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PROCEEDINGS, SYMPOSIUM ON GEOCHEMICAL PROSPECTING,
OTTAWA, APRIL, 1966 '

FOREWORD

The Symposium on Geochemical Prospecting, sponsored
by the National Advisory Committee on Research in the Geological
Sciences and hosted by the Geological Survey of Canada, attracted
more than two hundred and fifty scientists to Ottawa for a meet-
ing whose vigour reflected the interest in this field. The
contributions to the Symposium, which was held from April 20 -
22, 1966, were virtually entirely concerned with the application
of geochemical methods to exploration for metallic mineral de-

posits. This volume contains the papers of those authors who
desired publication and submitted manuscripts prior to September
1, 1966. Abstracts are given for all other papers prescnted at

the Symposium.

For those present at the sessions it was not difficult
to detect that geochemical prospecting is moving from its infancy
into a period of greater sophistication and broader and more
successful application. This approaching maturity manifested
itself in the unusually wide range of topics, both factual and
introspective, that were introduced. A frequently voiced feeling
was that geochemical methods have too often been applied as a
rather simple, direct way of finding ore. Unusual concentrations
of elements have been sought in surficial materials in the expec-
tation that such concentrations invariably overlie ore bodies.

In many cases, of course, this does happen. But in many others,
unusual concentrations of elements at the surface are unrelated

to geochemical features in the underlying bedrock. The presence
of ore bodies is often expressed by only subtle changes, if any,
in the composition of the overlying surficial materials.

There is a very apparent need for the applied geo-
chemist to receive more support from basic geochemical studies,
in order that he can more efficiently plan his work and more
successfully interpret his data. Knowledge of the behaviour of
elements in the soils, sediments, waters, and plants that form
our immediate landscape are in many respects less well known than
the behaviour of these same elements deep within the crust. But
it is equally apparent that the knowledge of the Pleistocene
geologist, the hydrologist, pedologist and others has not been
fully used by the applied geochemist.

The trend towards automation which all science is
undergoing is a particular boon to geochemical prospecting. The
value of the greater productivity of the newer analytical methods
is, of course, obvious. However, automation will be equally
significant in allowing the applied geochemist to spend a much
greater proportion of his time on interpretation of data and on



the proper integration of his methods with other exploration

techniques. Few are those in any branch of geochemistry who
have not, in the past, spent much of their time on analytical
concerns or plotting data onto maps or charts. The direct flow

of analytical information from automated instruments to the
computer for basic statistical interpretation and plotting is
already being done; in a few years it could be almost universal.

One very practical problem facing the applied geo-
chemist lies in learning of the successes and failures of others.
Only relatively few of the applications of geochemical prospect-
ing become known to a wide audience. This seeming paucity of
publications is more apparent than real, for geochemical case
histories are scattered throughout the literature but are not
easily accessible. Geophysicists have been more successful in
bringing case histories together into volumes where they can be
more readily consulted.

The success of this symposium was achieved only
through the active support of a large number of persons, most
particularly those who presented papers and chaired the various
sessions. We are much indebted to those who came from other
countries to share their knowledge with us. The meeting was
first suggested by Dr. P. E. Grenier of the National Advisory
Committee. Dr. R.W. Boyle served as Chairman of the Program
Committee, Mrs. A.V. Leech as General Secretary and Dr. D.F.
Sangster as Chairman of the Exhibits Committee.

E.M. Cameron,
Editor and Chairman, Organising
Committee.

Ottawa, September, 1966.
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THE DISCOVERY OF THE KEYSTONE GOLD MINE,
CLEARY HILL AREA, FAIRBANKS DISTRICT, ALASKA -
A Geochemical Prospecting Case History

L.M. Anthony?*

GEOGRAPHY AND GEOLOGY

The Cleary Hill area is located in the Yukon-Tanana
Upland about twenty miles north of Fairbanks, Alaska. Rock types
underlying the area belong to the Yukon group of Precambrian or
early Paleozoic age and younger intrusives. Quartz-mica schist
and micaceous quartzite comprise the greater part of the local
sequence. The principal peak in the area (Pedro Dome, 2600 feet)
is a quartz-diorite pluton of Cretaceous age. Free-milling gold
quartz veins are the most important ore deposits and they are
genetically related to quartz-porphyry stocks and porphyritic
dikes of late Cretaceous or Early Tertiary age.

Two cycles of deformation are in evidence. The older
produced overturned to recumbent northwest trending folds with
overturning to the northeast. The younger cycle formed isoclinal
folds trending northeast with overturning to the northwest.

The principal structural feature is the Cleary Hill
Anticline. A major fault more than eight miles long and one
hundred feet wide follows the crest of this anticline and strikes
north seventy degrees east.

The lode gold deposits at Cleary Hill occur in steep-
ly dipping discordant fissure veins localized near the crest of
the Cleary Anticline. The veins contain stibnite, galena, and
jamesonite in variable amounts from one to five percent, and
trace quantities of zinc and copper.

The topography is mature with well-rounded ridgetops
and narrow valley floors. Hillside erosion is dominated by frost
action and downslope creep. This results in the mixing and multi-
layering of stone stripes, soil, and other materials.

Overlying the area of lode mineralization is a layer

of residual sub-arctic brown forest soil. The vegetation cover
is typical sub-arctic boreal forest of the type found close to
tree line. Less than one percent of the area bedrock is exposed.

* Associate Professor of Mining Extension, University of Alaska,
College, Alaska
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MINING HISTORY AND PAST EXPLORATIONS

Placer gold deposits are widely distributed in the
stream valleys of the Cleary Hill area and mining activity dates
from 1902. Lode mining commenced in 1910. The district is one
of the most prospected in Alaska. The geologic anomaly in this
area was known in the early 1900's and it was reported in the
literature of the United States Geological Survey as early as
1912.

Very little geophysical exploration has been attempted
in the area. This is principally due to the narrow and erratic
nature of the veins and the presence of graphitic schist.

GEOCHEMICAL EXPLORATION AND DISCOVERY

The Keystone gold vein was discovered as the result
of geochemical soil exploration by three Fairbanks prospectors.
The men used a general geochemical exploration technique for
copper, lead, and zinc developed at the University of Alaska.
They learned the method by attending a two-week course in geo-
chemical prospecting fundamentals.

The area selected by the prospectors for soil samp-
ling was between two formerly productive but presently inactive
gold properties. (Cleary Hill and Hi Yu Mines). Samples were
taken with a small diameter soil auger from the "C" soil horizon
just above the upper-most stone stripe layer. Sampling depth
was variable but averaged thirty-three inches. The horizon had
an average pH of 5.9. The other soil horizons were as follows:
A, and Ago, three inches thick, pH 4.6; A, five inches thick,
pH 4.8; and B, twelve inches thick, pH 5.2 A twenty-five foot
sample interval was used but line spacing varied from fifty to
several hundred feet.

Analysis was done on the spot by University of Alaska
Method One, Modified. This procedure consists of hand sorting
one-quarter of a gram of fine wet soil and placing it in a
twenty-five milliliter graduated test tube. Pure sodium chloride
and metal-free water are added and thé total soluble copper,
lead, and zinc is extracted by shaking with measured amounts of
dithizone solution. In this method, a saturated solution of
dithizone dissolved in unleaded white gasoline is prepared. The
white gasoline used consists of pentane and hexane and it is re-
fined to the specifications as set forth by the American Society
of Testing Materials Distillation Standard Number Eighty-Six.
The product is marketed as high quality pressure appliance fuel
and is readily available in Alaska. However, only those brands
which are additive-free should be used. The method is described
in detail at the end of this paper.
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The three prospectors detected a promising geochemical
soil anomaly, as a result of their work. The anomalous readings
ranged from twice to more than sixty times background. The
length of the anomaly exceeded two thousand feet; however, the
maximum width was only two hundred feet and at one place it was
only twenty-five feet wide.

One line of soil samples was taken in an old bull-
dozer trench and this showed an anomalous reading. Subsequent
trenching of the anomaly revealed a high-grade gold quartz vein
averaging two feet in width and more than two thousand feet in
length., The vein was located one foot below the bottom of the
abandoned bulldozer trench.

REFERENCES

Bostock, H. S., 1952. Geology of Northwest Shakwak Valley, Yukon
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THE UNIVERSITY OF ALASKA'S GEOCHEMICAL PROSPECTING METHOD #1

As Modified
For Hand-Sorted Wet Soil Samples
by Leo Mark Anthony

SUPPLIES

1 16-0z squirt type resin demineralizer (for metal-free
water)

2 test tubes, pyrex brand glass stoppered with poly-
ethylene, 25 ml. capacity, graduated in 0.2 ml. or
0.5 ml. (for testing samples).

1 32 or 16-0z bottle, polyethylene with polyethylene
cap (for preparation of saturated dye solution).

1 16 or 8-0z polyethylene washing or dropping bottle
(for dye solution]).

1 8 or 4-o0z bottle, polyethylene with polyethylene
insert dropper and screw cap (for sodium chloride).

2 2-0z bottles, polyethylene with polyethylene insert
droppers and screw caps (for basic and acidic pH
adjusters).

1 porcelain spatula, Coors No. 1 with ] gram scoop.

1 pHydrion paper, pH 1-11 (for checking pH)

1 small package facial tissues (for cleaning spatula).

1 1b. sodium chloride, A.R., fine crystal.

3 oz ammonium hydroxide, A.R.

3 oz hydrochloric acid, A.R.

5 gm. dithizone.

1 gal. Blazo or white gasoline in unopened container.



PREPARATION

OF TESTING MATERIALS

Uye Solution

1.

Use the Coors #1 spoon to place one spoonful of
dithizone in 32 or 16-o0z polyethylene bottle.

Fill bottle 3 full of Blazo or white gasoline.

Cap bottle and shake it vigorously for 15 minutes
either continuously or intermittently. Solution
should turn emerald green.

Allow one or two minutes for excess dye crystals to
settle to bottom of mixing bottle. If this does not
happen, add another spoonful of dithizone and shake
the solution another 15 minutes. When excess dye
crystals settle out of the solution, it can be con-
sidered saturated.

Decant the dye solution into a 16 or 8-o0z washing
bottle, carefully retaining the undissolved dye
crystals. The decanted solution is then ready to use.

Additional dye solution can be prepared by adding
more dithizone and gasoline to the maxing bottle.

If additional solution is not needed immediately,

the mixing bottle should be washed with small amounts
(10-20 ml.) of unleaded gasoline to remove excess dye
crystals from the bottle., This prevents oxidation of
the dye crystals.

Metal-Free Water

19

Basic pH Adj

Collect fresh clear stream or spring water of low
heavy metal content in the demineralizer bottle and
insert the resin demineralizer cap.

Invert bottle and squeeze it to force out metal free
water as needed.

uster

1.

Wash a 2-o0z polyethylene dropping bottle 3 times with
metal-free water.

Pour about 1} oz of metal-free water into bottle and
add about } oz of ammonium hydroxide, A.R. Shake
well and label.



Acidic pH Adjuster

1.

Wash a 2-o0z. polyethylene dropping bottle 3 times with
metal-free water.

Pour about 13 oz of metal-free water into the bottle
and add about 3 oz of hydrochloric acid, A.R. Shake
well and label.

Sodium Chloride

1.

Remove cap and insert dropper from 8 or 4 oz. poly-
ethylene bottle and shave the dropper opening to
make it about 1/8 in. in diameter.

Shake the sodium chloride to break up any lumps.

Fill the polyethylene bottle with sodium chloride
and replace insert dropper and cap.

CHECK-OUT PROCEDURE

1.

Wash a 25-ml test tube three times with metal-free
water.

Take a2 10 ml metal-free water sample.
Add about § gram of sodium chloride.
Carefully add 1 ml of extracting dye solution.

Stopper test tube and shake it vigorously for one
minute.

Observe the color of the dye solution. If the layer
is unchanged or a light green, heavy metals are
absent or present in low concentration. The geo-
chemical kit is ready for field use.

1f the dye solution turns brown, yellow, violet, blue,
pink, or any of the in-between shades, the kit is
either contaminated or the dye solution has oxidized.

Wash the test tube thoroughly with detergent and
water, using a nylon brush. Then repeat check-out
procedure.



-9-

IF THE DITHIZONE SOLUTION IS SUSPECTED TO BE OXIDIZED, TEST IT BY:

1.

Wash a 25 ml. test tube three times with metal-free
water.

Place about 5 ml. of dithizone solution in test tube.
Add about 5 ml. of metal-free water.
Add two to three drops of basic pl adjuster.

Stopper the test tube and shake it vigorously for 15
seconds. (70 strokes).

Allow the contents of the cylinder to separate. If
the solvent layer is green, repeat steps 4 and 5.

If the solvent layer is colorless, the solution is
free of oxidation and suitable for testing. [f the
solvent layer is yellow to brown, oxidation has
taken place and the solution should be discarded.

A pink-colored solvent layer indicates contamination
from either water or test-tube.

Any bottle which has held an oxidized dithizone solu-
tion should be washed with unleaded gasoline to re-
move the products of oxidation. Then a new dithizone
solution should be prepared for testing.

To avoid oxidation of dithizone solution, it is
recommended that fresh solutions be prepared daily.
Unused solutions should be discarded and the bottles
thoroughly washed with unleaded gasoline.

TESTING PROCEDURE

1.

Take a handful of soil from the sampling tool, sort
out and discard vegetation, grains of sand and coarse
lumps of material. Select only fine clay-1like soil
for sampling.

Place one scoop (i gm.) of fine soil in a clean 25 ml
test tube. Clean scoop with facial tissue before
reuse.

Pour about i gm. of sodium chloride into the test
tube. (If necessary, the ; gm. spoon may be used to
measure the sodium chloride.)

Wash down the soil and the sodium chloride from the
inside wall to the bottom of the test tube with
metal-free water, filling the test tube to the 5 ml
mark.
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TESTING PROCEDURE (Cont'd)

5.

Cap the test tube and shake it vigorously a few times.
Then moisten a strip of pHydrion paper with the solu-
tion and check the pH against the scale on the
pHydrion dispenser. For normal work the pH should

be between 5-6. If the pH is too low, add one drop

of basic adjuster. If too high, add one drop of
acidic adjuster. Repeat if necessary.

(In a sub-arctic brown forest soil environment,

common to most of Alaska, the pH of the "C" layer is
usually in the 5-6 range and corrections, when needed,
are usually slight.)

It is only necessary to check two or three samples
for pH when samples are tested in new areas.

Carefully add 1 ml of dithizone solution, stopper the
test tube and shake it vigorously for 15 seconds (70
strokes).

Allow the layers to separate and observe the color of
the solvent layer. If the color is faint to strong
green, little or no heavy metal or metals are present.
For any other color, repeat step 6.

The total ml of dithizone solution added to reach the
first detectable green (end point) serves as an index
value of the heavy metals present in the sample.

Identification of Heavy Metals

First Indicated Color Metal

Violet Zinc or other
Pink Lead or other
Yellow-green to brown Oxidation
Olive-green to brown Copper

When an olive-green color is obtained, to avoid con-
fusing it with the green end point, add } ml of the
dithizone solution to the test tube and shake it
gently, holding the test tube to strong light. The
olive-green color will change slowly to violet as the
fresh solution mixes with the old. This indicates a
high copper content. The color may then turn back to
olive-green; but as the sample is diluted it will go
through a violet or pink color phase.

Specific copper work may be done in the pH range of
2-3,
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In the general pH range (5-6) high copper, lead or
zinc readings are sometimes identified by distinct-
ively colored pigments produced during dilution.
These pigments settle at the interface between the
aqueous and the solvent layers.

Pigment Color Metal
Red or pink Lead
Brown Copper
Black or violet Zinc

It is recommended that several metal rich soil samples
be collected for testing with metal ion test papers.
These rapid spot tests will identify the specific
trace metals present in the samples.

RECOVERY AND PURIFICATION OF SOLVENTS

Supplies

2
1
1
4

pkg.
oz

In remote areas it may be necessary to purify and re-
cover used solvents. The method described here will
work for any organic solvent, but they must not be
mixed.

32 oz polyethylene bottles with screw caps.
polyethylene funnel.

filter paper, Whatman #20 or similar.
decolorizing charcoal.

Recovery Procedure

1.

Place about 16 oz of used gasoline solvent, oxidized
solvent and/or contaminated solvent in a 32 oz poly-
ethylene bottle. Carefully separate the gasoline
from any water or soil by decanting it into the other

32 oz bottle. Some soil may remain with the gasoline.
If so, add 50-100 ml of clear water and shake it
vigorously for about a minute. Allow the layers to

separate and carefully decant the gasoline.

Add about one heaping tablespoon (two or three
pocket-knife blades full) of decolorizing charcoal
to the collecting bottle.

Secure bottle cap and shake the bottle vigorously for
about ten minutes.
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Allow charcoal to settle and observe whether the
gasoline appears colorless. If is is colored, add
about one more heaping tablespoon of charcoal and
repeat step 3. Repeat until the gasoline is colorless.

To conserve charcoal, allow mixture to stand for sev-
eral hours or overnight. This allows the charcoal to
absorb more of the metal impurities.

Fold a piece of filter paper into a cone-shaped filter,
place it in the funnel and place the funnel in a 32 oz
polyethylene bottle or other suitable container. Fil-
ter the charcoal out of the gasoline by slowly pouring
the mixture into the funnel.

The colorless gasoline must be absolutely free of
charcoal. 1If necessary, use a new filter paper and
repeat the process of filtering.

Remove most of the used charcoal from the collecting
bottle by washing it out with small amounts of gaso-
line.

If fresh charcoal is added to the collecting bottle
as the used solvent is added, most of the impurities
will be removed. This saves time in recovering spent
solvents.
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A METHOD OF DETERMINING TRACES OF MERCURY
IN GEOLOGIC MATERIALS

L.M, Azzaria¥*
INTRODUCTION

The mercury halo method of mineral exploration is
presently receiving a great deal of attention. Interest in this
method is due to the fact that it has been demonstrated that soils
and rocks in the vicinity of many base and precious metal deposits
contain anomalous quantities of mercury (Ozerova, 1959; Ozerova,
1962; Hawkes and Williston, 1962; James and Webb, 1964; Williston,
1964; Bercé, 1965; Sutherland Brown, 1966). Another reason for
the increasing interest in this method of prospecting is the
development of reliable techniques for the determination of the
nanogram (1 nanogram=10~~ grams) quantities of mercury present
in geologic materials.

There are several methods used for determining low
mercury content of geologic materials. The more sensitive methods
depend on the absorption by mercury vapour of ultraviolet light
in the 2537 Angstrom range. There are several instruments of this
type. First are the well known instruments that operate on a
single beam system. In these instruments the gaseous sample is
passed between an ultraviolet lamp and a device that is sensitive
to this radiation. These instruments, however, suffer from inter-
ference by organic matter, water, and sulphides in geologic
samples. However, they have been successfully used in geochemical
prospecting by selecting samples that are reasonably free from
interfering substances (Sutherland Brown, 1966). Second are the
more recently developed sophisticated instruments that are based
on double beam systems (Hawkes and Williston, 1962; Williston,
1964; James and Webb, 1964; Vaughn and McCarthy, 1964; Clews and
Walker, 1964; Williston and Morris, 1965; Williston, 1965)., 1In
the present work an instrument developed by Williston and Morris
(1965) was used., In this mercury vapour meter the sample is
heated to vaporize the mercury. The resulting gases are then
split into two equal portions and the mercury removed from one of
them., Then the difference in absorption of ultraviolet radiation
by the two portions is measured. In this arrangement, the effect
of the interfering gases cancels due to its presence in equal
amounts in the two portions. In the method of Vaughn and McCarthy
(1964) the mercury of a gaseous sample is collected on gold foil
while the interfering gases are exhaysted. Next the gold is
heated to volatilize the mercury which is drawn into another
double beam instrument., In the present work the method of Vaughn
and McCarthy for collecting mercury on gold was used. The work
was begun in 1964 and was carried out independently of the in-
vestigation of Vaughn and McCarthy.

* Department of Geological Sciences, McGill University, Montreal,
Canada.
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Figure 1. The gold wool collector and emitter of traces of mercury.
a: The space produced all around the bulb due to the
packing of the gold wool.
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The present work deals with (1) the properties of
gold wool as a collector and emitter of traces of mercury, and
(2) the application of these properties to the determination of
traces of mercury in geologic materials containing interfering

substances, These substances not only interfere with instruments
using single beam systems but, in some cases, interfere with
instruments using double beam systems. In the present work the

sample 1s heated to vaporize all the mercury which is collected

on gold wool while the interfering substances are exhausted.

Next the gold is heated to volatilize the mercury which is
measured with a mercury vapour meter (Williston and Morris, 1965).
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THE COLLECTOR AND EMITTER OF TRACES OF MERCURY

Traces of mercury vapour were collected on gold wool
which was usually held at room temperature. The mercury vapour
was charged on the gold wool by releasing the mercury into a
stream of air that was passed through the wool. When the charging
was completed, the gold was heated rapidly to a temperature ranging
from 800 to 850°C. to release the collected mercury. Then the
released mercury was passed through the mercury vapour meter which
expresses the mercury content in volts. The gold was next allowed
to cool to room temperature and thus was ready for a new cycle of
collection and emission of mercury.

The gold wool was placed in a quartz bulb (Figure 1).
The wool was made from gold wire whose composition was 99.99% Au,
and whose diameter was 0.003 inches. Three hundred feet of wire
were usually used in a given collector. This has a theoretical
surface of 34 square inches., The gold wire was first shaped in
the form of wool and then was packed in position in the bulb by
means of glass rods.

The gold was charged with mercury while air was being
passed through it at the rate of 2 liters/minute. The bulb was
placed in an upright position during charging. By connecting
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the bulb directly to the mercury vapour meter during charging,

it was demonstrated that there was complete collection of mercury
vapour when flow rates ranging from 2 to 8 liters/minute were
used. Any mercury that escaped collection on the gold would give
a voltage reading on the instrument.

The charged gold wool was heated with an induction
furnace (Leco, model 521-500) to release the mercury. An example
of the temperature of one of the gold wool collectors as it was
heated in the furnace is shown in Figure 2. The temperature was
measured with an optical pyrometer (Leeds and Northrup No.8622).
The induction furnace was set so that a gold collector would
always be heated at the same desired rate.

After a number of collection and emission cycles,
the gold wool packed inside the bulb and produced a gold-free
space between the wool and the inside surface of the bulb
(Figure 1, a). However, at the same time the wool slid down on
the inner shoulder of the bulb and produced an effective seal
preventing the escape of mercury vapour before it had amalgamated
with the gold. Using the shape of bulb shown in Figure 1, sealing
of space a would not take place if the bulb were not in an upright
position.

The sensitivity of the mercury vapour meter used in
the present work is in the order of 1 nanogram. However, another
model developed by Williston (1964) has a sensitivity of 0.001
nanogram.

