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INTRODUCTICON

The Mount Bischoff Mine is located in the northwest of Tasmania,
Australia, 49 miles by good gravel road from the deep water port of Burnie.

Mount Costigan holds an option to purchase 320 acres of what was
formerly the most productive tin mine in Australia. In addition, most of
the mineral rights within a 3 mile radius are held by Mount Costigan.

After an examination of the extensive pyrrhotite-cassiterite
showings it was decided to conduct an induced potential geophysical survey
to indicate additional potential ore. It is felt that a strong east-west
anomaly to the south of the old workings indicates the faulted extensien
of the sulphide-cassiterite zones.

Diamond drilling of the exposed Greisen-Pig Flat sulphide-
cassiterite zones has indicated an ore potential, which if limited addi=
tional drilling substantiates, will in itself support a 500,000 tons per
year cperation. Drilling to intersect the faulted extensions is now in
progress.

Currentlyu tw@;reSearch programmes are in progress to ascertain
the most economic way to reécover the tin and other metals from the ore:
l} the mineral dressing is being investigated, and 2} & new smelting tech-
nigque reqguiring only very low grade concenirates is being developed.

For the immediate future limited drilling is planned. Most
effort will be placed on mineral dressing and metallurgical research.

Australia is a net importer of tin. This, plus the fact that the
world is chronigally underproducing tin indicates a strong and ready market
for any Bischoff production. There would also appear to be a good possibi-
lity for realizing and additional profit from by-products iron powder and
sulphur for which there is a ready market in Australia.

Australia is a stable country pclitically, with a buoyant economy.
The country caters to foreign investment and mining taxation laws have been
designed 1o encourage mine development.
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EXAMINATION OF THE OLD MOUNT
BISCHOFF TIN MINE, MOUNT

BISCHOFF, TASMANIA

INTRODUCTION

Location and Access

Waratah is a village in Northwestern Tasmania which once had a population
of several thousand, though now there are only soms 125 inhablitants. Tt is
about one-half mile south of the old Mount Blschoff Tin Mining Company's
workings on Mount Bischoff.

There is a good gravel road from the village to Burnie, a deep water.
‘epastal port 49 miles away on the northern side of the island. Guilford
Junction is on the railway running between Zeehan and Burnie, and 11 miles
east of Waratah by road. Wynyard 12 miles west of Burnie has an airport from
which there are scheduled flights to Melbourns.

Purpose and Extent of the Examination

The writer was asked by Dr. W.L. Young of Mount Costigan Mines ILimited,
Ottawa, Ontario, to examine and evaluate the possible tin producing potential
of the ground formerly mined by the Mount Bischoff Tin Mining Company, on
Mount, Bischoff, near Waratah, Northwestern Tasmania.

The property was visited between the 12th and 16th of June; in all
slightly more than four days were taken to go over the geology of the desired
locality and the flanks of the mountain. An additional day was spent in
Hobart, the state capital, cobtaining geological reports, and discussing the
property situation at Mount Bischoff, with offlclals of the Tasmanian Depart-
ment of Mines.

Ownership and Size of the Area

The Tasmanian Government has reserved the mineral rights on a circular
area 2 miles in radius centred on Mount Bischoff. Placer leases are let to
individual tributors (%) who have the right to mine them to a depth of 100
feel below the surface. Some of the tribubtors are working the stream gravels,
slulcing material on the lower slopes of the mountain, or around the old
workings, but & few are engaged in small scale mining of narrow, though at
tzmea, rich cassiterlte—bearlng quartz veins (lodes).

Mr. G. Van de Geer of the Department of Geography; University of
Tasmania, Hobart, holdes a. prospecting lease over 320 acres of what was former-
1y the most productive ground mined by the now extinct Mount Bischoff Tin
Mining Company. The approximate boundaries of this lease are shown on the
"Geology Map of the Mount Bischoff Tin Area", which accompanies this report.
Mr. Van de Geer holds the lease for Dr. P.A. Hill, of 13 Morris Street,
Ottawa, Ontario; and Dr. M. Solomon of 23 Mdlunna Road South, Lindisfarne,
Tasmania. It is in good standing until the 31lst of December, 1962.

(%) Small lease holders
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Dr. Solomon has applied for the prospecting rights over all the ground
not yet taken within a three mile radius of Mount Bischoff. Hls
application 1s now under consideration by the Department of Mines.

The Director of the Tasmanian Department of Minea, Mr. J, Symons,
has given assurances that everything possible would be done to help
establish new mining ventures in the Mount Bischoff area (*).

History

Tin was discovered on the southwest side of Mount Bischoff in
Tinstone Creek during 1873 by James (Philosopher) Smith. The source
of the alluvial cassiterite was traced to the mountain, and in 1873 the
Mount Bischoff Tin Mining Company was formed to exploit the discovery.
After some initial difficulties the property became the most productive
tin mine in Australia. "Brown Face', the largest deposit, was except-
ionally rich in its upper parts as a result of secondary enrichment, as
were several of the other "Faces" (##), though on a smaller scale. Their
stratified nature at first led to the belief that they were of alluvial
rather than eluvial origin.

Production averaged around 2,200 tons of tin oxide anmually until
1898, then it started to drop as the rich ore became exhausted. The be-
ginning of the first world war along with the collapse of the tin market,
marked the end of large scale mining. Production continued until 1929,
after which the mine was let to tributors. The grade by this time must
have been very low for in 1921 .it averaged 0.31 per cent (6 - p.1191).

The end of the operation was undoubtedly hastened by the onset of the
1929-32 depression, when the price of tin again sagged {8 - p.15).
Tributors worked the property in a small way until 1943, when it was taken
over by the Commonwealth of Australia, who mined out readily available ore
in an attempt to alleviate the tin shortage, caused by the Japanese
occupation of Asia., C. L. Knight, geologist with the Commonwealth Bureau
of Mineral Resources, was in charge of the exploration and development.

There is no clear record of how much was mined, but according to statiatics

the tonnages removed were not very largs (3 - p.5). This operation ceased
in 1947, and the tributors again began working the area. Since then their
production has been no mors than 40 - 50 tons of tin annually (3)

.~ The total production from the Mount Bischoff mine to the end of 1955,
was 55,000 tons.of tin from 5,500,000 tons of ore (3 - p.25). Since the
concentrating process was very ineffecient, it means that the ore averaged
a minimum of about 1.4 per cent tin oxide. The bulk of the production
came from the "Faces" (open-cuts) on what is now the Van de Geer Lease.

(#*) During an interview which the Director was kind enough to accord
the writer.

(#*¢) Open-cut or pit.
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The only other company on the mountain, the Mount Bischoff Extended
Tin Mining Company, opsrated between 1882-1932, and produced 2,000 tons '
of tin from the "Giblin "Lode" (vein)., It was mined to a down-dip depth
of 1,000 feet, and averaged about 1 per cent tin. All told there are
probably some 40,000 feet of underground workings, most of which occur
on the "Giblin" and "Gueen Lodes", with only 4,000 to 5,000 feet beneath
the other sections.

Mining on Mount Bischoff ceased for a combination of reasons,
foremost amengst which were the shortsightedness of management in not
doing metallurgical research, and exploration to maintain reserves.
Concentrating loses are believed to have been very high, possibly between
30 and 45 per cent.

Climate

Situated on an elevated plateau 2,000 feet above sea level and
unprotected by mountain ranges the township of Waratah is exposed to
winds from every direction. As'a rule winds from the east indicate fine
weather, while winds from the west are almost invariably accompanied by
boisterous conditions. A short summer extending from December to March
is followed by a cool autumn of average duration, a long rigorous winter, .
distinguished by occasional snowfalls and heavy rainfalls, and a cool
spring marked by unsettled weather.

The meteorogica; record shows an average annual precipitation exceed-
ing 85 inches. There are no periods of drought, but January and February
are dry in comparison to June, July and August. Rain falls during 250
days of the year (2 - p.17) -

GEQMORPHO!

Mourit Bischoff is a monadnock having an elevation of 2,596 feet above
sea level. It stands same 500 feet above the adjacent Tertiary basaltic
plateau of Northwestern Tasmania. Peneplanation during the Upper Mesozoic
and Lower to Middle Tertiary was followed by submergence and deposition
of lacustrine sediments. Emergency in conjunction with the extrusion of
plateau basalt, commenced a new cycle of erosion. The mountain owes its
altitude to a relatively resistant core or quartz porphyry dykes and -
sills. :

Although the sheets of plateau basalt have protected the underlying
sedimentary rocks, heavy rainfall, post-Tertiary faulting, and elevation
of the plateau to around 2,000 feet above sea level, have rapidly incised
deep river valleys along lines of weakness down through the basalts, and
into the underlying Palaeczoic and Precambrian rocks. In the area west of
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Mount Bischdff, the basalts have almost been removed, but to the south
and east, the plateau is still the dominant topographic feature.

The Waratah River drains the east and north sides of the mountain.
Its course may reflect faulting modified by weak formations in folded
rocks, though the porphyry dykes show no displacement where they cross
the river. The Arthur River flows north and drains the western flank of
the mountain; its junction with the Waratah River just north of the map
sheet, is at an elevation of about 1,100 feet above sea level.

REGIONAL GEQLOGY

Mount Bischoff consists of sedimentary, with scme tuffaceous, and
possibly flow rocks of the "Bischoff Series", which are considered to be
Lower Cambrian or Upper Precambrian, and correlative with part of the
Carbine Group (3 - p.1109). They are bounded on the south, west, and
north, by the Middle to Upper Cambrian Dundas Group, composed of slates,
quartzites, tuffs, breccias, and basic flows; while to the east. and south
there are Upper Tertiary plateau basalts. These cover a thin series of
fresh water sedimentary rocks, which were dep031ted on: an extenaive Middle
Mesozolc-Upper Tertiary peneplane.

Upper Devonlan to Lower Carboniferous ultrabasic to granitic intrusions
occur in the area, which were emplaced in conjunction with folding and
faulting. A large granite body about four miles south of Mount Bischoff,
is probably the surface expreasion of a much greater mass, extending between
the Meredith and Hampshire Range granites, and constituting a tin province.

" Major tin deposits such as Razorback, Renison Bell, Mount-Lindsay, Mount
~ Cleveland, and Mount Bischoff are: found in this zone (4 - p,1119). It is
thought that the quartz porphyry dykes and the mineralization of Mount
Bischoff were derived from a satellitic cupola of this granite occurrlng

beneath the mountain.

Quaternary river gravels and sands are the youngest rocks in the

region, and 1ocally have concentrations cf cassiterlte which are worked by
tributors.

GEOLOGY OF MOUNT BISCHOFF

Introduction

There is a residual mantle of weathered rock or talus covering the
mountain in most places. Except for the siliceous porphyries and quartz-
ites, rocks in situ are only seen in the old surface and underground
workings, road-cuts and stream beds. In addition there is a dense
almost tropical growth of tough shrubs, which prevent freedom of move-
ment.
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Princess Lode and Dyke.

Queen Lode and Dyke.

North Face open-cut and Dyke.
Summit Face open-cut and Dyke.
Brown Face open-pit and Dyke.
Slaughter Yard Face open-cut and Dyke.
Stanhope Face open- cut and Dyke.
White Face open-cut and Dyke.
Pig Flat Face open-cut
Greisen Face open—cut
Happy Valley Face open-cut
Western Dyke.

Giblin Lode

North Valley Lode

Thompson Lode.

Ringtail Dyke.

North Eastern Dyke.

Northern Dyke.
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It is regrettable that no geological maps are available, of the extensive
underground workings beneath the mountain, since most are now inaccessible.
However, the "Greisen Face" pyrrhotite replacement body was seen in the
southern part of the #Main Adit Level”, though with unwashed walls not much
information was obtained. The open~cuts, dykes, and old lodes are listed
and indicated by numbers on the accompanying "Geology Map of the Mount Bias-
choff Tin Area™. The geology of the map is based on the work of Reid, with
modifications from Knight, and by the writer (2 5, 6)s

Sedimentary and Metaaedimenta;x Rocks

The rocks of sedimentary origin on the mountain are siltstones, clay-
stones, shales, slates, quartzites, conglomerate, dolomite, quartz-mica
schists, talc serpentine and chlorite schiasts. Well bedded guartzites inter~
layered with slates and schists predominate on the northern and northeastern
flanks of the mountain, while thinly bedded claysatones, siltstones and shales

are more common on the western flank. Quartzites, or quartz-mica schists along
with those composed of talc, serpentine, and more rarely chlorite, occur on the

southern and eastern slopes, along with dolomite.

The dolomites are controversial rocks; locally they have been altered to

" talc and serpentine schists, and have been the host for all the major sulphide

replacement ore bodies. Heid (2 - p.37) thinks they are the result of magnesium

metasomatism of ultrabasic intrusives; whereas Knight (6) considers them to be
of sedimentary origin. The latter view is supported by their sedimentary
associations, relict bedding, and chemical analysis. The extent and form of
these rocks has still to be determined. :

Volcanic Rocks

There are fine grained light green acidic rocks at the bottom of the
"Brown Face' open-pit, which contain pumiceous fragments, and lenticuiar
particles of ash. On the south wall, there are fine grained acidic rocks that
displsy what may be flow banding? Examples of suspected tuffs are to be seen
on the surface along the eastern margin of "Brown Face™, though some are un-
doubtedly conglomerates. The north wall of this pit has 2~3 inch thick light
gray, kaolinized beds, composed of innumerable round to elongated and angular
fragments, some of these resemble volcanic shards and lapilli. However, thin
sections are reported to show that they are intraformational conglomerates and
breccias (#). PFurthermore, there are schists in the "Greisen Face™ area which
may have been in part derived from acidic tuffs or flows.

Intrusive Rocks

Baslc and Ultrabasic Rocks

Only one'exposure of a basic intrusive rock was found on the mountalin.
This is in a road-cut on the eastern flank, about 1,800 feet along the road
leading east from "Happy Valley". It is fine grained, and occurs at an eleva-
tion of approximately 1,800 feet., It is probably a chilled margin or dyke
related to the Tertiary platean basalts.

