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MINERAL EXPLORATION TECHNIQUES

Geochemical Exploration for Uranium
In the Grenville Province of Ontario

W.B. Coker and L. R, Jonasson,
Geological Survey of Canada,
Ottawa

Abstract’

A helicopter-mounted lake-sediment ond loke-water
survey was carried out over Grenville rocks in the Ren-
frew area (parts of Renfrew and Lanark counties) during
four days of October, 1975, In the course of this survey.
1150 square kilometers were covered, with 246 lake-sedi-
ment and 276 lake-waier samples collected from every
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body of water on which the helicopter could land, Sample
sites, which averaged one per 4.6 square kilometers, in-
cluded lakes, ponds, beaver ponds, swamps and marshes,
Luake-sediment samples were taken using a G.S.C. sampler,
Waters were collected directly into polyethylene bobtles,
At each sample site, surface and bottom-waler pH, dis-
solved ompyen content, conductivity and temperature were
measured using o Martek Water Quality Analyzer,

The lake sediments were air dried and then ball milled
to pass a minus 80-mesh sieve, Lake sediments were an-
alyzed for U by delayed neutron activetion and for Mo,
Cu, Zn, Pb, Fe, Mn, Ni and Co by atemic absorption
techniques. The organic content of the sediments was
determined l‘;}yL loss on fgnition at 450°C, Lake waters were
acidified with nitric acid on the day of collection. The U
content of the waters was determined by fluorometry;
the Cu, Zn, Pb, Fe, Mn, Ni and Co contents of the waters
were delermined by solvent extraction - atomie absorption
techniques. :

A close relutionship was found between bodies o
granitie, syenitic and pegmatitio bedrock und elevated
levels in the lake sediments. The Hurd Lake and White
Lake granitic intrusives weré encompassed by an an-
nwdus of higher U activity, Field inspection revealed that
the U concentrations occur within a zone which may
represent « oontact melamorphic aureole. Within these
complexes, anomalous concentrations of U appear to be
associated with Mo. Information derived from the lake-
waler date reinforces the geochemical distributions oul-
lined by the lake-sediment survey.

This survey was carried out in order to develop opti-
mum sampling and analytical procedures for geochemical
reconngissance of the Grenville Province that may be
carried out under the auspices of the Uranium Recon-
naissance Program.

Introduction

AN ORIENTATION SURVEY of the trace-element
geochemistry of drainage-basin sediments and surface
stream and lake waters was carried out in an area
covering parts of Renfrew and Lanark counties. The
survey, which covered all of the 1:60,000 map sheet of
Renfrew (31F/T), was completed In four days of
flying with a Hughes 500-C helicopter.

This work forms a continuing part of the National
Geochemical Reconnaissance (N.G.R.} program, which
comprises not only regional reconnaissance surveys,
but also detailed sampling within selected orientation
scale projects and follow-up studies.

A major objective of the program iz to direct at-
tention to areas which may prove of interest in ura-
nium geoexploration. In some cases, as in Eastern
Ontario, an area may already be well known for its
uranium occurrences, but geochemical methodologies
which might be employed to locate further zones of in-
terest have not been thoroughly tested,

In particular, the Renfrew area, which lies to the
east and within 80 km of the Bancroft Mining Dis-
trict, has not received the attention it might other-
wise have deserved because of the proximity to known
uraniferous zones.

Thus, the orientation survey of the Renfrew area,
described herein, was designed to permit testing of
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geochemical methods with regard to their responses to
typical Grenville geological and environmental in-
fluences. The information gathered could be viewed,
on the one hand, as research information and, on the
other, as the basis for anticipated future regional sur-
veys of these and similar nearby terrains.

Geology and Previous Work

The geology of the area has been deseribed by
Quinn ef al. (1956) and published as Geological Sur-
vey of Canada Map 1046A, Renfrew (Fig, 1). A com-
pilation of the geology of Renfrew County showing,
among other things, the relationships between the
Baneroft and Renfrew areas, has been published by
the Ontario Department of Mines as Map No. 68b,
Renfrew area {Satterly, 1944). Of principal interest
from the viewpoint of uranium possibilities are three
granitic bodies which are located, respectively, near
Renfrew town, surrounding Hurd Lake and west of
White Lake. Smaller similar bodies lie to the west of
Calabogie Lake, in Brougham Township and in the
northwest of the area covered (Grattan Twp.). All
of these intrusives comprise granites and/or grano-
diorites with some syenite facies, Some true syenites
have also been mapped near White Lake and in
Brougham Township, The Hurd Lake granitoid dif-
fers from the others in that it contains extensive
formations of granite pegmatites which are known
to hos{ minor occurrences of molybdenite and, oc-
casionally, uraninite, Prominent zones of hornblende
and other types of gneiss commonly surround the
granites, although the nature and grade of altera-
tion of the metamorphic rocks observed clearly

depends on the nature of the sediments which have
been intruded. To the west and south of the Hurd
Lake granite lies a zone of Grenville marbles which
contain showings of sphalerite and galena (Renprior
Claims). Clese to these zinc-lead showings, but still
within the Hurd Lake pegmatites, are some old work-
ings from which molybdenite was once mined (Vokes,
1963 Satterly, 1944). The most prominent of these
are the Zenith and Buckhorn mines, which now reveal
their presence by a few overgrown pits, shafts and
trenches, The more significant ones lie in Brougham
Township and are now known as the Huni and the
Ross-0’Brien mines, where the host rocks for mineral-
ization are mainly amphibolite and gneiss, No ura-
nium showings have been reported from these areas,

A considerable amount of prospecting and geo-
physical work hasg been carried out close to and across
the survey area.

A study of the radioactive pegmatites of the Ren-
frew area has been made by Charbonnean and Jonas-
son (1975}, Their work followed on previous in-
vestigations of wuranium showings within the Or-
dovician March - Oxford formations, which lie be-
tween the eastern limits of the study area and Ot-
tawa (Charbonneau et al., 1975a; Jonasson and Dyclk,
1974). Other reports of radioactive pegmatites in the
Gatineau Hills, Quebec (Hogarth, 1970}, and studies
of the uraniferous Bancroft (Satterly, 1957) and Mont
Laurier (Allen, 1971), pegmatites, also form part of
the background to this present work,

The airborne radiochemical work of Charbonneau
et al. (1976b) and the G.8.C. {1976) in the Ottawa
Valley west of Ottawa and certain cross-country
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airborne gamma-ray spectrometry profiles which
transect the Renfrew area have also indicated
significant radioactive anomalies in the study area
(Darnley et al., 1971),

The working hypothesis which drew Charbonnean
and Jonasson into the Hurd Lake area is twofold.
Firstly, earlier works noted above indicated that a
“source’ area in Precambrian rocks of Grenville age
for uranium found in Paleozoic sediments should
lie immediately to the west and north of these for-
mations. Secondly, the chemical and mineralogical
similarities between pegmatites found at Bancroft
and Mont Laurier, where there is a positive correla-
tion of radioactivity with contained magnetite or
biotite, leads one to look for similar relationships in
the Renfrew-area granites, In fact this is so (Char-
bonneau and Jonasson, 1975). Satterly’s map (1957)
also shows a general correlation bhefween the structure
of granitoid masses with peripheral gneiss and related
radioactive occurrences at Bancroft and Renfrew.

Charbonnean and Jonasson (1975) concluded their
investigation by suggesting that possibly there exists
a continuous belt of radicactive granitoids hetween
Bancroft and Mont-Laurier. The regional unconform-
able contact of Grenville rocks and the underlying
granitic basement is considered to have generated,
through remobilization, uranium-enriched pegmatites
worthy of further attention with regard to mineral
exploration.

In this present work, it was resolved to check sur-
ficial geochemical responses against known and con-
sidered underlying geology with regard to uranium
oceurrence,

The 'Survey

In the course of this orientation survey, which was
conducted in October 1975, 1150 km* (450 mi.*) were
covered, with 246 lake-sediment and 276 lake-water
samples, These were collected from every body of
water on which the helicopler could safely land.
Sample sites, which averaged one every 4.6 km® (1.8
mi.?), included lakes of all sizes, ponds (permanent
and intermittent), beaver dams, true swamps and
flooded marshes, Heavy rains in the area had broken
dry conditions some 5 or 6 days prior to commence-
ment of the survey, and as a consequence the ease of
landing at certain sites was enhanced due to in-
creased water flows in intermittent drainage courses,
The effects this circumstance had on the availability
of sediment samples and on the condition of water
samples can be discussed,

The physical nature of a lake sediment, usually
collected from what was thought to be the deepest
part of the lake, did not vary much for samples from
deep, permanent lakes. It was commonly a thixo-
tropic gel, brown, black or green in colour, sometimes
smelling of hydrogen sulphide. Qcecasionally, pink or
yellow sediments would be gathered, but these were
more typical of shallower lakes such as White Lake,
Often these were more chaff-like in texture and less
mature than gels, No difficully was experienced in
collecting such samples. T.ake waters were clear, but
sometimes stained yellow in the shallower lakes,
presumably by dissolved organic substances.

Some 30 more water samples than sediments were
collected. Sediment recovery was reasonably good in
permanent waterfilled swamps, where rotting organic
matter or bog soils were readily gathered, but in
grassy marshes it was very poor. It is suspected that
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& number of these latter sites were intermittent wa-
ter bodies and in fact there was no true sediment to be
collected. The sampler would not penetrate the "lake”
bottom at all, This situation was also true of most
beaver dams and also in the flooded northern reaches
of Calabogie Lake and Black Donald Lake. The last
two bodies were sampled for water only, due to the
inability of the sampler to recover any sediment.

It would seem that in any relatively young water
body there has not been sufficient time to lay down a
drainage-bagin sediment of any thickness which can
be usefully sampled. The two large lakes mentioned
above are products of fairly recent flooding due to
dam building. These lakes were found to be too deep
to sample in their centers; ie., in the “original” lake
basins wherein a normal sediment would be readily
available,

The water bodies within the granite west of White
Lake were found to be particularly difficult to sample,
not only for the abundance of beaver dams and inter-
mittent ponds, but also for the inaccessibility of
flooded marshes due to dead-head trees, Consequently,
coverage with sediments is more sparse in this region
than elsewhere in the survey area.

The water samples from ponds suspected to be
flood-filled were generally very clear and fresh-look-
ing. It is considered here that they could well closely
reflect the trace geochemistry of the rocks they have
recently drained particularly for elements considered
to be hydrogeochemically mobile, such as U,

As will be shown later, the presence of dissolved
carbonate is probably ubiquitous through the study
area; water pH was almost invariably alkaline. Such
conditions are favourable for the dispersion and re-
tention in solution of the elements U, Mo and, to a
lesser extent, Zn, but less favourable for, say, Cu,
Ph, Fe and Mn,

Sampling Techniques and
Anaiytical Procedures

Sediment samples were obtained using a G.5.C.
sampler. Surficial (top 5-10 c¢m) sediment, at the
sediment-water interface, wag avoided.

Surface waters were collected directly into poly-
ethylene hottles and acidified (260 pl of HNOQ, per
1256 m! of water) on the day of collection,

Measurements of the surface and boitom-water
pH, dissolved oxygen confent, temperature and con-
ductivity were made using a Martek Mark V Water
Quality Analyzer. Sample depth was alse recorded.

A number of standard observations, as well as the
Martek data, were recorded on lake-sediment and
lake-water field data cards for the corresponding
sample taken at each sample site, The field data cards
have been described by Garrett (1974),

Air drying generally resulted in the organic-rich
bottom sediment samples becoming extremely hard
The samples were disaggregated, using a mortar and
pestle and an alumina ball mill, to obtain a fine
powder which could pass through a minus 80-mesh
gieve.

A 1-g sample of minus 80-mesh lake sediment was
digested in a test tube with 8 ml of 2 4M HNQ,- 1M
HC1 mixture overnight. After digestion, the sample
solution was cooled to room temperature and diluted
to 20 m! with distilled water. The contents of Cu, Zn,
Fe, Mn, Pb, Co and Ni were estimated by atomic
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-absorption spectrophotometry. Analyses for the latter
three elements were carried out using simultaneous,
automatic background correction,

A B00-mg sample of minus 80-mesh lake sediment
was decomposed in 1.5 mi of concentrated HNOQO, over-

TABLE 1 — Surface Lake Waters — Renfrew
min. x—2¢ X—g X %o xX-b2¢ max,
— | Temp,°C | 10,0 121 131 M2 152 163 170
g1pH 1.8 1.9 8.0 8.1 8.2 8.3 8.5
5 | Cond., 13 8 Fit 132 154 256 297
= § amho/em
0z, ppm 23 6.3 19 95 111 127, 138
U 0.0 - 0.02 007 023 079 30
In #0.2 — — 0.4 0.9 22 M
| Cu .2 — — 0.3 0.5 0.9 1.8
g | Ph 2.0 - — 2.1 2.6 33 65
S| to *1.0 — — L5 2.7 4.8 5.0
ﬁ i *j,2 — 06 1.8 e 17 105
§|fe *5 — 10 39 157 83 2394
Mn * — — 0 48 115 508

*Values equal half detection {imit;
alt metat values in ppb (ng/mb};
204 samples,

night, 0.6 ml of concentrated HCl was added and the
solution was allowed to cool to reom temperature. An
8-ml aliquot of a 12560-mg/ml Al solution was then
added and the solution was made up to 10 ml with
distilled water, Mo was estimated by direct aspiration
of the sample solution inte the nifrous oxide - acety-
lene flame of an atomic absorption spectrophotometer,

A 50-mi aliquot of the acidified water sample was
extracted in 6 ml of MIBX with 8 ml of 1% APDC.
The contenfs of Zn, Cu, Pb, Ni and Co in the concen-
trate were estimated by atomic absorption spectro-
photometry. The contenis of Mn and Fe in the water
samples were determined by direct atomic absorption
spectrophotometry.

The delayed neutron activation method of analysis,
by which the lake-sediment samples were analyzed for
total U, was developed by Atomic Energy Canada Lid,,
Commercial Products Division, and is described in
some detail by Boulanger et al, (1975).

The fluorometric method of analysis of the lake-
water samples for acid-extractable uranium was based
on that described by Smith and Lynch (1969).

