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See recomandations.
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EXE TIVE MMARY

Braddick Resources Ltd. has acquired base metal properties in the Grong
area of Norway which consist of two Copper/Zinc deposits, the Skiftesrnyr
and the Godejord, whose claims cover 20.4 square kilometers. Previously

held by the Finnish mining company, Outokumpu, the in-place ore reserves

at the two properties have been estimated at 2,724,000 tonnes by
Outokumpu in 1992 and 3,850,000 tonnes by the Geological Survey of
Norway.

The present study was performed at the request of Braddick Resources

Ltd. for N/lining the two orebodies by an underground Longhole method
similar to that employed at the Juma Mine, which is in the same type of

geological environment . Separate Copper and Zinc concentrates would be

produced in a plant with an annual capacity of 360,000tonnes. A
comparison of New and Used equipment indicated substantial reductions in

Capital Costs with used equipment, lowering the costs from CdnS13 million

to S9.73 million. Operating costs were very reasonable at CdnS31.00/tonne
of ore mined and milled.

The viability of a mine/ mill operation is expected to be very attractive with

a 10-20% increase over current base metal prices. Paybacks of 2.3 to 4.2

years may be achieved at various metal prices forecast for the short and
longterm. Payback time could be substantially reduced to a year or less if

4-500,000tonnes of ore with a higher Zinc grade was available at the start

of production, potentially from the Godejord Orebody.

The study concluded that further Exploration and Development work was
justified, with the target to establish more ore reserves of a higher grade at

the Godejord, which already has indications of more high grade ore

resulting frorn work done in 1996 by the NGU(Geological Survey Of

Norway).
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1.0 Introduction

Braddick Resources Limited has acquired two copper/zinc deposits in the

Grong district, Norway. covering a claim block(Figure of 20.4 square


kilometers. Geologically, the district, which hosts the currentiv active Cuin

Jorna Mine in Norway, extends into western Sweden where the Stekerjjokk

copper/zinc deposit has been mined .The two Grong deposits, known as the

Skiftesmyr and the Godejord, have been explored by the Finnish mining

company Outokumpu over the past several years and which bad determined ore

reserves of over 2.7 million tonnes of copper/zinc ore for the two properties as

of 1992. It has been recognized that both deposits are open to depth while the

Godejord is open also along a strike length of 2.9 km, of which only 900m have

been explored, leaving some potential for increasing the ore reserves .

Present plans bv Braddick Resources I imited include the consideration of

placing the two deposits into production at a rate sufficient to sustain an

operation for 8 to 10 years.The intem of this study is to detine the Capital and

Operating costs of mining the narrow (3m) orebodies by underground mining

methods and concentrating the minerals to produce separate Copper and Zine

concentrates in order to deterrnine the PrMects economic viability.

Consideration of a Pyrite Concentrate for future production has been addressed

briefiv as the market for this product is uncertain at this time.Cost and logistical

data were gathered during a field trip to the Grong area in Norway in October.

1996. The studv marries a combination of local Norwegian costs with Capital

costs for equipment to be purchased in Canada/USA and shipped into Norway.

A conservative approach has been taken when estimating costs and the

philosophy of establishing a cost-effective Operation has been used through-

out the study when considering both Capital and Operating costs. For this

reason. used equipment and modular buildings are used wherever possible.

Equipment costs have been estimated to include prefabricated bases, enabling it

to be quickly and inexpensively installed on simple concrete pads.

Modularization will also enable the mine/mill facilities to be easilv dissembled

at the end of the mines life, effecting an inexpensive Site Reclamation plan a

requirement that is currently in effect in Norway. While some ideas taken from

the Outokumpu mine planning for the Grong deposits have been incorporated in

this study, they have been modified to lower both Capital and Operating Costs.
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Outokumpu based their plans on their current operation Grong Gruber A/S
Mine at Jurna which the author visited and determined that it was a "cadillac-
type of operation typical of rnost Scandinavian rnines.The mill size is rather
large( —2000tonnesiday) for the size of operation required at Braddicks Grong
property. which has been estimated to be able to support a 1000 tpd operation.

Although the Grong Gruber mine will close in the earlv part of 1997, the
mine/mill equipment xviIinot be available for purchase by Braddick, as
Outokumpu have already made arrangements with a "group- to take over the
equipment, buildings and mine. For the purpose of this study, costs of the
required equipmentibuildings will be obtained independent of the Outokumpu
operation. For this reason, equipment has been costed from Canadian and U.S.
sources with the provision to ship it to Norway, where it can easily be landed at
the port of Namsos sufficiently close to the site to minimize overland trucking
costs.



Pg.3
2.0 Geology 

2.1 Regional Geology and Mining Flistory
The Grong District covers 3000 square kilometers in central Norway, bounded
to the East by the Swedish border, to the west by the Namsen River, in the
South by the Sandola Valley and to the North by Lake Namsvattnet and the
Borgefiell National Park (reference Appendix No.1- (ieology of The Skiftesmvr
and Godejord Deposits).
"The Grong District is underlain dominantly by Lower Paleozoic metavolcanic,
metasedimentary and intrusive rocks of Mid Ordivician age, that comprises the
Gjersvik Nappe, part of the larger Koli Nappe of the Upper Allochthon
tectanostratigraphy within this part of central Scandinavian Caledonides.These
nappe sheets contain thrust emplaced terrains that are far transported slices of
volcanic. intrusive and sedimentary rocks of ocean floor, rified-arc and back-are
marginal basin infill that have been thrust eastward onto the Baltoscandinavian
basement( Baltic Shield).Mafic volcanites dominate the island arc-rifted arc
complex with felsic volcanites forming only a minor component. The felsic
volcanites occur at several stratigraphic levels, often associated with massive
sulphide mineralizations that are generally overlain by thin layers of banded
iron formation, which regionally can form extensive marker horizons
throughout the district.The whole sequence has undergone extensive folding
and shearing deformation related to thrusting and Nappe emplacement.The
rocks are generally moderate to stronglv sheared (well foliated) and have
undergone I. Greenschist, grading into Lower Amphibolite facies

metamorphism within the western part of the district.-

Voleanic hosted massive sulphide mineralization is common but deposits are
generally small, containing less than one million metric tons. There are several
major deposits in the Grong Districtthat have been or are being mined ;

JOMA- 20 million tonnes, 1.3%Cu, 1.7%Zn. 32%S, mined since 1972,
seheduled to close mid-1997.

SKOROVASS- 10 million tonnes mined since 1952-1984, first mined
for Pyrite with 1.1%Cu&39%S, last mined grade of 1.15%Cu. 2.71%/n.
GJERSVIK- 1.6million tonnes, 25km from Joma, 1.60%Cu, 0.90%Zn.

Currently being mined, ore processed at Joma.
The deposits are generally low in Lead content and contain some recoverable
Gold and Silver.
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The two deposits that are the subject of this study, the Skiftesmyr and Godejord,
lie in the southwest corner of the Grong District 20-30 kilometers cast of the
village of Grong. The Skiftesmvr deposit occurs in the same stratigraphic level
as the previously mentioned Skorovass and Gjersvik deposits, overlain by
mixed felsic/mafic tuffsand/or volcanoclastics , grading into mafic tuffs and
massive/pillowed lavas. The country rocks adjacent the massive sulphide zone
are extremelv sheared.

2.2 Geology of the Skiftesmyr Deposit
"The orebody at Skiftesmyr consists mainly of Zn-Cu rich massive pyritic ore
that occurs as thin layers or as a continuous series of lenses forming a relatively
thin plate-like orebody varying in thickness from 2-20m, averaging 4-6m. The
massive ore contains many fragments of country rock near its contact with the
host rock, especiallv within the upper and eastern parts of the orebody. These
fragments appear to be remants of fold hinges that have been ripped apart and
now occur as loose fragments , floating within the stronglv sheared orebody.
The massive sulphide layers and lenses are enclosed within a quartz-sericite
albite and chlorite rich schistose country rocks that contain variable quantities
of disseminated and veined sulphides, dominantly Pyrite. Minor quantities of
Chalcopyrite and Sphalerite are also present within these altered and sheared
rocks. Chalcopyrite being mostly confined to the darker chlorite rich rocks and
Sphalerite in the pale quartz-sericite and albite rich rocks.The massive ore is
dominantly Pyritic with varying subordinate quantities of Chalcopyrite and
Sphalerite and minor amounts of Pyrrhotite. The Silver and Gold mineralogy at
Skifiesmyr has, to date, not been studied and the distribution of these precious
metals within the the orebodv is little known because of the sparse amount of
analytical data presently available. The main gangue minerals are quartz,
chlorite and calcite. Copper and Zinc are antipathetically related to each other
and show a clear zonal distribution within the massive Pyrite orebody, which is
typical for most volcanic hosted massive sulphide deposits. The Copper rich ore
dominates the eastern and upper levels of the orebody and Zinc rich ore is
concentrated in the western part and at depth in the orebody. The deposit is
open at depth and towards the west where the orebody also becomes distinctly
thinner.- The pyritic ore is a cornpact. homogeneous type of medium-grain size
in the range of 1-5mm. Without the benefit of a mineralogical study, the pyrite
grains appear to be granular, with few sulphide inclusions.Chalcopyrite and
Sphalerite form grains at the boundaries between the larger Pyrite grains.



Pg. 5

indicating that there should be little cause for problems in the selective flotation
of the copper and zinc minerals frpm each other and the host Pyrite.The
Skiftesmyr ore is felt to be very different to the complex fine-grained pyritic
ores of the Skorovass and Jorna ore deposits and as such is expected to be easier
to process by flotation.
2.21 Skiftesmvr Ore Reserves
"The earliest ore reserve calculation Ibr the Skiftesmyr deposit was carried out
in 1977 by Grong Gruber A/S and gave a geological ore reserve of 3.5milhon
tonnes grading 1.16% Copper and I .79%Zinc. Later drilling (1980-92) has not
changed this figure to any degree , as much of the drilling was confined to
filling in details within the upper levels of the orebody.- In 1992, NorsulfidA'S
in planning for mining the Skiftesmyr deposit by a combination of open-pit and
underground methods, estimated in-place ore reserves at 1 and 2% Copper
equivalent cut-olTas Ibllows:

1% Cu equivalent cut-off- 2,746,470 tonnes, 1.23%Cu, 1.86%Zn,
11.37ppm Ag, 0.35ppmAu, 37.52%S

Ore zone 400m long, 400m depth, 2-21m thick.
2% Cu equivalent cut-off- 1,759,417 tonnes, 1.38%Cu, 2.13%Zn,

12.99ppm Ag, 0.37ppm Au

Mineable Ore(1% cut-off) - *2,684,000 tonnes, 1.08%Cu, 1.63%Zn,

8.65pprnAg, 0.31ppmAu, 34.6%S .

*Includes dilution and ore left for pillars.

2.3 Geology of the Godejord Deposit
" The Godejord deposit lies 3-4km SSW of the Skiftesmyr deposit in a slightly
different geological environment.The rocks at Godejord consist of a complex
dominated by mafic volcanites and minor tuffite/sediments that have been
strongly delbrmed and metamorphosed under Lower Amphibolite facies
conditions. The whole sequence seems to be inverted at Godejord. Mafic
volcanites dominate. The lower part of the sequence is dominated mostly by
thick lavers of massive flows dykes and suhvolcanic high level doleritic
intrusions or sills and the upper part bv pillowed flows. These two units are
separated bv a verv persistent Banded Iron Formation/tuffite horizon that forms
a prominent marker horizon throughout the district.
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At Godejord. this unit forms the Hanging Wall(HW) to the main(East) orebody.
This sequence of mixed mafic volcanitesftuffite rocks is distinctly different
from those found at Skiftesmyr. Trace element characters of the volcanic rocks
are also distinctly different from those at Skiftesmyr and those in the Gjersvik
Gp in general".  "The Godejord ore zone lies at a level in the

thick volcanic sequence that is dominated by calc- rich tuffites with iron
formations and chert intercalated with mafic volcanites and minor felsic units.
The total strike length of the mineralized zone is in excess of 2km. However.
the most interesting mineralization is confined to a 500m long zone centered
around the main Godejord showing". The thickest part of the orebody appears
to plunge steeply to the northeast , which was confirmed by Outokumpu in
1992 by down-hole geophysics on the whole eastern ore zone.

"Semi-massive to massive mineralization is only found in the eastern part of the
zone, around the main showing at Godejord. Here the ore zone is closely
associated to a magnetite-hearing quartzite lens(recrvstallized chert). that for
the most part forms the hanging wall to the deposit and locally can reach
thicknesses up to 10m. The mineralized zone at Godejord is confined to the
footwall of a prominant quartzite(chert) horizon that trends roughly East-West
and dips 60-70 degrees to the north. The orebody is thickest and richest around
the main showings(called the John Godejord skjem) and the most interesting
mineralization plunges steeplv to the NE. Ore mineralization occurs within a
zone containing a varietv of host rocks ranging from quartz, carbonate, quartz-
sericite and actinolite-tremolite rich layers. Pyrite dissemination is most
common and quite variable and interlavered with bands of semi-massive to
massive pale, honey-colored sphalerite and chalcopyrite-rich disseminations in
dark homblend-actinolite rich layers. The individual layers vary from 10-30cm
thick layers of massive Sphalerite. Gold mineralization may be found associated
with quartzite lenses and layers within the mineralized zone, as is the case to the
west. Gold mav have been derived through rernobilization from chertibanded
iron formation lavers that have been tectonicallv reworked and hydrothermalk
altered during the period of sulphide deposition.The richest parts of the deposit
occurs within a zone up to 60m long and 15m thick. where grades can reach up
to several percent Cu, 0.7%Ph, 8Oppm Ag, 5ppmAu, 25%/n, which are atypical
for the Godejord sulphide zone.
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Another anomalous trait of the Godejord deposit is its large quantities of
extremely Iron-poor, pale honey-colored Sphalerite. 	 From the East


Orebodv(main showing), the rnineralized zone at Godejord continues to the

West for about I.5km and to the East about 1.0km. The thin mineralized zone
corresponds to a prominant IP anomally in the heavy overburden-covered
terrain..ro the west, the mineralized zone has a maximum thickness of 4-5m

consisting of strong1y altered quartz-sericite-albite rich rock carrying variable

quantities of Pyrite and minor Sphalerite that occur as dissemination and veins.
The orebody beneath the the quartzite horizon at Godejord is interpreted as
being a calc-silicate skarn mineralization, occurring as actinolite-tremolite,
quartz, carbonate and quartz-sericite rich rocks that contain variaNe
disseminations to semi-massive to massive mineralization rich in Pyrite-
Sphalerite-Chalcopyrite ,minor galena-.

2.3 I Godejord Ore Reserves
Ore reserves were calculated by Outokumpu(NorsulfidA/S) in their 1992
mining study(Appendix 2) for mining from surface(307m ABS1.) 67 meters to
the 240m level. 1992 Mineable ore reserves were calculated at 76,221 tonnes,
grading 0.76%Cu. 7.76% Z.n.24.47ppm Ag, 0.83ppm Au. Dilution was
calculated at 16.5% and is included in the mineable reserves.

The Geological Survey of Norway(NGU) performed further ore reserve
calculations based on the prior 31 drill holes and an additional 3 new deep holes
that intersect the ore zone 250meters below the main showing.The orebody is

called the East Orebody and lies beneath the main showing and has a strike
length of 500n-i.The following is the ore reserve estimates ;

(a)1"/0Cu-equivalent cut-off : 250-300,000 tonnes over 150m strike length,
200m depth, grading 0.6%Cu, 4.2%Zn,
0.1%Pb,15ppmAg, 0.4pprnAu.

(a'2% Cu-equivalent cut-off : 100,000 tonnes over 100m strike length , 100-

120m depth, grading 0.8% Cu, 6.9%Zn,

0.2%Pb, 20ppm Ag, 0.8ppm Au.
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3 Infr r
3.1 Minesites and Locale
The two Mine Properties are about 5km from each other and are well located in
a rural area about 15km East/northeast of the small town of Grong(Figure
served by paved roads and within one or two kilorneters of a major electrical
power transmission line(Figure 3). The primary industry in the area is a
combination of farming and lumbering, the later being carried on mainly by
lumber compaMes.The roads into each property are gravel, used mostly for
hunting and by the lumber companys, and would require upgrading to sustain
the heavy truck traffic anticipated for a mining operation.

Initially, the Skiftesmyr Orebody, being the larger of the two deposits, would be
developed into a Mine and Mill operation, requiring electrical power from the
main line 1 kilometer away. The Godejord deposit will be mined towards the
end of the mine-life at the Skiftesmyr. A new stretch of road about 0.5 km long
will be required to allow ore from Godejord to be trucked to the mill at
Skiftesmyr located about 5km away. Power for the Godejord operation is
located only 1 kilometer away. lt is anticipated that the Hydro Company will
build all electrical transmission facilities, providing transformers and switch
gear, the cost for which will be built into the power charges for the operation .
eliminating these items as Capital Costs.The main road will have to be
upgraded for about 6 kilometers and the property access roads reconstructed for
about 1 kilometer over a surface area that can be swampy in places but is
generallv rolling terrain supporting stands of birch and pine trees.There appears
to be sufficient sand and gravel for use as road material, however, coarse road
ballast will be best obtained from rock excavated from the Mine Access Tunnel.
Land used for the minesite will be subject to payments to the landowner for
damage and loss of trees.

Fresh water is readily available from several nearby lakes and the ground water
appears to be another potential source. Given the potential for heavy rainfalls,
creeks will have to be diverted around the minesite and tailings area to avoid
damage to facilities.Sewage disposal will be by conventional septic system.
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3.2 Regional Infrastructure
Concentrate produced from the operation will be trucked in 30 tonne loads to
the nearest port, which is Namsos, located about 80 kilometers away(Figure2).
Outokumpu presendy ship concentrate from their own dockside storage facilitv
at Namsos, using a conveyor to load the ship.lt is assumed that this facility wiII
be available trom either Outokumpu or the Port Authority, for use by Braddick
Resources for shipping the Skiftesmyr concentrates.

Staff and mine/mill operators are expected to be available as the result of the
closure or Outokumpu's mine/mill operation at Juma in early1997. Given the
time lapse between a possible start-up of operations at Skiftesmyr and the
closing of the Juma mine, not all of the personnel required will be available
from Juma as some will have relocated to other employment. I lowever, a core
of experienced personnel can be assembled and used to train inexperienced
personnel which are expected to come mainly from Grong, the closest town to
the Skittesmyr orebody and which is also expected to house workers moving to
the area from other parts of Norway. Mine personnel are expected to report to
the minesite using their own means of transportation. eliminating the necessitv
for a Company bus system. Except perhapsfor the mill construction period.there
will be no need Ibr a camp at the mine or to provide housing as the town of
Grong is expected to have sufficient housing available.
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4 0 Minin n
4.1 Skiftesmyr Deposit
The mining plan in Outokumplis Study of April 23,1992 has been used as the

basis thr mining the Skiftesmyr orebody which was estimated to have an in-

place ore reserve of 2,648,000tonnes grading 1.08%Cu, 1.63%Zn, 0.31g/t Au,

8.65g/t Ag, using a 1% Cu equivalent cut-off grade. However, mine

development , which in the Outokumpu Study was performed for the complete

mine, will in this plan be done in stages to minimize the start-up Capital

requirements and disperse some of the development costs into the Operations

budget. 1n order to accomplish a staged mine development, the following

sequenee of work is anticipated:

I. I inderground Exploration

Aecess to the mineralized zone will be by way of a 650 meter long

tunnel. 5m. wide x 4m. high, commencing at the I 60meter level( above

sea level) and declining at a slope of 25%(14 degrees) to Sea Level

elevation. 'Fhis places the major part of the orebody ahove the Decline,

requiring a Ramp to access the ore zones.Exploration of the ore zones

will take place via two drifts(sub-levels) placed in the mineralization and

following the strike of it, allowing the rock/ore structures to be

geologically mapped and further diamond drilling of the ore zone to

depth. An ore sample can also be taken for Metallurgical testing.

A single ventillation raise would also be required during this phase, with

all the work being performed bv a contractor which eliminates the need to

purchase equipment.

Costs for this phase is expected to be fmanced as Exploration and is

separate from the costs presented in this study. However, as a rough

estimate, based on Outokumpu's 1992 cost estimates(escalated to 1996

basis) for 650 meters of tunnel, 200 meters of suh-level drifts and 250

meters of ventillation raise , the cost could be upward of $2 million

(('anadian) exclusive of Diamond Drilling and bulk sampling.lt may be

possihle that costs will be in the order of $3 million once the exploration

requirements are taken into account.
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2. Mine Development
lipon completion of the Exploration Phase, mining can commence with
minimal development, ie. sufficient to enable the development work to
keep ahead of production.Preproduction work will consist of the
installation of all mine facilities,eg.ventillation fans, dewatering pumps,
jaw crusher, tunnel conveyor belt, dump pockets, extension of sub-levels,
powerlines etc. It should he noted that heating of the ventillation air has
not heen included on the basis of the Juma mine which stopped heating
their mine air some time ago.

Mining of the ore will be by long-hole blastinu from sub-level drifts put into the
ore zones and drifting along the mineralized zone. 1n order to supplv the mill
with 360,000 tonnes of ore per year, the mine must produce 1200 tonnes per
day on two 8 hour shifts during a 6 day week.. Assuming an average ore width
of 3 meters, a single blast of an ore block 30 meters high, 3 meters wide and 5
meters deep will provide the required tonnage, based on an ore weight (in place)
of 4 tonnes per cubic meter(high s.g. due to +60% sulphide content). Since the
ore body is steeply dippine(plunging--70 degrees), it is planned to blast the ore
down to the lower level where a 7 cubic yard LHD Loader will load it onto a 30
tonne t :nderground Truck for transporting to the Jaw Crusher, located
underground near the Access Tunnel. A second truck with a capacity of 15
tonnes and using two-containers- will handle development ore and waste
produced from Ramp and Sub-level Drift installation. A second LI1D with a 2.5
cubic yard bucket will work on Ramp and Sub-level Drift installation, loading
into the Container Truck. Production drilling will be by an electric-hvdraulic
Self-propelled 1,ong-hole Drill designed to work in a 3 meter high drift and
capable of drilling 89mm(3.5 inch) holes to a 250 meter depth. Drift drilling
will use a conventional two-boom mobile electric-hydraulic Drill Jumbo.
Blasting for production and developrnent shall use ANFO loaded via a
pneumatic Pot carried to the location by one of the LHDI,oaders.

()re shall he trucked to a Jaw Crusher havinu a capacity of 75 tonnes per hour at
a closed-side setting of 51mm(2 inches). A Feeder Grizzly shall feed the ore to
the crusher. Discharge from the crusher will be conveved to a Haulage
Convevor located in the 650 meter long Access Tunnel by which the ore will
be brought to surface and into the Mill, feeding directiv into the Cone Crusher.
The choice of a haulaue convevor eliminates the need for several 30 tonne
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trucks and the additional ventillation required to vent the fumes from the
haulage trucks.Table 2 lists the mine equipment .
Minelife of the Skiftesmyr has been based on a recovery of 90% of the stated
in-place ore reserves of 2,648,000 tonnes(cut-off 1% Cu equivalent), or
2,383,000 mineable tonnes, yielding a mine life of 6.6years.

4.2 Godejord Deposit
The Godejord Deposit is located about 5 km away from the Skiftesmyr mine
property and according to Outokumpu's report filed with the Department of
Mines. contains 76,221 tonnes of ore grading 0.76%Cu, 7.76%/n. 0.832/tAu.
24.47g/tAg. Although the Zinc grade is higher than the Skiftesmyr, the low
tonnage cannot support it's development until the Skiftesmyr is nearing
depletion of it's ore reserves. At that time, equipment can be diverted from the
Skiftesmyr to the Godejord to commence mine development and
production.Access to the mineralised zone is much simpler than for the
Skiftesmvr, requiring only a short drift of about 100 meters to reach the ore.
Mining ill be by sub-level long-hole mining as for the Skiftesmyr, but with
the sub-level drifts 20 meters apart. Ore blasted from each level willbe loaded
onto trucks for transport to the Skittesmyr mill. There, facilities will be in place
to allow truck dumping into a small bin providing feed to the Jaw Crusher
relocated from underground at the Skiftesmyr to the surfitee adjacent the mill
cone crusher.

Although the zine grade of the Godejord is almost 5 times higher than the
Skiftesmvr. the metal price for zinc at the time when mining the Godejord is
being planned will determine if it will be viable. The small size of the orebody
may also dictate if it can support the cost of mine development.For this Study.
ore from the Godejord has not been contemplated when considering the
economics. Ilowever, the ore value is compared to Skiftesmvr when
considering revenue.
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re Pr in
5.1 Metallurgy
5.11 Metallurgical Testing
Ore samples ranging in size from 7 kilograms to 35 kilograms were taken from
surface outcrops at both the Skiftesmyr and the Godejord in October 1996 and
shipped to Lakefield Research near Peterborough, Ontario, for preliminary
metallurgical testing.Two samples of each ore were taken, ie. Godejord:

(i)sphalerite rich massive to semi-massive(15%Zn,1%Cu) and (ii)semi-massive
with higher Copper content(19%Zn,3.2%Cu), Skiftesmyr: (i)eopper-rich

disseminated, semi-massive(1.6%Cu,0.35%Zn) and (ii)massive pyrite
ore(0.97%Cu.1.9%Zn) .Sarnple weights/description and multi-element ICP
Analyses are presented in Appendix 3 .

The tests were performed in order to gain a better perspective of the
metallurgy(results in Appendix 3), but were not intended to be used for Plant
Design as the samples were not representative having been taken at the surface
where they could he adversely affected by exposure to air and water which in
turn could affect the metallurgical results. In general, the tests, which are
summarized below. were successful in outlining the parameters for producing
separate Copper and Line concentrates, indicating the following trends:
Godejord:
Ore type(i); (sample GO-1) A very high grade of Line concentrate ( +60%)
t'rom this type of Godejord ore(1°/oCu, 15%Zn) can be anticipated at high(88%)
Linc recoveries while the copper concentrate will contain 20% copper.13%
zinc.5% lead with an 84% copper recovery. Lead and zinc contents in the
copper concentrate may be too high and wil1 have to be lowered through
differential llotation, which has yet to be tested and will probably be best
performed on a more representative ore sample.Gold and silver recoveries into
the copper cone were 58 and 70% respectively at grades of 23 and 83g/tonne.
No difficulties are anticipated in achieving acceptable grades and recoveries in
actual operations. Pyrite concentrate produced from this ore type appears to be
very clean, containing about 0.3% copper, 0.1%zinc, 0.04%lead. About 15
tonnes of pyrite can be produced for every 100 tonnes of ore processed.This is
important for environmental reasons, allowing Pyrite to be removed from the
ore and sold as a product, thus eliminating potential acidification of tailings in
the storage area.
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Ore type(ii); (sampleGO-2) Given the higher zinc and copper grades of this ore
type(3%Cu. 19%Zn) which is not expected to be typical of the average ore,
minimal testing was performed. The results indieated Lmodmetal recoveries of
83% of the copper into a concentrate analysing 23%Cu I0%Zn,1.7%Pb. Zine
recoverv was 85% into a concentrate assaying 52%Zn, 0.5%Cu, 0.16%Pb.
Skiftesmyr:
Ore type(i); (sample SKM-1) From a head grade of 1.6% Copper. a good grade
copper(23% to 27%) concentrate can be obtained at recoveries of 84to 89%
containing less than 1% zinc and lead. Zinc recovery/grade were not
satisfactory due to the very low(below 1% cut-ofezinc headgrade of 0.35%
which would ordinarily not be subject to a Zinc recovery step.
Ore type(ii); (sample SKM-2)This ore sample more accurately resembled the
"average ore-, having a uade of 1%Cu, 2%Zn. A copper recovery of 87% into
a concentrate gradim2 23%Cu and 5%Zn appears achievahle and is expected to
be improved upon in a large scale operation. Zine concentrate grade was 53%
with a recoverv of 77%, the main contaminant being pyrite which was easily
floated. indicating pre-activation due to copper solubilization from oxidation.

SUMMARY

PRODUCT

F METALL 'R 'I AL TE 'TIN ' Best R
ORE SAMPLE

GODEJORD SKIFTESMYR
CO-1 60-2 5KM-1 .

sults




SKM-2 .
11EADti,"/,,
cu Cone.

1.0Cu,15.7Zn

( test F3)

3.2Cu,19.3Zn
(test F8)

1.6Cu,0.35Zn

(lest F-t)

0.97Cu,1.9Zn
(test F7)

Grade%; Cu 20.1 22.8 23.4 22.4
Zn 13.4 10.1 0.3 4.8

g/t Au 23.2 - - (5.35)
g/t Ag 835.0




(93.0)
%Recovery; Cu 84.1 87.3 87.4 83.8

Zn 4.2 7.2 6.17 8.5
Tons conc/10001. ore 46.0 134.0 57.8 36.0
Zine Conc.





Gradt.“%; Zn 62.8 52.3 0.85 53.8
Cu 0.16 0.54 0.24 1.47

%Recovery; Zn 88.1 85.8 76.6 77.7
to 3.0 4.8 4.11 4.5

"Fons cone/10001. 205.0 307.0 no conc. 29.8
l'yrite Conc. 356 t./I000 t. ore 0 196t./10001 nre. 0




0.26tu, 2.29Zn




<0.2tu/Zn/Ph
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5.12 Metallurgical Process

The ore, consisting mainly of Pyrite, Chalcopyrite and Sphalerite, will be wet
ground to liberation size and subjected to differential tlotation under conditions
similar to those used in the testing by Lakefield Research.The flowsheet in
Figure 4 outlines the steps taken to achieve separate Zinc and Copper
Concentrates. Through the use of ph control with lime (calcium hydroxide) and
the possible use of other pyrite depressants such as Sodium Sulphite or
Zinc/Cyanide complex, both Pyrite and Sphalerite will initially be prevented
from floating, allowing the copper mineral Chalcopyrite, to be concentrated
using specific selective collectors for Chalcopyrite. Stabilization of the air
bubbles will be accomplished by mixing small amounts of Frother such as
Methyl Isbutyl Carbinol into the pulp prior to subjecting it to Flotation.The
flotation will take place in two staues at a pulp density of 35% solids; the
"rougher- stage where most of the copper mineral will be recovered, and the
"scavenger- stage that will ensure the recovery of all the flotable copper
mineral. Both concentrates will be "cleaned- together in a single flotation stage
to produce the final copper grade of a sulphide concentrate containing at least
25% copper.
Following the copper tloat, the zinc mineral Sphalerite will be "activated- with
copper sulphate and conditioned with frother and Collector prior to floating .
Once again, a "rougher- and "scavenger" tlotation will produce a concentrate
that will be subjected to "cleaning" in a separate tlotation circuit to produce a
zinc concentrate containing at least 53% zinc.The possibility of requiring a
Pyrite depressant, such as sodium sulphite, has been demonstrated with regard
to achieving both copper and zinc grade in the final concentrates.
On the understanding that the sulphide minerals are relatively coarse , no
provision has been made to regrind either of the concentrates. Should future
testing demonstrate the requirement that either the copper concentrate or the
zinc concentrate require regrinding and further flotation to achieve the desired
metal grade, a small regrind mill and recleaner circuit will be included in the
mill design.
A Pyrite concentrate has not been planned at this early stage as the market for
this product is speculative and depends on several developments in the near
future. however tests have been performed in order to assess the potential grade
of the product.
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The need for Pyrite rests with two real possibilities:
The Borregaard Sulphuric Acid Plant in Sarpsborg near Oslo requiring

250,000 tonnes per year in the near future.
The new development in Norway using Pyrite directly in Agricultural

applications requiring a source of sulphur for soilmodification.
5.2 Mill Equipment
The mill equipment as listed in Table3 is conventional and has been sourced
from both new and used equipment suppliers in Canada and the United States.
A South African supplier was also considered as the exchange rate is presently
favourable.
Sizing of equipment allowed for small future increases in production rates
where possible. For instance, the Cone Crusher was sized with a 150 HP motor
to yield a 110 tonne/hour capacity. By installing a larger motor and a different

through-put capacity can be increased by 10-15%. There are some
pieces of equipment that cannot tolerate increased through-put without
performance being adversely affected, such as Flotation Cells as they are
directly related to volume flow in a certain period of time. An increased flow
would decrease flotation time and result in lower metal recoveries.

The Cone Crusher, fed with 50mm ore size from the underground Jaw crusher,
will easily crush the daily mill feed requirements of 1030 tonnes per day in one
and a half shifts, approximately the time that the Mine is operating their Jaw
crusher. Should more crushing be needed, the third shift would then be
available. The cone crusher product is planned to be 12mrn(0.5inch) in size and
will be stored in a bin with 2000 tonnes in capacity from which it will be drawn
by a feeder conveyor at the required feed rate controlled by a belt scale, feeding
into the 3m.diameter x 4.25m.long Ball Mill.
Grinding in the ball mill with 75mm (3inch) steel balls will provide the proper
feed size to the flotation circuit. Classification of the Ball Mill discharge will be
by a single 500mm (20 inch) hydrocyclone capable of processing a 250%
circulating load using a 5 x 5 SRL Pump.The mill has been selected almost
exactly for it's size and horsepower, leaving little room for increased through-
put, unless the feed size is decreased from 12mm to 9mm, in which case the
mill capacity could possibly be increased by 10% using the same size motor.
Pulp from the Cyclone (overtlow) will flow by gravity to a conditioning tank
where reagents will be added at controlled rates using Clarkson Feeders.
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The Rougher and Scavenger flotation will require 56 Denver DR100 cells(each
2.8 cu.m) for both the Copper and Zinc tlotation stages.The upgrading of the
concentrates by refloating in "cleaner" cells will use 14 of the smaller Denver
DR18SP cells.Internal pumping of the various flotation products will require
12 -1.5 x 1.25 SRL Pumps. Final tailings will be pumped to the tailing disposal
area by a 5 x 5 SRL Pump. The final concentrate products willbe pumped into
separate 7m diameter thickeners for each of the Copper and Zinc concentrates
from which they will be pumped at 65% solids to the separate Drum Filters
each having a filter area of 14 square meters(157sq.ft.). It is anticipated that the
Copper Concentrate will reach the required rnoisture on the filter. However, the
Zinc Concentrate will require further dewatering using a rotary kiln-type dryer.
Both the Copper and Zinc concentrates will be conveyed to holding bins in the
concentrate truck-loading bay.There the individual products will be loaded onto
highway transport trucks and transported in 30 tonne loads to the seaport of
Namsos some 80km away.
5.3 Mill Site Facilities and Tailing Disposal
The structure housing the crushing, grinding , tlotation and dewatering sections
is unique and has been chosen for if s ease in both assembling and
disassembling requiring only 60 days to erect without the need for large
foundations. The pre -fabricated structure consists of Aluminum structures
supporting a PVC Membrane that has been designed to include 8 inches of
insulation and withstand winds of 125-130 miles per hour. Snow load problems
are minimal as the Membrane is very slippery, with the structure sloping at 26
degrees off horizontal. The structure has a completely unsupported span of 40
meters(130 feet) and covers a length of 87 meters(285 feet). Built in Canada
and used in arctic conditions, this type of structure provides a less expensive
building than a conventional steel column and 1-beam structure. The main
drawback is the fact that the frame cannot be used to support a Bridge Crane
commonly found in conventional mill buildings. In this instance, it is
anticipated that once the heavy equipment is in place using hired mobile cranes,
motors or liners etc. can be easily moved by smaller mobile cranes hired for the
occasional heavy lift. Otherwise, winches and come-alongs willbe used by
maintenance crews in their regular work. to move heavy parts. Piping will be
supported from the floor where required and power cables will be be accessed
from tloor trenches . Motor control centers will be located adjacent the
equipment thev serve and shall be fully enclosed. There will be 6 man-doors for
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There will be 6 man-doors for worker access and 6 roll-up(insulated) bay-doors
for equipment access. Similar structures will be used for each of the Warehouse
and Maintenance Shop facilities.A simple concrete pad is all that is required for
these buildings.

Tailing disposal will take place adjacent the Skiftesmyr Mine using two small
lakes designated by Outokumpu in their 1992 study as being suitable.
It is planned that the first lake will be dammed to provide sufficient capacity for
the first half of the mines life. The diversion of a small creek around the lake
will be necessary . Should a market develop for the Pyrite contained in the
tailings(up to 60%), the volurne required may decrease by 20 to 30%,or more
depending on the amount of pyrite recovered. Conceivably, if the potential
markets mentioned in section 5.1, are realized, almost all of the pyrite content
ofjust over 200,000 tonnes per year could be removed from the tailings, leaving
about 100,000 tonnes per year of tailings to be impounded. This would greatly
reduce the volume which in turn would mean that the initial site chosen for
tailing disposal would last the several years of the mine'slife.lt would also be
desirable from an environmental viewpoint, lowering the eosts for site
Reclamation at the end of the mine's life.
6.0 Environmental Planning

Present environmental regulations in Norway appear similar to those in Canada,
with limits on water/air quality and the requirernent to provide a reclamation
plan for the mine and mill site. There is no requirernent for a Bond to be posted,
but a company is expected to have the funds available at the end of the mines
life to effect the proper reclamation.
The closure of Outokurnpu's Juma mine in early 1997 will cost about 18
million kroner, equivalent to about Cdn$3.6 million.The Closure Plan was
required one year before the mine closure. There are three areas at Juma to
clean up, plant , mine tailing area. All foundations must be removed down to
the surface level and the area covered with topsoil and grass. The concentrate
loading area must have the soil removed and replaced with clean,
uncontaminated soil. The contaminated soil will have to be moved back into the
mine. Anything that is susceptible to creating Acid Mine Drainage has to go
back into the mine . Waste rock with up to 5% pyrite is acceptable.

This means that the Skiftesmyr Mill Tailings containing 60% pyrite would have
to be replaced back in the mine.Thus the incentive to remove the pyrite is very
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Markets for the pyrite will have to be developed early in the project, particularly
with the Boregaard Sulphuric Acid Plant near Oslo which currently receives
Pyrite from Finland and is considering a switch to Elemental Sulphur as their
source of sulphur when the Finnish mine closes in the year 2000.
Should the Skiftesmyr Mine approach them very early, they may well be
persuaded to continue using Pyrite from the Skiftesmyr Mine, which could add
some additional revenue to the project as well as minimizing the environmental
costs upon closure of the mine.
7.0 Cost Basis

7.1 Basic Criteria and Assumptions
This study has assumed certain parameters which may change with further
development of the Project .Capital costs were a combination of actual
Supplier budget prices for equipment and an estimate of the cost required to
install equipment.Equipment suppliers were mainly Canadian, necessitating the
estirnating of shipping costs to Norway. Where possible, used equipment was
costed on a "reconditioned" basis.A saving of 30 to 40% can normally be
expected when using second-hand, reconditioned equipment. Operating costs
were estimated based on experience for both the mine and the mill , using
Norwegian costs for salaries and supplies.Established mining rnethods used by
Outokumpu on a similar type of ore was used to cost mining equipment and
operating costs. Metal production in concentrate was based on estimates using
prior experience from other operations factored to reflect the laboratorv testing.
Metallurgical testing was performed on recently taken surface samples but the
results were only used as a guide to estimate contaminant metals in concentrates
and the general reaction of the ore to tlotation.Net Smelter returns were a
combination of actual treatment charges/refining charges for the Copper
concentrate while a percentage of the concentrate value as Net Smelter revenue
was estimated for the Zinc concentrate, all based on Outokumpu input.

7.2 Capital Cost Estimate

A summary of the Capital Costs using essentially all new equipment is
presented in Table 1 which,for the total Project, amounted to Cdn$13,015,000.

7.21 Mine Capital
The total capital costs for the Mine were CdnS3,577,000, using almost all
new equipment costs.Excluding the single piece of used equipment
(table2), a saving of 30% for all used /reconditioned mine equipment
would reduce the costs by Cdn$1,037,000 to yield a cost of $2,540,000.
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7.22 Mill Capital
The equipment costs for the Mill totalled Cdn$2,302,000(Table3), of
which about 70% was priced on the basis of new equipment. 1fall of the
new equipment were available as "used/rebuilt", a saving of Cdn$
500,000 would apply, assuming a 30% discount off the "new" price.
The Mill equipment capital cost would then be about $1,800,000 .

The Mill Building (table 4) is priced on a "new" basis, costing
Cdn$2,221,000 . lf this structure was available as a "used- facility, a
further saving ot'perhaps $600,000 may be achieved.1 lowever, the realty
is that mill buildings are rarely available alone, and the disassembling of
one and re-erecting it at a far away site is not cost effective.

However, there are available two used Mills, complete with buildings
situated in the U.S.A.and priced (on an as-is / where-is basis) as follows :
850 TPD Copper/zinc Plant -USS950,000 (Cdn$1,275.000)
1000TPD Copper Concentrator - USSI,250,000 (Cdn$1,675,000)
Assuming that the larger plant (1000tpd) is acceptable(see Appendices)
and can be upgraded to the required tonnage through-put of 1030
tonnesiday(1135 s.tons) without rnuch additional cost, the following cost
comparison can be made:

anadian Mill er this stu st :Equipment(new) = Cdn$2,302,000
Building(new) = Cdn$2,221,000

Total Cost = CdnS4,523,000

er ncentrat r i e 1970 vint = USS1,250,000
Disassembly/moving = USS 500,000

	

Total Cost = US$1,750,000

	

Canadian S Cost =CdnS2,350,000
(Allow)Cost to Upgrade to 1030tonnes/day= dn 17

Grand Total(approx.)=Cdn$2,523,000

SAVINGS USING U.S. PLANT , MOVED&UPGRADED= ' n 2 000
NOTE: This assumes that there are no further costs re: reclamation at the
U.S. site as a condition of sale. It should also be noted that there is a zinc



Pg.21

It should also be noted that there is a zinc concentrator in Europe for

sale(no price available) which may be of interest if the project

proceeds in the future.

7.23 General Support/Services
The remainder of the Capital Cost estimate (after Mining&Milling)
amounts to Cdn$7,136,000 as summarized in Table 1 and detailed in
Tables 48:5 for Buildings. Services and Systems.

The bulk of these costs can be attributed to Buildings(Cdn$2,716,000)
and Services (Cdn$1,270,000) which among other things, includes site
vehicles.For used equipment, the building cost would be decreased by
$2,220,000 to $495,000 to reflect the elimination of the new
prefabricated Mill Building if the used U.S.Copper Concentrator is
purchased. Since the "used Mill" comes with it's own drawings for
equipment installation, a reduction of the Engineering Costs can also be
expected, say 50%, from $500,000 to $250,000.

The remainder of the costs of Cdn$4,170,000 are estimates of peripheral
costs surrounding most projects. At this point, there is no basis for
lowering these costs until a detailed Feasibility Study is performed that
would define the actual costs associated with the various categories, such
as Electrical, Piping, Instrumentation, etc.
Capital 'ost ummar i e e ui ment a • •

Used Mining Equipment = CdnS 2,540,000

Used Mill Equipment & Building = CdnS 2,520,000

Buildings/Services = CdnS 495,000

Services/Systems/peripheral costs= dn 4 17 0

TOTAL CAPITAL(used) COST = CdnS 9,725,000

7.3 Operating Costs

Operating costs were based on actual Norwegian costs in the mining industry
today and an estimate of the Supplies and Consumable items associated with a
tvpical mine/mill operation. Prior experience and the Outokumpu mine/mill
operation at Juma were used as models for planning the operational structure.
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A total of 100 personnel will be required to run the mine/mill operation, costing
Cdn$6,350,000 annually in wages/benefits alone, with supplies and
consumables estimated at an additional $3,748,000 to yield a total cost of
$10,098,000 per year or a unit cost of Cdn$28.21 per tonne of ore.

As a part of the Operating costs. freight charges for moving the separate Copper
and Zinc concentrates to the respective smelters are estimated to total
Cdn$1,034,000 annually which includes trucking to the port of Namsos and sea
freight to Finland and Oda, Norway. The unit cost per tonne of ore is estimated
at Cdn$2.87. Total operating costs are then Cdn$31.08 per tonne ore.
Table 6 summarizes the unit operating costs according to the main areas of
Mine, Mill, Administration. Tables 78z8 detail the various annual costs for the
mine/mill areas.
8.0 Reyenue and Payback
8.1 Skiftesmyr Ore
Net smelter returns were estimated for concentrates from the Skiftesmyr Ore
using information received from Outokumpu which specified terms for
smelting/relining the Copper Concentrate and an estimate from Outokumpu's
Juma mine of the net revenues received from the sale of their Zinc Concentrate
These estimates are expected to be conservative and will vary depending upon
various penalities for unwanted impurities in the concentrates. The terms apply
to 1997 contracts.Tables I08,:l I outline the Net Smelter Return calculations for
various metal prices but do not address penalties for impurities which are
unknown at this point.

Three "scenarios" were investigated using three Metal Price levels
I. "current prices"; copper=us$1.00/1b, zinc=us$0.5011b,

gold=us$380/oz, silver= us$5.00/oz
2."possible future prices" ; copper=us$ I.10/1b, zinc=us$0.55/1b,

gold=us$400/oz silver= us$5.00/oz
3. "Iongterm future prices"; copper=us$1.15/1b, zinc=us$0.60/1b,

gold=us$400/oz, silver =us$5.00/oz
The results. summarised in Table 9, showed that current metal prices would
yield a Net Profit(before taxes and interest on capital) of Cdn$2,926,876/year
and a payback of 5.3 years . Payback decreases to 4.2 years on the basis of
Used Equipment.
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An increase of about 10% in base metal prices was sufficient to increase the Net
Profit to Cdn$4,401,300/year and lower the payback time to 3.5 years(new

equipment basis) or 2.8 years for Used Equipment. The metal price increase
is regarded as a possibility since there are indications that the zinc price is
moving up and there are good possibilities that copper could regain some of
losses in the next year or so, as LME warehouse stocks have been on the
decline.
Over the longterm, an increase in base metal prices of 20% over todays prices
may occur which would boost Net Profits to Cdn$5.35 million annually and
yield a capital paybaek of about 3 years or 2.3 years for Used Equipment.

Any large increases in future Precious Metals prices are reaarded as speculative,
hence a longterm price ceiling of1JS$400/oz reflects a conservative approach
with regard to Gold prices while silver price was held at the current price of
us$5.00.Precious metals in the ore only contribute about 10% of the revenue
from metal sales.
8.2 Godejord Ore

As a comparison, if there were sufficient ore with the grade of Godejord and it

was mined and milled on the same basis as Skiftesmyr, a quick calculation

usinit todays metal prices, indicates a revenue of about Cdn$32 million per year

and a net profit after operating costs (before taxes)of about Cdn$ 21 million.

Payback could possibly be realized in less than one year(9 months) using

essentially all new equipment.

9.0 Conclusions and Recommendations
9.1 Conclusions

At todays base metal prices, the project can achieye Capital Payback within

the 6.6 year life of the main orebody, the Skiftesmyr, as it requires at about 5.3

years if New Equipment is utilized and 4 years payback if capital equipment
for mine/mill is substantially all used equipment.Net Profit(before taxes) is

CdnS7 Million over the remainder of the mine life for used equipment.

Given a 10% inerease over todays base metal prices makes the project very
profitable and yields a 3.5 year payback. The profit picture becomes very
attractive when used equipment is costed, yieldina a 2.8 year payback and a
potential Net Profit(before taxes) of CdnS17 Million over the remainder of the

mine life.
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A longterm base metal price increase of 20% effects a rapid payback of 3 years
(new equipment) or 2.3 years for used equipment which yields a Net Profit
(before taxes) of Cdr)S23 Million over the rernainder of the mine life.

