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SUMMARY

Timminco Metals holds title to eleven patented mining claims 
situated in the Obonga Lake area of the Thunder Bay Mining District 
of Ontario.

Chromite mineralization was discovered in the area in 1930 at 
Chrome Lake and was found to be hosted within the Puddy Lake 
ultramafic intrusion, which is predominantly comprised of 
serpentinized peridotite. An exploration shaft was sunk by 
Chromium Mining and Smelting Corporation Limited (now Timminco 
Metals) in the early 1930's to a depth of 350 feet, providing 
access on three levels. Diamond drilling outlined a mineral 
inventory of 25,000 tons averaging 12 percent Cr203 . By 1937, 7,672 
tons of ore was raised from underground, of which 4,062 tons 
grading between 13 and 30 percent Cr2O3 was processed on-site and 
shipped. The property has remained inactive since 1937.

The Puddy Lake ultramafic intrusive exhibits many of the features 
typical of an alpine-type intrusion. Chromite mineralization 
within alpine-type ultramafics occurs in disseminated, layered and 
podiform styles. In each style, the chromite-bearing zones are 
discontinuous and randomly distributed. Economic chromite deposits 
typically form larger volume metallurgical-grade pods. The 
chromite occurrences found on Timminco's Chrome Lake property 
represent all three styles of mineralization and appear to be both 
small in scale and discontinuous. Despite their high Cr:Fe ratio, 
the restricted size of the overall intrusive could ultimately be a 
limiting factor towards the development of economic reserves of 
chromite on the property.

Market consumption of chromium is linked to the demand for 
stainless and related steels. Sustained chromium demand through 
1988 eventually led to a production overcapacity in the industry in 
1989. This overcapacity in ferrochrome production has now led to 
a period of excess supply which, combined with a general levelling 
of the world economy, will lead to a depressed market for chromium 
through the early 1990's.

World resources of chromium total approximately 33 billion tons of 
shipping-grade chromite, sufficient to meet conceivable demand for 
centuries. More than 99 percent of these resources are situated in 
South Africa. Chromium, including chromite and ferrochromium are 
are classified as stratigic minerals essential for the economy and 
defence of North America.

A.C.A. HOWE INTERNATIONAL LIMITED.



Adequate quantities of chromite are unavailable to North America 
from a reliable and secure source due to the Comprehensive Anti- 
Apartheid Act of 1986. A.C.A. HOWE INTERNATIONAL LIMITED has 
recommended that Timminco Metals retain title to the Obonga Lake 
Chrome Property, and complete a geophysical and geochemical 
evaluation of the property area designed to delineate the extent of 
the chromite mineralization which was developed in the 1930's. The 
proposed program, if fully implemented, would require an 
exploration expenditure of 571,500.00, all of which is eligible for 
a grant rebate from the Ontario Government under the OMIP 
legislation of 1989.

A.C.A. HOWE INTERNATIONAL LIMITED.



INTRODUCTION

On October l, 1990 Mr. Russ Etienne, ("Timminco") Director of 
Engineering and Environment, Timminco Metals, Haley, Ontario, KOJ 
1YO, commissioned A.C.A. Howe International Limited ("Howe") to 
prepare a report on its property in the Obonga Lake area of the 
Thunder Bay Mining District of Ontario.

The terms of reference for this report have been outlined by 
Timminco and entail the documentation of the history of the area, 
and a discussion of the results of a site visit to the property 
completed by Howe during the period of October 17th to 20th, 1990. 
A review of the commodity markets as they relate to metals and 
minerals which typically are found in similar geological settings 
has also been completed. Howe has also summarized the exploration 
and development programs which has taken place on neighbouring 
properties. The purpose of the report is to recommend, if 
warranted, an appropriate program of exploration on the property to 
further evaluate its economic potential.

Timminco Metals, A Division of Timminco Limited, holds title to the 
property, and has retained title to the property indirectly since 
1930. Exploration, development and production was ongoing from 
1930 through 1937. Records of this work have been summarized in 
various Ontario Department of Mines reports which are on file with 
the Ontario Geological Survey in Toronto, Ontario and have been 
referenced herein.

Conclusions and recommendations presented in this report are based 
on information gained from Howe's site evaluation of the property, 
library research of the area geology, a brief market study, and 
upon personal knowledge of the exploration techniques employed in 
the region.

A.C.A. HOWE INTERNATIONAL LIMITED.
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PROPERTY DESCRIPTION, LOCATION, ACCESS AND TOPOGRAPHY

The Obonga Lake property is located 109 miles north of Thunder Bay, 
Ontario and 31 miles southwest of the town of Armstrong, in the 
Thunder Bay Mining District. Highway 527 extending north from 
Thunder Bay to Armstrong, passes within 15 miles of the eastern 
property boundary. Access to the property is gained via float or 
ski equipped fixed wing aircraft from Armstrong. During the winter 
months, access is possible along the winter road leading from the 
highway across Obonga Lake to the north-western shore of the 
Northwest Bay. The winter road extends from this point through the 
centre of the property, near the eastern shore of Chrome Lake. 
Logging activities are currently on-going to both the north and 
east of the property boundary, and gravel access roads now lie 
within 10 miles of the northeastern property boundary.

The property is comprised of eleven contiguous patented claims 
covering 645 acres (Fig. # 2), and are described as follows:

Table of Claims

Claim No. Acreage

TB 8420 218.72 acres
TB 8421 50.88 "
TB 8422 32.78 "
TB 8423 66.42 "
TB 8424 69.21 "
TB 8425 44.61 "
TB 8426 41.84 "
TB 8427 31.89 "
TB 8428 17.83 "
TB 8814 30.22 "
TB 9294 40.53 "

 644.93 acres

Topographically, the area consists of gently rolling hills rarely 
reaching more than 50 feet in relief, the hills stretching across 
the property in an east-west direction. Outcrop exposure is low at 
approximately 3 percent, with angular to subangular blocks of 
subcrop being more dominant covering approximately 10 percent of 
the area. Glaciofluvial deposits cover the remainder of the 
property, and consist of sand and gravel. Most of the property 
area east of Chrome Lake had been logged during the 1930's, which 
has now left the area covered in a thick growth of second 
generation poplar, black spruce and birch. Breakup generally 
begins in May and freeze-up begins in early November. Temperatures 
vary from lows of -40" Celsius in the winter to a rare high of 28" 
Celsius in the summer.

A.C.A. HOWE INTERNATIONAL LIMITED.



HISTORY OF PREVIOUS EXPLORATION

Chromite was discovered in the Obonga Lake area in the fall of 1928 
by W. Keefe and R. A. Macdonald, who staked a group of claims in the 
viscinity of Chrome Lake. This original claim grouping, the 
remnants of which now form the Timminco property, was purchased by 
Golden Centre Mines, Inc. and a subsidary known as Consolidated 
Chromium Corporation was organized to develop the property. 
Options were taken on additional claims until, in the fall of 1930, 
the corporation controlled 52 claims covering most of the Puddy 
Lake intrusive. Early development work consisted of stripping and 
trenching. During the winter of 1930, approximately 1,000 feet of 
diamond drilling was completed on the showings at the north end of 
Chrome Lake (Zone "A"). Underground exploration began the 
following summer on the "E" zone, situated approximately one-half 
mile east of Chrome Lake. A permanent camp was erected on the west 
side of Chrome Lake and construction of a winter road between the 
main line of the CNR at Collins and the property had commenced by 
late 1930.

Five chromite-bearing zones were eventually discovered on the 
ground which is presently held by Timminco. Mr. M.E. Hurst of the 
Ontario Department of Mines visited the property during the fall of 
1930 and described the chromite showings and their development as 
follows (refer Fig. # 2 S 3).