Chloritic schists seen in the talus near and in the "Greiasen Face" might

represent sheared and altered basic intrusions or tuffs, but the abundance of
chloritic material is not great, and their formation is equally as explicable

(#) personal conversation with Dr. M. Solomeon.
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by other means. Reid (2 - p.57) in his vertical sections through the mountain,
shows large dyke-like bodies of ultrabasic rock beneath M"Brown Face™ and
"Greisen Face". The abundance of pyrrhotite in the old replacement ore bodies,
and Reidts unrivaled view of the underground geology, make his interpretation
difficult to refute with any certainty. But ultrabasic and basic rocks are
not evidént at the surface. : _ ’

_Pd' ieé

The porphyries are most numerous on top of the mountain, where they form
cansplcioua exposures which stand ocut as elongated, angular to rounded ridges.

There are two main types of porphyry the first a quartz porphyry, is the
most abundant. It is light to dark gray and very siliceous, and varies from
very fine grained almost cherty, to a granular textured rock, composed of fine
crystal aggregates of quartz and feldspar, with, in places tourmsline and/or
topaz. An increase in the last two minerals is probably at the expense of the
feldspar. Increased crystallinity generally goes with an increase in the
number of cavities or vugs. These are lined with perfectly formed small
erystals of topaz or tourmaline, and quartz, while they contain variable
amounts of sulphide, usually pyrite. The cherty porphyry has no cavities, only-
pyrrhotite with small amounts of chalcopyrite, bornite or covellite. Relative-
1y large rounded blobs of clear to cloudy guartz occur in all varieties, while
feldspars though present are rarely seen. The second type is a quartz-feldspar
porphyry and consists of numerous well formed, ksolinized feldspar phenocrysts,
and less abundant rounded grains of dark quartz, enclosed in a groundmass of
the same minerals. Cavities and sulphides are entirely lacking. -

Quartz porphyry comprises all the dykes seen on the mountain, except the
southern end of the "White Face" dyke, which is the feldspar-rich type.

Reid (2 - p.59) notes that all stages of feldspar replacemsnt can_be seern .
in the "North Face™. Unfortunately this was the only "Face" not examined, but
the southern part of the "White Face_Dyke".emhihits somewhat similar features.

The quartz porphyry is a greisen type alteration which invariably oceurs
with tin mineralization the world over. It has undoubtedly been formed by
the alteration of the feldspar-rich variety.

The "Slaughter Yard Dyke" is the cherty pyrrhotite-bsaring variety, where-
as the "Stanhope Face Dyke" is a quartz porphyry with abundant green touwrmaline,
which is so porous (vuggy) that it resembles pumice. It contains only
The latter dyke must have been a centre of strong gaseous volcanic actig
Parts of it which were stockworked with fine quartz veinlets were mined
its tin content. ’

The quartz-cassiterite veins (lodes) cut the porphyries, therefore they
are the youngost knuwn intrusions.

Structure

Interbedded quartzites, slates and schists on the north and northeastern
side of the mountain strike between 65 and 80° (*) and have vertical te
southerly dips.- Except in the northeastern part they are tightly folded; in
places the slates glve way to schists suggesting strong differential move-
ments between beds amounting to bedded faults. Further south on the eastern

(#) All bearings are magnetic and in azimuth.

®
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flank, schist zones were noted along the road, their attitudes could not be
obtained with any certainty, but they are believed to strike in an east or
northeasterly direction. 1In the vicinity of "Happy Valley'™, the schistosity
and the bedding strike northeast. A perfectly formed upright tight symmet-
rical fold in quartzites and schists is exposed in the old railroad cut, it
strikes 40° and displays no plunge.

On the west side of the mountain, just west of "summit Face™, there is an
excellent schist zone beside a vertical bed of quartzite. A very short dlas-
tance to the west, the west wall of "Summit Face' displays a nearly vertical
fault zone, in which a flat plunging drag-fold adjacent to a porphyry dyke,
indicates a movement of west side down. These zones supplement each other
and clearly indicate fault movement on a 340° strike. This direction is common
to that of faulting, schistosity, and many of the quartz-cassiterite veins.
Along the road west of "Summit Facem another 340° vertical fault was found,
only here it occurs in gently flexured siltstones and claystones, which locally
show weak traces of sulphide mineralization. Their attitudes are in marked
contrast to the tightly folded rocks observed elsewhere.

Knight (6) thinks that a north trending syncline formerly extended across
the mountain, and that an east striking series of gentle folds were super-
imposed on the older, by a anticlinorium which covered the mountain. It con-
tained a mineralized dolomite hed or beds, which were entirely eroded in
the anticlinal zones, but partly preserved in the synclinal depressions, and.
on the southern flank. f"North Face", "Brown Face™ and the "Slaughter Yard
Face, ore bodies represent the synclines, and the intervening barren ground
the antlclinal zones. The elongated boat-shaped "Brown Face" open-pit hasg
tuff or conglomerate beds in its north wall, which strike 340° and dip 65°
weat, yet they are ummatched on the south wall. While east and south of the
pit, qnart%ite and tuff, or conglomerate beds, strike northeast and dip asouth-
eaat at 35 . These attitudes do not support the synclinal theory, unless it
is assumed that a very tight fold could develop in otherwise open structure.
Evidence based on slickensided and schistose surfaces suggests that the "0ld
Brown Face" ore body was down-faulted by inward dipping faults.

In the area underlain by the replacement sulphide bodiss, Knight (6) found
a marker borizon which he calls the "footwall shale". Directly above this rock
23 in the case of the "Brown Face", or separated by thicknesses of schists,
there is the Mlower dolomite™, in which all the sulphide replacement ore bodies
occur. Along the south flank of the mountain the "Greisen", "Pig Flat" and
"White Face! zones have an "“asbestos horizon" above the "lower dolomitef.
These are serpentine and talcose rocks, which in their turn are overlain by
the *upper dolomite®. The "footwall shale" just south of the "Western Dyket
dips steeply south to southeast. Drilling of the "Greisen" ore body encounti~
ered two sulphide replacement lenses in dolomite, and near the surface another
band of shale. Knight assumes that the repeiition of the dolomite beds or
lenses results from folding and overturning to the north. However, the
possibility that folding may have besn accompanied by thrust-famliing in the
same direction cannot be disregarded. Reid noted a fault extending between
"Greisen Face" and "White Face", which dips at a fairly low angle to the
south, and cuts through slates and dolomite (2 - p.106)., This fault is on
the accompanying Geoclogy Map. The complexitg of the structure in this lccality
is further compounded by the presence of 340° faulting which has displaced.or
terminated the western end of the "Greisen Face" sulphide body. In view of
the evidence it is uncertain how many dolomite beds there are. -

Mount Bischoff occupies the axlial region of a northeast striking errcded
anticlinorium. The crude concentric attitudes of the dyke-cluster on the
mountain suggest foreceful injection from below; this is supported by evidence
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of the gdseous nature of the intrugions. Local structural complexities are
to be expected near centres of such activity from heat and stress. The
structural problems of Mount Bischoff require further study.

ECONOMIC GEOLOGY
Mineralisation

Cas#iterite is the only tin mineral, though some stamnite may have been
present in the "Giblin Lode" (6 p.1192). Marcssite, pyrite and pyrrhotite
are the most abundant sulphides; marcasite wss very plentiful in the secondary
enriched zones formed above the pyrrhotite deposits, and when exposed to the
air ofter ignite spontaneously. Sphalerite, galena, stibnite, wolframite and
arsenopyrite, along with many others were in general very minor constituents
in the old deposits, though some, especially galena and sphalerite, became in-
creasingly more abundant with depth in the "Giblin Lode" and in parts of the
#Queen Lode". Occasionally veins lenses or splashes of the lesser constituents
were found in the more massive sulphide deposits. Pyrite is the common sulphide
in the veins and the porphyry dykes on the mountain, exccpt in the ™Slaughter
Yard®” porphyry, where it is pyrrhotite. N

The gangue minersls are guartz, topaz, tourmaline, fluorite, mica, iron
calcium magnesium carbonates, talc, and serpentine. Quartz was and is the most
abundant with nearly all occurrences. Talc serpentine and carbonates predomin-
ate amongst the massive aulphides in the dolomite horizons, fluorite occurs in
the velns, while topaz and tourmaline freqnnnt the quartz porphyries and some
veins.

The mineral occurrences on Mount Bischoff can be divided into four classes:
(1) Eluvial (secondary enrichmant) |

Surface exposures of sulphide replacement deposits were decomposed hy
weathering, and the soluable materials carried away by ground water, leaving
behind cassiterite, silica, and hydrated lron oxides. Marcasite was formed under
reducing conditlions at depth and grades downward into unsltered sulphides, with
a resulting decrease in the average tin content.

{2) Replacumsnt Dgpgaits‘

Massive pyrrhotite-pyrite lenses replace dolonite, and to a lesser degree
other rocks. In the vicinity of the porphyry dykes they are probably more pyritic.
The gangue minerals are quartz, iron magnesium and calcium carbonates, tale, mica,
occasionally fluorite, and serpentine.

{(3) Por Y. Dyke Deposits

Porphyry was emplaced and/or altered under pneumatolytic conditions. It
was highly charged with gases and especailly rich in boron during the prelimin-
ary stages, resulting in the destruction of the feldspars, and the formation
of topaz and tourmaline. This was closely followed by deposition of pyrite.
There is little tin in this type unleas it is stockworked by quartz-cassiterite
veins.

(k) Quartz Veins

Fracture fillings by quartz and casaitefite. The best cassiterite veins
are characterized by vugs or spaces lined with well formed gangue minerals.
They represent the peak period of cassiterite deposition. The gangue minerals
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apart from quartz, may be fluorite, topaz, tourmaline, carbonates, a golden
mica, pyrite, galena, sphalerite, arsenopyrite, stibnite and jamesonite. How-
ever, except for the silicates, the others are rare, though in depth they may
increase, as the cassiterite values fall. : '

Mineral churrences and Their Potegtial

"Brown Face' Open-pit

The pit is about 800 feet long, 500 feet wide, and 150 feet deep. There is
e large block of material still in place at the bottom near the southwestern end.
It consists of flat-lying slates or hornfels below a sill of porphyry, on top
of which there are 20 feet or so of secondary gossaneous material. The porphyry
adjacent to the pit wall contains small veins of fine granular dark sulphide and
quartz, in places cassiterite is quite conspicuous. The pit wall consists of
acidic slickensided rocks and is obviously a fault, which strikes east and dips
north at 40° It alsc contains some veinlets of cassiterite. Appearances
suggest that the cassiterite mineralization may have been distributed by this
fault. There are random, quite large blocks of massive pyrrhotite at this end
of the pit, and a ledge of fine grained pyrlte against the northwestern wall.
However this is only an isolated remnant, since behlnd it, on the north ‘the
wall of the pit is a fault surface which atrikes 60° and dips south 55 « Acidie
volcanic breccias or agglomerates underlle the bottom of the pit, and a few
quartz-cassiterite veinlets occur in these rocks. On the surface east of "Brown
Face", there is a well formed narrow shear in tuffs or slates; which strikes
34,0° and dips west at 70°. It would appear that the former "Brown Face" sul-~
phide deposit was and is "floored" by flat lying dark slates and bounded by
inward dipping faults.

There are an estimated 40,000 to 60,000 tons of material remaining in the
pit malnly at its eastern end. it consists of pyrite, pyrrhotite, burnt
sulphide and gossan; though the latter two are probably predominant. G&Grab
samples of the first three showed less than 0.l per cent tin (#), which ex-
plains why the material was left. OSamples of a yellowish ochre and an adjacent
layer of tuff or breccia-conglomerate, from the central part of the north wall
75 feet down from the 1ip, ran respectively 0.58 and 0.29 per cent tin. This
suggests the poszibility of finding low grade material around the upper north
margin of the pit, which might extend northward in the direction of the "North
Face. In addition thin quartz veinlets in the south wall have in places notice-
able amounts of cassiterite, which if rich enough might enable sections to be
mined. _

The intersection at depth of the faults which bound the "Brown Face® pit
could have interesting possibilities. It might explain the existence of the
worked-out "Brown Face' lode. S ' .

. If the old "Brown Face" ore body plunged eastwards as suggested by
Solomon (7), then more sulphides might be found in that direction, if the
movement on the fault at the eastern end has been a reverse movement. How-
ever it is feared that the opposite is the case.

"Slaughter Yard Face"

The mineralization in this open-cut is stated to have been similar to
that of the other replacement deposits in dolomite. Reid's dimensions for
the material removed suggest a production of some 50,000 tons. Only a block
of massive pyrrhotite containing around 150 tons, a few pieces of quartz.
porphyry, and a schist zone trending in a northeasterly direction, are now in

{#) Assayed by the Tasmanian Department of Mines, Launceston.
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evidence, beside a considerable amount of waste. There are partings in quart--

zite waste near a 340° fault along its eastern margin, which if observed with

a lens, show occasional surfaces covered with fine cassiterite. Furthermore - ‘
the "Western Dyke" which bounds it on the south, is intersected at numerous

places by quartz-cassiterite veins, and faults which strike 340°, while the

schistosity at the northern end of the "Face® has a similar attitude. It is

believed that the quartz veins may have "fed! cassiterite to the old sulphide

deposit in this locality. There would seem to be a good probability that a

stockwork of quartz-cassitarite veins may cccur in thias vicinity, especially

near the intersections between the faults and the veins, with the "Western Dyke".

NGreisen Eace“

This area includes the old "Gossan Face" of Reid, it is mostly covered
by residual soils: Meuts" show the gradusl merging downward from soil into
rotten rock. Schists are much in evidence at the north end of the “Face® and
amongst the waste, along with partly decomposed sulphide and gossan. Ex~ '
posures of weathered dolomite have a rusty appearance: crude relict bedding
which consists of dolecmite, iron carbonates, quartz, and in places talc and
serpentine, the last usually in stringers. Underground layered dolomite can
be seen in the hanging-wall part of the "Greisen Face" sulphide body. It
strikes 70° and dips south at 50°. A drift about 200 feet long extends in
a 2450 direction. from the "Main Adit Tunnel™ along the strike of and in the
sulphide zone. Both walls over much of their length appear to be in dissemin-
ated to massive sulphides. Specimens, magnet, and compass, indicate the pre-
dominance of pyrrhotite, A grab sample from the wall, at the entrance of the
ecross~cut into the old tributors raise, which is north of the drift, assayed
0.06. per cent. tin,

_The,“Greiaen Face" sulphide body was investigated by drilling and under-
ground exploration in 1944. The work suggested a possible 91,700 tons of 0,85
to 0.91 per cent tin (5-p.4). Additional tonnages of low grade are believed
to exist above and to the north near the "Western Dyke™. Massive pyrrhotite
and gossan were seen on the surface a few hundred feet on strike and east of
the "™ain Adit Tunnel®, two of Knight's drill holes near the tunnel did
not find ore (5=p.5) beneath the exposure. However this could be explained
by 1en51ng, plunging or faulting. The west end of the sulphide body is pre-
sumably terminated by a fault which strikes 3200-340 and dips east. The down=
dip and lateral extent of the sulphides in this zone have still to be investi=-
gated.

