity a considerable

anount of tungsten c¢ould be recovered from relatively shallow and

inexpensive workings.

THESIS WORK

One day was spent in the area of the mine., Several old
trenches were located but all had collapsed in the years since they
were opened, or had been grown over and hidden in thick bush. Two new
trenches that appeared tc have been recently worked were also found.

The veins were well exposed in these but unfortunately no scheelite
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4 shaft was located next to the road but has been used in
recent times by local residents as a garbage dunmp and thus it cannot
be entered., There was & large dump pile next to the shaft which
provided numerous samples of quartz and slate, but no scheelite was
found despite a couple of hours searching the pile with the
ultraviolet lamp.

The only outcrop in the area, aside from =z couple of small
ones on or near the road, was in the recently opened trenches. Whether
these are extensions of old trenches or completely new ones is
unknown, and they may never have contained scheelite, There were 32
samples taken from the area, a few from the trenches and the rest from
the dump pile next to the shaft.

On the road approaching the trench in the north there are
broken core Dboxes with the core lying on the ground. The core was
examined for scheelite but none was Tfound although the core did
intersect several small quartz veins, A few samples were taken from
here as well. The cére would be impossibe to put back together but a
study of it would indicate what lies below, but not where within the
stratigraphic unit, It also raises the possibility that more of th

core drill may still be in the area and was not located.
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STRATIGRAPHY

Charlick (1941) reported that Indian Path is found within the
Halifax Formation and consists of interbedded fine-grained slates and
relatively c¢oarse-grained graywackes 1lying in beds which vary in
thickness from a few millimeters to a mefer or more. The author noted
the slates tc be black, micaceous, and to contain apundant
arsenopyrite and cubic pyrite.

The author was able to measure bed thicknesses only for a
cocuple of umeters, it was therefore impossible to measure accurate
sandstone:shale ratios in the field. In the literature of the LSDI! the
cére logs ror two holes drilled in 1939 were located and measurenents
made from these descriptions which found the ratios to be 1.0:2.3 and
1.0:1.4, sandstone:shale, Faribault's maps and rossections
(1886-1939) were examined by the author who found the site to 1lie
approximately 500 m above the base of the Halifax formation.

The veins in the area are found in wide zones of slate. These
veins are said to parallel the bedding planes and tend to pinch ocut as
the edge of the slate zone 1s reached. Some veins were also found
along slips and fractures (Charlick, 1941).

Cranite crops out 24 km to the north.
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The veins at Indian Path occur within 50 m (HSDM) of the
crest of the Indian Path Anticline (appendix B, map 5), strike east
and dip steeply to the north, roughly paralleling the bedding (Little,
1959), The anticline appears to be tightly folded with the axis
dipping about 770 south and the whole structure plunging 500 to the
east (Charlick, 1941). However the shape and plunge vary considerably
along the strike of the axis. Faribault (in Malcolm, 1912; 1929) noted
that the bedding in the area strikes at about 0700 and dips 80C north
on the northern limb and at a low angle on the southern limb. The
author noted bedding at 0800 dipping 70° north and the cleavage at

0700 dipping T0C south.

-

The anticlinal axis appears to be tight with a tendency for
the veins to pinch out. Away from the nose of the fold along strike of
the veins there is a considerable widening of the veins and then they
tend to pinch out within 50 m of the nose (Chérlick, 1941). In almost
every drift and crosscut where there was quartz, at least a little
scheelite could be seen. The size of the scheelite segregations vary
from specks to lumps of several pounds and the distrbution is very
erratic {Charlick, 1941). Faribault (in Malcolm, 1912; 1929) noted in
the gold areas that the one vein worked for gold contained roils of

scheelite, while the NSDM noted that the maximug widths and values of

scheelite were found at minor flexures some distance from the axis.
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Charlick (1¢41) noted that the more gquartz found in & given area the

Heither drag Tfolding or faulting were reperted in the
literature, although Faribault's maps of the area place a fault, which

cuts the anticline, Jjust to the west of the mine area.

MINERALOGY

The quartz in the veins shows greasy luster, is milky in
colour, and sonmewnat fractured; vugs in some places occur within the
veins and are lined with swmall, wmilky white, terminated gquartz
crystals (Charlick, 1541). Samples collected from the site commonly
show a banding through the quartz of what appears to be discontinuocus
shale partings. Faribault (in Malcolm, 1912; 1929) noted that the vein
worked for gold was banded and well mineralized. He further reported
that the veins on the apex of the fold were coarsely granular and did
not look good for goid.

0f the samples collected from the site thinepolished sections
were nmade from two samples. The quartz grains appear to be well-~formed
and very highly strained., The slate beds on either side of the quartz
are composed primarily of clinochlore (from X-ray diffraction) and
muscovite which lie along well-developed clesavage planes, and small
(C.1=0.2 3m) grains of quartz. Also along the cleavage lie large (1

mE) arsenopyrites and a minor amount of pyrite. The arsenopyrite was
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usually round within guartié~ricn peds believed to be pressure shadovs.

Szall "motheeaten" rutilss (average 0.1 mm) are distributed throughout

the slate. Carbonates are noted along fractures in both nand specimens

D

and thin sections. Z~-ray diffrection tecinigques destermined both
ankerite and calcite in the samples but it cannot distinguish if onse
or both are in the fractures.

Chariick (1941) undertook a study of both polished and thin
sections to determine relative ages of the wminerals. He found that
scheelite was the first to crystallize in the vein since he found it
veined by both quartz and pyrite. The second fo crystallize was
arsenopyrite and noted it being veined by pyrite. Quartz, pyrite and
pyrrhotite formed together and seemed to follow each other throughout
many sectilons. Lastly were small stringers of calcite found cutting
the slate and quartz with no associated mineralization.

Faribault (in Malecoln, 1912; 1929) noted that galena could be
found in some of the veins associated with the free gold, Charlick
(15841) also noted the presence of a very minor amount of sphalerite
and free gold asscciated with scheelite in one locaticn. He further

stated that in contrast to the gold districts only one age of guartz

deposition appears to occur here,



N
(o8}

tj
o
3

ol

o}
(e

~
)

LOWER SACHEVILLE

LOCATION AHD ACCESS

The Lower Sackville or Hyland deposit is located 200 m east
of the old Healifax-Windsor highway and 200 m north of the Cobeguid
Road within what is now the town of Sackville at latitude Ljokst3sn
and longitude 63037'35" (appendix A, wmap 6). It is reported that the
exposure can be found at the crest of & smell hill near the neight of
land (iISDi). Neither the pit or shaft were located and it appears that
it was rilled in to zllow for housing constructicn and a trailer park

(fig. 23a).