"A" Zone - This zone is located on and near a group of islets at 
the north end of Chrome lake. Surface trenching and diamond- 
drilling have indicated an area about 150 feet in diameter in which 
the serpentine contains grains of chromite disseminated through it. 
According to the managment, one section running north and south 
across the zone contains an average of 12 percent chromic oxide. 
Six diamond-drill holes were put down on this zone. The following 
data relating to the drilling was furnished by the management:-

Hole

Mo. 1

NO. 2

No. 3

No. 6

No. 7

No. 10

Angle of 
inclination

- 45'

- 75'

- 45'

- 45'

- 75'

- 55'

Length

Feet 

123

60

63

66

155

110

Chromite-bearing rock 
intersected

No. of sections

6

4

10

1

NOT AVAILABLE

"

Total Length 
feet

28

16.5

43

20

NOT AVAILABLE

II

A.C.A. HOWE INTERNATIONAL LIMITED.



Just prior to the suspension of operations, a shaft (No. 2) was 
begun on the mainland, a short distance west of this zone.

"B" Zone - This zone is located near the northwest corner of claim 
T.B. 8424 and about 600 feet east of Chrome lake. It consists of 
a flat-lying body of chromite having an average thickness of about 
2 feet. It is exposed over an area 150 feet in diameter and is 
estimated by the management (1930) to contain about 5,000 tons of 
material running 34 percent chromic oxide. The underlying 
serpentine contains some disseminated chromite. A diamond-drill 
hole directed north at an angle of -45 degrees for 196 feet 
intersected no chromite-bearing rock.

"C" Zone - Several small patches of chromite-bearing serpentine 
have been exposed by trenching near the east shore of Chrome lake 
on claim T. B. 8426. The serpentine in this section contains 
considerable magnetite, and the chromic oxide content appears to 
be low.

"D" Zone - This zone lies about 500 feet west of the "A" zone. It 
consists of several exposures of chromite-bearing serpentine and 
occasional streaks of chromite rock. The better-grade material 
contains 15 to 20 percent chromic oxide. Two diamond-drill holes 
(Nos. 8 and 9) were put down on this zone at an angle of - 45 
degrees for 70 feet and 106 feet, respectively. Each of these 
holes intersected a 3-foot section of chromite-bearing serpentine.

"E" Zone - This zone is located on claim No. 8814 near the east end 
of the serpentine body. It consists of several branching, vein- 
like bodies (schlieren) of chromite lying about 30 feet apart and 
roughly parallel to one another. The veins strike N 60"-70" E. and 
dip at a low angle to the south. They range in width from l to 7 
feet and appear to merge toward the northeast. The most persistent 
vein has been traced by trenching for about 500 feet. Sampling of 
the surface showings gave, according to the management, an average 
of 36 percent chromic oxide.

A shaft, located at the widest point on the most southerly vein, 
has been sunk to a depth of 350 feet. Owing to their southward 
dip, the chromite bodies exposed near the collar of the shaft were 
penetrated within a depth of 60 feet. At the 100-foot level, 
crosscuts were run north for 200 feet and south for 320 feet. 
These intersected a 200-foot width of serpentine and associated 
talc-chlorite schists lying between walls of micaceous quartzite. 
With the exception of several narrow, comparatively high grade 
concentrations of chromite, most of this width consists of low- 
grade material containing sporadically disseminated chromite. 
About 100 feet of drifting has been done on this level. At the 
time the property was visited (Oct. 1930) , about 25 feet of 
crosscutting had been done at the 2 25-foot level and none at the 
350-foot level.

A.C.A. HOWE INTERNATIONAL LIMITED.
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In 1932, Chromium Alloy Co. Ltd. acquired control of title to the 
property. Seventy tons of ore was shipped to Niagara Falls, N.Y. 
for experimental purposes. Some ferrochrome was made and was 
reported to be of satisfactory grade. In 1934, Chromium Mining and 
Smelting Corp., Ltd. took over the property. During the year, 23 
holes (5000 feet) were drilled in the area of the shaft at the "E- 
Zone". The results indicated 225,000 tons of ore averaging 17 
percent Cr2O3 to a depth of 300 feet (Chromium Mining and Smelting 
Corp., Ltd., Ann. Report 1935).

By 1936, additional camps and plant facilities were constructed and 
consisted of a shaft house, machine shop, blacksmith shop, power 
house and hoisting facility. An assay office, two warehouse 
buildings, mine office, powder magazine, a dry, three bunk-houses, 
a cookery and the mill were also constructed during this period. 
The mining plant consisted of a 40 H.P. locomotive-type boiler, a 
100 H.P. up-right boiler, a single-drum steam hoist, a 600 cubic 
foot per minute compressor driven by a 132 H.P. diesel engine, and 
a lighting unit consisting of a 33 amp.-110 volt diesel-electric 
generator.

The mill facility was not utilized during 1936 as activities were 
confined to construction and underground development. During this 
period approximately 4,235 tons of ore was mined underground from 
three open stopes on the 100-foot level and three shrinkage stopes 
on the 225 foot level. Of this, 198 tons of ore, along with 
approximately 223 tons which was mined from an open cut on 
surface, were shipped to a refining and smelting plant in Sault 
Ste. Marie, Ontario. The average grade of the shipment was 
reported as 18 percent Cr2O3 (O.D.M. Statistical Review, 1937).

Underground operations were suspended by August 1937, after having 
completed 14,415 feet of diamond drilling from both the underground 
workings and from surface. In all, 7,672 tons of ore was raised 
from underground, of which 4,062 tons, grading between 13 to 30 
percent Cr2O3 was processed and shipped (O.D.M. Statistical Review, 
1938) .

In 1974, the property was reduced to the 11 patented claims 
presently held by Timminco (then "Chromasco"). The property has 
lain esentially dormant since 1938.

The area surrounding Timminco's Obonga Lake property has been 
sporadically explored during the past forty years. With the 
discovery of chromite mineralization at Chrome Lake in 1930, 
additional ground was acquired by various companies, with the 
largest block of ground eventually being controlled by Consolidated 
Chromium Corporation (52 claims). Despite acquiring this sizeable 
block of claims, the bulk of their exploration was completed soley 
on the Chrome Lake chromite occurrences.

A.C.A. HOWE INTERNATIONAL LIMITED.
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With the suspension of mining operations at Chrome Lake in 1937, 
the area lay more or less dormant until 1965 when Commerce Nickle 
Mines Ltd. acquired a block of 55 claims surrounding Puddy Lake, 
which lies immediately to the west of Chrome Lake (Figure #4) . 
Geochemical, geological, and geophysical surveys were completed 
over the entire claim group, followed by the completion of 23 
diamond drill holes totalling 5,590 feet. All of these holes are 
reported to have intersected nickel-iron mineralization. The 
shortest intersection was 60 feet averaging 0.20 percent nickel, 
and the longest intersection graded 0.21 percent nickel over 380 
feet. Other assays ranged from 0.16 percent nickel over 250 feet 
to 0.38 percent nickel over 70 feet. The main zone of 
mineralization was estimated to be 3 miles long, up to one-half 
mile wide, and to a depth of 400 feet it was estimated to contain 
geological reserves of 30 million tons grading 0.10 percent to 0.60 
percent nickel, approximately 0.01 percent to 0.06 percent cobalt 
and 7.2 percent recoverable iron (Northern Miner; Aug. 17, 1967). 
In addition, trace amounts of chromite, gold, silver, zinc as well 
as platinum-group metals were encountered.

In 1968, Newmont Mining Corporation of Canada optioned the property 
and completed an electromagnetic survey which was followed by the 
completion of 10 diamond drill holes totalling 3,106 feet. The 
results of this work were not reported.

Based upon the results generated by both the Commerce Nickle and 
Newmont exploration programs, Falconbridge Nickle Mines Ltd. 
completed one drill hole south of Puddy Lake to test for base metal 
as well as platinum-group metal mineralization. No significant 
assay values were derived from this exploration program.

