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Abstract

Elemental abundances and Pb isotopic ratios for 2.5N HCI leachates from Chehalis valley basal till samples (<0.063 mm
fraction) highlight down-ice glacial dispersion of volcanogenic massive sulphide (VMS) occurrences. Despite the relatively
young age of the Seneca VMS deposit and surrounding volcanic rocks (Middle Jurassic), the contrast in Pb isotopic ratios
between tills derived from country rocks and tills containing ore material is 3-7%. This contrast is 2-3 orders of magnitude
above the analytical uncertainties of state-of-the-art multi-collector inductively coupled plasma mass spectrometry (MC-ICP-
MS). Our simplified method, in which Pb isotopic ratios are measured directly on bulk 2.5N HCI leachate solution by high-
resolution inductively coupled plasma mass spectrometry (HR-ICP-MYS), is consistent with the MC-ICP-MS results. It also

has low analytical uncertainties (0.4-0.6%) capable of distinguishing between tills derived mainly from country rocks and

those containing ore materials. Direct-leachate measurements using a quadrupole ICP-MS lack the resolution for tracing <10%
isotopic contrast. Although elevated Pb, Zn, Cu, and Ba abundances in till overlying the Seneca deposit identify the latter, they
show different down-ice dispersion patterns. In contrast, Pb isotopic ratios for leachates from the <0.063 mm till fraction appear
to be robust indicators of down-ice glacial dispersion for the VMS mineralization. The Pb abundances and isotopic compositions
are consistent with derivation of the Chehalis valley tills from isotopically heterogeneous local bedrock sources mixed with
variable proportions of lead from VMS mineralization. The relatively inexpensive method of determining Pb isotopic ratios in
tills by measuring 2.5N HCI leachates using HR-ICP-MS constitutes a robust exploration tool for a broad range of concealed

Pb-rich deposits including relatively young deposits.

Keywords: Pb isotope ratios, basal till, glacial dispersal, volcanogenic massive sulphide deposits, Harrison Lake Formation,
mineral exploration indicators, Seneca deposit, Canadian Cordillera

1. Introduction

Tills deposited by ice at the base of a glacier are
commonly derived from nearby bedrock, and exploration
geologists have long-used the lithological, mineralogical,
and geochemical anomalies found in such tills to establish
down-ice dispersion patterns (e.g., Shilts, 1976, DiLabio,
1990). Relative to multicyclic fluvial, lacustrine, and
colluvial deposits, which have more complex histories
of erosion, transport, temporary residence, and final
deposition, overconsolidated silt-rich basal tills are
minimally reworked and thus better reflect proximal
source rock compositions. Once transport direction is
understood, basal till geochemical anomalies can be
traced to primary sources. In mountainous terrains flow
paths are usually along linear, valley-controlled trends
reflecting the most recent glacier movements (Levson,
2001).
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Volcanogenic massive sulphide (VMS) deposits,
important sources of copper, zinc, lead and precious
metals, are formed in volcanic arcs or rifts by discharge
of hydrothermal fluids onto the seafloor (e.g., Hoy,
1991). Lead isotopes can effectively trace contributions
to sedimentary deposits derived from isotopically distinct
ore and country rocks and hence can be used to pinpoint
Pb deposits (e.g., Gulson, 1986; Bell and Franklin, 1993;
Bell and Murton, 1995; Simonetti et al., 1996; Hussein et
al., 2003). Furthermore, weathering profiles retain the Pb
isotopic ratios of parent ore bodies (Gulson, 1986).

Our study builds on the pioneering work of Bell and
Franklin (1993), Bell and Murton (1995), and Simonetti et
al. (1996), who established a method of using Pb isotopes
in glacial overburden in the exploration of relatively old
Archean (Manitouwadge, Ontario), Paleoproterozoic
(Chisel Lake, Manitoba), and early Paleozoic (Buchans,
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Fig. 1. Terranes (after Colpron and Nelson, 2011) and location of Chehalis valley study area (red box) in southwestern British

Columbia.

Newfoundland) VMS deposits, and Hussein et al. (2003)
who extended its application to another early Paleozoic
deposit (Halfmile Lake, Bathurst, New Brunswick). The
isotopic differences between the Pb from a VMS deposit
and surrounding country rocks constitute the basis of this
method. We refer the reader to Bell and Franklin (1993)
and Bell and Murton (1995) for details of the theory
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behind Pb isotopes and till prospecting. Simonetti et al.
(1996) also studied the effectiveness of several different
selective extraction techniques and different grain-size
fractions for the Pb isotopic analysis of tills.