The organic carbon content of a lake-sediment
sample is proportional to the per cent weight loss on
ignition (Coker and Nichol, 1975}. Loss on ignition
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FIGURE 2 — Distribution of uranlum In surface lake waters, Renfrew area, Ontarlo.
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(L.0.1.) was determined on a 1-g¢ portion of sample
by ashing during a three-hour, time-controlled temper-
afure rise to 450°C.

Results and Discussion

A summary of the analytical data for 204 surface
water samples is presented in Table 1. Both physical
and chemieal measurements are given. Temperature,
pH, conductivity and dissolved oxygen content were
found fo be distributed normally, whereas trace metal
contents were found to he distributed log normally.
pH was observed always to be alkaline and to ex-
hibit little variation from site to site. The range of
7.8 to 8.5 suggests that carbonate-bicarbonate buf-
fering is controlling water acidity, It is considered
that these small pH variations will not have a signifi-
cant effect on the levels of trace metals measured in
the lake waters., Conductivity measurements yielded
the lower set of values in granitic terrane and the
higher set of values in carbonate-enriched terrane, as
might be expected, All surface waters were more or
less oxygenated; the effects that the observed varia-
tions might have on' the nature of speciation of U
and Mo in particular are not yet known. Of the trace
metals, Ni, Pb and Zn sometimes reached high local
levels (Table 1)}, compared with respective mean

values for the whole region. U values reached 8.0 pph,
compared with & regional mean of 0.07 ppb. By com-
parison, Cu data are relatively featureless. Fe and
Mn were also determined to provide information on
mechanismg which may exert some control on observed
levels of U.

The distribution of elevated U values in the sur-
face lake waters appears to be confined to the peri-
phery of certain granitoid intrusives (Fig. 1.); viz,,
those near Hurd Lake and west of White Lake (Fig.
2}. Zn and Pb were found to be highest in lakes
within Grenville marble units, as would be anticipated
from a knowledge of mineral showings in the study
area.

Although interesting in their own right, data from
water samples are best viewed with complementary
sediment data (Table 2), It is evident from the in-
formation presented that U distribution in sediments
(Fig, 8) is much the same as in waters (Fig. 2). The
same granites are outlined, but some additional areas
of inferest appear around a pegmatitic granite west of
Calabogie Lake,

Exact correspondence of water and sediment
anemalies is missing, however taken fogether the
respeciive data reinforce each other and do direct at-
fention to the same geological features. This s
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*Values equal half detection limit;
trace metal valwes in ppm;

166 samples;

physical data refer to bottom waters,

5 particularly true of the Hurd Lake granite, where there
. : . is an annulus of elevated U values (water, sediments or
TABLE 2 — Lake Sediments — Renfrew both) around the intrusion. Field inspection, using
- _ - . - geintillometers, of some of these locations confirms
min. X—2¢ X—a X %to X+Zo max the presence of radioactive mineralization in peg-
‘ matites and skarns,

. | pepth,m | 1 _ - & 1 17 34 The regional distributions of Mo (Fig, 4) suggest
E Temp,°C | 40 59 92 125 158 141 170 a close correspondence between U and Mo mineraliza-
S pH 76 21 78 806 81 83 1851 tion around the peripheries of the granites, Field
g?nntgﬁ'/cm 14 39 15 273 390 1324 inspection again revealed the presence of molybdenite
04, ppm 02 — 38 68 106 144 14.8 showlings in a number of old mining operations west
of Hurd Lake, some of which were observed to be
radioactive (A, E. Soregaroli, G.8.C., pers. commun.).
Hlo gg H} gg gé l#? :1;.'?34] 23:-]36 Another area of high Mo values oceurs in amphi-
in 17 7 g 73 115 184 706 bolites, schists and paragneisses in the Mount St
= |0y *] 6 it 21 B 68 151 Patrick highlands. In this case, however, there are no
E Db g - ¥ }4 [T U highs associated with the known Mo occurrences,
£ g‘; ,,% _ g g g ﬂ ?g which are located entirely in paragneiss (A, E. Sore-
E‘ Mn 24 g 165 338 691 1100 garoli, G.5.C.,, pers. commu_n.) Rather, the overlap-
Fe & 61 16 32 0. 1.3 25 12.7 ping U and Mo anomalies lie to the south of the Mo
LoL% 1 6 271 4 62 - - 90 mineralization and appear to be related to a granitoid

intrusive,

These observations lead to the conclusion that there
are two types of Mo mineralization influencing the

hydrogeochemical survey data. The first type is that
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which is found in the contact metamorphic aureecles
surrounding certain granitoids (e.g,, Hurd Lake).
Molybdenite is found mainly in pegmatites, horn-
blende gneiss and pyroxenites. Occasionally some is
found in frue granite. These Mo aureoles are not
necessarily wholly ceincident with U (or radio-
activity) anomalies, but are always in close proximity.
It is possible that cogenetic Mo and U show dif-
ferent mohilities in this type of environment and have
tended to separafe during metamorphism and remo-
bilization. All of these zones contain considerable
carbonate-enviched skarns and their presence may
have a bearing on the nature of remobilization
processes. Moreover, the skarns themselves could well
be of interest ag hosts of U-Mo mineralization.

The second type of Mo mineralization is that which
is associated with interfingered gneisses and car-
bonate-rich skarns, and which, on the basis of field
examinations, does not show much radioactivity. The
Mo showings at the defunct Ross-0’Brien Mine are
typical examples.

At the Hunt Mine, a granite intrusive is fo be
found well within the mineralized zone, but there is
apparently no associated radioactivity.

The distribution of Cu in sediments is shown in

Figure B, but it would seem that the Cu occurrence is
related to granites rather than to metasediments,

Other element distributions, such as Zn, Ni, Pb, Co,
Mn and Fe, were studied, However, there is no in-
dication in the data derived from this survey that
these could be useful as indicators of possible U
mineralization. Moreover, there is no evidence from
known mineral showings that such relationships eould
be anticipated.

Figure 6 is an elemental association map which dis-
plays the top 16% of data for each of U, Mo, Cu, Zn
and Pb [i.e, all values > (% + 1¢)]. Using an em-
pirical form of cluster analysis, which is based on
elemental assemblages as represented by known
mineral cceurrences, a series of anomalous zones have
been outlined.

In summary, these are: U and Mo assceciations
around granites and pegmatites near Hurd, White and
Calabogie lakes; Mo mineralization in the Mount St.
Patrick highiands; and Pb and Zn associations west
of Hurd Lake and north of Mount St. Patrick village,
both in Grenville marbles.

The latter Pb-Zn anomaly cannot yet be related to
any known showings and is worthy of further in-
vestigation for possible Zn occurrences.
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Conclusions

The usefulness of detailed hydrogeochemistry in the
gearch for U mineralization in the Grenville geo-
logie province of Ontaric has been demonsirated
clearly,

At the detailed scale employed, it has proved pos-
sible to oufline areas wherein targets of limited size,
such as the Hurd Lake radioactive pegmatites, may be
located, Both waters and sediments can be sampled
with positive resulis, although each has its own ad-
vantages. Waters can be collected anywhere and,
except for the very large lakes, neither size nor per-
manence seems important. Sediments may be usefully
employed in true lakes and old swamps. They can
vield further useful data on elements other than U
which may prove to be accessories in U mineralization
assemblages. The prospecling level of sampling has
proved to be efficient in outlining favourable geology
and perhaps certain structures with possible mineral
potential, The next stage of the hydrogeochemical pro-
cedure would be fo use stream sediments and waters
to fill in gaps in coverage.

On the ofher hand, the broad extent of the anom-
alies outlined indicates that reconnaissance-scale lake-
sediment geochemical sampling every 18 km® (b mi.®)
using lakes, the larger ponds and true swamps, would
be successful in locating these zones,

There is clearly a definite value in interpreting the
hydrogeochemical dispersion patterns in terms of
elemental associations which are based on 2 knowledge
of trace and minor-element chemistry of known
mineral assemblages in the study area., Perhaps data
conld be more usefully presented in this rather sim-
plistic form of cluster analysis, which has a very
sound basis in fact,

The same scale of drainage-basin lake sampling
would also seem to be of value in seeking Pbh-Zn
prospects in Grenville marbles and skarns and also
for loeating new Mo ocecurrences in metamorphosed
gediments,
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Geosat Committee 1n U.S. Sets Goals

ARTHUR A. BRANT, consulting geo-
logist and a director of the Geosat
Committee, reports that the fol-
lowing operational framework has
evolved. The corporation or com-
pany assuming membership by
contribution (the only t{ype of
membership available) is asked fo
permit designated and appropriate
personnel to periodicaily serve on
Geosat subcommittees or panels
for what in total may amount to
about two weeks per year,

From this technieal, and to some
extent managerial, pool the ongo-
ing subcommittees are formed,
and panels, to deal with specific
items, are assembled. These panels
informally interface with NASA
or similar agencies in the planning
and specification stages on an
item-by-item basis, feeding in the
desirable geologic objectives. The
panels report back to the ongeing
Geosat subcommittees,

Such panels at present are in-
volved in:

(1) the planning and specifications
of the possible Stereosat mission
of 1979 or 1980, to provide world-
wide stereo coverage;

(2) the orhital flight test (OFT)
shuttle experimental camera mis-
sion, 19807 — the geological and
carfographic paramefers essen-
tially coincide;

(3) evaluation of the Seasat and
OFT shuttle radar test data, 1978
and 1980;

{4) selection of geologie test cases
to be covered and/or evaluated by
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existing and experimental techno-
logy, 31997;

(6) NASA — Mineral and Energy
Resources — tentative B-year re-
search plan;

(6) presentation by Geosat for the
necessity of raw data being avail-
able as an output form of all geo-
logically relevant space data
acquisition,

The following ongoing Geosat

subcommittees are funectional:
(1) A Satellite Technology Sub-
commitiee fo evaluate present and
future technological means and
capabilities.
{(2) A Geological Objective Sub-
committee to establish the desir-
able indicative geclogical parame-
ters that should be sought,

(3) An Industry Advisory Subcom-
mittee to assess the direction and
results of the Geosat effort.

(4) A Governmental Liaison Sub-
committee to present the govern-
mental agency side, with repre-
gentatives from NASA and the
U.8.G.8. and hopefully from N.S.F,
and the Association of State Geo-
logists.

{(6) A Public Relations and Educa-
tion Subcommitiee, to provide and
disseminate to industry and the
geologic profession information
on Geosat efforts, and on remots
gensing pofential and problems.
{6} A Benefits Evaluation Sub-
committee to assess the applica-
tion, and, if possible, the economie
benefits that could result.

Precambrian Field Excursions

As PART of the Graduate Course in
Precambrian Field Geology, the
University of Toronto will again
be running two 14-day field ex-
euraions. The first excursion,
September 10-24, will cover Ar-
chean and Proterozoic geological
problems, including the examina-
tion of classical areas in the Supe-
rior Geotraverse region (Pickle
Lake - Atikokan - Shebandowan -
northern Minnesota) - Thunder
Bay region - Michipicoten avea -
Sault Ste. Marie region. The sec-
ond excursion, October 10-24, wil}

cover the Elliot Lake - Sudbury -
Timmins - Kirkland Lake - Noran-
da - Cobalt - Grenville Province
region, Emphasis is placed on
using the field exposures and rela-
tionships as insight into funda-
mental problems of the Precam-
brian crust.

Interested persons should con-
tact A. M. Goodwin or W. M.
Schwerdtner, Department of Geo-
logy, University of Toronto, To-
ronto, Canada. Cost estimate will
be made available on request.
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MINERAL EXPLORATION TECHNIQUES

Reconnaissance-Level Geochemical and
Radiometric Exploration Data from the
Vicinity of the Rabbit Lake Uranium Deposit

E.M. Cameron and S.B. Ballantyne,
Geologlcal Survey of Canada,
Ottawa :

Abstract

Reconnaissance radiometric and
geochemical date have been obtained
Jor an area on the western shore of
Wollaston Lake that ineludes the Rab-
bit Lake uranium deposit. The study
area is extensively drift covered, The
geochemical data were obtatned by
analysis of center-lake sediments and
surface waters for a variely of ele-
ments and other constituents, The air-
borne radiometriec data comprise
measurements of el, eTh and K ob-
tained with a 50,000-cc Nal (T1)
detector at a mean terrain clearance
of 120 m and &-km flight-line spac-
ing.

Urantum - in lake sediments and
uranium in waters are the most ef-
fective geochemical indicators of
wranium  mineralization; the other
elements measured ave not nolably
anomalous. A sample site density of
one per 13 kw? is more than adequate
for identification of the mineralized
area. Becouse many water samples
contain close to or below the eurrent
analytical detection limit of 0.05 ppb
U, the use of sediments is generally
favoured for broad-scale reconnais-
sance in the region. Uranium in these
lake sediments appears to be litéle

influenced by wvariations in the or-
ganic or {ron and manganese content,

The most effeetive radiometric in-
dicator of the mineralization is the
elU/eTh ratio. This parameter 1s less
influenced by environmental varia-
tion on the ground beneath the flight
line than ell alone, The eTh/K ratio
i anomalous wunder the Athabasca
Formation wunconformmity where, in
places, the wranium mineralization is
localized,

Introduction

THE GEOLOGICAL SURVEY OF
CANADA commenced in 1575 a
Federal-Provincial Uranium Re-
connaissance Program (U.R.P.)
(Darnley et al, 1975). One com-
ponent of this program is geo-
chemical reconnaissance within the
Canadian Shield using lake sedi-
ments and lake waters as sampling
media (Cameron and Hornbrook,
1976). In the Shield, the other
component of the program is air-
borne radiometrie surveys at 5-km
line spacing.

One of the first areas chosen
for both geochemical and radio-
metric reconnaissance was a 52,000-

B Iion Cameron was born in Inverness, Scotland, and re-

tion.

il B

ceived a PhD degree in geology from the University of
Manchester, Since 1967, he has been head of the Geochem-
istry Section of the Geological Survey of Canada. His
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istry of sedimentary rocks, statistical methods applied to
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S. Bruce Ballantyne was born in Stratford, Ontario, He
worked several field seasons in mineral exploration in
Northwestern Ontario before obtaining his degree in earth
seiences, in 1973, from the University of Guelph. After
joining the Geological Survey of Canada in 1874 as an
applied geochemist, he was involved with geochemical
studies in the Northwest Territories and Saskatchewan
and is currently concerned with a geochemical uranium
reconnaissance program in British Columbia.

