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ABSTRACT

An indicator mineral case study was carried out around the Sisson W-Mo deposit, one of the largest W
deposits in the world. The work was carried out as part of the Geological Survey of Canada’s (GSC)
Targeted Geoscience Initiative 4 (TGI-4), a collaborative federal geoscience program with a mandate to pro-
vide industry with the next generation of geoscience knowledge and innovative techniques that will result
in more effective targeting of buried mineral deposits. This indicator mineral study is the first case study
around a major W-Mo deposit in glaciated terrain. It is also the first indicator mineral case study in any ter-
rain to identify a broad range of indicator minerals for this deposit type, in addition to the commonly known
minerals scheelite and molybdenite.

Indicator minerals for the Sisson W-Mo deposit include the primary ore minerals scheelite, wolframite,
and molybdenite, as well as secondary ore minerals chalcopyrite, joseite, native Bi, bismutite, bismuthinite,
galena, sphalerite, arsenopyrite, pyrrhotite, and pyrite. Indicator minerals in 10 kg till samples clearly define
glacial dispersal at least 10 km down-ice (southeast) of the deposit. The presence of coarse (0.5-2.0 mm)
indicator minerals indicates proximity (<1 km) to the source. Thus, the use of heavy mineral sampling in
regional exploration programs for W-Mo deposits is recommended. A 2 km spacing of surface till samples
is likely sufficiently dense to detect the glacial dispersal train from the Sisson deposit, as well as its poly-

metallic nature.

INTRODUCTION

The use of till geochemistry for W-Mo exploration is
well documented (e.g. Salminen and Hartikainen,
1986; Snow and Coker, 1987; Coker et al., 1988). In
contrast to till geochemical methods, few case studies
have been conducted around a significant W-Mo
deposit to demonstrate its indicator mineral signature
in till. The subcropping Sisson W-Mo deposit in east-
ern Canada provides an ideal site for testing indicator
mineral methods for detecting glacial dispersal from a
significant tungsten source. The Sisson deposit was
chosen for this study because the deposit has the fol-
lowing features: (1) bedrock geology is well known;
(2) the deposit subcrops and thus it was therefore
exposed to glacial erosion; (3) is till covered; and (4) a
till geochemical dispersal train was previously identi-
fied down-ice and thus metal-rich till should be avail-
able for sampling in this study.

This study was carried out as part of the Geological
Survey of Canada’s (GSC) Targeted Geoscience
Initiative 4 (TGI-4), a collaborative federal geoscience
program with a mandate to provide industry with the
next generation of geoscience knowledge and innova-
tive techniques that will result in more effective target-
ing of buried mineral deposits. The study is a collabora-
tive effort between the GSC, the New Brunswick

Department of Energy and Mines (NBDEM), Northcliff
Resources Limited, and Hunter Dickinson Inc.

The purpose of this open file is to describe and inter-
pret the raw indicator mineral data for till samples that
were reported in GSC Open File 7387 (McClenaghan
et al., 2013a). Indicator mineral data for mineralized
and host rocks in the Sisson area are described in GSC
Open File 7431 (McClenaghan et al., 2013b). Indicator
mineral data for stream sediments in the Sisson area
will be reported in a subsequent GSC Open File. Till
matrix geochemical data have been reported in GSC
Open File 7430 (McClenaghan et al., 2013c).

Location and access

The Sisson W-Mo deposit is located in west-central
New Brunswick (Fig. 1) at UTM coordinates 650350E
and 5136900N (NAD27) in the Coldstream NTS map
area (NTS 21 J/06). It is 60 km north of Fredericton
and is easily accessed by logging roads.

Geology

The Sisson deposit is a bulk tonnage W-Mo deposit
that has been explored by various companies over the
past 50 years. The bedrock geology of the deposit and
surrounding area are described in McClenaghan et al.
(2013b,c), as well as Nast and Williams-Jones (1991),
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Marr (2009), Fyffe et al. (2008, 2010), and Rennie
(2012). Potential indicator minerals present in the
deposit are listed in Table 1. Bedrock outcrop on the
Sisson property and surrounding area is rare due to the

extensive cover of till, which averages approximately 8
m in thickness (Marr, 2009). Tills and their strati-
graphic relationships and characteristics, and glacial
transport directions are described in detail in
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Table 1. Potential indicator minerals of the Sisson W-Mo deposit (from Nast and Williams-Jones 1991; Marr, 2009) in bedrock
and in till samples from this study (McClenaghan et al., 2013a). PTS — polished thin section, HMC — heavy mineral concentrate.

Mineral Formula Specific Hardness Presence in bedrock Size range in Size range in Size range in
gravity reported by others PTS in this bedrock HMC till HMC in
study (mm) in this study this study
(mm) (mm)
W Minerals
scheelite CaWo, 5.9-6.12 4-5  Nast & Williams-Jones (1991); Marr (2009) 0.1-0.5 0.025-2.0 0.025-2.0
wolframite (Fe,Mn)WO, 7.1-75 45  Nast & Williams-Jones (1991); Marr (2009)  0.04-0.08 0.025-2.0 0.025-1.0
Sulphides, Oxides
molybdenite MoS, 5.5 1.0 Nast & Williams-Jones (1991); Marr (2009) <0.3 0.05-2.0 0.075-2.0
pyrite FeS, 5-5.02 6.5  Nast & Williams-Jones (1991); Marr (2009)  0.015-2.2 0.025-2.0 0.025-0.05
marcasite FeS, 4.89 6-6.5 no not observed 0.025-0.10 not observed
chalcopyrite CuFeS, 4.1-4.3 3.5  Nast & Williams-Jones (1991); Marr (2009) ~ 0.04-2.2 0.1-2.0 0.2-2.0
sphalerite (Zn,Fe)S 3.9-4.2 3.5-4 Nast & Williams-Jones (1991); Marr (2009) <22 0.05-1.0 0.05-2.0
galena PbS 7.2-76 2.5 Nast & Williams-Jones (1991); Marr (2009) not observed  0.05-0.075 0.05
pyrrhotite FeuxS (x=0-0.17) 4.58-4.65 3.5-4 Nast & Williams-Jones (1991); Marr (2009) ~ 0.05-2.2 0.025-0.25 not observed
arsenopyrite FeAsS 6.1 5 Nast & Williams-Jones (1991); Marr (2009) not observed not observed 0.05-2.0
mottramite  Pb(Cu,Zn)(VO,)(OH)  5.9-6 3.5 no not observed not observed  0.25-0.5
Bi Minerals
bismuthinite Bi,S3 6.8-7.2 2.0 no not observed not observed 0.25-1.0
bismutite Bi,(CO3)0, 7.0 4.0 no not observed not observed  0.025-2.0
native bismuth Bi 9.7-9.8  2-2.5 Nast & Williams-Jones (1991); Marr (2009) 0.01 not observed  0.025-1.0
joseite Biy(S,Te)s 8.1 2.0 no not observed not observed  0.025-0.5
Ag Minerals
hessite Ag,Te 72-79 152 Nast & Williams-Jones (1991) not observed not observed not observed
acanthite Ag,S 7.2-74 225 Nast & Williams-Jones (1991) not observed not observed not observed

McClenaghan et al. (2013c).

Bedrock striations were measured on two outcrops 2
km northeast of the deposit (Fig. 2, 3). These new
measurements are significant as striated outcrop is rare
to non-existent in the deposit area. Both sets are ori-
ented at 147-149° (no sense) and likely represent south-
east ice-flow during the Early Wisconsinan Caledonia
Phase. Surficial geology of the deposit area is
described in more detail in McClenaghan et al. (2013c).

