
ISSN 0826-9580 
ISBN 0-7778-0828-5 

THESE TERMS GOVERN YOUR USE OF THIS DOCUMENT 

Your use of this Ontario Geological Survey document (the "Content") is governed by the 
terms set out on this page ("Terms of Use"). By downloading this Content, you (the 

"User") have accepted, and have agreed to be bound by, the Terms of Use. 

Content: This Content is offered by the Province of Ontario's Ministry of Northern Development, Mines 
and Forestry (MNDMF) as a public service, on an "as-is" basis. Recommendations and statements of 
opinion expressed in the Content are those of the author or authors and are not to be construed as 
statement of government policy. You are solely responsible for your use of the Content. You should not rely 
on the Content for legal advice nor as authoritative in your particular circumstances. Users should verify the 
accuracy and applicability of any Content before acting on it. MNDMF does not guarantee, or make any 
warranty express or implied, that the Content is current, accurate, complete or reliable. MNDMF is not 
responsible for any damage however caused, which results, directly or indirectly, from your use of the 
Content. MNDMF assumes no legal liability or responsibility for the Content whatsoever. 

Links to Other Web Sites: This Content may contain links, to Web sites that are not operated by MNDMF. 
Linked Web sites may not be available in French. MNDMF neither endorses nor assumes any responsibility 
for the safety, accuracy or availability of linked Web sites or the information contained on them. The linked 
Web sites, their operation and content are the responsibility of the person or entity for which they were 
created or maintained (the "Owner"). Both your use of a linked Web site, and your right to use or reproduce 
information or materials from a linked Web site, are subject to the terms of use governing that particular 
Web site. Any comments or inquiries regarding a linked Web site must be directed to its Owner. 

Copyright: Canadian and international intellectual property laws protect the Content. Unless otherwise 
indicated, copyright is held by the Queen's Printer for Ontario. 

It is recommended that reference to the Content be made in the following form: 

Walker, E.C., Sutcliffe, R.H., Shaw, C.S.J. and Shore, G.T. 1993. Preliminary Report on the Petrology and 
Chemistry of the Rare Metal Occurrences Hosted by the Coldwell Alkaline Complex; Ontario 
Geological Survey, Open File Report 5840, 20p. 

use and Reproduction of Content: The Content may be used and reproduced only in accordance with 
applicable intellectual property laws. Non-commercial use of unsubstantial excerpts of the Content is 
permitted provided that appropriate credit is given and Crown copyright is acknowledged. Any substantial 
reproduction of the Content or any commercial use of all or part of the Content is prohibited without the 
prior written permission of MNDMF. Substantial reproduction includes the reproduction of any illustration or 
figure, such as, but not limited to graphs, charts and maps. Commercial use includes commercial 
distribution of the Content, the reproduction of multiple copies of the Content for any purpose whether or 
not commercial, use of the Content in commercial publications, and the creation of value-added products 
using the Content. 

Contact: 

FOR FURTHER 
INFORMATION ON 

PLEASE CONTACT: BY TELEPHONE: BY E-MAIL: 

The Reproduction of 
the EIP or Content 

MNDMF Publication 
Services 

Local: (705) 670-5691 
Toll Free: 1-888-415-9845, ext. 5691 

(inside Canada, United States) 
Pubsales.ndm@ontario.ca 

The Purchase of 
MNDMF 
Publications 

MNDMF Publication 
Sales 

Local: (705) 670-5691 
Toll Free: 1-888-415-9845, ext. 5691 

(inside Canada, United States) 
Pubsales.ndm@ontario.ca 

Crown Copyright Queen's Printer Local: (416) 326-2678 
Toll Free: 1-800-668-9938 

(inside Canada, United States) 
Copyright@gov.on.ca 

mailto:Pubsales.ndm@ontario.ca
mailto:Pubsales.ndm@ontario.ca
mailto:Copyright@gov.on.ca




Ministry of 
Northern Development 
and Mines 

Ontario 

Ontario Geological Survey 
Open File Report 5840 

Preliminary Report on the 
Petrology and Chemistry of 
the Rare Metal Occurrences 
Hosted by the Coldwell 
Alkaline Complex 

