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ABSTRACT

This report provides the results of till-geochemistry surveys in the Red Indian Lake Basin completed
between 2007 and 2012, in addition to previously unreleased data. Analyses of 59 elements from 2253
BC- or C-horizon samples are presented. These data include analyses by ICP-OES for aluminum,
arsenic, barium, beryllium, cadmium, calcium, cerium, chromium, cobalt, copper, dysprosium, iron, lan-
thanum, lead, lithium, magnesium, manganese, molybdenum, nickel, niobium, phosphorus, potassium,
scandium, sodium, strontium, titanium, vanadium, yttrium, zinc, and zirconium; and by INAA for anti-
mony, arsenic, barium, bromine, cerium, cesium, chromium, cobalt, europium, gold, iron, hafnium, lan-
thanum, lutetium, molybdenum, rubidium, scandium, samarium, selenium, sodium, strontium, tantalum,
terbium, thorium, tungsten, uranium, ytterbium, and zirconium. A complete data listing is provided,
including field-duplicate data, and individual element-distribution maps superimposed on a bedrock-
geology base map. 

The Red Indian Lake Basin has been the focus of mineral exploration, in particular for volcanogenic
massive sulphide occurrences, for nearly 100 years. Many occurrences of Cu–Pb–Zn mineralization are
associated with the felsic volcanic rocks of the Victoria Lake supergroup. It is, therefore, not surprising
that tills derived from these rocks are enriched in these elements. Elevated values of Au and As are also
present. Light and heavy rare-earth elements show elevated values in tills overlying plutonic rocks locat-
ed north and east of Red Indian Lake.



INTRODUCTION

This report presents the complete till-geochemistry dataset, comprising 2253 samples, collected in the

Red Indian Lake Basin (RILB) during the 2009, 2010, 2011 and 2012 field seasons. Previously released

geochemical data from Open File 12A/1449, comprising analyses of till samples collected in 2007 and

2008 (Smith et al., 2009), are included in this report to provide context and for completeness. Current

Research reports from within the RILB by Batterson and Taylor (2008) and Smith (2009, 2010, 2012,

2013), and surficial maps for NTS map area 12A/06 (Smith, 2011), 12A/07 (Smith, 2011a), 12A/10

(Smith, 2012a), 12A/09 (Organ, in press) and 12A/11 (Organ, 2014) provide additional information. The

analytical results of the till samples, along with ice-flow and surficial-mapping data collected, provide

support to current mineral exploration efforts.

LOCATION AND ACCESS

The study area lies in interior Newfoundland, and includes NTS map areas 12A/06, 7, 9, 10 and parts

of NTS 12A/04, 5, 11, 15, and 16 (Figure 1). It extends from Wood Lake in the southwest to Joe Glodes

Pond in the northeast, and between the Topsails and the Burgeo Highway; it is accessed by Route 370 off

the Trans-Canada Highway or by a woods road off the Burgeo Highway (Route 480). Remote parts of the

study area were reached by helicopter. 

BEDROCK GEOLOGY AND MINERALIZATION

The study area lies within the Dunnage Zone of the Newfoundland Appalachians (Figure 2).

Sedimentary and volcanic rocks within this zone are the remnant products of continental, intra-oceanic,

back-arc and ophiolite environments, deposited within the Iapetus Ocean during the Cambro-Ordovician

(Evans and Kean, 2002; Hinchey, 2008). Details of the bedrock geology of this region are found in Evans

and Kean (2002), Rogers et al. (2005), van Staal et al. (2005), Hinchey (2007, 2008, 2011), Zagorevski

et al. (2007) and Thurlow (2010). For the purpose of this report, the generalized bedrock geology com-

pilation of Crisby-Whittle (2012) is used as a base map for plotting geochemical data.

The discovery of mineralization within the RILB began over 100 years ago, with identification of

occurrences of Cu‒Pb‒Zn in the Buchans area (see Thurlow, 2010), and high-grade chalcopyrite‒pyrite

mineralization at the Victoria Mine deposit on the south side of Red Indian Lake (Evans and Kean, 2002;

Hinchey, 2008). To date, over 300 mineral occurrences have been recorded within the study area, and doc-

umented in the provincial Mineral Occurrences System Database (Geological Survey of Newfoundland

and Labrador, 2013a). These mineral occurrences include silver, asbestos, gold, barium, bismuth, copper,

iron, fluorine, limestone, molybdenum, nickel, lead, pyrite, sulphur, talc, tungsten and zinc. More than

half are of gold and base metals (copper, nickel, lead and zinc; Figure 2).

Thirteen occurrences in the Buchans area are past producers (Table 1), and the Duck Pond deposit

(NTS map area 12A/09, 537730E 5386730N, NAD27 Zone 21) has been a producing copper‒zinc mine

since 2007 and is expected to stay in production until at least 2015 (Teck Resources Limited, 2013).

Seventeen significant volcanogenic massive sulphide (VMS) occurrences identified in the last 50

years have acquired the status of developed prospects (see Figure 2, Table 2). These are Bobby’s Pond,
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Boundary, Burnt Pond, Clementine, Connel Option, Daniel’s Pond, Jack’s Pond, Lemarchant, Leprechaun

Pond, Lake Bond, Little Sandy, Long Lake, Sandfill, Skidder, Tulks East, Tulks Hill, and Victoria Mine

(Table 2; Geological Survey of Newfoundland and Labrador, 2013a). They are largely confined to the

Victoria Lake supergroup and associated rocks, including the Skidder Basalt, Annieopsquotch Complex,

Valentine Lake quartz monzonite, Buchans Group (mafic and felsic flows, pyroclastic rocks and iron for-

mation), Crippleback Lake Quartz Monzonite and Southwest Brook Complex (tonalite, granite and gra-

nodiorite; Crisby-Whittle, 2012; Geological Survey of Newfoundland and Labrador, 2013a).

QUATERNARY GEOLOGY

Smith (2009, 2010, 2012, and 2013) previously described the Quaternary geology of the RILB,

including the glacial history and surficial geology.

5

Table 1. Mineral occurrences that have the status past producers identified in the Red Indian Lake Basin.

NMINO ‒ National Mineral Inventory Number

Commodity

Name

NMINO (Major) Deposit Name Secondary Commodity Easting Northing UTMZone NTS

012A/15/Zn 013 Zinc MacLean Extension Barium, Copper, Gold, Lead, Silver 508400 5408700 21 12A/15

012A/15/Zn 012 Zinc Old Buchans West Barium, Copper, Gold, Lead, Silver 509650 5407475 21 12A/15

012A/15/Zn 008 Zinc Engine House Orebody Barium, Copper, Gold, Lead, Silver 509900 5407425 21 12A/15

012A/15/Zn 007 Zinc Two Level Orebody Barium, Copper, Gold, Lead, Silver 509525 5407910 21 12A/15

012A/15/Zn 005 Zinc MacLean Barium, Copper, Gold, Lead, Silver 508500 5408625 21 12A/15

012A/15/Zn 002 Zinc Oriental #1 Barium, Copper, Gold, Lead, Silver 511900 5407950 21 12A/15

012A/15/Ba 001 Barium Buchans Tailings 509500 5407000 21 12A/15

012A/15/Zn 001 Zinc Lucky Strike Barium, Copper, Gold, Lead, Silver 509850 5407650 21 12A/15

012A/15/Zn 019 Zinc Lundberg Zone Copper, Lead, Gold, Silver 509900 5407640 21 12A/15

012A/15/Zn 009 Zinc Old Buchans Main Barium, Copper, Gold, Lead, Silver 511025 5408050 21 12A/15

012A/15/Zn 003 Zinc Oriental #2 Barium, Copper, Gold, Lead, Silver 511780 5408175 21 12A/15

012A/15/Zn 004 Zinc Rothermere Barium, Copper, Gold, Lead, Silver 509150 5407950 21 12A/15

012A/15/Zn 010 Zinc Old Buchans Conglomerate Barium, Copper, Gold, Lead, Silver 510875 5408075 21 12A/15



