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Introduction 
 
Gold grains have been recovered through sampling 
programs (cf. Stea et al., 2005; Mills and Chipman, 
2006) to investigate the placer potential of till and 
other bedrock-borne gouge. These samples have 
been compared to those of other studies by 
Goodwin (2004, 2005, 2006) in attempts to help 
determine provenance of the grains. Morphology 
characterizations were described based on 
previously established methods (DiLabio, 1990). It 
is anticipated that an estimate for the distance of 
glacial transport can be determined based on grain 
morphology. Such studies may help to determine 
the economic viability of placer sources as gold ore 
(Stea et al., 2005; Mills, 2005). 
 Programs to sample till and other media in 
Canada have recovered heavy mineral concentrates 
(HMC) from small bulk samples to establish 
threshold levels for transported gold grains 
(McClenaghan, 2001). Grains for Nova Scotia’s 
Meguma Teranne have been investigated by 
Goodwin (2004). Gold grain morphologies from 
tills have also been successfully used to estimate 
distance of glacial transport (DiLabio, 1990). 
Electron microprobe analysis of gold grains 
recovered from till has also been performed within 
several Nova Scotian gold districts (MacEachern, 
and Stea, 1985; Mills et al., 2005). 
 The 2004 and 2005 field seasons involved 
collection of several samples by on-site sluicing of 
material and recovery of gold grains, or by field 
recovery with a gold pan. Gold grains taken from 
sites at Moose River and Lake Catcha, Halifax 
County, Coldstream, Colchester County, and 
Kemptville, Yarmouth County, were counted and 
examined to determine their morphology, based on 
the classification scheme proposed by DiLabio 
(1990). These results were used to estimate 
transport distance from the source. 
 

Regional Geology 
 
Bedrock Geology and Ore 
Mineralogy 
 
Horton Group metasediments are the oldest rocks 
sampled in the study area. These rocks consist of 
early Carboniferous, well consolidated, 
metasandstone to coarse-grained conglomerate, 
dominated by siliclastic rocks and heavily altered 
by silicification (Kontak and Smith, 1987). Ore 
mineralogies are not common and consist of 
sulphides such as pyrite, pyrrhotite, arsenopyrite 
and rare chalcopyrite, galena, sphalerite, free native 
gold, sphene and rutile. 
 The Nova Scotian mainland is dominated by 
the Cambro-Ordovician Meguma Group, a 
succession of metapelites and metapsammites 
hosting most of Nova Scotia’s gold districts (Ryan 
and Smith, 1998). The Meguma Group consists 
mainly of two formations: the basal metapsammite 
Goldenville Formation and the conformably 
overlying meta-pelite of the Halifax Formation 
(Ryan and Smith, 1998). The Meguma Group has a 
third formation identified (the Green Bay 
Formation) with minor extent and no known gold 
deposits, (O’Brien, 1985) so is not described in this 
document. Meguma Group metasediments were 
intruded by Devonian (ca 380 Ma) granitoids, 
namely granodiorite, monzogranite and 
leucomonzogranite (MacDonald and Horne, 1987). 
Quartz veins are emplaced with crack-seal textures 
as multi-phase events within the gold districts in 
Nova Scotia (Kontak and Smith, 1988). 
 Gold occurs in quartz veins related to regional 
anticlines and domal structures within the gold 
districts (Sangster, 1990). The quartz veins occur 
with quartz-carbonates, as well as sulphides such as 
pyrite, pyrrhotite, arsenopyrite, chalcopyrite, 
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galena and sphalerite (Ryan and Smith, 1998). The 
gold districts of Nova Scotia have been well 
documented (Malcolm, 1929). 
 Small quartz veins hosted in relatively thin (1-
3 m thick average) slate belts are also known to 
host gold, as well as auriferous disseminations in 
pelitic units. Grades in these belts vary from 0.5 to 
2.5 gAu/t over widths of 5 to 15 m (Ryan and 
Smith, 1998). 
 Accessory minerals may include variable 
amounts of pyrrhotite, galena, sphalerite, 
chalcopyrite, scheelite, stibnite, argentite, 
tetrahedrite, loellingite, molybdenite and tellurides 
(Sangster, 1990). 
 