Keywords: Mineral exploration, _Exploration techniques, Reconnaissance ex-
ploration, Geochemical exploration, Radiometric exploration, Rabbit Lake
deposit, Uranium, Factor analysis, Statistical data.

76

km? area of northwestern Mani-
toba (reconnaissance survey areas
6-9, Fig. 1). This area is heavily
drift covered, with outerop amount-
ing to only 1%. Because most
previous lake-sediment surveys in
the Shield had been carried out in
areas of much less extensive drift
(e.g. Allan ef al, 1973a, 1973b), it
was necessary to test the method
in terrain similar to that of north-
western Manifoba. Fortunately, to
the west, across the Saskatchewan
border, there is the Rabbit Lake
uranium deposit of Gulf Minerals
{Canada) Ltd. on the southwest-
ern shore of Wollaston Lake, This
deposit occurs in terrain that is
similar to that of northwestern
Manitoba, both in terms of solid
and surficial geclogy, Through
the cooperation of Guif Minerals
{Canada) Lid., lakes within the
company’s property were sampled
in the latter part of September,
1974, prior to the start of the
U.R.P. in 1975, ‘The vesults of this
crientation study were sufficiently
encouraging that the full-scale peo-
chemical reconnaissance of north-
western Manitoba was carried out
in 1975, These data from Manitoba
have since been released (Horn-
brook et al, 1976). Also in 1975,
an airborne radicmetric survey
was carried out in northwestern
Manitoba and parts of Saskatche-
wan, Part of the area covered in-
cludes the Gulf Minerals {(Canada)
property, This report deseribes the
results of the 1974 geochemical
orientation survey and the 1975 air-
borne radiometric reconnaissance
of this property.

Center-lake, organic-rich sedi-
ments and surface waters were
collected using a helicopter. Sam-
pling conditions were not ideal,
with thin ice coating many of the
lakes. This imited the number of
sites available for sampling, A
basic sampling interval of one site
per 13 km* was used, but this was
supplemented by addifional sam-
ples, near known mineralization,
The radiometric measurements for




eU, eTh and K were obtained at a
mean terraln clearance of 120 m
and a speed of 190 km/hr using a
50,000-cc NaI{Ti} detector array.
The flight-line spacing was ap-
proximately 5§ km, The radiometric
data have been corrected for back-
ground, height variation and
spectral scattering (Grasty, 1972},

The writers wish to thank F. C.
Perry, explovation manager for
Gulf Minerals (Canada) Lid., and
hig staff for kindly facilitating the
geochemical study reported here.

Description of Study Area

The survey area is located on the
western shore of Wollaston Lake
(Fig. 2). The elevation of the lake
iz 398 m and the maximum eleva-
tion is 522 m. There is an
abundance of lakes, but no greater
than that found over much of the
Canadian Shield. The couniry is
moderately densely forested,

GEOLOGY

The area was mapped at recon-
naissance seale by Fahrig (1958)
and in greater detail by Wallis
{1971). A greatly simplified map,
based on the results of these
workers, is shown in Figure 2, In
general, the rocks are poorly ex-
posed.

The Proterozoic Athabasca For-
mation, comprising flat-lying, un-
metamorphosed conglomerates and
quartz sandstones, overlies a
series of metamorphic and igne-
ous rocks. This series contains
metamorphosed arkosie, quartzitie,
psammitic, pelitic and calcareous
sediments and mafic rocks. These
are intruded by coarse-grained
granites and pegmatites. The
metasedimentary rocks are tightly
folded along northeast and east-
northeast trends and are meta-
morphosed to mid-amphibolite fac-
jes. The metamorphism is of
Hudsonian age.

SURFICIAL GEOLOGY

Because of the extensive glacial
cover, the surficial geology is of
particular importance in inter-
preting the geochemical and ra-
diometric results, Part of the study
area has been mapped by Wallis
(1971), and his map is reproduced
in only slightly modified form
(Fig. 38). Glacial cover thickens
from east to west, with an esti-
mated 50 m of drift along the
western margin. Striae, drumlinsg
and other directional features in-
dicate that glacial transport was
from the northwest,
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FIGURE {1 — Index map showing the Wollaston Lake study area and other orienta-
tlon and reconnalssance geochemical surveys for uranlum within the Canadian
Shieid carried out by the G.8.C. during 1974 and 1975,

ECONOMIC GEOLOGY

The Rabbit Lake deposit has
been deseribed by Knipping (1974).
The orebody oceurs immediately
below the Athabasca Formation
unconformity in brecciated dolo-
mites that form the axial portion
of a northeast-trending synform.
Primary uranium minerals are col-
loform and massive pitehblende,
sooty pitchblende and some cof-
finite. Only minor quantities of sul-
phides are present, and Knipping
found a dearth of other metals in
the ore (e.g. =200 ppm Cu).

The orebody bottoms at shallow
depth {~ 100 m), and this was one
of the features that led Knipping
to suggest that it was derived by
supergene enrichment beneath the
unconformity. He suggests that
uranium released by intense surface
weathering was carried in sub-
surface waters migrating through
the highly permeable base of the
Athabasca Formation. It was
trapped at the present location of
the orebody by a pH-Eh “barrier”,
Based on data by Fahrig (1961),
Knipping believes that water flow
was from east to west along the
existing paleoslope,
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Prior to discovery of the deposit,
an airborne radiometric survey,
carried out at 45-60-m terrain
clearance and 0.40-km spacing,
located the target anomaly. This
was 0.8 km long and showed a peak
of two times background (Cawley,
in Wallis, 1971, p. 59). Outwash
from an esker obscured bedrock,
but mineralized float was found in
test pits. Cawley quotes a strike
length of at least 430 m for the
body and grades of 0.18%-0.66%

30?.

CONTAMINATION

In 1974, when lake sediments
and waters were sampled, some
changes had been made in the
natural environment. Rabbit Lake
was almost completely drained. The
orebody, located on the south side
of the lake, had been trenched, but
had not been excavated for min-
ing. A number of roads had been
driven through the mining area
and the mill was almost complete,
What effect did this have on the
composition of the geochemical
samples? For the sediments, the
sampling device used collects ma-
terial from greater depth than that
influenced by historical events.
This has been shown by W. Coker
(unpublished data) for lakes near
the uranium mines in the Bancroft
area of Ontario. For the waters, it
is probable that Rabbit Lake wa-
ters and those of the two lakes
down-drainage to Pow Bay (Fig.
3) have been affected by mining
activities. This question will be
discussed later in the report.

TABLE 1'— Statistical Data and Factor Analysis Matrix — 95 center-lake sediments and surface waters
VARIMAX FACTOR MATRIX
STATISTICAL DATA
Factor 1 2 3 4 5 6 7 8§ 29
Log
Geometric | Arithmetric { Standard Sum of

Unit Mean Mean Deviaticn Range Squares  2.63 2.41 2.36 2,37 1.85 1.26 1.07 1.03 0.65
% 224 303 38 20 — 885 1 LOJ, 90
% 140 2.44 A5 018 — 180 | Fe .87
ppm 209 a8 A7 20 — M50 1 Mn 28 88
ppm 6. 92 33 10 — 630 |2n A9 26 . A2
ppb 32 A0, 32 5 — 140 |Hg k] 35
ppm 11,0 13.0 27 3 ~— 53 Cu g1 32 49
ppm 1.9 2.9 34 <2 - 21 |Pb 98
ppm 5.6 1.2 W3t < & — 30 |Ni 87
ppm 31 41 32 <2 — 18 |[¢o b8 .70
ppm 0.15 0.18 23 < 02 — 06 |Ag 94
ppm 3.8 4.7 32 <1l — 50 JAs A4 43 .37—51
ppm 2.2 29 30 <2 — 20 Mo KK
ppm 43 19, .53 07 — 568 | Usen LY .28
ppb 0.05 0.66 5t < 005 — 24 | Uwassg 90
ppm 6.4 8.1 32 < 10 — 456 | Alkalinity 28 .92
— — 6.71 - 460 —  7.30]| pH 92
hthos 28.8 3.3 21 135 — 141 Conductivity Jl 63
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Geochemical Results
ANALYSIS

Air-dried sediment samples were
pulverized, then sieved to obtain
the minus-80-mesh fraction. Zn,
Cu, Pb, Ni, Ce, Ag, Mn and Fe
were determined by atomic-absorp-
tion methods after exiraction with
cold 4M HNO,/M HClL Background
correction was used for Pb, Ni, Co
and Ag. Mo was also determined by
atomic absorption, but after hot
concentrated HNO,; and HCI diges-
tions. A cold-vapour atomie-ab-
sorption method was used for Hg
after digestion in eold HNQ.,/HCL
Arsenic was measured colorime-
trically using silver diethyldithio-
carbamate after extraction in 6M
HCL The uranium analysis was
achieved by delayed neutron count-
ing. Loss on ignition (L.0.1.) was
determined by heating to 500°C
for 3 hours, L.0.1. is measured as
an index of organic eontent., Coker
and Nichol (1975) found a very
close -correlation between L.OIL
and carbon content for lake sedi-
ments over a wide range of concen-
tration: 1.0.1.% = 2.4 x C%.

Water samples were collected in
500-m!l polyethelene bottles. They
were not acidified and all measure-
ments were made within one month
of sampling. U was measured
fluorimetrically on 5-ml aliquots,
Because of the low content of T,
careful duplicate determinations
were averaged. Alkalinity was
measured as ppm CaCQ0, equivalent
and conductivity as pMhos at
26°C.

For certain elements, arbitrary
values were assigned for cencen-
trations less than the detection
limit. Yor these, the detection limit
and the arbitrary value (in brack-
etaYare: Pb 2¢1), Ni 2(1), Co 2(1),
Ag 0.2(0.1), As 1(05) and Mo
2(1), all as ppm; and Hg 10(5)
and U in water 0.05(0.02) as ppb.

STATISTICAL DATA

Statistical data for the 95 pairs
of sediment and water samples are
given in Table 1. Cu, Hg Pb, Ni,
Co and Ag are present in the sedi-
ment samples only at background
concentrations., Anomalous amounts
of Zn, As, Mo and U are present
in certain samples, The latter ele-
ment shows very strong variation,
and highly anomaslous concentra-
tions to in excess of 100 times
background, as represented by the
geometric mean (Table 1, Fig. 4).

Fe, Mn and the L.0.I, index of
organic content was measured be-
cause of the control these compo-
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FIGURE 4 — Uranlum content of lake
sadiments.

nents may exert over trace metal
concentrations. ‘Their relatively
high variability (Table 1) indicates
that this set of sediment samples is
not particularly homogeneous. In
part, this may be related to the
difficult sampling conditions, The
presence of lake ice did not always
allow the optimum sampling site
to be chosen.

For the waters, the low back-
ground content of U should be
noted, In a relative sense, however,
this component shows even more
anomalous values than U in sedi-
ments, with contents to approxi-
mately 500 times the geometrie
mean down-drainage from the ore-
body. (Fig. 6)., The pH is near-
neutral in most samples, although
one water had a pH of 4.6. The
conductivity measurements show
that most waters have a low con-
tent of digsolved solids. Alkalinity
is also mostly low, with scme
moderate values.

FACTOR ANALYSIS

The inter-element relationships
may most conveniently be sum-
marized in a faector analysis ma-
trix. The Varimax matrix given in
TFable 1 was computed using Pro-
eram Geofact (Cameron, 1867).
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FIGURE 5— Uranium content of lake
waters.

Logarithmmieally transformed data
were used for all variables except
pH, because the element distribu-
tions more closely approximate a
log-normal than a normal distribu-
tion., The matrix comprises 9 fac-
tors that account for 929 of the
total data variance., Only factor
loadings greater or equal to 0.26
are shown. Factor scores {Cameron,
1967) were also computed and
plotted on maps. The following
conclusions were drawn by exam-
ining the factor matrix and score
maps:

(a) — U in sediments and U in
water are strongly associated with
each other (factor 2) and with
known mineralization. Factor 2
also contains a fairly strong lead-
ing for water conductivity, and
weaker associations are indicated
for Cu and alkalinity in the water.
It should be noted that there are
no strong assoclations between
other trace metals and this ‘“wra-
nium mineralization factor”. This
is not surprising in view of the
"pure” nature of the uranium
mineralization noted by Knipping

(1974}, An important feature
shown by this factor is that
neither organic material (as

L.0.L) nor Fe or Mn appear to
have any notable influence on the
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U content of lake sediments.

This supports similar conelusions
reached by Cameron and Horn-
brook (1976) and by Cameron and
Allan (1973).

(b) — There is a strong associa-
tion - among alkalinity, pH and
conduetivity (factor 3). This un-
doubtedly reflects the influence
of the carbonate rocks on the wa-
ter chemistry, U in sediments and
Mn have weak loadings on this
factor.

(¢) — Organic matter (as L.Q.1.)
does appear to have a positive in-
fluence on the precipitation of
Hg and Cu and, to a lesser extent,
Zn and As (factor 1). However,
here fhe effect is on samples with
background concentrations of
these metals. In the case of Zn,
the influence of organic matter in
center-lake sediments has been in-
vestigated by Garrett and Horn-
brook (1976).

{d) — e and Mn are shown to
be strongly associated by factor
4, probably as Fe-Mn oxides in
the sediments. There are weaker
loadings for Co, As and Hg on
this faetor, which may indicate
some contrel on their precipita-
tion by these oxides,
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(e) — TFactor 6 shows a strong
correlation between Ni and Co,
and there arve weaker loadings for
Cu, Zn, As and U. The factor rep-
resents low-level wvariation in
these elements, because samples
with high positive scores contain
only 6-30 ppm Ni and 2-18 ppm
Co. Although the origin of the
factor is not known, many of the
samples with high factor scores
oceur within a few miles of Rab-
bit Lake.