METHODS

Till sampling

In the summer of 2011, 56 large (~15 kg) till samples
(11-MPB-502 to -553) were collected up-ice, overly-
ing, and up to 14 km down-ice (southeast) of the
deposit (Figs. 2,3) by the GSC and NBDEM in the
summer of 2011 using GSC till sampling protocols
(McClenaghan et al., 2013a). Samples sites within the
known >30 km southeast-trending dispersal train (Fig.
4) were chosen to be as close as possible to the original
NBDEM sample sites (Seaman, 2002, 2003, 2007;
Seaman and McCoy, 2008). Surface till sampled in this
study was likely the Early Wisconsinan lodgement till
deposited by southeast glacial flow during the
Caledonia Phase.

All till sample location data are listed in Appendix
A. Detailed field notes and photos taken at each sample
site are reported in GSC Open File 7430 (McClenaghan
et al., 2013c). Most sample sites in the deposit area
were freshly dug trenches excavated for sump drainage

pits for diamond drillholes. After sampling, all field
sites were marked with a labeled wooden stake. At each
site, three till samples were collected: (1) a 8 tol5 kg
sample for recovery of indicator minerals; (2) a 3 kg till
sample for geochemical analysis of the till matrix, till
textural determinations, and archiving; and (3) 2 200 g
sample in a small clear plastic lunch bag for testing in
the field using a portable bench top Innov-x 5000 XRF
to provide preliminary information on the content of
W, Sn, Cu, Mo, Bi, and As in till and to help guide till
sampling on a daily basis.

Eight till samples for heavy mineral analysis were
collected from three Northcliff Resources diamond
drillholes, which were collared in the central part of the
deposit, and cored till at the till/bedrock interface.
These samples were collected to determine if composi-
tions for till closer to the bedrock surface reflected the
underlying subcropping bedrock. Drillholes sampled
(Fig. 3) include

* DDH SB-11-016, till samples 11-MPB-532,
-533, -534, and -579

+ DDH SB-11-018, till sample 11-MPB-535

+ DDH SB-11-007, till sample 11-MPB-536

Drillhole sample depths reported in Appendix A
have been corrected to reflect true depth from the nat-
ural land surface as these samples were collected from
inclined drillholes.

In 2012, one additional till sample (12-MPB-1026)

was collected from the Zone 1 Discovery trench (Fig.
3) because this zone contains visible wolframite. It was
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ice (northwest), overlying, and down-ice (southeast) of the deposit. Bedrock geology modified from Smith and Fyffe (2006a-d).
Deposit subcrop outline in black from Rennie (2012).
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Figure 3. Location of till samples overlying and close to the Sisson W-Mo deposit. Deposit subcrop outline in black from Rennie

(2012). Bedrock units are the same as those shown in Figure 2.

hoped that this till sample would contain wolframite
grains that could be recovered and examined as part of
the indicator mineral study of the deposit.

Three till sites were sampled as field duplicates in
2011 to assess field variability: sample 11-MPB-504 is
a duplicate of -503, 11-MPB-522 is a duplicate of -521,
and 11-MPB-556 is a duplicate of -555 (Fig. 3).

Duplicates were collected from the same hole or trench
as the original sample.

SAMPLE PROCESSING

Till samples were shipped to Overburden Drilling
Management Limited (ODM), Ottawa for processing
and production of heavy mineral concentrates. Sample
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Wppm

<0.063 mm (INAA)

2 5 © 66 processing procedures are described in detail in GSC
N g’& Open File 7387 (McClenaghan et al., 2013a). In 2011,
£ 3 2230 59 samples (56 till samples plus three quality control
a2 o o~V samples) were processed at ODM. One till sample was

. Qoo collected and processed in 2012 as part of a batch of till
S % g 22 samples from the Mount Pleasant Sn-W-Mo-Bi-In
& ; g ; gg deposit area. Similar to the bedrock samples, the <2.0

Silurian

|:| Mountain View Formation: medium-grained clastic sedimentary rocks |:| Taxis River Formation: medium-grained clastic sedimentary rocks

Carboniferous

mm fraction of till was processed to produce a non-fer-
romagnetic heavy mineral concentrate for selection of
indicator minerals (as outlined in McClenaghan et al.,
2013a). Four ‘blank’ sand samples were inserted into
the 2011 till batch prior to processing to monitor the
quality of processing and picking at ODM: samples 11-
MPB-501, -560, -561, and -580. The blank samples are
weathered Silurian-Devonian granite (grus) of the
South Nepisiguit River Plutonic Suite (Wilson, 2007)
collected approximately 66 km west of Bathurst, New
Brunswick (McClenaghan et al., 2012; Plouffe et al., in
press). The material is thus informally referred to as the
“Bathurst blank”. Indicator mineral results for the four
Bathurst blank samples are reported along with the till
samples in McClenaghan et al. (2013a).

The 0.25-0.5, 0.5-1.0, and 1.0-2.0 mm non-ferro-
magnetic fractions of the till samples were examined by
ODM. Potential indicator minerals of W-Mo mineral-
ization were counted/selected, including scheelite, wol-
framite, and sulphide minerals as well as minerals listed
in Table 3 of Averill (2001). All heavy mineral concen-
trates were systematically examined at ODM inside a
black box using shortwave ultraviolet light (Fig. 5a).
Scheelite was identified by its bright bluish white fluo-
rescence under shortwave ultraviolet light (Fig. 5b—d).

|:| Push and Be Damned Formation: medium-grained clastic sedimentary rocks
|:| Knights Brook Formation: medium-grained clastic sedimentary rocks

|:| Smyrna Mills Formation: fine-grained clastic sedimentary rocks
|:| Hayden Lake Formation: fine-grained clastic sedimentary rocks

|:| Cross Creek Formation: medium-grained clastic sedimentary rocks
Ordovician

|:| Burtts Corner Formation: medium-grained clastic sedimentary rocks
D Trousers Lake Metamorphic Suite: metamorphic rocks

|:| Little Clearwater Brook Granite: felsic intrusive rocks

|:| Bogan Brook Granodiorite: intermediate intrusive rocks
Cambrian-Ordovician

|:| Turnbull Mountain Formation: limestone
|:| McKiel Lake Granite: felsic intrusive rocks

In addition, the samples were scanned for potential
indicators of massive sulphide deposits, including
ODM'’s magmatic or metamorphosed massive sulphide
indicator mineral (MMSIM®) suite. This suite is an
indicator mineral assemblage used to explore for a
broad spectrum of sulphide-associated deposits (Table
2 in Averill, 2001). The samples were also examined
for indicators of other deposit types, including gold.

