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TILL SAMPLING AND PRESENTATION 
OF PHYSICAL AND GEOCHEMICAL DATA 

FROM WESTERN VICTORIA ISLAND, 
NORTHWEST TERRITORIES 

Abstract 

A co-ordinated till sampling program was one component of a large mapping project on western 
Victoria Island, Northwest Territories. The program was designed to allow evaluation of the repro­
ducibility of results and of the spatial distribution of variance through analysis of variance tech­
niques. Sample characteristics measured include granulometry, carbonate content, and trace ele­
ment geochemistry. Data from site observations and laboratory analyses are appended in a table and 
on maps. Ana~vsis of variance indicates that certain variables strongly represent regional variation 
in till whereas others show considerable variability below the scale of sampling density. This 
information will be valuable when using the data and has contributed to a subsequent sampling 
design in an adjacent area. 

Resume 

Un programme coordonne d'echantillonnage des tills a ete realise dans le cadre d'un grand 
projet de cartographie dans l'ouest de l'ile Victoria (Territoires du Nord-Ouest). Le programme a 
ete COn(:U dans fe but de permettre !'evaluation de la reproductibilite des donnees obtenues et de la 
repartition spatiale de la variance a !'aide de techniques d'analyse de la variance. On compte parmi 
les caracteristiques des echantillons retenues la granulometrie, la teneur en carbonate et la geo­
chimie des elements en traces. Les donnees d'observation sur le terrain et d'analyse en /aboratoire 
sont presentees en annexe dans un tableau et sur des cartes. L'analyse de la variance indique que 
certaines variables correspondent fortement a une variation regionale du till tandis que d'autres 
montrent une variabilite considerable en de9a de l'eche/le d'echantillonnage. Ces renseignements 
s'avereront utiles lorsqu'i/ s'agira d'utiliser les donnees; ifs ant aussi servi a !'elaboration du plan 
d'echantillonnage utilise dans une region voisine. 

SUMMARY 

A project to study the surficial geology and 
Quaternary history of western Victoria Island 
included a co-ordinated till sampling program as one 
component. This program began with creation of a 
rational sampling design and progressed through 
field sampling and laboratory analyses to data pro­
cessing and presentation as a unified procedure 
resulting in comparable data for each of three map 
subdivisions. 

An unbalanced, inverted, nested (multilevel) 
sampling design was chosen to allow evaluation of 
sampling and to provide information on distribu­
tion of variation through analysis of variance . 
Surface samples were collected at grid sites as well 
as at other points on mapping traverses . Standard 
site observations were taken for geomorphic set­
ting, surface features, and pit characteristics. Soil 
horizon and depth profile were 'sampled at selected 
sites to evaluate the significance of variability 
resulting from depth of sampling. 

SOMMAIRE 

Un projet d'etude de la geologie des formations en surface et 
de l'histoire quaternaire de l'ouest de l'ile Victoria a, entre 
autres, comporte un programme coordonne d'echantillonnage 
des tills. La premiere etape du programme comportait 
!'elaboration d'un plan d'echantillonnage rationnel suivie de 
I'echantillonnage sur le terrain et des analyses en laboratoire 
puis du traitement et de la presentation des donnees selon une 
methode unifiee afin que les donnees de chacune des trois 
sous-divisions cartographiques soient comparables. 

Pour permettre !'evaluation de l'echantillonnage et pour 
obtenir des informations sur la repartition de la variation par 
!'analyse de la variance, on a choisi un plan d'echantillonnage 
non equilibre, inverse et a plusieurs degres. Les echantillons 
superficiels ont ete preleves a des endroits choisis sur la grille 
ainsi qu'a d'autres points sur les cheminements cartogra­
phiques. Les observations sur le terrain visaient, en general, a 
recueillir des informations sur les formes de relief, les elements 
de surface et les caracteristiques des cavites excavees. Des 
echantillons representatifs des horizons du sol et de son profil 
en profondeur ont ete preleves a des endroits choisis dans le 
but d'evaluer la variabilite en fonction de la profondeur 
d'echantillonnage. 



