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SUDBURY, TIMMINS, ALGOMA MINERALS PROGRAM (STAMP)

The Sudbury, Timmins, Algoma Minerals Program was announced in
Sudbury September 17, 1983, with the objective of stimulating mineral
exploration and economic development in the region. It was initiated by
the Department of Energy, Mines and Resources and supported by
Employment and Immigration Canada. The program was designed and
implemented by the Geological Survey of Canada in collaboration with
Mineral Policy Sector. The individual projects were managed by the
Department of Geology, Laurentian University, Sudbury, under the
Chairman, Dr. A.E. Beswick. Field operations began in early October
and continued into December. Following an eight-week extension, the

Program terminated on May 25, 1984.
The Program comprised four projects with the following objectives:

Project 1 - Mineral Data Base (CANMINDEX)

- to collect, code and enter basic information on mineral
occurrences in north-central Ontario into the Geological
Survey of Canada data bank (CANMINDEX file); to provide
information on these occurrences to the Ontario Geological
Survey in their file format, and update information for the
EMR (Mineral Policy Sector) National Mineral Inventory
System; and to compile available rock geochemical data.

Project 2 - Swayze Belt Overburden Geochemistry

- to identify target areas for mineral exploration by
geochemical sampling and analyses of overburden materials
(eskers) in the Chapleau-Foyleyet-Gogama area.

Project 3 - Huronian Supergroup Geochemistry

- to define target areas with anomalous metal concentrations
in Huronian sedimentary rocks in the Sault Ste.
Marie-Sudbury region.

Project 4 - Rock Chemical Mineral Exploration Criteria

4A: to identify lithogeochemical criteria useful for mineral
exploration in the Onaping Formation of the Sudbury Basin.

4B: to determine variations in rock geochemistry of major
units of the Temagami Greenstone Belt and their relationships
with mineralization.

The numbers and titles of the Geological Survey of Canda Open Files
reporting results of these projects are listed on the back cover of this
report. A description of the STAMP program, which includes overall
co-ordination and administrative support, will be published in Current
Research, Part A, GSC Paper 85-1A in January 1985.
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FIGURES

Map of Sudbury Basin showing the locations of the study areas.
SIC - Sudbury Igneous Camplex; OP - Onaping; OW - Omwatin; and

CH - Chelmsford Formations.

Map of the Morgan Township grid illustrating sampling pattern.

Map of the Dowling Township grid illustrating sampling pattern.

Frequency distribution of (a) Cu, (b) Ni, (c) Zn for all samples
from Morgan Township. In figures 4 to 10, inclusive, the number
under the individual histogram is the upper limit of the class

interval; also, sare high intervals are amitted for illustrative

convenience.

Frequency distribution histograms of (a) Cu, (b) Ni and (c) Zn

for samples of the Grey member fram Morgan Township.

Frequency distribution histograms of (a) Cu, (b) Ni and (¢) Zn

for samples of the Black member from Morgan Township.

Frequency distribution histograms of (a) Cu, (b) Ni and (c) Zn

for all samples fram Dowling Township.
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Frequency distribution histograms of (a) Cu, (b) Ni and (c¢) Zn

for samples of the Grey member from Dowling Township.

Frequency distribution histograms of (a) Cu, (b) Ni and (c¢) Zn

for samples of the Black member from Dowling Township.

Frequency distribution histograms of (a) Cu, (b) Ni and (c) Zn

for samples of the Onaping melt fram Dowling Township.

Scatter diagrams of chemical data of samples from Morgan Township,

(a) Cu vs. Ni, (b) Cuvs. Zn and (c) Ni vs. Zn.

Scatter diagrams of chemical data of samples from Dowling Township,

(a) Cuvs. Ni, (b) Cu vs. Zn and (c) Ni vs. Zn.

Contour diagrams and perspective plots of Cu, Ni and Zn values from
Morgan Township. Contour interval 3 or 5 ppm. Angle of view of
the perspective plots is 30° above the horizontal. Co-ordinates
correspond with those of Fig. 2 except that west co-ordinates are
represented by negative values on the contour plots. The lower
right-hand edge of the perspective plate corresponds to the right-

hand edge of the contour diagrams (3300) except fram Fig. 13d where

the lower right-hand edge of the perspective corresponds to the lower

edge of the contour diagram. (0600) .
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TABLES

1. Statistical data for Cu, Ni and Zn. Morgan Township.

2. Statistical data for Cu, Ni and Zn. Dowling Township.

1. Geological map of Morgan Township showing the location of samples

collected at 400 m and 100 m intervals.

2. Geological map of Dowling Township showing the location of samples

collected at 400 m and 100 m intervals.

3. Map showing the location of samples collected at 20 m intervals.

APPENDICES

A. Trace elements analyses of samples from Morgan Township.

B. Trace elements analyses of samples fram Dowling Township.



GEOLOGICAL SETTING

The Sudbury Basin is elliptical in plan view, 58 km long and 26 km
wide, with the long axis trending 065° (Figure 1). Rocks of the Sudbury
Igreous Complex outcrop in the form of an elliptical ring that outlines
the basin perimeter. The outer segments of the basin are divided into
three ranges: East, North and South. The basin straddles the lithologic

contact between Early Proterozoic age rocks of the Southern Province and

gneisses and migmatites of the Archean age.

o Sudbury

o 5
KM

Figure 1. Map of Sudbury Basin showing the locations of the study areas.
SIC - Sudbury Igneous Camplex; OP - Onaping; OW - Onwatin; and
CH - Chelmsford Formations.



Rocks of the Whitewater Group of Early Proterozoic Age comprise
the fill of the basin and have no known equivalents outside the basin.
The group consists of three formations which are, from oldest to youngest:

the Onaping, Orwatin and Chelmsford Fommations.

The Onaping Formation is divided into three members (Peredery, 1972a,
1972b; Muir 1982) plus an igneous-textured component termed melt rock
(Peredery 1972) or Onaping Melt (Muir 1982). The basal member consists
of various breccias that are camposed mainly of fragments of Metaarkose
and quartzite in the South Range (Stevenson, 1961) and metasedimentary,

granite and gneissic fragments in the North Range.

The overlying grey member and the lower two-thirds of the uppermost
black member contain a number of heterogeneous breccias which resemble
pyroclastic rocks. Units in the upper cne-third of the black member are
locally bedded. Fragments in the grey and black member include a variety
of devitrified glasses, quartzites, arkoses, siltstones, granites, gneisses
and gabbros. The melt rocks underlie, penetrate and form irregular masses
in all members of the Onaping Formation but tend to be concentrated in the
lower half of the formation. Carbonaceous material, particularly abundant

in the black member, imparts a dark ocolour to the rocks.

Sulphide minerals are disseminated throughout the entire Onaping

Formation (Rousell 1982, 1983, in press). The sulphide content is variable;



it rarely exceeds 10 percent by volume and cammonly is in the order of

1 percent by volumre. Muir (1980) and Lafleur (198l1) noted that in the
North Range sulphide minerals are most abundant in the black member.

The sulphide minerals occur mainly as discrete fragments that are 0.5 am
or less in diameter. There are also sulphide patches and grains within
rock and glass fragments and in the melt rocks. Pyrrhotite is the most
abundant sulphide mineral and it locally contains exsolution pentlandite.
Chalcopyrite is cammon but camprises less than one percent of the total
sulphides and is usually enclosed by pyrrhotite. Sphalerite, galena,

marcasite and pyrite occur in minor amounts.