Surficial Geology 
 
Surficial deposits in Nova Scotia were formed 
during Wisconsinan glaciation (Stea and Fowler, 
1979). Glacial tills and their associated hybrid till 
sheets formed by multi-directional ice flows have 
been mapped, indicating a complex glaciation 
history (Stea and Finck, 2001). 
 The Hartlen Till is associated with the 
Caledonia Phase (75-40 ka, south-southeast), the 
oldest observed ice flow. The Escuminac Phase 
(22-18 ka) is the next major phase to have 
followed, flowing south to southwest and forming 
the widespread Lawrencetown Till (Stea et al., 
1992). The more complicated Scotian Phase (18-
15 ka), characterized by an ice divide, resulted in 
multi-directional ice flow from the northwest in the 
northern part of the province, to south-southeast in 
southern Nova Scotia, and is marked by deposition 
of the Beaver River Till. The last major glaciation 
in Nova Scotia was that of the Chignecto Phase 
(13-12.5 ka). This phase is described as consisting 
of unstable directional ice flow associated with 
several small ice caps, the remnants of waning 
stages of the Scotian Phase glacier (Stea and Finck, 
2001). 
 Ore-forming elements enriched tills and soils 
developed down ice from the sources of gold. 
Distances of dispersion vary, depending upon till 
type and clast size, from a few metres to an order 
of kilometres down ice from source (Stea and 
Finck, 2001). 
 

Methods 
 
Field Methods 
 
During the 2005 and 2006 field seasons, several 
samples were collected from past-producing Nova 
Scotia gold districts (Fig. 1). These consisted of 
tills at Moose River, Lake Catcha and Kemptville, 
and rock gouge from Coldstream. All samples 
except one were collected over Meguma Group 
rocks. The other sample was collected from a 
gouge found in cracks in Horton Group meta-
quartz pebble conglomerate (Fig. 2) at Coldstream, 
Colchester County. This deposit was known as the 
Gays River Gold District, also a past producer. 
Samples were processed on-site with a sluice at the 
Meguma sites, which included Lake Catcha, 
Halifax County, Moose River, Halifax County, and 
Kemptville, Yarmouth County. The sample from 
the site at Coldstream, Colchester County, was 
processed with a simple gold pan to segregate 
grains from gouge. 
 At the Meguma gold district sites, a 5 tonne 
sample was collected and sluiced on-site with a 
Long Tom sluice. This sluice had a 3 m run, is 
0.5 m wide with a run to fall ratio of 12:1, and a 
hydro throughput of 50 gallons per minute (Fig. 3). 
 Pebbles were separated from each sample and 
also bagged for pebble counts later. Field 
descriptions were recorded at each sample site as 
well, and the sample locations were recorded with a 
GPS unit (Garmin 1) set up with a NAD 83 
Universal Transverse Mercator projection. 
 
Laboratory Preparation and 
Analytical Methods 
 
The sluiced concentrates were further concentrated 
at the Minerals Engineering Centre at Dalhousie 
University, Halifax, Nova Scotia, using a 
Superpanner to retrieve gold grains (Fig. 4). Each 
concentrate was homogenized and a small 
percentage of concentrate was taken as a 
representative for the study, except for the sample 
from Lake Catcha, in which the entire concentrate 
was used. Some gold grains were also removed 
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earlier, as part of a separate study, to be imaged 
and analyzed by scanning electron microprobe. 
This work has been described by Chipman (2006). 
It was felt that the percentage of removed grains 
was not detrimental to the overall percentages in 
this subsequent study. Lithology percentages 
calculated from pebble counts were made for each 
site except Coldstream (Chipman, 2006). Digital 
photographs of the grains were subsequently taken 
with a Nikon binocular microscope for the purpose 
of classifying the morphology of grains from each 
of the sites. 
 
