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KIMBERLITE HEAVY MINERAL INDICATOR DATA RELEASE 

INTRODUCTION 

Over the past year, general interest and exploration for kimberlite, the rock type commonly associated 
with diamond, has increased tremendously in Ontario.  One important exploration tool involves sampling 
overburden materials and isolating from those samples, heavy minerals unique to kimberlite (Morris et 
al. 1994). However, very little publicly available information exists regarding the regional distribution and 
relative abundance of these kimberlite indicator minerals (KIMs) in Ontario (Wolfe et al. 1975; 
Thorliefson and Kristjansson 1990; Craigie 1993; McClenaghan et al. 1993; Morris et al. 1994; Stone 
1994; Averill and McClenaghan 1994; McClenaghan and Dunn 1995; McClenaghan et al. 1995). 

Recognizing the paucity of publicly available data, the Ontario Geological Survey has processed 
samples from ongoing projects as well as archived heavy mineral concentrates for kimberlite heavy 
mineral indicators.  Samples from the following areas have been processed: (Figure 1; KIMFIGa.dxf, 
electronic file) 

1) Attawapiskat and Fort Albany areas, northeastern Ontario (R.I. Kelly); 
2) Fort Frances area, northwestern Ontario (A.F. Bajc); 
3) Michipicoten River area, northeastern Ontario (T.F. Morris); 
4) Separation Lake area, northwestern Ontario (T.F. Morris); 
5) Sudbury basin area, northeastern Ontario (A.F. Bajc); 
6) Swayze greenstone belt area, northeastern Ontario (M.A. Bernier, C.A. Kaszycki); 
7) West Bay area, Lake Nipissing, northeastern Ontario (P. Kor); 
8) Western Berens River area, northwestern Ontario (D. Stone). 

Digital data, available separately, are grouped into the following files: 

a) A text file containing descriptive information (ONTKIM.txt; ascii). 

b) Three graphics files (.dxf): 

   1) KIMFIGa.dxf- a map of Ontario defining project locations; 
   2) KIMFIGb.dxf- a plot of pyrope garnet geochemistry from the Swayze greenstone belt area; 
   3) KIMFIGc.dxf- a map defining the distribution of KIMs from the Swayze greenstone belt area. 

c) Two ascii text files summarizing data by study area: 

   1) KIMAPPa.txt- contains sample description data including sample site number; locations given by 
UTM coordinates; material type collected; and sample processing data.  This data includes the weights 
of: 1) table split; 2) >2 mm and table feed (<2 mm); 3) total heavy mineral concentrate; 4) methylene 
iodide light fraction; 5) non-magnetic heavy mineral fraction; and 6) magnetic heavy mineral fraction. It 
also summarizes any potential kimberlite indicator minerals identified by Overburden Drilling 
Management. 

   2) KIMAPPb.txt- summarizes all microprobe data derived primarily from the Ontario Geoscience 
Laboratories on KIMs. 

This hard copy report follows the same format except that the 2 ascii text files are subdivided into 4 
appendices.  

Appendix A contains the sample site number, location by UTM coordinates and material type collected.  
Appendix B summarizes sample processing data which includes: table split, >2 mm and table feed 



weights in kilograms (wet); and the weight (in grams) of the total heavy mineral concentrate, methylene 
iodide lights, non-magnetic fraction and magnetic fractions.  Appendix C summarizes the potential 
kimberlite indicator minerals identified.  Appendix D summarizes all microprobe data from the Ontario 
Geoscience Laboratories on KIMs and microprobe data for heavy minerals picked from samples 
collected in the Fort Frances area. 

SAMPLE TYPES COLLECTED 

Data presented in this report were derived from a variety of overburden materials.  When comparing 
data sets, careful consideration should be given to the type of overburden sampled. Different materials 
have undergone different cycles of transportation and deposition, which affects the interpretation of 
observed distributions of indicator minerals.  This is particularly critical when multiple sample media 
have been collected within a given area (e.g. the Western Berens River area). 

ATTAWAPISKAT AND FORT ALBANY AREAS 

Data presented for these areas are derived from 12 modern alluvium samples (Appendix A, 
KIMAPPa.txt), collected from the surfaces of modern river bars.  Sediment comprising these bars is 
derived from erosion of surrounding overburden and therefore consists of material from both local and 
distal sources. 

These samples were collected as part of a regional aggregate suitability study in 1994.  King and Martini 
(1984), Barnett (1992) and Kelly and Armstrong (1994) provide additional information regarding the 
Quaternary geology of the 2 areas. This information may be useful in exploration for kimberlite. 