(f} — Much of the variation of
Mo and Pb and a large part of
that for Zn is independent of the
other variables measured (factors
7, 8, 9). Of the three, only Zn is of
possible economic interest. Sam-
ples with 680 and 250 ppm Zn
occur west of Ahenakew Lake
and samples with 470 and 450
prm oceur in the Cunning Bay
area. These values are definitely
anomalous. For 3670 center-lake
samples from noerthwestern Mani-
toba, the 95 percentile is 180 ppm
Zn (Hornbrook et al, 1976).

(g) — The nature of factor 6
(Ag vs As) is unknown. It should
be interpreted with caution, as
all but 14 of the samples have Ag
contents at or below the detection
limit. However, it ig of interest
that all 14 samples, containing
0.4-0.6 ppm Ag, occur in the gen-
eral vicinity of the Rabbit Lake
deposit.

URANIUM DISTRIBUTION

By far the most effective in-
dicator of known U mineraliza-
tion in this area is U itself. With
the possibie exception of . water
conductivity, the other variables
measured are of little value for
reconnaissance-level exploration,

Uranium in sediments (Fig. 4)
shows an extensive and well-de-
fined anomaly that les mainly
to the south and the southwest of
the deposit. The highest values
are found in Rabbit Lake itself,
down-drainage from Rabbit Lake
(toward Pow Bay) and in a lake
8 km south of Rabbit Lake (83
ppm U). There is a very sharp

cut-off to bhackground values
north of Rabbit Lake.
Uranium in waters (Fig. &)

provides an anomaly that is al-
most identieal in distribution to
that of U in sediments. However,
the area enclosed by the 0.05-ppb
U eontour, at 180 km? is smaller
than the very extensive sediment
anomaly of 216 km® enclosed by
the 5-ppm U contour, This differ-
ence may very largely be caused

by the 0.06-ppb detection limit
cut-off for U in waters.

The high values for U in sedi-
ments in Rabbit Lake and down-
drainage from Rabbit Lake testify
to the active oxidation and dis-
persion of this element from the
deposit, An examination by the
senior author of the south shore

-of the drained Rabbit Lake, near

the deposit, showed a thick erust
of iron oxides on boulders up to
the original water line. This would
suggest acid leaching of the de-
posit, with precipitation of iron
in the neutral lake waters. Knip-
ping (1974, p539) notes that:
“The process of leaching and
deposition is going on at the pres-
ent time, Waters issuing from
fractures in the orebody or from
diamond drill holes are strongly
uraniferous”,

The highest U values in sedi-
ments and waters come from lakes
on and marginal to an area of
bedrock exposure and thin drift
which lies along a prominent topo-
graphic ridge that trends south-
west from Pow Bay (Fig. 8). The
Rabbit Lake deposit lies on the
northern flanks of the ridge. The
anomalous trend continues south-
west from the ridge over a largely
drift-covered area. Because this
direction parallels the direction
of glacial transport (and the
strike of the metamorphie rocks),
it suggests that, perhaps, mineral-
ized bedrock fragments were car-
ried southwestward by ice. The
resulting drift has been leached
by groundwaters, releasing U to
the lake systems. Considering the
distribution of the main U anom-
aly in relation to ice direction and
the ridge, it is doubtful if the
anomaly has been solely derived
ifrom mineralization transported
from the Rabbit Lake deposit.
Since the discovery of this ore-
body, intense prospecting has
been carried out in the area, Two
additional deposits have been
found (Northern Miner, 4 March,
1976), but their location is not
known. These deposits may be
substantially influeneing the geo-
chemical patterns shown in Fig-
ures 4 and 5. Note should also be
taken of the satellite lake-sedi-
ment anomaly directly south of
Hidden Bay., The peak of this
anomaly, 17 ppm U, lies in a drift-
covered area southwest of the
peninsula between Hidden Bay
and Otter Bay, On this peninsula,
over bedrock exposure, including
carbonate horizons, the mmost
anomalous eU/eTh radiometric
measurement was obtained ‘(see




discussion below). Here also there
may have been southwestward
transport of mineralized bedrock.

INFLUENCE OF CARBONATE
ON URANIUM MOBILITY

The mobility of U is enhanced
in carbonate-bearing waters. In
Figure 6, the principal features
of the distributions of lake-water
pH and alkalinity are shown.
There are two prineipal areas of
increased alkalinity and pH, The
first is south and east of Rabbit
Lake, the other south of Hidden
Bay. Both areas contain carbonate
rocks (Knipping, 1974; Wallis,
1971) and both have anomalous
contents of U in lake sediments
(Fig. 4).

Cameron and Hornbrook (1976)
have compared the spatial corre-
lation between U in lake sedi-
ments and lake waters within four
areas in the Canadian Shield, A
poor correlation was found in two
areas where carbonate rocks are
abundant (Renfrew, Ontario, and
Foxe Peninsula, Baffin Island).
Presumably, the higher carbonate
content of these waters retards
the precipitation of U from U-rich
waters, producing a poor correla-
tion between the two media. For
two areas where carbonate rocks
are less abundant (Kasmere Lake,
Manitoba, and the area reporied
here), the correlation is good.
Maurice (1977, this issue) has
diseussed the influence of alkali-
nity on U dispersion for the Foxe
Peninsula. Over a 4,000-km*® re-
gion he showed that, although
uraniferous zones are defined by
the U content of both media, some
zones are outlined more distinetly
by the sediments than the walers
and vice versa, At low alkalinities,
the sediments are most useful; at
higher alkalinities, the waters are
most useful. On the Foxe Penin-
sula, the critical alkalinity sepa-
rating the two fields is approxi-
mately 16 ppm as CaCQ, or, in
terms of pH, approximately 7.4.
Of the 95 water samples reported
here, only 6 have alkalinities in
excess of 16 ppm and only 2
have pH values greater than T4,
Thus, the useful nature of the U-
in-sediment anomaly for the Rab-
bit Lake area, and the good cor-
relation between U in the two
media, tends to eonfirm the ear-
lier findings.

It is of interest to note on Fig-
ure 6 that Rabbit Lake ig situated
midway between a group of lakes
with low pH (4-5) and a group
with high pH (7-8).
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FIGURE T — Abundance and threshold levels for uranium In center-lake sediments

collected during 1974 and 1975 seasons.

IMPLICATIONS FOR
GEOCHEMICAL
RECONNAISSANGE

In Figure 7, the abundance of U
in lake sediments from this area
along the western shore of Wolla-
ston Lake is comparved with data
from lake-sediment surveys, car-
ried out by the G.8.C. in 1974 and
1975. The reconnaissance surveys
were all earried out at a sample
density of one per 13-km*® miles,
In order to make the present data
comparable, a 18-km*® grid was
laid over Figure 4 and one sile
selected from each occupied
gquare, This produced 59 rather
than 95 samples. All U measure-
ments given in Figure T were ob-
tained by delayed neutron count-
ing. This comparison shows that
the Rabbit Lake deposit occurs in
an area of low mean background
content for U, The arbitrary
threshold value is, however, high,
It is of interest that the Kasmere
Lake area, northeast of Wollaston
Lake, and therefore a potential
‘source area’” for U, has a very
high background content for this
element,

In terms of practical reconnais-
sanee, the 13-km® sampling den-
sity i3 more than adequate to de-
tect the 217-km* Rabbit Lake
anomaly. Rabbit I.ake itself, as
the largest lake in its 13-km® sam-
pling grid, and on a well-devel-
oped drainage system, would cer-
tainly have been sampled during
routine reconnaissance, As noted
above, the geochemical contrast
over background for this lake is
in excess of 100. What if the de-
posit had not been situated on the
edge of a lake on a well-deval-
oped drainage chain? Apart from
the Rabbit Lake f{o Pow Lake
drainage, there are three lakes
gsouth of Rabbit Lake with geo-
chemical contrasts in the range 7
to 19 times mean background and
a larger number with weaker con-
trasts.

Uranium in lake waters iz some-
what less useful for reconnaissance,
For the area defined by the 0.05-
ppb confour in Figure b5, the
median U in sediment to U in wa-
ter ratio is 97,000. This is ex-
clusive of the Rabbit Liake to Pow
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FIGURE 8 — Radlometric uranium dis-
tribution, as contours.
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FIGURE 9 — Radiometrlc uranlum dis-
tribution, as profiles. For scale, the
spacing between profiles Is equlvalent
to approximately 75 counts/2.5s.
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Bay drainage, which gives a
median ratio of 23,000, perhaps
indicative of contamination of
these waters, Excluding the latter
drainage waters, all samples are
in the sub-ppb U range, present-
ing difficulties in measurement
with present analytical technology
(Cameron and Hornbrook, 1975).

Radiometric Results

AVAILABLE DATA

Reconnaissance radiometric data
for the siudy area are compiled
on 1:250,000 map sheet 64L, Wol-
laston Lake (Anon., 1976). This
information has been published
as:

(a) Stacked profiles of seven
radiometrie parameters for each
flight line. They are: integral
counts per 0.5 second; U, Th and
K counts per 2.5 seconds; and the
concentration ratios eU/eTh, eU/
K and eTh/K. Factors for con-
verting airborne measurements to
element concentrations were ob-
tained by reference to test strips
of known concentration (Grasty
and Charbonnean, 1974).

(b) Contour maps of: integral
count; the el, eTh and K concen-
trations; and the eU/eTh, eU/K
and eTh/K ratios. The econtour
maps were prepared by averaging
seventeen 2.5-second counting in-
tervals (equivalent to approxi-
mately 2 km) along flight lines,
after removing intervals over
lakes. This produces a 2-km
(along lines) by &-km (between
lines) grid for contouring. As
the surface area so averaged in-
cludes water in swamps and
ponds, the indicated surface con-
centration will be lower than the
true concentration of outcrops or
overburden,

URANIUM

The contour map for eU as ppm
is shown in Figure 8 and the
profiles in PFigure 9. The former
shows a well-developed anomaly
with a ueak of 1.6 ppm eU striking
southwest from Pow Bay., Along
profiles 22 and 28, this anomaly
shows as a broad ridge of high
values, with maxima of approxi-
mately 80 counts/2.5s. This con-
trasts with a background of 10-
30 counts/2.5s to the north and
south, with maxima to 50 counts/
2.5s.

The peak of 1.6 ppm eU is not
particularly intense compared to
values found in areas near to a
number of other known deposits,

particularly those that have a
genetic relation to igneous rocks
within the immediate area. For
instance, Darnley et al. (1975)
have shown that for Baneroft and
Blind River, Ontario, and Mont
Laurier, Quebee, 7 to 21% of the
areas flown exceed 2 ppm el.

The distribution of this U
anomaly, both in contour and
profile form, may be compared
with the topography and surficial
geology (Fig. 3). Also, in Figure
10 the profiles for a number of
parameters along the Pow Ray-
Hidden Bay sector of flight-line
22 have been ploited in relation
to the known geology. This com-
parison shows that the main
anomaly coincides with bedrock and
a thin till-surfaced ridge trend-
ing southwest from Pow Bay.
This iz the most extensive area
of bedrock and thin till and, with
relief in execess of 300 feet, it is
the most prominent topographic
feature within the study area. In
addition, along line 22 there are
maxima of 90 counts/2.5s at the
ridge and over bedrock exposures
and thin drift on the north shore
of Hidden Bay and on the penin-
sula east of Hidden Bay. To the
west, on line 24, which is mostly
over drift, there are no notably
anomalous features on the U
profile (Fig. 9).

It would thus appear that, in
part at least, the radiometric U
anomalies in the Rabbit Lake area
are caused by bedrock exposure
confrasting with drift and also,
perhaps, by topography. These
features may influence the radio-
metrie measurements in two ways,
Firstly, the transported drift may
have a lower U content than bed-
rock. Secondly, areas of bedrock
exposure, or sloping ground, have
a lower proportion of water-filled
swampy cover than do flat-lying
areas of drift. These waterlogged
areas refard gamma radiation.

Darnley (1973) has advocated
the use of ratios, particularly eU/
eTh, in expleration for U. Their
use reduces the variation caused
by amount of outcrop, variation
in the solid angle of measurement
caused by topographic relief, and
wetness of the ground, In addi-
tion, he notes that, although the
ratios between the three radioele-
ments remain relatively constant
over a wide range of rock types,
they change near U or Th min-
eralization.

Contours for eU/eTh (Fig. 11)
show an irregular anomaly, to
0,20, that increased eastward to
the shore of Wollaston Lake. The
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profiles (I'ig. 12) provide more
useful information. On line 23
there is a hroad plateau with val-
ues at the 0.30 level over the
ridge southeast of Pow Bay. At
either end there are peaks to 0.65.
On line 22 there is ancther broad
plateau in the range of 0.80-0.40,
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with peaks ai either end of 0.60
(north) and 0.80 (south). Farther
south on the peninsula, east of
Hidden Bay, iz the highest peak
of 1.10. Elsewhere on profiles 22
and 28, eU/eTh shows moderate
relief in the range of 0.10-0.40, go
that the peaks south and south-
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west of Pow Bay have a contrast
of 3-4 time average background,

How effective a reconnaissance
indicator are these eU/eTh peaks
south and southwest of Pow Bay?
To judge this, all profiles within
the Wollaston Lake 1:250,000
sheet were examined. This com-
prises an area of 13,000 km?® inclu-
sive of large lake areas. There is a
total of 45 peaks in the range of 0.6-
0.7 eU/eTh, 23 of 0.7-0.8, 22 of 0.8-
0.9, 16 of 0.9-9.10, 4 of 1.0-1.1, 1 of
1.1-1.2,2 of 1.2-1.3 and 1 of 1.4-1.5.
Thus, the peaks of 0.6 and 0.65 are
of limited diagnostic value, but
that of 1.10, found over the penin-
sula east of Hidden Bay, would
ceriainly have drawn attention to
the area. Because the two peaks
greater than 0.66 were detected on
the same flight line, one might
conclude that a reconnaissance
flight-line spacing of 5 km iz ade-
quate, but any increase in this
spacing is not justified.

The eU/eTh peaks on either
side of the topographic ridge
along line 22 ean be seen o be
over areas of drift downslope from
the ridge, Without ground follow-
up, it is not possible to explain
these features. They could be re-
lated to in-sit uranium mineral-
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ization or to the dispersion of the
Ra** decay product of U down-
slope and subsequent trapping in
the swampy, drift-covered area,
However, even if this latfer ex-
planation is frue, it implies the
presence of leachable wranium
mineralization.