In the laboratory, gravel content and sand:silt: 
clay ratio were measured, carbonate content was 
determined, and clays were analyzed for 13 trace 
elements: copper, lead, zinc, cobalt, nickel, silver, 
chromium, molybdenum, manganese , iron, cad­
mium, uranium, and arsenic . 

Data files were created from laboratory results 
and site observations. Analysis of variance of labo­
ratory data identified those characteristics with 
strong regional variability at a reconnaissance 
scale. Shaded isarithmic plots were produced for 
these distributions whereas point values were plot­
ted for the rest. These plots and a table of labora­
tory values and site observations selected from 
data files are presented as appendices. 

Analysis of detailed soil and depth profile 
sampling indicates leaching of carbonates and 
enrichment of most trace elements in the upper or 
more oxidized material. None of these variations 
was sufficiently large to alter distribution plots or 
to suggest changes in reconnaissance sampling 
technique . 

The distribution of trace elements showing 
strong regional variance primarily reflects under­
lying bedrock composition. Superimposed on this 
pattern are the effects of glacial transport as well as 
other less obvious factors; which may include the 
relative age of surface or texture of a particular 
facies of glacial sedimentation. 

The data table and maps of variable distribu­
tions will be used in conjunction with other infor­
mation for geological interpretation. The use of 
both forms of data presentation will be guided by 
information on the distribution of variance at each 
sampling level. 

INTRODUCTION 

Des mesures en laboratoire ont etabli la teneur en gravier 
et le rapport sable-silt-argi lc, il en a ete de meme de la teneur 
en carbonate et de la presence, dans les argiles, de 13 elements 
en traces (cuivre, plomb, zinc, cobalt, nickel, argent, chrome, 
molybdene, manganese, fer, cadmium, uranium et arsenic) . 

Des fichiers de donnees ont ete etablis a partir des resultats 
de laboratoire et des observations sur le terrain. L'analyse de 
la variance des donnees de laboratoire a permis d'identifier les 
caracteristiques de forte variabilite regionale a une echelle de 
reconnaissance. On a trace des !ignes isometriques estompees 
pour representer ces repartitions tandis que les autres reparti­
tions correspondent a des valeurs ponctuelles. Ces cartes et un 
tableau contenant des donnees d'analyse en laboratoire et 
d'observation sur le terrain , extraites des fichiers de donnees, 
sont presentes en annexe. 

L'analyse d'echantillons de sol preleves dans certains 
horizons et a des profondeurs systematiques indique un lessi­
vage des carbonates et une augmentation de la teneur de la 
plupart des elements en traces dans les materiaux superieurs , 
soit les materiaux plus oxydes. Aucune de ces variations, 
cependant, n'a ete suffisamment importante pour modifier les 
cartes de repartition ou pour entrainer des changements au 
niveau de a la technique d'echantillonnage de reconnaissance. 

La repartition des elements en traces caracterises par une 
importa nte variance regionale reflete essentie llement la 
composition de la roche sous-jacente. Sur cette repartition 
ont ete traces les effets du transport glaciaire ainsi que d'autres 
facteurs mains evidents comme, notamment, !'age relatif de la 
surface ou la texture d'un facies particulier de sedimentation 
glaciaire. 

Le tableau de donnees et les cartes de repartition variable 
seront utilises avec d'autres informations a des fins d'inter­
pretation geologique. Le choix de ces deux formes de presen­
tation dependra des informations recueillies sur la repartition 
de la variance a chaque niveau d'echantillonnage. 

During 1981 and I 982, mapping of the Quaternary geol­
ogy of Victoria Island west of I! 0° W was pursued by 
Terrain Sciences Division of the Geological Survey of 
Canada. The aim of the project, co-ordinated by 
J-S. Vincent, is to produce surficial geology maps and 
reports describing the Quaternary sediments and history 
of the area. 