No further exploration was completed within the Obonga Lake area 
until 1974 when a prospecting syndicate, headed by Mr. Kuhner Knut, 
acquired claims immediately west of Timminco's property along the 
southern shore of Puddy Lake. Since that time Mr. Knut has 
completed mechanical stripping of nickle and chromite-bearing 
ultramafics over a strike distance of almost one-half mile. In 
1989 magnetic and electromagnetic-surveys were completed over the 
claim block, followed by geological mapping and sampling on a group 
of eleven claims during the summer of 1990. The geological mapping 
indicated the presence of three styles of alteration and 
mineralization on the property, which has been described as follows 
(Yu; R.Z., 1990):

1. Shear Zone Mineralization; occurs discontinuously over the 
entire length of the property (approximately 2,000 feet) reaching 
widths of 100 feet, and strikes N75"E and dips to the south at 80". 
Grab samples of the mineralized rock yielded assay results grading 
2.0 percent nickle, 1.0 percent copper, and 0.1 ounces\ton platinum 
group metals combination ^270 ppb Pt, ^670 ppb Pd).

A.C.A. HOWE INTERNATIONAL LIMITED.
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2. Massive Magnetite-rich Serpentinite; occurs in the eastern 
portion of the property as rock containing up to 25 percent 
disseminated magnetite and irregular magnetite blebs scattered 
throughout the rock. Grab samples returned low values in platinum- 
group metals.

3. Magnetite Veinlets; magnetite is fine-grained, and stretches 
into the wall-rock like needles. The veinlets are mostly l to 2 
inches in width and trend at N70'E. A single sample from a trench 
south of Puddy Lake (L48E) returned 55.3 ppm Pt (1.62 oz\ton Pt).

In 1985, Platinum Exploration Canada Inc. conducted a program of 
geological mapping, sampling and prospecting over claims to the 
west of Mr. Knut's property. This exploration confirmed the 
presence of several copper and nickel showings, and yielded assay 
values ranging from trace to a single sample high of 5,580 ppm 
copper, 10,160 ppm nickel, and 550 ppb palladium which was derived 
from thin sulfide veinlets.

The following year the Ministry of Northern Development and Mines 
initiated a two-year program to assess Ontario's potential for 
economic chromite deposits. One-third of this study was devoted to 
the chromite occurrences associated with the Puddy Lake 
serpentinite, and included a on-site evaluation of Timminco's 
Obonga/Chrome Lake property.

In 1987, the area surrounding both Puddy Lake and Chrome Lake was 
acquired through staking by Imperial Platinum Corporation. 
Geological mapping, combined with electromagnetic (VLF-e.m.) and 
magnetic surveys were completed over this claim grouping to 
evaluate its platinum-group metal potential. Only low values of 
both palladium and platinum were derived from this program and the 
claims were subsequently allowed to lapse.

A.C.A. HOWE INTERNATIONAL LIMITED.
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GEOLOGY

GENERAL GEOLOGY

The serpentinized ultramafic intrusive at Puddy and Chrome Lakes 
(Figure #2) is exposed over a distance of 4 miles in an east-west 
direction, and reaches widths of one-half mile. The intrusive body 
lies at the contact between Archean quartzofeldspathic paragniesses 
and Archean volcanogenic metasediments. A stock of porphyritic 
quartz monzonite, intruding both the paragneiss and the 
metasediments, forms part of the southwest contact. Airborne 
magnetic data indicates that the intrusive dips towards the south.

The Puddy Lake ultramafic intrusive is comprised of a mixture of 
dunite, peridotite, and minor pyroxenite, all of which have been 
serpentinized. North-striking and east-striking dikes of probable 
Late Precambrian age cut the intrusion. Faulting, indicated by 
intense shearing of the ultramafic rocks, is evident at the west 
end of Puddy Lake and at the north end of Chrome Lake. Country 
rock xenoliths of paragneiss occur along the north contact of the 
intrusion at Puddy Lake. The xenoliths are elongate slabs aligned 
parallel to the contact.

PROPERTY GEOLOGY

Timminco's Obonga Lake property is predominantly underlain by the 
Puddy Lake ultramafic intrusive, which trends from the west under 
Puddy Lake, through the central portion of the claim group, finally 
pinching-out immediately to the east of the Timminco property. 
Bedrock exposures are rather scarce within the boundaries of the 
property, and average between 3 and 5 percent. The outcrop 
characteristics of the serpentinite are extremely variable. Relict 
textures indicate that peridotite is most common with pyroxenite 
and dunite present in small amounts. All of these rock types have 
been throughly serpentinized and relict textures have been 
destroyed where shearing has been active. In hand specimens, 
serpentinized dunite can be recognized by medium-grained olivine 
crystals which are generally outlined by fine disseminations of 
magnetite. Serpentinized peridotite exhibits medium-grained 
intercumulate patches of fibrous minerals (amphibole) replacing 
fine-grained pyroxenes.

The northern contact of the Puddy Lake serpentinite is marked by a 
thick unit of paragneiss (up to one-half mile thick), which marks 
the border phase adjacent to the serpentinite and the metasediments 
(greywackes and quartzites) further to the north. The southern 
contact of the Puddy Lake serpentinite exhibits no such border 
phase, with an interbedded sequence of quartzites and greywackes 
underlying the area.

A.C.A. HOWE INTERNATIONAL LIMITED.
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ECONOMIC GEOLOGY

CHROMITE OCCURRENCES fFIGURE #2)

Chromite is exposed along the northeastern contact of the Puddy- 
Chrome Lakes serpentinite in a zone extending from the north end of 
Chrome Lake (Claim T. B. 8422) to the east end of the intrusion 
(Claim T.B. 9294). The chromite mineralization occurs in three 
forms: layered, disseminated, and podiform.

DISSEMINATED AND LAYERED CHROMITE

Disseminated chromite is the most widely distributed style of 
chromite mineralization and it occurs along with layered and 
massive chromite ^75 percent chromite). Chromite, in disseminated 
form, is very fine grained and forms 5 to 15 percent of the 
serpentinite. At the north end of Chrome Lake (Figure #3), 
disseminated chromite has been redistributed by shearing into wispy 
schlieren-type concentrations 0.2 inches thick and up to 1.5 inches 
long, separated by black-green, strongly foliated serpentinite.

Chromite in layered form is also best exposed at the north end of 
Chrome Lake where the layered zone is approximately 1.6 feet thick, 
strikes north, and dips easterly. The layers are deflected to a 
northwesterly strike as an east-striking fault contact with the 
paragneisses to the north is approached. Individual chromite 
layers vary from 0.4 inches to 2.3 inches thick and consist of 
cumulate concentrations of fine-to-medium-grained subhedral 
chromite. A representative sequence is described as follows: 
(revised from Whittaker; P.J., 1986).

Top 6 inches

Serpentinized olivine phenocrysts become gradationally more 
abundant and form approximately 90 percent of the rock. Patchy 
areas with about 20 percent chromite occur irregularly through the 
dunite.

4.5 inches

Massive chromite with approximately 10 percent medium-grained 
serpentinized olivine phenocrysts. Olivine is serpentinized to 
lizardite and antigorite.

3.0 inches

Serpentinite in sharp contact with a fine-grained massive chromite 
layer. Chromite is equigranular and anhedral, and generally ovoid 
or spherical in shape.
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2.0 inches

Fine-to medium-grained serpentinite which may exhibit a cumulate 
olivine texture. Where the serpentinite has been sheared, talc, 
crysotile asbestos and magnesite are developed.

Base

Shearing has modified the thinner (0.4 inches) chromitite layers by 
breaking them into stretched fragments which are 0.5 to l inch in 
length and exhibit angular to cuspate ends. All fragments are 
aligned parallel to the foliation. Folding is preserved in some 
thinner layers where isoclinally folded fragments occur. Thicker 
chromite layers (1.5 to 2.5 inch) exhibit boudinage-type 
structures. Shearing has caused brittle fracture of the thicker 
chromitite layers with serpentinite filling the fractures. 
Fractures cut the thicker chromite layers in subparallel sets which 
intersect the plane of layering and foliation at approximately 30".