Because most VMS deposits contain negligible U and
Th but high Pb (up to a few wt.%), their Pb isotopic
compositions remain little changed from the time they
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are emplaced. In contrast, the crustal rocks that host these
deposits have much higher U and/or Th and much lower
Pb contents and, as a result, develop distinctly more
radiogenic present-day Pb isotopic compositions due to
in situ decay of U and Th. In cases where mineralization
is significantly younger than the host rocks, marked
isotopic contrasts can originate as a primary feature. But
because it generally takes time for in situ U and Th decay
to increase radiogenic Pb concentrations in host rocks
and raise the host rock-ore body Pb isotopic contrast to
easily measured levels, previous studies have focused
on older VMS deposits. In this study, we extend the
application of Pb isotopes for tracing glacial dispersion
from relatively young (Middle Jurassic) VMS deposits
in Chehalis valley, southwestern British Columbia (Fig.
1). Our results demonstrate that Pb isotopes fingerprint
the signature of these VMS deposits in overlying tills and
provide an effective indicator for mineral exploration in
the Canadian Cordillera. We also test the suitability of
different instrumentation for the Pb isotopic analysis
of till (<0.063 mm fraction) and rock samples. Our
simplified method, in which Pb isotopes are measured
directly in bulk 2.5N HCI leachate on a high-resolution
ICP-MS (inductively coupled plasma mass spectrometer)
provides suitable reproducibility for the isotopic contrast
between country rock and ore.

2. Geology and physiography

The Chehalis valley study area is in the Coast Mountain
Range, about 120 km east of Vancouver (Fig. 1). Most
of the area is underlain by intermediate and felsic
volcanic rocks of the Harrison Lake Formation (Early to
Middle Jurassic) of the Harrison terrane (Fig. 1; Monger,
1970; Arthur et al., 1993; Monger and Journeay, 1994;
Mabhoney et al., 1995). These rocks host several Kuroko-
style massive sulphide occurrences, including the Seneca
Zn-Cu-Pb deposit (Hoy, 1991; McKinley et al., 1994;
1995; McKinley, 2006). The Harrison terrane is intruded
by Middle Jurassic porphyry stocks and plutons, made up
of diorite, quartz diorite, granodiorite and tonalite, of the
Coast Plutonic Complex (Fig. 2). Elevation in the study
area varies from ~30 m above sea level at the confluence
of the Chehalis and Harrison rivers, to headwater peaks
>2,000 m. Outcrop is generally poor below the 500 m
level. Forest cover ranges from recent clear-cut to mature
stands of hemlock and cedar. Bedrock-controlled middle
and upper slopes have moderate to steep gradients with
rounded summits and ridges.

Downstream of Chehalis Lake, thick (>100 m) late
Pleistocene sediments fill the Chehalis valley (Fig. 3). As
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described by Ward and Thomson (2004), these sediments
span the transition from the middle Wisconsin interstadial,
marked by a fluvial gravel unit, to the Late Wisconsin
Fraser glaciation and Holocene nonglacial conditions.
Fraser glaciation deposits include both advance- and
retreat-phase laminated glaciolacustrine sediments,
tills deposited by ice flowing down the Chehalis valley,
and gravels interstratified with dropstone-bearing sand
and silt, which represent subaqueous outwash deposits.
Locally, thick (>50 m) bedded gravel foresets are capped
by horizontally bedded gravel, likely marking deltas
formed during deglaciation. Bedrock striations (Fig. 4)
indicate ice flow towards the south-southeast, parallel to
the Chehalis valley (Appendix 1; Fig. 2), perhaps by ice
sourced in the upper valley (Ward and Thomson, 2004).
The occurrence of older bedrock striations oblique to the
valley may also record possible ice flow up, and perhaps
westward across, the Chehalis valley from the Fraser
lowland during the Late Wisconsin maximum or perhaps
a pre-Late Wisconsin glaciation (Ward and Thomson,
2004).

3. Samples

We collected 26 till and 11 bedrock samples from
Chehalis valley (Fig. 2). In addition, duplicates of till
samples (2-3 kg) were collected at three randomly selected
sample sites. Most of the till samples are from forestry
roadcuts. Sample sites are distributed up and down ice of
the VMS occurrences. Sampling density increases near
the VMS occurrences; one sample was taken immediately
above the Seneca pit. Details for till samples are given in
Appendix 2. Most of the samples were collected at depths
of >0.4 m. Care was taken to avoid rootlets and oxidized
or reduced joint surfaces or horizons. The tills overlie
laminated silt, bedded sand and gravel, or bedrock. For
tills directly overlying bedrock, samples were collected
0-0.1 m above the contact. The till is generally massive,
dense and weakly fissile, has a silty sand matrix, and
contains 25%—55% clasts (Fig. 5). A crude stratification,
owing to variation in clast size and abundance is locally
developed (Fig. 5a). Subangular to subrounded granules
and pebbles are predominant and clasts are commonly
striated. Volcanic rocks of the Harrison Lake Formation
are the main clast type (>60%), although one sample
contains mainly diorites and granodiorites of the Mt.
Jasper pluton (Fig. 6; Appendix 3), indicating glacial
transport and bedrock sources within the study area. Till
samples down ice from, and directly above, the Seneca
pit contain abundant mineralized clasts, with up to 7% of
rusty pseudomorphs (up to 4 mm in diameter) presumably
after sulphide grains (Fig. 7).
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Fig. 4. Two sets of cross-cutting striations on bedrock overlain by till.
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b ) V6

Fig. 5. Examples of basal till, Chehalis valley. a) Clast-rich till (unit 1) overlain by darker till with smaller, less abundant clasts
(unit 2). b) Close up of unit 1, showing weakly oxidized, dense till with silty sand matrix and about 35% clasts. ¢) Close up of
unit 2, showing more oxidized, less dense till with sandy matrix and about 30% clasts. d) Dense till with sandy silt matrix and
about 35% clasts, overlain by retreat-phase glaciolacustrine silt and clay. e) Weakly oxidized, dense till with sandy silt matrix and
about 30% clasts, overlain by bedded sand and gravel. f) Mottling, possibly after vegetation roots, in pervasively oxidized, dense
till with sandy silt matrix and about 25% clasts.
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Fig. 7. Basal till with sand- to granule-size oxidized sulphides.

a) Till collected about 1 km down ice from the Seneca pit. b)
Till collected directly above the southeast wall of the Seneca

pit.