Data plotting

For field duplicates, the data for the first sample of
each duplicate pair was used in calculation of statistics
and for plotting distribution maps. Only surface till
samples were used to plot indicator mineral maps, thus
samples 11-MPB-532 to -538 collected from diamond
drillholes were not included. Proportional dot maps

Blank samples

Figure 4. Distribution of tungsten determined by instrumental neutron activation analysis in the <0.063 mm fraction of regional till samples collected by the New Brunswick
Department of Natural Resources (now Department of Energy and Mines) in NTS map sheets 21J/02, 21J/03, 21J/06, and 21J/07, covering the area around the Sisson
W-Mo deposit (data from Seaman, 2002, 2003, 2007; Seaman and McCoy, 2008). A glacial dispersal train from the Sisson W-Mo deposit (highlighted in yellow) trends

southeast from the deposit for at least 30 km and was used to guide till sampling for heavy mineral analysis in this study.

|:| Hawkshaw Granite: felsic intrusive rocks
|:| Wapske Formation: medium-grained clastic sedimentary rocks
|:| Costigan Mountain Formation: felsic volcanic rocks

|:| Becaguimec Lake Gabbro: mafic intrusive rocks

|:| Becaguimec Lake Gabbro: felsic intrusive rocks

|:| Shin Formation: coarse-grained clastic sedimentary rocks
|:| Howard Peak Granodiorite: intermediate intrusive rocks

|:| Carlisle Formation: coarse-grained clastic sedimentary rocks
Devonian

|:| Allandale Granite: felsic intrusive rocks

|:| Hardwood Ridge Basalt: mafic volcanic rocks
|:| Nashwaak Granite: felsic intrusive rocks

s showing the abundance of selected elements were plot-
§ ted using MapInfo Professional® Version 7.8.

5 RESULTS

= Quality assurance/quality control

S

Indicator mineral counts for the 0.25-0.5 mm fraction
7
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Figure 5. a) Black box and ultraviolet light lamping station
used at Overburden Drilling Management Ltd. to examine all
till samples for scheelite; b) 0.5—-1.0 mm heavy mineral frac-
tion of till sample 11-MPB-506 with abundant scheelite grains
fluorescing bluish white under UV light; ¢) scheelite grains
from till sample 11-MPB-504 mounted on SEM stub under
UV light; and d) scheelite grains from till sample 11-MPB-504
mounted on SEM stub under normal light.

of the four Bathurst blank samples, included in the
2011 till sample batch, are reported in Table 2. In the
0.25-0.5 mm fraction, sample 11-MPB-501 contained

10 goethite grains and sample 11-MPB-580 contained
100 goethite grains. The other two Bathurst blanks con-
tained no goethite. Previous data reported for the
Bathurst blank indicate that it does not contain goethite
(Oviatt et al., 2013; Plouffe et al., in press). Thus, the
goethite in sample 11-MPB-501, which was processed
at the beginning of the sample batch, is likely contam-
ination from a previous batch and the goethite in sam-
ple 11-MPB-580 is likely from the 3 or 4 goethite-rich
till samples (1000-5000 grains) that were processed
before it.

The pan concentrate of sample 11-MPB-580 con-
tained one gold grain, and the other three blank sam-
ples contained none. This one grain is likely an occa-
sional background gold grain, which the blank material
has been reported to contain (Plouffe et al., in press).

Till field duplicates

Indicator mineral counts for the three field duplicate
pairs are reported in Table 2.

Although till samples 11-MPB-503 and -504 were
collected at slightly different depths in the same trench,
both contain similar contents of goethite (1000s of
grains) and between 1 and 3 grains of chalcopyrite.
However, sample 11-MPB-503 contains more than
twice as much scheelite as -504. Sample 11-MPB-503
contains a few grains of pyrite and one grain of molyb-
denite. Differences between these two samples may be
related to sample depth as well as natural variability
between samples.

Field duplicate sample pairs 11-MPB-521 and -522,
and 11-MPB-555 and -556 have much lower indicator
mineral counts and more indicator mineral grain abun-
dances that are similar between the pairs than the other
field duplicate pair (samples 11-MPB-503 and -504)
(Table 2). Results for these two pairs indicate that, in
background areas or areas far down-ice, scheelite
counts may vary by +/- 2 grains.

Scheelite

Scheelite (CaWO,) was identified in till heavy mineral
concentrates (HMC) by its pale yellow colour, cleav-
age, and bright white fluorescence under shortwave
UV light (McClenaghan et al., 2013b). It is present in
pan concentrates and in the three size fractions up to
2.0 mm in HMC (Table 3). In samples that contain >25
grains of scheelite in the 0.25—-0.5 mm fraction, scheel-
ite was also recovered from the pan concentrate, with
some grains as small as 25 um. Of the three coarsest
size fractions, scheelite is most abundant in the
0.25-0.5 mm fraction. Its abundance varies from back-
ground values of zero to 2 grains in till up-ice (north-
west) of the deposit (background) and to 4700 grains in
till overlying the deposit (Table 3; Appendix B map 1).
Coarser scheelite is present in the 0.5-1.0 and 1.0-2.0



Indicator Mineral Signatures of the Sisson W-Mo Deposit, New Brunswick: Part 2 till

cates overlying mineralization and up-ice (background), with counts normalized to 10 kg weight of <2 mm table feed (summarized from McClenaghan

et al., 2013a).

Table 2. Indicator minerals recovered from (a) four Bathurst blanks inserted in the till batch prior to sample processing; and (b) three till field dupli-

£ mm fractions of till up to 2 km down-ice (Appendix B
§| cccc 88 858 §§ Wolframite
2 Wolframite ((Fe,Mn)WO,) was identified in till HMC
g °eeee e e e e° by its black colour, prismatic crystal form, softness
= - (H=4.5, can be scratched with a needle), and reddish
Fg ©eee © o Ko o9 brown streak (McClenaghan et al., 2013b). It was
A recovered from both the 0.25-0.5 mm (Table 3) and
g °eee =2 =2 == °=-° 0.5-1.0 mm fractions of only one till sample (12-MPB-
2 1026), which was collected over the Discovery trench
g ©cococo © o oo § < at Zone 1, at the north end of the deposit (Appendix B,
& map 4). The background content of wolframite in till is
% cooo 2 o <o o o zero grains away from the deposit.
: Molybdenite
E ©cooco N N o o ¥ ® The background content of molybdenite in till is zero
2 grains away from the deposit. Between 1 and 8 grains
£ of molybdenite were recovered from the 0.25-0.5 mm
E °eee S &K "5 B fraction of several till samples collected over the
2 deposit (Table 3; Appendix B, map 5). Sample 11-
'E; ©oo0o o § © o o o MPB-567 contains the most molybdenite, 87 grains in
- the 0.25-0.5 mm fraction. Molybdenite was also recov-
€3] °°°° % =e TV ered from the coarse fraction of four till samples col-
e, E‘Hg lected overlying the deposit: samples 11-MPB-532
E2| cooo o© o oo o &3 from 11 m depth, 11-MPB-567 from 1.5 m depth, 11-
22 58 MPB-568 from 4.0 m depth, and 11-MPB-579 from 20
= =) m depth. The pan concentrate of three of these samples
2 ©ooco © o oo o o (11-MPB-532, -576, and -579) also contained molyb-
P - o o ° denite (Table 3).
& a o mT - Chalcopyrite
5 °eeee = v 292 °° Background content of chalcopyrite in till is zero
£ grains away from the deposit. Chalcopyrite was recov-
£ eeee e e e e e = ered from the 0.25-0.5 mm fraction of till samples col-
_Z, lected over the deposit as well as from four samples up
2 cooo o6 4 oo o o to 2.5 km down-ice (samples 11-MPB-574, 11-MPB-
5 511, 11-MPB-546, and 11-MPB-544 (Table 3; Appendix
i B, map 6). The 0.25-0.5 mm fraction of sample 11-
3 coco B8 & ~o o o MPB-579 contained the most chalcopyrite (78 grains).
% - Chalcopyrite was recovered from the coarse fraction of
g 14 samples, all of which were collected overlying the
%n’is Mmoo o~ QN el Pyrite
= I Pyrite and marcasite grains were recovered from pan
2 < e I o- concentrates of several till samples, most notably from
EE| FEEE o v a2 a4 unoxidized till from overburden drill core samples 11-
s s MPB-532 to -536 as well as from surface sample 11-
s oo e E:«E EE 88 3 8 MPB-576 (Table 3). Background values are zero grains
S SSSS 3L 22 2 g in till up-ice. In the 0.25-0.5 mm fraction of till, pyrite
- £ 8 £ € and marcasite are most abundant in the same six drill
122982 88-3~ Z=9= B=8= core samples as well as in surface samples 11-MPB-
é.é Bocdoo Sofo) mios DEoE 502 collected 50 m down-ice, and 11-MPB-510 col-
83 'F,:; =2=32 %EEEE‘ E:%E% EEEE‘ lected 900 m down-ice of the deposit. No coarse (>0.5
O A A AT AT AT AT AT AT
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Table 3. Abundance of ore minerals in the pan concentrate (not normalized) and the 0.25-0.5 mm, 0.5-1.0 mm,
and 1.0-2.0 mm non-ferromagnetic fractions of all till samples (normalized to 10 kg of <2 mm table feed) col-
lected at surface and from drill core, listed in increasing distance down-ice from the Sisson deposit.