The thicker chromite layers are formed of subhedral medium-grained 
chromite. Chromite adjacent to shear zones is granulated to very 
fine grained fragments which define a braided shear pattern cutting 
the chromite layers. Undeformed chromite defines a tightly packed 
cumulate texture with a matrix of approximately 2 percent to 3 
percent intercumulate black-green serpentinite.

Rock samples obtained from the mine dump on mining claim T.B.8814 
exhibit disseminated chromite and massive chromite. Massive 
chromitite at this eastern locality is blocky and typical of 
podiform-style mineralization. Chromite is massive, and breaks 
with a hackly fracture, revealing a metallic black lustre.

Four rock-chip samples and two composite rock-pulp samples which 
were taken from the old assay office at the mine-site, were 
submitted to X-Ray Assay Laboratories of Don Mills, Ontario for 
analysis. Major and trace-element geochemical analys's were 
completed on each of the samples, the results of which are 
presented in Table l.
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Table 1: Analyses of Major and Trace Elements, Obonga Lake

Wt X
Oxides

S i 02
A 1 203
Fe203

MgO
CaO
MnO
K20

P205
Cr203
Na20
T i 02

Total
LOI

Cr/Fe

PPM

Au
T i
Fe
Rb
Na
Sr
Ag
Cr
Co

Y
Cd
Hg
Ni
Zr
Ba
Cu
Mn
Nb
Zn
Ho
Pb

P
Ca

PPB

Pd
Pt

1
Serpn.

35.1
4.51
18.6
23.2
3.1

0.19
0.38
0.04
3.48
0.28
0.23

98.6
9.47

0.34:1

35
418

70500
28
542
53

0.5
23800

87
*:10
•O

73500
1190
22
108
105
649
*:10

24

6
•c2

208
11400

5
*:10

2
Serpn.

33.1
1.37
12.0
33.8
1.11
0.14
0.04
0.02
2.90
0.01
0.09

97.4
12.8

0.56:1

15
177

35600
11
217
13

•:0.5

19900
124
•OO

1
205000

1610
*:10

43
22.1
496
•OO

23.1
11
^
63

5880

3
10

3
Serpn.

34.9
1.26
11.1
34.4
0.8

0.14
0.07
0.02
1.48
0.10
0.06

98.1
13.8

0.26:1

4
205

39200
26
189
30

O.5
10200

129
•OO

4
220000

1980
•00

51
54.8
645
12
878

4
12
108

4280

8
•00

4
Serpn.

28.0
15.9
18.8
23.8
0.44
0.15
•cO. 01

0.11
0.25
O.01
1.47

99.6
10.7

0.038:1

9
247

47300
14
171
•OO

0. 5
1810
73
39
•O

41400
375
80
96

22.9
257
•OO

46.5

4
•c2

555
1080

4
•00

5
Serpn.

26.3
5.46
14.2
24.4
2.04
0.31
0. 01
0.02
16.8
•cO. 01

0.3

98.3
8.47

6.84:1

15
111

16800
i10

269
12

0. 5
115000

62
•OO
•O

25500
259
•OO

*:10

45.6
249
^0

16.1

2
•c2

93
11300

12
•OO

6
Serpn.

49.1
11.4
10.9
12.0
7.3

0.21
0.89
0.06
1.08
1.34
0.47

98.8
4.0

0.27:1

2
590

28200
39
393
138

0.5
7490
33
*00
*:1

22900
106
37
228

99.4
386
*:10

30.4

3
^
307

7850

11
*:10

Serpn. - Serpentinite
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DISCUSSION OP ANALYTICAL RESULTS

Rocks which comprise the Puddy Lake ultramafic body exhibit a 
distinct ultramafic composition (Table 1). Field descriptions for 
the six samples are as follows:

Semple No. Field Classification Location of Sample Site

T901919-1 Serpentinite (bronze) Rock Pulp from Lab
T901919-2 Serpentinite (green) Rock Pulp from Lab
T901919-3 Serpentinite Rep. Grab - Rock Core
T901919-4 Serpentinite (barren) Grab Sa's.- Shaft Dump
T901919-5 Serpentinite (mineral) Grab Sa's.- Shaft Dump
T901919-6 F.G. Gabbro/Basalt? Rep. Grab - Rock Core

Analyses indicate that samples l through 5 can be classified in the 
dunite to peridotite fields, based upon SiO2 values ranging between 
26 and 35 percent. Sample number 6 falls with the compositional 
range of a mafic rock such as a gabbro or basalt.

None of the samples exhibit chromium values which can be classified 
as "ore-grade", although sample number 5 yielded a value of 16.8 
percent Cr2O3 with an excellent Cr:Fe ratio of 6.9:1.0. Both Fe and 
A12O3 values fall within the acceptable range for refractory-grade 
ores, although the SiO2 content is much too high for all of the 
samples taken (all >26 percent whereas < 6 percent is acceptable). 
Electron microprobe analysis of chromite grains, or analysis of a 
chromite concentrate would better indicate the category to which 
this mineralization would fall.

The higher iron values, combined with a lower chromium content in 
samples l through 4 indicate the presence of magnetite in the rock. 
Nickel values are also higher for these samples than that found in 
samples exhibiting a higher chromium content, this positive 
correlation is typical in that at Puddy Lake, magnetite is Ni- 
bearing and a nickeliferous magnetite zone has been outlined from 
exploration completed in the area by Newmont and Knut in 1969 and 
1990 respectively.

Based upon the analytical results, the Timminco property possesses 
little potential for economic grades of platinum, palladium or 
nickel.
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Trace element data completed by the O.G.S. in 1986 (Whittaker; 
P.J., 1986, p.30) suggests that the Puddy Lake ultramafic body is 
best classified as an alpine-type intrusive. In the classification 
of ultramafic rocks as alpine-type, one of the geochemical criteria 
is that the rock possess a TiO2 content of less than 0.03 percent. 
TiO2 values from Timminco's property exhibit higher TiOp values than 
those attributed to alpine-type ultramafic rocks. In this respect, 
there is disagreement in classifying the Puddy Lake ultramafic as 
an alpine-type intrusive. Further geochemical surveying which 
utilizes a larger sample-base is required to confidentally classify 
the intrusive as either a alpine-type intrusive, stratiform 
ultramafic intrusive or an extrusive volcanic derivative.
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PRINCIPAL CHROMIUM SUB-PRODUCTS

Chromium is essential to modern industry. It is used in a wide 
variety of products such as stainless high-strength and oxidation- 
resistant steels, chemicals for tanning leather, and refractories 
for metallurgical furnaces. Six main groups of chromium products 
are used by industry: chromite, chromium metal, ferrochromium, 
other chromium-bearing alloys, chromium chemicals and chromium 
refractories (refer Appendix A).

Traditionally, chromite was subdivided into metallurgical, 
refractory, chemical and foundry categories, based upon the 
following criteria:

TABLE 2. SPECIFICATIONS FOR CHROMITE ORES OR CONCENTRATES REQUIRED 
BY INDUSTRY (Whittaker;P.J., 1986, p.5).

Metallurgical grade Refractory grade Chemical grade

>48% Cr2O3 
>2.8 Cr:Fe ratio 
<3% SiO2 
<25% MgO+AlgOj+CaO 
Preferably hard

Approx. Sl.% Cr2O3 
a.2% Fe 

<6% SiO2 
25% A1203 
Preferably hard

Approx. 45%C r 2O3

^* S iO2 
<25% A12O3 

Friable ores
and lumpy ore and lumpy ore acceptable

In the case of the chromites used to make ferrochromium, the 
introduction of the argon-oxygen decarburization (AOD) technique 
for steelmaking has largely dissolved the barriers between the 
metallurgical and chemical grades. It has therefore made it 
possible to use lower-grade high-iron chromites, previously limited 
to the production of chromium-based chemicals, in the production of 
ferrochromium.

