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Introduction 

 

This report accompanies the release of analytical and field data for till samples collected across the 

Carboniferous bimodal volcanic succession of the eastern Cobequid Highlands, Nova Scotia (NTS map 

area 11E/11; Fig. 1). The samples were collected as part of an ongoing till geochemistry and surficial 

mapping program that was initiated to evaluate the exploration potential of this region and complement 

concurrent and previous bedrock mapping (e.g. MacHattie, 2013, 2017; Baldwin, 2016, 2017) following 

the discovery of epithermal-style gold in silicified and sulphidized basalt and rhyolite of the Byers Brook 

and Diamond Brook formations. A total of 191 till samples were collected and analyzed for matrix 

geochemistry and pebble lithology analysis. The interpretation of geochemical data, till provenance and 

implications for mineral exploration will be presented separately. 

 

Surficial Geology 
 

The surficial geology of Nova Scotia underwent extensive glacial modifications throughout the last 

Wisconsinan glaciation when ice-flow centres shifted from external ice centres to multiple ice centres on 

the province itself (Stea et al., 2011; Stea and Mott, 1990). Previous mapping (e.g. Stea and Finck, 

1988a, b) identified regions of complex ice-flow chronologies with four ice-flow phases over northern 

mainland Nova Scotia, and a multitude of surficial deposit types throughout the region. Understanding 

this glacial history—including past ice-flow phases, glacial sediment transport and deposition, and 

bedrock erosion—is necessary for successful drift prospecting in the region.  

 

The oldest documented Wisconsinan ice-flow phase in the region was to the east-southeast, originating 

from a centre outside the province (Fig. 2). Evidence for this ice-flow phase is widespread over the 

province and includes striations, distinctive erratics, till fabrics, and striated boulder pavements. 

The second ice-flow phase was southward and southwestward from the Escuminac Ice Centre in the 

Prince Edward Island region. This phase is recorded by southward-trending striations crossing earlier 

southeastward-trending striations at many sites on the upland regions of Nova Scotia and New 

Brunswick. This ice-flow phase was responsible for the deposition of a distinctive reddish-brown hybrid 

till (originating from the redbeds in northern mainland Nova Scotia and Carboniferous basins in the 

Prince Edward Island region) and is the dominant surface till over much of the study area. This second 

phase of ice-flow is also responsible for most of the depositional landforms (drumlins) and erosional 

indicators (striations) in the study area.  

 

The third ice-flow phase was characterized by an ice divide (Scotian Ice Divide) situated over most of 

the province resulting in northerly ice-flow in northern mainland Nova Scotia and south to southeastward 

ice-flow in southern Nova Scotia. Within the study area, this ice-flow phase is associated with a mostly 

locally derived, stony, greyish-brown hybrid till. Erratics from the Cobequid Highlands have been found 

throughout the Carboniferous lowlands to the north. Northward-trending striations can be traced across 

the northern mainland of Nova Scotia.  

1Department of Earth and Environmental Science, Acadia University, Wolfville, Nova Scotia B4P 2R6, Canada 
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The last phase of ice flow included the readvance of remnant ice centres developed from the Scotian 

Divide in southern Nova Scotia. Ice flow during this phase was strongly funnelled westward into the 

marine basins. Erosional features and depositional landforms relating to these late-glacial ice centres are 

restricted to low-lying areas and are not present within the study area. 

 

Methods 

 

Field Methods 
 

Field observations relating to surficial geology and outcrop-scale ice-flow indicators were made at 171 

sites. Ice-flow indicators used for determining the ice-flow history include both small-scale features 

(mainly erosional) and large-scale features (depositional). Small-scale features observed include striations, 

grooves, chatter marks, and nail-head striations. Large-scale features were identified on lidar imagery 

data and 1:10 000-scale aerial photographs, and include flutes, drumlinoid features, and crag-and-tail 

landforms. The relative age of erosional ice-flow indicators was determined by crosscutting relationships, 

stoss and lee relationships, and comparing their azimuth relative to large-scale streamlined features.  