1993 





Ministry of 
Northern Development 
and Mines 

Ontario 

ONTARIO GEOLOGICAL SURVEY 

Open File Report 5840 

Preliminary Report on the Petrology and Chemistry of the Rare Metal Occurrences 
Hosted by the Coldwell Alkaline Complex 

By 

E.C. Walker, R.H. Sutcliffe, C.S.J. Shaw and G.T. Shore 

1993 

Parts of this publication may be quoted if credit is given. It is recommended that 
reference to this publication be made in the following form: 
Walker, E.C, Sutcliffe, R.H., Shaw, C.S.J, and Shore, G.T. 1993. Preliminary Report on 

the Petrology and Chemistry of the Rare Metal Occurrences Hosted by the Coldwell 
Alkaline Complex; Ontario Geological Survey, Open File Report 5840, 20p. 

® Queen's Printer for Ontario, 1993 





Ontario Geological Survey 

O P E N F I L E REPORT 

Open File Reports are made available to the public subject to the following 
conditions: 

This report is unedited. Discrepancies may occur for which the Ontario 
Geological Survey does not assume liability. Recommendations and statements 
of opinions expressed are those of the author or authors and are not to be 
construed as statements of government policy. 

This Open File Report is available for viewing at the following locations: 

Mines Library 
Level A3, 933 Ramsey Lake Road 
Sudbury, Ontario P3E 6B5 

Mines and Minerals Information Centre (MMIC) 
Rm. M2-17, Macdonald Block 
900 Bay St. 
Toronto, Ontario M7A 1C3 

The office of the Resident Geologist whose 
district includes the area covered by this report. 

Copies of this report may be obtained at the user's expense from: 

OGS On-Demand Publications 
Level B4, 933 Ramsey Lake Road 
Sudbury, Ontario P3E 6B5 
Tel. (705)670-5691 Collect calls accepted. 

Microfiche copies (42x reduction) of this report are available for $2.00 each 
plus provincial sales tax at MMIC. 

Handwritten notes and sketches may be made from this report. Check with MMIC, 
the Mines Library or the Resident Geologist's office whether there is a copy 
of this report that may be borrowed. A copy of this report is available for 
Inter-Library loan. 

This report is available for viewing at the following Resident Geologists' 
offices: 

Thunder Bay - Suite B002, 435 James St. S., Thunder Bay, P7E 6E3 

The right to reproduce this report is reserved by the Ontario Ministry of 
Northern Development and Mines. Permission for other reproductions must be 
obtained in writing from the Director, Ontario Geological Survey - Geoscience 
Branch. 

iii 





TABLE OF CONTENTS 

P a g e 

INTRODUCTION 1 

LOCATION AND ACCESS ! 

GENERAL GEOLOGY 2 

RARE METAL OCCURRENCES OF THE COLDWELL ALKALINE COMPLEX . . 4 

Classification 6 

Nb, Zr, Rare Earth Pegmatites 7 

Rare Earth, Th Pegmatites 9 

Nb, Zr, Rare Earth, Quartz-absent Pegmatites 1 0 

SUMMARY 1 1 

ACKNOWLEDGEMENTS 1 1 

REFERENCES ! 2 

CONVERSION TABLE 20 

v 





LIST OF FIGURES 

Figure 

Figure 

Figure 

Figure 

Location map of the Colgwell Alcaline Complex, 
scale 1:1,584,000. 

Page 

V I I 
Schematic geology of the Coldwell Alkaline Complex 
after Puskas[ 1967] and Walker et al. [1991].Rare 
metal occurrences are marked with a solid square. \§ 
Energy dispersive spectra for pyrochlore [top], 
bastnaesite [middle] and synchysite [bottom]. \-j 
Schematic diagram illutrating the pontetial for rare 
metal concentration at the base of the roof pendant. 1 3 

vii 





LIST OF TABLES 

Table 1 . Form, mineralogy, and assays summarized for each of 

the rare metal occurrences. 19 

i x 





20 

Seal* o( Kilometres 

40 
—' ! |» 

6m f» '• 

- T . . H - U -N D fi^ri-ii-* U l •-ft 
'A 

~^ _ U**k*»ru* - -\ , » 
B A Y ^ 

< 
49?' 