A recent article on the tin deposits in this area by Knight, mentions
that the remaining "ore" replacing the "lower dolomite™ in the "Greisen Face"
averages less than O.4 per cent tin (6-p.1191). It is presumed that this
grade includes the area north of the "Greisen Face' massive sulphide zone,
around the tributors stope, where there is. & considerable amount of untested
mineralization. - _ _ -

h"Pig Flat Face™

This open-cut displays few identifiable rock exposures other than
altered or decomposed porphyry dolomite and eluvium. According to Knight the
"upper dolomite" is the underlying rock in this locality, and there may be a .
340° fault between here and the "Greisen Face". A gossaniferous pyrrhotite ;
exposure is to be seen at the northwest edge of the "cut", while the floor has
a trench some 30 feet long in a northerly direction, which displays abundant
fine-grained, dark massive pyrite or marcasite over most of its length. If
the sulphides are bedded and strike east to northeast and the dip is south,
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then it would suggest a considerable thickness of this material. During the
last war some good grade tin ore was removed from this "Face", though in one
instance the cassiterite was so fine grained that very little of it was.
recovered. The down~dip potential of the sulphlde occurrences in this
locality have not been investigated.,

Testing by auger and percussion drilling is reported to have proved
the existence of 50,000 tons of 0.18 per cent tin by vanning assay immediately
to the west of this "Face", and an additional 25,000 tons of the same grade to
the north (chemical assay) (5-p.6). The ground between this locality and "White
Face" has not been investigated. '

Mihite Face"

" This is a continuation eastwards of "Pig Flal"'. There are few rock
exposures to be seen, only overburden and waste. The residual soils are
light-yellow to white and were formed by the decomposition of porphyry, sul-
phides and crystal quartz “sands". The latter formed beds asscciated with
the ore mined from this "Face'. Knight (5-p.7) thinks that there are 50,000
tons in this locality above the "Main Adit Level" in the "upper dolomite",
but some shale would have to be removed before it could be mined. The
presence of these sulphides is based strictly on correlation between "Pig
Flat" and "White Face", and must be considered as purely hypothetical until
proven. If the “Happy Valley" dolomite is the southward down-dip extension of
the “upper dolomite", it does offer some hope for the locality, since it
is mineralized, though only in a patchy manner. The presence of a '"lower
dolomite has still to be investigated? :

"Happy Valley Face'

Massive pyrite with some pyrrhotite occurs at one place along the
northern edge of the cut. While the "upper dolcmite" locally has random
sporadic stockworks of quartz veins and veinlets, some of which are heavily
charged with almost massive pyrite, cassiterite can be seen in some of
these under the hand lens. A grab sample of massive pyrite from a one inch
thick veinlet was assayed and returned 3.57 per cent tin. If there are
sufficient numbers of veinlets such as this throughout sections of the
dolomite, there could be potential ore in this horizon, especially near the
porphyry on its western side, where the YHappy Valley Lode" occcurs. It
is said to parallel the wall of the porphyry and to have carried 1 per
cent tin.

An adit driven north from the open~-cut "passes through 100 feet of
gossaneous material" (2-p.lO?) Apparently the tin content and the source
of this gossan have not been investigated.

If the interpretation of the local stratigraphy is correct, the
Yhappy Valley" dolomite is the Mupper dolomite", and there can be a "“lower
dolomite” or other dolomites at depth, some of which possibly could have
..sulphide replacement deposits.

1 Po kes

Certain sections of the "Western Dyke" north of "Greisen Face" are
cut by mmerous narrow quartz veins, containing sporadie but often abundant
cassiterite. In addition, the dyke has disseminations of pyrite, as well
a8 a pyrite vein zone in its margin. It is quite possible that parts of
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this dyke and its wall rocks could have modest tin values. B :
The "Stanhope Face" was mined for the tin in the porphyry, which

averaged .20 per cent, and in places had better values. The dimensions

quoted for this cut of 60 by 60 by 100 feet suggest that it provided about

20,000 tors. The grade guoted is not high, but it was taken because it

was cheap to nmine, and the cassiterite easy to recover. Underground this

grade ‘woulli not have been acceptable at that time, though now the poasibil-

itles of this zone should be investigated.

Reid (2-p.131) mentions that a large number of samples from the dykes

. on the mountain were assayed, and averaged between 0,09 to 0,17 per cent tin.
It is just possible that the prophyry dykes might have large tonnages of low
grade yet fiineable material.

Lodes SVelnsz

No large veins were actually seen during the examination of the workings
on the mountain, though the surface excavations of the old "West Bischoff Lode"
(?) at the very top, and the "Thompson' near the bottom of the mountain were
viewed., DBoth have ‘certain features in common; they occupy fault fissures,
strike 3200 - 340° ’ dip steeply southwest and are between one and two
feet thick.

Tributors are at present working the "Thompson LodeY., According to
reports the vein is only between an inch to . seven inches thick, and strikes
northwest and dips steeply southwest. Specimens of the More" which were
seen, consist of quartz, fluorite, carbonates, golden mica and cassiterite.
The latter mineral is not evenly distributed in the veins, but there are
some very rich patches, and the cassiterite crystals can be large and well
formed.

Mhny of the veins such as the “Qneen" “Gablin“ or "Brown Face”
(vein), which were foreerly mined, or explorad and abandoned because of low
grade or metallurgical problems, might now under new conditions be profitably
worked. The wall rocks of all the old deposits should be zearched for stock=
works and disseminations of guartz-cassiterite material.

Eluvium

Residual reddish-brown to yellow and gray soils formed by the weathering
of sulphides and rock, cover an appreciszble area on the southern flank of the
mountain; though mostly over the '"Greisen™ "Pig Flat" and "White Face™
sections. They are known to contain some . tin values, since periodically the
tributors have found and removed thin layers of cassiterite from them. Further-
more, the waste from the old "Faces™ is strewn over the area, and contains
modest examples of cassiterite., Perhaps bioth-the soil and the waste rock
msy contdin sufficient tin to permit surface mining on a large scale. The
operation could grade downward into an open=pit operation, if and when
exposures of sulphide gones were encountered.

Dr. Young whom the writer accompanied to Tasmania, has sampled the
various materials on the surface. The results of this sampling should
give some indication whether further investigatlon of the eluvium in this
zone is warranted. '
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GEOPHYSICAL SURVEY

An induced polarization and resistivity survey was done to the east’
and south of the old workings. It was considered of no use to cover the old
open-cuts, since sulphides are scattered everywhere over this area.

The results of the survey are shown on the accompanying geophysical
map. An easterly striking mineralized zone is suggested beneath, and north
of "Happy Valley" extending east as far as the Waratah River. The broad
nature of the anomalies, creates suspicion that near surface salts deposited
by ground waters may account for most, however these could lie down slope
from mineralized zones, or possibly over depcsits formed by secondary
enrichment.

The anomalous localities along the eastern side of the mountaih are
over or adjacent to porphyry dykes, and might be attributed to sulphide dis-~
seminations in and along side these rocks.

METALLURGY

The ores of the old replacement deposits contained pyrite, pyrrhotite,
marcasite and erratically distributed cassiterite; the better grades usually
were found in the more siliceous parts of an ore body. The minerals of lead,
‘2inc, arsenic and antimony were present in such small amounts, that there
were no metallurgical problems, although periodically small rich splashes or
veins containing an abundance of these minerals, were found in the massive
sulphide bodies.

The blggest problem faced by the old miners was the fine cassiterite,
for the finer it was, the greater were the losses during sluicing and con-
centrating. Fortunately "Brown Face'" the largest and richest tin ore body
on the mountain, had a great proportion of coarse cassiterite, whereas in most
of the deposits on the south flanic, it was and is very fine. This problem
had not been solved as late as 1944, when some 12,000 tons of 0.84 per cent
~ tin were treated, and most of the tin was lost because of the fine state of
the cassiterite (4 - p.6). It is believed that not more than 70 per cent of
the tin was ever recovered from the ores of Mount Bischoff.

The old Cornish vanning assays were used by the miners to test the
values of the ores. These assays had three desirable features: they were
cheap, quick, and they suggested the recovery grade, not the actual grade.

Bulk samples taken by Dr. Young have been sent to Geo-Mat Reactors
Limited, of Ottawa. It is hoped that a process will be found which will not
only recover most of the tin, but the 1ron, sulphur, and possibly some of
the leas abundant metals. :

Until a process for treating the mineralization of Mount Bischoff has
been developed and its costs are known, no ore can be outlined.
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CONCLUSTONS

1. The best tin mineralization on Mount Bischoff was and is
closely associated with the quartz porphyry dykes clustered at or
near the top of the mountain.

2. There are really only two distinct types of tin deposites
namely: the replacement of some pre-existing rock usually dolomite
by sulphide; and those formed by intrusion of quartz-cassiterite
material into fractures. It is suspected that the latter type may
be responsible for the tin in the sulphide replacement deposits.

‘3. Eluvial enrichment of tin~bearing sulphide replacement
deposits provided the richest ores in the old mines. The chances
of finding another deposit the size and richness of "Brown Face"
are remote.

1A Mining of the "Giblin Lode™" has shown that cassiterite values
can persist to moderate depths, before they decrease and are sur-
planted by increasing amounts of base metal minerals.

5 The tin=bearing sulphide occurrences beneath the "Greisen",
"Pig Flat", '"White Face" and "Happy Valley" area, offer consider-
able promise. There are around 150,000 tons of possible ore
probably containing between 0.18 and 0.83 per cent tin, while the
lateral, down-dip, and depth potential, of this area has still to
be investigated.

6. The tin content in the residual soils on the south side of the
mountain might be sufficient to permit them to be mined.

s Two grab samples from the north wall of "Brown Face" gave
0.58 and 0.29 per cent tin. There could be potential low grade
material between this "Face™" and "North Face'.

8. There might be hypogene and supergene tin mineralization
below the induced potential anomalies. Especially in the vicinity
of the porphyry dykes.

9. Numerous places of possible interest are to be found on the
mountain, such as vein dyke and fault intersections, where stockwork
and disseminations of quartz-cassiterite material could occur.

10. There is sufficient tin mineralization on the Van de Geer
lease to warrant exploration.

RECOMMENDATIONS
1. Ascertain what grade of tin or tin with other metals will be
needed to make ore.
20 Map the geology of the Van de Geer lease and examine all the old

underground workings that can be made accessible with little expense.

3. Do a magnetometer survey of the "Greisen", "Pig Flat", "iwhite
Face'" area, and of the I. P. anomalies. Investigate the possibility
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of using a ground E.M. to check the anomalies during dry weather. |

Investigate the potential around ané north of the "Brown Face'
north wall.

Allow 5,000 feet of dlamond drilling with which to investigate the
sulphide bodies on the south side of ths mountain, and to test any
neteworthy geophysical anomalies.

Investigate the tin-bearing elnvinn on the south flank of the mountain.

The plansing of any further workr would= depend upon the results obtained
from the above programme.

ESTIMATE OF COST
Geological mepping, underground investigation and mpervision.... $8,000.00
Magnetometer Survey, and E.M. anomaly checKB.ceesescasccscscscnss 6,00G.OG
5,060 feet of diamond drilling @ $6.5€!.‘.........I................. 32,500.00
Sampling of eluﬁum by auger, and a88aying.cevecssccccccsncsansse  4,000,00
Motallurgical-nvestigation.ssseeessossernosersnesssesnsoacanaees  7,000.00
Adminiatration and offi-ce..........--...-.............l............ | 4,000.00
'ﬂiscéllansous resorvel.........................;................... | 10,000.00

Totslesssecrscsans $71,500-00

1 August, 1962

Arnprior. Ontaric . (81;!1&6.) N. B. Gillies, Ph.D.
_ Geologilt-
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I, Norman Bain Gillies, of the Township of McNab, (Armprior) Renfrew

County, in the Province of Ontario, do hereby certify that:
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2.

be

I am a Geologist residing in McNab Township, (Arnprior) Ontario;

I am a graduate in geology of Dalhousie University, with the degree of
Bachelor of Science, and of McGill University with the degree of Master
of Science, and Docter of Philosophy in Geology:

I am a member of the Canadian Institute of Mining and Metallurgy, and a
fellow of the Geological Society of Canada. I have been practising my
profaession continuocusly since by first graduation in 1937, except for
five years during the last war;

I have no personal interest, either directly or indirectly, in the
properties or securities of Mount Costigan Mined Limited, nor in the Van
de Geer lease, and do not expect to receive any such interest;

The statementis made in this report are based on a personal examinabion of
Mount Biaschoff, the Van de Geer lease, and reporis of previous investi-~
gators.

1 August, 1962,
McNab Tawnship, (Arnprior), (Signed) N.B. Gillies, Ph.D.
Ontarie. . .
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TIN DEPOSITS OF MT. BISCHOEF

by

M. SOLOMON *

Mt. Bischoff (145931.5'E/41°25'S) is quarter of a mile north
of Waratah in north-west Tasmania. The majority of the mine workings are
open-cuis on the southern slopes. Discovered in 1871, the mine flourished
until 1900, after which preduction declined to the present-day figure of
7-8 tons of tin p.a., recovered largely from alluvials and dumps. The
grade has averaged 1% Sn and a little over 5,500,000 tons of ore have
yielded about 54,100 tons of tin. .

The geclogical succession in the area is as fellows:

Tertiarys Basalt, sands and gravels.
Cambrian: 10,000 ft: mudstones, breccias, spilites.
Precambrian: (?}: 1,000 ft: sheared grey quartzites and shales.
200 ft: dolomite
+1,000 ft: sheared grey quartzites and shales.

_ Precambrian beds crop out over two square miles around Mt.
Bischoff, along the axlal zone of the E-W trending Bischoff anticlinorium,
which plunges gently to the west (Hall and Solomon, 1962, Fig.54). Subsi-
diary E-W folds on this major Devonian structure show marked changes in
plunge, probably as a result -of later N-5 faulting. A series of minor NNE
folds and faults increase the complexity and there 1s evidence of deformation
prior to Cambrian deposition. Fig. 1l illustrates the form of the subsidiary
E-W folds and major anticlinorium, using the dolomite as a marker horizon.