Untreated room air was used to carry the mercury
vapour through the gold wool and the mercury vapour meter. This
air contained a measurable quantity of mercury. Table 1 shows
the mercury content of the laboratory air during certain inter-
vals of time of the work.

TABLE I

MERCURY CONTENT OF LABORATORY AIR (Room 432A, Hearst Mining
Building) PUMPED THROUGH A GOLD WOOL COLLECTOR.

Pumping Rate Volume Pumped Mercury Content
Date (liters/Minute) (liters) (nanograms/100 liters)

April 4,65 2 200 8
April 9,65 2 180 10
April 19,65 6 420 9
May 3,65 6 570 8
May 4,65 6 450 3
May 10,65 6 396 8
May 10-

May 11,65 2 1160 6
May 12,65 2 110 12
May 13-

May 14,65 2 1200 6
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Figure 4, The change in the height of the voltage peaks with mercury content.
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Figure 5. Comparison between the height of the voltage peaks of two calibration
curves.
The mercury is charged and emitted from gold wool.

b:
a: The mercury is injected directly into the mercury vapour meter.
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COLLECTION AND EMISSION OF TRACES OF MERCURY

A gold wool collector was held at room temperature
and charged with a standard mercury vapour sample. Next, the
gold was heated in the usual way to volatilize the mercury. This
procedure was repeated with another standard sample. The results
of the two runs are shown in Figure 3. Here the vapour was
flowing through the absorption cells of the mercury vapour meter
at the rate of 1 liter/minute. It took 14 seconds to obtain a
meter signal from mercury released in the induction furnace,
Therefore, Figure 3 shows that it took 53-54 seconds to begin to
release the mercury from the gold, and it took another 34-37
seconds to reach a voltage peak.

The standard mercury vapour samples were obtained by
taking known volumes of air saturated with mercury at known temper-
atures. The mercury content of a sample was then calculated from
the perfect gas law. Figure 4 shows a plot of voltage peaks with
mercury content of the runs of Figure 3, as well as of additional
runs using the same flow rate. The points of Figure 4 fall close
to a straight line and this was used as the calibration curve,

Figure S5 compares the calibration curve shown in
Figure 4 and a curve produced by injecting mercury vapour directly
into the mercury vapour meter (Figure 5, a). The same absorption
cell flow rate was used in both series of runs. Curve a shows
higher peaks than curve b due to the presence of more mercury
vapour in the absorption cell of the meter at a given time. Thus
it seems possible to make the method that uses gold for collection
and emission more sensitive. This may be done by releasing the
mercury from the gold at a faster rate, and by passing the mercu-
ry through the absorption cell at a slower rate.

- Gold wool was held at different temperatures ranging
from 24°C. to 325°C. and was studied in terms of collection and
emission of mercury vapour. The gold collector was brought to a
given temperature and was charged with a known quantity of mercu-
ry vapour ranging from 70 - 210 nanograms. The collector was
held at that temperature for 5 minutes after it was charged.
Next, it was heated in the induction furnace and its mercury
content measured. At the same time, the same quantity of room
air that was passed through the collector being charged, was also
passed through a second collector. This was done in order to
find the quantity of mercury contributed by room air. This was
measured and applied as a blank correction which, however, was
usually negligible. The results of these experiments are shown
in Table 2.
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Figure 6. Two calibration curves using the same gold wool collector. Curve
a obtained while the collector was less used than in the case of
curve b.
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TABLE 2

COLLECTION OF MERCURY ON GOLD WOOL AT
DIFFERENT TEMPERATURES

Tempegature g Recovered
C. —FF X 100

Hg Charged
24 96
99 - 107 109
198 - 201 104
213 - 219 107
249 - 258 113
312 - 325 8

It was observed that the slope of the calibration
curves, using gold, changed gradually as a result of the con-
tinuous use of the gold for collection and emission of mercury.
Figure 6 compares two peak voltage curves produced by a collector
- emitter in two states of use. Curve b consists of voltage
peaks for the same collector - emitter as in curve a but many
collection and emission cycles later. It was also observed that,
under the conditions of the present work, mercury begins to
vaporize from a used collector several seconds later, compared to
a new one, It was further observed that the time from the be-
ginning of volatilization until a voltage peak is reached is
several seconds longer in the case of a used collector compared
to a new one.

The decrease in slope of the calibration curve is
directly proportional to the number of collection and emission
cycles as well as to the amount charged in a given cycle. The
greater the amount charged in a given cycle, the greater the
decrease in slope. It tbok close to S0 cycles to produce any
noticeable change in slope of the calibration curve of a new
collector if charges of less than 500 nanograms were used. There-
fore, the slope of the curve was checked regularly with standard
samples.

It was observed that not all the mercury charged on
a collector, held at room temperature during charging, is vola-
tilized on heating the first time. This is also indicated in
Figure 3 by the way in which the voltage drops to near zero after
reaching a peak. Three to six per cent of the mercury was released
as a result of a second heating cycle. However, mercury vola-
tilized by a second heating cycle, from a collector held at
temperatures ranging from 215-255°C, during charging, was found
to be less than 2% of the total mercury charged. This small per-
centage of mercury was usually neglected in routing runs, but
when it represented a large quantity of mercury the collector was
cleaned by reheating before it was recharged.
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Figure 7. Simplified diagram of apparatus for collecting mercury
from sulphides.
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Gold collectors were placed in air saturated with
mercury at room temperature for periods up to 15 hours. They
were placed in sealed containers containing excess liquid mercu-
ry. The concentration of mercury in the containers ranged from
17 to 23 nanograms/c.c. The surface of the collectors varied
from 40 to 45 square inches. Preliminary tests suggested that
the gold was amalgamating with mercury at the rate of 1000
nanograms/hour in the beginning, and gradually decreasing to 150
nanograms/hour after 15 hours.

DETERMINING MERCURY IN SULPHIDES

It seems that the accumulation of more data on the
mercury content of sulphides, and on the mode of occurence of
mercury in sulphides, would help in interpreting mercury halos
related to sulphide deposits. Therefore an attempt was made to
determine the mercury content of sulphide minerals.

The first attempt was made by heating the samples to
approximately 800°C. in the induction furnace, and determining
the mercury with the mercury vapour meter (Williston and Morris,
1965). The results were unreliable. Next, sulphide samples,
weighing 0.01-0.10 grams, were covered with 1.3 grams of 40 mesh
iron filings, and were heated to approximately 800°C. in the
induction furnace, and the mercury determined with the same meter.
The results were also unreliable. Finer iron filings were not
used due to their high mercury content., In further attempts, the
samples were covered with larger quantities of iron filings, up
to 6.5 grams, but still no reproducible results were obtained.

MnOj;, 12-20 mesh in size, was also used in an attempt
to trap the interfering substances that were released when the
sulphides were heated. The attempt failed because the Mn0,
trapped the mercury vapour.

Next, the arrangement shown in Figure 7 was attempted.
This makes use of a gold wool collector (Figure 1). The sample,
weighing 0.1-0.5 grams, was transferred to a porcelain boat and
placed in the resistance furnace for 2-5 minutes. The furnace
was held at 900°C. and the temperature was measured with a chromel
alumel thermocouple. While the sample was being heated, room air
was aspirated through the system at the rate of 1-2 liters/minute.
Thus, the mercury of the sample was collected on the gold wool
while the sulphur oxides were exhausted. 1In the case of samples
of galena and sphalerite, minor lead and zinc oxides deposited
along the tube joining the furnace to the collector. When the
sample heating was completed, the gold collector was heated in
the induction furnace and the mercury content determined with the
mercury vapour meter. The mercury content was then expressed per
billion (p.p.b.). The results of determining the mercury content
of some sulphide specimens is shown in Table 3. It took 4-7
minutes to determine the mercury content of a weighed sulphide
sample.
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TABLE 3

MERCURY CONTENT OF SULPHIDE SPECIMENS

Mineral Mercury Content Average of % Dev.
(p.p.b.) from Arith. Mean
Galena 1 29, 24, 32, 37, 25 14
Galena 2 20, 85, 75, 75, 115 14
Galena 3 135, 150, 120 7
Galena 4 420, 470, 485 6
Sphalerite, 5250, 10100, 9900, 39
light brown 4000, 4300
Sphalerite, 100, 95, 25, 40 48
dark brown 25, 65
Chalcopyrite 1 280, 470, 230, 190 30
Chalcopyrite 2 80, 75, 65 8
Bornite 2850, 2920, 3150 4

DETERMINING MERCURY IN OTHER GEOLOGIC MATERIALS

The properties of gold wood as a collector and emit-
ter of mercury werec outlined above. The properties offer definite
possibilities for determining traces of mercury in various ma-
terials, such as vegetation, organic soils, water and gases, that
contain interfering substances.

To use this technique, the sample must be heated in
such a way that elemental mercury vapour is produced. This can
then be collected on the gold wool and the interfering substances
exhausted. There are cases where it is suspected that some inter-
fering substances, such as tars, condense on the gold and thus
lessen its effect as an amalgam by allowing some mercury to
escape detection (Vaughn and McCarthy, 1964, p. 126). In such
cases, as well as in cases where water vapour may condense on
the gold, the gold may be kept at a suitable temperature between
25 and 250°C. during the collection of mercury. This would
eliminate or minimize the condensation.

After the mercury has been collected on the gold, it
may be volatilized and measured in a low cost portable single
beam mercury vapour meter. This offers the possibility of modi-
fying such low cost instruments for field use where samples
containing interfering substances are encountered.
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THLE EDUCATION OF THE APPLIED GEOCHEMIST:

WILL THE UNIVERSITY MEET HIS NEED?

Harold Bloom*

This meeting marks a very special occasion for Geo-
chemical Prospecting in North America. I believe it is one of
the first symposia that has not been a small part of another,
much larger, meeting. Indeed, this could be a time of apprais-
ing the status of Geochemical Prospecting as it is today, and for
assessing its growth potential. We could ask, "How hecalthy is it
now?'" and "How will it fare in the years to come?"

It is quite apparent that since its launching in the
United States some 18 years ago, the momentum has picked up until
in recent years we see Applied Geochemistry on a new threshold.
Like the fast growing adolescent suddenly faced with planning a
sound career for his future, we too, need to take stock of where
we arc going.

Let us first look at some of the problems that beset
us today, simply to see where we stand: (1) We see an increasing
demand for competent, trained geochemists which we are not able
to supply. (2) We are aware of the large numbers of geochemical
prospecting projects being carried out, the results of many of
which have been described as less than satisfactory. (3) We are
being faced with increasingly difficult research problems that
need to be solved to insure our sound growth and, (4) finally,
due to the world-wide impact of the need for development of the
mineral resources of new nations, wec are receiving from United
Nations, A.I1.D. and mining companies, a continual flow of people
for training purposes.

This state of affairs is certainly one to take stock
of. We need to clean up some of these present day problems, but
where do we start?

STATUS OF EDUCATIONAL PRACTICES

A large part of the development in applied geochemis-
try has come about in spite of a hands-off attitude on the part
of North American colleges. A very worthwhile starting point to
relieve the shortages, I believe, is to see what can be done on
the college level to attract and train graduate students.

* (olorado School of Mines, Golden, Colorado.
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We have been guilty in the past of overselling geo-
chemistry by referring to its utter simplicity. We have pro-
claimed that students with a high school education can run field
tests and that almost anyone can conduct the field programs. Why
therefore, should we have expected more than just a casual ref-
erence to the role of education?

In the United States, we have seen the cducational
role first handled by the Geological Survey who, for many years,
trained groups of people on a two-week program. Because it 1s a
research organization, it no longer engages in this rolec except
on special occasion. The Colorado School of Mines took over the
two-week program, and with the assistance of one or two members
of the U.S.G.S., has given the course annually for the past 5
years. Over 60 people, comprised of geologists, mining engineers
and college instructors have taken the course. Other colleges
around the country, Utah, Penn State, to name a few, offer one
or two semester courses in applied geochemistry. The University
of California, Berkeley, and others, have instructed Peace Corps
personnel in geochemical techniques. Prospector's courses at
the University of Alaska have bLeen held for many ycars.

The Geological Survey of Canada has plaved the key
role of educator in Canada, along with Provincial Surveys. Num-
erous colleges have been offering one and two semcster courses
as part of a broader program in pure geochecmistry, or exploration
geology. All of these efforts must be considered as stop-gap
attempts, improvised to cope with a continual shortage, but none
are planned degree programs.

It would be interesting for us to review the devious
educational routes most of us have taken to now find ourselves
in geochemical exploration. Should this remain the pattern of
the future recruitment program too?

The problems of education should be left to the
colleges and the opportunity should be given there to train a
student in some depth in applied geochemical theory and practice.
This cannot, however, be on the basis of a one or two semester

course in techniques. It is the spcaker's experiecnce that
courses extending over at least onc year and preferably longer
are necessary to develop a firm interest in an individual. A

smrong background in geology is a requisite for this type of
training. He must not only satisfy the standards of any geology
department regarding his ability in the field, but must be given
the opportunity to develop a geochemical thesis on a sound geo-
logical base.

I know of no effort in any of these countries that
approaches the program carried out at the Royal School of Mines,
London, under Professor J. S. Webb. Here, for many years, a
program leading to a Ph. D. in Applied Geochemistry has been
given. Many of their graduates are present in this audience,
today, and are participating as speakers on this program. Their
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contributions to both research and practice of geochemical explor-
ation in Canada and elsewhere arc a fine example of what such a
program can do.

While it is quite impossible to duplicate the setup

of the R.S.M., we here can strive for greater cooperation among
the colleges, geological surveys and the mining industry. The
latter could cxert a powerful influence in this regard. By ex-

tending financial aid in the form of fcllowships and scholarships
earmarhed for applied geochemical studies, they could help the
overall program and most of all, themselves.

To summarize, I would submit that a planned cducation-
al program in applied geochemistry, principally on the graduate
level, will do much toward alleviating some of the problems set
forth herc today. Increascd numbers of properly trained geo-
chemists can be of service in many areas - teaching, research,
field practice - and in so doing provide a basis for a sound and
continued advancement in the years ahead. The chairman of this
Symposium, vr. R. W. Boyle, in a rccent article that appeared 1in
cconomic Geology recgarding a geochemical research problem stated,
"with respect to later formations it may be truec that mineralizced
zones are not reflected through thick sequences of later rocks
such as Tertiary flows or sediments or through thick glacial
tills or clays, although I have reason to believe that it will be
only a matter of time and rescarch before such areas arc also
amenable to geochemical exploration techniques'. This statement
carries my best wishes for success, but I would personally fcel
better if the universities could become a part of this research
effort.
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GEOCHEMICAL PROSPECTING - RETROSPECT AND PROSPECT

R. W. Boyle™*

RETROSPECT

Geochemistry is literally speaking the chemistry of
the earth. More specifically, it is the science that deals with
the migration, concentration, and dispersion of the elements and
their isotopes in the lithosphere, pedosphere, hydrosphere,
atmosphere, and biosphere of the earth. As in all sciences,
there is a pure or fundamental aspect and an applied aspect. The
latter is entirely dependent upon the former, a feature that is
often neglected. Among the applied aspects of geochemistry the
most important is probably geochemical pospecting, but there are
others that are assuming ever increasing importance. Included in
these are the mounting problems of pollution of the various
spheres of the earth as the population of the globe increases
and industrialization proceeds; the elucidation of the role of
nutrient and trace elements in the health of the human species;
and the problems of radioactive contamination. In this paper
only geochemical prospecting will be considered.

It is difficult to pinpoint the actual beginning of
geochemical prospecting methods since these have grown with ad-
vances in the chemical and geological knowledge of the earth.
Both chemistry and geology have long histories that stretch far
back into actiquity, and as might be expected, suggestions as to
how chemistry can be applied in the search for concentrations of
the elements have been advanced since early times. One can sece
in Agricola's writings, particularly in his "De Ortu et Causis
Subterraneorum'" and '"De Re Metallica", frequent references to
the importance of the use of springs and natural waters in pros-
pecting for veins.

In "De Re Metallica" Agricola says, '"Now I will dis-
cuss that kind of minerals for which it is not necessary to dig,
because the force of the water carries them out of the veins. Of
these there are two kinds, minerals - and their fragments - and
juices. When there are springs at the outcrop of the veins from
which, as I have already said, the above-mentioned products are
emitted, the miner should consider these first, to seec whether
there are metals or gems mixed with the sand, or whether the
waters discharged are filled with juices. In case metals or gems
have settled in the pool of the spring, not only should the sand
from it be washed, but also that from the streams which flow from
these springs, and even the river itself into which they again
discharge. If the springs discharge water containing some juice,
this also should be collected; the further such a stream has

* Geological Survey of Canada, Ottawa.
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flowed from the source, the more it reccives plain water and the
more diluted does it become, and so much the more deficient in
strength. If the stream receives no water of any kind, or scar-
cely any, not only the rivers, but likewise the lakes which re-
ceive these waters, are of the same nature as the springs, and

serve the same uscs." And further, "The waters of springs taste
according to the juice they contain, and they differ greatly in
this respect. There are six kinds of these tastes which the

worker especially observes and examines; there is the salty kind,
which shows that salt may be obtained by evaporation; the nitrous,
which indicates soda; the aluminous kind, which indicates alum;
the vitrioline, which indicates vitriol; the sulphurous kind,
which indicates sulphur; and as for the bituminous juice, out

of which bitumen is melted down, the colour itself proclaims it

to the worker who is evaporating it'" (in Hoover and Hoover, 1912).

These are remarkable statements about hydrogeochemical
methods written as far back as the middle of the 16th century.
Other excerpts from Agricola's "De Re Metallica" are no less
startling when we moderns think we are discussing new methods
based on thermal effects due to oxidation of ore deposits and
others based on biogeochemical principles. For instance Agricola
says, '"Further, we search for the veins by observing the hoar-
frosts, which whiten all herbage except that growing over the
veins, because the veins emit a warm and dry exhalation which
hinders the freezing of the moisture, for which reason such plants
appear rather wet than whitened by the frost. ..... . Therefore
in places where the grass has a dampness that is not congealed
into frost, there is a vein beneath; also if the exhalation be
excessively hot, the soil will produce only small and pale-
coloured plants. Lastly there are trees whose foliage in spring-
time has a bluish or leaden tint, the upper branches more espec-
ially being tinged with black or with any other unnatural colour,
the trunks cleft in two, and the branches black or discoloured."
And finally, "Likewise along a course where a vein extends, there
grows a certain herb or fungus which is absent from the adjacent
space, or sometimes even from the neighbourhood of the veins. By
these signs of Nature a vein can be discovered."

Certainly these statements are a clear exposition of
the role of indicator plants and what we moderns call chlorotic
or toxic effects due to an excess of trace elements in soils over-
lying mineralized zones.

Botanical associations with ores have been noticed for
a very long time, at least as early as the 8th or 9th century
A.D. The early Chinese, according to Professor Needham (1959),
observed that certain species of plants occur near silver, gold,
copper, and tin deposits, and that a correlation existed be-
tween the appearance of plants and underlying ores. The early
Chinese were also aware that plants contained the metals and in
some cases extracted mercury from certain species.
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The first successful ''geochemical prospector'" appears
to have been Giovanni de Castro, a Genoese gentleman who lived in
the middle of the 15th century. He went to Syria and for some
time was engaged in manufacturing alum from the alunite mines
near Edessa in that country. While there he observed a particu-
lar type of holly plant that characteristically grew near the
veins. On returning to Italy he found similar plants growing in
the hills at Tolfa, near Rome. While prospecting around he soon
found alunite float and later the veins from which it came. This
led to an important alum industry at Tolfa, and for his efforts
Pius Il granted Castro a generous annuity and erected a statue
in his honour.

These then are some of the early attempts to use
chemical and biochemical methods in prospecting for ores. Num-
erous other examples could be mentioned from the writings of the
geologists and chemists of the 17th, 18th, and 19th centuries,
but lack of space prohibits pursuing further details of the
early efforts here.

Turning to the 20th century and the development of
modern geochemical prospecting we note that most of the research
and the application of the various methods began in the thirties,
mainly in the U.S.S.R. and Scandinavian countries. A.E. Fersman,
the great Russian geochemist, and N.I. Sofronov were the first to
stress the importance of primary and secondary dispersion haloes
associated with ore deposits, and they werc followed in the late
thirties and early forties by E.A. Sergeev, V.I. Nikolaev,

S.D. Miller, A.P. Solovov, I.I. Ginzburg, and numerous other
Soviet geochemists who worked out the dctails of the various geo-
chemical prospecting methods utilizing trace elements and heavy
minerals. By 1950 geochemical mapping on detailed and recon-
naissance scales was in full swing in various parts of the
U.S.S.R. Biogeochemical research and biogeochemical prospecting,
utilizing plant analyses and indicator plants, began with V.I.
Vernadsky and A.P. Vinogradov as early as 1936 in the Soviet
Union, and these subjects have been pursued assiduously ever since
in the U.S.S.R. by Soviet geochemists, particularly D.P. Maliuga.

In Scandinavian countries the fundamental geochemical
researches of V.M. Goldschmidt stimulated efforts to apply the
results to geochemical prospecting. In 1936 experiments by
S. Palmqvist and N. Brundin of the Swedish Prospecting Company on
trace elements (Sn, W, Pb, Zn) in plant ash were conducted in the
vicinity of mineral deposits in Cornwall and Wales with positive
results., For several years thercafter the Swedish Prospecting
Company carried out numerous surveys utilizing plant analyses in
conjunction with geophysical work for mining companies. Most of
this work was of a confidential nature and has not been published.

Geochemical prospecting methods were not considered
in the United States, England, France, Canada and other countries
until after 1945. H. Hawkes and B. Lakin of the Ulited States
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Geological Survey began experimental work utilizing pedogeochemi-
cal methods in 1947 and this has been followed by research in
hydrogeochemical, stream sediment, and lithogeochemical prospect-

ing methods by many other geochemists of the Survey. biogeochemi -
cal methods have also been the subject of much research, especial-
ly by llelen Cannon and her colleagues. In the United Kingdom the

establishment in 1953 of the Geochemical Prospecting Research
Center at the Imperial College of Science and Technology, London,
under the able direction of Professor J.S. Webb, led to an in-
crease in research in geochemical prospecting methods in the
United Kingdom and various parts of the British Commonwealth,
particularly in Africa and the Far East. In France an active
group of geochemists have been engaged in research and develop-
ment of geochemical prospecting methods at the Bureau de Recher-
ches Géologiques et Miniéres (B.R.G.M.) and at the Commissariat &
L'Energie Atomique since 1955. Numerous other research institutes
throughout the world such as the Geological Survey of Finland;
the Geological Survey of Sweden; the Geological Survey of India;
the Geological Survey of Norway, Trondheim; and the bureau of
Mineral Resources, Canberra, Australia are now actively engaged
in developing geochemical methods suitable for the particular
terrains and climates in which they are resident.

