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“Science consisls in grouping facts so that general laws or
conclusions may be drawn from them.”

Charles Darwin (1888)

INTRODUCTION

This study is one of a series of small scale projects
designed to examine the feasibility of using multi-
element humus geochemistry for the location of
gold, base metal, or platinum group element (PGE)
mineralization in areas of shallow overburden (i.e.
<5 m deep) on the Canadian Shield of Ontario. Pre-
vious studies in this series have been completed in
the vicinity of gold mineralization at Hemlo
(Fortescue 1985), and at Lake Opapimiskan
(Fortescue, Stahl, and Webb, in preparation); in the
vicinity of a zinc showing near Hanes Lake
(Fortescue and Webb 1986); and in Granitic terrain
at Barbara Lake (Fortescue and Webb 1986). The
Lac Des lles study was the first to be located in the
vicinity of a PGE deposit.

The collection of humus at Lac Des lles was
carried out using a standardized methodology devel-
oped during the Hemlo humus investigation
(Fortescue 1985). The field work at Lac des lles was
completed during the first week of July, 1986. After
collection, the samples were dried, sieved to obtain
three size fractions, and analyzed for platinum, pal-
ladium, and 35 other chemical elements by Chemex
Labs Limited. Mississauga, under conract to the
Ontario Geological Survey.

This broadsheet provides a display and inter-
pretation of the humus multielement geochemical
data obtained from Lac des lies. A data disk (in
ASCIl format, compatible with IBM PC DOS), includ-
ing all the numerical data listad on Tables 1 ard 4
(on the reverse of this broadsheet), is also available
from the Ontaric Geological Survey.

OBJECTIVES

The project has three objectives:

1. 1o apply a standardized methodology for the
study of multielement geochemistry of humus at
the Lac des lles area, in order to provide in-
formation on the feasibiliiy of using humus as a
medium for geochemical prospecting for plati-
num group elements in the Canadian Shield.

2. o determine if pathfinder elements, indicative
of platinum group element mineralization, are
present in Lac des lies humus.

3. lo display and discuss the behaviour of 37
elements (Ag. Al, As, Au, Ba, Be. Bi, Br. Ca, Cd,
Co, Cr, Cu, Fe, Hi, K La. Lu, Mg, Mn, Mo. Na, Ni.
P, Pb. Pd, Pt, Sb, Se. Sr, Ta, Th, Ti, U, V, W, and
Zn) in humus collected from the Lac des lies
site, and compare some of these elements with
other similar geochemical data collected else-
where in Ontario.

GENERAL METHODOLOGY
DESCRIPTION OF THE LANDSCAPE MODEL

The standardized methodology for the collection of
humus in the vicinity of a mineral deposit, devel-
oped at Hemlo (Fortescue 1985) and used later at
the Barbara and Hanes Lake sites (Fortescue and
Webb 1986), has been summarized in a conceptual
model and a flow diagram (Figure 1). Briefly. a 100
to 200 m long traverse line is positioned to cross a
subcutcropping mineralized zone, along which
equally spaced sample points are established, usu-
ally at 10 m intervals. Landscape Domains are deter-
mined along the transect line, based primarily on
vegetative and/or soil cover.

The sampling of the humus is generally carried
out as follows:

1. Al each sample point, an undisturbed area of
the forest floor 50 by 50 cm is brushed free of
litter and a board 25 by 30 cm is placed in the
centre of the area.

2. A sharpened spade, large knife, small saw, or
similar instrument, is used to cut arcund the
board in order to make a sod which is then
overturned onto the board.

3.  Mineral matter on the exposed underside of the
sod is carefully removed using a trowel or a
stiff brush.

4. The sod, still on the sampiing board, is placed
into a large multj—walled paper sac, and the
board is removed.

8. The paper sac is labeled and sealed for later

sample preparation and chemical analysis.
‘Al sample sites where the humus layer is very thin,
steps 1, 2, 3, and 4 are repeated in order to obtain
sufficient sample for chemical analysis. This was
particularly important at Lac des lles because the
PGE analysis required several tens of grams of dry
material for each humus size fraction for fire assay
techniques.

In the laboratory, the humus samples are dried
al BO°C, crushed gently. and sieved o obtain three
size fractions: Fraction A, -20/+50 mesh
(-850/+300 micron); Fraction B, -50/480 mesh
(-300/+ 180 micron); and Fraction C, -80 mesh (-180
micron). Excess sieved material from each fraction
is saved in order to make a reference standard
mixture for each size fraction. Ten, or more, repli-
cates of each of these mixtures are seguenced into
the batch of unknowns for guality control purposes.

The general methodology involves analysis of
the humus subsamples using ICP (Inductively Coup-
led Plasma) and NAA (Neutron Activation Analysis)
instrumental multielement iechniques for the deter-
mination of 35 elements.

DESCRIPTION OF THE LAC DES ILES
INVESTIGATION

LOCATION

Lac des lles is located 80 km northwest of Thunder
Bay. The Lac des lles humus sample traverse line
(Line E in Figure 2) is situated 1 km south of the
lake, in the northern part of & mineralized area
known as the Roby Zone.

Line E, laid oul and sampled as per the model
described above (Figure 1), is orientated 060°, and
is positioned on a south-facing siope which dips
gently toward the wes! along most of the line. The
sample peints along this line (110 m in length) were
al 5m intervals, with a maximum difference in ele-
vation of 9.2 m between sample point C, at the
eastern end of the line, and sample point Z, at the
western end of the line.

The bedrock geology and landscape conditions
of the Roby Zone area are almost ideal for the
application of the line traverse conceptual model
illustrated in Figure 1. This is apparent from the
landscape section (Figure 3), showing two bedrock
domains (one of which contains a known mineral-
ized zone), and two major and cne minor landscape
domains.

GEOLOGICAL SETTING

The geolegy and mineralization in the Lac des lles
area is described by Sulcliffe and Sweeney (1985),
Sweeny and Sutcliffe (1986), and Macdonald (1985).
The humus sample line used in this study extends
over a contact between two gabbros; the Eastern
Gabbro (a uralitized leucogabbro)(Bedrock Domain
A in Figure 3), and the Western Gabbro (Bedrock
Domain B in Figure 3) which is more complex and
includes gabbro, gabbronorite, and pegmatitic gab-
bronorite (Sutcliffe and Sweeney 1885). Known PGE
mineralization occurs in the Western Gabbro, near
the contact with the Eastern Gabbro. The sulphide
mineralization which hosts the platinum/palladium
mineralizatior alsc contains significant levels of
nickel and copper and appears to be related to the
coarse-grained pegmatitic gabbre, altered
clinopyroxenite and associated brecziz zones
(Sutcliffe and Sweeney 1985; Sweeny and Sutcliffe
1986; Macdonald 1985).

Although outcrops of bedrock were relatively
few in the vicinity of the humus sample line
{particularly in the eastern part), evidence from dia-
mond drilling (see Figure 2 for position of holes)
indicated that the layer of overburden was <5 m
thick.

Bedrock Geochemistry

Rock geochemical data, for the two bedrock do-
mains which underlie Line E (Figure 3), for 22 ale-
ments included in the humus study (plus silicon),
were provided by R.H. Sulclifie (Geologist, Precam-
brian Geology Section, Ontaric Geological Survey,
Toronto, perscnal communication, 1987) (Table 2).
The chemica! dala in Table 2 includes averaged
values, derived from hand specimens, and diamond
drill core material obtained in the vicinity of Line E
(Figure 2). These data are listed using three dif-
ferent units (i.e. percent oxide, percent elemant, and
Clarke Index-l (K) units). These data shouid be used
as a first approximation only, because they repre-
sent relatively few rock samples, some of which
may have been selecled for their sulphide mineral
contenl. Nevertheless, the data in Table 2 are useful
for the interpretation of the humus geochemistry
obtained for Line E.

LANDSCAPE CONDITIONS

Landscape Domain | (Figure 3; sample points C, D,
EF G H. I J K L M N, and O) is characterized by
an overstory of mature aspen (Populus sp.) and an
understory which inciudes patches of Alder (Alnus
sp.) and a few Balsam Fir (Abies balsamea) lrees.
The open overstory canopy allows sufficient light to
reach the forest floor 10 support a lush growth of
herbs, grasses, and mosses.

Landscape Domain |l (Figurs 3; sample points P,
Q R 8 T, U, and W) consists of an overstory of
spruce (Picea sp.), as an open canopy, with scat-
tered clones of white birch (Befula papyrifera). The
understory is largely Alder bushes (Ainus sp.) which
occur in irregular patches. The ground vegetation in
Landscape Domain |l is composed of mosses,
lichens, and fiverworts, with patches of herbs and
small Balsam Fir seedlings.

Landscape Domain Il (Figure 3; sample points
X, Y, and Z) is locaied in a clump of alder bushes
approximately 2 m high, which have grown up
through a pavement of moss covered boulders and
cobbles.

CHEMICAL ANALYSIS

The subsampling and chemical analysis of the hu-
mus samples were completed as described above
using the model shown in Figure 1. Elements ana-
lyzed using the ICP method included Al, Ba, Be, Bi,
Ca, Cd, Co, Cr, Cu, Fe, K, Mg, Mn, Mo, Na, Ni, P, Pb,
Sr, Ti, V. and Zn. Elements analyzed by the NAA
method included As, Au. Br, Hf, La, Lu, Sb, Sc, Ta,
Th, U, and W. Ag was also determined, using Atomic
Absorption Spectroscopy. Two methods were used
for the determination of Pt and Pd in the humus
sampies. Method A, used on all Fraction B and C
samples [(sees Table 1), involved fire assay with
lead-coliection of a 20 g subsample. This sample
was inquarted with 2 mg of silver and the precious
metal bead cupelled at 850°C. The siiver in the bead
was laler dissolved in nitiic acid and then in Agua
Regia. followed by determination cf Pt (at 265.9 nm)
and Pd (at 247.6 nm) by Alomic Absorption Spec-
troscopy. The limits of detection reported for this
method are 25 ppb for Pt and 10 ppb for Pd. Method
B. used for Fraction A humus samples only (see
Tabie 1), involved the same fire assay procedure as
that describec for Method A, followed by the deter-
mination of Pt and Pd by Inductively Coupled Plas-
ma (ICP) Fluorescence Spectroscopy. The detection
limits for this method are 5 ppb for Pt and 2 ppb for
Pd.

RESULTS

Field descriptions of the humus samples collected
along Line E are provided in Table 3. Generally, the
humic matter is typical of forests on the Canadian
Shield, varying in colour from brown to black, and
ranging in thickness from <5 cm, over mineral soil,
io several tens of centimetres where an organic mat
lies directly on the bedrock surface. At some of the
sample sites, evidence of forest fires (charcoal) was
found in the layer of humus material

Table 3. Description of the humus material collected
along the sample line al Lac des lles.

sample  Depth of Remarks
Site Humus
{cm)
LANDSCAPE
JOMAIN |
C 4  Brown humus on mineral soil,
D 6 Dark brown humus mat on
mineral soil
£ 6-8 Black/brown humus mat on
mineral sail.
F 8-10 Dark brown humus mat on

mineral soil.

G 4-5  Black/brown humus mat on
brovr/grey mireral soil;
charcoal, gravel, and rotten
waod present.

H 4-8  Dark brown humus on mireral
soil; some gravel present.

1 8 Black/brown humus on brown
grey mineral soil.

] B lack numus on red/hbrown
mineral soil.

K 6 Black humus on mineral soil.

| 6 Black humus on red brown
mineral soil.

M 7 Black fumus on mineral soil
some charcoal .

N 5-6  Black humus on grey mineral
soil.

0 6 Black humus, 7 cm charcoal
layer under humus; grey
mineral sofl at 14 cm.

LANDSCAPE
DOMAIN 11

P 10 Dark brown humus, black
arganic sail.

Q §-10  Black/brown humus; charcoal
layer 5 om thick on bedrock,

R 8  Brown humus mat; 4 cm layer of
charcoal on bedrock.

S 4 Brown humus mat; Sphagnum on
black organic mat.

T 3-4  Black organic soil on bedrock;
Tocally nerth facing slope.

u 4-B  Black organic soil on
bedrock; Sphagnum present.

W 4-8  Light brown humus mat; some
charcoal, and a rotten wood
on red brown mineral soil.

LANDSCAPE
DOMAIN T11

X & Black humus on brown grey
mineral soil; gravel present,

Y 4 Brown/black humus on brown/grey
mineral soil; gravel present.

z 5-6  Brown/black humus on red/brown

mineral soil; gravel present.

The chemical data for samples from the repli-
cate mixture, introduced randomly among the un-
knowns, are listed in Table 4 (on the reverse of this
broadsheet). These analyses were included for qual-
ity control purposes, and indicate that the perfor-
mance of the analytical method is satisfactory for
most elements (i.e. those with a coefficient of vari-
ation of <15%). The elements with coefficients of
variation >15% primarily represent elements whose
concentrations are near the detection limit of the
method, or those elements which were heteroge-
neous within the replicate mixture. Ag, Bi, Cd, and
Ta values in the replicate mixture were below the
detection limit of the analytical method (detection
limits of 0.2 ppm, 2 ppm, 1 ppm, and 2 ppm respec-
tively), and were therefore omitted from Table 4.

