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INTRODUCTION

During the summers of 1979 and 1980, a detailed surficial geochemical
study was carried out at Howard's Pass (NTS 1051/06), Yukon, as part of the
Nahanni Integrated Multidisciplinary Pilot Project (NIMPP). The objective of
this investigation was to better understand the processes affecting the
dissolution, transportation and fixation of elements in streams draining
stratabound Zn-Pb deposits from the Selwyn Basin. The results of this study
influenced sampling design and choice of analytical methods that were used
later in a regional geochemical survey of the Nahanni map-area (Goodfellow,
1982a).

The data presented"here represent a compilation of all field and
analytical information for streams draining the XY and Nor Zn-Pb stratabound
deposits. Stream sediments were determined for Zn, Cu, Pb, Ni, Co, Ag, Mn,
Fe, -Mo, V, U, As, Hg, Sb, Cd and Ba; strgam and spring water was analysed for
U, F, Cu, Pb, Zn, Mn, Fe, C1, As, V, Cd, 504, HC03, Ca, Mg, Na, K and pH.
Element contents are plotted on a 1:50,000 scale geology base (Gordey, 1980)
for the following elements measured in stream sediments: Pb, Zn, Cu, Ca, Ni,
Fe, Mn, Mo, Sb, Cd, Hg, U, V, Ba and Ag; and in steam water: Zn, Pb, As,
HCO3 and F (refer to accompanying maps). The location of samples is shown

on a separate map.

TECTONO-STRATIGRAPHIC SETTING

The Selwyn Basin (Fig. 1) has been described as an epicratonic marine
basin or aulacogen (Tempelman-Kluit, 1981; Goodfellow, 1981) that developed
due to subsidence accompanying rifting of the western continental margin of

North America in Early Paleozoic time. In the Yukon and Northwest
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Territories, the éelwyn Basin is bounded by the Mackenzie Carbonate Platform
to the north and east; interpretation of the western margin is complicated by
later collisional events and transfofm faulting (Tempelman-Kluit, 1979).

The Se}wyn Basin developed in Early Paleozoic by subsidence along major
extensional faults that now define basin margins. Following the deposition of
a deep-water basinal Tlimestone in Late Cambrian to Early Ordovician time,
organic-rich mudstone and chert dominated sediment deposition during the
remainder of the Ordovician and Early Silurian. The Howard's Pass (XY)
stratabound Zn-Pb deposit was formed in Lower Silurian duringA a period of
anaerobic sedimentation. This envirohment was interrupted in Middle to Late
“Silurian by aerobic sedimentation and accompanying bioturbation before
returning to euxinic conditions throughout Late Silurian to Middle Devonian.
Although the Nor Zn-Pb-Ba occurrence has not been dated precisely,
stratigraphic correlations indicate that it most likely formed during Middle
to Upper Devonian.

From Middle Devonian to Mississippian, the Selwyn Basin was infilled with
coarse- and fine-grained clastics of the Earn Group (Gordey et al., 1982) shed

from areas uplifted during block faulting.

SAMPLE PREPARATION AND COLLECTION PROCEDURES

Sediment (or precipitates) and water were collected when possible from
sfreams and springs at Howard's Pass and adjacent areas. Where possible,
sediment samp]es»were collected in active streams from fine silt trapped under
or behind bou]deré, in living moss or near stream banks. Bank soil was
avoided in all cases. Water was collected in 250 ml polyethylene bottles at

each site.




For the purposes of sampling, preparation and analytical control, sample
numbers were  divided into blocks of 20 with each block consisting of 17
routine samples, one field duplicate, one blind duplicate, and one control
reference standard. The field and blind duplicates were used to give a
statistical measure of sampling and preparation variance, respectively,
whereas the control reference gave a measure of analytical accuracy and
precision.