The only published chemical data on the metal content of the
Onaping Formation consist of analyses of material from drill cores and
outcrops by Sadler (1958) and Arengi (1977) and the analyses by Rousell
(1982, 1983, in press) of a suite of 26 specimens collected from reported
mineral occurrences scattered throughout the basin. These data indicate
that there are a few localities in the South Range with moderately high
valwes of Zn, Pb, Ba, As and Cr; elsewhere, metal values in the formation

appear to be low to intermediate.

Rousell (in press) compared the average metal values in the Onaping
Formation to the average metal values in rocks of intermediate camposition
(Krauskopf 1967) by a ratio of the two averages and to the awerage metal

values in basalt (Krauskopf 1979) by a similar ratio. For intermediate



rocks the range in ratios are: Cu, 0.4 to 4.7; Zn, 1.5 to 5.6; Ni, 1.4
to 3.4; Co, 2.4 to 7; Pb, 1.1 to 4; Cr, 2.1 to 12.4; As, 12.7; and &g,

5 to 167. For basalt the range in ratios are: Cu, 0.1 to 1.5; Zn, 1 to
3.8; Ni, 0.3 to 0.8; Co, 0.4 to 1.3; Pb, 2.9 to 17; Ba, 1.8 to 2.6;

Cr, 0.4 to 2.2; As, 14; Ag, 75 to 2,500;and Au < 60. Thus background
metal values in the Onaping Formation are higher than values in inter-
mediate rocks, particularly for Ag, As and Cr. Background metal values
in the Onaping Formation tend to be higher than average values in basalt

for Zn, Pb, Ba, As, Ag, and Au and lower for Cu, Ni, Co and Cr.

Whether the Sudbury Basin was formed by explosive volcanism or
meteorite impact, sulphide-rich material must hawve been present prior
to brecciation and incorporation into the Onaping Formation. The sulphide
fragments may have been derived from sulphide-rich pods located at depth
(Pattison 1979) and from rocks of the Huronian Supergroup which locally
contain as mxch as 10 percent by volume of pyrrhotite, pyrite and chalco-
pyrite (Innes 1972). The Vemmilion-Errington deposits (Zn-Pb—Cu) occur
near the base of the Onwatin Formation. Rousell (1982, 1983) suggested
that these may represent sedimentary exhalative deposits derived from
metal-rich brines. These brines may have deposited same Zn, Pb and Cu

during their passage through the Onaping Formation.



PURPOSE AND NATURE COF THE INVESTIGATICN

Prior to this study, no systematic published investigation had
ever been made on the econamic significance of the mineralization in
the Onaping Formation. Little was known of the metal content of the
formation and the lateral and vertical distribution of metals. The
objectives of the investigation were: to determine the Cu, Ni, Zn, Pb
and Au ocantent of the formation in two representative areas; to charac-
terize the distribution pattern of the metals by computer-generated plots;
to determine the minimm sampling density necessary to reproduce the
pattern; to relate metal distribution to lithology; and to campare the
Ni content of pyrrhotite in the Onaping Formation to that in the sublayer,

the norite and the Huronian Supergroup.

Because of the large size of the outcrop belt and the camplexity
of the formation, the method of approach was to undertake a detailed
geochemical study of two selected areas (Fig. 1). A 2 km x 3 km area
in Morgan Township and a 2 km x 2 km area in Dowling Township were chosen
for the following reasons: each area has been mapped in detail (Morgan -
Muir and Taylor, 1981, Dowling - Peredery 1972a, 1972b); both areas are
in the North Range where the rocks have not undergone ductile deformation;
the rocks are well exposed and reasonably accessible; pits and drill holes
indicate same exploration activity; and the two areas are sufficiently

close so that camparisons can be made.



In order to facilitate sampling, a grid was established in each area
(Morgan Township - Figure 2, Dowling Township - Figure 3). This involved
the cutting and chaining of an accurate base line. Pace and campass lines
were run from the base lines using aerial photographs for control. The
grid lines are oriented normal and parallel to the strike of lithologic
contacts. Samples were collected at 400 m intervals over the whole of
each area. In addition, samples were collected at 100 m intervals in 9
subareas in Morgan Township and 7 subareas in Dowling Township; each sub-
area is 400 m square. Samples were also collected at 20 m intervals in
two subareas in Morgan Township and two subareas in Dowling Township.

Each subarea is 100 m square.

Map 1 and map 2 are simplified geological maps of Morgan Township and
Dowling Township, respectively. They show the locations of the samples
collected on the 400 m and 100 m scales. The locations of samples collected
at the 20 m interval are shown on map 3 (in pocket). A total of 607
samples were collected - 332 fraom Morgan Township and 275 fram Dowling

Township. Field work was done in the fall of 1983 by a party of four.

All samples were chemically analyzed, by atamic absorption, for

Cu, Ni, Zn and Pb. Samples from Morgan Township were analyzed for Au.

The Surface II software package, used to generate the contour and
perspective diagrams, arrived at a late stage in the project. Consequently,

only a certain number of these diagrams were produced.



There was insufficient time to do the microprobe analyses of

pyrrhotite.

This report represents a revision, by the second author, of a report

submitted by the senior author. The report was edited by the third author.
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ANALYSIS CF DATA

Introduction
Chemical analyses of samples from Morgan Township are given in
Appendix A and analyses of samples from Dowling Township are given in

Appendix B (UG/G = ppm) .

Values of Pb were detected for only 33 of the samples from Morgan
Township. The highest value, 500 ppm, is from a sample from the Black
member. On the other hand, 193 of the samples fram Dowling Township
yvielded Pb values and the highest, fram the Grey member, is 4826 ppm.
Most of the lead values, from both areas, are low and between 20 and

30 ppm.

Gold was detected in 200 of the samples fram Morgan Township.
The highest value was 20 ppb and most samples contained less than 10 ppb.
The low Au values in the Morgan Township material suggested that it was

not feasible to analyse the samples fram Dowling for Au.

Because of their low values, the chemical data for Pb and Au are
not considered further. The chemical data for Cu, Ni and Zn are presented
and discussed in terms of statistical analyses, scatter diagrams and aerial

distribution.
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Statistical Analysis

Table 1 and Table 2 set out statistical summaries of Cu, Ni and Zn
analyses from Morgan Township and Dowling Township, respectively.
Frequency distribution histograms of analytical data from Morgan Township
are given in Figures 4 to 6 inclusiwe, and from Dowling Township in
Figures 7 to 10, inclusive. Note that high values are anitted from some
of the histograms. The majority of values for a given metal fall in the
lower end of the range; therefore, the mode and median are less than the
mean. For simplicity, the data is discussed and camared in terms of the
median and the maximum value. (Minimum values are uniformly low and the
"maximm"” minimum values for all sets of data is 40 ppm.) The frequency
histograms give a general impression of the spread of the data and the

value of the mode.

The median values of Cu, Ni and Zn, for all samples in Morgan Township
(rounded off to the nearest whole number) are 40, 87 and 51 ppm, respectively;
for Dowling Township the equivalent values are 43, 84, and 64 ppm. Thus,
in general the two sets of data are similar and the median values are far
below ore grade. The maximum values of Cu, Ni and Zn in Morgan Township
are 1350, 1519 and 748 ppm respectively, while the same values in Dowling

Township are 3025, 159 and 3860, respectively.