All of the chemical data for the Lac des lles
humus study, including simple descriptive statistics
for each element, the analytical method and detec-
tion limit for each element, and the relative eleva-
tions of sample points along the line, are listed in
Table 1 (on the reverse of this broadsheet). The
element data are presented in both weight percent
(i.e. %, ppm, ppb) and Clarke Index-l (K) units. The
Clarke Index-I transformation was used to normalize
the multielement chemical data in order to simplify
the display of the element data, and thereby aid in
the interpretation of the distribution patterns for ele-
ments in the different humus fractions. Clarke val-
ues are calculated by dividing each element result
(as received from the contracted laboratory) by an
estimate for the abundance of that element in the
Earth's Crust as a whole, using the Clarke Index-|
values described by Forlescue (1985). As discussed
abcve, Ag, Bi, Cd, and Ta (not listed on Table 1)
were also found to be below the detection limit of
the analytical method in all the Lac des lles humus
samples (detection limits of 0.2 ppm, 2 ppm, 1 ppm,
and 2 ppm respectively). It should be noted that the
chemical data are described here as they were
deiivered from the contractor, and have not been
verified either by resampling or repeat analysis of
anomalous samples.

DISCUSSION

The discussidn and interpretation of the geochemi-
cal patterns in the humus data are described at
each of three levels of detail. At the GLOBAL LEV-
EL, the abundance of 12 "major” elements in the
Lac des lles humus is compared with similar daa
obtained elsewhere in Ontario. At the REGIONAL
LEVEL, geochemical patterns along the traverse line
in the Lac des lles humus are discussed. Al the
LOCAL LEVEL, levels of elements in individual hu-
mus samples are described.

GLOBAL LEVEL

The Global Level interpretation of humus geochemi-
cal dala provides a general summary of the "major”
element geochemical data from the Lac des lles
area as compared with similar datasets from other
areas in Ontaric (Hanes Lake and Barbara Lake
areas, Fortescue and Webb 1986). The elements in
this group, referred to here as "major” elements,
include the top 12 elements analyzed in our study
when ranked in order of decreasing abundance in
the Earth’s Crust (j.e. Al, Fe, Ca, Mg, Na, K, Ti, P, Mn,
Ba, Sr, and V). The high correlations of most of
these "major” elements with LO.l. (Table 5, ele-
ments discussed in this section are identified with
an asterisk) indicates that the levels of many of
these elements in humus is primarily controlled oy
the relative proportions of organic matter to mineral
matter (see Regional Level discussion below). Con-
sequently, the comparison of "major” element geo-
chemistry among humus lines collected by the On-
tario Geological Survey in Ontario, is presented as
plots of element (in K units) against L.O.. (Figure 4).

Table 5. Correlation coefficients (r) of elements with
Loss On Ignition (L.O.l.) in humus samples collected
at Lac des lles. Those elements with most vaiues
below the detection limit of the analytical method
(i.e. Ta, W, Cd, Ag, Pd. Bi, and P1) were omitted.

Element r n p

Al * -0.97 65 <0.001
Fe * -0.94 65 <0.001
Ca * -0, 81 65 <0,001
Mg * -0.81 65 <0.001
Na * -0.96 65 <0.001
g # -0.95 65 <0. 001
T8 * -0.96 65 <0.001
F #* 0.33 65 <0.01
Mn * -0.70 65 <0.001
Ba * -0.92 65 <0.001
B -0.96 65 <0.001
g -0.93 65 <0001
Cr -0.89 65 <0.001
Ni -0.46 65 <0.001
Zn -0.10 65 n.s.
Cu -0.10 65 n.s.
La -0.480 65 <(.001
Co -0.9¢2 65 <(}, 0ol
Se -0.,92 65 =(. 00!
Pb 0.44 65 <0, 001
Th -0.54 65 <0, 001
Hf -0.70 65 <(). 001
Br 0.79 65 <0001
u -0.69 85 <0.001
He -0.38 85 <0.01
As 0.13 65 n.s

Mo -0.58 85 <{.001
Lu -0.74 85 <0.001
Sh 0.42 65 <0.001
Au -0.02 65 n.s.

* elements discussed at the GLOBAL LEVEL

The levels of elements in Figure 4 are given in
Clarke Index-I units, which are based on estimates
for the level of elements in rocks of the Earth's
Crust. As the mineral matter in humus is "diluted” by
organic matter, it is not surprising to find that levels
for many elements (e.g. Al, Fe, Ca, Mg, Na, K, and
Sr) are generally below 0.50 K. A major plant nu-
trient, P, was found to have relatively high values
(mainly in the 0.5 to 0.9 K range), reflecting the
organic matter contribution to humus. Contrary to the
other elements in this group, P has a positive asso-
ciation with LO.I. (Table 5), although the levels are
considerably variable in the organic-rich samples
(Figure 4, note the relatively low correlation coeffi-
cients).

Four of the elements (i.e. Al, Na, K, and Sr) were
found to be at comparable levels in the humus
overlying the Gabbros at Lac des lies, the granites
al Barbara Lake, and the metavolcanics at Hanes
Lake, when the proportion of mineral matter to or-
ganic matter is taken into account through the use
of the L.O.I. parameter (Figure 4). Mn levels at Lac
des lles were only slightly higher than at Barbara
Lake, while the Mn levels al Hanes Lake were ele-
vated in the vicinity of base metal mineralization on
that humus traverse line. The Lac des lles humus
did however yield consistently higher Fe, Ca, Mg, Ti,
and V, and lower Ba values than the humus from the
other two sites (Figure 4). These resulls are believed
to be due to differences in the chemical composition
of the underlying bedrock.

felatively high Ca values for sample points at
the south end of the Hanes Lake line, are apparently
a result of the thick, calcium-rich, overburden en-
countered at these sample points. Thess samples,
with high Ca and Loss On Ignition, masked the
correiation of Ca with L.O.l. evident in the other two
humus lines. Consequently, the regression line for
Ca vs L.O.l for Hanes lake humus was omitted from
Figure 4.

These resuite suggest that multielement humus
geochemistry, with element levels correcied for
L.C.l, may be useful in differentiating chemically
distinct bedrock formations. This aspect of humus
multielement interpretation is discussed further in
Fortescue, Stahl. and Wabt (in preparation).

HEMLO LANDSCAPE MODEL METHODOLQGY FOR HUMUS STUDIES
Landscape Domains : g
T . able 2. Element abundance in the rocks of the two bedrock domains which
| I L FIELD INVESTIGATION glong the sample fine a1 Lac des lles, ch occur
Data Collection Sample Collection =
Recording of landscape features using Samples of humus collected as 25 x 30 cm Eastern Gabbro Western Gabbro
: | notes, sketches, photographs, tapes, etc. sods free of litter and mineral matter. (Bedrock Damain A) (Bedrock Domain B)
g Humus sampies transported in multiwalled
AB C D E F : paper sacs. : = )
" : Element Oxide Element Element (n) Oxide Element Element (n)
: * Mean Mean Mean Mean Mean Mean
LABORATORY PROCESSING " | i
5 49.30 () 23.05 (%) 0.84 (5) 48.47 (%)  22.88 (%) 0.83 (8)
Humus samples dried at 80°C, crushed gently Al 20.28 (%) 10.73 (%) 1.28 (5) 18.54 (%) 9.81 (%) 1.17 (8)
S and sieved to obtain Fraction A [-20/+50 fFe 6.19 (%) 4.70 (%) 0.76 (5) 6.27 (%) 4.80 (%) 0.77 (8)
/ gy mesh) Fraction B (-50/+80 mesh) and Mg 6.89 (%) 4.16 (%)  1.50 (5) 8.78 (%) 5.30 (%) 1.92 (8)
ey Fraction C (<80 mesh). Ca 12.36 (%) 8.83 (%) 1.80 (5) 10.67 (%) 7.83 (% 1.64 (8)
A B C Subsamples of each humus size fraction are Excess material from each size fraction is Na g;; E%E 1.57 Ezg 0.69 (5) | 2.10 (%) 1.56 (%) 0.69 (8)
= analyzed for 35 chemical elements using mixed to oproduce a reference standard : : %) 0.22 (% 0.12 (5} 0.47 (%) 0.39 (k) 0.21 (8)
Bedrock Domains multielement instumental technigues ([ICP, mixture. Ten replicates of each mixture are b b l,g (EE 3:4L (%) 9'18 (5% | L (%E o34 (%E 0.15 (B}
R pom— NAA, etc.). Loss on ignition s also sequenced with the unknowns for chemical :h; g{fg E;; ggé [l;zzl gg?, EES\: | s (%: o “i ¢.26 (B’
AT G AT il satiite. 2 %) . £) .23 (5) | 0.12 (%) 0.09 (%) 0.88 (3)
The Hemlo Landscage Model : r Co £0.80 (ppm) 40.80 (pom) 1.41 (5) 53.00 (ppm) 53.00 (ppm) 1.83 (8)
Cr 132.80 (ppm) 132.80 (ppn) 1.08 (5) 203,00 (ppm) 203.00 (ppm) 1.66 (8)
Data sets for elements and loss on ignition are transferrad Cu 110.00 (ppm) 110.00 (ppm) 1.82 (5) 525.37 (ppm) 525.37 (ppm) 7.73 (8)
The section 1s of a landscape orientated north-south some 200 m leng. to a personal computer for processing. b 169.80 (ppm) 169.80 {ppn) 1.72 (5) 574.37 (ppm) 574.37 (ppm)  5.80 (8)
Pb 16.00 (ppm) 16.00 (ppm) 1.23 (3) 19.40 {(ppm) 19.40 (ppm) 1.49 (5)
The surface of the bedrock is relatively smooth with a layer of overburden not more than 5 m thick. 4 2 #.00 (poa) 46.0 (gem) 0.0 {5} %55 (o) 6,25 (o) 0,78 (B)
DATA PROCESSING Be 1.00 (ppm) ~ 1.00 (ppm) 0.50 (5) 1.00 (ppm) 1.00 (ppm) 0.50 (8)
The difference in elevation between the top and the bottom of the slope is not more than 10 m. \5: gifgg Epl-‘l'ﬂ: 2‘??23 {rm) ;;i {? EB'?Z s Em:m) alt A8)
Field date is combined with chemical data Data for the reference standard mixtures V 1]8.00 {Sﬂ'ﬂ) 118-;{] EDDI'"; 0-8; }5; ]lg?gf, (ppm) 190'62 (opw)  0.50 {8)
The bedrock, which includes a mineralized zone halfway down the slope, strikes at right angles to the for abundance of 35 elements and L.0.1. to ére processec o optain quality control . - . - . ekt el
slope. L zzlde a "Hemlo Model” databfse. These information on the analytical methods. Au 11,33 (ppb) 11.33 (ppb) 2.83 (3) 53.12 (ppb) 53.12 (ppb) 13.28 (8)
are transformed using the Clarke Index These data are also tabulated. Pt 10.80 (ppb) 10.50 (ppb) 21.20 (5) 71.00 (ppb) 71.00 (ppb) 142.00 (8)
Tnree types of bedrock underlie the slope which are referred to as "Bedrock Domains". Bedrock Damain I, and tabulated in full. Geochemical data Pd 64.40 (ppb) 64.40 (ppb) £.29 (5) 485,62 (ppb) 485.62 (ppb) 32.37 (8)
A is a control for the geochemistry at the top of the slope, Bedrock Domain B is the mineralized for each humus size fraction are graphed —_—
zone, and Bedrock Domain € is 1n country rock below the mineralized zone, which acts as a foundation using standard methods.
for any secondary geochemical ancmalies. * ‘
Above the bedrock surface is a continuous layer of overburden, without clay layers, not more than 5 m GEOCHEMICAL PATTERN INTERFRETATLON
thick. The material may be till, sand, silt, or organic matter, provided that it is well drained.
In the ideal case it would be uniform in thickness and camposition. The geochemical data are interpreted at three levels.
[] []
The landscape section is usually divided into two or more “landscape Domains", because uniform PROVINCE WIDE (GLOBAL) | REGIONAL INTERPRETATION LOCAL INTERPRETATION
landscape conditions downslope are unlikely. Each Landscape Domain is identified by a characteristic INTERPRETATION
soil and/or plant cover type. Two Landscape Domains (I and II) are included in the diagram.
Landscape Domain I (sample points A-Q) includes a zonal soil lying on till, and Landscape Domain [l Comparisons with other Comparisons of behaviour of Details of the behaviour of
includes a deep layer of organic matter directly on the till, similar, humus multielement elements in the three humus elements in relation to the
data sets. fractiens 1n different mineralized zone.
The Hemlo Landscape Model may be used for the collection of one sample material (i.e. humus) ar for bedrock and landscape
multimedia sampling. domains.