Bedrock samples include Kuroko-style VMS
mineralization from the Seneca deposit and nearby
country rocks (Appendix 4). Samples of country rocks
are mostly dacite and rhyodacite porphyries and tuffs
of the Harrison Lake Formation and one sample of
hornblende diorite from the Mt. Jasper pluton (Fig. 2).
Dacite and rhyodacite have phenocrysts of plagioclase
and orthoclase (total 5-15%), quartz (0-3%), and
hornblende (1-2%), set in a dense, very fine-grained felsic
groundmass. Feldspars are sericitized and altered to clay,
and hornblende is completely replaced by pseudomorphs
of chloritetepidote+tremolite. Secondary chlorite,
epidote and tremolite also form veinlets in the albitized
or sericitized groundmass. Volcaniclastic rocks from
Seneca pit area are lapilli tuff with disseminated pyrite
(~4%) and sphalerite (<1%) in a silicified and sericitized
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matrix, and very fine-grained reworked felsic ash tuff. A
subvertical gossanous zone (~1.5 m wide) within lapilli
tuff at a roadcut outcrop ~2.5 km northwest of Seneca
pit contains abundant pyrite cubes (up to 0.5 cm), clay,
sericite, chlorite, minor epidote, and accessory sphalerite
and titanite. Diorite from the Mt. Jasper pluton is a
massive, weakly porphyritic rock with rare phenocrysts
of plagioclase (up to 1 cm) and quartz (up to 6 mm) set in
a medium-grained groundmass. The groundmass is made
up of weakly sericitized and chloritized plagioclase, fresh
or weakly chloritized and epidotized hornblende (6-
7%), magnetite (1%), and interstitial quartz (4-5%) and
chlorite. Accessory apatite forms euhedral inclusions in
hornblende.

VMS mineralization in the Seneca Pit includes
stratiform lenses of pyrite (15-60%), sphalerite (7-10%),
chalcopyrite (1-5%), and minor galena (<1%) in strongly
sericitized and silicified fragmental volcanic rocks, and
veins and disseminated sulphides in altered dacite lava
and epiclastic conglomerate. Barite is common and locally
comprises up to 50% of the rock. Detailed descriptions
of the geology, mineralization, and exploration history
of the Seneca deposit can be found in McKinley et al.
(1995) and McKinley (2006).

4. Analytical methods

Samples were prepared at the British Columbia
Geological Survey (BCGS), where blind quality control
samples were inserted. Till samples were oven dried at
40°C and sieved to <0.063 mm. Rock samples were jaw
crushed, and fragments (>3 mm) selected to be free of
weathered surfaces were pulverized using a steel mill. All
equipment was thoroughly washed between samples to
avoid cross contamination. In addition, a small portion
of each sample was processed and discarded to 'pre-
contaminate' the equipment.

Elemental abundances were determined by several
different methods. Total contents of Cu, Zn, As, Rb, Sr,
Zr, Mo and Pb were analyzed at BCGS using a Thermo
Scientific Niton FXL 950 energy-dispersive X-ray
fluorescence (XRF) spectrometer in hand-pressed, 32
mm-diameter sample pellets, made with a 4 pm-thick
polypropylene bottom. We used an 8-mm X-ray spot
diameter, automated sample spinner, 180 seconds counting
time, and Compton internal standardization method
with calibration factors of Rukhlov (2013; Appendix
5). Total C and S were determined by Leco combustion,
loss-on-ignition (LOI) at 1000°C gravimetrically. After
fusion of samples with lithium metaborate-tetraborate,
major and minor oxides were determined by inductively
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coupled plasma atomic emission spectrometry (ICP-
ES) and trace elements by inductively coupled plasma
mass spectrometry (ICP-MS) at Acme Analytical
Laboratories Ltd., Vancouver, B.C. (Acme; Appendix 6).
Concentrations of Ag, As, Au, Bi, Cd, Cu, Hg, Mo, Ni,
Pb, Sb, Se, Tl, and Zn were determined by hot aqua regia
leaching of 0.5-g samples and ICP-MS analysis at Acme
(Appendix 7). Samples were also analyzed for 35 elements
by instrumental neutron activation analysis (INAA) at
Activation Laboratories Ltd., Ancaster, Ontario (Actlabs;
Appendix 8). Table 1 lists the minimum detection limits
(DL) and percentage of results at or below DL per element
for each method.