Results 
 
Gold Grain Counts 
 
Results of gold grain counts for the sites mentioned 
above are summarized in Table 1. 
 Gold grain counts for Lake Catcha indicate that 
all of the grains were pristine. While this indicates 

a local source, note that only four grains were 
retrieved. 
 Seventy-five grains were counted and 
classified from the Moose River concentrate. Sixty-
one of these grains (76%) are pristine, seven (9%) 
modified and seven (9%) classified as reshaped. 
 One fifth of the gold grains from Kemptville 
are pristine. Fifty-five percent of them are 
modified. The rest (25%) are reshaped. 
 The sample from Coldstream had fewer 
pristine grains than any of the other sites (16%). 
More than half of the grains were classified as 
reshaped (51%), the rest (32%) were considered to 
be modified. 
 
Pebble Counts 
 
Results of pebble counts for the sites mentioned 
above are summarized in Figure 5. Pebble counts 
for sites at Lake Catcha, Moose River and 
Kemptville have been described by Chipman 
(2006). 
 

Figure 1. Location map for samples investigated in this study. 
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Discussion 
 
Gold Grain Counts 
 
Gold grain counts for Lake Catcha are enigmatic. 
Only a few grains were collected over an area 
known to be very close to gold-bearing sources 
under relatively thin but ribbed till mixed with 
moraine. This is probably due to much of this 
moraine representing the ablation phase of ice 
laden with material from north of the site. Pristine 
grains found here are believed to represent hybrid 
mixing within the phase. One should also keep in 
mind that only four grains were retrieved from a 
relatively large amount of sluiced till, so this result 
should not be considered conclusive. This few 
grains is considered to be below the threshold level 
for background in Nova Scotia (Goodwin, 2004). 

 Grains from Moose River are mostly from a 
local source, with at least one other source within a 
modest distance (approximately 0.5 km) of the 
sample site. Dispersal in the area is from the north-
northwest, placing other source(s) within the 
vicinity of the village road close to where 
pavement ends at the southern extremity of the 
village. This is close to the boundary of a currently 
proposed open-pit gold mine at Moose River. 
 One fifth of the gold grains from Kemptville 
are from a very local source, the others are a mix of 
grains from other sources. More than half of the 
grains (55%) are modified. The rest (25%) 
travelled farther. This is indicative of several up-ice 
sources at Kemptville. This site is currently 
undergoing exploration for auriferous veins in 
regularly arranged shear packages within a larger 
zone of shear transecting the area (Horne, 2004). 
Grains from Kemptville are believed to represent 

Figure 2. Gouge sampled in Meguma teranne cracks at the Meguma-Horton contact zone. 
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part of a complex down-ice dispersion pattern in 
the area. 
 At Coldstream, gold grains have experienced 
far greater transport than samples from any of the 
other sites. This was to be expected, as these grains 
were not just transported down-ice, but have been 
transported by fluvial action to the placer 
depositional site consisting of cracks in Meguma 
Group bedrock under the overlying Horton Group 
rocks. Grains at the other sites were emplaced 
during the Pleistocene, whereas the grains at 
Coldstream pre-date the Carboniferous Horton 
Group. The grains are well rounded and abraided 
and resemble nuggets. This information weakens 
the argument of those who support the possibility 
of Horton Group rocks hosting paleoplacer gold at 
this site, since gold has been found to reside as free 
gold at the contact. 
 