Figure 1. The Hemio Landscape Model; a generalized methodology used for humus geochemical studies

(Fortescue 1988).
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Figure 4. Relationship between Loss On Ignition (L.O.l.) and 12 "inajor” elements in all fractions of humus
samples collected from the Lac des lles (LDI, ®), Barbara Lake (BL, ®), and Hanes Lake (HL, Q) areas.
Regression lines are included for statistically significant correlations (with *** = p<0.001 and ** = p<0.01).
Note that two sample stations along the Hanes Lake line, which had Mn values >4 K in all three size fractions,
were omitted from the figure in order to prevent excessive compression of the y-axis scale.
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REGIONAL LEVEL

Interpretation at the Regional Level is concerned
with individual responses for elements along the
entire traverse line, in each of the three humus size
fractions. For each element determined in the Lac
des lles humus (except Ag, Bi, Cd, and Ta, which
were below detection limits in all humus samples),
three geochemical diagrams, one for each humus
size fraction, are presented (Figure 5). Each diagram
includes a topographic section of Line E (drawn to
scale) as a base on which the values for the abun-
dance of an element (in Clarkes) in a particular
humue size fraction are plotted.

The geochemical patterns for most elements in
Figure 5 are generally similar among the three hu-
mus size fractions. This indicates the robusiness of
the methodology used to obtain the geochemical
data, and demonstrates that, under favourable land-
scape conditions, humus is a reproducible medium
for geochemical prospecting in forested areas.

For the discussion that follows, the 32 element
humus patterns in Figure 5 have been divided into
three groups:

a. Elements whose abundance along the traverse

Group (c) Elements associated with the PGE min-

gralization
On the basis of data for the geochemistry of
Lac des lles area rocks (Table 2), elevated
levels of Ni, Cu, and Au were expected to be
associated with PGE in humus collected over
the mineralized zone in Bedrock Domain B. The
anomaly patterns for these elements in the hu-
mus collected in this siudy, however, were
weaker than expected (Figure 5). The pattern
for Cu was similar to that for Ni, with high
values at sample point J, over the known min-
eralized zone. The copper pattern also includes
relatively high values at sample points T and U
(Figure 5) which might indicate the presence of
another aisseminated zone of mineralization.
Sulphide mineralization is known to occur in
bedrock a few tens of metres east of the tra-
verse ling, in the area of this second anomaly
A.J. Macdonald, Geologist, Precambrian Geol-
ogy Section, Ontario Geological Survey, Toronto,
personal communication, 1986).
The concentration of Ni in the humus was nega-
tively correlated with L.O.l. (Table 5), indicating
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line is related to the Landscape and Bedrock
Domains (e.g. Al, Ba, Br, Ca, Co, Cr, Fe, Hf, K,
La, Lu, Mg, Mn, Mo, Na, Th, Ti, Sc, Sr, U, and V).

b. Elements with irregular abundance along the
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Figure 5. Abundance of 32 elements and Loss on Ignition in the three size fractions (from left to right, for each
element, the size fractions are -20/+50, -60/+80, and -80 mesh) of humus collecied along the Lac des lles
sample line, arranged in order of decreasing element abundance in the Earth’s Crust. The light and dark
shading indicate elements in Groups a and c, respectively (see Regional Level discussion).

line (e.g. As. Be, P, Pb, Sb, and Zn).

Elements associated with the PGE mineraliza-
tion (e.g. Au, Cu, Ni, Pd, Pt, and W),

0

Descriptions of the Groups

Group (a) Elements whose abungance along the
traverse line is related to the Landscape and Bec-
rock Domains

Most of the elements analyzed in the humus
samples collected at Lac des lles have similar
distribution patterns along the traverse line
(Figure 5). Except Br, all of these elements (i.e.
Al, Ba, Ca, Co, Cr, Fe. Hf, K, La, Lu, Mg, Mn, Mo,
Na, Th, Ti, Sc, Sr, U, and V) have relatively low
values at sample point C, generally elevated
values along the iraverse line to sample point N
or O, and then relatively low values in samples
from points P to U. Element levels rise again
slightly at sample points X, Y, and Z (Figure &,
Table 1). The Br pattern is opposite to that just
described.

These element patterns reflect differences in
mineral matter vs organic matter in the humus
samples, as indicated by the high correlations
of these elements with Loss On Ignition (Table
5). Loss on Ignition (L.O.L) is in turn related to
the Landscape Domains recorded along the
sample line, with Landscape Domain )l having
significantly higher L.O.l. than the other two
Landscape Domains (p<0.001, as determined
by ANOVA and the Scheffe multiple range test).
In this connection it should be noted that Land-
scape Domains | and Il are dominated by de-
ciduous vegetation in contrast to Domain ||
where conifers form the overstory. L.C.I. and Al
levels, for example, are plotted together in Fig-
ure 6 to illustrate these relationships. Note that
where L.O.l is high (i.e. low mineral matter), the
slement levels, Al in this example, are low.
These element levels are considered to be a
reflection of the underlying geological substrate
as modified by the overlying vegetation. Data
from a humus line located near Lake
Opapimiskan, which passes over two very dis-
tinct Bedrock Domains, clearly illustrates this
relationship (Fortescue, Stahl, and Webb, in
preparation).

The level of Br in Humus collected at Lac des
lles is positively correlated with L.O.I. (Table &,
and Figure 7). Again, this a reflection of
changes in Landscape conditions. Landscape
Domain I, with high L.O.l. and Br, is dominated
by spruce trees which are known lo accumulate
Br in their needles (Andren et al 1973).

This group of elements illustrales a uniformity in
regional humus geochemistry, in which levels
of many elements in humus are dependent on
an interaction between bedrock geochemistry.
and landscape conditions.

Group (b) Elements with irregular abundance along
Line E

The |levels of elements in this group (i.e. As, Be,
P, Pd, Sb, and Zn) generally exhibited irregular
and variable abundance patterns which repeat-
ed poorly among the three fraction sizes. Some
of these element patterns, however, are similar
to those in Group 1. For instance, P, Pb, and Sb
values yielded small but significant positive cor-
relations with L.O.I. (Table 5), indicating a slight
association with organic matter, and Ni and Be
were somewhat negalively correlated with L.O.l.
(Table 5), indicating a slight association with
mineral matter.

Four of the slements in this group (i.e. As, P,
Pb, and Sb) tend to be accumulated in forest
humus relative to their Clarke Index-l values.
Elevated levels of these elements were also
noted at Hemlo, and Barbara and Hanes Lakes
(Fortescue 1985; Fortescue and Webb 1986).
The abundance patterns of As and Zn are not
correlated with L.O.l. and appear tc be indepen-
dent of both the dominant Landscape and Bed-
rock Domains. Likewise, these two elements are
apparently not associated with the PGE min-
etalization.

that high Ni values are associated with in-
creased mineral matter in the humus samples.
When plotted against L.O.l. (Figure 8), however,
the Ni values at sample point J (identified by
the large symbols) are clearly anomalous, and
are not masked by the dominant Ni vs L.O.L

relationship.
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Figure B. Relationship between L.O.l. and Ni in all
humus size fractions collected at Lac des lles. Large
symbols indicate Ni values for humus from sample
point J (located over the mineralized zone). Nole
that the -80 mesh fraction of humus from sample
point J had a missing L.O.l. value which prevented
the plot of its corresponding Ni value of 111 ppm,
(1.1 K.},

Although most of the W values were below the
detectiori limit of the analytical method, this
element was also anomalous over the mineral-
ized zone (Figure 5), and may be an indicator
of PGE mineralization.

The role of Au as a pathfinder element for PGE
mineralization is well known and substantiated
by both the rock and humus geochemical data
obtained at Lac des lles (Figure 5).

Both of the analytical methods used for the
determination of Pd yielded similar element pat-
terns, which repeated among the three humus
size fractions (Figure 5), each of which had
anomalous values for Pd over the main mineral-
ized zone.

Like Pd, Pt was determined by two analytical
methods in different size fractions of humus.
Unfortunately, even with the more sensitive
method (Metnod B abovs), only two above
background Pt values were found (at sample
points C and J) (Table 1). The greater mobility
of Pd compared with P! should be remembered
in this conlext as well as the fact that the Lac
des lles deposit is reported to contain higher
levels of Pd compared with Pt (Table 2).

It is concluded that, under favourable condi-
tions, such as those at Line E at Lac des lles,
Cu, Ni, W, Au, Pd, and Pt in humus may all be
useful as direct indicators of PGE mineraliza-
tion. It should be noted that the high values for
these elements are resfricted to very narrow
geochemical anomaious zones and that a sam-
ple spacing of 5 m between humus collection
points was reqguired to detect, or delineate the
geochemical anomalies along Line E at Lac des
lies.

LOCAL LEVEL

In this section, the geochemical "high” values for
indicator elements in humus are discussed in detail
in relation to the known PGE mineralization along the
humus sample line.

Humus Geochemistry over the Main Mineralized
Zone

Geological information obtained from outcrops and
diamond drilling in the vicinity of Line E have been
synthesized, and show thal the Pt/Pd main mineral-
ized zone (within Bedrock Domain B) dips steeply
and suboutcrops in the vicinity of sample point J
(Figure 3). The humus geochemical values for the
elemenis of interest at sample J, and adjacent sta-
ticns, are lisied in Table 6 in ppm or ppb uniis.

Table 6. Geochemical data for six indicator elements in the three size fractions of humus samples collected In
two areas of high values along the sample line at Lac des lies.

Fraction A * Fraction B Fraction C
(=20 450 mesh) (=50 +B0 mesh) (-80 mesh)
H ™™ 1 J K L H | J K L H I d K L
Element
K (ppm) 3l.0 32.0 1180 34.0 23.0 31.0 34.0 121.0 38.0 28.0 30.0 33.0 111.0 37.0 27.0
Cu (ppm) 15.0 17.0 83.0 18.0 15.0 15.0 19.0 88.0 21.0 16.0 40 16.0 75.0 18.0 13.0
W (ppm) 1.0 1.0 3.0 1.0 1.0 1.0 1.0 5.0 1.0 1.0 2.0 1.0 5.0 1.0 1.0
Au (ppe) 24 23 197 14 Bl 27 1.0 179 27 1.0 3.8 1.0 188 1.0 3.5
Pt (ppb) 5.0 5.0 25.0 5.0 5.0 25.0 25.0 25.0 @250 25.0 25.0 50 250 250 25.0
Pd  (ppb) 8.0 2.0 330.0 40 4.0 10.0 10.0 340.0 10.0 10.0 10,0 10.0 330.0 10.0 10.0
Fraction A * Fraction B Fraction C
(-20 +50 mesh) (-50 +80 mesh) (-80 mesh)
$ T U W b 5 T U W X 5 1 U W X
Ni  {ppm) 12.0 23.0 28.0 24.0 1R.0 14.0 24.0 18.0 30.0 22.0 13.0 31.0 30.0 35.0 280
Cu (ppm) 13.0 60.0 35.0 10.0 1B.0 15.0 63.0 29.0 11.0 17.0 13.0 3.0 32.0 1:3.0 18.0
W (ppm) 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Au (ppb) 1.6 10.1 9.8 1.0 1.0 1.0 10.8 10.7 1.0 1.5 1.2 30.8 8.5 3.3 1.9
Pt (ppb) 5.0 5.0 5.0 50 5.0 250 250 250 250 25.0 25.0 250 25.0 25.0 25.0
Pd {ppb) 2.0 22.0 16.0 18.0 2.0 10.0 20.¢ 200 10.0 10.0 0.0 20.0 10.0 10.0 10.0
* Pt and Pd were determined by method B, all other elements by method A.
** Sample points.
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Figure 6. Relationship between L.O.I. and Al in humus collected at Lac des lles for a) all humus size fractions,

and b) hurus size fraction 1 plotted against distance ailong the traverse line.
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and b) humus size fraction 1 plotted against distance along the traverse line.

The very localized extent of the multielement
geochemical anomaly at sample point J is clear from
Table 6, where data for indicator elements in humus
from this and adjacent sample points (i.e. H, |, J, K,
and L, which were all 5 m apart) are listed in full.
The values for NI, Cu. W, Au, Pt, and Pd among
humus size fractions in sample J show extremely
good repeatability. The Pt values for humus fraction
A, determined by Method B, show an anomaly at
sample point J while Fractions B and C, which were
determined by Method A (see above) all yielded
values below the detection limit of 25 ppb. The pat-
terns for Pd in all size fractions identified the anom-
aly at sample point J.

in summary, values for the indicator eiements
Ni, Cu, W, and Au were strongly anomalous and
reproducible in all three humus size fractions from
sample point J, located over the suboutcrop of the
Pd/Pt mineralization. Parallel values for Pd and Pt
determined by each of two analytical technigues
(i.e. Fraction A by Method B: Fractions B and C by
Method A) have exactly the same pattern as that for
the indicator elements. The data for Pd and Pt ob-
tained from Method B, with lower detection limits,
was superior to that oblained from Method A.

