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Sammanfattning 
 
En analys och tolkning av Geoscience BC TREK-projektets geokemiska och 
mineralogiska morändata för att fastställa den geokemiska karaktären av  
Au-Ag-Cu-Mo-mineralisering på Nechakoplatån, British Columbia, Kanada 
Karin Öberg 
 
Mineralprospekteringen i inre British Columbia, Kanada är utmanad av ett omfattande 
täcke av glaciala sediment. Geoscience British Columbia (GBC) har sedan 2013 
genom det regionala projektet ”Targeting Resources through Exploration and 
Knowledge” (TREK) tagit  jordartsprover i British Columbias norra inre platå över en 
yta motsvarande cirka 25 000km2. TREK-området är till stor del täckt av miocena till 
pleistocena vulkaniska bergarter som är belägna på äldre magmatiska, sedimentära 
och intrusiva bergarter tillhörande Stikine Terrane, och även i mindre utsträckning i 
öster av bergarter tillhörande Cache Creek Terrane. Tidigare kartläggning av 
jordarter belägna i området har för att underlätta mineralprospektering fastställt att 
den pleistocena inlandsisen huvudsakligen rörde sig mot ost-nordost. British 
Columbias Geologiska Undersökning (BCGS) MINFILE databas inkluderar fem 
utvecklade  mineraliseringar, sju möjliga mineraliseringar och 39 mineraliserings-
indikationer i TREK-området. Flera typer av mineraliseringar existerar i området, 
bland annat epitermal Au-Ag mineralisering från sen krita till eocen (t.ex. Blackwater-
Davidson, Capoose, Wolf, och 3T’s), sedimentär, Carlin-typ mineralisering från tidig 
krita  (t.ex. Bob) och porfyriska Cu och Mo mineraliseringar från jura till eocen (t.ex. 
Endako och Chu). Denna rapport analyserar och tolkar digital morändata från tre 
TREK GBC rapporter och en BCGS Open File för att avgöra om moränen kan 
användas för att bestämma berggrundens mineralogiska och geokemiska signatur. 
Genom statistisk analys, inklusive punktdiagram, sannolikhetskurvor och boxplots i 
ioGAS, identifieras och jämförs grupper av viktiga element i form av malmindikatorer. 
Därefter fastställs tröskelvärden och prover över dessa värden undersöks. Proverna 
plottas sedan i ArcGIS med bland annat Au, Ag, Cu och Mo över tröskelvärden, och 
jämförs med mineral så som pyrit och cinnober. Kvoter av oxiden kalium undersöks 
och plottas också för att identifiera hydrotermal omvandling associerad med 
mineralisering. Analysen demonstrerar hur höga värden reflekterar redan identifierad 
berggrundsmineralisering och att det även finns två partier i TREK-området som inte 
verkar relatera till redan identifierad mineralisering. 
 
Nyckelord: British Columbia, morän, mineralisering, guld, koppar  
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Abstract 
 
An Analysis and Interpretation of the Geoscience BC Trek Project Till 
Geochemical and Mineralogical Data to Determine the Surficial Geochemical 
Expression of Bedrock Au-Ag-Cu-Mo Mineralization on the Nechako Plateau, 
British Columbia, Canada 
Karin Öberg 
 