A detailed map covering part of the section is given in Knight (1993).

Syngenetic,'msedimentary" brecciation and crumpling is common
in the Precambrian quartzites, particularly in those above the dolomite.

Quartz porphyry dykes were intruded late in the Devonian tectenic
activity as a radial swarm centred on Mt. Bischoff; a number of sills extend
out from the dykes, particularly near the top and bottam of the dolomite bed.
The porphyries are similar to the elvan dykes of Cornwall, England, and have
been replaced in the mine area by topaz, tourmaline and to a lesser degree
by sericite, fluorite and cassiterite. Breccias along the dyke walls suggest
the dykes were introduced into radial tensional faults which may be related
to the rise of a granitic cupola from an underlying granite mass-the northern
margin of the Meredith Granite stock outcrops two miles south of Mt. Bischoff.

Tin mineralisation was centred on the nucleus of the dyke swarm.
Cassiterite is the dominant mineral and is found in economic quantities in:

(a) Pyrrhotite-talc-carbonate replacement of the dolomite.

{b) Pyritic lodes.

(c) Tensional fissure lodes.

(d) Disseminated and tension joint fillings in the quartz porphyry dykes.
{e) Alluvial and lacustrine sediments.

* Department of Geology, University of Tasmania.
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(a) The bulk of the past production has come from the sulphide replacement
bodies (Brown, Slaughteryard, Greisen and White Faces). These consist of
pyrrhotite in a gangue of talc or carbonate, presumably derived from altera-
tion of the dolomite. The carbonate is probably similar to the pistomacate
of the Magnet Mine.

Replacement of the dolomite by pyrrhotite was almost complete near the
axis of the anticlinorium (in the Brown Face, $laughteryard Face and Greisen
Face orebodies, Fig.l) but south of the Greisen Face it diminished and
concentrated near the base of the dolomite. The dolomite north ¢f the
Waratah River is unmineralised. A shale bed occurs in the dolomite north
of Greisen Face and Knight (1953) described the dolomite above the shale
as the Upper Dolomite, and that below as the lower Dolomite.

Stillwell (1945) described three types of ore from the Greisen Face:
Carbonate~sulphide, massive pyrrhotite, and talc-pyrrhotite. In the first
type pyrite, arsenopyrite, and pyrrhotite are cut by later chalcopyrite and
galena. Cassiterite occurs as fine grains in pyrite, arsenopyrite and
carbonate, and is generally earlier than the sulphides. Colloform pyrite
is cut by later sulphides. Cassiterite is rare in massive pyrrhotite but
relatively common in the talc of the talc-pyrrhotite ore. Tin distribution
in the ore is sporadic and can only be determined by assay; south of the
Greisen Face it is concentrated near the base of the orebody.

The dolomite and sulphide ore probably cropped out during ercsional
phases between the late Mesozolc and the Recent; Limenite gossans developed
in places but elsewhere the weathering products were completely removed,
leaving residual and detrital cassiterite at the surface. This chemically
and mechanically concentrated ore proved to be some of the richest tin ore
in the world and enabled the mining company to deciare huge profits sarly
in its history.

(b) Zones of pyrite and guartz-pyrite ore occur within the mineralised
dolomite. Much of the pyrite may well be secondary, being derived from
pyrrhotite by high temperature alteration. Some of the pyrite appears to
be primary and confined to dyke margins; leaching of this material leaves

a crumbly quartz-pyrite ore, generally rich in cassiterite (e.g. White Face
ore). Small quantities of secondary pyrite have been produced during
oxidation of the pyrrhotite.

(c) Several fissure lodes occur at Mt. Bischoff and extend beyond the area
of dolomite alteration. They vary from a few inches to 10-20 ft. thick and
may be steeply dipping or almost horizontal. They display a different
mineral assemblage to the pyrrhotite ore, consisting of gquartz with sulphides
but little pyrrhotite. Displacement has been observed across one lode and
several lodes probably occupy faults. The largest body was the Giblin Lode,
which was worked by the Mt. Bischoff Extended Company. This lode had an
average width of 2 ft. and was worked cover a vertical distance of 1000 ft.
Tin content averages 1% and the lode consisted of pyrite, sphalerite, arsenc-
pyrite and cassiterite in a gangue of guartz, tourmaline, tdpaz, etc.
Production amounted to over 150,000 tons. Other important bodies were the
North Valley and the Queen lodes, each of which contained similar mineral
assemblages to the Giblin lode. Stillwell (1943) reported stannite replacing
cassiterite in the North Valley Lode.
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(a) Portions of the dykes assay 0.3-4% Sn, the cassiterite occurring as a
replacement of feldspar or as a joint fillingj most of the visible cassite-
rite found on the mine is of this type.

(e} Late Tertiary lacustrine (?)} sands and gravels and Recent soils have
been worked for detrital tin south of Mt. Bischoff and there have been
estensive alluvial workings in the Waratah River.

Mt. Bischoff is ringed by a number of small mines that form a
silver-lead-zinc aureole to the tin mineralisation. Preliminary studies of
sphalerite compositions indicate a lower temperature of formation for the
aureole deposits than the Bischoff tin ores.

The tin mineralisation is apparently confined to a high~tempera-
ture vertical funnel that followed the path of an acid dyke swarm, both
dykes and mineralisation probably stemming from a local, cupola-~like bulge
in the Meredith Granite. The similarity between the Mt. Bischoff and
Renison Bell mines is striking, particularly with regard to stratigraphy,
structure, mineralogy and ignecus activity, and a common mode of origin is
indicated.

REFERENCES

L%

Hall G. and Solomen M., 1962 Metallic Mineral Deposits in Geology of Tasmania

Journ. Geol. Soc, Austr. 9, pt. 2

Knight C.L., 1953 The Mt. Bischoff Tin Mines. 5th E mp. Min. Congr.
1, 1185 - 1193

Reid, McIntosh A., 1923 The Mount Bischoff Tinfield. Geo. Surv. Tas.
Bull. 34

$tillwell F.L., 1943 & Tin Ore from the North Valley Lode, Mount
Bischoff. C.S5.1.R.0. Mineragraphic Rept. 268

--------------- 1945 Tin Ore from the Greisen Lode, Mount Bischoff.

C.5,1.R.0. Mineragraphic Rept. 322.







Feet 300

| O-BASE LINE

292026

pr AR

26N

- o0

[
T T T L L Ll L L LD

ST A ——] Y

o 0
=" I O O /
\
0
P 200 EE—— \ 20E
EEEEEESEEEE . L T T Y. KT R - - —L-8
A\ Vi
//
-
/-/’ O
= i
| _

200 7 m w200

26N
P
26N

. Power

Station .
S 3
z o \N\ -
- |
|0 _—
L
T ¥ LEGEND
[ | a ’gl
RU‘V/ | _ ANOMALOUS ZONE —
;f_;'::"-—’ Pl / POSSIBLE ANOMALOUS ZONE  wewm sm um e w
[ ] ,-/’ | ~
: » o . NUMBERS AT END OF ANOMALIES
- Ttoc} - Sla2 . INDICATE SPREAD USED.
g Jeee— 1
. ] |
¥ i
s L] ]
o
T\ q
|
q ,“*’- -
: x }\[ 32
| [ | <
i ] >
s
%, t { :
\a ! ¢ \
\ . /
\%, / |
e z
\ @ l / |
i Oy 1’4
~ 1100".‘— g
/ -
v
' > |
o " A, [ |
S / ggv 1
I / : .\
- ] %
1 -
~ v )
|- 0
N

| L=8W ——

'MOUNT COSTIGAN MINES

/ | MOUNT BISCHOFF OPTION
S o] ) @ | o
L . | | COMPILATION MAP SHOWING
\ } | RELATIONSHIP OF INDUCED POLARIZATION
|
| | | | | ANOMALIES TO KNOWN TIN BEARING
| |
| B y | | SULPHIDE ZONES
8 “ ® ? 2 . E g
2 x = S 8 2 N | APRIL, 1963
- - ; ) 4 4 4 - l




292C¢L7

REPORT ON THE
INDUCED POLARIZATION SURVEY
FOR -
MOUNT COSTIGAN MINES LIMITED
MOUNT BISCHOFF, TASMANIA
DATED JULY 9, 1962
AND
SUPPLEMENTARY REFPORT
DATED SEPTEMBER 5, 1962




02t - 292628

NOTES ON THE THEORY OF INDUCED POLARIZATION

AND THE.METHOD OF FIELD OPERATION

Induced Polarization as a geophysical measurement refers
to the blocking action or polarization of metallic or electronic
conductors in a medilifn of ionic solution conducfion.

This electro-chemical phenomenon occurs wherever
electrical current is passed £hrough an area which contains metallic
minerals such as base metal éulphides. Normally, when current is
passed through the ground, as in resistivity measurements, all'o_f the
conduction takes place through ions present in the water content of the
rock, or.soil, i, e, by ionic éonﬁuction. - This is because a'lmpst all
minera.ls.hav'-e ra.much higher specific resistivity than groﬁnd water,
The group of minerals commonly described as "metallic'', however,
have specific resistivities much lower than ground waters, The
induced po-larization effect takes place at those interfaces where the
mode of conduction changes from ionic in the soiutions filling the
interstices of the rock to ele;:tronic in thé' metallic minerals present
in the rock,

‘The blo;king action or induced polarization mentioned
above, which depends upon the chemical energies necessary to allow
the ions to give up or receive electrons from the metallic éurface,

increases with the time that a d, c, Curreﬁt is allowed to flow through
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the. fock;._ i.e, és ions pile up -ag.ail')slt the _metaliic int'er_f.a_tl;.é: the .. |
| resistance tq current flow Iine;ea_eies, _Evenﬁually, there is énﬁ'ugh N
. Ipola"rizat‘ion ...i_n. the form of excess i_éﬁs ‘;\.t t;he interfa;:_es to -éffectively
_..a‘:to‘p all t:ur.rent. flow through.the .rnet‘:‘a'llic_ pafti_c_i_e._ This polariz.ét.ion.
_té_k_éé-place at each of the infiﬁ'i‘i.ﬁe. ﬁumber of soiut'-i'oﬁ-:n?x.et'a'l "intérfa.'c_e.s
- i_.n.a mineralized rock, | | | .
| ."'_W_hen_t'he_ (‘i..:.(;.'., v@ltage' used to_"cr‘e_ate 1':i1i5 d, c, current i
flow is cut off, the-Cpﬁlorn._‘.b\for_ces; bétw’een'tﬁe c'héfgé;i ions for’:ﬁiﬁg‘
the pollarizati_o‘n cause th:e_m to ‘return to thgir .:nof‘mai_pg-_éitidn.. 'Th";s.
moveiﬁent ﬁfﬁ ‘cha_r-gie' (ILrIeates' a"'sr_nalli currenf_ flow which: 'can_be
| '.rxiéasur'.e'd' pn-the surface ﬁf-_thg gréund as a decaying. p_otentiéi,dif_fe;'_ence.
From an alternate viewpoint it can be se'e:.n 't.ha;t. 1f the
dire’c‘:tipn éf the current through thé éystenﬁ is‘-rq'\re:rsed-repeated._ly |
_befo;i_'é ‘theia"pé?l’lai'i‘zat_i'on_ﬁccurs-, the-é:ff‘eéfi‘@ resist-i_vity_ Ko.f _thé-s&étefn
as a_\w;hdlez'will change ..aA-.s the f'req'.txél'ljc‘;_y.of the swit_;;-hin..g_ is ¢hahg§d.
_’I‘his is a 'cdns.écllueﬁt‘:e. of the féct fh'at the am;uﬁt of current -fiowing
' thr;)t,;l.ﬁg_h '.e.:atﬁ:h‘ mét#ilic_;intérface dep-éndé'uplbn the 1engtf1 of tirﬁe that.
cu;rént f.lé,é'l'been; passi’r-.;:.g' through it 1n t:;rie -_di.r.é'c_tion.'_

T.h’eljva].u_e.'sof the ";rr_ient-a-l:. f.actpr” 61‘_ "M. f’. " are a.:_:_n.ga‘siii'e :
éi the amoqnf-éi. .:pola.l‘_r-izatiOn present in th_é_ ..rQ..t:k.-tﬁa?ss being s ﬁr.v.e;r_ed.-
This pararr_iei:éf_ ha’é Been falu'n'd t.é .Bg _ve-:_ry Suqce_ssfui iﬂ _r‘n.apping areas -
'of sulphidé'.@i}iefali'z.g-é.i:ion',"even thogé in.whicﬁ all ot:h_e.;" ‘g'eo-phyéics;__l"'. .
rn.et'hodsf have b:ﬁ:en”u.nsuc.;cessful. The inciuced\ polgr_izatidn measqreme_nt.

is more sensitive to sulphide content than other electrical measurements
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beca_urs'e it'is fﬁuch-.more,d_épé-ndent upon the s.ﬁ..l'ph'ide co_ntent._' As the
s-ﬁl.phide c:.onte;n.t of a rock is .inc_.r'eas.ed, the "me_ta_l fap:t’or” of the rock
inc_reés.es much mor:e ;-api'dly thaﬁ the re'si;;tivify-. ;:léc_lre.a’ses,_

Because o.f_thi-s. increased sen_s.itiv.gity”, i%'is..' possible to
.":l'ocate and'outl."iﬁe- zone_rs'.; of less _than: 10% S-u‘lp.hitlie'é. tﬁ:éi__;‘c_a‘n‘t Ee
) loéa_.t.ed_b)} E. M, Iv;[.e'th.o'ds. Tﬁe rn.ethod: has Iéeen égc__cessful in locating
the dis Semin.a;‘ed "'porphyry éo;:ope:_:”'fype._mi.ﬁera_liz_fafioﬁ. m t_hé"'-quth—'
: ﬁé.éfern United St-ateg.."' n S

'Me_aSu}.e.merr‘zts_azid 'e_xp.e'riments- also int.ili.cat':e_ that it sh‘ouid.
be possible to 'ldtcat.e mo st maé si\}é'sﬂéhide hﬁdi-eé- 'ét a 'g.reater_depth
.with'induced p_bla_r_izatioﬁ'thén'_wi_th E. M, |

.Siﬁce_t_he_xl'eﬁ-'i.s no I..P.' | ef.fec't from aﬁy_ .c‘on_-duc':tor Idniesé it
is ﬁuetailic', t.he. _r:rle_tl;od is useful in checking E'. M.':s.anomaligs._ tl_hai.:._ar'g
suspected 6f‘_1:)eing. d1:1-e to water f‘ilied shear .zc'anes _Ql.'.bt_hler iénic )
.co_nd.ucto_rs.. ' Therg is alép no effect f;:.drh coﬁdﬁtt.i-ﬁ.fg dﬁve;_bﬁrden, whi;ch.'
frequently coﬁfuse.s- E,M. results, It would ai)pear from scale model
exper_ilme.nts and c_a]..c:.ulat_idns that thé appa-r:ent me.tal-faé'tor's :"'rn_e.asured
over a -minefé}izgfl z'qhe afe '1arge.f ;if the.m#teri_al'ovef;y'ing"the_ .zon_e.
is of low resistivity, | | |

| Aprol;oé of t_his , it s_hoﬁld be.‘st'a't-ed. thr;t-t}.;ie,. ipducéd

polarizaf.ion _rr;e'asu:'re'ments indi_cé.te. the tota'l_:a“mo'un.t'of metallic |
.co.nstitueni_:Sﬁ.in- __fhé 'ro.ck._ 'I'thiS all ‘._o.f t_he metalliq'.r-ni-néx_j_iél_s. in 'th'e.'rock',
" such as pyx.-if,._e;,-- aé v;’ell ,as.‘_the or.e. miﬁ_eré_\\_is chaléc;_pyrii;e? chalcoc_ite',

galena, etc, are responsible for the induced polarization effect. Some
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oxides such as magne:i.:i.t.é, pyrol.usite, cﬁroﬁite, and some fqrms of
hematite also conduct By eiectrons énd. are m-etall.ic. " All of the metallic
minerals in the.rpck will c-bnti;ibute t:o the induced.pqlari.zation ef_fe.ct.