In summary, during the late Wisconsinan glacial maximum (~21 ka BP), Newfoundland was covered

by a series of coalescent ice caps that extended out to the edge of the continental shelf, forming the

Newfoundland Ice Cap (Grant, 1989; Shaw et al., 2006). Subsequently, as deglaciation became land-

based at about ~13 ka BP (Figure 3a), the Newfoundland Ice Cap disintegrated into a number of small,

isolated ice caps (Figure 3b; Grant, 1974). Figure 4 shows the ice-flow history for the RILB. Deglaciation

consists of three main late Wisconsinan ice-flow phases. Phase 1 is the oldest and is a south to southeast-

ward flow from the Topsails, Phase 2 is a northeast and southwestward flow from an ice divide between

Harbour Round Pond and Costigan Lake; and Phase 3, the youngest, is a southward flow (Klassen, 1994;

Smith, 2009, 2010 and 2013). Grant (1974) postulated one of these ice caps to lie over Red Indian Lake,

however, the identification of multiple phases of glacial Lake Shanadithit (Smith, 2012) suggests that the

late-stage ice cap over the RILB was much larger and disintegrated quickly, leaving isolated remnant ice

on the highlands west of Buchans, and larger remnants south of Red Indian Lake (Figure 3b). Glacial

Lake Shanadithit drained upon the opening of the Exploits River outlet, and left a small ice mass to the

north and a large ice mass south of the river; both retreated southward. Radiocarbon dates of lake sedi-

ment from south of Millertown (GSC-4231), and on the road north of Meelpaeg Lake (GSC-4186), indi-

cate that these areas were ice-free by 9.3 ka BP (McNeely and McCuaig, 1991).

The surficial geology is complex and reflects sediment deposition under the influence of ice (diamic-

ton or till), flowing water (sand and gravel) and standing water (fine-grained sand to mud). The complex-

ity of surficial deposits is the result of an actively retreating, irregular ice margin accompanied by large

volumes of meltwater derived from the ice. Postglacial organic deposits (bogs, peat and fens) are wide-

spread. Sand and gravel (glaciofluvial deposits), fine-grained sand to mud (glaciolacustrine deposits) and

organic deposits are described in Smith (2009, 2010 and 2013). The focus of the following paragraph is

to describe the glacial diamicton identified in the RILB.

Glacial diamicton (till) is the dominant sediment type in the RILB and was the preferred sample medi-

um for geochemical analysis because it is deposited in contact with glacial ice. The till ranges in thickness

6

Table 2. Mineral occurrences in the Red Indian Lake Basin that have the status developed prospects.

NMINO ‒ National Mineral Inventory Number

Commodity

Name

NMINO (Major) Deposit Name Secondary Commodity Easting Northing UTMZone NTS

012A/10/Zn 001 Zinc Bobby’s Pond Copper, Lead, Silver, Gold 514630 5389860 21 12A/10

012A/15/Zn 011 Zinc Sandfill Barium, Copper, Gold, Lead, Silver 512475 5409000 21 12A/15

012A/09/Zn 001 Zinc Burnt Pond Copper, Gold, Lead Silver 549931 5394529 21 12A/09

012H/01/Zn 001 Zinc Lake Bond Copper, Lead, Silver, Gold 559470 5430600 21 12H/01

012A/06/Zn 004 Zinc Long Lake Copper, Gold, Silver, Lead 493700 5368300 21 12A/06

012A/10/Cu 004 Copper Skidder Zinc, Silver, Gold 504750 5396450 21 12A/10

012A/10/Cu 003 Copper Victoria Mine Lead, Zinc 521710 5398300 21 12A/10

012A/15/Pb 001 Lead Connel Option Zinc 529675 5408250 21 12A/15

012A/15/Zn 006 Zinc Clementine Barium, Copper, Lead, Silver 505550 5408850 21 12A/15

012A/11/Zn 002 Zinc Tulks East Lead, Copper, Silver, Gold 490290 5375840 21 12A/11

012A/10/Cu 001 Copper Jacks Pond Lead, Zinc 501240 5379700 21 12A/10

012A/10/Zn 012 Zinc Lemarchant Copper, Gold, Lead, Silver 520930 5374540 21 12A/10

012A/15/Cu 001 Copper Little Sandy 524600 5406625 21 12A/15

012A/09/ZN 011 Zinc Boundary Copper, Lead, Silver, Gold 540770 5389170 21 12A/09

012A/11/Zn 001 Zinc Tulks Hill Lead, Copper, Silver, Gold 485075 5373300 21 12A/11

012A/06/Au 005 Gold Leprechaun Pond Silver, Tungsten 486230 5355620 21 12A/06

012A/10/Zn 009 Zinc Daniels Pond Silver, Lead, Copper, Gold 507550 5385600 21 12A/10
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from 0.05 to 1.5 m in bedrock-dominated areas (e.g., southwest of Buchans, Annieopsquotch Mountains)

to over 10 m south of Red Indian Lake, and as much as 55 m in the Buchans area. In areas where the till

is thick, it forms a slightly undulating topography that masks the underlying terrain. In the south, the till

has a hummocky appearance and its surface is commonly covered by angular boulders (ranging from 0.5

to 4 m diameter, Plate 1). Ridges are common south of Barren Lake and north of Star Lake.

In the southwest, three diamictons, all of which have been designated as basal till, were identified in

stratigraphic sequence from a backhoe-dug pit, with Unit 1 being the lowermost, succeeded by units 2

and 3 (Smith, 2010). Unit 1 is a compact and light brownish-red (Munsell colour 2.5Y 6/2) till, with a

silty clay matrix, containing minor fine-grained sand. Unit 2 is a yellowish brown (10 YR5/4) structure-

less fine-grained sandy-silty till; and Unit 3, the uppermost, is a compact, fissile, yellowish red (5YR4/6)

till with a silty sand matrix. It has a low content of clasts, which range in diameter from 0.2 to 5 cm.

In the east, only one till unit was identified through hand-dug pits (Smith, 2013); this unit is very sim-

ilar to Unit 3 described above in the southwest of the study area (Smith, 2010). There are likely multiple

8

Figure 4. Map showing the ice-flow history for the Red Indian Lake Basin. Large arrows depict the three
ice-flow phases that affected the study area. Due to lack of striation data an ice divide corridor (white
polygon) was drawn to constrain the ice divide (white dashed line). The lateral extent north of Red Indian
Lake and south of Snowshoe Pond is not known and is marked with question marks.



tills located in the eastern part of the study area, however there has been no backhoe program to confirm

this. The till in the east is a compact silty sand to sandy silt, that ranges from dark yellowish brown

(Munsell colour 10YR4/4) to light olive brown (2.5Y4/4), and has a low (1‒20 %) clast concentration.

Clasts are striated and typically subangular, but range overall from angular to subrounded. There is con-

siderable variation in the texture and colour of the upper till; this is likely the result of up-ice variations

in bedrock type.

REGIONAL SURFICIAL SEDIMENT SAMPLING

SAMPLING AND SAMPLE PREPARATION METHODS

Till sample locations were selected from areas mapped as such, and samples were collected from the

C- and BC-soil horizons in hand-dug pits and roadcuts. Where there was an absence of till, samples were

collected from bedrock detritus. Glaciofluvial and glaciolacustrine sediments were not sampled because

of the possibility of reworking, and the difficulty in defining distances and directions of transport.

9

Plate 1. A 4-m till section located on the south side of Red Indian Lake. The till is composed of a dark
brown (Munsell colour 7.7YR4/3) silty-sand matrix, and contains clasts 0.2-50 cm in diameter.



Sampling depths of hand-dug pits ranged from 10 to 470 cm (average 63 cm), whereas sampling depths

in roadcuts ranged from 50 to 550 cm (average 140 cm).

The spacing between samples varied depending on accessibility. In road-accessible locations, samples

were collected at a density of one every 1 km2, whereas in more remote areas, which required helicopter

support, the corresponding sampling density was one every 4 km2. In every sequence of 20 samples, one

duplicate sample was collected to check for the field reproducibility of the analyses, and as part of the

quality-assurance process. Samples were air-dried at 40°C at the Geological Survey’s Geochemical

Laboratory in St. John’s, and dry-sieved through 180 μm stainless-steel sieves, with the fine fraction sub-

mitted for geochemical analysis (see below). Sample locations are shown in Figure 5.