The median values of Cu, Ni and Zn for samples fram the Grey member
in Morgan Township are 33, 85 and 543 vpm respectively. For Dowling

Township, the equivalent values are 38, 84 and 58 ppm respectiwely.
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The two sets of data are quite similar. In Morgan Township, the

maximum values for Cu, Ni and Zn are 1350, 120, and 1700 ppm, respectiwvely,
while in Dowling Township the same values are 202, 159 and 1700 ppm,
respectively. Apart fram Cu in Morgan Township and Zn in Dowling Township,

the rest of the maximum values are quite low.

The median values of Cu, Ni and Zn for samples fram the Black
member in Morgan Township are 41, 88 and 64 ppm, respectively; for
Dowling Township equivalent values are 46, 85 and 667 ppm, respectively.
Median values of a given metal are remarkably similar in the two townships.
The maximum values of Cu, Ni and Zn in Morgan Township are 199, 115 and
748 ppm, respectively; in Dowling Township equivalent values are 3025,
124 and 3860 ppm respectively. Thus, there are local moderately high

values of Cu and Zn in Dowling Township.

The median values of Cu, Ni and Zn from melt rocks in Morgan Township
are 56, 71 and 41 ppm, respectively; for Dowling Township equivalent values
are 42, 73 and 78 ppm, respectively. Again, the median values for a given
metal are similar in the two townships. The maximum values of Cu, Ni and
Zn in Morgan Township are 679, 1519 and 77 ppm, respectively; in Dowling

Township equivalent values are 250, 105 and 2640 ppm, respectiwely.

In summary, median values of a given metal are similar in the two
townships. Moreover, there does not appear to be a significant difference

in values among the three members. These data do not support the suggestion
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by Muir (1980) and Lafleur (1981) that metal values tend to be higher

in the Black member than other members. Median values are all low and
none exceeds 100 pom. In general, median values tend to be highest for
Ni, lowest for Cu and intermediate for Zn. Of the three metals, in
Morgan Township, Ni has the highest maximum value and Zn the lowest
maximum value, whereas in Dowling Township, Zn has the greatest maximum
value and Ni the lowest maximum value. This suggests that maximum values

are local in nature.

Scatter Diagrams

Scatter diagrams for chemical data of samples fram Morgan Township
are shown in Figure 11 and those for Dowling Township are shown in

Figure 12.

The plots of Cu vs. Ni (Figure lla and Figure 12a) show a cluster
of points and no cbvious trends. The plot of Cu vs. Zn (Figure 11b and
Figure 12b) indicate a tendency for Cu and Zn values to increase together.
The plot of Ni vs. Zn (Figure llc and Figure 12c¢) indicates a cluster of
points with a tendency for Zn values to have a wider scattering than Ni

values.
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Figure 4. Frequency distribution of (a) Cu, (b) Ni, (c) Zn for all samples
from Morgan Township. In figures 4 to 10, inclusive, the number
under the individual histogram is the upper limit of the class
interval; also, some high intervals are omitted for illustrative
convenience.
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Frequency distribution histograms of (a) Cu, (b) Ni and (c) Zn
for samples of the Grey member from Morgan Township.
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Figure 6. Frequency distribution histograms of (a) Cu, (b) Ni and (c) Zn
for samples of the Black member from Morgan Township.
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Figure 7. Frequency distribution histogram of (a) Cu, (b) Ni and (c) Zn
for all samples from Dowling Township.
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Figure 8. Frequency distribution histograms of (a) Cu, (b) Ni and (c) Zn
for samples of the Grey member from Dowling Township.
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Figure 9. Frequency distribution histograms of (a) Cu, (b) Ni and (c) Zn
for samples of the Black member from Dowling Township.



21

25
F
N=25
R
E
@
%
2
R
70
COPPER (PPM)
(a)
25
F 20 + o N=25
R i
E - i
10 -
% o
5 |-
Leyded %!
o LB - o
10 20 30 40 50 90
NICKEL (PPM)
(b)
40
FFz 30 |- Es
E
Q 20 F
% 10
20 40 120 140 160 200
ZINC (PPM)
(c)

Figure 10. Frequency distribution histograms of (a) Cu, (b) Ni and (c) Zn
' for samples of the Onaping melt from Dowling Township.
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Aerial Distribution

The aerial distribution of Cu, Ni and Zn values are illustrated
by means of a series of camputer-generated contour diagrams and pers-
pective diagrams derived fram the contour diagram. There are three
pairs of diagrams for a particular metal per Township: one pair for the
whole area and sampled at 400 m intervals, a pair representing an area
sampled at the 200 m interval, and a pair representing an area sampled

at the 20 m interval. Thus, there are a total of 18 pairs of diagrams.

The distributions of Cu, Ni and Zn in Morgan Township, sampled at
the 400 m interval, are shown in Figures 13a, 13b and 13c respectively.
The two highs on Figure 13a are entirely the result of high copper values
in two samples; the high at the top of the diagram is due to a sample of
melt rock (6007) with values of 679 ppm and the other is dwe to a sample
in the Black member (6106) with a Cu value of 199 ppm. Elsewhere, values
are low. Figure 13b indicates Ni values are very low except for a single
high (1519 ppm) and due to a sample (6007) that also has a high Cu valwe.
The diagrams for Zn (Figure 13c) show no peaks but a moderately high back-
ground value; this is dvue to a number of samples with Zn values of 100-150

ppm.

The distributions of Cu, Ni and Zn, in a local area in Morgan
Township and samples at 100 m intervals, are shown in Figure 13d, 13e
and 13f respectively. Figure 13d shows a single sharp peak for Cu and
due to a value of 702 pom in a single sample (6128) from the Grey member.

Elsewhere, Cu values are very low in this local area. Note that an air-
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bome electromagnetic conductor is near sample 6128 (see Map 1). The
local high of Figure 13d is actually located on a low of Figure 13a.
Figure 13e shows no peaks for Ni but instead moderate background values
of approximately 100 ppm and rather similar to Figure 13b. Figure 13f
shows three peaks for Zn; the two peaks on the left are for two specimens
in the Black member - 6122 with 748 ppm and 6126 with 599 ppm. The low
peak to the right-hand side is caused by a specimen fram the Grey member
(6128) with 207 ppm Zn. There is no indication of these high values in

Figure 1l3c.

The distributions of Cu, Ni and Zn, in a 100 m square area in
Morgan Township and sampled at a 20 m interval, are shown in Figure 13g,
13h, and 13i, respectively. In Figure 13g, the two peaks correspond to
Cu values of 115 and 118 ppm. This small area straddles the 45 m contour
of Figure 13a. Figure 13h for Ni shows no peaks but with broad areas
having values around 100 ppm, similar to Figure 13b. Figure 13i displays
three modest peaks corresponding to four specimens with 2Zn values ranging

fram 102 to 137 ppm. Figure 13i can be compatibly imposed on Figure 1l3c.