OTHER PARAMETERS

The contour maps for the in-
tegral count and for K show
anomalies southwest of Pow Bay
that are very gimilar in form o
that for U. They too are presum-
ably related to the outerop-sur-
faced ridge discussed above. For
the integral, the peak of this
anomaly is 900 counts/0.6s, com-
pared to a background of 800-500
counts/0.6s to‘ the north and
south, and for K, 2.0%, compared
to background values in the range
of 0.6-1.0%. Because both U and
K increase over the ridge, the
contoured eU/K shows only a
weak anomaly,

The radiometric data for Th in
the study area are of interest
Anomalies for this element occur
along the Athabasea Formation
unconformity throughout the area
shown in Figure 2, The pattern
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FIGURE 12— Distribution of eU/eTh
ratlo, as profiles, For scale, the spacing
between proflles Is equivalent to a
eU/eTh ratlo of approximately 0.75.
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is best shown by eTh/K, with
anomalies to 0.0015. This is ap-
proximately three times the back-
ground throughout the Wollaston
Lake 1:250,000 sheet, These anom-
alies are almost certainly caused
by Th-rich heavy mineral concen-
trations in the basal Athabasca
Formation.

Conclusions

The data provided by geochem-
ical and radiometric reconnais-
sance can clearly focus attention
on a restricted area around the
Rabbit Lake deposit. The contrast
of the anomalies is such that in
any large-seale survey of the sur-
rounding region, the Rabbi{ Lake
area would have been a high-
priority target for more detailed
exploration.

In the case of the radiometric
surveys, the eU/eTh ratio is the
most effective indicator of min-
eralization and the b-km line spac-
ing is adequate, For the geochem-
ical surveys, U in both lake sedi-
ments and waters are effective
indicators and one site per 13-km*
is a more than adequate sample
density. If all U-mineralized areas
were to give as strong a response
as the Rabbit Lake area, a lesser
density could be employed. Al-
though U in waters gives a satis-
factory vesponse, its low abun-
dance in these Shield waters rela-
tive to its analytical detection
limit suggests that U in sedi-
ments will be a more effective in-
dicator where the geochemical
contrast of U mineralization is
weaker.

The strongest radiometric and
geochemical anomalies in  the
area come from, or are near to,
areas of bedrock exposure which
oceur along ridges or promi-
nences. The remainder of the
study area, mostly drift covered,
has a generally low abundance of
U, both by geochemical and radio-
metric measurements. The gues-
tion arises as to whether these
areas are low because they are
covered by far-transported drift
of low U content or, alternatively,
whether this drift is locally de-
rived and is reflecting a similarly
low U content in the underlying
bedrock. Although this guestion
can not be authoritatively an-
swered without follow-up surveys,
the available evidence suggests
that the latter alternative is true,
There is a distinet geochemical
anomaly over thiek drift down-ice
from the main radiometric and

geochemical anomalies aleng the
ridge, There is reason to believe
that the presence of relief on the
Athabasea Formation unconform-
ity played some part in localizing
U} mineralization. This is because
the deposit oecurs at approxi-
mately the location where the un-
conformity intersects the base of
the ridge trending southwest from
Pow Bay (Wallis, 1971). Thus,
above-average concentrations of U
in rocks may be quite restricted in
extent within this area,

In this region, the costs of lake-
sediment sampling for uranium
alone at one site per 13-km?® is
roughly comparable to radiomet-
ric surveys at b5-km line spacing.
For each, the cost is approximate-
ly $4 per km® Because of the rap-
idity with which lake waters may
be sampled by helicopter, hydro-
geochemical surveys for U at the
above sample density may be ear-
ried out for approximately $2.50
per km?
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Abstract D

This paper is an attempt to plece Canadian Precam-
brian volcanogenic deposits in perspective, by examining
and compiling date regarding certain neglected funda-
mentals of size, grade, value, frequency distribution and
spatial density. The discovery roles played by various
exploration methods are compared and contrasted, and,
using empirical methods, the probabilities of discovery
are discussed, combined with the use of an effective
‘cost-per-turget’ program, From these basio observations,
realistio exploration judgments may be made, Using simi-
lar methodeology, this format wmay be applied to other
types of deposiis, .

Precambrian velcanogenic deposits ocenr in o netural
geomelrie progression in size. They number 110, of whioch
70% are pre-producers, producers or past-producers.
These deposits are bonanzas and generally have a ‘net
pre-smelter’ value of between $48 and $62 per ton, The
statistically typical deposit is that which occupies the
modal postiion, has 400,000 tons of ore, a value of $20
million and occurs with a frequency of 40%. A median
deposit has 1.4 million tons of ore, & value of $70 million
and ococurs with o frequeney of 15%. An upper-decile
deposit has 13.8 million tons of ore, @ value of 37650 mil-
lion and ocours with o frequency of 6.5%. The major, mid-
upper-decile deposits have a minimum of 50 wmillion tons
of ore, a value of $3 billion and ocour with a frequency of
4%. Five major volcanogenic deposits ocour in the Precam-
brian and account for 54% of production. This contrasts
with 55 deposits (all below the medien) which account for
8.9% of preduction,

The deposits tend to occowr in clusters, and well-devel-
oped, prolific districts, such as Noranda, have ¢ density
of 1 deposit per 28 square miles. This contrasts with the
newer Sturgeon Lake distriet, whiek has a density of 1
deposit per 125 square miles. Relatively ‘Tow-risk' oppor-
tunities occur in areas of high density and offer « better
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mineral exploration for the Falcon-
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In July 1976, Mr, Boldy joined Gulf Minerals Canada
Limited as chief geologist, and is based in Toronto,
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chanee for discovery of medal or median-type deposits.
On the other hand, ‘high-risk’ opportunities oceur in
areas with a low density, and these areas are more likely
to yield a deposit in the upper-decile range,

During the past 20 years, AEM surveys have discov-
ered 17% of the deposits, which contain 419 of the
total tonnage. In contrast, 75 years of prospecting have
discovered 449 of the deposits, which contain 48% of the
total tonnage. Modal, median and wpper-decile ABM dis-
coveries tend to be between § and 4 times larger than
simtlar discoveries made by other methods.

Empirically, realistic odds for discovery oceur in the
range between 100:1 and 500:1, This s substantiated
by the results of several successful exploration com-
panies. Due to the role played by random chance, there
18 1o control over the ultimate size and value of the dis-
covery. However, an_effective ‘cost-per-target’ program
will msure that funds are available o test o sufficient
number of meaningful targets over an (un}certain period
of time. This has been shown to be the cuse with an outlay
of between $500,000 and $15 million, extending up to 10
yeurs in some instances,

Introduction

“THERE is no more common error than to assume
that, because prolonged and accurate caleulations have
been made, the application of the result {o some fact
o Tnature is absolutely certaih”: A. Whitehead, mathe-
matician, .

The use of the word ‘(un)certain’ in the title of
this paper, fogether with a pertinent quotation, sig-
nifies a major paradox encountered by those engaged
in exploration — the uncertainty in making deduc-
tions for the interpretation of basic exploration data,
Deductions within the bounds of subjective reasoning
have continuously to be made, and these are less likely
to pose problems at a later stage if all the relevant
data are available for examination. This will often
show the subtle interrelationship that exists between
‘(un)certain’ facts of nature on the one hand and
exploration data defined in precise mathematical
terms on the other. For example, during the past
twenty years, much effort and many millions of dol-
lars have been expended by about three dozen explora-
tion companies in the quest for volcanogenic metal
deposits in the Precambrian, Most of these companies
were unsuccessful. During this period, considerable
literature on various geologic aspects of these deposits
appeared, However, only a few papers (Agterberg
1971; Derry 1968, 1970; Roscoe 1971; Sullivan 197¢)
were written about certain exploration fundamentals,
Data on deposit size, grade, value, frequency distribu-
tion and spatial density patterns, in addition to the
discovery role played by various exploration methods,
need {o be stated., Probabilities of discovery relative
to the objectives and standards of the exploration
company alse need to be examined and discussed,
together with an analysis of exploration costs based
on a simple ‘cost per target’.

No attempt has been made in this paper to mention
the obviously important role played by geology in
exploration (Sangster 1972). An understanding and
appreciation of the voleanogenic ore environment is
of prime importance, however geology is but one of
the disciplines in exploration, as are geophysics and
geochemistry, business practice and common sense.
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deposits.

Rather, an attempt has been made to place data
in perspective, and to try and define the norm’ and
various levels of central tendency, while relating the
facts of frequency distribution and value of the vari-
ous deposits, their spatial density, the role of various
search methods, and the over-all bearing of these
functions to the probabilities of exploration discovery,

Af best, this paper will have succeeded in its intent
if the reader has become more aware of the wide spec~
trum of voleanogenic deposits that exist in the Pre-
cambrian and certain key factors exhibited by them
— coupled with the role of uncertainty in problems
related to the probability of exploration discovery,

Note on Compilation of Data”

The essential background data come from the Fi-
nancial Post’s Swrvey of Mines publication and the
Northern Miner's Canaedion Mines Handbook, 1975-
1976. In addition, reference has been made to various
federal and provincial publications. Tonnage and
grade figures shown in this paper are a combination
of past production and current ore reserves. The
total figure should not be construed as a final figure
for any deposit. In certain instances, because of in-
complete data and lack of access to ore reserve fig-
ures, certain calculations and projections have had
to be made in order to tentatively classify some de-
posits within specific tonnage groups.

The paper is not intended to be a mathematically
precise statistical presentation, but its use is rather

*Compiled Marech 1978,

CIM Builetin, May, 1977

in describing certain facts as they are known to exist,"
and in making ‘(un)certain’ deductions in the applica-
tion of the results to the field of exploration.

BASIC DEFINITIONS

One of the most essential needs is utilizing a method
whereby a 'measure of central tendency’ can be cal-
culated which is relatively unaffected by a few ex-
treme values, and which would result in a more mean-
ingful deseription of the product in question.

The most commonly used measure of central tenden-
cy is the Average or Arithmetic Mean. However, thia
value is affected by extremes. A good ‘measure of
central tendency’ is that called the Median Value.
This occurs midway in a progression of numbers,
with 50% of the items oceurring above and 50%
below the eritical median value, From this point,
various percentile points in a numbers progression
can be obtained and used as reference points. An-
other ‘measure of eentral tendency’ is that called
the Modal Value. This figure represents the most
commonly occurring value in a numbers progression
and is even less affecfed by extreme values,

For the purpose of this paper, arithmetic average,
median and modal values have been caleulated; in
addition, various percentile points of reference have
been obtained. The significant figures are those that
are based on measures of central tendency.

TONNAGE GROUPS

flor economic reasons, the most significant vari-
able ig that of size, as metal grades more often than
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not oecur within reasonably well defined ranges. A
histogram of a simple arithmetic progression rep-
resents a method whereby an infinite number of de-
posits can be easily grouped. However, for the pur-
poses of this exercise, the geometric progression of
number groups has been taken as more meaningful
and more easily used to show the almost natural order
of distribution (Fig. 1). These tonnage groups, i.e.
A, B, C, D, ete.,, form the base for the calculations
and observations which follow,

FREQUENCY DISTRIBUTION

Utilizing the geometric progression of fonnage
groups, a true as possible representation of the popu-
lation can be obtained and a certain frequency dis-
tribution pattern outlined (Fig. 2), The number of
deposits that occurs in any one group is known, and
their percentage distribution can be calculated and
the results plotted as a frequency distribution curve
which is fairly representative of the total population.

Figures 1 and 2 show that 549 of the fotal tonmage
comes from only five deposits, four of which oceur in
group B and one in group A. In addition, over 75%
of all deposits occur in the three smallest groups, F,
G and H, the largest deposit of which contains less
than 4 million tons, and cumulatively the three groups
in question account for only 1495 of the total tonnage,

A modal deposit oceurs in group H, has 390,000
tons and occurs with 2 frequency of approximately
40%. It also occupies a position just above the lower
quartile. A modal producer has similar chavacteristics,

as

A median deposit, on the other hand, oceurs in group
G, has 1.4 million tons and occurs with a frequency
of approximately 15%. A median producer, however,
has 1.8 tons and oceurs with a frequency of 13%.,
The arithmetic average deposit occurs in group E,
bas 6.85 miilion tons and oeccurs with a frequency of
approximately 859%. A producer in this eategory has
8.9 million tons and occurs with a frequency of 7.6%
Both occur in the upper-quartile range.

Particular attention should be paid to the location
of the upper-decile position with a frequency. of
6.69%, This marks the base of really significant vol-
canogenic deposits with tonnages in excess of 13 mil-
lion tons (Mattabi, Fox, ete,) and 2 minimum deposit
value of $750 million. Only twelve deposits of this
tonnage size are known to date to occur in the Cana-
dian Precambrian, Table I shows the distribution of
certain volecanogenic deposits in the Precambrian and
compares them to others in various tectonic environ-
ments in Canada.

GRADE AND VALUE/TON/DEPOSIT

Grade calculations for the various points of refer-
ence have been made by utilizing normal procedures,
such as ‘averaging’ the values for the various metals
within specific tonnage or type groupings, and, in
the case of the percentiles, averaging the values even-
ly distributed above and below the various percentile
points to obtain the value at the percentile point.