Sample Type of Interpretation Distance Pan Concentrate 0.25-0.5 mm
Number Till from Sch ~ Wf Mo Cpy Apy Py/ Sch  Wf Mo Cpy Apy Py Bi Gn Sph Diamond
Sample Deposit Mrc minerals (contam)
(m)
11-MPB-520 surface background up-ice -4000 0 0O 0 0 o 0 0 0 0 O 0 0 0 0 0 0
11-MPB-521 surface background up-ice -2250 0 0 0 o0 0 0 2 0 0 0 0 0 0 0 0 0
11-MPB-552 surface proximal up-ce -200 0 0 0 O 0 0 7 0 0 1 0 0 6 0 0 0
11-MPB-555 surface proximal up-ice -220____O___0__0__0___0___0____1__2__O__(l__O___O___O__O__Q___0__
11-MPB-503 surface overlying mineralization 0 200 0 0 0 0 0 |1685 0 0 1 0 0 0 0 0 0
11-MPB-504 surface overlying mineralization 0 50,000 O 0 O 0 0 619 0 1 3 0 5 0 0o 0 0
11-MPB-505 surface overlying mineralization 0 0 0 0 0 0 0 515 0 0 1 0 0 0 0o 0 0
11-MPB-507 surface overlying mineralization 0 150,000 0 0 0 0 0 4706 0 0 0 0 0 0 1 0 0
11-MPB-513 surface overlying mineralization 0 0 0 0 0 0 0 83 0 0 2 0 0 14 0o 0 0
11-MPB-514 surface overlying mineralization 0 0 0 0 O 0 0 8 0 0 2 0 0 0 0 o0 0
11-MPB-517 surface overlying mineralization 0 0 0 0 0 0 0 10 0 0 0 0 0 0 0 O 0
11-MPB-523 surface overlying mineralization 0 15 0 0 O 0 0 47 0 0 10 0 118 O 0 0 0
11-MPB-532 drill core overlying mineralization 0 0 0O 1 0 1,000 3,000 0 0 8 11 21 1212 O 0o 1 5
11-MPB-533 drill core overlying mineralization 0 1 0 0 O 50 5,000 21 0 1 19 16 2609 O 0 4 14
11-MPB-534 drill core overlying mineralization 0 0 0 0 0 25 3,000 3 0 1 32 48 2381 O 0 0 2
11-MPB-535 drill core overlying mineralization 0 40 0 0 0 10 5,000| 82 0 4 17 16 2041 1 0 2 17
11-MPB-536 drill core overlying mineralization 0 0 0 0 0 5 3,000 1 0 1 22 6 1163 0 1 1 19
11-MPB-543 surface overlying mineralization 0 0 0 0 0 0 0 283 0 0 3 0 47 1 0 0 0
11-MPB-548 surface overlying mineralization 0 0 0 0 O 0 10 57 0 0 1 0 0 0 0 0 0
11-MPB-551 surface overlying mineralization 0 200 0 0 O 0 50 303 0 0 12 0 202 0 0 0 0
11-MPB-553 surface overlying mineralization 0 0 0 0 0 0 20 122 0 0 17 0 203 0 0o 0 0
11-MPB-558 surface overlying mineralization 0 1 0 0 O 0 0 25 0 0 0 0 0 0 0 O 0
11-MPB-566 surface overlying mineralization 0 0 0O 0 O 0 0 5 0 o0 1 0 4 0 0 O 0
11-MPB-567 surface overlying mineralization 0 50 0 0 0 0 0 261 0 87 8 0 217 2 0o 0 0
11-MPB-568 surface overlying mineralization 0 50 0 0 0 0 0 450 0 4 7 1 18 1 0 1 0
11-MPB-569 surface overlying mineralization 0 100 0 0 O 0 20 435 0 0 0 0 9 0 0 O 0
11-MPB-572 surface overlying mineralization 0 200 0 0 O 0 0 208 O 0 4 0 4 2 0 0 0
11-MPB-573 surface overlying mineralization 0 5,000 0 0 0 0 0 1852 0 4 0 0 2 1 0o 0 0
11-MPB-575 surface overlying mineralization 0 50 0 0 0 0 0 189 0 0 0 0 5 0 0 0 0
11-MPB-576 surface overlying mineralization 0 0 0 3 0 100 5,000 2 0 0 6 1 1154 O 0o 0 0
11-MPB-577 surface overlying mineralization 0 1,000 O 0 0 20 100 | 1266 0O 0 16 0 25 0 0 0 0
11-MPB-578 surface overlying mineralization 0 50 0 0 0 0 0 13 0 0 0 0 2 0 0o 0 0
11-MPB-579 drill core overlying mineralization 0 100 0 10 3 250 200 78 0 59 78 29 2451 O 0 1 0
12-MPB-1026 surface overlying mineralization 0 200 0 0 o0 0 0 280 112 O 0 1 0 0 0o 0 0
11-MPB-574 surface proximal down-ice 20 50 0 0 O 0 20 5 0 0 1 7 29 0 0 0 0
11-MPB-502 surface proximal down-ice 50 0 0 0 0 0 0 40 0 0 6 0 1200 2 0o 0 0
11-MPB-562 surface proximal down-ice 100 200 0 0 0 0 0 404 O 0 1 0 10 1 0 o0 0
11-MPB-511 surface proximal down-ice 275 0 0 0 O 0 0 36 0 0 2 0 0 0 0 o0 0
11-MPB-518 surface proximal down-ice 650 0 0 0 O 0 0 0 0 0 0 0 0 0 0 o0 0
11-MPB-508 surface proximal down-ice 750 2000 0 O 0 0 76 0 1 0 0 0 0 0 O 0
11-MPB-509 surface proximal down-ice 750 200 0 0 O 0 0 38 0 0 0 0 0 1 0 0 0
11-MPB-510 surface proximal down-ice 900 0 0 0 0 0 0 0 0 0 0 0 708 0 0 0 0
11-MPB-544 surface proximal down-ice 1000 0 0 0 O 0 0 49 0 0 1 0 0 0 0o 0 0
11-MPB-519 surface distal down-ice 1100 0 0 0 O 0 0 6 0 0 0 0 0 0 0 O 0
11-MPB-524 surface distal down-ice 2250 0 0 0 0 © 5 0 0 0 O 0 0 0 0 0 0
11-MPB-546 surface distal down-ice 2500 0 0 0 O 0 0 2 0 0 2 0 0 1 0 o0 0
11-MPB-545 surface distal down-ice 2800 0 0 0 O 0 0 19 0 0 O 0 0 7 0 0 0
11-MPB-531 surface distal down-ice 3500 0 0o 0 O 0 0 3 0 o0 0 0 0 4 0 O 0
11-MPB-526 surface distal down-ice 3600 0 0O 0 O 0 0 2 0 0 0 0 0 0 0 O 0
11-MPB-530 surface distal down-ice 3600 0 0 0 0 0 10 0 0 0 0 0 2 0 0 o0 0
11-MPB-525 surface distal down-ice 4300 0 0O 0 o 0 0 8 0 0 0 0 0 0 0 O 0
11-MPB-528 surface distal down-ice 5000 0 o 0 O 0 0 0 0 o0 0 0 4 0 0 O 0
11-MPB-529 surface distal down-ice 5000 0 o 0 O 0 20 0 0 0 0 0 18 0 0 O 0
11-MPB-527 surface distal down-ice 8500 0 0 0 O 0 0 1 0 0 0 0 0 0 0 o0 0
11-MPB-547 surface distal down-ice 8750 0 0 0 O 0 0 0 0 0 0 0 0 0 0 O 0
11-MPB-539 surface distal down-ice 10000 0 o 0 O 0 0 7 0 o0 0 0 0 0 0 O 0
11-MPB-540 surface distal down-ice 13000 0 0O 0 O 0 0 0 0 0 0 0 0 0 0 O 0