Chromium metal is used as an additive. Its principal applications 
are:

i) in the production of "superalloys", and

ii) in providing the extra chromium required to enable stainless 
steel producers to use less-expensive ferrochromium and still 
meet the chromium content requirements specified in their 
products.

Ferrochromium is a general term applied to a number of iron- 
chromium-bearing masteralloys essential to the manufacture of high- 
alloy and stainless steels. Other chromium-bearing alloys have 
special uses in fields where heat resistance, corrosion resistance 
and high temperature strength is required.
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Chromium chemicals, produced from chromite, are raw materials for 
chromium plating and are used for pigments and tanning agents as 
well.

Chromite refractories have long found use in ferrous and nonferrous 
furnaces, cement kilns, and foundries. The proportion of chromite 
used in a refractory brick has, however, been undergoing 
considerable change in recent years, which has led to a decline in 
the overall consumption of chromite in refractories.

WORLD SUPPLY OF CHROMIUM

TOP TEN CHROMITE PRODUCERS * ('000's tons) 

1988 1989

South Africa 4,244 4,300
U.S.S.R. 3,200 3,300
Albania 750 850
India 760 800
Turkey 800 800
Zimbabwe 562 630
Finland 620 620
Brazil 400 400
Cuba 125 125
Madagascar 64 70

World Total 11,917 12,310

Source: British Geological Survey and U.S.B.M.
* Figures refer to marketable produce - lumpy ore and concentrate.

World resources of chromium total approximately 33 billion tons of 
shipping-grade chromite, with over 99 percent of these resources 
being geographically concentrated in South Africa, where the 
majority of the world's supply of chromium is produced from the 
Bushveld Intrusive Complex. The Bushveld Complex is a continental 
layered intrusion which fractionated from ultramafic rocks, 
primarily peridotite, to a granophyre end-product. The mafic rocks 
are approximately five miles thick and have been subdivided into 
five zones. The various zones form repeated cyclical units, 
beginning with chromite which is followed by successive layers rich 
in olivine, pyroxene and finally plagioclase respectively.
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In the western part of the complex, the main chromite seam, known 
as the LG6 or the Main Seam, has been outlined over a strike length 
of 40 miles. In the eastern part of the complex, the main chromite 
seam, the Steelport bed, has been traced over a strike extent of 50 
miles. Ore reserves, in the eastern and western lobes of the 
complex, total 1,203,565,000 short tons of chromite (Whittaker; 
P. J. , 1986, p.6). In some areas where the Cr:Fe ratio is low, 
platinum-group metal values are sufficient to produce ore-grade 
material, with chromium produced as a by-product.

North American chromite-bearing equivalents of the Bushveld complex 
occur on a smaller scale and include the Stillwater igneous complex 
in Montana, U.S.A. Chromite was mined from the complex during the 
periods 1941 to 1943 and 1953 to 1961, and concentrates grading 
from 38 to 42 percent Cr2O3 with Cr:Fe ratios of 1.6 were produced. 
Resources are estimated to be about 14.5 million tons grading about 
12 percent Cr2Oj - Tne Stillwater complex accounts for 
approximately three-quarters of the United States' domestic reserve 
of chromite.

In Canada, significant measured chromite occurrences occur in the 
Bird River area of southeastern Manitoba and the Eastern Townships 
of southern Quebec. There is presently a wide array of technology 
that is potentially applicable to the production of metallurgical- 
grade chromite and ferrochromium from Canadian chromite resources. 
The economics and suitability of these technologies have yet to be 
evaluated for Canadian circumstances. At the present time, the 
Bird River deposits seem to be the most likely candidates for 
future development where total indicated tonnages outlined are of 
the order of 16,000,000 tons grading from 4.6 to 25 percent Cr203 . 
However, a low Cr:Fe ratio of 1.6:1.0 seems to have precluded 
future development of these ores (Scoates; R.F.J., 1971, p.5).
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OVERVIEW OF WORLD MARKETS OP CHROMIUM

Market consumption of chromium is linked to the demand for 
stainless and related steels.

Sustained chromium demand during the period 1986 through 1988 in 
the United States, Japan and the European Economic Community (EEC), 
was derived principally from consumption in the automotive and 
other transportation sectors, as well as the construction sector. 
This sharp upturn in demand generated a world-wide production 
deficit in 1987 and 1988 of approximately 200,000 tons per year on 
average, with this production deficit being supplemented through 
the depletion of the existing stockpiles of chromium ores.

However, 1989 exhibited a reversal of the strong market demand for 
ferrochrome products. Increased price levels were achieved by the 
existing ferrochrome producers through investment in new production 
facilities and\or the regeneration of idle production capacities at 
existing facilities. This increase in ferrochrome production has 
now led to a overcapacity in the industry.

This overcapacity is particularly evident with the South African 
producers which, concurrent with the production expansions 
elsewhere in the world, will increase total world capacity to the 
4 million ton per year level, an increase of nearly 50 percent over 
the projected world demand levels. Unless there is a significant 
upturn in production of stainless steel products, the chromium 
market will reflect a period of excess supply and therefore remain 
depressed through the early 1990's (for details on World Chromium 
Market, refer to Appendix B Se C) .
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SUMMARY AND CONCLUSIONS

Chromite was discovered on Timminco's Obonga Lake Chrome Property 
during the early 1930's. Underground development lead to the 
processing of approximately 4,062 tons of chromium grading between 
13 and 30 percent Cr2O,. Geochemical analyses by Howe in 1990 (this 
report) and the Ontario Geological Survey in 1986 indicates grades 
ranging between 16 and 41 percent Cr2O3 .

Chromite is found primarily in ultramafic rocks in various 
geological environments including: continental stratiform layered 
intrusives, ophiolite suites and associated alpine-type 
peridotites, and ultramafic extrusive komatiitic volcanic rocks. 
The chromite occurrences within the Puddy Lake ultramafic intrusive 
are similar to layered and podiform alpine-type podiform deposits. 
Chromite within alpine-type ultramafic intrusives occurs in 
disseminated, layered, and podiform styles. In each style, the 
chromite-bearing zones are discontinuous and are randomly 
distributed. Typically, economic podiform chromite deposits, such 
as those found in Pakistan and Turkey, are usually in larger volume 
metallurgical-grade pods (Turkish chromite reserves are estimated 
at 100,000,000 metric tons. Whittaker; P.J., 1986). The chromite 
occurrences situated on the Timminco property represent all three 
styles of mineralization and, based upon the production data from 
the 1930's, appear to be both limited in size and continuity. 
Despite the high Cr:Fe ratio of the chromite mineralization, the 
restricted size of the Puddy Lake intrusive could ultimately be the 
limiting factor for chromite exploration in the area.

Chromite is considered a strategic mineral, and can be categorized 
as either metallurgical, chemical or refractory grade, primarily by 
its Cr:Fe ratio. Chromite is predominantly utilized in industrial 
processes such as the hardening of steel and the development of 
highly corrosion resistant alloys.

The major world supply of chromium is produced from the Bushveld 
Complex in South Africa, where 99 percent of the world resources of 
chromium are geographically located. A recent increase in 
production capacity has caused a downturn in the demand for 
chromium, a trend which is expected to continue through much of the 
early 1990's.

Nevertheless, the occurrence of significant showings of chromium 
along the entire length of Timminco's property warrants further 
evaluation utilizing modern exploration techniques. Exploration 
efforts during the 1930's concentrated on the eastern portion of 
the Puddy Lake intrusive, evaluating and developing high-grade 
lenses of chromite mineralization. Reports from this period by 
Ontario Department of Mines staff suggest that additional low-grade 
material surrounds the higher-grade pods, a feature which was 
evidenced by Howe staff during the site visit.
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Broken rock, situated south of the shaft, exhibited various styles 
and concentrations of chromite mineralization, suggesting that the 
chromite mineralization may be wide-spread, and where the grade is 
acceptable, permit exploitation utilizing open-pit or bulk-mining 
methods.