The mineral exploration in the interior of British Columbia is challenged by an 
extensive coverage of glacial sediments. The Geoscience British Columbia (GBC) 
Targeting Resources through Exploration and Knowledge (TREK) Survey has since 
2013 collected till samples in the northern interior plateau of British Columbia, 
covering an area of approximately 25,000km2. The TREK area is largely covered by 
Miocene to Pleistocene age volcanic rocks that are underlain by older volcanic, 
sedimentary, and intrusive rocks of the Stikine Terrane, and also to a smaller extent 
in the east by rocks of the Cache Creek Terrane. Previous surficial mapping to aid 
mineral exploration has determined that the Pleistocene ice sheet advances have 
been mainly to the east-northeast. The British Columbia Geological Survey (BCGS) 
MINFILE database includes five developed prospects, seven prospects and 39 
mineral showings in the TREK Project area. Styles of mineralization include late 
Cretaceous and Eocene epithermal Au and Ag deposits (e.g., Blackwater-Davidson, 
Capoose, Wolf, and 3T’s), lower Cretaceous sediment-hosted Carlin-type deposits 
(e.g. Bob) and Jurassic to Eocene porphyry Cu and Mo deposits (e.g., Endako and 
Chu). This report analyzes and interprets till digital data from three TREK Geoscience 
BC reports and one BCGS Open File to determine if there is a mineralogical and 
geochemical signature in the till of buried bedrock mineralization. Through statistical 
analysis, including scatter plots, probability plots, and box plots, populations of key 
ore indicators and pathfinder elements are compared, thresholds are established and 
anomalous samples queried. Spatial plots of samples with known pathfinder 
elements e.g. Au, Ag, Cu, and Mo values above established thresholds are created 
and compared with heavy mineral till concentrates such as pyrite and cinnabar. Major 
oxide element ratios from till sample whole rock analysis were also analyzed to 
identify hydrothermal alteration associated with the mineralization. The analysis has 
demonstrated that anomalous values reflect known bedrock mineralization and that 
there are two areas within the study area that do not appear to be related to already 
known mineral occurrences.  
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1. Introduction
In the Nechako Plateau of Central British Columbia the bedrock is host to several 
styles of mineralization, including porphyry Cu and Mo (e.g. Endako and Chu), 
sediment-hosted Carlin-type (e.g. Bob) and epithermal Au-Ag (e.g. Blackwater-
Davidson, Capoose, Wolf, April, and 3T’s) deposits and occurrences. The area is 
considered to have further mineral potential, but exploration for new deposits is 
difficult since bedrock is mainly covered by glacial sediments. The Geoscience BC 
(GBC) Targeting Resources through Exploration and Knowledge (TREK) project, 
initiated in 2013, comprises surficial (e.g. basal till and lake sediment) geochemical 
and airborne geophysical and geothermal surveys, geological mapping, and mineral 
deposit studies.  
    In this report the TREK project till survey data and data from one BCGS Open File 
is analyzed and interpreted to determine the mineralogical and geochemical 
signature of known Au-Ag-Cu-Mo and related mineralization. The results are then 
applied to identify potentially unknown bedrock mineralization throughout the TREK 
project area.  

1.1 Study Area 
The project area is located in the Nechako Plateau physiographic division of the 
British Columbia, Canada, Interior Plateau. It extends from Fraser Lake in the 
northwest to the town of Quesnel in the southeast and covers an area of about 
25,000km2 (Figure 1). 

Figure 1. TREK project area outline (Jackaman, W. et al., 2015). Digital elevation 
model from Canadian Digital Elevation Data (GeoBase®, 2007). 
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1.2 Bedrock Geology 
The TREK project study area is largely covered by Eocene and Miocene flood 
basalts and related volcanic rocks that are underlain by Mesozoic volcanic, 
sedimentary and intrusive rocks of the Stikine Terrane (Figure 2). 

 
Figure 2. Preliminary bedrock geology and mineral occurrences of the TREK Project area 
(Angen et al., 2015). A legend from Angen et al. (2015) of the key units mentioned in this 
report is displayed below. A complete legend for the map can be found in the Appendix to 
this report. 

 
Chilcotin Group (Miocene to Pliocene): Olivine basalt lava flows. Dark 
grey to black, crudely columnar jointed, flat-lying alkaline basalt flows 
with vesicle sheets and pipes, minor pillow basalts, and associated high 
level intrusions 

 
Ootsa Lake Group (Eocene): Rhyolite to andesite flows and 
volcaniclastic rocks. White to beige to pale pink flow banded rhyolite, 
commonly with spherulites.  

  
   

Skeena Group (Cretaceous): Sandstone and conglomerate 
Predominantly chert and quartz grain sandstone with chert pebble 
dominated conglomerate, minor maroon mudstone and dark green 
siltstone.  
(Legend continued on next page) 

EO 

IKS 

MiPlCv 
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Hazelton Group (Jurassic): Basalt. Pyroxene phyric mafic flows, tuff, 
and minor submarine sediments. Flows are dark green and rarely 
maroon basalt to andesite. 
 
Entiako Formation (Jurassic): Sedimentary and bimodal volcanic 
sequence. Black laminated mudstone which is sometimes interbedded 
with fine pink tuff, limy siltstone, and arkosic sandstone, tuffaceous 
sandstone, and angular epiclastic conglomerate.  

 
 
1.3 Surficial Geology 
All of British Columbia was periodically covered by the Cordilleran ice sheet. During 
the Pleistocene Fraser Glaciation, the Cordilleran Ice Sheet advanced to the 
northeast across the Nechako Plateau (Figure 3), depositing basal till and marking 
the land with striations and other landforms. Drumlins, eskers and other glaciofluvial 
and glaciolacustrine deposits reflect later ice retreat. Today, much of the bedrock is 
concealed beneath lodgement till and related glacial sediments and the absence of 
exposure is an exploration challenge for finding new mineral deposits. Because basal 
till is the first derivative of bedrock and because it has in B.C. generally been 
transported a short distance in the direction of ice flow, the till chemistry and 
mineralogy is a good indicator of underlying bedrock mineralization source. 
 

