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HEAVY MINERAL INDICATOR DATA BASE DERIVED FROM OVERBURDEN FOR KIMBERLITE, 
METAMORPHOSED MAGMATIC SULPHIDE INDICATOR MINERALS AND GOLD, STULL LAKE 
AREA, NORTHWESTERN ONTARIO; D. STONE. T.F. MORRIS AND D.C. CRABTREE 

Introduction 

The Stull Lake mapping project is a multiyear survey of the northern Superior Province within Ontario. 
The project area is situated approximately 350 km north of Red Lake, Ontario. An area of approximately 
13 000 km2 has been mapped since 1995. The study area is elongate northerly over a distance of 120 
km and provides a geologic transect of 4 east-southeast-striking greenstone belts. 

During the course of bedrock mapping, beach (57 samples), till (11 samples), modern alluvium (2 
samples) and glaciolacustrine (2 samples) sediments were sampled. The heavy mineral concentrates 
from these samples were analyzed to assess the potential for kimberlite, base metal and gold 
mineralization of the area. Detailed overburden mapping of the area has not been completed and 
therefore an understanding of the genesis of the surficial materials sampled is not fully understood. 
However, the results from this program (to date) provide a regional evaluation of the potential for 
kimberlite, base metal and gold in the study area. 

Geology 

Archean geology of the study area is characterized by 4 northwesterly trending greenstone belts 
centered on Sachigo, Stull, Ellard and Yelling lakes. The greenstone belts are composed of 
predominantly mafic with lesser felsic metavolcanic rocks and clastic metasedimentary rocks that have 
been metamorphosed to greenschist and amphibolite facies. The greenstone belts are interspersed with 
6 suites of felsic plutonic rocks (Stone and Hallé 1997, Stone et al. 1999). 

Major northwest-trending faults including the North Kenyon, South Kenyon and Stull-Wunnummin, cut 
the area. Archean rocks are cut by Proterozoic mafic dikes including the north-trending Molson swarm 
and northwest-trending McKenzie swarm. An oval Proterozoic carbonatite intrusion occurs north of 
McLeod Lake. To the north, Archean bedrock is overlain by Paleozoic carbonate and clastic rocks of the 
Hudson Bay Lowland (Stone and Hallé 1997, Stone et al. 1999). 
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Detailed Quaternary mapping of this area does not exist. Regional scale mapping and observations are 
summarized in Barnett et al. (1992), Dredge and Cowan (1989) and Bennett and Riley (1969). The 
Sachigo moraine is the dominant north-trending physiographic feature that extends through the area. 
East of the moraine, thin till and organic deposits are predominant in the north and southward give way 
to mainly glaciolacustrine deposits at Sachigo Lake. The direction of ice flow, derived from striae and 
drumlin orientation, is west-southwest. West of the moraine, bedrock is overlain by thin till and organic 
deposits. Striae data indicate that an early west-southwest glacial advance was superceded by a 
southerly one. 

Methods 

Material Sampling 

Sample site locations and material descriptions are summarized in Appendix A of this report. 

UTM NAD27. 

In this study, beach sand was the main overburden material sampled. This material is easy to collect 
and provides an inexpensive means of evaluating the potential for kimberlite, base metal and gold in a 
region (Morris and Kaszycki 1997). Beach samples were taken at several sites along a beach. An effort 
was made to preconcentrate heavy minerals by sampling the crests of preserved ripples. Approximately 
10 kg of material was collected at each sample site. 

For till, modern alluvium and glaciolacustrine deposits, approximately 10 kg of material was collected. 
Till samples were collected from hand-dug pits, 0.5 to 1m deep and an attempt was made at each site to 
collect unweathered till. Modern alluvium samples were collected from sediment traps within streams 
(Stone 1994). 

Heavy Mineral Recovery and Identification 

Heavy minerals (greater than 3.2 specific gravity) were isolated from beach, till, modern alluvium and 
glaciolacustrine samples prior to further processing by Overburden Drilling Management Limited in 
Nepean, Ontario. The procedure is summarized in Morris et al. (1994) and Morris and Kaszycki (1997). 
Sample processing data, including table feed weight and weight of both non-magnetic and magnetic 
fractions, are summarized in Appendix B of this release. 

The lab procedure is designed to recover a range of heavy minerals including 6 types of kimberlite 
indicator minerals (KIMs). These include: 1) Cr-pyrope garnet; 2) Cr-poor megacrystic pyrope garnet; 3) 
Eclogitic pyrope-almandine garnet; 4) Cr-diopside; 5) Mg-rich ilmenite; and 6) Chromite. Forsteritic 
olivine, a mineral commonly associated with kimberlite was also picked, where observed, in the heavy 
mineral concentrate. The minerals recovered from this study are summarized in Appendix C. 