The Project can become more profitable by finding more of the
Higher Grade ore at Godejord to achieve Capital Payback in less
than One Year and a total Net Profit of $19 million (Cdn) over the
remainder of the life of both orebodies at todays base metal prices.

9.2 Recomendations
Skiftesmyr Orebody- Exploration should be carried out from Underground to
determine the structure of the mineralised zone and whether the ore grade (or
tonnaue) can be increased However, achieving a hiuher production rate from
such a narrow orebody is questionable as the mininu costs will escalate sharply.
lience more ore of the same grade is not a solution to achieving a higher profit.

Godejord Orehody - The higher Zinc and Gold grade make this orebody a
prime target tbr an exploration programme aimed at findinu more ore of the
same grade. A target of at least 0.5 Million Tonnes is desirable from a
mining viewpoint and there appears to be potential for more ore at depth in

the Main or East Orebody, and to the west along strike. Should this target

be confirmed, it is recommended that the Godejord Orebody be developed

simultaneously with the Skiftesmyr Orebody.



TABLE 1

GRONG PROJECT

M RY APITAL T E TIMATE
CI~ST

MINING and MINE SUPPORT EQUIPMENT 3,577,000

MILLING and MILL SUPPORT EQUIPMENT 2,302,000

BUILDINGS/SERVICES N1ILL,SHOP,WAREHOUSE,LAB,OFFICE 2,716 ,000

SERVICES/SYSTEMS POTABLE WATER, ROADS, TAILING DAM,POWER. 955,000

ELECTRICAL: Mine / mill ; wiring & controls 400,000

INSTRUMENTATION 200,000

PROCESS PIPING 100,000

SITE VEH1CLES 315,000

Engineering/Procurement/Construction Management 500,000

CONSTRUCTION( Indirect costs ) 400,000

SPARES and INVENTORY 150,000

FREIGHT and CUSTOMS(10% of equipment + bldg.) 800,000

CONTINGENCY (10% of equipment) 600.000
TOTAL $ 13,015,000

WNER 9



TABLE 2
GRONG COPPERZINC PROJECT

MINE

ITEM
OFZE I
'RIZZLY FEEDER

Ik . R ck Hammer
LAW 'HER
7 NVEY R
COMP E R

No.
I 1
1
1
1
1
-)
-
1of ea

API AL E IPMENT

Motor
Cdn.S

COST
ZE HP / KW

t nn sm.lomixwide x3m.ht. /0

n vil u.s.ed
9.000L0

1 4 i 40/30
I . I 1/.. -2 IllIller n

24X 1 /75
m I n 156/117

2 fm 2 x 50/75
7 .5 r 7 v .tremote controlj 0

2 0

	

7 0

	

7 /0

0/

	

2 00

71 000/0P TRAM

oig TR 1 K s 1 f e . 1x3 t. 1x 15 t c ntainer 9054000/0
DIaLL(m 'Ie I Lon ,11)Ie tele h)d) 30/22.5 250.000/0
DRIL MB 1 2_ in Lcue.1Llj50/37.5 525 0 /0
MAIN VENT FAN
II ' V nt Fans

-,
_ 3-4 'fm 2x10 /150
1 cfm 6x10/45.

0 /
24

U ' V nt Tube 10mlen ,th ' 0 mmFlex iDum)c ‘k coilpliny 3 0 /
Dewa rina Pum -)
_ ' rmin R -4 1 2 x 0/90 3 0
1/ ' • ' t. E ui t. 9

v ri is t 1 all wance /1
SlÆr ty E ui ment 1 t tell ati n 15 0 0
Cap Lam har er 1 2 n ' w Its /0.2 2.000/0
Cap Lamps -)
_ n rmal 5
PIPE n/a 75 m. f 4in eel c'‘  cou lin ,s 2 0 /0
ANF le Loader 1 M ile tl ini; SQQ(' .1 ram 500 lb. capacii  I 0 0
L a r :urface
u/g Tr• nsformer

1
i
_

M d I Kawa aki 2YLI Bucket I 0
10.000/0kv i erve 1 t/hvd. rills

TOTAL 670 Kw $3,577,000

Mining Rate = 1200tonnes/day ore
NOTE: All Eleetries to be 50 HZ for European Use

* Steel S12.50/sq.ft fabricated to tanks/bins, bolt together sections.
** Concrete estimated Cdn.$1754,3haNed Irondheim local pricefactored I 2



TABLE 3
GRONG COPPER/ZINC PROJECT

MILL

	

EM No.
'oar. re Bin
' )NE CR :SHER 1

S 'RE N
)1st . II tor S -st m 1

APITAL E IPMENT T
Motor

(dnS

Cost

ZE P K W
0) nn 5 x 3 x 3m

AII's 4 / MT 15 /111
3 ' 15/11

cfm 73.75

1N w Is d
*94 /0 .

100 .
45 /0 .
/7 I l 00 .

NVEY RS 5 0. mWX 110 m.L 5 x 5/19 111
H re Bin 1 2 nn x 12 x 16m 0 *71 /0 .
Wei ht meter I 4 -5 t h.ca . 1 9 /0 .

A LL




3 .4 25 1. . . u s 't nne aIl - 9 7S 75 0
l' L NEs 1 5 nm. Dit 0 S 0 /

) ne P m s 9 1.5x 1.75 .'RI. • 2h. ./12 4 /




3 1.5..1.75 .'RI. 2x3h. •/ ).7s 14 00/




2 S x S R1... 2x4 h h 15 /




4 5 x 5 .'RI. 2x30h /45 31 00/0




3 V •rti ' I Sum -2inch 5/3.75 2 000/0
ONDITI NER 1 2.5m x 2.5m.t nks 0 *1 /0

AGITATOR 3 mall 3 x 3/).7')




Floa . ells
F at T II -

5


14
D • v.r DR100 1511/ )30kw
D.-iv ) 1 - . 5h /53kw

0///9515

Vacu m Pum 2 N—I ' 3 - 1h /3 kw 151900/0
Air Blower 2 4( 0 - -fm ea. 5R.75 1 00/0
' n . Thickeners 2 7m. l'am. n ) tank 2 x 1/I.5 /S 0

Thick n r Tanks 2 7m. iam. 9.5mm steel 0 31 0 OR
Filters Drum 2 14 s- .m 157 . ft. ach 2 x '." 4.. 3 1S 0/0
DRYER 1 r ) . v kiln electri ./di sel fired 10/7.5 / 0 10 .

'onc. Hold. Tanks 2 1 v- 4m. ia.x4m. hi h 0 *17 100/
' ne. nk A itator 2




7 1/ .
'onc. . ve .or 2

- -nall2 x 5/7.5
. m.W x2 m. L. 5/3.7i 
 75 I 0

: ne. adin Ba • 2 ' ./w '-- -rs f r Zn C nes. all w * / .
Sarn I r 1 I V - 1- - e 10 X 1/7.5 7 0 .
Lime .laker 1 7 T m/ ' v 4 1/30 1 0/1 .
Rea ent Feeders 1 1 T - m 10 X ( .2S/2 21 0/ .

Return Water Tank 1 4 00 )al. rn. ia.x nthi h /0 * 20,000/0 .
Fresh Water Tank 1 "'") 0 ) lal. 5m.dia.x 5m.hi h /0 * 18,000/0 .
R a ent Mixers 3 Birr.I Tv . -“,,-).; 8,000 .

TOTAL I 74 25 52,302.000
Mill Feed Rate = 1030 tonnes/day ore, 3.5% Zn, 1.0% Cu , 63% Pyrite

Products : Cu conc. =40 tpd, Zn conc. =60 tpd (Future Pyrite conc. = 650 tpd)



TABLE 4
GRONG PROJECT -

B ILDIN ER I E APITAL
Cdn.S

ITE DE IPTI N COST

1VIAINTENAN E H P 15 x 20 m. building,c/w welders,drills,grinder 98,000

WAR JSE Consists of 20 X 20m Fenced Yard,15x20m. Building 110,000

AD1VIIN.BWILDING LJsetwo 40ft. Trailers 8,000

.HAN 'E H 'E Use one 52ft. Trailer 21,000

REAGENT STORAGE Two 401t.Containers 5,000

EXPL 'IVE 'T RA E Powder magazine(2\4o containa)capand igniter sheds 5,000

MILL 'ILDIN *One 40 X 86m Pre-engineered Structure 2,221,000
Erection: Lahor. crane. hoom lifts. fork lifts. scissor lift. 100,000

MILL LAB all ,wanc
'am le Pre . E i .
Crusher, Pulverizer,Drying Oven, Dust Hoods,Tables 50,000

Analvtical E ui .
X-Ray (quickies), Ph Meters, Scales. 40,000
Atomic Adsorption Product assays of Cu,Zn,Au,Ag. 50,000
Lab Building (use two- 40ft. Trailers ) 8.000

TOTAL $2,716,000



TABLE 5
GRONG PROJECT

ERVI E YTM APIT L T

Cdn.S
ITEM E RI I N  C(Wi'


FRESH WATER
Y TEM

One Well, equipped with Submersible Pump. 5,000
Surface Tank , chlorinator ,TransmissionPurnp,0.5km.of 2 inch PVC Pipe 20,000

AILIN
Grubbing, Excavating, By-pass & Darn Construct.

Return Water Pump(size 3X3 SRL)& Float Assembly
includes 300meters 3 inch PVC Pipe.

A E 'ITE R AD
7 Kms with compacted base, rolled & graded surface.

550,000
20,000

250,000

MM iNII ATI N Y TEM
Telephone & Radio Systems

ANITARY YSTEM
Consists of 5 cu.rn.Septic Tank&Bed at Mill /Adrnin
Offices,and Change house-one 20 cu.m.tankibed

'ITE P W R I ' B iTI N 1Km. of 220v. Line
MAI P WER LINE Cost included in cost/kw hr as rental charge.
'ITE VEHI LE
Personnel Van (1 )Required to pick up visitors, Transport Staff tolfrorn Grong

Pick-up Trucks (3 ) One for each of Mine Mill , Maintenance

3 Ton Truck ( I ) Required to transport Supplies& Parts/Equipment.

Road Grader (1) Used, Required to maintain site& access roads

Loader (I) ,sed Kanasaki model 60. 20 cu

Ambulance (1) Used

TOTAL

50,000

30,000

30,000


000

30,000
75,000
40,000
70,000
75,000

25.000
$1,270,000



TABLE 6

GRONG PROJECT

' MMARY
n nn

MINE

PERAT N
000 T NN

M1LL

/YEAR

ADMINI 'TRATI
PERSONNEL 8.55 8.05 1.04
POWER 0.94 4.06 0.05
FUEL/LUB.




VEHICLES 0.78 0.19 0.30
SUPPLIES




I.XPLOSIVES 2.08




MAINTENANCI- 0.06 0.03 0.02
BALLS




0.74




REAGENTS




1.32




CONCENTRATE




MARKETING




2.87

TAL 12 41 14 4 2

N

INE + MILL + ADMINI TRATI n = 1



TABLE 7

GRONG PROJECT

'TAFF LAB R T TIMATE
ANNUAL YEARLY

ATE RY NUMBER WA E n T T

*STAFF




Manager(ex-pat) 1 120,000 120,000
Mill Superintendent 1 60,000 60,000
Mine Superintendent 1 60,000 60,000
Maintenance Supt. 1 60,000 60,000
Mine Foreman 3 54,000 162,000
Mill General Foreman 1 54,000 54,000
Mine Geologist 1 55,000 55,000
Mine Surveyor/draft. 1 48,000 48,000
Warehouseman 1 40,000 40,000
Secretary 1 34,000 34,000
Warehouse Clerk 1 34,000 34,000
Social Costs(30%)




218.000
Sub-Total 13




945,000

*LABOUR




Miners 24 23.40/hr.(ind bonin) 1,402,000
Mechanics(mine) 15 19.25 721,000
Mechanics(surfaee) 20 19.25 818,000
Mill Operators
lincludes Nampletasay)

28 22.60 1,383,000

Social Costs(25%)




1,081.000
' -T 1 7




4

T TAL 1




* Norwegian Pay Scale



TABLE 8
GRONG PROJECT

SUPPLIIY N A LE T E TIMATE 0 nn r
ANNUAL
COST.Cdn.S

EL TRI AL P W R .9 ow r f et r

MINE ; 670 kw installed , 3,400,000km.hr./yria S0.11/kwhr x 0.9 340,000
MILL ; 1745.25kw installed, 14,700,000 kw.hr./yr/aS0.11/kwhr x 0.9 1,460,000
ADMINISTRATION ;20 k‘s ,allow 170,000 kw.h r./yrfii S0.11/kwh r x0.9 17,000

RVI E VEHI LE ' Lubrication/gasoline/diesel( allow) 21,000

N ER t ND VEHI LE 7 Lub./gasoline/diesel (allow) 210,000

1
1
1
1

1

IT t. VEHI LE 5 Lubrication/gasoline/diesel (allow)

DRYER F EL Allow 106 liters/day @S0.4411.
EXPL 'IVE ANFO@ $1.60/kg ,

- Ore Blasting, 1.1 kg/t.ore

Waste Blasting 0.8 kg/t. waste
Auxiliary Explosives(k eaps,diesel)

EEL BALL ' 3 inch@ S900/tonne,o.rilkg/t.ofore

ME 'T RA E Silo 4m D x 7m Ht., 21t. cap.,+Feeder (rent)
MILL REAGENTS

Sodium Bisulphite@S0.75/kg,122gnore

Lime,S0.251 kg.,3kg/t.ore
MIBC 52.50/kg,5ogit. ore

ColleCtor(A3418&R208) 52.50/kg, 100g./ I. ore

Copper Sulphate @ 51.50/kg., SOg./ t. ore

Flocculant @ $4.001 kg., 5g.ft.ore

MAINTENANCE
CON ' IMABLE MILL ( ALLOV4)

MINE ,XLLOV4)

ADMINISTRATION

100,000
62,000

635,000
20,000
95,000

265,000
15,000

33,000
270,000

45,000
90,000
27,000

8,000

10,000
20,000
5,000


TOTAL 3,748,000



TABLE 9

GRONG PROJECT

ARY F REVEN E V. . NI TAL PRI E AND APITAL PAYBA IN

CAPITAL:Nev‘ =CdnS15,555,000 OPERATING COST =CdnS11,190,000/YEAR
Used =CdnS12,265,000

'ARI #1 Current NIetal Prices
Copper@ usS1.00/1b, Zinc@usS0.50/1b, Gold@usS380/oz. Silver@usS5.00/oz.
NET SMELTER RETURN = USS10,534,982or  CdnS14,116,876 per year
NET PROFIT AFTER OPERATING COSTS=CdnS2,926,876 per year

PAYBACK(Nelk) = 15,555,000/2,926,876= 5.3 years OR 64 Months
(Used)=12,265,000/2,926,876= 4.2 years OR 50 Months

SCENARIO#2 Possible Future Metal Prices
Copper@usS1.10/1b, Zinc@usS0.55/1b Gold@usS400/oz Silver@usS5.00/oz.
NET SMELTER RETURN = USS11,635,305 or CdnS15,591,309 per year
NET PROFIT AFTER OPERATING COSTS =CdnS4,401,309 per year

PAYBACK (Nevi)= S15,555,000/4,401,309 = 3.53 Years OR 42 Months
(Used)= 512,265,000/3,471,000 = 2.79 Years OR 33 Months

SCENARIO#3 Longterm Future Metal Prices
Copper@ usS1.15 Zinc@usS0.60/Ib Gold@usS400/oz. Silver@usS5.00/oz.
NET SMELTER RETURN = USS12,343,117 or CdnS16,539,777 per year
NET PROFIT AFTER OPERATING COSTS = CdnS5,349,777 per year

PAYBACK(New) = 15,555,000/5,349,777= 2.9 Years OR 34 Months
(Used)= 12,265,000/5,349,777= 2.29 Years OR 27 Months



TABLE 10
GRONG PROJECT


ANNUAL COST and REVENUE SUMMARY

3 0 0 T NNE YEAR MINE MILL PERATI N

Y r
APITAL E IPMENT IN TALLATI N 13,015,000

W RKIN APITAL Initial 3 Months 2,540,000
Total Capital 15,555,000

PERATIN Annual Cost Mine,Mill&Admin. 10,156,000

Concentrate Shipping
Truckina to Port 80 km

Port Loading Fee
Cu conc. Ocean Freiaht/Finland
Zn conc. Ocean Freight/ODA

Sub-total
T TAL P

350,000

40,000


350,000

294,000


1,034,000
11 1

REVEN E Cana ian Current Metal Prices

COPPER: 31921 payable Cu., US 50.88/ pound

ZINC : 4693t.metal, (dtlti 50.47116

LME 3 month Zn price US 51019/tonne

SILVER :62.437oz.Ag 'a US 5 5.15 tr.oz.

LME 3month spot


GOLD ; 2463 oz.goldiå'5380u.s./oz (current)

T TAL REVEN E ANN AL

7,853,200

4,644,400

384,800

1,234,300,
14 11 7

NET PROFIT = Total Re%enue - Total Op. Cost= $2,926,700



TABLE 11

GRONG PROJECT


NET MELTER REVEN E E TIMATE
ENARI #1 Current Metal Prices

COPPER PRICE=us S1.00/1b. ZINC =usS0.50/1b. GOLD = usS380.00/oz SILVER=usS.5.00/oz

(1)Payable Copper content=13,300t/yr (25%-1) =3192 tonnes Copper/yr =7,037,037 lbslyr.

	

Copper value = 7,037,037 i S1.00 = usS7,037,037

Less: treatment charge(TC)usS115/dmt = usS367,100

	

refining charge(RC)usS11.5cents/lb. Cu = usS809,300
NET PROCEEDS = usS5,860,637

ZIN(' CONC. , 8856 tonnes/yearrci:53% Zn = 4693 tonnes Zinc/yr. .

Zinc value = 4693t i 2204.6 lbs.x usS0.50/1b. x 67%( smelter return) =usS3,465,973

GOLD Content( copper conc.) 13,300tpy i (6.76g/t- 1g/t TC) = 76,608 g/ yr OR 2463oz./yr

PayableGold =2463 oz i ( usS380/oz - S6/oz R(' ) = usS921,162

SILVER Content(copper conc.) 13,300 t/yr i (176g/t -30TC) = 1,941,800g. OR 62,437 oz.

Payable Silver = 62,437 i (usS5.00/oz-S0.4/oz RC) = usS287,210

TOTAL REVENUE of Payables = usS10,534,982

OR CdnS14,116,876

ENARI #2 Possible Future Metal Prices

COPPER PRI('E= usS1.00/1b. ZINC = usS(1.55/1b GOLI) =usS400/oz. SILVER = usS.5.00/oz.

Copper Revenue =7,037,0371b/yr i usS1.10 -51,176,400TC =usS6,564,340

Zinc Revenue = 10,346,1191bs. i usS0.55 i 67%(est. smelter return) = usS3,812,545

Gold Revenue = 2465oz/yr i (400 - 6Rc) = usS971,210

Silver Revenue = (as in scenario#1) = us5287,210
TOTAI. REVENUE of Payables = usS11,635,305

OR  CdnS15,591,309

ENARI ict Longterm Future Metal Prices

COPPER PRICE = usS1.151b. ZINC =usS(1.60/1b GOLD & SILVER same as scenario#2

Copper Revenue = 7,037,037Ibs. i usS1.1 - 1176400TC =usS 6,916,192

Zinc Revenue = 10,346,119 lbs i usS0.60 67% =usS4,159,140

Gold Revenue = (as in 2) = us5971,210

Silver Revenue = ( as in 2 ) = us5296.575

TOTAL REVENUE of Payables=usS12,343,117

OR  CdnS16,539,777

NOTE :(a) Basis for Treatment/Refining Charges

From OUTOKUMPU Harjavalta Metals quoteNov.1/96

(b) Currene  Exchange: USS1.00 =1.34SCanadian
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Abstract

Four samples from the Grong copperizinc deposit in Norway were tested for flotation

separation into three products: a copper concentrate, zine eoncentrate and iron

coneentrate. Two separation schemes were tested on two samples. GO-1 and tiliN1-1.

The tests using sodium sulphite as the iron sulphide depressant yielded bener results than

the tests using ti0:2 Therefore, all tests afier Test 1:4 used the sodium sulphite reagent

scheme.

The best results for each of the lbur samples are listed in .1"able1.

Afier initial sereening tests. the majority of the flotation tests coneentrated on sample

SKM-2. as this sample hest represents the bulk of the deposit. Optimization and repeat

tests on SKN1-2 were hampered by changing sample chemistry, likelv due to oxidation,

despite freezer storage of the sample. Test results deteriorated over time and required

increasing dosage rates of collector and zine activator.

-Fhe objective of the test program was to determine the flotation response in a limited

number ol. bench tests. Only a lirnited reagent optimization was pertbrmed: whereas no

changes tt cre made to grinding conditions. \\,hich were maintained at a fairlv aggressive

level of a Km, 50-55 tim in the primary grind. More testing will be required to optimize

conditions.



Table I: Test Summary




co-1




GO-2




SIS11-1 S1AN1-2
Test Number




F3




F8




F4 F7.1:12




Assay Distrib. Assa) Distrib. Assay Distrib. Assay Distrih.

Head eu




1.00




3.20




1.60




0.97




/n




15.7




19.3




0.35




1.90




Au g t 1.82




0.76




1.39




0.38




Ag g 1 54.3




46.0




19.5




22.5




Ph ",) 0.39




0.4 I




0.10




0 05'




Copper Cu %," 20.1 84.2 22.8 87.3 23.4 87.4 22.4 83.8
Coneentrate




13.4 4.20 10. I 720 0.31 6 U 4.89 50




An




23.2 5g 5 4.59 73.9 11.8 49 1 3.73 35 4




Ag g0,% 835 7 0.5 257 68 4 170 50.4 137 21 9




l'h 0/j,0 5.05 60.1 1.70 53.4 0.76 46 9 0.15 10110

Zinc Zn %.', (i2.8 88.1 611 83 3 0.85 7 6 6 56.4 76.3
Concent rate




%,"” 0.16 3.00 0.33 2.40 0.24 4.10 1.45 4.20




gt. 0 /6 /.60 0.23 700




1.42 10 4




Ag g tY 13 3 4.50 54.8 274




66.0 829




Pb %,",, 0.063 3 40 0. 100 5.7.1 14.7 14 0.21 / /

Iron Fe %,",, 41.3 84.2




48.3 33.5 45.1 8/.6
Coneent rale




%,",, 0.26 8.30




0.16 2 05 0.13 79(1




/n %,",, 2.29 5 60




0.15 /0 00 0.11 3 40




An g t, 0.73 14.3





0.24 39 1




Ag g 24 .0 /5





12.8 35




1/1,




0.087 14. I




0.042 8. 0.037 45.5
ilienIned are the  :1111e







rrndu:i
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Introduction

Four test samples from the (irong Cuin deposit in Norway were suhmitted for testini ot

the flotation response. The samples were submitted bv Braddick Resources I.td. with the

technical supervision provided bv Louis Bernard. an independent Nlining Consultant.

The objective of the work was to determine the feasihility of separating the samples in

three coneentrates. copper. vine and iron. and determine the metal distribution between

these products.

"fhe test program was executed in close communication with Mr. Touis Bernard.

Lakefield Researeh Limited

Flans Raabe
Senior Engineer

K.W. Sarbutt
Manager - Mineral Processing

kxperimental testwork bv: F. Vineent: (i. Coppawav
Report preparation bv: B.J. Scobie



Sumnurry

1. Sample Description

Three crates of (kong ore were received on Oetoher 24. 1996 and were issued our receipt

number LR9606664.

The crates contained a number of sample hags as identified in Table 2.

Table 2: Sarn le Information
Box Number Sample Weight Name 1)eseription

Number Bags 1.1). kg





I 7.6 Godetord Sphaleritc rich massive to scini-massive Orc




(10-2 7.0 Godejord As O0- I . semi-massive, increased Cu content
1 SK M-2 I 0.3 Skittcsmyr Massive Pyrite Orc




SKM-I 17.8 Skiftesmyr Cu-rich disseminated. senti-massive ore




5KM-21 12.2 Skiftesmyr Massive Pyrite ()re




SKM- I 17.5 Skiftesno. r disseminated. semi-massive ore
Total GO-I 17.6 Godejord Spbalerite rich massive to sembinassive Ore




GO-2 7.0 Godejord .45 GO-I, serni-massive, increased Cu eontent
4 SKM-I 35.3 Skiftesmyr Cu-rieb disseminated, sembmassise ore




SKM-2 22.5 Skiftesmyr Nlassive I'vrite Ore

All samples with identical sample identilication were combined_ as displaved in the

'Total section of the table. The comhined samples were crushed to minus 3141 on

November 4. 1996. and a head-sample was riffled from each product for an 1CP scan and

mineralogical work. Only for samples (10-1 and SKM-1 were 12 test charges of 1 kg

separated and crushed to minus 10 mesh All products were stored in the freezer to

minimize oxidation.

The full 25-element 1CPscan of the four samples is appended and is summarized in Table

Flotation test charges Ibr sample SKM-2 were prepared on November 25. 1996 and Ibr

sample GO-2 on Decemher 1. 1996.

6
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Tahle 3 : Ilead Assavs




CO-I CO-2 SKM-I SKM-2

Ag gt 54.3 46.0 19.5 22.5
Au g t 1.82 0.76 1.39 0.38
Cu " 1.00 3.20 1.60 0.97
Fe °O 17.9 I4 .3, 30.9 33.7
Zn % 15.7 19.3 0.35 1.90

Previons Testing

No previous testing was availahle on these ores.

Laboratory Testing Summary

Two reagent sehemes were tested. hased on previous testwork on other eopper-zine ores.


The tirst uses tiO, as inm sulphide depressant. the seeond uses sodium sulphite. In '1.ests


Fl through F4. the sodium sulphite reagent seheme yielded hetter results on the (.i()- I and

samples. As a result. all further testing was performed using sodium sulphite.

- 1.he test results are summarized in Tahle 4 and deserihed in detail iii eetion 4. 'Fhe

detail test conditions and assav results are appended.

The assavs reported are those produets with the hest grade-reeovery halanee for eaeh test.

This is not alwavs the Imnaleleaning stage.



Table 4: Flotation Tests Summan
TesI Sample Copper Cone

% Cu Cu-

Recov

Zine Cone

% Zn Zn Recov
Iron Cone

% Fe Fe-Recov

Fl GO-1 7.40 77.0 53.5 46.8 45.8 22.1
F2 SKM- I 28.1 79.7 10.8 37.6 42.9 21.8
F3 00-1 20.1 84.2 62.8 88.1 41.3 84.2
F-I SKM-1 23.4 87.4 0.85 76.6 48.3 33.5
F5 CIO- 1 19.5 83.6 64.2 89.0




F6 SKM-2 25.2 80.5 32.5 62.7




F7 SKM-2 22.4 83.8 56.4 76.4




F8 00-2 22.8 87.3 62.1 83.3




FI9 SKM-2 30.9 74.4 45.0 28.5




FI 0 SKM-2 23.4 61.9 36.5 24.5




Fl I SKM-2 13.0 80.0 31.9 8.00 43.9 69,6
F I 2 SKM-2 27.4 48.9 45.9 76.0 45.1 81.6

The llotation of an iron concentrate was suspended after the fIrst four tests. as too much

iron was recovered in the copper and zinc flotation stages to meaninuful data on

iron concentrate grade and recoverv. For sample two tests   ere specifically run

for iron recovery in Tests 111I and F12

In summarv. the best results obtained for each of the Ibur samples are listed in Table 5.



Table 5: Best Test Results
CO-1

1 est Nurnber F3

	

Assay Distrib.

GO-2


F8


Assay Distrih.

8KM-1


F4


Assa , Distrib.

SKM-2


F7,1:12


Assay Dietrih.

Ilead Co % 1.00




3.20




1.60




0.97




741 % 15.7




19.3




0.35




1.90




Ati £:..,t 1.82




0.76




1.39




0.38




Ag g. t 54.3




46.0




19.5




77_.s-



Pb % 0.39




0.41




0.10




0.052




('opper Cu %.% 20.1 84.2 22.8 87.3 23.4 87.4 22.4 83.8
Concentrate 711 0/0,0” I 3.4 4.20 10.1 - 20 0.3 I 6. / 3 4 29 ,7.50




Au trt.% 23.2 55L5 4.59 7 9 11.8 49 I 3.73 35.4




Ag g. 4% 835 - 0.5 257 6N.4 170 50 4 I 37 21.9




Pb %,",; 5.05 60. / 1.70 53 4 0.76 46 9 0.15 10.00

Zine Zu %.% 62.8 88.1 62. I 5V33 0.85 7' 6 56.4 763

Coneent rate Cu 0/0,0 0.16 3.00 0.33 2.40 0.24 4.10 I .45 4.20




Au g14% 0 /6 1.60 0.23 7.00




1.42 10.4




Ag g til;, /s43 4.50 54.8 2- 4




66.0 (.\ 20




Pb %,% 0.063 3 40 0.100 5 -0 14.7 14 - 0.21 /1. 0

I ron Fe %,",, 41.3 84.2




48.3 33.5 45.1 81.6
Coneentrate Co %." 0.26 S 30




0.16 2 05 0.13 7 90




70 %,(.'„ '.nV 5 60




0.15 /0.00 0.1 I $ 40




All g t.% 0.73 14 3





0.24 39. /




Ag g t,(/4., 24.0 /5.7





12.8 35 7




Pb %,% 0.087 14 I




0.042 S -0




0.037

1 ndelline  t  Alues are nal on Ille salne
preduel

Gold and silver assavs were perlbrmed on seleeted concentrate samples only: in some

cases on reconstituted, intermediate. concentrates Table 6 lists the results of the gold and

silver content in the copper concentrates.
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Tahle 6: Gold and Silver Recoverv in the Co er Concentrate
Test Sample

Cu (%) An (g/t)

Copper Coneentrate

Ag (g/t) Cu-Distr Au-Distr Ag-Distr

F3 GO-1 20.1 23.2 835 84.2 58.5 70.5

F4 51KM-1 23.4 11.8 170 87.4 49.1 50.4

F6 SKM-2 25.2 5.4 93.0 80.5 45.4 i 3.3

F7 SKM-2 28.5 7.7 232 36.9 25.3 12 . 9




22.4 3 7 137 83.8 35.4 21.9 


FS GO-2 21.9 11.1 346 25.3 53.7 27.7




22.8 4.6 257 87.3 73.9 68.4
1:9 SKM-2 30.9




266 74.4




29.2

FIU SKM-2 29.7 8,1 155 25.0 17.8 5.8

11 I SKM-2 13.0 4.3 85.7 80.0 68.6 23.4

the elleet of the eopper recoven and eoneentrate grade on the reeoverv ut gold and silvel.

in this product. for the S1CM-2sample, is demonstrated in Fi(jures 1 and 2.

(.opperVN Au/Ag Itecovery

SENI-2 Cupper Coneentrale “Neco‘cr 

211.

0

0
o x

X

opper Ittem'er, ( 0IICLtlIlkiIL1.1:1110("o (

Figure I Figure 2

Gold and Silier Reerv is i Function of Copper Gold and Silver Rccover i a Function I Copper Grade

riold aral silver recoverv will benetit from additional testing with a variety ut collectors

irid eolleetor dosage rates.

Aeration or the pulp, following primary grinding, was used in Tests Fl through 1:6. li


was dropped in Test 117,with no deleterious results on sample SKM-2: and not used in all

Copper Vs Au/Ag Recos er 
o Aul:c,00ry

SkM-2 Copper oncentrate , Re „„er,

71p

ti

411



subsequent tests. The value of aeration for each of the four samples is not established in

this test program.

The majority of the test was performed on sample SKM-2. considered the most

representative sample for the bulk of the deposit. Test F7. executed shortiv after crushing

the sample, was the most successful test on this ore sample. while overtime problems

were encountered with oxidation being the most likely explanation. Despite storage of all

samples in the freezer, oxidation could not be avoided. A simple test was executed to

demonstrate oxidation. Equal weights of a -10 mesh sample and a 'fresh' sample were

mixed with equal volumes of water and the p1-1was measured. The aged sample had a

lower pH than the 'freslf sample at 3.1 and 3.5 respectively. indicating an increase in

oxidationi. The low pfl of the 'fresh' sample indicates that the original sample is

partially oxidized.

The changing sample chemistry exhibited itself by lower recoveries. despite identical test

conditions. Reagent dosage rates. specifically collector and zinc activator. needed to be

increased to compensate. Euture testing on these ores should be perfbrmed on fresh

sample only. prepared not more than a week prior to flotation testing.

Due to the limited number of tests in this program. no attempt was made to optimize

conditions. Specifically. grinding was performed to a fine product size of KNO= 50-55

tun. It is likely that a more power efficient grinding scheme can be devised. using a

coarser primary grind Ibllowed by regrinding of selected concentrates.

Similarly. reagent additions were high. specifically the depressant in the primary grind.

Other depressants. or relocation of the depressant in the cleaning stages. may he more

cost effective.

No mineralogy was performed to determine mineral composition or mineral liheration.

' A detailed procedure is appended
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4. Laboratory Testing Detail

This seetion describes eaeh test in detail All detail lest reports and mass balance

ealculations are attached.

Test Fl

With no previous test information available, testing was started using a flotation seherne

used for a Canadian Clif/n operation. •Ilhe treatment rnethod is based on an SO2

depression of zinc and pyrite. The pl I is controlled and the Eh is monitored throughout

the test procedure. Flotation timing was based on previous test programs and modified.

based on visual observations.

Table 7: Test Results - Test Fl
1--1

GO-I

Copper Concentrate

/ine Coneentrate

16 rite Concentrate

1lead

Crind


Iiiii,

51

Cu

7.41

0 27

0.20

1.20

Assavs


lii l'e

	

27.90 22.80

	

53.49 9 70

	

1.79 45.80

I S.18 17.87

Ph

227

0.07

0.09

0.41

Cu

77.0

3.0

1.4

100

D stri bution

Zn he

22.9 15.9

46.8 72

1.0 22.1

100 100

l'h

69.1

2.4

1.9

100

Co »er coneentrate grade was disappointing. Both zine and pyrite were poorly

depressed. Higher levels of depressants will be required in the grinding and aeration

stages depressants will be needed in the cleaning stages. The majoritv of the

lead is reporting to the copper coneentrate.

/ille coneentrate grades were excellent at 66.5% Zn in the 3rd cleaner. In Met. an

acceptable eoneentrate grade ut 53.5% /n was obtained in the tirst eleaner at a 10%

higher zine recovery. This recovery. at 46.%. is low, mainly due to the loss of 44.5% of

the vine in the eopper rougher.

12



Assuming that the pyrite concentrate contains no pyrrhotite. the concentrate is quite pure

at 45.8% 1:e2. Recovery, however, is quite poor at 22.1% Pc. During the test run, there

was a concern that rougher Ilotation time was too short. and pyrite was lost in the lailinus.

A scavenger stage was used. which demonstrated that onlv 7.8% of the tron was lost

the rougher tails with onlv 2.0% recoverable aner 2 minutes flotation and a doublino of

the collector. The low iron recovery was mainlv due to the iron losses in the previous

flotation stages. in which 53.9% of the iron was removed. Another 16.3% of the tron was

lost in the pyrite cleaners. The cleaners improved the iron content only marginalIv, but

reduced the contaminants in the concentrate as follows: Cu: 0.39% to 0.20%. Zn:

to 1.79% and Pb: 0.19% to 0.09%.

Test F2

1.aharatory Test 1:2 as performed on sample using a similar tlotation selteme as

was used in Test 1:1. Ilased on the observations in Test 1:1,some changes were made:

SO was added to the copper cleaning stages. which inlproved copper concentrate

Luade.

Copper sulphate addition to the zine flotation was reduced in view of the lower zinc

content. During the test. the dosage was doubled (from 100 to 200 g/t) hased on poor

zine showing. 1tappears that this activated the pyrite as well.

A zine scavenger as added. The objective was to determine if collector dosa2e in

the zine rougher was adequate and to minimize vine recoverv in the pyrite

concentrate. 1,ess than I% of the zine was recovered in this product. indicating that

collector dosage was adequate. Ille highest grade iron product (52.5% l'e) was


recovered in this product.

The cleaner stages in the pyrite flotation were eliminated in preference to a staged

rougher flotation The ohiective was to determine reagent requirements and Ilotation

kinetics

In vie \ of the lower lead eantent of the ore. no lead assavs were included.

Iron content in pyrire is Fe. For pvrnliatite the iron content is 61.5% Fe.



The resuIts are shown in Tahle 8.

Table 8: Test Results - Test F2
F2 (Irind




Assa\ ,.;




Distrihution




SKM-1 F,,, Cu /n he Ph Cu ln 1-e Ph

Copper Coneentrate




28.10 0.32 32.3




79.7 5.0 5.2




Line Coneentrate




2.02 10.80 44.9




I .3 37.6 I .6




Pynite Coneentrate




0.32 0.1 I 42.9




2.9 5.4 21.8




I lead 55 I .61 0.29 28.2




100 100 1110




The SKM- I sample. apart from the tnuch lower zinc content and higher iron content.

hehaves differentiv in flotation. The pulp potential atker arinding was negative 120 mV.

eompared to positive 40 mV for GO-1 Aeration increased the potential to a positive

vtdue. Froth eolour in the copper flotation was black-arey. rhe reason 1br this has not

heen identilied.

Copper coneentmte deaned using SO2 as the eleaning depressant to 28.1°,1)('u.

Fine-tuning the flotation conditions ean be expected to inerease the reeovery ahove the

79.7% ohtained in this test.

/ine reeoverv in the zine rouaher was good: 90.6% of the line in the eopper flotation

tailings was recovered. lInfortunatelv, 66.3% of the iron in the copper taits was also

reeovered. Rejeetion of this iron in the zine eleaners was aood. but at a signilicant loss of

the zine and poor eoncentrate grade ( 10.8% /n at 37.690 Zn-recovery). 1.ower copper-

sulphate and eollector addition rates mav he able to improve zine flotation.

Pvrite rougher flotation was difficult to assess in this test. as 011Iv 19% of the iron

reported to the pyrite flotation. Of the iron in the zine rouaher tail. 35% was reeovered in

the zine seavenger, prior to lowering the pl I. The grade of this material (52.5% 1:e)

indieated a high proportion of pyrrhotite. Concentrate arades in the pyrite roughers Wae

suhstantially lower (19.3% to 32.8% Figure 3 shows the pyrite flotation rougher
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kineties. R should he horne in mind that only Qu of the iron was processed in the pyrite

Ilotation and the kineties show the 'tair of the iron flotation.

l'yrite Rougher - Flotation Kineties
25

-)r- I e Reco\en 20

-e- %1.11:

5 I 0 I 5

Flotalion Time min)

Figure 3: Iron Flotation Kinelics (F2)

Test F3

Sodium sulphite at elevated pl I was used as depressant on the O0-1 sample. The results

are listed in Table 9.

'Fahle 9: Test Results - Test F3
F3


GO-I

Grind

K6, Cti

Assa> s

Zn Fe Ph Cil

Distribution

/.6 he l'h

Cupper Concentrate 20.1 13.4 20.5 84.2 4.21 5.38

/10c Concentrate 0.16 62.8 1.60 3.00 88.1 1.88

I'vrile Coneemrate 0.26 2.29 41.3 8.32 5.60 84.2

110;01 1.10 14.6 17.5 100.0 100.0 100.0

Copper flotation results were superior over those ohtained in .fest F 1. using SO2

depression. Flotation pl I was 10.0 in the rouQher and was inereased from 10.5 to 11.0 in

the eleaners. Soda ash was used in the third stage eleaning as a dispersant with 1ittle

henetit Rougher tlotation time and colleetor addition wil1 need to be tested to improve

eopper reeovery (87.7% ('u reeovery). Little. if any, iron sulphides were recovered in

the copper eoncentrate. Sphalerite and gangue are the main dduants. Dextrin. as gangue

depressant, can he tested to improve coneentrate grade.

15



Copper sulphate and colleetor addition rates were Iowered. relative to Test based on

the observation of a very tight froth. 'Fhis resulted in a high zine eoneentrate grade. In

fact, eleaning bevond the rougher stage did not yiekl significant improvements Longer

rougher flotation times need to be tested to improve the zine recovery in the rougher stage

beyond the 88.1%.

As in the previous test. 0 zine seavenger was included with the objeetive of removing

eomaminants. prior to pyrite flotation. Instead, 72.890 of the pyrite was Iloated. The key-

faetor is the eolleetor addition: all other famors were kept constant. (ol leetor addition

rates will be a eritical faetor in controlling zine flotation grade and pvrite reeoverv in the

zine eoneentrate.

(iiven suflietent colleetor the pyrite floms readilv and fast. I.owering the pI I and addition

ol high eolleetor rates did not yield signineant improvements. Ineluding the zine

seavenger eoneentrate..tron reeoverv in the combined coneentrate was 96.7(!n of the iron

in the zine rougher tailings.

The zine eontent in the pyrite eoneentrate however. is high. Vhs wilI be addressed with

longer Ilotation times in zine rougher flotation.

Pydte Roughers - Kinetics

z
41)

fl Xeuou,

[II

F lota hun I inly I inin I

Figure 4: Pyrite Rougher Kinetics (F3)



Test F4

Ihe test was performed on ore usim2 a elevated p11 and sodium sulphite

depression. The test results are summarized in Table 10.

Table 10: Test Results - Test F4
F4 Grind Assa s Distribution

SICM-1 Kno Cu 7.11 Fe Pb Co 1/.11 l'e l'h

Copper Coneentrate 27.0 0.31 31.0 84.4 5.28 5.46
line (. oneentrate 0.81 1.54 45.0 1.53 15.4 4.75

I's rite Coneentrate 0.16 0.15 48.3 2.05 I 0.0 33.5

Ilead 1.55 0.29 28.3 100.0 I 00.0 100.0

Iligher lime and depressant levels were added to the primary grind, to improve zine and

iron depression In addition. collector rate in the copper rougher was reduced. Copper

recoverv in the rougher improved over Test F2. while zine and iron recoverv decreased

marginallv. 1he third concentrate grade was similar to Test 1:2, with a 4.500 higher

recovery. line and iron reporting to the copper concentrate was similar in the two tests.

Substantiallv lower collector was used in the zine rougher (10 g/t relative to 50 g/t in Test

1:2). /ine recovery suffered as a result: 86.1% of the zinc was recovered in the rougher.

compared to 90.6% in Test 121. The lower collector did benefit iron rejection: 53.9% of

the iron as recovered in the rougher coneentrate compared to 66.311 in Test 1:2. In the

cleaning stages, however. the zine proved under-collected and little upgrading took place.

Final eoncentrate grade was 1.54% at a low 15.4% recovery. Longer rougher Ilotation

times and collector addition to the cleaning stages mav improve the results. I.ower

copper sulphate addition should also be tested to avoid activation of the pyrite/pyrrhotite.

As in Test 1:3. the addition of collector to the zinc scavenger activated the iron sulphides:

60" of the iron in the zine rougher tailings was recovered in the zine scavenger

eoncentrate in five minutes flotation time. The flotation rate of iron sulphides is quite

slow for the SKM-1 sample. compared to the GO-1 sarnple.
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Figure 5: Iron Flotation Kineties (F4)

Test F5

l'his test was performed on the (I0-1 sample with the objective of improving the eopper

wid line eoneentrates. 1.he results ere disappointing for the eopper eleaning stages.

wInle tine reeovery provided IittIe prohlems. No pyrite flotation was performed in this

test. The test results are summarized in Tahle I 1.

Tahle 11: Test Results - "Fest F5
F5 Grind Assays

GO- I IKNIE Co l.n Fe Pb

Copper Coneentrate 19.5 0.5 19.9 6.1

/ine Lonuentrate 0.28 64.23 2.07 0.07

11‘.riw C oncentrate

I lead

83.6


5,59

Distribution

Fe 10

70.9

89.01 2.42 374

Additional depressant was tested in the primary grind: hoth lime and sodium-sulphite

inereased by 50% Ibr additional iron sulphides depression.

IS
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Collector was stage added in the eopper flotation and flotation time inereased to 7

minutes from 5 minutes. While initial collector addition was halved. total collector

addition was 50% higher than in Test F3. These changes resulted in a marginal reduction

in the zinc recovery in the copper rougher concentrate, but a reduction in iron recovery of

approximately 50%. However. copper was lost as well: rougher recover dropped as well.

from 87.7% to 86.5%, albeit at a significantly higher grade of 16.3% Cu.

Copper losses were significant in all cleaning stages, except cleaner I. The dextrin

addition in the second cleaner proved too high and depressed all sulphides. Copper

recovery dropped to 36.4% in this stage and was further reduced in the third cleaner bv

more dextrin. Finally. in the fourth eleaner. the ZnSO4NaCN mixture killed flotation and

Virtually nothing floated. Obviously depressant addition will need to be fine-tuned.

The objective in the zinc flotation was to increase rougher zinc recovery, by stage adding

collector and longer flotation time in the zinc rougher. Flotation time was tripled. from 3

to 9 minutes. based on visual observation. The zinc recovery in the rougher stage was

improved to 97.6% of the rougher feed, compared to 93.2% in Test F3. This also resulted

in an increase in iron and copper recovery. Without additional depressants in the eleaning

stages, these higher levels of contaminant carried through in the cleaning stages.

Compared to Test 1:3, the lirst cleaner produced a concentrate grade of 64.2% Zn at a

1.5% higher stage recover) lowever, this was at a penalty of doubling eopper and iron

contamination to 0.28% Cu and 2.07% Fe.

I.onger flotation times at minimal eollector addition will be the key to optimizing zinc

eoneentrate.
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Test 1:6

Test 1:6 was run on the SKM-2 sample, which has a higher vine value. but lov,er copper

value than SKM-1. The test results are summarized in Table 12.

Table 12: Test Results - Test ES
16 Grind




Assays




Distribution




SK M-2 Ks,, Cu /n Fe Pb Au Ag Cu Zn Fe Ph An Ag
Copper Coneentrate




25.2 I I .6 27.0 0.2 5.4 93.0 80.5 I 8.9 2.6 I 1.9 I 45 4 I 1
/inc Concentrate




0.77 32.50 24.10 0.08 0.62 22.80 1.02 62.69 2.77 5.59 6.24 :J  8
Pyrite Coneentrate








I lead




1.01 1.98 33.29 0.05 0.38 22.50 100.0 100.0 100.0 100.0 I Itnu) 100 0

Grinding conditions for this test were not changed from those used in Test F4. on the

SK M-1 sample.

The collector in the copper flotation was changed from a mix of A3418 and R208 to a

single collector CA821. The objective was to determine the selectivity between copper

and lead for this collector. Roughing was performed in two stages with stage addition ol

eollector. Flotation time was inereased bv 40%. Rougher copper recoverv was lower:

88.4"1, compared to 93" in Test At the same time. lead reeoverv was also lower.

23.1% compared to 70% in Test F4. Line recovery was high in the copper rougher, at

22.7%. compared to 11% in Test F4. while iron recoverv was low fhese comparisons

are linnted, as the two tests were perfonned on different samples.

Copper concentrate upgrading vielded a 25.2% Cu grade. at a loss of 7.9% of the copper

recoverv. /ine depression was poor, the concentrate still contained 11.6% Zn. Dextrin

was tested as a depressant in cleaning stage 3. but the dosage target was too high and

insufficient concentrate was collected to make assaying worthwhile.