FORT FRANCES AREA 

Data presented from this area is derived from 27 sand and 173 till samples (Appendix A, KIMAPPa.txt).  
These materials were collected from drill core, which makes identification of sediment facies difficult. 
The sand is interpreted as glaciofluvial, composed of material derived from both local and distal sources. 
The till consists of material derived primarily from local sources. 

These samples were collected as part of a Quaternary mapping and drift composition study of the Fort 
Frances area.  Bajc (1991a, 1991b) provides additional information regarding the Quaternary geology of 
the area and details on how the glacial history of the area would affect local kimberlite exploration. 

MICHIPICOTEN RIVER AREA 

Data from the Michipicoten River area is derived from 17 till samples (Appendix A, KIMAPPa.txt).  All till 
samples are subglacial in origin except for one (WAT309C94), which was collected from a recessional 
moraine.  Subglacial till samples are composed primarily of local materials.  The composition of the 
recessional moraine sample likely represents material derived from both local and distal sources. 

These samples were collected to augment data derived from a regional alluvium sampling program, 
encompassing the Wawa area (Morris et al. 1994).  Morris (1990, 1991, 1992a, 1992b, 1995) provides 
additional information regarding the Quaternary geology of the area and its application to kimberlite 
exploration.  A comprehensive report on the Quaternary geology of the Wawa area is presently under 
review. 

SEPARATION LAKE AREA 

Data from the Separation Lake area is derived from 129 samples of subglacial till (Appendix A, 
KIMAPPa.txt); the till consists of materials derived primarily from local sources. These till samples were 
collected as part of a regional Quaternary mapping project. Morris (1992c, 1993a, 1993b, 1994a, 1994b) 
provides additional information regarding the Quaternary geology of the area and its potential use in 
kimberlite exploration. 

SUDBURY BASIN AREA 

Data from the Sudbury basin is derived from 90 till samples (Appendix A, KIMAPPa.txt).  The tills consist 
of 66 ground moraine samples, 14 recessional moraine samples and 10 stagnation moraine samples.  
The till associated with ground moraine was deposited subglacially and consists predominantly of 
locally-derived materials.  Tills collected from the recessional and stagnation moraines consist 



predominantly of englacial and supraglacial facies and likely contain materials derived from both local 
and distal sources. 

These tills were collected as part of a regional till sampling and Quaternary mapping program of the 
north and east ranges of the Sudbury basin.  Burwasser (1979) and Bajc (1993, 1994) provide additional 
information regarding the Quaternary geology of the area. 

SWAYZE GREENSTONE BELT AREA 

Data presented from the Swayze greenstone belt is derived from 507 till samples and 7 esker samples 
(Appendix A, KIMAPPa.txt). Subglacial and ablation facies of till or recessional moraine, are composed 
of debris derived from both local and distal sources.  Esker samples are also composed of both locally 
and distally-derived materials. 

These samples were collected as part of a regional Quaternary mapping program of the Swayze 
greenstone belt and surrounding area.  Kaszycki (1992), Bernier and Goff (1993) and Bernier (1994a, 
1994b, 1995) provide additional information regarding the Quaternary geology of the area and how drift 
sampling could be applied to kimberlite exploration in the region. 

WEST BAY AREA 

Data from the West Bay area is derived from 6 till samples (Appendix A, KIMAPPa.txt).  The till is 
assumed to have been deposited subglacially and likely consists of materials of local origin.  These 
samples were collected as part of a preliminary assessment of the kimberlite potential of the area.  
Barnett (1992) provides additional information regarding the Quaternary geology of the area. 

WESTERN BERENS RIVER AREA 

Data from the Western Berens River area is derived from 29 till, 4 glaciofluvial, 4 glaciolacustrine, 88 
modern beach and 9 modern alluvium samples (Appendix A, KIMAPPa.txt).  The till samples are 
assumed to be subglacial in origin and composed primarily of materials derived from local sources.  The 
composition of the glaciofluvial and glaciolacustrine samples reflects material derived from both local 
and distal sources. The modern beach and modern alluvium samples consist of material derived from 
surrounding surficial sediments that have subsequently undergone erosion, transportation and 
redeposition. 

These samples were collected as part of a Precambrian geology mapping program.  Stone (1994) 
provides additional information regarding the sampling program and data interpretation.  Barnett (1992) 
and Sharpe (1993) provide additional information regarding the Quaternary geology of the area. 