GEOCHEMICAL ANALYSIS

Gravimetric Analysis (for LOI) and inductively coupled plasma-optical emission spectrometry (ICP-

OES) for 32 elements were carried out at the Geological Survey’s Geochemical Laboratory, and instru-

mental neutron activation analysis (INAA) for 27 elements was carried out by external laboratories

(Activation Laboratories of Ancaster, Ontario and Becquerel Laboratories of Mississauga, Ontario). The

data listings (Appendix B) include all of the field and analytical data from the sampling program. To dis-

tinguish the different analytical methods used, the trace-element variables are labelled with a combina-

tion of the element name, a numeric code indicating the method of analysis, and the unit of measurement.

A complete list of variables is given in Table 3. A description of the analytical methods used is in

Appendix A.

STATISTICAL ANALYSIS – FREQUENCY DISTRIBUTIONS

A Spearman rank correlation matrix (Cheeney, 1983, p. 88) for 43 variables is shown in Figure 6.

Analyses for certain elements have been omitted, either because they duplicate analyses by another

method that appears to be more precise (see Quality Assurance, Appendix A), or because too many (more

than 25%) of the element’s analyses fall below the analytical detection limit.

The strongest correlations are mainly, but not exclusively, displayed by pairs of rare-earth elements:

Dy2 and Y2 (correlation coefficient 0.90); La2 and Sm1, and Lu1 and Yb1 (correlation coefficients 0.89

for both pairs); K2 and Rb1 (0.84); Sm1 and Tb1 (0.83); Sc2 and V2 (0.82); and Be2 and K2 (0.81).

Figures 7–14 compare the cumulative frequencies of eight selected elements (As1, Au1, Cu2, La1,

Ni2, Pb2, Yb1 and Zn2) in the RILB dataset and in the dataset for the rest of Newfoundland. The RILB

samples are markedly higher than the Island dataset in As1, Au1 and Cu2, and markedly lower in La2.

The other differences are more marginal. Table 4 show the median values of these elements for the two

populations.

INTERPRETATION OF GEOCHEMICAL DATA

The base metals Cu, Pb and Zn were selected for detailed interpretation because of their suitability as

pathfinder elements for VMS deposits, for which the region has a rich history of discovery. The distribu-

tion of Ni is also examined because of its potential as a pathfinder for magmatic deposits hosted in mafic

10
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VARIABLE DESCRIPTION

Sample Unique sample ID. First and

second number represents year

(e.g., 06 = 2006)

NTS_Map NTS sheet (1:50 000)

UTMEast UTM map coordinate NAD 27

UTMNorth UTM map coordinate NAD 27

UTMZone UTM zone

Horizon Soil horizon sampled

Depth cm Sample depth (cm)

Elevation m Elevation (metres)

Weight g Weight for INAA (grams)

Ag6 ppm Silver, ppm, by ICP

Al2 pct Aluminum, %, by ICP

As1 ppm Arsenic, ppm, by INAA

As2 ppm Arsenic, ppm, by ICP

Au1 ppb Gold, ppb, by INAA

Ba1 ppm Barium, ppm, by INAA

Ba2 ppm Barium, ppm, by ICP

Be2 ppm Beryllium, ppm, by ICP

Br1 ppm Bromine, ppm, by INAA

Ca2 pct Calcium, %, by ICP

Cd2 ppm Cadmium, ppm, by ICP

Ce1 ppm Cerium, ppm, by INAA

Ce2 ppm Cerium, ppm, by ICP

Co1 ppm Cobalt, ppm, by INAA

Co2 ppm Cobalt, ppm, by ICP

Cr1 ppm Chromium, ppm, by INAA

Cr2 ppm Chromium, ppm, by ICP

Cs1 ppm Cesium, ppm, by INAA

Cu2 ppm Copper, ppm, by ICP

Dy2 ppm Dysprosium, ppm, by ICP

Eu1 ppm Europium, ppm, by INAA

Fe1 pct Iron, %, by INAA

Fe2 pct Iron, %, by ICP

Hf1 ppm Hafnium, ppm, by INAA

K2 pct Potassium, %, by ICP

Note: ppm = parts per million; ppb = parts per billion; pct = %

VARIABLE DESCRIPTION

La1 ppm Lanthanum, ppm, by INAA

La2 ppm Lanthanum, ppm, by ICP

Li2 ppm Lithium, ppm, by ICP

LOI pct Loss-on-ignition, %

Lu1 ppm Lutetium, ppm, by INAA

Mg2 pct Magnesium, %, by ICP

Mn2 ppm Manganese, ppm, by ICP

Mo1 ppm Molybdenum, ppm, by INAA

Mo2 ppm Molybdenum, ppm, by ICP

Na1 pct Sodium, %, by INAA

Na2 pct Sodium, %, by ICP

Nb2 ppm Niobium, ppm, by ICP

Ni2 ppm Nickel, ppm, by ICP

P2 ppm Phosphorus, ppm, by ICP

Pb2 ppm Lead, ppm, by ICP

Rb1 ppm Rubidium, ppm, by INAA

Rb2 ppm Rubidium, ppm, by ICP

Sb1 ppm Antimony, ppm, by INAA

Sc1 ppm Scandium, ppm, by INAA

Sc2 ppm Scandium, ppm, by ICP

Se1 ppm Selenium, ppm, by INAA

Sm1 ppm Samarium, ppm, by INAA

Sr2 ppm Strontium, ppm, by ICP

Ta1 ppm Tantalum, ppm, by INAA

Tb1 ppm Terbium, ppm, by INAA

Th1 ppm Thorium, ppm, by INAA

Ti2 ppm Titanium, ppm, by ICP

U1 ppm Uranium, ppm, by INAA

V2 ppm Vanadium, ppm, by ICP

W1 ppm Tungsten, ppm, by INAA

Y2 ppm Yttrium, ppm, by ICP

Yb1 ppm Ytterbium, ppm, by INAA

Zn2 ppm Zinc, ppm, by ICP

Zr1 ppm Zirconium, ppm, by INAA

Zr2 ppm Zirconium, ppm, by ICP

Table 3. List of variables and description of data
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Figure 5. Location of samples collected as part of Open File 12A/1449 (2007-blue squares; 2008-green
squares; Smith et al., 2009) and samples collected in 2009 (red dots), 2010 (purple dots), 2011 (yellow
dots) and 2012 (black dots). Total number of samples is 2253. 
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Figure 8. Cumulative-frequency graphs for Au1 in the RILB and Newfoundland database.

Figure 7. Cumulative-frequency graphs for As1 in the RILB and Newfoundland database.
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Figure 10. Cumulative-frequency graphs for La2 in the RILB and Newfoundland database.

Figure 9. Cumulative-frequency graphs for Cu2 in the RILB and Newfoundland database.
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Figure 12. Cumulative-frequency graphs for Pb2 in the RILB and Newfoundland database.

Figure 11. Cumulative-frequency graphs for Ni2 in the RILB and Newfoundland database.
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Figure 14. Cumulative-frequency graphs for Zn2 in the RILB and Newfoundland database.

Figure 13. Cumulative-frequency graphs for Yb1 in the RILB and Newfoundland database.



and ultramafic rocks; and Au and As as

pathfinders for precious metal mineralization.

Given the increased interest in the rare-earth

elements at the time of the work (e.g., Globe

and Mail, March 23rd, 2010), two (La1 and

Yb1) were chosen to represent the light and

heavy rare-earth elements respectively. Other

rare-earth elements are not discussed here,

although their correlations with La1, or Yb1, or

both, are generally very strong (see Figure 6). 

Sized-dot plots of eight selected elements

(As1, Au1, Cu2, La1, Ni2, Pb2, Yb1 and Zn2)

are presented in Figures 15 to 22 and are

described in the following subsections.