 

Figure 1. Till sample locations (black dots) and mineral occurrences (red Xs) shown on bedrock geology (MacHattie 
and MacMullen, 2018). in the eastern Cobequid Highlands. Epithermal-style gold occurrences identified by 
MacHattie (2013) are shown by yellow stars. 
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Sampling methods 
 

At each sample site, two till samples were collected: a < 1 kg sample was collected in a kraft paper 

bag for trace- and major-element geochemical analysis, and a larger ~3 kg till sample was collected for 

archiving and clast lithology analysis. Samples were primarily collected from the unoxidized C-horizon 

(~80 cm depth) of hand dug test pits and roadcuts following GSC till-sampling protocols outlined by 

Spirito et al. (2011) and McClenaghan et al. (2013). Where possible, samples were distributed on a 

roughly 1 km2 grid; a more detailed sampling grid was used in more prospective areas where 

geochemical anomalies were detected by pXRF analysis of stream sediment samples collected in 2016 

and early 2017 (Baldwin, 2017). The location and description of samples are presented in Brushett and 

MacMullen (2018). 

 

Analysis 

 

A total of 191 samples (171 till samples, 9 field duplicates, 11 standards) were submitted to Activation 

Laboratories Ltd. (Actlabs) where they were air-dried in ovens at 60°C and dry-sieved to < 0.063 mm 

Figure 2. Generalized ice-flow chronology in northern mainland Nova Scotia. The study area is indicated by the 
solid black line. Four ice-flow phases affected the study area. The first (flow phase 1) was a regionally extensive 
east-southeastward flow originating from a centre outside the province. The second (flow phase 2) was a southward 
and southwestward flow sourced from the Escuminac Ice Centre in the Prince Edward Island region. The third (flow 
phase 3) was a northward ice flow originating from the Scotian Ice Divide in southern Nova Scotia, and the fourth 
(flow phase 4) included the readvance of small remnant ice centres; these late-glacial ice caps were restricted to 
low-lying areas. 
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in stainless steel sieves. The < 0.063 mm fraction (till matrix) was analyzed for a suite of major, minor, 

and trace elements using a ‘near total’ 4-acid (hydrochloric, nitric, perchloric, and hydrofluoric) 

digestion followed by inductively coupled plasma-mass spectrometry (TD-ICP/MS), inductively coupled 

plasma-optical emission spectrometry (ICP-OES) and instrumental neutron activation analysis (INAA) 

determinations (Code UT3 on 0.5 g aliquot).  

 

A subset of 53 samples (49 till samples, 2 field duplicates, 2 standards) were submitted to Bureau 

Veritas Minerals Canada Ltd. (BV) for fire assay/ ICP-MS analysis (Code FA130) on 30 g aliquots of 

till samples for Au, Pt, and Pd (samples were air-dried in an oven at 60°C and dry-sieved to <0.063 mm 

in stainless steel sieves).  

 

Analyses of till samples, excluding field duplicates, are presented in Brushett and MacMullen (2018), 

where the analytical variables are labeled with a combination of the element name, a code denoting the 

analytical method, and the unit of measurement. A complete list of variables is shown in Table 1. 

 

Reproducibility 
 

Field and Laboratory Duplicates 
 

Field duplicate samples were collected at 9 sites for an overall frequency of 1 in 21. The duplicate sample was 

dug within 5 m of the original site. A total of 10 laboratory duplicates were randomly selected by the lab. 

Values for the original samples and the field and laboratory duplicates correlate well and generally fall 

within acceptable limits. These data are presented as cross-plots in Appendices A and B. For all plots, 

the original sample is plotted on the x-axis and the duplicate sample is plotted on the y-axis. 

 

Certified Reference Standards 
 

CANMET certified reference standards TILL-1 and TILL-2 were inserted into sample batches prior to 

geochemical analysis to monitor analytical accuracy. Samples 16DB223, 17DB043, 17DB050, 

17DB087, 17DB115, 17DB129, and 17DB192 are TILL-1. Samples 16DB224, 17DB044, 17DB057, 

17DB088, 17DB125, 17DB130, and 17DB193 are TILL-2. Control charts are included as Appendix C. 