_ méasured on the s gf;face;

.In the field procedure, rr'le.asuren".lents: ﬁn the surface are
made in a way that allﬁws-thé effecté :_;-f lateral éhanges in the properties
of the -gro"und to be 'Separ%\fed.,fr;)m the effects of Vér£ica1 ‘Ch_a.nges in the
properties, Current is applied 't.o the ‘grbu.n'd at two points a distance
{X) apart,-. The potentials are mea_éu:gd at two -dth-éf poin_ts {X) feet
apart, in line wi.th £he'current electrodes, Tht:a‘ distance be't“_}éep the
nearest curr'ant.an.d potential electrodes is an ihte_ge_r number (N} times
' th“e basic cﬁst_aﬁce {(X).

S .'The.measu_rements are rﬁade along a surveyed lirie,- with

a con_s_taﬁt distance {NX) between the'.n.ez.i_rest current and pot.ential

elettrﬁa'e'é;:' In most surveys, several traverses are madé ivi_th various

'val_ues of (N); 1 e, (._.N) z .1., 2,3,4, etc..' The kind of surv.e').r réquired

_(d.et_ailed‘l.. o_f _reconhais sance) decides the number of values of ,(IST) ﬁsed.'

. In pldtting the results, fhe valueé of the’ appareﬁt_resistivity
and the apéarent mefal- factor measured for each set of electrode
positions aré': ;E;iottéa at the inter secfion of gr.i.d lines , 'oné_ from the
center pbiﬁt’ o£ the curreﬁt electrodes and .th.e_ other f_rox_n_ the c.entel.'
béint of the 'pb'tentjial e'l‘e.ctr'odes. Tl;xe.r'esist_ivit'.y values are plotted
ab‘o?e the lir;é' and the metal factor vélges below, The lateral displace-

ment of a given value is determined by the location along the survey
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line of the. cen.t.t_s‘_r‘ poinf ..be'tw.een'th‘e cur._r.er.xt and .p‘d:t'eﬂt'ial_ electroﬁés.
<.The.disl_1.;a'nce,o;f; the vaiﬁé from the line .i‘s deterﬁihed .by_ the distance
(NX) .be't\a;_'eénf‘t:he' c,u;'r"ent and p'di:e;ntiarl e.le_ctr_od.els.w.l;ﬁﬁ the measure-
.m'é.'rlxt. :wa;s ﬁade, o |
: _: The :S-QPE'r'aﬁ"';’“ bgtw.ée'n"se'nder: and vr'e_ceiv'e'r elect.r.bdes is
or_l:ly_‘ém; :féictolr whi:'c.:h'd_eterm_ines_.the d-ep.t'ﬁ‘-_‘.t.o whlch the .g'-rou_n_'d- i.s_-bieing |
sampled in any Pa..l".t_:ic'ul_ar .méal'_sur'e'm-;ﬁ;t._' ‘Thes e"'plcifzs; ..thén , .‘wHen'- |
c.oﬁtbured' ; a-r’é not sectlon iln.ap"s- of "t'he.- eiéctrical _pzi;ﬁ‘pé-rties' of ‘the
gr.ound"unde'r t-lf-le.éur?ey.. line, .'.'F‘-l'.le int.e-rp..retz.l.ti'o.n of the results .f-irofn
any givé’an'sﬁ_r_'v'ey must be cgr“ri'ed'outi u,éing‘fizé .é'dmbiﬁed experience
gain?d from -fie_ld; model an_d theo."retical inv.'e.'.‘stigationré,- Tht.?.,.ﬂ'pp;;it‘ion;of
- fhg elecfi'ogleé when 'a'_norrl:al:ou's- _val.uoe;.é_'a.rg"ri.lea's.ured must bé'_'used 1n the
. '_intéz:_'preta:tipn.-.'"l |
| In the field .p_z_'-océ'duz_'e', ‘the infér?al :6v'er Wthh ._-th.e_"potenfial
di:ffer'er_i_ce.s "a._J:_'Q ;'rl.ea;)‘srured-ié tirxe S.ame; as the ihterf;fal' .'d-ver \#.hich the
'e'lectr;:)de?s are'?nb:ve-d aft-e.r'a‘aer.‘i.'es of poﬁerﬁtiai readings has been ?riécie.
| O'ne_..ouf thc:z s'l.dv_éntagé’s of thﬁé ir.l_du(':'ec_l. p,c.).l-ar"i.z;tién rhe’t_ﬁdd is‘that the
same é_quip;ﬁé;it Ean_-.be Llsgd :E:(i:}'r.. Both ‘détéilqd a'p\d. i‘_e_g.:_c_a_,lj.na.is'sari..cé .sp.rvey‘s' -.
: merely byrc.hg_n-gin.'gith.e' di.sia_ncé (X) ov.err‘ jwhigh_fh‘é' .e.l,ectrlodes -ar_é moved '
| e’a\.c.h time. -‘In_the ﬁas_t‘, inter_véls hé’vg bee,-n; u:ezeidi rangmg frorﬁ 100 fe.let'
- ""-to 1000 feet for. -{.X)'._: ].n e.ach éase; the decis_ic}ri__aslt;) _ti;é .»dist_a‘_nc-e {X)
and the '\;éiue_s -.of-_(.N'.)'-is l.ar_gely determined by the eJ.;.'p;ec.té_d ‘size m.‘._'l the -
& mlneral aep‘.;)si.t 'béiriigfsrought_., -th'e si;e of the expécte& aﬁomély and thg

speed With"'.w'hich it Vis_desire_d to progfes__s.’
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The diagram in Figure 1 below demonstrates the method
used in plotting the results, Each value of the apparent resistivity
and the apparent '"Metal factor' is plotted and identified by the position
of the four electrodes when the measurement was made, It can be seen
that the values measured for the larger values of (n) are plotted farther
from the line indicating that the thickness of the layer of the earth that
is being tested is greater than for the smaller values of (n); i, e, the

depth of the measurement is increased,

METHOD USED IN PLOTTING DIPOLE-DIPOLE
INDUCED POLARIZATION AND RESISTIVITY RESULTS

g nx X—=
| 2 3 ] 5 6 7 8 9

x = Electrode spread length

Stations on line n= Electrode separation

n-4 P P P
1,2-6,7 2378 34-89
=X P P P P isti
n 12-56 2367 34-78 45-89 Apparent Resistivity
n-2 P P P P P
,2-45 23-56 34-67 45-78 56-8,9
n-
/ Z‘X;{}{% F 67 A
n-i
34 56 4567 567,8 6?89
n-2 MFE M.F ME MFE MFE
12-45 23-56 34-6,7 4578 56-89
= MF MFE MF . ME
n-3 1256 2367 3478 4589 Apparent Metal Factor
n-4 ME ME MF
1,2-6,7 2,3-78 34-89 FIG. 1
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Y
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McPHAR GEOPHYSICS LIMITED

REPORT ON THE
INDUCED POLARIZATION SURVEY

FOR
MOUNT COSTICAN MINES LIMITED

MOUNT BISCHOFF, TASMANIA

1. INTRODUCTION

At the request of Dr. W, L. Young we have carried out
a combined Induced Folarization-Resistivity survey on the company's
property located in the Mount Bischoff tin area near Waratah, north-
western Tasmania. This was the leading tin producing district of
Australia for 30 years; one company, the Mount Bischoff Tin Mining
Campany; mined over four and one~half million tons grading 1.17%
during the period from 1873 to 1921,

The present survey was carried out in an attempt to locate
additional deposits in the immediate vicinity of the old workings. Field
work was performed during May and June, 1962, ueing a McPhar fre-
guency-type I.F. unit. Anomalous results were measured on every
traverse and a drilling program is now underway to evaluate the stronger

indications.

2, PRESENTATION OF RESULTS

The induced polarization and resistivity results are shown
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on the accompanying data plots in the manner described in the notes

preceding this report.

Line

13w
8w
3w
2E
6E
10E
14E
18E
18E
23E
28E
AN
ugn

HC!!

of the property at a scale of 1" = 300°',

Spread

200 -foot
200-~foot
200-foot

200~foot

200-foot

200-foot
200-foot

200-foot

100-foot

200-foot

200~foot

200-foot
200-foot

200~foot

Drawing Number

Dwg. 1.P.
Dwg. I.P.
Dwg. I.P.
Dwg. 1.P,
Dwg. I.P.
Dwg. I.P,
Dwg. 1.P,
Dwg. I.P.

Dwg. I.P.

Dwg. I.P..

Dwg. 1.P.,
Dwg. 1.P.
Dwg. I.P,

Dwg. I.P.

2897-1
2897-2
2897-3
28974
2897-5
2897-6
2897-7
2897-8
2897-9
2897-10
2897-11
2897-12
2897-13

2897-14

Enclosed with this report is Dwg. Misc. 3355, a plan map

The definite and possible induced

polarization anomalies are indicated by solid and broken bars respectively

on this plan map as well as the data plots. These bars represent the

surface projection of the anomalous zones as interpreted from the location

of the transmitter and receiver electrodes when the anomalous values were

measured.
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Since the induced polarization measurement is essentially an
averaging process, as are all potential methods, it is frequently difficult
to exactly pinpoint the source of an anomaly. Certainly, no anomaly can
be located with more accuracy than the spread length; i.e. when using
200' spreads the position of a narrow sulphide body can 6nly be determined
to lie between two stations 200' apart. In order to locate souicn at some
depth, larger spreads must be used, with a corresponding increase in the
uncertainties of location. Therefore, while the center ol the indicated
anomaly probably corrcspondswfairly well with source, tlu ‘lolv:gth of the
indicated anomaly along the line should not be taken to represent the exact

edges of the anomalous material.

3. GENERAL GEOLOGY

The area is underlain primarily by early Paleozeic clastic
sediments, consisting of slate, undstonle and quartzite with beds of
volcanic ash. These are intruded by basic dikes, now largely altered to
chlorite and dolomite, and by a younger interconnecting le?iﬂ of acid
porphyry dikes. The latter group is of particular interest as it is
apparently associated with the tin mineralization. The geology and mineral
deposits are described in Tasmania Department of Mines G.S.B, #34,
The Mount Bischoff Tin Field, published in 1923.

Mineral occurrences are of several types, the two most
important being veins and replacement fissures localized in areas of
intensely folded and crushed sediments. Replacement fissures were the

chief source of ore at Mount Bischoff and consisted of large irregularly
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shaped sulphide bodies (pyrite and pyrrhotite) carrying cassiterite.

4, DISCUSSION OF RESULTS

Most of the property was surveyed on n&rth-south lines
spaced at 400 or 500 foot intervals, using a 200-foot dipole-~dipole
electrode configuration. In addition, three east-west lines were run
across the northeast corner of the property, extending east from the
old workings.

The 1I.P. results shoﬁv several anomalies: a narrow, strong
zone extending in an easterly direction across the center of the grid; a
broad variable zone of anomalous Metal Faét_ou in the narthgalt section;
and two weaker anomalies in the south part of the grid,

The main anomaly across the center of the grid becomes
progressively weaker and broader from Line 13W to Line 3W, then becomes
stronger again to the east. On Line 28E the anomaly is weaker and the
pattern suggests either increasing depth or an off-the-end effect. The
strongest effects were obtained on Lines 14E, 18E, and 23E, where the
source appeafs to be shallow, narrow and steeply dipping. Line 18E was
resurveyed using 100-foot spreads to provide more detailed information
for a drill test. These results indicate tlnt the source is cpnteraq at
13-14N and is less than one station wide and one station dnp.- A drill
test is reportedly being carried out on this line.

’ The results on the:east-west lines are nuggutivo of a broad

area of low to moderate metallic mina-m.cantant. in contrast to the
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narrow, more concentrated source to the south. Line A is anomalous
throughout; the results suggest a broad shallow aéureo with somewhat
stronger sections at 0-2W, 6E, and 8-10E, Linc B is similar except
that the source appears to be deeper, with stronger sections at 2W,
10E, and 16E., The effects on Line‘ C are somewhat weaker and the
pattern now appears to be breaking up into several discrete sources
at 0-2E, 6E, and 10E,

Iﬁ addition to these two zones, a weak anomaly was noted
at the south end of Line 6E correlating with an anomaly at 4N em. Line 10E,
Also an isolated anomaly was found at 2N on Line 28E, Further surveying

would be required to assess the importance of these features.