The distributions of Cu, Ni and 2n in Dowling Township, sampled at
the 400 m interval, are shown in Figures l4a, l14b and l4c, respectiwely.
In Figure l4a there are two peaks due to a sample of melt rock (6403) with
Cu values of 250 ppm and a sample of the Grey member (6503) with Cu values
of 160 rpm. Figure 14b indicates moderate Ni values without local highs;
there are a number of samples with values circa 80 ppm. Figure l4c has a

very high peak due largely to a specimen (6403) of melt rock containing
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2640 ppm Zn. A specimen of the Black member (6504) with 178 ppm Zn
produces the other peak.

The distribution of Cu, Ni and Zn, in a local area in Dowling
Township, sampled at 100 m intervals, are shown in Figures 144, l4e
and 14f, respectively. Figure 14d shows no peaks and with all values of
Cu less than 100 pom. This small area occurs between two peaks in Figure
1l4d. Figure l4e shows a typical pattern for Ni - no peaks with fairly
uniform values circa 80 ppm. Figure 14b shows a similar pattern. Figure
14f shows very low Cu values. A specimen from the Black member (6504) has

a value of 178 pom and is responsible for the single peak.

All samples, fram the small area in Dowling Township sampled at
20 m intervals, are fram the Black member. Figure l4g shows two peaks
fram samples of Cu yielding 138 ppm (6599) and 112 ppm (6607) ; elsewhere
Cu values are low. Figure 14h again is typical for Ni - no peaks and with
many valuves between 80 and 90 ppm. Figure 1l4i shows numerous peaks for
Zn and this is due to several high values including: 820 ppm (6588),
131 ppm (6586), 419 ppm (6587), 110 ppm (6589), 184 ppm (6594), 225 ppm
(6599) and 3860 ppm (6602). This small area occurs within an area sampled
on the 100 m scale. Neither the 400 m sampling grid nor the 100 m sampling

grid revealed the presence of this local area of high Zn values.
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Figure 13a-i. Contour diagrams and perspective plots of Cu, Ni and Zn
values fram Morgan Township. Contour interval 3 or S ppm.
Angle of view of the perspective plots is 30° above the
horizontal. Co-ordinates correspond with those of Fig. 2
except that west co-ordinates are represented by negative
values on the contour plots. The lower right-hand edge
of the perspective plate corresponds to the right-hand
edge of the contour diagrams (330°) except fram Fig. 13d
where the lower right-hand edge of the perspective corres-
ponds to the lower edge of the contour diagram.
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Cu - 400 m sampling density.

Figure 13a.
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7]

Ni - 400 m sampling density.

Figure 13b.
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Figure 13c. Zn - 400 m sampling density.



32

Figure 13d. Cu - 100 m sampling density.



33

Figure 13e. Ni - 100 m sampling density.
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100 m sampling density.

Zn

Figure 13f.
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In - 20 m sampling density.

Figure 131.



Figure 1l4a-i.

38

Contour diagrams and perspective plots of Cu, Ni and Zn
values from Dowling Township. Contour interval 3, 5 gnd
10 ppm. Angle of view of the perspective plots is 30
above the horizontal. Co-ordinate correspond to those

of Fig. 3 except that the south co-ordinates are repre-
sented by negative numbers on the perspective plots.

The lower right-hand edge of the perspective plots corres-

ponds to the right-hand edge of the contour diagram.
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Cu - 400 m sampling density.

Figure 14a.
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fli - 400 m samnling density.

Figure 14b.
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Figure 14c. Zn - 400 m sampling density.
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Figure 14d. Cu - 100 m sampling density.
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Figure 14f. Zn - 100 m sampling density.
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Figure 14q.
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Figure 14h. Ni - 20 m sampling density.
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Figure 14i. ZIn - 20‘m sampling density.
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SUMMARY AND CONCLUSIONS

Overall concentrations of Pb and Au in the Onaping Formation of

the two areas is very low.

The median value of Cu (all samples) in the Onaping Formation
in the Morgan Township area is similar to the median value of Cu (all
samples) of the formation in the Dowling Township area; Ni and Zn show
a similar relationship. Similarly, the median value of a given metal
in one of the members is similar in both townships. Moreover, the three
members have a similar metal ccntent. Accordingly, the data does not
support the suggestion (Muir 1980, Lafleur 1981) that the Black member

has a higher metal content than other members.

In general, Ni has the highest median value, Zn is intermediate and
Cu least. All median values are below 100 ppm. The highest values
recorded are Cu - 3025 ppm, Ni - 1519 ppm and Zn - 3860 ppm. All are well

below ore grade.

The scatter diagrams show no obvious trends except perhaps for a

weak correlation between Cu and Zn.

The distribution pattern of a metal, fram sampling on the 20 m grid,
is seldam reproduced by larger scale sampling. This is well illustrated

by the high Zn values in a 20 m sample area in Dowling Township; there is
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no evidence of the high in the contour diagram based on 100 m sampling.
Consequently, diagrams produced by sampling a large interval cannot,
in general, predict local high metal values.

The camputer-generated contour and perspective plots, contained
in this report, are not entirely suitable for displaying these kinds
of data. The analytical data are highly skewed with the maximum as much
as 60 times the median. Contour lines becare very closely spaced and
unreadable in diagreams that have local high values. Also, the contour
lines are evenly spaced around peaks but in actual fact the peaks are

usually due to a single sample.

A logarithm scale should be used in the contour and perspective plots.
An effective type of perspective plot would be one in which each analysis
is represented by a line, parallel to the z-axis, whose length is propor-
tioned to the log of the analytical value. It would also be useful to

plot the analytical values on the sample-location map.

In conclusion, the metal content of the Onaping Formation in the two
areas is low and uneconamic. The distribution of metals is erratic and
not stratigraphically controlled. Sampling on a widely-spaced grid cannot
predict the presence of small localities with relatively high metal values.
This erratic pattern supports the fact that the bulk of the sulphide minerals

in the Onaping Formmation are fragmental in nature.
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APPENDIX A

ONAP ING PROJECT ATOMIC ABSORPTION TRACE ELEMENT ANALYSES
(TOTAL DIGESTION)

Morgan Township

SAMPLE & Cu Ni Zn Fb A
(ppm)’ (ppm) (ppm) {ppm) (ppb)
ROCK TYPE
5000 23 31 69 29 NI 1
6001 3 40 94 63 ND 1
5003 5 9 41 34 NI NI
6003 3 32 90 43 NI NI
5004 3 57 96 91 ND 2
6003 3 29 79 41 NI 2
50006 2 20 66 44 ND 13
6007 2 679 1519 77 163 2
6008 3 ] 67 63 35 2
6009 2 31 60 52 ND 6
6010 3 36 86 42 ND 5
011 3 81 96 33 GO 2
p012 3 28 o6 37 NI 2
6013 3 53 71 58 ND 2
56014 3 74 70 23 ND 2
6013 2 44 73 27 ND 2
6016 2 139 38 19 59 ND
(017 3 37 94 44 ND 1
6018 3 17 58 34 NI 6
6019 3 58 76 41 20 5
6020 3 44 43 41 ND NT
6021 3 34 69 77 10 6
6022 3 4Q 89 49 NI 2
6023 3 21 54 23 ND 1
5024 3 49 85 63 ND 13
G026 3 3 62 40 ND -
6028 3 53 85 o4 ND 2
6029 3 1330 116 61 ND 2
6030 3 39 823 46 ND 1
6031 3 37 71 36 ND 1
6032 3 55 81 46 NI NI
6033 3 40 81 104 79 NTI
6035 3 153 79 33 NI ND
6036 3 3 94 38 ND 2
6037 3 39 73 49 55 3
6038 3 10 80 30 ND 2
6039 3 3 72 26 NI 1
6040 3 43 70 34 ND 1
6041 3 370 66 38 ND NTi