Collector addition in the zine rougher was reduced significantly from previous tests. \Nith


the objective of reducing iron recovery. This proved very effective: only 3.3% of the iron


in the tine rougher feed was recovered, compared to 54% in Test 14. Zinc rougher
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recovery suffered somewhat to 83.7%. compared to 86.1% in 'fest F4. The rougher grade

was 30.6% Zn, which was upgraded only rnarginally to 32.5% after three cleaning stages.

Iron depression was poor, despite sodium sulphite addition in eleaners I and 3.

The CA821 collector appears to he seleetive against lead, but copper recovery did suffer

and zinc was activated. The Ilex-31 collector rnav be too strong tbr a selective recoverv

of zinc relative to iron sulphides. Collectors A3418 and R208 should he tested in the zine

flotation.

Zine depressants will be needed in the copper cleanin2 to lower the zinc content of the

copper concentrate. Iligher sodium-sulphite addition levels will need to be tested in zinc

cleaning to depress the iron sulphides and improve zinc concentrate grade heyond 32.5%

Zn. Microscopic examination will be required to determine if liberation is adequate in

the two concentrates.

Test F7

Test 1:7 was perfbrmed on the SKN4-2 sample with the ohjective of optimizing the

tlotation conditions. The test results are sumrnarized in Table 13.

Relative to Test F6. on the same ore sample, grinding conditions were maintained the

same. but copper aeration was eliminated.

Table 13: Test Results - Test F7
F7


SKM-2

Grind

F„„ Cu Zn

Assays

Fe Pb Au Ag CL1 Zn

Distribution

Fe Ph Au Ag
Copper Concentrate 22.4 4.89 30.8 0.15 3.73 137 83.8 8.5 3.3 10.0 35.4 21.9
Zinc Concentrate 1.45 56.4 9.24 0.21 1.42 66.0 4.19 76.3 0.77 I 1.0 10.4 8.2
Pyrite Coneentrate









Head 0.97 2.07 33.5 0.053 0.38 22.5 100.0 100.0 100.0 100.0 100.0 I 00.0



1
1
1
1
1
1

In the eopper tlotation. the CA821 was replaced 1w the collector comhination

A3418/R208, while collector addition rate was lowered. 'fhe net effeet of these changes

was a slight drop in copper rougher recovery from 88.4% to 85.4%. while iron and

especiallv zine recovery dropped. Sodium sulphite was used in the tirst two stages to

depress iron and copper concentrate grade increased to 24.7% Cu at a reeovery of 82.31'0.

A mix of /nS0.4:md NaCN was used in eleaners 3 and 4 to depress zinc. Despite the lo  

addition rates of 10 and 20 g/t copper losses were suhstantial with marginal depression of

zinc.

"Eheelimination of the aeration is likelv beneficial in the reduction of zine floating in the

copper circuit Ehe drop in colleetor created a high rougher grade (18.2Pi)Cu) at a lower

recoverv.

In the zine roughers. a Ionger Ilotation time. using higher dosage rates of a weaker

collector (IZ208 vs Flex-3 1) and higher pH was treated. The stage recoverv of zine

improved to 5%. from 83.7% in Test F6. In the cleaners. higher dosage rates of

sodium sulphite with higher p11 \ alues were tested 1hr iron depression. This resulted in a

zine coneentrate of 56.4% 7n at a stage recovery of 8().8%.

Test F8

This is the onlv test performed on sample 00-2. hich contains the highest values of

copper and zille of the four samples tested. The results are summarized in Table 14.

As in Test 1:7. the aeration following grinding was elinnnated with no diseernible effeets.

"Fhereagents added to the grind were reduced. hased on the high p1-1after grinding in Test

Vs.



Table 14: Test Results - Test FS
F8


CO-2

Grind

K,, Cu lo
Assa s

Fe Ph i Au Ag Ca Za

Distrihuhon

Fe 'li Ati 1




Copper Coneentrate 22.8 10.1 21.5 1.70 4.59 7 57 87.3 7.20 20.6 53.4 7 . 9 68.4
line Coneentrate 0.33 62.I 2.91 0.096 .23 54.8 2.38 83.3 5.25 5.65 7 0 27.4
Pyrite Coneentrate








I lead (Cale. issar) 3.19 17.1 12.7 0.39 0.'6 46.0 100.0 100.0 100.0 100.0 l00 o /00 0

Ifiheeopper rougher eonditions were not ehanged from those used in Test 1:5. on the (

sample. Rougher eoneentrate grade was a hiuh 19.1% Cu at 91.5% reeoven Based on

the high grade. rougher reeovery ean likely be improved.

In copper eleaning, pl I was inereased initially to reject iron. inereasing the gnide to 250,,

Cu at 77.7% eopper recoverv. Under the mieroseope large partieles. believed to be

sphalerite. were visible with eopper inelusions. It was deeided to regrind the seeond stage

copper eoncentrate and to use the inSO4.INaCN mix to depress zine. As with previous

tests. the zine depressant is a strong copper depressant and eopper reeovery dropped

substantialIv. The large partieles did not grind as expected and upon further examilmtion

are now believed to be miea partieles.

Overall. the eopper is slow floating and flotation times will need to be inereased to

improve recoverv. /ine depression is diffieuh and different collentors nmv need to be

tested. as weIl as Iower addition rates.

The zine flotation produeed good results. produeing a 60.5% in eoneentrate. atter two

eleaning staiss. with a 96% stage reeoven

Test F9

This test was run as an optimization test on the SKM-2 sample. The objeetive was to

inerease reeovery in the copper and zine flotation The results are summarized in Table

15,



Table 15: Test Results - Test F9

F9 A ssr s Distribution
SK M-2 Cu Zn Fe Ph An Ag Cu fri IR l'h Au ALl

Copper Concentrate 30.9 2.8 30.7 0. I ? 266 74.4 3.5 2.3 2.3 20.2
Zinc Concerurare 45.0 12.1 0.1 I I 65 1.65 28.48 0.47 2.64

Krite Concentrare

Head 1.05 2.00 32.40 0.05 (i.3,S' 22.5 100.0 100.0 100.0 100.0 HEIN 1110

"ro inerease copper recovery. the depressant levels in the primarv grind were redueed. As

both tests 1:9 and 1:10 were run coneurrently. the sodium sulphite levels in the two tests

were reduced from 750 g/t to 250 g/t and 500 g/t respeetivelv. The ohjective was to

maximize copper recovery in the copper roughers and depress the tron sulphides and zinc

sulphides in the cleaning stages. I lowever, once activated, the tron sulphides proved

difficult to depress aml the sodium sulphite pmved to be a less effective depressant in the

eleaner eircuit than in the grinding mill.

Due to the lower depression of iron sulphides in the grinding mill, colleetor in the copper

rouuhers was Iowered to avoid too much reeoverv of the tron. Copper recoverv in the

rouuher flotation did improve to 90.9%. relative to 85.4% in Test 17. However. the grade

dropped Irom 18.2% Cu to 6.2% Cu with a proportionate inerease in the iron and zine

recoverv.

Iron depression in the eopper eleaners using sodium sulphite was poor. Onty aner

inereasing the dosaue to 900 g/t and inereasing the pft to 11.5, in eleaner stage 2. did the

grade improve to 16.0% Ce. In the third eleaner a new depressant. QHS, was tested.

Despite the low addition rate of 30 g't, iron as well as zine depression was signifteant:

although at a loss of eopper. Grade inereased to 30.9% Cu. but with a loss in reeoverv to

74.4%.

As a result of the higher recovery of the zine in the copper roughers. the feed to the zine


flotation contained onlv 75.9% of the zine in the feed (87.9% in Test 1:71. To maximize


zine recoverv, additional CuSai was used. Flotation time was inereased while eollector
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addition was maintained to the level of Test F7. Despite this, zine rougher recoverv was

disappointing at S1.3%. relative to 91.5°c in Test 1:7. An additional 10 g't of eolleetor in

the zine scavenger managed to reeover only an additional 4.7% of the zinc.

Various depressants were used in the zine cleaning: sodium sulphite. elevate Iime to

01-1-12 and Q1IS. All redueed kon values in the coneentrate, but also depressed the zinc.

Overalleoneentrate at 45% in and 28.5% recovery is far worse than obtained i Test 1:7.

lt is postulated that the lower depression levels require higher dosage rates of eollector. as

colleetor is consumed by the iron sulphides. The lower zine recoven' in the cleaners is

then a result of poor collection relative to the minerals which are depressed.

Test 110

Test 1:10. again on the 5KM-..? sainple. was operated simuitaneouslv   ith Test D) and

used a sinnlar reagent scheme. based on observations in Test 1:9. The results are

summariied in Table 16.

Table 16: Test Results - Test F10
1:10 (irind


Kgo




Assa s

l'h An Ag




/.6

Distribution


Fe Ph All Ag
topper Coneeffinite 23.4 3.6 31.0 0.1 8.1 155 61.9 4.7 2.4 4.4 17.8 5 8

Coneentrate 0.81 36.50 16.10 0.12




1.12 24.5 0 66 3.21




Pyrite Coneentrate









Ikad 0.99 2.04 33.56 0.05 (1.3S 22.5 100.0 100.0 100.0 100.0 70011 Hilin

The sodium sulphite addition rate in the grind was inereased to 500 g/t.

The higher level of iron depression allowed for an increase in collector addition. whieh

improved copper rougher recoverv bv 1%, to 91.9%. Due to the relatively low

effectiveness of sodium sulphite in depressing iron. in Test 1/9. QI IS was tested as iron

depressant. This depressant is very effective. but dosage rates are difticult to gauge



visually and copper depression was higher than anticipated. dropping copper reco er\ in

the lirst cleaner stage to 76.2%. Lower stage additions coupled with collector addition

iiuiv he effective in depressing the iron. while maintaining copper recoven.

Raising the pl I to 12 was very etTective in dropping the free iron sulphides. however. at a

loss of eopper recoverv. Future testing should address iron depression by pl I onIN in the

copper circuit.

/inc rougher recovery was disappointinu despite virtually identical conditions in Test 1:7.

The major difference was in the 50% higher CuSO4 addition. The Ingher weight recovery

in hoth tests and 1:10 indicate that gangue minerals and iron sulphides have been

aetivated hy the higher dosage of the zinc activator. Future testing should include lower

addition rates.

Test Fl 1

Test I I was a repeat of Test F7. with the objective to produee an iron sulphide

concentrate tbr gold distribution analysis. While conditions were kept virtually identical

the results were very disappointing.

Table 17: Test Results - Test Fll
1:11 Grind Assavs Distrilullion

1-1liNI-2 K. Ca La Fe Ph An Ae CLI /41 Fe Pli An
Copper Loneentrate 13.0 5.13 36.4 4.3 85.7 80.11 I 5.5 6.80 68.6 23.4
/ine Cuneentrale 11.8 31.9 17.2 2.37 57.20 6.10 8.00 0.30 3.10 1.30
l'  rile ( •oneermate 0.090 2.13 43.9 0.17 9.30 4.90 54.7 69.6 21.3	 I 9.7

I lead (Cale. I v.v./1.1 1.00 2.04 33.0 o $,1/4; 100.0 100.0 100.0 100.0 100.0

(irinding eonditions were identical to Test F7.

Copper flotation conditions were identical to Test 17. with the exception of the rougher


flotation time. which was inereased by 50% in an attempt to improve copper recovery.
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While no additional eopper \\5 recovered. a signiticantiv higher weight. tine and iren

was present in the copper rougher coneentrate. Whereas two stages of eleaning was

sufficient in Test F7, the two eleaning stages in Test 1:11 inereased the eoneentrate to 0111v

13.0`1,bCu. ihe differences between the two tests is hkely the result of different froth

conditions (higher frother dosage in Test 121D and differenees in froth pulling rate

between the two technicians.

Zine recoverv in the tine flotation stage was very poor. despite identical flotation

conditions as in Test F7. Initiallv the poor results were blamed on errors in reagent

mixing/addition and the test was repeated in Test 1:12. In Test 1:12. however.

recoverv at 200 git of CuSO4 was found to be poor. and addition had to be tripled before

sufticient recovery was obtained. •Uhus. despite the storage of the test eharges in the

freeler. the ehemistry of the ore had changed sufticientiv to affeet tlotation behaviour.

An iron lloat WaS performed on the wilings of the zine flotation to determine gold and

silver recoveries in tIns product. A cleaning step was ineluded. whieh proved to be of

marginal benelit. Due to the lov tine recoverv in the vine eirenit. the iron concentrate

contained 54.7% of the Anc. and the assaved gold and silver values are ol. limited value.

Iron recoverv in the rougher stage was 87.8% of the iron tlotation leed. with a grade of

43.(") ke.

Test 112

This test \ as a repeat of Test 1:11. There was a concern that the poor results in Test 11

was a results i procedural errors by the seeond technician. Test 1:12 was performed bv

the saine technician used in Test 1:7.



Table 18: Test Results - Test F12

11 2


SKN1 -2

Grind

K Cu in

Assavs

Fe Pb Att Ag Cu /n

Distribution

Fe l'h An An
Copper Concentrate 27.4 4.64 29.6




48.9 4.10 1.60




Zine Concentraie 5.40 45.9 12.2




17.7 76.0 1.20




Pyrite Coneentrale 0.13 0.11 45.1 .037 .24 12.8 7.90 3.40 81.6 45.8 39.1 35.2
Head (Cale. ...stil 1.04 2.08 34.2 05 o 3N 22 5 100.0 100.0 100.0 100 100 1110

Copper rougher reeovery, in this Test, was poor at 66.7%. Similarly, eopper losses   ere

relatively high in the cleaning stages, compared to 'Fest F7 (see also Figure

Insufficient collection is a likely explanation, possiblv due to adsorption by the iron

sulphides, as evidenced by the higher iron recovery in the rougher stage. compared toF7.

Copper Flotation

Stage Recovery vs Grade
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10 15 111 25

toneentrate G rade ("htu)

Figure 6: Copper Grade-Recovery (Fl 1 corn im red to 1:7)

1n the zinc Ilotation. the addition of [0504 had to be tripled. compared to "Test 17, to

activate the zinc. Even at this higher rate, zinc floated slowly and the zine scavenger

coneentrate was included with the rougher concentrate to ensure adequate zinc recoverv:

thus inereasing notation time by 50%. Fven with these changes. rougher zinc recoverv

was low at 82.7%, relative to 87.9% in Test 1:7. Upgrading of the zine was similar

betN‘een the two tests. coneeninate With 45.9% Z11 grade was obtaMed at 91.9% stage

recoyery.



In the iron flotation, as with •Iest 1:1I, the eleaning stage adds little value. TIw iron

rougher recovered 92.4% of the iron in the zine flotation tailings, at a grade o!4.I itv Fe.

All indications. in Tests I I 1 and 1:12. suggest that some chemical ehange oceurred to the

test eharges of the SK M-2 ore in the freezer. This does not show up in higher aciditv

values, as pil readings are similar as is lirne consumption, hetween Test 1:12and Test 17.

The lower responsiveness of the eopper and the higher dosage rates of CuSO.,, with

slower zine flotation kineties, does point to an inerease in reagent adsorption by the iron

sulphides. likelv as the result of surfaee oxidation.

•- ()
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APPE DIX N .1
Ore Deposits In Nord-Trondelag, Norway by NGU

and
Geology Of The Skiftesmyr and Godejord Deposits

by Dr. Ing. Arne Reinsbakken



ORE DEPOSITS IN NORD-TRØNDELAG, NORWAY

LOCATION OWNERSII1P

300 0013 1.15%Co

1.80 % in

0.92 %Cu»Xl 000 (massive ore)
I 100 one (ind. dasseminnted orc) 3.86 % 2n

RESERVES
tonneal

29 ono 000
(befoa pmduation)

I 600 000
(before produdion)

1.16 %Cu
1.79 9.57n

330.000 %Co
3 t6731
0.2 %Pb

Godeikd

C9PPer
7ane

CorPer
line
Pmilt

zine

CoPPLI

Cepper
Zinc

Coppm
Zinc

Lane

CoNkr
Gobt

COMMODITY

13 km ENE of Grong, 6$ Nordliendelag
lan by road to Ilvecoasta1 Fylkeskommune
Itnua Namsos, Gram

I krn Eof OfOlt 65 km Nord-Tonidelag
by road lo the comnal Fylkeskomatine
trownNarmos. Coong
chseriet.

20 km cast of Royroik, Norstaid AS
150 km by mad lo the
eaastaI lorrn Namsos
Crang distrier

km west Røyrvik.
Grong distriet

km WSW of Turmsjoen,
109 Ansby roadto the
coistal tenol Nerrucis
Gron distriet

km from tha aitd.
Grong dionet.

7liac

C9PPer

Motybdcourn
Copaa

7.ine
Lead
Copper
Silver

24 lun E of Grorm, 80 km
by mad to thc soastal
korm Namsou Grong
distrid
32 km east of (kong.
Grong distriet

km NE of steinkjer
raarbous) 1.5 lon from
r )11way.

ErcanstfieIl

-SkratIlsen

PROPERTY

loma

Gjenvik

Skorovaln

Visletlen

Skillamor

I Nokulfal AS

CRADE

1.69 % Cu
I 46 % Zn

1.60 %Cu
0.90 % Zn

1134 %Cu-250 DCO
1.15%7A

sce comrneds

OPRI5

OPcn `1

Falkbammar AS 80 000
J. Riwi

%Ln
2 % ph
I %Cu
70 greAg

COMMENTS

Staus:Mine Discovertd in 1911. Starled pottion in
1972. Probably exhauded and elosed bylhe md of 1996.
Tara I production by the md of 1994; 9 6 mil tonn Large
posponino of ourginalasaves onosiden ofpyriric oac- .

Onal hclic a -berne taniIal,lo.
St dus: Mute. Disnoverod in 1909. Sladed produrbrn
1991. SakIitc-mine la lymk Plsoned prodo dion about
0.5 mill_totot Regkmalbelkopter-borne geophysi
ayailabie
Stalua: Fonner produem. Discovesed in 1873. Operated
during the yean 1952-1984 with total product ion
milI. tonn, usdil 1972 mostly pyritic ort. Regional
hdj -borne i, savaitabic.
Status: Prospoct Inlensia madaration, geotogy,
geophyries and ing (18 holee) in tbe 70ries RcgionaI
htli ter-burnt ics arailable
Ststus, Prospos 1111aLseiVCcaploratien iii the 70'ica and
cady geology, geophydes and drilling (76 ludes
(1)73-92), totallitm 13000 m). Regional hcbcopruhurne

co • ayulable.
Sume Under activo avadmuion. Dming 1974-91,
gaidogy, gettlinim, dril ing (47 drdt-hula3 Ry...hatore
rone; 109 0001 with 0.8 % Co, 7 5) Zla. 0.3 % Plaand I
gt Au. Gebitairkbed VMS or spigenctk dersit.
Re .onal hdko -bome aim available.

Statur ProspoS Discovered in 1914. Inegulas
expIoration 1968-1985, geeph)sics, geokw and drilIing
(2 holes). Regional belicrorter-bonae goaphysics
nvoilabk.
Status: Imv-grade poiphyty-type Cu-Mo deposit
Reverves uliknotint Rcgional helicopter-bome geoplbai
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MOKLEVATNET PROJECT:

The Skiftesmyr and Godejord Deposits

The Grong District covers a 3000 km2 area in central Norway, bounded to the East by the
Swedish border, to the west by the River Namsen, to the south by the Sandola Valley and to
the north by the large Lake Namsvattnet and the Borgefiell national park.

The Grong District is underlain dominantly by Lower Palaezoie metavolcanie,
metasedimentary and intrusive rocks. of Mid. Ordovician age, that comprises the Gjersvik
Nappe, part of the larger Koli Nappe of the Upper Allochthon tectanostratigraphy within tIns
part of the central Scandinavian Caledonides. These nappe sheets contain thrust emplaced
terrains that are far transported slices of volcanic, intrusive and sedimentary rocks of ocean
floor, rifted-arc and back-arc marginal basin infill that have been thrust eastward onto the
Baltoscandinavian basement (Baltic Shield).

The Gjersvik Nappe consists mainly of a magrnatic complex that is dominated by a mafic
volcanite and subvolcanic intrusive complex which are overlain by sediments that have been
derived, for the most part, from erosion of the rnagmatic are during a period of extensive
uplift and erosion.

Mafic volcanites dominate the island are - rifted arc complex with felsic volcanites forming
only a minor component. The felsic volcanites occur at several stratigraphic levels, often
associated with massive sulphide mineralizations that are generally overlain by thin layers of
banded iron formation (BIF). which regionally can form extensive marker horizons
throughout the district.

The whole sequence has undergone extensive folding and shearing deformation related to
thrusting and Nappe emplacement. The rocks are generally moderate to strongly sheared (well
foliated) and have undergone Upper Greenschist, grading into Lower Amphibolite facies
metamorphism within the western part of the district.

Volcanic hosted massive sulphide (V1IMS) mineralization is common in the volcanic
complex. occurring at several stratigraphic levels. Although most of the deposits are small (<
1N1metric tons = tonnes), several major deposits occur in the district (Joma = 20M, Skorovass
= 10M and Skiftesmyr = 4M tonnes). Three deposits have been exploited or are currently
under production. Skorovass was mined from 1952 to 1984. divided into 2 periods: 1952-76,
3.9M tonnes, grading 39.1% S and 1.1% Co of pyrite fines mined for the produetion of
sulphuric acid, and 1976-84, 1.7M tonnes grading 1.15% Co and 2.71% Zn mined for
production of Cu and Zn concentrates. When production started at Jonia in 1972. the total
reserves were calculated at c. 20M tonnes of massive and disseminated ore containinti 32% S.
1.3% Cu. 1.7% Zn with only minor amounts of Pb and recoverable Ag and Ati. Production at
Joma is forecast to stop around mid summer next year (1997). At the end of 1994, 9.6M
tonnes of ore has been mined at Joma, grading 1.50% Cii and 1.46% Zn. The Gjersvik deposit
(c. 1.6M tonnes, grading 1.60% Cu and 1.0% in), which lies 25 km to the west ofJoma, is
currently being mined and the ore transported to Joma tbr processing. Mining starterd in 1993.
based on c. 500 000 tonnes grading 2.15% Co and 0.60% in.



The Moklevatnet Area

The Skiftesmyr and Godejord deposits occur in the Moklevatnet area at the SW corner of
the Grong District, c. 20-30 km east of the Grong community centre. The Skiftesmyr deposit
occurs at rou2hly the same stratigraphic level in the Gjersvik Gp. magmatic complex as the
Skorovass and Gjersvik deposits to the north. These two deposits are overlain by a
pronounced layer of felsic volcanites. The Skiftesmyr deposit occurs in a slightly different
environment and is overlain by a thicker sequence of mixed felsiclmafic tuffs and/or
volcaniclastics which grades upwards into more mafic dominated tuffs and massive to
pillowed lava tlows. These rocks are metamorphosed under Upper Greenschist to Lower
amphibolite facies conditions. Regionally, the rocks show varying degrees of shearing and are
for the most part moderately fohated, and in some areas volcanic structures and textures are
preserved. On approaching the massive ore zonc, however, the country rocks become
extreamly sheared.

Skiftesmyr

The orebody at Skiftesmyr consists mainly of /n-Cu rich massive pyritic ore that occurs as
thin layers or as a continuous series of ore lenses forming a relatively thin, plate-like orebody.
The thickness of the ore zone varies between 2-20m, with 4-6m being most common. The
massive ore contains many fragments of country rock near its contact with the host rock,
especially within the upper and easern parts of the orebody. These fragments appear to be
remnants of fold hinges that have been ripped apart and now occur as loose fragments,
floatine within the strongly sheared orebody.

The orebody
The orebody at Skiftesmyr consists dorninantly of massive sulphide layers and lenses

enclosed within a quartz-sericite. albite and chlorite rich schistose country rocks that contain
variable quantities of disseminated and veined sulphides. dominantly pyrite. Minor quantities
of chalcopyrite (cpy) and sphalerite (s1)are also present within these altered and sheared
rocks, cpy being mostly confined to the darker chlorite rich rocks and sl in the pale, quartz-
sericite and albite rich rocks. The massive ore is dominantly pyritie with varying subordinate
quantities of cpy and sl and minor amounts of pyrrhotite (po). The Ag and Au mincralogy at
Skiftesmyr has to date not been studied and the distribution of these precious metals within
the orebody is little known because of the sparse amount of analytical data presently available.
The main gangue minerals are quartz, chlorite and caleite.

Copper and Zinc are antipathetically related to each other and show a clear zonal
distribution within the massive pyrite orebody, which is typical for most VUMS deposits. The
Cu rich ore dominates within the eastern and upper levels of the orebody and Zn rich ore is
consentrated in the western part and at depth in the orebody. The deposit is open at depth and
towards the west, where the orebody also becomes distinctly thinner.

The massive pyritic ore at Skiftesmyr is a compact, homogencous ore type of medium-
grained size. generally in the range of 1-5mm. Although no detailed mineralogical study has
been done here, the individual pyrite grains appear to be granular in nature haveing well
developed grain boundaries and are relatively clean with few sulphide incluisions.

Chalcopyrite and sphalerite usually form grains at the boundaries between the larger pyrite
grains. Pyrrhotite occurs only as a minor constituent within the massive ore and is found
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mainly along shear planes and late fractures that cut across the pyrite grain boundaries. Thus,
mineral separation of the Skiftesmyr ore should give relatively clean products and should not
cause great problems, as did for i.e., the extremely fine-grained, complex pyritic ores from
Skorovass and Joma.

Host rocks
The massive orebody is enclosed in intensely altered rocks that adjacent to the orebody arc

strongly sheared and schistose. On the south side of the orebody. the FW rocks are dominated
by pale coloured, quartz-sericite and albite rich mck carrying large quantities of disseminated
pyrite and quartz-pyrite veins. These grade into darker, chlorite rich rocks that contain minor
quantities of pyrrhotite. The altered rocks are arranged in a zonal pattem around the orebody.
Quartz-sericite rich rocks occur adjacent to the orebody and grade outwards away from the
massive orebody into albite- and chlorite-rick rocks. Further into the FW, the chlorite-rich
rocks grade into more normal chloritic greenstones rich in epidote and carbonate and with
minor disseminations of po and py. Volcanic structures such as pillows are present in these
rocks.

Near the surface, within the immediate HW to the orebody, the country rocks are visibly
paler in colour, harder and are richer in quartz-albite with less quartz-sericite and chlorite.
Deeper within the orebody, along the FIW,the rocks are more schistose and become richer in
quartz-sericite and chlorite.

On surface, to the NE of the main showing along the western edges of the Storedalen
valley, pale coloured quartz-sericite and albite rich rocks occur that contain zones rich in
pyrite disseminations and quartz-pyrite veining surrounded by darker chlorite rich rocks with
only minor pyrite. These intensly altered and strongly sulphide impregnated rocks are thought
to represent the feeder zone to the massive sulphide ores at Skiftesmyr that lie to the W and
SW.

This N-NE trending zone of strong pyrite disseminated rocks corresponds with a strong
EM anomaly found in the overburden covered lowland area to the N of the main showing.
This anomali can be traced for several km to the NE.

North of the surface expression to the massive ore horizons, the IIW rocks to the orebody
consists of a of sequence of variably layered, massive felsic volcanites and/or intrusive sills
(?) that are interlayered with fine-laminated felsic to mafic tuffs or tuffites? Some of these
felsic layers show clearly turbiditic/ volcaniclastic textures (fine- to coarse-grained beds) and
soft sediment slumping folds are observed. The quartz and albite rich felsic layers are
generally variably magnetic in nature. Some extremely magnetie layers have becn observed in
drill core. The high magnetite contents in certain quartz rich layers may bc derived from
reworking of earlier magnetite bearing felsic volcanic rocks. This layered felsic tuff/
volcaniclastic sequense grades upwards into mafic dominated tuffs with minor felsic layers,
which in turn grades stratigraphically upwards into a mafic massive and pillowed flow
sequence.

The layered felsic-mafic tuffne/volcaniclastic and overlying matic lava unit that lies to the
north of the orezone is interpreted to be younger than the massive sulphide mineralization and
associated altered HW and FW mafic volcanic rocks that host the massive orebody at
Skiftesmyr. On surface, near the main showing, massive sulphide ore is in contact with
irregular lenses (overlain by), bands and fragments of magnetite bearing quartzites
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(recrystallized chert), which are interpreted as silica rich exhalites. Magnetite-bearing chert,
with minor amounts of po and py, occur as layers and lenses of varying thickness and extent,
at the contact between the two main rock units at Skiftesmyr. In simplest terms, the altered
mafic volcanic complex forms the stratieraphic FW and the rnixed felsic/matic tuff-
volcaniclastic complex forms the 1-1Wto the massive orebody.

Late. feldspar-phyric felsic and pale ereen eabbroid dykes are found cutting the ore zone
and the overlyine tuft7volcaniclastic complex.

Structurcs

The orebody occurs partially within a major shear zone. The massive pyritic ore,
containing numerous fragments of folded country rocks, occurs as parallel ore layers and
lenses within what appears to be a major shear zone along the I-1Wside, throughout the whole
leneth of the orebody. This is well demonstrated in most vertical sections. The shear zone
appears to be an early structure and the ore zone plunges steeply to the NW within this
structure. The distribution of Cu- and Zn-rich zones within the orebody and the ore thickness
also appears to plunee in a NW direction, suegestine that they also may he related to later
foldine and shearing deformation.

The surface geoloeical map over Skiftesmyr shows that the area has been folded into a
major open flexure. The rocks to the NE and E of the main showing trend to the north and dip
steeply to the west and rocks within the ore zone and to the west, trend roughly E-W and dip
steeply (60-65°) to the north. This is a late crenulation type fold having NE steeply pluneing
fold axes.

Ore reserves and production plans
The earliest ore reserve calculation quoted for the Skiftesmyr deposit was carried out in

1977 by Grone Gruber A/S and gave a eeoloeical ore reserve of 3.5M tonnes grading 1.16%
Cu and 1.79% 7.n. 1.ater drilling has not changed to any degree this figure from 1977, as much
of the later drilling (1980-92) was confined to filling in details within the upper levels of the
orebody.

1n 1992, Norsulfid A/S presented an ore reserve calculations for the Skiftesmyr deposit

which included all drilling done on the deposit up to 1992 ( Norsulfid A/S company report to

the Mining ('ommission, 13V2882). PIans for both undereround and an open pit mining was

also presented in 1992 (Norsulfid A/S company report to the Minine Commission, 13V2883):

cut-off 1%Cu equivalent: total 2 746 470 tonnes gradine 1.23% Cu. 1.86% Zn, 11.37
ppm Ag, 0.35 ppm Ag and 37.52% S. The calculated ore zone has a strike length of 400m and
a vertical length of 400m. The thickness of the ore zone varies between 2-21m.

cut-otT 2% Cu equivalent total 1 759 417 tonnes grading 1.38% ('u, 2.13% Zn, 12.99
ppm Ag and 0.37 ppm Au.

According to undereround mining plans reported by Norsullid A/S (report 13V 2883). a
total of 2 684 000 tonnes of ore was planned to be taken out (cut of1.1% ('u equivalents),


grading 1.08% Cu, 1.63% Zn, 8.65 ppm Ae, 0.31 ppm Au and 34.6% S. The reduced tonnage

and grades quoted here results from ore being tied up in pillars and from waste rock dilution.



Godejord

The Godejord deposit lies c. 3-4 km SSW of Skiftesmyr, in a slightly different geological
environment. The rocks at Godejord consist of a complex dominated by mafic volcanites and
minor tuffite/ sediments that have been strongly deformed and metamorphosed under Lower
Amphibolite facies conditions. The whole sequence appears to be inverted at Godejord. Mafic
volcanites dominate. The lower part of the sequence is dominated mostly by thick layers of
massive flows, dykes and subvolcanic high level doleritic intrusions or sills and the upper part
by pillowed flows. These two units are separated by a very persistent BIF/tuffite horizon that
forms a prominant marker horizon throughout the district. At Godejord, this unit forms the
HW to the main (East) orebody.

This sequence of mixed mafic volcanites/ tuffitic rocks is distinctly different from those
found at Skiftesmyr. Trace element characters of the volcanic rocks are distinctly different
from those found at Skiftesmyr, and of those in the Gjersvik Gp. in general. It has been
suggested (Grenne and Erichsen, 1996) that the Godejord volcanites may in fact be older than
the Gjersvik Gp. rocks, and possibly of late Proterozoic (Cambrian?) age. The Godejord
volcanites may be related to a belt of amphibolitic greenstones that host a major Fe deposit
(BIF) found to the west of the Grong District.

Only minor intrusive rocks are found at Godejord. Thin feldspar-phyric felsic dykes are
present near the ore zone and pale coloured gabbroic bodies are found to the north.

The Godejord ore zone lies at a level in the thick volcanic sequence that is dominated by
calc. rich tuffites with iron formations and cherts intercalated with mafic volcanites and minor
felsic unites. The total strike length of the mineralized zone is in excess of 2km. However, the
most interesting mineralization is confined to a c. 500 m long zone centered around the main
Godejord showing. The ore zone has roughly a E-W trend and dips steeply ( 60-70°) to the
north. The thickest part of the orebody appears to plunge steeply to the NE, which is in
agreement with interpretations made by Outokumpu OY in 1992 for down-hole geophysics on
the whole eastern ore zone.

The East orebody at Godejord lies adjacent to a prominant magnetite-bearing quartzite
(recrystallized chert). This silica exhalite unit that forms the to the ore, is folded into a

tieht isocline just west of Godejord, the northern limb of this fold continues for many km to
the east. The rocks immediately surrounding this quartzite horizon is stronely sheared and the
quartzite is often found as lenses along the strongly sheared extended limbs. Rocks that are in
contact with the quartzite are also strongly altered into pale albite-epidote- carbonate rich
assemblages that often show zonal arrangements, grading from quartz-sericite-pyrite to
quartz-albite through to chlorite-epidote-carbonate (siderite-ankerite-dolomite?) rich rocks
trending away from the most intensely altered, central parts of the mineralized zone. Several
parallel zone of altered rocks have been noted surrounding the Godejord mineralization.

Host rocks

Interpretation of the host rocks is difficult as many different geologists have logeed the
drill core over the years. Because of the sheared nature of these rocks, it is difficult to
compare the lithological data from drill holes over the whole deposit to the surface geology.
The drill holes are dominated by rocks that are strongly banded to laminated, often on a cm-
dm scale. These laminated rocks were originally interpreted as tuffites, showine variable
contents in felsic to mafic type laminae and layers rich in carbonate, and all posible gradations
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of these. I lowever, much of these layered units are stongly sheared and some are mylonitic in
nature. Much of the carbonate 'tuffites' up in the 11W to the ore zone (surface and down to
110-150m above 11W of the ore zone) are rich in calcite, ankerite and siderite (dolomite?)
porphyroblasts, and some zones rich in large homblend sheaths are also common. These rocks

can also be interpreted as resultinn from alteration during a period of intense hydrothennal
activity related to the formation of ore mineralization at Godejord.

Below the ore zone, tuffite sequence with tdsic layers is more common and an up to 10m
thick quartz keratophyre unit, possibly intrusives/dykes are also cornrnon.

Greenstones, present as relatively homoneneous fine to medium nrained metabasalts, are

more common away from the ore zone, both above and below the ore zone. A 35-50m thick
sequence occurs 20m below the ore zone. Pillowed and dykes like structure are observed
locally within the drill core and are both also observed on surface to the north of the clrill sites.

Banded Iron Formation (BIF) horizons oceur at several places in the stratigraphy, as thin,
partly fine-laminated bands. Pure BIF is most common at levels 190-230m (called the New
Godejord zone) and 35-40m above the main ore horizon. Within these zones, the BIF can
occur as pure Fe-sulphide, mannetite or pink Mn-rich narnet rich bands. Band thicknesses
from mm to several dm are common, often intercalated with layers of pure quartzite
(recrystallized chert). Gradations between the 3 types (sulphide-, oxide- and garnet-chert) are
common and gradations between pure BIF and various tuffitic rocks is also common, such as
felsic to matic tuffites with varying contents of mannetite, pink garnet and Fe-sulphides and
quartz-rich tuffites.

Godejord orehody
The Godejord deposit is a strongly tectonized /b-Cm-(PB-An-Au) mineralization with

variable contents of pyrite. The deposit occurs in an area that is strongly covered by
overburden and the mineralized zone is uncovered in several small workinns over a distance
of 1100 m along its F-NE strike direction. Mineralization is concordant with the enclosing
strongly lbliated roeks that dip steeply (50-75°) to the N-NW. Most of the zone contains
relatively weak sulphide mineralization.

Semi-massive to massive mineralization is only found in the eastern part of the zone,
around the main showing at Godejord. Flere, the ore zone is closely associated to a magnetite-
hearing quartzite lens (recrystallized chert), that for the most part forms the I1W to the deposit
and locally can reach thicknesses up to 10m. The mineralized zone at Godejord is confined to
the FW of a prominant quartzitc (chert) horizon that trends rounhly E-W and dips 60-70° to
the north. The orehody is thickest and richest around the main showinns called the Jolm
Godejord skjerp) and the most interesting mineralization plunnes steeply to the NE.

Ore mineralization ocurs within a zone contairling a variety of host rocks ranging from
quarti, carbonate, quartz-sericite and actinolite-tremolite rich layers. Pyrite dissemination is

most common and quite variable and interlayered with bands of semi-massive to massive
pale, honey yellow coloured sphalerite and chalcopyrite rich disseminations in dark
hornhlend-actinolite rich layers. The individual layers vary from cm to dm in thickness (i.e.,
10-30cm thick layers of massive sphalerite). Au mineralization may be found associated with
quartzite lenses and layers within the mineralized zone, as is the case to the west of here. Au
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may have been derived throueh remobilization from chert/BIF layers that have been
tectonically reworked and hydrothermally altered during the period of sulphide deposition.

The richest parts of the deposit occurs within a zone up to 60m long and 15n) thick. where
erades can reach up to several % Cu, 0.7%Pb, 80 ppm Ae. 5 ppm Au and 25% in. This ore
type, with relatively high values of Zn, Pb. Au and Ag is somewhat atypical for the Godejord
sulphide ore zone. Another anomalous trait of the Godejord deposit is its large quantities of
extremely pale honey-coloured sphalerite.

At depth, below the surface extent of the main showinu at Godejord, the mineralized zone
becomes more tectonized and stronely sheared, with quartzite lenses and remobilized quartz
frauments occurring throuehout the ore zone. The mineralized zone appears to form several en
echelon ore lenses that are cut by several steeply dippine shear zones.

Deeper within the ore zone, at 150-200m depth in DDI-1 121,126 and 127, the ore zone is
much thinner and more tectonized and irregular in nature. Here, the ore zone consists mainly
of weak disseminations of mainly sphalerite and pyrite occurring as irreeular shvers and
sheared lenses within a breccia-like to irregular bands of quartz-sericite matrix. Bands of pure
quartzite are found and bands rich in more or less pure pyite are also common. Sulphide
disseminated tuffites interlayed with Blk bands (often garnet bearine) are found in the
immediate I IW to the mineralized zone. At the 1/W contact to the ore zone, the mineralization
is generally in sharp contact with layered tuffites.

Rich ore, found near the surface around the main showinu at Godejord, does not continue
down to depth. At c. 250m depth the whole mineralized zone is less than I m thick and
stronely tectonic in nature.

From the East orebody (main showing area), the mineralized zone at Godejord continues to
the west hir c. I.5km and for about c. 1km to the cast. The thin mineralized zone corresponds
to a prominant IP anomally in the stronely overburden cover terrain. To the west, the
inineralized zone has a max. thickness of 4-5m consisting of stongly altered quartz-sericite-
albite rich rock carrying variable quantities of pyrite mxl minor sphalerite that occur as
dissemination and veins. This sulphide disseminated alteration zone appears to cut through a
more or less homogeneous, massive dolerite complex. The orebody beneath the quartzite
horizon at Godejord is interpreted as being a cale-silicate skam mineralization, oceurring as
actinolite-tremolite, quartz, carbonate and quartz-sericite rich rocks that contain variable
disseminations to semi-massive to massive mineralization rich in pyrite-sphalerite-
chalcopyritejigalena.

Ore Resenes
An ore reserve calculation was done by Norsulfid A/S (Norsulfid A/S report to Mining

('ommission, 13V2882) in 1992 for a feasibilitty study for undereround drift at Godejord
(report BV 2884 for undereround mining plans). The reserves were based on undergrouad
production taken at levels between the surface (307in) down to the 240m level (300, 280, 260
and 240m levels). Ore reserves for the planned production was calculated at 76 221 tonnes
grading 0.76% CM. 7.76% Zn. 24.47 ppm Ag and 0.83 ppm Au. A 16.5% waste rock dilution
factor is ineluded in these fieures.



NGU did an ore reserve calculation for Godejord for the North Trondelau Fylkeskommune
in 1996, based on all drill holes (31 DDH) from the deposit. This includes 2-3 new deep hole
that intersect the ore zones at a depth of 250m below the main showinu. The mineralized
zone of interest is called the Tast Orebody' and lies beneath the main showing at (iodejord,
over a strike length of 500m and down to a depth of 250m (NGU report 96.024). The NGU
reserve is quoted in two figures base on a cut-off of ; 1) 1% Cu equivalent, and 2) 2% ('u
equivaIent:

cut-off = 1% ('u equivalent: deposit size, 250 000-300 000 tonnes (150m strike length
plus 200m plunge lenuth to depth) gradinu 0.6% Cu, 4.2% Zn. 0.1% Pb, I5 ppin Ag and 0.4
ppm Au.

cut-off = 2% Cu equivalent; deposit size 100 000 tonnes (100m strike lenuth and I00-
120m plunge lenuth at depth) grading 0.8% Cu, 6.9% Zn, 0.2% Pb, 20 ppm Ag and 0.8 ppm
Au.

References:

Grenne, T. and Erichsen, E., 1996: 3-D modellerinu, tonnasje- ou gehaltbereuning av
Godejordforekomsten, Grong, Nord-Trondelau. NGU Rapport nr. 96.024, 4Ip.

9



Mineral. Deposita (Berl.) 9, 325-337 (1974)
by Springer-Verlag 1974

Stromeyerite and Mckinstryite from the Godejord Polymetallic

Sulphide Deposit, Central Norwegian Caledonides

S. BERGSTÖL and F. M. VOICES

Trondheim, Norway

The Cu—Ag—S rninerals, stromeyerite and mckinstryite, have been found for
the first time in a stratabound polymetallic pyritic deposit in the Caledonides
of central :\:orway. The surface specimens examined conrained approximately
0.50„ Ag, 1.8 ().„Cu, 15.0% Zn and over 10 g. r Au and showed the mineral
association pyrite, sphalerite, chalcopyrite, galena, rennamite, bornite, Cu—Ag
sulphides, covelline, native Au, a Cu—Sn sulphide, and a new mineral of com-

position AgaCuTeS.2. The Cu—Ag sulphides appear ro be replacing preexisting
sulphides, with the exception of pyrize and sphalerite. The nature of ihis
replacement is discussed. Analyses, by microprobe, of the Cu—Ag—S phases
are reported and compared with published data. The stromeyerite shows an
average composition CuamaAg S, thf InckEnstryire Cuo.nfAgi.19S. Values
are reported if the redectance at 542 om for both minerals. The data indicate
that stromeyerite is optically positive with Rg: 30.7 0„, Rm: 27.3 "„, Rp:
25.8”„ while mckinstryite is negative with Rg: 32.5%, Rm: 31.9 ",„ Rp:
27.6'!„.

Introduction

Investigations of the mineralogy of a small
stratabound polymetallic sulphicIC deposit oc-
curring in rocks of the lower Palaeozoic
(Caledonian) geosynclinal-orogenic belt of
central Norway have shown it to be unusually
rich in a number of minerals which are normally
present, if at all, in onlv minor amounts in
similar ores. Thesc minerals include Cu—Ag-
sulphides, an unknown phasc of the compos'i-
tion AgsCuTeS.,, a Cu—Sn-sulphide, bornite,
idaiite, covelline, and natiye gold.
The present communication is an account of
rhe mode of occurrence, compositions, op-
tical properties and possible origins of the two
Ag—Cu—S phascs present, mckinstryite and
stromeyerite.

The Deposit of Godejord's Prospect

The little showing known as John Godejord's
prospect (OFTEDAI-11, 1958) is situated on the
north side of the valley of the Sandd0la river,
a tributary to the larger Namsen riyer which
flows into the Norwegian Sca at Namsos, some

130 km northeast of Trondheim (see map
Fig. 1). Fig. 1 shows Godejord's situation in
the metamorphic Paleozoic rocks of the Grong
district, just to the north of the east-west belt
Precambrian gneisses known as the Grong

culmination. This belt of gneisses, generally
transyerse to the axial direction of the Caledon-
ides, separates the Grong district's meta-
volcanics and metasediments from similar
rocks of the Trondheim district. Both the
Grong and Trondheim districts are important
subprovinces for the occurrence of stram-
bound polymerallic sulphide ores in the gencral
Caledonian metallogeneric belt. In the Grong
area occur the large deposits at Skorovass
(ca. 7 mill. tons) and Joma (15-20 mill. tons),
both of which are in production. The deposit
at Stekenjokk in Sweden (20 mill. rons) occurs
in a continuation of Grong-type lithologies
across the international border.
The presence of large intrusive masses of
both gabbro, trondhjemite and granite of
apparently Caledonian age in the Palaeozoic
rocks north of the Grong culmination should
be noted. In the present context it is of interest
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Fig. I. SimpliFied geologicat map of the central Norsve.zian Caledonides showing
the locarion of Godejord's prospecr. After HOLTEDAFILand Dck.s, (1960). B —
Auriferous epigeneric veins in the Bindalen area: G — Gjersvik massive suiphide
deposit; J — Joma massive sulphide deposit (in production); Sk — Skorovas
massive sulphide deposit (in production); Sc — Stekenjokk massive selphide de-
posit (under development)
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that gold and silver-bearing veins of apparently
epigenetic-hydrotherrnal character are sparialli
related to the largest of the granitic masses in
Bindalen (see Fig. 1) and in Svenningclalen,

further north.
The area around the prospect is heavilv covered
and the mineralization is exposed only in
series of small, shallow trenches across iN

strike, which seems to be less than 200 m in
length. Wiciths up to 3 m are exposed in these
trenches. The mineralization appears ro be
concorciant with the enclosing metamorphic
rocks.

Mineralogy of the Deposit

The sulphide mineralization exposed in the

trenches along the outcrop ar Godejord's

prospect shows a distinct banding parallel

to rhe ore walls, a banding which is derined
mainly by variable sulphide-gangue ratios and
to a less extent by variations in the relative
proportions of the sulphide minerals them-
selves. •Microscopical examination of selected
hand-specimens (not necessarilv representative
of the exposed ore) show thc following ore
mineral assemblage: pyrite, sphalerite, chaico-
ps•rite, galena, tennantice, hornite,
covelline, liu—Ag—S minerals, an Ag—Cu—Te
sulphide and an Sn—Cu sulphide. The gangue
minerals are predominantiv quartz, clacite, tre-
molire and mica. Modal analyses bv point ecunt-

ing in a limired number of polished secions

showed the following compositional variations

pyrge 6.0 to 40.0 vol. percent
sphalerite 3.0 to 30.0 vol. percent
chalcopyrite 1.0 to 14.0 vol. percent
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derined

;Ds and

relative

them-
Jelecteci
intatiVe
ing Ore

chaleo-

(111--Te

Ltangue

ite, tre-

:COunt-

•eetions

nuions:

j galena 0.0 to 3.0 vol. percent
bornue 0.0 to 0.3 vol. percent
tennantite 0.0 to 0.2 vol. percent
Co—Ag sulphides 0.0 to 4.0 vol. percent
coveiline 0.0 to 0.3 vol. pereent
native presenr

composite sample, composed of half of
everv hand specimen collecred from the out-
crop trenehes and weighing several kilo-
grams, gave the following analysis.