The more technical goals of the program were to 
maximize sampling density and to assure objectivity 
using available resources . As the amount of helicopter 
support would not permit a sampling density near that 
considered normal for reconnaissance sampling, it was 
most important that the sampling design allow testing 
sample reliability . In this report the till sampling pro­
gram, including its design, execution, analysis, and other 
data processing, is described and the results are pre­
sented in the form of maps and table. The bulk of fieldwork was completed in 1982 when 

three parties mapped equivalent size portions of western 
Victoria Island (Fig. 1) . This work included the execu­
tion of a systematic till sampling program to provide 
uniform sample coverage for all parts of the map area 
and a standard data set from subsequent laboratory anal­
yses . Till was chosen for the sampling target as a pri­
mary glacial sediment resulting directly from the pres­
ence of glacial ice. Characterization of tills can assist 
in interpreting their stratigraphic relationships , environ­
ments of deposition , geographic extent, and provenance 
and thus can contribute to an understanding of glacial 
events as an important part of Quaternary geology in the 
study area. 
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Figure 1. Location and study area on Western Victoria 
Isl and showing mapping subdivisions. 
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METHOD 

Program design 

An unbalanced , inverted , nested (multilevel) sampling 
design, as described by Garrett (1979), was adopted. It 
allows evaluation of the effectiveness of sampling 
through analysis of variance with a minimum of repli­
cate sampling and laboratory analyses. Hierarchical 
sampling levels include variation between grid cells, 
between subcells , within subcells , and variation at a site 
(Fig. 2). The Universal Transverse Mercator grid was 
modified to create equivalent area cells of land , each 
900 km 2. Contained within each grid cell were nine sub­
cells in which replicate sampling was done (Fig. 3). 
Sampling sites were chosen at random within cells and 
subcells and, after examination of airphotos, were 
moved to the nearest till outcrop. These sites were plot­
ted on I :250 000 scale topographic map sheets which 
were used in the field to integrate till sa mpling with geo­
logical traverses. 

As stated, one goal of the till sampling program was 
to provide baseline till characteristics, the variability of 
which could be tested as a rel iable representation of 
nature. To achieve this goal, statist ically sound sampling 
procedures and a set of assumptions were adopted. 
Despite random site selection and fixed grid size, known 

samples ~ 

cell level 

-
subcell level 

-
intrasubcell 

f--

site duplicate 

~~ 
normal cells replicate cell GSC 

Figure 2. Four-level , inverted, unbalanced 
sampling design (after Garret!, 1979) 

Figure 3. Schematic diagram of rep licate cell relation­
ship to sampling grid (about 20% of all cells). 

geological information was not ignored . Within the 
structured sampling, replicate cells were chosen to repre­
se nt geological complexity as well as to provide uniform 
distribution. Each geologist, besides collecting samples 
for the base program, added those sampling sites deemed 
necessary to meet general geological goals. Thus, in com­
plex areas, more sampling was done. 

Execution 

Sampling at grid sites was done as rapidly as possible to 
complete the design successfully without compromising 
other aspects of the project. Thus, no attempt was made 
to dig to the frost table (as much as I m below the 
surface). From each shallow pit (normally 20-30 cm deep) 
as fresh a sample as possible was collected avoiding 
obvious organic accumulations , oxidation, and unrepre­
sentative sorting. 

There was concern that soil processes in the active 
layer might affect sample characteristics to the extent of 
masking primary variations unpredictably. Deeper pits , 
some well below the frost table, were dug at selected 
sites where soils were described and detailed profile 
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sampling was carried out to provide information about 
the magnitude and nature of this potential problem (for 
similar work see Dyke, 1983, p. 18). In addition, soil 
zones were described and sampled in several shallower 
pits (Klassen, 1984). 

At each sampling site, observations recorded on stan­
dard forms included local morphology; surface features, 
such as vegetation and stone cover; distinctive lithologies 
and frost forms; and various characteristics of the near­
surface soil, such as drainage, stone content, presence of 
oxidation, and organic accumulation. 