LABORATORY PROCEDURES 

At the time field work was conducted in the various areas, bulk samples consisting of 2-15 kg of 
material, were processed to recover the heavy mineral assemblage.  Although all samples were 
prepared in a similar manner, minor procedural changes occurred over the course of time.  These 
changes involved the heavy mineral size fraction examined for KIMs and the specific gravity of the 
methylene iodide used to perform the heavy mineral separation. 

Processing of samples to recover KIMs reported on in this study was completed by Overburden Drilling 
Management (ODM) while the firm was under contract to the OGS.  The laboratory procedure is 
discussed in detail by Averill and McClenaghan (1994). Procedural parameters that vary between the 
individual areas are listed in Table 1 and defined within Appendix B. 

Study Area          Size      Fraction       Specific  Gravity  

                    Picked 

                    <1.0 mm   <1.7 mm        3.2 S.G.  3.3 S.G.    

Attiwapiskat/ 

Fort Albany           X                         X 
Fort Frances          X                                   X 
Michipicoten                     X              X 



Separation Lake       X                         X 
Sudbury Basin                    X                        X 
Swayze                X          X              X 
West Bay              X                         X 
West Berens River     X                         X 

Table 1. Specific Gravities, grain size fractions used and analyzed for isolating kimberlite indicator 
minerals from samples in the various projects. 

Samples from the following areas were processed by passing the <1.7 mm fraction through a methylene 
iodide heavy liquid separation (S.G. 3.2): Michipicoten River area; Sudbury Basin; and those samples 
with a number between 92KDA-0 to 120, 93-9221-81 to 208, 93-9221-219 to 227 and 93-9221-237 to 
257 from the Swayze greenstone belt area.  The Attawapiskat- Fort Albany, Fort Frances; Separation 
Lake, West Bay, Western Berens River areas and the remainder of the Swayze samples, were 
processed by passing only the <1.0 mm fraction through the methylene iodide heavy liquid separation 
(S.G. 3.2).  ODM changed their procedure as the 1.0 to 1.7 mm grain size fraction yielded negligible 
amounts of kimberlite indicator minerals while analysis of this fraction can significantly increase cost 
(Remy Huneault; Overburden Drilling Management Limited, personal communication, 1995). 

The Fort Frances and Sudbury basin samples were initially processed to isolate heavy minerals with a 
specific gravity of >3.3.  Since chrome diopsides have a specific gravity of 3.2 to 3.38, some chrome 
diopsides may have been excluded from the concentrate submitted for KIM examination. 

The types of potential kimberlite heavy mineral indicators identified were verified by defining precise 
geochemistry of each mineral grain.  Geochemistry of kimberlite indicator minerals, except those 
identified from the Fort Frances area study, were determined using the Ontario Geoscience 
Laboratories' Cameca SX50 microprobe.  The geochemistry of the Fort Frances heavy minerals was 
determined using a JEOL microprobe. 

The kimberlite heavy mineral indicators identified include pyrope garnets, orange garnets, chromite, Mg-
rich ilmenite and chrome diopside.  These minerals may originate from different types of peridotite, the 
most important of which are harzburgite and lherzolite.  Peridotitic garnets found in kimberlites are 
typically Cr-rich pyropes. Eighty-five percent of chrome pyropes that occur as inclusions in diamonds are 
Ca depleted and harzburgitic in origin; the "G10"classification of Gurney (1984). These garnets are 
considered very important KIMs. The recovery of "G10" garnets from overburden is important since it 
suggests that these minerals originated from harzburgitic peridotite, and are more strongly associated 
with diamond than are garnets of lherzolitic ("G9") origin (Dawson and Stephens 1975). 

High chrome chromites found in diamond inclusions differ from most other chromites by their high 
Cr2O3 content, generally greater than 61 weight % and MgO greater than 10 weight % (Gurney 1984, 
Fipke 1989).  Finding such a chromite in an overburden or rock sample is just as significant as finding a 
"G10" chrome pyrope garnet.  Chromites with Cr2O3 values <61 weight % are individually less 
important, however, they may indicate the presence of kimberlite if found in association with other KIMs. 
These are referred to as low chrome chromites in this report. 

Ilmenite found within kimberlite is generally Mg-rich, with MgO values that range between 4 and 15 
weight % and Cr2O3 content greater than 2 weight % (McCallum and Vos 1993).  Such ilmenites 
recovered from overburden are regarded as useful kimberlite indicator minerals. 