During the past five years, various companies have evaluated the 
area surrounding Timminco's Obonga Lake property in an effort 
towards establishing the Puddy Lake intrusive as a source for 
primary production of platinum group metals (PGM). Each of these 
companies recognized the PGM potential of the intrusive, as well as 
its potential for chromite mineralization. The results of these 
exploration programs were generally disappointing. Geochemical 
analyses completed by Howe indicate limited potential for PGM 
mineralization on Timminco's property. Typically, PGM 
mineralization is not associated with alpine-type podiform chromite 
occurrences, such as those found in association with the Puddy Lake 
intrusive.

A.C.A. HOWE INTERNATIONAL LIMITED.



26 

RECOMMENDATIONS

As chromite is considered to be a strategic mineral A.C.A. Howe 
International Limited recommends that Timminco retain title to the 
Obonga Lake claims. A "first-phase" exploration program has 
further been recommended, and the purpose of the recommended 
program would be three-fold:

i) to determine the extent and continuity of the chromite-bearing 
zones through the use of advanced geophysical techniques,

ii) to mechanically remove the overburden cover from the
mineralized zones to permit the removal of a bulk sample to 
be submitted for metallurgical testing, and

iii) based upon the results of the above-noted exploration,
determine the economic potential of the property, and if 
warranted, recommend a prudent exploration program, comprised 
primarily of diamond drilling to delineate the chromite- 
bearing zones.
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BUDGET ESTIMATE

The recommended program, if fully implemented, would require and 
exploration expenditure of $71,500.00 Canadian, and has been 
budgeted as follows:

Phase I Exploration Program - Obonga Lake Chrome Property
Timminco Metals Ltd.

- Linecutting; approx. 20 linemiles @ $350 per mile $ 7,200.00

- Geophysical Surveys:

i) Induced Polarization Survey;
20 days @ $l / 100 per day 22,000.00

ii) Magnetic Survey; 20 linemiles @ $150 per mile 3,000.00

- Mechanical Stripping; 100 hours @ $85 per hour 8,500.00

- Bedrock Trenching, Sampling, Labour
5 man-days @ $250 per day 1,250.00

- Camp Rental and Board; $56/day per man x 30 days 5,050.00

- Mobilization/Demobilization, and related costs 3,200.00

- Charter Aircraft (fixed and rotary wing) 10,000.00

- Project Geologist\supervision
18 days @ $350 per day 6,300.00

- Summary Report with Geophysical Interpretation
and Drafting 5.000.00

TOTAL EXPLORATION EXPENDITURES- PHASE I PROGRAM $71 / 500.00

Respectfully submitted,

A.C.A. HOWE INTERNATIONAL LIMITED

Kenneth W. Johnson Paul Blomberg
Senior Geologist Geologist
Toronto, Ontario Toronto, Ontario
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CERTIFICATE

I, Kenneth W. Johnson of 111 Eagle Avenue, Brantford, Ontario, 
hereby certify that:

1. I am Senior Geologist with A.C.A. Howe International Limited, 
Mining and Geological Consultants with offices at 22 Front 
Street West, Suite 1400, Toronto, Ontario, M5J 1C4.

2. I am a graduate of the University of Windsor, Windsor, Ontario 
with an Honours, Bachelor of Science (1981) degree in geology.

3. I have practiced my profession in excess of ten years.

4. This report is based upon data obtained from the Ontario 
Geological Survey and upon a site visit conducted October 19, 
1990.

5. I have not received, nor do I expect to receive, any interest, 
directly or indirectly in the properties or securities of 
Timminco Metals Ltd., or any related companies.

Kenneth W. Johnson, H,B.Se, 
Toronto, Ontario 
December 15, 1990
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I, Paul Blomberg of 65 High Park Avenue, Apt. 1714, Toronto, 
Ontario, hereby certify that:-
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Limited, Mining and Geological Consultants, of Toronto.

2. I am a graduate of the University of Toronto, Toronto, Ontario 
in Honours Geology with the degree of B.Se. in 1988.

3. I have been practising my profession since 1984.

4. The statements contained in this report and the conclusions 
reached are based upon evaluation and review of published and 
private reports and maps. I did not visit the Obonga Lake 
property.

5. I have not received, nor do I expect to receive, any interest, 
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Timminco Metals Ltd., or any related companies.

Paul Blomberg, B.Se

Toronto, Ontario 
December 15, 1990
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APPENDIX A

CHROMIUM AND ITS PRINCIPAL SUB-PRODUCTS

Chromium is essential to modern industry. It is used in a wide 
variety of products such as stainless high-strength and oxidation- 
resistant steels, chemicals for tanning leather, and refractories 
for metallurgical furnaces. These industries consume it in several 
forms: chromite, chromium metal, ferrochromium, chromium chemicals, 
catalysts, refractory bricks and foundry sands.

Chromite

Although chromium is an essential constituent of a large number of 
naturally occurring compounds, chromite is the only mineral which 
is commercially exploited. Pure chromite has the chemical formula 
Fe2*Cr2O4 ., but the name is broadly applied to chrome-rich members 
of the spinel group of minerals which are solid solutions having 
the general formula (Fe2"",Mg) (Cr, Al, Fe3*O) 2O4 . Thus, natural 
chromites exhibit a wide range of compositions which reflect their 
geological settings and environments of formation. The composition 
of chromite in a given deposit determines to a large extent its 
commercial viability and possible applications of the ore.

Traditionally, chromite ore was classified according to its 
expected industrial end-use, namely as metallurgical, refractory, 
chemical or foundry-grade material (Table 3) . However, changes 
have taken place both in ferrochromium production technology and in 
the use of ferrochromium in steelmaking, and these specifications 
must be qualified in the light of current practice which permits 
some degree of substitution between material falling into the four 
categories.

Current nomenclature reflects chromite composition rather than end- 
use. High-chromium ores, with high Cr:Fe ratios, are used mainly 
for metallurgical applications - principally for making 
ferrochromium. High-iron chromites, previously used mostly for the 
production of chromium-base chemicals, are now finding increased 
use in making low quality ferrochromium and are also being used to 
make refractories, and as foundry sands. High-aluminum chromites 
with relatively low iron silica are used mainly for refractory 
purposes, primarily in the manufacturing of magnesite-chromite and 
chromite-magnesite brick.
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Chromium Metal

Chromium metal of various levels of purity may be produced by 
either pyrometallurgical or electrolytic processes. A 
pyrometallurgical process based on the reduction of chemically 
produced chromium oxide with aluminum produces a 97-99 percent pure 
metal of which the chief impurities are aluminum, iron, silicon, 
and minor amounts of sulphur, carbon and nitrogen. A metal lower 
in aluminum content but higher in silicon content is produced by 
the reduction of chromic oxide by silicon in an electric arc 
furnace, while a variety with low contents of carbon, oxygen, 
nitrogen, silicon and iron is made by reducing the oxide with 
carbon under reduced pressure in a suitable refractory crucible.

Electrolytic methods involve electrowinning from chrome alum and 
chromic acid, both methods resulting in a metal of higher purity 
than that obtained by the pyrometallurgical approach. In certain 
instances the metal may be still further refined to remove oxygen.