54

MORGAN TOWNSHIF con’t

Cu Ni n Fh Al
6042 3 46 823 33 ND 2
6043 3 327 119 32 NI NI
6044 3 23 93 43 NI 2
6045 3 8 7 31 NI 2
046 3 38 98 33 NI -
6047 3 8 79 24 NI 2
6048 3 102 73 32 ND 1
6049 3 17 88 29 NI 1
C050 3 9 68 24 ND 1
6091 3 86 90 34 NI 2
G052 3 22 68 29 ND 1
6053 3 47 84 57 NI 2
6054 3 t) 82 34 NI 1
60335 3 43 63 29 ND 3
6056 3 23 823 51 NI 1
6057 3 12 70 40 NI 1
6058 3 14 94 43 ND 3
6039 3 54 89 35 ND ND
6060 3 3 40 31 ND 2
061l 3 14 84 27 NI 2
G062 3 7 78 23 ND 1
6063 3 171 86 24 NI NI
6064 3 15 44 14 NI 1
BOGI 3 79 75 30 NIi NI
6066 3 59 73 27 NI ND
8067 3 15 109 36 ND 3
G068 3 8 76 35 ND NI
2069 3 25 93 79 NI 1
6070 3 145 113 42 NI 1
6071 3 17 74 36 0 NI
6072 3 19 3 ) ND 3
6073 3 59 108 57 3] ND
6074 3 113 110 49 NI 3
6075 3 15 86 43 NIt 1
6076 4 38 37 22 NI 10
6077 3 33 120 29 NI 2
6078 3 32 88 47 ND NI
6079 3 a5 82 70 122 NI
6080 3 26 33 43 NI NI
608l 3 17 84 53 NI 2
6082 3 37 87 S6 M NIt
6083 3 18 86 39 NI ND
084 3 49 97 44 ND 1
6085 3 34 78 34 10 2
6086 3 60 93 47 N[ NI
65087 3 B 71 21 NI 10
bOBB 3 6 94 34 ND 7
0089 3 13 79 29 NIi NI
6090 3 27 83 30 ND NTI
091 3 23 92 37 NI NI
6092 3 39 91 32 ND NI
6093 3 5 87 3 NI NI
6094 4 39 83 33 NT NI
609S 4 21 86 34 NI NI



HORGAN

6096
6097
6098
6099
6100
65101
6102
6103
6104
6105
6106
6107
6108
5109
G110
6111
6113
65113
5114
6115
6116
5117
65118
5119
6120
6121
5122
6123
6124
6125
61l26
61327
6128
6129
6130
6131
6132
6133
6134
6135
6136
6137
6138
6139
6140
614l
G142
6143
Gl44
6145
6146

TOWNSHIP con‘t

B B L b e BB B DD WWWR S DWW B DWW WWWLWWWE D DD W WO

Cu

53
83
28
87
40
40
49
13
66
7
199
14
57
30
34
102
13
15
12
15
73
48
8
16
16
30
73
68
13
18

53

o4
702
28
28
45
20
43
66
27
24
39
33
69
42
46
6o
33
41
24

-
2

Ni

88
65
76
36
70
98
B6
87
38
94
96
86
94
73
68
89
93
94
109
94
a3
87
94
103
98
aa
82
92
g2
113

[
~J

82
86
80
92
98
86
92

y
7/

87
g1
83
98
92
99
73
95
90
80
90
897

55

YAy

44
37

31
[ ]
/

37
47
38
28
101
31
39
40
46
33
28
50
33
46
51
i lnl

)

63
39
a6
48
43
37
748
38
34
39
549
84
207
26
33
63
71
105
32
%3
37
54
o8
36
42
60
100
64
84
a5

43

Pb

NI
NI
NI
NI
NI
ND
ND
NI
NI
NTI
ND
ND
ND
10
NI
30
ND
NI
ND
NI
ND
NI
NI
NI
NTI
NI
244
ND
ND
NI
300
ND
74
ND
ND
NI
N
NI
10
ND
ND
NI
NI
NI
NI

ND
NI
NI
NI
ND

g
[

=z
=

Ll el ol OOV I3 S 0N N
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6147
6148
6149
61350
6151
6133
6153
6154
6155
5136
6157
6158
6159
6160
6161
6l6a
6163
6164
6le3
5166
6167
51638
6169
2170
6171
6172
6173
6174
6173
6176
5177
6178
6179
0180
6181
61382
65183
5184
6183
0136
6187
6188
6189
6190
6191
0192
6193
6194
6199

TOWNSHIF conm’T

Cu Ni
4 41 83
3 44 78
3 32 75
3 59 100
3 67 104
4 S 82
4 43 87
4 28 86
4 49 37
4 41 83
4 47 78
4 26 86
4 49 87
4 71 86
4 36 89
4 35 94
4 45 103
4 37 88
4 42 90
4 46 90
4 60 24
4 36 81
4 435 87
4 490 91
4 46 79
4 44 92
4 43 90
4 33 95
4 40 96
4 46 76
4 28 90
4 39 94
4 31 80
4 72 102
4 46 107
4 26 28
4 31 87
4 51 105
4 43 78
4 27 86
4 40 104
4 45 103
4 32 74
4 37 95
4 27 90
4 490 93
4 48 100
4 24 96
4 33 20

56

Zn

32
50
38
100
124
61
67
38

60
70
78

[
o J

77
100
71
60
82
57
53
73
143
84
91
40
44
70
88
59
73
111
60
82
63
60
101
82
110
80
80
75
84

Pl

63
24
62
62
76
103
43
87

Pb

NI
NI
NI
NI
ND
66
ND
NI
NI
NI
NI
NI
NI
NI
ND
NI
ND
NI
ND
NI
NI
NI
NI
NI
NI
NI
ND
NI
ND
NI
ND
NI
NI
NI
ND
ND
NI
ND
10
NI
ND
NI
62
NI
ND
NI
ND
NI
ND
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NI
NTI

ND
ND
NI
NI

NI
NI
ND
NI
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NI

NI
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TOQUWNSHIP com’t

Cu Ni Zn
4 32 78 213
4 36 94 66
4 32 92 78
4 38 95 83
4 30 7 64
4 34 95 68
4 38 103 105
4 41 106 68
4 42 106 84
4 39 71 67
4 41 92 66
4 33 100 73
4 47 104 99
4 31 104 68
4 23 106 73
4 40 83 69
4 50 100 79
4 138 103 68
4 31 93 69
4 40 108 74
4 41 109 88
4 39 101 71
4 pe; 46 71
4 49 9% 75
4 196 56 38
4 32 76 112
4 36 108 33
4 46 111 66
4 31 108 77
4 58 108 116
4 39 113 76
4 31 100 74
4 34 107 74
4 35 108 77
4 34 108 90
4 35 108 136
4 38 29 110
4 41 90 68
4 49 101 104
4 31 80 62
4 37 88 62
4 40 88 58
4 1 17 3
3 33 88 80
4 23 88 48
4 43 100 64
4 26 92 66
4 115 S0 41
4 46 a7 73