/o. A 
• 0 s " " I p « ' ' O i 

s 

J / 

87° 

Figure 1. Location map of the Coldwell Alkaline complex, scale 1:1 584 000. 

x i 





INTRODUCTION 

Rare metals are an important yet little known type of 

mineralization within the Coldwell Alkaline Complex. The 

first year of a j Qi nt Ontario Geological Survey and 

University of Western Ontario geological mapping and 

research programme on the Coldwell Alkaline Complex has 

resulted in the discovery of four new rare metal occurrences 

and identified three different sub-types of rare metal 

mineralization. Owing to the highly specialized 

requirements for application of rare metals in manufactured 

products, documenting the mineralogy, chemistry, and 

petrology of each of the three sub-types is an important 

prerequisite to stimulate exploration interest in the 

Coldwell Alkaline Complex as a source for rare metals. This 

preliminary report provides a brief summary of the different 

sub-types of rare metal mineralization. In addition, the 

report outlines petrographic, mineral and whole rock 

chemistry that has been completed in order to develop 

petrogenetic models of formation for the rare metal 

occurrences of the Complex. 

LOCATION AND ACCESS 

The 580 km 2 Coldwell Alkaline Complex, the largest 

alkaline intrusion in North America, is situated between the 

Pic and Little Pic rivers, on the north shore of Lake 

Superior, 275 km east of Thunder Bay (Figure 1). The town 

of Marathon is located within the eastern part of the 



Coldwell Complex. The southern part of the complex can be 

easily accessed by Highway 17, the Canadian Pacific Railway 

and the Lake Superior shore. The Coldwell complex occurs at 

the junction of 4 NTS 1:50,000 map sheets: 42 D/9, 42 D/10, 

42 D/15 and 42 D/16. 

GENERAL GEOLOGY 

The Coldwell Alkaline Complex was emplaced into Archean 

rocks of the Wawa Subprovince of the Superior Province 

during the early stages of the Middle Proterozoic 

Midcontinent Rift at 1108+/-1 Ma (Heaman and Machado 1987). 

The Complex is located at the north end of the Thiel fault, 

a zone of faulting which separates grabens with different 

subsidence history in the rift (Cannon et al. 1989). A 

north-trending magnetic high links the rocks of the Coldwell 

Alkaline Complex with those of the Midcontinent Rift beneath 

Lake Superior. 

Previous workers considered the Complex to be a result 

of extensive fractional crystallization of a single batch of 

magma within a funnel-shaped intrusion (Lilley 1964) or 

lopolith (Puskas 1967). Later studies demonstrated that the 

Complex was not emplaced as a single batch of fractionated 

magma. Currie (1980) proposed a model in which the Coldwell 

Alkaline Complex developed from three intersecting systems 

of ring dikes and cone sheets, defined by igneous layering. 

Mitchell and Piatt (1977, 1978) also propose that the 

Coldwell Complex can be divided into three centres of 
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magmatism, emplaced by cauldron subsidence associated with 

major faults. 

Results of geological mapping during the 1991 field 

season (Walker et al. 1991) indicate that although the 

Coldwell Alkaline Complex consists of several intrusive 

episodes of gabbro, quartz saturated to oversaturated and 

undersaturated syenite (Figure 2 ) , rare metal hosting 

pegmatites only appear to be associated with three intrusive 

events: i) feldspar porphyritic amphibole syenite between 

the iron-rich augite syenite and the metavolcanic roof 

pendant,' ii) quartz undersaturated natrolite syenite along 

faults that may be related to cauldron subsidence, and iii) 

quartz syenite pegmatites intrusive into the Eastern Gabbro. 

A radiometric airborne survey undertaken by the Geological 

Survey of Canada (Ford 1991), verified with ground 

measurements of radioactivity during the present study using 

a scintillometer, appear to outline the occurrence of the 

feldspar porphyritic amphibole syenite and the quartz 

syenite pegmatite in the Eastern Gabbro. 

The pegmatites of the Coldwell Alkaline Complex vary in 

size from small irregular shaped patches, to well developed 

dikes with sharp contacts, up to 4 m wide. Minerals often 

grow from the margin inward, producing acicular pyroxenes, 

amphiboles, and feldspars, up to 25 cm long and 5 cm wide. 