In Canada research in geochemical prospecting, par-
ticularly biogeochemical prospecting, began at the University of
british Columbia in 1945 under the able leadership of Professor
H.V. Warren and R.E. Delavault. Later Professor J. Riddell began
a series of geochemical prospecting investigations at McGill
University. A large scale geochemical survey using stream secdi-
ments was carried out in northern New Brunswick in 1954 for a
private company by H.E. Hawkes, H. Bloom, J.E. Riddell, and
J.S. Webb. This survey has been followed by numerous othcrs by
private companies throughout the length and breadth of Canada.

The Geological Survey of Canada began research in
the geochemistry of primary haloes around gold deposits in the
Yellowknife area in 1949, and this was followed in 1954 and 1955
by geochemical surveys of strecam and spring waters and soils in
the Keno Hill area, Yukon. Reconnaissance surveys of stream
water and sediment were begun in Nova Scotia in 1956, and these
were continued in 1957 and subsequent years in both Nova Scotia

and New bBrunswick. In recent years geochemical prospecting re-
search and surveys have been pursued along many lines and in many
parts of Canada. A reconnaissance bedrock survey has been

carried out in Northwestern Ontario, surveys of reef-bearing
limestones and dolomites have been done in Western Canada, an
investigation of uranium prospecting by water analyses in the
southern part of the Canadian Shield has been pursued, methods
using gas chromatography for outlining oil pools and gas fields
have been tried, detailed and reconnaissance biogcochemical sur-
veys have been done, and stream sediment and water surveys over
broad areas in which as many as 15 elements have bcen determined
in each sample have been carried out by helicopter and convention-
al methods in the Yukon and New Brunswick. During these surveys
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a laboratory quantograph, field spectrographs, and field prepara-
tion and field colorimetric laboratories have been extensively
employed.

Looking back at the phenomenal advances made in geo-
chemical prospecting the following significant landmarks in
chemical and geological knowledge seem to this writer to be the
most important.

1. Recognition of primary and secondary dispersion
haloes and trains that are associated with all mineral deposits.
Haloes and trains have been known for a very long time. Their
importance, however, in a geochemical prospecting sense was first
emphasized by Fersman in the early 1930's.

2. Development of accurate and rapid analytical
methods utilizing the spectrograph and the various specific
sensitive colorimetric reagents, especially dithizone. Kirchhoff
and Bunsen founded the science of optical spectroscopic analysis
in 1859, and Assar Hadding first employed x-ray spectrography in
chemical analysis in 1922. Both methods have given immeasurable
service in geochemical prospecting. Dithizone was first prepared
in 1878 by Emil Fischer who noted that its reactions with heavy
metals gave brilliantly coloured products. No analytical use,
however, was made of it until 1925 when Hellmut Fischer demon-
strated its particular use in estimating the amounts of various
trace metals in substances. Since then dithizone and many other
similar organic compounds have been widely used in geochemistry
and geochemical prospecting. Actually, dithizone methods approach
the limits obtainable by spectrography and in some cases surpass
them.

3. Development of polyethylene laboratory ware of
all types. This permitted greater freedom in field analysis and
reduced the incidence of contamination. The introduction of

resins for the production of metal free water for use in trace
analysis requires no comment.

4. Development of gas chromatography. This is prob-
ably the most significant development with regard to rapid analy-
sis of traces of hydrocarbons in petroleum prospecting using soils
and waters.

PROSPECT

Having looked at the past and its accomplishments we
now look at the future and especially at some of the problems
that demand solution in order that we can better outline ore de-
posits in extent and depth.

To this writer there are seven fundamental problems

on which we must focus. These can be conveniently tabulated as
follows:
1. Definition of geochemical provinces and their relation to

mineral deposits.
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2. Development of methods for discovering large low grade
deposits.

3. Development of methods for discovering deeply buried
deposits.

4, Further development of methods to outline primary haloes.

S. Elucidation and formulation of techniques to relate the

size and trace element intensity of haloes and dispersion
trains to grade of deposits.

6. Development and refinement of biogeochemical methods,
expecially those based on indicator plants, chlorotic or
toxic effects, and microbiological techniques.

7. Delineation of the nature and extent of geochemical and
biogeochemical haloes associated with oil and gas fields.

1. Geochemical provinces:

All geologists are familiar with the fact that most
types of mineral deposits are clustered in certain areas of the
earth's crust. Some of these are in highly folded terranes,
others are in relatively undisturbed rocks. We tend to call
these clusters "metallogenic provinces'", which in my opinion is
a misnomer. For instance we often hear of a gold province, as
in certain greenstone belts of the Canadian Shield. In reality
these deposits are great concentrations of silica in the form
of quartz, or of calcium, iron, magnesium, and carbon dioxide in
the form of carbonates. Gold is only an incidental metal, pres-
ent generally in a concentration of less than 15 ppm (0.5 oz/ton).
Or again we may take another example from the lead, zinc, copper,
and nickel provinces. These are in reality sulphur provinces in
most cases. The point is that these provinces are not metallo-
genic provinces but rather geochemical provinces in which a
variety of non-metals and metals are concentrated. Surely the
concentration of silica in the case of the gold deposits and
sulphur in the case of the sulphide deposits is as important
geochemically as the metals since all of these so called '"dross
or gangue elements'" generally occur in much greater abundance
than the valuable metals and non-metals. If we are to understand
these so called provinces we must state the facts clearly, and
the facts are that the clusters of deposits represent a chemical
concentration, generally of a number of metals and non-metals,
far in excess of that normally found in ordinary rocks and other
earth materials. The reason for stressing the terminology ''geo-
chemical provinces" is I think self evident since many of the
gangue elements are excellent indicators of the more valuable
metallic elements. I need only mention here that arsenic prov-
inces are often gold provinces, boron and fluorine provinces often
mark tin provinces, and manganese may indicate barium and silver
provinces.
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We could spend a lot of time arguing the various
points why there are tin belts, centres of nickel concentrations,
lead-zinc belts, copper belts, etc., but this would avail us
nothing from the practical viewpoint of geochemical prospecting.
What we want to know is - by applying geochemical techniques to
waters, stream sediments, soils, biological materials, and rocks,
can we outline geochemical provinces in which we may expect to
find deposits of a certain type? At the present state of our
knowledge we can I think answer in the affirmative for waters and
stream sediments in certain geological terranes. For soils and
biological materials the answer is less definite, and for rocks
uncertain.

Work in a number of countries on the chemical consti-
tution of surface and underground waters suggests that these re-
flect geochemical provinces, particularly those in which zinc and
uranium deposits occur. Few other elements have been utilized in
water analyses over broad areas, and hence our knowledge is con-
siderably restricted. Further research is, therefore, desirable
to ascertain the usefulness of water analyses in outlining geo-
chemical provinces for the other elements of the periodic table.
In this work the new method of atomic absorption spectroscopy
will undoubtedly play a large part because of its great sensi-
tivity.

Analysis of stream sediments has proved most effective
in outlining geochemical provinces rich in copper, lead, and zinc
deposits. This I think is recognized by many, but here again
most surveys are concerned only with the three elements. It
would seem that surveys in which the other elements of the peri-
odic table are determined would also be effective in outlining
their geochemical provinces. Certainly this seems to be true for
silver, arsenic, antimony, and manganese judging from the surveys
done by the Geological Survey in eastern and western Canada.

Soils and biological materials are useful in geochem-
ical surveys on a local basis, but their effectiveness in outlin-
ing geochemical provinces is as yet indefinite. Until research
on these materials is done over broad areas, and the results
treated statistically, an unequivocal answer cannot be given.

The effectiveness of rock analyses in outlining geo-
chemical provinces is even more indefinite. 1In a gross way cer-
tain clusters of granitic intrusives exceed the norm in their
contents of tin or molybdenum, and these have associated tin or
molybdenum deposits. Likewise, certain basic intrusives with
higher than average contents of nickel and platinum metals may
have associated nickel-platinum deposits. These relationships
also extend to certain shales enriched in copper such as the
Kupferschiefer, the copper shales of Zambia, and those in Michi-

gan at White Pine. Certain carbonate rocks with abnormal amounts
of lead and zinc may also contain within them deposits of these
two metals. For a variety of other metals and non-metals, mainly

those occurring in veins and massive sulphide deposits, such as
silver, gold, uranium, lead, zinc, and copper, the relationships
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between the contents of metals in the deposits and those in their
enclosing country rocks is obscure to say the least. From my own
research on the geochemistry of gold, silver, lead, and zinc I
have to say that the contents of these metals in the normal
country rocks do not seem to reflect the presence of deposits of
these metals in the belts where I have studied them. There are
neither above normal amounts of the metals in the rocks such as
should occur if the metals were introduced from outside, nor be-
low normal depletions of the metals such as might obtain if the
metal were secreted from the rocks. This is an enigma which only
further geochemical research will solve. Perhaps the metal con-
tents of rocks containing deposits differ only by infinitisimally
smaller or larger amounts from those that are barren, and these
differences may appear only after sophisticated statistical treat-
ment of the analytical results.

2. Development of methods for discovering large low-grade

deposits:

As the demand for metals and non-metals increases and
as the rich high-grade deposits are exhausted, it will be neces-
sary to turn to sources that are only slightly enriched in the
elements we wish to extract. These sources include the black
shales and schists that are great reservoirs of sulphur, the base
metals, uranium, and other elements; large granitic masses slight-
ly enriched in copper, molybdenum, uranium, thorium, tin, lithium,
and other elements commonly found in acidic rocks; basic masses
of rock enriched in nickel, chromium, and platinum; carbonate
rocks containing disseminations of lead and zinc minerals; the
laterites and other products of weathering; the sediments of the
sea; underground waters; and in certain cases the sea. The econ-
omics of winning elements from these sources depends not only on
technological progress in mining and processing the materials but
also on their grade. It is a matter of simple economics to under-
stand that a black schist belt containing 200 ppm copper can be
more economically exploited than one containing only 100 ppm of
the metal.

Fortunately, all of the geochemical prospecting meth-
ods are particularly well adapted to the discovery of large low
grade sources since the targets are broad. Most of the methods
are direct and, with proper sampling intervals, should give esti-
mates of the grade after statistical treatment of the analytical
results.

Little research has been done on methods of outlining
large low grade deposits although some work has been done on
uranium and beryllium-bearing granites and on manganese-bearing
oceanic sediments. Thought should be given now to integrated
geological, geochemical, and geophysical methods for defining
metal-rich zones in black schists, in gabbroic and granitic
masses, in weathered products, and to the discovery of underground
waters slightly enriched in metals like lithium, rubidium, cesium,
rare earths, uranium, etc.
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5. bevelopment of methods for discovering deeply buried deposits:

Most of the successes in discovering deposits by geo-
chemical and geophysical methods have been in geological situa-
tions where the mineral concentrations either intcrsect the sur-
face or lie at depths of only a hundred feet or so. Since it
seems probable that as many deposits lie deeply buried as have
now been revealed, it is imperative to develop methods that have
a deep penetration. As far as geochemical methods are concernecd
the problem can be resolved into two general categories.

1. Development of methods for the discovery of deposits
beneath deep surficial deposits such as glacial mater-
ials, residual outwash, and Tertiary and Recent sedi-
ments or volcanic rocks.

2. Development of methods for the discovery of deposits
that lie at depth in the rocks.

With respect to the first, three geochemical prospect-

ing methods - analysis of overlying materials, hydrogeochemistry,
and biogeochemistry - would seem to offer the best hope of
success.

Analysis of the near surface horizons of thick sequen-
ces of clays, tills, overlying sediments, etc. may not be effec-
tive in most areas since these materials may have little if any
physical or chemical contact with underlying mineral deposits and
in many cases may be entirely foreign to the deposits or their
dispersion haloes. In these cases deep drilling to obtain samples
of the overburden near the bedrock is the only feasible method.
This is of course costly, but if the drilling is guided by good
geological and geophysical work, the costs can be considerably
reduced. The preliminary stages of such a program should include
the projection of known favourable structures into heavily over-
burdened terrain, geomorphological studies to determine the topo-
graphic expression of shear zones, faults, fractures and folds,
and geophysical studies. In the initial stages, deep sampling
should be restricted to projected structures and geophysical
anomalies. Imagination and optimism in the work are vitally
important.

Groundwater percolates through the deep overburden of
many terrains and appears as springs in low areas or wells up in
deep draws or at the bottoms of lakes. Sampling of the waters
at these effluent points, followed by plotting on a detailed map
may indicate the mineralized zones. In some cases it may be
necessary to drill deep holes on a grid or along projected
structures to sample the groundwaters. Knowing the metal content
of the groundwater and the direction of flow, which can be obtain-
ed in some cases by injecting a radiotracer or a dye, it should be
possible to trace metal anomalies in the groundwater system to
their source.
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The roots of trees and certain plants often penctrate
deeply and may actually sample deep layers of overburden in con-
tact with deposits. In other cases the roots may sample the
groundwater in contact with deposits covered by thick layers of
overburden. Sampling of plants and trees under such conditions
may be useful in outlining mineralized zones. Some research
along these lines has been done, but much more is required to
assess adequately the effectiveness of the method.

Deep seated deposits that do not reach the surface
will always be difficult to detect, but in certain cases geo-
chemical methods may be effective if properly integrated with
geological and geophysical work. Research on two methods would
seem to offer the most promise - lithogeochemical surveys
(analysis of rock and drill core samples) to outline primary
dispersion or leakage haloes associated with buried deposits, and
hydrogeochemical surveys of the groundwater system.

When carrying out lithogeochemical surveys using
either rock samples or drill cores, the following points should
be kept in mind. In addition to analyzing the rock and core
samples of the massive rocks, all shear zones, fractures, con-
torted zones, and altered zones should, likewise, be sampled and
analyzed for their metal content or for indicator elements such
as mercury, arsenic, and antimony. A detailed map showing all
of these geological features, as well as any small veins, no
matter what size, should be plotted and the metal or indicator
element contents of the samples entered at the appropriate sites.
When drilling is done, sections with all of this detail should
also be prepared. Only in this way is it possible to observe
patterns in the primary metal or indicator element dispersion in
the rocks, and from these patterns to predict the locus of large
deposits. It should be constantly borne in mind that most large
deposits have a halo of smaller satellites developed in subsidiary
or parallel fractures, faults, folds, and other structures. Trace
element work on small shear zones, fractures, and faults increases
our ability to differentiate smaller and smaller satellites. It
may well be that the data, when plotted and contoured, will show
an increase in the metal or indicator element content in a cer-
tain direction, or that the number of metal-bearing fractures,
crenulations, and other discontinuities in the rocks increases
toward some favourable geologic structure or zone containing the
sought-after deposit.

Groundwaters, circulating along faults or through
porous zones, frequently come into contact with deposits, pick up
traces of the elements in the deposits, and hence are ideal for
sampling and tracing the elements to their source. The sampling
part of the technique is a simple matter, especially where
springs are present, where a grid of drill holes is available, or
where the waters flow from faults or fractures into underground
workings. The difficult part is in tracing the dispersion train
in the groundwater system. To solve this problem a knowledge of
the hydrologic gradient is imperative, and this can be obtained



- 40 -

only after a thorough study of the topography and geologic
structure. Certain geophysical methods may be useful in some
cases, and radiotracers and dyes may assist where a sufficient
number of drill holes are available. All of these techniques
are relatively undeveloped and require considerable research
before they can be placed on a practical basis.

4, Development of methods to outline primary haloes:

The form and intensity of secondary dispersion haloes
in glacial overburden soils, waters, stream sediments, and vege-
tation has received much attention, and our knowledge of these
is increasing rapidly. The same cannot be said for primary haloes
probably because the phenomena involved are much more complex.

It is evident that each type of mineral deposit has
its own characteristic primary halo, a feature that depends on a
number of geological and chemical factors, including primarily
the type of host rock, the degree of fracturing of the host rocks,
and the porosity and permability of the host rocks. As can be
seen the parameters are multiple, and a knowledge of the primary
haloes in one geological setting may not apply without modifica-
tion to another.

To establish a basis for practical prospecting util-
izing primary haloes the following research is desirable:

1. Determine in as many geological situations as possible
the shape and extent of the characteristic primary
trace element haloes associated with specific types
of mineral deposits, viz. lead-zinc deposits in car-
bonate rocks; massive sulphide deposits in volcanic
terranes; layered deposits in sedimentary rocks; gold
deposits in sedimentary and in volcanic rocks; pegma-
tites; etc.

2. Determine the lateral and vertical extent of leakage
haloes or trains of the primary elemental constitu-
ents of deposits along faults, fractures, or porous
zones. Particularly important in this research is
the determination of the distances through which the
more volatile constituents such as traces of mercury,
arsenic, and antimony have migrated laterally and
vertically from the main focus of mineralization.

5. Elucidation and formulation of techniques to relate the size
and trace element intensity of haloes and dispersion trains
to grade of deposits:

Everyone who finds a geochemical anomaly either of a
primary or secondary nature asks himself the questions - Is the
anomaly related to a deposit of ore grade, is it caused by dis-
seminated minerals not of ore grade, or is it the result of an
enriching chemical process entirely unrelated to primary mineral-
ization processes?
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These three questions can only be answered by detailed
studies of case histories over the years. In this work a knowl-
edge of the overall grade and constitution of the deposits, the
types of enclosing rocks, the depth of overburden, weathering
characteristics, the chemistry of the overlying soils and other
types of overburden, the chemistry of the groundwaters and stream
sediments, and the chemistry of the uptake of the constituent
elements in the deposits by vegetation are imperative. Since so
many interacting variables arec involved it is obvious that sta-
tistical studies and computer programs will have to be employed
before precise relationships appear.

6. Development and refinement of biogeochemical methods:

Geochemical methods utilizing the analysis of plant
ash have been extant for a number of years and have proven suc-
cessful in a number of cases. It is now imperative to expand
research in biogeochemical methods and experiment with indicator
plants as well as investigate the toxic and dwarfing effects that
metals and non-metals have on plants in the vicinity of ore de-
posits. In this work the services of trained botanists, espec-
ially plant physiologists, will be required, since the work is
highly specialized. The results to be obtained from detailed
studies of the distribution and population of indicator plants
and growth stimulating, toxic, and dwarfing effects promises to
be very fruitful indeed for geochemical prospecting, judging
from the small amount of research that has been done up to the
present in this field. Another interesting approach is that of
utilizing microbiological techniques. Work of this type, particu-
larly on bacteria that flourish in the soils and rocks in the
vicinity of oil fields, has been done in U.S.S.R. Little, if any,
research of this type has been carried out on soils and rocks in
the vicinity of sulphide deposits, yet we know from some published
studies that sulphur and other types of bacteria and algae fre-
quent such an environment. Studies based on population counts
of such bacteria in the soils and rocks in the vicinity of sul-
phide and other types of deposits could be rewarding.

7. Delineation of the nature and extent of geochemical and
biogeochemical haloes associated with oil and gas fields:

Despite its obvious importance, geochemical prospec-
ting for accumulations of petroleum and natural gas has not been
extensively employed. This situation has been further complicated
by a number of controversies that have arisen through the years
with respect to the effectiveness of the methods. The only way
to resolve these differences is by further research.

It is evident from our present knowledge that many
0oil and gas fields are marked by macro-seeps along faults or
through porous zones. It is logical to suppose from this data
that there are also micro-seeps which should be detectable by
the modern methods of hydrocarbon analyses, especially gas
chromatography.
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The distribution of micro-sceps in the rocks and
overburden constitutes the dispersion haloes of the natural
hydrocarbons from o0il or gas accumulations. Unfortunately our
knowledge of these haloes, especially their areal and spatial
distribution and their intensity with respect to distance from
oil and gas accumulations is not well known and requires very
careful detailed study as a basis for geochemical prospecting.

A few well defined oil and gas fields should be selected and the
distribution of the hydrocarbons in the rocks, waters, and over-
burden studied in the minutest detail to determine their primary
and secondary dispersion characteristics. Work already done
along this line in a number of countries suggests that the haloes
are quite distinct and have a high contrast in some cases, and
that the dispersion of the gaseous hydrocarbons is detectable
many thousands of feet above large gas and oil fields. Certain
trace elements may also be enriched in these haloes, although
relatively little is known about their precise distribution.
These findings should spur on petroleum geochemists to seek fur-
ther knowledge about the gaseous and trace element haloes and
their effective use in prospecting.

Another interesting approach in petroleum prospecting
is based on population counts of micro-flora and fauna which
oxidize hydrocarbons, particularly propane, during their metabolic
processes. Where soils, rocks, and groundwaters are enriched in
hydrocarbons, certain strains of bacteria and perhaps other forms
of lowly life flourish, and their density of population is appar-
ently proportional to the content of hydrocarbons present. By
utilizing specialized bacterial counting techniques it is
possible, as a number of geochemists in U.S.S.R. have shown, to
plot contour maps showing the distribution of the bacteria and,
hence, hydrocarbons. Some of these contour maps show peaks and
haloes that mark accumulations of oil and gas at depth, This
promising biogeochemical exploration method is worthy of con-
siderable research in conjunction with gas analysis, water
analysis, and trace element studies.

CONCLUSIONS

Prospecting methods using chemical and biological
techniques have been applied since early times, and today are
assuming an ever increasing importance in the search for mineral
deposits. Their effectiveness has been proven in many geological
terranes and under a variety of climatic conditions. In the past
few years they have directly or indirectly led to the discovery
of a variety of mineral deposits in a number of countries.

To improve the effectiveness of the methods further
detailed research on the nature and morphology of primary and
secondary haloes is imperative. The methods now available should
be sharpened for detection of large low grade deposits and for
deposits buried by considerable thicknesses of overburden or lying
deep in the rocks. Finally, more detailed research in geochemical
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prospecting methods for detecting accumulations
gas is warranted.
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GEOCHEMICAL PROSPECTING BY THE GEOLOGICAL SURVEY OF SWEDEN

0. Brotzen, A. Danielsson, John Ek and B. Nairis.*

For many years the Geological Survey of Sweden (SGU)
has been active in prospecting for ore deposits in the northern-
most parts of the country (cf. Lindbergson, 1963). This activity
embraces all phases of prospecting and ranges from regional geo-
logical surveys and airborne geophysics to detailed geological
and geophysical investigations and it also includes the final
drilling. Since 1963 geochemical work has been a regular part of
this activity. Before this, considerable experimental work on
soils and plant material near known mineralization was carried
out by B. Dahlman, K. Fredriksson (1966), S. Landergren (1957)
and P.H. Lundegdrdh (1956), but the following report confines
itself to the main aspects of the present work.