In each chart, a solid line represents the expected value (the mean of multiple analyses, carried out at 

several labs and reported by Lynch [1996]) and two dashed lines represent the upper and lower 

acceptable limits (determined by adding and subtracting two standard deviations, also reported by Lynch 

[1996]). Charts for certain elements were omitted because their values were either below detection or not 

included in the establishment of recommended values. Values for standards correlate well and generally 

fall within acceptable limits. The certificate of analysis for TILL-1 and TILL-2 reference materials is in 

Canadian Certified Reference Materials Project (1995). 

 

Geochemical Results 

 

The geochemical results received from Actlabs include three lab reports (A17-06904, A17-08634, and 

A17-10547) that are presented in Appendix D. The geochemical results received from Bureau Veritas 

includes one lab report (VAN17003090) presented in Appendix E. INAA values were reported for Au plus 

16 other elements (As, Br, Ce, Eu, Fe, Ir, La, Lu, Na, Nd, Sb, Sc, Sm, Tb, W, and Yb). ICP-MS values 

were reported for Ga, Ge, Hg, In, Li, Nb, Re, Sn, Sr, Te, Tl, Y, Zr, La, Ce, Pr, Nd, Sm, Eu, Gd, Dy, Tb, 

Ho, Er, Tm, and Lu. ICP-OES values were reported for Mo, S, Al, Ca, K, Mg, Mn, P, Ti, V, Sm, Eu, Gd, 

Dy, Tb, Ho, Er, Tm, and Lu. Multi INAA/ICP-MS values were reported for Co, Cr, Cs, Hf, Rb, Se, Ta, 
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Element Unit Symbol Analysis Method Lower D.L. Number of  analyses < D.L. 

Ag ppm MULT INAA/TD-ICP/TD-MS 0.05 139 

Al % TD-ICP 0.01 0 

As ppm INAA 0.5 0 

Au ppb fire assay/ICP-MS 1 0 

Au ppb INAA 2 147 

Ba ppm MULT INAA/TD-ICP-MS 1 0 

Be ppm MULT TD-ICP/TD-ICP-MS 0.1 0 

Bi ppm MULT TD-ICP/TD-ICP-MS 0.1 13 

Br ppm INAA 0.5 4 

Ca % TD-ICP 0.01 0 

Cd ppm MULT TD-ICP/TD-ICP-MS 0.1 19 

Ce ppm INAA 3 0 

Ce ppm TD-MS 0.1 0 

Co ppm MULT INAA/TD-ICP-MS 0.1 0 

Cr ppm MULT INAA/TD-ICP-MS 1 0 

Cs ppm MULT INAA/TD-ICP-MS 0.05 0 

Cu ppm MULT TD-ICP/TD-ICP-MS 0.2 0 

Dy ppm TD-MS 0.1 0 

Er ppm TD-MS 0.1 0 

Eu ppm INAA 0.2 0 

Eu ppm TD-MS 0.05 0 

Fe % INAA 0.01 0 

Ga ppm TD-MS 0.1 N/A 

Gd ppm TD-MS 0.1 0 

Ge ppm TD-MS 0.1 175 

Hf ppm MULT INAA/TD-ICP-MS 0.1 1 

Hg ppb TD-MS 10 4 

Ho ppm TD-MS 0.1 0 

In ppm TD-MS 0.1 146 

Ir ppb INAA 5 181 

K % TD-ICP 0.01 0 

La ppm INAA 0.5 0 

La ppm TD-MS 0.1 0 

Li ppm TD-MS 0.5 0 

Lu ppm INAA 0.05 0 

Lu ppm TD-MS 0.1 0 

Mg % TD-ICP 0.01 1 

Lu ppm INAA 0.05 0 

Lu ppm TD-MS 0.1 0 

Table 1. Geochemical variables with analytical method, units, detection limit (D.L.) and number of analyses below 
detection limit. 

Table 1 concludes next page. 
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Element Unit Symbol Analysis Method Lower D.L. Number of  analyses < D.L. 