Some of the pegmatites have medium-grained patches, which 

are mineralogically similar to the very coarse-grained part 

of the pegmatite. The abundance of feldspar and amphibole 
3 



varies from massive feldspar to massive amphibole. 

Mineralogical and textural variations of the pegmatites 

having the highest concentrations of rare metals are 

discussed below. 

RARE METAL OCCURRENCES OF THE COLDWELL ALKALINE COMPLEX 

Based on the 1991 geological mapping and research 

program, the rare metal occurrences of the Coldwell Alkaline 

Complex (Figure 2) are divided into three Sub-types; i) Nb, 

Zr, Rare Earth pegmatites, ii) Rare Earth, Th pegmatites, 

and iii) Nb, Zr, Rare Earth quartz-absent pegmatites. 

Limited exploration for rare metals (Nb, Zr, Th, U, and 

Ce), has been done in the Coldwell Alkaline Complex. The 

Marathon and Port Munroe niobium properties are the two main 

occurrences. Grab samples from the Port Munroe occurrence 

are reported to have 1.35 wt% N b 2 0 5 , 0.08 wt% U 3 0 8 , 3.00 wt% 

ThO 2, and 1.2 wt% C e 2 0 5 (Gustafson 1961), and the Marathon 

Niobium Property, 0.47 wt% N b 2 0 5 and 2.44 wt% ZrO 2 (Pye 

1954) . 

The Port Munroe and Marathon Niobium and the newly 

discovered Carden Cove and Peninsula Hill occurrences are 

Nb, Zr, Rare Earth pegmatites. They are located in and 

around the roof pendant and are associated with the 

intrusion of the columnar-feldspar amphibole syenite. Rare 

metal mineralization is in the form of pyrochlore, 

columbite, bastnaesite and synchysite, with values of Nb, 
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Zr, La and Ce up to 12935, 5304, 2533 and 4448 ppm 

respectively. 

The newly discovered Marathon REE occurrence is a Rare 

Earth,Th pegmatite which intrudes the Eastern Gabbro, 

located along Highway 17. Rare Earth elements occur in 

bastnaesite and synchysite, and Th occurs in Thorite, with 

1383, 4482, 2397, 4314 and 5405 ppm Nb, Zr, La, Ce, and Th 

respectively. 

Another newly discovered pegmatite occurs along Highway 

17 near Mink Creek. The Mink Creek occurrence is a Nb, Zr, 

Rare Earth quartz-absent pegmatite hosted in nepheline 

syenite. Rare metal hosting minerals identified in this 

pegmatite are pyrochlore, bastnaesite and synchysite with 

4697, 7908, 3081 and 5197 ppm Nb, Zr, La and Ce 

respectively. 

In the field, pegmatites of the Coldwell Alkaline 

Complex were examined using a Scintrex Model BGS-1SL, 

Scintillation Counter. Based on the association of rare 

metals such as Nb, Zr, and rare earths with U and Th, the 

Scintillation Counter is an effective method for evaluating 

the potential of rocks for rare metal mineralization. Sites 

investigated this past summer include: detailed 

investigation of the pegmatites and their host rocks along 

Highway 17, pegmatites that had been noted during mapping, 

and previously reported rare metal occurrences. Samples 

from the occurrences have been subsequently investigated 



with the JEOL 8600 electron microprobe at the University of 

Western Ontario, to characterize the mineralogy. 

A total of 45 pegmatites with count rates greater than 

10 times background were sampled. Twenty of the samples 

with the highest count rates were thin sectioned and sent 

for assay. The partial preliminary results of these assays 

are listed in Table 1. Although all the pegmatites had 

anomalous rare metals, only those with possible ore grade 

values of Nb and Rare Earth Elements were considered to 

represent occurrences. 