NOTE: Apy = arsenopyrite; Cpy = chalcopyrite; Gn = galena; Mo = molybdenite; Py = pyrite; Sch = scheelite; Sph = sphalerite; Wf = wolframite
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Table 2 continued.

Sample Type of Interpretation Distance 0.5-1.0 mm 1.0-2.0 mm
Number Till from Sch  Wf Mo Cpy Apy Bi Sch  Wf Mo Cpy Bi
Sample Deposit minerals minerals
(m)

11-MPB-520 surface background up-ice -4000 0 0 0 0 0 0 0 0 0 0 0 0
11-MPB-521 surface background up-ice -2250 0 0 0 0 0 0 0 0 0 0 0 0
11-MPB-552 surface proximal up-ce -200 3 0 0 0 0 2 0 0 0 0 0 0
11-MPB_555 surface _ proximalupsice __ 200 | 0__©0__0__©0__0_ _ 0 |0 _0_0_0__0_ _0_
11-MPB-503 surface overlying mineralization 0 67 0 0 0 0 0 4 0 0 0 0 0
11-MPB-504 surface overlying mineralization 0 82 0 0 0 0 0 7 0 0 0 0 0
11-MPB-505 surface overlying mineralization 0 62 0 0 0 0 0 3 0 0 0 0 0
11-MPB-507 surface overlying mineralization 0 141 0 0 0 0 1 9 0 0 0 0 0
11-MPB-513 surface overlying mineralization 0 12 0 0 1 0 5 0 0 0 0 0 2
11-MPB-514 surface overlying mineralization 0 0 0 0 0 0 0 0 0 0 0 0 0
11-MPB-517 surface overlying mineralization 0 1 0 0 0 0 0 0 0 0 0 0 0
11-MPB-523 surface overlying mineralization 0 6 0 0 1 0 0 0 0 0 0 0 0
11-MPB-532 drill core overlying mineralization 0 0 0 2 0 2 0 0 0 0 1 2 0
11-MPB-533 drill core overlying mineralization 0 3 0 0 1 5 0 0 0 0 0 0 0
11-MPB-534 drill core overlying mineralization 0 1 0 0 2 5 1 0 0 0 0 0 0
11-MPB-535 drill core overlying mineralization 0 8 0 0 1 3 0 0 0 0 0 0 0
11-MPB-536 drill core overlying mineralization 0 0 0 0 1 0 0 0 0 0 0 0 0
11-MPB-543 surface overlying mineralization 0 47 0 0 0 0 0 2 0 0 0 0 0
11-MPB-548 surface overlying mineralization 0 17 0 0 0 0 0 2 0 0 0 0 0
11-MPB-551 surface overlying mineralization 0 33 0 0 0 0 1 1 0 0 0 0 0
11-MPB-553 surface overlying mineralization 0 6 0 0 3 0 0 1 0 0 0 0 0
11-MPB-558 surface overlying mineralization 0 4 0 0 0 0 0 0 0 0 0 0 0
11-MPB-566 surface overlying mineralization 0 0 0 0 0 0 0 0 0 0 0 0 0
11-MPB-567 surface overlying mineralization 0 40 0 42 2 0 0 4 0 7 0 0 0
11-MPB-568 surface overlying mineralization 0 90 0 2 2 0 0 4 0 0 0 0 0
11-MPB-569 surface overlying mineralization 0 43 0 0 0 0 0 3 0 0 0 0 0
11-MPB-572 surface overlying mineralization 0 33 0 0 0 0 0 7 0 0 0 0 0
11-MPB-573 surface overlying mineralization 0 74 0 0 0 0 0 4 0 0 0 0 0
11-MPB-575 surface overlying mineralization 0 8 0 0 0 0 0 0 0 0 0 0 0
11-MPB-576 surface overlying mineralization 0 1 0 0 1 0 0 0 0 0 0 0 0
11-MPB-577 surface overlying mineralization 0 0 0 0 1 0 0 0 0 0 0 0 0
11-MPB-578 surface overlying mineralization 0 2 0 0 0 0 0 0 0 0 0 0 0
11-MPB-579 drill core overlying mineralization 0 4 0 15 1 0 6 0 0 0 0 0 0
12-MPB-1026 surface overlying mineralization 0 16 36 0 0 1 0 1 0 0 0 0 0
11-MPB-574 surface proximal down-ice 20 4 0 0 0 0 0 0 0 0 0 0 0
11-MPB-502 surface proximal down-ice 50 2 0 0 0 0 0 0 0 0 0 0 0
11-MPB-562 surface proximal down-ice 100 40 0 0 0 0 0 4 0 0 0 0 0
11-MPB-511 surface proximal down-ice 275 0 0 0 0 0 0 0 0 0 0 0 0
11-MPB-518 surface proximal down-ice 650 0 0 0 0 0 0 0 0 0 0 0 0
11-MPB-508 surface proximal down-ice 750 3 0 0 0 0 0 1 0 0 0 0 0
11-MPB-509 surface proximal down-ice 750 6 0 0 0 0 0 0 0 0 0 0 0
11-MPB-510 surface proximal down-ice 900 0 0 0 0 0 0 0 0 0 0 0 0
11-MPB-544 surface proximal down-ice 1000 7 0 0 0 0 0 1 0 0 0 0 0
11-MPB-519 surface distal down-ice 1100 1 0 0 0 0 0 0 0 0 0 0 0
11-MPB-524 surface distal down-ice 2250 0 0 0 0 0 0 0 0 0 0 0 0
11-MPB-546 surface distal down-ice 2500 0 0 0 1 0 0 0 0 0 0 0 0
11-MPB-545 surface distal down-ice 2800 0 0 0 0 0 0 0 0 0 0 0 0
11-MPB-531 surface distal down-ice 3500 0 0 0 0 0 0 0 0 0 0 0 0
11-MPB-526 surface distal down-ice 3600 0 0 0 0 0 0 0 0 0 0 0 0
11-MPB-530 surface distal down-ice 3600 0 0 0 0 0 0 0 0 0 0 0 0
11-MPB-525 surface distal down-ice 4300 0 0 0 0 0 0 0 0 0 0 0 0
11-MPB-528 surface distal down-ice 5000 0 0 0 0 0 0 0 0 0 0 0 0
11-MPB-529 surface distal down-ice 5000 0 0 0 0 0 0 0 0 0 0 0 0
11-MPB-527 surface distal down-ice 8500 0 0 0 0 0 0 0 0 0 0 0 0
11-MPB-547 surface distal down-ice 8750 0 0 0 0 0 0 0 0 0 0 0 0
11-MPB-539 surface distal down-ice 10000 0 0 0 0 0 0 0 0 0 0 0 0
11-MPB-540 surface distal down-ice 13000 0 0 0 0 0 0 0 0 0 0 0 0