Fb

86
NI
ND
NI
NI
NI
ND
NI
ND
20
ND
NI
NI
ND
NI
NI
ND
NI
NI
NI
ND
NI
30
94
NI
174
NT
NI
ND
NI
ND
NI
ND
NI
NI
106
NI
NI
53
NI
NI
NI
ND

NO
NI
ND
NI
ND
ND
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MORGAN TOWNSHIP con‘t

Cu Ni Zn Pk
6250 4 38 78 39 ND
6291 4 50 86 121 NI
6252 4 23 87 47 NI
62533 4 55 72 90 NI
6254 4 46 86 62 ND
6255 4 36 75 59 NTI
62356 4 24 77 37 ND
n257 4 53 84 96 NI
6358 4 49 84 41 ND
3259 4 53 80 38 NI
G260 4 31 73 432 NI
6261 4 44 90 54 NI
G362 4 26 74 64 NI
6263 4 72 70 136 20
6264 4 69 83 137 NI
62635 4 33 90 34 NIl
6266 4 40 86 38 ND
6267 4 39 88 29 NI
6268 4 74 106 73 ND
6269 4 38 990 43 NI
6270 4 33 81 44 NIi
6271 4 33 80 S4 ND
6372 4 118 102 113 NTI
6273 4 46 77 41 NI
6274 4 54 80 8C NI
6273 4 15 73 41 NI
6276 4 38 80 a1 NI
6277 4 29 80 35 NI
6278 4 34 89 48 ND
6279 4 54 100 28 ND
653280 4 73 93 50 ND
6281 4 28 96 38 NI
6282 4 4 932 43 ND
6283 4 65 84 19 NI
6284 4 20 92 31 ND
6283 4 33 93 59 NI
6286 4 49 38 5] NG
G287 4 39 83 58 NI
G288 4 37 96 74 NI
6289 4 76 97 70 NI
6290 4 43 87 26 NI
6291 4 o8 32 7 NI
6292 4 33 82 22 NI
6293 4 66 97 29 NTI
5294 4 86 88 26 NI
Hh295 4 59 113 42 NI
6296 4 44 839 23 NI
6297 4 77 86 h4 NI
6298 4 47 30 34 ND
6299 4 47 82 22 NTI
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HORGAN TOWNSHIP con’t

&300
6301
6304
6303
6304
6303
6306
5307
6308
6309
62310
5311
63132
6313
6314
6313
6316
6317
6318
6319
6320
5321
6322
2323
6324
6333
6386
6327
6328
5329
5330
6331

I R e N T, i S e St g S i S e e e N T I i S g N O L

Cu

29
39
101
53
37
51
64 1
58
43
45
44
71 1
45
41
48
41
62
47
20
21
37
48
31
34
S6
44
29
26
25
37
30
20

NII: not detected
- * not analysed

Rock Types:

[, IR OV 6

BEasal Breccia
Melt Member
Grey Member
Black Member
Granophyre or

Ni

93
80
92
94
93
90
04
96
70
87
90
09
70
84
81
79
98
88
87
77
74
88
77
g1
70
89
31
91

ol g

33
75
60
73

59

n

29
44
37
63
a8
18
28
32
42
39
58
69
280
48
45
o4
58
47
123
70
GO
43
31
39
70
79
79
100
90
79
88
85

inclusions

Ph

NI
NI
ND
NI
ND
NI
NO
ND
NTI
NI
ND
NI
ND
NI
NI
NI
ND
NDI
NI
NI
ND
NI
NI
NI
ND
NI
42
30
38
52
33

g2

o g
[t

z
fom]

fay

(o Qa3 BN o O6 NN 2% 3 06 ]

<
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NI
NI
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APPENDIX A con't

ONAFPING PROJECT ATOMIC ABSORPTION TRACE ELEMENT ANALYSES
(TOTAL DIGESTION)

lowling Township

SAMFLE +# Cu Ni Zn Pk
(ppm) {ppm) (ppm) {ppm)
ROCK TYFE

6400 2 74 61 86 23
6401 2 87 60 140 20
6402 2 17 51 375 NI
6403 2 230 96 2640 132
6404 3 S 81 91 ND
6405 3 78 89 80 27
6406 3 12 69 57 22
6407 3 83 80 74 NI
6408 5 18 15 40 NI
5409 3 10 40 14 21
6410 3 ] 136 120 N
6411 3 26 105 49 NI
5412 3 6 115 31 47
6413 S 15 10 70 10
6414 3 12 69 75 32
6415 3 12 88 41 NI
6416 3 48 91 63 27
64l7 3 8 76 3 NTI
6418 5 10 18 10 30
6419 2 41 54 69 NI
0420 2 42 71 64 al
6421 2 43 99 37 NTI
6422 3 46 84 230 27
6423 2 56 86 922 21
6424 3 15 50 3 36
6425 3 45 74 43 a2
6426 3 59 59 53 ND
6427 3 92 80 115 ND
b428 3 16 93 184 NTI
6429 2 6 6 33 16
5430 3 42 61 200 62
6431 2 34 48 179 87
6432 2 45 73 63 NI
5433 3 GO 60 59 30
0434 3 18 52 46 21
6438 3 a1 95 206 29
6436 3 15 94 75 ND
5437 3 64 90 122 36
6438 3 55 96 71 20
6439 4 78 S8 43 20
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Cu Ni Zn Pl
6549 3 30 94 49 21
6550 3 22 82 42 22
6531 3 39 168 33 21
0552 3 13 86 57 29
6553 4 36 77 56 32
6554 4 54 89 83 32
6535 4 60 76 66 a2
6356 4 59 74 104 31
G357 4 56 B84 77 33
6538 4 34 85 74 54
6559 4 61 94 48 43
6360 4 29 61 21 29
63561 4 230 21 3357 34
6562 4 29 8% 34 36
6363 4 38 93 49 34
6564 4 31 82 52 31
6965 4 47 2 187 90
6366 4 111 90 45 a7
6567 4 33 59 50 16
6568 4 43 90 74 25
6969 4 43 91 38 30
6370 4 67 108 202 36
6571 4 18 93 94 34
6372 4 3025 91 158 108
6373 4 31 92 64 33
6374 4 53 89 72 29
0373 4 43 96 118 33
0576 4 7 74 68 28
6577 4 2 102 131 32
6578 4 11 1232 100 36
GI79 4 33 99 98 33
6580 4 43 990 48 2
6581 4 61 101 118 30
69582 4 525 124 83 33
2983 4 59 92 93 29
6385 4 36 86 820 454
6586 4 46 87 131 80
6587 4 G4 89 419 307
6588 4 96 20 89 41
56589 4 70 97 110 37
6990 4 61 91 59 37
2591 4 66 2 89 32
6592 4 590 91 83 32
6393 4 4z 84 64 63
6594 4 54 91 184 654
63595 4 62 91 89 29
63596 4 54 92 97 29
5397 4 GG 95 92 30
6598 4 54 93 82 24
6599 4 138 99 225 68
6600 4 380 94 600 405
6601 4 41 86 107 64
6H02 4 73 83 3860 238
603 4 49 g8 60 28
G604 4 45 3 72 35
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Cu Ni Zn Fhb
6605 4 36 £9 32 33
6606 4 30 383 150 76
6607 4 112 46 1640 69
608 4 43 90 59 31
6609 4 34 73 359 174
5610 4 46 84 58 37
6611 4 41 81 88 32
6612 4 23 96 83 44
6613 4 44 82 67 37
6614 4 51 85 63 39
6613 3 39 90 38 23
6616 3 46 87 65 27
6617 3 11 53 63 26
6618 3 55 87 90 30
6619 3 11 78 66 30
6620 3 73 89 54 27
6621 3 77 69 79 22
6622 3 102 94 44 23
6623 3 3l 87 42 24
6624 3 81 90 96 NI
66235 3 81 92 57 24
6626 3 76 78 58 26
6627 3 83 98 47 ND
6628 3 137 90 86 NI
H629 3 116 77 56 25
6630 3 51 99 53 NI
6631 3 202 94 54 25
6632 3 81 103 47 26
6633 3 18 76 45 ND
6634 3 4 53 45 N
663% 3 106 47 47 NI
6636 3 9 50 63 ND
6637 3 14 54 41 NI
6638 3 59 87 79 ND
6639 3 13 62 49 NI
6640 3 157 69 118 NI
6641 3 33 54 103 NI
6642 3 10 54 35 NT
6643 3 8 40 46 NI
6644 3 53 84 56 NI
6645 3 10 31 39 ND
6646 3 75 70 138 80
6647 3 51 66 224 NI
6648 4 20 97 2 ND
6649 4 79 63 23 NI
6650 3 21 88 38 ND
6631 4 46 26 79 259
6652 4 76 96 105 20
6633 4 19 96 33 20
6654 4 46 75 72 23
6639 2 100 63 5 88
6636 2 94 105 94 NI
6637 3 10 33 38 NI
5658 3 93 68 45 22
6699 3 37 43 164 61
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APPENDIX B