One of the most remarkable features of the
geochemical anomaly at humus sample point J was
the lack of anv indication of its presence, by path-
finder elements, or by Pt and Pd, in humus collected
Sm to the north or south of sample point J. It is
concluded therefore, that sample spacing can be
extremely important in soil geochemical surveys in
shallow overburden in the search for PGE mineral-
ization. Incidentally, the possibility of contamination
of the humus at Station J by mud derived from
drilling DDH P 30 (Figure 2) was considered, but
dismissed, by the samplers who took care to collect
the humus for the geochemical survey from a point
approximately 3 m from, and 0.5 m higher than, the
drilihole collar. As collected, tne humus sample from
Station J was undisturbed and did not show signs of
contamination by mineral matter. The uniformity of
the geochemical data for all three size fractions
derived from sample J also suggests that the high
values were not due to contamination.

A Second Geochemical Anomaly Along Line E

Evidence for a second mineralized zone along Line
E in the vicinity of Sample point T exists, however,
the signal is weaker than that at Sample point J
(Table 6). In humus fraction A, Pd (analyzed by
Method B) was relatively high at stations T (22 ppb
Pd), U (16 ppb Pd), and W (18 ppb Pd). Using the
less sensitive Method A, with a Pd detection limit of
10 ppb, values of 20 ppb Pd were recorded in hu-
mus Fraction B at sample points T and U, and in
humus Fraction C, at station T only. Pt values in
these 5 humus Fraction A samples were all below
the detection limit of & ppb. Although no W or Ni
anomalies were detected in any of these samples,
the patterns for Au in all three size fractions were
similar to those for Pd, and relatively high Cu values
(i.,e. 80 to 73 ppm) were also found in all three
fractions at sample point T and slightly higher than
background values in some of the other samples in
this group (Table 6). These results were considered
valid evidence for an area of very weak, or patchy,
mineralization in this area of the traverse line. The
presence of sulphides in bedrock 30 m east of hu-
mus sample point T was reported by MacDonald
(1985).

CONCLUSIONS

The humus study at Lac des lles has provided
important geochemical information regarding the use
of humus as a sample medium for geochemical
prospecting for PGE, summarized as follows:

1. Under favourable landscape conditions, such
as those along Line E at Lac des lles, humus
geochemistry may be used to locate Pt/Pd min-
eralization in areas covered with thin overbur-
den and/or organic soil cover.

2. At Lac des lles, it was found that Ni, Cu, Au,
and possibly W, in humus can be used as
pathfinder elements for Pt/Pd mineralization.

3. Evidence from a single traverse line at Lac Des
lles suggests that geochemical anomalies in
humus associated with Pt/Pd mineralized zones
are very local in extenl and require a sample
spacing of 5 m, or less, in order to detect them.

4. The similarity of the geochemical information
derived from three size fractions of humus from
the Lac des lles traverse indicates that, for
routine geochemical prospecting for PGE, one
humus size fraction, when analyzed for multiple
elements with sufficiently sensitive methods for
Pt, Pd, Au, W, Cu, and Ni, would be effective for
locating the areas of interesl. It is essential to
collect relatively large humus samples in order
to provide sufficienl malerial for fire assay ana-
lysis for Au, Pd. and Pt in the sieve size chosen
for chemical analysis. Verification of the results
from chemical analysis of humus is an impor-
tant aspect of PGE geochemical prospecting.
This study has shown that sample material for
duplicate and ftriplicate chemical analyses can
be obtained from the same sel of field humus
samples, by sieving the humus into separate
fractions.

5. Many of the element levels in the Lac des lles
humus samples reflect differences in Loss On
ignition (i.e. mineral matier vs crganic matter),
and thereby represent an interaction between
landscape (i.e. vegetaticn) and bedrock con-
ditions, which together determine the concentra-
tion of these elements in the humus.

8. The Lac Des lles study demonstrated that the
standardized approach to multielement humus
geochemistry, as described on this broadsheet,
is an effective way of discovering the scope of
this type of geochemistry for mineral resource
appraisal in Ontario in general, and for PGE in
particular.
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Table 4. Quality control data listings.