 
Figure 3. A) Direction of ice-flow indicated by streamlined landforms (black symbols; 
compiled by Ferbey et al., 2013) for the TREK project area. B) Ice flow model of the TREK 
Project area through the Fraser Glaciation. Green arrows show ice-flow direction at start of 
the glaciations, black arrows show northerly deviations due to coalescence with other 
glaciers and red arrows show evidence of a late glacial readvance (Jackaman, Sacco & Lett, 
2015). Digital elevation model from Canadian Digital Elevation Data (GeoBase®, 2007). 
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2. Mineral deposits and styles of mineralization 
Mineralization within the TREK area includes late Cretaceous and Eocene epithermal 
Au, Ag and Cu deposits (e.g., Blackwater-Davidson, April, Wolf, and 3T’s), Lower 
Cretaceous sediment hosted Au-Ag deposits (e.g. Bob), and Jurassic to Eocene 
porphyry Cu and Mo deposits (e.g. Chu, and Capoose). Table 1 lists significant 
mineral deposits in the TREK survey area from the Ministry of energy and mines 
Minfile Database. In Table 1, the deposit types are based on deposit profiles from 
Lefebure et al. (1995 & 1996), associated with sulphide minerals, pathfinder element 
signature, hydrothermal alteration minerals and the host rock for the sulphide 
mineralization.  
    The BCGS has defined and described 87 mineral deposit profiles in BC, 
mentioned in this report are: epithermal Au-Ag-Cu; high sulphidation (H04), 
epithermal Au-Ag; low sulphidation (H05), subvolcanic Cu-Ag-Au (As-Sb) (L01), 
porphyry-related Au (L02), porphyry Cu-Au: (Alcalic) (L04), Porphyry Mo (Low-F-
Type) (L05), and Carbonate-hosted disseminated Au-Ag (E03). 
    Epithermal deposits form at shallow depths and low temperatures (<1.5km and 
<300°C), and are associated with volcanic arcs in convergent plate boundaries and 
post-collisional belts in neutral to extensional stress regimes (Robert et al., 2007). 
They are sometimes referred to as the surface or volcanic manifestations of porphyry 
deposits, due to the genetic connection between the two (Hedenquist, Arribas and 
Reynolds, 2008).The epithermal deposits can be divided into two styles of 
mineralization; high and low sulphidation. These terms refer to the oxidation state of 
sulfur in the ore fluid as well as its chemistry and pH, which also determines the 
alteration of the two deposit styles (Robb, 2004). The high sulphide epithermal 
deposits are typically related to argillic alteration and vuggy silica that form as strong 
acids dissolves rocks, leaving only silica behind. Au and Cu are then precipitated 
within the vuggy silica as water solutions ascend from the magma. The high 
sulphidation deposits are commonly found within or close to the volcanic vent itself. 
The low sulphidation epithermal deposits are commonly related to propylitic to argillic 
alteration, grading inward to sericite/illite-adaluria (Robert et al., 2001) and/or 
potassic alteration. Mineralization generally has high Ag and low base metal 
contents. In British Columbia both high sulphidation and low sulphidation epithermal 
deposits typically are Tertiary to Quaternary in age.  
    Porphyry deposits usually exists in orogenic belts at convergent plate boundaries, 
where oceanic crust has been subducted beneath the continental, or in some cases, 
oceanic crust (BCGS, 2015). Porphyry deposits are formed in deeper, subvolcanic 
environments and are subdivided into three main styles of mineralization, based 
mainly on the ratios between Cu, Au and Mo; alkalic, calcalkalic and calcalkaline 
(Lefebure et al., 1995). The alkalic porphyry deposits typically contain elevated 
values of Au and Cu, while the calcalkalic porphyry deposits have commodities such 
as Mo, Cu and W. The calcalkaline Mo stockwork porphyry deposits can have 
anomalous values of Mo, Cu, W and F. 
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Table 1. Properties of selected occurrences within the TREK study area, from the BCGS 
MINFILE database. (M.N.: Minfile Number; Econ.: Economic; Alt’n: Alteration; JH: Hazelton 
Group; IKS: Skeena Group; EO: Ootsa Lake Group; sph: sphalerite; mal; malachite; py: 
pyrite; arg: argentite; ste: stephanite; chp; chalcopyrite; pyr; pyrrhotite; gal: galena; asp; 
arsenopyrite; ser: sericite; mol: molybdenite; tor: tobenite; aut: autunite; sab: sabugalite). 