STAMP ANALYTICAL METHODS REPORT

Sample Preparation:

A total! of 3,910 samples were analyzed for varicus elements,
A1l of these were catalogued and stored once a subsample was taken for
analysis. Project 3 and Prolject 4 subsamples were crushed using a Bico
Jaw crusher then ground to ™ 200 mesh in a tungsten carbide dish on a
shatterbox grinder., The resulting powders were stored in polystyrene
vials. Project 2 esker samples were dried and sieved to ¢ 2 um and
stored in plastic sample bags. The coarser fraction of thecse was also
stored for future reference. The following analyses were done at
Laurentian University,

Gold Analysis:

Project 2 esker powders were analyzed for gold following a
partial acid digestion. @& 2 am weight was transferred to a 30 ml
capacity test tube and digested with 15 m) of aqua regia for 1 hr. at
low heat. Rock'powders from the other projects were totally digested
prior to gold analvsis. A 2 ¢gm weight was digested in a teflon beaker
with a 30 ml HF/15 m] HC104 mixture to drvness. The residue was
then dissolved in 25 ml aqua regia. Gold was then extracted from the
agua reqia solutions into a 3 ml aliquot of methyl iso-butyl ketone
(MIBK). Project 2 samples required centrifugation at this stage.
Once the layers had separated a 0.5 ml aliquot of the gold bearing
MIBK was removed for analveis., Gold determinations were done using a
Model 703 Perkin-Elmer Atomic Absorption spectrophotometer with
graphite furnace and HGA SU0 programmer. The analyeis program for
gold is outlined in Table 1, The instrument was calibrated using
standards prepared from the appropriate ditution of a stock solution
of ‘Fisher purified’ gold metal, which was then extracted into MIBK as
for the samples,

A1l analyses were done with a deuterium lamp backaround
corrector to minimize any matrix enhancement effects. Highly
anomalous samples were reanalyzed as often as four times. Due to the
inherent nature of qold it is very difficult to obtain a homogeneous
sample distribution. Ideally a larger sample size would have been
preferable however not economical in view of the large number of
samples. The large majority of samples analyzed were near the
detection limits (ie., 2 ppb?,
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Table 1
Gold Analyeis Program

Step 1 (dryina 1509%9¢c Temperature
70 sec. Ramp
15 cec. Hold

Baseline
Step 2 icharring) 8000%c Temperature
35 cec. Ramp
15 sec, Hold
40 sec. Recorder
Step 3 (atomizatiom) 27009c Temperature
3 cec. Ramp
7 sec. Hold
S cec. Read
Recorder

40 Internal Flow

Step 4 27500%c Temperature
1 sec. Ramp
3 sec. Hold
Recorder

Step 3 300%c Temperature
10 sec. Ramp
5 sec. Hoid
10 sec. Read

Note: 20 ul sample volume

Trace

w

by Atomic Absorption Spectrophotometry:

A11 project 3 and project 4 samples were analyzed for Cu, Ni,
Zn and Pb following a total digestion (ie.HF/HC104), The
digestion residue from a 0.5 gm sample was then dissolved in 34 HCI
and analyzed by flame atomic absorption spectrophotometry using a
Perkin-Elmer Model 5000 with an ASS0 autosampler in conjunction with a
Model 3400 Data Station. Project 2 camples were also analyzed for Fe
and Mn by this method. A1l flame atomic absorption spectrophotometry
standard solutions were prepared by the appropriate dilution of Fisher
‘Certified A.A. Standard’ 1000 ppm stock solution with 5% HC1, Single
element electrodeless discharge lamps were used for Pb and 2n while
all other analyses were done with single element hollow cathode lamps.
A1l anlyces were done with flow spoiler option.

Detection 1imits for each element are shown in Table 2.
Precision was determined by repeated analysis of random samples as
shown in Table 3.

Project 2 esker camples were analyzed for a number of traces
by atomic absorption spectrophotometry at Queen’s University following
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an agua regia digestion.

Table 2
A.A., Detection Limits

Element D.L. ¢(ppmd

Cu 14

Ni .06

Zn .03

Pb .48

Fe .03

Mn .09
Table 3

Results of Repeated Analyses

Sample Content (ppm ¢+ S.D.4)
Cu Ni Zn Fb Mn Fe
4047 4 + 1 16 + 12 2.5 + .6 ND - 2431 + 9352

4099 172 + 12 117

|+

38 117 + 13 ND 1945 + 147 119,525 + 3,521
6176 S8+ 6 36+ 11 13+ 1 ND 92 + 32 12,784 + 2,949

4181 7+ 3 60 + 13 57 £ 7 ND 306 + 44 231,425 + 21,885

A) ctandard deviation based on 4 separate analyses.