ForPbisotopicanalyses, weused aconventional leaching
technique that Simonetti et al. (1996) found to be more
effective in enhancing the Pb isotopic contrast between
the mineralized and background samples than complete
dissolution or other selective extractions. In our modified
procedure, 0.3 to 0.5 g samples were leached with 6-10
mL of 2.5N HCl at room temperature for ~2 hours and the
leachate solutions were analyzed at three laboratories using
different mass spectrometers (Appendix 9). Lead isotopic
ratios were measured directly in centrifuged, decanted,
and diluted bulk leachate solution on a Perkin Elmer
Nexion quadrupole inductively coupled plasma mass
spectrometer (quad ICP-MS) at Acme and, with addition
of HNO,, on a Thermo Scientific Finnigan ELEMENT
2 high-resolution, double focusing magnetic sector field
inductively coupled plasma mass spectrometer (HR-
ICP-MS) at Actlabs. Lead isotopic ratios for 14 selected
samples were also measured on a Nu Plasma multi-
collector inductively coupled plasma mass spectrometer
(MC-ICP-MS) after leachate Pb purification by ion-
exchange column separation at the Pacific Centre for
Isotopic and Geochemical Research (PCIGR), University
of British Columbia. Both leachate and digested residue
were analyzed from a basalt standard JB-3 (Kimura et al.,
2006). All Pb isotopic data were corrected for isobaric
interference. Weis et al. (2006) provided analytical details
for Pb isotopic measurements on MC-ICP-MS at PCIGR.
The measured Pb isotopic ratios were corrected online for
instrumental mass fractionation using ***T1/2*TI ratio and
normalized offline to the correct NIST SRM 981 values
of Galer and Abouchami (1998) using a standard sample
bracketing method (Albaréde and Beard, 2004). The
HR-ICP-MS data were also normalized to a Pb isotopic
standard by Actlabs, whereas the quad ICP-MS data were
not normalized by Acme.

Reproducibility and accuracy of the analyses were
monitored by duplicates of <0.063 mm fraction of till

British Columbia Geological Survey Paper 2015-2

samples and international geological standards. Relative
difference for the duplicates is given as follows.

. [X: — Xl |,
Relative difference (%) = —= 10

where X and X, are duplicate results, and X is the
average of duplicate pair. Average relative difference
uncertainties for concentrations based on 4 duplicate
pairs are estimated to be <10% for most determinations
by XRF, fusion-ICP-ES/MS, and aqua regia-ICP-MS.
Elements with concentration levels near the minimum
detection limits have <40% uncertainty (Appendices
5-7). Reproducibility of the INAA results is <30% for
most elements, except Ba, Ce, Cr, Eu, Nd, Rb, Th, U,
and Zn (32-94%; Appendix 8). Scatterplots of till field
duplicates and quality controls for selected elements are
given in Appendices 10-13.

For the MC-ICP-MS results, based on 40 analyses of
NIST NBS 981 carried out with the samples, 26 errors
are 0.010% for 2°°Pb/>*Pb and 2*’Pb/***Pb, 0.013% for
208pp/2%Pb, 0.008% for 2°Pb/*°°Pb, and 0.011% for
208ph/2%Ph. Table 2 lists the estimated reproducibility
for Pb isotopic ratios measured by different instruments
based on average relative difference from duplicates (for
details, see Appendix 9). Appendices 14-16 show Pb-Pb
isotopic plots for leachates from till duplicate samples
and for leachate-residue and bulk-dissolution results from
geological standards. In summary, as expected, MC-ICP-
MS results are more precise than HR-ICP-MS which are
more precise than quad ICP-MS.

5. Results
5.1. Elemental abundances

Elemental concentrations for all samples are listed in
Appendices 5-8. Tills and country rocks from Chehalis
valley have very similar chemical compositions (Figs. 8
and 9), indicating local bedrock sources for the tills. The
volcanic rocks of the Harrison Lake Formation and diorite
of the Mt. Jasper pluton range from basaltic andesite
to rhyolite and show a volcanic-arc affinity (Fig. 8).
Normalized rare earth element (REE) and multi-element
spider plots (Fig. 9) are also consistent with a subduction-
related origin (Mahoney et al., 1995). Total REE contents
(49-81 ppm) are about 20-30 times chondritic values,
with the REE patterns indicating light rare earth element
(LREE) enrichment (La /Yb = 2.3-8.5; La /Sm_= 1.4-
3.1), weak negative Eu anomalies, and flat heavy rare
earth element (HREE) distributions (Fig. 9a). These REE
patterns, coupled with Rb, Ba, K, and Th enrichment
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Table 1. Minimum detection limits (DL) and percentage of results at or below DL.