Sample Size L. 00T Al As Au Ba Be Br Ca Co Cr Cu Fe Hf K La Lu Mg Mn Mo Na Ni P Pb Pd Pt Sb Sc Sr Th Ti u v W n
Code  Fraction * (%) (%) (ppm) (ppb) (ppm) (pom) (pem) (%) (ppm) (ppm) (ppm) (%) (ppm) (%) (ppm) (pem} (%)  (ppm) (ppm) (%) (ppm) ~(ppm) (ppm) ~ (ppb) (ppo) (ppm) (ppm)  (ppm) (ppm) (%) (ppm)  (ppm) (ppm) (ppm)
£003 A 54.80 2.65 2.00 2.00 220.00 0.50 4.20 1.59 12.00 125.00 25.00 2.31 4.00 0.47 800 0.10 1.13 66500 2.00 0.67 36.00 660.00 32.00 38.00** 5.00* (040 7.00 92.00 1.90 0.28 0.70 59.00 2.00 52.00
E005 A 51.40 3.11 2.00 4.00 260.00 0.50 3.30 1.69 13.00 155.00 27.00 2.77 5.00 0.5 8.00 0.10 1.32 725,00 2.00 0.83 42.00 640.00 34.00 40.00** 5.00* 0.40 7.80 101.00 2.00 0.34 0.0 66.00 1.00 58.00
E008 A 5220 2.89 3.00 8.70 250.00 0.50 5.10 1.58 13.00 150.00 25.00 2.60 5.00 0.52 8.00 0.20 1.24 675,00 2.00 0.73 41.00 600.00 32.00 40.00** 5.00** 0.50 7.30 84.00 2.10 0.31 0.80 61.00 1.00 56.00
E012 A 50.40 3.06 4.00 5.80 260.00 0.50 4.30 1.67 14.00 155.00 26.00 2.78 3.00 0.56 9.00 0.20 1.32 705.00 2.00 0.78 43.00 610.00 32.00 42.00** 5.00* 0.60 7.90 88.00 2.50 0.33 1.10 66.00 1.00 58.00
E014 A 52.00 2.89 5.00 4.00 250.00 0.50 4.10 1.56 12.00 145.00 24.00 2.5 3.00 0.48 9.00 0.20 1.23 B65.00 2.00 0.73 40.00 560.00 30.00 40.00** 5.00* 0.80 7.60 93.00 2.70 0.3l 0.90 61.00 1.00 54.00
E018 A 50.80 3.53 3.00 3.10 270.00 1.00 3.60 1.73 14.00 145.00 30.00 2.83 3.00 0.56 8.00 0.20 1.42 745.00 2.00 0.89 43.00 620.00 30.00 26.00** 5.00** 0.40 7.40 110.00 2.20 0.35 0.90 69.00 1.00 63.00
021 A 50.80 2.85 2.00 1.20 200.00 1.00 4.00 1.88 14.00 115.00 26.00 2.43 3.00 0.50 8.00 0.20 1.22 750.00 1.00 0.73 42.00 610.00 34.00 42.00** 15.00 ** 0.50 7.60 109.00 2.30 0.31 1.00 76.00 1.00 48.00
E025 A 52 40 2.87 3.00 4.40 205.00 1.00 3.10 1.91 14.00 115.00 27.00 2.43 2.00 0.50 7.00 0.10 1.25 770.00 1.00 0.73 42.00 640.00 30.00 40.00** 5.00** 0.50 6.80 110.00 2.20 0.31 0.8¢ 74.00 2.00 49.00
E030 A 53.00 2.95 4.00 3.60 220.00 1.00 4.30 1.95 14.00 120.00 28.00 2.46 2.00 0.52 8.00 0.10 1.25 790.00 2.00 0.79 43.00 £90.00 36.00 34.00** 5.00* 0.50 7.20 113.00 2.40 0.31 0.60 77.00 1.00 53.00
E032 A 53.00 2.89 4.00 4.70 210.00 1.00 4.60 1.92 14.00 115.00 27.00 2.47 3.00 0.51 8.00 0.20 1.24 780.00 2.00 0.77 42.00 £60.00 32.00 34.00** 5.00* 0.50 7.70 111.00 2.40 0.32 0.80 77.00 2.00 49.00
Mean 5208 297 3.20 4.16 234.50 0.75 4.06 1.75 13.40 134.00 26.50 2.57 3.30 0.52 8.10 0.16 1.26 727.00 1.80 0.77 41.40 629.00 32.20 37.60 ** 6.00** 0.43 7.43 103.10 2,27 0.32 0.85 68.60 1.30 54.00
Variance 175 005 1.07 4.3?2 680.28 0.07 0.36 0.02 0.7 304.44 2.94 0.03 1.12 0.00 0.32 0.00 0.01 2262.22 0.18 0.00 4.49 1365.56 3.96 24.71 ** 10.00** 0.0l 0.13 69.88 0.06 0.00 0.02 49.60 0.23 23.11
5. D. 1.3 023 1.03 2.08 2608 0.26 0.60 0.16 0.84 17.45 1.72 0.18 1.06 0.03 0.57 0.05 0.08 47.56 0.42 0.06 2.12 36.95 1.99 4.97* 3.18* 007 0.36 836 024 002 014 704 048 4.8l
C.V. (%) 2.5¢ 7.84 32.27 49.98 11.12 35.14 14,74 8.87 6.29 13.02 6.48 6.8 32.10 6.12 7.01 32.27 6.09 f.54 23.42 8.11 6&.12 587 6.18 13.22 ** 52,70 ** 15,06 4.79 811 1060 6.30 16.87 10.27 37.16 8.90
n 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 ** 10 ** 10 10 10 10 10 10 10 10 10
E035 B 50.40 3.8 4.00 3.70 220.00 1.00 5.50 2.10 15.00 94.00 34.00 2.5 2.00 0.55 9.00 0.10 1.36 935.00 1.00 0.85 53.00 670.00 32.00 70.00 25.00 0.40 7.40 119.00 2.30 0.34 0.80 78.00 1.00 49.00
E038 B 49.20 3.35 4.00 6.00 230.00 1.00 5.30 2.17 16.00 96.00 3500 2.66 3.00 0©.57 9.00 0.10 1,38 915.00 2.00 0.88 54.00 670.00 32.00 &0.00 25.00 0.60 7.70 121.00 2.70 0.36 1.00 83.00 2.00 51.00
E040 B 48.20 3.17 4.00 9.40 22000 1.00 4.50 2.07 15.00 91.00 35.00 2.51 3.00 0.55 8.00 0.10 1.33 915.00 2.00 0.81 54.00 670.00 34.00 70.00 25.00 0.50 7.20 117.00 2.40 0.33 0.90 76.00 1.00 49.00
E044 B 47.850 3.53 4.00 4.80 230.00 1.00 4.80 2.25 16.00 100.00 36.00 2.87 3.00 0.63 9.00 0.20 1.46 970.00 1.00 0.94 56.00 700.00 34.00 70.00 25.00 0.40 7.90 126.00 2.50 0.38 1.10 95.00 2.00 53.00
£048 B 47.60 3.60 4.00 5.50 240.00 1.00 4.70 2.25 16.00 105.00 38.00 2.88 3.00 Q.64 9.00 0.20 1.49 1000.00 2.00 0.83 58.00 720.00 40.00 70.00 25.00 0.40 7.20 128.00 2.30 0.40 0.30 80.00 2.00 54.00
E051 B 48.20 3.04 3.00 5.50 22000 1.00 4.0 1.91 14.00 95.00 33.00 2.49 3.00 0.55 9.0 0.20 1.31 860,00 2.00 0.79 52.00 B30.00 34.00 70.00 25.00 0.40 7.70 111.00 2.40 ©0.32 0.90 68.00 2.00 50.00
E056 B 48.80 3.42 3.00 6.90 235.00 1.00 4.30 2.21 16.00 105.00 35.00 2.8 3.00 0.65 10.00 0.20 1.44 950.00 2.00 0.94 56.00 630.00 34.00 70.00 25.00 0.40 8.00 124.00 2.30 0.39 0.80 B87.00 1.00 52.00
E058 B 47.00 3.46 4.00 5.70 240.00 1.00 4.0 =2.24 16.00 99.00 37.00 2.83 3.00 0.64 10.00 0.20 1.45 990.00 1.00 0.93 57.00 735.00 36.00 70.00 25.00 0.50 7.80 275.00 2.30 0.37 0.70 &B.00 1.00 53.00
E062 B 46.40 3.14 4.00 4.10 230.00 1.00 4.50 2.03 15.00 100.00 33.00 2.68 4.00 0.58 9.00 0.20 1.35 900.00 1.00 0.89 54,00 650.00 34.00 70.00 25.00 0.70 7.70 115.00 2.40 0.36 1.10 79.00 2.00 52.00
F065 B - 5.30 4.00 4.40 370.00 2.00 4.30 3.72 26.00 165.00 B0.00 4.80 3.00 1.26 9.00 0.20 2.54 1650.00 3.00 1.82 87.00 1150.00 58.00 80.00 25.00 0.80 8.00 198.00 2.30 0.65 1.10 140.00 2.00 91.00
Mean 43.34 3.63 3.80 5.60 243.50 1.10 4.70 2.30 16.50 105.00 37.60 2.91 3.00 0.66 9.10 0.17 1.51 100850 1.70 0.98 58.10 727.50 36.80 72.00 25.00 0.51 7.B4 143.40 ¢.33 0.39 0.83 B88.20 1.50 55.40
Variance 233.18 0.81 0.13 2.70 2033.61 0.10 0.16 ©0.26 1l1.6]1 464.89 64.49 0.46 0.22 0.05 0.32 0.00 0.1352616.94 0.46 (.09 106.54 23006.9 60.62 17.78 0.00 0.02 0.09 2762.93 0.02 0.01 0.02 390.18 0.27 159.38
S. D. 1527 0.95 0.42 1.64 45.10 0.32 0.39 0.51 3.41 21.5 803 0.68 047 0.21 0.57 0.05 0.37 229.38 0.67 0.30 10.32 151.68 7.79 4.22 0.00 0.14 0.30 52.56 0.13 0.10 0.14 13.75 0.52 12.62
C. V. (%) 35.23 26.32 11.10 29.32 18.52 28.75 8.39 22.35 20.65 20.53 21.36 23.40 15.71 32.34 6.24 28.41 24.26 22.75 39.70 30.75 17.77 20.85 21.16  5.86 0.00 ?8.41 3.86 36.66 5.38 24.49 15.25 22.40 32.27 22.79
n 9 10 19 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10
E068 o 32 B0 3.84 3.00 5.60 255.00 1.00 3.40 2.36 17.00 130.00 41.00 3.06 4.00 0.76 10.00 0.20 1.55 960.00 2.00 1.27 B3.00 520.00 28.00 100.00 25.00 0.40 9.40 139.00 Z2.60 0.45 0.90 90.00 2.00 47.00
E070 g 30,20 4.12 2.00 5.30 260.00 1.00 3.40 2.48 17.00 135.00 44.00 3.19 4.00 0.8l 9.00 0.20 1.63 1010.00 2.00 1.31 B6.00 550.00 28.00 100.00 25.00 0.30 8.40 144.00 2.30 0.47 0.80 94.00 2.00 49.00
£074 C 29 B0 4.35 3.00 5.90 270.00 1.00 3.0 2.64 18.00 140.00 44.00 3.42 4.00 0.91 10.00 0.20 1.71 1060.00 2.00 1.42 £8.00 560.00 28.00 100.00 25.00 0.30 9.50 152.00 2.60 0.52 0.80 105.00 2.00 52.00
E076 C 30.00 4.10 3.00 6.00 260.00 100 3.60 2.51 17.00 130.00 43.00 3.23 4.00 0.84 10.00 0.20 1.62 1010.00 3.00 1.33 ©5.00 530.00 28.00 100.00 25.00 0.30 9.60 145.00 2.50 0.48 1.00 98.00 3.00 4B.00
E080 o 31.80 3.81 3.00 9.70 250.00 1.00 3.40 2.36 16.00 125.00 39.00 3.09 4.00 0.80 10.00 0.20 1.51 830.00 2.00 1.29 6€2.00 490.00 24.00 90.00 25.00 0.40 9.70 138.00 3.00 0.47 1.20 94.00 3.00 46.00
£083 o 3200 3.75 4.00 5.10 250.00 1.00 4.20 2.35 16.00 125.00 339.00 3.08 4.00 0.80 10.00 0.20 1.50 3940.00 =2.00 1.28 62.00 520.00 28.00 100.00 25.00 0.30 9.60 136.00 2.70 0.46 0.90 93.00 3.00 46.00
E087 C 30.40 3.86 2.00 4.40 250.00 1.00 3.20 2.40 16.00 130.00 38.00 3.19 3.00 0.82 9.00 0.10 1.55 950.00 2.00 1.3l ©3.00 510.00 26.00 100.00 25.00 0.30 8.90 139.00 2.50 0.05 0.50 97.00 1.00 47.00
E090 C 32.00 4.51 2.00 6.90 280.00 1.50 3.60 2.73 18.00 149.00 45.00 3.46 4.00 0.85 10.00 0.20 1.74 1080.0C 2.00 1.47 ©9.00 580.00 28.00 140.00 25.00 0.40 9.10 157.00 0.50 0.52 0.50 104.00 3.00 52.00
E094 C - 4.50 3.00 9.40 28000 100 3.10 2.73 18.00 145.00 43.00 3.4 4.00 0.85 10.00 0.20 1.71 1070.00 1.00 1.50 6€.00 530.00 26.00 100.00 25.00 0.40 9.60 157.00 3.00 0.55 1.30 107.00 1.00 51.00
096 C 32.20 4.77 4.00 10.90 300.00 1.50 2.60 2.92 20.00 150.00 46.00 3.72 4.00 0.90 10.00 0.20 1.81 1140.00 3.00 1.61 71.00 580.00 30.00 100.00 25.00 0.40 9.60 165.00 2.90 0.57 1.30 115.00 1.00 54.00
Mean 28.10 4.17 2.90 6£.92 265.50 1.10 3.41 2.55 17.30 135.90 42.20 3.29 3.90 0.83 9.80 0.19 1.63 1015.00 2.10 1.38 65.50 537.00 27.40 103.00 25.00 0.35 9.34 147.20 2.47 0.45 0.92 99.70 2.10 49.20
Variance 98.55 0.12 0.54 5.07 280.28 0.04 ©0.17 0.04 1.57 90.32 7.73 0.05 0.10 0.00 0.18 0.00 0.0l 5005.56 0.32 0.0l 9.61 890.00 =2.71 178.89 0.00 0.00 -0.17 99.07 0.53 0.02 0.08 60.90 0.77 8.18