In order to set a certain value against any particu-




TABLE 1 -- Comparative Table — Selected Volcanogenic Deposits in Canada

Class Precambrian Shield Appalachian Cordilleran
Top Deposit Kidd Creek Brunswick 12 Brittania
Mid-Upper Decile Ffin Flan, Horne, Geco, Ruttan Heath Sleele, Caribou —
Upper Decile Mattagami, E. Sullivan, Quemont, Hacket R, Mattabi, Fox, Buchans, Brunswick 6, Murray Sam Goosly?
Manitou-Barvuee -Brook
Upper Quartile Normetal, Barvue, MacDonald, Sherridon, Isok L, Kamkolia, | Tilt Cove, Whaleshack, Gull- Granduc?
Orchan, Willroy, Amulet A, Chisel, Poirier, High L, Iso, bridge, Little Bay, Canoe L, Half
Jungle, Stall Mile L, Clearwater, Armsirong A
2nd Quartile NBU, Mabrun, Lake Dufault (3), Coldstream, Osbourne, Lyon | Eustis, Solbec, Ming, E. Rambler, | Anyox
L, Reed L (2), Anglo-Rouyn, Bob, Louvem, Aldermac, Will- Cugra, Weedon, D'Estrie, Nigadoo,
echo, Agricola L, N. Hosco, Anderson, Joutel, Norita, E. Key Anacon
Waite, Lessard, Coronation, Centennial, Pine Bay
3rd Quartile 0. Waite, Vendome, New insco, South Bay, Wim, Indian Wedge, Huntingdon, Austin Breok, | Weslern Mines, Sunro
: Mtn,, Dunraine, Dickstone, Schist L (2), Coniagas, Tema- Pillays Isl., Harvey, Suffield,
gami, Lemoine, Littfe Stall, Amulet , Jameland, Cuprus, Stratmat W,
Can, Jamieson, Delbridge, Vauze
Lower Quartiie White L, Rail, Birch L, Amufet F, Ghost L, Bell Alard, Garon | Main Rambler, Lockport, York Tulsequah, Hart R
L, North Star, Zenmae, Lyadhurst, Mandy, Flexar gar?oyr, Moulton, Betts Cave,
aplain
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FIGURE 3 - Net pre-smelter value per ton for average, median and modal deposlis, and producers in similar categorles.

lar unit, and in order to compare and contrast the
value of the various units, it was decided to base
the value of a ton of ore on its ‘net pre-smelter value’
rather than its ‘gross value’, using a fized price base
for the various metals. The ‘net pre-smelter value’
excludes all costs, but takes into consideration the
fact that only certain percentages of the metals are
recovered. A fairly typical recovery pattern for nor-
mal concenfrates of the various metals is: copper
90%, zinc 85%, silver 65% and gold 509%. The base
price used for these metals is: copper T0¢/lb, zine
85¢/1b, silver $8.00/0z, and gold $100.00/0z.

There is a relatively narrow range of dollar values

CIM Bulletln, May, 1977

between the percentile-type deposits and also between
the average, median and modal deposits and the
respective producers or past producers in their cate-
gories (Figs. 8, 4, b}, Also, the value of a deposit
in any tonnage group is fairly constant, with the par-
ticular exception of the TAS Kidd Creek deposit and
those in group E (4-8 million ton range) and, to
some extent, group H. Furthermore, the modal de-
posits of northern Manitoba, the median deposita of
Western Ontario and the Northwest Territories, and
the arithmetic-average deposits of the Northwest
Territories are the more valuable deposits in their
class,
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SPATIAL DENSITY :

The spatial density of volcanogenic deposits, or
the cluster distribution pattern, can be classified from
small disfrict-sized blocks to larger regional-sized
blocks (Table 2). Because of the difficulty in outlin-
ing the periphery of a district, the numbers of
deposits that occur within a standard 500-square-
mile block are counted and the density per square

mile caleculated, A similar method was used to cal-
culate the regional density. A possible position for
a district ‘median ratio’ would be approximately 1:50,
which could suggest that those districts with a lower
density could be potentially of exploration interest,
assuming, of course, that all other factors causing the
high density distribution are also present.
Relatively low risk exploration occurs in areas of
high density (i.e, Noranda, Flin Flon, Abitibi) and
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there is a better chance for the discovery of deposits
at least of the modal type for the district, and hope-
fuliy of the median type, until such time as the point
of diminishing return occurs. By contrast, relatively
high risk exploration occurs in areas of low density
(l.e, Timmins, Sturgeon Lake, Slave), or even those
areas with no known deposits. These areas offer a
better chance for the discovery of deposits in the
higher percenfile ranges (greater than the median)
until the point of diminishing return iz reached,

As a matter of further interest, the Abitibi belt
containg 619 of the total voleanogenie base metal
tonnage in the Shield, northern Maniteba contains
28%, western Ontario contains 129% and the North-
west Territories contains 4%, to date, Figures 6 and
T illustrate the distribution of copper and zinc grade
and fonnage for the various districts in the Pre-
cambrian.

ROLE OF EXPLORATION DISCOVERY METHODS

Figure 8 shows the relative position and role
played by various discovery methods, the size group-
ings and frequency distribution of deposits to which
they relate, and the modal, median and percentile
positions of contrasting discovery methods, with
selected examples,

It is interesting to note that aerial geophysics
during the past twenty years has discovered 17%
of the deposifs, which however contain 419, of the
total tonnage. This contrasts with surface prospecting
discovering 449 of the deposits, containing 48% of
the fotal tonnage, over a period of 75 years. Ground
geophysics, in turn, is responsible for 299% of discov-
eries which represent 9% of the total tonnage; and
geological methods (oceasionally supported by geo-
chemistry) have discovered 9% of the deposits, rep-
resenting 29 of the total tonnage.

These data show the important part played by
aerial geophysical surveys over the past twenty years.
A median 'AEM discovery contains 3.30 million tons,
which is nearly three times the size of a median
discovery made by other methods. Furthermore, a
modal AEM discovery contains 2.80 million tons and
is at least four times larger than meodal discoveries
made by other methods, A really significant AEM
discovery would be that which occcurs in the upper
quartile of its clags, which actually corresponds to

TABLE 2 — District and Regional Density Pattern
No. Dansity
District Dimensions | Deposits | per $q. Mile
r(\lgi:gglda ..... ) ......... 500 sq. mis. (%g) (} :%?)
ibougamau)......... " :

! Flin Flon............... " 13 1:38
Snow Lake..,.......... ' 11 1:45
Maltagami. ,........... " 8 1:62
Val d'Or - Barraufe..... i 6 1:83
Timmins............... " 5 1:100
Sturgeon Lake.......... " 4 1:125

No. Density
Region Dimenstons | Depostts | per Sq. Mile
Noranda - Barraute. .. .. 5000 sq. mis. 36 1:139
Flin Flan, Snow L..... .. " 3 1:167
Sherridon

* Tolal Abitibi........... 60,000 sq. mls. 59 1:1000

* Total N. Manitoba, ...... ' 33 1:1800

* Total ‘Stave’, NW.T..... " 7 1:3600

*AH Lithologies . . .

tVein-Sheer Type (included for comparison with volcanogenic types)
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FIGURE 6 — Distribution district— copper grade and tonnage.
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FIGURE 7 — Distribution district — zinc grade and tonnage.
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to deposit slze,

an upper-decile deposit containing 13,30 million tons,
and is larger than upper-quartile discoveries made by
other methods. A similar situation exists in eompar-
ing upper-decile discoveries made by AEM systems
and other exploration methods,

PROBABILITY OF DISCOVERY

The quotation at the beginning of this paper puts
in perspective the role of mathematical caleulations
in determining the probability of discovery in ab-
solute terms, Nevertheless, with an understanding
of the limitations of mathematics, as applied to ex-
ploration, a certain appreciation of the probabilities
of discovery is needed in order to place in perspective
the target or prize so eagerly sought,

A probability is a likely happening. There are vary-
ing degrees of certainty between absolute certainty
and absolute impossibility. In mathemafieal terms,
absolute certainty is P =— 1 and absolute impossibility
is P = 0. Heuce:

Number of occurrences of an event
Total number of trials/chances

In exploration, this can be expressed as empirical
probability as follows:

P =

First discovery
Total number of trials (drill tests)
In Figure 9, Column A is the whole scale of probabil-
ity and the possible position of various exploration
companies on that scale.

Column B is an enlargement of the lower 10% of
the scale in Column A, i.e. where P =— .10 or less. The

P =
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position of cerfain companies, i.e. No's 1, 2, 8 ete., on
this scale was derived by utilizing the formula shown
above, The listed companies drilled a previous num-
ber of barren holes before a significant discovery.
They are as follows: Company No, 1, 12 holes; No. 2,
40 holes, No. 8, 65 holes; No, 4, 88 holes; No. b, 128
holes; No. 6, 130 holes; No, 7, 185 holes; and in the
case of Company No. 8, approximately 900 holes prior
to discovery of a significant deposit. With additional
statistics (often unavailable), this list can be enlarged,
however the majority of companies would still cccur
in positions approaching the point where P = O,

Column C is an enlargement of the lower 10% of
Column B where P = .01 or less. It is in this area
where lottery prize winners occur. The smallest prize
has a probability of P = .0008, equivalent to odds
of 1200:1, similar to ratios for one or two successful
end members in exploration, Beyond this point, the
other prizes have astronomical P values, with odds
greater than 120,000:1 for top prizes,

This comparison with a lottery brings a sense
of realism into exploration discovery. It shows the
difficulty of cbtaining any winning ticket, although
in exploration there is always the possibility that
should a discovery be made, it may occur at the upper
end of the probability secale, and hopefully have a high
prize value,

The indeterminate role played by random chance
is impossible to quantify, Statistically, a prize winner
is much more likely to obtain a lower-valued prize
because there are more available chances (and de-
posits} in this category. Similarly, an ore finder
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TABLE 3 — Relationship of Empirical Discovery Odds and Frequency Odds to Specific (value/size)
Yolcanogenic Deposits in the Precambrian
Value Tons Freguency Frequency Empirical Actual
Deposit Type (3000,0003 000,000y Distrlbution Odds (a) Discovery Odds (k) Odds (¢)
Mid-Upper Decile, . .......................... 3000 50 4.0% 25:1 169:1 2500:1
p.Decile...oooo 750 133 6.5% 1511 160:1 1500:1
Up. Quarlife............coveiiin e 175 37 10,09 10:1 100:1 1000:1
edian. ... e 70 1.4 15.0% 71 100:1 700:1
Madal. ..o, 20 0.4 48.0% 2.5:1 100:1 250:1
Lr. Quartile.............coo i, 18 0.33 45.0%, 2:1 106:1 200:1
L Decile. .o s 8 0,15 70.0% 15:1 100:1 150:1

b) Empirical discovery odds obtained from probability scale; using 160:1 odds as an example,
¢) Actual odds oblained as product of (2) 3 (b); value is depeadent on empirical odds used. This can be expressed as follows: F, % £, = A, where
ko are the frequency odds, which are afixed entity; E, are the empirical odds, which are variable; and A, are the actual odds, which can be obtained for

Note ga; Frequency odds obtained from frequency distribution,

any specific class of deposit, as shown in the equation.

should be more likely to discover a modal deposit,
as more of these types exist in nature, However, this
does not necessarily happen, as ean be shown by the
attractive value of the prizes won by Company No.
1, No. 3 and No. 8, each of whose ‘events’ occurred
at various points on the empirical probability scale,
and were condueted under variable philosophies, but
resulfed in at least upper-decile-type deposits. Real-
istically, empirical odds for exploration discovery
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probably occur in the range of between 100:1 (P =
0.1) and 500:1 (P =.005), within which range several
exploration discoveries have been made.

It should be remembered, however, that for’ avery
successful company there are many others who
‘played’ the game and lost, because, in some instances,
o ftheir lack of appreciation of the odds, particularly
when applied to the larger, less frequently distributed
deposits (Table 3).
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COST-PER-TARGET ANALYSIS

Various companies have a multi-faceted approach
to mineral exploration in their quest for a variety of
commodities within the context of their operations
and within the limits placed on them by exploration
budgets.

Regardless of the size of the exploration group
and its budget, a yardstick of its efficiency can be
realized to some extent by analyzing its ‘cost-per-
target’ figure, This is obtained by dividing the total
budget of the group by the number of meaningful
targets that have been drill-tested, Based on a unit
cast of $250,000 per area investigated by modern
ABEM systems, there is no reason why approximately
20 targets cannot be tested for a cost of $12,600 per
target, except in remote areas. For those groups en-
gaged primarily in ‘grass-roots’ situations, it is im-
portant that approximately 509% of their budget be
allocated to the drill-testing of meaningful targets,
in order to be able to participate for a sufficient pe-
riod of time, to lower the odds against discovery in
their own favour.

Conclusions

The massive sulphide voleanogenic deposits of the
Precambrian occur in a natural geometfric progression
in size. They number 110, of which 70% are in the
pre-production stage, or are producers or past-pro-
ducers. The deposits contribute 70% of Canada’s zinc
production and approximately 36% of its copper.
Fifty-four per cent of this production is obtained
from only 5 deposits, which oceur in the mid-upper-
decile size range, are 50 million fons in size, have
a minimum net pre-smelter value of $3 billion each
and occur with a frequency distribution of 49, At
the other end of the spectrum, 3.9% of production is
obtained from bb deposits, all of which fall below the
median, These deposits are ‘bonanzas’ in the sense
that, although sparingly distributed, they contain
relatively high values and are generally worth be-
tween $48 and $62 per ton.

The siatistically typical voleanogenic deposit is
that which occupies the modal position and can be
deseribed as approximately 400,000 tons of ore with
a net pre-smelter value of $2¢ million. This oceurs
with a frequency of 40% and is positioned above the
lower-quartile line. The statistical median deposit can
be deseribed as 1.4 million tons of ore with a net
pre-smelter value of $70 million and with a frequency
distribution of 15%.

Deposits which can be considered of real economic
significance and more than likely to make a meaning-
ful contribution to a company occur in the upper-
decile range, with in excess of 13 million tons and a
net pre-smelter value of $750 million, but with a
frequency distribution of 6.5%. To date, approximate-
ly a dozen deposits oceur In this class, and in the
past they were being discovered at the rate of one
deposit every four to five years, using modern ex-
ploration techniques.

These significant upper-decile-sized deposits cor-
respond to those which occcur in the upper quartile
of AEM discoveries, Even the smaller, upper-guartile-
sized deposits (3.7 million tons, value of $175 million,
frequency distribution of 10%) correspond to a
median AEM discovery, have values of between three
snd four times that of deposits discovered by other
means and remain worthwhile targets,

94

Factors relating to spatial density are also of im-
portance in exploration, Relatively ‘low risk’ explora-
tion occurs in areas of a high density distribution of
deposits. These areas (i.e. Noranda, Flin Flon, Abi-
tibi) offer a hetter chance for discovery of a modal
or median-type situation, On the other hand, ‘higher
risk’ opportunities occur in areas containing 3 low
density distribution pattern (i.e, Timmins, Sturgeon
Lake, Slave), and these are more likely to contribute
a deposit in the upper-quartile ranges and hence make
a significant contribution.