Analyte Unit INAA LICP AICP GRAV LECO PXRF
Si0, wt% — 0.01 (0%) — — — —
ALO, wt% — 0.01 (0%) — — — —
Fe, 0, wt% — 0.04 (0%) — — — —
MgO wt% — 0.01 (0%) — — — —
CaO wt% — 0.01 (0%) — — — —
Na, O wt% — 0.01 (2%) — — — —
KO  wt% — 0.01 (0%) — — — —
TiO, wt% — 0.01 (2%) — — — —
PO, wt% — 0.01 (7%) — — — —
MnO wt% — 0.01 (0%) — — — —
Cr,0, wt% — 0.002 (2%) — — — —
LOI  wt% — — — 0.1 (0%) — —
Total C  wt % — — — — 0.02 (44%) —
Total S  wt % — — — — 0.02 (73%) —
Ag ppm 5(93%) — 0.1 (78%) — — —
As ppm 0.5 (7%) — 0.5 (11%) — — 2 to 3 (12%)
Au ppb 2 (84%) — 0.5 (31%) — — —
Ba ppm 50 (36%) 1 (0%) — — — —
Be ppm — 1 (91%) — — — —
Bi ppm — — 0.1 (80%) — — —
Br ppm 0.5 (73%) — — — — —
Ca wt % 1 (93%) — — — — —
Ce ppm 3 (7%) 0.1 (0%) — — — —
Cd ppm — — 0.1 (53%) — — —
Cu ppm — — 0.1 (0%) — — 7 to 13 (9%)
Co ppm 1 (24%) 0.2 (0%) — — — —
Cr ppm 5(9%) — — — — —
Cs ppm 1 (87%) 0.1 (11%) — — — —
Dy ppm — 0.05 (4%) — — — —
Er ppm — 0.03 (2%) — — — —
Eu ppm 0.2 (29%) 0.02 (0%) — — — —
Ga ppm — 0.5 (0%) — — — —
Gd ppm — 0.05 (0%) — — — —
Fe wt%  0.01 (0%) — — — — —
Hf ppm 1 (13%) 0.1 (0%) — — — —
Hg ppm 1 (100%) — 0.01 (18%) — — —
Ho ppm — 0.02 (4%) — — — —
Ir ppb 5 (100%) — — — — —
La ppm 0.5 (0%) 0.1 (0%) — — — —
Lu ppm  0.05 (7%) 0.01 (0%) — — — —
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Table 1. Continued.

Lead isotopes in till for mineral exploration

Analyte Unit INAA LICP AICP GRAV LECO PXRF
Mo ppm 1 (82%) — 0.1 (13%) — — 2 to 3 (72%)
Na wt%  0.01 (0%) — — — — —
Nb ppm — 0.1 (0%) — — — —
Nd ppm 5 (56%) 0.3 (2%) — — — —
Ni ppm 20 (100%) 20 (93%) 0.1 (0%) — — —
Pb ppm — — 0.1 2%) — — 2 (0%)
Pr ppm — 0.02 (0%) — — — —
Rb ppm  15(89%) 0.1 (0%) — — — 0.6 (0%)
Sb ppm 0.1 (16%) — 0.1 (27%) — — —
Se ppm 0.1 (0%) 1 (4%) — — — —
Se ppm 3 (100%) — 0.5 (64%) — — —
Sm ppm 0.1 (2%) 0.05 (0%) — — — —
Sn ppm 200 (100%) 1 (89%) — — — —
Sr ppm 500 (100%) 0.5 (0%) — — — 0.8 (0%)
Ta ppm 0.5 (100%) 0.1 (13%) — — — —
Tb ppm 0.5 (100%) 0.01 (0%) — — — —
Th ppm 0.2 (22%) 0.2 (4%) — — — —
Tl ppm — — 0.1 (82%) — — —
Tm ppm — 0.01 (2%) — — — —

U ppm 0.5 (80%) 0.1 (0%) — — — —

\% ppm — 8 (0%) — — — —

W ppm 1 (100%) 0.5 (62%) — — — —

Y ppm — 0.1 (0%) — — — —

Yb ppm 0.2 (7%) 0.05 (0%) — — — —

Zn ppm 50 (71%) — 1 (0%) — — 3 (0%)
Zr ppm — 0.1 (0%) — — — 1 to 24 (7%)

Footnotes:

Percentages of results at or below DL (in parentheses); total 45 samples analyzed.

Method codes: INAA = instrumental neutron activation analysis; LICP = lithium methaborate-tetraborate fusion

with a combination of inductively coupled plasma emission spectrometry (ICP-ES) and inductively coupled plasma
mass spectrometry (ICP-MS) finish; AICP = aqua-regia extraction at 90°C with ICP-MS finish; GRAV = gravimetric
determination of loss-on-ignition (LOI) after ignition at 1000°C; LECO = LECO combustion; PXRF = energy-
dispersive X-ray fluorescence spectrometry on hand-pressed, 32 mm-diameter samples (>10 g), covered with 4 pm-thick

polypropylene film.

Units: ppb = parts per billion; ppm = parts per million; wt % = weight per cent.

relative to mid-ocean ridge basalts (Bevins et al., 1984)
and relative Ta, Nb, and Ti depletion (Fig. 9b), are
characteristic of island-arc magmatism (e.g., Ryerson and
Watson, 1987). Depletion in Ni is consistent with olivine
fractionation, and moderate depletion in Sr of the volcanic
rocks, coupled with slightly negative Eu anomalies, may
indicate plagioclase fractionation (Mahoney et al., 1995).
Diorite of the Mt. Jasper pluton has lower Rb, Ba, K, Ta
and Zr contents and higher Sr, P, and Ti contents than
those of volcanic rocks of the Harrison Lake Formation.
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Mineralized samples from Seneca VMS deposit contain
up to 19.4 wt.% Ba, 9.2 wt.% Zn, 4.4 wt.% Cu, and 0.2
wt.% Pb, which are about 10 to 1000 times greater than
those of local country rocks (Fig. 9c).