GEOGRAPHY

The ridge where the deposit should be rises tc a height of
about 15-20 m, The land at the base of the ridge is fairly flat and a

o

slow-noving stream up to 2 1 wide (usually smaller) flows westerly

ct

hrough the area. Existing vegetation consists of softwood trees and



PREVIQUS VORK

The Lower Sackville deposit was discovered in 1921 by F.W.
Dixon, and in 1937 was owned by F.R. Hyland (Piers, 1932). In 1837 a
trench 15 m long was dug to a depth of 3=5 wm. Several tons of
scheelite were reportedly removed from a 20 cr wide guartz veln. In
1942 a test shaft 50 m HE of the trench found a 23-cm-wide vein of
scheelite; there are no reports as to how much if any was in place or

removed., Six diawmond drill holes were put down to a vertical depth of

[

”

50 m over a distance along strike of 130 m. A trench was later opeaned
for 35 & to a depth of 10 n and scheelite was mined from a 1 @ wide

vein (LSDH). Again nc figures for production are reported.

THESIS WORK

The literature indicates the location of the site very well
(fig. 24). Questioning of residents to find the exact location of the
mine were unsuccessful in finding anyone who had ever heard of the

mine.
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Several outcrops were located in the area including a 140 u

section along liemory Lane. 2411 the outcrop was interbedded slates and
quartzites, and except for two, 2 cm wide quartz veins along ilemory

Lane no veins were seen. Seven samnples were taken from the oufcrops

near the mine site,

GEOLOGCY

STRATIGRAPHY

The ocecurrence 1is reported to be within the Iinterbedded

4

slates and quartzites of the Coldenville Formation., The slate beds

[

range in thickness from 2.5-213 cm while the quartzite beds are 23-914
cm thick as measured by the author. It must be remembered that the
beds measured are found throughout the area including the section
along Hemory Lane aﬁd therefore do not necessarily include the beds
within the mine area.

The sandstone:shale ratio has been measured for this area in
several ways., First the outcrops in the near vicinity of the mine afea
were measured. The result was a ratio of 5.7:1.0. Then the outerop
along Hemory Lane, which 1ikely lies stratigraphically above the
occurrence was measured to have a ratio of 4.1:1.0. Then the drill

core logs from three holes drilled by Boyles Brothers Limited in 1959
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(¥SDll) were examined and measured. These most likely, from literature
descriptions (LiSDH) 1ie within and belew the occurrence, were found to
have the following sandstone:shale ratios; 5.7:1.0; 5.8:1.0; and
8.1:1.0, It can therfore be noted that as would be expected as one
goes down section the sandstone:shale ratio increases. The mine site
likely lies in the area with a ratio of 4 to 5:1.0. Figure 25 is a
cross section through the area.

From various maps and cross sections by Faribault (1889-10329)
the author interpreted the area tc be approximatsly 2650 m below the
the base of the Halifax Formation, The nearest granite is reported to
be 4,5 km to the north.

The slates in the area are dark gray to black in colour with
2=3 wm rust-coloured spots arcund pyrite (strazined alcong a well

developed cleavage) and are very calcarecus.

STRUCTURE

The Lower Sackville deposit is found on the south limb of the
Waverly Anticline (Piers, 1923) where the beds strike 0700 and dip
250 south (appendix B, map 6). In the area of the deposit the present
author noted that the beds strike from 0600 to 0700 and dip between
250 and 400 south. The cleavage strikes parallel the bedding and dips
from 500 to 850 south.

Piers (1923) noted that the rocks in the trench were near the
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nose of the anticline, He further aoted the gquartz vein to average 23

i

e in width but found reports where 1t is said to have widened to 45
cri, The NSDH in 1659 noted that the scheelite occurs in lenses or pods
30-120 cm long and 3 to 30 cm thick. Small drag folds were noted by
the author in one outcrop but are not reported in the literature,

Some minor faulting is reported to the scuth (NSD).

MINERALOGY

The NSDM and Piers (1923) both note the presence of
arsenopyrite and marcasite in the quartz veins along with the
schéelite. A1l six drill holes in 1959 reported scheelite shows in the
quartz veins., Thin-polished section LS-1 of black slate show a very
poor cleavege with abundant large (1 mm) porphyroblastic biotites
throughout the sawple along with numerous (1/10 wm) "moth-eaten"
rutiles., Also noted were large (1 mm) well-formed twinned calcite
erystals (fig. 23b, éonfirmed by XRD). Pyrite could be found strained
along the cleavage planes, Sample L3S-1 was taken from the nearest

outcrop to the assumed location of the mine site.



MURCHYVILLE

LOCATION AND ACCESS

The Murchyville tungsten occurrence is located in Halifax
county 7 km east of Middle HMusquodoboit at latitude 45000'00" and
longitude 63005'56" on topographic map 11E3. The occurrence can be
found on the top of a ridge (Little, 1950) approximately 500 m west of
the road south freom Brookvale (appendix A, map 7). A& very rough
logging road goes up the hill to the area of several pits and
trenches., There are several other logging roads throughout the areea as

well,

GEQOGRAPHY

The ridge rises 30 m above the road and at one time the ares
was covered in softwood trees, but now it has been logged over and

1
. A small

[

only small brush is growing in the area of the trenchs

strean, flowing north, and a2 swampy area 1s found between the base of



the nill and the road tc the east.

PREVICUS WORK

The NSDi{ reported that in 1943 the property was owned by a
John Reynolids and George Wilson., They prospected by copening a few pits
and trenches, which they report did not appear to be of any economic
value, About 200 pounds of rock containing approximately 0.5% W03 was

recovered from the site as samples.

THESIS UWORK

Attempts to locate the trenches or scheelite were
unsuccessful in spite of help froh local people, It seems that logging
operations may have' filled them in (fig. 26a). Seven samples were
collected from outerop seen in the area, all were black slate.