NOTE: Apy = arsenopyrite; Cpy = chalcopyrite; Gn = galena; Mo = molybdenite; Py = pyrite; Sch = scheelite; Sph = sphalerite;
Wf = wolframite
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mm) pyrite or marcasite was seen in any of the sam-
ples.

Arsenopyrite

Between 5 and 1000 arsenopyrite grains, ranging in
size from 50 to 7500 um, were recovered from the pan
concentrates of unoxidized till from drill core samples
11-MPB-532 to -536 and 11-MPB-579 as well as from
surface samples 11-MPB-576, 11-MPB-577, and 12-
MPB-1026 (Table 3). In the 0.25-0.5 mm fraction, up
to 48 arsenopyrite grains were recovered from drill
core samples, as well as from samples 11-MPB-568,
11-MPB-574, 11-MPB-576, and 12-MPB-1026
(Appendix B, map 7). A few very large arsenopyrite
grains were recovered in the 0.5-1.0 and 1.0-2.0 mm
fractions of drill core sample 11-MPB-532, and in the
0.5-1.0 mm fractions of drill core samples 11-MPB-
533 to -535 and sample 12-MPB-1026.

Bi-bearing minerals

Bi-bearing minerals recovered from till include joseite
(Biy(S,Te)s), native Bi, bismuthinite (Bi,S5), and bis-
mutite (Biy(CO3)O,) (Table 1). They were recovered
from a broad range of size fractions, from pan concen-
trates up to the 1.0-2.0 mm fraction of till (Table 3).
These minerals occur in till overlying the deposit as
well as up to 3 km down-ice. The total number of all
Bi-bearing minerals in the 0.25-0.5 mm fraction was
plotted for each till sample in map 8 of Appendix B.

Sphalerite

A few grains of sphalerite were recovered from the
0.25-0.5 mm fractions of drill core till samples as well
as sample 11-MPB-568, all of which overlie the
deposit (Table 3; Appendix B, map 9).

Galena

A few galena grains, between 50 and 500 pm in size,
were recovered from the pan concentrates of till sam-
ples 11-MPB-503, 11-MPB-532, 11-MPB-534, 11-
MPB-536, and 11-MPB-576. Sixty grains were recov-
ered from sample 11-MPB-579. Two coarser galena
grains (0.25-0.5 mm) were also recovered from till
samples 11-MPB-536 and 11-MPB-507. All galena
grains were recovered from till samples overlying the
deposit.

Contamination

Between 2 and 19 grains of industrial (yellow-brown
colour) diamonds (Fig. 6) were recovered from the
0.25-0.5 mm HMC of till samples 11-MPB-532 to
-536, which were collected from diamond drill core
(Table 3). The diamonds are contamination from the
diamond drill bits used to core the till from which these
samples were collected.

3

0.5 mm

Figure 6. Industrial diamonds (contamination) recovered
from the 0.25-0.5 mm fraction of till sample 11-MPB-535.
This till sample was collected from diamond drill core.

DISCUSSION
Indicator minerals of W-Mo mineralization

The primary Sisson ore minerals recovered from till
samples include scheelite, wolframite, and molybden-
ite. These are heavy minerals (Table 1) that are visually
distinct and easily recovered by the common surficial
sample processing method that uses tabling and heavy
liquids (McClenaghan, 2011) to recover indicator min-
erals. Secondary ore minerals that have been identified
in till samples from around the Sisson deposit include
chalcopyrite, Bi-rich minerals (joseite, native Bi, bis-
mutite, bismuthinite), galena, sphalerite, arsenopyrite,
pyrrhotite, and pyrite. These minerals do not occur in
great abundant in the till but are still useful indicators
of the polymetallic nature of the Sisson deposit. This
suite of primary and secondary indicator minerals is the
same suite of indicator minerals identified in mineral-
ized bedrock samples from the Sisson deposit
(McClenaghan et al., 2013b), with the exception of the
Bi-minerals. Only native Bi was identified in bedrock
samples (Table 1). In till overlying and up to 3 km
down-ice, three additional Bi minerals were recovered
from till: joseite, bismutite, and bismuthinite. All of the
indicator minerals listed here will be useful for W-Mo
exploration in the region using till and stream sediment
sampling.

Arsenopyrite and pyrite are significantly more abun-
dant in fresh till sampled in drill core than in slightly
weathered till collected at surface. These abundance
differences indicate that pyrite and arsenopyrite are
less stable in surface till and will be significantly
affected (destroyed) by postglacial weathering of till.

Scheelite

Scheelite is a well known indicator mineral of W, Sn,
and Au mineralization. Scheelite is used as an indicator
mineral in stream sediments because it survives longer
in surficial weathering environments than sulphides,
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it’s heavy specific gravity (SG 5.9-6.12) allows it to be
easily recovered, and it is easily identified by its bright
white fluorescence under shortwave UV light. It has
been recovered from stream sediments in support of W,
Sn, and Au exploration in many parts of the world (e.g.
Zeschke, 1961), including Turkey (e.g. Ozcan and
Cagatay, 1989), Spain (e.g. Fernandez-Turiel et al.,
1992), and India (e.g. de Smeth et al., 1985), as well as
the glaciated terrains of Norway (e.g. Stendal,1978),
Greenland (e.g. Hallenstien et al., 1981), and Canada
(e.g. Maurice, 1986). It is, however, much less widely
known as an indicator mineral in glacial sediments.

The use of scheelite as an indicator mineral in till
was first reported by Lindmark (1977) and Brundin and
Bergstrom (1977) in the glaciated terrain of
Fennoscandia. Lindmark (1977) describes one of the
first till sampling programs specifically designed to
recover scheelite in till. This till sampling, which was
carried out in Finland in the 1960s, was conducted to
investigate the source of W-rich boulders. The till sam-
pling program, which was combined with boulder trac-
ing, led to the discovery of scheelite-rich bedrock.

Brundin and Bergstrom (1977) tested indicator min-
eral methods in Sweden. First they compared the suc-
cess of exploration programs using till sampling versus
those using stream sediments. They also investigated
variations of till sampling methods, i.e., varying sam-
ple weights (2.5 kg versus 25 kg), preconcentration
methods (panning versus sluice box), and heavy liquid
separation densities (SG 2.96 versus 3.3). They con-
cluded that in large parts of Sweden, indicator mineral
surveys using till are more effective than those using
stream sediment. One of the key indicator minerals
they reported finding was scheelite, which was recov-
ered from the non-magnetic SG >3.3 fraction of till.
Scheelite was rare to absent in background till samples;
they therefore concluded that its presence in till HMC
directly indicated the presence of bedrock mineraliza-
tion.