The present work may perhaps be best indicated by
quoting some figures. Last year (June 1965 - June 1966) approxi-
mately 15,000 sediment samples and 3,000 soil samples were
collected. In addition about 1,000 rock samples from drill-cores
were analyzed for trace elements in a study of primary dispersions.
A few hundred samples of plant material were also collected for
experimental studies. In the present (1966) field season the
number of stream sediments will be about the same, whereas the
soil samples will increase to about 8,000. The number of rock-
samples will also increase, the final figure depending on the
capacity of the analytical lab. Our biosampling has not yet
passed the experimental stage and will therefore remain limited.

The geochemical staff of the Survey is composed of
three geochemists and two technicians. Their work comprises the
lay-out of geochemical prospecting projects, supervision of field
work and the recording and interpretation of the results, mainly
in support of mineralogical and Pleistocene geology work. During
the field season about 25 men are temporarily hired for the
sampling operations; most of these are high school students or in-
experienced geology students from the universities,

The analytical work, as well as the sample prepara-
tion, is done by the laboratory staff of the Survey. Routine
analysis is made by a quantometer using the tape method. For
this technique the different types of samples require different
pretreatment: soils are sieved to minus 100 microns, stream
sediments are finely ground in a swing mill after initial sieving
to minus 2 mm, rocks require a similar grinding and special buf-
fering. When extra sensitivity is needed, chemical pretreatment
(sulfide-isoformation) may be employed.

* Geological Survey of Sweden, Stockholm, Sweden.
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In studies of primary dispersions rocks are generally
analyzed for 20-25 elements, but in routine work with soils and
stream sediments only the following elements are recorded: Cu,
Zn, Pb, Ni, Co, Mo, W, Sn, Bi, As, Ca, Ti and Fe. Of these Ca,
Ti and Fe are required for background corrections but they also
indicate the general nature of the analyzed sample. For Mo, W,
Sn, Bi and As the sensitivity obtained restricts the usefulness
to strongly anomalous samples.

Before these procedures had been developed and ade-
quately tested (Brotzen and Danielsson, 1963), field analysis
was made at the camp-site, using semiquantitative spot-tests for
Cu, Ni and Zn on solutions obtained after 20 hours cold leaching
in strong nitric acid. With the present analytical facilities
this work appears superfluous. To maintain reasonable control
of the soil-sampling projects the current production (100
samples/day) of the laboratory matches approximately the rate of
soil-sampling, so that the sampling teams receive the analytical
data two weeks after collecting the samples. Analysis of the
stream sediments, on the other hand, is postponed till after the
field season, since analytical control is not essential in such
sampling programs. The follow-up of anomalous stream-sections
is done most conveniently in a following year, when a complete
picture of all the stream work permits a better selection of
promising targets and therefore a better planning of the work.

Regarding the general planning and lay-out of geo-
chemical prospecting work, procedures vary according to the
nature of the projects. Most stream sediment surveys cover areas
where traces of mineralization, especially glacially transported
ore-boulders, are known to occur, or where the geological con-
ditions are, in a general way, thought to be favourable for
mineralization. These areas are also selected to fit into the
plans of geological work going on in the district, which makes
possible close contact with the geologist in charge. Quite gener-
ally stream surveys are employed as a means of regional recon-
naissance at moderate cost and with an accepted incomplete
coverage.

The detailed procedures of stream surveys follow a
few simple rules. Samples are taken of the active sediments, at
intervals of 200-300 m, and all streams in the area are sampled
and followed into their smallest branches. Notes are taken
regarding the width and flow-rate of the stream, and the nature
of the sediment. No geological notes are taken. Though silty,
inorganic samples are preferred, no restrictions are imposed in
this respect. It is thought better to have a sample of low
quality, rich in organic mud, from the swampy stream, or a very
coarse grained sample from a mountain rapid, than no sample at
all.

The given sampling interval results in a mean density
of about 7 samples per square kilometer, but this figure varies
greatly with the topography. Stream anomalies often persist for
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about 1 kilometer, which means that more than two consecutive
samples are anomalous, which minimizes the need for resampling
to eliminate spurious results.

Projects of soil sampling, on the other hand, require
detailed planning in close collaboration with the geologist in
charge of the area. Due to the higher costs soil surveys usually
cover an area of a few square kilometers, which occasionally may
increase to the order of ten. They often mark a stage in pros-
pecting when the detailed geological and geophysical investi-
gations have been completed and they are then used to select
drilling objects. Such surveys are often made on the request
of the geologist in charge of a project, or alternatively they
represent follow-up work related to a stream anomaly. Relatively
open grid surveys are also employed as a method for local recon-
naissance in areas where the bedrock geology remains incompletely
known due to extensive overburden and where the geophysical indi-
cations are weak or difficult to interpret.

The detailed planning of soil surveys is preceded by
a rapid assessment of the Pleistocene geology of the area. This
is based on an inspection of air photographs and (or) brief field
trips. Special attention is given to evidence of the direction
of glacial transport and whether this was simple or complex.
Other important observations concern the presence and thickness
of moraine, the details of the soil profile and the extent of
late- or postglacial sands or clays, which do not, generally,
justify geochemical soil sampling of the present type. In complex
areas special Pleistocene research has to be carried out concur-
rently with the soil sampling.

The usual sampling pattern is a rectangular grid with
fixed intervals of the order of 50 m, although this may vary by
a factor of two according to conditions. In special cases,
however, traverse lines may be separated by as much as 500 m, but
application of this type of reconnaissance work is often limited
by the conditions of Pleistocene geology. An example of such
limitations is given below. Regarding, finally, the depth of
sampling, this is determined by the soil profile. Quite generally
podsol profiles prevail, and sample of the B- and C-horizons are
accepted for analysis, whereas samples from the A-horizon are
rejected. This implies a normal sampling depth of 50-70 cm.
In swampy areas samples are taken from the top mineral soils
below the peat. In routine work, sampling of swamps to a depth
of 2.5 m is easily accomplished. It is fortunate that peat bogs
do not exceed this depth very often in the northern prospecting
areas.

Our experience of biogeochemistry and the sampling of
drill-cores for primary dispersions is too limited to allow
adoption of standardized sampling patterns. In investigations of
drill cores from known ore-deposits, which are being undertaken as
a preliminary step in the application of such work to actual pros-
pecting, three different sampling intervals are now being used.
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Ten samples on each side of the ore-body are taken at intervals
of 3.0 m; beyond this follow ten samples at intervals of 10 m,
and at still greater distance from the ore, intervals are in-
creased to 30 m. Each sample is a composite of three or five

10 cm long sections of the split core taken at regular intervals
of 1.0, 2.0 and 6.0 m respectively. If mineralization occurs at
more than one depth in the hole, the pattern has to be changed
accordingly. Likewise, when strong changes occur in the litho-
logy of the core it is necessary that each composite sample re-
presents only a single rock-unit. The illustrations of primary
dispersion patterns shown below represent a much closer sampling,
and it is experience from this work which forms the basis for the
present sampling procedure. It is hoped that similar procedures
can eventually be applied to actual prospecting in the drilling
for blind ore-bodies and lead to a better utilization of already
available drill-cores. It is a time-honoured and established
practice of Swedish prospecting parties to file all drill-cores,
which is done at an insignificant fraction of the money required
for the actual drilling. It seems reasonable to expect that
modern geochemical techniques may prove some of the abandoned,
subeconomic mineralization encountered in earlier drilling oper-
ations do develop into commercial ore-bodies in depth or laterally.

The information given above clearly shows that the
bulk of the geochemical prospecting at the SGU represents standard
operations which contain very little research and do not merit
further comment before a more complete regional picture has
evolved. In working out the routine procedures, and also when
facing special problems of interpretation, or when local condi-
tions are met which can lead to a better understanding of funda-
mental aspects, orientation surveys and special investigations
are made, which may be of greater interest. Three examples of
such work will therefore be given. They relate to the study of
stream sediments, to the metal distribution in till and to the
metal distributions in the wall-rocks around two pyritic ore-
bodies.

A survey of stream sediments has been made in an area
around the sulfide deposits of Stekenjokk in the Caledonian moun-
tains of Sweden. Three major anomalies were found, two of which
were clearly related to the known deposits, whereas the third
represents an unknown source.

The Stekenjokk area, at 6S°N, 14030E, and an elevation
of 700-1100 m, lies above the local tree-limit, and has tundra-
like vegetation and a sub-arctic climate. No permafrost occurs
and the field-season lasts about two months of the year. Land-
forms are open and rounded, slopes are moderate. Podsol profiles
prevail except in swamps. Glacial transport has been extremely
complex, see Svensson (1959). The bedrock is predominantly made
up of pelites of the greenschist facies, with intercalated graph-
itic beds and basic and keratophyric flows and tuffites.
Metagabbro and limestone occur locally. All rocks were strongly
deformed during the Caledonian orogeny. Mineralization comprises
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two major pyritic ore-bodies, with chalcopyrite, sphalerite and
traces of galena, and a great number of minor sulfide occurences.

The streams in the area are numerous but small, and
only two of them reach 20 m in width. They are generally shallow,
swift-flowing clear waters. Stream sediments are mostly gravelly
sands, showing only weak discoloration. The frequency distribu-
tion of metal contents, as determined colorimetrically after
leaching 30 min. in 1:1 HC1 at 100°C, on fractions minus 300
micron, is shown in Fig. 1 and 2. The metal anomalies in the area
are of two genetically different types. At one extreme, a clastic
origin can be clearly established by the occurrence of sulfide
grains as seen in the microscope. At the other extreme, no ore-
grains can be observed and the anomaly must be formed by a chemi-
cal dissolution-precipitation process. The first type represents
a case where the (sub)outcrop of the ore is near the stream whose
course more or less coincides with the predominant direction of
glacial transport. The other type again signifies a greater
distance to the source and a building up of the anomaly through
seepage processes.

In an earlier study (Brotzen, 1966) the relationship
between the heavy metals and iron and manganese was investigated,
and the same close correlation found then between zinc, in par-
ticular, and iron, could be established in the present samples
(Fig. 4). The present investigation also showed that this cor-
relation is greater for total (extractable) iron than for the
content of either ferric or ferrous iron alone.

The role of pH, grain size, volume weight and content
of organic matter were further investigated in the present study..
The variation of Zn and Cu with pH in samples of two different
iron contents is illustrated in Fig. 5. The pH was determined
electrically on suspensions of the samples in distilled water.
Cu is seen to be essentially insensitive to variations in pH
within the observed range, whereas 2n shown a certain tendency
to be higher in samples with a higher pii. It should be noted,
however, that the higher samples also show a higher Fe-content,
and this rather than a direct effect of the pH, may be the de-
ciding factor in the fixation of zinc. At least it may be sug-
gested that consideration of the Zn:Fe ratio in stream sediments
of this type largely eliminates the need for separate determin-
ations of pH. This ratio appears to be a better parameter for
prospecting than the zinc content alone. In fact many zinc
anomalies have, in our work, proved to be false, and related not
to mineralization but to locally strong iron precipitation in
the stream sediments., In this connection it may also be pointed
out that actual determination of the forms in which the metals
occur in the sediments is necessary before geochemically valid
Eh and pH diagrams can be constructed.
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Some of the other results are summarized in Fig. 6.
Here the bottom row gives the numbering of the samples. The next
row shows the weight percentage of four size-fractions, namely
0.6-0.3; 0.3-0.15; 0.15-0.06 and minus 0.06 mm, with the coarse
fraction to the left. It is seen that the sediments are of
different types, some being dominantly coarse-grained (e.g. 564,
585), while in others the fine fractions are predominant (e.g.
522 and 584). The next row shows the volume-weight (dry) of the
individual fractions, expressed in grams per cubic cm. A tenden-
cy for lower volume-weights in the fine fractions is obvious.
The following row shows the content of organic matter determined
spectrophotometrically as the extinction at 5000 A in the acid
extract from the individual size fractions. At this wave-length
the contribution from FeClz to the extinction of the solutions
is negligible (Fig. 7). Comparison with the lower rows shows
that a high content of organic matter tends to lower the volume-
weight of the sample, and that organic matter is generally con-
centrated in the finer fractions. The following four rows show
the contents of Fe, Pb, Cu and Zn on a weight to volume basis.
Together with the lower rows they demonstrate that the metal con-
tents in these samples are rather insensitive to variations in
grain size, volume-weight and the content of organic matter.
The first of these observations indicates that it is not neces-
sary to select some very fine fraction, such as minus 80 mesh,
for analysis, which would require tedious sieving and large
samples of coarse-grained sediments. It is also of some theo-
retical interest, because it shows that the fixation of the metals
is not strictly a surface effect, or that the influence of the
far greater surface of the finer fractions is almost exactly
counteracted by some other factor. This factor may be the
resting-time of the individual particles. Obviously the coarser
particles on the average will stay longer in the metal-bearing
environment, and thus be able to collect more of the dissolved
metals than the smaller ones, which are sooner swept along with
the stream. This again is an inverse function of the total sur-
face of the individual particle (Stoke's 1law).

The relative constancy of the metal contents in the
different size fractions of one and the same sample, if expressed
on a weight-to-volume basis, shows that this is a better form than
the normal weight-to-weight basis, considering the lower density
of the finer fractions. This actually speaks in favour of
scooping the samples for analysis, rather than weighing them.

The insensitivity of the metal contents to variations of organic
matter in the samples from our area strongly differs from the
findings of Govett (1960) for tropical streams.

The samples represented in Fig. 6 are taken out of
a total crop of about 600 samples. To illustrate the down-stream
variation in a single anomaly, related to the main Stekenjokk ore,
Figs. 8 and 9 are given. They show the variation in Cu-content
and the Zn:Fe ratio in the same size-fractions as before, and
again indicate that nothing is gained by selecting the finer
fractions for analysis. It is also seen that the Cu-contents
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decrease faster in the down-stream direction than does the
Zn:Fe ratio.

So far this represents early colorimetric data col-
lected by the geochemist. Fig. 10 represents some quantometer
data from the same anomaly, although these samples were collected
two years later, and the curves now represent total metal con-

tents. This time the size-fractions, from left to right are
20-6 mm, 6-2 mm; 2-0.5 mm; 0.5-0.2 mm; 0.2-0.06 mm and minus 0.06
mm, (In some samples the coarsest of these fractions was miss-

ing.) It may be noted that the metal contents thus determined
are comparable to those found earlier in spite of the difference
in the time of collecting, and also that the general shape of the
anomaly remains the same. The similarity in the variations with
grain-size of Fe and Zn in some of the samples likewise is strik-
ing, whereas Ca, which is one of the controls of pH, shows a
variation of its own. These data also show that even the grain-
sizes above 0.5 mm and up to 2 mm may be taken for analysis.

Whereas the anomaly described is partly of the
clastic type, Fig. 11 shows the corresponding data for a strictly
chemical anomaly, It is seen that the chemical features are
essentially the same in the two anomalies. Here, as in many
other cases, microscopic evidence proves to be of great diagnos-
tic value.

The special investigation of the distribution of ore
metals in till over a known ore body was undertaken because a
fairly extensive geochemical orientation survey had largely
failed to reflect even the known occurences of ore in a central
part of the foremost sulfide-mining district of Sweden. Further-
more, this corresponds to earlier negative experience in the same
district by a private mining company (Brotzen, loc. cit.). It
therefore appeared desirable to find the cause of this failure,
especially after it was known that stream sediment surveys worked
quite well in the same area,

The geology and ores of the area in question, the
Mal&nds district, have been described in considerable detail by
Gavelin (1939). Also the Pleistocene deposits have received close
attention, and boulder-trains of sulfide ores played a significant
role in early discoveries of a number of ore deposits. Multiple
moraines, with clear-cut contacts have been described repeatedly,
as by Hogbom (1937), Granlund (1943) and Lundqvist (1943). The
salient Pleistocene features are two marked directions of glacial
transport, namely one from WNW (older) and one from NW (younger).
Most of the area was above the postglacial sea-level, and late-
and postglacial sediments are restricted to the recent lakes and
stream-channels, and their immediate surroundings. Other topo-
graphic depressions are occupied by large peat bogs. The country
is dominated by extensive forests of fir, pine and birch on
typical podsolic soils.
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The test-site covers a small, newly discovered
sulfide-deposit, Norra Norrliden, with about 1.5% Cu and 5-10%
Zn. Its situation and extent are well known from drillholes,
which also give a fairly good picture of the sub-surface configu-
ration of the bedrock. Topographically the site is on the north-
ern slope of a WNW-trending valley, and the surface of the bed-
rock slopes in the same SSW-direction as does the side of the
recent valley (Fig. 12).

For a closer investigation of the overburden four
testpits were sunk to a depth of 3.0-3.5 m. They revealed
practically homogenous moraine, but in one of the pits there
appeared, near the bottom, a change into a more clayey and
pebble-rich moraine with a slightly pressed appearance., 'Samples
were taken representing continuous 0.5 m sections in all the
pits, except where this particular change was noted, where a
closer sampling was made at the critical part of the section.
All the samples were then submitted for geochemical and grain
size analysis, and the petrographic composition of the gravel
fraction was further investigated.

Some of the results have been summarized in Fig. 12,
which shows a section through the till at Norra Norrliden with
a tenfold vertical exaggeration. The true situation of the ore
and the test-pits are indicated on this scale, and so are the
sampled sections of the pits. The testpits, with 5-fold exagger-
ation, are again represented as cumulative diagrams of the size
distribution in the samples, and on their left sides the relative
proportions of three critical size-fractions, namely 20-2 mm,
0.2-0.02 mm and minus 0.006 mm are indicated. On the right side
the relative proportions of three critical rock types, namely
granites, porphyrites and metavolcanics are indicated in the same
fashion. The Cu and Zn contents of the samples are also given in
the diagrams.

A number of features seen in this diagram, and cor-
roborated by a statistical evaluation of the complete data,
appear significant. Two types of till are present in the section.
The upper one is characterized by a high proportion of granitic
rocks, and a convex (upward) curve in the cumulative diagrams,
This corresponds to a large proportion of the grain sizes between
0.2-0.002 mm and a small proportion of the gravel size fraction
(20-2mm). A low content of Cu and Zn may also be noted. The
lower till, on the other hand, has a low proportion of granite
and a high proportion of metavolcanics. The curve of the cumu-
lative diagram is concave, which corresponds to higher pro-
portions of the gravel- and clay-sized fractions. The metal
contents in the lower till are often two to four times as high as
those of the upper one,
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These features are easily understood in the light of
regional geology and what is known about the glacial transport.
The local bedrock is made up of metavolcanics, present in the
lower till. The granites of the upper till, in contrast, occur
at a distance of more than 10 kilometers in the direction of the
later glacial transport (NW). Therefore the upper till contains
far-transported material, the gravel-sized fractions having been
largely milled to fine sizes. The clay-fraction is nevertheless
small, reflecting the mineralogical composition of the granitic
source-material, This also explains the low metal-content of
the upper till, and its inability to reflect mineralization in
the local bedrock.

It is interesting to note, however, that there is no
clear-cut contact between the two types of till, and also that
there is no perfect correlation between the different distinctive
features. This may be demonstrated by the fact that all transi-
tions occur between till which is predominantly granitic, and
till made up of metavolcanic material. Another example is seen
in the third sample (from the top) of the second pit (from the
left). Here the size-distribution of the material is typical of
the upper till, whereas the petrographic composition of the
gravel fraction is more characteristic of the lower till, Even
more striking are the conditions in the lower part of the fourth
pit. Here the deepest sample clearly represents the upper type,
as can be seen from the convex cumulative curve, the high pro-
portion of granitic rocks and the low metal-contents. Never-
theless it is overlain by a section of the "lower'" till, as is
evident from the concave curve, the lower proportion of granites
and the higher contents of Cu and Zn in the next sample. In this
case the complete array of our criteria obviously contradict the
actual stratigraphic situation. Furthermore, the next sample
(third from the bottom) shows some influence from the local bed-
rock in its higher Zn content.

All these apparent irregularities show that there has
been no normal superposition of a younger till carrying far-
transported material upon a bed of older till of local derivation,
as has been observed in many places elsewhere in the district.

The conditions instead indicate an irregular mixing of the two
deposits and even an injection of wedges or lenses of the lower
bed of till into the upper one (in the fourth pit). This appears
to be related to the topographic situation of the test-site,
which occupies a lee-side position in relation to the latest
direction of glacial transport,.

From the standpoint of geochemical prospecting, this
study leads to the following conclusions:

1) Close attention must be given to Pleistocene deposits before
launching large soil-sampling projects in areas with glacial
soils., This pertains especially to areas where more than one
direction of glacial transport has prevailed.
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2) Topography plays an important and special role in the for-
mation of secondary dispersions in glacial soils, and in certain
respects differs from that in residual soils.

3) The fixing of a general threshold value, such as two- or
three times the normal background, as an aid to distinguishing
local geochemical anomalies may be misleading. In the present
case the known ore-body would certainly have escaped discovery.
Likewise, the application of regional continuous trend-surfaces
appears inadvisable, because local domains with their own back-
ground values are not easily treated in this way. A promising
technique involves the comparison of two rolling averages, one
representing a small number (5-10) and the other a larger number
(30-100) of sample-points.

4) An effective and inexpensive technique for the deep sampling
of till is greatly needed.

S) The wider application of biogeochemistry should be further
investigated, in the hope that the plants have done the deep
sampling for us. Bio-samples were also collected in this study.

The last example of geochemical prospecting by the
SGU deals with a study of the primary dispersion of trace ele-
ments in the wallrocks around two known ore-bodies. Some of the
background for this special work was indicated above. Here it
may be added that this work, which was considered earlier at the
planning stage of the present geochemical group, has received
considerable encouragement from positive reports by geochemists
in the USSR (Yanishevsky, 1965).

These reports demonstrate that the ore-elements ar-
range themselves in a fairly regular pattern around the ores, and
this has, in a number of cases, led to the discovery of blind
ore-bodies at considerable depths (up to 300 m). Examples given
refer mainly to steeply dipping deposits. The two cases des-
cribed here instead represent flat-lying deposits of solid py-
ritic ore with chalco-pyrite and sphalerite. One is the main
Stekenjokk ore, which is a pencil-shaped body of more than 2
kilometers length occupying a complex structural position in
strongly deformed Caledonian rocks, and itself also showing clear
evidence of deformation. The other is the Rudtjebdacken ore in
the Adak district (Gavelin, 1948), which represents a concordant
flat-lying body in a cupola-shaped Precambrian rock sequence.
Geological criteria regarding the age-relations show that mineral-
ization in the Adak area, where also cross-cutting vein deposits
occur, is definitely epigenetic, and probably post-dates the
major folding. In the present study it was found that marked
differences exist in the distribution of trace-elements around
these two ores.