Colour dot plots of all analyzed elements, including the eight, are also included in Appendix C, with

class intervals determined by Jenks’ Optimization (Jenks, 1967). Individuals and companies are encour-

aged to undertake their own interpretation of the presented data, the following being a preliminary inter-

pretation.

For detailed interpretations, the data are divided into a three-class system: 

• ‘Anomalous’, comprising samples whose values exceed the 97.5-percentile of the entire

2007–2012 dataset, represented by the largest dots; 

• ‘Elevated’, comprising samples whose values lie between the 90 and 97.5 percentiles, represent-

ed by dots of intermediate size; and

• ‘Background’, comprising samples whose values are below the 90 percentile, represented by the

smallest dots.

This three-class system has the advantage of drawing attention to spatially associated samples that

have the highest values, most likely to be associated with mineralization, the presence or possible pres-

ence of which is the focus of this study. However, a genetic connection between ‘anomalous’ and ‘elevat-

ed’ values, defined in this way, and the presence of mineralization-related dispersion, does not necessar-

ily exist.

To provide context for the anomalies identified in the geochemical data, the locations of mineral

occurrences are shown in Figure 2. Details of mineral occurrences are from the Geological Survey’s

Mineral Occurrence Data System (MODS) database accessible through the Geological Survey’s

Geoscience Atlas (Geological Survey of Newfoundland and Labrador, 2013a). The bedrock geological

map on which the data are plotted is a generalized stratigraphic compilation (Crisby-Whittle, 2012).

Table 5 lists the highest values of the eight selected elements, the samples for which they were report-

ed, and the samples’ coordinates and locations.

19

Table 4. Median values of selected elements in the

Red Indian Lake Basin till dataset, and the till dataset

for the Island of Newfoundland (Geological Survey of

Newfoundland and Labrador, 2013b)

RILB Newfoundland

As1 (ppm) 17 7.5

Au1 (ppb) 3 1

Cu2 (ppm) 30 19

La2 (ppm) 16 23

Ni2 (ppm) 18 15

Pb2 (ppm) 12 15

Yb1 (ppm) 3.1 3.3

Zn2 (ppm) 60 51
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ARSENIC (As1)

Arsenic values are shown in Figure 15 and the highest As1 value in the RILB dataset, 9750 ppm,

was reported for the same sample that returned the highest Pb2 value (1479 ppm), collected about 10 km

south of the Lemarchant VMS Zn prospect and 12 km west of the South Quinn Lake Au prospect.

Significant accumulations of anomalous and elevated As1 values are located at the following locations

(see Figure 15):

1. Southwest of the Domino, Hurricane and Boomerang VMS deposits (NTS map area 12A/06); the

samples show anomalous and elevated As1 values, which is consistent with the ice-movement direc-

tion as indicated by striation measurements. Striation measurements show that ice flow moved north-

east to southwest over the deposits. Similar, although less focussed, features are displayed by Cu2 (see
Figure 17), Pb2 (see Figure 20) and Zn2 (see Figure 21).

2. East of Victoria Lake and southwest of the Long Lake Zn deposit and forming an arc around the south

of the Valentine Lake Au deposit (NTS map area 12A/06); striation directions indicate that the con-

centration of anomalous and elevated samples (see above) may be derived from the former deposit,

or both of them. Many of the samples are anomalous or elevated in Au1 (although the response is less

focused than that of As1) and Ni2, but there is insignificant response in Pb2 and Zn2. The underlying

geology consists of siliciclastic black shale (of the Victoria Lake supergroup), assigned to the Lake of

the Woods Member (van Staal et al., 2005).

3. In the north of NTS map area 12A/06, extending northeastward from the Hoff’s Pond Au prospect to

Red Indian Lake. The As1 feature derived from Hoff’s Pond Au prospect is consistent with striation

directions that indicate a northeastward ice-flow direction, opposite to that observed in the southwest

of the study area.

4. Extending for about 12 km in an east-northeastward direction from the northwestern corner of NTS

map area 12A/09 and northeastern corner of NTS 12A/10. Striation directions suggest dispersion from

a point source within either of these two map areas, or the two map areas to the north (NTS 12A/15,

16). The underlying bedrock geology is a marine siliciclastic sandstone of the Victoria Lake super-

group, and a contorted unit of black shale (the Lawrence Harbour Formation; Rogers et al., 2005) also

constitutes a potential source. There are also strong responses of Au1, Cu2, Pb2 and Zn2. There are

several Cu and Zn occurrences in the vicinity but none presents a likely source for  the anomalous and

elevated As in the till samples.

5. Six anomalous or elevated samples, forming a linear anomaly in the southwest of NTS map area

12A/10, between Quinn and Barren Lakes. Responses for Au1, Cu2, Pb2 and Zn2 are also moderate

to strong. Although striation azimuth measurements are inconsistent, there are no known mineralized

occurrences to account for this linear anomaly, which is underlain by a variety of rock types of the

Victoria Lake supergroup, including black shale of the Lawrence Harbour Formation (Rogers et al.,
2005).

21



!

!

!

!

!

!

!

!

!

!

!
!

!
!

!

! !
!

!
!

!
!

!
!

! !
!

!
!

!
!

!

!

!
!

!
!

!

!
!

!

!

!

!

!

!

!

!
!

!

!

!
!

!
!

!

!

!
!

!

!

! !

!

!

!

!

!
!

!

!
!

!

!

!

!

!

!

!

! ! !

!

!

!

! !

!

!

!
!

!

!

!

!

!

!
!

!

!

!

!

!

!

!

!

!

!
!

!

!

!

!

!

!

!

!

!
!

!

!

!

!

!

!

!

!!

!

! !

!

!

!

!

!!

!
!

!

!

!
!

!

!

!

!
!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!
!

!!

!

!

!
!

!
!

!
!

!

!
!

!

!
!

!

!

!
!

!
!

!

!

!

!

!

!

!

!
!

!

!

!

!
!

!
!

!
!

!
!

!

!
!

!

!

! !

!

!

!

!

!

!

!
!

!
!

!

!

!
!

!

!
!

!!

!!

!
!

!

!
!

!

!

!
!

!

!

!

!
!

!

!
!

! !

!

!

!

!

!

!!

!

!

!

!

!

!

!
!

!

!
!

!
!

!

!

!

!

!

! !

!
! !

!

!

!

!

!

!

!

!
!

!

! !

!

!

!

!
!!

!

!

!

!

!

!

!

!

!

!
!

!
!

!
!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!!

!

!

!

!

!

!

!

!

!

!

! !

!

!

!
!

!

!

!

!!

!

!

!

!

!

!

!
!

!!!

!

!

!

!

!

!

!
!

!

!

!

! ! !

!

!

!
!

!

!

!

!

!

!

!

!

!
!

!

!

!

!

!

!

!

!

!
!
!!
!

!

!

!

!!!
!

!

!

!!
!

!

!

!

!!

!
!

!!

!

!
!

!
!

!

!
!

!

!

!
!

!
!

!
!

!

!

!

!

! !

!

!

!

!

! !

!

!

!

!

!

!

!

!

!

!

!

!

!
!

!
!

!

!

!

!

!

!
!

!

!
!

!

!

!

!

!

!

! !

!
!

!
!

!
!

!
!

!

!

!

!
!

!

!

!

!

!

!
!

!

!
!

!
!

!
!

!

!
!
!

!

!

!

!

!
!

!
!

!
!

!

! !

!

!

!
!

!

!
!

!!
!

!

!

!

!!
!

!

!

!

!
!

!
!

!!

!

!
!

!
!

!

!

!!

!
!

!
!

! !

!
!

!

!
!!

!

!
!

!
! !

!
!

!

!

!!!

!

!
!

!
!

!

!

!
!

!
!

!
!

!

!

!
!

!

!

!

!

!!
!

!

!

!

!

!

!

!

!!
!!

!

!

!

!

!!

!

!
!

!

!
!

!

!

!

!

!

! !

!

!

!

!

!

!
!!

!

!

!

!

!
!

!

!

!

!

!

!

!
!

!

!!
! !

!
!!

!

!

!

!
!!

!

!

!

!

!

!

!

!
!

!

!
!

!
!

!
!

!
!

!
!

!

!
!