Occurrence M.N Deposit 
Profile 

Econ. 
Minerals 

Pathfinder 
Elements 

Alt’n: alt’n 
elements 

Host 
rock 

April 093F 
060 H04 

sph, pyr, 
py, gal, 

asp, chp 

As, Mo, Ni, 
Pb, Sb, Zn 

phyllic, propyllitic, 
potassic: Al, Na, K JH 

Baez 093C 
015 H05 py, asp 

As, Cu, Hg, 
Mo, Pb, Sb, 

Zn 

potassic, phyllic, 
silicic, propylitic: 

Al, K 
EO 

Blackwater-
Davidson 

093F 
037 H05 

sph, py, 
gal, asp, 

chp 

As, Cu, Hg, 
Mo, Pb, Sb, 

Zn 

silicic, phyllic, 
potassic: Al, K JH 

Bob 093B 
054 E03 py, aspy, As, Hg, Sb 

silicic, argillic, 
potassic, 

propylitic: Al, Na, 
K 

KS 

Capoose 093F 
040 L01, L02  

ser, py, 
sph, gal, 

chp 

As, Cu, Hg, 
Mo, Sb 

silicic, potassic: 
Al, Ca, K, Na JH 

CHU 093F 
001 L05 mol, chp, 

py, pyr Cu, Mo, W 

silicic, hornfels, 
potassic, 

propylitic, phyllic: 
K 

JH 

Clisbako 093C 
016 H05 py, asp As, Hg, Mo, 

Pb, Zn 
silicic, argillic:  

Al, K EO 

Fawn 093F 
043 H05 

arg,  asp, 
ste, py, 

chp 

As, Hg, Mo, 
Pb, Zn 

silicic, argillic:  
Al, K JH 

Holy Cross 093F 
029 H05 py As, Hg, Mo, 

Pb, Sb, Zn 
silicic, argillic:  

Al, K EO 

Key 093F 
069 Unknown sph, pyr, 

py Cu, Pb, Zn propylitic:  
Al, Ca, K JH 

Nithi 
Mountain 

093F 
096 L05 mol, tor, 

aut, sab Cu, Mo 
ferrimolybdite, 

potassic: 
K, Mo 

JH 

Stubb Lake 093F 
066 H05 py As, Hg, Mo, 

Pb, Sb, Zn 
Propylitic, silicic, 

argillic: Al, K JH 

Tam (3Ts) 093F 
068 H05 arg,  ste, 

py, chp 
As, Hg, Mo, 

Pb, Zn 
silicic, argillic:  

Na, Ca JH 

Tan 093F 
006 L05 mol, py Cu, Mo agrillic, potassic:  

Al, K JH 

Tsacha (3Ts) 093F 
055 H05 sph, mal, 

py Cu, Pb, Zn silicic:  
Al, Ca, Na JH 

Wolf 093F 
045 H05 sph, pyr, 

py, chp 
As, Hg, Mo, 
Pb, Sb, Zn 

silicic, argillic:  
Al, K EO 
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3. Geochemical analytical methods 
Quality Control (QC) starts in the field and the scheme used for the TREK QC is 
shown in Figure 5. One sample in every 20 samples collected is a field duplicate. 
Field duplicate samples are of similar material collected separately at the same site, 
and sent for analysis to monitor sampling variability. To measure accuracy, one more 
sample in every 20 samples is a standard reference material e.g. CANMET Till 1 
(Natural Resources Canada, 1995), and additionally another sub-sample, split from 
one of the field duplicate samples, is used for blind analytical duplicate sample. 
Before the samples are sent for analysis about 800 g of every sample is archived as 
a “witness” sample to provide material for a check analysis in case of suspect 
contamination during sample preparation. What is left of the sample is then air dried 
at less than 40ºC and disaggregated. After the samples are air dried, silica blanks are 
added at interval to detect contamination during preparation and the samples and 
blanks are then sieved to <0.063 size (McClenaghan et al., 2013). The geochemical 
analyses of the till samples are performed by a commercial laboratory on grain sizes 
smaller than 0.063mm (silt-clay fraction).  
Till sample heavy mineral fractions are prepared in a commercial laboratory using 
gravity on a shaking table and then with heavy liquids for density separation. The 
heavy minerals are separated by their specific gravity into 2.8-3.2 and >3.2 density 
fractions for mineral identification and mineral grain counting. 
    An independent analysis of the TREK survey control data by Stutters (2015) 
reveals that the geochemical data is reliable and can be used for statistical analysis. 
The TREK survey till samples were analyzed for major oxide and minor elements by 
inductively coupled plasma emission spectroscopy (ICPES) following lithium 
borate/meta-borate fusion (LB/LMB); for minor and trace elements by inductively 
coupled mass spectroscopy (ICPMS) following aqua-regia (AR) digestion and by 
instrumental neutron activation analysis (INAA). INAA is a total non-destructive 
analysis of the sample, whereas aqua regia or lithium borate/meta-borate reduce all 
or part of the samples to create a solution for analysis. The aqua-regia will dissolve 
sulphides and gold, but few silicate minerals (e.g. zircon). Because lithium 
borate/meta-borate fusion will break down all silicates, oxides and sulphide minerals, 
it makes for a good background benchmark to compare aqua regia digestion data. 
Instrumental lower detection limits for elements used in this report are listed in Table 
2. 
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Figure 4. Quality Control scheme (Lett, 2015). 