At the Geological Survey of Canada (GSC) laboratories, field-dried
sediment samples were air-dried, sieved to minus-80 mesh (177 wmicrons) and
ball milled to minus-150 mesh (105 microns) in a ceramic mill. Control
reference and blind duplicate sample positions were filled during sample
preparation. Control references were obtained from internal GSC control
references. In the case of stream waters, the control reference positions
were filled in the field with one of three natural water samples collected in
the Howard's Pass area. The blind duplicate positions for stream water were
left blank because of low sample variability recorded in previous stream water
surveys. To remove all suspended matter, water samples were filtered through

0.45 um membrane filter paper before analyses.

Stream water

Uranium was determined by laser-induced fluorescence using a Scintrex
UA-3. A 5 ml sample was pipetted into a quartz cell and sodium metaphosphate-
phosphate solution (500 ul) added. The fluorescence of the uranyl phosphate

formed and excited by the laser was measured. The method of standard

additions was used.




Fluoride was measured using a specific ion electrode and an Orion meter.
A 5 ml aliquot of'TISAB (total ionic strength adjustment buffer) was added to
5 ml of the sample, the solution stirred for five minutes and the mV reading
obtained compared against known standards. Alkalinity and pH were determined
simultaneously using a Radiometer TTT81 digital titrator and pH meter,
respectively.

Sulphate and Cl1 were measured wusing the Dionex Model 12 ion
chromatograph. A 100 ul sample was separated on an anion exchange resin and
the resulting solution passed through a high capacity cation exchange resin to
a conductivity cell. The eluent used was 0.003 M Na2C03/O.0024 M NaHC03.

The major cations Na, K, Ca and Mg, and minor cations Mn and Fe were
determined by direct aspiration using a Perkin-Elmer 5000 atomic absorption
spectrophotometer (AAS) with an air-acetylene flame. A 2000 ppm K solution
was used as an ionization buffer for Na determination; 2000 ppm Na solution
for K determination; and 2000 ppm lanthanum so]utéon‘was used as a releasing
agent for Ca determination. The trace elements Pb, Cu, Cd and Zn were also
determined by AAS after concentrating via solvent extraction using the
APDC/MIBK system. Background correction was employed for Pb and Cd. Vanadium
was determined directly by AAS with a graphite furnace attachment. Hydride
generation AAS was the analytical method employed for As determination; KI and
NaBH4 were used as reducing agents and the AsH;y formed swept into a heated

quartz cell where measurements were made.

Stream Sediment

In, Cu, Pb, Ni, Co, Ag, Cd, Mn, Fe, Ba, Mo and V were determined by AAS.
A 1 g sample was leached with 3 ml HNO; overnight, brought to 90°C for 30

minutés, and reacted with 1 ml of HCL for an additional 90 minutes at 90°C.




After digesting the sample, the volume was made up to 20 ml with water. Ba,
Mo and 0 were determined with a nitrous oxide-acetylene flame rather than an
air-acetylene flame, and background correction was used for Pb, Ni, Co and
Ag. A 1000 ppm Al solution was added as a releasing agent in determining Mo
and V, and a 2000 ppm Na solution was used as an ionization buffer for Ba.
This acid attack was also used for determining U by fluorescence after
preparation of a solid disc with a mixture of Na2c03/cho3/NaF,

Hg was determined, after a hot aqua regia leach, by reduction to the
elemental vapour state using SnCl, and injection into an AAS. For the 1979
sample suite (1051 793002-793053), As and Sb ‘were also measured after this
attack via hydride generation-AAS. For the 1980 sample suite, As was measured
by the Ag DDC colorimetric method after fusion with KOH; Sb was determined by

the Brilliant Green colorimetric method after a hot 6 M HC1 attack.

SURFICIAL GEQCHEMISTRY

The geographical distributions of most elements are shown on accompanying

element-value maps and are discussed below for areas of-economic interest.