Mo ppm TD-ICP 1 166 

Na % INAA 0.01 0 

Nb ppm TD-MS 0.1 30 

Nd ppm INAA 5 0 

Nd ppm TD-MS 0.1 0 

Ni ppm MULT INAA/TD-ICP/TD-MS 0.5 1 

P % TD-ICP 0.001 0 

Pb ppm MULT TD-ICP/TD-ICP-MS 0.5 0 

Pr ppm TD-MS 0.1 0 

Rb ppm MULT INAA/TD-ICP-MS 0.2 0 

Re ppm TD-MS 0.001 174 

S % TD-ICP 0.01 32 

Sb ppm INAA 0.1 3 

Sc ppm INAA 0.1 0 

Se ppm MULT INAA/TD-ICP-MS 0.1 119 

Sm ppm INAA 0.1 0 

Sm ppm TD-MS 0.1 0 

Sn ppm TD-MS 1 130 

Sr ppm TD-MS 0.2 0 

Ta ppm MULT INAA/TD-ICP-MS 0.1 152 

Tb ppm INAA 0.5 66 

Tb ppm TD-MS 0.1 0 

Te ppm TD-MS 0.1 181 

Th ppm MULT INAA/TD-ICP-MS 0.1 0 

Ti % TD-ICP 0.01 0 

Tl ppm TD-MS 0.05 0 

Tm ppm TD-MS 0.1 0 

U ppm MULT INAA/TD-ICP-MS 0.1 0 

V ppm TD-ICP 2 0 

W ppm INAA 1 180 

Y ppm TD-MS 0.1 0 

Yb ppm INAA 0.2 0 

Yb ppm TD-MS 0.1 0 

Zn ppm MULT INAA/TD-ICP/TD-MS 0.5 0 

Zr ppm TD-MS 1 0 

Mg % TD-ICP 0.01 1 

Mn ppm TD-ICP 1 0 

Table 1 (concluded). 
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Th, and U. Multi INAA/ICP-OES/ICP-MS values were reported for Ag, Ni, and Zn. Multi ICP-OES/

ICP-MS values were reported for Cu, Cd, Pb, Be, and Bi.  

 
Geochemical data for gold and associated pathfinder elements (Ag, As, Zn, Hg, Sb) are presented as 

proportional dot maps in Figures 3 to 8. Concentration ranges were determined using Jenks natural break 

optimization within ArcMap (v. 10.5.1) which identifies natural breaks in the frequency distribution 

resulting in four to six concentration ranges. The interpretation of geochemical data, till provenance and 

implications for mineral exploration will be presented separately. 

Figure 3. Gold (ppb) by INAA. 

Figure 4. Gold (ppb) by fire assay/ICP-MS. 
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Figure 5. Silver (ppb) by INAA/TD-ICP/ICP-MS. 

Figure 6. Arsenic (ppm) by INAA. 
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Appendix A. Field Duplicate Cross-Plots 

 
In each plot, the original sample is plotted on the x axis, and the duplicate on the y-axis. Charts for 

certain elements were omitted because they had too many of their values below detection.   
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APPENDIX B. Laboratory Duplicate Cross-Plots 

 
In each plot, the original sample is plotted on the x axis, and the duplicate on the y-axis. Charts for 

certain elements were omitted because they had too many of their values below detection. 
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APPENDIX C. Control Charts for CANMET Certified 
Reference Standards TILL-1 and TILL-2 

 
In each chart, the analyzed elements are shown as blue circles, a solid line represents the expected value 

(the mean of multiple analyses, carried out at several labs and reported by Lynch [1996]), and two 

dashed lines represent the upper and lower acceptable limits (determined by adding and subtracting two 

standard deviations, also reported by Lynch [1996]). Charts for certain elements were omitted because 

they lack certified ‘expected’ values or had too many of their values below detection.   
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Appendix D. Final Lab Reports Received from Actlabs  
(A17-06904, A17-08634, and A17-10547) 
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Appendix E. Final Lab Report Received From Bureau Veritas 
(VAN17003090) 
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