Empirically, realistic odds for discovery oceur in
the range of between 100:1 and 500:1 in most cases
(slightly better odds than exist in winning a minor
prize in a loftery). However, with an appreciation of
the odds and an awareness of the roles of uncertainty
and random chance, those odds should not lock too
formidable, particularly if exploration is approached
in a realistic fashion and a sufficiently high propor-
tion of funds are conserved (60% of project budget)
for testing a reasonable number of meaningful
targets over an (un)certain period of time. The past
history of several companies has shown that a sig-
nificant discovery can be obtained with an outlay
of between one half million dollars and fifteen million
dollars over a period of time, extending up to 10
years in some instances.

In closing, it may be apt to mention a gquotation
attributed fo Arthur Holmes, the well-known geologist,
which complements Whitehead’s: “To reason without
data is nothing but delusion®.
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Survey of Undeveloped Mineral Deposits

THE MINERAL DEVELOPMENT SEC-
TOR of the Department of Energy,
Mines and Resources in Ottawa
has recently released “A Survey
of Known Mineral Deposits in
Canada That Are Not Being
Mined”, by R. C. Annis, D. A,
Cranstone and M, Vallée. It is a
compilation of information that
is hard to find elsewhere in one
place, gleaned chiefly from EMR’s
National Mineral Inventory Files.

The deposits listed in the report
are divided into two groups:
(i) deposits that are nelther in
production nor announced for pro-
duction, but are considered by the
authors to be economically mine-
able today or within reach of be-
ing so before the year 2000; and

CIM Bullstin, May, 19877

(ii) deposits considered a3z un-
likely to be economically mineable
before the year 2000,

The compilation lists the follow-
ing items:
1. Deposit or property name and
ownership,
2. Depogit location by National
Topographic System area and by
latitude and longitude.
3. The exploration/development
stage of each deposit expressed as
a number code.
4. A summary of the geology of
the deposit.
5. Published (or estimated) ton-
nages and grades, with the year
in which the figures were pub-
lished or estimated. '
6. A summary of the history of

exploration and development work
thaf has been done on each proper-
ty.

7. Remarks on the present status
of many of the deposits, These re-
marks are the (mostly unsubstan-
{iated) impressions of the authors,

The document does not pretend
to be a complete inventory of all
known undeveloped deposits in
Canada. Nevertheless, because it
can be a handy source of refer-
ence, copies are provided on re-
quest from:

Publications Distribution Office,
Mineral Development Sector,
Department of Energy, Mines and
Resources, 580 Booth Street,
Ottawa, Ontario K1A 0E4,
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MINERAL EXPLORATION TECHNIQUES

Geochemical Methods Applied to Uranium
Exploration in Southwest Baffin Island

¥Yvon T. Maurice, Geochemist,

Resource Geophysics and Geochemistry Division,
Geological Survey of Canada,

Ottawa

Abstract

Under the auspices of the Federql-Provincial Uranium
Reconnaissance Program, a geochemical orientation survey
was undertaken i an area of uranifereus Lower Pro-
terozoic (Aphebian) rocks near Cape Dorset in south-
west Baffin Island, The main objective of this study was
to establish a methodology for a future reconnaissance
geochemical program using lake samples over a J00-
wmile Lower Proterozoie rock belt that occours along the
southern coast of Baffin Island,

Mineralogical and chemical studies of known radio-
active occurrences, combined with detailed samplin;; of
secondary environment media in the vieinity of the show-
ings, indicate that wranium is the most significant path-
finder, despite considerable enrichment of other metals
in the wraniferous rocks. Significant geochemical patterns
produced by uranium in lake waters and wranium in lake
sediments have been obifained, but their relative useful-
ness depends on the distribution of carbonate bedrock,
which in turn affect the bicarbonate content of lake
waters. In southern Baffin Island, because of erratic
varlation in lakeiwater alkalinity, it is recommended
that both waters and sediments be sampled on a routine
basis. The mneed for lake-water acidification fo prevent
depletion of soluble metal ions in semples resulting from
adsorption on the walls of the containers and/or suspended
solid matter is discussed briefly.

The base metal potential of the area was examined
in some detail and found to be significant, particularly
for a Lower Proterozoic gossanous formation thal ocours
throughout southern Baffin Island.

Introduction

IN EARLY 1975, at a time of growing public awareness
of the limitations of conventional sources to satisfy
a-rapidly increasing world demand for energy, the
federal government, through the Geologieal Survey of
Canada, undertook a major uranium exploration pro-
gram in an effort to increase substantially Canadian

Yvon 1. Maurice was born in Toronto
and attended Laval University in
Quebee City, where he received 2
B.A.Sc. in  engineering geology in
1969 and was the recipient of an
Athlone Fellowship. He received a
Ph.D. in applied geochemistry at the
Royal School of ‘Mines, London, in
1973, his research project consisting
of the application of pgeochemical
methods to base metal exploration in
Ireland. From 1973 to 1876, Dr, Mau-
rice was Assistant Professor in the Department of Geo-
logy at Laval University, He is currently a geochemist
with the Geological Survey of Canada and is actively in-
volved in the Federal-Provineial Uranium Reconnaissance
Program,

Keywords: Mineral exploration, Exploration techniques,
Geochemical exploration, Uranium exploration, Lead,
Baffin Island, Lake waters, Lake sediments.
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reserves of nuclear fuels. Thus, the Fedoral-Provineial
Uranium Reeconnaissance Program (Darnley et al.,
1975) was created, with the following main objectives:
{1) to provide industry with high-quality recon-
naissance exploration data to indicate those areas of
the country where there is the greatest probability
of finding new uranium deposits; and

(2) to provide government with nation-wide sys-
tematic data to serve as a base for uranium resource
appraisal,

The technical aspect of the program involves both
geophysics {(y-ray spectrometry) and geochemistry,
the choice between methods for a given area being
based on such factors as topography, amount of rock
exposure, and the geology or metallogeny of the ares.
The geochemical activities are performed in three
stages: orientation, reconnaissance and follow-up.

The orientation surveys are designed te provide
control data that will be used in the planning and
execution of the reconnaissance surveys. These, in
turn, involve systematie geochemical sampling of
large areas of the country, generally encompassing
some or all of the total area of a favourable geological
unit. During the follow-up stage, the anomalies out-
lined in the reconnaissance surveys are verified and
interpreted.

This paper describes the orientation phase of an
integrated geochemical program for uranium and
base metal exploration in southern Baffin Island,
Interest in radioactive minerals in southern Baffin Is-
land dates back to the mid 1960’s, when a mineralized
boulder containing 5.6% uranium oxide was discov-
ered on Apex Hill near the town of Frobisher Bay.
Several airborne radiometric surveys have since been
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FIGURE 1 — Location of Lower Proterozole rocks in southern
Baffin Island. ‘




carried out by exploration firms, with indications of
high radioactivity, generally in association, with a
800-mile-long belt of Lower Proterozoic (Aphebian)
rocks situated along the south coast of Baffin Lsland
between Lake Harbour and the western extremity
of Foxe Peninsula (Fig. 1), As several interesting
showings had been disecovered within this unit near
Cape Dorset, this area was selected for the present
orientation survey.

The immediate objectives of our work were to
examine the extent and mechanisms of metalliferous
dispersion around the showings and t¢ assess their
detectability using different geochemical means. The
survey algo enabled us to set a series of guidelines
that will form the basis for a future reconnaissance
geochemlcal operation over the entire Lower Protero-
zoic belt of southern Baffin Island.

Geology and Mineralization

In the late 1950’s and early 1960's, the Geological
Survey of Canada conducted a mapping program in
gouthern Baffin Island; the information is contained
in several publications by Blackadar (1959, 1962 and
1967). This author summarizes the Proterozoie
geology of southern Baffin Island as a complexly
folded succession of granite, migmatite and quartz-
feldspar gneissic rocks, commonly containing bends
of crystalline limestone, gxaphltle schists, quartzites,
and mafic schists and gneisges,

The radicactivity in the Cape Dorset area is pre-
dominantly associated with coarse ‘to pegmatitic
granite gills and dykes contained within the metasedi-
ments, However, several granites and gneissic gramtes
of appreciable surface extent, commonly located in
proximity to the pegmatite showings, have been found
to be anomalously radioactive.

Omne of the most interesting uranium cceurrences in
the area is situated 28 miles northeast of Cape Dorset.
The radioactive outerop is approximately 2,000 feet
long and varies in width from 50 to 250 feet. Its sur-
facc 1s, in many places, heavily stained by secondary
uranium minerals, The bulk of the radioactivity in
fr'esh pegmatite samples was found to be caused by
uraninite; however, a mineral belonging to the
thorite-uranothorite series was also identified in
heavy-mineral concentrates of some of the specimens.
The radicactive minerals are disseminated in the
host rock and individual grains are of the order of
1% to 3L mm in size. Other minerals found in the
heavy-mineral concentrates were molybdenite, pyrite,
zircon, ilmenite and apatite; molybdenite was ob-
served macroscopically in severa! hand specimens.

In weathered pegmatite, the uraninite is altered
in two different ways, Most frequently, the uranium
from the breakdown is mobilized and eventually con-
verted to the secondary mineral seddyite (5170:.28i0..
6H.0), which tends to accumulate in the fractures.
This is the most common form of alteration and is
responsible for the bright yellow staining observed
on the outcrop. Another type of alteration observed
micrescopically consists of the formation of a rim of
kasclite (PbU.U0:S8i0.H:0) around the uraninite
grains, It is suspecied that the lead in the kasolite
originates from the radiogenic decay of the wranium,

The following grades are quoted from Laporte
(1974) and are based on the analysis of twenty-five
selected samples from this showing;

Maximum Average
UsO8e e 3409 0589
ThOa... . L 10605, 0279,
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FIGURE 2 — Location of the study area and known uranium
and thorium mineralization In Foxe Peninsula,

Analysis of a limited number of rock samples eol-
lected by the writer confirms these values,

Field and Analytical Procedures

During the initial field operations, detailed in-
vestigations of mineralized showings and their im-
mediate surroundings were carried ount, The work
involved grab sampling of mineralized outerops for
ehemical and mineralogical determinations, and the
detailed sampling of secondary-environment wmedia
(lake, pond and stream waters and sediments) within
a one-miile radins of the showings. This aspect of the
field work was aimed at obtaining data that would
help select the most meaningful pathfinders for geo-
chemical exploration,

'The field activities that followed consisted of semi-
detailed lake water and sediment sampling of all lakes
that were on the 1/260,000 map in a 125-sq.-mile area
centered on the uranium showing 28 miles northeast
of Cape Dorset (Fig, 2). The sampling was carried out
by helicopter and resulted in a site density of 1 sam-
ple per 1.2 sq, mile. Thig allowed us to establish perti-
nent operational gunidelines, such as optimum sample
density, relative usefulness of water versus sediment
sampling, ete, for helicopter-supported geochemical
surveying in southern Baffin Island,

The lake survey was later extended to cover a 1500-
sq.-mile area of southern Foxe Peninsula at a density
of 1 sample per 5 sq. miles, thus covering most of
the western end of the South-Baffin Lower Protero-
zoic belf (Fig. 2). This reconnaissance-scale survey-
ing was carried out primarily to obtain data for an
initial appraisal of the mineral potential of this zone,

Center-lake sediment sampling was carried out
using the Hornbrook-designed tube sampler (Horn-
brook et al.,, 1975), suspended on a 30-meter, quarter-
inch sash cord. This technique was found to be satis-
factory in most situations, but for very shallow lakes

-(less than 8 metfers) a Ponar jaw sampler was pre-

ferred, The sediment samples were dried, ball milled
to 200 mesh (0.8 mm) and analyzed for uranium
by delayed neutron activation. In addition, the sam-
ples that were collected in the 12B-sq.-mile area
arcund the main showing were analyzed for Fe, Mn,
Cu, Pb, Zn, Ni and Mo by atomic absorption spectro-
photometry after a HNO,-HCI acid digestion. They
were also analyzed speetrographically for ten other
slements: Ag, V, Cr, Be, La, Y, Sy, Ba, Co and Ti,
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Lake-water samples were collected in 500-ml poly-
ethylene boftles using a rapid sampling system
(Cameron and Durham, 19756). The apparatus also
provides for direct measurements of pH, temperature
and specific conductivity, Duplicate samples were col-

Uranium
g 05 1 2 kilometres
O <GM 1 I . I : 3 .
© >GRM=10ppm L] 4.5 1 4,5 mites

® >6M+20 =21 ppm

® >cM+40 =47 ppm GM= geametric mean

O =stendaed deviation

FIGURE 3 — Uranlum distribution in lake and pond sediments
In the vicinity of the uranlum showing.

Lead
0 6.5 1 2 kiomeatres
Q <GM i i . 1 .
W >GM=2.5 ppm i 0.5 1 1.5 miles

® >6M+20 =5 ppm
F > M40 =138 0pm

GM=geometric meon
O =standard deviation

FIGURE 4 — lLead distribution in lake and pond sediments
in the vicinity of the uranium showing.
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lected at 209% of the sifes and, for half of these, one
sample in each duplicafe pair was acidified in the
field to monitor the need for water acidification in
future hydrogeochemieal surveys in that region., At
the end of the field season, the water samples were
analyzed fluorimetrically for uranium by the tech-
nigue deseribed by Smith and Lynch (1969) and for
Cu, Pb and Zn by atomic absorption after an APDC-
MIBK solvent extraction,

The rock samples were analyzed chemiecally for U
and Th and by emission spectrometry for 41 minor
and major elements, ‘

Results and Discussion

The results of multielement spectrographic analysis
of selected rock samples from the radioactive show-
ings show that, apart from U and Th, only Pb and Mo
are sufficiently enriched to serve as potential path-
finders for this type of mineralization. The coneen-
tration ranges for lead and molybdenum measured in
four fresh samples are 150 to 662 ppm angd 126 to 142
ppm respectively, In addition, some of these samples
were found fo be abnormally high in ytirium (max.
73 ppm), vanadium (max. 70 ppm) and barium (max.
2620 ppm) ecompared to normal concentrations for
these elements in acidic intrusive rocks,

Figures 8 and 4 show the distributions of uranium
and lead in lake and pond sediments in the vicinity of
the showing 28 miles northeast of Cape Dorset. Both
patterns veflect the presence of nearby radioactive
rocks, but the low mobility of lead translates into a
significantly smaller anomaly compared to that for
uranium. Most surprisingly, however, the high Mo con-
centrations in the uraniferous rocks did not generate
molybdenum anomalies in the surrounding lake and
pond sediments, In fact, all Mo levels measured in the
vicinity of the showing were below the regional mean
plus one standard deviation. Yttrium, vanadium and
barium, although slightly enriched in a few lake sedi-
ments, did not produce any significant pattern and
their value as pathfinders here is probably negligible.