Laboratory analyses 

All samples from the program were treated using the 
same series of tests, which included colour, granulome­
try, and geochemistry. 

During sample preparation, the dry Munsell colour 
of the matrix and the percentage of the total sample 
remaining on the 2 mm sieve (the gravel value) were 
recorded. Sieve and pipette analyses for each sample, 
from which sand:silt:clay ratios were computed, 
completed the physical testing. 

Total carbon and organic carbon contents were deter­
mined on the silt-plus-clay fraction using an electric 
induction furnace-combustion gas carbon analyser (LECO) 
and acid digestion techniques, the difference being taken 
as percent nonorganic carbon. The value produced is 
equivalent to a calcium carbonate content that would be 
required to give the measured result (and is expressed as 
a percentage by weight). 

Trace element geochemistry of the clay fraction 
(< 2 micron) consisted of analyses for copper, lead, zinc, 
cobalt, nickel, silver, chromium, molybdenum, manga­
nese, iron, cadmium, uranium, and arsenic. For determi­
nation of most elements, this fraction was leached with 
hot nitric and hydrochloric acids and the extract ana­
lyzed by atomic absorption spectroscopy. For uranium, 
the clay was leached with nitric acid and was analyzed by 
fluorimetry. In the case of arsenic, nitric perchloric acid 
leach was followed by colorimetric determination. Units 
of concentration are in ppm, except for iron which is 
expressed as a percentage. 

Data processing 

Files. Both laboratory results and site observations, 
along with identification and location information, were 
entered into a relational data base. Trace elements data 
for silver, molybdenum, and cadmium were not included 
because variation was insignificant, and levels were near 
detection limits. Laboratory data were selected and pro­
cessed to produce the analyses of variance, data tables, 
and maps for this report. The data base provides ready 
access and easy information processing to mappers dur­
ing compilation and interpretation of the Quaternary 
geology of western Victoria Island. 

Analyses of variance. Only those records from the 
structured sample design were selected for statistical 
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testing because criteria essential to the analysis are satis­
fied only within the design. Prior to analysis of variance, 
the data were tested for normality and homogeneity of 
variance and a transformation was applied to approxi­
mate these assumptions (Alder and Roessler, 1968, 
p. 276-278). Analysis of variance at the different levels of 
sampling indicate how much of the total variance occurs 
at the main (between-cell) level, thereby measuring the 
validity of the imposed sample density. Values for the 
proportion of variance at lower levels indicate the distri­
bution of the variance and may suggest the degree to 
which sampling density must be increased to produce 
meaningful results. UANOV A, a program developed by 
Garrett and Goss ( 1980), was used to evaluate the sam­
pling design. 

Plotting. Records used for plotting include all those 
from the structured sampling design plus all other com­
patible records from till samples collected outside the 
design. Compatible records are those from samples rep­
resenting the surface till at a site (i.e., not a buried till in 
section) and most nearly approximating the postdeposi­
tional environment of grab-type samples from the design 
(i.e., from near-surface rather than completely unaltered 
parent material). For example, where more than one 
sample was collected at a site, that most comparable to 
the bulk of other samples used was selected for plotting. 

Geographic distributions for each variable were plot­
ted as discrete point plots and as isarithmic maps. Plot­
ting was accomplished through the U R BIS5 package 
developed by Belanger (1978) with subsequent modifica­
tions allowing raster scan ink jet plotting. 

RESULTS 
Data table 

Laboratory results from all till samples analyzed are pro­
vided in Appendix I. Each row in the table includes 
sample number, site number (plotted in Fig. 4), latitude 
and longitude, per cent gravel, sand:silt:c lay ratio, car­
bonate content, concentration of the trace elements, 
Munsell colour, and symbols indicating whether the 
record was used for plotting and if it is part of the struc­
tured design. Also in this appendix are site observations, 
including coded surface conditions, shallow subsurface 
observations, and uncoded comments on site and situa­
tion. The data are sorted by ascending site number, and 
blanks in the table indicate missing data. 