Unfortunately no quartz veins were seen in the area,
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The Hurchyville occurrence is located within the slate beds
of the Halifax Formation (Little, 1959), Faribault places the
stratigraphic position of the occurrence approximately 1300 m above
the base of the Halifax Formation. Yhile this author's measurenents on
the rew outcrops in the area place the sandstone:shale ratio at about
1:9. The outcrops proved to be about §0% black slate with occasional

thin greywacke beds. Little (1959) reported the slates to be black,

(

crinkly, and highly cleaved with occasional bands of harder spotted

and slaty gquartzite.

STRUCTURE

Located on the north limb of the UWyse Corner Syncline
(Little, 1959) cleavage and bedding in the area strike roughly at 0720
and have a vertial dip. Only one rough map of the trenched area could
be found (fig. 27) and it agrees roughly with this data.

Both Little (1959) and the HSDM occurrence reports note

gquartz veins which range in thickness from 1.5 em to 27.5 cm, showing



-3

N

[ rale P!
LIHERALCGY

-

It is reported by Littls (1659) that only a small amount of
scheelite was noted, along with arsenopyrite and traces of gold. OF

1

the several samples collectd one thin-polished thin section (:V-1)
contained abundant firne micas along well developed cleavage planss,
large porphyroblastic chlorites (up to 5 um) which appear unaffected
oy cleavage, quertz grains with undulose extinction, pyrite strained

along the cleavage planes, large (10 wmm) highly fractured

arsenopyrite, and smell (C.1 mm) "oothe-saten® taxtursd rutile (fig.
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DISCUSSICH

The stratigraphny of the deposits was looked at Lo determins
if there may be 2 particular zone within the Iilsgume where the
scneelite may be preferentially found. This wes done by measuring the

sandstone:snale ratios of any rocks: a) in the field where possible;

b) Ifrom drill core where svalleble; ¢) estimated from the literaturs

Erock.

i

in

s
(2]

Although several cccurrences seem to nave ratios that fal
sandstone-rich sections (typical of the upper part of the Coldenville
Formation; fig. 28) the deposits appear to be spread taroughout a wide
range of sandstone-shale ratics. In the Murchyville occurrence (which
was not a producer) it is found that all the producing sites lie below

T e Mg - sy Tr
adiliax, L4ais Qay

the 1.0:3.0 sandstone:shale ratic level 1n the 1

q

indicate that the scheslite veins

Jsere not emplaced in rock dominated

™ o

by slate. Five of the producing sites were found below the 1.0:1.0

[0

ratio on the graph (which is taken as the boundary between the Halifax

b

S
Vs

and Coldenville Formations; Schenk, 1970) which may mean that area

133



The =next step was ©o uss cross-secticns of the leguma
prepared by Faribault (1886~1939) for his maps of the iééguma and
measure the location of the scheelite deposits relative to the base of
the Halifax Formaticon, wnich is generally given on these sections, The
measurments wmade on these cross-sections are assumed not to be
accurate because: measurments were nade from the vertical scale of the
cross sections where the scale 1s approximately 1:63,000; lateral
variation in the facies Dbetween the location of the deposit and the
site of the section line; and extrapolations by Faribazult in drawing
in the folds. In any case the approximate positions located should be
of some value,

Figure 22 plots the stratigraphic level (according to
Faribzult's wmaps) versus the district. The seven sites appear to be
scattered throughout the Heguma, except that no deposits are found in
the upper part of the Halifax Formation, wmore than 1300 m above the
base.

The above résults indicate that there appears to be a general
prererence for the lower 1500 m of the Halifax Formation and the upper
3000 m of the Goldenville Formation.

The sandstone:shale ratios were plotted against the datun

levels relative to the base of the Halifax on figure 30. The general

[wa

relationship expected would be a scattered trend f{rom the upper left

- .

on the graph to the lower right. The result was a set of points that

3

¢

grouped bpetween the sandstone:shale ratics of 1.0:2.2 and 3.0:1.0.
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regardless of position in the strata. The oply occurrences outside of
thess ratios were Lake Charlotte and liurchyville which was not a
producer. This 1lends further weight tc the theory that the veln
favor, in general, a particular sandstone:shale ratio.

To determine 1if this was true for the amount of tungsten
production the sandstone:shale ratio was plotted against the pounds of
W03 production. The result can be seen in figure 31 where the vast
majority of the scheelite comes from near the 1.0:1.0 ratioc, For this
to be significant we musi assume that ;the production to date is
represenative of the distribution of tﬁngsten. The wvalues used in
figure 31 do not inélude Lazy Head (since there are no sandstone:shale
ratiocs) but this deposit is believed to be in the Coldenville
Formation Just beloe the base of the Halifax Formation. This would
likely give & ratio close to 1.0:1.0 and add in 14,000 1lbs of %02,

According to these figures 90% plus of the scheelite may very well be

Sy

found within an area that consists of only 15% of the the leg
These results may therefore be very significant in the loczation of new

deposits.

STRUCTURE

The regional deformation of the Acadian Orogeny produced
aorth-easterly trending folds and axial plane slaty clsavage (Fyson,

166€). The scheelite veins in all the districts examined were found to
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folds or on the limbs. Scheelite in all districis is re
very erratic in distrbution throughout the veins, Scheelite-~bearing
veins range from less than 1 cm to 60 cm in thickness and appear to
average about 10 cm. The scheelite 1s commonly Ffouad in rolls which
;re reported at all locations examined except Fall River, where the

scheelite occurs where the velns narrow and pinch out. The scheelite

iy

L]

at Go anG Lake Charlotte is reported also to follow the narrow veins
in places and to fill thew on cccasion. It is also reportedly found as
disseminated grains in the veins, usually along the walls, Charlick
(1941) noted that areas high in quartz are also high in scheelite.
While this may be ftrue for most of the scheelite occurrences it does

not appear to be true for Fall River, where Lhe highest scheelite

¥

valuss are found where the velns narrow and pinch out,

Cleavage in the arsa 1s reported to cut the across the veins

m

in most areas thus indicating that the veins formed prior to
deformation, or at the latest early during the folding event.

There appeérs to be little doubt that the veins in which
scheelite is found were produced at the same time and by the sane
means as that of the gold districts. Féribault (in lialcolm, 1912;
1029) noted that the veins at Stillwater Brock were similar to the
auriferous veins., Hewhouse (1936) found the scheelite veins to be
nineralogically and structurally similar Lo the gold veins. The author
noted that a mejor difference between the scheelite and gold veians,

sid

L

4]

from the inverse relaticnsnip between the twe minsrals, appears
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the gold districts are usually found =zssociated with doming
wnile the sciheselite deposits are not.