5. SUMMARY AND RECOMMENDATIONS

The geophysical survey has indicated two extensive anomalies.
Cne of these trends east-west across the center of the grid and appears
to represent a relatively narrow, concentrated, steeply dipping tabular
body. The strongest effects were measured on Lines 14E, 18E, and 23E
and a drill test is currently underway on Line 18E. The source may be
exposed in the southern part of the old workings on Lines 2E and 6E and
a detailed geologic investigation is suggested in this area. The anomaly
extends west of the grid and may also continue east of the surveyed area,
so that further surveying is required if the drill results are favourable.
The second zone appears to represent a broad, variable source

of lower metallic mineral content and presumably is an extension of the
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mineralization encountered in the open cut. It would be desirable to
extend the N-S lines farther north in order to select specific drilling
locations on this zone, but since this is not practical at present the
zone could be tested by a series of short vertical holes on the stronger
sections of the anomaly as described above.

The T.D.M. report indicates the highest tin values do not
occur in the highest sulphide concentrations. This suggests that if any
encouragement is obtained from the initial drill test on the main zone
that a hole should also be drilled on the weaker section near the west
side of the grid.

MecPHAR GEOPHYSICS LIMITED

oAbt ] %

Rabert’f Bell,

Geologist.

g Uity

Philip G. Hallof,
Geophysicist.

Dated: July 9, 1962.



McPHAR GEOPHYSICS LIMITED

SUPPLEMENTARY REPORT ON THE
INDUCED POLARIZATION SURVEY
FOR
MOUNT COSTIGAN MINES LIMITED
MOUNT BISCHOFYF, TASMW

1. INTRODUCTION

In May and June of 1962 an induced polarization-resistivity
survey was carried out on the Company's tin property in the Mount
Bischoff Area of Tasmania. The geophysical results were presented
in a report dated July 9, 1962, entitled "Report on the Induced
Polarization Survey for Mount Costigan Mines Limited, Mount Bischoff,
Tasmania". Subsequently three additional traverses were run to assist
in detailing an interesting anomaly. These nmlfs are embodied in the -

present report.

2, PRESENTATION OF RESULTS

The induced polarization and resistivity results are shown

on the enclosed data plots in the manner described in the notes preceding

this report.

Line Spread Dwg. No.

18E 400-foot Dwg. 1.P, 2897-15
20-1/2E 180-foot Dwg. 1.P. 2897-16

25E 100-foot Dwg. 1.P. 2897-17
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Dwg. Misc, 3355, the plan map of the grid at a scale of
i" = 300', has been revised to show the additional traverses and is

also enclosed with this report.

3. DISCUSSION OF RESULTS
Line 18E

This line was resurveyed using a 400-foot station interval.
The 1.P. results confirm the earlier wéi-k. using smaller spreads and
indicate a relatively shallow, strong soures between stations 10N and

14N,

Line 20-1/2E

This is a new line, intermediate between original Lines 18E
and 23E, and was surveyed with 100-foot spreads. There is a relatively
shallow anomaly (lees than 100 feet) at 13-14N with a possible weak
extension to the north. This correlates with the shallow zone at 13-14N,

Line 18E and at 16N, Line 23E,

Line 25E

This traverse using 100-foot spreads is also a fill-in line,
between eri_ginal Lines 23E and 28E. It shows a deep anomaly (100 feet
or more) at 15-18N with a possible weak extension to 19N. This cor-
relates with the feature at 16N on Lines 23E and 28E. The source now
appears to be wide, probably greater than 100 feet and possibly 200 feet,

or else is composed of two or more closely spaced sources.
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4, SUMMARY AND RECOMMENDATIONS

Three additional traverses have been run across the main
anomaly, described in the earlier report, to provide additional control
for the drill test. Further geophysical work is not warranted until the

results of this drilling program are available.

MeFPHAR GEOPHYSICS LIMITED

Robert A. Bell,
Geologist.

Ottt Halll

Philip G. Hallof,

Geophysicist. @J" { %

Dated: September 5, 1962,
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DIAMOND DRILLING

A diamond drill programme was commenced in December 1962. The
purpose of this programme was to test the Griesen-Pig Flat area as a potential
tin ore body, and to test the east~west I.P. anomaly as a possible faulted
extension of the Griesen-Plg Flat zones.

The Griesen-Pig Flat drilling, now finished, consisted of seven
drill holes for a total of 1418 feet. The driliing of the I.P. ancmaly is
still in progress. :

A geologic plan showing the sulphide-cassiterite zones and the
location of diamond drill holes #l to 7, together with diamond drill section
"B", ME" and "J + 25 1t.E" are included. Photostats of core and sludge
analyses by the Tasmanian Department of Mines are also enclosed.

Summary of Drilling Results*

D.D.H. No. Width of Av. Grade G xlI
Intersection Sn
(ft)
1 57 0.99 56.43
2 60 0.74 44,40
3 55 0.40 22,00
4 40 0.59 23.60
5 55 0.30 16.50C
6 170 0.45 76.50
*#* 7 (1) 75 0.35 26.25
7 (2) _75 0.64 48.00
- £ 512 ¢ 265.68 (1)
© £287.43 (2)
Average Width of Intersection = & 1 = 5l2 = 73 ft.
No. 7
Average Grade = & G xI
S 1
(1) = 265.68 = 0.52% Sn
512
(2) = 287.43 = 0.56% Sn
512

* The tin bearing zones shown here were chosen by assay boundaries.
Higher grade ore can be cbtained at the expense of widths.

**  Core recovery from D.D.H. 7 was poor. (1) is the average using core only;
(2) is the average grade using core and sludge analyses.
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T.R. CLARKE & ASSOCIATES
CONSULTING ENGINEERS
TORONTC, ONTARIO

May 3, 1963

Dr. W.L. Young

President

Mount Costigan Mines Limited
30 The Driveway

QOttawa, Ontario

Dear Sir:

I have examined the data supplied on the Mount Bischoff option
which consisted of three cross sections of the depesit showing D.D. Hole
1 to 7 inclusive and surface topography and contour plans.

It is my opinion that

(1) The deposit can be mined by open pit method to a depth of 125 feet
above datum or 125 R.L.

(2) To this depth there should be an ore potential of 2,100,000 tons
grading 0.46% Sn.

{3) At a mining rate of %00,000 tons a year your pit operating costs
should approximate $1.36 a short ton.

(4) The capital cost to equip the pit for this operation would be $950,000.00.
If a contractor is to be used instead of a Company operation add $0.65
to the operating cost or $2.01 a ton.

The above figures are based on Canadian practice. Ideal weather
and ground water conditions and size of the primary crusher could materially
reduce the operating costs per ton.

Respectfully submitted,

T.R. Clarke, B.Eng., P.Eng.
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MINERAL DRESSING

Mineral dressing research on the Mcunt Bischoff cores is now in
progress to: (a) produce a smelter acceptable concentrate, and (b) to
produce a 1.5 - 2.0% Sn concentrate which is considered as a satisfactory
feed for the chlorination process now under development by Geo-Met Reactors
Limited (please see next chapter).

Two groups, the Mineral Dressing Laboratory of the Tasmanian
Department of Mines, and Geo-Met Reactors Limited are engaged in this
research., Final reports have not yei been received.

At the Renison Bell and Mount Cleveland, where the ore is similar
to the Bischoff, 65% recoveries to a 50% * tin concentrate, acceptable to
the Sydney smelter, are obtained without difficulty using normal gravity
miliing practices.

Geo-Met Report No. 14 is attached.

METALLURGICAL RESEARCH

Preliminary metallurgical research has been done by Geo-Met
Reactors Limited of Ottawa.

This company has conducted a series of experiments in an attempt
to recover the tin by means of a chlorination process utilizing run-of-mine
to low-grade tin concentrates, thus eliminating the heavy losses of tin
inherent in obtaining a high grade smelter concentrate.

These requirements have shown that better than 90% of the tin can
be recovered as tin c¢hloride (low in iron)j that under certain conditions
the iron in the pyrrhotite can be recovered as elemental powdered iron; and
that much of the sulphur can be recovered as elémental sulphur. There is
sufficient sulphur present in the ore to make the reaction exothermic.

Geo-Met Reports No. 6 and 17 are attached.
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GEO-MET RESEARCH PROGRESS REPORT #6

THE RECOVERY OF TIN FROM MI. BISCHOFF ORE

INTRODUCTION

Conventional methods of extracting tin by means of concentration
and smelting of a high grade concentrate is not a very suitable proposi-
tion for the Mt. Bischoff ore, because of low recoveries and the high
iron content. Selective chloridising of tin in the run of mine ore, if
possible, could be advantageously adopted. It would be advantageous to
carry out the chloridisation at low temperatures and relatively rapid
rates ¢of reaction in order to limit corrosion problems and fuel requi-
rements.

NATURE OF THE ORE

The Mt. Bischoff tin ore is characterised by a high percentage of
sulphur. A typical analysis of the ore is as follows:

Constituents ¥ Composition
Total tin 1.34

Iron 36.26
Sulphur 21.84

Alolg Medium High
5102 Medium High
MgO Medium High

(Medium High: 5 to 50% approximately by semi-quantitative spectrographic
analysis).

THEORETICAL CONSIDERATIONS

Whether a proposed chemical protess is feasible or not in actual
practice, depends on two major properties of the chemical reaction
involved. These are the free energy change and the rate of reaction.
Consideration of free energy values makes possible certain predictions
of the direction and extent of a given reaction, as well as the effect
of temperature, pressure and composition upon the result. If the free
energy change AF of the reactdon is negative, then the reaction is
favourable. Whereas reactions having a positive value of free energy
change, render the reaction uniikely to occur.

Reaction rate cannot be predicted from the free energy data and has
to be obtained by actual experiment. However, at the elevated tempera-
tures generally used in metallurgical technology, the rates of chemical
reactions are usually sufficiently high; and hence the diffusion of the
reactants and products to and from the zone of reaction determines the
actual rate.
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Thus, if the free energy change is favourable (i.e. AF is positive}
the chances are good that a metallurgical reaction at elevated tempera-
ture will proceed at a reasonable rate, if adeguate provision for rapid
diffusion has been made.

In the literature it is the usual practice to give the values of
standard free energy change, A FY, instead of the free energy change,
AF. For the reaction bB + ¢C—sdD * ¢E these two are related by the
reaction

AF + AE® + RT in “pd Ag®

where Al = activity of constituent (i)
T = absolute temperature, ©K
R = gas constant

However, under ordinary practice of high temperature and mecderate
pressure the second term on the right hand side of the above equation
is very small compared to the other two terms. And the value of A E°
is very nearly equal to AF.

CHOICE FOR THE APPROPRIATE CHIORIDISING AGENT FOR MT. BISCHOFF ORE

The most important factor in the chloridising process is the
selective chloridisation of the valuable mineral. Thus in the present
case, the prime consideration is the chloridisation of the tin mineral
and avoidance of chloridisation of other unwanted minerals. Not all
chloridising agents will be suitable for this specific purpose; hence
a judicious choice of the chloridising agents is warranted.

The standard free energy change values for chlorination of
the possible constituents of Mt. Bischoff ore with chlorine gas are given
in Table I. Alumina and silica are very stable compounds and would not
be chlerinated by ordinary means; hence they are not considered.

TABLE'I ~ Chlorination of Mt. Rischoff ore constituents by chlorine alone

Standard free energy change
No. Reaction | A FY, K.Cals.
5009K (227°C) | 1000°K(727°9C)
1 | Sn0s + Clo—sSn ¢12 + Qo + 46,7 + 23,3
2 {8n02 + 2 Cly_38n Cig + 02 + 12.0 + 4.1
3 | FeoD3 + 2 Clo~»2 Fe Clp + 3/90, + 27.8 + 28.4
4 1Fe 04 + 3 Cly~73 FeCly + 2 0 + 20.2 + 28.1
5 | FeSp + Clp—3Fe Cly + 25 or Sp (g)* + 22.4 - 33.3
6 FeS + Clp—3»FeCly + § or 1/2 Sp(g)* - 9.0 L= 29.9

* At 5000K sulphur will be present in the molten state, whereaé at 1000°K
sulphur gas will be present: M.P of sulphur - 3299K (56°C)

B.P, of sulphur - 7179K (444°C)
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From Table 1 it is seen that by Chlerine Fe 52 will be chlorinated
whereas Sn02 will not react, whereas the exactly opposite situation is
being looked for. Thus Chiorine could noi be gelected as a suitable
reagent.

It is to be noted here that for oxide minerals it is generally
required to have a reducing agent together with the chloridising agent.
This reducing agent can be used separatély as Hp, O, C, etc. or in the
combined form already present in the chloridising agents like CCly4, COCl2,
HCl, etc.

The free energy change values for the chloridising reactions with
hydrochloric acid gas are given in Table II.

TABLE II - Chloridisation reactions with hvdrogen chloride gas

Standard free energy change
No. Reaction | AF°, K.cals.
500 K(227°C) [ 1000°K(727°C)
1 [8n0p + 2 HCl=$8nCly + HpO + 1/2 0p + 40.7 + 35.3
2 |Sn0p + 4 HCl—»S8nClg + 2 Hp O 0.0 + 8.1
3 |Fep 03 + 4 HCl~3R FeClp + 2 Hp0 + 1/2 0, + 15.8 * 32.4
4 [Fe3 04 + 6 HCI—»3 FeCly + 3 H20 + 1/2 09 + 2.2 + 34.1
5 |FeSp + 2 HCl—»FeCly + HpS + S or 1/2 S5 (g) + 23.3 + 4.8
6 lres + 2 HCl-pFeCly + Hos - - 8.1 2 )

From this table it is seen that hydrogen chloride gas alone may be
a suitable chloridising agent for recovering tin as SnCl,. However, this
reagent has one main disadvantage. The reaction of cassIterite {Sn02)
with hydrogen chloride gas is endothermic at temperatures below 1200°K
(9279C). Thie would demand the additional supply of fuel to keep up the
proper temperature for the reaction. Also a AFC value of 0.0 K.Cals
at BOOYK, gives only a fifty-fifty chance for the success of reaction and
at that temperature of 500°K the rate of the reaction may not be high
enough. At higher temperatures, on the other hand the reaction has a
positive value of AFC.

This unfavourable situation of chloridisation reaction of cassiterite
with hydrogen chloride gas alone can be remedied by the use of an addi-
tional reducing agent such as H2, C0, or C. The elemental carbon used
with hydrogen chloride will favour the chloridisation of the iron
compounds together with cassiterite. 1In other work at Geo-Met Reactors
Limited hydrogen has been mentioned as a better reducing agent than
carbon monoxide for the reduction of SnOy to Sn; hydrogen can penetrate
the crystal lattice of SnO» more easily than CO. Hence, the chloridisaticn
experiment of Mt. Bischoff tin ore is proposed to be carried out at first
with a mixture ¢f hydrogen and hydrogen chloride gas.
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The standard free energy change values of chloridisation with
hydrogen and hydroegen chloride gas are given in Table III.