Classification 

Cerny (1991a) has summarized a method for the 

classification of pegmatites based primarily on their 

mineralogy, chemistry, internal structure, parental 

granitoids and pressure-temperature conditions of 

crystallization. The hierarchy of classification is Class, 

Family, Type and sub-Type. The pegmatites of the Coldwell 

Alkaline Complex are not discussed by Cerny (1991a), 

however, based on the Cerny's classification scheme, all 

pegmatite types yet within the Complex are part of the Rare 

Element Class, Niobium, Yttrium, Fluorine (NYF) Family and 

Rare Earth Type. The pegmatites of the Coldwell Complex do 

not match the classification sub-types discussed by Cerny 

(1991a). We define the Coldwell Pegmatite sub-types to be: 

Nb, Zr, Rare Earth pegmatites; Rare Earth, Th pegmatites; 

and Nb, Zr, Rare Earth quartz absent pegmatites. A brief 
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description and preliminary petrogenesis for each of these 

sub-types is outlined below. Details of size and form of 

these occurrences is summarized in Table 1, and their 

location is given in Figure 2. 

Nb, Zr, Rare Earth Pegmatites 

The Marathon Niobium, Port Munroe, Ypres Point and the 

newly discovered Carden Cove and Peninsula Hill occurrences 

(Figure 2) are Nb, Zr, Rare Earth pegmatites. Each of the 

occurrences are associated with the intrusion of columnar-

feldspar amphibole syenite between the roof pendant and 

iron-rich augite syenite. The columnar-feldspar amphibole 

syenite is assumed to be the source rock from which rare 

metal-enriched highly-evolved pegmatitic fluids were 

derived. All the occurrences except the Peninsula Hill 

occurrence, are quartz-aegirine syenite pegmatites that have 

intruded along fractures in the roof pendant. The Peninsula 

Hill occurrence is a quartz-aegirine syenite pegmatite that 

has intruded feldspar porphyritic amphibole syenite. 

Preliminary petrographic observations and mineral 

chemical data indicate that there may be two stages of Nb 

mineralization. The first is represented by columbite and 

pyrochlore crystallization contemporaneous with quartz and 

zircon after the crystallization of feldspar and aegirine; 

the second is associated with pyrochlore that has 

crystallized with a carbonate phase that has been injected 

along irregular fractures within the pegmatite. The late 
7 



stage carbonate rich mineralization also hosts the rare 

earth element bearing minerals bastnaesite and synchysite. 

These minerals were identified with the energy dispersive 

system on the electron microprobe (Figure 3 ) . It appears 

that pegmatites without the late carbonate phase have lower 

Nb and rare earth element values. The second stage of 

mineralization associated with the carbonate phase may be 

economically most important, and should be easy to detect in 

the field. 

The occurrence of rare metal quartz-aegirine pegmatites 

may be an indication of the collection of pegmatitic fluids 

at the base of the roof pendant during the crystallization 

of the columnar- feldspar amphibole syenite. Results 

reported here support the observation of McLaughlin (1990) 

that the roof pendant may have controlled the occurrence of 

rare metal mineralization. It is suggested based on the 

present study, that the roof pendant may have behaved like a 

cap, trapping pegmatitic fluids at its base. The fluids 

would collect in the cupolas of the roof pendant, and only 

escape along fractures and faults if the pressure of the 

fluids exceeded their confining pressure. If this is a key 

petrogenetic process, then cupolas along the base of the 

roof pendant have the greatest potential within the Complex 

to host a rare metal ore body (Figure 4 ) . 

Although it can be demonstrated locally that 

emplacement of the rare element pegmatites was controlled by 

local structures, a larger structural control may have also 
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influenced their genesis. The Port Munroe and Marathon 

Niobium occurrences are aligned perpendicular to major 

lineaments. If these lineaments are faults, and they 

controlled the intrusion of the rare metal pegmatites, then 

these structures and their offshoots are important 

exploration targets. 

Very little exploration has been undertaken at the 

northern extent of the roof pendant sequence. A more 

complete coverage of the roof pendant in the south, and 

coverage of the northern end, will be undertaken in 1992. 

Rare Earth, Th Pegmatites 

The Marathon REE occurrence (Figure 2) is an irregular 

shaped Rare Earth, Th pegmatite intruding the Eastern Gabbro 

which was discovered in 1991. This occurrence is 

intriguing, since no pegmatites of rare metal importance had 

been previously reported to occur within the Eastern Gabbro. 