A longitudal section, with a two-fold vertical exag-
geration, through the ore-body at Stekenjokk is seen in Fig. 13,
and illustrates the rock types and the variation of some of the
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elements genetically related to the ore. Co is, however, a
lithogene element shown for reference. The introduction of ore-
elements into the wallrocks does not reach far from the ore-body
at shallow depths, and it is interesting to note that the dis-
persion extends further in the black, apparently impermeable,
shale in hole 59002, than in the meta-keratophyre of hole 60002.
In the deeper hole, however, the dispersion of ore-elements
reaches about 80 m above the ore, which corresponds very closely
to the visible hydrothermal alteration of these rocks. The
direct prospecting value of trace element studies, therefore, in
this case appears to be limited. It may be noted, however, that
the As-halo found near the ore is absent around a subeconomic Cu
mineralization, which occurs well above the ore, and which other-
wise shows a similar picture of the trace elements. This differ-
ence, if consistent in the area, may be helpful in the evaluation
of exploratory drilling. The As-halo at Stekenjokk furthermore
is noteworthy because the As content of the ore itself is rather

[

low and only around 0.1 %.

A more hopeful picture was obtained at Rudtijebacken.
A longitudal section through this deposit, without vertical
exaggeration, is seen in Fig. 14, The Rudtjebacken deposit does
not actually reach the surface of the bedrock, but its position
is clearly marked in the continuation of the ore-bearing strata,
as seen in Bh 3. This strata-bound projection of the ore was
most certainly very extensive before erosion. Such strata-bound
dispersion therefore should reveal similar ore at a considerable
distance both horizontally and vertically. Also in the other
drillholes a greater dispersion of the ore-metals is found than
was the case at Stekenjokk. Most striking is the great vertical
extent of the As-halo, which reaches the surface even from the
ore at the 250 m level. Here again the ore itself is low in
arsenic, but a nearby deposit has portions of solid arsenopyrite.
At present it is not known whether the high As content at the
surface reflects the localized mineralization of the orebody, or
if it is associated with the entire area of mineralization, which
is of the stratabound type and includes large portions of sub-
economic mineralization., Actually the entire Skellefte district,
of which the Adak area may constitute an outlying part, is a
markedly As-rich metallogenic province. If therefore the great
vertical extension of the As-halo around ore-bodies is repeated
elsewhere this might provide a most powerful tool in prospecting
for blind ore-bodies.

The present study of primary dispersion is only a
beginning, and it shows very clearly that considerable variation
occurs in the distribution of trace-elements in the wallrocks of
ore-bodies, even if rather similar ores are involved. Much
remains to be learned and continued research in this field is
obviously necessary before our knowledge will permit any useful
application, but interesting aspects already emerge. Above all
there is the behaviour of arsenic, which inspires further investi-
gations, primarly in the Adak area. It also calls for special
work to improve our analytical methods for this element.
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Figure 3.

Sulfide grains, (bright)
Fe-Ti oxides (gray) and
silicates (dark), in heavy
fraction (+ 2.96) of stream
sediment from the clastic
anomaly caused by the
Stekenjokk ore. Polished
section of size-fraction
100-200 microns.

Figure 2,

Frequency distribution of
ferrous and total (hot HC1-
extractable) iron in 530
stream sediments from the
Stekenjokk area. Determi-
nations by orthophenantro-
line, total iron after reduc-
tion with ascorbic acid.
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the Stekenjokk area.

Figure 7. Extinction curves of acid
extracts of three stream sediments (A, B,
and C) and of a solution of ferric chloride
in 1:16 HC1 (D) corresponding to a Fe con-
tent of 1% in the samples.
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graphic determinations.

Note the faster downstream (from left to right) decrease in Cu as com-

pared to Zn, and also the general similarity in the variation with grain
The orebody is
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Figure 10, Metal contents in different size classes of stream sediments constituting
the clastic anomaly caused by the Stekenjokk ore, cf. Fig. 8. Spectro-
Size classes for each sampling station are,
from the left, 20-6; 6-2; 2-0.5; 0.5-0.2; 0.2-0.06 and minus 0.06 mm.

size of Cu, Zn and Fe at some sampling stations.
situated upstream between stations 1910 and 1911.
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Figure 11. Metal contents in stream sediments constituting a hydromorphic anomaly
caused by an unidentified source. Size classes are the same as in Fig. 10.
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APPENDIX

Hg-dispersions at Norrliden, Stekenjokk and Rudtjebidcken

by 0. Brotzen, SGU and John L. Walker, Barringer Research Ltd,
Toronto.

The appendix is a direct outcome of contacts es-
tablished at the Ottawa symposium. Until then the SGU had not
been active in Hg-research, but in view of the excellent analyti-
cal facilities available in Canada, it was suggested that the
samples described in the preceeding text might represent suitable
case-material for such work, The data obtained in the ensuing
joint study therefore deserve to be put on record.

The analytical results from Norra Norrliden are pre-
sented in Table 1, the columns of which correspond directly to
the pits represented in Fig. 12 above. The mercury data were
obtained on the minus 6 micron fraction, whereas the Zn- and Cu-
values, given for comparison, represent averages for all size-
fractions, and are the same as given in Fig. 12,

Table 1

Trace Metal Content of Samples from Norra Norrliden

Cu Zn Hg Cu Zn Hg Cu Zn Hg Cu Zn Hg

_ppm ppm ppb ppm ppm__ppb ppm ppm ppb ppm ppm ppb
11 50 13

6 37 9

S 30 3 5 30 11 5 29 108

5 37 5 6 43 15 5 28 23

6 27 15 10 35 6 ) 38 15 6 35 88

9 33 11 10 37 6 9 57 29 13 53 11

10 57 37 10 43 8 8 73 82 19 60 35
36 97 25 10 63 33 5 35 9
15 70 31

13 70 28
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The following facts may be noted:
1) The mercury-content in the till is low.
2) The mercury data parallel the earlier determinations of Cu
and Zn, and thereby corroborate the significance of the geo-
chemical difference between the upper and the lower till in spite
of the low contrast.

3) No leakage-halo occurs directly above the ore (i.e. in the
first pit from the left).

4) The marked Hg-anomaly in the upper part of the fourth pit
(from the left) is not reflected in the other metals, and has
no obvious explanation.

For Stekenjokk the core 60002, which is represented
in Fig. 13 was analyzed, and the results are given in Table 2.

Table 2

Trace Metal Content of Stekenjokk Drill Core

Depth Cu Zn Hg Depth Cu Zn Hg
m ppm__ ppm  ppb m ppm___ppm _ ppb
20 16 220 33 165 59 50 8
36 15 70 16 168 16 <50 9
42 110 130 16 171 210 <50 5
48 63 130 6 174 30 <50 4
60 12 60 6 177 24 <50 4
80 16 60 16 179 27 <SO] 6
95 43 110 90 180 240 <50

110 31 110 10 181 37 <50

120 32 130 19 182 460 <SO]

132 19 50 10 183 20 <50

145 43 120 S 184 4 <50} Lo

150 35 100 12 185 4 <50

153 71 140 18 186 87 2900}

157 52 90 6 187 260 230

160 104 50 16 188 %. >5000}

162 30 <50 9
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Each analyzed section is a composite of three or
more samples. It is seen that the limited dispersion of the ore-
elements found around the Stekenjokk dep it at a depth of 188 m
also characterizes the behaviour of mercury.

The results for the deepest hole at Rudtjebicken are
given in Table 3. Here the ore is situated at a depth of 259 m.
Table 3

Trace Metal Content of Rudtjebdcken Drill Core

Depth Cu Zn As Hg Depth Cu Zn As Hg
m ppm____ppm__ ppm__ ppb m ppm___ ppm __ ppm _ ppb
45 60 10 44 235 59 90 15 12
75 110 10 31 236 54 160] )5 20

104 26 70 30 11 238 27 <50

115 42 100 10 12 239 53 70 10 10
125 48 80 10 7 242 64 80 20 19
135 14 170 60 4 245 530 3200 10 23
145 63 50 60 6 247 500 200 40 14
155 45 120 10 4 249 52 100 50 19
175 85 100 10 2 252 60 200 210 160
185 65 60 10 2 255 610 1200 280 3400
195 55 150 10 5 257 2000 >5000 350 7280
205 60 100 20 6 259 % >5000 45 30
208 69 150 10 S 261 140 650 10 12
211 48 140 4 263 45 280 10 11
214 70 370} 15 12 266 20 80 10 18
217 43 60 10 11 268 32 170 40 100
220 37 100 60 11 272 62 410 75 8
223 46 100 10 6 278 64 110 10 7
229 28 80 10 6 281 43 100 25 10
232 91 100 10 8

Also in this deposit the dispersion of Hg is of the
same type as that of Cu and Zn,



-71-

A fact which perhaps deserves special mention is that
both Stekenjokk and Rudjebidcken were drilled long before the
start of mining operations, This may be of importance in regard
to possible contamination from the use of mercury fulminate in
blasting caps, as pointed out by Kurbanayev and Iskov (1964.)

The only blasting at these sites that can be suspected might have
occurred during the initial penetration of bouldery overburden.
These cores therefore represent largely undisturbed conditions,

and the same also applies to the till samples from Norra
Norrliden.
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INVESTIGATION OF MERCURY DISPERSION HALOES AROUND MINERAL DEPOSITS
IN CENTRAL BRITISH COLUMBIA

A. Sutherland Brown*

During routine geological examination of mines and
prospects in north-central British Columbia in 1965, the writer
collected soil samples and analysed them in the field for mercury.
Samples were taken along cut lines or access roads generally from
the top of unmodified soil. An attempt was made to extend sample
points well beyond the limits of known mineralization. Samples
were air-dried, sieved to -40 mesh, and analysed by Lemaire S-1
detector. Care was taken to avoid organic samples and contamina-
tion. Samples run in the field were checked in part by more
sophisticated instruments and all samples greater than 1 p.p.m.
and some less were analysed in Victoria by the Analytical and
Assay Branch of the Department of Mines and Petroleum Resources
with generally good agreement. The values used in the graphs
are those recorded in the field by the writer.

The profiles are chiefly of mercury or molybdenum
prospects (Figure 1 shows the geographic locations). These are
believed to represent extreme types at which mercury haloes might
be expected: the one type being low temperature and mercury-rich;
the other high temperature, disseminated, and mercury-poor. In
addition, one copper and one silver-lead-zinc prospect were ex-
amined. Only summary descriptions of thc geology of these de-
posits are given. Greater details of mercury deposits can be
found in Memoir 252 (Armstrong, 1949) and in the Annual Report
of the Minister of Mines and Petroleum Resources for 1965.

MERCURY DEPOSITS

The mercury profiles are from localities along the

Pinchi fault zone from Fort St. James to Kwanika Creek. A large
number of mercury prospects are situated along the course of this
major fault zone. The geology may be summarized as follows.

The block west of the fault is formed of Permian
limestone and chert (Cache Greek Group) and the block to the
east by upper Triassic basic volcanic rocks (Takla Group) in-
truded by Jura-Cretaceous acidic plutonic rocks in the north and
ultramafic bodies in the south. Figures 2A to C show, respective-
ly, profiles across the fault zone in the vicinity of the Pinchi
mine, across the fault zone along the road from Fort St. James,
and along the fault zone from Kwanika to Kenny Creeks. 1In gencral
the background varies from 0.02 p.p.m. to about 0.08 p.p.m.,
rarely to 0.2 p.p.m., and the anomalous peaks range from p.p.m.

* Department of Mines and Petroleum Resources,
Victoria, B.C.
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to about 200 p.p.m. The preferred materials sampled were tills
or outwash sands and coarse silts, or rarely regolith, but near
Pinchi Lake glacial lake clays and fine silts were common. The

results suggest that true clays may be fairly impervious to
mercury vapour as the highest value recorded in clay samples was
0.45 p.p.m. Contamination from the surface near the Pinchi and
Bralorne Takla mines was judged to be relatively slight as samples
collected at 2- to l-foot depths showed no consistent difference.

MOLYBDENUM DEPOSITS

Profiles run on molybdenum mines and prospects in-
cluded Endako, Glacier Gulch, Lucky Ship, and Huber groups. The
geology of these properties does not have the unity of the mer-
cury ones, except that all are relatively sparsely mineralized.
The Lucky Ship prospect is in a complex, small rhyolite porphyry
plug that intrudes Jura-Cretaceous porphyritic andesites and
volcanic sediments (llazelton Group). An annular vein stockwork
and silicified zone peripheral to onec phase of the plug contains
molybdenite with few other metallic minerals. The profile
(Figure 3A) extends along the access road from the Nanika River
bridge and back down across cut linecs to the river flat. Most
of the samples were glacial till. Background ranged from 0.01
to 0.03 p.p.m. and the peaks to 0.125 p.p.m.

The Endako mine is in a quartz monzonite, one of
many phases of the Jurassic Topley batholith. Molybdenite is
contained principally in veins that strike about east-west and

dip 45 degrees south. There are few other metallic minerals.
The profiles (Figure 3B) extend from Highway No. 16 across the
orebody nearly to Frangois Lake. The materials sampled were

entirely glacial tills. The background ranged from 0.015 to
0.025 p.p.m. and the peaks over the orebody to about 0.08 p.p.m.

The Glacier Gulch prospect consists of a flat sheet-
like body of granodiorite cutting hornfelsic Jurassic volcanic
and sedimentary rocks (llazelton Group). A flat vein system and
stockwork with molybdenite, pyrite, and pyrrhotite extends over
a wide area and considerable vertical range. Some gold-bismuth
showings occur in the same vein system but remote from the molyb-
denum mineralization. The profile (Figure 3C) extends from the
orebody to the east for 2 miles. The materials sampled were not
ideal, being fine talus in the west and till in the east. Back-
ground varied from 0.02 to 0.03 p.p.m. and the valucs over the
orebody were of this range but over the gold-bismuth showings of
the same vein system they reached 0.175 p.p.m.

The geology of the Huber group consists of two ad-
jacent small plugs of alaskite and granite porphyry intruding
hornfelsic Jurassic volcanic sedimentary rocks (Hazelton Group).
Between the plugs in particular, a stockwork of fractures and
quartz veinlets contain pyrite, molybdenite, and minor chalcopy-
rite. The profile (Figure 3D) extends from tlighway No. 16 across
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—! Figure 4 — Owen Lake
Au-Pb-Zn
.5 — *

PPM

Z 0.3
N
5
(9]
= 0.2
% /
! <//A\\
0 T 1 1 1 T T T R —
0 1000 5000 7000 FEET
WEST - VEIN ZONE —— - > EAST
Figure 4. Mercury content profile, Silver Queen Au-Pb-Zn property, Owen Lake.
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the showings. Samples were all till. Background ranges from
0.015 to 0.04 p.p.m. with peaks of 0.08 p.p.m. over the showings.

OTHER DEPOSITS

A profile was run over a small silver-lead-zinc
property, the Silver Queen, at Owen Lake. Here four veins of
about 6 feet width, 2,000 feet length, and at least 500 feet
depth occur primarily within a large microdiorite sill that in-
trudes Hazelton pyroclastic rocks. The profile runs from Owen
Lake across the vein zone and about a mile further east. Samples
were primarily till and outwash sands. Background ranged from
0.025 to 0.1 p.p.m. and peaks to 0.5 p.p.m.

A profile was also run at a copper prospect, the
Northwest group, but it was not sufficiently long to extend be-
yond the area of scattered mineralization. Also a profile was
run at another molybdenum prospcct, Serb Crcek, but here all
materials were either highly organic soil or loose talus, so an
inconclusive profile resulted. The range of these results are
shown with the others on Figure 5.

CONCLUSIONS

Secondary dispersion haloes of mercury were detected
at all the properties which werc examined, although the order of
anomaly peaks varied greatly from mercury deposits to molybdenum
deposits. Figure S shows the background variation and anomaly
peaks for some mercury, gold-silver, lead-zinc, copper, and
molybdenum deposits. The examples include all those run by the
writer and many from the literature in which absolute values are
given. 1t is clear that in most localities background ranges
from 0.01 to 0.1 p.p.m. but in some others is much higher. In
some of the latter, the profiles may not have extended far enough
from the ore zone to truly record background judged by the hori-
zontal dimensions shown. However in still others, background
over whole regions may be so high (for example, the Crimean
Highlands, Bulkin, 1962) that molybdenum peaks would not bhe
noticed. It is also clear that the peaks for the various groups

follow the theoretical sequecnce related to temperature of deposi-
tion.
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THE ATOMIC ABSORPTION SPECTROMETER IN THE
GEOCHEMICAL LABORATORY

A.H. Debnam*

INTRODUCTION

Applied geochemical studies of rocks, soils, vegeta-
tion and waters have been made possible by the application of
rapid semi-quantitative analytical procedures, either colorimet-
ric or spectrographic, which are aimed at productivity rather than
accuracy. Colorimetric methods are used for metal determinations
after samples have been treated by any of a variety of extraction
procedures which may selectively remove only one form or group of
forms of the metals contained in the samples, from very loosely
bonded metals to those incorporated in the crystal lattices of
minerals. For most elements, simple buffering and complexing
procedures will control pH and interferences but some metals re-
quire tedious separations. The main advantage of the colorimet-
ric procedures is that they can be applied in the field at the
point of sample collection or in a field laboratory. A disadvan-
tage is that each metal requires its own particular set of operat-
ing conditions, making multi-element determinations rather labor-
ious. Spectrography is probably the most rapid and efficient
method for carrying out total multi-element determinations on geo-
chemical samples, the disadvantages being high initial cost and
limited portability. Spectrographic analyses are usually made in
centrally located laboratories, although somec mobile units for
field use have been built.

In recent years a new analytical procedure which is
closely related to spectrography has been developed. It is
atomic absorption spectrophotometry. This method has most of the
advantages of both colorimetry and spectrography with very few
disadvantages. Atomic absorption is applied to solution extracts
of samples and is extremely rapid, sensitive, precise and free
from interferences. The method has gained wide acceptance in all
branches of analytical inorganic chemistry.

THE THEORY OF ATOMIC ABSORPTION

Many geologists and chemists are already familiar
with emission spectrography so the differcnce between emission
spectrography and atomic absorption will be explained in simple
terms. Emission spectrography is based on the fact that when a
substance is volatilised in an arc or spark discharge some of the
electrons in the metal atoms receive heat energy and jump to
higher energy levels. When these electrons fall back to lower

* Consulting Geologist, 1266 Grosvenor St., Oakville, Ontario.
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energy levels they emit light energy of specific wavelengths
which are characteristic of the elements present. The light is
spread out by a prism or grating to isolate the specific wave-
lengths and these are measured either photographically or elec-
tronically to give a quantitative determination of the elements
of interest. Only 1% to 5% of the atoms and ions in the arc or
spark are excited to emit light whereas the greater proportion re-
main in the so called '"ground state" condition. It has now been
found that these ground state atoms are capable of absorbing light
of the same wavelength as that emitted by the excited atoms and
this is the basis of atomic absorption analysis. The material to
be analysed must be in the atomic state and this is readily
achieved by spraying the sample solution into a flame rather than
into an arc or spark. A light beam at one of the characteristic
wavelengths of the element to be analysed is directed through the
flame, into a monochrometer and onto a detector which measures
the intensity of the beam. The amount of light absorbed by the
flame when a sample is being aspirated is proportional to the
concentration of the element in the sample. Atomic absorption is
free from interferences because only the wavelength emitted by
the source is measured and no element other than that being ana-
lysed will absorb this light. It is more sensitive than emission
spectrography because up to 95% of the atoms are being put to
work instead of only up to 5%.

ATOMIC ABSORPTION INSTRUMENTS

The instruments are made up from a hollow cathode
light source, a chopper, a burner, a monochrometer and a detector-
amplifier system.

The hollow cathode lamp has a cathode of the metal to be deter-
mined and emits its characteristic wavelengths., It can be either
single element or multi-element and costs between $90 and $250.
Some instruments hold up to 6 lamps with one in the operating
position and the others on stand-by where they are pre-warmed to
eliminate delays due to warm-up requirements. A multi-element
Cu-Pb-Zn-Ag lamp has been in daily use in my own laboratory for
the past 12 months.

The chopper is either a mechanical rotating disc or an electroni-
cally pulsed power supply for the hollow cathode lamp. It supplies
a modulated light beam compatible with the AC amplifier and pre-
vents the detector from picking up light given off by the flame
and the atomised sample.

The burner atomises the aspirated sample solution to produce
ground state atoms of the elements. It is probably the most im-
portant component of the instrument since this is where the

atomic absorption takes place. Two types of burners are available,
the Total Consumption or Turbulent Flow Burner and the Pre-Mix or
Laminar Flow Burner. Most instruments are designed to accommo-
date only one type of burner although the trend is toward the use
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of either burner system in a single instrument. In the Total
Consumption Burner the sample is aspirated directly into the
flame together with the fuel and support gases, usually hydrogen
and air or acetylene and oxygen. All of the sample is utilised
in the flame. In the Pre-Mix Burner the sample solution is mixed
with the fuel and support gases in a chamber before entering the
flame. Only about 5% of the mixture is burnt, the remainder goes
to waste. The gases can be acetylene-air, propanc-air or acety-
lene-nitrous oxide. As a general rulec the Total Consumption
burner will not accept coal-gas, city-gas or propane because the
burning velocity of these fuels will not supply a large flame

and the Pre-Mix Burner will not accept oxygen because the re-
action is too violent and the flame will be blown out.

Flame temperature is important as it must be suf-
ficient to exceed the dissociation energies of those molecules
containing the metals to be analysed. The following table gives
the mean temperatures found in flames commonly employed in atomic
absorption:

TABLE 1

Mean Flame Temperatures in Atomic Absorption

Air-coal gas 18002F
Air-propane 1925 F
Air-hydrogen 2050°F
Oxygen-hydrogen 2500°F
Nitrous oxide-hydrogen 26002F
Air-acetylene 23500F
Oxygen-acetylene SIOOOF
Nitrous oxide-acetylene 2955°F

Refractory-forming elements such as Al, Be, Si, Mo, Ti, Sn re-
quire oxygen-acetylene or nitrous oxide-acetylene flames.

The monochrometer isolates the absorption sensitive lines emitted
by the hollow cathode lamp, preferably using a high resolution
grating rather than a prism.

The detector is a photomultiplier which indicates variations in
absorption of the light from the hollow cathode lamp as it passes
through the flame. The detector signal is amplified and the
readout is provided on a meter or permanently recorded on a chart.

Atomic absorption instruments are available from 5
manufacturers: Jarrell-Ash, Perkin-Elmer, Aztec Instruments, Beck-
man and Eel. They fall into 3 different price ranges according to
versatility. The least expensive is $3,000-34,000 for use in
routine analyses which do not require extreme sensitivity. The
more sensitive and versatile instruments for research fall into
the middle range of $7,000-$9,000. The most expensive is a multi-
channel instrument available only from Jarrell-Ash and selling



- 87 -

for approximately $20,000. This machine will analyse up to 12 ele-
ments simultaneously. Special features worth noting are the
multi-pass systems found in the Jarrell-Ash and Beckman instru-
ments. To increase sensitivity Jarrell-Ash passes the light

beam through the flame 5 times and Beckman 3 times. Perkin-Elmer
use a double beam system where one beam by-passes the flame in
order to compensate for variations in absorption due to delay in
warm-up of the hollow cathode lamp. Jarrell-Ash and Beckman

each offer both Total Consumption and Laminar Flow Burners whercas
the other manufacturers offer only the latter type. Digital read-
out systems are available from Jarrell-Ash and Perkin-Elmer at
additional cost.