Cu 1.84"„
15.34"„

Ph 0.20„ Analvs; 1. ROmme,
Ae 0.44"„ Geolb:isk Institutt, NTH.

Three paralle! splits of this samole were
analosed for . Itt at rhe Geological ,8urvev of
NorWay and Jrave, respectivelv 120, 13 and
14 g, r.
Fhe ore shows a ropical meramorphic recrostall-
ised fabric, with suhnedral ro anhedral drains
or pyrire, of an average grain size of 0.5 mm,
between which occur the softer "matrix"
sulphides and the gangue minerals in varving
proportions.
The copper-silver sulohide minerals occur in

the marrix to the porite grains as irregular

anhedral areas, either as a fillirig between these

or in a oologonal mosaie along with the
cher marrix minerais (Fig. 2).

Fi,. 2. Godejord orc, showing euhedral pyrire
py), subhedral sphalerite (medium grey, sl)

anhedral chaleopyrite (otr-white, cp) and gangue
minerals (dark). Cu—Ag sulphides (light zree) fill
in herween che other minerals, showing especially
sharp, straight boundaries against the porile and
sphalerire. Plane polarised reHeczed light, air, 36.

Microscopicai examination of polished sections
of the specimens showed three differear
phases within the areas of copper-silver
sulphides. The most ahundant of these phases
showed optical properries which corresponded
closelv with those of stromeverite, ideal
formula, CuAgS. This identincation was
confirmed bv X-rao diffraction powder partern.
The second most ahundant phase was tenrativ-
elv identined as mckinstrvite from phase-
relation considerations and oprical properries.
Its identito was coniirmed by microprobe
analosis (see bebiw).
Thej third phase occurred in relaciveh smaj
quanrities and then onh as smail, rounded,
apparendo exsolved, drop-hke bodies in the
Cu—.1d suiphides. 3licroprobe analesis showed
this phase to be an apparenriv unknown
copper-silver-rellurium sulphide having the
composirional formula (ItiAtt5TeS. Work is
in prodress to determine the mineralogical
nature or this ohase and the results will be
reported ni a separate publication.

Textures Shown bv Stromeyerite and
Mckinstryite

The two minerals occur generallv inrimately
associated in irregular patches as part of the
marrix to rhe more enhedral minerals oecurring
in the Godeiord ore (mainlv porire and, less
frequentiv, sphalerite). The internal textures of
the patches are dominande anhedral, irregular
to pob gonal, grains of verv variable grain
size. The relarive proportions of the two
Cu—Ag—S: minerals vary considerablv frorn
patch to patch. In some cases onlv one of them
mav be present, in orhers thev may be present
in more or less equal proportions.
The relative positions of the two minerals in
manv cases appear to be random, but ici a
signiiicant number of instances it can he seen
chat the mckinstrvite occupies a position at
the borders of the patches, imervening between
the stromeverite and adjacent rninerals in a
manner stronglo suggesting it is replacing the
stromeverite from the grain boundaries in-
wards (Fid. 3). In many eases long, lancclike
protrusions of mckinstrvire may penetrate
the stromeverite, indicating that the replace-
ment is partiv controlled bv che stromeverite
eleavage.

str.
Cp

0.2" '

111 P)-ta.
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\

Fig. 3. Mckinstryite (Iighr grev) intervening be-

tween stromeyerice (dark grey) and gangue miner-

als (black) in a manner sucmestin•.2 it is replacing

the stromeyerue from che gangue-stromeyerue

contacts. Note the straight unaffected ervstal edge

of pyrire (white), upper left. Irregular veins

covellite (grev) appear in the mckinsuyite hur nor

in the stromeverite. Plane polarised reileered

air, 130 .

Another noticeable feature is rhat the mckin-

stryite is very often searned and intersected by

short vejniets of covelline (see Fig. 3), :1 feature

which is never seen in the stromeyerite. The

possible signiticance of this is discussed below

(p. 1 l).
Apart from their mutual textural features, the

Cu—Ag—S minerals also show distinctive

textures relative ro the other minerais in the

ore. On one hand they exhibit sharp, rectilinear

boundaries against the euhedral pyrite and

sphalerite; on the ocher, they show irregular

to extremely ragged boundaries towards the

other sulphide minerals. This difference in

textural appearance would indicate an absence

or reactiviry of the Cu—Ag sulphides towards

pyrite and sphalerite as against considerable

reactiyity towards minerals such as chalco-

pyrite, galena and tennanbre. Some of the most

striking exarnples of this reactivity can be seen

in the cise of chalcopyrite, which often shows a

ragged, myrmekitedike, texture with the

Cu—Ag sulphides along grain boundaries or in

isolateei grains surrounded bv these minerals

(Fig. 4). The other affecred sulPhides show less

spectacular mutual relations with the stromeyer-

ite or mckinstrvite; in nearly all cases the bound-

aries are smoothly irregular, intersecting the

textural features of the sulphides (see Fig. 5).

The above observations indicate that the

Fig. 4. Cu—Ag sulphides (grev) replacing chalco-

pyrice ro lefr, producing a ragged, myrmekitic

cexture. Boundary against galena ro right

smcuither, bur aiso probably repbeive. Kule

poiarised redected Iight, air, 130 •

0.1 m

Fie. 5. Mckinstryue (medium grey) with remnants

of stromeyerite (dark grey) replacing galena

in angle between euhedral pyrite crystals.

Refiected polarised light, air, 130>

Cu—Ag sulphides are replacing all the other

sulphide minerals in the deposit, with the

exception of the pyrite and sphalerite. A

discUssion of rhe nature of this replacement is

given later in this paper.

Data on Stromeyerite and Mckinstryite

Chemistry

Because or the intimate intergrowths shown by

the Cu—Ag-5 minerals at Godejord, it was

nor pracrically possible to separate out pure

fractions for chemical analysis. Thus, ouan-

titative analyses for Cu, Ag, and S were carried

out in polished sections of the ore on the

\

ti
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Table 1

STRONIEXERITE




Area





Avera:e




Ny.t 1).„




3 4




wt az pprns




Cc 31.2 31.2 32.0 31.2 32.0 30.9 31.4 1.01




52.7 52.3 53.2 53.6 53.6 51.5 5'.8 1.00




15.5 15.6 16.2 15.3 I 5.8 16.1 15.7 1.00




Toral 99.4 99.1 101.4 100.1 101.4 985 99.9




co-
AICKINSTRVITE







Inc








.4ht

ane




Area






A.verage







3 4





ar ppcns




Cu 23.3 23.7 22.9 7 4.0 23.2 23.8 23.5 0.77




Ag 59.8 61.2 67.2 61.4 67.6 61.9 61.5 1.19




15.7 15.2 15.4 15.4 15.1 15.5 15.4 1.00




Total 98.8 100.1 100.5 100.8 100.9 101.2 100.4




Eleerron rmerpprobe
Anal. S. 13ERGsTPI..

lysis of Scromeyerire and Mckinstrvize from Godejord, Grong area, Norway.

ants

lena

tals.

ther

the

It is

hv
was
)ure

lan-
nied

The

ARI..-EMN 09 electron microprobe housed in
the X-Rav Daboratory of the Department of
Physics, NTH, Trondheim.
As standards for the analyses were used
merallic silver, metallie copper and a standard
chalcopyrite. Later a synthetic mckinstrvite
with composition Cl1. 6 .67Ag.10.0S33.33 (atom
percent), synthesized at 250 was placed at
01.1( disposal by Dr. B. J. SKINNER. The llse
of this svmhctic standard greadv facilitated the
microprobe analvses of the natural minerals
in our samples.
At first, attempts to obtain reproducible
analvtical results on the stromeverite and
mckinstrvite were unsuccessful, due to rheir
instability under the electron beam. This in-
srabilitv is probablv due to loss of sulphur
from the carboncoated surface of the sulphides.
Mckinstryire seems to be more unstable under
the electron beam Man does stromeyerite.
However, bv dint of reducing the voltage to
12 KV, rhe beam current to 6 NA and bv using
a defocussed electron beam, good, consistent
results were obtained on several grains of both
minerals.

Corrections for aromic numher factor, ab-
sorption and Huorescence were calculared
from a correction program, mainic based on
that of SPRINGER (1967) rnodined for a
UNIVAC computer bv T. Slind. By using

KINNER's svnthetic sranclard, mckinstryite
could be analvsed without corrections. Several
points in different areas of the two minerals
in six polished sections were analysed.
When analysing mckinstryite, care had to be
exercised as it contains inclusions or remnants
of stromeverite which are difficult to distinguish
under the microscope of the microprobe
Other elements than those analysed were nor
detected in either of the minerals.
Table 1 shows the analvtical resulrs from six
areas each of stromeverire and mckinstryire
frorn Godejord, and a calculared average com-
position of each mineral. In Table 2a the Gode-
jord average analysis and calculated atomic
composition for stromeverite are compared
with sorne previously published data.
The calculated atomic composition for the

Godejord stromeverite lies verv close to the

theoretical I :1:1 Cu: Ag : S ratio, with only
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Table 2a. .-Inalyset of stromeyeritr

Localit‘




1




3 4 5 6




Ca 31.4 31.0 31.5 31.2 32.1 31.24




Ag 52.8 53.3 52.5 52.3 52.1 53.01




15.7 16.0 15.4 15.8 15.3 15.75




TotaI 99.9 100.3 99.4 99.3 100.3 100.00




Cu 1.01 0.98 1.01 1.00 1.06




1.00 0.99 0.99 0.98 1.01




1111:




1.00 1.00 1.00 1.00 1.00 1

Referenc s: 1
2
3
4
5

6

Scromeverite, Godejord averalze. This study.
Strome'verite, Foster mine, 0;balt, Ont.  LACIIE, BERMAN and FRONDI,I, (1944. p 190)
Strome;:erire, Foster mme, Cobalt, Onr. et( 1971, p. 207)
Stromeverire, Morrison mine, Cobalt, Onr. PETRLK et al. (1971, p. 20-)
StromeYerite, Guarismey, Mexico. P.ALm,01., BERNIA>, and FRO>:DEL (1944, p. 190)
Ag Cu .5

Table 2 b. . hulyses oj mckinstrytte

Localit  . 3 4 5 6

(.6 23.5

61.5

15.4

Total 100.4

	

24.9 23.9 74.63

	

60.0 61.0 60.32

	

15.1 15.1 15.01

	

100.0 100.0 99.96

24.59

59.95

14.86

99.40

21.6

65.1

13.7

100.4

ca 0.77 0.82 0 80 0.82 0.83 0.80

Ag 1.19 1.18 1.20 1.19 1.20 1.41
tt.

r 1.00 1.00 1.00 1.00 1.00 1.00

References: 1

3
4
5
6

NIckinstryite, Godejord, average. This study.
NIckinstrvite, Foster Mine, Cobalt, Ont. SKI>:NER et al. (1966)
NIckinstryire, svnthetic. SKINNER, (1966)
Mckinstryite, (av.), Chanarcillo, Chile. CLARK and ROJKOVIC (1971)
Mckinstryite, (av.) Echo Bay, NWT. CLARK and ROJKOVIC (1971)
NIckinstrvite, (av.) Echo Bay, NWT. ROBINSON and MORTON (1971)

a verv slight excess of Cu. The Godejord
average composition also compares well with
those quoted from the literature, so that there
seems no doubr as to the chemical identitv
of the mineral.
The average analysis and calculated atomic
composition for the Godejord mckinstrvite is
compared in Table 2 b with previouslv pub-
lished data for rhis mineral. It can be seen that
the Godejord figures lie close to the type

mckinstrvite from Foster Mine, Cobalt (SKIN-

NER et al. 1966) and to 8K1NNER1S (1966)
synthetic material. However, compared ru

these and to the others quoted, the Godejord
mckinstrvite shows a deficiency in metals,
especially in the Case Or COpper. SKINNER et at's.
marerial was not analvsed bv microprobe. The

latest available rnicroprobe analvses of mckin-
strvite appear to be those bv ROBENSON and
MowroN (1971) and CLARK and RojKOVIC:
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Table 3. Refledance

1\fineral and 1nvestigators

Stromeyerite1).

Stromeyerite1).

Strorneyeritel).

Stromeyerite

Strorneyerice

Stromeyerite2).

Mehinstryite1).


Mckinstryite2).


Mckinstryne2).

vables for sfromeyerhe and mcidnstryile

This study

This study

This study

CA NIERON (1963)

UYTENHOGAARDT and 13IIRKE (1971)

CA.mo: aml Roll:OVU": (1971)

nm

542

542

542

549

546

546

Maximum

Range

27.3-27.9

29.0-30.7

27.3-30.7

31 -33

R (!;,

Average

27.75

30.1

29.3

--

29.6


28.9

Minimum R '!;)

Range

25.8-26.7

26.0 -26.9

25.8-26.9

28 -29

28.4-30.6


27.6--31.2

Average

26.3

26.45

26.4

—

25.8


25.3

29.1


29.0


31.5




>7.

‘.,

n
.-.,
n
o

8

b-..
n

0
o
n-n

a


U
fl

t
o
vi

( 8 mnints.)

(16 mulms.)

(24 mnints.)

(18 mmnts.)

Range of values.

Ranue of values.

(18 iumnts.)

Range of values.

This sttely

RNII1NSON ami MOI<TON (1971)

CLARK and RONNWIt. (1971)

542


5:16


546

30.9 -32.5


30.3-35.7

31.8


32.8


34.6

Godejord material.

2 ) Echo ISay mateuial.
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1n Eig. 6 b the aromic compositions of the
minerals listed in Tables 2a and 2b have been
plotted on part of the Cu—Ag—.5 triangulaf
diagram. The unusual eomposition of ROBIN-
SON' S and MORTON's Echo Bay material is
clearly shown on this plot.

/

	 n16

5 30 '

/ \ / \
Fig. 6a) The rninerals of the Cu—Ag—S system
after Skinner (1966). b) Partial Cu—Ag—Striangular
plot showing the compositions of six stromeycrites
(to left) and six mckinstryites (ro right), Nutnbers
correspond to those in Table 2a and 2b, respec-
tively

(1971) on material from Echo Bav,
Canada and Chattlarcillo, Chile. Table 2b shows
that RogrxsoN's and MORTON' S Echo Bay
average analysis has a marked excess of silver
compared with all the other analvses in Table
2 b. These authors suggest that the excess is
due to a "type of Schottkv defect whercbv some
of the anion sites in the lattice are vacant"
(1971, p. 347). CLARKE' S and ROJKOvICS
analysis rigures show that the Echo Bay
material they analysed is much less Ag-rich
than ROBIN5ON's and MORTON's matcrial, with
a cornposition close to the others reported in
Table 2B.

Optics

In polished section the two Cu—Ag-sulphides

show similar properties, a feature which

initiallv caused some difficulties in distin-




guishing between them during observations of

their textural relations. Both mincrals, being

verv soft, were difficult ro polish, especiall  


g where they occagrirred interstitially to pvEree
grains. They light-sensitive and etch
rcadilv.
The stromevcrite has a grev colour wilh a
slight violet tint in ordinary light and exhibirs
a distinet rerlection pleochoism in lighter and
darker shades. Anisorropv is strong with
distinctive colours; bluish purple to taid The
mckinstrvire has a slightly lighter grev colour
than the stromeverite, distinct pleochroism and
less strong, but still verv distinct, anisotropy
with pale grevish blue and light brown
colours.
Retlectance values for both minerals have been
determined at 542 nm using the Leitz MVP
microphorometer in the ore microscopv labor-
atory of Geologisk Institutt, N.T.H. The
standard used was NPL calibrated Black Sika
srandard No. 82.
The rcsults are shown in Table 3. The few
available data from the literature have been
added for comparison, even though they were
not measured at one and the same wavelength.
The Godejord figures must be considered
tentative; the error clue to wavelength dis-
crepancv is probably the Icast of thosc atfect-
ing the measurements. However, the dara
obtained appear to show reasonable agreement
with the fcw that have been published.
In thc case of the stromeyerite, there appear to
be two groupings of rhe data for the maximum
value of the retlectance. Eight of the twenty
four values for Rina, show a spread from 29.0
to 30.7%. In the case of Rmjn all twentv-four
readings fall into the range 25.8-26.9°,. The
data of the Godejord stromeyerite as a whole
compare well with the range of values pub-
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Rp 27,6% 26 Rp

Fi(2. 7. Diagrammatic representation (aker Cimeron, 1963) of the reflectivity

dam for the two minerals at Godejord's prospeet. (Nleasuredar 542 nm)

!ished bv UTTENEOGAARUT and BURKE (1971)
as we11 as those reported bv CLARK and
ROJKOW (1971) for Echo Bay stromeverite.
1-lowever they are considerabiv lower than the
values obrained bv Cd MERON(1963).
It will be seen from Table 3 that for mckinstry-
ite the spreads of values for R,,,„ and Rmig
are less for the Godejord material than thosc
published by ROBINSON and MORTON (1971)
for material from Echo Bav, N. W. T. While
the figures for average R„,„ are comparable,
the average Rmig for the Godejord material
is about 1 % lower. As aiready shown, ROBIN-
SON's and MORTON's Echo Bav mckinstrvite is
considerablv richer in silver than that from
Godejord and this seems to account for the
higher retlectance values measured by these
workers. They themselyes, found that within
the Echo Bav material, "the reflectance values
were often. ...higher in areas of proven higher
silver content" (1971, p. 343).
CLARK and Rojnoyiti (1971) reported a range
of retiectance values for mckinstryite from
Echo Bay which shows rather higher maximum
and minimum values than those obtained in the
present study or bv ROBINSON and MORTON
(1971).
Fig. 7 is a graphical representation of the

reflectance data for the two Godejord Cu—Ag-

phides
which
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sulphides. CAMERON (1963) has used such a
graphical approach to determine optical syrn-
rnetry of opaque minerals from reflectance
measuremems. While perhaps not enough data
have been obtained, it mav be said that the
tigures give at least an indication of the values
of Rp, Rjr, and Rg for the mincrals as wel1 as
of their optical signs.
Following the convention employed by

MERON (1963) it can be seen that, at the
wavelength emploved, 542 nm, the stromeverice
is optically positive, in agreement with what
CAMERONfound for this mineral (1963, Fig. 1).
The mckinstryite on the other hand appears
from the data in Fig. 7 to be conventionally
optically negative at 542 nm (12g, closer to Rg
than to Rp). This is the opposite sign from
that found for the Echo Bay mckinstrvite at
546 nm by ROBINSON and MORTON (1971,
p. 343).

Discussion

The Association Stromeverite-Mckinstryile

The geological signincance of the mutual
occurrence of these two natural phases in the
Cu—Ag---S system has been only sporadically
discussed in the literature — mainly duc to the
relatively recent recognition of mckinstryite

22•
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Table 4. ReconIed occurrences of mn..ns yi:e - bearing asforid;:oas

Aurhors Locality Cu—Ag—S minerals

SKINNER, JA )11, Ross 1966

GRYBECE and FINNEY 1963

ROBINSON and MORTON 1971

CLARK and ROJKOvIU 1971

ULARK and ROJKOVICs 1971

BERGST&I. and VOKES (this study)

JOHAN 1967

Imm and LEr 1973

Fuster Mine, Cobalt

Silver Plume, Colorado

Echo Bar, N. T.


Echo 13av,

Chafiarcillo, Chile

Godejord, Grong

Bohurin, Pribram

Tada minc, Japan

mek

mck

mck

mck

mek

mck

mck

:ock
or jalp

strom Ay,

jalp

strom

strom

strom

jalp

strom Ag

acamh:te

c,:c cc

cov

coy

acanthite

as a naturally-occurring mineral. The natural

occurrence of a phase correseonding to the

low-temperature 13-phase, Cuct sAgt.oS, of

JURLE (1958) was predicred some years ago
by SKINNER (1966) after his laboratory studies
of the Cu—Ag--S system. SKINNER et IIL (1966)
subseguently identified the compound as a
mineral in a specimen collected many years
previously from the Foster Mine, Cobalt,
Ontario, and gave it the name mckinstrvite in
honour of Hugh Exton Mckinstry. Since then
mckinstrvite has been recognised in a number
of different localities in association with one or
other additional member of the Cu—Ag
sulphide group. Table 4 lists the occurrcnces
which have been recorded in the literature up
to the time of writing. Fig. Ga (after SKINNER
1966) shows the phase relations in the
Cu—Ag--S system at 25' and indicates the
possiblc assoeiations of the naturally occurring
phases. The association stromeyerite-mckin-
stryite-covellite is one of these, and, ic would
appear from Table 4, one that is freguent in the
few natural occurrences described.
Most of the investigators who have described
natural occurrences of mckinstryite and stro-
meverite have discussed the association, based
upon SKINNER's (1966) investigations of the
Ag—Cu—S system.
SKINNER et el. (1966) discuss the temperature
rclations indicated bv the pure mass of coarsc-
grained crystals of mckinstryite at the Foster
Mine, Cobalt, and conclude strongly in favour
of a crystallisation temperature below 94.4 °C.,
the temperature above which the mineral
breaks down to a two phase assemblage of

jalnaite ancl a cation-disordered compound of

comnosition In the snecim::::
which was exarnined by 8 ONNER rt il.%.(1966)
mckinstryire coexists with minor amounts of
nativo siivet :11:d stromeyerite — —an assembiage
in complete agreement with rhe phase diagram
below 94.4 CC" (SKINNER et 11L1966, p. 1389).
(Such an argument does not necessarily hold
for complex intergrowths of stromeverite and
mckinstrvire such as those observed at Golle-
jord. These couid have been formed bv cooiing
of higher temperature (> 94 4 -C) assemblages
(B. SKINNER, pers. comm. 1974)).
In the case of the Echo Bay, N. T., occur-
rence there are diverging. oninions on the
signig:cance of the mckinstryite-bearing assern-
blages which have been investigated. ROBINSON
and MORTON (1971, p. 346), while considering
that mckinstrvite may be one of the last minerals
to crystallize, at a temperature "presumably less
than 94.4 'C", cite S-isotope evidence as
supporting an hypogene origin for the mineral.
In particular they consider that the sulphur
in the mineral was derived from the ore-
forming tluid and not from the replacement of
other sulphides.
CLARK and ROJKOvrå (1971, p. 8-9) also found
that the mckinstryite at Echo Bav is "probablv
restricted to the near surface exposures of the
bornite-chalcopyrite-tetrahedrite-stromeyerite
assemblage, which represents the final episode
in the hypogene development of the deposit".
Elowever these authors concluded, from
textural considerations, that che mckinstrvite
formed bv replacement of the stromeverite
under supergeneconditions. (see below).
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I MAI and LEE (1973) have noted the association
native silver, stromeverite, mckinstrvite (or
jalpaite) and an undetermined Cu—Ag mineral
at the Tada mine, a xenothermal deposit in the
Western Kinki metallogenetic province of
bapan. Again , this associadon is considered to
have been deposited at "the latest stage of
mineraliaation" (presumab1v hvpogene:).
At Chaharcillo, Chile, mckinstrvite "has
detinitely replaced stromeverite, which itself
is a product of the supergene sulphide enrich-
ment of silver sulfosalts". (CLAR.K.and ROJKO-
vicit 1971, p. 9). GRYBECK and FINNEY (1968,
p. 1540) consider that the jalpaite (with which
mckinstrvite is associated) at the Pavrock
Mine, Silver Plume, Colorado, is also of super-
gene origin. It is worth noting, as do CL•RK
and Ro jjKovi(: (1971), that at Echo Bay,
Chafiarcillo and Silver Plume, the association
of mckinstreite with covellite, is apparently

consistent feature. According to CLARK

and Ro jocovui (1971, p. 8) the proportions of
the two minerals approximate those which
would result from the: breakdown of stromever-
ire with minor loss of copper.
As has alreadv been described, the association
mckinstryite-covellite is a feature of the
Godejord sulphides; no covellite has been
observed other than in association with
mckinstreite. CLARK's and ROJKOVIC's ex-
planation may be applicable in this case too,
although ir must be said that the mckinstrvite
and covellite ar Godejord do not show tvpical
breakdown textures (e. g. myrrnekite). How-
ever the evidence from Godejord would seem
to support CLARK and ROJKOvIC" in their
prediction that "mckinstrvite is likely to be
widely recognised as an alteration product of
strotfieverite" (1971, p. 10).
The question whether the association mckin-
strvite-stromeverite represents the results of
hypogene or supergene deposition, or of a
cOmbination of the two processes still appears
to be an open one.

Ortgin of the Godtjord Cu —Ag -Sulphides

solucion to the cluestion of the origin of the
stromeverite and mckinstryite at Godejord's
prospect is not only desirable from a scientific
point of view. From an econornic point of view
it would be of greatest significance if it could 


be deduced that the minerals were a) supergene
and therefore confined to the surface-hear
parts of the deposit or b) hvpogene and there-
fore presumablv not so contined.
At the ourset it must be said that minerals of
this nature are not usuallv regarcled as being
tvpical primarv minerals of the strataboand
Massive sulphide deposits, certainlv not in
the amounts met with in the Gociejord speci-
mens. Such general considerations cio make a
primary hvpogene origin for the Cu—Ag
sulphides scem unlikely.
Textural investigations on the Godejorcl
specimens also show that the Cu—Ag sulphides
are not part of the fabric shown bv the miner-
alization as a whoie. Thev have undoubtedlv
been deposited in their present positions bv a
replacement process affecting alteadv existing
sulphides in the ore. They have been shown to
replace chalcopvrite and, less spectacularly,
galena, and tennandte. T'ne pyrite and sphaler-
ite appear to be totally unaffected by this
replaceinent.

point that mav be mentioned here, is that
many pyrite and some chalcopyrite grains show
a large number of small inclusions. These
incluSions are rounded or irregular in shapc and
mostly consist of sphalerite and galena, but
chalcopyrite, bornite and Cu—Ag—S minerals
are also found. Some of the inclusions are
multicomoonent types where the minerals are:
Cu—Ag—S minerals, probablv both stroinever-
ite and mckinstrvite, Cu—Ag—Te sulphide,
chalcopyrite, bornite, galena, sphalerite, native
gold, tennantite and possibly Cu—Sn sulphide.
These inclusions favour a hypogene origin
for the stromeyerite, mckinstryite and other
minerals in them. The rounded inclusions
strongly suggest that they might have origin-
ared as licuid droplets, possiblv formed by the
selective melting of components in the ure
during the metamorphism which it obviously
has undergone. The possible formation of such
melts ar metamorphic temperatures has alrcadv
been discussed by one of us (Vokts 1971) and
the matter xvill not be pursued further here,
excepr to point out that the compositions of
the inclusions are such that they might be
expected to form low-temoerature melts.
Whether the bulk of the sfromeverite and
mckinstryite, occurring interstitiafiy to the
pyrite and sphalerite grains, could also bc the
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result of metarnorphic melting must remain an
open question for the present.
Postulation of a supergene origin for the
Cu—Ag—S and associaced minerals at Godejord
also raiscs a nurnber of problems. Ic has alreadv
been mentioned that the Cu—Ag sulphides
replace preferentiallv chalcopvrite, galena and
tennantite — in decreasing order of preference.
Sphalerite and pyrite are comoleteiv unatrected
and these are just those Minerals that the
Ag-rich supergene sulphides should cement
on first, according to the Schurmann series of
chalcophile affinides. (sce, for example, PARK
and MAC DIARMID 1964, pp. 436  110). In addi-
tion, microscopic examination of a large number
of polished sections fails to reveal -anv other
typical supergene minerals, which could be ex-
pected in the cementation zone of sucha deposit.
The onlv mineral of recognised supergene
onigin to be founcl is covellin-e, but as has been
shd-wn alreadv, this is solely associated with
mchinscryite, which appears to be replacing
the stromeverite.
A supergene cementation origin for the Cu—Att
sulphides also raiscs the question of the miner-
alogical narure of the primarv silver-bearer(s)
in the ore. From gencral considerations, both
galena and tennantite scern to bc likely silver
bearers. Microprobe investigations (S. B.) have
shown that the Godejord galena is low in Ag
(under the decection limit of about 500 ppm).
However the few grains of tennantite that
have been analvsed bv this technique show an
average of 0.34 °,1,)Ag. One may thus sav that
a possible source for the supergene enriched
silver does exist in the ore in the form of
silver-bearing tennantite. Such a mode of
occurrence, for the strorneyerite at Icast,
would accord with the opinion of RAMDOHR
(1969, p. 480) that it is in most cases "a verv
tvpical mineral oE the secondary supergene
sulphide enrichment zone" and that, as such,
it forms "especiallv from silver-rich fahlore..."
It is planned to im'festigate further che distribu-
don of the various minerals in the Godejord
ore with a view to determining their modes of
origin. The persistence or otherwise in depth
of the Cu—Ag—S minerals, for instance, will
solve the question of whethcr these are of
supergene or hypogene origin and it is hoped
that drill core specimens will bc made available
in the near futurc for this purpose.
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APPE DIX o. 2
Outokumpu 1992 Study of Skiftesmyr and Godejord



!El/RL

C/XE-/

GG;..; GRUBERA.S

REKOMST
UNDERJORDISK DRIFT.

Skivpallbryting:

Nivåavstand 30 m
Barrierpilar mot dagen
Horisontale pilarer mellom brytningsrommene 15 m

Tt Råmalm mengde iiterivertikale pilarer (cut off 1% Cu-
ekv.) 2 648 000

1,08
1,63
0,31
8,65
34,6

tonn
Cu%
Zn%
Au ppm
Ag ppm
S%

Investeringer:
/v#»;',41';'"1 - Grunnstoll 650 m
fteci" 17tbul' 2 Hovedramp 3152 m

-5,-» 3 - Hovedventilasjon
nwEg 4 - Andre faste anlegg

SUM

MUSI"17 5 - Maskinpark (ny) flj?“1
elay den,wier- 6 Grovknuser anlegg (nytt),P-

SUM

SUM TOTAL

5,8 mill.kr
25,6 mill.kr
10,2 mill.kr
5 1 mill.kr

46,7 mill.kr

43,7 mill.kr
7 2 mill.kr

50 9 mill.kr

97 5 mill.kr

	

Brukte maskiner 5 og 6 kostnad 10 - 15 mill.kr.

Driftskostnader:

Ortdrift 8000 kr/m
ni• • Gruveavdeling 250 kr/m3

23. april 1992/eml

cNIrtfor.skj 23 aril 1902



".. GRONGGRUBERA.S

GODEJORD FOREKOMST

UNDERJORDISK DRIFT.

Skivpallbryting nivåavstand 20 m

Råmalm hvis bryting til 260 m.o.h.

76 221 tonn

0,76 Cu%

7,76 Zn%

0,83 Au ppm

24,47 Ag ppm

16,5% gr.tilblanding (P/ rlam)

Gråberg: Fra skjæring 6329 tonn

Fra skråvei 22540 tonn

Fra vent.sjakt 550 tonn

Sum 29419 tonn

Ortcfrift: I malm 200 m
I gråberg 392,5 m

Jorna, 27. april 1992/EL

elSoclejord.udr 27. april 1992
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by NGU and Outokumpu:1977



1
1

1

1

1

Skifiesmyrflotation aS inineral liberanon analyses report - English translation

Report on orientation flotation tests on ore from the Skiftesmyr
Deposit, Grong Gruber A/S

By Odd Eidsmo
NTH, Feb., 1977.

Translated by Arne Reinsbakken
Trondheim, lst Feb., 1997.

SUMMARY:
The intention with these tests was primarily to investigate how the silver content in the
crushed raw-ore feed is distributed in the different flotation concentrates. The listing of
assays, Appendix I. shows that the Cu-concentrate will contain 50-60 gA Ag while the Zn-
concentrate contains 40-50 git.
From the silver content in the feed, 30% is found in the Cu-concentrate while 20% is found in
the Zn - concentrate. Hence. about half of the silver from the zinc flotation will be lost in the
tailings.

Otherwise. these tests indicate that the Skiftesmyr ore is easy to mill and that it will be
possible to make a high class concentrate with Itood recovery for both Copper and pyrite.

Providinu that the sphalerite does not con a n too much imn. it should also be possible to
make a high class Zn - concentrate.

The minerals show a satisfactory liberation on urindinu down to 50-60% -325 mesh which
for this type of ore would require 10-12 k)Alt for grindinu in a conventional mill.

Feed.

The tests were performed on drill cores selected by Arve Haugen. Hauuen's sample
descriptions are found in Appendix 2.

The samples recieved had a weiuht of 2.2 ku and was marked: Ddh 1-2-3-4. sample I.

The ability of the ore mineral liberation has been investigated by Terje Malvik and presented
in a report dated January 1977.

Malvik's investivation has been made on tmo samples.

Sample 1: This represents a section down the dip of the ore zone (surface exposure?)and
includes drill holes 4-1-2-3. This sample is virtually identical with the above sample used for
the flotation tests.

Sample 2: This represents a section that more or less follows the strike of the ore zone. at
approximately the same depth, and includes drill holes 5-16-1-10.
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From Malvik's report, one can see that sample 2 obtained mineral liberation in a coarser
fraction than that in sample 1.

Malvik's report is found in Appendix no. 3.

Flotation tests and Anal ses
Tests are nm in batch scale with 0.5 ku charges.

screen mesh analvses for >round toods:

Mesh 65 150 200 270 325 -325

weght % 0.1 6.0 12.8 13.0 10.1 58.0

Copper flotation is run in four steps with 10 2/t KAX in each step -p1-111.5.

Zinc flotation is run in three steps + schawenger. Copper sulphate addition (tilsats) 400 L:/tand
20 2,i KAX in each step - pR 12.0.

In order to uet an orientation of the Cu- and Zn- contents in a pyrite concentrate. ca. 50 u't
KAX was added after the zincschawenuer and the amount that vaswil1ing to corne over
with the collectors (samlertilsatsen) was tloated out.

Results from the best tests are shown in appendix I.

The elements in the different products are analysed by atomic absorption at Grong Gruber

There is a very good aggreement in Cu. Zn and Fe between the analysed feed (pauang) and the
feed calculated out frorn the analvsed values and the weiuht -% in the products. Silver. on the
other hand. shows much less a2greement, 10 ppm in the analysed feed and only 7 ppm in the
sum of the products (calculated pg.).

Silver is also controll analysed at NOli using atomic absorption.

Appendix 1 shows that NCIU analysed the raw ore feed to 13 ppm and the calculated feed was
12 ppm, thus a very good agureement between the analysed and calculated feed.

1t is interestinu to notice that for Cu-concentrate I. which has 25.44 %(?) Cu. Gronu Gruber
AIS and NGli have recieved exactly the same value.

For the pyrite concentrate and pyrite mp tailinus. NGLI got 2 and 6 times hif.thervalues,
respectively, than Grong Gruber.
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Appendix 1. Skiftesmvr

Results from flotation tests on ore samples (rå2ods) marked BhHull 1-2-3-4. sample 1.

1 Ag - analyses done by Grong Gruber A/S.

2 A2 - analyses done by NGU (Dept. Eng. Knut Solem).

= extraction. gain

Vekt % = weight %

Rå-kons. = raw coneentrate

pyritmplAvgang = pyrite ? /tailin2s

Pågang beregnet = ore feed calculated

Paaang analvsert = ore feed analysed

Appendix 2. 2 pages

Grong Grubere A/S
Exploration div.

to: 0. Eidsmo
From: A. Haugen
Date: 1 Nov., 1976.

Samples for Microscopie Investigations - T. Malvik.

1. The ore zone at Skiftesmyr (appendix) is to be investigated microscopically for mineral
dressin2 parameters. for CE!... liberation grindin2. In order to obtain representative samples
based on diamond drill hole - samples. two vertical sections were set out through the deposit.
at rou2hly right angles to each other. Two samples were taken from these two sections:

Sample I: represents a section alon2 the plunue of the orebody and contains drill holes
4-1-2-3.

Sample 2: represents a section more or less along the strike of the orebody, in a
somewhat even depth and contains drill holes 5-16-1-10.

These two samples represent therefore 7 of the 12 drill hole that we have in the field.



Skiftesmyr flotation and mineral liberation analyses report - English translanon

The drill core was split at Joma. Part of the sample is stored in the core boxes. The other
part was coarse-crushed with a relative fine adjusted jaw crusher. The coarse-crushed rnaterial
was split and half of this was stored at Joma. The other half was fine crushed and further split
and sent to analyses.

Selection of samples was as follows: The orebody's thick.ness in each drill-holes is
calculated. Pure silicate host-rock fragments and bands that occur in the orebody are not
included in the samples (these contain in order 0.05% Cu and 0.1% Zn). A new sample is split
out from the stored sample of each analysis sample from each drill hole. Each split has a
weight that corresponds to it's core length, m. and it's specific weight (density):

m x sp. wt. x 10 = weight of split.

This procedure was followed for each core length from the ore zone in the drill hole that was
sent to analyses. All the samples for each drill hole was then added together to make one
sample. After this, all the samples from the drill holes in the chosen vertical section were then
combined to form a composite.

Sample 1 weighs ca. 1100 gram and sample 2 weighs ca. 600 gram. Most of the material
has a grain size in the order of 1-6 mm and very hule will be over 10 mm. Sample 2, which
contains drill hole 16. contains. for the most 10 mm. because this drill-hole was crushed
using a plate crushers and a coarser. jaw-crusher.

Parallel samples to the two samples refered to above were sent from Joma to 0. Eidsmo on
Fri.. 29 Oct.. 1976

Appendix 3: An evaluation of the grinding liberation factors for chalcopyrite and
sphalerite from the Skiftesmyr Deposit.

- by Tede Malvik. Geological Institute- NTH., Jan., 1977.

1. Summarv.

1.1 Sam le Material. was composed of two drill-core samples. The sample material is
described in more detail in the Appendix.

1.2 Method of investivation. An empirical model. described in Teknisk Rapport (Technical
Report) 28/2 (BVLI). is used to evaluate the urinding free liberation properties.

1.3 Conclusion. Chalcopyrite and sphalerite are relatively coarse-grained in the ore from
Skiftesmyr. Much coarser-grained than at Skorovass, and also more coarse-grained than the
same minerals in ore from the Tverrfjellet deposit.

Fine urinding to uive ca. 55% liberation at - 45 microns for chalcopyrite and sphalerite is
regarded as a reasonable startinu point, and it is assumed that this corresponds to a total tine
grind liberation in the area 40-45% -45 microns.

4
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2. Descri tion of Investi ation.

2.1 Fine Grindin . Preliminary grinding tests were carried out in order to choose the necessay
grinding time to obtain a reference fine grind 50% -45 microns for chalcopyrite and sphalerite.
The fractions + 45 and - 45 microns were analysed for Cu and Zn at Grong Gruber A/S. The
results of these analyses are found in the appendix.

Appendix 1 shows the fine grind (partical size) as a function of grinding time for the two ore
samples.

The curves show that a grinding time of 21 min, for sample 1 and 13 min, for sample 2 gives
the reference fine grind liberation (?) 50% -45 microns for chalcopyrite and sphalerite.

The fraction -125+90 microns of the grind product was taken out for preparation of polished
sections and a grain analyses was conducted on these sections.

2.2 GraM Analvses. Table. appendix 2, shows results of grain analyses.

This investigation is concemed only with the study of the grinding liberation factors for
chalcopyrite and sphalerite and, therefore, only grains with these minerals are registered in the
traverses across the polished sections. The distance between the traverse lines is 0.5 mrn.

There is a distinction made here between whole grains (100% of mineral), half grain (ca. 20-
80% of mineral), contaminated grain 5-20% (minority mineral represents ca. 20% of grain).
contaminated grain < 5% (minority mineral represents < 5% of grain) and multiphase grain
which is a grain with three minerals in approx. equal amounts.

The following terms are used in the Table:
b = (bergart) = rock
sl = sinkblende = sphalerite
cp = kobberkis = chalcopyrite
py = svovelkis = pyrite
po = magnetkis = pyrrhotite
gn = blyglans = galena
fahl = fahlerts = tetrahedrite - tennantite solid solution

1n regards to the ore microscopic work, it was noted that mixed grains were generally of a
simple type. and that chalcopyrite and sphalerite also occur as inclusions mostly in pyrite.
Such grains are divided out as separate types.

Fahlerts (possible silver bearing) is registered in a half grain associated with chalcopyrite in
sample no. 2.

On the basis ot this grain analyses. the degree of liberation in the fraction -125-90 microns is
calculated to:

chalcopyrite sphalerite
sample no. 1 73.7 4-7.3 72.6± 2.7
sample no. 2 78.9 ± 2.1 81.4 ± 2.5

5
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The deuree ofliberation is given standard deviation.

2.3 Liberation curves. When one constructs the developement of the total degree of
liberation as a function of the grinding down of a mineral, it is important to keep in mind that
a mineral distribution curve for the grinding product of the ore will have an iniluence on the
development of the curve for total liberation.

In Appendix 3 and 4 the developement of the total deuree of liberation for chalcopyrite and
sphalerite is constructed on the basis of the model described in T.R. 28/2, and with the
mineral distribution curve nearly parallels the curve for chalcopyrite and sphalerite in the feed
to the mineral dressinz plant at Tverrfiellet (Folldal A/S).

The curve for Tverrtjellet is chosen because the ore types here, to a certain deuree, can be
compared with the ore types at Skiftesmyr.

The total deuree of liberation is marked bv a field with hatched lines. because the deuree of
liberation in the fraction standard deviation is used in the model.

The corresponding curves for chalcopyrite and sphalerite in the feed to the flotation plant at
the Tverrtjellet and Skorovas mines are also shown in order to illustrate the relative liberation
relationships between the three deposits.

Chalcopyrite and sphalerite is a shuhtly coarser grained in sample 2 than in sample 1 (the
curve for sample 2 is a little higher in the diauram).

Within the individual samples. both chalcopyrite and sphalerite show nearly identical
liberation relations.

2.4 Evaluation of the actual orade of liberation. The actual urade of liberation will be
civen bv the wished urade ofliberation for the minerals.

An investigation of the flotation teed (23-26/03-76), for the Skorovas mine. gives a grade of
liberation for chalcopyrite to be 78%.

If one chooses this value of the liberation urade as a startinu point. this corresponds to the
urindinu down of chalcopyrite and sphalerite in sample 1 to ca. 45 - 48% -45 micron. and in
sample 2. ca. 40 - 44 % -45 micron.

In all likelihood. a total liberation grade in the order of ca. 85 % would be better for
chalcopyrite and sphalerite in a relatively coarse-grained ore type as Skiftesmyr.

This can be obtained for sample 1 bv urindinu chalcopyrite and sphalerite to the order of 54 -
58 % - 45 micron. and 50 - 54 % - 45 micron for sample 2.

A reasonable middle grade of grinding could therefore be suguested to be ca. 55 % - 45
micron for chalcopyrite and sphalerite.

6
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What this means in the total grinding of the sample will depend on to which degree
chalcopyrite and sphalerite grind down selectively.

In the laboratory urinding done for this investization. chalcopyrite and sphalerite is to a larue
degree ground down selectively.

On comparing the grindinu curves on Appendix 1 with similar curves for raw flotation feed
from Tverrfiellet (T.R. 28/02 p. 245), the selective grinding appears to be comparable, and
one can say that with grindinu the Skiftesmyr ore in a large scale drift one will uet
approximately the same relationship as that found for Tverrfjellet.

This will mean that at a total grinding of the ore in the order of 40 - 45 % - 45 micron will
give ca. 55 % - 45 micron for chalcopyrite and sphalerite.

Appendix I : Graph which shows axes with 'urinding time in min.' versus •mineral particle
size as a function of urindinu time % -45 microrr.

Appendix 2: Tahle with 'Grain analyses of fraction -125-,90 micron of two urind products
from the Skiftesmyr ore'

Antall registrerte kom med kobberkis ou sinkblende = no. of urains registered with
chalcopyrite and sphalerite

helkorn = whole grain
halvkorn = hal f grain
smittede korn 5-20% = contaminated urain 5-20%
smitted korn 5° = contaminated urain 5%
multifase korn —multi-phase grain

I3ereunete frimalinusgrader calculated grade of liberation.
prove = sample

Appendix 3:

Graph 1 - most likely developement of the total grade of liberation for chalcopyrite in sample
no. 1 from Skittesmyr on the hasis of mineral distribution curve approximately parallel to the
curves for chalcopyrite and sphalerite in flotation feed from the Tverrfiellet mine.

Graph 2 - most likely developement of the total grade of liberation for sphalerite in sample no.
I from Skiftesmyr on the basis of mineral distribution curve approximately parallel to the
curves for chalcopyrite and sphalerite in flotation feed from the Tverrfjellet mine.



Skiftesmyr flotation and mineral liberation analyses report - English translation

Appendix 4:

Graph 1 - most likely developement of the total grade of liberation fbr chalcopyrite in sample
no. 2 from Skiftesmyr on the basis of mineral distribution curve approximately parallel to the
curves for chalcopyrite and sphalerite in flotation feed from the Tverrfjellet mine.

Graph 2 - most likely developement of the total grade of liberation for sphalerite in sample no.
2 from Skiftesmyr on the basis of mineral distribution curve approximately parallel to the
curves for chalcopyrite and sphalerite in flotation feed from the Tverrfjellet mine.

8
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En vurderingav frialinnsegenskapenetil kobberkfsog sinkblende
Skffterforekometen.

Sa=endrec.

1.1 Prøvemateriale.Dette bestod av to prøverav borkjerner,
Vedlegm beskriverprevematerialetnarmere.

1.2 Undersekelsesmetodfkk.En empirsk modell,beskreveti Teknisk
Rapport 28/2 (EVLI),er benyttottil å vurdere frimalfr-s-so,L:enska-pone.

1.3 Konklusjon.Kobberi,dsog sfnkblendecpptrerrolativtgrovkornig
i malmen. Vesent-ygmer crovkornfgenn ± skerovas-malmen,cg crså
mer grovkornisenn tflsvarendem'nerele-± nverrfje'.'et.

En nedmalingtil ca. 55 % 45 r2lz.ronfor kobberkiscg sfrkblendeer
/ antydotsom et fornuftfgutgangsnunkt,og det er antattat dette
tilsvareren totalnedmalingi området40-45 % t45 mikren.

!et--rmerebeskr4velseav undersøkeen.

'2.' !:edmn::nr.For å bester:enedvend:.rmaletfd for å onnnå
referansene•malingen50 % -45 mfkron lor kobberkdseg sinkblende
ble det utført innledendemalefersok.FraksjeneneJj45ok-4L5 mdkron
ble analysertnå Cu oa Zn ved Greng Gruber.,enalyseresultater
vedlegg.

Eflag I vfser nedma1-'ngso:2furksjenav maletfd for de tc
prevene.

.,!;vkurvene fremgårat maletid 21 min, for nrøve 1 og 13 min, for
preve 2 cir referanseneeralfngen50 % 45 mikron for kobberkis
og sinkblende.

Lv dette malenroduktetble fraksjonen+125+90mikron sHIrtetut,
p1ans1in fremstiltog kornanalyseutført.