The pegmatite is primarily a quartz, green feldspar, 

fluorite and carbonate pegmatite. It is different from the 

others by having lower Nb, and higher Th, with approximately 

the same values of rare earths. 

The Marathon REE pegmatite occurs in the middle of a 

south- east striking 1 km long airborne radiometric anomaly 

(Ford 1991). If this anomaly is a result of the pegmatite, 

the strike length of the pegmatite may be longer than 

outlined in 1991. Four other anomalies are located at 

approximately the same stratigraphic level within the 
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Eastern Gabbro to the north-east of the Marathon REE 

occurrence. Although these anomalies are smaller, two of 

the anomalies have a greater intensity than the Marathon 

REE. All four of these locations will be investigated more 

thoroughly in 1992. Research will also continue to try and 

determine the petrogenesis of this little known type of rare 

metal pegmatite. 

The potential petrogenetic relationship between the 

roof pendant and the columnar-feldspar amphibole syenite, 

may also be applied to the Rare Earth Th pegmatites in the 

Eastern Gabbro. The Eastern Gabbro could be a "cap" 

overlying evolved syenitic magmas, from which pegmatites 

intrude the overlying rock along zones of weakness. 

Nb, Zr, Rare Earth, quartz-absent pegmatites 

The Mink Creek occurrence (Figure 2) is an example of 

the Nb, Zr, Rare Earth, quartz-absent pegmatite, that was 

discovered in 1991. Although only one occurrence is listed 

in this category, there are several pegmatites that are 

similar in texture and mineralogy, but do not have high 

enough count rates to be considered for assay. 

The Mink Creek occurrence is an irregular shaped 

pegmatite hosted in nepheline syenite adjacent to the Mink 

Creek lineament. Although the Mink Creek occurrence and 

others similar to it, are undersaturated with respect to 

quartz and are hosted in nepheline syenite, their origin may 

not be related to the evolution of a pegmatitic fluid 
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directly from the nepheline syenite. It is suggested that 

they may be related to the younger intrusion of the 

heterogeneous nepheline syenite. 

The association of this Nb, Zr, rare earth pegmatite to 

the Mink Creek lineament is an important petrogenetic 

association. Further work will be focused on this 

relationship, in order try and determine whether similar 

structures to the Mink Creek lineament may also host rare 

earth pegmatites. 

SUMMARY 

The petrogenetic studies on the associations and 

controls of rare metal mineralization within the Coldwell 

Alkaline Complex have been very successful. Not only have 

new occurrences been found, but concentrations of different 

rare metal hosting pegmatites have been identified. 

Geological mapping and research will continue to provide 

better insight into this potentially valuable resource of 

the Coldwell Alkaline Complex. 
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Figure 3. Printout of the energy dispersive pattern for 
pyrochlore (top), bastnaesite (middle), and 
synchysite (bottom). 
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Figure 7. Schematic diagram illustrating the potential for rare metal concentation at the base of the roof pendant. 
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Occurrence Port Munro Marathon Niobium Yprtt Point Carden Cove PwiiriHilaHitl Marathon REE Mink Cre«fc 

Sample Number GS81-181 GS01-230 EW01-423 and 422 EW01-414 EW81-332 EW01-321 
Description Pegmatite 1m wide Pegmatite 1.5m wide Pegmatite dikfet Two pegmatites, one Pegmatite 0.5m wide irregular shaped irregular shaped 

and 000m long, and 1000m long, hosted in is a 10cm wide with a shallow pegmatite hosted pegmatite hosted in 
occupying a neai r occupying a near recrystaiiized pegmatite occupying dip, hosted in in the Eastern nepheline syenite. 
vertical fracture vertical fracture quartz-amphibole a near vertical ferroaugite syenite. Gabbro. 
hosted in the hosted in the syenite. fracture, and the 
roof pendant. roof pendant. other isadiklet 

Both are hosted in 
diabasic gabbro. 