INSTRUMENT OPERATION

In a laboratory operation the solid samples (pulver-
ised rock or sieved soil) are extracted by any suitable proccdure
and the solution made up to volume. The analysis can proceed
immediately if the instrument electronics have been warmed up.

The meter or recorder is set at 0% absorption whilst a blank
solution is aspirated into the flame. At this stage most of the
light of a specific wavelength (e.g. 2139A for Zn or 3247A for

Cu) from the cathode is passing through the flame with very little
loss due to scattering. If all adjustments are correct a strong
solution of the metal to be determined will swing the meter to a
reading of 100% absorption. In fact, a solution with as little

as 5 ppm. Zn can give almost a 100% reading. Next the sample
solutions are aspirated and the percent absorption read on the
meter or recorded on a chart as individual pcaks. A set of stand-
ards are run before and after each batch of 50 samples. Standard
curves can be plotted with absorption against metal concentration
and the unknown values read from the curves. To eliminate tedious
graphical computations it is much easier to record the results on
a chart and prepare scales calibrated directly in ppm. from the
standards. A sensitivity of 1 ppm. to 2 ppm. can be achicved for
most of the metals required in geochemical prospecting if the
samples are extracted with an acid. If samples are subjected to

a fusion the sensitivity will be S5 ppm. to 10 ppm. for the com-
mon metals. Two hundred and fifty measurements per hour on solu-
tions can be maintained throughout a normal day.

ATOMIC ABSORPTION, PRESENT AND FUTURE

Due to its simplicity, accuracy and speed atomic ab-
sorption is rapidly replacing many of the wet-chemical analytical
procedures used for rock analysis, the assay of ore samples, geo-

chemical exploration analysis and agricultural analysis. In geo-
chemical prospecting it is particularly useful for those surveys
in which multi-element determinations are required. Time-consum-

ing colorimetric analyses are no longer necessary for metals which
are difficult to analyse, with a consequent reduction in costs.
For example it is now possible to analyse for the 6 elcments Cu,
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Pb, Zn, Ag, Ni and Co for as little as $2.40 whereas by the color-
imetric methods the cost would be at least $7.00. [Further cost
reductions should be possible with the introduction of multi-
channel instruments with automatic read-out suitable for computer
processing of the results. Within the next fcw ycars the 10-12
element gcochemical survey should be quite common.
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GEOCHEMICAL DISPERSION IN GLACIAL OVERBURDEN OVER THE
TYNAGH (NORTHGATE) BASE METAL DEPOSIT, WEST-CENTRAL EIRE

P.R. Donovan* and C.H. James**

INTRODUCTION

This paper is based upon the results obtained during
a study of geochemical dispersion patterns in the glacial overer-
burden overlying the Tynagh lead-zinc-silver-copper deposit in
Co. Galway, Ireland. The investigation was greatly facilitated
by Irish Base Metals Ltd. who granted permission for sampling to
be carried out during pre-opencast stripping operations, thus
enabling a three dimensional pattern to be obtained over the ore-
body itself.

The diverse nature of the glacial material, together
with the general lack of knowledge concerning the mechanisms
involved in its deposition, makes geochemical investigations of
this type considerably more complex than those in residual soils.
At one time many geologists feared that geochemical techniques of
mineral exploration might prove useless in terrains covered by
glacial deposits. However, a slowly increasing number of case
histories from different parts of the world are showing that
this is not necessarily the case.

THE TYNAGH ORE-DEPOSIT AND ITS SETTING

The geology of the central plain of Ireland, in which
the Tynagh deposit occurs, consists mostly of shallow dipping
Lower Carboniferous (Mississippian) limestones and dolomites
with scattered inliers of Silurian and Devonian shales and sand-
stones. The deposit itself is located on the north side of an
essentially east-west fault which brings Mississippian carbonates
down against Devonian sandstones, conglomeratcs and shales.

The geology of the deposit has bcen discussed by
Derry et al. (1965), who described the ore-body as occurring in
two parts, i.e. '"a boat-shaped mass of residual or secondary ore
covering primary sulphide ore in limestone of Lower Carboniferous
age'". A typical section across the body (Fig. 1) shows that the
secondary ore is widest at the suboutcrop, and narrows with depth.

* Applied Geochemical Research Group, Royal School of Mines,
London; present address: McPhar Geophysics Ltd., Don Mills,
Untario.

**Applied Geochemical Research Group, Royal School of Mines,
London; present address: Department of Geology, University of
Leicester, Lkngland.
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The primary ore occurs in a reef facies of the lime-
stone where it fingers into muddy limestone, and Derry and his
co-authors believe that the deposit was probably formed by sol-
fataric solutions during local vulcanicity, although some later
redistribution may also have taken place.

Of particular interest is the nature of the secondary
ore, which takes the form of a black mud containing fine sulph-
ides averaging approximately 16% lead and zinc, although sharply
defined areas of secondary oxide ores occur within the black
material. Derry and his co-authors believe the black sulphide-
mud ore to have resulted from the supergene solution of the cal-
cium carbonate from the mineralised limestone, causing the re-
lease of sulphides and muddy components in some parts and metal
oxides in others. These then settled in or were washed into a
deepening, fault-controlled gully.

During Quaternary time, the whole deposit was covered
by a varying thickness of glacial material. Three major glacia-
tions occurred in Ireland during the Quaternary period. Deposits
of the earliest, the Elster, have been found only in a few local-
ities in the south of the country. The second, the Saale, covered
the entire country except for a few upland areas in the south,
while the last, the Weichsel, redistributed most of the earlier
glacial deposits north of the Tipperary end-moraine, its southern
limit. A subsidiary centre existed in Cork during this time.

Boulder trains occurring north of the Tipperary end-
moraine are often compound since they were formed during both the
Saale and Weichsel Glaciations, and perhaps even during the Elster.
In the case of the Tynagh boulder train, it is thought that the
ice moved essentially southwards during the Saale and eastwards
during the Weichsel glaciation. In the case of the Galway gran-
ite, on the other hand, the ice moved essentially eastwards dur-
ing the Saale period and southeastwards and southwards during the
Weichsel, although the pattern of movements is more obscure due
to the greater area covered by this fan (Fig. 2).

The surface geology in the immediate vicinity of the
ore-body consists entirely of Weichsel glacial deposits, except
in a few places over the 0ld Red Sandstone inlier where the bed-

rock is exposed. East-west drumlinoid hills, including one over-
lying the Tynagh deposit, were formed during the advance stage of
the heichsel ice. The remaining smallcr drift hills are of er-
ratic orientation and are thought to be kames formed during the
retreat stage of the ice. A few east-west trending eskers also
occur,

During post-glacial times two basin pecat bogs de-
veloped to the north and south-east of the Tynagh deposit. There
is evidence that these grew out of lakes or fens since lacustrine
deposits, containing fresh-water lamellibranchs, have been found
in places beneath the peat.
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At the time of these investigations, 90% of the land
outside the bog areas was pasture, and 10% of the fields were
cultivated (mainly for root crops and cereals).

The drift over the ore-body itself was found to be
composed entirely of unstratified boulder clay or till, varying
in thickness from 10 to 50 feet, and derived largely from lime-
stone. The top 8 to 10 feet was a light grey-brown colour, and
below this was commonly medium to dark grey. The till was all
of the same age and lithologic composition, the colours corres-
ponding with the oxidized and unoxidized portions, related to
the position of the water-table. Soils now occur at the surface
of the till throughout the area.

TECHNIQUES EMPLOYED

Soil and till samples were collected from surfaces
exposecd during the stripping operations by means of a trowel,
a shallow pit being dug in order to avoid any contamination from
the earth moving equipment. Outside the mine area, samples were
collected by auger. Fragments larger than 1 inch in diameter
were discarded in the field.

All samples were air dried at temperatures below
100°¢. Soil, till and ore samples werec sieved to minus 80-mesh
following a light crushing to break up aggregates. Peats were
ground in a pestle and mortar and then sieved to minus 80-mesh.

For analysis of copper, lead and zinc, a 3:1 mixture
of nitric and perchloric acids was added to 100 mg. of sample
and evaporated to dryness. This destroyed virtually all the
organic matter. The residue was then leached in 0.5M HC1l, from
which solution copper was determined by diquinolyl, and lead and
zinc by dithizone (G.P.R.C., 1964, 1962a, 1962b). Mercury was
determined by an atomic absorption technique on a twin-cell
apparatus developed by the Applied Geochemistry Research Group
at Imperial College, London (James and Webb, 1964).

RESULTS

Investigation of the till

Size analysis of tills following wet dispersion
showed that approximately 70% of both oxidized and unoxidized
till material was minus 80-mesh in size, clay size particles
forming approximately 28% of the sample in each case. Each of
the metals analysed, i.e. copper, zinc, lead and mercury was
found to concentrate to varying degrees in the clay fraction.
This feature may be related only in part to sorption effects,
however. Clay size material forms about 30% of the black mud ore
itself, while a further 40% of the ore material consists of silt
size fragments. These latter particles may be expected to at
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least partially break down to clay size particles on weathering.

Dry sieving of similar, but undispersed tills, demon-
strated that only minor variations of metal content occur in the
undispersed size fractions smaller than 20-mesh. This is almost
certainly due to the fact that clay and silt size particles form
larger accretions. Thus the minus 80-mesh fraction used during
routine investigations were representative of the samples as a
whole.

The results obtained for the pH of the minus 80-mesh
material from two profiles through soil and till to ore, showed
that in all of the till samples the pH values fell within the
range 8.3 to 8.5. The ore occurring immediately under the base
of the till was slightly less alkaline (pH 7.85 to 7.9) and had
presumably been modified by the alkaline environment above, since
the pH of samples of secondary ore not in contact with the till
was found to range between 3.9 and 6.3. It is significant that
samples from the base of the till showed no signs of having becen
neutralized by acid solutions moving upwards from the underlying
ore.

Figure 3 a, b and c illustrates the results obtained
for samples collected from a typical geochemical cross-section
across the centre of the ore-body. In this section, the results
for the metal contents of the till ranged from 10 to 150 ppm for
copper, 220 to 4600 ppm for zinc and 170 to 3700 ppm for lead.
Here, as in the other sections, the outstanding featurc of interest
is the erratic distribution of high and low metal values. The
distribution of the high values for each metal appears to be
quite independent of the oxidation state of the till, and there
is no general increase in metal values towards the base of the
overburden.

The metal contents of the soils overlying the till in
the section range from 40 to 130 ppm copper, 2100 to 6500 ppm
zinc and 840 to 3800 ppm lead, but there appears to be no dircct
correlation between the values in the soil and those in the under-
lying till. It will be noticed that while the higher values are
of a similar magnitude in both the till and the soil, in the case
of the lower values, those in the till are somewhat lower than
those in the soil.

Due to the thickness of the till, complcte profiles
from surface to ore were difficult to obtain. However, threc
channel sample cross-sections across the ore-body werc eventually
sampled. These also showed that the metal values within the till
are very erratic - e.g. in one, 81W (Fig. 4 a, b and ¢) the re-
sults ranged from < 5 to 130 ppm for copper, 120 to 6400 ppm for
zinc and 60 to 2500 ppm for lead. Once again the mectal values in
the soil were gencrally higher than those in the underlying till,
and as in the earlier sections no consistcnt increase in metal
values towards the base of the till was observed, although in sev-
eral profiles, the ore was many times richer in metal than the till
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. . E MERCURY

DEPTH, FEET HORIZOW DESCRIPTION CONTENT

PEB Hg
0.70-1.00 Solum Brown loa:n (B horizon) 390
1.00-2.35 Oxidized Grey-brown till, mainly L1 fragments 490
2.435-4.00 till " , a little sandier 510
L4 .00-5.70 n , some Fet*+ blebs 420
5.70-7.60 " , some yellow lst. 200
7.60-8.70 Unoxidized | Mcd.-dk. grey till, L1 & L2 fragments 290
8.70-9.75 ti11 1" , some bn. lst. 500
9.75-10.85 " , L2 boulders 800
10.85-11.95 " , some sst. pebbles 490
11.95-13.00 1] R " L20
13.00-14.10 " y " 340
14.10-15.30 " , mainly L1 frags. 190
15.30-16,60 " , rare Fet++ Dblebs 060
16.60-17.40 " s " 600

17 .40-18.90 Ore Black mud mixed with oxides 18000

Table 1. Lercury conterts in channel sample profile, solum-till-
ore Line 81W, 75N.

NMERCURY

DEPTH, FEET HORIZON DESCRIPTION CONTENT

PPE Hg
G.00-0.75 Solum Brown loam, A horizon 610
0.75-1.70 Brown loam, B horizon 1500
1.70-2.90 Oxidized Grey-brown till, :ainly L1 fragments 350
2.90-4.35 till " R " L40
L.35-5.70 " , sticky 560
5.70=-7.20 " , L1 and L2 fragments 270
7.20-9.25 " , 1" 830
9.25-10.60 |Unoxidized | imed.-dk. grey till, " 70C
10.60-12.10 till I , n L50
12.10-13.60 u s n 760
13.60-14.90 n . n 600
14 .950-16.00 " N " 890

Ore Rubbly baritiferous oran;e oxides,

16.00-16.40 trace of Cu staining. 9500

Table 2.

ore Line 73%, 30W.

Mercury contents in channel sample profile, solum-till-
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overlying it.

Cold extractable analyses for zinc (G.P.R.C., 1962c)
were carried out on a number of samples of both till and soil.
The results obtained indicated that in the majority of such
samples, between 10 and 20% of the total metal was readily
soluble. This figure might suggest that a relatively high pro-
portion of the metal is held in exchange positions on soil
colloids were it not for the fact that virtually all of the zinc
present in the black mud ore was found to be readily extractable
by this method, even though the metal is thought to be present
mostly in the form of sulphides.

Cold extractable analysis for copper (G.P.R.C.,
1962c) proved unsuccessful since the calcium carbonate matrix of
the sample did not allow the buffer to control the pH of the
reaction, and major interferences were encountered.

The mercury contents of till samples from two channel
profiles collected over ore were found to range from 190 to 890
ppb. In one profile a strong concentration of mercury was observ-
ed in the B horizon of the soil relative to the underlying till,
while in the other the soil contained somewhat less mercury than
the underlying till. The ores at the base of the till contain
9,500 and 18,000 ppb mercury, although the till overlying the
higher value contained slightly less mercury than the till over-
lying the lower value (Tables 1 and 2). There are no significant
differences between the mercury contents of the oxidized and un-
oxidized tills in the profiles, nor is there a general increase
towards the base.

Investigation of Soil

Figure 5 shows the typical soil profiles encountered
in the field areas in west-central Eire. On calcareous terrain
the grey-brown podzolic/brown earth/rendzina association is pre-
valent.

Grey-brown podzolic soils are characterized by a pro-
nounced increase of the clay fraction in the B horizon, while in
the brown earths, and rendzinas, which do not have a true B hori-
zon, the clay fraction is constant throughout the solum. In a
few places such as on the hilly Old Red Sandstone inlier south of
the deposit, where the till was predominantly siliceous, acid
brown earths occur, together with brown podzolics.

In the poorly drained areas gleysolic soils are
common. These are mainly ground water gleys due to high water-
table conditions reflecting local impermeability of the till.
However, surface water gleys due to periodic flooding of streams
also occur.
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In areas of severe gleying, organic matter accumulates
in the A horizon due to the absence of weathering of the organic
compounds in reducing conditions. This gives rise to the peaty
gleys, in which the surface vegetation is grass, moss, reed and
sedge, rather than the truec peat vegetation.

In the grey-brown podzolic profiles studies, a very
slight increase in the content of copper, zinc, lead and mercury
occurred in the B horizon, relative to the rest of the profile.
In the brown carths copper, zinc, lead and mercury either in-
crease slightly towards the base of the solum or are more or less
constant. In most cases the enrichment factor between the solum
and the till is approximately less than twofold.

Since the degree of variation of metal contents
within the solum is generally less than twofold for copper, lead
and zinc, it is only of minor importance which depth of soil is
collected for routine soil samples. In order to avoid any sur-
face contamination such as drill hole sludge or crop sprays, how-
ever, a depth of 9 to 12 inches was selected, 12 inches generally
being the depth of the shallowest solum in the area. From the
evidence available it appears that the sampling depth might be
more critical for mercury.

As mentioned earlier, the range of metal values in the
soil was generally somewhat higher than in the underlying till
from which the soil was derived. The reason for this relative
enrichment of metals in the soils may not be hard to find. Sev-
eral authorities have demonstrated that a carbonate rock will
yield a small amount of soil compared with a siliceous one. It
can be shown that the minimum amount of calcareous till required
to form 2 feet of soil would be approximately 10 feet. If the
degraded till originally contained an average content of 1000 ppm
metal, the content in the derived soil should be 5000 ppm if all
the metal remained in the system. Thus, since it has been shown
that the metal content of the soil is only twice or less than
that of the underlying till, it is necessary to explain why the
soil is less rich in metal than it theoretically should be, rather
than finding methods by which the soil is being enriched from the
underlying till under present day conditions.

Although the pH of the freely drained soils at Tynagh
is usually slightly alkaline (in the range 7 to 8 pH units), and
tends to inhibit the migration of metals, there is no doubt that
some metal is removed as complexes by downward percolating rain
water and carried away in the drainage. Some of the metal will
be taken up by plants and possibly subsequently by animals. Over
the centuries crops have been removed from the fields in consider-
able quantities and this no doubt would account for some of the
metals removed from the fields. Furthermore, as the vegetation
at Tynagh is generally gramineous (trees being rare except in
hedgerows), the roots of the grasses and other plants are unlikely
to extend into the C horizon, so that this vegetation will not
replace the metals in the solum at the expense of the underlying

C horizon to any great extent.
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FIG.6a. DISTRIBUTION OF LEAD OVER SOIL GRID ( MINUS 80 - MESH MATERIAL )

In contrast to the freely drained soils, under cer-
tain conditions copper, zinc, lead and mercury are highly concen-
traded in peats near anomalous mectal sources. For example values
of 1900 ppm copper, 77,500 ppm zinc, 4200 ppm lead and 4200 ppb
mercury were encountered in peats in the immediate vicinity of
the Tynagh deposit. These data indicate that where large amounts
of metal are available, the degree of enrichment in pecats is
considerably greater than in freely-drained soils in the case of
copper, zinc and mercury, but similar in the case of lead.

In some anomalous areas there was slight evidence
that lead and mercury may concentrate in the surface layers of
peats relative to the underlying organic material.

In routine investigations peats were sampled in the
same way as freely-drained soils, i.e. at 9 to 12 inches. Gen-
erally speaking it was found that the presence or absence of
peat did not appreciably affect the overall configuration of metal
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FIG, 6b. DISTRIBUTION OF ZINC OYER SOIL GRID (MINUS B0- MESH MATERIAL)

distribution in the case of copper, lead and zinc, the only

effect being to enchance the anomalous values. In some background
areas, however, the mercury content of peats is found to be higher

than that in freely-drained soils. It is thought that this may
be due to atmospheric precipitation of the metal and subsequent
chelation by organic matter.

Soil Grid Around the Tynagh Deposit

Soils were collected at 9 to 12 inch depths at 200
foot intervals along north-south lines 800 fcet apart. The tra-
verse lines were laid out perpendicular to the last direction of
advancing glaciation.

Threshold values (mean+ 2 x standard deviation) were
calculated on logarithmically transformed data for 100 samples
collected over an area of 200 squarc miles around Tynagh within
which the deposit is the only known ore occurrence (Table 3).
Contour values were also calculated on the basis of the standard
deviations of the same data.
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Strong east-west trending anomalies, (Figures 6a, b,
¢, d) which were very similar in the cases of lead and copper,
were detected for each of the elements. The anomalies begin at
the western end of the deposit, and continue without noticeable
broadening for a distance of more than a mile and a half. They
could, undoubtedly, have been traced considerably further.

The results for both copper and zinc show occasional
erratic anomalous points outside the main anomalies. In the case
of lead no such points occur other than in the case of an un-
examined anomaly to the south of the deposit. A further source
of anomalous metal on Line 37 appears to be indicatecd by the
lead, zinc and copper results. This presumed source gives rise
to anomalies for each of these metals which coalesce further east
with the anomaly from the main source.

The zinc results are, at first, slightly confusing
and require comment. The main anomaly is considerably longer
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than that of copper, lead and mercury. Since there is no pos-
sible topographical ecxplanation, this is interpreted as beling
due to another source of zinc lying to the west of the sampled

area. It will be seen that the values rise westwards from the
deposit. The sprecad of high values near the Tynagh deposit is.
due to the concentration of zinc in the peats. There is another

large zinc anomaly to the south, as yet uncxamined.

The mercury results are similar to those of copper
and lead. However, there are numerous small, one-samplc anomalies
throughout the areca, some associated with organic soils.

DISCUSSION OF RESULTS
From the results obtained during the present study it

is possible to draw certain conclusions regarding the mechanisms
responsible for the formation of the anomalous patterns within
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the till. Basically, two processes of formation are possible,
i.e. syngenetic dispersion, in which the anomalous material would
be laid down within the till at the time of its formation by the
glacial erosion of the ore-body, and epigenetic dispersion in
which the anomalous metal is introduced into the till after it
has been deposited either by upward diffusion, biochemical activ-
ity or transportation by ground water.

Most of the evidence obtained in this study suggests
that the former process was almost entirely responsible for the
formation of the Tynagh till and soil anomalies. The completely
random occurrence of metal values throughout the till is exactly
the type of pattern to be expected of a distribution resulting
from such a mechanism.

Further evidence of the glacial origin of the anomaly
is to be found in the configuration of the distribution patterns
of metals in the soils around tynagh. The narrow elongated
pattern stretching away from the ore-body in the direction of the
last ice-movement, and extending for a considerable distance be-
yond the mineralization itself, is striking evidence of the gla-
cial origin of the anomaly.

It would indeed be extremely difficult to explain the
observed distribution of metals on the basis of epigenetic
dispersion. If the anomaly had been formed by these processes,
it is reasonable to assume that the distribution of the metal in
the till would have shown a gradational variation from the base
upwards. Furthermore, the main soil anomaly would be cxpected
to be confined to the area more or less directly over the ore (in
the cusz of diffusion or biochemical transportation) or to & point
vhere a transporting medium, such as ground water, comes to the
surface. The fact thzt some peats in the vicinity of the ore
are enriched in certain metals might be tuken as indicating that
some dispersion from the ore-body has taken piace in the ground
water tlowever . other evidence indicates that the source of this
metal is morc likely to be the enriched till and its overlying
soil.