Trace-element patterns of tills are generally similar to
those of Harrison Lake Formation volcanic rocks and
diorite of the Mt. Jasper pluton. Elevated metals values
(e.g., As, Au, Cu, Pb, and Zn) in some till samples are
bracketed by whole rock values from the Seneca VMS
deposit and the country rocks (Fig. 9; Appendices 5-8).
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Table 2. Reproducibility of Pb isotopic ratios (%) based on average relative difference from duplicates.

Instrument ' 206ph/2%4Ph 207ph/2Ph 208ph/2%4Ph 207Ph/*6Ph 208ph/2%6Ph
MC-ICP-MS 0.10 0.01 0.04 0.09 0.06
HR-ICP-MS 0.6 1.2 0.6 0.6 0.4
Quad ICP-MS 3.1 3.4 1.8 1.5 3.4

! MC-ICP-MS = multi-collector inductively coupled plasma mass spectrometer; HR-ICP-MS = high-resolution, double
focusing magnetic sector field inductively coupled plasma mass spectrometer; Quad ICP-MS = quadrupole inductively

coupled plasma mass spectrometer.

5.2. Lead isotopic ratios
5.2.1. Leaching versus bulk dissolution

For Pb isotopic analysis, we have adopted a
conventional leaching (i.e. 2.5N HCl at room temperature)
which Simonetti et al. (1996) found to be effective in
enhancing Pb isotopic contrast between mineralized and
background till samples. For a detailed discussion of
the leachate-residue and bulk dissolution experiments,
we refer the reader to Simonetti et al. (1996). Because
conventional leaching has been applied successfully in
previous Pb isotopic studies (e.g., Simonetti et al., 1996;
Hussein et al., 2003), we analyzed leachate-residue for
selected geological reference materials to compare with
the literature leachate-residue and bulk dissolution data.
A comparison between Pb isotopic ratios measured for
geological reference materials on leachates and residues
using the 2.5N HCI extraction in this study and bulk-
dissolution results from the literature (Kimura et al., 2006;
Weis et al., 2006; Chauvel et al., 2011) indicates that the
extraction technique is effective for labile Pb such as
sulphide mineralization, thus enhancing the Pb isotopic
contrast between the mineralization and background
(see data in Appendix 9 and Pb-Pb isotopic plots in
Appendices 14-16). Leachates for all rock reference
materials in this study have lower 2**Pb/**Pb values than
those of corresponding residues and bulk-dissolution
determinations (Kimura et al., 2006; Weis et al., 2006).
The *°Pb/?*Pb values for leachates are similar to, or
slightly lower than, those for residues and bulk-dissolution
values, and are similar to some leachate values of Weis et
al. (2006). All rock reference materials have consistent
leachate-residue and bulk dissolution *’Pb/?**Pb ratios,
except rhyolite RGM-1 reference material, which has
a lower bulk-dissolution 2Pb/**Pb value (Weis et al.,
2006). For basalt JB-3 reference material, leachate has
lower 2%Pb/**Pb and ***Pb/**Pb values than those of the
residue, which has a Pb isotopic composition similar to
bulk-dissolution values of Kimura et al. (2006). Leachate
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for a lake sediment reference material (LKSD-1) has
206pb/204Pb, 207Pb/?*Pb, and 2Pb/2%Pb values similar
(within the analytical uncertainty) to bulk-dissolution
values of Chauvel et al. (2011) but higher **Pb/?*Pb and
208Ph/2%PD ratios.

Overall, leachates in this study tend to have a less
radiogenic Pb isotopic composition than the corresponding
residues and bulk-dissolution analyses thus confirming
the effectiveness of the 2.5N HCl extraction for enhancing
isotopic contrast between anomalous (‘ore-like') and
background (more radiogenic) till samples (Simonetti et
al., 1996).

5.2.2. Lead isotopic ratios in tills and rocks

The Pb isotopic results for 2.5N HCI leachates from
Chehalis valley tills (<0.063 mm fraction), and VMS
mineralization and the surrounding background rocks
are given in Appendix 9 and shown in Figures 9-12.
For MC-ICP-MS results on selected samples, the data
in Pb-Pb isotopic plots form near-linear arrays over
a wide range of values. Similar findings were reported
for tills associated with VMS deposits from Chisel
Lake, Manitoba (Bell and Franklin, 1993; Bell and
Murton, 1995); Buchans, Newfoundland (Bell and
Murton, 1995); Manitouwadge, Ontario (Simonetti et
al., 1996); and Bathurst, New Brunswick (Hussein et al.,
2003). Samples of VMS mineralization have the lowest
206pp/204Phb, 20Pb/2%Pb, and 2°°Pb/*Pb ratios, and the
highest 2°’Pb/?*Pb and 2%®Pb/**Pb ratios, all very similar
to the isotopic composition of galena from the Seneca
deposit (Godwin et al., 1988). Diorite from the Mt. Jasper
pluton has the most radiogenic values (Fig. 10). Lead
isotopic ratios for tills are continuously distributed over
a range of values from the isotopic signature of the VMS
mineralization towards more radiogenic compositions
(**Pb/2*Pb = 18.33-18.73; 2Pb/*™Pb = 15.53-15.58;
208Pp/24Pb = 37.93-38.33; 2Pb/2Pb = 0.832-0.848;
208Pp/29Ph = 2.045-2.069). Also shown in these diagrams
for reference are present-day isotopic compositions of
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Fig. 8. Geochemical discrimination diagrams for Chehalis valley till (<0.063 mm fraction) and whole-rock samples. a) Total alkali
(Na,0 + K 0) vs. SiO, (anhydrous wt.% ) classification for volcanic rocks, showing the fields of andesite (A), basalt (B), basaltic
andesite (BA), basaltic trachyandesite (BT), dacite (D), foidite (F), phonolite (P), phonotephrite (PT), picrobasalt (PB), rhyolite
(R), tephriphonolite (TP), tephrite and basanite (T/B), trachyandesite (TA), trachybasalt (TB), and trachyte and trachydacite (T)
after Le Bas et al. (1986). b) (Y + Nb) vs. Rb and ¢) Yb vs Ta tectonic discrimination diagrams for granitoids after Pearce et al.
(1984); dash line shows boundary between granites from anomalous ocean ridges and within-plate granites.