Alone, chrome diopside is not a definitive kimberlite indicator as it occurs within both kimberlite and 
other basic and ultrabasic rocks.  Chrome diopside associated with lherzolitic rock commonly has high 
chrome values (greater than 1 weight %; Mitchell 1986; K. Day, Overburden Drilling Management 
Limited, personal communication, 1994).  For this reason, chrome diopsides with Cr2O3 values greater 
than 1 weight % were chosen as KIMs for this report. 

KIMBERLITE HEAVY MINERAL INDICATORS AND INTERPRETATION 

ATTAWAPISKAT AND FORT ALBANY AREAS 

Only 5 kimberlite indicator minerals were recovered from the Attawapiskat and Fort Albany samples 
(Appendix D, KIMAPPb.txt); 1 Cr-pyrope "G9", 2 chrome diopsides and 2 Mg-rich ilmenites were 



identified.  Only one sample (94AT-11) contained more than 1 kimberlite indicator, and these consisted 
of 1 chrome diopside and 1 Mg-rich ilmenite.  Because modern alluvium sampled contained so few KIMs 
and only 1 sample contained more than 2 indicators, these data are thought to reflect background 
concentrations of KIMs for the region. 

FORT FRANCES AREA 

No kimberlite indicator minerals were recovered from the Fort Frances area.  It is unknown, however, 
whether additional chrome diopsides occurred within the original bulk sample (see discussion, 
laboratory procedures). 

MICHIPICOTEN RIVER AREA 

Seventeen chrome diopsides, 1 high chrome chromite, 37 low chrome chromites and 5 Mg-rich 
ilmenites were recovered from till samples collected in the Michipicoten River area (Appendix D, 
KIMAPPb.txt).  Of these, 3 samples contained only chrome diopside or low chrome chromites.  These 
types of indicators found alone in a sample are not good indicators of kimberlite as they can be derived 
from other rock types. 

Of the 5 remaining sites, 2 (WAT306C94 and WAT308C94) contain 3 different types of KIMs.  Sample 
WAT308C94 is of particular interest as it contains not only a high chrome chromite, but also 2 low 
chrome chromites and 1 chrome diopside. Sample WAT306C94 contains 3 chrome diopsides, 4 low 
chrome chromites and 1 Mg-rich ilmenite.  Both of these sites are located on opposite sides of the upper 
reaches of the Michipicoten River.  Of lesser importance, sample WAT299C94 contains 1 chrome 
diopside and 2 Mg-rich ilmenites, sample WAT305C94 contains 20 low chrome chromites and 1 Mg-rich 
ilmenite and sample WAT301C94 contains 1 Mg-rich ilmenite. 

SEPARATION LAKE AREA 

The Separation Lake area samples yielded 1 chrome diopside and 5 low chrome chromites (Appendix 
D, KIMAPPb.txt).  One site (94Fl-14) contained 3 low chrome chromite while all other sites contained a 
grain of either low chrome chromite or chrome diopside. 

SUDBURY BASIN AREA 

A large number of chromites were recovered from the heavy mineral concentrate derived from Sudbury 
basin area samples. These chromites are assumed to be low chrome chromites as such chromites exist 
within the sublayer of the Sudbury igneous complex.  No kimberlite indicator minerals were recovered.  
As previously discussed (see discussion, laboratory procedures) low chrome chromite by itself is not a 
good indicator of kimberlite as it can be found in many other rock types.  It is unknown, however, 
whether chrome diopsides occurred within the original bulk sample (see discussion, laboratory 
procedures). 

SWAYZE GREENSTONE BELT AREA 

Eighteen chrome pyrope garnets were recovered from 19 till samples collected over the Swayze 
greenstone belt (Appendix D, KIMAPPb.txt).  Geochemistry classified most of these garnets as the "G9" 
variety, but 1 grain was classified as a "G10" (sample 92-KDA-11, Figure 2, KIMFIGb.dxf).  Kimberlite 
dykes have been reported in the vicinity of the "G10" sample site (Watson et al. 1978). 

There is very little grouping of KIMs at any one site (Figure 3, KIMFIGc.dxf).  Only 4 samples contained 
more than 1 KIM and of these not more than 2 types of indicators were recovered.  Four was the highest 
number of KIMs at any one site (sample 93-9221-68; 1 "G9" and 3 chrome diopsides). 