Five of the scheelite occurrencses sxamined can ve found along
the same general fold upheaval, 3tillwater Erook 1s locatsd on the
Yioose River Anticline which to the west becomes the Waverly Anticline.
Gorf, Fall Hiver and Lower Sackville are Ifound along this anticline,
If the trend of the Waverly Anticline is traced tb the west along
strike across the granites and a couple of ocean inlets it appears to
become the Indian Path Anticline, where the Indian Path deposit is
found. These {ive deposits account for 95% of the tungsten production
from the leguma Group. The only other procducing scheelite deposit is
found 10 km to the south of the Hoose River Anticline on the
looseland-Gegogan Anticline. With 5 of the 6 scheslite producers
located along this trend, the possibility is raised that there may be

A

a tungsten-rich zone through this area, 4 feature such as a primary

cnannel facies, Dbasement structure, or a break in paleotopography nmay

nave concentrated sediments containing tungsten.

HMINERALOGY

Figure 32 shows the reported minerals in each of the
scheelife deposits and indicates the reference and if the presens

author confirmed their rpresence. Quartz is the mnmein-vein filling
£

aineral and is usually associated in these veins with scheelite,
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Two types of quartz were noted in the scheelits velns: cne is
glassy to vitreous, clear to slightly swmokey, and may be coarse and
crystalline; the other is white or milky, greésy or c¢ily looking, and
may contain some banding or lamination, The quartz is usually highly
strained and may be fractured.

Scheelite is commonly found on or near the walls, if not
actually filling the vein, usually asociated with carbonates. The
scheelite is commonly Iractured and veined by the quartz. iiicroprobe
analysis of the scheelite by Miller (1974) and Shaw (1983) found that
the scheelite of Stillwater Brook and Lazy Head were aluost pure CziiO4
with littie or no wmelybdenum.

Carbonate minerals from w@most of the districts are

predominantly ankerite and calcite (XBD thesis work). Probe znzlysis

-

of ankerites at Stillwater EBrcok shows some are actually dolomite. Al
three are usually found on or znear the walls and commonly veined by
guartz and in one case by arsenopyrite. Hicro-faulting is not uncommon
in sonme of the carbénates. Calcite can be seen in some cases filling
fractures in the quertz. Probe analysis was done on 21 samples of
carbonates (appendix C1). All the carbonates had minor amounts of iin0
with the ankerites varying from 1.2-3.5%, dolomite 0.25-0.9 %, and the
calcite 0.8-1.59. Minor amount of V205 were found in all three
carbonates, Wnile doing the probe analysis an unknown peak appeared on

the probe screen for virtually all of the carbonates. It eventually

was determined most likely to be tungsten. Unfortunatly we were unable
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wag  found rendomly

Gol i3 an ta in Erzoe anocunts from same f the scheelite

:old 13 reported in frace amounts from some of the scheelite
occurrsnces, but how 1t fits into the pearazgenesis of the scheelife

Although there is some question in the literature as to the
ezact corder cof precipitation of the veln minerals and the number of

ages of quartz deposition there does appear to be general agreement

=y

that the scheselite and carbonates were the eariest ninerals to fornm

while arsencpyrite, pyrite and

)
[}

£ least one period of guartz followed.
Calcite and muscovite were found in the fractures as late minerals in

sope areas. Thne early deposition of scheelite is supperted by Camercon

(15k2); Miller (1974); iiller, Graves and Zentilli (1976); and Shaw

Appeandeces C2, (€3, and C4 contain microprobe analysis of

carbonate, scheelite, and arsencpyrite respectively Ifrom 3tillwater

HETAIORPHISH

The seven areas that were examined all were found to be
within the greenscnist facies of regional netamorphizn, Ions of the

thin sections examined revealed any contact metamorphism and only cne



signs of contact wmetameorphisz;
tournaline lead nim to believe that z large
area, Heither the author or liiller (1974) found direct evidence to
support this conclusion.

Of the seven areas examined 3 (Hurchyville, Stillwater Trook,
and Indian Path) are in the chlorite zone, whils the others (Lower
Sackville, Goff, Fall River, and Lake Charlotte) are in the biotite
Zone.

In the chlorite zone small flakes of chlorite were found
orientated along cleavage, and at Stillwater Brook and hHurchyville as
large (0.5 mm) porphyroblastic randomly orientated grains. Ankerite

and calcite were both found at Stillwater Zrocok and Indian Path. The

[

calecite containing specimens Z-raved were noted in hand specimen to
contain swmall veinlets of a highly fluorescent mineral believed to be
caleite which would explain its presence in the chlorite zone. Albits
was identified by X=-ray diffraction at Stillvater Ercok. Huscovite was
identified at Stillwater 3Brock both aloag fractures and in the
groundmass,

Biotite was found as small flakes orientated parallel to
cleavage at Fall River and Lake Charlotte while it was found as large
randorly orientated porphyroblastic grains at Lower Sackville., Large 1

cmt biotites were found along the walls of one vein at Fall River, Coff

O

ite zone due to the 1lacik of ankerite and

(s

was placed in the bio
resence of calcite, although bictite could not be identified, Calcite

was found in zll these locations zand at

j)



not completed., Albits was 1dentified &t Lake Charlotte. Large

nuscovite grains were found a2t Goff orientated perpendicular to
cleavage. It may well occur in the groundmass zlong cleavage in both

1

chlorite and biotite zones but due to its small size its distribution
among the more abundant chnlorite was masked., Chlorite was found
aligned =along clesavage at Fall River and Lake Charlotte and occurs as
randomly orientated porphyroblastic grains at Lower Sackville, Gofl
and Fall River.,

According to Cullen (1683) rutile should be found in the

chlorite but anot the biotite zone, During the examinations of polished

Mroth-eaten?! or

sections rutile was found as small (average
blebby patches thrcughout slates and quartzites examined for all
sites. Probe analysis confirmed their presence at Stillwater 2Zrook,
Fall River and Indian Path (appendix C1)., Cullen doss note that rutile
may be found in the hest rock within the biotite zone adjacent teo
large (>1 im) porphyroblastic biotites, which are found along the
walls of 4-10 mm wide hydrothermal quartz-calcite veinlets. This does
niot appear to be the case in these areas since the rutile is found
throughout the rocks. Ilmenite, which was noted at Fall River and is
found in the rocks of the Heguma (Newhouse, 1936; iiacEachern, 1963),
under variocus hydrothermal conditions may oxidize to rutile (Ade-Hall,
1971), but such textures and oxidation effects do nol ocecur here,