In the 1970s and 1980s, several studies compared W
contents in till matrix or HMC fractions to scheelite
grain contents in till (e.g. Nikkarinen and Bjorklund,
1976; Steiger, 1977; Stea and O’Reilly, 1982; Toverud,
1984; Johansson et al., 1986; Petersen and Stendal,
1987; Salminen and Hartikainen, 1986; Snow and
Coker, 1987; Coker et al., 1988, Peuraniemi, 1992). It
was often noted that scheelite grains in till formed
larger anomalies than those outlined using W content in
till.

Fluorescence of scheelite

Scheelite fluoresces bright whitish blue under short-
wave UV light. Mo-rich scheelite from Zone III of the
Sisson deposit (Marr, 2009) fluoresces bright yellow
under shortwave UV light. This fluorescence is impor-

tant to the visual identification and systematic counting
of scheelite grains in till HMC in this study. Other
heavy minerals that can be common in till HMC fluo-
resce but their colours are distinct from that of scheel-
ite. For example, under short- and long-wave UV light
zircon will fluoresce yellow and orange-green, spha-
lerite will fluoresce yellow-orange, and fluorite will
fluoresce blue.

Indicator mineral size

The size of indicator minerals in till is controlled pri-
marily by the size of the grains in the source rock and
the durability of the mineral during glacial transport.
Table 1 lists the size of indicator minerals observed in
mineralized bedrock and till samples in this study.
Mineral durability is indicated by the mineral hardness.
Scheelite grains up to 2 mm in size were found in
bedrock and till samples down-ice, although most
grains occurred in the pan concentrate (<0.25 mm) and
the 0.25-0.5 mm fractions of till. Scheelite grains
0.5-1.0 mm and 1.0-2.0 mm in size were found in till
up to 1.1 km down-ice. Thus the presence of coarse
scheelite in till can be an indicator of proximity to
bedrock source.

Similar to scheelite, wolframite, molybdenite, chal-
copyrite, sphalerite, and bismutite are most abundant in
the finer till fractions, but a few coarse (1.0-2.0 mm)
grains were found proximal to the deposit.

Distance of glacial transport

Table 4 offers a guide to indicator mineral abundances
that might be expected in surface till samples, at vari-
ous glacial transport distances down-ice from a W-Mo
mineralized source.

CONCLUSIONS AND IMPLICATIONS
FOR EXPLORATION

This till indicator mineral study is the first case study
around a major W-Mo deposit in glaciated terrain. It is
also the first indicator mineral study conducted in any
terrain to identify for this deposit type a broad suite of
indicator minerals in addition to scheelite and molyb-
denite. Indicator minerals in 10 kg till samples clearly
define glacial dispersal at least 10 km down-ice (south-
east) of the Sisson W-Mo deposit in widely (5 km)
spaced samples. Therefore, heavy mineral sampling is
recommended for regional exploration programs
searching for W-Mo deposits in similar geological ter-
ranes.

Indicator minerals for this type of W-Mo deposit
include the primary ore minerals, scheelite, wolframite,
and molybdenite, as well as secondary ore minerals,
chalcopyrite, joseite, native Bi, bismutite, bismuthinite,
galena, sphalerite, arsenopyrite, pyrrhotite, and pyrite.
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Table 4. Abundance of ore minerals in the 0.25—-0.5 mm non-ferromagnetic fraction of selected till samples, normalized to 10
kg of <2 mm table feed compared to the content of W (borate fusion), Mo, and Cu (aqua regia) in the <0.063 mm till matrix.
Samples are listed according to increasing distance down-ice (southeast) of the Sisson W-Mo deposit.

Sample Interpretation Distance W Mo Cu Scheelite Wolframite Molybdenite Chalcopyrite Arsenopyrite Sphalerite Bi Pyrite
Number from ppm ppm ppm|0.25-0.5 0.5-1.0 1.0-2.0f 0.25-0.5 0.25-0.5mm 0.25-0.5mm 0.25-0.5mm 0.25-0.5 minerals 0.25-
Deposit mm mm  mm mm mm 0.25-0.5 0.5
(m) mm  mm
11-MPB-520 background up-ice -4000 6 0.5 16 0 0 0 0 0 0 0 0 0 0
11-MPB-521 background up-ice -2250 4 0.6 23 2 0 0 0 0 0 0 0 0 0
11-MPB-507 overlying mineralization 0 816 63.0 310| 4706 0 0 0 0 0 0 0 0 0
11-MPB-568 overlying mineralizaton 0 325 58.3 320| 450 0 6 0 4 7 1 1 1 18
11-MPB-567 overlying mineralization 0 92 58.6 107| 261 0 7 0 87 8 0 0 2 217
11-MPB-573 overlying mineralization 0 393 36.4 184| 1852 0 0 0 4 0 0 0 4 2
12-MPB-1026 overlying mineralization 0 54 4.2 271| 280 105 2 112 0 2 1 0 0 1
11-MPB-574 proximal down-ice 20 42 45 104 5 0 1 0 0 1 7 0 0 29
11-MPB-502 proximal down-ice 50 48 1.6 400| 40 2 0 0 0 6 0 0 2 1200
11-MPB-562 proximal down-ice 100 14 1.1 84| 404 0 1 0 0 1 0 0 1 10
11-MPB-511 proximal down-ice 400 65 3.7 134| 36 0 2 0 0 2 0 0 0 0
CS-W08.5 proximal down-ice 650 51 3.5 165
11-MPB-544 proximal down-ice 1100 75 8.3 179| 49 0 1 0 0 1 0 0 0 0
11-MPB-519 proximal down-ice 1100 41 8.0 125 6 0 0 0 0 0 0 0 0 0
CS-VW09.5 distal down-ice 1500 26 54 76
11-MPB-546 distal down-ice 2500 16 1.0 84 2 0 1 0 0 2 0 0 1 0
CS-W10A distal down-ice 3200 14 2.0 93
11-MPB-526 distal down-ice 3600 13 1.6 95 2 0 0 0 0 0 0 0 0 0
11-MPB-531 distal down-ice 4000 14 1.6 93 3 0 0 0 0 0 0 0 4 0
11-MPB-525 distal down-ice 4300 22 16 59 8 0 0 0 0 0 0 0 0 0
CS-WX11.5-2 distal down-ice 6200 11 11 71
11-MPB-539 distal down-ice 10000 13 0.9 31 7 0 0 0 0 0 0 0 0 0
11-MPB-540  background down-ice 13000 4 6.0 35 0 0 0 0 0 0 0 0 0 0
The presence of coarse (0.5-2.0 mm) indicator miner- REFERENCES

als can be an indication of proximity (<1 km) to source.