Mineral* Hotting pyrochlore pyrochlore columbite bastnaesite bastnaesite 
Rare Metalt columbite columbite bastnaesite synchysite synchysite 

bastnaesite synchysite 
synchysite 

Oiklet Frac 
weight percent 

Nb206 0.47 0.51 •0 60 0.50 0.76 0.40 0.20 0.67 
Zr02 0.60 1.42 1.75 1.21 1.42 0.61 1.07 
Y203 0.06 0.02 0.11 0.15 0.21 0.17 0.14 

parts per million 
La 2533 726 1515 2367 2205 2307 3081 
Ce 4448 1260 2055 4160 3311 4314 5107 
Nd 1364 402 1073 1300 1208 1610 1477 
Sm 106 47 160 210 227 278 225 
Eu 21 17 17 24 28 17 
Tb 34 6 46 33 
Yb 100 24 87 84 161 104 160 
Lu 15 4 12 12 22 14 16 

parts per million 
Ta 110 143 134 75 164 81 120 
Hf 326 307 271 207 257 141 227 
Th 436 101 1203 2423 2137 5404 060 
U 00 134 160 200 117 145 140 

Table 1 Form, mineralogy and assays summarited for each of the rare metal occurrences. 
Analyses of grab samples by XRF and neutron activation analysis, Department of Geology, University of Western Ontario. 
* Data from assesment files, MNDM, Thunder Bay. 



CONVERSION FACTORS FOR MEASUREMENTS IN ONTARIO 
GEOLOGICAL SURVEY PUBLICATIONS 

Conversion from SI to Imperial Conversion from Imperial to SI 

SI Unit Multiplied by Gives Imperial Unit Multiplied by Gives 

LENGTH 
1 mm 0.039 37 inches 1 inch 25.4 mm 
1 cm 0.393 70 inches 1 inch 2.54 cm 
1 m 3.280 84 feet 1 foot 0304 8 m 
1 m 0.049 709 7 chains 1 chain 20.116 8 m 
1km 0.621 371 miles (statute) 1 mile (statute) 1.609 344 km 

AREA 
1 cm@ 0.155 0 square inches 1 square inch 6.4516 cm@ 
1 m@ 10.763 9 square feet 1 square foot 0.092 903 04 m@ 
1 km@ 0.386 10 square miles 1 square mile 2.589988 km@ 
1 ha 2.471 054 acres 1 acre 0.404 685 6 ha 

VOLUME 
1 cm# 0.061 02 cubic inches 1 cubic inch 16387 064 cm# 
1 m# 35.314 7 cubic feet 1 cubic foot 0.028 316 85 m# 
1 m# 1.308 0 cubic yards 1 cubic yard 0.764 555 m# 

CAPACITY 
1 L 1.759 755 pints 1 pint 0.568 261 L 
1 L 0.879 877 quarts 1 quart 1.136 522 L 
1 L 0.219 969 gallons 1 gallon 4.546 090 L 

MASS 
l g 0.035 273 96 ounces (avdp) 1 ounce (avdp) 28.349 523 g 
l g 0.032150 75 ounces (troy) 1 ounce (troy) 31.103 476 8 g 
1kg 2.204 62 pounds (avdp) 1 pound (avdp) 0.453 592 37 kg 
1kg 0.001 102 3 tons (short) 1 ton (short) 907.184 74 kg 
1 t 1.102311 tons (short) 1 ton (short) 0.907 184 74 t 
1kg 0.000 984 21 tons (long) 1 ton (long) 1016.046 908 8 kg 
11 0.984 206 5 tons (long) 1 ton (long) 1.016 046 908 8 t 

CONCENTRATION 
l g / t 0.029 1666 ounce (troy)/ 1 ounce (troy)/ 34.285 714 2 gA 

ton (short) ton (short) 
l g / t 0.583 333 33 pennyweights/ 1 pennyweight/ 1.714 285 7 g/t 

ton (short) ton (short) 

OTHER USEFUL CONVERSION FACTORS 

Multiplied by 

1 ounce (troy) per ton (short) 20.0 pennyweights per ton (short) 
1 pennyweight per ton (short) 0.05 ounces (troy) per ton (short) 

Note: Conversion factors which are in bold type are exact. The conversion factors have been taken from or have 
been derived from factors given in the Metric Practice Guide for the Canadian Mining and Metallurgical Indus
tries, published by the Mining Association of Canada in co-operation with the Coal Association of Canada. 
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