 
Table 2. Lower detection limits of the trace elements using the TREK till project analytical 
methods. 

Element ICPES-LB/LMB ICPMS-AR INAA 
Ag  0.002 ppm 5 ppm 
As  0.1 ppm 0.5 ppm 
Au  0.2 ppb 2 ppm 
Cu 5 ppm 0.01 ppm  
Hg  5 ppb  
K  0.01%  
Mo  0.01 ppm 1 ppm 
Pb  0.01 ppm  
Sb  0.02 ppm 0,1 ppm 
Source: Jackaman, Sacco and Lett, 2015 
 
 
4. Data used for analysis and interpretation  
Data used in this report include sample description information, analytical results, and 
indicator mineral records from the processing of basal till samples collected in 2013 
and 2014, and reported in GBC 2014-10 and 2015-12, as well as data from a BC 
Geological Survey 1997-12 Open File (O’Brien, Levson & Broster, 1997). The GBC 
2014-10 and 2015-12 files contain bedrock and surficial geology data, information of 
sample preparation and analysis methods as well as data statistics and bubble plots 
of element concentrations. These details, however, are not interpreted in the reports. 
Data from the geochemical re-analysis of archived till samples reported in GBC 
Report 2015-09 is also used. The geology for interpretation is based on the 
preliminary map created by Angen et al. (2015). 
 



 
  
 

8 
 

 
5. Methods 
This report describes a statistical analysis of selected pathfinder elements (Ag, As, 
Au, Cu, Hg, Mo, Pb, and Sb) and indicator minerals (pyrite and cinnabar), as well as 
an analysis of oxide element ratios (potassium) to establish anomaly threshold values 
in Reflex ® ioGAS, which are queried to reveal multi-element associations. These are 
then plotted in ESRI ® ArcMapTM on the geology base and compared to known 
mineral occurrences and areas where no bedrock mineralization has yet been 
reported.  

 

6. Results 
Box plots of Ag, Cu and Mo values in the silt-clay fraction of the till show that a 
majority of the anomalous values occur for samples classified as being spatially 
within the Hazelton Group (Figure 5, 6 and 7). Additionally, mineral occurrences in 
the TREK area that were included in this report are primarily hosted by Hazelton 
rocks and secondarily by the Ootsa Lake Group (Table 1). Because the threshold 
values of the Hazelton and Ootsa Lake rocks are similar (e.g. for Cu 37.2ppm and 
32.2ppm respectively) the threshold values of the pathfinder elements were based on 
the Hazelton sample values (Table 3). Any negative sample values were assigned a 
value equivalent to half of the lower detection limit (Table 2). 
 

 
Figure 5. Concentration (ppb) of Ag in the <0.063mm sized fraction of till by ICPMS-AR in 5 
rock types (Chilcotin, Endako, Ootsa, Skeena and Hazelton) within the TREK area. 
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Figure 6. Concentration (ppm) of Cu in the <0.063mm sized fraction of till by ICPMS-AR in 5 
rock types (Chilcotin, Endako, Ootsa, Skeena and Hazelton) within the TREK area. 

 
 

 
Figure 7. Concentration (ppm) of Mo in the <0.063mm sized fraction of till by ICPMS-AR in 5 
rock types (Chilcotin, Endako, Ootsa, Skeena and Hazelton) within the TREK area. 
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Table 3. Statistical Summary of key ore indicators (Ag, Cu, Pb, Ni, Mo, Zn) and pathfinder 
elements (As, Sb, Hg) by ICPMS-AR analysis and Au by INAA. 