2.2 Kernanalyse.mabell,bilag 2, viserresultatetav kornanelysen.
Denne undersekelsentar kun skte på å vurdere frHma.lingsegenskenene
til kobberkisog sinkblende,-derforer bare kc-n red dgsse
mineralcnereststrertved traverserinaover slpene red linjeavstand
G,5 mm.



Det er skilt mellomhelkorn(100 % av mneralet), halvkern(ca. 20
80 % av mineralene),smittedekorn 5-20 % (minoritetomineralet

utgjør ca. 5-20 % av kornet),smittedekorn<5 A, (minoritetsinerale
utgjør un2er ca. 5 av kornet)og multifasekcrn som er korn mcd
tre mineraleri ca. like store mengder.

Følgendebetegnelserer-anvendti tabellen:
b = bergart
sl = sinkblenje
cp = kobberkis
py = svovelkis
po = magnetkis
sn = blyglans
fahl= fablerts

Det kan bemerkestil mikroskoper-;nsenat blandings&ornce renerelt
er av enkle tyner,men kobberkisog sinkblendeeprtrerogo. _oom
inneslutningeTi forsterekke i svovek4s. .51ks korn e- skflt ut
som egne typer.

v Fahlerts(muligso2vbærer)er registrerti et halv:.ornJILadkobbes
i prøve nr. 2.

Med grunnlagi kornanelysener fri=alingsgraoene ±,ijonen
f125+90zjkron borernctt'l :

kobberlds o'rkb-rer.ae
Prevenr. 1 73,7= 2,3 72,6 ± 2,7
Prøve r-. 2 78,9± 2,1 81,4 2,5


Frinal4ngsradeneer angittt standardsvviket.

2.3 Pri1 nrokurver. år ran skal konmtruereutvikT_,ngav total
frinalingsred som funksjonav nedmalingfor et mineral,er det
viktig l va_reklar over at mineralfordelingskurverei nproduKt
av mainenvil innvirkep kurveforlonet.fortotal

På bilag 3 og er utviklingenav total frimalirgsgradfor kobbe:HHs
og sinkblendekonstruertmed basis i.mcdell beskreveti T.2.2e72,

jog med mineralfordelingskurvertilnærmetnarallellekurvene fcr
kobberkiscg sinkblendei pågang flotasjonved Tverrfjel'et.

Kurvene fra Tverrfjelleter valgt fordimalmtyrentil en viss grad
er sammonlignbarmed Skiftesmyr-malmen.

metal fiHmaing--7:rader r-a-kert-ed et mk-avertfelt Eor
at fri=2»nzsgradi fraksjenrlus og minus standardavviketcr
anvendti modeilen.



Inntegneter også tilsvarendekurver for kobberkisog sinkblendei
//pågangflotasjonved Tverrfjelletog SkcrovasGruber for å
anskueligEjererelative frinalingsforholdmelicm de tre forekostene.
Kobberkisog sinkblendeopptrerlitt mer grovkorniRi przye 2 enn

prøve 1, (Kurverfor prøve 2 er litt høyere i diagra -et).

y Innen den enkeitenrøve'viserkobberkisog sinkblenden,-zrt
sannenfallendefrimalinzsforhold.

v,2.4 Vurderingav aktuellnedmalnzscrad. Aktuellnedmal4ngszradvil
være Eitt av ønsketfrimaltngsgradfor mfne”aleue.

,/Ved undersøkelseav pågang flotasjon(23-26/3-76),SkorovasGruber,
er frizalngsgradfor kobberkisbestemttil 78%.
Velzer zan denneverjen fcr fr-imalingsgradsom utganspunkt

// tilsvarerdet en nedzalingav kobberkiscg sinkblendei prsve 1
til ca. 45 - 48% +45zikron,og i prove 2 ca.40 - 44 % *45rc_krcn.
Sannsynligvisvil en total frimalingsgradi storrelsesoraenca. 85 Yo

cunstigfor kobberkisog sHnkblendei en relativt grovkornig
malmtyresom Skftes-iyr.

v/ Dette orrnås for nrøve 1 ved en nedmalinzav kobberkiscg sinkb1ende
onri:det54 - mahron,og 50 - 54 (),,74; mikron i trove 2.

	 A vi l dor for L--rn an tvdas 2 „-e
ca•55% *45mikren for kobberkisog sinkblende.

Eva dettebetyri total nedzalingav nrøvenvil være avhengig av
t.41hv,kon rradkobbe-kisog sinkblendezales ned selektivt.

Ved laborato”-,enedna'ingenutførtved denne underszkelsener kobberk±s
cg sinkblendei stor grad nedmaltsclektivt.

Sammenlignesnedmalingskurvenepå bilas 1 med tilsvarendek-urver
for rågbds fra Tverrfjellet(m.R.28/2s.2145),kan den selektive
nedmalingensieså være sammenlignbar,og man kan antyde at man ved
maling i drift av Skiftesnyrmalnenvil kunne få ti_lnrmetsamme
forholdson ved Tverrfjellet.

Dette vil da tilsiat en total nedmal-;ngcv malmeni omr7=detL+0- 45
% #45mikron vil Ei ca. 55% mikt-onfcr kobberkisog sinkblende.



T-1.37'

!_ .



C,

1

1
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1
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1
1
1

Kornanalyseav fraksjonen-125+90miikronav to malenroduktavSkiftesnyr-malmen.

Helkorn cn

knta11 registrerte
og sinkblende

rrove nr. 1

126
121

12

26
4

-
2
22
1
-

4
3
-
-
-
90
6
10
-
4
1
1

49
6
3

46
12
1
7
8

1

22
11

4

korn med kobberkis

Preve nr.2

169

148

11

27
2
1
3

1-8
-

1

6
1
5
1
71
6
6
2
2
1

-

34
-
2

29
9


6
10

16
1

si
Helvkorn cp/s1

cP/PY
cc/b
crn/fahl
eb/P0

sl/ny

sl/loo
sl/b

Emtttedskorn cp/py
5-20 % cc/s1

ci)/co
cc/b
cP/En

py/cp

C:.)PY/c0
sl/cn
pc/cn
b/cn
sl/ny
sl/b
py/s1

C._;Dy/s1
h/s1

Emittcdekc-,n py/cp
0/p CD py/cc

pc/c--c

Csl/co

c:)b/ct-

0 sl/sn


py/s1

e> py/s1

MulYfase korn cp/s1/pY

Beregnetefrimalingsgrader:
cp sl

preve nr.1 75,7±2,3 72,6=2,7
nrove nr.2 78,9±2,1 81,4±2,5
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SUMMARY: 


The intention with these tests was primarily to decide how the
silver content in the feed appear in the different floatation
concentrates. The listing of assays, Attachment 1, shows that
the Cu-concentrate will contain 50-60 g/t Ag while the Zn-
concentrate contains 40-50 g/t.
From the silver content in the feed 30% is found in the Cu-
concentrate while 20% is found in the Zn-concentrate. Hence
around half of the silver will be lost in the tailing from the
zinc flotation.

Otherwise these tests indicate that the Skiftesmyr ore is easy
to mill and it will be possible to make high class concentrate
with a good recovery both for copper and pyrite.

Provided that the sphalerite does not contain too much iron,
it should also be possible to make high class Zn-concentrate.

The minerals show a satisfactory liberation by grinding down
to 50-60% -325 mesh which for this type of ore would require
10-12 kWh/t for grinding in a conventional mill.

Feed. 


The tests are made on drill cores selected by Arve Haugen.
Haugen's description of the sampling is given in Attachment 2.

The received sample had a weight of 2.2 kg and was marked:
DDH 1-2-3-4, Sample 1.

The ore minerals liberation ability has been investigated by
Terje Malvik and presented in a report dated January 1977.

Malviks's investigation has been made on two samples.

Sample 1: This represents a section down dip of the ore zone
and includes the drill holes 4-1-2-3. This sample is virtually
identical with the above sample used for the flotation tests.

Sample 2: This represents a profile that more or less follows
the strike of the ore zone, at approximately same depth, and
includes the drill holes 5-16-1-10.

From Malviks report, one can read that sample 2 obtain mineral
liberation in a coarser fraction than sample 1.

Malviks report is enclosure no.3

1
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Hensikten med disse forsøkene var først og fremst å få klarlagthvordan råmalmens sølvinnhold fordeler seg i respektive flotasions-produkter. Sammenstilling av analyser på bilag 1 viser at Cu-konsentratet vil holde 50 til 60 g/t sølv. Zn-konsentratet 40 til 50g/t. Av råmalmens sølvinnhold vil ca. 30% gå i Cu-konsentratet ogca. 20% i Zn-konsentratet. Det vil si at ca. halvparten av Sølvetvil være igjen i avgangen fra sinkflotasjonen. 7.
Forøvrig indikerer disse forsøkene at Skiftesmyrmalman- er forholdsviclett å opprede, så det vil være mulig å lage høyverdige konsentratermed bra utvinning både for kobber og pyrit.

Forutsatt at sinkblenden ikke inneholder for mve jern, er detogså gode muligheter for å lage et høyverdig Zn-konsentrat.
Malmen,fri0 tilfredsstillende ved nedmaling til 50-60% -325mesh som for denne malmtype tilsvarer 10-12 kWh/t for nedmaling ikonvensjonelle møller.

Råacds.

Forsøkene er kjørt på borkjerner uttatt av Arve Haugen.Haugens beskrivelse av prøvetakningen fremgår av bilag 2.
Tilsendte prøve på 2,2 kg var merket: BhHull 1-2-3-4, Prøva 1.
Malmens frimalingsegenskaper er undersøkt av Terje Malvik ogpresentert i rapport dat. januar 1977.
Malviks undersøkelser er utført på to prøver.
Prøve 1: Representerer et profil langs malmens fall og inneholderborhullene 4-1-2-3. Denne prøven er praktisk talt identisk medovennevnte prøve som flotasjonsforsøkene er kjørt på.
Prøve 2: Representerer et profil mer eller mindre langs forekomstensstrøk, i et noenlunde jevnt dyp og inneholder borhullene 5-16-1-10.
Det fremgår av Malviks rapport at prøve 2Cfrima14 på et noegrovere stadium enn prøve 1.

Malviks rapport vedlegges som bilag 3.



Flotas'ensforsøk og analvssr.

/ Forsøkene er kjørt i batchskala med 0,5 kg charger.

iSikteanalvse for nednalt gods:




65 150 - 200 270 325 -325Mesh

Vekt% 0,1 6,P 12,8 13,0 10,1 58,0

f'Kobberflotasjonen er kjørt i fire trinn med 10 g/t KAX i hvert

trinn - pH 11,5.

j Sinkflotasjonen er kjørt i tre trinn ± schawenger. Kobbersulfat-
tilsats 400 g/t og 20 g/t.KAX i hvert trinn - pH 12,0.

For å få en orientering om Cu- cg Zn-innhcldet i et pvritkonsentrat,
ble det etter sinkschawenger tilsatt ca. 50 g/t KAX og flotert ut
den mengden som var "villig" til å komrrieover med denne(Samler-
Er.

7 Resultater fra det gunstigste forsøket er vist på bilag 1.

Elementene i de forskjellige produktene er bestemt ved atcm-
absorpsjon av Grong Gruber.

For Cu, Zn og Fe er det meget god overensstammelse mellom analysert
pågang og pågang beregnet på grunnlag av gehalt cg vekt-% i
produktene. For sølvet derimot er overensstemmelsen mindre bra,
10 ppm i analysert pågang og bare 7 ppm i sum produkter (beregnet pg.)

Det er utført kontrollanalyser fcr sølvet ved NGU som også har
kjørt på atomabsorpsjon.

Av bilag 1 fremgår at NGU har analysert rågodset til 13 ppm og
/ beregnet pågang viser her 12 ppm, altså meget god overensstemmelse

mellom analysert og beregnet pågang.

/Det er interessant å iaktta at for Cu-kons. 1 med 25,44 Cu har
Grong og NGU funnet nøyaktig samme gehalt.

kev (:1'.1/44vDFor pyritkons. og pyritmp./avg. har NGU h.h.v. 2 og 6 x høyere
gehalt enn Grong.

•
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Dilars 1.
Skiftesmyr. 


Resultater fra flotasjonsforsøk m2d rågods merket 131iMull1-2-3-4, Prøve 1.

1 Ag-bestemmelser utført av Crong Cunbet
2 - " - " - " - " UCIJ v/avd.tng. Knut Solem

	

1 2
Cu zn Fe Ag Ag

PRODUKT

Cu-kons. 1

- " - 2

3

4

Vekt%

1-4= Rå-
kons. 5,2

	

Zn-kons. 1 I 1,9

	

2 1. 1,0

	

3 i 1,8

1-3= Rå-
kons. 4,7

Zn-schawenger F 1,6
Pyritkons. i 22,1

PyritmpdAvgang ! 66,4

Ptylang:ljeregnet 1190,0 ___
I

- " - ‹,..nalvsert:




[Utv. Utv.




Utv. ppm




Utv. ppm Utv.

25,44 23,5 1,89 1,2 31,4 0,9 54,0 ; 8,5 54 5,2
21,10 33,7 2,30 2,5 32,3 1,6 50,0 i 13,5 53 Qu,u
18,63 17,3 4,87 3,1 32,8 1,0 60,3 ; 9,5 69 6,6
11,98 11,1 7,83 4,9 33,8 1,0 70,4 I 11,1 75 7,2

19,6 85,6 3,9 11,7 32,6 4,5 57,3  42,6 ' 61 27,8
1,82 2,9 45,38 49,0, 14,1 0,7 20,0 I


i
5,4 26 4,3

2,56 2,1 37,53 21,3 18,5 0,5 35,0




5,0 40 3,5






I





2,84 4,3 15,84 16,2 32,6 1,6 62,0 ; 15,9 61 9,5

2,3 9,3 31,2 86,5 21,2 2,8 37,6 , 26,3




42
0,95 1,2 1,34 1,3 42,1.r-1,8 16,0 ' 10,5 47 i b,6
0,03 0,5 0,01 0,1 47,1 27,8 3,3




11,1 7 13,5







i0,06 3,3 , <0,01 <0,4 35,5 63,1 1,0




(::,5 h ! 34,8
1-iu4 9_ ]:onyo j 10020_4„:78 120,0.. 7,0._37,4_

•




100,0 12 ,100,0




1





• •••




1,18 i 1,81' 37,7 10.0




I lj
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APPENDIX o. 3
Metallurgical Testing of Skiftesmyr/Godesjord Ores

by Lakefield Research



Appendix I

Laboratory Test Reports



111.61dirk-ruoorr

Nample Informalion

Numher NampIe NNeighl Natne Deocriplion
Nornher Bags 1.1). kg

Received

1 2 ( 4 )-1 17 ioderord Sphaleilte tich mussI3e seummassne Ore
1 (11-2 7)) I odejord As it 41. semgmassne. meteased Co ettnieur

1 9K \ I-2 10 3 Kkiliesm3r Nlassnehroe Ore

I3I44\ 1-1 P8 SIsinet0114t CrmIalt alissemmated ta:99-914 asne ote

	

12 2 Skiftestmr Massne It3rne Ore
SKM-I 17 5 43403e4m3r emrtelt dtsseminated 3ermunasst‘e ore

Cmrposiles 2 GO-I 17.6 Godejord Sphalerhe rich massise semi-massise Ore
GO-2 7.11 Godejord soki-rnassise, increased conlen1

4 35.3 Skiftesmyr ( ' u-rich disseminated. soni-massive ore
2 NI<N1-2 22.5 Nkiflesmyr Massise Pyrite Ore

Head Assays
Rt tican

	I GO-I GO-2 SliN1-1 NKN1-2 GO-1 GO-2 NKNI-11 SK N1-2

'2 i _In 0 19 5 22 5

2200 391111 731011 20000 0 II 22 0 30 321111

g r 1111111 265 . : 0 000110 0 022

9 1 1 82 II 7h 1 39 (138

2 t 19)) 20 0 430 1'M 0 03 0 00 004 0112
0 t - I 0 • I 0 -" 1.0 • I 0 9O

g/I 50000 I 10(10 1600 I 500 5.00 1 10 0 .16 0.15
530 650 .19.0 89 0 0.05 0 07 0 00 0 01

g I 12 0 8 40 39 0 37 0 0 00 0 00 0 00 0 00

g t 26 0 3" 0 57 0 61 0 00 0 00 0110 001 001
glt 10000 31000 16000 9700 0/ 1.00 3.20 1.60 0.97
gli 179000 143000 309000 337000 % 17.90 14.30 30.90 33.70
g t 420 180 10000 8000 0 04 0 02 1 00 (I 8))

g 1 I -- 50 ..:. 1

L' I 1100H 1-1111111 81011 37Un 1 II) I -10 0 MI n 32
2. t 470 220 ni 0 61 ii 0 05 n 02

g i 51 0 111) - 10 - 10 '',3 0 011 0 01

g t 530 100 1200 1800 0 05 0 02 0 12 0 I N

38 0 33 0 95.0 20.0 0.00 0.00 0 01 0 00
g0 600 730 700 99 0 0116 0 07 0 07 0.0 I

g 1 3900 4100 1000 520 o'„ 0 39 0 41 0 I n II 05
1-_,i 30 .: 30 < 30 -I 39 ".0

Igtt • 50 - 50 ' 50 o,

g t .- 20 - 100 - 20 . 2000 


g t . 10 • 10 • 10 • 10 po

0. i .. 5 V - 5 0 14 0 .-: 5 0 '. 0 001-1

g/1 157000 193000 3500 191100 % 15.70 19.30 0.35 1.90

I3a


13e

C0

Cr


tu


Fe

I a

lg

\ 1n

Nlo

Na

Ni

I'b

Sh

ISe

tin

e

Zn

SANIPLII XI S

111110011111•El 0•11 01•1 1•0 1•010MSOIN
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Tes1 Nu: 1/11 Projed: Braddick-Grong, 5031 Operator: F.V. Date: 11/12/1996

Purpose: in rite 1:10at

Procedure:

1000 erams ut GO-1 Sample. cru,hed to 10 Nle;11

IS minute, kg at 50t snIlL1 in a ah hall mill N13I.

Feed:

Grind:

Condilions:

Slage

I.ime NaCN 502

Grind 1000 10

Cu Aeration 200 450

CII Rulleller

Cu lst Clur

Cu 2nd Clur

Cu 3rd Clnr

Flotation 011CII Rougher Tails

7n Conditioning 2710

in Rougher 1000

in lst Clnr 100

in 2nd Clnr 100

ln 3rd Chir 50

P\ rite Hotation on in Rougher Tails

112504

Pyrite Rougher 1000

Pyrite Seavenger

Pyrite I st Clnr

Purite 2Il1 Clnr -

Staee Cu. in. nite Roulzhers

Flotation (ell 1000g1)1

Speed: r.p.m. I 800

I of 1

Reagent added. gt




Time, minutes Measured


at start or stage

A34I8 It208 Ilex-31 CuSO4 MIB( Grind Cond. l'roth 11 111

-




45




9.8 +40




20




8.4 ;90

10 20 50




I 5 8.2 -110

- 15




1 3 8.0 100




10




I 3 7.8 f 100




5




I 3 7.8 f 140

1000




4




10.5 f 30

50 50




1 5 0.5  80




25




1 3 11.0 ' 100




10




I ' 11.0 -70




s




I 1 11.0 i 90






7.0 f 160

100




I 5 7.6 f 145

100





2 7.8 !I20





I




7.8 ‘ 140

_




I




7.8 • 145

Cu. in. P rite (lnrs

250g1)1

1200






Lakelield Research Firuited
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Test No: Fl Project:

Metallurgical Balanee

Produet Weight

Braddick-Grong. 5031

Assays, %, g/t




Operalor: F.V.

Date: 11/12/1996

% Distribution




gnuns % C.11 Zn Fe Pb Cu Zn Fe Pb
Cu 3rd Clni Conc 123.2 12.4 7.41 27.9 22.8 2.27 77.0 11 .9 15.9 69.1
Cu 3rd Clnr tai! 10.2 1.03 2.15 41.1 15.0 0.68 I .9 2.8 0.9 1.7
Cu 2nd Clnr Tail 24 I 2.43 1.28 39.6 17.3 0.52 2.6 6.3 2.4 3.1
C.Illsr Clnr tail 45.4 4.58 0.91 41.5 5.5 0.28 3.5 12.5 4.0 3.1

/,n 3rd Clur Cone 82.5 8.32 0.15 66.5 1.39 0.0" 1.0 36.5 0.6 0.3
in 3rd CInr Tail 12 5 1.26 0.44 51.9 9.53 (1.11 0.5 4.3 0.7 0.3
in 2nd CInr Tail 36.6 3.69 0.47 24.7 28.5 0. I 9 I .5 6.0 5.9 1.7
ln I st elnr Tail 105.3

i

10.6 0.45 7.39 39.7 0.18 4.0 5.7 23.6 4.7




Id rite 2nd Clnr Cone 85.3 8.61 0.20 1.79 45.8 0.09 I .4 1.0 22. I I .9




P) rite 2nd Clnr Tail 12.5 1.26 0.71 2 63 42.2 0.37 0.7 0.2 3.0 1.0
'P rite I st CInr Tail 58.8 5.93 0.61 2.10 40.2 0.31 3.0 0.9 13.3 4.5
Pyrite Sca\ . Conc. 11.6 I .17 0.70 2.48 30.0 0.55 0.7 0.7 2.0 1.6
P>rite Scav. Tail 383.0 38.6 0.07 0.48 2.67 0.07




1.2 5.8 6.8

I lead (Calc) 99 1.0 100.0 1.20 15.2 17.9 0.4 I 100.0 100.0 I 00.0 100.0
I lead (direct)




1.00 15.7 17.9 0.39





Calculated Grades and Recoveries








Cu 3rd Clnr Conc 12.4 7.41 7 7.9 77 .8 2.27 77.0 77 .9 15.9 69.1
Cu 2nd Clnr Conc 13.5 7.01 -)8.9 77 .7 2.15 78,9 7 5.6 16.7 70.9
Cu I st Clnr Conc 15.9 6.13 30.5 21.5 1.90 81.5 32.0 19.1 74.0
Cu Rougher Conc 20,5 4.96 33,0 20.1 1.54 85.0 44.5 23.1 77,1

Zn 3rd CInr Conc 8.3 0.15 66.5 I .39 0.02 I .0 36.5 0.6 0.3
Zn 2nd Clnr Conc 9.6 0.19 64.6 2.46 0.03 1.5 40.8 1.3 0.7
Zn Ist Clnr Conc 13.3 0.27 53.5 9.70 0.07 3.0 46.8 7.2 2.4
7n Rougher Conc 7 3.9 0.35 33.0 7 3.0 0.12 7.0 57.0 30.8 7.1
Zn Rougher Feed 79.5 0.23 10.6 17.3 0.12 15.0




76.9 22.9

Pyrite 2nd Clnr Conc 8.6 0.20 1.79 45.8 0.09 1.4 1.0 22,1 1.9
Pyrite Ist CInr Conc 9.9 0.27 1.90 45.3 0.12 -, 7 1.2 25.0 2.9

rite Rougher Conc 15.8 0.39 2.01 43.4 0.19 5.2 2.1 38.4 7.4
Pyrite Rougher Feed 55.6 0 17 0.96 14.8 0.17 8.1 3.5 46.1 15,8

111101°H11001-11=10•10101a01110
ieldisch 1110XI-1.11.97



I.R-503 I

Braddick-( irong

Test No: Fl

Fh Profde

Time (min) Condition
0 ()ut of Grinding Mill

After Lime Addition
After S02

1 Air on
,
_
3

5.5 A fter air off for 30 sec
10

	

10.5 After air off for 30 sec
15

	

15.5 After air off for 30 sec
20

	

20.5 After air off for 30 sec

Eh

+40

++1(())6


+70

++77(())

+70
+60
+70
+70

+85
+85

++9(5)
9

pH
9.8
I0.6
9.0
9.0
9.0
9.0
8.9

8.8 

8.7

8.7
8.5
8.5
8.4
8.4

Lakefield Reseurch Limited FOLVLS
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Test No: 1:1
Projeet: Braddick-Grong. 5031
Operator:
Date: 11 12 1996

1000 grams of GO-1 Sample. crushed to I0 Nlesh

objectiv e:
Initial flotation test. based on Kidd Creek Reauent Scheme
Produce three concentrates: Copper. /ine and Pyrite.

obse rva tions:
Copper Flotation:

grey colored froth in roughers. especially at end of flotation time.
nice copper color in cleaners. stable froth. lots of material in cleaner conc.

Line Hotation:
Pyrite coloration in rougher, especially at end.
Roughers cut short due to expected high pyrite content
Additional collector tested visibly. no inerease iii zinc coloration; i.e. zinc not undereollected.

this product was not pulled into zinc rotwher concentrate, but became part of pyrite concentrate.

Scavemzer should be tested to eliminate zinc from pyrite concentrate

froM in cleaners very thick and not very stable. hig bubbles burstiruz at the rim. frother addition did not make it better

Pyrite flotation:
Line coloration at start of pyrite rougher.
Slow floating, still pulling at end of 3 minutes targeted.

Added additional collector and pulled another 2 minutes.

Galena hue visible in frothe after second collector addition.

black-grey color in cleaners. stable froth. lots of material in cleaners

Research 1M .4LS

00•OWIMIIMM



Company Lakefield Research 1I2-5031
Size Distribution Analysis

SampIe: Pyrite Scav, TaiI Test No.: 1:1




Site




Weight 0,;) Retained ui()Passing
Mesh




prn grams Individual Cumulativ Cumulative

65




212 0.1 0.1 0.1 99.9

100




150 0.3 0.2 0.2 99 8
150




106 -, 2 1.2 1.5 98.5
200




75 9.5 5.4 6.9 93.1
270




53 2 0.1 I 1.5 18.3 81.7
400




38 27.2 15.4 33.7 66.3
Pan




-38 1I6.9 66.3 100.0 0.0
Total




176.4 100.0

1:80




51




Lumulative Percent Passing Particle Size

10 .0

10 100 1.000

Screcn Size (micrometers)

100.0



Test No: F2

l'urpose:

Procedure:

Feed:

Crind:

Conditions:

Projeet: Braddick-Grong, 5031

/n P rite float

1000 grams of SKM- I Sample, crushed to 10 Mesh

45 minutesikg at 50°0 solids in a lab ball mill (N13).

Operator: F.V. Date: 11/13/1996

Stag2
Reagent added, g t




Fime. minutes Measured


at start of stage
I.ime NaCN SO" A34I8 R208 Flex-3I CuSO4 MIBC Grind Cond. Froth Il Th

Grind 1000 10




45




8.8 -170

Co Aeration 450





20




8.1 - 75

Co Rougher 10 20




1 5 7.8 '80

Co Ist Clnr -




I 3 7.5 -100

Cu 2nd Clur 100





I 3 7.2 100

Cu 3rd Clnr 200





10




I 4 4.6 i 180

Ling Flotation on Cu Rouuher Tails

ln Conditioning 740




200




4




10.5 -20

Zn Rougher 260




50






10.5 .0
in Scavenger 120




50






10.5 -10

Zine cleaning on rouuher concentrate








Zn st Clnr 1740





10




1 3 11.0 -20
Zn 2nd Clnr 750





10




I 2 II 0 -45
Zn 3rd Clnr 750





5




I 2 I I 0 80

Pyrite Flotation on in Rougher Tails
1-12SO4








Pyrite Rougher I 1000




100




10




1 I 7.0 70
Pyrite Rougher 2 -




-




25




I 3 7.3 -70
Pyrite Rougher 3




50




10




1 3 7.4 , 65
Pyrite Rouuher 4 - - 100




30




I 4 7.6 -50

Stage Cu. in. Pyrite Roughers Cu. in. P.rite Clnrs







Flotation Cell 1000uDI 250eDI







5 eed: r.p.m. 1800 1200
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Trst No: 1:2 Project. Braddick-Grong, 5031

Nletallurgical Balance

Product  SeP2b1 kssays. "?... (2 1




Operator:

"1/4.Distribution




graulS 0 ( Il in 1.e Ph ( o Zn 1.e Ph

( 1 -;!-Li( Inr Cl,n,. 152 4 6 28 I.J i  -12




jilb "9 7




-5, 2 51 6

( LI -,r,11. Int I dil 12 1 I •11




i 1 2,) :5 4 Y '2 45 2 I 5 9 4

( u 20L1( lnr I all 21 6




, ,
0 .27 34 1 y 33 , 9




2.0




( o I ,..rC Inr wil :5 8 6 2 I l 0 :I, 31 2 y 17 4 5 4 5 4.0




/n 3rd Clnr Conc I000 1.0 2.0 10.80 4439 0.048 1.3 37.6 1.6 0.5

/n 3rd Clnr 1ail 22.1 2.2 0.5 1 22 49.3 0 042 0.7 9.4 : 9 I.0

/n 2nLI Chir 1ad 'IC -,.0  Ls 0.44 47.1 0.056 0.7 3.1 3.4 1.2
/n Isi Clnr I uil 2591 26.3 0.1 0.3" 51.9 0.032 1.5 28.9 48.4 8.9

7.0 ScaN Cone 54.1 5.5 0.3 0.10 52.5 0.035 0.8 1.9 10.2 2.11

Pyrite Ro Cone 1 13.3 1.3 0.3 0.08 19.3 11.042 0.2 004 0.9 0.6

P rite Ro Conc 2 26.8 17 0 5 0.15 39.5 0.051 0.8 1.4 3.8 1.5

P rhe Ro Cone 3 18.1 1.8 0.4 0.10 25.8 0.045 0.4




1.7 0 9

15 rite Ro Cone 4 29.4




04 I 49.4 0.04$ 0.6 1.1 : 2 1.4

P ritc Ro I uiI 4191 42 flI 0 02 4.9 11.015 1.4 2.8 7.4 6.8

Ikad ( (LI 987.4 100.0




0.29 28.2 0309 100 10000 10000 H ).0
Ilead direct I




1.60 0.35 30.9 0.10





Calculated Grades and Recoveries








Cu 3rd Clnr Cone 4.6 28.1 0.3 32.3 1.06 79.7 5.0 5.2 51.6

Cu 2nd Clnr Cone 5,8 23.4 0.3 33.0 0.99 84.2 6.3 6.8 61,0

Ist (.1nr cone 8.0 17.6 0.3 33.3 0.81 87.1 8.3 9.4 68.6

(.o Rougher Cone 11.6 12.7 0.3 32.6 11.61 91.6 12.8 13.4 75.2

Zn 3rd Clnr Cone 1.0 2.0 10.8 44.9 0.048 1.3 37.6 1.6 0.5

/n 2nd Clnr Cone 3.3 1.11 4.2 47.9 0.044 1.9 47.0 5.5 1.5

/n 1,4 Clur Cone 5.3 1/.8 2.8 47.6 0.049 2.6 50.1 8.9 2.7
/n Rougher Cone 31.6 00111 0.7 51.2 0.035 4.1 79.0 57.4 11 7

/n Roudier Feed 88.4 00' 11,3 27.6 0.026 8.4 87 2 86.6 24.8

/n Sca time




L3 0.1




0010.:5




1.9 10.' 2

hritc Ro Cone I 1.3 Id3 id I 19.3 0.042 Idi 0.4 0 9 0/,

R)ritc Ro ( one 1-2 4.1 0.4 1 32.8 0.048 I.0 1.8 4.7 2.1
hrite Ro Cone 1-3 5 9 , 1.4 0 I 30.6 0.047 1.4 2.4 6 4 3.11

hrilt: Ito conc 1-4 8.9 , I.4 1.1 36 . 9 0 046 2.0 3 . 5 I hb 4  
P. Ro Cone 1-4 /... /11 l•ca  Con 14.4




(Om 42.9 t5.o42 ' 9 5.4 21.8 6.4

l'  rite Rotwher deed 51.3 dl 000 10.4 00010 3.4 o.3 I tdo 11.1

1.akelleId Resciirch Limited I 02.NI S. 2 2 ”7



I,R-5031

braddick-Grong

TestNo:F2

111Profile

Time(min)ConditionElipH
0OutofGrindineMill-1208.8




AfterLimeAddition-17010.1




AfterS02-1709.0
1Airon+208.9
-)




+408.8
3




±508.7
5




+608.6
.).:).Afterairolffor30see+408.6
10




+708.5
10.5Afterairofffor30sec+508.4
15




+758.3
15.5Afterairofffor30sec.+-708.3
20




+808.2
20.5Afterairofffor30sec+758.1

LakelieldResearchLùniwJF02.XLS



Obsers ations

Test No:

Project: Braddick4 Irong. 503 I

Operator: k.V.

Date: 1 I /12/1996

Objective:

Initia1 flotation test, based on Kidd Creek Reagent Scheme

Produce three concentrates: Copper. Line and Pyrite.

Observations

Copper Flotation:

black-grey colored froth in roughers. especially at end of 1lotation time. verv smal I bubbles

Mineralization only at the edge of the froth and does not last very long

A lot of shiny particles under the microscope in the I st tail

Cu mineralzation appears after 15-30 sec of flotation (black froth ar tirst) and dissapears after 2 mins of frothing

Nice stable froth

Line Flotation:

Pyrite coloration after conditioning. very briuht color aner coIlector is added in rougher

Scaveneer was tested to eliminate zinc from pyrite concentrate

verv shiny colored froth in cleaners that floats for about 2 mins then becomes dark

Under the microscope. auain a lot of shiny particles left in the I st CI taiI

During tiltering. a little bit of zinc (green material) as visible, some copper (red) and a lot of pyrite (hrossn and black)

Pyrite flotation:

Very dark froth with slow floating, still pulling at end or 3 minutes targeted.
Froth not very stable despite additional collector and froth in subsequent roughers.

Galena hue vis ble in froth after second collector addition.

black-urey color in cleaners. stable froth. not a lot of of material in cleaners

A b ig cake left in the rouuher tail

Paue I



Company' Lakefield Researth LR-5031
Size Distribution Analysis

Sample: Pyrite Ro Tail

Size Wei2ht

Test No.: 12

% Retained % Passing
Mesh tun oramst- Individual C •umulati Cumulative

65 212 0.1 0.1 0.1 99.9
100 150 0.7 0.4 0.5 99.5
150 106 2.9 1.8 2 .3 97.7
200 75 8.9 5.6 7.9 92.1
270 53 18.2 I 1.4 19.4 80.6
400 38 2 1.5 13.5 32.9 67.1
Pan -38 106.7 67.1 100.0 0.0

Total




159.0 100.0




ICSO 55





Cumulative Pereent Passing vs Partiele Size

10 100 1,000

Screen Size (micrometers)

100.0

10.0



Test No: 13 Projecl: Braddick-G rung. 5031 Operator: I)ate: I I, 14/1996

Cu111 Pyrite Ithmt using Na2S03

Proccdure:

Feed: 10110w-ants orco- I Sample. erushed to I 0 Nlesh

45 minutes Ik at SO"o

Staue

in a lab hall mill cS:134

Reauent  idded, g t




I.ime. minutes Measured

al start of staue

I. ime NarCO SM450 A3418 12208 Ilex-3 I CuSO: NIIIR ( trind Cond 1-:roth pl I I h
Cirind 1000 - 500




-




45




9.4 - 30

Co Aeration





2 0




8.9  85

Cu Rougher 210 - 10 20




35




1 -, 10.0  80
Cu Rehr Conc Condition 100






10.0  100

Co Ist CInr 90




15




I 3 10.5  95
Cu 2nd Clnr 90 -






1 3 11.0 90
Cu 3rd CInr 90 100






1 3 11.0  90

Zine l'Iotation on Cu Roueher TaiIs








Zn Conditioning 570




800




4




10.5




Lo Rougher 90




30




5




1 3 10.5 -45
Zn Sea enger 290




50






10.5 85

Line eIettning on rougher eoneentrate








Zo I st CInr 110 -





15




1




II 0 -90
in 2nd Clnr 60 -





5




1




11.0 90
Ln 3rd (-Inr 180 100





5




I




11.0  90

Pyrite Flotation on Zo Rougher tails

112SO4








P rite Rougher 1 1000




100





I 1 7.0 .190
P rite Rouuher 2 -




100





1 3 7.6 - 145
P rite Rougher 3




50





1 3 7.8 - I 311
ry rite Rougher 4 - - 100





1 4 7 9 - 110

Stage Cu, fn. Pyrite Rouuhers Cu. Zn. P rite ( 'Inr







Flotation Cell I 000u1)1 250u01







Speed: r.p.m. 1800 1200
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Test No: F3 Projert: Braddick-Grong. 5031

Metallurgical Balance

Product Weight

grams '2'.

Cu 3rd Clor Cone 45.3

Cu 3rd C1nr Tail 1.0

Cu 2nd Clor Tail 5.2

Cu Isr C1nr tail 22.3

in 3rd C1nr Cone 183.2

in 3rd Clor Tail 6.8

Zo 2nd Cffir Tail 3.7

7.0 Ist Clnr Tail 8.7

Zn Sea‘ Cone 282.2

h rite Ro Conc 1 17.1

h. rite Ro Conc 2 32.0

P rite Ro Conc 5 8.4

IN rite Ro Cone 4 12.1

Pyrite Ro Tail 359.7

I Icad (Cale)
lead (direct)

987.7

Calculated Grades and Reeuveries

Cu 3rd Clor Corc
Cu 2nd Clnr Cone
Co Ist Clnr Cone
Cu Rougher Conc

Zn ;rd Clor Conc
Zn 2nd Clnr Cone
Zn 1st ('1nr Conc
Zn Rougher Conc
in Rougher Feed

Zo Seasenger Cone

h rite Ro Cone 1.7

h rite Ro Cone -2 5.0

1Nrite Ro Conc -3 5.8

hrite Ro Cone -4 7.0

h Ro Cone 1-4 L(:Zo Scas Cone 35.6
Psrite Rougher Feed 43.5

Operator: F.V.


Au Ag ( 'll Zn

Date: 11/14/1996

'1/4Distribution
Fe Pb .Nu Ag

23.2 835 84.2 4.2 5.4 60.1 58.5 70.5




0.5 0.0 0.1 2.5




I. 0.2 0.8 9.5




1.9 I .0 4.8 5.4




0.16 13.3 1.5 82.2 1.0 1.0 1.6 4.5




0.3 2.8 0.1 0.4




0.3 1.7 0.2 0.5




0.0 1.9 0.6 1.4




3.7 4.1 72.8 6.1




1.5 0.6 3.4 1.9




1 1 0.7 5.8 3.8





0.5 0.1 1.1 I.





0.5 0.1 1.1 I .3




0.32 7.75 1.0 0.8 2.9 4.9 6.4 5.2




100.0 100.0 100.0 100.0




I .82 54.30





100.0 100.0

23.2 835 84.2 4.2 5.4 60.1




70.5




84.7 4.2 5.5 62.7





85.8 4.5 6.3 72.2





87.7 5.5 11.1 77.6




0.16 13.3 1.5 82.2 1.0 1.0 1.6 4.5




1.8 85.0 1.1 1.4





2.1 86.2 1.3 1.9





3.0 88. I I .9 3.4





12.3 94.5 88.9 22.4





3.7 4.1 72.8 6.1





I .5 0.6 3.4 1.9





3.7 1.2 9.7 5.7





4.2 1.4 10.3 6.8





4.7 1.5 I 1.4 8.0




0.73 24.0 8.3 5.6 84 2 14.1 14.3 15.7




5.7 2.4 14.3 13.0




Cu in
.Assays. %, gh

Fe Pb

20.10 13.40 2145 5 .05

5.73 5.59 2142 9.62
2.25 6.60 25.1 6.98
0.93 6.25 37.1 0.92

0.09 64.70 0.96 0.02 I

0.41 59.50 2.58 0.21
0.95 46.50 7.40 0.55
1.11 31.70 I I .9 0.63
0.14 2.07 44.5 0.08

0.92 4.66 34.6 0.42
0.75 3.14 $1.2 0.45
0.69 2.5; 23.2 0.50
0.41 1.75 15.2 0.40
0.03 0.3 1.38 0.052

1.10 14,60 17.47 0.39
1.00 15.7 17.9 0.39

20.1 13.4 20.5 5.05
19.8 13.2 20.5 5.15
18.0 12.6 21.0 5.33
12.9 10.7 25.8 4.00

0.090 64.7 0.96 0.021
0.10 64.5 1.02 0.028
0.12 64.2 1.14 0.038
0.16 62.8 1.60 0.063
0.15 14.9 16.8 0.093

0.14 2.07 44.5 0.000

0.92 4.66 34.6 0.42
0.81 3.67 32.4 0.44
0.79 3.50 31.0 0.45
0.73 3.20 28.3 0.44
0.26 2.29 41.3 0.087
0.14 0.80 :.7-1 0.11

4.6

0.1

0.5

2.3

18.5

0.7

0.4
0.9

28.6

1.7
3.2

0.9

1.2
36.4

100.0

4.6
4.7
5.2
7.5

18.5
19.2
19.6

2 0.5
92.5

28.6



I.R-5031

Braddick-Grong

Test No: F3

11) Profile

Time (min) Condition Eh pil
0 Out of ( irinding Mill +30 9.4
I Air on +60 9.4
-,
_




+60 9.4
3




+60 9.4
5




+65 9.4
5.5 Afier air off fbr 30 sce +60 9.4
10




+70 9.3
10.5 After air oft Ibr 30 sce +65 9.3
15




+80 9.1
15.5 After air off Ibr 30 sec +80 9.1
20




+90 8.9
20.5 After air off Ibr 30 sec +85 8.9

bikefichl Re.search FH3..17S



Observations

Test No: F3

Project: Braddick-Grong. 5031

Operator: F.V.

Date: 11/14/1996

Objective:

Initial flotation test. based on Kidd Creek Reagent Scheme

Produce three concentrates: Copper. Zinc and Pyrite.

Observations:

Copper Flotation:

Very nice float but pyrite seems to lloat easify

Very shiny mineralization which disappears aller 2 minutes of froth

Cleaned and aImost white I st C1 tail compared to Fl

Zine Flotation:

Black froth for the first 30 sec. mineralization shows up after

Zine is floating slowly: longer rougher time?

Additional collector leads to pyrite flotation and no increase in zinc coloration: i.e. zine not undercollected.

thcre still too much zinc left in rougher tail, enough to lloat a scavenger conc

froth in cleaners very thick that stands on its own for the first minute, after that frother needed because the froth is made up of big bubbles bursting at the rim

Pyrite flotation:

Slow floating. not much of material

Added additional coIlector

Page 1
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1est No: F4 Project: Ih.addiel:-(:rono. 51131 Operator: Date: 11 15 1996

Pu rpose: I u /n P rite Moat usim, Na2St

Procedu re:

Uced: 1000 grams er Sample. ecished to 10 Nlesh

.15 minutes kg 50"0 solids iii 11:1h mill.

Conditions:

	

Reagent ;idded. g t time, mintiles Nleasured
Stage at end of stage

Lune Na2CO Na2S0 N.14 I 8 R208 F1es-31 Cu50 \1113( ( Irind Cond. Imah pl I kh

(Irind 1500 - 750




-




45




10.1 -145

Cu .-Neratton





20




9.1 -50

Cu Rougher 240 - 10 10




I 5 10.0 , 30

Cu Rghr Conc Coiidinoit 360 200






4




10.0 -40

(al Isi CInr 10 -





10




1




10.5 -50
Cu 2nd Clnr 140 - -




15




1 i 11.0 -10
Cu 3rd Clnr 180 100





15




1 3 I 1.0 t 80

Hotation on Cu Rougher lajis

in Conditioning 270




200




4




10.5 10

in Rotother 120




10




I 0




I 3 I 0.5 -30.0
/41 Seavenger 100




30






10.5 0

Line eleaning on rougher concentrate

in Ist Clnr 190





15




1 3 I 1.0 75
ln 2nd CInr 220 -





15




I 2 H .0 - 0

Im 3rd Clnr 200 100

l'yrite Flotation on in Rougher .kails

112SO4





10




1




11.0 '0




Pyrite Rougher 1 720




50




15




I




7.0 , 30

Pyrite Rougher 2 -




50




10




I




7.5 110

P rite Rougher 3




50




15




1




7.8 •

I') rite Rougher 4 - - 50




I 5




I





Slaue Cti. ln. Py rne Roudiers Co. 711. I'y rne Clnrs







Hotation CeI1 1000eDI 250,2D1







Speed: r.p.nl. 1800 1200
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Test No: Fl l'roject

Metallurgical Balance

Product Weight

grams %

Cu 3rd Ora Cone 48.3 4.8
Cu 3rd Clnr Tail 9.3 0.9
Cu 2nd Clnr Tai I 12.9 I .3
Cu 1st Clnr tail 27.3 2.7

ln 3rd Clnr Cone 29,2 2.9
Zn 3rd Clnr laji 20.5 2.1
Zn 2nd Clnr Tail 36.4 3.7
Zn Ist Clnr Tad 176.2 17.7
in Seay Cone 130.4 13.1

Pyrite Ro Cone 1 10.8 1.1
l'yrite Ro Cone 2 25.3 7.5
Pyrite Ro Cone 3 12.9 1.3
Pyrite Ro Cone 4 16.1 1.6

rite Ro Taji 441.3 44.3

lead ((Tale 996.9 100.0
licad (direet)

Calculated Grades and Recoveries

Cu 3rd Clnr Cone 4.85
Cu 2nd Clnr Cone 5.78
Cu 1st CInr Conc 7.07
Cu Rougher Cone 9.81

Zn 3rd Clnr Cone 2.93
Zn 2nd Clnr Cone 4.99
Zn Nt Clnr Cone 8.64
Zn Rouaher Cone 26.3
in Rougher Feed 90.2

Zn Scav Cone 13.1

Pyrite Ro Cone 1 1.08
Pyrite Ro Cone 1-2 3.62
Pyrite Ro Cone 1-3 4.92
Pyrite Ro Conc 1-4 6.53

	

Ro Cone 1-4 8cin Scav Con 19.6
rite Rouaher Feed 50.8

11011111•111=01110

Braddick-Grong. 5031

Assays, %, g/t

	

Utt in l'e Pb

	

27.0 0.32 31.9 11.55

	

4.90 0.21; 37.4 1.87

	

3.07 0.33 31.7 1.04

	

1.72 0.36 29.2 0.30

	

0.81 1.54 45.9 0.069

	

0.34 0.71) 47.9 0.061

	

0.37 0.85 50.2 0.080

	

0.11 0.76 53.4 0.043

	

0.16 0.18 53.2 0.039

	

0. 13 0.079 50.5 0.04 I

	

0.16 0.094 43.0 0.049

	

0.20 0.094 33.5 0.051

	

0.17 0.084 26.9 0.047

	

0.031 0.016 4.89 0.014

	

1.55 0.29 28.28 0.094

	

1.60 0.35 30.9 0.10

	

27.0 0.32 31.9 0.55

	

23.4 0.31 32.0 0.76

	

19.7 0.32 31.8 0.81

	

14.7 0.33 31.1 0.67

	

0 8 I I .54 45.9 0.069

	

0.62 1.19 46.7 0.066

	

0 51 1.05 48.2 0.072

	

0.24 0.85 51.7 0.052

	

0.17 0.29 28.0 0.03 I

	

0.16 0.18 53.2 0.039

	

0.13 0.079 50.5 0.041

	

0.15 0.090 45.2 0.047

	

0.16 0.09 I 42.2 0.048

	

0.1 7 0.089 38.4 0.048

	

0.16 0.15 48.3 0.042

	

0.048 0.025 2.20 0.018

111101Iiiiineldareh

Operator: F.N

An .t g Cu

84.4

2.95

2.56

3.04

1.53

0.45

0.87

1.25

1.35

0.091

0.26
0.17

0.18
0.89

100.0
1.39 19.50

84.4
I 1.8 170 87.4

89.9
93.0

1.53
1.98
2.85
4.1 I
7.04

1.35

0.091

0.35
0.52
0.70
2.05
1.58

ime 1111101

in

5.78

0.89

1.45

3.36

15.4

4.90

10.6

45.8

8.02

0.79
0.81

0.41

0.46
2.41

100.0

5.28
6.17
7.63
11.0

15.4
20.3
30.8
76.6
89.0

8.02

0.29
1.10
1.52
1.98
10.0
4.39

Date: 11/151996

'1/2,Distribution

	

Fe Pb Au

	

5.46 28.36

	

I .07 18.56

	

1.43 14.32

	

2.83 8.74

	

4.75 2.2

	

3.48 1.33

	

6.48 3.1

	

33.4 8.1

	

24.6 5.43

	

I .93 0.47

	

3.86 1.32

	

1.53 0.70

	

1.54 0.81

	

7.65 6.60

	

100.0 100.0

	

5.46 28.36

	

6.53 46.92 49.05

	

7.96 61.24

	

10.8 70.0

4.75

8.24

	

14.7 6.6

	

48. I 14.7

	

89.2 30.0

	

24.6 5.43

	

1.93 0.47

	

5.79 1.80

	

7.33 2.50

	

8.86 3.3 I

	

33.5 8.7

	

16.5 9.90

Ag

50.4

INEF



11(-503 I

Braddick-Grong

Test No: F4

kh Prolile

Time (min) Condition
0 Oul offirmding Mill
I Air on

Eh

-145

-10

pH
10.1
10.0

-)
_




-{-1.5 9.8
3




+35 9.7
5




+50 9.6
5.5 After air off for 30 sec 4•35 9.6
10




i_ 9.5
10.5 After air off for 30 sec

:5:((5:_._fi

9.5
15




9.3
15.5 After air off for 30 sec '-40 9.3
20




9.2
20.5 After air off for 30 sec 757(1) 9.1

Lakefield ReNearch



Observations

Test No: F4
Project: Braddick-Grong. 5031

Operator: F.V.
Date: 11/15/1996

Objective:
Initial flotation test, based on Kidd Creek Reagent Scheme
Produce three concentrates: Copper, Zinc and Pyrite.