Traces by X-ray Fluorescence Spectrometry:

A Philips Model 1220 Semi-Automatic Spectrometer was used to
determine Y, Rb, Sr, 2Zr and As levels. Samples were analyzed as 4 gm
loose powders in spectro cups on mylar film. The instrument
conditions are shown in Table 4,

The XRF data were processed on a PDP11/03 (Digital Equip.
Co.). Matrix correction for these elements was based on the total
mass absorption coefficient as determined by comparing their Mo - K
compton peak intensity to that of several standards of Known
absorption coefficients. Duplicate sample powders were alzo prepared
and analyzed, one in every 20 samples. Accuracy and precision were
determined by analyzing international rock standards with each sample
batch. Table 5 shows these results along with the published values
for these standards.
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Table 4

Operating Conditions for X-ray Fluroescence

Element Tube Excitation Crystal Counter

Si Cr S0kv 40 mA FPE Flow

Ti cr S0k 35 mA LiF200 Flow

Al Cr 20Ky 40 mA PE Flow

Fe W 35Ky 10 m& LiF200 Fiow

Mn W S0ky 40 mad LiF200 Flow

Mg Cr 30Kv 40 mA TLAP Flow

Ca Cr 40Ky 30 mA LiFz200 Flow

K Cr 90kvy 40 mA PE Flow

P Cr S0ky 40 ma PE Flow

Na Cr S0kv 40 mA TLAP Flow

e Mo 95Ky 20 mA LiFz200 Scintillation
Rb Mo 25kv 20 mA LiFz00 Scintillation
ZrB Mo 5Ky 20 ma LiFz200 Scintillation
Sr Mo POy 20 mA LiF200 Scintillation
Ae Mo &0k 40 mA LiF200 Scintillation

&) Y and Rb were determined simultaneously in order to correct for
the enhancement of ¥ by Rb directly.

B> 2r and 5r were determined simultaneously in order to correct for
5r enhancement of Z2r.

Table 5

Comparison of Published VYalues to Experimental Walues {or
International Standards.#

Element W-1 G5SP-1 BCR1
Published L.u. Published L.U. Pub. L.U.
Value(Abbey) Value Value Value Value Value

Sr 190 190 + 4 330 328 *+ 6

Zr 105 20 + 11 185 1772 + 7

Y 25 28 + 2 29 34 + 2

Rb 21 21 + 1 Z50 240 + 8

A) based on at least & analyses.
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Whole Rock Analy¥sis by X-ray Fluorescence Spectrometry

The ten major oxides were determined on cample beads by a
Philips PW 1220 semi-automatic X-ray spectrometer. The sample beads
were prepared by adding 4.2 gm of lithium tetraborate and 1 gm of
ammaonium nitrate to 1.4 gm of roasted samplie powder. Loss on ignition
was determined from the roasting data. This dry mixture was then
mechanically mixed and transferred to a non-wetting platinum crucible
of the Claisse Automatic Fluxer., The csample was fuced and cast in a
platinum mould to form the bead.

Matrix correction for the major elements was baced on mass
absorption comparisons between samples and international standards.
Approximately one in every twenty samples was a duplicate bead. The
accuracy of these results is shown in Table 6. Table 7 shows the'
results of our analvses of the international standards and their
published values. Also shown are the results of a basalt rock powder
{BAS) run as an internal check with each sample batch, a total of 17

ceparate analyses. The instrument conditions for these analyses are
listed in Table 4.
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Table &
Resulte for Duplicate Eeads

Major Oxides (¥}

CODE NA MG AL 51 P K Ca TI MN FE
0063~ 4.42 1.43 14.74 67.44 0.046 2.44 3,04 0.43 0.07 3.79
B> 4.38 1.37 16.67 47.87 0.06 2.45 3.02 0.43 0.04 3.69
2003A) 3.38 6.15 12,58 51.52 0.01 0.40 10.60 0.96 0.17 14.03
B> 3.62 4.15 12.76 51.23 ©0.01 0.40 10.59 0.95 0.1 13.9
40194) 3.86 7.22 17.32 49.34 0.08 0.12 1.85 1.57 0.20 18.44
B 3.92 7.25 17.45 49,34 0.07 0.1z 1.89 1.40 0.2t 418.14
4101AY  2.87 2.96 20.19 63.17 0.12 1.57 1.70 0.86 0.07 6.49
B» 3.01 2.97 20.17 62.97 0,12 1.57 1.70 0.85 0.07 6.36
41657 2.84 1.22 135.41 /73.12 0.12 2.54 2.37 0.3%9 0.03 1.97
By 2.31 1.16 15.49 73.56 0.11 2.53 2.43 0.40 0.03 1.99
€Y 2.9 1.21 14.91 73.47 0.12 2.92 2.41 0.3%9 0.03 1.85
4284A) 0,05 3.09 13.81 63.73 0.12 3.37 7.91 0.75 0.17 6.98
B> 0.07 3.04 13.84 63.77 0.14 3.39 7.94 0.73 0.18 4.90
4070R) 3.19 8.09 15.03 4%.03 0.08 0.25 9.87 1.06 0.2t 13.20
B> 3.14 8§.09 15.09 49.20 0.08 0.26 9.78 1.04 0.21 13.10
4094A) 5.14 4.75 15.20 62.28 0.13 1.13 5.43 0.55 0.09 5.30
B 4.88 4.91 15.81 é2.24 0.14 1,11 S5.38 0.53 0.08 5.22
0203A) 2.22 3.65 13,25 56.46 0.16 1.84 5.28 1.99 0.24 14.89
B> 2.88 3.62 13.18 56.02 0.16 1.86 5.26 1.98 0.27 14.76
0236AY 0.11 6.27 14.08 54.46 0.21 1.86 7.95 1,18 0.15 11,71
B 0.09 é4.34 16.13 54.41 0.22 1.86 7.83 1.17 0.15 11.79
0144A) 2.86 0.34 14.63 73.88 0.02 4.18 1.5 0.24 0.02 2.27
By 2.70 0.22 14.53 73.949 0.02 4.28 1.5 0.25 0.02 2.38
0194A> 1.17 14.54 21.24 30.42 0.64 1.55 15.24 1.07 0.35 11.78
B> 1.85 16.51 21.1é6 30.19 0.45 1.56 15.08 1.07 0.35 11.58
0244A> 5.24 4.28 15.46 40.31 0.10 0.83 .30 0.50 0.12 6.86
B> 5.40 4.19 13.47 40.20 0.09 0.84 &.28 0.49 0.13 4.89
2100A> 0.33 1.57 17.04 45.65 0.26 4.38 2.11 0.68 0.06 7.92
B 0.36 1.51 17.04 63.78 0.26 4,36 2.08 0.48 0.06 7.87
4101A) 2.87 2.96 20.19 43.17 0.12 1.57 1.70 0.86 0.07 6.4%
By 3.0 2.97 20.17 é2.97 0.12 1.57 1.70 0.85 0.07? 4.56
41463A) 2.84 1.22 15.41 73.12 0.12 2.54 2.37 0.39 0.03 1.97
B 2,31 1.16 15.49 73.56 0.11 2.53 2.43 0.40 0.03 1.99
4284A) 0.05 3.09 13.81 63.75 0.12 3.37 7.91 0.75 0.17 6.98
B) 0.07 3.04 13.84 63.77 0.14 3.39 7.94 0.73 0.18 4.90

4070A) 3.19 8.09 15,03 49.03 0.08 0.25 9.87 1.06 0.21 13.20
B> 3.14 8.09 15.09 49.20 0.08 0.26 9.78 1.04 0.21 13.10
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Table 7

Resulte for Internaticnal Standards Compared to Their Publiched Values

Standard

GEF) A
publiched
BCR1w
published
BAS

Standard

G5P1A
published
BCR1A
published
BAS

Standard

GSP1w
publiched
BCR1A
publiched
BAS

Standard

GSP1A
published
BCR14
published
BAS

Standard

GSP1A
publiched
BCR1#
published
BAS

72

Oxide Content ()

tMnQ

0.04 + .003
0.04
g.18 + .00&
0.1%

.20 + .008

A) based on 10 analyses
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