The




o DT e P - La o, 2 = - - - - v mrain T oo

Lo it well intc the oictite and chilorite zone assemblages,
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axcept for the presence of the rutile in the bplotits zons. The

presence of rutile and explanations of its textures are nol uandGsrstocd
and are likely worthy of further study, especially to see if this

rutile occurs near gold-producing areas as well,

The presence of nuumerous large granitic batholiths throughout

the HMeguma Croup raises the possibility that the scheelite deposits

may be genetically related to the granite., Newhouse (1936) undertook a

¢t

study of the possible relationship between the granites zand the gold

4

properties. By plotting both the number of gold areas and their gold
production against distance from the greanite he came up with three

zones {ron the granite where gold producticn appears to be affected:

R

1) in the 0-4 km range 307 of the gold districts were located
but only 8% of the gold was produced;

2) in the 4-6.4 km range 15% of the areas were found but 579
of liova Scotia's gold came from here;

3) from 6.4 km and farther 55% of the districts were located
but only 35% of the gold found.

Hewhouse took these results and the vein mineralogy, which he

5

noted included the presence of tourmaline in many of these areas, to
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hat the veins were the resullt of soluticns derived

¢

depth which acted as local nsat centers.

The author decided to test the nypothesis of Hewhouse on the
scheelite occurrences, Scheelite aresas and their respective production
were plotted against distance from granite ({fig. 33). To do this
production figures had to be averaged in some casss, since figures
vary between authors, assumed for others in relation to the
discussions from the literature, and for Lazy Head were based upon
Shaw's (1983) tonnage predictions. The result was that in the O=4 lm
area 29% of the deposits were found and 17% of the scheelite produced.
From 4-6.4 km 149 of the districts were located and '&ﬂ of the
scheelite produced, and from 6.4 km on, 57% of the sites were found
and produced 79% of the tungsten.

Thus there does not appear to be any noticeable relation to
the granite, The majority of the tungsten is produced from where the
majority of the deposits lie and the least tungsten production comss
freoi where the least number of tungsten deposits are located.

lewhouse noted that the scheelite veins and the gold veins
appear to be structﬁrally and mineralogically the same and that all
the scheelite areas contain tourmaline. He further c¢laimed that

although it did not appear that the scheelite was zoned as the gold,

the presence of wolframite in the pegmatites near Hew Ross and Gold

4]

Brook was likely proof that the scheelite and gold came from the saume
magmatic source, but at different times.
The presence of tourmaline in these veins has since been

refuted by Hiller (1974) at Stillwater Brook, and by the author at



Stillvater Zrook, Coff, and Indian Pathn., Zlectron microprobe analysis
on the &llegsd tourmaline showsd 1%t to be rutils in all cases
(appendix C1). Furthermore, the study of polished sections show that
the rutile is present in all 7 deposits while tfourmaline is totally

absent.

Faribault (1899) stated that granite dykes and veins have
been observed always to cut the quartz veins whenever they come in
contact with them, the granite fhus has no relation to the auriferocus
character of the veins, "and need not be referred to again®, Douglas
(1941) noted the pegmatites and aplite at the Lake Charlotte scheelite
occurrence cutting both the strata and veins. Various other papers
note the same for gold and/or scheelite veing (CGraves, 1976; iiller,
Graves and Zentilli, 1976; Graves and Zentiili, 1681; Hzaynes, 1982).
The granites therefore appear to nave no genetic relationship with the

scheelite veins.

RELATIONSHIP WITH GOLD DISTRICTS

The scheelite veins in the Heguma and the quartz veins appear
to be very much alike in structure and nineralogy. It is very likely
then that both veins are zctually formed by the same processes at the
sane tiﬁe. Boryle (1978 suggested that some of the scheelits-rich

veins appear to be younger than the gold veins. liewhouse (1936) stated

that the scheelite veins transect the gold veins in the HMalaga and



The major diffsrences between the two Lypes of deposit are as
fcllows: the exclusion of wmcre than trace amcunts of gzold Irom the
scheellite deposits and vice versa; gold districts are nor:ally found
associated vwith doming of the strata whereas the scheslife zreas are
not necessarily in domes; the presence of the "moth-ealen® rutile has

not bveen confirmed in the gold areas; CGraves (1976) noted that rutile

and Zentilli (1081)

w

sas nmore avbundant in the scheelite zreas; Grave

noted that the gold veins favored z general sandstone:shale ratio of
1.0:1.0, while this does not appear i¢ be strictly true for the
scheelite areas; carbonates tend to be more ircn-rich where scheelite
is present (CGraves, 1976); scheelite zppears to be an early mineral in

the veins while gold is a late one.

ot
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Aside Tfrom the Tforemeantioned differences between

scheelite and gold districts, this thesis has not revealed any nevw

TUNGSTEH EWRICHUEHT I SEDIMEHTS

Tungsten in the sediments 1s suspected as the source for the
scheelite. Douglas (1939) reported that at Lake Charlotte 2 7.5 cu
band of quertzite, which according tc assay carries 1% W03, follows
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this zZone was assaryed at 4.5% W03, 3Shew (1903) found that one sample
of grey slate analysed for tungsten was enriched in it (appendix D1).

At Tall River the author found a pisce of quartzite that conitained a
small (<0.5 mm) speck that had & whitish f{lourescence under the
ultraviolet lanp. The size of the particle did not allow confirmaticn
of the mineral but it is believed to be scheelite,

In order to determine 1 the sediments are enriched in
tungsten 22 samples, 13 slate and 9 quartzite, were sent away for
analysis. The samples cover each of the 7 scheelite occurrences, and
the results wmay be found in figure 34. Taylor (1984) reported the
average crustal abundance of tungsten to be 1.5 ppw, with & basaltic

-

average of 1 ppm and a granitic average of 2 ppm. Using these values
as standarts we can note that most of the samples analysed are
enriched in tungsten. Samples enrichmented by an order of magnitude
can be found in all depesits except for Lower 3Sackville and
tiurchyville which were the only two that were not located exactly,
even nere though valges of 2=-3 ppm were found. The highest value was a
slate (SB=-7) at Stillwater Erook with a value of 92 ppm. Tungsten
snrichment was found in both slates and gquartzites., Only at Stillwater
Brook, where it was predominent in shale, was one rock type enriched

Significantly relative toc the other.
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Lumerous authors over tilue have suggestsec varicus metheds for
the genesis of the gold-quartz veins in the Ilisguma. Since the
scheelite velns appear to be structurally and mineralogically the same
as those carrying gold it is likely that one of the models for the
formaticon of the gold veins ray it the scheelite-bearing velns.
Several of these proposed models will be lcooked &t tc see if this may
be true.