S. 0. 9.93 0.35 0.74 2.25 16.74 0.21 0.41 020 1.25 9.50 2.78 0.22 32 0.05 042 0.03 0.11 70.75 0.5 0.12 3.10 29.83 1.65 13.37 0.00 0.05 0.42 9.95 0.73 0.15 029 7.80 0.8 2386
G W ) 35.33 8.30 25.44 32.54 6.31 19.17 1208 7.75 7.24 6.99 6.59 B.65 11 5.54 4.30 16.64 6.50 6.97 27.03 B8.36 4.73 556 6.01 12.99 0.00 15.06 4.46  6.76 29.45 32.72 31.50 7.83 41.70 5.81
n 9 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10
Analytical Method *** ICP  NAA  NAA ICP  ICP  NAA  ICP  ICP IcP  ICP  ICP  NAA  ICP  NAA  NAA  ICP iceIcP O ICPICP P ICP FA FA NAA  NAA ICP NAA  ICP  NAA ICP  NMA  ICP
Detection Limit 0.01 1 0.2 1 0.5 1 0.0 1 1 1 0.01 2 0.0l 1 0.1 o.01 1 1 0.01 1 10 2 10 25 1 1 1 1 0.001 0.2 1 1 1
*  Size Fractions **  These samples were analysed by Method B (see text for details) ***  Analytical methods
A = -20 +50 mesh with detection 1imits of 2 ppb and 5 ppb for Pd and Pt respectively. ICP = Inductively Coupled Plasma Analysis
B = -50 +80 mesh NAA = Neutron Activation Analysis
C=-80 mesh FA = Fire Assay Analysis
Table 1. Geochemical data listing for each of the three humus size fractions collected at Lac des lles.
Lab No. Sample Size Elevation L.0.1. Al Al As As Au Au Ba Ba Be Be Br Br Ca Ca Co Co Cr Cr Cu Cu Fe fFe Hf Hf K K La La Lu Lu Mg Mg Mn Mn Mo Mo Na Na Ni Ni P p Pb Pb Pd Pd Pt Pt Sb Sb Sc Sc Sr Sr Th Th Ti Ti U U v v W W n In Sample
Code Fraction  (cm) (%) (%) (K (pam) (K (peb) (K} (ppm) (K} (ppm) (K} (ppm) (K} (¥ (K} (ppm) (K} (ppm) (K} (ppm) (K} (%)  (K) (o) (K (1) (K (em) (K} (pom) (K} (%) (K} (pem) (K} (ppm) (K} (%) (K} (ppm} (K} (ppm) (K} (ppm)  (K) (ppb) (K)  (ppb) (K) (ppm)  (K) (ppm) (K} (ppm)  (K) (ppm) (K} (%) (K} (ppm) (K} (ppm)  (K) (ppm) (K} (ppm)  (K) Code
K wEE
E001  C A 890 68.2 1.93 0.23 3 1.67 1.8 0.45 190 0.49 2 1.00 4 1.60 1.35 0.29 9 0.3l 57 0.47 16 0.24 1.54 0.25 3 1.07 0.36 0.20 6 0.17 0.1 0.19 0869 0.25 965  0.91 1 0.83 0.41 0.18 18 0.18 980 0.88 48 3.89 4 B0 27 10 **** 20,00 0.4 2.00 4 0.16 80 0.21 1.6 020 0.18 0.28 0.7 0.30 35 0.28 1 0.83 73 096 C
EQ0Z D A 915 48.8 2.08 0.37 3 1.67 2.9 0.73 230 0.59 1 0.50 3.1 1.24 1.8 0.41 14 0.48 115 0.94 17 0.25 2.76 0.44 5 1.79 0.58 10.32 8 0.23 0.2 037 1.1 0.40 840 0.79 1 0.83 0.82 0.36 29 0.29 80 0.75 34 2.82 g oEE 093 5*=%* 1000 0.5 2.5 8.2 033 106 0.28 ¢.2 0.27 0.36 0.5 1.3 0.5 78 0.57 1 0.8 55 0.72 D
E004 E A 890 44,7 3.63 0.43 4 222 2.4  0.60 280 0.72 1 0.50 3 1.20 2.03 0.4 17 0.58 145 1.19 18 0.26 3.44 0.55 5 1.79 0.62 0.34 8 0.23 0.2 0.37 1.4 0.5 1310 1.24 2 1.67 096 0.42 37 0.37 720 0.64 32 2.46 gk 0,13 5 *4%*10.00 0.4 2.00 10.1 0.40 110 0.29 2.4 0.30 0.40 0.64 1.1 0.48 83 0.61 1 0.83 72 0.95 E
F006  F A 855 37.2 3.87 0.46 3 1.67 2.6 0.85 300 0.77 1 0.50 2.4 096 2.07 0.44 19 0.86 200 1.64 16 0.24 3.69 0.59 6 2.14 0.72 0.39 9 0.26 0.2 0.37 1.5 0.54 1440 1.36 2 1.67 1.14 0.50 41 0.41 520 0.48 20 1.54 B 13 5 *=%%* 10 00 0.3 1.50 10.5 0.42 121 0.32 2.4 0.30 046 073 1.2 0.%2 al  0.67 1 0.83 60 079 F
E007 G A 805 68.6 1.62 0.19 2 1.11 2.2 0.55 180 0.46 0.5 0.25 4.5 1.80 1.47 0.32 7 0.24 74 0.61 12 0.18 1.12 0.18 4 1.43 0.3¢ 0.18 7 0.20 0.1 0.19 0.84 0.23 575 0.54 1 0.83 0.41 0.18 15 0.15 1080 0.96 3 2.92 2 M% 013 5 ***% 10.00 0.4 2.00 .5 0.14 8 0.2l 1.6 020 0.18 0.29 0.6 0.2 27 0.20 1 0.83 3% 0.46 G
E00 H A 715  41.6 3.63 0.43 3 1.67 2.4 0.60 320 0.82 1 050 3.7 1.48 1.9 0.4l 16 0.55 165 1.35 15 0.22 3.12 0.50 7 2.50 0.82 0.45 11 0.3 0.2 0.37 1.35 0.49 1520 1.43 3 2.50 1.08 0.48 31 0.31 620 0.55 38 2.92 g *Ar* (53 gesxx 1000 05 2.50 8.4 0.3 122 0.32 2.8 0.35 046 0.72 1.3 0.57 B0 0.58 1 0.83 55 0.72  H
E0l0 1 A 600  58.0 2.51 0.30 2 1.11 2.3 0.58 250 0.64 0.5 0.25 4.3 1.72 1.55 0.33 12 0.41 125 1.02 17 0.25 2.35 0.38 4 1.43 D0.46 0.25 g8 0.23 0.1 0.19 1.03 0.37 605 0.57 2 1.67 0.83 0.28 32 0.3z 710 0.83 34 2.82 2 *% 013 5**% 1000 04 2.00 6.5 0.26 93 0.24 1.8 0.2z 0.28 0.44 0.7 0.30 55 0.40 1 0.83 46 0.8l 1
E0LL  J A 565  39.6 4.33 0.52 4 2,22 19.7 4.93 290 0.74 1 050 3.8 1.52 2.24 0.48 20 0.69 225 1.84 83 1.22 91  0.63 3 1.07 0.68 0.37 11 0.32 0.2 0.37 2.4 0.8 755 0.71 3 2.50 1.12 0.49 114 1.15 530 0.47 30 2.31 330 **** 22.00 25 **wx 5o 00 0.5 2.50 11.5 0.46 118 0.31 2.9 0.3 0.38 0.60 0.8 0.35 84 0.62 3 2.50 B3 0.83 J
E013 K A 560 38.4 4.16 0.50 4 222 1.4 0.35 330 0.85 1 05 29 1.16 1.688 0.36 13 0.45 120 0.98 18 0.26 3.18 0.51 4 1.43 0.87 047 11 0.32 0.2 0.37 146 0.5 B15 0.58 2 1.67 1.18 0.52 34 0.34 530 0.47 32 2.46 4 *eEx o 0.27 §**x 1000 0.6 3.00 7.6 0.30 124 0.32 3.3 041 043 06 1.4 0.8l 76 0.56 1 0.83 5 070 K
E016 M A 455  53.6 3.22 0.39 3 167 1.2 0.30 290 0.74 0.5 0.25 3.6 1.44 1.66 0.36 11 0.38 9% 0.79 20 0.29 2.3 0.37 3 1.07 0.6 0.33 9 0.26 0.2 037 1.2 0.43 530  0.50 2 1.67 0.84 0.37 24 0.24 B60 0.59 36 2.77 2013 5%= 41000 0.5 250 6.1 024 112 0.29 2.8 035 034 054 1.2 0.52 55 0.40 1 0.8 B3 0.83 M
E017 N A 345 63.4 2.25 0.27 3 1.67 1 0.25 250 0.64 0.5 0.25 3.7 1.48 1.5 0.32 9 0.3 115 0.94 21 0.31 1.33 o0.21 2 0.71 0.45 0.24 8 0.23 0.1 0.19 0.3 0.34 455 0.43 1 0.8 0.54 0.24 20 0.20 680 0.6l B 292 2 ¥ 0,13 5 %% 1000 0.4 2.00 3.9 0.16 95 0.25 1.9 23 0.23 0.3 0.8 0.3 31 0.23 1 0.83 73 0.96 N
E018 0 A 245  86.0 0.75 0.09 i 167 1 0.25 100 0.26 0 000 6.1 2Z.44 1.36 0.29 4 0.14 30 0.25 24 0.35 0.54 0.09 2 0.71 0.15 0.08 4 0.12 0.1 0.19 o0.64 0.23 320 0.30 1 0.8 0.12 0.05 16 0.16 780 0.70 40 3.08 2 ®FFEE (13 5 *=* 10.00 0.5 2.50 1.6 0.06 47 0.12 0.8 0.05 0.08 0.3 0.13 12 0.09 1 0.8 71 08 0
go20 P A 160 B7.2 0.71 0.08 4 2.22 1 0.25 110 0.28 0 000 58 2.32 1.35 0.29 3 0.10 27 0.22 33 0.49 0.5 0.08 2 0.71 0.17 0.09 5 0.14 0.1 0.19 0.68 0.25 210 0.20 1 0.8 0.11 0.05 25 0.25 970 0.87 34 2.62 6 **** 0.40 5 A*A% 1000 0.6 3.00 1.2 0.05 50 0.13 0.8 0.04 0.07 03 0.13 13 0.10 1 0.83 63 0.83 P
E022 Q A 55 B4.4 0.8 0.10 3 1.67 1 0.25 80 0.21 0 000 7.2 2.8 1.71 0.37 4 0.14 25 0.20 38 0.5 0.67 0.1l 2 0.71 0.13 0.07 7 0.20 0.1 0.19 079 0.29 365 0.34 1 0.83 0.06 45 0.45 700 0.83 30 2.3l 10 **** .67 5 A% 1000 0.5 2.50 2 0.08 52 0.14 1 0.05 0.08 0.5 o0.22 23 0.17 1 0.83 32 0.42 Q
E023 R A 0 89.0 0.47 0.08 2 1.1 1 0.25 70 0.18 0 0.00 5.2 2.08 1.05 0.23 2 0.07 19 0.16 18 0.26 0.41 0.07 2 0.71 0.11 0.06 4 0.12 0.1 0.19 0.64 0.23 85 0.08 0 0.00 0.07 0.03 15 0.15 580 0.52 36 2.77 2 ¥ 013 5 %% 10,00 0.4 2.00 1 0.04 35 0.09 0.6 0.07 0.04 0.06 0.5 0.22 15 0.11 1 0.83 38 0.50 R
F024 S A 55 92.6 0.3 0.04 3 1.67 1.6 0.40 38 0.10 0 0.00 7.4 2.9 0.8 0.19 1 0.03 15 0.12 13 0.1 0.23 0.04 2 0.71 0.07 0.04 2 0.06 0.1 0.19 0.57 0.21 39 0.04 p 0.00 0.04 0.02 12 0.12 580 0.52 28 2.15 2 *FF* 013 5 %%** 10,00 0.4 2.00 0.8 0.02 27 0.07 0.5 0.06 0.02 0.03 0.5 0.2 9 0.07 1 0.83 52 0.88 5
F026 T A 105 8L.0 1.16 0.14 5 2.78 10,1 2.53 115 0.29 0 000 7.1 2.8 0.5 0.12 3 0.10 27 0.22 60 0.88 0.58 0.09 2 0.71 0.19 0.10 5 0.14 0.1 0.19 0.37 0.13 55 0.05 1 0.8 017 0.07 23 023 610 0.54 48  3.69 22 ¥ 1.47 5 *** 10,00 0.8 4.00 l.8 0.07 45 0.12 1.5 0:19 0.08 0.13 0.7 0.3 16 0.1z 1 o0.83 5 071 T
£027 U A 120 82.8 0.97 0.12 4 2.22 9.6 2.40 80 0.21 0 000 6.7 2.68 0.5 0.1 3 0.10 30 0.25 35 0.51 0.5 0.09 2 0.71 0.15 0.08 4 0.12 0.1 0.19 0.47 0.17 110 0.10 1 0.8 0.14 0.06 28 0.28 620 0.55 B 2.9 16 **** 1.07 5 *** 10,00 0.6 3.00 2.6 0.10 3% 0.09 1.2 0.15 0.06 0.10 0.5 0.22 15 0.11 1 0.83 B4 0.84 U
028 W A 110 72.6 1.5 0.18 4 2.22 1 0.25 140 0.3 0.5 0.25 6.1 2.44 0.9 7 0.24 69 0.57 10 0.15 1.41 0.23 2 0.71 0.21 0.1l 5 0.14 0.1 0.19 0.5 0.20 195 (.18 1 0.83 0.32 0.14 24 0.24 425 0.38 28 2.15 18 =*** 1 20 5 **** 10.00 0.6 3.00 4.5 0.18 61 0.16 1.7 0.21 0.17 0.27 0.7 0.30 46 0.34 1 0.83 37 049 W
E023 X A 80 75.4 1.18 0.14 4 2.2? 1 0.25 105  0.27 0 0.00 6 2.40 1.06 0.23 5 0.17 46 0.38 16 0.24 0.9 0.14 2 0.71 0.19 o0.lo 6 0.17 0.1 0.9 0.89 0.25 157 0.15 1 0.8 0.28 0.12 18 0.18 580 0.52 40 3.08 2 Y**E 0,13 5 **** 10.00 0.6 3.00 3.4 0.14 5 0.14 1.7 0.21 0.1z 0.19 06 0.26 26 0.19 1 0.83 27 0.3 X
E031 Y A 75 646 1.91 0.23 3 1.7 2.9 0.73 140 0.3 0.5 0.25 57 2.28 1.57 0.34 10 0.3 57 0.47 24 0.35 1.78 0.29 2 071 0.25 0.14 7 020 0.2 0.37 097 0.35 350  0.33 0 0.00 0.45 0.20 26 0.28 610 0.54 40 3.08 P AR 0,13 §**** 10.00 0.5 250 6.4 0.26 74 018 2.2 0.27 0.21 0.3 0.7 0.3 53 0.39 1 0.8 3% 047 Y
E033 2 A 85 440 3.11 0.37 4 2.22 1 0.25 230 0.59 1 0.50 3.6 1.44 2.29 0.49 15 0.52 260 2.13 19 0.28 2.86 0.46 3 1.07 0.5 0.32 10 0.29 0.2 0.37 162 0.59 565 0.53 1 0.8 0.9 0.40 49 0.49 600 0.54 30 2.31 PR N E: g% 1900 0.5 2.50 10.9 0.44 120 0.31 2.9 0.3 0.36 0.5 0.9 0.39 87 0.54 1 0.83 43 0.57 2