Howard's Pass (XY) Zn-Pb Deposit

The Howard's Pass (XY) stratabound Zn-Pb deposit (Fig. 1) is situated in

the Nahanni. map-area (NTS 105I) which straddles the Yukon and Northwest
| Territories border. The mineralized zone has been dated precisely as
~Llandovery (Lower Silurian) with conodonts extracted from calcareous units
(M. Orchard, personal communications). The sulphide minerals, sphalerite,
galena and pyrite, occur either as fine inter-laminations with chert, cherty

mudstone and Tlimestone, or remobilized into a soft sediment ‘cleavage’
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(Morganti, 1979; Goodfellow et al., 1983). The sphalerite is enriched in Cd
and Hg whereas the galena contains negligible Ag contents. The pyrite in rock
units hosting the XY deposit contains up to 5000 ppm Cu and Ni compared to .
less than 1000 ppm in rocks located several km from mineralization (Goodfellow
et al., 1983). In addition to the primary sulphide mineralization, a
secondary zone composed mostly of simthsonite, hemimorphite and wurtzite is
developed above the XY deposit (Jonasson et al., in press).

| Of the elements measured, Zn, Pb, Cd and Ba increase markedly in the
minus-80 (177 microns) mesh fraction of streams draining the XY deposit
whereas Ni, Sb, Hg, Mo, Ag and V display a weak to moderate increase
(Table 1). Of the elements measured in stream waters, only 2n displays a
strbng positive increase to mineralization; F reflects mineralization only
weakly. It should be pointed out that F and Ba are not enfiched in the
sulphide zone at the XY deposit but are bound instead in fluorapatite and
barite or Ba-feldspar, respectively, which occur in rocks hosting the
mineralization. Vanadium-is ]ikewise enriched not in the sulphide zone but in
the footwall carbonaceous mudstone.

The length of elemental dispersion trains from the XY deposit is highly
variable due to a number of factors; the most important of which are solution
chemistry, specific gravity of host minerals, and the slope and therefore
velocity of the stream. Elements that form stable aqueous complexes (e.g. Zn
and Cd) are dispersed at least 4 km downstream whereas most of the remaining

elements are more restricted (Fig. 2).

Nor Zn-Pb-Ba Occurrence

The Nor Zn-Pb-Ba stratabound occurrence, which is Tocated 10 km southeast

of the XY deposit (located on accompanying maps), consists of sphalerite,




galena, pyrite and barite inter-laminated with weakly calcareous, cherty and
carbonaceous mudstone, and chert. Although the paucity of fossils has
prevented dating this mineralization pretise]y, stratigraphic correlation with
other .dated sections 1in the Nahanni map-area indicates it 1is most likely
Devonian in age.

Unlike the XY deposit, sediments from streams draining the Nor occurrence
are enriched in Cu, Hg and Ag in addition to Zn, Pb, Cd and Ba when compared
to sediments from streams draining similar rocks Tlocated elsewhere in the
‘Nahanni map-area (Goodfellow, 1982a). Water samples from streams intersecting
the Nor occurrence are anomalous in Pb as well as Zn (Fig. 2 and Table 1). of
the elements measured, Co, Ni, Fe, Mn and Mo respond weakly to moderately in
stream sediments whereas As shows a moderate increase in stream water. No
discernable increase was recorded for U and V in sediment, or F in water. The
low response for V and F is expected considering that rocks hosting Devonian
stratabound Zn-Pb-Ba deposits in the Selwyn Basin (e.g. Tom deposit) are
characteristically low in these elements.

The Tength of elemental dispersion trains in streams varies considerably
for different elements. Most elements that are concentrated in this
occurrence are dispersed between 3 and 4 km downstream. One notable exception
is Pb which decreases rapidly to background Tlevels within one km after

intersecting mineralization.

DISCUSSION
The element abundance recorded 1in sediment and water from streams
draining the XY and Nor Zn-Pb mineralization are due to:- (1) the chemical

and mineralogical composition of the mineralized zone and host rocks; (2) the




aqueous chemistry of given elements; and (3) the physical behavior of
mineralization exposed to stream erosion and clastic dispersion.

