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MARGINAL NOTES*

Lake Sediment Geochemistry The use of lake sediments as an aid to mineral
exploration and geological mapping within the Canadian Shield is based on two
principal concepts of their origin. The first is that the detrital portion of a
fine-grained lake sediment is a good composite sample of the rocks in the
vicinity of the lake, In perhaps a majority of cases, the material forming the
sediment has passed through an intermediate stage as a component of locally
derived tills or other glacial sediments before being transported to the lake.
The second concept is that the fine-grained particles of the sediment are an
excellent medium for the sorption of metal ions released during the weathering
of nearby sulphide ore deposits or similar mineralization, Most of the known
sulphide deposits in the Bear-Slave survey area show moderate to high degrees
of oxidation.

At the wide, reconnaissance, sampling interval used, it is unlikely
that many samples will be taken from lakes within the limits of the secondary
dispersion halo of a single ore deposit. However, country containing such
deposits may be defined by the trace element dispersion from the much more
extensive non-economic mineralization that is often associated with economic
deposits. Similar trace metal patterns may also be derived from mineralization
that 18 not associated with ore deposits or from rock units of unusual chemical
composition,

Lake Sediment Sampling The lake sediment samples were collected by post-hole
auger from a helicopter. They were taken near the edge of the lake in water 3 to 8
feet deep. They comprise approximately the top 8 inches of sediment, less the
surface layer. Of the variety of sediment types that may occur in lakes, the type
of sample sought was of clay to silt grade and low in organic material,

Environment Effects Certain heavy metals, such as ur zine, and copper,
may be enriched in sediment samples containing organic matter or iron and manganese
oxides, The content of Fe and Mn has been determined for all samples, together
with an index of the organic content (optical density). These data will be released
separately in the form of a composite map, These data may be examined when
assessing anomalous areas on this map, It should be recognised, however, that
metal enrichment on these materials is a highly variable phenomenon that depends
on a variety of factors, principally the availability of metals in the environment.
Algo the Fe and Mn content of a sediment is not a direct measure of the amount

of free oxides present, For these reasons the maps for the heavy metals are not
pr ted on a statistically "corrected" basis. Further, since manganese and

iron may be associated with these metals in the original rocks or primary mineral~
ization, "correcting" the data may remove evidence of mineralization from the
resulting map, I it is suspected that free oxides or organic material have created
a false anomaly, then for those who do not have access to the original samples, the
most satisfactory method of checking is to resample the area of the anomaly.

Sample Preparation and Analysis The sediment samples were dried, then gieved
to minus 250 mesh to give a powder suitable for analysis. A few coarse samples
were sieved to minus 100 mesh, then ball-milled. Copper was analyzed by direct-
reading emission spectrometry, The technique summarized below has been
described by Timperley, Horton and Lynch, (1973).

A 100 mg sediment sample was mixed with buffer composed of 1 part
NagCOg and 7 parts graphite and containing Pd and In as internal standards. The
sample mixture was packed in 3/16" preformed anodes. These were burned in a
D. C. arc enclosed in a chamber, through which there was a flow of oxygen-argon.
The arc burnt at 5 amps for 10 sec. and 15 amps for 50 sec. An 8K minicomputer
terminated measurement of the Cu 3274 line after volatilization of this metal was
complete, but prior to development of excessive background, The minicomputer
converted the accumulated light energy of the Cu line to ppm Cu in real time using
calibration curves derived from standards. Background corrections were made and
In 3039 served as an internal standard, A control standard was run after every tenth
sample, For 254 replicate analyses of a lake sediment sample containing 53, 5 ppm
Cu a standard deviation of 7.4 ppm was obtained. This is equivalent to a coefficient
of variation of 13%,

Copper in Rocks and Ores of the Survey Area During the 1971 orientation survey
(Allan, Cameron, and Durham, 1972) rock samples were collected from a number of

areas within the Bear and Slave Provinces, A selection of the data for these rocks
and lake sediments from the same area are given below as an aid to the interpretation
of the lake sediment data, The analyses were made after an HNO4-HCI attack.
Copper values shown on this map are total contents and are therefore likely to be
higher than the values from the orientation survey.