The presence of the "G10" garnet recovered within the vicinity of the kimberlite dykes is of interest.  The 
known dykes are, however, down-ice from the sample site (Figure 3, KIMFIGc.dxf).  Their presence 
relative to the sample site may suggest that additional dykes exist up-ice. 

Only 1 "G9" pyrope garnet was recovered from samples collected over the Kapuskasing Structural Zone 
(KSZ).  This is surprising as this area is thought to be a potential host for kimberlite (Boland and Ellis 
1989).  The lack of KIMs from samples collected over the KSZ may suggest that the KSZ is not the 
source for the sparse, yet pervasive spread of indicator minerals recovered to the southeast of this 
feature.  The KIMs recovered were likely transported by southwestward flowing ice. 



Their widespread distribution and the lack of multiple indicators within individual samples suggest that 
results represent the background concentration for the region.  It is possible, however, the subtle 
clustering of "G9" pyrope garnets in the east-central part of the region could possibly reflect a larger 
distribution of small, kimberlite dykes than presently recognized. 

WEST BAY AREA 

No kimberlite indicator minerals were recovered.  More till sampling over a broader area would be 
required to properly assess the region's kimberlite potential. 

WESTERN BERENS RIVER AREA 

Twelve of 13 KIMs were recovered from beach sands; the other KIM was recovered from till (Appendix 
D, KIMAPPb.txt).  Beach sand was collected from the shores of small lakes.  Stone (1994) concluded on 
the basis of the small size and inland location of the lakes, that the beach sands could not have been 
transported more than a few hundred metres by littoral drift from source. Caution should be taken when 
interpreting data derived from lacustrine or glaciolacustrine materials, however, as these are commonly 
derived from a variety of sediment types and bedrock sources within a given catchment basin, each of 
which has undergone different cycles of transportation and deposition. 

Six pyrope garnets were recovered from beach sand including 3 grains from sample 93DCST103.  Five 
garnets are classified as "G9" and 1 grain (sample 93DCST053) falls within the "G10" classification of 
Gurney (1984; Stone 1994).  The significance of this heavy mineral grain is unknown.  The source of the 
"G10" pyrope is not easily assessed.  The interpretation of where the grain may have been derived is 
dependent upon the complex transportation and depositional history of the modern beach sand. 

Two chrome diopsides were recovered from 2 independent beach samples that contained no other 
KIMs.  Five low chrome chromites and 3 "G9" garnets were recovered from sample 93DCST103. 
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Appendix A 

Sample Site Locations 

Summary list of abbreviations: 

Di; Diamicton.  Poorly sorted sediment which cannot be classified by origin. 
Gf; Glaciofluvial sediment. 
Gl; Glaciolacustrine sediment. 
Ma; Modern alluvium. 
Mb; Modern beach sediment. 
Rm; Till collected from recessional moraine. 
Sm; Till collected from stagnation moraine. 

The data are listed by project area.  Within each project area the samples are listed by sample number, 
U.T.M. coordinates and material sampled. 

Appendix B 

Sample Processing Data 



Summary list of Abbreviations: 

Conc.; Concentration 
HMC ; Heavy Mineral Concentrate 
Kgs ; Kilograms 
Mag. ; Magnetics 
M.I. ; Methylene Iodide 
mm ; Millimetres 
n/d ; Not determined 
* ; Non-magnetic fraction analyzed for sample F87-23-12 combined with sample F87-23-13. 

The data are listed by project area.  This appendix includes all material weights (table feed, non-
magnetic fraction and magnetic fractions). 

Appendix C 

Summary of Kimberlite Indicator Minerals (as picked by Overburden Drilling Management Ltd.) 

Summary List of abbreviations: 

CR ; Chromite 
DC ; Chrome diopside 
GO ; Eclogitic garnet ("G3"; may also include Cr-poor megacryst ["G1/G2"]; common crustal garnet 
["G5"] lacking diagnostic inclusions or crystal facies). 
GP ; Pyrope garnet ("G9"/G10"). 
IM ; Ilmenite 
KIM ; Kimberlite indicator minerals 
No ; Number 
n/s ; Not sufficient sample for analysis. 
* ; Possible contamination during laboratory processing. 

The data are listed by project area.  

Appendix D 

Summary of Microprobe Data for Kimberlite Indicator Minerals, Ontario Geoscience Centre 

The appendix is divided by project area. The data within each project area is subdivided by indicator.  
The sample number is abbreviated to accommodate space restrictions.  Individual grains recovered 
from each sample site are numbered and this is represented by a dash and a number following the 
sample number. 

* ;  Possible contamination 