depleted MORB mantle (DMM) end-member (Hart,
1988), and upper continental crust and “orogene”,
considered to be a mixture of both upper mantle and
continental crust (Zartman and Doe, 1981). The VMS ore
has more radiogenic **Pb/***Pb and *’Pb/**Pb but lower
208Pp/2%Ph ratios than those of DMM. More radiogenic
isotopic ratios from tills approach the present-day
isotopic composition of the 'orogene' (Zartman and Doe,
1981), whereas diorite of Mt. Jasper pluton shows much
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higher 2*Pb/?*Pb and 2*Pb/**Pb ratios, which are more
radiogenic than the present-day isotopic composition of
upper continental crust (Zartman and Doe, 1981).

The leachate data for all till and whole-rock samples
by the HR-ICP-MS show more scatter than the MC-
ICP-MS results for selected samples on Pb-Pb isotopic
diagrams (Figs. 11 and 12). Although some of the scatter
is certainly due to the larger uncertainties of the HR-ICP-
MS measurements (~40-100 times MC-ICP-MS), the
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Fig. 9. Spider diagrams for Chehalis valley till (<0.063 mm fraction) and whole-rock samples. a) Chondrite-normalized rare
earth element plot, using normalization of Boynton (1984). b) Mid-ocean ridge basalt (MORB)-normalized spider plot, using
normalization of Bevins et al. (1984). ¢) Average granodiorite-normalized spider plot, using normalization of Levinson (1974).

range of values is significantly greater than our quoted
reproducibility for the analyses. Generally, the Pb isotopic
ratios measured directly in bulk leachate solution using
the HR-ICP-MS are consistent with those using state-of-
the-art MC-ICP-MS. In both modes of measurement the
VMS mineralization has the lowest **Pb/**Pb and the
highest 2*"Pb/**°Pb ratios, similar to those of galena in the
Seneca deposit (Godwin et al., 1988). For the HR-ICP-
MS results, the Pb isotopic ratios for leachates from the
volcanic rocks of the Harrison Lake Formation hosting the
Seneca deposit and from diorite of the Mt. Jasper pluton
show considerable variation (**Pb/?*Pb = 18.46-20.01;
27Pp/2MPb = 15.13-16.18; 2%®Pb/*™Pb = 36.78-39.89;
207Pb/2%Pb = 0.787-0.844; 2*°Pb/**Pb = 1.94-2.09). In Pb-
Pb isotopic ratio diagrams, data from these rocks define
envelopes, scattering from less radiogenic compositions,
approaching those of the mineralized samples, perhaps
reflecting their genetic relationship to the VMS ore,
to highly radiogenic 2°°Pb/*™Pb wvalues at variable
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207Pb/*Pb and 2°Pb/*™Pb, typical of continental crust
(Fig. 11). Leachates from tills and country rocks show
similar patterns (Fig. 11) except that the tills show more
restricted variations, ranging from the least radiogenic
values similar to those of the VMS mineralization to more
radiogenic compositions, but not as extreme as those of
the country rocks. The direct-leachate measurements by
quad ICP-MS (uncorrected for mass fractionation) show
the widest range of values due to much larger analytical
uncertainties (~3-9 times) than HR-ICP-MS (Fig. 12).
The measured range of Pb isotopic ratios from tills
(3-7% difference) is 40%-80% of the overall Pb
isotopic contrast between the VMS mineralization and
the surrounding background rocks from Chehalis valley.
This range is 2-3 orders of magnitude greater than the
uncertainties of the state-of-the-art MC-ICP-MS analyses
using purified Pb solution and 5-10 times greater than
those of the direct-leachate analyses on HR-ICP-MS but
is within, or only slightly exceeds, the reproducibility
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of the quad ICP-MS results. Because the variations
of Pb isotopic ratios are much greater than analytical
uncertainties, both MC-ICP-MS and HR-ICP-MS are
useful to identify VMS anomalies in tills.