Table 3 

Traditional Specifications for Chrome Ore Grades

Cr:Fe ratio 
(minimum)

Cr?O, (minimum)

Fe5CX, (maximum)

Cr03 + A1 2O3 
(minimum)

SiO? (maximum)

CaO (maximum)

S (maximum)

P (maximum)

Physical 
characteristics

Metallurg 
ical

3:1

48. 0 *

*

*

*

*

Q.08%

Q.04%

Preferably 
hard and 
lumpy

Refract 
ory

*

31. C^

15. 0 *

58. 0 *

S.0%

l.(tt

*

*

Friable

Chemical

*

44. 0 *

*

*

*

*

*

*

Preferably 
hard and 
lumpy

Foundry

*

44. Q Z

26. 0 *

*

4.C^

D.5%

*

*

Required 
specific 
grain 
sizing

* Not specified in source materials.
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Chromium metal is used in the production of certain high-chromium 
alloys, "superalloys" rich in nickel and cobalt, and to "top up" 
the chromium content of chromium-bearing steels produced with the 
use of ferrochromium.

Ferrochroroium

"Ferrochromium" is a general term applied to a number of 
masteralloys of several grades including ferrochromium-silicon, 
high-carbon ferrochromium, low-carbon ferrochromium and charge- 
chromium (Table 4) . These are used to provide the chromium 
contents of stainless steels which require a minimum of 12 percent 
chromium for corrosion resistance but may contain as much as 30 
percent chromium for specific combinations of corrosion and high- 
temperature oxidation resistance.

The ferrochromium group consists of the following:

(a) Ferrochromium-silicon, which can be made either in a singe 
step (by direct-smelting a premixed charge of low-quality 
chromite, silica and coke.)/ or by a two-step process, the 
first stage involving the production of high-carbon 
ferrochromium, followed by smelting with silica and coke;

(b) High-carbon ferrochromium, which is made by reducing high- 
quality chromite (lumpy, over 46 percent Cr203 , with a minimum 
chromium to iron ratio of three and a maximum silica content 
of 10 percent) with coke in an electric furnace;

(c) Low-carbon ferrochromium, which is made by using a lower 
quality of chromite ore put through a two-stage process of 
first smelting the ore to produce a (practically carbon free) 
high-silicon ferrochromium and then refining it to remove most 
of the silicon.

The two-stage process adds about 50 percent to the energy 
input needed per unit of chromium and thus adds considerably 
to cost. Other, (proprietary) methods of making low-carbon 
ferrochromium have been developed. For example, Union Carbide 
Corporation developed the Simplex method, in which a 
ferrochromium of very low-carbon content (0.01 percent) is 
produced in a solid-state process by heating high-carbon 
ferrochromium with oxidized ferrochromium in a high vacuum, 
with carbon removed as carbon monoxide;

(d) Charge-chromium, in reality a high-carbon low-chromium 
masteralloy for charging directly to the furnace in 
steelmaking - is made from low-grade metallurgical and 
chemical (44 percent Cr2O3 , CriFe+l.S) chromites. It contains 
53-58 percent chromium as compared to 70 percent chromium in 
other more versatile varieties.
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In the manufacture o f high-alloy and stainless steels, traditional 
steel-making practice demanded low-carbon ferrochromium or even 
chromium metal. However, in the late 1960s, a new steelmaking 
technique called AOD (argon-oxygen decarburization), developed by 
Union Carbide Corporation, achieved removal of carbon from steel 
without the coincidental oxidation and loss of chromium to the 
slag. This has dependence on specialty suppliers. This 
technology, now in wide use, has resulted in a lower use of low- 
carbon ferrochromium and of the chromite required to make it. Low- 
carbon ferrochromium does, however, still find applications as a 
final additive to adjust chromium content and in the manufacture of 
superalloys.

Traditionally, only high-grade lumpy ore has been used to produce 
ferrochromium in electric arc furnaces. However, Outokumpu Oy has 
produced "charge chrome" on a commercial scale using concentrates 
from lower-grade ores in their closed charge furnace.
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Table 4 
Standard Grades of Chromium Metal and Ferrochromium Alloys

(Z of principal constituent) 1

Grade

Chromium Metal
Electrolytic

Aluminothermic

Ferrochromium- 
silicon 
36/40 grade
40/43 grade

Ferrochromium
High-carbon

Low-carbon
D.025% carbon
0. 051

Charge chromium
SO-55% chromium
66-70% chromium

Chromium

99. 3 2

99. 3 2

35-37
39-41

66-70

67-75
67-75

50-55
66-70

Silicon

.013

.153

39-41
42-45

1-2

l3
l3

3-6
33

Carbon

.023

.053

0.53
0.53

5-6.5

.0253

.053

6-8
5-6.5

Sulphur
(Maximum)

.03

.015

—

.04

.025

.025

.04

.04

Phosphorus
(Maximum)

—

.01

—

.03

.03

.03

.03

.03

Other

{.053
oxygen
{ .05 3
nitrog
-en

oxygen

alumin
-um

--

— —

— —
--

--

Source: "Table 2 - Composition of typical chromium alloys and 
chromium metal". Mineral Facts ad Problems, 1975 Edition. 
Bulletin 667, U.S. Bureau of Mines, p. 243.

1 Difference between sum of percentages shown and 100 percent is 
chiefly iron content. 2 Minimum. 3 Maximum.

— Not specified in source tables.
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Other Chromium-Bearing Alloys

Chromium, in varying amounts can be alloyed with various other 
metals in the manufacture of specific-use products.

Chromium-aluminum alloys (0.1-0.3 percent Cr) are used for 
forgings, sheet, and tubing applications where intermediate 
strength and excellent corrosion resistance are required. Some 
applications of chromium-aluminum alloys are: fuel tanks and other 
transportation equipment, roofing materials, home appliances, 
furniture and structural parts for aircraft.

Chromium is added in appreciable amounts (over 20 percent Cr) to 
alloys in which cobalt is the major constituent with molybdenum, 
tungsten, nickel and carbon present in lesser amounts. These 
alloys are used in a number of applications which include lathe 
cutting tools, hard-facing materials, permanent magnets, and high- 
temperature alloys.

Chromium, added in minor amounts (0.4-1.0 percent Cr), improves the 
mechanical and electrical properties of copper. Chromium-copper 
alloys can be manufactured into high-tensile rods and wire with 
strengths of 483 MPa and 621 MPa, respectively.

Chromium-nickel alloys and chromium-iron-nickel alloys (containing 
up to 25 to 30 percent Cr) can be classified according to the 
following physical properties: heat resistance,corrosion 
resistance and high-temperature strength. Alloys that feature heat 
resistance are commonly used as heating elements in electrical 
appliances such as electric ranges, toasters, irons and hot-water 
heaters. Auxiliary alloying agents such as copper, molybdenum, or 
tungsten are often added to the basic chromium-iron-nickel alloy 
to enhance corrosion resistance, while aluminum, cobalt, niobium 
and titanium are added to enhance high-temperature strength.

When chromium is added to titanium in amounts up to 5 percent Cr 
the tensile strength of pure titanium metal almost doubles. 
Further increases in strength are obtained by additions of 0.25 
percent C and 0.20 percent N. Because of their high strength and 
light weight, titanium-base alloys are used in structural and non- 
structural applications for the aerospace industry.
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Chromium Chemicals

Sodium chromate and sodium dichromate are the principal chromium 
chemicals produced directly from chromite ore, which, for this 
purpose, should be as high in chromium and as low in silicon and 
alumina as possible. Other chromium compounds are then made from 
them. The principal and secondary compounds produced commercially 
are given in Table 5.

Sodium chromate and dichromate are produced by the salt roasting of 
chromite, a method of passing a finely ground mixture of chromite, 
soda ash and lime through an oil or coke-fired kiln to produce 
soluble salts. This results in a product from which sodium 
chromate is leached. Sodium chromate is obtained directly from the 
leaching operation and is sold as either hydrous or anhydrous 
sodium chromate. To produce sodium dichromate, the leach solution 
is concentrated and then treated with either sulphuric acid or 
pressurized carbon dioxide to convert sodium chromate to sodium 
dichromate in solution. Cooling the solution causes sodium 
dichromate dihydrate to crystallize. This compound is sold in 
technical and chemically pure grades as well as in a 70 percent 
solution. Sodium dichromate is reduced to basic chromium sulphate 
for use as a tanning agent in the leather industry. It is also 
used to make a variety of pigments, notably chromic oxide green - 
the most stable green pigment known. This product is used in 
colouring cement as well as in camouflage paints.