SEDIMENT VERSUS WATER SAMPLING

The preceding discussion suggests that uranium is
the most appropriate metal to seek in lake samples in
geochemical prospecting for the Baffin Island type
of radioactive depogits, This is confirmed by both the
gsemi-detailed and reconnaissance surveys. At a sample
density of I in 1.2 sq. miles, lake sediments show a
45-sq.-mile uranium anomaly around one showing
(Fig. 5), As the enriched lakes are located in several
drainage basing, the size of this anomaly probably
reflects the importance of this uraniferous area,
which should be -the object of further intensive
prospecting.

At a sample density of 1 in b sq. miles, interesting
uranium anomalies were outlined throughout the 1500-
sq.-mile area surveyed, However, it was found that,
although most of the anomalous areas were revealed
on both uranium-in-lake-water and uranium-in-lake-
sediment distribution maps, some of the anemalous
patterns were considerably more revealing in the
waters than in the sediments and viee versa. There
were also a few cases where anomalies were outlined
in one medium and not at all in the other.

An attempt is made here o establish a criterion
that may assist the explorationist in deciding whether
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FIGURE 5 — Uranlum distribution in lake sediments in the 12
1 in 1.2 sq. miles.

to sample lake waters or lake sediments for uranium
analysig in a given area, This question is one of eco-
nomic importance, not only because it may affect the
success of a survey in terms of outlining geochemical
anomalies and, ultimately, mineral discoveries, hut
also because it can substantially affect the over-all
cost of an operation. There are some clear-cut ad-
vantages and disadvantages to both techniques and
many of these have been discussed by Cameron and
Ballantyne (1975), For example, by using the auto-
mated lake water sampling apparatus, lake waters
can be sampled 200% faster than lake sediments, re-
ducing costs accordingly. On the other hand, sediment
samples permit the determination of a wider range
of elements and therefore constitute a better multi-
purpese exploration tool than waters, However, on the
basis of their respective ability to indicate urani-
ferous areas, the choice between sediments and waters
is less obvious.
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5-sg.-mile area around the U and Th showlng. Sample density is

Figure 6 shows the relation between uranium con-
centrations in waters and sediments in anomalous
lakes randomly selected throughout the survey area.
The different fields are limited by the thresholds (0.52
ppb U for watera and 22 ppm U for sediments), de-
fined, in each case, as the geometric means plus two
standard deviations, The figure indicates that,
although many lakes have anomalous waters as well
as anomalous sediments (field B), an important pro-
portion of the lakes are either anomalous in their
waters (field A) or their sediments (field C). In this
context, we examined the role of the bicarbonate ion
content of lake water, a factor long recognized as in-
fluencing uranium selubility (Bowie et al.,, 1971). The
“relative anomaly contrast” for each lake is plotted in
Figure 7 against iis water alkalinity (dissolved hi-
carbonate ions). The “relative anomaly contrasts”
were obtained by performing the following caleula-
tions:
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FIGURE 6 — Uranium in lake sediments vs uranium In lake water in anomalous lakes of southern Foxe Penlnsula.
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FIGURE 7 - Relative anomaly contrast vs aikalinlty In anom-
alous lakes of southern Foxe Peninsula.
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from Log GM« + Xow = Logl,

and Log GM, + Yo, = LogU,
T
v Logl, — Log GM,
Te
X —Y=(C
where GM = geometric mean for waters (w) and sediments
5}
¢ = standard deviation in log units for waters and
sediments;
U = uranium concentration in water in ppb, and in
sediment in ppm;
C = relative anomaly contrast.

A positive relative anomaly contrast indicates,
therefore, a water anomaly that is more intense than
the corresponding sediment anomaly; a negative re-
lative anomaly contrast indicates the reverse, The
distribution of the dots in Figure 7 shows clearly that,
at low alkalinities, the lake sediments are in meost
cases more useful than the lake waters in indicating
uranium dispersion in the area — and vice versa.

Although the 20-ppm HCO line (Iig. 7) seems to
geparate the two fields in the present study, we
cannot assume this value to be valid for other parts
of the country. This is bhecause the importance of
HCO: as a mobilizing agent for uranium is likely to be
affected by other factors (organic matter, temper-
ature, ete)), some of which will vary from one area
to another. It is therefore recommended that, prior to
the undertaking of any major geochemical operation
for uranium exploration, the influence of bicarbonate
in controlling the distribution of uranium between
sediments and water be examined in pilot studies.

As the alkalinity of a lake has an influence on its
pH, and because the pH, unlike alkalinity, may be




easily measured on the spot, it is pessible to keep a
constant check on the validity of water or sediment
sampling during the operation. Figure 8 iz a plot
showing the relative anomaly contrasts versus pH;
it indicates that at low pH values (< 742 in the
present case), sediments should be sampled in pre-
ferance to waters and vice versa.

In southwest Baffin Island, the Ilake-water alka-
Hnities show substantial variation in a relatively small
area, resulting in a poor correlation (r=.23) be-
tween uranium in lake waters and wranium in lake
sediments, This high degree of variation reflects the
erratic distribution of carbonate rocks in the area.
Similar correlation studies made elsewhere in the
country have been reported by Cameron and Horn-
brook (1976); they report values or r = .71 in Mani-
toba and r = .80 in the Rabbit Lake region, pro-
babiy reflecting more homogeneous carbonate geology
in these areas, In another study in the Renfrew
region of Ontario, however, a low value of r=.23
wag found,

The practieal implications of this are that if the
correlation between uranium in waters and uranium
in sediments is high in a certain area, the alkalinities
are probably sufficiently consistent that one type of
survey only (waters or sediments depending on
whether the alkalinities are high or low) may bhe
sufficient for that region. If, on the other hand, “"
is low (<.8 for example), it may be preferable to
sample both waters and sediments on a routine basis.

THE BASE METAL POTENTIAL
OF SOUTHERN BAFFIN ISLAND

Despite the fact that, to tho writer's knowledge, no
base metal occurrences of any significance have ever
been reported in southern Baffin Island, future geo-
chemical operations in that area should not fail to ex-
amine its base metal potential, These recommenda-
tions derive from favourable indications obtained in
the present survey,

Base metal geochemical anomaties, some of which
are very intense, were found in association with a gos-
sanous Lower Proterozoic formation that occurs
throughout southern Baffin Island and which Black-
adar (1967) called “rusty paragneiss”. This author
deseribes this unit as a medium-grained, shistose,
rusty rock, generally associated with garnetiferous
biotite-quartz-feldspar gneiss and crystalline lime-
stone, and adds that the rusty alteration is due to
oxidation of pyrite and, less commonly, other iron-rich
minerals.

One of the most interesting of these anomalies
occurs near the southeastern extremity of the study
area. Here, the lake sediments are significantly en-
riched in Cu, Zn, Ni and Mo in a strike-oriented
elongated pattern for a distance of over 10 miles, The
enriched zone coincides almost exactly with a band of
rusty paragneiss mapped by Blackadar (op. ecit.).
Figure 9 illustrates the copper-in-lake-sediments dis-
tribution for the anomaly. Zn, Ni and Mo follow
almost identical patterns, and Table 1 shows anomaly
contrasts for these elements in the lake sediments
and for Cu and Zn in the lake waters by comparing
peak values with regional background and threshold
levels, It is interesting to note that Cu and Zn
anomalies in the waters show greater anomaly con-
trast than Cu and Zn anomalies in the sediments.

WATER ACIDIFICATION
Water acidification consists of adding sufficient
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FIGURE 8 — Relative anomaly contrast vs pH In anomalous
lakes of southern Foxe Peninsula.

TABLE 1 — Geochemical Characteristics of Base Metal Ano-
maly |Hustrated in Figure 9
Peak Anom.
Element] GM |GM-}-2q | Value ;Contrast*
a) Sediments . m {ppm
@ Cu (pf (‘)3% 9) 329) 9,58
in 48, 0 78.0 495 9,54
Ni 1Y 362 440 8.96
Mo 35 6.8 83 5.80
h) Waters...... b b {ppb)
(h) Wate Cu (pp ) (p1p03 34.0 13.62
In 0 70 150 83.3 12.90
GM geometric mean

([

standard deviation,
peak valug — GM
[

g

*Anom, Conirast =

acid (in the order of 1 m! concentrated acid to 1
liter of water) to lower the pH of water samples in
order to prevent adsorplion of dissolved metal ions
on the walls of the container and/or on suspended
solid matter. This procedure is generally carried out
soon after sampling, but whether or not it should be
performed at all is a question that is still epen to
debate among geochemists.

In the present study, acidified water samples that
have above-threshold metal concentrations were found
to contain, on the average, 29.79 more uraninm,
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36.1% more copper and 107.6% more zine than the
corresponding non-acidified duplicates — and this
after a three-month storage period. The differences
here most likely reflect adsorbed metals on the walls
of the plastic containers, because southern Baffin
Island lakes are practically free of suspended matier
and tests have shown that the plastic containers used
in the present study are free of contaminating metals,
Despite these fipures and the limited data available,
the writer concludes, after comparing acidified and
non-acidified water samples over a wide range of
metal coneentrations, that acidification has negligible
effect on geochemical patterns, although it definitely
canses a sharp increase in the mean and threshold
levels for the metals investigated. This point of view
may not apply to other parts of the counfry, however,
particularly those areas where lakes contain abundant
suspended organic matter, Research is currently in
progress at the Geological Survey of Canada to
further evaluate the effects of water acidification on
hydrogeochemistry {Cameron and Durham, 1975),

Conclusion

The orientation work reported in this paper pro-
vides valuable information that will assist in the
planning and execution of futwre reconnaissance geo-
chemical programs in southern Baffin Island and
facilitate data interpretation. It has shown that heli-
copler-supported geochemiecal lake surveying in that
area is feasible and relatively simple due to the
abundance of small and generally shallow lakes that
contain ample sediment and very clear waters (Mau-
rice, 1975),

The conclusions with respect to other pertinent
aspects investigated in the present study may be sum-
marized as follows,

1. Although several elements, including U, Th, Mo
and Ph, and to a lesser extent Y, V and Ba, were
found to be enriched in uraniferous rocks, only ura-
nium and lead produced significant patterns in lake
and pond sediments in the vicinity of the showinpgs
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FIGURE 9 -— Copper distributlon in lake sediment In 125-sq.-mile area of southeast Foxe Peninsula. Sample density is 1

in 1.2 sg, miles.
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and, therefore, only these elements may be considered
useful pathfinders, The limited dispersion of Pb
from the source, however, tends to restrict the use
of this metal at other than a very detailed scale of
surveying. Uranium, on the other hand, proved to be
the most appropriate element to seek at both detailed
and reconnaissance scales.

2. Lake-sediment surveying at a semi-detailed
scale (I sample in 1.2 sq., miles) produced a 45-3q.-
mile uranium anomaly around the showing situated
28 miles northeast of Cape Dorset, suggesting a high
uranium potential in this area. Further prospecting is
recommended to confirm this assumption,

3. The biearbonate content (alkalinity) of lake
waters was found to have considerable influence on
the distribution of uranium hefween waters and
sediments in lakes. This parameter may be helpful
in guiding the explorationist in deciding whether to
sample waters or sediments in a given area. In south-
ern Baffin Island, hecause lake alkalinities vary con-
siderably from one avea to another in responge to the
erratic distribution of earbonate bedrock, it is recom-
mended that waters and sediments be collected on a
routine basis in future reconnaissance geochemical
Programs.

4, Inferesting base metal anomalies in lake waters
and sediments, which appear to be related to a 208~
sanous formation that occurs throughout southern
Baffin Island, were outlined during the present sur-
vey, On the basis of these observations, it is recom-
mended that the base metal potential of southern Baf-
fin Island be carefully examined in future geochemieal
surveys, despite the fact that no base metal occur-
rences of any significance have ever been reported in
that area.

o, Acidification of lake-water samples in southern
Baffin Island appears to have limited effect on ura-
nium and base metal (Cu and Zn) geochemical pat-
terns, but causes a significant increase in the mean
and threshold levels, -
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Seminar on Coal and Nuclear Energy Costs

FROST & SULLIVAN, INC. will spon-
sor an industry seminar on Coal vs.
Nuclear Electric Utility Generat-
ing Costs in the 1980's, to be held
at the Mayflower Hotel, Washing-
ton, D. C., June 29-30, 1971.

The conference will present
some of the leading fuel and ener-
gy authorities in 14 sessions,
ranging from major policy pro-
nouncements to informal panel
discussions.

The scheduled agenda will in-
clude a long-term estimate of the
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implications of emerging national
policies affecting load demand
growth, inflation of construction
and equipment, and uiility bond
and financing rates, Sessions will
also assess methods to determine
coal, oil, nuclear and other base
plant and cycling plant costs, re-
viewing current strategies and
models. Programs covering mine
developments and capital costs
will evaluate costs for under-
ground, conventional, longwall
and shortwall mining costs, as

well as for strip mines.

Cost escalation in nuclear plants,
costs to finance utility capital ex-
pansion need, the outlosk for U,0,
and fuel cycle components will
also be analyzed in addition teo
the outlook for fuel transporta-
tion, government energy policies
and the Congressional viewpoint,

For reservation information,
contact Robert Sanzo, Director of
Marketing, Frost & Sullivan, Ine,,
106 Fulton St., New York, N.Y.
10088,
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