Element Ag 
(ppb) 

As 
(ppm) 

Au 
(ppb) 

Cu 
(ppm) 

Hg 
(ppb) 

Mo 
(ppm) 

Pb 
(ppm) 

Sb 
(ppm) 

Mean 88.6 9.9 4.2 29.6 44.5 1.0 9.4 0.5 
Median 55.5 7.1 2 25.8 29 0.7 7.7 0.3 
25%ile 34 4.3 1 18.1 19 0.5 5.9 0.2 
50%ile 55.5 7.1 2 25.8 29 0.7 7.7 0.3 
75%ile 88.3 11.1 5 34.8 48 1 9.8 0.6 
80%ile 100 12.6 6 37.2 56 1.1 10.7 0.7 
90%ile 147.4 17.8 9 44.4 96.7 1.7 13.6 1.2 
Minimum 7 0.3 0.1 2.9 2.5 0.2 1.5 0.02 
Maximum 4560 154 79 643.8 600 12.93 113 5.6 
Samples below 
detection level 1 1 987 0 86 0 0 20 

Sample count 2756 2756 3005 2756 2756 2756 2756 2756 
 
When querying anomalous associations among elements in the <0.063mm fraction of 
the till the 80%ile was used, while when plotting single elements in the <0.063mm 
fraction of the till and minerals in till heavy mineral concentrates the 90%ile was 
applied (Table 3). Figure 8 displays till sample sites within the TREK survey area of 
the GBC 2015-12, GBC 2015-09, GBC 2014-10 reports and the BCGS 1997-12 
Open File. 
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Figure 8. Distribution of till sample sites within the TREK area from GBC 2015-12, GBC 
2015-09, GBC 2014-10 and BCGS Open File 1997-12. 
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Figure 9. Anomalous values (>80%ile) of Ag-Cu-Mo, Ag-As-Cu-Mo and Ag-Au-Cu-Mo in the 
<0.063mm size fraction of till. Ag, As, Cu, Mo by ICPMS-AR and Au by INAA. Anomalous 
values spatially related to known bedrock mineralized sources are identified with a grey circle 
and a letter (A-J), anomalous values that are possibly related to an unknown source are 
identified with a black circle and a number (1-2). 
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Figure 10. Anomalous values (>80%ile) of Pb-Sb and Ag-Cu-Mo by ICPMS-AR in the 
<0.063mm size fraction of till. Anomalous values spatially related to known bedrock 
mineralized sources are identified with a grey circle and a letter (A-J), anomalous values that 
are possibly related to an unknown source are identified with a black circle and a number (1-
2). 
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Figure 11. Cinnabar grain count in till heavy mineral concentrates and Hg concentration (in 
ppb) by ICPMS-AR in the <0.063 size fraction of till within 2km of a fault. Anomalous values 
spatially related to known bedrock mineralized sources are identified with a grey circle and a 
letter (A-J), anomalous values that are possibly related to an unknown source are identified 
with a black circle and a number (1-2). 
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Figure 12. Gold grain count, distribution of pristine gold grains in till heavy mineral 
concentrated and Ag-Cu-Mo values (>80%ile) by ICPMS-AR in the <0.063 size fraction in till. 
Anomalous values spatially related to known bedrock mineralized sources are identified with 
a grey circle and a letter (A-J), anomalous values that are possibly related to an unknown 
source are identified with a black circle and a number (1-2). 
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Figure 13. Pyrite grain count in till heavy mineral concentrates and Ag-Cu-Mo values 
(>80%ile) by ICPMS-AR in the <0.063 size fraction of till. Anomalous values spatially related 
to known bedrock mineralized sources are identified with a grey circle and a letter (A-J), 
anomalous values that are possibly related to an unknown source are identified with a black 
circle and a number (1-2). 
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Figure 14. Ratio of potassium by ICPMS-AR and potassium by lCPES-LMB in the <0.063 
size fraction of till.  
 
Probable sources of the delineated areas were determined by studying the ice flow 
history and can be found in Table 4. The dominant ice dispersal direction (northeast) 
has resulted in a geochemical and mineralogical down-ice expression, which is 
typically 0-3km from a source, but can sometimes extend as far as 40km (Levson 
2015).  
 
Table 4. Probable sources of delineated areas. 