Observations:
Copper Flotation:

Stable nice froth black at first but shiny mineralization comes up nicely
Cu seems to float easily in the cleaners
much more copper material in the 3rd Clnr Conc compared than F2

Zinc Flotation:
Instant mineralization after conditioning, very bright color
nice and controllable froth with small bubbles for both rougher and scavenger
very shiny colored froth in cleaners that floats very easily
Still some rnineralization visible in the tails but coming up slowly: longer frothing time?
much more zinc material in the 3rd Clnr Conc compared than F2

Pyrite flotation:
Very dark froth with slow floating, still pulling at end of 3 minutes targeted.
Galena (or some left-over zinc) hue visible in froth
Not a lot of material in the lst rougher concentrate
hue seems to have disappears at the 3rd rougher concentrate

Page I
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I est 1:5


Purpom,:

Proced u re:

Grind:

Condilions:

Projed: Braddich-C rono. 5031

/n U Ing \ a2SI /d. optimisation tIl dondmons te,4 I

1000 grams (i0-1 Sample. erudied to 10 N1esh

•15 minutes Idg 511% soads in a mb hall nnll

Operalor: U.N . Dale: I I 25 1996

1(eagent added. g I I une. minutes Nleasured

at start of

Staue stage

1 nne. Destrul 1 ISa,S0 \ 3418 12208 I. les-31 C0504 Zn504 N1IIR Grind Cond droth p11

1752S I5:aCI\I

Grind 1500 750




-




-15




11.2




Cu Aeration




20




10.3




Cu Rougher - I 5 10




-10




1 3 10.0




Cu Rougher - 2 I 70 10 20




25




1 4 10.1




comb. Rghr Conc ( nd 70 100





4




103)




Cu 1st Clnr 140 - -
_




20




1 3 0.5




Cu 2nd C1nr 160 50




25




1 3 11.0




Cu 3rd Clnr 130 100




_ 15




1 3 11.0




Cu 4th Clnr 270 -

line Flotation on CuRougher Tails

in Conditioning 310 800

200 15




I

4

3 11.0


10.5




/n Rougher - I 340 20





I 1
_ 10.5




/n Rougher - 2 170 25




25




1 4 10.5




/n Rowdher - 3 180

in Seas enger 220

20


20




I II




I


I

, 10.5


10.5




/ine eleaning on the eomhined rougher coneentrate







ZnIst Chlr 410 - -




25




1 3 11.0




in 2nd Clnr 130




15




I 2 11.0




/n 3rd CInr 270 - -





1 2 11.0




Stage Cu. In Roughers tri CInr 1

dlotation (.ell 1000gD I 500eD1

Cu. tri C1ms

250eDI







Speed: r.p.m. 1800 1500 1200
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Test No: F5 Project: Braddick-Grong, 5031

Metallurgical Balance

Product Weight Assays, %, g/t
grams(1/0 Cu Zn Fe Pb Cu

Operator: F.V.

% Distribution

Zn Fe Pb
Cu 4th Clnr Conc 1.4 0.1 31.7 3.13 77.7 1.88 4.2 0.0 0.7 0.7
Cu 4th Clnr Tail 7.3 0.7 29.7 5.33 26.0 1.55 20.6 0.3 1.1 2.9
Cu 3rd Clnr Tail 5.5 0.6 22.4 10.5 22.2 4.33 11.7 0.4 0.7 6.1
Cu 2nd Clnr Tail 31.1 3.1 16.0 10.6 17.8 7.68 47.2 2.7 3.1 61.2
Cu Ist Clnr tail 10.5 1.1 2.83 16.3 14.9 2.40 2.8 1.1 0.9 6.5

Zn 3rd Clnr Conc 177.4 17.8 0.27 66.0 1.30 0.04 3.7 78.1 1.3 2.0
Zn 3rd Clnr Tail 16.8 1.7 0.42 61.6 2.85 0.13 0.7 6.9 0.3 0.6
Zn 2nd Clnr Tail 13.6 1.4 0.95 44.4 11.2 0.34 1.2 4.0 0.9 1.7
Zn 1st Chir Tail 41.0 4.1 0.87 17.1 28.0 0.45 3.4 4.7 6.5 4.7
Zn Scav Conc 97.4 9.8 0.08 0.43 46.5 0.05 0.7 0.3 25.5 1.3
Zinc Scav Tail 597.9 59.6 0.07 0.51 17.9 0.09 3.8 2.0 59.7 17.9

Head (Calc) 994.9 100.0 1.06 15.1 17.9 0.39 100.0 100.0 100.0 100.0
Head (direct)




1.00 15.7 17.9 0.39





Calculated Grades and Recoveries








Cu 4th Clnr Conc 0.1 31.7 3.1 27.2 1.9 4.2 0.0 0.2 0.7
Cu 3rd Clnr Conc 0.9 30.0 5.0 26.2 1.6 24.8 0.3 1.3 3.6
Cu 2nd Clnr Conc 1.4 27.1 7.1 24.6 2.7 36.4 0.7 2.0 9.7
Cu 1st C1nr Conc 4.6 19.5 9.5 19.9 6.1 83.6 2.9 5.1 70.9
Cu Rougher Conc 5.6 16.3 10.8 19.0 5.4 86.5 4.0 6.0 77.3

Zn 3rd Chir Conc 17.8 0.22 66.0 1.30 0.04 3.7 78.1 1.3 2.0
Zn 2nd Clnr Conc 19.5 0.24 65.6 1.43 0.05 4.4 85.0 1.6 7.6
Zn 1st Clnr Conc 20.9 0.28 64.2 2.07 0.07 5.6 89.0 2.4 3.7
Zn Rougher Conc 25.0 0.38 56.5 6.35 0.13 9.0 93.7 8.9 8.5
Zn Scavenger Conc 9.8 0.08 0.43 46.5 0.05 0.7 0.3 25.5 1.3
Zn Rou her Feed 94.4 0.15 15.3 17.8 0.09 13.5 96.0 94.0 22.7

lee mie one eis ••• one Lifield imarclaiitecim mie ene me 11lla,S~97 on.



LR-5031

Braddick-Grong

Test No: F5

1.11Profile

Time (min) Condition Eh pll
0 Out of Grindinu Mill -70 11.2
1 Air on -10 11.2
-)




-10 11.7
3




-10 11.1
5




-10 10.9
5.5 After air off for 30 sec -10 10.8
10




-5 10.6
10.5 After air off for 30 sec +0 10.8
15




+0 10.5
15.5 After air off for 30 sec +10 10.5
7 0




+15 10.2
70.5 After air off for 30 sec +20 10.3

Lakelield Research Limited F05.XLS



Observations

Test No: F5

Project: Braddick-Grong, 5031

Operator: F.V.

Date: 11/25/1996

Objective:

Optimisation of GO-1 sample.

Testing Dextrin for silicate depresssant and Zn/CN depressant for Zn.

Observations

Copper Flotation:

Black-erey colored froth durinu roughing staize

copper mineralization visible at the bottom of the rougher concentrate
not much as much material as previous tests (F1 and F3)

same stable black froth in cleaners

Zinc Flotation:

Instant mineralization after conditioning, very bright color

nice and controllable froth with small bubbles for both rougher and scavenger
a lot of zinc pulled out: another roughing stage added to get as much zinc as possible
very shiny colored froth in cleaners that floats very easily

still some zinc mineralization visible in the froth after the allrm ed time but coming up longer frothing time?
lots of material in the last concentrate

Page 1
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Test No: F6

Purpose:

Procedure:

Feed:

Grind:

Conditions:

Projeet: Braddiek-Grong, 5031

Cu:ln Iloat on SKM-2 sample. usine Na2S03

1000 grams of SKM-2 Sample. crushed to 10 Mesh

45 minutes/1kg at 50% solids in a lab ball mill.

Operator: F.V. Date: November 26, 1996

Reaeent added. g/t

Staee




Time. minutes Measured


at end of stage
Lime ZnSOilN Na2S03 Dextrin CA82 I Hex-3 I CuSO4 MIBC Grind Cond. Froth pI I Eh

aCN





Grind 1500 750




45




8.8 -20

Cu Aeration




20




8.0 +80

Cu Rou >her - 1 500 15 10




I 3 10.0 +10
Cu Roueher - 2 370 30 10




1 4 10.0 +20
Cu R hr Conc Condition 340 200




4




10.0 +60
Cu lst Clnr 5 5




I 3 11.0 +55

Cu 2nd Clnr 280 5




I 3 11.0 -15

Zinc Flotation on Cu Rou her Tails






Zn Conditioning 450 200




4




10.5 +30

Zn Rougher 190 5 10




1 6 10.5 +40

Zinc cleanine on roueher concentrate






Zn I st Clnr 260 100 10




I 5 11.0 +50
Zn 2nd Clnr 130 5 5




1 4 11.0 +80
Zn 3rd Clnr 300 50 5




I 3 I 1.5 +75

Stage Cu, Zn Roughers Cu, Zn Clnrs






Flotation Cell I 000eD I 250gD I






Speed: r.p.m. 1800 1200
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Test No: F6 Project: Braddick-Grong, 5031

Metallurgical Balance

Product Weight Assays, %, g/t
g ra ms "/o Cu Zn Fe Pb

Operator: F.V.


Au Ag Cu

Date: November 26, 1996

% Distribution

Zn Fe Pb Au Ag
Cu 2nd Clnr Conc 32.2 3.23 25.2 11.6 27.0 0.19 5.35 93.0 80.5 18.86 2.62 11.94 45.42 13.3
Cu 2nd Clnr Tail 5.3 0.53 11.7 10.6 31.7 0.61




6.15 2.84 0.50 6.31




Cu Ist Clnr tail 76.4 2.64 0.66 0.73 44.8 0.094




1.73 0.97 3.56 4.84




Zn 3rd Clnr Conc 38.2 3.83 0.27 32.5 24.1 0.075 0.62 77 .8 1.02 62.7 2.77 5.59 6.24 3.9
Zn 3rd Clnr Tail 1.1 0.11 1.60 14.8 31.6 1.04




0.17 0.82 0.10 2.23




Zn 2nd Clnr Tail 0.3 0.03 4.41 22.1 20.6 0.30




0.13 0.3 0.02 0.18




Zn 1st Clnr Tail 2.3 0.23 2.32 7.42 28.5 0.22




0.53 0.9 0.2 1.0




Zn Rougher tail 892.4 89.4 0.11 0.28 33.6 0.039 0.26 13.5 9.74 12.62 90.2 67.9 61.2 53.6

Head (CaIc) 998.2 100.0 1.01 1.98 33.3 0.051




100.0 100.0 100.0 100.0




I lead (direct)




0.97 1.90 33.7 0.05 0.38 22.50




100.0 100.0

Calculated Grades and Recoseries









Cu 2nd Clnr Conc 3.2 25.2 11.6 27.0 0.19 5.35 93.0 80.5 18.86 2.62 11.94 45.4 13.3
Cu Ist Clnr Conc 3.8 23.3 11.5 27.6 0.25




86.7 21.70 3.11 18.25




Cu Rougher Conc 6.4 13.9 7.03 34.7 0.19




88.4 22.7 6.7 23.1




Zn 3rd Clnr Conc 3.8 0.27 32.5 24.1 0.075 0.62 22.8 1.02 62.7 2.77 5.59 6.24 3.88
Zn 2nd Clnr Conc 3.9 0.31 32.0 24.3 0.10




1.20 63.5 2.88 7.82




Zn Ist Clnr Conc 4.0 0.34 31.9 24.3 0.10




1.33 63.8 2.89 8.00




Zn Rougher Conc 4.2 0.45 30.6 24.5 0.11




1.86 64.7 3.09 8.99




Zn Rou her Feed 93.6 0.13 1.64 33.2 0.042




11.6 77.3 93.3 76.9
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LR-5031

Braddick-Grong

Test No: F6

Eh Profile

Time (min) Condition Ett pH
0 Out of (1rinding Mill -20 8.8
1 Air on +50 8.8
7




+50 8.8
3




+50 8.8
5




+50 8.8
5.5 After air off for 30 see +20 8.8
10




-'75 8.4
10.5 After air off for 30 see +60 8.4
15




+80 8.3
15.5 After air off for 30 see +80 8.2
2 0




-1-80 8.0
2 0.5 After air off for 30 see +80 8.0

takelichl Research Lbnited 106..VIS



Observations

Test No: F6
Project: Braddick-Grong. 5031
Operator: F.V.
Date: November 26, 1996

Objective:
First test on the SKM-2 sample
Based on test conditions for SKM-1

Observations:
Copper Flotation:

Some zinc mineralization shows up at the rougher 1: too much collector?
Stable nice froth black with a shadow of shiny nnneralization (copper or pyrite?)
copper mineralization visible at the bottom of the rougher concentrate
Cu seems to float easily in the cleaners
addition of dextrin killed any mineralization (white froth) at the third cleaner
not a lot of material was recovered

Zinc Flotation:
Instant brown mineralization after conditioning so collector dosage cut in two not too float any pyrite
nice brown-burgundy colored froth in rougher 1 that floats easily: increase frothing time from 3 to 6 minutes

to uet as much zinc as possible
at the 2nd rougher, with half the collector dosage specifled of 20g/t, instant bright and shiny pyrite mineraliza
no more rougher or scavenger stage was done: increase the retention time of the first rougher to more
than 6 minutes

Same colored froth in cleaners that floats very easily
the 1st clnr tail seems to be only pyrite, but zinc start to appear in the subsequent cleaner tails
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Test No: F7

Purpose:

Procedure:

Feed:

Grind:

Conditions:

Project: Braddick-Grong, 5031

As test 1/6.without aeration and depressants in cleanina.

As described below.

1000 grams of SKM-2 Sample. crushed to 10 Mesh

45 minutes/kg at 50% solids in a lah hal I mi II.

Operator: Date: Deeember 3, 1996

Reagent added, a/t
Staue

Lime ZnSO4,N Na:S03 Dextrin A3418
aCN

R208 CuSO4 MIBC

"Fime.minutes


Grind Cond. Froth

Measured
at end of sta

pl I

Grind 1500 750




45




8.2

Cu Rou ,her - I 750




5




10




3 10.0
Cu Rou her - 2 500




5 10




5




4 10.0
Cu R hr Conc Condition 200 200





4




10.0
Cu I st Clnr 200




5





3 11.0

Cu 2nd Clnr




5




3 11.0
Cu 3rd Clnr 10






3 11.0

Cu 4th Clnr 80 20







3 11.0

Zinc Flotation on Cu Rougher Tails








Zn Conditioning 1420





200




4




I .0

Zn Rougher




10




10




1 6 1.0

Zn Scavenger 600




I 0




I 0




3 1.0
Zinc cleaning on rougher concentrate








Zn I st Clnr 510 100






5 1.0
Zn 2nd Clnr 560 200






4 1.5
Zn 3rd Clnr 700 300






4 1.5
Zn 4th Clnr 650 300







1.5

Sta2e Cu, Zn Roughers Cu. Zn Clnrs







Flotation Cell I 000gDI 2502D1







Speed: r.p.m. 1800 1200
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Test Nlo: F7 Project: Braddick-Grong, 5031 Operator: Date: December 3, 1996

Metallurgical Balance

Product Weight Assays, %, g/t % Distribution
grams (%) Cu Zn Fe Pb Au Ag Cu Zn Fe Pb Au Ag

Cu 4th Cl Conc 12.5 1.25 28.5 4.22 28.9 0.15 7.67 232 36.9 7 .6 1.1 3.5 25.3 12.9
Cu 4th Clnr Tail 9.5 0.95 26.9 3.11 30.4 0.09




26.5 1.4 0.9 1.6




Cu 3rd Clnr TajI 10.1 1.01 18.0 5.43 33.2 0.11




18.8 2.7 1.0 2.1




Cu 2nd Clnr Tail 3.9 0.39 3.68 10.0 31.9 0.38




1.5 1.9 0.4 2.8




Cu Ist Clnr tail 9.2 0.92 1.72 7.96 28. I 0.23




1.6 3.5 0.8 4.0




Zn 4th Clnr Conc 27.9 2.79 1.45 56.4 9.24 0.21 1.42 66.0 4.9 76.3 0.8 11.0 10.4 8.2
Zn 4th Clnr Tail 0.9 0.09 7 .15 25.5 22.2 0.25




0.2 1.1 0.1 0.4




Zn 3rd Clnr Tail 1.0 0.10 1.48 7.21 30.3 0.22




0.2 0.3 0.1 0.4




Zn 2nd Clnr Tai1 9.6 0.96 0.72 3.04 32.1 0.15




0.7 1.4 0.9 2.7




Zn 1st Clnr Tail 14.7 1.47 0.39 1.84 31.0 0.12




0.6 1.3 1.4 3.3




Zn Ro Scav Conc 19.1 1.91 0.82 2.09 31.6 0.11




1.6 1.9 1.8 3.9




Zn Rougher tail 880.8 88.15 0.08 0.13 34.6 0.039




7.1 5.5 90.9 64.3




Head (Calc) 999.2 100.0 0.97 2.07 33.5 0.053




100.0 100.0 100.0 100.0




Head (direct)




0.97 1.90 33.7 0.050 0.38 22.5






Calculated Grades and Recoveries










Cu 4th Clnr Conc 1.25 28.5 4.22 28.9 0.15




36.9 2.6 1.1 3.5




Cu 3rd Clnr Conc 2.20 27.8 3.74 29.5 0.12




63.4 4.0 1.9 5.1




Cu 2nd Clnr Conc 3.21 24.7 4.27 30.7 0.12




82.3 6.6 2.9 7.2




Cu Ist C1nr Conc 3.60 22.4 4.89 30.8 0.15 3.73 137 83.8 8.5 3.3 10.0 35.4 21.9
Cu Rougher Conc 4.52 18.2 5.51 30.3 0.16




85.4 12.1 4.1 13.9




Zn 4th Clnr Conc 2.79 1.45 56.4 9.24 0.21 1.42 66.0 4.2 76.3 0.8 11.0 10.4 8.2
Zn 3rd Clnr Conc 2.88 1.47 55.4 9.64 0.21




4.4 77.4 0.8 11.4




Zn 2nd Clnr Conc 2.98 1.47 53.8 10.3 0.21




4.5 77.7 0.9 I 1.8




Zn Ist Clnr Conc 3.94 I.29 41.4 15.6 0.20




5.3 79.1 I.8 14.5




Zn Rougher Conc 5.41 1.04 30.7 19.8 0.18




5.9 80.4 3.2 17.8




Zn Rou her Feed 95.5 0.15 1.90 33.7 0.048




14.6 87.9 95.9 86.1
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I est No: Project: Braddick-G rono. 51131 Operator: Date: 12 5.1996

Purpose: 1 II-St IlsItation tet,111 GO-2. \ eultHn el ititintied

Procedure: \s Jeserihed heltm.

reed: 1000 grams GO-2 Sample. grushed to lit Nlesh

Grind: 45 minutes/Ikg at 50% soliJs in a lah mil I (NIS).


Conditions:

Stage

Reduent added. g t




lime. nlinutes N1casured

li start til

stage
Idme a2Sit) Na:SO 13418 R208




CuSI inSO4 N1113C Urind Cond. Froth pI I




NaCN




Grind 1000 500




45




Cu Rougher - I 4111 5 10




1 3 10.0
Cu Roueller - 2 10 20




I 4 10.0
Comh. Ro Cong Cond 150





4




Cu Ist Chir 500





1 3 0.5
Cu 2nd Clnr 500





_ I 3 11.5
Chir Cone nd





10 2.5 1




115





10 I




11.5





10 1




11.5

Reerind ('ong (PNI) 200





7 0




Cu Srd Clnr 200 -





10 1 3 11.2
No diseernible Cu cone Iloated







/ine Hotation on Cu Roueher Iails







7n Conditionine 690





800 4




10.5

/n Rouuher - I 870




5




I 2 10.5
/n Roueher - 2 710




10




1 4 10.5
/n Roucher - 3 630




211




I 3 111.5

/n Seat enuer -




311




1 2 10.5

7ing cleanine on the comhined rougher eoneentrate







7n Ist Chir 470 -





I 4 11.0
/n 2nd Clnr 480 -





I 3 11.5
/n 3rd C'Inr 310

Staec Cu, 7n Rouchers /n Clnr I

llotation ('e11 111110o1)1 500eD I




Cu. 7n C1nN

25021)1

- -

5 No rejectiol

2.5 I

f assumed 711 mineraniation

2 11.5

S leed: r.).m. 1800 1500




I 200
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Test No: F8 Project: Braddick-Grong, 5031

Metallurgical Balance

Product Weight Assays, %. g/t
gra rns "/0 CU Zu Fe Pb Au Ag

Operator:


Cu Zn

Date: 12/5/1996

% Distribution

Fe Pb Au Ag
Cu 3rd Clnr Cone 39.8 4.0 21.9 7.14 19.8 1.42 11.1 346 7 5.3 1.5 5.7 13.4 53.7 27.7
Cu 3rd Clnr Tail 67.3 6.8 26.9 9.0 24.4 1.58




52.4 3.3 11.9 7 5.2




Cu 2nd Clnr Tail 75 7 2.5 13.1 I8.0 16.3 2.48




9.6 2.4 3.0 14.8




Cu Ist Clnr tail 32.5 3.3 4.33 27.1 I 1.7 2 .9;




4.1 4.8 2.8 22.6




Cu lnd8L3rd Clnr T1 9.3




1.79 219




20.1 40.7

/n 3rd Clnr Cone 248.5 7 5.1 0.33 62.1 2.91 0.10 0.73 54.8 2.4 83.3 5.3 5.7 7.0 27.4
/n 3rd Clnr TaiI 9.8 1.0 2.15 19.8 16.5 0.55




0.6 1.0 1.2 1.3




/n 2nd Clnr Tail 21.8 s i
- I .74 8.8 20.3 0.48




1.1 1.0 3.2 2.5




/111st Clnr Tail 23.5 2.4 0.98 3.0 13.3 0.36




0.7 0.4 2.3 2.0




/n Scav Conc 37.3 3.8 1.15 5.36 20.9 0.33




1.2 1.1 5.7 2.9




Linc Scav Tail 483.8 48.9 0.19 0.44 16.8 0.09




2.7 1.1 59.0 9.7




I lead (Calc) 989.5 109.3 3.19 17.1 12.7 0.39




100.0 100.0 100.0 100.0




Ilead (direct)




3.20 19.3 14.3 0.41 0.76 46.0






Calculated Grades and Recoveries










Cu 3rd Clnr Cone 4.0 21.9 7.1 19.8 1.4 11.1 346 75.3 1.5 5.7 13.4 53.7 27.7
Cu 2nd Clnr Cone 10.8 25.0 8.3 22.7 1.5




77.7 4.8 17.7 38.6




Cu 1st Clnr Cone 13.4 22.8 10.1 21.5 1.7 4.59 257 87.3 7.2 20.6 53.4 73» 68.4
Cu Rougher Cone 16.7 19.1 13.5 19.5 1.9




91.3 12.0 23.4 75.9




./n 3rd Clnr Cone 75.1 0.33 67.1 2.91 0.10 0.23 54.80 2.4 83.3 5.3 5,7 7.0 27.4
7112nd Clnr Cone 26.1 0.40 60.5 3.43 0.11




3.0 84.4 6.4 6.9




/n Ist Clnr Conc 28.3 0.50 56.5 4.74 0.14




4.1 85.4 9.6 9.4




/n Rougher Cone 30.7 0.54 57.3 5.40 0.16




4.8 85.8 11.9 11.4




/n Scavenger Conc 3.8 1.15 5.36 20.9 0.33




1.2 1.1 5.7 2.9




Roughe; Feed 83.3 0.36 19.8 12.8 0.12




8.7 88.0 76.6 24.1
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1es1 n: 19 Projech Braddick-Grnmfd 51131

s Ic`1 eflileed deple-301- R" and (

Procedure: dc`c1Hbed hel"

Feed:1009 yram. of SK \ 1-2 Sample. crushed lo Iesh

Grind: 45 minutes lkg at 50"0 sohdc in a lab ball mill.


Conditions:

Idge,

Ipera Dale: December 17. 1996

Stage

Lime /11SO4'

Reagent added,

Na2S03 QIIS A±4 18 R208 (MS04 N-1113C

Time, nUntiles

Grind Cond.




Measured

at stad of

pl I

-s3higoe

NaUN







ell

Grind 1500 250





45




8.2




Uff Rougher - I 280






1 3 10.0 -400

Cu Rougher - 2 660




5




2.5




1 4 10.0 50
CM Rougher - ± 280




s





1 3 10.0 40
Cir Rglir Cylle ( Ild11/011 33)) 200






4




11.0 -20
CM Isi LInr 260 200






1 3 I 1.0 -20
Uff 2nd elnr 440 900 - -





1 3 1.5




Lti 3rd LInr 150 - 30






1 3 11.0 -90

/ine Ilotmion on eff Rougher Lai Is









/11 Conditioning 1200





200




4




11.0 -70
200





100




3




11.0




/11 Rougher





10





6 11.0




870





10






II .0 cfn
in Sem enger 600

line eleaning on tougher coneentrale





10




2.5




1 3 11.0




/n 1st (-Inr 46)) 300







11.0 -110

In 2nd Clnr 680







1




12.0 -511
im 3rd elnr 500




10






1 1 11.5




Stage Cu. Zn Roughers Zn Clnrs








Hotation Cdl 1000gDI 25012.DI








Speed: cp.m. 1800 1200
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Test No: F9 Project: Braddick-Grong, 5031 Operator: Date: December 17, 1996

Nletallurgical Balance

Product Weight Assays, %, g/t
grams "/0 Cu Zn Fe Pb Au * Ag Cu Zn

% Distributiun
Fe Pb Au Ag

Cu 3rd Cl Conc 24.4 2.47 30.9 2.81 30.7 0.05 77.1 266 74.4 3.5 2.3 7 .3 501 7 9.2
Cu 3rd Clnr Tall 30.7 3.11 4.17 6.75 38.0 0.16




12.6 10.5 3.6 9.4




Cii 2nd Clnr Tail 46.0 4.65 0.40 I .37 44.0 0.15




1.8 3.2 6.3 13.2




Cu 1st Clnr Tall 46.7 4.72 0.46 2.92 36.7 0.11




2.1 6.9 5.4 9.9




Zn 3rd Clnr Conc 12.5 1.26 1.34 45.0 12.1 0.11




1.7 7 8.5 0.5 2.6




Zn 3rd Clnr 9.4 0.95 1.39 16.2 24.6 0.13




1.3 7.7 0.7 2.3




in 2nd Clnr Tail 23.8 2.41 0.50 7.40 79.1 0.094




1.7 8.9 77 4.3




7n 1st Clnr Tail 2.0 8.30 0.20 3.99 29.5 0.072




1.6 16.6 7.6 11.3




in Ro Scav Conc 35.5 3.59 0.13 2.02 30.1 0.062




0.5 3.6 3.3 4.2




Zn Rougher tail 677.4 68.54 0.04 0.31 32.2 0.031




2.9 10.6 68.1 40.3




I lead (Calc) 988.4 100.0 1.03 2.00 32.4 0.053




100.0 100.0 100.0 100.0




1lead (direct) 0.97 1.90 33.7 0.050 0.38 22.5






* Gold assay of Cu 3rd Clnr Conc was reassayed to the samc value: Possible contarnination?







Calculated Grades and Recoveries







Cu 3rd Cl Conc 2.47 30.9 2.81 30.7 0.05 77.10 266 74.4 3.5 2.3 2.3 500.9 79 7
Cu 2nd Clnr Conc 5.57 16.0 5.01 34.8 0.11




87.0 14.0 6.0 11.8




Cu 1st Clnr Conc 10.73 8.9 3.35 39.0 0.13




88.8 17.7 12.3 75.0




Cu Roueher Conc 14.95 6.2 3.21 38.3 0.12




90.9 24.1 17.7 34.9




Zn 3rd Clnr Conc 1.3 1.3 45.0 12.1 0.1




1.7 28.5 0.5 7 .6




Zn 2nd Clnr Conc 2.22 1.36 32.6 17.5 0.12




2.9 36.2 1.2 5.0




7n Ist Clnr Conc 4.62 0.91 19.5 23.5 0.11




4.1 45.1 3.4 9.3




Zn Roueher Conc 17.97 0.46 9.5 77.4 0.08




5.7 61.7 10.9 20.6




in Roueher Feed 85.0 0.11 1.78 31.4 0.040




9.1 75.9 82.3 65.1
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Ohservations

cst No: 1:9

Project: Braddick-Grong. 5031

terator:

I •tate: December 17, 1906

thjeet is e:

2nd test on the SKM-2 sample


Based on test conditions ofF7

thservations:

Copper Flotation:

l'y mineralization apparent in Cu eircuit. needs the Na2S03 in the grind

•oated Ro as per conditions. attempt to depress in eteaning circuit

Increased additions of Na2S(F1 in eleaners do nothing. we need to hit I'y in the Ro's.

once it is activated. very difficult to depress

Nlevated p11 drops some Fe sulphide. believe not enough to gain grade

Use QIIS in conjunction with high p11to depress seerns to work. try earlier?

Attempt to clean 3rd Cone with QI1S. NaCN sol'n. resulted in depression of entire tloat

Added 10 sta

Zine Flotation:

Carry over of lack or depressant laom the Cu eireuit leads to flotation of Py with the Zn rougher.

Fxtended Ro tloat time due to slower kinerics. possihly from the deerease of collector in Co Ro

No R 208. oriB 34I8A

Attempt to drop P out with Na2503 didn't produee anliable results, in Ist CInr

11Ievated p11 helped in the 2nd Clnr. decent Py rejection

Cse of QI1S appears to have some benefit to Py rejeetion. increase in future test
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Tes1 No: RO Project: Braddiek-Grong, 5113I Operator: Date: December 17, 1996

Purpose: As test 1:9. with adjustinents to reagents to increase recover) in Cu and Zn circuits.

Procedure: As described below.

Feed: 1000gramsof SKM-2 Sample,crushedto 10Mesh
Grind: 45 minutes/lkg at 50% solids in a lab ball nn11.
Conditions:

Reagent added, g/t
Stage

Lime ZnSO4/ Na2S03 QHS A3418
NaCN

R208 CuSO4 MIBC

Time, minutes


Grind Cond. Froth

Measured

at start of stage

PH

Grind 1500 500





45




8.7 -320

Cu Rougher - I 640




5




5




3 10.0 -300
Cu Rougher- 2 500




5 10




2.5




4 10.0 -70
Cu Rougher- 3 280






3 10.0 70

Cu Rghr Conc Conditio 260







10.3 50

Cu lst Clnr




15





3 10.0 -20

Cu 2nd Clnr 300




30




2.5




3 11.0




Cu 3rd Clnr 400







3 12.0 20

Zinc Flotation on Cu RougherTails









Zn Conditioning 1140





300




4




11.0 30







3




11.0




Zn Rougher 385





10




5




I 6 I 1.0 -20
800





10




5




1 3 11.0




Zn Scavenger 700





10




2.5




I 3 11.0




Zinc cleaning on rougher concentrate









Zn lst Clnr 460




5




10





I 5 I 1.0 -30
Zn 2nd Clnr 680




10






1 4 11.0




Zn 3rd Clnr 655




10






I 4 12.0 50

Stage Cu, Zn Roughers Cu, Zn Clnrs








Flotation Cdl 1000gD1 250gD1








Speed:r.p.m. 1800 1200








em 1of I ilem lifiellisearciåredne iniee GRMILS,../960.0



OMMENNMEMIMOM

Test No: 110 Project: Braddick-Grong, 5031 Operator: Date: December 17, 1996

Metallurgical Balance

Product Weight Assays, %, g/t % Distribution




grams
Cu 3rd CI Conc 8.3
Cu 3rd Clnr Tail 17.8
Cu 2nd Clnr Tail 26.9
Cu 1st Clnr "Fail 90.4

Zn 3rd Clnr Conc 13.6
Zn 3rd Clnr Tail 15.9
Zn 2nd Clnr Tail 34.7
in 1st Clnr "Fail 84.6
Zn Ro Scav Conc 32.5
in Rou2her tail 666.8

I lead (Calc) 991.5
Ilead (direct)




Calculated Grades and Recoveries

Cu 3rd Cl Conc
Cii 2nd Clnr Conc
Cu 1st Clnr Conc
Cu Rou2her Conc

in 3rd Clnr Conc
in 2nd Clnr Conc
in 1st Clnr Conc
in Rougher Conc
in Rou2her Feed

% Cu Zn Fe Pb Au Ag Cu Zn Fe Pb Au Ag
0.84 2 9.7 2.57 29.6 0.076 8.1 155 25.0 1.1 0.7 1.2 17.8 5.8
1.80 20.4 4.15 31.7 0.091




36.9 3.6 1.7 3.7




2.71 5.23 4.83 35.6 0.17




14.3 6.4 7 .9 9.0




9.12 1.71 3.94 35.1 0.12




15.7 17.6 9.5 21.3




1.37 0.81 36.5 16.1 0.12




1.1 24.5 0.7 3.2




1.60 0.68 172 26.8 0.11




1.1 9.6 1.3 3.4




3.50 0.79 1.26 31.2 0.077




1.0 7 .7 3.3 5.3




8.53 0.18 1.35 30.5 0.061




1.5 5.6 7.8 10.2




3.28 0.14 3.61 29.3 0.06




0.5 5.8 2.9 3.8




67.25 0.04 0.77 34.6 0.030




2.8 23.7 69.3 39.3




100.0 0.99 2.04 33.6 0.051




100.0 100.0 100.0 100.0




0.97 1.90 33.7 0.050 0.38 22.5




100.0 100.0

0.84 29.7 2.57 29.6 0.08 8.10 155 25.0 1.1 0.7 1.7 17.8 5.8
2.63 23.4 3.65 31.0 0.09




61.9 4.7 7 .4 4.4




5.35 14.2 4.25 33.4 0.13




76.2 11.1 5.3 13.4




14.46 6.31 4.05 34.5 0.12




91.9 28.7 14.8 34.8




1.4 0.8 36.5 16.1 0.1




1.1 24.5 0.7 3.2




2 .98 0.74 23.4 21.9 0.11




7.2 34.1 1.9 6.7




6.48 0.50 11.4 26.9 0.09




3.2 36.2 5.7 11.9




15.01 0.32 5.70 29.0 0.08




4.8 41.8 12.9 22.1




85.5 0.09 1.70 33.4 0.039




8.1 71.3 85.2 65.2
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Observations

lest No:1710

Pojjeet: Braddick-Grong, 5031

)perator:

Date: December 17, 1996

Objective:

Third test on the SKM-2 sample

Based on visuals of test I: 9

Ohservations:

Copper Flotation:

Increased Na2S03 reduced Py flotation from 119. Not as active

lJse of QIIS in opposition of Na2S03 prodneed more rejectiion of Py in the
cleaner eircuit. Elevation of pH in the3rd CI dropped weight and slowed the
overall kineties.

Have to address the Py prohlem of heing aetive out of the mill.

Zinc Flotation:

Increased Cu504 in the Zn Ro to speed kinetics. The froth appears more mineralized
than in test F9. Probably the earry over of the increased collector in the Cu Ro eircuit.

in conjunetion with elevating the pl I aided with rejection of the travelling Py.
Overall recovery gained nothing in the In Ro due to aetive Zn floating in the Cu
Ro eireuit.
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Test No: 1:11

Purpose:

Procedure:

Feed:

Conditions:

l'roject: Braddick-Grong, 5031

Repeat of test 17, for the produetion of pyrite concentrate

As descrihed below.

1000 grams of SKM-2 Sample, crushed to I0 Mesh

45 minutes'Ikg at 50% solids in a lab hall mill.

Operator: F.V. Date: December 30, 1996

H2SO4
Py rite Cone - I 1410
P \ rite Conc - 2 -
Pyrite Cone - 3 -
Comhine the rougher concentrates Ibr cleaning
Pyrite Ist Cleaner

Reagent added, g i Time, minutes Measured
at start ut stage

A34I8 R208 Cu504 MIBC Grind Cond Froth pl 1




45




-




50




1 4 10.0




10




I 6 10.0





4




10.0





1 4 11.0






I 4 11.0




200




4




11.0


I0




50




I 6 11.0




10





1 3 11.0




I0




10




I 7 I 1.0




-




10




I 5 11.5





10




I 4 11.5


nex-31




MIBC






50





I ' 8.5




50





I 4 8.5




100





I 6 8.4






I 6 8.5

Stage

Lime Na2SOt

Grind I500 750

Co Rougher - 1 590

Cu Romzher - 2 710

Co Ruhr Cone Condition 180 200
Cti Ist Clnr 300
Cu 2nd Clnr 230

Line Hotation on Co Rougher Tails

7.n Conditionine I030

in Rougher 440
ZnScavemzer 530
line cleaning on rougher concentrate
in Ist Clnr 100 100
in 2nd Clnr 340 200
i n 3rd Clnr 280 300

Stage Co. Zn Roughers Co tk: Pyrite Ist Clnr Co, Zn Clnrs
Hotation Cell 1000gD1 500gD1 250gD1
Speed: r.p.m. 1800 1500 1200
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Test No: Fll Project: Braddick-Grong, 5031 Operator: F.V. Date: December 30, 1996

Metallurgical Balance

Product Weight Assays, %, g/t % Distribution
grams % Cu Zn Fe Au Ag Cu Zn Fe Au Ag

Cu 2nd Clnr Conc 61 6.14 13.0 5.13 36.4 4.25 85.7 80.0 15.5 6.8 68.6 23.4
Cu 2nd Clnr Tail 36.1 3.63 0.43 2.62 43.5 1.6 4.7 4.8
Cu 1st Clnr tail 70.2 7.06 0.54 3.14 32.9 3.8 10.9 7.0

Zn 3rd Clnr Conc 5.1 0.51 11.8 31.9 17.2 2.32 57.2
Zn 3rd Clnr Tail 0.4 0.04 4.43 12.0 26.3
Zn 2nd Clnr Tail 2.4 0.24 1.11 3.27 34.9
Zn 1st Clnr Tail 11.4 1.15 0.26 0.57 31.6
Zn Ro Scav Cone 5.3 0.53 2.04 13.8 26.8

Pyrite Ist Clnr Conc 474.1 47.7 0.085 2.31 44.5 0.17 9.30
Pyrite Ist Clnr Tail 46.3 4.66 0.170 0.29 38.0
Pyrite Ro Tail 281.9 28.4 0.063 0.12 11.3

Head (Calc) 994.2 100.0 1.00 2.04 33.0
Head (direct) 0.97 1.90 33.7 0.38 22.5

6.1
0.2
0.3
0.3
1.1

4.1
0.8
1.8

8.0
0.2
0.4
0.3
3.6

54.1

0.7

1.7

0.3
0.0
0.3
1.1
0.4

64.3

5.4

9.7

3.1 1.3

21.3 19.7

100.0 100.0 100.0

Calculated Grades and Recoveries

Cu 2nd Clnr Conc
Cu 1st Clnr Conc
Cu Rougher Conc

Zn 3rd Clnr Conc
Zn 2nd Clnr Conc
Zn Ist Clnr Conc
Zn Rougher Conc
Zn Scav. Conc

6.1 13.0 5.13 36.4 4.25 85.7 80.0 15.5 6.8 68.6 23.4
9.8 8.33 4.20 39.0 81.6 20.1 11.5
16.8 5.06 3.75 36.5 85.4 31.0 18.6

0.5 11.8 31.9 17.2 2.32 57.2 6.1 8.0 0.3 3.1 1.3
0.6 11.3 30.5 17.9 6.3 8.3 0.3
0.8 8.18 22.2 23.0 6.5 8.7 0.6
1.9 3.50 9.42 28.1 6.8 9.0 1.7
0.5 2.04 13.8 26.8 1.1 3.6 0.4

	

47.7 0.09 2.31 44.5 0.17 9.30 4.1 54.1 64.3 21.3 I9.7

	

52.3 0.09 2.13 43.9 4.9 54.7 69.6

	

80.7 0.08 1.42 32.5 6.7 56.4 79.3
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Pyrite Ist Clnr Conc
Pyrite Roueher Conc
P Tite Rou her Feed
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Test No: FI2 Project: Braddick-Grong, 5031 Date: Jan. 10, 1997

Purpose: Repeat of test F I for the production of a p rite concentrate

Procedure: As described below. Operator: G.C.

Feed: 1000 grams of SKM-2 Sample, crushed to 10 Mesh
Grind: 45 minutes,lkg at 50% solids in a lab ball mill.

Conditions:

Reagent added. g t
Stage




Time, minutes Measured
at start of stage

Lime Na2S03 A3418 R208 CuSO4 MIBC Grind Cond. Froth Pfl
Grind 1500 750




45




8.3

Cu Rou her - 1 600 5




5 1 4 10.0
Cu Rou her - 2 400 5 10




1 6 10.0
Cu R hr Conc Condition 160 200




4




10.0
Cu Ist Clnr 420 5




1 4 11.0
Cu 2nd Clnr 250




1 4 11.0
Cu 3rd Clnr 320 100




2 11.0

Zinc Flotation on Cu Rou her Tails






Zn Conditioning 1270 600




4




I 1.0

Zn Rougher 600 10




7.5 1 6 I 1.5
Zn Scavenger 340 10




1 3 11.5
Zinc cleaning on the combined rougher & scavenger concentrate






Zn I st Clnr 190 100 10




I 5 11.5
Zn 2nd Clnr 250 200




1 4 I 1.5
Zn 3rd Clnr 210 300




1 2.5 I 1.5

H2SO4 Flex-3 I




MIBC





Pyrite Conc - 1 1200 50




5 1 2 8.5
Pyrite Conc - 2 50




5 1 4 8.5
Pyrite Conc - 3 100




5 1 6 8.4

Pyrite I st Cleaner





6 8.5

Stage Cu, Zn Roughers Cu 84Pyrite Ist Clnr




Cu, Zn Clnrs





Flotation Cell 1000gD1 500gD I




250gDI





Speed: r.p.m. 1800 1500




1200
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Test No: F12 Project: Braddick-Grong, 5031

Metallurgical Balance

Product Weight Assays, %, g/t

grams % Cu Zn Fe Pb

Cu 3rd Clnr Conc 17.9 I .86 27.4 4.64 29.6

Cu 3rd Clnr Tail 7.6 0.79 4.3 I .87 42.0

Cu 2nd Clnr Tail 32.3 3.35 1.89 7.1 43.5
Cu Ist Clnr tail 36.3 3.77 2.34 7.6 42.4

Zn 3rd Clnr Conc 33.2 3.45 5.36 45.9 12.2

Zn 3rd Clnr Tai1 4.7 0.44 5.57 16.2 26.3

Zn 2nd Clnr Tail 5.0 0.52 3.02 5.86 30.9
Zn Ist Clnr Tail 12.3 1.28 2.03 3.06 31.1

Pyrite Ist Clnr Conc 562.1 58.4 0.130 0.11 46.2

Pyrite Ist Clnr Tail 33.8 3.51 0.190 0.19 26.8
Pyrite Ro Tail 236.7 24.5 0.055 0.08 5.16

Head (Calc) 963.0 100.0 1.04 2.08 34.2
Elead (direct) 0.97 1.90 33.7 0.050

Calculated Grades and Recoveries

Cu 3rd Clnr Conc I .9 27.4 4.64 29.6
Cu 2nd CInr Conc 2.6 20.5 3.81 33.3
Cu 1st Clnr Conc 6.0 10.I 2.86 39.0
Cu Rougher Conc 9.8 7.1 I 2.76 40.3

Zn 3rd Clnr Conc 3.4 5.4 45.9 12.2
Zn 2nd Clnr Conc 3.9 5.4 42.6 13.8
Zn Ist Clnr Conc 4.4 5.10 38.2 15.8
Zn Rougher Conc 5.7 4.41 30.3 19.2

Pyrite Clnr Conc 58.4 0.13 0.11 462

Pyrite Rougher Conc 61.9 0.13 0.11 45.1 0.037

P rite Rou her Feed 86.4 0.11 0.10 33 8

Au

0.38


0.24

Date: Jan. 10, 1997

Ag Cu Zn

48.9 4.1
3.3 0.7
6.1 3.4
8.5 4.7

17.7 76.0

2.3 3.4
1.5 1.5
2.5 1.9

7.3 3.1
0.6 0.3
1.3 0.9

100.0 100.0
22.5

48.9 4.1
52.2 4.9
58.3 8.2
66.7 12.9

17.7 76.0
20.1 79.4
21.6 80.8
24.1 82.7

7.3 3.1
12.8 7.9 3.4

9.2 4.3

% Distribution


Fe Pb

1.6
1.0
4.3
4.7

1.2

0.3
0.5
1.2

78.8
1.8

3.7

100.0

1.6
2.6
6.8
11.5

1.7
1.6
2.0
3.2

78.8

	

81.6 45.8
85.3

Au

39.1

Ag

35.2
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lit-503

Braddick - firong

Test to confirm oxidation of the SKM - 2 sam le

Assumption:

. rhe oxidiltion of the sulphides ssiii produee sulphates

The sulphates wiH inerease the aeidity of the sample when slurried with water.

Samples

Aged Sample: lest Charge ( I kg) of SKM-2, stored in freezer.