Other important chromium pigments are: chrome yellow, which is 
essentially lead chromate (PbCrOJ , available commercially to 
produce shades from the palest yellow to dark orange; zinc yellow, 
a hydratedbasic potassium zinc chromate, which is unequalled as a 
corrosion-inhibitor on light metals and on steel (an ingredient of 
priming dips for automobile bodies); molybdate orange, a 
combination of lead chromate and molybdenum salts; and chrome 
green, a combination of lead chromate and iron blue. Both of the 
last two pigments are used for their excellent covering and hiding 
powers.

Chromic acid is the basic raw material for chromium electroplating 
used for decorative purposes and to provide corrosion resistance.
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Table 5: Formulae and Chromium Content of Some Chromium Chemicals

Chemical

Sodium chromate

Potassium 
chromate

Sodium 
dichromat - 
dihydrate

Sodium 
dichromat - 
anhydrous

Potassium 
dichromat

Chromium 
trioxide 
(chromic acid)

Chromic oxide

Chromic 
hydroxide

Lead chromate 
(chrome yellow)

Zinc chromate?

Zinc chromate 
pigment

Chromic 
sulphate

Basic chromium 
sulphate

Potassium 
chrome alum

Ammonium chrome 
alum

Formulae

NapCrO^

K2Cr04

Na2Cr207 .2H20

Na2Cr2O7

K2Cr207

CrO3

Cr?0,

Gr (OH) 3

PbCrO4

ZnCrO4

4ZnO . K2O4 . CrO3 . 3H20

Cr2 (S04 ) 3 .18H20

Cr(OH)S04

KCr(S04 ) .12H2

NH4Cr(SO4 ) 2 .12H2O

Chromium

32

27

35

40

35

52

68

50

16

29

23

15

31

10

11

Chromic
Oxide (1)

47

39

51

58

52

— —

100

74

24

42

34

21

46

15

16

Source: "Table 14, Formulae, molecular weights and chromium content of some chromium chemicals", Roskitl 
Information ServicesAtd., The Economics of Chromium: Third Edition, 1978, p.22.

To nearest unit. Although zinc chromate is frequently referred to and trade figures are given for it by 
several countries, zinc chromate pigment is probably meant.

-- Not available.
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Chromium Refractories

Chromium, in the form of chromite ore, finds important applications 
in the manufacture of refractories. It's usefulness for this 
purpose is based on certain physical properties such as high 
melting point, moderate thermal expansion, crystal-line stability 
at high temperatures and neutral chemical behaviour. The 
specifications for refractory-grade chromite are not as rigid as 
those for the other grades of ore. Compositionally, the ore should 
average about 35 percent Cr2O3 , less than 12 percent Fe and 6 per 
cent Si, and 60 percent Cr2O3 * A12O3 combined. Physically the ore 
should be of the hard lumpy type. However, chromite fines are also 
suitable for chromite-magnesite bricks and refractory brick cement.

The use of chromite in refractory brick production has undergone 
considerable change in recent years. Bricks made entirely of 
chromite have been largely replaced by bricks made from mixtures of 
chromite and magnesite which have greater volume stability and 
resistance to spalling. The declining availability of high-grade 
refractory chrome ores led to a relaxation of specifications. 
However, changes in steelmaking technology have, at the same time, 
demanded higher service specifications for refractories. The net 
result has been a substantial decline in the consumption of chrome 
ore for refractors.

Chromite is used in refractories in combination with magnesia to 
produce chrome-magnesite brick containing 70 percent chromite and 
magnesite-chromite brick with 30-40 percent chromite. Chromites 
are selected on the basis of chemistry, mineralogy and physical 
factors such as particle shape. The silica, iron oxide, alumina 
and chromic oxide contents are important factors. Conventionally 
bonded brick relys on the silicate-to-chromite bonding. However, 
with higher service requirements direct-bonded brick is finding 
favour. The direct bond between chromite and periclase is achieved 
only with low silica content (2 percent SiO2 ) . Therefore, the 
quality demands for chromite have increased.

Chrome refractories are marketed in several forms, the most common 
being moulded bricks and shapes. Other forms include refractory 
mortars, cements and plastics. These products find use in the 
linings of both ferrous and nonferrous metallurgical furnaces, as 
well as in glass melting furnaces and cement kilns.

During the past two decades, chromite sand has been used 
increasingly in moulds for heavy steel castings. It's refractory 
properties and heat capacity provide performance superior to that 
of silica sand, and the cost is lower than that of zircon sand.
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APPENDIX 'B*

NOTES ON THE WORLD'S CHROMIUM MARKET

The 1988 boom for chromite producers continued into 1989. Growth 
in the industry has now been sustained during the last three years. 
The driving force behind the demand for chromite continues to be 
ferrochrome production which reached record levels o f 2.7 million 
tons in 1989 even though stainless steel production decreased by 20 
percent to 10.3 million tons.

However, 1989 has seen a reversal of fortunes for ferrochrome 
products. The increased price levels achieved by ferrochrome 
producers attracted investments in new production facilities and 
together with the reworking of idle capacity, this has led to an 
over-capacity in the industry. This trend coincided with the 
decrease in stainless steel production. Consequently by the end of 
1989, after restocking had occurred, the ferrochrome market was in 
a position of oversupply and prices had subsequently plummeted.

Further, new ferrochrome capacity is due on-stream during 1990 and 
1991, particularly in South Africa which, combined with recent 
expansions elsewhere, will boost total world capacity towards the 
4 million tons per year level, nearly 50 percent above projected 
demand levels. Unless there is a sharp upturn in stainless steel 
activity, then a period of oversupply and low prices would appear 
to be inevitable for the early 1990's.

Production

World production of marketable chromite ore-lumpy ore and 
concentrates with Cr2O3 contents in the 40 percent - 50 percent 
range is now running at levels in excess of 12 million tons per 
year. Major producers are South Africa (35 percent of total), the 
U.S.S.R (27 percent), and albania, Finland, Turkey, India and 
Zimbabwe (all in the 5-7 percent range) . The two major South 
African chromite producers continue to be Gencon, through its Rand 
mine division, and Barlow Rand through its Rand mine division. 
Currently, Samancor has a total output of around 1.8 million tons 
per year from mines at Groothoek, Tweefontern, Grasuler, Mooinool, 
Waterloof and Ruighoer, South Africa. Samancor has announced plans 
to develop a new 480,000 ton per year open pit mine and Groothboom 
Rand mines produces 1.3 million tons per year from mines at 
Steelport, Elandsdrift and Buffelsfontein, South Africa.
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TOP TEN CHROMITE PRODUCERS * ('000's tons)

1988 1989

South Africa 4,244 4,300
U.S.S.R. 3,200 3,300
Albania 750 850
India 760 800
Turkey 800 800
Zimbabwe 562 630
Finland 620 620
Brazil 400 400
Cuba 125 125
Madagascar 64 70

World Total 11,917 12,310

Source: British Geological Survey and U.S.B.M.
* Figures refer to marketable produce - lumpy ore and concentrate,
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APPENDIX C

Prices (Industrial Minerals Magazine, Oct. 1990 No. 277) 

Chromite S. (U.S.Dollars/MetricTon)

Transvaal, chemical grade, 44/45%
Cr203 FOB 70-75

Transvaal, Foundary Grade, 45%
Cr203 FOB 74-78

Transvaal, Refractory Grade, 46% 
Cr2O3 FOB

Philippine, Refractory Grade, 100 - 120 
Concentrates , FOB

Sand, Moulding Grade, 98:?; 120 - 150 
O O Mesh, Del Uk
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