Gold grains are also recovered by this procedure. A detailed gold grain summary is presented in 
Appendix D. The physical appearance of each gold grain is evaluated and classified as being pristine, 
modified or reshaped. Due to gold's malleability, grain shape is transformed during transport by glacial 
ice (DiLabio 1990). Therefore, a reshaped grain has been transported farther than a pristine one. This 
information is summarized in Appendix E. 

Heavy mineral picking remarks for each sample provide additional information regarding the nature of 
the heavy mineral's physical attributes and also describe other  heavy minerals of interest encountered 
during the course of picking. This information is summarized in Appendix F. 

Thirteen types of metamorphosed magmatic massive sulphide indicator minerals (MMSIMs) are 
targeted for recovery. They include: 1) anthophyllite; 2) chalcopyrite; 3) chromite; 4) Cr-diopside; 5) 
gahnite; 6) hypersthene; 7) olivine; 8) ruby corundum; 9) red epidote; 10) red rutile; 11) sapphirine; 12) 
spessartine; and 13) staurolite. This information is summarized in Appendix G. 

Precise geochemistry is required to properly identify KIMs. Suspected KIM grains were mounted on 
epoxy plugs and analyzed by microprobe at the Ontario Geoscience Laboratories (OGC). The results of 
this analysis are summarized in Appendix H. The calibration routine and operating conditions are 
summarized in Morris et al. (1997). The parameters used to define kimberlites are presented in 



Stephenson et al. (1999) and Morris and Kaszyki (1997), however, they are presented here again due to 
their importance. 

Kimberlite Indicator Minerals 

Garnet 

Garnets of peridotitic origin are typically Cr-rich pyropes. This mineral may originate from many different 
types of peridotite, the most important of which are harzburgite and lherzolite. Eighty-five percent of Cr-
pyropes that occur as inclusions in diamond are Ca-depleted, Cr-enriched and harzburgitic in origin 
(Gurney 1984). These types of garnet have been termed "G10" (Dawson and Stephens 1975) and are 
considered to be important KIMs. The recovery of "G10" garnets from surficial material is important 
since it suggests that these minerals originated from harzburgitic peridotite, and are more closely 
associated with diamond than are garnets of lherzolitic (G9) origin (Dawson and Stephens 1975). 

Other pyrope garnets associated with kimberlites are the megacrystic suite, which are not directly 
associated with diamond. These, when found with other KIMs, can also be useful indicators. These 
minerals may range from Cr-poor to moderate levels (<2 wt %) of Cr2O3. 

The geochemistry of mantle-derived eclogitic garnet is complex and overlap may exist between garnets 
of peridotitic and deep crustal origin (Dawson and Stephens 1975). However, eclogitic garnets are 
typically Cr-poor and range from pyrope to almandine-pyrope in composition. Eclogitic garnet inclusions 
in diamond have been found to have elevated levels of Na concentration (Na2O greater than 0.07 wt 
%), and therefore, like the "G10" Cr-pyrope garnet, are considered a valuable KIM. Low-Na eclogitic 
garnets may also be useful indicators if found in conjunction with other KIMs. Other garnets such as 
almandine, spessartine-almandine, grossular and andradite are not likely associated with kimberlite and 
therefore are of little interest to kimberlite exploration. 

Chromite 

Chromites found in diamond inclusions differ from most other chromites by their high Cr2O3 content, 
generally greater than 61 wt % (Gurney 1984). In addition, they have a MgO content greater than 10 wt 
% (Fipke et al. 1995). Finding such a chromite in surficial material or a rock sample is just as significant 
as finding a "G10" Cr-pyrope garnet. 

Chromite Cr2O3- TiO2 plots are useful in distinguishing chromite unique to lamproites and kimberlites 
from those that are non-lamproitic  or kimberlitic in origin (Fipke et al. 1995). Chromites that plot in the 
non-lamproite/kimberlitic field is excluded from the KIM data base, while those that plot in the overlap 
field are included. 

Mg-Ilmenite 

Ilmenite found within kimberlite is generally Mg-rich, with MgO values ranging between 4 and 15 wt % 
(McCallum and Vos 1993). In this study, ilmenites such as these that are recovered from overburden are 
regarded as useful KIM indicators. 

Cr-Diopside 

Alone, Cr-diopside is not a definitive kimberlite indicator as it occurs in both kimberlite and other basic 
and ultrabasic rocks. Cr-diopside associated with lherzolite commonly has high chrome values (>1 wt 
%). For this reason, Cr-diopside with Cr2O3 values greater than 1 wt % were chosen as KIMs for this 
study. 

Olivine 

Olivine is found in many types of rock. However, olivine derived from kimberlite is characteristically 
magnesium-rich forsterite (Fo90.2-96.6) which is also rich in nickel (0.2-0.49 wt % NiO) (Fipke et al. 
1995). 