Number of Arithmetic Geometric Median 920
Samples Mean Mean Percentile
ppm Cu
SLAVE PROVINCE
High Lake:
basic voleanics 22 73.4 40,6 44 181
intermediate volcanics 54 62,9 31.6 39 83
acid volcanics 16 72.1 25,0 30 182
lake sediments 31 55.5 46,9 51 -
Hackett River:
volcanics and sedimentary 37 28,4 17.1 23 59
lake sediments 28 34.1 24,17 22 -
Indin Lake:
basic volcanics 55 98,2 80,8 93 160
intermediate volcanics 21 23,0 10.3 16 84
acid volcanics 31 6.7 5.0 4 156
sedimentary rocks 81 42,2 34,8 35 83
granites 5 24,8 21.1 32 42
lake sediments 35 37,7 31.5 31 -
BEAR PROVINCE
Bode Lake:
porphyries 57 16,3 5.3 4 31
lake sediments 12 23,2 19.8 30 -
Terra Mine:
volcanic, sedimentary and 65 89,6 10.7 7 282
intrusive rocks
lake sediments 39 31,6 29.38 34 -

The arithmetic mean for copper in the acidic voleanic rocks at High Lake
(72 ppm Cu) is roughly double the geometric mean and median contents, This is due to
scattered mineralization associated with the massive Cu-Zn sulphide deposit of this
area, The arithmetic mean of the dominantly acidic volcanic rocks and iated
sedimentary rocks at Hackett River is much lower at 28 ppm. The Hackett River
massive sulphide body is believed to have a relatively low copper content (210 ppm Cu
in an ore sample analyzed by us that contains 28% Zn), At Indin Lake the volcanic
rocks show the normal geochemical trend of decreasing copper content with increasing
acidic character of the rocks, The acidic volcanics, that are here not associated with
known massive sulphide occurrences have a mean copper content of 6.7 ppm. The
statistical data for rocks from the Terra Mine area, given in the above table, indicates
the pr of ttered copper mineralization known to occur here. Similarly, the
data for Bode Lake indicates the relative absence of such mineralization within the
rocks sampled.

The lake sediment data for all these areas are in good agreement with the
rock data, although it will be noted that the averaging effects of weathering, transportation
and depositional processes within the surficial environment has markedly lowered the
statistical dispersion of the data, The highest values are obtained from the High Lake
region, that contains a known copper-bearing massive sulphide body,

In the Bear Province, copper is a common constituent of the epigenetic
vein mineralization, in association with uranium, silver, zinc, lead, nickel, cobalt,
arsenic and other elements, There are other potential ore occurrences in this region
that may contain copper, including porphyry-type mineralization or sulphides associated
with voleanic rocks. :

Copper-bearing massive sulphides of probable volcanic-exhalative origin
are the most economically attractive exploration targets within the Slave Province; the
High Lake occurrence is an excellent example, This mineralization is generally
associated with the more acidic volcanic rocks. In the Slave Province the volcanic
rocks generally occur near the base of the rock sequence within the sedimentary
volcanic belts, that is along the margins of these belts. Since there may be unrecog-
nized volcanic rocks within the sedimentary sequence, the margins of these belts are
prospective, even in the absence of mapped volcanic rocks., On the basis of orientation
surveys around the High Lake and Hackett River deposits it was argued (Allan,
Cameron and Durham, 1972) that this type of deposit was best outlined by a hierarchy
of geochemical indicators in lake sediments:

(1) By indicators that suggest that the area is underlain by acidic voleanic rocks
(e.g. high Si or K, low Mg).

(2) Within (1) zones underlain by exhalative facies rocks such as carbonates and
iron-rich sediments (e.g. high Mn and Fe) or zones of rock alteration associated
with mineralization (e.g. high Mg, high Ni).

(3) Anomalies due to massive sulphide mineralization (e.g. high Zn, Cu, Pb or Ag).

Lake sediments containing relatively high values of copper may result
from either a large uniform source containing greater than average amounts of this
element (e.g. basic rocks) or from mineralized rocks or zones, In many cases it
will be possible to resolve this question by considering the geology of the area and the
element association, as described above, In some cases, however, it may be necessary
to sample the rocks of the area.

Copper in the Surficial Environment Copper may occur in sulphides in both the cuprous,
e.g. chalcocite, Cu_8, and cupric, e.g. chalcopyrite, CuFeSz. forms. It may also occur
as a minor oanstitugnt of other sulphides such as pyrrhotite,” These various sulphides
dominate the geochemistry of copper in igneous rocks, although copper does substitute
for Fez+ and M.gz+ in ferromagnesian and other silicates, Since it occurs mainly in

the form of sulphides, copper is relatively easily leached from weathering rocks.