!
!

! !

!
!

!

!

!
!

!

!
!

!

!

!

!

!
!

!

!
!

!

!

! !
!!

!

!

!!!!

!

!

!

!

!

!

!

!

!

!

!

!

!
!

!

!

!

!

!

!

!

!

!

!
!

!

!

!
!

!

!

!

! !

!

!

!

!

!
!

!
!

!
!

!

!
!

!

!
!

!

!

!

! !

!

!

! !

!

!

!

!!

!

!

!
!

!

!

!

!
!

!
!

!
!

!
!

!
!

!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!

!

!

!
!

!

!

!

!
!

!
!

!
!

!
!

!
!

!

!
!!

!

!
!

!

!

!
!

! !

!

!
!

!
!

!

!

!

!
!

!

!

!

!
!

!

!

!
!

!

!

!
!

!
!

!
!

!
!

!

!

!

!

!

!
!

! !
!

!

!

!
!

!

!

!

!

!

!
!

!

!

!

!

!

!

!

!

!

!

!

!

!!

!

!

!

!

!
!

!

!

!

!

!

!

!
! !

!
!

!

!
!

! !
!

!

!

!

!

!
!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!

!

!
!

!

!
!

!
!

!
!

!
!

!

!

!
!

!!

!!

!

!
!

!

!
!

!

!

!

!

!

!
!

!

!
!

!
!

!

!
!

!

!
!

!

!

!
!

!

!

!

!
!

!

!
!

!
!

!
!

!
!

!

!

!

! !
!

!

!

!!!

!!
!

!

!

!!

!!
!!
!
!

!
!

!
!
!

!
!

!

!

!!!!

! ! ! !
!

!

!

!

!

!

!

!
!

!

!

!! ! !

! ! !

!
!

!
!

!

!
!

!

!!
! ! !

!

!
!

!

!

!

!

! !

!

!

!

!

!!!

!

!

!!
!

!

!

!
!

!

!

!

!

!

!

!

!

!

!!!

!!!
!

!
!
!

!

!
!

!

!

!

!

!

!

!

!

!

!
!

!

!

!

!

!

!

!

!

!!!

!

!

!

!

!

!!

!

!

!

!

!

!

!

!
!

!

!
!

!

!

!

!
!

!

!

!

!

!

!

!

!
!

!
!

!

!
!

!

!

!

!

!
!!

!

!

!
!

!
! !

!

!

!!
!

!

!

!
!!

!

! !
!

!

!

!
!

!!

!

!
!

!
!

!

!

!

!

!

!

!

!

!

!
!

!

!!
!

!

! !

!

!

! !
!

!

!

!

!
!

!

!
!

!

!

!
!

!
!

!

!
!

!
!

!

!

!
!

!

!

!
!

!

!

!

!

!

!

!

!

!

!

!

!

!
!

!
!

!

!
!

!

!

!
!

!

!

!

!

!

!

!
!

!
!

!

!

!
!

!

!

!
!

!
!

!
!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!!

!!!!!!!!!
!

!

!

!

!!

!

!!

!

!
!

!
!

!

!
!

!

!
!
!

!

!

!

!

!

!

!

!

!

!

!

! !

!

!

!

!

!

!

!

!

!
!

!

!

!

!

!
!

!

!

!
!

!
!

!

!
!

!
!

!

!

!

!

!

!

!

!

!

!

!
!

!
!

!
!

!

! !
! !
!

!

!

!

!
!

!
!

!

!

! ! !

!

!

!
!

!
!

!
!

!

!

!
!

!

!
!

!

! ! !
!

!

!
!

!

!

!

!

!
!

!

!
!

!
!

!

!

!

!

!

!
!

!
!

!

!

!

!
!

!
!

!
!

!
!

!

! !

!

!

!

!

!

!

!

!

!

!

!

!

!

!

! !

!

!

!

!
!

!

!

!
!

!
! !

!

!
!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!
!! !

!
!
!

!
!
!

!

!

!

!

!

!
!

!

!

!

!
!

!

!

!

!

!

!

!
!

!
!

!
!

!

!

!

!

!
!

!

!

!
!

!

!

!

!

!

!

!

!

!

!
!

!

!

!

!

!

!

!

!

!
!

!

!
!

!
!

!

!
!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!
!

!

!

!
!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!
!

!
!

!

!

!

!

!
!

!
!

!

! !
!

!

!

!

!

!

!

!

!

!

!

!

!
!

!
!

!

!

!
!

!
!

!

!

!

!

!

!

!

!

!

!

!

!

!
!

!
!

!

!

!

!

!

!!

!

! ! !
!
!
! !
!!

!

!

!
!

!

!

!

!

!

!

!

!

!
!

!

! !
!

!

!

!

!

! !
!

!

!

!

!

!

!

! !
!

!

!
!

!
!

!

!

!

!
!

!

!

!

!

!
!

!

!

!

!

!

!

!

!

!

!
!

!
!

!

!

!

! !
! !

!

!
!

!
!

!
!

!

! !

!

!
!

!

!

!

!

!

!

!
!

!
!

!

!

!

!

!

!

! !

!

!
!

!

!

!
!

! !

!

!

!

!

!

!

!

!

!

!

!

! ! !

! !
!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!
!

!

!

!

!

! !

! !

!

!

!
!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!
!

!
!

!
!

!
!

!

!!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!
!

!

!

!

!
!

!
!

!

!
!

!

!

!

!

! !
!

!
!

!
!

!

!

!

!

!

!

!

!
!

!
!

!

!
!

!

!

!

!
!

!

!

!

!

!

!

!

!

!

!

!

!
!

!

!
!

!

!

!
!

!
!

!
!

!
! !

!

!

!

!
!

!

!
!

!

!

!
!

!

!

! !
!

!
!

!

!

!

!

!

!
!

!
!

!

!

!
!

!

!

!

!
!

!
!

!

!
!!

!

!
!

!

!
!

!

!
!

!
!

!
!
! !
!
!

!
!

!

!

!

!

!

!

!

!

!

!

!
!

!

!

!

!

! !

!

!

!!

!

!

!

!

!
!

!

!

!

!

!
!

!!
!

!

!

!

!
! !

!

!

!
!

!
!

!
!

!

!
!!

!

!
!

!
!

!

!

!

!

!

!

!

!
!

!

!

!
!

!

^

^

^

^

^

^
^

^̂

^

^

^

^
^

V
a

le
n
ti
n
e
 L

a
k
e

G
o

ld
D

e
p
o
s
it

H
o
ff
's

P
o
n
d

A
u

P
ro

s
p
e
c
t

S
o
u
th

Q
u
in

n
 L

a
k
e

A
u

 P
ro

s
p

e
c
t

B
o
o
m

e
ra

n
g

H
u
rr

ic
a
n
e

D
o
m

in
o

L
o

n
g

 L
a

k
e

Z
n
 D

e
p

o
s
it

L
e
M

a
rc

h
a
n
t

Z
n
 P

ro
s
p
e
c
t

1
2

A
/0

6

1
2
A

/0
9

1
2

A
/1

0

1
2

A
/1

6

1
2

A
/1

5

1
2

A
/0

7

1
2

A
/1

1

1
2

A
/0

5

1
2

A
/1

4

1
2

A
/0

4

1
2

A
/0

3

1
2

A
/0

8

1
2

H
/0

1
1
2

H
/0

2
02D/13 02D/12

1
2
A

/0
2

1
2

A
/1

2

02E/04

1
2

H
/0

3

^

4
9

o
0
1
'4

2
"5
7

o
0

0
'0

0
"

55
o
58'58"

4
8

o
2
8
'5

4
"

5
6

o
3
6
'1

0
"

4
8

o
1
4
'5

7
"

4
9

o
0
1
'4

8
"

48
o
09'08"

5
7

o
5

0
'1

7
"

R
e
d

In
d

ia
n

L
a
k

e
B

a
s
in

T
il

l
G

e
o

c
h

e
m

is
tr

y
-

A
s

1
(p

p
m

)

!