F034 € B B90 63.2 2.08 0.25 5 2.78 1 0.25 170 0.44 4 2.00 54 216 1.5 0.33 10 0.34 38 0.31 18 0.26 1.47 0.24 2 0.71 0.36 0.20 7 0.20 0.1 0.19 0.71 0.26 975 0.92 0 0.00 0.42 0.18 21 0.2l 910 0.8l 42 3.23 10 0.67 25 50.00 0.5 2.50 4 0.16 91 0.24 2 0.25 0.19 0.29 0.8 0.35 42 0.31 1 0.83 %9 078 C
E036 D B 915 44.8 3.19 0.38 3 1.67 1 0.25 210 0.54 1 050 4.7 1.88 2.03 0.44 14 0.48 65 0.53 16 0.24 2.56 0.41 2 071 0.57 0.31 9 0.26 0.1 0.19 1.04 0.38 815 0.77 1 0.83 0.86 0.38 30 0.30 760 0.68 30 2.31 10 0.67 25 5000 0.5 2.50 7.3 0.29 119 0.31 2.6 0.32 040 0.83 0.8 0.35 87 0.64 1 0.83 47 0.62 D
E037 E B 830 454 3.7z 0.44 4 2.22 1.6 0.40 240 0.62 1.5 0.75 4.2 1.68 2.37 0.51 18 0.82 83 0.68 18 0.26 2.28 0.53 3 1.07 0.62 0.34 9 0.26 0.2 0.37 1.28 0.46 1470 1.39 1 0.8 1.01 0.44 38 0.38 700 0.83 32 2.46 10 0.67 25 50.00 0.5 2.50 8.1 0.32 128 0.33 2.4 0.30 048 0.76 0.7 0.30 117 0.8 1 0.83 63 0.83 F
E039  F 8 855 34.4 4.21 0.50 2 11 1 0.25 270 0.69 1 050 3.6 1.44 2,52 0.54 20 0.69 110 0.90 17 0.25 3.44 0.55 3 1.07 0.75 0.4l 9 0.26 0.2 0.37 1.42 0.51 1580 1.49 1 0.83 1.23 0.54 42 0.42 570 0.51 22 1.89 10 0.67 25 50.00 0.3 1.50 89 0.3 144 0.38 25 0.31 05 0.82 06 0.26 116 0.8 1 0.83 7 1.00 F
E041 G 8 805 64.0 1.44 0.17 3 1.67 3.5 0.88 150 0.38 1 050 46 184 1.8 0.39 8 0.28 36 0.30 13 0.19 0.9 0.14 2 071 0.3 0.18 6 0.17 0.1 0.19 0.58 0.21 720 0.68 0 0.00 0.35 0.15 16 0.16 1190 1.06 48 3.69 10 0.67 25 50.00 0.5 2.50 3.2 0.13 9] 0.24 1.7 0.21 0.15 0.24 0.7 0.30 28 0.21 1 0.83 29 0.38 G
E042 H B 715 38.4 3.48 0.42 4 2.22 2.7 0.88 250 0.67 1 050 4.4 1.76 2.22 0.48 17 0.59 74 0.6l 15 0.22 2.77 0.45 3 1.07 0.76 0.41 10 0.29 0.2 0.37 1.24 0.45 1610 1.52 1 0.8 1.01 0.44 31 0.31 830 0.5 44  3.38 10 0.67 25 50.00 0.6 3.00 7.4 0.30 135 0.35 3 037 047 0.74 1 043 102 0.75 1 0.83 46 0.61 H
E043 1 B 600 556 2.72 0.33 3 1.67 1 0.25 215 0.55 1 05 4.8 1.92 2.01 0.43 13 0.45 74 0.61 19 0.28 2.29 0.37 2 071 0.47 0.26 7 020 0.1 0.19 1.06 0.38 685 0.B5 1 0.83 0.69 0.30 3 0.3 790 0.71 36 2.77 10 0.67 25 50.00 0.4 2.00 6.2 0.25 116 0.30 2 0.25 0.30 0.48 0.9 0.39 75 0.55 1 0.83 41 0.54 1
E045  J B 565  34.4 4.38 0.52 3 1.67 17.9 4.48 240 D.62 1 050 4.3 1.72 2.69 0.58 22 0.76 145 1.18 88 1.78 3.3 0.58 3 1.07 0.68 0.37 11 0.32 0.2 0.37 2.38 0.8 835  0.79 2 1.67 1.16 0.5 121 1.22 550 0.49 30 2.31 340 22.67 25 50.00 0.2 1.50 12.3 0.49 135 0.35 2.7 ©0.33 0.38 0.6l 1.1 0.48 106 0.78 5 4.17 52 0.68 U
E046 K B 560 36.6 4.44 0.53 4 222 2.7 0.568 285 0.73 1 0.0 3.2 1.28 2.1l 0.45 14 0.48 63 0.52 21 031 3.21 0.52 4 1.43 0.9 0.52 11 0.32 0.2 0.37 1.52 0.5 775 0.73 0 0.00 1.26 0.56 38 0.38 610 0.54 34 2.62 10 0.67 25 50.00 0.5 2.50 7.1 0.28 149 0.39 2.8 035 048 0768 1.1 0.48 105 0.77 1 0.83 50 0.66 K
E047 L B 480 52.4 2.82 0.34 4 222 1 0.25 230 0.59 1 0.50 4.6 1.84 1.99 0.43 13 0.45 67 0.55 16 0.24 23 0.36 3 1.07 0.8l 0.33 8 0.23 01 019 1.04 0.38 730 0.69 1 0.8 0.79 0.35 28 0.28 670 0.60 40 3.08 10 0.67 25 50.00 0.5 2.50 5.4 0.22 124 032 2.1 0.26 039 062 06 0.26 81 0.80 1 0.8 50 0.66 L
E048 M B 455 51.0 2.85 0.32 4 2.22 1.6 0.40 220 0.5 05 0.25 4.1 1.64 1.8 0.36 12 0.41 54 0.44 18 0.26 1.91 0.3l 3 1.07 0.52 0.28 8 0.23 0.1 0.19 1 0.36 540 0.51 0 0.00 0.64 0.28 23 0.22 650 0.58 40 3.08 10 0.67 25 50.00 0.4 2.00 55 0.22 107 0.28 2.3 0.28 0.29 0.46 1.1 0.48 54 0.40 1 0.83 46 0.61 M
EC50 N B 45 624 178 0.21 3 1.67 2.7 0.88 190 0.49 0.5 0.25 4.7 1.8 183 0.35 10 0.34 68 0.56 19 0.28 1.15 0.18 2 071 0.4 0.22 7 0.20 0.1 0.19 0.81 0.29 480 0.45 0 0.00 0.43 0.19 20 0.20 710 0.63 44 3.38 10 0.67 25 50.00 0.5 2.50 3.6 0.14 90 0.23 1.9 0.23 0.18 0.29 0.6 0.28 32 0.24 1 0.83 58 076 N
EC52 O B 245 932 0.84 0.10 4 222 21 0.5 95 0.24 0.5 0.25 7.3 2.92 1.5 0.34 5 0.17 19 0.16 23 0.3 0.59 0.09 2 0.71 0.18 0.10 5 0.14 0.1 0.19 0.65 0.24 370 0.35 0 0.00 0.15 0.07 21 0.21 790 0.7l 42 3.23 10 0.67 25 50.0 0.5 2.50 1.8 0.07 54 0.14 0.9 0.11 0.08 0.10 0.5 0.22 15 0.11 1 0.83 5 074 0
E053 P B 160 85.0 0.67 0.08 3 1.67 1.8 0.45 93 0.24 0.5 0.25 7.1 2.84 1.44 0.3 3 0.10 18 0.15 30 0.44 0.52 0.08 2 0.71 0.17 0.09 6 0.17 0.1 0.19 0.6 0.22 215 0.20 1 0.8 01 004 27 0.27 870 0.78 34 2.62 10 0.67 25 50.00 0.6 3.00 1.4 0.08 50 0.13 0.8 0.0 005 0.08 05 0.22 16 0.12 1 0.83 45 059 P
E054  Q B 55  80.8 0.95 0.1L 3 167 1.4 0.35 100 0.26 0 0.00 8 3.20 1.78 0.38 4 0.14 25 0.20 41 0.80 0.82 0.13 2 0.71 0.16 0.09 8 0.23 0.1 0.19 0.8 030 380 0.37 0 0.00 0.16 0.07 51 0.52 750 0.87 34 2.62 10 0.67 25 50.00 0.5 2.50 2.3 0.09 55 0.14 0.9 0.11 007 0.11 05 0.2 24 0.18 1 0.83 3/ 0.48  Q
E055 R B D 8.6 0.51 0.06 4 2.2 1 0.25 70 0.18 0.5 0.25 6.8 272 1.09 0.23 2 0.07 15 0.12 18 0.26 0.45 0.07 2 0.71 0.1 0.07 5 0.14 0.1 0.19 0.66 0.24 82 0.08 1 0.8 0.08 0.04 16 0.16 620 0.55 34 ?2.62 10 0.67 25 50.00 0.5 2.%0 1 0.04 3 0.09 0.7 009 005 0.08 05 0.22 18 0.13 1 0.83 38 050 R
E057 S B 55 90.0 0.4 0.05 4 2.22 1 0.25 45  0.12 0 0.00 10.1 4.04 1 o0.21 1 0.03 13 0.11 15 0.22 0.3 0.05 2 071 0.1 0.0% 3 0.09 0.1 0.19 0.64 0.23 43  0.05 0 0.00 0.06 0.03 14 0.14 630 0.56 36 2.77 10 0.67 25 50.00 0.4 2.00 0.8 0.03 31 0.08 06 007 0.03 0.04 05 0.22 11 0.08 1 0.83 56 0.74 S
E059 T B 105 61.4 1.11 0.13 6 3.33 10.8 2.70 110 0.28 0 0.00 9.4 3.76 0.5 0.12 3 0.10 19 0.16 63 0.93 0.58 0.09 2 071 0.17 0.09 6 0.17 0.1 0.19 0.35 0.13 53 0.05 1 0.8 0.17 0.07 24 0.24 640 0.57 48 3.69 20 1.33 25 50.00 0.8 4.00 2.1 0.08 43 0.1 1.4 017 0.08 0,13 06 0.26 15 0.11 1 0.83 55 0.70 T
E060 U B 120 0.81 0.10 5 2.78 10.7 2.88 75 0.19 0 0.00 88 3.52 0.5 0.11 2 0.07 18 0.15 29 0.43 0.49 0.08 2 0.71 0.14 0.08 5 0.14 0.1 0.19 036 0.13 102 0.10 0 0.00 0.12 0.05 19 0.19 B10 0.54 36 2.77 20 1.33 25 50.00 0.5 250 2.2 0.09 32 0.08 1.1 0.14 0.05 0.09 0.5 0.2 12 0.09 1 0.83 66 0.87 U
E0BL W B 110 86.2 1.95 0.23 5 2.78 1 0.25 160 0.41 0.5 0.25 59 2.36 1.17 0.25 g 0.28 64 0.52 11 0.16 1.94 0.31 2 071 0.3 0.16 5 0.17 0.1 0.19 0.72 0.26 250 0.24 0 0.00 0.46 0.20 30 0.30 430 0.38 32 2.48 10 0.67 25 50.00 0.8 4.00 4.8 0.19 74 0.19 1.4 0.17 0.26 0.41 0.7 0.30 63 0.46 1 0.83 43 0.57 W
E0B3 X B 80 71.6 1.38 0.17 4 222 1.5 0.38 120 0.31 0 0.00 59 2.35 1.15 0.25 6 0.21 40 0.33 17 0.25 1.12 0.18 2 0.71 0.22 0.12 § 0.17 0.1 0,19 0.76 0.27 176  0.17 0 0.00 0.33 0.15 22 0.2z 580 0.52 40 3.08 10 0.67 25 50.00 0.8 4.00 3.8 0.15 58 0.15 1.5 0.19 0.17 0.27 0.7 0.30 31 0.23 1 0.83 31 041 X
E064 Y B 75 580 2.09 0.25 3 1.87 1 0.25 140  0.36 0.00 49 1.96 1.5 0.33 10 0.34 38  0.31 24 0.35 1.97 0.32 2 0.71 0.26 0.14 8 0.23 0.1 0.19 0.93 0.34 320 0.30 0 0.00 0.5 0.22 29 0.29 520 0.46 34 2.62 10 0.67 25 50.00 0.6 3.00 6.9 0.28 75 0.20 2.1 0.26 0.27 0.43 0.8 0.35 56 0.41 1 0.83 36 0.47 ¥
£068 B 85 37.8 3.32 0.40 3 1 0.25 220 0.56 1 05 2.9 116 25 0.54 16 0.55 300 2.46 17 0.25 3.43 0.55 1.43 0.6 0.33 10 0.29 0.2 0.37 1.8 0.66 595 0.56 1 0.83 0.99 0.44 55 0.56 500 0.45 28 2.15 10 0.67 25 50.00 0.4 2.00 11.3 0.45 120 0.31 2.5 031 046 0.72 1 0.43 105 0.77 1 0.83 46 0.61 I
E067 C C 890 B6.0 2.05 0.25 4 2.22 3.7 0.93 180 0.46 55 2.75 4.9 1.9 1.5 0.34 10 0.34 59 [.48 40 0.59 1.62 0.28 2 071 0.4 0.22 & 0.17 0.1 0.19 0.71 0.26 1090 1.03 0 0.00 0.46 0.20 3l 0.31 960 0.86 48 3.69 10 0.67 25 50.00 0.5 2.50 3.7 0.15 94 (.24 16 0.20 0.23 0.37 0.7 0.30 45 0.33 1 0.83 70 092 C
£068 D C 915 44.6 3.21 0.38 4 222 1.3 0.33 220 0.5 1.5 0.75 4.3 1.72 2.16 0.46 14 0.48 BE  0.54 17 0.25 2.63 0.42 3 1.07 0.63 0.34 g 0.26 0.2 0.37 1.02 0.37 845  0.80 1 0.83 0.96 0.42 29 0.29 840 0.75 32 2.46 10 0.67 25 5000 0.4 2.00 7.3 0.29 126 0.33 2.4 0.30 0.46 0.73 1 0.43 83  0.85 1 0.83 5 0.66 D
F071  E o 800 41.6 3.72 0.4 3 1.67 1.5 0.38 240 0.82 2 1.00 3.5 1.40 2.45 0.53 16 0.55 86 0.70 17 0.25 3.14 0.50 3 1.07 0.66 0.36 8 0.23 0.1 0.19 1.z 0.43 1330 1.25 2 1.67 1.15 0.51 35 0.35 710 0.83 28 2.15 10 0.67 25 50.00 0.2 1.00 7 0.28 135 0.35 2 0.25 053 0.8 0.8 0.3 105 0.77 2 1.67 B0 0.79 E
E072  F o 855 28.4 4.56 0.55 3 1.67 2.3 0.58 280 0.72 1.5 0.75 3.4 1.36 2.68 0.58 18 0.62 120 0.98 16 0.24 3.62 0.58 4 1.43 0.93 0.5l 10 0.29 0.2 0.37 1.4 0.5 1400 1.32 2 1.67 1.5 0.70 41 0.41 480 0.43 20 1.54 10 0.67 25 £p.00 0.3 1.50 9.9 0.40 162 0.42 2.6 0.32 064 1.00 0.9 039 121 0.8 1 0.83 54 0.71 F
E073 G C 805 64.6 1.59 0.18 3 167 1.1 0.28 160 0.41 1 0.50 4.8 1.92 1.82 0.39 8 0.28 43  0.35 12 0.18 1.06 0.17 2 071 0.3 0.20 7 0.20 0.1 0.18 0.62 0.22 720 0.68 0 0.00 0.43 0.19 16 0.16 1130 1.01 46 3.54 10 0.67 25 50,00 0.4 2.00 3.6 0.14 94 0.24 1.7 0.2t 0.20 0.3 0.6 0.26 31 0.23 1 0.83 30 038 G