In terms of primary compositions, both the Xy deposit and Nor occurrence
are enriched in. Zn, Pb, Cd, Ni, Sb and Mo. The XY deposit contains,_ in
addition to these elements, high contents of F (fluorapatite), Ba (barite and
Ba-feldspar) and V in rocks hosting the laminated sulphides (Goodfellow,
1982b). The Nor occurrence contains elevated levels of Cu, Ba, Co, Fe, Mn and
As in addition to those mentioned previously. Therefore differences in the
geochemical response measured in stream sediment and water reflect in part the
variation in primary composition of the XY and Nor mineralization.

The role of solution chemistry can be assessed for Pb and Zn since these
elements were measured 1n’both stream sediment and water. Although the Nor
occurrence and XY deposit both contain sphalerite and galena, only stréams
draining the Nor occurrence are anomalously high in Pb (Fig. 2). The higher
solubility of Pb in waters draining the Nor compared with the XY deposit can
be explained by differences in the water chemistry between the two areas.

At the XY deposit, stream water is buffered at a high pH (7.8 - 8.2) due
to the high carbonate content of the host rocks and the lack of significant
contents of pyrite necessary to generate acidic waters by oxidation
processes. Under condftions of high alkalinity, such as those measured in
streams draining the XY deposit (Fig. 2), Zn is transported in solution as a
stable aqueous complex (e.g. Zn(OH)g and ZnCO%) (Fig. 3j " (Mann and
Deutscher, 1980). At a pH of 8.0, zinc sulphate and chloride complexes
(e.g. ZnS09, ZnC1+, ZnCLg) are vrelatively insignificant due to the

Tow SOZ and C1~ activities. Lead under these conditions is only




sparingly soluble since it forms a very stable carbonate, i.e. cerussite. As
a resu]t,_Pb is at the analytical detection 1limit in water from most streams
and springs draining the XY deposit.

At the Nor occurrence, the low carbonate content of the host rocks
combined with the higher pyrite content of the mineralization have generated
acid stream waters that are 1ow in COZ (Fig. 2). Lead, which was
insoluble wunder highly alkaline conditions is stable in weakly acid
carbonate-poor solutions -as wa divalent ion. Therefore waters from streams
draining the Nor occurrence carry anomalous levels of both Pb and Zn in

solution.

IMPLICATIONS TO EXPLORATION

Exploration companies have in the past evaluated the ~economic
significance of Pb and Zn stream sediment anomalies on the basis of whether or
not they were coincident. This approach has been very effective and led to
the discovery of several stratabound Pb-Zn deposits that are exposed at the
surface, including Howard's Pass (XY), Anniv, OP, Nor, Hug and Pab (Morganti,
1979). In areas where the mineralization is not exposed to physical erosion
by stream action, however, such as 1in recessive terranes or where the
mineralization is buried at depth, elements are dispersed only by hydromorphic
procesées. In the absence of clastic dispersion, the conditions under which
Pb and Zn are soluble in deeply penetrating ground waters become very
important in interpreting the surficial geochemistry.

Under highly alkaline conditions, such as those measured in streams
draining the XY deposit, Zn is separated from Pb in the secondary environment

due to their relative solubilities. If for example instead of outcropping,




- 10 -

the XY deposit was buried below the surface, ground waters percolating through
the mineralized zone and discharging at the break in slope would be expected
to contain high Tlevels of Zn but 1ittle or no Pb. Sediment samples collected
from nearby streams would then be characterized by high-Zn and low-Pb
anomalies.

The results of these finds demonstrate the fallacy of estimating the
potential for Zn-Pb mineralization on the basis of coincident Zn-Pb
anomalies. High-Zn and Tlow-Pb sediment anomalies may not simply reflect
In-rich shales of no economic importance, but may instead be derived from
buried Zn-Pb mineralization hosted in calcareous rocks. The NW-SE belt
situated just west of the Howard's Pass - Anniv "zinc-corridor" and outlined
by high-Zn (>5000 ppm) and low-Pb sediment anomalies (Goodfellow, 1982a) is

one area where the potential for "blind" deposits deserves further evaluation.
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Figure Captions

Figure 1 Persistent tectonic elements controliing lower Paleozoic facies
distribution in the northern Cordillera allowing for 450 km strike-
slip. motion on the Tintina Fault. Nahanni map-area (NTS 105I) and
Howard's Pass deposits outlined by a square and dot, respectively.
Modified from Cecile (1982). ‘

Figure 2 Element content in the minus -80 mesh fraction of sediment and in
water collected from streams draining the Howard's Pass (XY) Zn-Pb
deposits and Nor Zn-Pb-Ba occurrence. Outcrop of mineralization in
streams located with paraliel lines.