≤
5

2
(9

0
-p

e
rc

e
n

ti
le

)

!
5

3
-

9
8

(9
7

.5
-p

e
rc

e
n

ti
le

)

!
>

9
8

M
in

e
r
a

l
O

c
c

u
r
r
e

n
c

e
s

^
G

o
ld

(A
u

)

^
Z

in
c

(Z
n

)

0
5

1
0

1
5

2
0

2
.5

k
m³

F
ig

u
re

 1
5
.
D

is
tr

ib
u
ti

o
n
 o

f 
a
rs

en
ic

 (
A

s1
) 

in
 t

il
l.

22



GOLD (Au1)

Most of the samples that are anomalous or elevated in Au1 are concentrated in the southwest, and

were sampled between 2007 and 2012, especially in NTS map area 12A/06 (Figure 16). Anomalous and

elevated Au1 values are interspersed with background values to a greater extent than that displayed by

other elements although they provide some support for the presence of anomalies in the latter. Examples

include the Cu2‒Zn2‒As1 anomaly southwest of the Domino, Hurricane and Boomerang VMS deposits,

and the Cu2‒Pb2‒Zn2‒As1 anomaly east-northeast of the northwestern corner of NTS map area 12A/09

and northeastern corner of NTS 12A/10 (see above).

COPPER (Cu2)

Anomalous and elevated values of Cu2, as defined above, are associated with several of the As1

anomalies described above (Figure 15). In addition, the following Cu2 anomalies are present (Figure 17):

1. Anomalous and elevated Cu2 values are found down ice from Tulks East, Tulks Hill and Tulks West

deposits and are consistent with a southwest glacial ice flow dispersion pattern (Smith, 2008) which

straddle the boundary between NTS map areas 12A/06 and 11. This area of anomalous and elevated

values is also defined by Pb2 and Zn2, but not by As1 or Au1.

2. Four anomalous and one elevated value are disposed along the southern shore of the southwestern half

of Long Lake (NTS map area 12A/06), over marine felsic volcanic rocks of the Victoria Lake super-

group; some of these samples are also anomalous or elevated in Zn2.

3. As expressed by anomalous and elevated Cu2 values, the anomaly defined by As1 Au1, Pb2 and Zn2,

extending northeastward from the intersection of NTS map areas 12A/09, 10, 15 and 16, also extends

to the southwest as far as the centre of NTS 12A/10.

LANTHANUM (La2)

Most concentrations of anomalous and elevated values of La2 are associated with the occurrence

of felsic intrusive rocks (Figure 18): the Topsails granite in the north (NTS map area 12A/15); the

Snowshoe Pond granite in the south (NTS 12A/07); the Overflow Pond granite in the east (NTS

12A/09) and various smaller intrusions such as the Roebucks Brook intrusions in the southwest (NTS

12A/06 and 11).

NICKEL (Ni2)

The most conspicuous concentration of anomalous and elevated Ni2 values is present southwest of

Red Indian Lake in NTS map area 12A/06 and 11 (Figure 19); the samples are underlain by mafic intru-

sive rocks of the Annieopsquotch ophiolite complex. A few of the samples are also anomalous or elevat-

ed in Cu2 (Figure 17). Other concentrations of anomalous and elevated Ni2 values, south of the south-

eastern arm of Victoria Lake, occur in a feature primarily defined by As1 (see above). They are also pres-

ent within the bounds of the anomaly defined by Cu2 (Point 3) that trends northeastward through the
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intersection of NTS map areas 12A/09, 10, 15 and 16, and on the southern boundary of NTS 12A/16,

west of Three Angle Pond. Striation directions suggest this last feature to be derived from a point source

in the vicinity of Burnt Pond, underlain by marine mafic and felsic volcanic rocks of the Victoria Lake

supergroup.

LEAD (Pb2)

As well as spatial associations with anomalies of As1, Au1 and Cu2 (and the mineralization they

are believed to be derived from) described previously, Pb2 shows a zone of enrichment over the mar-

gins of the Overflow Pond granite in the east, in NTS map area 12A/09, although not over the latter’s

core, or any other granitic intrusions (Figure 20). This annular feature is also displayed by Yb1, but not

by La2.

At the northern edge of NTS map area 12A/06 and adjacent part of NTS 12A/11, Pb2 anomalies are

consistent with glacial dispersion to the southwest from the Tulks West Cu and Tulks Hill Zn prospects,

the Tulks East Zn prospect and the Long Lake deposit, as indicated by striation directions (Figure 20).

YTTERBIUM (Yb1)

Compared to La2, Yb1 (Figure 21) shows a much stronger response, and stronger contrasts with the

surrounding supracrustal rocks, over both the Overflow Pond and Topsails granites). In the former case,

the anomalous values are concentrated around the margins of the intrusion but not at its core; a feature

also displayed by Pb2 (Figure 20). The Yb1 value of 32 ppm reported for sample 10-5541, collected over

the Topsails granite, exceeds (by more than 50%) the highest value of this element previously reported

for Newfoundland.

There is also an anomalous and elevated Yb1 response over the Snowshoe Pond granite (NTS map

area 12A/07), slightly weaker than the corresponding response for La2. Anomalous and elevated Yb1 val-

ues are also less numerous than those of La2 over the smaller intrusions (e.g., the Roebucks Brook intru-

sions) and their adjacent country rocks.

ZINC (Zn2)

The distribution of Zn2 is less focused than that of the other chalcophile elements, and the small con-

centrations of anomalous and elevated values are too numerous to describe individually. Zinc is present

in the element association of a number of anomalies described above, including the glacial dispersion pat-

tern from the Domino, Hurricane and Boomerang deposits in NTS map area 12A/06 (Figure 22).

IMPLICATIONS FOR MINERAL EXPLORATION

Comparison of the RILB till geochemical data to data for all of Newfoundland shows higher values

for As, Au and Cu, and markedly lower values for La in the RILB. Variations in local background should,

therefore, be taken into account when assessing the degree of anomaly of till analyses, whether collected

in the RILB or anywhere else on the Island.
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Interpretations of till-geochemical data should take into consideration a comprehensive knowledge of

the ice-flow history, the type of ice retreat and the resulting till morphology to aid in the development of

the following strategies for mineral exploration within the RILB:

1. Care must be taken when interpreting the direction of mineralized dispersal trains. This is because the

area has a complex ice-flow history reflecting fluctuations in ice flow during the last glacial advance

and retreat.

2. The sampling of till morphologies which has a higher silt content typically provides results that allow

geochemical anomalies to be more easily identified. Three till morphology types are noted here:

i) Areas of thin till veneer, with local boulders, are the most favourable for conducting drift-

prospecting studies because the till is locally derived and deposited during an ice-flow event. Till

veneer has a high to moderate sample medium effectiveness (Campbell et al., 2010); this is

because in areas of till veneer there is often a direct relationship between the till produced from

ice scouring and the direction of the last ice-flow event that allows for geochemical anomalies to

be more accurately sourced.

ii) Areas of thick till, such as till blankets, are also suitable for sampling, but it is important to

remember that the till may be the result of changes in ice dynamics and ice-flow direction, and

material available for collection at the present-day surface may not necessarily reflect the compo-

sition of local bedrock. Sampling medium effectiveness is moderate to high depending on thick-

ness of the till blanket (Campbell et al., 2010). Geochemical and textural samples, collected at

regular intervals throughout a section of thicker till will help determine if there are multiple till

units in the section.

Multiple samples through 7 m of till were collected southwest of Red Indian Lake and will be the

focus of a future report. It is important to note that areas of thick till have been identified in the

eastern part of the study area, however only one till unit has been identified through the sampling

of  surface samples. Further investigation of stratigraphy in the eastern part of the study area may

reveal multiple till units.

iii) In the absence of till veneer, a hummocky terrain is suitable for sampling; however, the sampling

medium effectiveness is low to moderate and as a result hummocky terrain is considered less suit-

able for drift prospecting than till veneer (Campbell et al., 2010). Hummocky terrains deposited

under stagnating ice, commonly contain a high proportion of exotic or far-travelled material. In

addition, due to the winnowing effects of meltwater, sediments forming hummocky terrain tend

to contain less fine material (i.e., they are sandier, and less silty) and tend to be better sorted than

till found in the same area. In conducting regional sampling programs where this type of hum-

mocky terrain is extensive, the best sampling strategy is to sample between the hummocks and

excluding kettles and other poorly drained areas (Campbell et al., 2010).