£075 H c 715 31.8 3.71 0.44 4 2.22 3.8 0.95 280 0.72 1 050 4.1 1.84 2.32 0.5 15 0.52 8 0.70 14 0.21 2.88 0.46 4 143 0.88 0.48 11 032 0.2 0.37 22 0.44 1510 1.42 2 1.67 1.24 0.55 30 0.30 550 0.49 40 32.08 10 0.67 25 50.00 0.4 200 7.5 0.30 146 0.38 2.8 0.35 0.57 0.9 0.8 0.3 97 0.71 2 1.67 46 0.61 H
£077 1 C 600 46.0 3.15 0.38 2 1.1 1 0.25 230 0.59 1 0.50 4.3 1.72 2.13 0.46 12 0.4l 81 0.66 16 0.24 2.58 0.41 3 1.07 0.4 0.35 8 0.23 0.1 0.19 12 0.4l 625 0.59 1 0.8 1.01 0.44 33 0.33 600 0.54 32 2.46 10 0.67 25 5000 0.4 200 7.2 0.29 129 0.34 2.2 0.27 0.44 0.69 0.7 0.30 81 0.80 1 0.8 40 0.53 1
E078  J c 565 4,68 0.5 2 1.11 18.9 4.73 260 0.67 1.5 0.75 4 1.60 2.8 0.6 21 0.72 150 1.23 75 1.10 3.7 0.58 3 1.07 0.88 0.48 10 0.29 0.2 037 35 0.85 750 0.71 3 2.50 1.52 0.67 111 1.12 460 0.4l 28 2.15 330 22.00 25 50.00 0.4 2.00 12.5 0.50 150 ©.39 3.1 0.38 046 0.73 08 0.35 105 0.77 5 4,17 49 0.64
F078 K C 560 22.6 4.62 0.5% 3 1.87 1 0.25 310 079 1.5 0.75 2.5 1.00 2.21 0.47 14 0.48 65 0.53 18 0.26 3.23 0.52 5 1.79 1.17 0.64 11 0.32 0.2 0.37 1.5 0.56 640 0.60 2 1.67 1.58 0.70 37 0.37 470 0.42 26 2.00 10 0.67 25 50.00 0.3 1.50 B.3 0.33 16 0.42 3.4 0.42 51 0.81 0.9 0.39 g8 0.72 1 0.83 47 0.62 K
F081 L C 480 43.4 2.82 0.34 4 2,22 3.5 0.88 230 0.59 1 050 3.9 1.5 1.99 0.43 12 0.4l 85  0.70 13 0.19 2.43 0.39 3 1.07 0.72 0.39 8 0.23 0.1 0.19 1.02 0.37 680 0.64 2 167 098 0.43 27 0.27 530 0.47 3®  2.77 10 0.67 25 50.00 0.5 2.50 6.7 0.27 125 0.33 2.4 0.30 0.80 0.8 0.35 85 0.53 1 0.83 47 0.62 L
E08Z M C 455 410 3.1 0.37 3 1.67 2.2 0.5 240 0.82 1 050 3.7 1.48 1.97 0.42 12 0.41 60 0.49 16 0.24 2.37 0.38 4 1.43 0.78 0.42 8 0.23 0.2 037 1.14 0.31 520 0.49 2 1.67 1.02 0.45 26 0.26 550 0.49 34 2.62 10 0.67 25 50.00 0.4 2.00 6.5 0.26 126 033 2.8 035 042 08 0.7 030 71 0.52 1 o0.83 45 059 M
ED84 N C 345 0.0 1.83 0.22 3 1.67 2 0.50 190 0.49 0.5 0.25 46 1.8 1.69 0.36 g 0.31 81 0.6 16 0.24 1.3 0.21 2 0.71 0.48 0.26 8 0.23 0.1 0.19 0.8 0.30 475  0.45 p 0.00 0.53 o0.23 20 0.20 630 0.56 40 3.08 10 0.67 25 50.00 b.5: 2.50 4.1 0.16 95 0.25 2.1 0.26 0.24 0.38 0.5 0.22 37 0.27 1 0.8 52 0.68 N
F08s 0 C 245  83.4 0.76 0.09 4 .22 1 0.25 90 0.23 0.5 0.25 8.1 3.24 1.55 0.33 5 0.17 20 0.16 21 0.31 0.8] .10 2 0.71 0.18 0.10 5 0.14 0.1 0.19 0.5 0.21 360 0.34 1 0.8 0.15 0.0 19 0.13 770 0.69 44  3.38 10 0.67 25 50.00 05 2.50 1.9 0.08 51 0.13 1.1 0.14 007 011 05 0.2 17 0.13 1 0.83 5 071 0
E086 P C 160 0.7 0.08 8 4.44 1 0.25 90 0.23 0.5 025 7.3 292 1.5 0.32 3 0.10 19 0.16 32 0.47 0.57 0.09 2 071 0.19 o0.10 6 0.17 0.1 0.19 0.58 0.21 225 0.21 1 0.8 0.12 0.05 30 0.30 850 0.78 32 2.46 10 0.67 25 50,00 06 3.00 1.7 0.07 50 0.13 1 0.1z 0.06 0.09 0.5 0.22 16 0.12 1 0.83 42 0.55 P
E088  Q C 55 77.2 1.23 0.15 3 1.67 2.1 0.53 110 0.28 0.5 0.25 &4 3.36 1.8 0.40 5 0.17 31 0.25 38 0.57 1.07 0.17 2 071 0.21 0.1l 8§ 0.23 0.1 0.19 0.88 0.32 410 0.39 p 0.00 0.26 0.1l 52 0.53 745 0.67 32 2.48 20 1.33 25 50,00 0.5 2.50 2.8 0.1l §3 0.16 1.3 0.16 ©.10 0.18 0.5 0.22 29 0.21 1 0.83 37 049 Q
E089 R C 0 85.6 0.63 0.08 4 2.22 1.8 0.45 70 0.18 0 0.00 7.7 3.08 1.14 0.24 2 0.07 17 0.14 17 0.25 0.53 0.09 2 0.71 0.14 0.08 6 0.17 0.1 0.19 0.66 0.24 97 0.09 p 0.00 0.12 0.05 18 0.18 580 0.52 36 2.77 10 0.67 25 50.00 0.6 3.00 1.6 0.06 39 0.10 1 0.12 0.07 .10 0.5 0.22 18 0.13 1 0.83 38 0.50 R
E091 S C 55 0.68 0.08 4 2.22 1.2 0.30 70 0.18 0.5 0.25 11.2 4.48 1.12 0.24 2 0.07 20 0.16 19 0.28 0.49 0.08 2 0.71 0.14 0.08 4 0.12 0.1 0.19 0.71 0.26 g1  0.08 0 0.00 0.13 0.06 19 0.19 640 0.57 30 2.3 10 0.67 25 50.00 0.5 2.50 1.2 D0.05 40 0.10 1.1 0.14 057 0.9 0.5 0.22 15 0.11 1 0.83 63 0.83 5
E092 T c 105 76.0 1.42 0.17 5 2.78 30.8 7.70 130 0.33 0.5 0.25 10.4 4.16 0.7 0.15 3 0.10 27 0.22 73 1.0/ 0.79 0.13 2 0.71 0.22 0.12 6 0.17 0.1 0.19 0.42 0.15 86 0.08 0 0.00 0.26 0.11 31 0.31 670 0.60 46  3.54 20 1.33 25 50.00 0.8 4.00 2.7 0.1 5 0.15 1.8 0.22 0.13 o0.21 0.9 0.39 22 0.16 1 0.83 5 075 T
E093 U C 120 824 1.12 0.13 4 2.22 85 2.13 90 0.23 0 0.00 9.3 3.72 0.68 0.15 4 0.14 26 0.2 32 0.47 0.72 0.12 2 0.7 0.18 o0.10 4 0.12 0.1 0.19 0.51 0.18 135 0.13 1 0.8 0.21 0.09 30 0.30 650 0.58 38 2.92 10 0.67 25 50.00 0.5 2.50 2.5 0.10 43 0.11 1.2 0.15 0.09 0.15 0.7 0.30 19 0.14 1 0.8 68 0.89 U
E09s W & 110 536 2.65 0.32 4 222 3.3 0.83 190 0.49 0.5 0.25 4.6 1.84 1.682 0.35 10 0.34 88 0.72 13 0.19 2.45 0.39 2 071 0.4 0.22 6 0.17 0.1 0.19 092 0.33 330 0.31 1 0.8 0.77 0.34 35 0.35 400 0.36 24 1.85% 10 0.67 25 50.00 0.5 2.50 5.8 0.23 103 0.27 1.7 0.21 0.39 62 0.6 0.26 84 0.62 1 0.83 43 0.57 W
E097 X C 80 61.8 2.47 0.30 4 2,22 1.9 0.48 170 0.44 1 050 57 2.28 1.9 0.4 8 0.28 70 0.5/ 19 0.28 1.78 0.29 2 0.7 0.3 0.20 7 0.20 0.1 0.19 1.05 0.38 275  0.26 0 0.00 0.76 0.33 28 0.28 560 0.50 32 2.46 10 0.67 25 5000 0.5 2.50 4.9 0.20 103 0.27 1.8 0.22 034 0.5 1.2 0.5 43 0.36 1 0.83 33 0.43 X%
F098 Y C 75  47.2 3.6 0.44 2 1.1l 2.5 0.63 210 0.54 1 0.50 4.6 1.84 2.51 0.54 11 0.38 50 0.41 26 0.38 2.59 0.42 3 1.07 0.48 0.26 9 0.26 0.2 0.37 1.24 0.45 390 0.37 2 1.67 1.18 0.52 32 0.32 510 0.46 0 2.31 10 0.67 25 50.00 0.4 200 7.5 0.30 131 0.3 2.z 0.27 045 071 06 0.26 71 0.52 1 0.83 38 0.50 Y
E099 7 C 85  20.4 5 0.80 4 2,22 43 1.08 310 0.79 1 050 2.8 1.1z 3.15 0.68 16 0.55 265 2.17 18 0.6 3.69 0.59 5 1.79 1.03 0.5 12 035 0.2 037 2.07 0.75 580 0.55 2 1.67 1.85 0.8] 53 0.54 400 0.36 18 1.38 10 0.67 25 50.00 0.4 2.00 12.4 0.5 180 0.47 3.3 0.4 0.57 0.9 2 0.87 101 0.74 1 0.83 42 055 I
Clark Index-I 8.36 1.80 4.0 290 2.00 2.50 4,86 29.0 122 68.0 6.22 2.80 1.84 34.5 0.54 2.764 1060 1.20 2.27 93.0 1120 13.0 15 0.5 0.20 25.0 384 8.10 0.632 2.30 136 1.20 76.0
Mean 5960 2.32 0.28 3.5 1.98 3.64 091 183.13 0.47 0.8 0.40 532 2.13 1.69 036 9.78 0.34 7555 0.62 24.66 036 1.8 030 2.78 099 044 024 739 0.21 0.13 0.25 1.00 0.36 580.03 0.55 0.97 0.8 0.6 0.28 32.38  0.3% 665.36 0.59 35.04 2.70 23.16 1.54 18.70 3739 0.49 2.44 534 0.21 91.58 0.24 1.91 0.24 0.28 0.44 0.77 0.33 54.81 0.40 1.17 0.98 48.99 0.66
Variance 373.70 1.76 0.03 0.98 0.30 27.95 1.756384.29 0.04 0.74 0.19 4.21 0.67 0.34 0.02 32.55 0.04 3910.78 0.26 290.40 0.06 1.26 0.03 1.23 0.6 0.07 0.02 501 0.00 0.00 0.01 0.22 0.03 187318 0.17 0.73 0.51 0.21 0.04 417.00 0.04 27592 0.02 48.54 0.29 4461.1 19.83 86.51 346.04 0.02 038 10.67 0.0? 1553.8 ©0.01 0.57 0.0l ©€.03 0.08 0.08 0.02 11953 0.06 0.53 0.37148.19 0.03
Standard Deviation 19.33 1.33 0.18 0.99 0.55 529 1.32 79.90 0.20 0.86 0.43 2.05 0.82 0.5 0.13 571 0.20 62.54 .51 17.04 0.25 1.13 0.18 1.1l 0.40 0.27 0.15 2.24 0.06 0.05 0.09 0.47 0.17 432.80 04l 08 0.7l 046 0.20 20.42 0.21 166.11 0.15 6.97 0.54 B66.79 4.45 9.30 1860 0.12 062 3.27 0.13 39.42 0.10 0.76 0.03 0.18 0.28 029 0.13 34.57 0.25 0.73 0.6l 12.17 0.16
n 65 69 69 69 g9 69 9 69 69 69 69 €9 69 69 69 63 €9 69 69 69 €9 69 89 69 59 69 69 69 69 69 69 69 69 69 69 69 69 69 69 69 69 69 69 69 69 69 59 69 69 69 69 68 69 69 69 B9 69 69 69 69 69 69 69 69 69 89 €9
Analytical Method ***** ICP  ICP  NAA  NAA  NAA  NAA ICP ICP ICP ICP  NAA  NAA  ICP ICP  ICP  ICP ICP 1P ICP ICP ICP ICP  NAA  NAA ICP ICP  NAA  NAA  NAA  NAA  ICP  ICP ICP ICP ICP ICP ICP  ICP  ICP  ICP ICP  ICP ICP  ICP FA FA FA FA NAA NAA NAA  NAA ICP ICP  NAA  NAA  ICP  ICP NAA  NAA  ICP  ICP  NAA  NAA  ICP  ICP
Detection Limit 0.01 1 0.2 1 0.5 1 0.01 1 1 1 0.0l ? 0.01 1 0.1 0.01 1 1 0.01 1 10 2 10 25 1 1 1 1 0.001 0.2 1 1 1
Lab No. Sample Size Elevation L.0.1. Al Al As As Au Au Ba Ba Be Be Br Br Ca Ca Co Co Cr Cr Cu Cu Fe fe Hf Hf K K La La Lu Lu Mg Mg Mn Mn Mo Mo Na Na Ni N1 p P Pb Pt Pd Pd Pt Pt Sb Sb Sc S¢ Sr Sr Th Th Ti Ti u u v v W W In In Sample
Code Fraction  (cm) (%) (%) (K) (ppm) (K} (ppb)  (K) (ppm) (K} (ppm)  (K) (ppm) (K) (%) (K) (ppm) (K} (ppm) (K} (ppm) (k) (%) (K) (ppm) (K) (%) (K) (ppm) (K} (ppm} (K} (%) (K (pem})  (K) (pem)  (K) (%) (K) (ppm) (K)  (ppm) (K) (ppm) (K) (ppb) (k) (ppb) () (ppm) (K) (ppm) (K} (ppm)  (K) (ppm) (K) (%) {(K)  (ppm) (K) (ppm) (K} (ppm)  (K) (ppm)  (K) Code
* Empty cells indicate missing values. ** Size Fractions *** The elevations (in cm) are relative to the lowest point on the line. #*%%  Thase samples were analysed by Methad B (see text for details) with detection limits of 2 ppb and 5 ppb for Pd and Pt respectively. **kxx Analytical Methods
A = -20 +50 mesh ICP = Inductively Coupled Plasma Analysis
B = -50 +80 mesh NAA = Neutron Activation Analysis
C =-80 mesh FA = Fire Assay Analysis