- Fhe eharge was prepared on November 26, by erushing from 3 4" to 10 mesh
Fresh Sarnple Crush I kg of the 3 4" reteet sample to rntiitis 0 mesh

Aoed Sample Fesh Sample

	

6 -Nov -96 Crush to -3/4" Crush tti -3/4"
Store in Freezer Store in Freezer

	

26 -Nw. -90 Crush to I N1

	

24-Jan-97 V Crush to 10 M

	

24-Lin-97 Measure p1-1 Measore pl

Procedure:

On eiteh of the two samples:

Mix the identical weights of eaeh sample with identical volumes of water to obtain 65% solids
Measure the pI I of the shirn

Aged Fresh

Sam le Sam le
Sample Weighl 941 941

pll 3.1 3.5

I 3.XLS Laketield Research Limited 2 2 97



APPE DIX N . 4
Basis of Smelting & Refining Charges for

Copper/Zinc Concentrates



NORSULFIDAS
Avd. Grong Gruber Outokumpu & ResourcesOY

Memberof

_

Postadresse:
N.7894 Limingen
Norway

Telefon; Telefax:
74 33 5200 74 33 58 45

Bank:DaB P.stglro:
7460.05.0.145G 080921085520

FAX TRANSMISSION
Date: Dec 6th 1995 Fax noa 00 1 416 947 0807

No. of pages (inchcover): 1

To: Braddick ResourcesLtd.

Attention: DerekBanleu

From: Arve Haugen

- 1 eseetele f ter

Derek,
Thank you for your fax of Dec 4th 95.

yOu problably understand, lam not at liberty to give you the exact n
for. But:

TC is apprOX US $ 180,we are negotianngthis every year.
As for what we are gettingbackin return,is dependenton price,TC, escalatingfactor
penaldes(Pe, Cd, Mg0) conc. contentetc. Since 1990cur return has varled between
67% and 55%of the LN1E-pricevalue(in NOK),of coursedependenton every year's
TC. But as for our return,it is safelyto say betweenUS $ 270 and 320.
Wehavea budgetfor Zn in conc.of 53%.Productionvaluesdiffer in averagefrom52-
54%.

Although you do not ask, the operatingcosts in our mill are at the momentUS $ 7,15-7,95.

Hope you can make use of this information,

st regards

rve



NORSULFIDAS Memberof

Avd. Grong Gruber OutokumpL 1411s&ResourcesOY

Postadresse: Telefon: Telefax: Bank:Dn5 Postgiro:
N-7894Limingen 7433 5200 74335845 7460.05.0546. 0809.2.085520

Norway

FAX TRANSMISSION
Date: Dec 6th 1995 Fax no.: 00 1 416 947 0807

No. of pages (incl.cover): 1

To: Braddick Resources Ltd.

Attention: Derek Bartlett

From: Arve Haugen

b-t .• aseetele ter

Derek,
Thank you for your fax of Dec 4th 11',

As you problably understand, I arn not at liberty to give you the exact n
for. But:

TC is approx US $ 180, we are negotiating this every year.
As for what we are getting back in return, is dependent on price, TC, escalating factor
penalnes (Pe, Cd, MgO) conc. content etc. Since 1990 (..:r return has varied between
67% and 55% of the LME-price value (in NOK), of course dependent on every year's
TC. But as for our return, li is safely to say between US $ 270 and 320.
We have a budget for Zn in conc. of 53%. Production values differ in average from 52-
54%.

Although you do not ask, the operating costs in our mill are at the moment US $ 7,15-7,95.

Hope you can make use of this information.

!12st regards

TVC



 

(CleologiskeJenester a.s.

Hovfaret 8
N-0275 Oslo, Norway
Telephone: 22 50 65 30
Telefat 22 50 91 30
Bankgiro: 7029.05.15767
Company Reg.: 937 746 571

FAX

Date: 28.10.1996

To: Louis M. Bernard, Fax no. 00.1.905.849-9622

From: Boye Flood

Subject: Your request sent by Frank October 30, 1996

Please find attached the answers to your request as sent us by
Outokumpu.

We have been informed that the Borregaard sulphuric acid plant
in Sarpsborg around 150 km SSE of Oslo is buying 250,000 tons
of pyrite concentrate annually from Finland, the Pyhesalmi
deposit which will be closed in year 2000.

Most probably they will then convert their plant for sulphur
as raw material, but this has not yet been decided. They
expect to pay around 20% less for 100% S by using sulphur
compared to pyrite.

The concentrate they buy holds 50-52% S and 45% Fe. They
manage to sell their iron oxide to the cement industry on the
continent.
Maximum accepted values for other elements are in %:

Cu 0.1
Co 0.025
zn 0.1
Ni 0.01
Pb 0.075
As 0.06
Hg 0.25 ppm
cd 3 ppm
water 6%

The concentrate is transported by road or rail from the mine
to Botniska Viken, and from there by ship to Sarpsborg.

Regards

1 of 3

qfor geological consulting and contractirg



KARJAVALTA METALS
Espoo - HWIMR

I Cl.CrMA

November 1, 1996 total pages: 2

TO: Geologiske Tiertester a.s 47-22-509130

Mr Boye Flood

FROM. HelkId Welfing
OutokuMpu Harjavalta Metals 0y, Espoo

Tel: +358-9-421 3158 Fax +358-9421 2520

RE: Copper concentrates, your fax 31 10,1996

Many thanks for your fax yesterday.

Below please find our answers:

1 Payable copper content
= tha assayed copper content less 3.5 % or less 1.0 percentage unit whichever

deduction is greater.

2 Payable gold content
= the assayed gold dontent less 5 % or leSs 1.0 g/dmt whichever deduction

greater.

Payable silver con:ent
the assayed silver content less 5 % or less 30 g/dmt whichever deduction is

greater.

3 It's difficult to give any absolute minimum copper grade. The Icwest we evr

have used was 15 % Cu.

4 Max. Zn content roughly 5 %. Zn penalty trigger levet 2 %.

Moisture content shall not exceed the lnternational Maritime Organization limit

(Transportable Moisture Limit, TML). Otnerwise, rnax moisture about 10 %.

5 TC, RC Cu, RC Au and RC Ag are negotiated based on market c:rcurnstances.

OUTOKUMPU HAP.NvaLTA METALS OY

HAP.A&ALLAN TEriTAAT
29230 HAPjA,JALTN
Fl•ein 1939) 158 11'!
Telukopie la391 258 22a
T4111‘ 1214?1Qte fl

»..ivaRt2LEKTROLY'i5I
E:, 2$101 PORI

62? 5111
s939 626 5212
• 21i.ei r»,t2

ESPOON TO9A15'0
PL 89, 02201 ESFOO
(2C) 4211
(9,7r421 2.52O
12141:11 r11,!0 n
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mor MARJAVALTAMETALS
Espoo HW/MR November 1, 1996 2/2

In long-term agreernents, tha torris appkable in 1997 are estirnated to te as
follows:

TC 100-115 $/drnt
RC eu 10-11 5 cilb
RC Au 6 $/tr.oz.
RC Ag 0.4 $/tr.oz.

Price particJpation for copper:
10 % of the pertion of copper price in excess of 90 cilb.

At the rnoment, in the spot rnarket, TC is about 130 $fclmt and RC Cu approx.
13 cilb.

6 There is e long list of penalizable elements. Could you please let u5 know the
expected assay of the concentrates sc wo could comment it.

Best regards

--it

Heikki Welling
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Quote on Used 1000 tonne/day Flotation Plants
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M.C.LA BARR
6262NSWANRD.- SUrrE170/TUCSON,ARIZONA85718/ TELEPHONE(520)577-2414/ FAX(520)577-0952./e- rnalLlatiarrurldnet,atnet

DATE: October31, 1996

TO: Mr, Luke Bemard
Ontado
Canada

FAX: 905-849-9622

PHONE: 905-849-9971

Dear

We can offer two plants that are the closest tethccaps:.-rty;aquIrernentsfor your proJectIn Norway.Both 60Hz plants were bullt In tt-,a197,1).s,opernd 4 yesrs and shut down In excellentcondtion.
Our office suffereda harddisc feldre and a backupglitch on Monday.The harddisc Is at a lab andwe shouldhave the supportdata availableby earlynext week, Werdoincludethe prices "As Is-whereis' for your current reference.A complete set of englneeringdrawIngsand manualsare IncIudedwith

111
both plants.

With best regards,

M.C. LaBarr

Encl:

850 TPD Copper ZInc. Price-$950,000
1000TPD Copper.Concentrator.Price-S1,250,000

REUSEABLE PLANTS & EDIMPMFNT KAAoLer•T
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M.C.LA BARR

16252N.SWANRD.-SUITE170/TUCSON,ARIZONA85718/1tLEPHONE(520)577-2414/FAX(520)577-0952/e- mail:labarr@worldnetatnet

DATE: November2211998

TO: Mr. LoulseBernard
Senior MiningConsultant
331 MaplehurstAvenue
Oakville,Ontario 1.81.4Y3
Canada

FAX: 905-849-9822

PHONE: 905-849-9971

Dear Mr. Bemard,

We apologize in the delayof gettingthe followinginformationto you.

Please give us å call if you have questionson the following inforrnation.

With be egards,

M.C. LaBarr

MCL/wrh

Encl: 750TPD CopperZinc, d750tpd.doc,Price-$950,000
1000TPDCopperConcentrator,d1000tpd,doc,Price-$1,250,000

REUSEABLE PLANTS & EQUIPMENT MARKET APPRAISALS CONSIGNMENTS
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M.C.LA BARR

6262N.SWANIRD.-SUITE170/TUCSONI,ARIZONA85718/TELEPHONE(520)577-2414/ FAX(520)577-0952/ e-mail:labarr@worldnetattnet

1000TPDCOPPERCONCENTRATOR

Feeder,Hydrostroke, 42"x 14',NICO550
Crusher, Jaw, 24"x 38', UniversalWRB
Stacker, Belt, x 100',50TPH, IOHP
Feeder,Apron, 3' x 8', NICO,CastPens,CatTrac
Hopper,Steel, Feeder,7.5" x 8'-7' x 5' high,wIth314"AR linerpleteand200rall wearbars
Conveyor, Belt, 24' - 30' x 1500'(9total)
GrIzzley,VlbratIng, x 12',TelsmIth,HD,4 bars,15HP
Screen,Vlbrating, 5' x 12',DD,HewIttRobins,20HP
Electromagnet, 19' x 22 1/2' x 9 high,8111con707wIthrectifier
Crusher, Cone, 5 1/2',Nondberg,811,200HP
Transfer Tower, Steel
Bln, Eiteel,1300T,FlneOre Bin,35'0 x 32'H,ConeTop
Feeder,Pioche,38' x 20',wIth3/4"AR lIners(2)
Mill, ROd,81-8'x 17-1",with250HP/380/3/80/440V
Trommel, DIscharge,41-41/2' ODx 5'-5' longx 3/18"steelwith 1/2"roundholes
Sampier, Balt, 24', Denver82
Jig, Mineral, 24' x 38",DenverDuplexwIth03 DausettvalvesandS/Sshafts
Pump,CentrIfugal, Horizontal& Vertical, 1/2-8",MIsc.HP(9)
Cyclone, Wet, 20",Krebs020-885
Sump, Steel, 5' x 4' x 4' x 1/4"PL
Mill, Ball, 11'Dx 4' x x 10'Tricone,overflow,Doublescoopfeed,FawickAir Flex clutch,gear reducer,700HP
Jig, MIneral, 24' x 30', DenverDuplex62 with03 DausettvalvesandS/Sshafts
Sampler, Bett, Denver62-18' Cut,TypeB, 1/4HPgearmotorwith magneticbrake(2)
Sampler, Belt, Denver82-18"Cut,TypeB, 1t2HPgearmotorwIthmagnetIcbrake(2)
Belt Scale, HoweRIchardsOn,ContinuousWeighfor 24' beft
Dust coilector, Wet, Ducon58MULModel1, 10,000CFM,5011P
Dust Collector, Wet, FIsher-KostermanWM750,1/4"wearplate,280MHAmerIcanStd. blower,100HP
ClassIfler, SpIral, Denver,12' x 81-811,I HP
FlotatIon Cells, DenverDR-24,2 banks,8 ceils,40CFcells
FlotatIon Cells, DenverDR-18,2 cell unit,25CFpercell, 7.5HP
ThIckener, 20' x 8', BridgeType,2HPwith reducer
ThIckener, 75' x 12',BridgeType,5MPwith reducer
Fliter, Drum, 8' x 4', Dorr011ver6F8C,304SS,wtthnylonbackerpanalsandpOlyprOpylenefilter medla
Puntp,Vacuum, NashHy-tor703,40HP
Pump, FIltrate, I', WorthIngton20NF74,3HP
Furnace, Heating,2.5MBTU,TJemlund1111410,Model#280,Gesfired
Tank,Steel, 2' x 2', reagentsteadyheedtanks(5)
BlOwer,1550CFM,SpenCerTurboCOMpressor1520-1AD,20HP
BuIldIng, Steel, 50' x 80' x 30' high,wIthbridgecrene,10T(Crushing)
BuildIng, Steel, 50' x 110'x 30',wIth(2) monorallsystemswith $10 bearnx 214',88 beamx 80' (Concentrator)
Building, Steel, 15'x 50'x 14' (ElectrIcal)
Electric SubstatIon, 500KVA,2400V/480eachwith (3) 100ampcutouts (3)
ElectrIc SwItchgear, LV, 1WestInghouseDR50,1200AmpACB,(3)WestInghouseDR25,500AmpACB
Electrical System for MIll wIthvarlouscontrolpanels,tranformers,dIstrIbutionpanels,starters,CB'sandlighting
Heater,Gas/011,4.2MBTU/Hr(CrusherBuilding)
Heater,Oas, 1 ReznerXB300,300,000BTU/Hr(2) XB250,250,000BTU/Hr,(3) XB400,400,000BTLI/Hr
Parts, 1 lot, MIll ProcessEquIpmentParts
Parts, 1 lot, Process,Piping,FittingsandValves

d1000tpd.doc, 11/22/96

REUSEABLE PLANTS & EQUIPMENT MARKET APPRAISALS CONSIGNMENTf
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750 TPD PB/ZNFLOTATIONCONCENTRATOR
CONDITIONERS,6' x 7', Galigher,18' Prop,VAHP, (2) (ZN Conditioners)
PUMP, HORIZONTAL, 3" x 4' GalIgherVacseal 3VRG200,15HP(ZN Pumps)
FLOTAT1ONMACHINE,60CF, 1 Bankof 8, Galigher20HP ea. (ZN RougherCells)
FLOTATION MACHINE,Wemcci300CF,30HP (3)
PUMP,VERTICAL, Galigher2 1/2",10HP(2)
PUMP, HORIZONTAL,Galigher3 x 4, 30HP
FLOTATION MACHINE,60CF, 2 Banksof 2, Gallgher,201-1Pea. (ZN lst Cleaners)
PUMP,VERTICAL, 2V2"x 48' GaligherVacseal (ZN lat CleanerSump Pump)
FLOTATION MACHINES,60CF, 2 Banksof 2, Galigher,20HP ea, (ZN 2nd Cleaners)
PUMP,VERTICAL, 2W x 48', GallgherVacseal, (ZN2ndCleenerSumpPump)
THICKENER, DIs.x 10' Deep,Eimco BridgeTypew/Rake Positioners,2HP (ZN Cons)

PUMP, DIAPHRAGM,Warren-RuppSandpIperSA-2, Neoprene/SS(ZN Concentrates)
FILTER, DRUM,VACUUM, 10' x 10',Elmco, 3HP, (ZN Filter)
PUMP,VACUUM, Nash0L2003, 125HP(ZN FIlterVacuum Pump)
PUMP, FILTRATE, EimcoKrogh,5HP (ZN Flitrate Pun1P)
BLOWER, Roots59AF(ZN Filter Blower)
SAMPLER, GaligherCSA-900(ZN Concentrate)
PUMP, HORIZONTAL,3" x 43,GallgherVecseal 3VRG200
THICKENER, 75', EimcoBridgeTypew/Lifter (Tallings)
PUMPS, HORIZONTAL,8' x 6' GaligherVacseal (TallIngsWater Recycle)
PUMP, DIAPHRAGM,Warren RuppSandpiperSA-4 (TailingsUnderfFow)
PUMP, HORIZONTAL,GaligherVacseal,(TallIngsOverflow)
SAMPLER, Geligher (ZN CondltIonerSampler)
SAMPLER, Gallgher (ZNThickenerSampler)
PUMP, VERTICAL,4' x 48, Galigher,(Sump Pump) (Various)
PUMP, VERTICAL, 2 W x 48, Galigher (Sump Pump) (Various)
HOIST, TROLLEY, 10T(Various)
HOIST, TROLLEY, 5T, (Various)
HOIST, TROLLEY, 2T, (Various)
TANK, REDWOOD,34' x 20', 125,000Gallons (Water Fire Line)
TANK, REDWOOD,20' x 14',3000Gellons(MIll Supply)
TANK, REDWOOD,6' x 6', 10003. (SteadyHeadTank)
AIR COMPRESSOR,50HP (Mill Air)
BLOWER, Suterbilt3100Series,SiIencer,(Mill FlotationAlr)
TANK, STEEL,6'D, x 8'H. w/Agitators,(lime Tank) (2)
TANK,STEEL,10'x 10',w/Agitators,Pumps& Feeders(2) (Zn504 System)
TANK, STEEL, 10' x 10',w/Agitators,Fans, Pumps& Feeders(2) (NaCN System)
TANK, STEEL,54' x 6', w/Agitators& Pumps, (R-343ZanthateSystem)
TANK, STEEL,8' x 8', w/AgItator,Feeder& (3) Pumps (Cu504 System)
PUMP, VERTICAL,311x4", GaligherVacseal (ReagentSump)
SILO, STEEL, 501'(Llme Silo)
ELECTRICAL MCC,NelsonSBI Selecific,WestinghouseBreakers
ELECTRICAL SUBSTATIONS,1500KVA,4160V Delta480/277,WestInghouseFeederBreakers
ELECTR1CALSWITCHGEAR,GTESylvania,ZInsco

THIS LIST IS REPRESENTATIVEBUT NOT COMPLETE,

THE COMPLETEPLANT IS OFFEREDFOR $950,000U.S. INCLUDING DRAW1NGSAND PARTS.

Pags 2
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M.C.LA BARR

6262N.SWANRD.-SUITE170/ TUCSON,ARIZONA85718/TELEPHONE(520)577-2414/ FAX(520)577-0952/e-mail:Iabarr@worldnet.att.net

750 TPD PB/ZNFLOTATIONCONCENTRATOR
BIN, STEEL, 30T,NR Lined (CoarseOre DumpingHopper)
FEEDER, BELT, 42' x 20', Reversible,5HP (CoarseOre Feeder)
CONVEYOR,BELT, 42" x 12' (CoarseOre Conveyor)
CONVEYOR, BELT, 42" x 100' (WasteConveyor)w/ MagnetlePulley, Erlez,42' x 44"
BIN, STEEL, 500T,A/R Lined(CoarseOre Storage)
HOPPER, STEEL, NR Lined (CoarseOre Hopper)
FEEDER, APRON, 42' x 20', NICOFD-4275,10HP(CoarseOre Feeder)
HOIST, MONORAIL, 10T,ManualTravel, PendantControl
GRIZZLEY, VIBRATING, 42' x 5', SymonsK42-97,10HP,3' Spacing
CRUSHER, JAW, 25' x 40', Telsmith,Roller BearIng,HydraulicAdjust, Automatic Lube,100HP
FEEDER, BELT, 30' x 163',46' Lift, 20HP, 150FPM,w/7'x10' GalleryCoverIng
METAL DETECTOR,Tectron
SCREEN,V1BRATING,5' x 15' DD, TyRock F1004X, 1' Top, 3/6' to 14' BottomScreen, 15HP
BELT MAGNET, Erlez 16-SP-610,Suspended,w/Controllerand Rectlfter
CRUSHER, CONE, 5 1/4SH, NordbergHD, HydraulicClarnpingand Adjustment,AutOmaticLube- 200HP
HOIST, MONORAIL, 10T,ManualTravel, PendantControl
CONVEYOR,BELT, TRIPPER,24' x 155' x 25' Rlse,20HP,
SCALE, BELT, Autoweigh 40024wtrotallzer
TRIPPER, BELT, 24' x 24' x 24' w/2HP EleCtricTugger
BINS, STEEL, 700T,26'D x 30'H, ConcreteBase,(FlneOre Bins) (3)
SCRUBBERS, CentrlfugalWash, DuconSize 72 UW-4,w/66' Fan & 2x2 Galigher Purnp (2)
SCRUBBERS, CentrifugalWash, Ducon60UW4 (Various)
FEEDER, BELT, 30' x 18-4', 2.5HP,Varlable (FineOre Feeders)(6)
CONVEYOR, BELT, 24' x155' x 15' Utt, 5HP, (FineOre CollectIngConveyor)
CONVEYOR,BELT, 24' x 20' x Lift, 2HP (FIneOre FeedConveyor)
BELT SCALE, 24', Autoweigh E400
MILL, BALL, 9'-6' x 9', Grate Discharge,500HPw/Reducer,Lubestay,Jacking, Trommel
PUMP, HORIZONTAL, x 8', GaligherVacseal (Ball Mill Discharge)
PUMP, HORIZONTAL,6' x 8", GaligherVacseal (Ball MIIIDIscharge)
PUMP, HORUONTAL, 3` x 4•, GaligherVacseal, (FlotationFeed)
CYCLONE, WET, Krebs0208
SAMPLER, Galigher CSA900, %HP
FLOTATION MACHINE,60CF, 1 Bankof 8, GaligherAgitators, 20HP ea. (PB Roughers)
PUMP, VERTICAL, 2 1/4'x 48', GaligherSump Pumps,7.5HP, (Varioue)
FLOTATION MACHINE,60CF,2 Banksof 2, GallgherAgitators,201'IPea, (PB lst & 2nd Cleaners)
TH1CKENERSAMPLER, Galigher (PB ConcentrateThickeners) (2)
THICKENER, 36' Dla.x 10' Deep, EimcoType B, BridgeTypew/Rake Indicator (PBThici<ener)
PUMP, Diaphragm,2.6', Warren Rupp SandpIperSA-2, Neoprene/SSSeats, (PB ThIckener1J/F)
FILTER, DRUM,VACUUM, 10' x 10', Elmco, 2HP, 3HPAgItatorwANIreWrapping Machne (PB Filter)
FILTER PUMP,VACUUM, NashCL2003, 125HP
FILTER AGITATOR, EIMCO3HP
FILTRATE PUMP, Eimca Krogh,5HP,w/FIltrate Receiver
FILTRATE BLOWER, RootsModel75, 5HP

Page 1
O750TPD.doc, 11/22/96

REUSEABLE PLANTS & EQUIPMENT MARKET APPRAISALS CONSIGNMENITE
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Cost of New & Used Buildings/Trailers



TEL (403) 245-3371 FAX (403) 229 1980
INTERNET http /yNAv sprung com
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October 25, 1996

Louis Bemard
331 Maplehurst Avenue
Oakville, ON
L6L 4Y3

Dear Mr. Bemard,

We are pleased to submit the following quotation for a custom structure to be located in Norway.

STRUCTURE SIZE: Approximately 130 feet wide by 165 feet long structure
transitioning into a custom 130 feet wide by 120 feet long
structure on 10 foot leg extensions.

FABRIC: Regular white or tan opaque fabric.

PURCHASE PRICE: Structure, including the following accessories:

4 - Bays of Cable Bracing
1 - Custom Engineered Flat End cAv Insulation and center

braced bay
/ - Engineered Flat Ends c/w Insulation and center braced bay
6 - Single Personnel Doors c/w Hood
2 - Full Height Interior Fabric Partitions
3 - 14' x 14' Insulated Steel Roll-Up Doors placed in center

panels
3 - 10' x 14' Insulated Steel Roll-Up Door placed in center

panels
1 - Transition wall

- Insulation to the Peak c/w Interior Fabric Liner
- Opaque Fabric - No Skylight

NOTE: The portion of the structure mounted on 10' leg
extensions has the beams placed 10' on center.

Total Purchase Price,
C & F nearest seaport Norway US 51,657,527.00

TERMS: Confirmed irrevocable Letter of Credit with drawings
at sight against shipping documents.

111 /7a if (VIC fit/ • .:71U,tt;7 • 41, f/C /



TEL (403) 245-3371 FAX (403) 229 1980
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1001 - 10TH AVENUE S.W CALGARY, ALBERTA T2R 0B7 CANADA

October 25, 1996

Louis Bemard
331 Maplehurst Avenue
Oakville, ON
L6L 4Y3

Dear Mr. Bernard,

We are pleased to subrnit the following quotation for a structure to be located in Norway.

STRUCTURE SIZE: Approximately 130 feet wide by 285 feet long.

FABRIC: Regular white or tan opaque fabric, complete with translucent
skyright

PURCHASE PRICE: Structure, including the following accessories:

6 - 14' x 14' Insulated, Steel Roll-Up Doors placed in center
bays

2 - Bays of Cable Bracing
2 - Engineered Flat Ends c/WInsulation and center braced

bays
6 - Single Personnel Door(s)c/w Hood
2 - Full Height Interior Fabric Partitions

- Insulation to the Peak c/W White Interior Liner

Total Purchase Price,
C & F Seaport Norway US $1,104,724.00

TERMS: Confirmed irrevocable Letter of Credit with drawings
at sight against shipping documents.

DELIVERY: Normally from inventory.

DATE REQUIRED- Tobe determined

ERECTION: We will supply one Technical Consultant, equipped with all
hand tools, free of charge, to supervise the erection of this
structure by your work force. It will be your responsibility to
administer your worker safety procedures. lt will also be your
responsibility to supply the following:

a - 717nezAre tlivi Ar Å.1 #7/- g raiz 4 t , ---4-, ter lt{r , line irlev ?4,,i
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October 29, 1996

Louis Bernard
331 Maplehurst Avenue
Oakville, ON
L6L 4Y3

Dear Mr, Bernard,

We are pleased to submit the following quotation for a structure to be located in Norway.

STRUCTURE SIZE: Approximately 50 feet wide by 70 feet long.

FABRIC. Regular white or tan opaque fabric.

PURCHASE PRICE: Structure, including the following accessories:

1 - 10' wide x 10'high Insulated Metal Roll-Up Door placed
in End Panel

1 - Single Personnel Door c/w Hood
- Insulation to the Peak c/w White Interior Liner
- Opaque Fabric-No Skylight

Total Purchase Price,
C & F nearest seaport Norway US$7 3. 


TERMS: Confirmed irrevocable Letter of Credit with drawings
at sight against shipping documents.

DEL1VERY: Normally from inventory.

DATE REQUIRED: To be determined.

ERECTION: We will supply one Technical Consultant, equipped with all
hand tools, free of charge, to supervise the erection of this
structure by your work force. lt will be your responsibility to
administer your worker safety procedures. It will also be your
responsibility to supply the following:

Scaffolding or manlifts.
Electrical power to site.
6 unskilled workmen for approximately 6, 8 hour working
days.

4 - 777,4'(VX7Cfill ( iti V - /71X1r4 » • ,41P (fri 4 -4,,,,,-(,,,,i



Louis Bemard 2
October 24, 1996
130 x 285

DELIVERY: Normally from inventory.

DATE REQUIRED: To be determined.

ERECTION: We will supply one Technical Consultant, equipped with all
hand tools, free of charge, to supervise the erection of this
structure by your work force. lt will be your responsibili(y to
administer your worker safety procedures. It will also be your
responsibility to supply (he following:

HAND TOOLS:

CRANE:

Manlifts and scissorlifts.
Elec(rical power to site.
14 unskilled workmen for approximately 60, 8 hour
working days.

You will be charged in advance for a set of specialized hand
tools required for erecfion at an extra cost of $12,000.00.
These will be shipped with the structure. lf you choose to
return them following erecfion you will be credited accordingly.

We request that you supply two large cranes, with operators,
to assist in raising the free span aluminum beams. Both will
be required at the beginning of the erection sequence. They
will be needed for approximately 12 and 36 hours respecfively.

TECHNICAL
CONSULTANT: We would ask that Louis Bemard, supply meals,

accommodation and ground transportafion for our technical
consultant while on location, as well as the return airline ticket
from Calgary, Alberta, Canada. If circumstances dictate
overlime charges may occur with your approval.

ANCHORAGE: Concrete foofings. Specifications will be provided where
required.

PERMITS,
LICENSES AND
TAXES: It will be your responsibility to obtain all permits and licenses

and pay all appficable taxes. Standard pre-engineered
drawings are available upon request.



Louis Bernard 3
October 24, 1996
130 x 285

This quotation is valid for 60 days.

Thank you for the opportunity to submit this quotation. To demonstrate our contidence in the integrity of
the Sprung Instant Structure we enclose for your review, Guarantee Certificate No:B-1909. We look
forward to being of service to you.

Yours very truly,

SPRUNG INSTANT STRUCTURES LTD.

Garry Blashyn
Sales Manager
GAB/ng
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GE Capital Modular Space
Bob Kucherawy


P.O. Box 89

13932 Woodbine Ave.


Gorrnley, Ontario LOH 1G0

905-713-2826, Fax 905441-3€40

Friday. October 25, 1996 1--b 905- N9- 7c,1,.

Lou Bennard
331 Maplehurst Ave
Oakville, Ontario L6L 4Y3

Dear Mr. Bennard :

Please find enclosed budgetary pricing for office trailers and a washcar as per your request.

We currently have 4 10x40 Office Trailers the have no wheels available and a 10x52 washcar as
per attached layout.

Outright Purchase price per 10x40 as is
Delivery to Toronto 45011,

C?00.00
. 


Outright Purchase Price for a 10x52 Washcar see attached layout 521,235.00.
Delivery to Toronto ( This unit is currently in Our Sudbury Yard) $ 850.00.


Offloading by crane and placing on the ship would be the responsibuity of the chent.

As per our telephone conversation Modifications are as follows if you require us to do then

New Floor •Der10x40 $11600.00approx each
Re-panell Walls $2,065.00 approx. each
New Ceilirig $2.000.00 approx. each
New Doors $ 800.00 each door installed

If any other modifications are requ red they would be extra as needed.

Ail taxes are extra.

All equipment is subject to

I am sure this information will heIp. I will not be available until Wednesday ut next week. If you
have any questions please call my Mobile at 905-308-4984.

We look forward to being of service to you.

Bob Kucherawy
Senior Sales Representative
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GECapitalModularSpace MOBILE AND MODULAR BUILDINGS
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10' 316 10' -

10x52 Washcar Unit # 118320
This is an approximate layout



APPE DIX .
Supplier Quotes for Cost of New/Used Equipment
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MANEATTAN MINING EQ, 06:15 PM 11/1/96 , 2nd-hand Equipment

Comments: Authenticated sender is <manhatt@jhb-pop.iafrica.com>
From: "MANHATTAN MINING EQUIPMENT" ‹manhatt@iafrica.com>
To: wanderers@sysconc.com
Date: Fri, 1 Nov 1996 18:15:35 +0000
Subject: 2nd-hand Equipment
Reply-to: manhatt@iafrica.com
X-Confirm-Reading-To: manhatt@iafrica.com
X-pmrqc: 1
Return-receipt-to: manhatt@iafrica.com
Priority: urgent
X-Info: Evaluation version at mail-server

Manhattan Mining Equipment (Pty)Ltd
Tele: (011) 884 2897, fax: (011) 883 4701, Int. code + 2711, email:
manhatt@iafrica.com, www.os2.iaccess.za/mme/ Suite 183, Privatt

Bag X9, Benmore, 2010, South Africa

CK95/03942/07

RECONDITIONED & USED MINING, QUARRYING AND MINERAL PROCESSING
EQUIPMENT

ATTENTION:
MR. LOUIS M. BERNARD
1/11/96
WANDERERS IMPORTS LTD

wanderers@sysconc.com

RE: 2nd-hand Equipment

REF: MME19898

Thank you for your enquiry. We have a large variety of used equipment
listed on our data-bank. We have reviewed your request and compiled
budget price list. As you know our currency has taken a turn for the
worse and overseas companies are taking advantage of the low cost 2nd
hand equipment available in South Africa.

ITEM 1 (coarse ore bin)
100 ton silo on steel legs
Condition: Very good
Our Price (budget)

REF:516

R35 000 __10,5De

ITEM 2 (Allis 4000MF) REF 130 .
Allis Chalmers 1650 gyratory crusher(equivalent to a 4.25' Symons),
includes: crusher, motor, oil lubrication system, v-belts Condition:
Good Note: Please advise on the size unit
Our Price (as is) R185000
Our Price (reconditioned) R280 000 84‘009

ITEM 3 (conveyor) REF:423
(five) 0.6m W x 110m L conveyor, complete with drive, belt, idlers,
frames Condition: Reconditioned
Our Price (budget) R1650/m 54,5-00

X
flokfl

Printed for wanderers <wanderers@sysconc.com> 1



ITEM 4 (fine ore bin) REF:324
2293m3 silo, 10m diameter x 34m high
Condition: Fair-good
Our Price (budget)
Dismantling cost (excludes re-erection), budget

R75 000 1.r
R200 0003 L1.4,3t/t1

C4IM1211}A) 


ITEM 5 (weightometer) REF:460
Electronic weightometer, 40-50t/h
Condition: New
Our Price (budget) R25 000 7;50 0

ITEM 6 (ball mill) REF:80
4 off Vecor 12x16' pebble mills, 6600V 10001-IP,liners also available,
vapourmatic starter, trunion and pinion bearings still good,
Condition: Good..fair
Our Price (budget) R850 000 each..2-'525--)G

ITEM 7 (cyclones)
500mm diameter
Condition: Good
Our Price (budget)

REF:

R4 000 1200

ITEM 8 (process pumps) REF:
1.5x1.25", 5x5" & vertical sump pump 2", rubber lined, complete with
motors Condition: Reconditioned
Our Price (budget)
(1.5x1.25")

R24 000 each (5x5" 60kW)
R20 000 each (5x5" 45kW)
R14 000 each (2" sump)

ITEM 9 (conditioner)
2.5x2.5m conditioner tanks
Condition: Good
Our Price (budget)

REF:

R40 000 each ieZ 00t

ITEM 10 (agitator) REF:
Small size agitator, +-1m diameter 1.5m high
Condition: Good
Our Price (budget)

ITEM 11(flotation cells) REF:
Various flotation cells, 2 to 8m3 listed

R18 000 5,5-Ot

Condition: Reconditioned






Our Price (budget)- Wemco 66, 1.7m3 R15 000/cell 450 C
Our Price (budget) Denver 300, 8m3 R20 000/cell 6000
Our Price (budget) Denver 500, 13m3 R25 000/cell 7,500

ITEM 12 (vacuum pump)
50HP vacuum pumps
Condition: Reconditioned
Our Price (budget)

REF:

R20 000 each '000

R7 500 each 7300 


Printed for wanderers <wanderers@sysconc.com> 2



ITEM 13(thickeners) REF: (5)-AWM-M1
7111diameter, includes tank
Condition: Reconditioned
Our Price Each (budget) R30 000 (drive & 9 eno 

bridge)

R40 000 (tank only) 12,Oe 0

ITEM 14 (drum filters) REF:
Drum filters, +-2m diameter x 2.5m long
Condition: Reconditioned
Our Price (budget) R60 000 each 49,0et
ITEM 15 REF:261/9
(two) Rotary kilns, 2.7m diameter x 12m long, candle wax, tar and oil
fired, 180 deg. C, one unit has been stripped Condition: Good
Our Price (budget) R175 00C each5250(

ITEM 16 REF:
4m diameter x 4m high conc. tanks
Condition: Good
Our Price (budget)

ITEM 17 REF:
Conc. Tank agitator, +-2m diameter 3m high
Condition: Good
Our Price (budget)

R60 000 9,006

R45 000 13).5-00


ITEM 18 REF:
Return water tank, 6m diameter x 6m high AND 5m diam. X 5m high
Condition: Good (dismantled)
Our Price (budget) R45 000 each 13,500

Equipment can be refurbished upon request. C.O.D. Price Excludes
V.A.T. & is ex works.

Current exchange rate: R4.74 = US$1.00

PAYMENT
By prior arranged and agreed form of payment.

CONDITION OF UNITS
All equipment is second-hand unless specified otherwise. Customer to
inspect units prior to purchase to ensure they are in a satisfactory
condition. MME accepts no responsibility for equipment purchased "AS
IS" and not in an acceptable condition.

WARRANTY
Equipment is purchased "AS IS" unless otherwise specified.

DELIVERY
Please note that delivery quotations exclude insurance. If the
customer wants goods to be insured, please inform us prior to shipment
for our quotation. Manhattan does not take responsibility for goods
damaged or lost in transit.

Printed for wanderers cwanderers@sysconc.com> 3



VALIDITY
Equipment is sold on a first come first served basis unless otherwise
arranged. Quote is valid for 14 days. Subject to confirmation
thereafter.

Best Regards
Many thanks for the enquiry.
We have received it and will be contacting you
once we have compiled the information.

Best Regards

Chris Pouroullis
Managing Director BSc Eng (Mech)

Tel: +27 11 8842897

Fax: +27 11 8834701

Suite 183, Private Bag X9, Benmore, Sandton,
2010, South Africa

Printed for wanderers cwanderers@sysconc.com> 4
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MINING 1FCHNOI OGIFS

FERNATK)NAl NATI PRICE LIST
EFFECTIVE 3/28(96

MINING TECHNOLOGIES INTERNATIONAL INC. Proposes to supply the following
equipment:

One only MTI/JCI Model 401M diesei powered, four wheel drive, center
articulated 4.0 cubic yard LHD with a tramming capacity of 14,000 lbs

(6,363 kg.) generally in accordance with the standard specifications:

Deutz F8L413FW diesel engine rated at 185 hp;
Engine pan protection;
Donaldson dry air cleaner;
Catalytic exhaust conditioner;
24 volt electric system;
Four lights, 2 front and 2 rear;
Clark 0323 series single stage torque convertor;
Clark 32,000 series "modulated" four speeds

forward and reverse, powershift transmission;

Clark 16D planetary drive axles with no- spin
differentials front and rear;

Trunnion oscillated rear axle;
Totally enclosed wet disc service brake;
Spring applied emergency/park drive line disc brakes;
Variable displacement load sensing hydraulic system;
Heavy duty standard 4.0 cubic yard bucket;
17.5 x 25 L-5 slick tires;
Side seated operator compartment with fully

adjustable mechanical suspension seat;
Hydraulic joystick steering control;
Monostick boom and bucket control system;
Audio visual alarm system;
Standard gauges and instrumentation.

PRICE  2/(7, (2o0

» vy 7K0,Asn-, ,%/6<a()
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Load Haul Dump Vehicles

351M-401\4SeriesLHD
Standard Features
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Per±ormance Specifications
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MININCI TECEINOLOGIES MTI PRICELISTn

MINING TECHNOLOGIES INTERNATIONAL INC. Proposes to supply the following
equipment:

One Only MTI/JCI Model 700M diesel powered, four wheel drive, center
articulated 7.0 cubic yard 21,000 lb. (9,545 ka) tramming
capacity LHD unit generally in accordance with the standard
specifications and fitted with:

Caterpillar model 3306 DITA engine rated at 250 HP;
Mesabi double pass replaceable core radiator;
Engine skid pan;
Dry type air cleaner;
24 volt electric system;
Lights - 4 front and 4 rear;
Heavy duty marine type alternator;
Catalytic exhaust scrubber;
Clark 8000 series industrial type torque
convertor;

Clark 4000 series "modulated" powershift transmission
with 4 speeds forward and reverse;

JCI Rockwell extra heavy duty planetary drive axles
with no-spin differentials front and rear;

Twenty degree rear axle oscillation;
Independent totally enclosed wet disc service brakes;
Spring applied emergency/park driveline disc brake
system, mounted on front axle;

Bearing mounted center pin type hydraulic steering;
Heavy duty standard 7.0 cubic yard capacity bucket;
18:00 x 25 L-5 tires;
Side seated operators position with fully adjustable
ergonomic seat;

Hydraulic joystick steering control;
Monostick boorn and bucket control;
Audio visual alarrn system;
Standard gauges and instrumentation;
Ciear cump hydraulic system (Note extra price option 22).

PRICE  0(7d

7757 A71KAA9e e-r-C) 72-c/EN7Y 4/5 e- e7/2

L TERNATIONALNc EFFECTIVE3/28/96
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Performance Specifications
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MINING TECHNOLOGIES
INTERNATIONALINC.

Mainna: P. 0. Box 2845 Stabon A, Sudbury,
Ontano. Canaaa P3A 543

Physicat: 23 Fielding Road, Copper Chft, Ontano. Canada POM I NOTeleonone ( 705) 682-0623 Fax: (705) 682-4508

FAX TRANSMISSION
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INTFRNATIONAI EFFECTIVE 3/28196t MINI NG I ECHNORX;ILS MTI PRICE LIST

MINING TECHNOLOGIES INTERNATIONAL INC., Proposes to supply the following
equipment:

One only MTI/JCI, Model C1504 diesel powered, four wheel drive, center
articulated, center oscillation, 15ton capacity "ContaIner Vehicle",
with the JCI "J" hook pick up system as outlined in attached proposal
and complete with:

Deutz F8L-413FW diesel engine rated at 185 HP
Catalytic exhaust conditioner;
Donaldson dry type air filter;
24 volt electric system;
Lights - 4 front and 2 rear;
Clark CL323 industrial type torque convertor with manual lock up;
Clark 32000 series powershift transmission, four
speeds forward and reverse;

John Deere 1400 series planetary drive axles
front and rear;
Independent hydraulic wet disc service brakes;
Spring applied hydraulic released emergency/park
driveline disc brake mounted on rear axle;
15 degree oscillation between front and rear frame;
17.5 x 25, L-5 tires;
Side seated operators compartment with adjustable
mechanical suspension seat;

Hydraulic stick steering control;
Prime mover includes "J" hook assembly and sub frame
complete with necessary cyfinders. valves, purnps and hoses;

Two containers complete with automatic tailgate, hook pick up
system, end skids, suitable for carrying 15 tons of material
weighing a minimum of 3,000 lbs per cubic yard.

PRICE 	 C/0

r (77nD

tn,,t/1)
,Ctict/C
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Four Wheel Drive Container Truck
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Performance Specifications

Rated Load Capacity
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MINING TECHNOLOGIES

s..
INTERNATIONAL INC. C1504ContainerTruck

Head Office:
P 0. Box 20921Station
Sudburk. Onlario. Canada
p3A 4R71
145 Magill Street

On1,010. Canada
83Y 1K5
Teleollone: ;705; 642-3661
Fax: ;703, 692-4850

International Sales Office:
4935 Bannock Street
Denver, Colorado 80216
felephone:1303:, 892-5800
Fax: (303) 892.-2830
Toh free: Canada & 2 S A.:
1-800-659-4955

Soulh Africa:
8.0. Box 4001
Dalpark 1343. S A.
25 Soetdoring Str. Dalpark
Brakpan, 1540
Republic of Sou h AHra
Telephone: 27;11-915-2770
Fax, 27-11-915-8330

Australia & South East Asia:
25-42 Cooper Roaci
landako: 61 6.1 V,A
Austraila
Telephone: 61-9-417-B4B.6
Fax- 61-0-410-874°

Canadian Sales Office:
Rox 2845, Slation

Sudblay. Ontarin, Canada
P3A 51S
25 EuldH-2,42:kd

Onlaro Canada
83v 1L
TPle&'orlf`: :725 682-0623
Fax ;705, 682.4;n8
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U.S. Saks Office:
4955 Bannock Street
Derwer, Colarado 80218
Telephone:11303: 892-3800
Fax: 2031 892-1408
Toll free, Cianada & U.S.A
1.800-6S8-4935

Authorized Representative

C1504

0



MINING TECHNOLOGIES

INTERNATIONAL INC

MTI PRICE LIST

CDJ-2SHBE


EFFECTIVE 1/1/96

Mining Technologies International proposes the following for your consideration:

One only MTI model CDJ-2SHBE hydraulic two boom, four wheel drive, centre articulated,parallel drillIng dlesel/electric jumbo complete with:

MTI carrier complete with HC40 drifter and HCCF14 feed and including the following:

F6L912W diesel engine
3 speed 18000 Clark auto transmission
oll bath air cleaner c/w pre-cleaner and cleanout
ECS exhaust
heavy duty inboard planetary axles complete with no spin differentials Clark 176servIce brakes, fully hydraulic applled totally enclosed inboard wet dIsc brakes12:00 x 24 Trojan core tlres
audio visual instrumentation includIng: oil pressure gauge, hourmeter, enginetemperature, ammeter, horn actIvated by high engine temperature, low englne oilpressure or blower belt failure
closed centre hydraullc system for operation of brakes and steeringtwo (2) boom end jacks
two (2) engine end jacks

Electrical (575 volt, 3phase)

2 only 50 hp maln electric motor
lubricator for front head using mine air
maln electrical panel Including; hourmeter, amp meter, all annunciatIon systemsand one 110 volt, 15 amp utIllty receptacle (ground fault style)
manual sequential motor startIng panel adjacent to the operator clw emergencystop button for system shutdown
safetys shutdowns monitor low oil level and high oil temperature, low waterpressure and low alr pressure
easily accessible collector rings suitable for 3 phase power ground fault and groundcheck systems
two adjustable 500 watt quartz halogen drilling lights
55 amp alternator (90 amp optIonal)
2 only 90 amp hour batteries
4 halogen lIghts boom end and 2 at engine end
electric wirIng wrapped in fire resistant sleeves
master disconnect switch
dlesel driven hydraulic powered cable reel (less cable)

Booms, Feeds, Drills and Controls

2 only SHBE auto parallel drill boom of X-Y movement configuration clw 270 degfeed rotation, 1.0 meter boom extension and universal head to allow drIllIng 90degrees to one side or the other
feed automatics to return the drill to the collaring posltion following hole completionautomatIc collaring control to prevent rods from sticking when poor ground isencountered



MINING TECHNOLOCIES

INTERNATIONAL INC.

MTI PRICE LIST

CDJ2.SHBE


EFFECTIVE 1/1196

Page 2

Booms, Feeds, DrIlls, and Controls(con't)

2 only HCCF feed suitable for drIlling 13ft long hole using 14 ft steel
2 only monoblock control system incorporatIng these features:
1)automatIc collaring
2)antl.jammIng
3)automatic water monitoring with feed return should low volume or
pressure be encountered
4)auto return to start positIon following hole completion
5)control levers for operating percussion, rotation, bit removal and feed control

DrIlls and Hydraullcs

2 only thIrd generation I.R. Montabert HC40 drifter incorporating energy
recuperatIon system
2 only 50 hp motor , drIving a gear pump for drilling rotation, percussion and a
plston pump for boorn movements

PrIce 	 000

C-P4
1/



Two-BoomHydraulicjumbo

CDJ-2SHBe
The CD1-251-1Beis a two-hoom hydrafflic rig designed for drilling yertical, hortzontal and angled holes in under-ground production headings. features two hydraulie percussion drifters and can dr1ve headings 16 ft. hy 2 2 f
(4.88 rn by 6.71 m).