Analysis of variance 

For most of the variables, from 60-80% of the variance 
occurs between 30 km grid cel1s. An empirical variance 
ratio indicating contour map stability or reproducibility 
(Garrett, 1979, p. 203) shows about one-third of the 
variable distributions will produce stable small-scale maps 
(i .e., if an equivalent sample were taken from the same 
area, a similar map would result). Another one-sixth are 
marginal for stable maps and the remaining half of the 
variables will produce maps with poor reproducibility. 



Figure 4. Location of till sampling sites on Western Victoria Island. 
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Table 1. Distribution of variance on regional a nd 
local scale 

Var iance Variables 

sand CaCO , Cu Pb Zn Co Ni Cr Mn u As 

% total 
variance 51 83 64 79 76 59 65 77 59 43 59 
between 
cells 

% total 
variance 28 13 16 12 8 11 8 10 25 41 14 
within 
subcells 

variance 

Fe 

53 

15 

ratio· 1.0 4.8 1.8 3.8 3.2 1.4 1.9 3.3 1.4 0.8 1.5 1.1 

·Emp irical variance ratio is between cell va ri ance di vid ed 
by the sum of between-subcell. within- s ubc ell , a nd on-
site variance . 

The distribution of variability between reg io na l and 
local scales is summarized in Ta ble l. G ra in size a nd 
uranium and iron concentration all show a ro und 50% of 
variance at the main level and significant va riance withi n 
10 km subcells and at the site. T hi s res ult ind ica tes t hat 
sampling density would have to be increased grea tl y to 
describe adequately the regional va ria tion . These vari ­
ables also have low variance ratios whic h reduces confi ­
dence in the maps. Cobalt , manganese, and a rse nic show 
60% variance between grid cells but produce va lues of 
the variance ratio suggesting, according to Gar rett's 
(1979) criterion , caution in using the derived maps . 
Sampling density for these elements sho uld a lso be 
increased to at least a 10 km grid. Speculati o n about the 
causes of these differing variance di stributi ons is beyond 
the scope of this report. 

Plots 

Fewer than half the maps plotted are based o n da ta with 
good reproducibility in which con sidera ble confid ence 
can be placed. These data are presented in A ppend ix 2 as 
shaded isarithmic maps. S hading for each interva l was 
chosen so that the distinct break between da rker and 
lighter tone occurs at about the va lue of the mea n plus 
two standard deviatio ns. 

Plots of those variables for which a lesse r leve l of 
confidence is appropriate are presented in Ap pendi x 3 as 
point-value maps . Line contours of the data a re reta ined 
to aid initia l inspection of the geographic di st ribution. 
Weaknesses in the sampling for each va riab le (as already 
described) should be considered whe n using these maps. 

The interpolation algorithm and contour generat io n 
are identical for each type of map. The fact tha t some 
values fall the wrong side of the contour o n the maps 
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Figure 5. Genera li zed P roterozo ic and Pa leozo ic geo l­
ogy of Wester n Victoria Island (after Thorstei nson and 
Toze r, 1962; Chr ist ie , 1964; and Douglas, 1969). 

results from contouring of an interpolated grid rather 
than the actua l sample site and values . The a lgorit hm 
corrects for spotty and clustered data dis t r ibu t ion a nd 
produces a "conservative" surface (Belanger, 1978, 
p. l-3). 

It must be stressed that an interesting feature o n t he 
maps must always be re lated to the quant ity and locat ion 
of samp les contribut ing to it as the distr ibution of sa m­
ple sites is not uniform . For example, the st ri king peak 
and hollow in the sand and silt surfaces immedia tely 
south of Pr ince Albert So und res ult from a single ano m­
alous sample (Appendix 3). 

Profile sampling 

A nalys is of de ta iled so il and depth-profile sampling 
indicates leach ing of carbonates and enrichment of most 
trace elements in the upper or more oxid ized ma te rial. 
None of these variations with depth or so il developme nt 
was sufficient ly large to change distribut ion plots sign ifi ­
cant ly. 