Hlalcolm (1912) swamarized three different opinions as to the
origin of the solutions by which the fissures were Filled: 1) that the
minerals were deposited from descending solutions; 2) that they were
dissolved out of the country rock; 3) that they were deposited from
ascending fluids. He further noted that 1little evidence has been
offered in faver of the first, and the two wost generally held are the
second and third.

Faribault (1899) completely rebutted the claim that the veins
were related to the granites. Still many held on to this theory until
the 1970's. Earlier in this chapter in the section on relation to
granites, the idea bf this relationship was disscussed and it was

concluded that no such relationship existed., It must be noted here

that the usual evidence for ascending thermal solutions, which is wall

rock. alteration, is lacking around these veins (Graves, 1976; Graves

-

and Zentilli, 1661).

Faribault {(in Malcolm, 192%) suggested his own mechanisy for

6o

the formation of the veins. "The veins were formed in the openings

~

produced by the movements of the strata. During the folding of the



there was a

slipping produced openings along the bedding planes, which were in
seneral widest at the apex of the fold and decreased in widinh down the
limb until at & depth of a few hundred feet they pinched out. During
or =ubsequent £tc the formation of these openings, which tecok place
within the less resistant beds, the vein filling was introduced by
soluticns.” Graves (1976) disputed this theory by claiming that it did
not satisfy the resiraints placed upon it by the relative tiwing of
events. He further claimed that if vein formeation preceded folding, =
mechanisn dependant on folding cannot be 1invoked, and if vein
formation accoumpanied incipient folding of a plastic deférmation

1

style, flexural slip would not be ccnsistant with rock plasticity.

2

iraves (1976) and Graves and Zentilli (1981) have proposed

G

another wodel Dbased on hydraulic fracturing under greenschist
conditions for the formation of the veins. They clainm that studies
have’showed that the gold veins formed at the greenschist conditions
of T= 430 +/- 600 C and P= 2.3 +/~ 1.0 kilobars. There is no apparent
hydrothermal alterabion surrounding the veins and the vein ninerals
are essentially the same as those regional metamorphic minerals of the
surrounding country rock. They further noted that the gold veins have
open-space=-filling textures (the carbonates are found essentially at
the walls and the guartz in the csater of the vein; while <the
arsenopyrite is found throughout it is generally with carbonate at the

lying vein formaticn and crystallization at relatively



evidence to contradict these ideass, ang in fact it
for the scheelite-bearing veins
The Craves and Zentilli model is as fcllows.,

Greenschist-grade wetamorphism  involves a  pervasive change in
mineralogy with the production of water. The mechanical effect of this
large amount of metamorphic pore fluid, as it makes its way out of the
metamerphosing rock, can be considered grephically in terms of the

iohr diagram. Tension fractures will occur if the pore fluid pressure

-

becomes sufficiently high to drive the stress circle against the
failure envelope in the zone of tension., If the wmaximum effsctive

tress is a tectonic one, the analysis predicts the formatiom of

/]

(I

norizontal fractures. Such Ifractures could provide locations for
precipitation of the veins as "flats" which were to be later §
stress ia the same orientation as that responsible for the fracture
formetion, To hold open these f[ractures a large nearby reservoir of
high permeability would be needed to supply the fluids, but the best
place feor the formation of these fractures is in the Tiner grained or
shaley areas. This problerm appears to be solved since the vast
majority of the veins are located at the edge of or within thin slate
beds that are interbedded with much thicker and coarser quartzite and
greywacke units. This would account for the majority of the gold and
scheelite velns being found in the lower parts of the lalifax
formation and upper parts of the Goldenville Formations. As these
fractures opened, pore fluids would flow in and the minerals would be
precipitated primarily in response to a decrease in pressure. I the

fluid contained significant amounts of carbonate at greenschist grades
<o (=] o
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first carbonate, then quartz and Fe-As3-S uinerals. The nature of ths
fluid inclusicns dindicates a low salinity, CO» opich fluid which

should allow Ca as well as 3i to De movile zloag with all other gold
vein components under greenscnist-grade conditions, After
precipitation the veins were competent layers in a package of rocks of
varying ductility. Where they were mostly enclosed by less competent
slate near the hinges of the folds, they were mechanically buckled,
forming pearasitic folds. On the fold 1limbs velns were locally

boudinagsd and rolls formed., There was no subsequent remobilization.
Tne high gold values appear to be the result of an increased amount of
vein mnaterial (i.e. roclls) in a given volume of rock and hence
mechanically enhanced the grade.
This appears to be the Dbest explanstion to =sxplain the
formation of the veins since it accounts for tining, rtextures and
paragenetic relationships. This result is supported by lMillier, Graves
and Zentilli (197€) and Shaw (1983) for the Stillwater Erook deposit.
Recently another theory has been put forward by Haynes (1882;
1983) suggesting anﬁther possible mechanism for the formation of the
gold veins. Unfortunately the first major paper on the subject is not
’due to be published until mid=-March 1684. His theory is as follows.
The association of auriferous stratiform and stratabound veins with

sericite - tourmaline =~ arsenopyrite wall rock alteration and

<t

X-Feldspar + muscovite-bearing step=-vein "feeders® indicates fthat the
z0ld was deposited from (or mobilized by) hot hydrothermal sclutions.

The "feeder-likse" relationship o

bty

a cross-cutting step vein to a
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stratiforn ribbon vein iz suggestive of a submarine nydrothermal-vent

systsui with attendant seafloor chenmical sedimentation (stratiiorn
veins), intrasedimesnt sills (stratabound veins and soze stratid
veins) and fault contrellsd feeders (step wveins). He states that the
veins exhibit crosslamination and colunnar structures, similar to
modern geyserites at Yellowstone, and are usually rich in carbonate.
Haynes relates this theory to the gold, silver, mercury and stibnite
mineralization but does not mention tungsten (Haynes, 1683). The wall

rock alferation Haynes describes has not been cobserved by other

authors and was not found in the examination of thin sections for this
paper. Further discussion on this theory should be left until the

first paper is published.
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CONCLUSIONS AND RECCHMEEDATIOES

1) The scheelite deposits are found at the edge of or within
slate beds which zre interbedded with quartzites and graywackes.