Standard Features

Deu12 F6I 91 2W dieset engjne, 82 Hp kwk a1rcnoted. catalshc eshapst putifier, dry e1einent air deanet
Cark 18000 series powershat transmission with torque converter. 3 speeds foRsard/reverse
50 hp 37 kw) eIectric powy pack dr1ving a tandem gear pump for percussion/rotabon and a pressure
compensated piston pump for reedtboorn movements
24v negative ground engine electrics
9-18e booms for 352 sq. ft. (32.7 sq reaof cogerage
41C-40 Montabed drifters
HCCF 4 alum1nium feed ;14 (t. (4.27 rn1 rodj
10 micron pressure and return filters
Front levehng jacks
Safetv shut-downs for:
- engme temperature
- engine oil pressure
- hydraulic oil ternperature
- hydraulic oil levd
Cable red with capacits for 35t) ft. 107 rro cable
Two 500 watt drill lights

MINING TECHNOLOGIES
INTERNATIONAL INC

Innovattve tet;-nologies. ( oparulleled 5r,pport.
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MINING  TECHNOLOGIES

MliINTERNATIONAL IN( PRICE LIST
EFFECTIVE 3/28/96

MINING TECHNOLOGIES INTERNATIONAL INC. Proposes to supply the foliowing
equipment:

One only MTI/JCI Model 3004C diesel powered, four wheel drive, center
articulated, center oscillation 30 ton capacity End Dump Truck,
in accordance with standard specifications and fitted with:

Caterpillar 3306DITA diesel engine rated at 270HP;
Double pass, side mounted, Mesabi type radiator

with hydraulically driven fan;
Catalytic exhaust conditioner;
Donaldson dry type air cleaner;
24 volt electric system;
Lights - 4 front and 2 rear;
Caterpillar industrial type torque convertor,
complete with automatic lock-up;

Caterpillar powershift transmission, five speeds
forward and two speed reverse;

Caterpillar planetary drive axles front and rear;
Independent hydraulicaHy actuated wet disc type
service brakes on front and rear axle;

Spring applied, hydraulically released emergency park
driveline disc brake mounted on rear axle;

150 center hinge oscillation;
Heavy duty 20.7 cubic yard SAE heaped capacity rated
dump box;

21:00 x 25, L-5 tires;
Side seated operator's compartment with
adjustable spring suspension seat;

Hydraulic stick steering controls;
AudioNisual alarm system;
Standard gauges and instrumentatlon.

PRICE  
/„7,9 / c)(-) c) 94l

/ef ict.tx.)",e -7‘cocr-,try 7 -2»,es et t, 0



Four Wheel Drive End Dump Truck

2604C-3004CSeriesTruck
Standard Features

52.000-60 000 lbs. (23,636 27,272 kgi Rated load Capacity
18.6-20: yd' (14.2-15.9 tn '1Box Capacity
110" 11612.79-2.95 Int GA Wdth
Heavy Wty Powertrain
Ontion Caterpillar or Detrog Diekei Fngine
Side Mouniod 5wing Out Radiatur
FAT Torcwe Converter with Automdtic I (x-k hp
CAT Hydraulic Retarder
CAT Planctary Transmission
CAT Inboard Ranti(ani Axle"(  sith Dist Brake-3
Ceriter Hinge
Hi(gli Cau3city Bowl Design Hox
1.oadScoslng Variable Displaurineighbdr4ulics
Full Flow Pressweand Re(urn 10 MS:ron Hydraulic Filters
I arge Side SeatedOperator: Corpumnuint Captains Cbajr

MINING TECHNOLOGIES
INTERNATIONAL 1N(
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Performance Specifications
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EFFECTNE 3.23196

MINING TECHNOLOGIES INTERNATIONAL INC. Proposes to sL.ppy the islIew.eguipment:

One only MTI/JCI Model 250M diesei powered, four '„vhee! drive, center
articulatod 2.5 cubic yard LHD unit, generally :n accordance with
the standard specifications and to be supplied compiote with:

Deutz F5L413FRW diesel engine rated at 116 hp;
Donaldson dry type air cleaner;
Catalytic exnaust conditioner:
Straight 24 volt electric system;
Pour lights - 2 front and 2 rear;

• Heavy duty marine type alternator:
Clark C-270 sories industrial torque convertor;
Clark 32000 series "moduIated" four speeds powershift
transmission;

Clark 14D outboard planetary drive axles with
no-spin differentials front and rear

Trunnion mounted rear axle;
Totally enclosed wet disc service brakes;
Spring applied emergency/eark driveiine disc brake;
Vartable displacement load sensina hydraulic system;
2.5 cubic yard ctandard bucket;
12:00 x 24„ L-5 slick tires:
Side seated operator compartrnent with
tuHy adjustable mechanical suspension seat;

Hydraulic joystick steerina controi;
Monostick hoom and bucket control system;
Aucio visual alarm system;
Standard gauges and instrurnentation.

PRiCE
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Load Haul Dump Vehicles

250M 300M Series LHD
Standard Features

5(0=?:10(11k 3 •109-4.090 kg) Rated Lnad Capacgs
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Performance Specifications

Rated Load Capacity
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MINING TECHNOLOGIES

INTERNATIONAL iNc.

MTI PRICE LIST

CD360M


EFFECTIVE 111196

MTI proposes the following equipment for your consideration:

One only "Continuous" model CD360M In-The-Hole drill complete with:

crawler track drive carrier
spring applied, hydraulically released, totally enclosed wet disc brakes
modular frame construction
waterproof start-stop station on console
dual hydraulic mast cyllnder
rnoveable trarn controls for front, rear, left or right side operation
hydraulie rotation motor suitable for up to 6.5" holes
mechanized breakout at worktable and drivehead
drIve motor carrier
hIgh strength formed channel mast c/w double mast stingers
patented double acting feed cylinder mounted In a trunnion block with gimbalmovement
four independent 10 stroke stabilizer jacks for easy set up
360 degree mast rotation
23" lateral mast side shlft and 25" of mast anchoring allow the driller to properlyanchor the mast for better collaring in any drIll setup. These features also enable
a blooie to make a better seal
main stinger column to keep the machlne stable regardless of the mast's rotatIon
non pressurized lubrIcator to allow unit to be operated with 350 psi of air
hydraulic circuits complete with 100 mesh suction strainers
10 micron absolute, no bypass pressure filter c/w visual indicator
10 micron absolute, 50 psi bypass return filter c/w visual indicator
30 hp TEFC electric motor, 60 cycle, 575 volts
hourmeter
float valve
three parts/servIce manuals
two bar

PrIce  2 ro,

Dfrt_a---tL

4.d /ve -eo /c»,

A;23, 6io



In-the-HoleProductionDrills

CD 360M
ITH orddacbon drillrigçmrr 3.;j fl .89 mmyto R ir mni:

1-16edeutes to 753 ft. (229 rn x 8in 1203 mrty hole
3602 tcwe, ..etatior enables f,JN-cirde drithes '

bhdrault red lock, breakaut  xrench and oPt e).1,11 e11,n. IdnW,In/4
Tovi.ers tor 00 lengtbs frbre 4 rej to b rt. .82 iy
D.al ower shibihzing jacks and hydraulic tower e barb.lue
Hydrauhc remote control for aN dKliing funchunx
Eei trio drOFlight package,
Hikah puessare

MINING TECHNOLOGIES

I • INTERNATIONAL !..c.



Leadingthe way in blasthole
drilling technology.

l ie basic LI-) 360M evolved with cooperation

lirim some of Canada's leading mining operations.

i-nis sturdy, stable I-THdrill is capable of with-

l anding the harsh dernands of high productivity

i• iderground drilling, The mod

LI lar design permits

. ,Id upgrades ot most options to meet anv chang-

lig production needs or to exploit opportunities

flr increased productivity.

ieaturesand Benefits
Transportable in a 12 ft. by 5 ft. (3.66 m by 1 42 m) • Level to level mobility without ramp access

Lage with 20,000 lb. (9,070 kg) capacity

IDiesel power for tramming and drilling

IXlechanical roci lock and breakout wrench

lir ide shift 26 in. (66 cm)

t our hydraulic levelling jacks

Carrier and mast stingers

tositive feed stability with patented gimblecylinder mounting and carn roller slide system

I oad sensing hydraulic system

i Electric hydrauhc control capability

I-m-board screw bouster compressor

torque head


Tramming and operating capabilities independent
of electricity source

Operator safety and conyenience

More accurate and effectRe collaring d nd hole
layout

Improved set-up accuracy and hole accurac

Increased drilling stability and hole accuracy

Smoother drilling extends component life and
improves hole accuracy

Optimum power distribution and remo

Automation capability

Self-contained

Larger, longer hnle capabihty
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:111
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GeneralSpecifications

Drilling
Hole Manneler

Rod diameter

Rod length

Hole length

3 9 11.39mm110 R.5 m. ,z16 .33
;ati3er hole and clustor drull c3mah.hrim
2 173 rzni to 6.5 in.11 mmi
^11 r.,8 3 m. sMndord. 3'1 .1 32 m 33^M
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TECHPRO MINING PRODUCTS LIMITED

November 1, 1996

LOUIS BERNARD Fax: (905)-849-9622

Ref: T96-772-5

Dear Louis,

We are pleased to submit the following budget prices for your consideration:

One (1) only Return Water Storage Tank 21' 6 1/2" diameter x 18' high, nominal
capacity 40,000 gallons

Price $14,700.00

One (1) only Fresh Water Storage Tank 18' 5 1/2" diameter x 16' high, nominal
capacity 26,650 gallons

Price $13,550.00

S rea 7.751/CX1f/C-C,5 /4/ rdAii<C=
g,14'eCe

"7- 7-6'77,<L-----K 5 --rIC-7;7014.1,3-

Unfortunately we do not get into transformers.

Should you have any questions please feel free to contact us.

Yours truly,

TECHPRO MINING PRODUCTS LIMITED

Brian Burrows
Vice President & General Manager

I.485 SPEERS ROAD, OAKVILLE, ONTARIO, CANADA

L6L 2X9
HONE (905) 847-6620 FAX (905) 847-9052


ALL EQUIPMENT OFFERED IS SUBJEC F TO PRIOR SALE OR DISPOSITION

Funds: U.S. Dollars
Pricing: Ex Works
Taxes: Extra a Applicable
Duty: Extra
Delivery: TBA
Terms: TBA
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TECHPIRO MINING PRODUCTS LIMITED

October 28, 1996

LOUIS BERNARD
Fax: (905) 849-9622

Ref.: T96-772-A

Dear Louis.

Further to your fax of October 22, 1996 we are pleased to submit the following budgetproposal fcr your consideration:

Oty.

1 WOO ton coarse ore bin




firitt Price
,

No quote
1 Allis 4000 MF cone crusher (reconditioned) 150 HP 160,000.00
1 3 x 6rn screen

5 HP 45,000.00
5 .6m x 110m Conveyor

20 Hp 130,000.00
1 2000 ton fine ore bin




No quote
1 10 - 20 TPH weightometer




9,000.00
1 3 X 4 25m ball mill (reconditioned) 900 HP 225000.00
2 250mm cyclones




1,975 00
12 1 5 x 1.25 SRL pumps

2 HP 4,500.00
6 5 x 5 SR1 pumps

15 HP 7,600.00
l 3 2" vertical surnp pump

10 HP 8,500 00
3 2 5rn x 2.5m conditioner




12,000.00
1 3 Hp agitator




2,500.00
56 DR 100 flotation cells

25 HP 10,500.00
14 1ESP flotation cells

10 HP 7,500.00
1 15 Hp vacuum pump




7,500 00
2 5 Hp blowers




5,000 00
2 7m cbthickeners (reconditioned) 1 HP 27,000 00
1 30m ø thickener (reconditioned) 3 HP 90,000 00
3 6' ): 8 drurn filters

3 HP 75,000.00

2485 SPEERS ROAD, OAKVILLE, ONTARIO, CANADA L6L 2X9IHONE (905) 847-6620 FAX (905) 847-9052

ALL EOUIPMENT OFEERED IS SUBJECT TO PRIOR SALE OR DISPOSITION
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WItio2 im2

2 4m x 4m conc, hold tanks




8,500 00I 2 5 Hp agitators




3,500.003 .6m x 20m corweyors
5 HP 25,000.00I 10 1 Hp samplers




7,200.0010 clarkson reagent feeders
1/12 HP 2700.00I 1 Sm x 6rn water tank




1 L.smx 5m water lank




I 3 3 Hp reagent rnixers




2,500.001 100 ton ore bin (3m x 5m)




NoquoteI 1 1x 4m gnzzly feeder
40 HP 22,000.002 24" x 36" jaw crushers

100 HP 75,000.00I 1 24" x 620rn Corweyor




650,000,001 60 TPD Dryer (reconditioned)
10 HP 60,000.00I 1 10,000 CFM dust collector (reconcktoned) 5 HP 70,000.00




2 TPH hme slaking syslem combined - 40 HP 100,000,00I 1

Cornmercial Terms:


I Funds: Canadian Doliars
Pricing: Ex-works

I Taxes:
Duty:

Extra if applicable
Extra if applicable

Dehvery: TBA

I Terms: TBA

Note: All items quoted are new unless otherwise stated.I We trust this quotation is adequate for your present requirements. However, shouldyou have any questions, please do not hesitate to contact us.I Yours very truly,

TECHPRO MITING PRODUCTS LIMITED

-

Brian A. Burrows
Vice-President & General Manager
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TECHPRO MINING PRODUCTS LIMITED

October 23, 1996

LOUIS BERNARD Fax: (905) 849-9622

Ref.: T96-772

Dear Louis:

Further to your fax of October 22, 1996 we are pleaSed to submit the following budget

proposal for your consideratiory

Qty..




'tternS::-:;:H :. Unit..Price.




2000 ton coarse ore bin No quote

1 Allis 4000 MF cone crusher




:3x 6m screen 45,000.00

5 6m x 110m Conveyor 130,000.00




2000 ton fine ore bin Nloquote

i 4o -., TPH weightometer 9,000.00




3 x 4.25m ball mill (reconclitioned) 225,000.00

2 250mm cyclones 1,975.00




1.5 x 1.25 sRL pumps 4,500.00

6 5 x 5 SRL purnps 7,600.00




2" vertical surnp pump 8,500,00

3 2.5m x 2.5rn conditioner 12,000.00




3 Hp agitator 2,500 ")::

56 DR 100 flotation cells 10,500.001




188Rflotation cells 7,500.00

1 15 Hp vacuum pump 7,500.00




5 Hp blowers 5,000.00




......_

2 7m c?thickeners (reconditioned) 27,000 00




30m > thickener (reconditioned) 90,00C c: ,




ii

3 drurn filters sizer) I

2485 SPEERS ROAD. OAKVILLE,ONTAPIO.CANADA L6L 2X9

PHONE (905) 847-6620 rAx (905) 847-9052

ALL EOLIIPMENT OFFERED Is SUBJECT TO PRIOR SALE 01-1 DISF'OSITION
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2 4rn x 4rn conc. hold tanks 6,500.00

2 5 1-1pagdators 3,500.00

3 .6m x 20m conveyors 25,000.00

10 1 rlp samplers 7,20000

10 clarkson reagent feeders 2,700.00

1 6rn x 6rn water tank




1 5rn x 5rn water tank




3 3 Hp reagent mixers 2,500.00

1 100 ton ore bin (3m x 5m) No quote

1 1 x 4m grizzly feeder 22,000.00

2 2 i" x 36" jaw crushers 75,000.00

Commercial  Terms:

Funds: Canadian Dollars
Pricing; Ex-works
Taxes: Extra if applicable
Duty: Extra if applicable
Delivery: TBA
Terms: TBA

Note: All items quoted are new unless otherwise stated.

We trust this quotation is adequate for your present requirements. However, should

you have any questions, please do not hesitate to contact us.

Yours very truly,

TECHPRO MINING PRODUCTS LIMITED

(..,

Brian A. Burrows
Vice-Presicent & General Manager

BAB/cern
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SVEDALA

November 15, 1996

Fax No. (905) 849-9622 Total Pages 3

Louis M. Bernard
Senior Mming Consultant
331 MaplehurstAvenue
Oakville,Ontario
L6L 4Y3

Subject: Ball Mill
Pre-Feasibllity Inquiry
Grong Project, Norway
Our Ref: B96-066

Gentlemen,

In responseto your faxrequestof October 18, 1996,we are pleasedto submitfor your

consideration our budget proposalbasedon your preliminaryinformationfor the followingequipment

1. Ball /vEll

We have selectedthe BallMillsfrebasedon your horsepowerrequirementof 1,000HP. A preliminaty
calculationbased on the data provided,indicatesthat the grindingpowerrequiredis approximately800
HP. This assumesa throughputof 48 MTPH, a feed sizeof 80% passing12,000micrometers,a
product sizeof 80% passing120micrometersand a BallMillwork Indexof 12kWhr/ST. The sizeof
this Ball Millwillhave to be confirmedwithgrindabilitytests on the ore.

Item 1.0 One (1) only 11' x 17' F/F (16.5' EGL) OverflowBallTvEllarrangedfor 100011P/1000
RPM inductionmotor completewithfabricatedsteelshell,cast iron heads,steelgear and forgedalloy
steel pinion,feed spout, feedand dischargetrunnionliners,trash trommel,trunnionbearings,main
bearing lubricationsystem,tninnionbearing,trunnionbearingand pinionbearingsoleplatesand
automatic gearspraysystem. Speedreducerand highspeed couplingand airclutchare alsoincluded.

Not including. MdlMotor and Controls
LinersandLinerHardware
InitialBallCharge
InstallationandFieldAssembly
Foundation& FoundationBolts
InterconnectingPiping

Approrimate ShippingWeight. 144,056lbsflot

Budget Price @ Point of Manufacture. SCAN 848,100/lot

Svedala Industrias Canada Inc.


16777 Hymu:, Kirldand, Canada H9I-3 3L1
T21:V514) 69:-940J .F.:\:(5.41 694-9413
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SVEDALA

Subject: BallMill
Pre-Feasibiity Inquiry
GrongProject,Norway
OurRef: 1396-066

Item 1.1 One (1) set of Cr-Molysteel shell,feed and dischargeend linersc/w fillerbars and necessary
hardware for item 1.0.

Liner Weight 95,300 lbs/set• 


Budget Price @Point of Manufacture. $CAN 175,360/set


Item 1.1A One (1) set of rubber shell,feedanddischargeend linersçiw fillerbars andnecessary
hardware for item 1.0.

Liner Weight• 24,600 lbs/set

Budget Price@ Point of Manufacture• SCAN 82,105/set

Item 1.2 One (1) 1000HP/1000RPM squirrelcage inductionmotor (3.3KV/3PH/50HZ),TEAAC
enclosure; 1.0s.f ; forBallMillitem 1.0. Motor startersand controlsare not included.

Approximate ShippingWeight. 10,200lbsilot

Budget Price @ Point of M.anufacture. SCAN 135,03011ot

Note:

Abovepricesare in Canadianfunds;today's budget; exclusiveof customduty and alltaxes.

Prices are at point of manufacture,freightchargesare extra.

Mill sizesquoted are SvedalaStandardMillsizesclosestto your requirernent.

The GrindingNfillsofferedwillbe suppliedall inaccordancewith Svedala's standardfor this

classof equipment.

For export,allow 10%to cover the cost of export preparationandfreightto ports of export

2
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SVEDALA

Subject: Ball Mill
Pre-FeasibilityInquiry
GrongProject,Norway
Our Ref: 1396-066

We trust that the abovewillmeet withyour currentrequirements.Pleasedo not hesitateto
contact us if you require additionalinformation.

Yours verytruly,

J. Gougeon
Product Engineer

JG/ah

cc: B. SeeHoye

M. Fu
H. Holmes
S. Crawford
G. Langlands

(Svedala,Kirkland)
(Svedala,Kirkland)
(Svedala,Derby)
(Svedala,istilzuuga)
(Svedala,Uxbridge)

3
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SVEDALA

SVEDALA 1NDUSTRIES CANADA

PUMPS AND PROCESS EQUIPMENT

3136 MAVIS ROAD, MISS1SSAUGA, ON L5C 1T8,CANADA

TELEFAX No (905) 270-9996 TELEPRONE No.. (905) 270-2170

Fax Cover Sheet PAGE 1 OF 3

DATE: October 23, 1996 REF. No.:

COMPANY: FAX No.: 849-9622

ATTN.: Louis Bernard COPY TO

FROM: Scott Crawford

SUBJECT: Budget List for "Grong" Project, Norway
Svedala Pumps & ProcessCanada Bud et Quotation No. 9616429

Dear Mr. Bernard

We are pleased to provide budget pricing as follows basedonyour equipment list:

Item Qty. Description Power

HP

Estunated
Wei ht k

Budget Price

CDN$/Each

1 12 Process Pum s, SRL 15 x 1.25 x 9 3 450 $4,500,00




6 Process Pum s, SRL 5 x 5 x 14 30 800 $9,600.00
3 3 Process Pum s, VASA G 2" 3 500 $4,700,00
4 3 Conditioner, 2.5m x 2 5m (tank by

others
15 300 $11,000.00

5 1 A .tator tank b others 7.5 600 $13,700.00
6 56 Flotation Cells DR100 840 26,500 $1,368,000.00
7 14 Flotation Cells 18 SP DR 70 6,500 $187 066.66
8 2 Concentrate Thickeners, 7m (tank by

others
5 8,200 $60,000.00

9 1 Concentrate Thickener, 30m (tank by
others

7.5 27,000 $295,000 00

10 2 Conc. Tank A 'tator tank b others 7.5 600 $13,700.00

t.1.111l U I '
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SVEDA,LA

Page 2. October 23, 1996
"Grong" Project, Norway
SwerlalaPiimns Prnress Canada Budget Onotation No, 96(4429

vALIDITY

The above quoted pricesare for budgetarypurposesonly andare FOB Mississauga,Ontario Sales
taxes, if applicable,are not includedin the prices

Should you require ally further information, please do not hesitate to contact us.

Yours truly,

Scott Crawford
Application Engineer

Encl Conditions of Sale
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SVLUALA
CONDITIONsOF SALE

13.

1. WARFIANTY - Thre are no wuranoes 01 ftprisernations byComPsny

weth respoot to PrOdPCIII)Or IIIICIIAQ ltm nph1t 01 Itht parlIes 0Iher

than those specifically sal oul herealler. No cdner wartanry. agretmen1

Ort retwasartlakon ntada her•to. eng any rn00111CatiOn here01. IhN1 be

bInclIng upon Comoany fot Is assionst, untess anaorse0 henson 1n

vertl 1no Ib. yeten1 conyenliorfal warranty (3 lQferl 10 .11 In• Only k41.

renly 04 Company fy1111respeCI to the ProductIM, te/941 anO rnplied YU1.

rinma and elmr1111O41sbrung sPeeffically Itcrudted ar4 wann4 by
PbrCn1W.

COmParly wmfanIs lille 10 1he PrO4wCks1 and, except as noted
below. ynth rest>acs to aems not ot Cornpany's manufacture. 4150

erafrantstha Producast onctaLe ot smonfen1 f0Purcnaser lo be cd 11w

kInd and Qvalily Ceisenbed heretn. rnerchanlataks, and fles ol detects

kt wearnan4hi0 and rnalenaP,

(ba Any dem of tha Proaucest wmcn is not manufactured by

Company is not wanamed by Camittany. Any warranty wfuch 13 clUd

foCon`fs"/ by Ihe manolGrooir 14 OVesliOrl 15hereby cransf•fre0 10

Purchaser. wpIhc,jt rOCOOrs• against Cornoanyt

tc4 vothin one year from dala af InMal operallon, bot not mors

man eighieuri months frOM date of shiomen1 by Company 01 any

Item ol Produstml. any such item 15discoyered by Purchaser nOt 10

be ol 1111kinnl arn1 nuality described herein. or 10 be defectlye in

tSMINTMI4WD,11111t.lo.g./112Q0Ifinliin.ffillfirgnitrnicien

by tat Companyz opliora satustmem or te03lf Of reOliCemenI Orliern
of any allecteta i:urf of Ina Proauctrst. Purcnaser thaa 353tOle all

enfo11al01111y antl exPentet fOr remoyal, fonstallation and Irelora iii
connect.on wah ihe lompano. Tbe foragoing conaitions Shall eY•

read 10 rePriCernen1 pany lurrushea by Company hereunder.

Canpany 141341nay me nynt ol disp0311 01 parts replaced by $0.

(d) Company does not warrard 111.1any iIern.01 PioductISI 15 III lar

any parpckIat pun>05e. nor Oces il warran1 cles,gn, LIkewirat. COM

phlny a4 1155Lloph01s 311311have no oblioahan as la any tlern which

has been ImProCerly Storea or hanctled, Or Wolon hay ora bean
oommed or mainfameo accOldmg 10 0000 praCtics Or aCcording 10

InstructionS in any manuals. nor sn311they be habla for the lault.

neorioenct wan1 of 0,11, or wronotol acts ol Purchaser. Ol ils

employees, of other conliactors or suPlabarS el Puchaser

Tel The nrne1 ol Company's wananly tfeai slaftO sa aboye, Pun

C111-54”waiveI any clairn b,ainSI Company Or 111suppfierl, whelher

in contract or m lon 0 under any omm leoai IheOry. atatt yttuthOr

afiain0 Out 04 Yranannea. represenIalions. conalinans, or deleds

from any cause for loss or use.rayenue ol onstd.as weli as for any in•

Cadenlal Or COnsequential fosses of damages. and fOr clairns fOr

clamages 01 Purcnasm's customers.

;.„ pAyEaliS - Comoany $han P4y C0515 arld darrtageS IinaIIy Iwaffie4 in
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lIndlno that the desIgnor construclion of Ihe voductla,as fur11u11e0 en.

Iffnr1 a Canadian batent teicept Infringemen1 occurring as a resull of

IncorposOng å demon or rrodiftcatIon al PurchaSer s rtnatretlf PronnO*11

1hal PISCM3541 INOrnDlly forum COrnOrly 01 1IVI char9e 01 stiCh
InfrinCtenlent. ana ComPany is goen 111enont at tis •dpensa 10 se11111

such ehatoe and lo Oelend ot contral the ifebense or any tuil ta35041.4000

Such charge D14 paragratO sats forth Cornoanys •fehArne liabdity

with respeol lo P3feoll-

1 PURCHASER OATA - Timeriy perfonnance by Company is conknotn4

opon PyrChnees supptying to COmpany vrfun ntndol. 111 r•OUret1

teChnica1 intoinfOn. mCiulm9 Maanng aPproval. snu all requfred corn-
inercia1 docurnenlahort.

NUCI-EAr1 Potaufsef feresents and wanams 1041 Inn PrOdnoll$

CO•anntd by this comracl tna11 not te used sn Od In connection voth •
nverater laculily 0. apcmcation

NONCANCELLATION - Purchasv may vel cancel od temunala Ior con.

Yenf ence, Of .dirlat1 suspenton of roanulanne. areept oIl Mulvally

acooptablel tfannt.

6. DELAYS - If Compfany sullers dtlay in petformanCe,aue lo any Caus•
beyond Ila control. inCtt4ng bot not InItO 10 acl of God. nr. ael or

ladona la acf ol croyernment, ad or oansmon at PurCluset, lure. 1004.

trault 0111abor Ircubde. Sabollgr. G• delsy fn OblaininQ Irom 011015

aullab1a almncelf. rnale0111. COMOOrals. ruiVilirll 01 113/11D0/15110O.
the flma ol perlormance snall be enendea i peood 01 lun• equar toIM

prma0 ol 104 dalay and 115C0,14-rOL:encea. Company wuhl onr• 10 Pur•

C1‘1344 nOlite 1n wona; with a reasonat4e lurne aller Company becOnws

aware of soon dalay

7. STOAAGE - Any ilent ol Innt proluctISIOn whIch manulac ture Or shtO

ment 11 dtlaytt: try Causes wdrun Purchasera cOntrol. cr by Ciusel

wrIiCfl rifitci Ptitha5er's abflay to receire1111 pcoatfcitst, May 14 placed

1n storne by Company for Purchasard iCcOvnt 314 nsi

S/1IPMENT TM "sropeniar r11e1115oethery fo trw tontal canner


ta acooprance with Ine Oallfery tortni of 11111OrClar Tb• amPPin9 slat*Is
oaapp upon conøiliOn8 al the factory on 1he ciale bers0e. aral la SONIK1

1.3rgkitIon tO MOtt COnetittons on date ol PviChaStes acCeOtanCa. COM
pany may sn34,0 pantal upprnenft Company analt stnntl mIthOd 61

iranipprtappn ind font*. unless Itrms ale fob. ponl 01 ahltanwriI 114

Purchaser specifles the melhOd ana rOO:e and 1510 ftly the freffilhi costa

In aodlikan lp the pnCe. When tenns Me tOb. destmands cd frafctm

atIontra to OeslmaliOrt. "Oeittnation" Means COntrnort Carner ftektetWY

point twanin Canada/ nevest Ina desItnanon. fcr mOrtmou otAlada

Canada. Campany $11311adrance for inland cyrnas to poff cl nil sna
yhall poppatafe win Pachaser's katin15 in nulunt) notttaary

rangernems l. oversais carnage and PrePanno neefeSsary doCurnents.

SPECIAI, SHIPPING OEV10ES - On anictrmnui 10 dashmuon in

Camda. Comoarry has Inenpnt to add 10 tne unrOCe. ni sechvata itern,

111evalue of ony specul Shipping demCefal 03r144,tttt. larssaufin cracliu.

ena and ihe 11110used lo contain or probecI the DrOIL000 iroorrad.whIl•

in Ira/1511,Laceol a 10 011barrets full crectil 111tepotn Oaltbaft(orn to

Company of lha day< e 1n •fousa ble condillon. 10 tt. desItnahontrefohl
playal(y Ay 10 041barrets. aryanoemenIs for ralum and cred11 rnus1 ba

mode by PurChaser wilh Ine rafirtet.

ta TERMS OF PAYMENT - Unless otherwfsa staled,U1 PaYmm1s shan be

intOrn fJILUX1X111.10111
dead,„,5 lotsn.vnent shaft be Oetn-ne0101:4ClateO1 Slorarrwm ItA

rnent PurPose-

On late payment.IhecOntract prIce 511311.without Preludice to the Ca-rt

panys rIghl la irnmeduie payrnent. be inf.rease0 by 1.1/2%Cer marun

118% annual percernage 13151on 1he unpaid ba1aMsOue and owmq btst
nol ta esceta In< rnarirOtIm perrmttea by laay Intelts1 stull kocrue arca

be caEculated la eacn 51alernent date komInc due dale Of paymanl.

11a1 ari y firne fn COmpanYs prcl;ment PurchaSer May ba Ot may tecome

unaate et unwilkng la maitIlle loms spocifIey,Oampany nuy requas

sansfaolorf aanfanoes ar full et Caroal Isayrnent as a cOndIllOn Io COM
manting tyr opourfulop manplactur• er maam; shipmenl: and rroy, Il

ship(nent 1113been fnadt reeofer the prosuces) from tha carnef. pon-

tang reCeipt 01 such aSsurances

11. TITLE ANO 1NSURANCE 1911e10 Me producdt1 and risS of kdst. Or

damaoe shalI pass 10 Purchaser at the 1.0.0, point. esceol (1144 securily

mlefem fn the proaucas) arfelproceeds and any reclacernen1 sdall 11.

rnaln in Company rION0Iess ol moda of altschrnen1 la reatly or 0111e1
win,cmy unbil IPISfull pncs nas been pmcl in Catrk Purchaw 14.ran lo

do all acts necessary to perfeol and mainlaul sad sectstly Interes1 and

to piottcl Cornottly1 inlerell by adteual•Iy lnsunng 111W1peoO,C(Ol
agatnst 1053 Or damage frogn any extemal CIPSt with CamOlny nvned

as unsurea or catnStard

I 2. OVALITY ASSUILAACI - 11,11 • qulp•bant I. $ attnclard produet

subjest osly t• S.I. naChlm Work B. Qual Ity Arourance

yrectdurra• Jo •ddltIon•I fyuf 1lty recLufronanto


5.11 I apply ntema 44444 d uporf.

cANTAINERS The ralta ol each spectaI stoppma dence (0r1 Olnel,

reel tarpauhn, crasaft, Crib and 111all1•1used by the Company 10 Caftlin

Of PrOletliha pratuCtf53 1 thipmenl invOKAO 10 Purchaser


separMely ttatecl adOnfon 10 trus zOnIract oricds

II Ilw ComPany's Pr000sa1 of tavolatlOn pt ptrur bonlraot pookanonta

atfpulare Ine reltnn ol any such deffiCe. 11Shalf be feloinsO by the Nr.

chaSed rn good condaman for crecla 1.0.0. Ptnchasera pfka froglit C01-

1•Ct. rottnn Intrty c)01 days alter receipt by Purchaser.

P4I urn of any such dence ss lo wItch Oure rs no lafputalion but WhIch

has been seoratety myoces1 1s al the conon 01 114 PurChalet 11iet

turned promplly l usable concIfIton, lØD. destufallon, freffgre posnaid.

Company wIIIVantPurchastracreaa in the unrocad imOurn lexczot Oil

baf 1e1sas 10 erbich acrangemem lor return and refundmint De rnade by
1111Purehaser wmth Ihe reknen,

The loregoing pronsIons as lo special shifoin9 clences sha* nof apply

lo any soon dernce snvotO oulslats continenlal Cansda and the UnIled

Slalas

11 TAXES - AnY aPPlable Safte,«Use, bOlae tld lazel will be

adcled lo guoltd pnce wld inyoKed Stparsfely funtals accePtable aa-

ernpiton cerkfichte 6 funfaht4.

15. GENEPA - OISChiSrel nefeby fralyes any clarn aganst Company of as

sucapkers (WhtIrwit coniractual at delictuan bor loss ca vse. revenua Or

P10141.as Vr51111 ra any modenlaIor consequermal losses or darnages.

and lor cIatrns la, darnages ol Purchant • cut Iornert.

Company walconfoly fmth sit laws Natflicable 10 CanOwlf.C‘inViacc"

*111 l'hflefal.0;eaffit'31. ar kfC1 laka dunn0 any 00malion or fart of 111e
prOducasi ss LIW sofe respensibility ol Punthated.

Tb• ran 1:11114 Pnotnce of On1ano hall Qtrrom 115fan4ay. kilorprelfr

ISOO414 liOlOeCIttYWITOar arry contract ol whfch inew pronslons ile *

part,

Assionmenl may te mada only with winkyn tonleni Of boM tuf ntlf.
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SVEDALA

SVEDALA INDUSTRIES CANADA

PUMPS AND PROCESS EQUIPNIENT

3136 MAVIS ROAD, MISSISSAUGA, ON L5C ITS, CANADA

TELEFAX No.: (905) 270-9996 TELEPHONE No.: (905) 270-2170

Fax Cover Sheet PAGE 1 OF 2

DATE: October 28, 1996 REF. No.:

COMPANY: FAX No.: 849-9622

ATTN.: Louis Bernard COPY TO:

FROM: Scott Crawford

SUBJECT: Budget List for Grong Project
Correction to Our Budget Quotatiou No. 96/6429

Dear Mr. Bernard.

I realized I made a mistake in ihe quotation I sent you last week. The budget prices for the
flotation cells are the "lot" prices for the machines,not "each" prices as the headingfor the price
colunm indicates Also, the estirnatedwcights should be as follows: 56x100DR: 106,000 kg and
14x18 SP DR: 13,000 kg.

Attached please find the corrected first page to the quotation

Yours truly,

Scott Crawford
Application Engineer
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SVEDALA INDUSTRIES CANADA

PUMPS AND PROCESS EQUIPMENT

3136 MAVIS ROAD, M1SSISSAUGA, ON L5C 1T8, CANADA

TELEFAX No.: (905) 270-9996 TELEPHONE No (905) 270-2170

Fax Cover Sheet PAGE 1 OF 3

DATE: October 23, 1996 REF. No.:

COMPANY: FAX No.: 849-9622

ATTN.: Louis Bernard COPY TO:

FROM: Scott Crawford

SUBJECT: Budget List for "Grong" Project, Norway
Svedala Pumps & Process Canada Budget Quotation No. 96/6429

Dear Mr. Bernard.

We are pleased to provide budget pricing as tbllows based on your equipment list:

Item Qty,




Power

HP

Estimated
Wei ht (k

Budget Price

CDN$/Each

Description

1 12 Process Pum s, SRL 1.5x I.25 x 9 3 450 $4,500.00
2 6 Process Purn s, SRL 5 x 5 x 14 30 800 $9 600.00
3 3 Process Pum s VASA G 2" 3 500 $4,700.00
4 3 Conditioner, 2.5m x 2.5m (tank by

others
15 300 S11,000 00

5 1— A "tator tank b others) 7 5 600 513,700,00

6 1 56 Flotation Cells,DR100 840 106,000 $1,368,000.00
7 1 14 Flotation Cells, 18 SP DR 70 13,000 $187,000.00
8 2 Concentrate Thickeners, 7in (tank by

others
5 8,200 $60,000,00

9 1 Concentratc Thickcncr, 30m (tank by
others

7.5 27,000 $295,000.00

10 , Cone. Tank A itator tank b others 7.5 600 513,700.00

Cont'd /2
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1111technequip limited FAX

297 Garyray Drive
WESTON, Ontario, Canada, M9L 1P2
Te1.416-749-3991 Fax 416-749-9767
SUBSIDIARY OF FULLER-TRAYLOR

To: Mr. Louis Bernard
Fax: 905-849-9622
From: Caumbell McClure
Date: October 24, 1996
Pages: 4 page(s) includingthis page.

Re Grong Copper/Zinc Project -Norway

Louis;

You have asked for a relativelycoarse grind. The high S.G. of this ore demands the use of a large
cyclone to produce the desired overflow product. TJnforrunately,we are limizedibythe tonnage.
A.slong as the custorner can operate with a feed of 64% solids by wt., I would syggest using 1
20" cyclone equipped with a 5.25" vortex finder and 2.75' apex rtb8-10PSI to produce the 250%
C.L. at the 55%-325 mesh grind. Please fuld attached a mass balance outlining the operating
conditions.

I am pleased to submit a budget quotation as follows;

1 only model 11209C-AMScycloneas illustrated on the encloseddrawing
consisting of;

5.25" Nihard vortex finder
- 2.75" fixed ceramic apex
- I operating 20" cyclone @ 8-10 PSI

all slurry handling surfaces are lined with dense molded pure gum rubb
and overflow adapter will both be victaulic. The feed inlet adapter will
hot vulcanizedpure gum rubber. The overflow adapter will be unlined.

- all extetior surfaces to be painted with 1 coat of Alkyd based primer an
gloss yellow A1kydmachinery enamel.

- The cyclone willbe factory assembled and prepared for shipment.

Cyclone as described above:
Unit Price $ 4770.00CD.

Price is;
FOB Plant Toronto, ON
Canadian funds
All taxes extra
Terms net 30 days
Delivery 4-6 weeks ARO and approved dtawinRs.

CAARHO1

• The feed inlet
e lined with 1/4"

1 coat of high
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The attached drawing is for illustrative purposes only. If you have any questio please don't
hesitate to give me a call.

Best regards,

f 7141


Campbell McClure

2
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HYDROFECH CYCLONE

MODEL H209C-_-AM8

ORWGNC): LCAAREICI DATF AUG 24/95
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tedinequip limfted

CYCLONE MASS BALANCE

DATE: OCT. 24f96


FOR: GRONG
PROJECT: COPPER/ZINC PROJECT

APPLICATION: 55% 325 MESH
1 OP'G H209C-AM8 CYCLONE@ 8-10 PSI

1
1
1

1
1
1

Is

WEIGHT

STPH MTPH
OVERFLOW

Solids 47.3 42.9
Uquid 53.8 48.8

S.G.

4.00

1.00

Slurry 101.0 91.7 134

Overflow % So/./141t. 46.8%




CIRCULATING LOAD 250.0%




UNDERFLOW




Solids 118.2 1073 4.00
Liquid 39.4 35.7 1.00
Slurry 157.6 143.0 2.29

Underflow % Solat 75.0%




FEED




Solids 165.5 150.2 4.00
Uquid 93.2 84.5 1.00
Slurry 258.7 234.7 1.92

STPH MTPH S.G.

	

118.2 26.8 7.4

	

157.6 35.7 	 9.9

	

275.8 62.6 17.4

Underflow% SoliVol. 42.9%

usGPm /113/HR LPS

VOLUME

USGPM 3/HR LPS

47.3

215.0
262.3

	

10.7 3-0

	

48.8 13.5
59.5 16.5

Overflow å SoL/Vol. 18.0%

165.5

372.6
538.1

	

37--5 10.4

	

84.5 23.5
122.0 33.9

Feed % Sol./Wt 64.0% Feed % SoL/Vot 30.8%

297 CARYRAY DRIVE, \NESTON, ONTARIO, CANADA, M9L 1P2 • TELEPHONE 416-7
ct ,f2C Inl A 0 V nr n n reAvt no

9-3991• FAX 416-749-9767
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SYNTEC

r OCESSEQUIPMENTLTD.
HE.ALEY ROAD. UNIT 1,
LTON, ONTARIO. L7E 5A4

EL: (905) 951-8000
• (905) 951-8002

QUOTATION SYN EC
VALVES

CONTROLS

INSTRUMENTATION

TO:

0t4 t/Mrd "6:1‘,»-ta9

I

1mNTION:
E ARE PLEASED TO SUBMIT THE FOLLOWING

REFERENCE: A---;)-/td - ((11-,
EM OTY DESC IPTION

DATE:

SALES RER

UNIT PRICE TOTAL PRIC

A 1D

deacrti co I/4

02c 14 r 671/0 et010C. "nii„„), SOISS

6Y1S-(,/,(Cif (,-4X r-74t-J 3.22,i/4,)

c20


3. Q

AK1/24,- i v4c,

	

C.a)-274-ce adcia vt,

IHIS QUOTATION FIRM FOR  SC 	 DAYS TERMS: (0.A.C.)

 0.8. DELIVERY;

RALES TAXES: 4?(

iAPPUCABLE ACCEPTANCE AND APPROVAL
ri- Is AGREED

.1ATANY ORDER RESUL1ING FROM THIS PROPOSALSHALL E3E
IN ACCORD WITH SYNTEC PROCESS ECUIPMENT LTDS
STANDARDTERMS AND CONDMONS

WE APP CI E THIS P UN rry TO QUOTE

BY:

Co2o."

4-833:



 NK)pN,I.,t

October 31. 1996

1Vorman Ifiade Company Limited

10 Brochkr Drive
Ontario

L8E 3P1
TeL (905) 561-9195
Fax: (905) 561-5979

NIr. Louis 13emard
331 Maplehurst Ave.
Oakville. Ontario
1-61.31-3

llear NIr. I.ouis Bernard:

\unild lilçe to thank ou for considering Nonnan Wade Company Limited. vour
potential supplier Total Station technologv. According to your request. I have included
for vour reNie Na quotation regarding our Topeon GIS-210 total station system.

STAT1ON

Catalogue # Description Price

512 8671100


512 8671100

GT 8-211D Total Station
Includes: 5 second total station.
2 hatteries. hatterv charger. tool
carrving case. silicon cloth. instrument
COVCF.instrument manual & canv straps.

GTS-212 Total Station
Includes: 6 second total station.
2 batteries, hatterv charger. tool kit.
catning case. silicon cloth. instrument
cover. instrutnent manual. & carn straps.

SI2.325.00

510.465.00

DATA COLLECTOR

512 8492000 FC-48GN Data Collector Pkg. 52.130.00

Includes the rolloNNing

512 8488200 Cable For I1P48 ENV CASE & FS-2 Inc.

512 8488600 480 ENVIR CABLE PC FS2 9-25P Inc.

512 8490100 IIP48 FNvIRONNIENTAL CASE Inc.



ACCESSORIES

Catalogne # Deseription Priee

512 8615300 SINGLE TII.T PRISNI ASSEN113LY 8295.00

512 8609200 8F1 2.5 \I PRISN1 POLE(T1L1INU) 8216.00

513 8306000 WOOD IRIPUll 8300.00

will bc in contact with von shortly to diseuss cur proposa1. Should  ou have WIN

immediat1/42qucstions or conccms. pkask2 call us dir;:ctl al (905) 561-9195.

Yours sinecrelv.

NORMAN WADE COMPANY LIMITED

Stephen Dawe
Survey Saks ( 'onsultant, Survey Disision



LOU

Date: October 31, 1996 Time: 2:53:21 PM 3 Pages

To: MR LOUIS BERNARD From: STEPHEN DAWE

NORMAN WADE COMPANY LIMITED

Fax: 905 849-9622 Fax: (416) 291-4219
Voice: Voice: (416) 291-4211

Comments:

Good Afternoon:

Please find enclosed a quotation regarding our Topcon Total

Station systern,

Regards,

S. Dawe



KENT AIR PRODUCTS

CANADA LIMITED

10/2 WEBBWOOD DRIVE SUDBURY ONTARIO P38 387
Telephone (705) 673-1212 Fax (705) 673-9563

Oc ober 31st, 1996

LOUISM. BERNARD
331 Maplehurst Ave.
OAKVILLE, ON
L6L 4Y3

Dear Sir:

Further to our phone conversation, Kent Air Products are pleased to quote on
the following Booms and Hammers:

1 ONLY KENT 16' HYDRAULICHEAVY DUTY BOOM completewith 12"x12"x8'
tubular sections,heavy duty base, hinge supportsand mounting
plates - with support pedestal& operatorsconsole.
POWER UNIT (WITH ELECTRICALHYDRAULICVALVE) including40 HP
motor, 60 gallon tank, "Load Sensing"hydraulicpump, flow
regulators,completewit hoses etc...
1 ONLY - RAMMER HYDRAULICBREAKER,Model 5-26 completewith
mounting bracketsand a point.

$ 66,500.00

1 ONLY KENT 16' HEAVY DUTY BOOM & POWER UNIT (AS PER SPECIFICATIONS
ABOVE) completewith -
1 ONLY - RAMMER HYDRAULICBREAKER,Model 5-29 CITY complete
with mounting bracketsand a point.

$ 69,000.00

1 ONLY KENT 16' HEAVY DUTY BOOM & POWER UNIT (AS PER SPECIFICATIONS
ABOVE) completewith -
1 ONLY - RAMMER HYDRAULICBREAKER,Model E-64 completewith
mounting bracketsand a point.

$ 72,500.00

. . . . /Continued



KENT AIR PRODUCTS

CANADA LIMITED

1072 WEBBWOOD DRIVE SUDBURY, ONTARIO P3C 3B7

Telephone. (705) 673-1212 Fax (705) 673-9563

. . . . /Page 2

1 ONLY KENT 16' HEAVY DUTY BOOM & POWER UNIT (AS PER SPECIFICATION
ABOVE) completewith -

1 ONLY - RAMMER HYDRAULICBREAKER,Model E-64 CITY complete
with mounting bracketsand a point.

	 $ 76,000.00

1 ONLY ROCKBREAKERCAB 48" x 48" x 6' high, completewith 5/8"
temperedglass and new console cover (#2167)

$ 4,950.00

OPTIONS FOR CAB:

#2167-005 INSULATION& INTERIORLINING 	 $ 2,145.00

#2167-008AIR INTAKE FILTER & EXHAUST FAN 	 $ 1,072.50

ALL PRICES ARE:

F.O.B. : Toronto
DELIVERY: 5 to 6 Weeks
TERMS : Net 30 Days
TAXES : All ApplicableTaxes Extra

I hope that this informationis satisfactory! Please do not hesitateto contact
our office with any questionsor comments.

Kind Regards,
KENT AIR PRODUCTSCANADA LTD.

Robert J. Allen,

District Manager

RJA:kjk
Encls.