Figure 3  Stability fields for Zn aqueous and mineral species calculated for
stream waters draining the Howard's Pass (XY) Zn-Pb deposit. Zinc
sulphate and chloride complexes are not important in this area due
to the Tlow activities of S0F and CI1- in stream waters.
Thermodynamic data is from Mann and Deutscher (1980).




Table l_

Relative Geochemical Response in Sediment (-80 mesh) and water
from Streams Draining the XY Deposit and Nor Zn-Pb Occurrence

XY Nor
Geochemical Response Sediment Water Sediment Water
Large increase - In, Pb, Cd, in IZn, Pb, Cd, in, Pb
Ba CU, Aga Bas
Hg
Moderate to weak increase Ni, Sb, Hg, F Co, Ni, Fe, As
Mo, Ag, V Mn, Mo, Sb
No Discernable Response Co, Cu, U, Pb, As u, v _ F

Mn, Fe
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Detection and Less Than Detection Limits for Analytical Results

Detection Less than
Element Limit Detection Limit
Water
U (ppb) 0.10 0.05
F (ppb) ' 25 12
As (ppb) 0.2 0.1
Zn (ppb) 5 2
Mn (ppb) 20 10
Fe (ppb) 40 20
C1 (ppm) 1.0 0.5
Ca (ppm) 2.0 1.0
Mg (ppm) 1.0 0.5
Na (ppm) 0.2 0.1
K (ppm) 0.2 0.1
S04 (ppm) 0.5 0.2
HCO3 (ppm) 2.0 1.0
V (ppb) 0.5 0.2
Cd (ppb) 2.0 1.0
Sediment
Zn (ppm) 2 1
Cu (ppm) 2 1
Pb (ppm) 2 1
Ni (ppm) 2 1
Co (ppm) 2 1
Ag (ppm) 0.2 0.1
Mn (ppm) 2 1
Fe (pct) 0.2 0.1
Mo (ppm) 2 1
Ba (ppm) 100 50
V (ppm) 0.2 0.1
U (ppm) 2.0 1.0
As (ppm) 0.4 0.2
Hg (ppb) 30 15
Sb (ppm) 0.4 0.2
Cd (ppm) 1.0 0.5




MAP
SAMPLE
UTM COORDINATES

IN

EAST
NORTH
ROCK TYPE
AGE

WD

DT

SCLS

RP ST

CONT
BANK

- WCOL
RATE
SCOL
SMP CMP

PRPS
PRPB

PHYS
PATT
TYPE
CLSS
SRCE

Data List Legend

National Topographic System (NTS) - lettered quadrangle
(scale 1:250,000) part of sample number

Remainder of sample number - year (2), field crew (1),
sample sequence number (3)

Universal Transverse Mercator (UTM) coordinate system -
sample coordinates

Zone

Easting (meters)

Northing (meters)

Major rock type of catchment area

Stratigraphic age of roék type

Width of stream (feet) at the sample site

Depth of stream sampled to nearest tenth of foot
Typé of material sampled

Replicate status - relationship of sample with respect to
others within the survey

Contamination

Bank type

Water colour anqm§g§pended load
Water flow rate |
Predominant sediment colour

Sample composition - bulk mechanical composition of sand,
fines, organics respectively

Precipitate or stain on sediments at sample site

Distinctive precipitates, stains, weathering, blooms on
rocks in the immediate catchment area

General physiography
Drainage pattern
Stream type

Stream Class

Source of Water
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