Glacial dispersal of scheelite from the Sisson
deposit is detectable in regional-scale surface till at
least 14 km down-ice (southeast). A 2 km spacing of
surface till samples, such as that used by the NBDEM
for its regional till geochemistry program, is likely suf-
ficiently dense to detect the glacial dispersal train from
the Sisson deposit, as well as to identify its polymetal-
lic nature.
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Indicator Mineral Signatures of the Sisson W-Mo Deposit, New Brunswick: Part 2 till

Appendix B. Proportional dot maps showing indicator mineral abundance in the non-ferromagnetic heavy min-
eral fraction of till normalized to 10 kg <2 mm table feed. Bedrock geology modified from Smith and Fyffe
(2006a-d). Deposit subcrop outline in black from Rennie (2012).
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Silurian
Burtts Corner Formation: medium-grained clastic sedimentary rocks

Ordovician
Turnbull Mountain Formation: limestone

Push and Be Damned Formation: medium-grained clastic sedimentary rocks

Hayden Lake Formation: fine-grained clastic sedimentary rocks

Devonian
Nashwaak Granite: felsic intrusive rocks

Howard Peak Granodiorite: intermediate intrusive rocks
Hawkshaw Granite: felsic intrusive rocks
Allandale Granite: felsic intrusive rocks

Cambrian-Ordovician
Knights Brook Formation: medium-grained clastic sedimentary rocks
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Appendix B continued.

2453707 2467970

Scheelite
0.5-1.0 mm

110 ® 18

0 20

Silurian
Burtts Corner Formation: medium-grained clastic sedimentary rocks

Ordovician
Turnbull Mountain Formation: limestone

Push and Be Damned Formation: medium-grained clastic sedimentary rocks

Hayden Lake Formation: fine-grained clastic sedimentary rocks

Devonian
Nashwaak Granite: felsic intrusive rocks

Howard Peak Granodiorite: intermediate intrusive rocks
Hawkshaw Granite: felsic intrusive rocks
Allandale Granite: felsic intrusive rocks

Cambrian-Ordovician
Knights Brook Formation: medium-grained clastic sedimentary rocks
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Indicator Mineral Signatures of the Sisson W-Mo Deposit, New Brunswick: Part 2 till

Appendix B continued.

2453707 2467970

Scheelite
1.0-2.0 mm

No. grains
/10 kg

6-9

No. of samples

3-5

Silurian
Burtts Corner Formation: medium-grained clastic sedimentary rocks

Ordovician
Turnbull Mountain Formation: limestone

Push and Be Damned Formation: medium-grained clastic sedimentary rocks
Hayden Lake Formation: fine-grained clastic sedimentary rocks

Devonian
Nashwaak Granite: felsic intrusive rocks

Howard Peak Granodiorite: intermediate intrusive rocks
Hawkshaw Granite: felsic intrusive rocks
Allandale Granite: felsic intrusive rocks

Cambrian-Ordovician
Knights Brook Formation: medium-grained clastic sedimentary rocks
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Appendix B continued.

2453707 2467970

(Wolframite
0.25-0.5 mm

No. of samples

No. grains
/10 kg

Silurian
Burtts Corner Formation: medium-grained clastic sedimentary rocks

Ordovician
Turnbull Mountain Formation: limestone

Push and Be Damned Formation: medium-grained clastic sedimentary rocks

Hayden Lake Formation: fine-grained clastic sedimentary rocks

Devonian
Nashwaak Granite: felsic intrusive rocks

Howard Peak Granodiorite: intermediate intrusive rocks
Hawkshaw Granite: felsic intrusive rocks
Allandale Granite: felsic intrusive rocks

Cambrian-Ordovician
Knights Brook Formation: medium-grained clastic sedimentary rocks
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Indicator Mineral Signatures of the Sisson W-Mo Deposit, New Brunswick: Part 2 till

Appendix B continued.

2453707 2467970

Molybdenite
0.25-0.5 mm

No. samples

No. grains
/10 kg

667 @ =2

Silurian
Burtts Corner Formation: medium-grained clastic sedimentary rocks

Ordovician
Turnbull Mountain Formation: limestone

Push and Be Damned Formation: medium-grained clastic sedimentary rocks

Hayden Lake Formation: fine-grained clastic sedimentary rocks

Devonian
Nashwaak Granite: felsic intrusive rocks

Howard Peak Granodiorite: intermediate intrusive rocks
Hawkshaw Granite: felsic intrusive rocks
Allandale Granite: felsic intrusive rocks

Cambrian-Ordovician
Knights Brook Formation: medium-grained clastic sedimentary rocks
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Appendix B continued.

7490913

2453707

O0O0ooodonon
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Silurian
Burtts Corner Formation: medium-grained clastic sedimentary rocks

Ordovician
Turnbull Mountain Formation: limestone

Push and Be Damned Formation: medium-grained clastic sedimentary rocks

Hayden Lake Formation: fine-grained clastic sedimentary rocks

Devonian
Nashwaak Granite: felsic intrusive rocks

Howard Peak Granodiorite: intermediate intrusive rocks
Hawkshaw Granite: felsic intrusive rocks
Allandale Granite: felsic intrusive rocks

Cambrian-Ordovician
Knights Brook Formation: medium-grained clastic sedimentary rocks
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|Chalcopyrite
0.25-0.5 mm
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Indicator Mineral Signatures of the Sisson W-Mo Deposit, New Brunswick: Part 2 till

Appendix B continued.

2453707 2467970

e ) 7
Arsenopyrite
0.25-0.5 mm

No. grains No. samples
/10 kg

26-29

1

1125 @

Silurian
Burtts Corner Formation: medium-grained clastic sedimentary rocks

Ordovician
Turnbull Mountain Formation: limestone

Push and Be Damned Formation: medium-grained clastic sedimentary rocks
Hayden Lake Formation: fine-grained clastic sedimentary rocks

Devonian
Nashwaak Granite: felsic intrusive rocks

Howard Peak Granodiorite: intermediate intrusive rocks
Hawkshaw Granite: felsic intrusive rocks
Allandale Granite: felsic intrusive rocks

Cambrian-Ordovician
Knights Brook Formation: medium-grained clastic sedimentary rocks
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Appendix B continued.

7468593

2453707 2467970

| Bismuth minerals
0.25-0.5 mm

No. grains No. samples
/10 kg

11-14 . 1

610 @ 2

® 11

Silurian
Burtts Corner Formation: medium-grained clastic sedimentary rocks

Ordovician
Turnbull Mountain Formation: limestone

Push and Be Damned Formation: medium-grained clastic sedimentary rocks

Hayden Lake Formation: fine-grained clastic sedimentary rocks

Devonian
Nashwaak Granite: felsic intrusive rocks

Howard Peak Granodiorite: intermediate intrusive rocks
Hawkshaw Granite: felsic intrusive rocks
Allandale Granite: felsic intrusive rocks

Cambrian-Ordovician
Knights Brook Formation: medium-grained clastic sedimentary rocks
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Indicator Mineral Signatures of the Sisson W-Mo Deposit, New Brunswick: Part 2 till

Appendix B continued.

2453707 2467970

Sphalerite
0.25-0.5 mm

No. grains
/10 kg

14 @ 5

No. samples

Silurian
Burtts Corner Formation: medium-grained clastic sedimentary rocks

Ordovician
Turnbull Mountain Formation: limestone

Push and Be Damned Formation: medium-grained clastic sedimentary rocks
Hayden Lake Formation: fine-grained clastic sedimentary rocks

Devonian
Nashwaak Granite: felsic intrusive rocks

Howard Peak Granodiorite: intermediate intrusive rocks
Hawkshaw Granite: felsic intrusive rocks
Allandale Granite: felsic intrusive rocks

Cambrian-Ordovician
Knights Brook Formation: medium-grained clastic sedimentary rocks
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