Since the soils of the area are mostly derived from
the underlying till, a relatively close relationship between the
overall pattexzn of distribution of metals in the soil and till
i5 to be expccted, and is in fact found There is, however,
strong cvidence to suggest that some anomalous metal has been re-
moved from both the till and soil as a result of weathering.
Ground watsr is regarded as being the most likely agent of such
a proc=ss, and cvidence of its effects can be found in the peat
bogs closc to the minerallization which show a considerable cn-
richment in copper_ zinc and mercury rclative to background peats,
but not of lead. Since lead 1is the least mobile of these ele-
ments this distinction between metals is in keeping with the
hypothesis of dispersion by ground water movement,

One problzm created by the postulation of a glacial
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origin for the anomaly, is that the wide angle of dispersion of
the boulder fan from Tynagh (about 80° - Fig. 2b), is at variance
with the narrow pattern of the geochemical anomaly. This suggests
that the two were not formed contemporaneously.

An explanation of this may be that the southward Saale
glaciation hardly attacked the soft ore-body which was protected
by the buttress of the sandstone hill to the south, although the
mineralized sandstone was heavily eroded during this time. At
the end of the glaciation, copper-stained sandstone boulders were
left lying on top of the sandstone hill. In the intra-glacial
period these boulders moved northwards off the hill by cryoturba-
tion and solifluction and came to rest on top of the ore-body
north of the fault. The subsequent Weichsel glaciation, moving
almost due eastwards, acted in the optimum direction to erode
the unprotected ore-body, and the surface boulders were incorpor-
ated into the Weichsel till.

Within the fan itself sulphide ore boulders, derived
from the black mud, are far rarer than the copper-stained sand-
stone boulders. Although this is no doubt partly due to their
softness, sulphide boulders would also have attracted more
attention from the farmers clearing the ficlds, and building
walls, and many of these may have been taken to the local smelter
at the 0ld Tynagh Vein. The abundance of sulphide boulders with-
in the stripped area suggests that there were originally far more
on the surface within the fan area.

CONCLUSIONS

The present study has shown that geochemical methods
of prospecting are capable of being successfully applied in areas

of glacial terrain. Distinct syngenetic anomalies have been de-
tected for copper, lead, zinc and mercury in the glacial tills
overlying, and adjacent to the Tynagh deposit. These anomalies

have been extended eastwards by ice movement and form a narrow
pattern extending for a considerable distance from the sub-outcrop
of the mineralized zone. As a result of this phenomenon, great
care must be taken in the interpretation of anomalies in glacial
arcas, since only a small portion of a given anomaly may overlie
the ore from which it is derived. In all such cases the key to
interpretation is a thorough understanding of the glacial history
of the area being prospected.

A further point of great interest is that, notwith-
standing the presence of erratics, which can be shown to have
travelled very considerable distances, the bulk of the matrix of
the till is relatively local in origin and has probably only
travelled distances of a few hundreds of yards or less.

Geochemical anomalies in the till can be clearly de-
fined by the analysis of the minus 80-mesh fraction of soil
samples collected from relatively shallow depths. In the Tynagh
arca, sampling at 200 feet intervals along lines spaced at 800
fect gave adequate coverage to detect the anomalies associated
with the ore-body.
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A BRIEF SURVEY OF PROGRESS MADE IN

BIOGEOCHEMICAL PROSPECTING RESEARCH

AT THE GEOLOGICAL SURVEY

OF CANADA 1962-65

J.A.C. Fortescue and E.H.W. Hornbrook™*

INTRODUCTION

Methods of prospecting based on plants are generally
divided into two groups, geobotanical methods and biogeochemical
methods. Geobotanical methods involve relationships between the
presence of a mineral deposit within a given landscape and the
occurrence of morphological variations in common plants, or the
presence or absence of indicator plant species. Biogeochemical
methods of prospecting involve a direct relationship between the
chemical composition of a mineral deposit and that of plants or
vegetable materials which are found in the vicinity of the de-
posit. Both methods are generally applied in areas where the
bedrock surface is covered with overburden (for a general account
of these methods see Cannon, 1960 and Malyuga, 1964).

Compared with the better known geophysical methods,
geochemical prospecting methods are in an early stage of develop-
ment in Canada today. This is especially true of plant prospect-
ing methods. In Russia and the United States, especially in areas
where residual soils occur, geobotanical and biogeochemical
methods have been used extensively, not only in the search for
mineral deposits but also in prospecting for water and in geo-
logical mapping (Chikishev, 1965). In this paper we are concerned
only with the use of plants for the location of metal mineral
deposits.

To date there have been very few reports of geobotan-
ical prospecting in Canada. An exception was an observation made
by Shacklette (1964) who noted variations in the colour and form
of flowers of common fireweed Epilobium angustifolium near uran-
ium deposits at Port Radium in the Northwest Territories.

Biogeochemical prospecting has been shown to be feas-
ible in many parts of Canada, largely as a result of research
carried out during the past twenty years by Dr. H.V. Warren, Dr.
R.E. Delavault and their numerous co-workers at the University of
British Columbia. These researchers have demonstrated that, under
certain landscape conditions, positive biogeochemical results can
be obtained over mineral deposits containing any of at least
twelve elements, including copper, zinc, lead, arsenic molybdenum
and mercury (see references at end of paper).

* Geological Survey of Canada, Ottawa,
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The biogeochemical prospecting research program at the
Geological Survey of Canada

The need for systematic research in plant prospecting
methods in Canada was recognized some years ago by Dr. R. W,
Boyle. He suggested that the research program to be described
here should be commenced by the Survey and it was he who suggested
that greenhouse facilities for plant prospecting research should
be provided on the roof of the new headquarters building of the
Geological Survey of Canada when it was constructed in 1959.

A plant prospecting methods research program was
commenced by the senior writer in November 1962. He was joined
by Mr. Hornbrook in August 1964, In addition to these two full
time staff the program has included the activities of three sum-
mer students during the summer of 1963, three during 1964 and
four during 1965. For six months during 1964 the greenhouse was
operated by Mrs, T, Dawes, and during the summer of 1965 a start
was made in the field of geobotany by a graduate student from
MacMaster University, Miss L, Usik. The first, orientation,
phase of the program is designed to last five years and largely
involves the setting up of laboratory facilities and field,
laboratory and data processing methods. The second five year
phase of the program, commencing in 1967, will involve systematic
studies of the geobotany and biogeochemistry of areas in which
known, but undisturbed, mineral deposits occur.

General objectives of the plant prospecting methods research

program

Our research program is aimed at the provision of
data on the scope and limitations of biogeochemical and geobotan-
ical prospecting methods under Canadian conditions. This is a
vast unexplored field of research which has only begun to be
explored by Dr. Warren and his co-workers. When one considers
the number of different kinds of mineral deposits and the diverse
landscape types which occur in Canada, the magnitude of the
problem of finding which plant species, or chemical elements in
particular organs of common plants, are of value in prospecting,
becomes apparent. Added to this, there is an almost complete
lack of systematic data on the distribution and amount of minor
chemical elements in Canadian ecosystems. Nearly all living
organisms are found at or near the surface of the earth in what
the ecologists call the "ecosystem'", The term '"ecosystem" was
defined by Tansley to include both the "biome" and the habitat in
which the biome lives. The "biome'" is the whole complex of micro-
organisms, plants and animals which live together as a sociologi-
cal unit, Thus we have to establish normal values for the distri-
bution of minor elements in defined rock, soil and vegetation
systems before we can distinguish abnormalities resulting from
the influence of mineral deposits.
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The general objective of the plant prospecting
methods research program is to carry out a number of systematic
studies of the plant ecology and the rock, soil, and plant geo-
chemistry of landscapes in the vicinity of known, but undisturbed,
mineral deposits. Special efforts will be made to carry out soil
and plant investigations of a given area at "an instant in time"
with the sampling program and the chemical analysis program both
being as comprehensive as is practical. One advantage of working
near drilled but undisturbed mineral deposits is that the results
of the plant prospecting research program can often be directly
compared with those of geological, geophysical and geochemical
methods which have been used to discover the deposit.

OUTLINE OF PROGRESS - 1962-65

In this short paper it is not possible to describe
in detail all the experience gained during the past three years.
We have therefore confined our remarks to (1) a description of
the moveable laboratory unit, (2) an outline of collecting, chem-
ical and statistical analysis methods used on vegetable material,
(3) a description of some preliminary results of greenhouse
studies, (4) a description of an investigation carried out in a
peat bog away from known mineral deposits and (5) the preliminary
results from two experiments carried out near known, undisturbed
deposits. It should be stressed that the methods and results
described here are largely preliminary and the field investiga-
tions do not represent examples of the type of more systematic
studies which we shall carry out later on.

Laboratory facilities

In order to establish methods to carry out systematic
studies of the minor element content of associated rocks, soils
and plants, and to make systematic descriptions of landscapes
from which the samples were collected, methods for the gathering
of data of all kinds has had to be carefully organized. The pro-
ject plan requires that laboratories be available in the field
to handle processing of large numbers of mineral and vegetable
samples of different kinds and that each sample should be analysed
chemically for a relatively large number of minor elements. In
addition, the analytical methods used must be simple enough to be
carried out by summer students (who usually have little previous
analytical training). The descriptive results from the field
observations and the results from the chemical laboratories should
be prepared in a form in which they may be readily interpreted,
so that further sampling at the same '"instant in time'" can be
planned on the basis of results obtained.

Much progress has been made towards the solution of
these problems. The problem of laboratory space was solved by
the design and construction of a ''moveable laboratory unit'" con-
sisting of two specially designed house trailer laboratories.
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These trailers are designed to be used the year round, in the
field in the summer time and in a heated garage at headquarters
during the winter months (Plate I & II). The sample drying and
subsampling of vegetable material and the preparation of herb-
arium samples for geobotanical investigations is carried out in
one trailer. The second trailer is used for ashing and chemical
analysis of the different kinds of samples. Experience has shown
that, using two operators, the spectrochemical method, as set up
at present, will determine semiquantitatively on a routine basis
nine elements and a reference standard in thirty samples of vege-
table material during each day. The results from the spectro-
graphic method are obtained by visual comparison of the spectrum
of the unknown samples with that of a master film made with a set
of synthetic plant ash base standards. The results as read off
are recorded directly on special forms which allows the data to
be later punched on I.B.M. cards and the cards processed by a
special computer programme which provides a printout of the re-
sults. Each batch of fifteen samples generates ten pages of
printout, one page for each element (Fig. 1). On each page re-
sults are shown as a histogram and as an array as parts per
million on an ash and an oven dry weight basis. Simple statisti-
cal measures (for example standard deviation and mean values) are
printed out for each column of data. Experience has shown that
it takes half a man day to plot and record the statistical
measures for a batch of samples, a job which the computer achieves
in two and a half minutes!

So far both laboratories have been tested out sepa-
rately on a routine basis. The sample preparation trailer was
used in the Moose River area of northern Ontario last summer
while the spectrographic trailer was in Ottawa. Both trailers
will be used in the field during the summer of 1966. Details of
a moveable spectrographic trailer similar to the one described
here will be given in a publication by Holman and Durham (1966).

Methods

Space does not allow for a rcomplete descripiion of
the field and laboratory methods which have bexn developed for
the plant prospecting research pirogram. Perhaps the most impor-
tant innovation is the organization of the fieid and laboratory
work on the basis of "site sets'" of data. The field sampling
and laboratory processing is carried out on site sets of material,
each of which contains not more than fifteen samples. The number
fifteen was originally arrived 2¢ by subtracting one from the
total number of exposures which can be placed on a single spectro-
graphic film. The fifteenn samples included within a site set are
generallv derived from fiftcen stations located at regular inter-
vals along a line, or from fifteen poin=s within a sample plot.
In either case & number of batches of like material are collected
within each site set, For example. in cach of the twelve plots
(site sets) locatred in the Moese River area in 1965 the following
batches of different materials were collected:
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Batch number Number of samples

TREES Current needles 1 15
Current twigs 2 15

Second year needles 3 15

Second year twigs 4 15

Third year needles ) 15

Third year twigs 6 15

Upper bark 7 15

Middle bark 8 15

Lower bark 9 15

SOIL Humus 10 15
B horizon 11 15

C horizon 12 15

Total 12 180

In the field it was found that it took a three man crew two days
to complete the collection of the 180 samples included within a
site set. Using the sample preparation trailer the same crew
would take two more days to prepare air dry subsamples of the
material ready for oven drying prior to ashing. In the labora-
tory it was found that two men could ash and spectrograph two
batches of samples per day on a routine basis. In this way it
was possible to balance the sample collection and preparation
time with the time taken for chemical analysis of samples and,
allowing for transport of the samplers to and from the field, it
would be possible to complete the collection, processing and re-
cording of all results from a site set during six man days of

each two man crew. It should be stressed that these methods and
laboratory facilities have been designed and set up specifically
for research in biogeochemical prospecting methods. In any appli-

cation of the findings of our research to practical prospecting
by a mining company there would, of course, be no need for such
elaborate sampling, analytical or computational methods.

After subsampling of each field batch (for example
the dividing up of foliage material into current growth, needles
and twigs; second year growth of needles and twigs; and third
year growth of needles and twigs) the batches are oven dried
overnight at 80°C. Ten gram portions of each oven dry sample are
placed in 50 ml pyrex beakers and dry ashed in a muffle furnace.
The muffle furnace temperature is rcgulated during the ashing
cycle by a cam operated thermostat. This allows the temperature
to rise slowly to 4359C and then remain constant until the end of
an 8 hour cycle. In the case of most samples this produces a
clean white ash, a 10 mgm portion of which is then placed on a
sugar impregnated }" diameter graphite platrode. A few drops of
sugar solution (containing a small amount of indium as an internal
standard) is used to fix the ash to the surface of the platrode.
After drying, the platrode is rotated at 10 rpm for 20 seconds
and sparked using a flat graphite upper electrode. The light
emitted is passed through a 1.5 metre Jarrell-Ash spectrograph



Plate II. Method used for planting out willow cuttings. Left to right: Pan with gravel
layer and bottom watering tube; pan with six peat pots in position on gravel;
pan with peat surrounding the peat pots; and pan with willow cuttings planted
out in the peat pots.

Plate IV. General view of the greenhouse showing willow cutting experiment in progress.
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znd the spzctyogram wacowvded uvn film, After pvocessing the film
is matched visually against 2 standavrd fiim as described above
This methcd detzcts Cu, Pb, Zn, Ni, Ti. Ba. 5r, and Mn in az:most
all ash sampies and Cr, Co, Mo, and Ag iu many sampies. The de-
tection Iimic fcr most elements iw plant ash is around 10 ppm,

a3 indiczted from the standard., Results are read at only six
intervals per icg cvcie (for erample 10. .7, S5, 25. 237, and

75 ppm). An =xperienced operator can repeat results for the same
element in th2 same unkiown sample pius or minus one of thesz
intervalis. This precision is, at the moment., considered adequate
for the project. Ccnsidevzble bias is introduced in resuits for
some batches owing tc¢ the fact that the matrii: of the synthetic
plant ash base is different from that of batches of unknowns

We are able tc use biased results of this kind because, as will
be shown later on, the results with 2 batch are relative to one
another. When ztomic absorption apparatus is added to the labora-
tory (in the near future) it is planned to carwvy out frequent
accuracy checks on the spectrographic data. It is also planned
to use this instrument <o carry out checks of this kind and other
more specialized analyses of plant material when the laboratories
are at headquzriers during the winter months.

i

Betore the moveabl.e labowratory uwuit is fully oper-
aticnal several probliems still remain tc be solved. We nead to
set up methods for routine minor element ana:ysis of soil ex-
tracts, soils and rocks &nd we need to install and set up the
atomic absorption apparatus. It is hoped that the ’aboratories
will be fully operational for the summer cf 1967.

Gre=nh.us2 expeviments

A grzenhouse is potentiaily a wvewy impoviant part of
a biugeochemical and gzobotanical prospecting methods research
unit becausz it provides a controliled envirsnment in which plants
can be grown foi detailed study. Up to now little progress has
been made in our greenhouse cwing tc lack of staff tc¢ tend year
round experiments. The feasibility of growing forest plants in
the house during the summex» season wz3 established during the
summers of 1963 and 1964 when preliminary experiments involving
wiliow cuttings and birch trees were carried out.

The willow cuitings were obtained from the Pecawawsa
Forest Experimental Station "(by kind permission of the then
Divector Duv. C., Place). The cuttings were first pianted out si:
at a time in pliastic washing bowls using the procedure shown on
Plate TII. After the cuttings had rooted in the peat pots corm-
taining soil for four weeks the peat pots were transferred, in
fouwrs this time, tc contziners containing sand (Plate IV). Solu-
tions containing small amounts of one or more of four minor ele-
ments {lead, nickel. cobalt or siiver) at one of four levels of
coucentraiion were addsd to each pan. In some casgs the whole
treatment was added at «rnce and in other cases treatments wcere
addad weekly over a ten week period. A seccnd, smaller, set of
villow experiments, involving single planis, was carviad out to
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discover if it was feasible to use artificiai mixtures of non-
radioactive lead and strontium isotopes as tracers. Both series
of experiments geave positivs results. In the first case it was
shown that although one treatment including all four eiements at
the hundred ppm ievel killed the plants in a few days & singie
treatment of one element (as nitrate) at this concentration level
could be added without hawvm to the piants. (f the four elements,
coba.% gave the most relizble wvesults in the uptake experiments.
Mass spectrographic anziyses of the ash and soils in which the
isotope experiments were carried out indicated that artificial
mixtures of non-radioactive isotopes could be used as tracers on
the sczle at which the experiments were carried out.

A second s2t of greenhiuse experiments iwmvoived the
development of a techrique for bringing small plaats and the
natural soil in which they are found into the gw=zenhouse for
detailed study. This procedure was carried out as follows., &
circular irench was first dug arouud a smail tree growing in the
forest. The sod containing “he tres was ithen tvimmed to fit ex-
actly a four gallon plascic garbage can. By means of a bottom-
less can (of the same type as used in the greenhouse) the sod
containing the plant was transferred to a clean can in which a
two inch layer of pea gravel had been placed at the bottom. The
plant soil and can wewe then moved into the greeanhouse where holes
were cut at tne bottom of the can to allow bottom watering of the
plant from a plastis pan in which the can was placed. 1In one
experiment of this kind it was found that a small amount of Cob6
added to the water in the pan was detectable in the different
parts of the soil and in the different organs of a tree growing
in it after oniy “hrez months in the greenhouse.

As a result of the expexrience which has been obtained
during these trials we feel confident that meaningful experiments
along these lines can be carried out in the greenhouse later on
as required.

Field investigations away from mineral deposits

Two experimental investigations of this kind have
been carried out to date, one in the¢ Moose River area in 1965
(MacLaren, 1966) and the other in the Mer Bleue peat bog during
the summer of 1963. We shall deal heve only with important
aspects of the Mexr Bieue investigation. The Mer Bleue is a typi-
cal peat bog of the type found in eastern Ontario (Graham and
Tibbetts, 1961). The object of our investigation was the es-
tablishment of methods fov the systematic study of the biogeo-
chemistry of peat bogs along the lines pioneered for prospecting

lThe writers would like to thank Dr. R.K. Wanless for his help
in this experiment and for mass spectrographic analyses made on
the samples supplied by us at the end of the growing season.
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Figure 2. Results obtained from the Mer Bleue investigation I. At the top of the
figure the vertical distribution of nine chemical elements in samples
collected at intervals of two feet down a hole are shown. The results
plotted at the top profile are on an ash weight basis and those below on
an oven dry weight basis. Note the similarity of thé vertical distribution
patterns. The results in the two profiles near the bottom of the slide
show vertical distribution patterns for the titanium content of the peat
samples as determined on a quantitative or semi-quantitative basis. In
this case the vertical distribution patterns are very similar.
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Figure 3. The vertical distribution of nine minor elements and six major elements
(expressed as oxides) in thirteen holes spaced at two hundred foot intervals
along a traverse across the middle arm of the Mer Bleue peat bog near
Ottawa, Ontario. The indium was used as a reference standard during the
determination of the minor elements by the semi-quantitative spectro-
chemical method described in the text.
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purposes by Salmi (1950) in Finland. Sample cores were collected
by means of a three inch Shelby tube sampler from sample points
located at 200 ft intervals across the middle and south arms of
the bog. Samples for chemical analysis were collected at 2 foot
intervals down each hole. After extrusion from the sampler each
core was tied in plastic sheet for transport to the laboratory.
In the laboratory the cores were unwrapped and allowed to become
air dry. When air dry a channel sample from the whole length of
each core was collected and oven dried at 110°C. Ten gram por-
tions of the oven dry material were ashed and spectrographed as
described above. A second portion of the ash was analyzed for
major elements by a quantitative spectrochemical method due to
Cameron and Horton (1966). In this way ten elements (An, Cu, Mn,
Ni, Ba, Sr, Cr, Pb, Ti, Ag) were determined semiquantitatively
and six elements (Si, Al, Fe, Ca, Mg, Ti) by a quantitative
method.

Some of the results are shown in Figure 2. The top
part of the figure shows the vertical distribution patterns for
nine minor elements in a single hole plotted on an ash weight
basis at the top of figure and on an oven dry weight below. It
is evident that either base for the results yields similar dis-
tribution patterns. For the sake of convenience we chose to
express all results on the ash weight basis during this investi-
gation. Only one element, titanium, was determined both quanti-
tatively and semiquantitatively. The lower part of the figure
shows both sets of results for the vertical distribution patterns
for the titanium content of the ash of samples collected at thir-
teen points located on a traverse across the bog. It is evident
that the vertical distribution patterns are remarkably similar
although, as was discussed above, the indicated titanium content
on the semiquantitative scale is subject to considerable bias.
From the practical point of view of interpreting vertical dis-
tribution patterns, the results obtained from the rapid method
are of almost equal value to those found by the quantitative
method. Similar accuracy checks are now planned for other minor
elements determined semiquantitatively.