TABLE II1 - Chloridisation reactions with hvdrogen and hydrogen chleoride gas

Standard free energy change
No Reaction | AFO, K. Cals
5009K(2270C) | 100QOK(727°C
1 15n0p *+ Hy *+ 2 HCl—sSnClp + 2 HoO - 11.7 - 10.7
2 [|Sn0p + Hp * 4ECl—#nCly + 2 Hp0 + Hy 0.0 + 8.2
3 (Fep0z * Hp + 4HCI—>2 FeCl2 + 3 Ho0 - 36.6 - 13.6
4 |Fe304 * Hp + 6HCl—8 FeClp * 4 Hy0 - 50.2 - 11.9
5 |FeSg * Hy * 2 HCl—»¥FeCly + 2 HoS + 7.8 - 4.0
6 |FeS ¥ Ha + 2 HCl—FeCl2 + Ho§ *+ H, - B.l + 7.2

5-

From Table III it is seen that the chloridisation of cassiterite to
SnCls in Reaction No.l is highly favourable at both 500°K and 1000°K.
Also most of the iron in Mt. Bischoff ore is probably in the form of FeSs
and FeS. If FeS, is present then to avoid chloridisation lower tempera-
tures should be used. (Reaction 5). On the other hand if Fe3 is present
then for the same reason, higher temperatures would be used. A mineralo-
gical examination of the constituents of Mt. Bischoff ore is under inves-
tigation. Another favourable point with reaction No. 1 (SnOz + Hp +
2 HCl—SnCls + 2 H Q) is that it is exothermic. Hence the process can be
carried out with its own heat of reaction.

EXPERIMENTAL WORK

The experimental arrangement is shown in Fig.l. A series of five
tests with various gas mixtures of H, and HCl (commercial grade) was
performed on 50 gm - samples of ore In a 1000 - watt furnace fitted with
a Vycor reaction tube. The total gas flow rate was 460 millilitre per
minute at a temperature of &002C. While raising the temperature to
600°C, No was passed to expel the air from the Vycor tube. The volati-
lised product which condensed in the cooler part of the Vycor tube was
collected by washing with dilute hydrochloric acid. Both the hydrochloric
acld solutions in the gas scrubbing train and the Vycor tube solution
were analysed for tin and iron. Table IV shows the results obtained.

In Takle 1V, the percent tin volatilisation is calculated on the
basis of 1.34% tin in the mine-run ore. In Table V, the percent tin
volatilisation based on the analysis of residue and volatilised products
in each test, is shown. On this basis of calculation a much higher
recovery of tin chloride is obtained. However, in this method of calcula-
tion, the tin percent in the ore varied from 0.76% to 1.34% as compared
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to 1.34% tin assumed in the previous basis of calculation. An analysis
of the unchloridised ore in each test could have been very helpful in
checking the material balance in each case. Unfortunately, this
analysis was not done. Proper care of this point is being taken in
current tests.

It may, however, be pointed out that the 1.3l and 1.34% tin obtained
from the raw ore, based on the analysis of chloridised residue and vclati-
lised products, in the first two tests, check well with the assumed
figure of 1.34% tin in the raw ore. No other results of percent tin in
the present case are as close as the first two. This lends some suppcrt
to the basis of calculation employed in Table I.

Percentage tin volaiilisation as a function of the gas mixture
composition from the results of Table IV is shown in Fig.2.



TABLE IV ~ Volatilisation of

tin and iren chlorides from 50 gm samples of mine-run ore.

Test] Gas ratiolTime Distribution of tin Total Percent|Total Percent

No.[ Volume mins. X Percent of tin tin tin iron iron
percent gms in sample volat- |volat- |volat- |volat-
Hy {HC1 Vycor | 1lst 2nd Vycor | lst 2nd ilised Jiliz'n }ilised }iliz'n

tube wash wash tube wash wash
bottle lbottle bottle Jbottle gms gms

1 70 30 45 0.4513 {0.0176 |0.0176 67.36 10.62 2.63 0.540 80.60 Nil Nil

21 50 50 45 10.4374 10.0626 [0.0050 65.28 9,34 0.93 0.505 75.35 Nil Nil
3 25 75 45 0.3480 ] 0.0585 §0.0045 52.00 8.73 0.61 0.411 61.34 0.053 0.30
4 85 15 45 0.4210 10.0092 10.0092 62.83 1.37 1.37 0.439 65.58 0.004 0.02
5 0 1100 45 10.2808 |0.0282 10.0094 41.91 4,21 1.40 0.318 47 .52 0.069 0.38

The values for iron volatilisation are based on 36.26% of iron in the ore.

(A

1363

1.



TABLE V - Tin volatilisation based on the analysis of chloridised residue and veolatilised

products.
Test Gas ratic Time F Total tin Total tin Total tin Percent tin] Percent tin

No. volume ming. voiatilised] in the in 50 gm volatiliz'n{ in 50 gm
percent (A}, gms. chlorinated | sample A x 100 sample

Hy HCl residue (B), (AtB), A+B A+B x 100

gms « ams « 50
1 70 30 45 0.540 0.117 0.657 82.20 1.31
2 50 50 45 0.505 0.165 0.670 75.35 1.34
3 25 1D 45 0.411 0.118 0.529 T77.54 1.06
4 85 15 45 0.439 Cc.012 0.458 96.00 0.92
5 0 100 45 0.318 0.060 0.378 84.14 0.76
L
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ILeaching Tests

To determine the nature of tin and iron compound in the chlori-
dised product, the residue from Test No.l was leached according to
the following scheme.

Chloridised Residue
Leach with warm water, 50°C

Solution analysed
for Sn, Fe

b
Residue

Leach with 1:3 HCl solution

Solution analysed
for Sn, Fe &

=

|
Residue

Leach with 1l:l I-INO3 solution

Solution ahalysed
for Sn, Fe <&

Residue

Water should dissolve FeCly, FeCl g, SnCly and SnClg; FeS, FeoDs
and Sn§ should be dissolved in the HCl solution; and FeSp and snQ,
are soluble in HNOg solution.

The results of the analysis of the 1each-products are given in
table VI.



079 292€¢74

-9 -

TABLE VI - Results of leaching test on 30 gms of chloridised gre.

5.2

Water leach solution,| HCl leach sclution, HNO3 leach solution,
gms « . Qs « gms.

Fe Sn Fe Sn Fe Snr

0.0088 0.0064 9.1424 0.0080 1.6Q00 0.0128

Thus, from the leaching test, it is seen that about 90% of the iron
in the chlorinated residue is present as FeS and Fez03. If it 1s
assumed that FeSp isopresenﬁ in the mine-run ore then during the heating
up of the ore to 600°C, FeS, 1s favoured to be decomposed to FeS and
elemental sulphur according to the following reactian:

FeSy,-»FeS + 1/2 S,
The presence of FeS in the chlorinated residue can thus be explained.
The reaction of FeS with HCl proceeds only to a limited extent because
of the positive &b F.
FeS + Hp + 2HCl=aFeCl, * HpS + Ho
~23.4 -48p 52,7 -9.85
For the above reactionAF? at 727°C = +8.95 K.Cals.
The above reaction has a positive value for the standard free energy
change, and hence in all prokability the reaction would not take place.
These considerations apply also to the FeS originally present in the
emine-run ore.
Another factor of importance is that any water vapour formed in the
reaction : '
SnGp * 2HCL + Hp = SnClp * 2 HyO
will decompose any FeCip formed as follows:

2 FeCly * 3 HQO = Fe203 + 6 HCl

Chloridising Experiments at Low Temperature

The AF® of the reaction, Sn02 + HQ + 2HCl_;SnC12 + 2H»0, as a
function of temperature is given in Table VII,
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TABLE VII - Standard free energy change for the reaction

Sn0p + Hp + 2HCl=9SnClp + 2H20

“F 440.6 800.6 1340.6 11700.6
oc 227 . 427 727 1027
YK 500 700 1000 1300

AE” }-11.7 K.Cals | -5.0 K.Cals [-10.7 K.Cals | -1%.0 K.Cals

Hence at a temperature of 350°C (623°)a F° for the above reaction

is about -6.0K.Cals. At this temperature SnClo will be formed but _
- will not vapourise. Leaching with water would separate it. With this
“~ idea-in.mind, 50 gm sample of the ore was spread evenly on about 6"
lengih on the Vycor tube, and an unspecified mixture of Hg and HCl was
passed at a reaction temperature of 350°C for a period of 20 minutes.
The experiment has to be stopped due to gas leakage in the experimental
set up. The chloridised residue was leached with hot water. Some tin
chloride also vapourised into the HCl solution in the gas train.
Persent tin chleridisation in this experiment was 12%.

No comparison could be made due to the very short time of the
experiment. Ancother experiment with longer reaction time and at
slightly higher temperature will be made.

DISCUSSION OF RESULTS

Substantial quantities of tin were chloridised and volatilised
{75 to 96%) at a temperature of 6000C with a gas mixture of Hp and
HCl containing 15 teo 50% HCl. Iron in the residue was present as
ferrous sulphide and not as iron chloride. Negligible amount of iren
was found in the volatilised product. Most of the sulphur remained
in the residue. Elemental sulphur was also collected during the
reaction.

The preliminary investigations deone, so far, on the chloridisation
of Mt. Bischoff ore are promising. It is hoped that by investigating
all the process variables, recoveries of tin as chloride could further
be improved.

RECOMMENDATIQONS

A knowledge 0f the mineralogical constituents of the mine-run ore
would throw more light on the thermodynamic considerations of the
different chloridisation reactions by various reagents. This would
help to select the proper chleoridising reagents for the selective chlo-
ridisation of tin.

A more extensive analysis on the reactants and products should be
carried out to check the metallurgical balances on each individual experi-
ment.

L



077
- - 06267 6

ECONOMIC CONSIDERATIONS

It is difficult at this stage of the work to give accurate costs
of recovering tin from Mt. Bischoff ore by choridising. However, an
assessment of the economic feasibility is possible.

Assuming recirculation of the HCl gas and recovery from the SnCly
and SnCl, by hydrogen reduction

Sn Clg * Hy, = Sn + 2 HCl

The following consumption of reagents and thermal energy will be required
per pound of tin produced.

H cl=0.1 1b $0.01

Ho=7 cu.ft $0.01
Heat Requirements  $0.05
Total - $0.07

Labour, overhead and capital depreciation costs of course will have
to be added. However, with an ore value of about $10/ton and no compli-
cated milling circuit the process should prove to be economically
feasible.

FUTURE WORK

Future work will be carried out along the following lines:

- (a) Further investigation of the optimum temperatures and particles size

for reaction ¢f the ore with hydrochloric acid gas.

(b) The p0551b111ty of burnlng Hy * Clo in the reactlon zone to Utlllse
the exothermic heat produced. in this reaction.

(c) The possibility of a bulk flotation of the sulphides tc reduce the
quantity of ore to be handled.

-

(d) Studies on the optimum conditions for the recovery of tin by
hydrogen reduction of Sn Cly and Sn Clj.

(e} Studies on the fused salt electrolysis of Sn Cl2 and Sn Cly.
(f) Pilot-plant studies.

The cost of the programme including pilot-plant construction and
studies will be approximately $200,000.
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CONCLUSIONS

Initial experimental work on the chloridisation of Mt. Bischoff
mine-run ores has shown that high recoveries of tin (80-96%) can be

obtained. The tin is recovered as tin chloride which is only slightly
contaminated with iron.
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GEQO-MET PROGRESS REPORT NO. 14.
8 April 1963

A PRELIMINARY STUDY OF MINERAL PROCESSING PROBLEMS
' OF MOUNT BISCHOFF TIN ORE

A series of 6 lab scale test was carried out on a sample of ore,
marked Mt. Bischoff Tin Qre, Tasmania.

This work was of a preliminary nature, the object being to study
some of the characteristics and problems which might be encountered if this
ore is to be treated on a commercial scale.

The sample of ore consisted chiefly of serpentine and pyrrhotite.
The serpentine was of a "talcy" nature, and floated very readily with a
minimum amount of light frother, fed stagewise. 1In this step a considerable
amount of cassiterite reported with the gangue or talc. Some of this tin
could be dropped out of the talc flotation concentrate by cleaning. In
laboratory test No. D-2 a total of 46% of the mill heads by weight consisted
of talc and contained some 40.0% of the total tin. By one~stage cleaning
of the talc fraction (Lab test No.D-5), 25.51% containing 12.15% of the
total cassiterite was rejected. In test No. D-2 the talc product assayed
0.98% Sn, against an assay of 0.57% Sn in test No. D=5. This would lead one
to believe that the cassiterite is very fine-grained and to a large extent
free.

0f the pyrrhotlte present in the ore, some 1s magnetic and some
non-magnetic. In lab test No.D-4, the crockett magnetic separator recovered
22,12% of the total heads, or 60.58% of the total pyrrhotite In the sample.
The pyrrhotlte can be recovered from the Bischoff ore by means of a wet
permanent magnet (Crockett type) and a high intensity wet magnetic separator
(Jones type). An effective way of recovering the pyrrhotite is by either a
combination of a crockett magnetic separation followed by flotatlon, or by
stralght flotation. The natural pH of the pulp after grinding 1s 6.8 and
1s quite satisfactory for a pyrrhotite float with a low consumption of
reagents.

In the followlng table are figures to show welght loss of total
heads against the assay content of the cassiterite in the pyrrhotite concen=-
trates.,

Test Number Total wt.of Assay
pyrrhotite ¥ Sn
Lab test D=2 40,23 0.32
le test D-3 450 32 0-38
Lab test D=4 22.12 0.11
Lab test D=4 14.38 1.04
Lab test D=3 38.14 Q.41
Lab test D=6 87.72 0.57
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In lab test D-6, in which the Jones high intensity wet magnetic
separator was used, the highest weight loss and the highest tin assay was
obtained. This could be accounted for in several ways; the cassiterite may
be present as true middlings with the pyrrhotite, or as fine grains in gangue
particles containing sufficilent pyrrhotite to make them magnetic.

In the mineralegical examination conducted by the Swastika Labora-
tories Ltd., on this sample, they found some of the cassiterite occurring
with titanite. It is felt that this titanite was concentrated with the Jones
high intensity separator and that this accounts for the higher weight content
and higher Sn content in the magnetic fraction.