DISCUSSION 

T he p lots are simp ly a presentation of the data in its geo­
grap hic context. A deta iled interpretation of distribut ion 
patte m s is beyond the scope of th is report. Some genera l 
observat ions and hypo t heses may serve to ill ust rate the 
uti li ty of initial data presentation of this type . 
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Figure 6. Generalized ice flow (modified from Fyles, 
1963). 

Using only those plots considered stable (Appendix 2), 
one can see the close association between till geochemis­
try and underlying bedrock (Fig. 5). Carbonate content 
is low over Shaler Group rocks with a low ridge between 
Minto Inlet and the northeast Shaler Mountains corTes­
ponding to a gap in the extrusive outcrop. Carbonate 
content is also low near the Richardson Islands where 
basic sill s are exposed, contrasting with high values over 
much of the Paleozoic carbonate terrane. Copper, zinc, 
nickel, and chromium show similar, though reverse pat­
terns linking these elements to the Proterozoic mafic 
rocks of Victoria Island. Lead is the exception, showing 
locally elevated levels over Paleozoic sediments sur­
rounding the Shaler Group (arsenic trends correspond). 

Superimposed on the substrate-controlled distribu­
tion are features resulting, no doubt, from various pro­
cesses . Glacial transport (Fig. 6) is most likely responsi­
ble for high carbonate contents south of Wynniatt Bay 
and in eastern Diamond Jenness Peninsula. Low carbon­
ate content and elevated copper, nickel, and chromium 
values east of Do lphin and Union Strait are within the 
ice stream curving from Kent Peninsula over Richardson 
Islands north of Coronation Gulf. Other dispersion by 
glacial transport can be seen north of Minto Inlet and 
between Richard Collinson Inlet and Wynniatt Bay in 
nickel-chromium, copper, and zinc levels (though the 
M into Inlet zinc anomaly is based on few samples) . Could 
elevated copper as well as other elements on Prince 
Albert Peninsula result from long-distance transport 
from mafic sources and deposition of englacial and 
supraglacial material near an ice limit? 

Bedrock source and glacial transport are not the 
only processes causing variability in the geochemistry of 
tills. For example , low carbonate va lues in north-central 
Prince Albert Peninsula could result from dilution by 
glacial transport of mafic material, but may also reflect 
leaching on an older terrain (Vincent, 1984). A si milar, 
low carbonate area in eastern Wollaston Peninsula could 
simply indicate a coarser facies of glacial sediment 
(Sharpe, 1984) from which more finely comminuted car­
bonate fragments have been partially removed during 
deposition. 

Data tables and maps of variable distributions will be 
used in conjunction with other information for geologi­
cal interpretation. The use of both forms of data presen­
tation should be guided by information on the distribu­
tion of variance at each sampling level. 
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APPENDIX 2 
Contoured plots of selected trace elements in till 
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APPENDIX 3 
Point plots of granulometric and trace element data 
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CONTOUR INTERVAL IS 2 PPM 
RANGE IS 3 TO 43 PPM 
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73°23'N 
119°21·w 

TRACE ELEMENTS IN TILL 

MANGANESE 

120 

so km 

73'21'N 
109°41•w 

CONTOUR INTERVAL 

50 PPM TO SOO, 100 PPM TO 1 OOO, 500 PPM TO 2500 

RANGE IS 180 PPM TO 2770 PPM 
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CONTOUR LABEL IS 10% PPM VALUE 

CONTOUR INTERVAL IS 0.2 PPM 

RANGE IS 0 TO 2.9 PPM 
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73°23 'N 
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TRACE ELEMENTS IN TILL 
ARSENIC 
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n=360 

SO km 

CONTOUR INTERVAL IS 5 PPM 

RANGE IS 3 TO 92 PPM 
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TRACE ELEMENTS IN TILL 

68 ' 23'N 
11so24•w 

IRON 

CONTOUR 
RANGE IS ~NTERVAL IS 1% 

.7 TO 9.7% 
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