On Figure 3 the results for the vertical distribution
of fourteen elements (or oxides) in each of the thirteen holes
have been brought together. Although detailed interpretation of
the vertical distribution patterns for all elements cannot be
carried out from this small figure two general observations can
be made. The first is that each element has a distinctive verti-
cal distribution pattern within the bog which is repeated from
hole to hole across the traverse, and the second is that, in the
case of zinc, relatively high values were found at the surface
and near the bottom of the holes with low values in between.
Detailed interpretation of these results will be made later. The
main purpose of Figure 3 is to illustrate our approach to the
study of the minor element content of peat bogs. In future other
studies along these lines will be carried out in bogs located
above mineral deposits.
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Field investigations near mineral deposits

At two days notice during May 1964 we were invited
to collect soil and plant samples in the vicinity of a large
undisturbed mineral deposit which had just been discovered by the
Texas Gulf Sulphur Company near Timmins, Ontario. Our first trip
to the property ended ten days later when 500 samples of vegetable
material and soils were flown out of the property by helicopter.
The forests in the area from which the samples were collected
were then being cut over so that it was impossible to collect
more samples above this interesting deposit. Later, a number of
control soil samples were collected around the cut-over area.
Preliminary chemical analysis of the vegetable and mineral matter
collected above the orebody gave negative results. This focussed
our interest on the chemical composition of the underlying over-
burden. Subsequently, a number of samples of overburden, donated
to us by the company, were analysed for total copper, zinc,
nickel and lead. These results (Fortescue and Hughes, 1965)
indicated anomalous concentration of zinc and copper in the Lower
Till material directly overlying the bedrock, with background
concentrations in material collected nearer the surface.

In order to follow up these preliminary findings a
small scale overburden sampling program was carried out by the
Geological Survey of Canada during the winter of 1964-65. 1In
Figure 4 the location of some of the holes which were drilled are
shown in relation to the presence of the suboutcrop area of the
orebody. At the left hand bottom corner of the figure a general-
ized section of the overburden in the vicinity of the holes is
shown together with histogram showing the content of total copper,
zinc, nickel and lead in the samples taken from the four holes.
(Samples were taken by 2" Shelby tube at five foot intervals in
the clay till and varved clay material and by means of a hardwall
sampler in the lower till material.) It should be noted that the
chemical results (which were obtained by colorimetric analysis
following total extraction by an HF/HC104 mixture) are plotted on
a logarithmic scale unlike the results on Figure 5 which are
plotted on an arithmetic scale. The chemical results on Figure 4
focus attention on the copper and zinc content of the Lower Till
material. Strong zinc and weaker copper anomalies occur in the
Lower Till material in holes I, II and III but not in hole IV.

In contrast, the levels of concentration of all four elements in
the varved clays and clay till material lying above the Lower
Till are relatively low and constant. In comparing these results
with those obtained from vegetation and mineral soil collected
directly above the deposit (Fig. 5) the absence of significant
anomalies in the surficial material is at once apparent. The
only relatively high results here were on organic soil and
sphagnum moss where, in the case of zinc and lead, some positive
values were found in samples collected from the aspen poplar com-
munity compared with those collected from the open sphagnum bog
community. Such variations are to be expected under normal con-
ditions and probably are not related to the presence of the
underlying mineral deposit.
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Figure 6. A prism of landscape showing the components of the vegetation and soil
sampled at an undisturbed mineral deposit near Silver-mine, Cape Breton
Island. Values for lead in the ash of the vegetable material are plotted
above a cross-section of the landscape from which the samples were
collected. Note that the word "ore'" was used to indicate the presence of
mineralization and has no economic significance.
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The Texas Gulf Sulphur Company property near Timmins
afforded us an excellent opportunity to study the geochemistry
of the different components of a prism of landscape overlying an

extensive ore deposit. In this case we were able to trace the
copper and zinc into the Lower Till material but no farther up
the prism. Because of the insulating effect of the varved clays

and the overlying clay till significant amounts of copper and
zinc did not migrate into the mineral soil or into vegetation.
We conclude that under the local landscape conditions which ob-
tain in the Timmins area the sampling of Lower Till is the most
reliable method of geochemical prospecting. The main advantage
of Lower Till geochemistry as a complement to geophysical methods
under these conditions is that the Lower Till anomalies are
slightly larger than the extent of the suboutcropping mineral-
ization and that the results from the till give positive proof
of the presence of specific metals within the material above
bedrock.

Let us now turn briefly to an area in which biogeo-
chemical prospecting gives positive results. In August 1963 a
sampling program was carried out in the vicinity of a drilled,
but undisturbed, mineral deposit at Silvermine on Cape Breton
Island (Weeks, 1954, p. 104). 1In this area there are very few
outcrops although the relatively coarse grained overburden is
seldom more than a few tens of feet thick (Fig, 6). A section
across the mineral deposit is shown on Figure 6 where it will be
noted that a Black Spruce (Picea mariana) community occurs on the
lower, poorly drained ground, and a Balsam Fir (Abies balsamea)
community further up the hill.

Unlike the vegetation results plotted on Figure 5
the Silvermine results are shown on a logarithmic scale. For
reasons discussed above these results are plotted as "indicated
ppm" and should not be considered absolute values. In spite of
this, the results show strong positive indications for lead in
humus and to a lesser extent in the upper bark material (col-
lected 2/3 of the height up the tree). As might be expected from
a non-essential element such as lead, the results were erratic in
the current years growth of needles or twigs. Another point of
interest is that the general level of concentration of lead in
the samples of lower bark taken from balsam fir trees is apparent-
ly slightly higher than that found in the black spruce. The sig-
nificance of this observation is not at once apparent. More work
is planned for this area during the summer of 1966 when these
preliminary results will be supplemented by a more intensive in-
vestigation.

A second object of Figure 6 is to draw attention
again to the need to study systematically the geochemistry of
the various components of a prism of landscape in the vicinity
of a mineral deposit in order to interpret the results of plant
prospecting methods research. As we have seen in the case of
the Silvermine results and, particularly, in the case of the work



- 130 -

at the Texas Gulf Sulphur deposit, it is only when the geochemis-
try of the different components of the landscape is studied
systematically that the most effective geochemical method for use
in a given area can be discovered.

SUMMARY

This paper has been no more than an outline of the
progress which has been made with the plant prospecting methods
research programme since 1962. The progress made so far may
conveniently be summarized under the following seven headings:-

1) There is a need in Canada at the present time for similar
systematic studies of the geochemistry of the different components
of landscapes in which known, undisturbed, mineral deposits occur
in order that the relative effectiveness of different geochemical
prospecting methods can be assessed under different mineralization
and landscape conditions.

2) These studies must be done in sufficient detail and with suf-
ficient intensity to explain the results obtained in terms of
geochemical principles. The studies must be done sufficiently
thoroughly to explain results or not at all, Partial results are
misleading.

3) We have shown that it is possible to design and construct labo-
ratories which may be used at the field for the rapid preparation
and chemical analysis of vegetable material for a number of minor
elements. This enables studies of specific ecosystems to be
carried out at an "instant in time" which is essential if detailed
comparisons of results obtained from plants growing in different
areas are to be made.

4) The methods set up for the systematic collection and treatment
of morphological and chemical data have indicated that, quite

apart from the writeups of specific plant prospecting methods
projects, our files may be used as a basis for a geochemical

census of Canadian ecosystems., In this form the data will be of
interest to plant ecologists and foresters as well as those en-
gaged in general interpretation of geochemical prospecting results.

5) Preliminary greenhouse experiments have provided valuable ex-
perience in the use of chemical elements, artificial mixtures of
non-radioactive isotopes and radioactive elements as tracers, or
for tests of the uptake of elements by plants under controlled
conditions.

6) The Mer Bleue investigation has been valuable experience in
the layout and setting up of biogeochemical prospecting methods
in bog areas. In particular the analytical program associated
with this project has demonstrated the scope and limits of the
methods we have so far developed.
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7) The two investigations carried out in the vicinity of drilled,
but undisturbed, mineral deposits have provided valuable experi-
ence in the methods for approaching problems of this kind. 1In
both cases it was possible to find a simple logical explanation

of our results, in one case negative and in the other positive.

We believe that both negative and positive experience of this

kind are of equal value to those engaged in setting up geochemical
prospecting projects at this time.

In the future we plan to publish the results of pro-
gress made in the plant prospecting methods research program in
the form of a series of progress reports so that the interested
reader may follow our projects as they are completed.

In conclusion we thank the Texas Gulf Sulphur Company,
Phelps Dodge Corporation, Kennco Explorations (Canada) Limited and
the International Nickel Company of Canada for their cooperation
in the search for drilled, but undisturbed, mineral deposits where
geobotanical and biogeochemical research could be carried out.
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THE DISTRIBUTION AND BEHAVIOUR OF METALS IN STREAM SEDIMENTS
AND WATERS OF THE KENO HILL AREA, YUKON TERRITORY

C.F. Gleeson*

Ceochemical reconnaissance is attractive from the
point of view of rapidly and cheaply evaluating the economical
potential of an area and of outlining new and extending old
boundaries of metallogenic districts. Also, these techniques
have the advantage of allowing one to study regional chemical
variations related to change in rock types, structure, mineralogy,
etc.

The Geological Survey of Canada started its research
in applied geochemical techniques in 1953 when Boyle (1955)
carried out detailed water and soil surveys in the Keno Hill
Area, Y.T. He followed this project with a reconnaissance water
and stream sediment survey in part of Nova Scotia in 1956 (Boyle
et al 1958), the following year Holman (1959) expanded the stream
sediment work to cover most of Nova Scotia and in 1959 Smith
(1960) extended this work into New Brunswick. Hydrogeochemical
studies on uranium in the Bancroft area were done by Chamberlain
(1964) in 1961, and in 1963 Tauchid (1964) studied molybdenum
distribution in stream sediments and soils over a granitic body
in Bathurst Area, New Brunswick. In 1964 the Geological Survey
of Canada carried out its first helicopter-supported regional geo-
chemical-heavy mineral survey. The planning, execution and dis-
cussion of the preliminary results of this work form the basis
of this paper.

DESCRIPTION OF THE KENO HILL AREA
Location

The area surveyed is located about 200 miles north
of Whitehorse, Y.T., it consists of a block of ground measuring
about 60 miles by 34 miles and centered around Keno Hill, Yukon
Territory.

Geology

Four-mile geological mapping of the region has been
done by Bostock (1947, 1964), Green and Roddick (1962), and more
detailed studies (1":1mi.) have been carried out by Green (1957,
1958), Kindle (1962), McTaggart (1969), Boyle (1965) and Poole
(1965).

" Geological Survey of Canada, Ottawa; present address: Société
Québecoise d'Exploration Mini&re,2383 Chemin Ste. Foy, Quebec,
Canada.
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The area studied is underlain by a series of meta-
morphosed sedimentary rocks, mainly quartzites, phyllites, slates
and chlorite, sericite and graphite schists, as well as grits
and minor limestone. The age of these rocks is uncertain but
appears to range from Precambrian to upper Mesozoic (Poole,

1965; Tempelman-Kluit, 1966). A dolomite and limestone unit out-
crops in the northeast part of the area. Fossils from these
rocks range in age from late Cambrian to late Silurian or early
Devonian (Green and Roddick, 1962). Mafic igneous sills and
lenses now altered to greenstones are interlayered with the
metamorphosed sediments. Quartz-feldspar porphyry sills and
lamprophyre dykes are present locally. Granitic stocks cut the
metamorphosed sediments east and north of Mayo Lake, northwest

of Hanson Lake, south of Dublin Gulch and in the vicinity of
Mount Haldane.

Skarn zones containing scheelite occur in the vicinity
of some of these granitic masses particularly around Dublin
Gulch, Mount Haldane, and east of Mayo Lake.

Most of the lead-silver ore deposits in the Keno-
Galena Hill area occur along northeasterly striking vein faults
in thick-bedded quartzite and occasionally in greenstone (Boyle
1965). In the Dublin Gulch area quartz-arsenopyrite-gold veins
with a general northeast strike are present near the contacts of
the granitic stocks. Also, easterly striking vein faults are
mineralized with siderite, jamesonite, boulangerite, pyrite,
arsenopyrite, galena, tetrahedrite and chalcopyrite. Two
cassiterite-tourmaline veins occur on the right limit of Dublin
Gulch near its mouth (Boyle, 1965; Poole, 1965). Northerly
striking lead-zinc-silver veins are present in Davidson Range
(Cockfield, 1922; Aho, 1964). In addition placer gold has been
recovered from Dublin Gulch, Haggart Creek, and Duncan Creek
since 1898.

The area has undergone several stages of glaciation
(Vernon and Hughes, 1966) and thick glacial deposits occupy the
major valleys and hill slopes below 3000 feet. Permafrost is
present throughout the region.

Climate and Rainfall

The region has a sub-artic climate. The average
annual precipitation is reported to be about 12 inches but in 1964
the summer was wet and over a period of 3 months a total of 10
inches of rain was recorded.

PURPOSE

The programme was designed so that the field work
would be completed in one season. The chief aims of the study
included:
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(1) The systematic sampling of stream and spring sediments and
stream and spring waters from an area of about 1900 square
miles.

(2) Testing at the site for cold extractable heavy metals in the
waters and sediments and recording all pertinent data on the
environment in coded form on special field cards.

(3) Collecting heavy mineral samples by panning the stream
gravels.

(4) Collecting rock samples for trace element studies.

(5) Stream sediments from phase one to be analysed for trace
elements.

(6) Water samples from phase one to be analysed completely for
anions and cations.

(7) Compilation and publication of the data in the form of geo-
chemical maps.

(8) Computer analysis of the data.

Except for the rock analyses, phases 1 to 6 have been
completed. Geochemical maps showing the heavy metal content of
stream and spring waters and sediments (Gleeson et al, 1965) and
the lead content of stream sediments (Gleeson, 1966) have been
published. More of these maps are being prepared and should be
published shortly. Computer analysis of the data is yet to be
completed.

FIELD METHODS

To cover the area in the time allotted the use of
helicopters was essential. Two Bell Super G2A helicopters were
leased from Associated Helicopters, Edmonton, for this work. The
geochemical field party consisted of 7 two-men crews, a cook and
a helper, plus the 2 helicopter pilots and a mechanic. The
helicopters were used as taxis to ferry the men to the heads of
the creeks and at the end of the day to pick them up. About 400
hours of flying was required to cover the area.

After being set out the crews traversed the creeks on
foot, took samples of stream sediments, tested the water and sedi-
ments for cold extractable heavy metals, measured the pH, and
temperature of the water, and entered all pertinent data about
the sample site in coded form on specially designed field cards
(Gleeson and Tupper, 1966).

Generally a stream sediment sample of the finest
material available was taken from the active channel at intervals
of 1500 feet along all creeks. Two water samples were taken from
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each creek for S04 and Cl anion analysis. Large samples (1 liter)
of water were taken from springs throughout the area and com-
plete analyses were done on these for anion and cations. From

the gravels of each creek the crews panned one or two heavy
mineral samples. A total of 5900 stream sediments were tested

and sampled, 5700 stream waters were tested In the field and

about 700 analyzed in the laboratowy, 150 spring waters and sedi-
ments were collected and 550 heavy mineral samples were obtained.

LABORATORY PROCEDURES

All sediment samples were dried, sieved to minus 80
mesh and shipped to the geochemical laboratories of the Geological
Survey of Canada, Ottawa, where colorimetric analyses for Cu, Pb,
Zn, As, Sb, W and Mo and spectrographic analyses for Ni, Co, Ag,
Sn, Bi, B, Au, Cu, and Mo were done. The panned concentrates
were also sent to Ottawa for heavy liquid separations. The heavy
liquid concentrates were examined under a binocular microscope,
checked for fluorescence, radioactivity, and subjected to semi-
quantitative spectrographic analysis.

EXPENDITURES

Field expenditures for this operation amounted to
about $82,000; of this, $40,000 was spent on helicopter charter,
$23,000 on salaries, $6,500 on transportation to and from the
field, $5,000 on food, about $4,000 on frieight, $1,500 on
vehicle repair and gas, and $2,000 for camp supplies, field chemi-
cals, rental of equipment etc. Hence the field cost amounted to
about $43.00 per square mile. This figure does not include the
cost of laboratory analysis.

RESULTS

To date a series of 14 maps have been published on a
scale of 1 mile to the inch showing the distribution of cold
extractable heavy metals in waters and stream sediments (Gleeson
et al, 1965). Recently a map showing the distribution of lead
in the stream sediment was released (Gleeson, 1965) and !l more
metal maps are presently being compiled for publication.

The results of the cold extractable field tests
showed that reconnaissance sediment and hydrochemical surveys are
practical and useful exploration tools for this area. With these
methods most of the known lead-zinc-silver deposits were detected.
In addition, numerous anomalies were found in areas that have
hardly been explored. Anomalous trains varied from less that one
mile to over ten miles in length.
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The water and stream anomalies were generally coinci-
dent but certain exceptions did occur in the vicinity of some
very acid springs where the cut-off of the sediment anomaly was
displaced several thousand feet downstream from the water
anomaly. This effect was probably due to the high acidity of
the water; where the water pH is low the metals tend to stay in
solution and no sediment anomaly was detected. After the sedi-
ments were analyzed in the laboratories it was found that most
of the anomalies found with the field tests were due to zinc.

The area was divided into 23 mile squares and with the
aid of a computer the arithmetic means of the cold extractable
heavy metals values of the sediment and water samples within
each square was calculated. These values were then contoured
and regional trend maps constructed (Figures 2 and 3).

The general pattern of regional trend lines on the
sediment map (Figure 2) reveals highs over the producing areas
in addition to highs over the phyllitic and quartzitic rocks to
the north, central and eastern parts of the area. An isolated
high occurs over Mount Haldane where again massive quartzite and
phyllite are present in addition to several small Pbh-Zn-Ag show-
ings. There is a marked decrease in the regional trend to the
west (Dublin Gulch Area). This change reflects the low trace
element content of zinc in the rocks in the western sector of
the area. Even the known mineral deposits of the Dublin Gulch
area contain relatively little zinc; essentially the veins are
rich in Pb, As, Sb, and Au. Another prominent low occurs in the
north central part of the area. The rocks here are reportedly
similar to those north of Dublin Gulch. To the southeast a low
is present over the Mayo Lake granite stock. The values over a
band of dolomitic rock in the northeast are fairly high. This 1is
particularly interesting because this area is also high in lead
(Gleeson, 1966).

A surprisingly similar picture is shown by the region-
al trends of the water map (Figure 3). Again there is a strong
trend of highs to the east and lows to the west and north central
parts of the area. The Mayo Lake granite is overlain by a low
and the quartzites and phyllites are generally covered by highs.
The band of dolomite in the north east is better defined by the
water results than by the sediment regional trends. Highs occur
over Mount Haldane and there is also a moderate increase over the
Pb-Sb-As showings in the Dublin Gulch area.

As information becomes available similar maps will be
drawn for all elements. However, by using the results of only a
cold-extration field test, strong trends and regional relation-
ships to rock types can be shown and favorable areas for prospect-
ing quickly delineated.
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SOME OBSERVATIONS ON THE DISTRIBUTION OF METALS 1IN
SWAMPS IN EASTERN CANADA

C.F. Gleeson* and J.A. Coope**

INTRODUCTION

The behaviour of trace metals in swamp environments
has been studied by numerous observers in different parts of the
world. Lovering (1927), Forrester (1942) and Eckel (1949) have
described native copper in peats in Montana and Colorado which
has been precipitated from copper-bearing waters draining areas
of copper mineralization. Webb and Tooms (1959) have studied
concentrations of copper in dambos in the Copperbelt area of
Zambia. They conclude that, away from the main points of ground-
water seepage, copper tends to concentrate in surface horizons.
Cannon (1955) has reported abnormal concentrations of zinc in
peaty deposits overlying the zinc bearing Lockport dolomite in
New York.

In Yukon Territory, Boyle (1957) found that zinc
carried into bog areas by surface waters was concentrated in ab-
normal amounts in the peats. Ermengen (1957) also noted that the
peat bogs in the Chibougamau area of Quebec concentrated zinc.
Holman (1959) reported on a copper-rich swamp near Sackville,
New Brunswick that has concentrated copper from spring waters
emerging from a cupriferous Pennsylvanian sandstone. Further
north in New Brunswick Hawkes and Salmon (1960) have described
concentrations of iron in live and decomposing organic matter in
a swamp overlying a copper bearing iron sulphide deposit in the
Bathurst area.

In his studies of the trace-element distribution in
Scottish peats, Mitchell (1954) collected profile samples in
swamps overlying rocks containing background quantities of metals.
Mitchell found the quantities of copper, zinc, lead and nickel in
the peats tended to increase with depth.

Salmi (1950) collected surface samples from 50 swamps
throughout Finland and discovered that the bogs situated in the
vicinity of sulphide orebodies contained more copper, zinc and
nickel than the bogs in areas of no known sulphide mineralization.

* Geological Survey of Canada, Ottawa; present address: Société
Québecoise d'Exploration Miniére, 2383 Chemin Ste. Foy, Ste.
Foy, Quebec.

**Newmont Mining Corporation of Canada, Ltd., 1610-25 King St. W.,
Toronto, Ontario.



- 146 -

Glacial _akes Agassiz
and Barlow-0jibway

300 #Miles

aW'w

<
l
N\

N
\ d
DATTEL
o~
\ ~

N o~

@»‘

NFLD.

LOCATION MAP
Figure 1




- 147 -

After morc detailed studies of trace-clement distribution in
swamps in the Otanmaki and Vihanti districts, Salmi (1955, 1956)
found that the most important elements contained in the vanadium-
bearing titaniferous iron ore and copper-zinc deposits underlying
the swamps were present in anomalous amounts in the pcats. Maxi-
mum concentrations occurred over or down-drainage of the suboutcrop
of the orebodies in areas where the peat is underlain by up to

40 feet of sand and till. Iron, manganese, molybdenum and lead
tended to be concentrated in the upper layers of the pecat, while
nickel, vanadium, titanium and cadmium were present in the great-
est concentration near the base of the peat. In Norway Hvatum
(1964) has shown that Pb, Zn and Mo concentrated in the upper
layers of peat and Co, Cu and Mn are generally found in maximum
concentrations at the top and bottom of the peat bogs that he
sampled.

The present paper describes results obtained from
geochemical investigations in poorly drained areas near Kenora,
untario, Amos, Quebec and Daniel's Harbour, Newfoundland. The
physical characteristics of the swamps and the vertical distri-
bution of trace-elements in the swamp profiles in these three
arcas are essentially similar.

BLACKY BAY AREA, ONTARIO

Blacky Bay is located on the south shore of Crow
Lake, 70 miles southeast of Kenora, Ontario, and 6 miles east
of Lake of the Woods (Fig. 1). Burwash (1933) described the area
as a dissected peneplain with gently rolling hills rising 200 to
300 feet above the level of Crow Lake.

In the vicinity of Blacky Bay the oldest rocks are

andesitic lavas and amphibolites. These volcanics are overlain
by a series of clastic sediments including greywacke, spotted
slates and conglomerate. These, in turn, are overlain by frag-
mental volcanics, tuffs and rhyolite. All the rocks are of Pre-

cambrian age.

A body of granite intrudes the area immediately to the
south, and the contact metamorphic effects associated with this
intrusion are believed to be responsible for the development of
amphibolites in the older volcanic series. Diorite sills and
dykes, porphyritic diorite sills and <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>