In the following table are figures representing the total cassiterite
locked or lost in the talc and pyrrhotite products. It 1s evident that the
talc and pyrrhotite must be removed from this ore in the first stages of
mineral dressing, and, due to the fact these two fractions carry some 50 to
60 percent of the cassiterite, it is clear that better recovery of the tin
from these fractions of the ore is the first major problem.

Lab test number Conc. Weight % % Sn in Total Sn lost
fraction in test
Lab test D-1 1 83.08 61.57
" " 2 7.91 6.45 68.02
" D=2 1 33.42 30.92
" " 2 14.74 9.47
" " 3 40.23 11.03 51.42
" D=3 1 34.93 ‘ 41.86
" " 2 45,32 11.35 53.21
" D-4 1 53.00 49,87
" " 2 22.12 2.13
" " 3 14,38 13.09 65.09
" D~5 1 25.51 12.1%
" " 2 38.14 13.06 25.21
" D=6 1 B7.72 25.56 25.56

W o s i v i s e e b} et e e Yy
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GEO-MET FROGRESS REPORT
#17

10 April 1963.

INTRODUCTION

In a previous series of tests (Research Progress Report No. 6),
it has been confirmed that high percentages of tin chlorides are volatilised
from Mt. Bischeff tin ore, when it is chloridised with a mixture of HCl and
Hz gases at a temperature of 600°C. In this present series of tests it was
decided to study the effect of other variables, mainly the flow speed of gas
mixture, on the rscovery of tin chlorides.

EXPERIMENTAL DET

The experimental apparatus was the same as before (Report No.§),
the only difference being that this {time a 1" I.D. silica tube was used
while the I.D. of the Vycor tube in the previous tests was 2". The flow
rate of the chloridising agents was the same, i.e. 460 Mi/min. Hence in
the present series of tests the gas flow speed was approximately four times
that of the previous tests (neglecting the effect of the area of the boats).

RESULTS

The results of tin and iron chlorides recovery, together with the
analyses of the test samples and the chloridised products are given in
Table I.
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SAMPLE CALCULATIONS (Test No. 3 Table I)
{a) € 5n volatilisation based on the analysis of
chloridised residue
Wt. of chloridised ore = 41,63 gms
% Sn in the chloridised ore ) = ,1L% ) average
212 ) Sn %";%5_" A75%
Wt. of Sn chlorides volatilised = ,639 gus
Wt. of Sn in the chloridised ore = (L175 x .4163) = .07l gm
Total wt. of Sn = (.639 + .071) = .710 gm.

Hence % Sn volatilisation = .439 x 100 = 90%

(b) Metallurgical balance baged on the analysis of the
ucts
Wt. of the unchloridised sample = }6.20 gms

1.2% ) Average Sn %
= 1.5 ) = ,2_21 = 1.35%

% Sn in the unchloridised sample

Wt. of Sn in the unchloridised residue = .4824 x 1.35
‘ = 6237 gms
Wt. of Sn in the products (chloridised residue +
volatilised chlorides) = ,71C gms

Hence

Mstallurgical balance % = Wt. of Sn in the products x 100
Wt. of Sn in the raw samples

= L7100 x 100 - 112%
-6237 —_—
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(¢) £ Sn from snalytical results
Total wt. of Sn in the products = ,710 gms

Wt. of the sample = h6.24 gms

%4 Sn in the sample = ,710 x 100 = 1.53%
11'6'2}4' p—p—

DISCUSSIOR OF RESULTS

Although the analytical results of tin are not wvery consistent,
probably due to the sampling error (although sampling was performed on a
small riffle), certain general observations can be drawn from the results
of Table I. .

1. Higher gas flow speed increases the Sn volat.iliéation.

2. The maximuon amount of Sn chlorides volatilised frem 50 gm
sample in previous tests was .540 gm {see Report No. 6),
whereas the maximum amount of tin chlorides wvolatilised
from a 45 gm ssmple in the present series of tests is .680
gms at a higher (approximately four times) flow speed.
Thus the percentage increase in maximum Sn volatilisation
with the present higher speed of flow is given as:

0.680 x 50 = 140%
0.540 45 -

3. The chloridisation reaction rate is very high at a tempera-
ture of 600°C. Thus even within 5 minutes 84% of Sn
recovery is obtained (test No. 7).

L The chloridisation reaction rate is conslderably low at
temperatures below 600°C. Thus even at a higher flow rate
of 690 ml/min the percentage recovery of Sn chlorides at
50000)13 only 30% for a test run for é ninute period (test
No. 8

5. A very high recovery of tin chlorides can be ei:tainod with
HCl gas only, at a high flow speed (test No. 5). @ The
reaction rate with HCl gas only is quite high.

6. Very little amount of iron is volatilised.

7. Most of the sulphur stays behind in the chloridised residue.
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RESULTS FOR CHLORIDISATION WITH 100% HC1 GAS

The properties of the chloridised product with 100% HCl gas are
found to be somewhat different from the rest of the chloridised products
with H2 and HCl gases. The chloridisation with 100f HC1 gas gives a residue
with about 35% metallic iron, which means that all the iron in the Mt.
Bischoff tin ore is being transformed to metallic iron (% iron in rawore =
36%). ‘The chioridisation experiments with H2 and HC] mixtures, on the other
hand, do not give any metzallic iron in the chleridised product. However,

this finding ia being further investigated, and confirmation of this result
would he givean at a future date.

(Signed) S. Ghosh, M,Sc.{Cheam),
3 - Project Engineer.
Approved

(Signed)
W. A. Morgan,
President & Managing Director.
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PROJECTED CASH REQUIREMENTS

The financing of the Mount Bis&hoff tin prospect should proceed
through three logical stages:

I. Junior risk capital equity financing;
II. Senior risk capital equity financing; and
III. Senior debt financing.
STAGE 1.

The junior risk capital equity financing has been completed by
Mount Costigan Mines Limited. Mount Costigan has demonstrated:

(a) the probable existence of 2,100,000 tons grading 0.46% tin which
can be mined at a rate of 500,000 tons per year by open pit metheds
for $1.36 per tong

(b) through geophysical surveys, the probable extension of the tin
bearing sulphides;

(¢) the feasibility of using a chloridisation process for smelting which
would effect high recoveries of tin from very low grade {2¥%) con-
centrates at a cost of 25¢ per pound. There 1s a good possibility
that by-products iron powder and sulphur can be recovered and sold
at a profit.

STAGE II.

Senior risk capital equity financing is required to complete:

(a) Property development $ 97,500.00
(b) Mineral dressing research 30,000.00
{c) Metallurgical research 200,000.00
(d} Working capital 65,000.00
Total 5412,500.00

STAGE TII.

Senior debt financing requirements are estimated to be:

(a} Capital cost of pit eguipment $950,000.00
(b) Capital cost of mill equipment l,500,000.0b
(¢) Capital cost of smelting unit 1,000,000.00
(a) Working capital 1,000,000.00

Total $4,450,000.00



292085

PROJECTED CASH FLOW

The estimated annual net profit, before taxes and amortization

of the funded debt, is calculatsd to be $1,990,000:

Projected

Mine operation 500,000 tons/year
Grade 0.46% Sn
Recoverable 90% 0.41% Sn
Annual tin production 4,100,000 lbs
Gross annual profit @ $1.20 lb. $4,920,000.00
Costs:
Mining @ $1.36/ton $680,000.00
Milling @ $2.00/ton 1,000,000,00
Smelting @ $2.50/ton 1,250,000.00
$2,930,000.00

Annual Net Profit $1,990,000.00
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EXPLANATION OF MOUNT BISCHQOFF GEOQLOGY MAP,

Location of open-casting mining faces and glory-holes:-

2,694,000N

Brown Face: 1,069,750E to
2,693,875N 1,069,125E
Slaughteryard Facer 2,0693,750N 1,069,125E to
2,693,500N 1,062,000E
White Face: 2,693,125N 1,069,875E to
2,693,000N 1,069,500E
Greisen Face: 2,693,000N 1,068,500E to
2,693,250N 1,069,500E

Pig Flat: centres on 2,692,625N -~ 1,069,125E

Happy Valley: centres on 2,692,875N - 1,069,750E

Don Hill: mapped area south of 2,691, 600N

MAPPING PROCESSES

A grid was laid by compass and tape traverses to the
north and south of a base line from points 100 feet apart and
each line pegged at 50 foot intervals. Spot heights were
calculated from clinometer readings and the whole grid
surveyed in relation to the Mount Bischoff . trig. point by
theodolite. Points at observations were offset by tape.

A clear distinction was made between bedding planes
and foliation planes, the former were measured for fold
information and the latter for shear, fault and thrust
directions only. :

Highly sheared folds adjacent to fault planes, concertina
folds in the immediate vicinity of boudins and warped beds
within boudin were rejected in terms of overall structural

significance. Certain well developed joint planes were

/2. barely distinguishable....
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barely distinguishable from beds and bedding measurements
in these circumstances were recorded as doubtful,

Fold measurements comprised the determinations of
plunge (angle and direction), axial plane {strike and dip)
and limb orientations (strike and dip). Folds were classified
according to their size (major and minor), amplitudes being
estimated in the main and not measured.

Fault and thrust plane determinations and orientation
of slickenside, where found, were recorded and drag against
fault planes noted to infer relative movement of each side.
Actual throw on faults was seldom measurable,

Structural rolling on bedding planes (Mullion structures)
has tended to obscure sedimentary sole structures so inverted
"drag" was the main criterion for deciding on the reversal
of a stratigraphic sequence (upside down beds).

STRATIGRAPHIC COLUMN.

Late Protexozoic - Early Cambrian Sediments:-

Top:— Grey shale and Argillite with interbedded
siltstone and quartzite.
Grey shale and siltstone (thinly bedded}
with little quartzite.
Narrow zone of black carbonaceous shale-
not continuous.
Dolomite with interbedded black shale.

Bottom:- Black carbonaceous shale (very thinly
bedded) with siltstones.

Intrusives:- . Quartz veins.
Devonian (?} Quartz porphyry.

There is some evidence to suggest that the dolomite is
a single horizon though not always continuous and definite
evidence for its sedimentary character and similarly the
replaced dolomite - essentially a quartz-pyrrhotite-cassiterite
rock which may take the form of a gossan in part.

Numerous inverted seguences were encountered; a good
example being Don Hill.
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The "rheomorphic" argillite is not a stratigraphic
unit but seems to be genetically related to structural and
metasomatic disturbance. The rock is highly contorted,
brecciated, recrystallised and veined by numerocus quartz-
tourmaline-cassiterite stringers which carry a little sulphide.

The mudstone formation to the south of Don Hill is
problematical for although the rocks dip beneath the black
shales, the contact is sheared and large blocks of black
shale lie within it.

The quartz porphyry dykes were emplaced prior to the
cassiterite quartz veinlets. They have been partially
greisenized and appear to be controlled structurally viz. the
large southern dyke which N.E. - S.W. is aligned along
the edge of a refolded nappe and the disjointed E-W dykes
are parallel to the axis of a fundamental asymmetrical
anticline in part. In Brown Face the porphyry is a sill
and there is much evidence of a sheet-like mode of occurrence
elsewhere on the Mount.

STRUCTURAL GEQOLOGY

Of faults, few major dislocations have been ocbserved
and there appears to be a dearth of décollement structures.
The most common faults are small-throw faults aligned
parallel to the steep limbs of asymmetrical folds adjacent
to the hinge giving rise to "keel" structures.

Three types of folding, subdivided intoc two styles of
folding were recognised; the types trend N-S, E-W and NE-SW
and the styles are fundamental folds which comprise the two
former types and nappe folds.

(i) Fundamental folds:- These structures tend to have
steep axial planes and are mainly asymmetrical folds. Axial
plane and plunge variations are common and bent hinges were
recorded even in microfolds. Certain unusual changes in the
trend of beds, without dislocation, may be ascribed to sharply
hinged kinks (the wvariation may amount to 207).

3/ Examples - . . . . . .
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Examples - asymmetrical anticline (E - W)} between
Brown Face gnd Wh%te Face; plunge changes from east to
west are 25 W, 37 W.

anticlinal warp at White Face north (E - W); plunge
changes from east to west are 35 E, 11 W.

anticline west of Pig Flat (NNW ~ gSE); plunge
changes from north to south are 52 N, 26°S.

(ii) Nappes:- The overfolds without exception have been
moved from the south-east to the north-west and invariably
trend NE - SW.

Refolded folds of this type are recugbant structures
with the fold axis at about 60 to the fundamental isoclinal
fold axis (probably N - S).

Examples - anticlinal overfold atoBrown Face; plunge
changes from east to west are 30 SW, 15 SW.

recunbant anticlinical refolded fold from Happg Vall%y to
White Face; plunge changes from east to west are 40 SW, 4 SW.

inverted sequence ag Don H%ll; p%unge cganges frog
east to west are 30 8SW, 4 SW, 12 "NE, 50 NE, 16 SW and 20 SW.

Complicated structural zones develop at the junctions
of fundamental and nappe structures as exemplified at the
eastern edge of White Face (recumbant anticline abuts against
a fundamental E-W anticlinorium) and Greisen Face where a
fundamental N-S anticline plunges toward the probable
extension of the Brown Face - Slaughteryard Face overfold.

It would seem that the fundamental structures are
older relative to the nappe structures but it is possible
that the deformation of the Mount Bischoff rocks occurred
in a single major epoch comprised of varying dominant phases
viz, E -~ W stress, N -~ S stress and resultant overfolding
from SE to NW.

4/ ECONOMIC GEOLOGY
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ECONOMIC GEQLOGY:

Our two prime interests at Mount Bischoff are the
discrete replacement deposits of cassiterite and various
sulphides in dolomite (these should exceed 1% Sn.) and the
reconstituted argillite breccia (rheomorphic) with anastomos-
ing veinlets of guartz-cassiterite (expect about 0.5% Sn.)
which could well represent a very large tonnage of relatively
low-grade ore.

So far, both the discrete hydrothermal guartz veins
remaining for exploitation and the minor irregular replace-
ment zones in quartz porphyry (greisen) do not appear to
warrant particular attention.

GECLOGICAL SECTIONS

These will be drawn up when the underground mapping

- and bore-hole re-logging programme has been completed.

Dr. J. F. Lambert 30.10.1969,
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INDUCED POLARIZATION AND RESISTIVITY ' SURVEY
LOCATION MAP
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