Area Probable source & style of bedrock mineralization 
A Paw: Porphyry Cu +/- Mo +/- Au 
B Capoose: Subvolcanic Cu-Ag-Au and porphyry-Au 
C Malaput, Fawn: Epithermal Au-Ag: low sulphidation 

 
D Key: unknown style 

Blackwater Davidson: Epithermal Au-Ag low sulphidation 
E Holy Cross: Epithermal Au-Ag: low sulphidation 
F Tan, Owl and Jen 10: Porphyry Mo 
G Crystal Marie: unknown style 
H April: epithermal Au-Ag-Cu: high sulphidation 

Chu: Porphyry Mo 
Ch: Porphyry Cu +/- Mo +/- Au 

I Sinterella: unknown style 
J Bob: Carbonate-hosted disseminated Au-Ag 
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Figure 9 show that all delineated areas have Ag-Cu-Mo concentrations above the 
80th percentile. Areas with an epithermal mineral source (C - Fawn, D - Blackwater-
Davidson, E- Holy Cross, H – April/Ch/Chu) all have values of Pb-Sb above the 80th 
percentile (Figure 10), and all but E also have elevated Hg concentrations (Figure 
11). Area H, which has a high sulphidation epithermal, or porphyry mineral source 
(e.g. April), has high values (>80th percentile) of Ag-As-Cu-Mo and Ag-Au-Cu-Mo 
(Figure 9), it also has a high gold grain count (Figure 12), as well as a high ratio of 
potassium by ICPMS-AR to potassium by ICPES-LMB (Figure 14), suggesting 
potassic alteration. Area C and D with low sulphidation mineral sources (Fawn and 
Blackwater-Davidson), have elevated values (>80th percentile) of Ag-As-Cu-Mo. Area 
E also has a low sulphidation mineral source (Holy Cross), but has high HgS and 
gold grain counts. 
    Area A, with a porphyry mineral source (Paw), has concentrations above the 80th 
percentile of Ag-As-Cu-Mo and Pb-Sb. Area B, that also has a porphyry mineral 
source (Fawn), has a high gold grain count. The last area with a porphyry mineral 
source (Tan/Owl/Jen 10), area F, only has a high count of pyrite grains (Figure 13). 
Area G has a mineral source which is classified as of unknown mineralization style 
(Crystal Marie). It has concentrations above the 80th percentile of Ag-Au-Cu-Mo 
(Figure 9), as well as a high gold grain and pyrite grain count (Figure 12 and 13). The 
mineral source of area I is also classified as of unknown mineralization style 
(Cinterella). It contains values above the 80th percentile of Ag-As-Cu-Mo (Figure 9) 
and Pb-Sb (Figure 10), as well as Hg concentrations above the 90th percentile 
(Figure 11). Lastly, area J has a carbonate-hosted disseminated Au-Ag mineral 
source. It has concentrations of Ag-As-Cu-Mo above the 80th percentile and one 
sample site with pristine gold grains. 
    Area 1 and 2 have values above the 80th percentile of Ag-Cu-Mo, Ag-As-Cu-Mo 
and Ag-Au-Cu-Mo, as well as Hg values above the 90th percentile. Area 1 additionally 
has Pb-Sb values above the 80%ile and a high pyrite grain count. Area 2 has a high 
gold grain count as well as pristine gold grains, suggesting a shorter travel distance. 
Anomalous values of the delineated areas are summarized in Table 5. 
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Table 5. Summary of anomalous values within delineated areas, with maximum mineral 
grain counts in brackets. Y: yes; N: No 

Area 1 2 A B C D E F G H I J 
Ag-Cu-Mo >80%ile Y Y Y Y Y Y Y Y Y Y Y Y 
Ag-As-Cu-Mo 
>80&ile 

Y Y Y N Y Y N N N Y Y Y 

Ag-Au-Cu-Mo 
>80%ile 

Y Y N N N N N N Y Y N N 

Pb-Sb >80%ile Y N Y N Y Y Y N N Y Y N 
Hg >90%ile (<2km 
of fault )  

Y Y N N Y Y N N N Y Y N 

High HgS grain 
count (<2 km of 
fault) 

N N N N N N Y 
(15) 

N N N N N 

High gold grain 
count 

N Y 
(7) 

N Y 
(8) 

N N Y 
(15) 

N Y 
(16) 

Y 
(14) 

N N 

Pristine gold grain N Y N N N N N N N N N Y 
High pyrite count Y 

(60) 
N N N N N N Y 

(120) 
Y 
(20) 