3. Glaciolacustrine sediments or those sediments modified by glaciolacustrine processes should not

be sampled for a till-geochemical sampling program. Glaciolacustrine deposits tend to be restrict-

ed in areal extent and may not be represented on a 1:50 000-scale surficial map. Within areas iden-
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tified as covered by glacial Lake Shanadithit, it is important to consider the maximum elevation

at which the glaciolacustrine sediments are potentially located. Recognition of glaciolacustrine

sediments is crucial because they were either deposited or modified by water, and are not reflec-

tive of ice transport.
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APPENDIX A

ANALYTICAL METHODS

Inductively Coupled Plasma–Optical Emission Spectrometry (ICP- OES)

For the ICP-OES analyses, the procedures outlined by Finch (1998) were followed. One gram of sam-

ple is weighed into a 125 ml Teflon beaker, and 15 ml HF (~48%), 5 ml of concentrated HCl, 5 ml of con-

centrated HNO3 and 2.5 ml of 70% HClO4 are added to each sample. The samples are placed on a hot-

plate at 200°C and evaporated to dryness, after which 5 ml concentrated HCl and 45 ml deionized water

are added, and the solution returned to the hotplate at 100°C. When the residue is completely dissolved,

the samples are removed, cooled and transferred to 50 ml volumetric flasks. One ml of 50 g/l boric acid

is added to each sample to remove any residual HF. Finally, the samples are made up to a volume of 50

ml with 10% HCl and mixed (Lichte et al., 1987). For most minerals, dissolution is total; exceptions are

chromite, barite and zircon. Analytical accuracy are judged from the results for reference materials (Table

A1).

The following elements were determined by ICP-OES; they are designated by the suffix “2”: alu-

minum (Al2), arsenic (As2), barium (Ba2), beryllium (Be2), calcium (Ca2), cadmium (Cd2), cerium

(Ce2), cobalt (Co2), chromium (Cr2), copper (Cu2), dysprosium (Dy2), iron (Fe2), potassium (K2), lan-

thanum (La2), lithium (Li2), magnesium (Mg2), manganese (Mn2), molybdenum (Mo2), sodium (Na2),

niobium (Nb2), nickel (Ni2), phosphorus (P2), lead (Pb2), rubidium (Rb2), scandium (Sc2), strontium

(Sr2), titanium (Ti2), vanadium (V2), yttrium (Y2), zinc (Zn2) and zirconium (Zr2).

Silver (Ag) is also analyzed by ICP-OES; however, the preparation is slightly different because Ag

may precipitate out in the HCl‒HClO4 solution. This preparation method is denoted by the suffix “6”. Half

a gram of each sample was added to a 25 ml test tube; 2 ml of concentrated HNO3 was added and the sam-

ples left in the fume-hood overnight. The test tube was placed in a 90ºC water bath and shaken thrice over

a two hour period. Once removed from the bath the samples were made up to a volume of 50 ml with de-

ionized water and mixed with a vortex shaker. 

Instrumental Neutron Activation Analysis (INAA)

Samples collected in 2007 were analyzed by Activation Laboratories of Ancaster, Ontario (Smith et
al., 2009), and those collected subsequently were analyzed at Becquerel Laboratories, Mississauga,

Ontario. Procedures from the two laboratories are the same and are presented below, and it is acknowl-

edged that levelling issues are possible. About 24 g of sample was used for the analysis and the samples

(with a blind duplicate and control reference standard, both inserted at a frequency of one in 20) were

weighed and encapsulated in the Geological Survey’s Geochemical Laboratory in St. John’s. Samples

were irradiated at the external laboratory with flux wires and an internal standard (1 per 11 samples) at a

thermal neutron flux of 7 x 1011 n/cm2s. After 7 days (to allow Na24 to decay), samples were counted on a

high purity Ge detector that has a resolution of better than 1.7 KeV. Using the flux wires, the decay-cor-

rected activities were compared to a calibration developed from multiple certified international reference

materials.
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Table A1. Accuracy of till-geochemical data using ICP-OES (2009, 2010, 2011, 2012 data only; see Open

File 12A/1449 (Smith et al., 2009) for accuracy of 2007 and 2008 till geochemical data). Results of analy-

ses of CANMET reference samples TILL-1 to -4. Observed values (Obs) are compared against recom-

mended values (Rec). Recommended values are from Lynch (1996). Negative values indicate below

detection limit

Till-1 Till-2 Till-3 Till-4

Obs Rec Obs Rec Obs Rec Obs Rec

(n=25) (n=16) (n=10) (n=16) (n=23) (n=16) (n=22) (n=17)

Al pct 6.52 7.3 7.33 8.5 6.01 6.5 7.08 7.6

As ppm 16 25 80 104

Ba ppm 678 702 540 540 490 489 385 396

Be ppm 1.5 2.4 3.2 4.0 1.2 2.0 2.9 3.7

Ca pct 1.78 1.9 0.89 0.9 1.82 1.9 0.87 0.9

Cd ppm 0.1 0.3 0.1 0.3

Ce ppm 68.9 71 86.4 98 43.1 42 68.2 78

Co ppm 15.8 18 18.2 15 12.5 15 7.7 8

Cr ppm 47 65 58 74 89 123 35 53

Cu ppm 39.6 47 141.7 150 18.9 22 223.8 237

Dy ppm 3.4 3.2 1.6 2.2

Fe pct 4.63 4.8 3.91 3.8 2.82 2.8 4.00 4.0

K pct 1.71 1.8 2.49 2.6 1.87 2.0 2.51 2.7

La ppm 25.3 28 36.5 44 19.3 21 35.1 41

Li ppm 15.5 15 46.0 74 21.5 21 28.8 30

Mg pct 1.19 1.3 1.08 1.1 1.00 1.0 0.72 0.8

Mn ppm 1347 1420 778 780 499 520 487 490

Mo ppm -1.0 2.0 12.7 14.0 -1.0 2.0 14.7 16.0

Na pct 1.91 2.0 1.55 1.6 1.89 2.0 1.72 1.8

Nb ppm 9.4 10 13.8 20 6.1 7 12.8 15.0

Ni ppm 21.1 24 27.7 32 37.2 39 16.1 17

P ppm 896 930 734 750 485 490 870 880

Pb ppm 14.4 22 22.4 31 20.3 26 46.0 50

Rb ppm 43 154 49 138

Sc ppm 14.3 13 12.8 12 10.8 10 11.4 10

Sr ppm 307 291 159 144 333 300 128 109

Ti ppm 4775 5990 4518 5300 2770 2910 4403 4840

V ppm 91.2 99 79.3 77 59.5 62 64 67

Y ppm 21.5 38 17 40 10.4 17 12.5 33

Zn ppm 87 98 115 130 50.6 56 66.9 70

Zr ppm 79 502 80 390 67 390 71 385

Note: ppm = parts per million, pct = percent



Elemental concentrations were determined for the following elements; they are designated by the

number “1” after each element in GSNL databases: arsenic (As1), gold (Au1), barium (Ba1), bromine

(Br1), cerium (Ce1), cobalt (Co1), chromium (Cr1), cesium (Cs1), europium (Eu1), iron (Fe1), hafnium

(Hf1), lanthanum (La1), lutetium (Lu1), molybdenum (Mo1), sodium (Na1), rubidium (Rb1), antimony

(Sb1), scandium (Sc1), selenium (Se1), samarium (Sm1), tantalum (Ta1), terbium (Tb1), thorium (Th1),

uranium (U1), tungsten (W1), ytterbium (Yb1) and zirconium (Zr1). 

QUALITY ASSURANCE

Data quality was monitored using laboratory duplicates and standard reference materials. Estimates

of accuracy are provided by the results from the standard reference materials analyzed with the routine

samples (Tables A1 and A2). These data show that for all elements except Zr2, data are acceptable and

meet the needs of the survey. In any case, for mineral-exploration purposes only relative variations of an

element are of primary concern, provided that any inaccuracy is consistent and that a sufficient number

of analyses exceed the analytical detection limit.