2) The veilns are found conformable with and parallel to the
tedding planes near the crest or on the limbs of large anticliges
within the ileguma Group. Although the gold districts appear to

assoclated with doming of the anticlines, the scheelite occurrences

ot

.

are not. Further mapping in the vicianity of the deposits may find some

douming, but to date none is known.

3) Approximately 90% of tungsten production within the Heguma
Group comes from an area that consists of about 15% of the ileguma and
appears to center arbund a sandstone:shale ratio of 1.0:1.0. It would
appear to suggest that a particular zone or horizon within the Heguma
’favors the Tformation of scheelite deposits. This would meet the
requirenents of the GCraves-Zentilli model for vein formation which
implies the nreed for slate beds where frazcturing will occur zand thick
perneable beds nearby to supply abundant fluids. This particular area

of the HMeguma would be a prime location for this type of interbedding.



L) The ors is found assccizted with the 1imbs and occasionally
the crests of the folds in the ifeguma. The ore is predominantly found

onn or near the wall rock in rolls or bulges in the veians, and o a
lesser extent where the veins narrow and pinch cuft. Cccasionelly it

may be found disseminated throughout the vein,

5) The veins contain predominantly quartz, carbonate, scheelite,
arsenopyrite and minor amcunts of rutile, pyrite, and traces of gold.
There seems to be a varying opinion on the sequence of precipitation

in the veins. In general the following seems to be true for their

<

(%]

formation. The earliest forming minerals in the veins are the
scheelite and carbonate, followed by quartz then arseopyrite, rutile

and pyrite,

6) The deposits are found in the greenschist facies crade of
regional wuetaxorphism. The mineral assemblages found at the various
sites appear to fall into one or the other of the mineral assemblages
given by Cullen (1683) for the bpiotite and chlorite zones, The only
difference is that b"moth—eaten" rutiles are found throughout both
zones and should only be in the chlorite zone. The reason for ghis is
not understood and deserves further study. If rutile is not found in
the rock near the gold occurrences then it may be a clue to the

formation of the scheelite deposits,

7) There appears to be no genetic relationship between the
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3) The results of tungsten anslysis performed on 22 sanples

shows the host rocks near the scheelite deposits to be enriched in

tungsten with values ranging froum 2-92 ppm, while the world crustal

average is 1.5 ppm. This would agree with the 1literature which
indicated that the host rocks were the source for the tungsten.
Further work should be conducted to determine: if the rock near the

scheelite deposits are enriched relative to the gold districts and

non-mineral producing areas of the Meguma Croup.

9) The scheelite veins appear to satisiy the requirements of the

Graves and Zentilli model for vein formation: hydraulic horizontal

fracturing and pore fluid migration during conditions of greenschist
P e

regional metamorphism, vein precipitation, folding and formation of

rolls.

I insight w cal in tl mpirical s tion of
10) Ho new insight weas ined into the enmpiric eparation of

the gold and scheelite deposits.

113} While performing electron wmicroprobe analysis on several
carbonates a peak Dbelieved to be tungsten appeared on the probe
screen., Unfortunately anslysis of these samples for tungsten could not
be performed at the time, Further work on this should be conducted in

the future.

12) Five of the six past scheelite producing deposits were found



indicate that a featurse such as 2z primery channel facies, basenment
structure, or a break in paleotopography may have concentrated

sediments containing tungsten,

13) The results of this thesis indicate the following as the most
likely locations for future exploration for séheelite deposits within
the lMeguma Group. The primary location would be on or near the crest
of an anticline, prefeably along the trend of the lcose FRiver -~
Waverly - Indian Path Anticlines or to a lesser degree the Hooseland -
Gegogan Anticline, in rocks where the sandstone:shale ratio 1lies
between 2.,5:1.0 and 1,0:2.5 preferably as close to 1,0:1.0 as
possible., Scheelite may be found in rolls or pinéhes within gquartz
veins that are conformable with the bedding of the strata in the above
areas, The presence of hest rocks enriched in tungsten may indicate

that quartz veins in an area mentioned above contain scheelite.
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Table III-1. Electron microprobe analysis of scheelite
grains»fnan the Moose River mine (wavelength

dispersive spectrometry).

WEIGHT PERCENT MOLE PERCENT

Grain WO3 McO3;  Fel +nO Cz0 Total Caro0,
M.R. 3 -1] 83.39 0.06 0.07. 0.10 18.91 102.53 0.12
M.R. 3 -2]| 83.60 0.04 0.07 0.08 18.87 102.66 0.07
M.R. 3 - 3| 82.37 0.06 0.07 0.10 19.01 102.11 0.12
M.R. 3 -4] 82.60 0.07 0.11 0.13 18.%6 101.88 0.13
M.R. 1 -1] 81.55 0.03 0.10 0.07 18.80 100.55 0.05
M.R. 1 -2 82.33 0.04 0.09 0.08  16.18 98.73 0.08
M.R. 1 -3| 82.72 0.06 0.07 0.04 18.73 101.62 0.11
M.R. 1 -4| 82.70 0.03 0.06 0.06 18.76 101.61 0.07
M.R. 5 -1 81.64 0.07 0.08 0.06 18.73 100.58 0.15
M.R. 5 ~-2] 82.04 0.03 0.06 0.08 18.79 101.00 0.07
M.R. 5 - 3| 82.11 0.03 0.08 0.11 18.79 101.13 0.07
M.R. 5 - 4| 82.74 0.04 0:06 0.04 18.68 101.57 0.08