N N N 

High K-ratio N N N N N N N N N Y N N 
 
7. Discussion 
Plotting associations of pathfinder elements, heavy minerals and major element 
oxides above established thresholds demonstrates that the analysis does reflect 
known mineralization. It also shows that the analysis is able pick up areas where 
anomalous values do occur, but where there yet seem to be no known mineral 
source. 12 areas of anomalous concentrations were located, 2 of them have perhaps 
not previously been identified; Area 1 and Area 2. 
    The anomalous areas of A-J can all be traced to a possible source that 
corresponds to the anomalously high elemental and mineral values, which make the 
assumption that glacial sediment prospecting is a valuable tool, complementing other 
mineral prospecting methods, especially in previously glaciated areas with thick, 
glacial sediment coverage.  
    The method does, for example, pick up the high potassium ratio in area H, a sign 
of strong potassic alteration. This is an indicator of porphyry deposits, which do exist 
in the area. 
    Most of the anomalous values of Area 1 are located on the volcanic rocks of the 
Hazelton Group and the Entiako Group, and similar to the Chu deposit, there are also 
minor intrusives nearby. The Hazelton Group is host to both epithermal and porphyry 
sources in the area. The high concentrations of Ag, Cu, Mo, Au and As associations 
in Area 1 also seem to align with fault structures to the west and east of the area, 
suggesting that the anomalous values might be fault-related. The elevated 
concentrations of mercury also exhibits anomalously high values dominantly down-
ice from the Chedakuz fault.  
    Area 2 is located on the Chilcotin Group volcanics, and up-ice is also the Ootsa 
Lake Group and the Bowser Lake group. There is a down-ice dispersion of the 
anomalous values, and pristine gold grains are present. The presence of pristine gold 
grains could indicate a shorter transport distance down ice. The amount of 
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anomalous samples in the area is fairly low (3) and they are several kilometers apart; 
therefore, further studies are needed to confirm the anomaly and to make a qualified 
assumption of what the style of mineralization is. 
    The direction of ice flow is an important factor to consider when performing a 
bedrock mineralization exploration analysis using basal till sample values to locate 
bedrock mineralization. Another important factor to consider is the thickness of the till 
and the glacial history of the area, since ice retreats and advances might reverse the 
dispersal train, making it more challenging to locate the mineral source. 
    A complicating factor is the incorporation of e.g. ablation till and glaciofluvial 
sediments in the basal till, making an interpretation of the ice flow direction more 
difficult. Another factor that can pose a problem of interpretation are elevated areas 
such as mountains, where ice will have been forced around the obstacle rather than 
on top of it, creating a complex dispersal pattern (O'Brien, 1997). 
 
 
8. Conclusions 
Conclusions from this study are: 

• Analysis of multi-element associations, heavy minerals and major oxide 
element ratios can be useful to determine the geochemical and mineralogical 
signature of buried bedrock mineralization. 

• Twelve areas within the TREK area containing anomalously high 
concentrations of pathfinder elements and heavy minerals were identified as 
having a probable source of bedrock mineralization whereas two areas with 
anomalous multi-elements within the TREK area have no obvious source. 

• Area 1 has a geochemical signature of anomalous Ag, Au, Cu and Mo, as well 
as high As, Pb, Sb and Hg. This could be a signature of either porphyry- or 
epithermal style mineralization, the alignment of the anomalous values also 
suggests that mineralization could be fault-related. 

• Area 2 has a geochemical signature of anomalous Ag, Au, As, Cu and Mo, 
aligned in the direction of ice flow (northeast). Two samples contained pristine 
gold grains, suggesting a relatively short travel distance and several samples 
contained modified or reshaped gold grains. Anomalous samples are several 
kilometers apart and more detailed sampling and analysis need to be 
conducted to confirm that it is in fact an area of anomalous elemental 
concentrations and to identify the style of mineralization. 
 
  

9. Recommendation 
Recommended follow-up procedures include performing a higher concentration of 
secondary samples in areas of anomalously high values to confirm the anomalous 
data presented after the first round of sampling to ensure that measurements were 
performed accurately and that samples were not contaminated. Samples located 
further in the up-ice direction need to be taken in order to rule out the bedrock source 
being located even further up-ice. Additional geophysical studies (e.g. high resolution 
magnetic surveys) as well as biogeochemical studies should also be conducted to 
complement the geochemical analysis. LiDAR could be used to detect mineralization 
related to fault structures. Additionally, data not used in this study (e.g. Geological 
Survey of Canada Open File 2270) could be included in a future, more extensive 
data analysis. Once the dispersal trains and areas of high element and grain count 
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values have been further delineated and identified, trenching can be performed at 
Area 1 and Area 2 where there are consistently high concentrations of grain counts 
and element values as well as in their up-ice direction (southwest). This should be 
done to obtain a better understanding of what is occurring in the subsurface to better 
understand the angle of the dispersion of the anomalous elemental values in the 
glacial sediments, as well as the depth of the buried bedrock source. This will result 
in a better drilling location and trajectory. Finally, drilling should be conducted, and 
should be performed approximately 0.4-3 km up-ice of anomalous values (Levson, 
2015). 
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12. Appendix: Bedrock geology legend (Angen et al, 2015). 
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