Statistics 

To identify areas or sites favorable for kimberlite, base metal or gold exploration, it is important to 
identify the location of important KIMs ("G10" Cr-pyrope garnets), MMSIMs (gahnites, low Cr-diopsides) 
and gold grains (pristine) and their relative abundance. To do this, proportional dot diagrams were 



generated to portray the location and relative abundance of all heavy minerals. These diagrams are 
based on statistics that involve calculating percentiles from the values of heavy minerals recovered from 
each sample site. Sites with a percentile value greater than 95 are considered anomalous and 
significant. 

Results 

Kimberlite Indicator Minerals 

Cr-pyrope Garnets 

Two hundred and thirty six garnets were submitted to the OGC for microprobe analysis. Of these, 3 
grains (95DST208b-1gp, 97DST05-28gp, 97DST102-22gp) were classified as "G10" Cr-pyrope garnets, 
84 as "G9" Cr-pyrope garnets, 7 Cr-poor pyrope garnets and 14 possible eclogitic garnets. 

Chromite 

Thirty-nine chromite grains were submitted to the OGC for microprobe analysis. None of these plotted 
within the "Diamond Intergrowth" or Diamond Inclusion" fields on Fipke et al.'s (1995) Cr2O3-MgO wt % 
plot. Only 1 grain (96DST03-42c) plotted within the field unique to lamproites and kimberlites on Fipke et 
al.'s (1995) Cr2O3- TiO2 plot. None plotted in the non-lamproitic/ kimberlitic field. 

Ilmenite 

Fifty-two ilmenite grains were submitted to the OGC for microprobe analysis. Of these, 27 are classified 
as Mg-rich or picroilmenites and were used as kimberlite indicator minerals. 

Cr-diopside 

One hundred and eighty Cr-diopside grains were submitted to the OGC for microprobe analysis. Of 
these, 52 were classified as being high Cr-diopside (> 1 wt % Cr2O3) and were used as kimberlite 
indicator minerals. 

Olivine 

One olivine grain was submitted to the OGC for microprobe analysis. It classified as a forsteritic olivine 
and is considered a very important kimberlite indicator. 

Sites With Significant, Anomalous KIM Values 

The quantity of KIMs that are anomalous (>95th percentile) for each different overburden type, is 
summarized in Table 1. Nine sites are considered anomalous by virtue of  containing either a "G10" or 
an anomalous number of other types of KIMs. These sites are summarized in Table 2. 

Sites With Significant, Anomalous MMSIM Values 

The quantity of MMSIMs that are considered anomalous (>95th percentile) for each different overburden 
type, is summarized in Table 3. Five sites contained anomalous numbers (3 or more) of MMSIMs. These 
sites are summarized in Table 4. 

Sites With Significant, Anomalous Gold Values 

The quantity of gold grains that are considered anomalous (>95th percentile) for each gold grain shape, 
for each different overburden type, is summarized in Table 5. Four sites contain anomalous numbers of 
gold grains. These sites are summarized in Table 6. Note, however, that the number of gold grains is 
small and may represent regional background values. 
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Appendices Abbreviations 

Appendix A: Sample Site Locations 

Appendix B: Sample Processing Data 

Summary list of abbreviations: 

kgs;  Kilograms 
M.I.;  Methylene iodide 
Mag.;  Magnetics 

Appendix C: Summary of Kimberlite Indicator Counts 

Summary list of abbreviations: 



KIM;  Kimberlite indicator minerals 
GP;  Pyrope garnet 
GO;  Eclogitic garnet 
DC;  Chrome diopside 
IM;  Mg-ilmenite 
CR;  Chromite 

Appendix D: Detailed Gold Grain Summary 

Summary list of abbreviations: 

Y/N;  Yes/No 
T;  Tabled 
P;  Panned 

Appendix E: Gold Grain Classification 

Summary list of abbreviations: 

Mag.;  Magnetics 
PPB;  Parts per billion 

Appendix F: Picking Remarks 

Appendix G: Summary of Metamorphosed Magmatic Massive Sulfide Indicator Mineral  

Counts 

Summary list of abbreviations: 

An;  Anthophyllite 
Ch;  Chalcopyrite 
Cr;  Chromite 
Dc;  Chrome-diopside 
Ga;  Gahnite 
Hy;  Hypersthene 
Ol;  Olivine 
Rc;  Ruby corundum 
Re;  Red epidote 
Rr;  Red rutile 
Sa;  Sapphirine 
Sp;  Spessartine 
St;  Staurolite 

Appendix H: Summary of Microprobe Data for KIMs 

Summary list of abbreviations: 

Na;  Sodium     Ni;  Nickel 
Mg;  Magnesium    Nb;  Niobium 
Al;  Aluminum    V;  Vanadium 
Si;  Silicon     Zn;  Zinc 
Cr;  Chromium    O;  Oxygen 
Mn;  Manganese    Ca;  Calcium 
Ti;  Titanium    K;  Potassium 
Fe;  Iron 