When copper~bearing compounds are oxidized, they form sulphates,
which may then be converted to dary carbonat The sulphates are highly
soluble, but the carbonates are only soluble at low pH., B of this carbonat
only occur at an advanced stage of oxidation, This stage has been reached in
permafrost areas of northern Canada, where malachite occurs at copper showings,

Copper mobility is low in neutral to alkaline water but increases
with increasing acidity. At lower pH copper may migrate in ionic solution or as
fulvic acid (~pH6) or humic acid (~pH3) complexes. The soils of permafrost areas
generally have an acidic pH, Lakes in the survey area generally have a near
neutral pH within which copper may be precipitated. Precipitation of copper may
be as hydroxides along with free manganese and iron oxides; as ions sorbed onto
clays; or bound to insoluble organic compounds., Clays strongly bind copper,
whereas organic compounds may hold it in a more readily available form.

Of the elements analyzed during this project, copper is perhaps the
most likely to have been affected by surficial processes of sorption by organic and
inorganic materials and complexing by soluble organic compounds. Copper also
occurs in most types of sulphide mineralization known or suspected within the
survey area, For these reasons the distribution of copper across the survey area
is likely the result of the interaction of a variety of factors, only some of which
are directly related to the geology or metallogeny of the region.

Copper in Lake Sediments, This Sheet The mean copper content of Sheet 3 is
significantly greater than that of the similar geological terrane of Sheet 2,

Sheet 1 Sheet 2 Sheet 3
Number of samples 1241 1294 1349
Arithmetic mean ppm Cu 24 b 24
Geometric mean ppm Cu 19 14 20
Standard deviation ppm Cu 21 12 20

The greater copper content of lake sediments in Sheet 3 is largely
a consequence of higher values for this element within the greenstone areas of this
sheet, The greenstone belt in which the Hackett River Zn deposit occurs contains
some particularly high copper values, A lake sediment from a lake near the
deposit itself contains 141 ppm Cu., However, the area in which the deposit occurs
is best defined by the 40 ppm Cu contour. Approximately 25 miles southeast from
this occurrence along the western margin of the greenstone belt, there is a large
area of ground enclosed by the 60 ppm contour with values rising to 150 ppm Cu.
Similar anomalies continue for 50 miles southeast along the margin of the belt. In
most cases there is a juxtaposition of anomalies for zinc, nickel, manganese and
potassium, Eastwards, towards the axial portion of the belt, copper levels drop off,
but there are a number of isolated anomalies of moderate intensity.

During the sampling traverses the large area of mainly acidic volcanic
rocks south of Regan Lake appeared to be highly prospective b of the pr
of this rock type in iation with an abund of g Lake sediment analysis
for copper gives low values for the main portion of this belt (<40 ppm). However, in
sedimentary rocks and volcanics flanking the belt to the west and south there are a
number of anomalous areas with values to in excess of 100 ppm Cu. Again, these
higher values correlate with anomalies for zinc, nickel, manganese and potassium,

One of these anomalies, near Muskox Lake, could be related to the
occurrence of volcanic rocks containing minor amounts of copper sulphide. The
anomalies immediately north of here may be related to unmapped rock units of the
same type.

The granitic rocks in the northwestern part of this sheet and along its
western margin generally have copper contents of 20 ppm or less in their associated
lake sediments, There are a few anomalies in the 20-60 ppm Cu range, some of which
correspond to slight anomalies for uranium (>2 ppm), In the southeastern part of the
sheet there are anomalies over granitic rocks up to 122 ppm Cu. This area of biotite-
granite and quartz monzonite (Wright, 1957), also contains anomalous amounts of
lithium, zinc, uranium, cobalt, nickel, lead, manganese and potassium, This area
contains the same grouping of anomalous elements as the granitic area northwest of
Yamba Lake on Sheet 2,

* Geological Survey Paper 72-50, contains a detailed description of the experimental
basis for lake sediment sampling in the Shield; the geology and metallogeny of the
region; the organization, methods, and costs of the sampling operation; the methods
of sample analysis and the references for the articles quoted above.
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