Pebble Counts 
 
Pebble counts for Moose River indicate that the 

main constituent of the sample is pelite. A small 
percentage of this was pelite was altered with iron, 
an indication of some of the high degree of pyritic 
alteration in the area. Twelve percent of the sample 
consists of quartz vein material and a small 
percentage is psammite. The simplicity of the 
proportions in this sample indicates a simple glacial 
history, representative of a sample taken from a 
very local source till. 
 At Lake Catcha more than half of the sample 
pebbles consist of psammite, about two thirds of it 
altered to greenschist facies and displaying greater 
than 15% garnet in the matrix of the metasediment. 
This percentage was followed closely by pelite. 
Small percentages of granodiorite and microdiorite 
were present, representative of the Musquodoboit 
Batholith to the north. 
 Pebble counts from Kemptville represent a set 
of variables regarding local alteration and glacial 
history. Most of the sample consists of Meguma 
Teranne rocks, though they are subdivided by 
colour and alteration levels from somewhat 
bleached greenish-buff pelite to light-grey schistose 
pelite. Psammite is noted to be dark grey but a 
component of arkose represents a lighter coloured 
element of the same rock. About ten percent 
consists of presumably Meguma-hosted quartz vein 
material as well. A small percentage (10%) of 
foreign volcanic rocks, consisting of andesite and 
rhyolite fragments, was present as well, probably 
representing far travelled clasts from New 
Brunswick carried by the Laurentide ice sheet (Stea 
and Fowler, 1979). Five percent of the sample also 
consisted of biotite gneiss of a pegmatitic 
character. Pegmatites are known locally, farther 
north in the vicinity of Brazil Lake. It is also 
theorized that there are several pegmatites in the 
area that have been undiscovered (D. Black, 
personal communication). 
 Pebbles from Coldstream are mainly from the 
Meguma Group (42% pelite, 6% pelitic-hosted 
quartz vein material). The rest of the material 
infilling the Horton Group crack spaces is Horton 
Group basal quartz-pebble conglomerate and well 
rounded, mature clasts of the same rock type. 
 
Gold Grain Morphology Images 
 
Gold grain images from Moose River (Figs. 5a and 
6b) reveal relatively pristine grains. Note especially 

Figure 3. Using the on-site Long Tom used in this study. 
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Figure 6b, where an iron mineral, presumably 
arsenopyrite, has completely broken down to an 
ochreous deposit attached to the pristine grain. It is 
possible that grains may remain pristine throughout 
transport if they are encapsulated within secondary 
iron. If these grains have not had such external 
protection throughout the transport process, then 
the grains have presumably seen virtually no 
transport. 
 The only grain image from Lake Catcha 
(Fig. 6c) is also pristine and has seen minimal 
transport, probably a few tens of metres. 
 Figures 6d to 6g are images of grains from 
Kemptville. All of these grains have been modified 
to some degree, but reflect a range of transport 
distances. In Figure 6d, a field of grains only 
slightly modified is seen. In Figures 6e to 6g, 
grains reflect more modification. This probably 
indicates more than a single source for some of the 
grains at this site. 

 Figures 6h to 6j are images of grains retrieved 
from the sample taken from Coldstream. In 
Figure 6h, the first grain is severely reshaped and 
has been folded around a weathered pyritic 
mineral. Figure 6i displays two grains, a well 
reshaped and pounded, rounded nugget and a once 
flaky grain, with its feathery edges pounded into a 
somewhat amorphous nugget. The last image 
displays several well rounded nuggets exhibiting 
far travelled morphologies. 
 
Conclusions 
 
Grains recovered from Lake Catcha and Moose 
River have seen minimal transport only, likely on 
the order of tens of metres. Grains recovered from 
the sample at Kemptville display evidence of 
transport distances that are varied and are believed 
to represent deposition from more than a single 

Figure 4. Segregating gold grains from heavy mineral concentrates using a superpanner at Daltech’s Minerals Investi-
gation Laboratories, Halifax, Nova Scotia. 
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source. One must keep in mind that grains from 
Coldstream were dispersed fluvially. It is clear, 
however, that they exhibit evidence of transport 
measured in kilometres. 
 

 

Morphology Number of 
Grains 

Percentage 
of Total 

Lake Catcha:   

Pristine 4 100% 

Modified 0 0% 

Reshaped 0 0% 

Total 4  

Moose River:   

Pristine 61 76.25% 

Modified 7 9.25% 

Reshaped 7 9.25% 

Total 75  

Kemptville:   

Pristine 4 20% 

Modified 11 55% 

Reshaped 5 25% 

Total 20  

Coldstream:   

Pristine 8 16% 

Modified 16 32% 

Reshaped 26 51% 

Total 50  

Table 1. Gold grain counts based on grain morpho-
logies from the sample sites selected for the study. 

Figure 5. Pebble lithology counts for 100 pebbles per 
sample (percentages). 
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Figure 6. Images of gold grains taken from samples used in this study. 
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