x 0.09

[ 0.03



Table III-2. Electrcon microprobe analysis of vein carbonate

from Moose River mine (energy dispersive spec-

-155-

trametry) .
WEIGHT PERCENT MOLE PERCENT
Semple % FeO MnO MO  Ca0 Total FeCO, MnCO, MgQD; CaCo,
MR, I-1 5.87 0.82 18.07 29.17 53.93 8 1 42 49
-2 5.10 0.88 18.55 28.98 53.51 7 1 43 49
-3 5.01 0.62 18.49 28.58 52.70 7 1 44 48
-4 4.47 0.5 19.29 29.32 53.67 1 1 47 51
M.R. VI - 1 13.03 1.28 12.80 28.84 55.95 17 2 31 50
-2 12.82  1.18 13.53 28.95 56.48 17 2 32 49
-3 11.82 1.53 13.27 29.19 55.81 16 2 32 50
- 4 10.86 1.81 13.80 29.14. 55.61 14 3 33 50
- 4R | 11.82 1.77 13.37 29.22 56.18 16 2 32 50
-5 10.68 2.C8 13.39 29.54 55.69 14 3 32 51
- 6C 10.78 1.89 13.85 28.74 55.36 14 3 34 49
- 6R 9.83 2.14 14.62 28.87 55.46 13 3 35 49
M.R. V-1 3.86 0.29 19.60 29.18 52.93 5 1 45 49
-2 4.69 0.63 16.90 29.29 51.51 7 1 41" 51
-3 4.90 0.66 18.47 29.34 53.37 7 1 43 49
-4 4.93 0.71 18.53 29.87 54.06 7 1 42 50
M.R. III - 1C 12.34° 1.58 13.23 28.92 56.07 16 2 32 50
- 1R | 12.55 1.58 12.92 28.83 55.88 17 2 31 50
- 2C 9.52 2.34 14.74 28.69 55.29 13 3 36 4
- 2R 6.35 2.57 16.71 28.90 54.53 9 4 39 48
- 3C 9.97 2.19 14.43 28.60 55.19 13 3 35 49
- 3R 9.45 2.68 14.61 26.86 53.60 13 4 35 48
-4 6.06 3.13 16.78 28.86 54.83 8 4 39 49
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Table III-3. Electron micrcprobe analysis of arsenopyrite
fram the Moose River mine (wavelength disper-

sive.spectrometry) .

. l MOLES PER ATOMIC
WEIGHT PERCENT 100 GRAMS % As
Fe As S Tot. Fe As S
M.R. II - 1 34.88 44,87 15.70 99.56 0.626 0.5%9 0.615| 32.55
-2 35.12 44,88 19.86  99.87 0.629 0.599 0.619 | 32.43
- 3| 35.10 44.36 20.23 69.68 0.628 0.592 0.631) 31.98
- 3R| 34.93 44,08 20.01 99.01 0.625 0.588 0.624 | 32.01
MR. I -1 35.03 44.87 19.76 99.66 ~ 0.627 0.599 0.616 | 32.52
-2 35.28 44,28 20.07 99.63 0.632 0.591 0.626 | 31.%6
-3 35.20 44,81 20.08 100.09 0.630 0.598-" 0.626| 32.25
-4 34.84 44.09 20.09 99.02 0.624 0.588 0.627 | 31.97
-5 35.04 44.74 19.73 99.52 0.627 0.597 0.615| 32.46
M.R. V -1 35.09 45.18 19.75 100.02 0.628 0.603 0.616 | 32.65
-2 34,81 44.52 19.78 99.11 0.623 0.324 0.617 ] 32.39
-3 34,76  45.26 19.79 99.81 0.622 0.604 0.617 | 32.77
Summary
Atomic % As S n
Vein arsenopyrite 32.37 0.30 8
Wall rock arsencpyrite 32124 0.29 4



A ppendix D
wWHoLe Rock /7/\)/4(,)/5/5‘
From Staw ((983)

AT ST (( WaTER [SR00K



Cr

Ni

<

Co As Sb Ilg Cu Pb Zn NAg W Sn  Au Mo Th
G 1 80 8 5 100 0.5 <10 16 36 23 3 6 120 <80 <2 1.7 7
G 2 90 320 34 730 <0.2 10 150 20 130 <1 35 100 <80 <2 1.9 8
G 3 110 © 36 10 190 0.5 <10 7 44 30 <1 55 35 <80 <2 2.6 10
G 4 60 40 17 200 0.7 10 5 32 110 <l 22 120 <80 <2 1.2 5
G 5 100 N.S. N.S. 1200 0.6 20 N.S. N.S. N.S. N.S. 22 100 <80 N.S. - 1.9 8
G 6 70 35 23 1100 1.0 10 15 16 35 <1 890 80 <BO <2 1.8 6
G 7 80 91 56 3700 2.1 <10 53 20 120 <1 990 55 <80 <2 1.9 6
G 8 140 53 11 4000 2.3 10 15 12 130 <1 28 B0 <80 <2 3.6 8
G 9 170 94 35 720 <0.2 20 180 190 1100 <1 200 150 <80 4 7.2 13
G 10 20 37 10 110 0.2 <10 320 8 1700 <1 5500 8 <80 <2 0.4 1
L.H. 3 {130 65 22 20 0.3 20 71 16 34 ~<1 20 <3 <80 40 11.4 14
L.ll. 4 | 130 N.S. N.S. 9 <0.2 <10 N.S. N.S. N.S. N.S. 15 N.S. <80 N.S. 3.9 9
L. 9 [ 100 58 35 62 <0.2 <10 20 4 100 <1 10 <3 <80 <2 2.3 5
L.Jl. 10 | 110 59 23 210 1.2 10 46 8 110 <1 15 <3 <80 <2 2.4 6
L., 13 | 860 52 20 21 0.3 <10 35 4 110 <1 7 <3 <80 4 1.9 9
L.l 15 | 80 43 21 4 0.3 <10 46 12 180 <1 4 N.S. <80 4 2.2 8
L.l. 17 | 60 5 20 55 0.3 10 190 8 83 <1 7 <3 <80 4 3.1 8
P.I. 105| 40 10 2 4 0.2 10 4 8 39 <1 4 N.S. <80 <2 1.2 6

-T102-



Connnued

Cr Ni Co As -b Hg Cu Pb Zn Ag W Sn Au Mo U Th
M.R. 12| <10 17 10 4,200 N.S. N.S. 12 <2 50 <1 12 N.S. <80 4 2.8 3
M.R. 15| 80 20 13 18 0.2 <10 25 <2 84 <1 21 N.S. <80 <2 2.4 9
M.k, 161 30 6 4 9 <0.2 <10 12 18 25 <1 3 <3 <80 <2 1.2 4
M.R. 17} 100 33 15 <10,000 N.S. <10 8 24 54 <1 390 N.S. <80 4 2.1 7
M.R. 19| <10 2 1 2,200 2.4 20 10 16 9 <1 <10,000 N.S. <80 4 0.4 <1

-£0Z~
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