Table A3 lists Pearson correlation coefficients between all field and analytical duplicates. This param-

eter was chosen in preference to the Spearman ranked correlation coefficient because of the strong like-

lihood that the ranks of the duplicates making up each pair would be identical for the latter parameter,

resulting in frequent “perfect” (1.0) correlation coefficients and making them difficult to compare with

one another.

The correlation coefficients, thus calculated, can be used to reduce the size of the dataset for presen-

tation and subsequent statistical analysis. Of the 47 elements determined, 12 were determined by both

ICP-OES and INAA (As, Ba, Ce, Co, Cr, Fe, La, Mo, Na, Rb, Sc and Zr). Where analyses of the same

element are available by two methods, analyses by the better-quality method, as measured by the strength

of the correlation between laboratory and field duplicates are selected. Results from both field and ana-

lytical duplicates are in agreement in the case of Co (Co2 selected), Fe (Fe2), La (La1), Mo (Mo1), Na

(Na2), Rb (Rb1) and Zr (Zr2). In the case of As, Ba and Cr, there is disagreement between field and ana-

lytical duplicates as to which is the better method. In these cases, the method that provided better corre-

lation in the field duplicates (which are, after all, a measure of combined analytical imprecision and the

natural inhomogeneity of the sample medium), was selected; this was INAA, in all three cases (As1, Ba1

and Cr1).

All analyses are in the data listing in Appendix B. A summary of laboratory duplicate and control data

is included in this report, and detailed data are available on request.
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Table A2. Accuracy of till-geochemical data using INAA (2009, 2010, 2011, 2012 data only; see Open

File 12A/1449 (Smith et al., 2009) for accuracy of 2007 and 2008 till geochemical data). Results of analy-

ses of CANMET reference samples TILL-1 to -4. Observed values (Obs) are compared against recom-

mended values (Rec). Recommended values are from Lynch (1996). Negative values indicate below

detection limit

Till-1 Till-2 Till-3 Till-4

Obs Rec Obs Rec Obs Rec Obs Rec

(n=25) (n=9) (n=23) (n=23)

As1 ppm 17.8 18.0 25.3 26.0 87.6 87.0 111.6 111.0

Au1 ppb 13.4 13.0 0.3 2.0 7.0 6.0 5.0 5.0

Ba1 ppm 709.2 702.0 520.0 540.0 490.4 489.0 380.0 395.0

Br1 ppm 6.2 6.4 12.3 12.2 4.0 4.5 7.7 8.6

Ce1 ppm 76.0 71.0 107.7 98.0 43.1 42.0 85.5 78.0

Co1 ppm 18.3 18.0 14.9 15.0 14.5 15.0 7.7 8.0

Cr1 ppm 63.2 65.0 80.6 74.0 122.2 123.0 50.4 53.0

Cs1 ppm 1.0 1.0 11.8 12.0 2.0 1.7 13.0 12.0

Eu1 ppm 1.5 1.3 0.9 1.0 0.6 0.5 1.2 0.5

Fe1 pct 4.9 4.8 3.9 3.8 2.8 2.8 4.0 4.0

Hf1 ppm 13.6 13.0 10.6 11.0 6.3 8.0 11.7 10.0

La1 ppm 28.4 28.0 46.8 44.0 19.8 21.0 42.9 41.0

Lu1 ppm 0.6 0.6 0.5 0.6 0.2 <0.5 0.5 0.5

Mo1 ppm 0.5 <5 13.9 14.0 0.5 <5 16.6 16.0

Na1 pct 2.1 2.0 1.7 1.6 2.0 2.0 1.8 1.8

Rb1 ppm 43.6 44.0 143.3 143.0 56.2 55.0 167.0 161.0

Sb1 ppm 7.7 7.8 0.8 0.8 0.8 0.9 0.9 1.0

Sc1 ppm 14.6 13.0 13.0 12.0 10.3 10.0 11.2 10.0

Se1 ppm 0.5 0.5 0.5 0.5

Sm1 ppm 6.3 5.9 7.6 7.4 3.6 3.3 6.6 6.1

Ta1 ppm 0.8 0.7 1.9 1.9 0.5 <0.5 1.6 1.6

Tb1 ppm 1.0 1.1 1.2 1.2 0.0 <0.5 1.0 1.1

Th1 ppm 5.7 5.6 18.0 18.4 4.8 4.6 17.2 17.4

U1 ppm 2.0 2.2 5.5 5.7 2.0 2.1 4.8 5.0

W1 ppm 0.6 <4 4.8 <2 0.6 <4 193.7 204.0

Yb1 ppm 3.7 3.9 3.2 3.7 1.3 1.5 2.9 3.4

Zr1 ppm 431.7 292.0 150.0 302.0

Note: ppm = parts per million, parts per billion, pct = percent
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Table A3. Pearson correlation coefficients of field and laboratory duplicate samples collected in 2009, 2010, 2011

and 2012; see Open File 12A/1449 (Smith et al., 2009) for 2007 and 2008 samples. Decisions on which analytical

approach is appropriate for those elements analyzed by more than one method are based on these correlations

Pearson Correlation Coefficient Choice based on Choice based on

Element Field (N=66) Lab (N=69) Field Duplicates Lab Duplicates

Al2_pct 0.92 1

As1_ppm 0.97 0.99 As1 As2

As2_ppm 0.74 1 

Au1_ppb 0.76 0.16

Ba1_ppm 0.94 0.98 Ba1 Ba2

Ba2_ppm 0.87 1 

Be2_ppm 0.97 1

Br1_ppm 0.91 1

Ca2_pct 0.94 1

Cd2_ppm 0.96 0.97

Ce1_ppm 0.87 0.99 Ce2 Ce1

Ce2_ppm 0.93 0.99 

Co1_ppm 0.94 0.95 Co2 Co2

Co2_ppm 0.95 1 

Cr1_ppm 1 0.95 Cr1 Cr2

Cr2_ppm 0.97 1 

Cs1_ppm 0.94 0.98

Cu2_ppm 0.93 1

Dy2_ppm 0.98 1

Eu1_ppm 0.34 0.57

Fe1_pct 0.83 1 

Fe2_pct 0.87 1 Fe2 Fe2

Hf1_ppm 0.88 0.99

K2_pct 0.94 1

La1_ppm 0.9 0.99 La1 La1

La2_ppm 0.84 0.97 

Li2_ppm 0.93 1

Lu1_ppm 0.98 0.96

Mg2_pct 0.99 1

Mn2_ppm 0.96 1

Mo1_ppm 0.15 0.99 Mo1 Mo1

Mo2_ppm 0.1 0.98 

Na1_pct 0.91 0.95 

Na2_pct 0.94 1 Na2 Na2

Nb2_ppm 0.92 0.99

Ni2_ppm 0.99 1

P2_ppm 0.93 1

Pb2_ppm 0.93 0.99

Rb1_ppm 0.95 0.98 Rb1 Rb1

Rb2_ppm 0.86 0.98 

Sb1_ppm 0.97 0.99

Sc1_ppm 0.96 0.98

Sc2_ppm 0.97 1

Sm1_ppm 0.95 1

Sr2_ppm 0.83 1

Ta1_ppm 0.91 0.97

Tb1_ppm 0.98 0.97

Th1_ppm 0.84 1

Ti2_ppm 0.97 0.99

U1_ppm 0.91 0.99

V2_ppm 0.97 1

W1_ppm 0.31 1

Y2_ppm 0.99 1

Yb1_ppm 0.98 0.97

Zn2_ppm 0.95 1

Zr1_ppm 0.68 0.57 

Zr2_ppm 0.9 0.99 Zr2 Zr2

Note: ppm = parts per million, ppb = parts per billion, pct = percent



APPENDIX B

Red Indian Lake Till-Geochemistry Data
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APPENDIX C

Jenk’s-Optimization Plots of All Geochemical Variables

(ppm unless otherwise stated)
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