6. Summary and discussion
6.1. Mixing of Pb from local heterogeneous sources

Lead isotopic ratios in tills (<0.063 mm fraction) near
the Seneca deposit reflect contributions from both VMS
mineralization and surrounding country rocks. This is
shown by near-linear arrays in Pb-Pb isotopic ratio plots
for the MC-ICP-MS results, where one end corresponds
to the isotopic signature of VMS mineralization (with the
lowest 2°°Pb/2%Pb, 2°7Pb/?*Pb, and 2*®*Pb/**Pb ratios, and
the highest *’Pb/***Pb and **Pb/**Pb ratios) similar to that
of galena from the Seneca deposit (Godwin et al., 1988;
Fig. 10) and the other to the surrounding country rocks.
A similar linear relationship was documented by Bell and
Franklin (1993), Bell and Murton (1995), Simonetti et
al. (1996), and Hussein et al. (2003) in their Pb isotope
studies of tills at Chisel Lake, Buchans, Manitouwadge,
and Bathurst. Although the HR-ICP-MS data for all
samples are more scattered than the MC-ICP-MS data
for selected samples and define broad envelopes in Pb-
Pb isotopic diagrams, the least radiogenic ratios from
the tills are still similar to those of the ore samples and
galena from Seneca deposit (Fig. 11). The till data range
between the isotopic signature of the ore and the more
radiogenic compositions of the surrounding country rocks,
suggesting that most of the Pb was derived from local
heterogeneous bedrock sources via glacial dispersion.
Furthermore, the close multi-element similarity between
tills and rocks from Chehalis valley (Fig. 9) is consistent
with local derivation.

The apparent variation in **’Pb/*™Pb ratio for a given
206pp/2%Ph ratio (Fig. 1la) measured by HR-ICP-MS
could be due to the larger analytical uncertainty for the
27Pb/*™Pb ratio than those for other Pb isotopic ratios
measured on HR-ICP-MS. Alternatively, if the variation
in 27Pb/?“Pb ratio for a given 2°Pb/**Pb ratio in the
volcanic rocks and related VMS deposit is real, it would
suggest a contribution of Pb from an ancient source such
as the sub-continental lithosphere. The large variations in
208Pp/204Ph ratio for a given **Pb/?*Pb, well in excess of
the analytical uncertainty, indicate that the scatter in the
206Pb/2Pb versus **Pb/?*Pb diagram reflects the variable
Th/U ratio in the Seneca deposit and the surrounding
country rocks or the time-integrated Th/U ratio in their
source (Fig. 11c). This is not surprising, given that
variations of ~3% in 2%Pb/?Pb and ~4% in 2°’Pb/?%°Pb,

British Columbia Geological Survey Paper 2015-2

well outside of analytical errors (0.1-0.2 %), were
reported for a single crystal of galena from the Buick
Mississippi Valley-type deposit, Missouri, covering the
range of values found for the whole of the mineralized
area (Hart et al., 1981).

The large variations in the Pb isotopic ratios in the tills
reflect both the initial Pb isotopic variations and added
radiogenic Pb produced by in situ decay of U and Th in
the bedrock sources. Galena has U/Pb and Th/Pb ratios
of 0; country rocks have U/Pb ratios that range from 0
to 7, and Th/Pb ratios that range from 0 to 14. Because
galena contains most of the Pb in VMS deposits (Fig.
9c¢), till samples containing Pb derived mainly from VMS
deposits will have less radiogenic Pb isotopic ratios,
approaching those of galena, than tills derived mainly
from country rocks.

Linear arrays have been interpreted as either relict
secondary isochrons (e.g., Bell and Franklin, 1993;
Simonetti et al., 1996) or binary mixing lines with or
without geochronologic significance (e.g., Bell and
Murton, 1995; Simonetti etal., 1996; Hussein etal., 2003).
Bell and Franklin (1993) attributed a similar linear array
in the 2%Pb/?*Pb vs. ’Pb/**Pb diagram for glacigenic
sediments derived from the Chisel Lake VMS deposit,
Manitoba to a relict secondary isochron associated with
Amisk Group volcanic rocks (Paleoproterozoic) and
related ores. These authors suggested that the glacigenic
sediments at Chisel Lake preserved the secondary isochron
due to incomplete mechanical mixing of materials
derived from the ores and enclosing country rocks of
the same age. The interpretation of the Pb-Pb arrays as
relict secondary isochrons was later extended to a similar
linear relationship for tills at Manitouwadge, Ontario
(Simonetti et al., 1996). Alternatively, Bell and Murton
(1995), Simonetti et al. (1996), and Hussein et al. (2003)
interpreted similar linear relationships for tills at Chisel
Lake, Manitowadge, and Bathurst in terms of binary
mixing of leads from the VMS ores and the surrounding
country rocks. In the present example, if interpreted as a
secondary isochron, the slope of the linear array (n = 13;
excluding diorite analysis from Mt. Jasper pluton) in the
207Pb/2%Pb vs. 2%Pb/2*Pb diagram (Fig. 10a) corresponds
to an age of 2131+180 Ma (95% confidence), with the
lower intercept of the Stacey and Kramers (1975) growth
curve at 2271 Ma. The mean square of the weighted
deviation of 28 indicates that not all of the data points fit
a straight line within the estimated uncertainties. This age
is much older than the age of the Seneca VMS deposit
and the related volcanic-arc rocks (Middle Jurassic). If
the linear array has a geochronological significance, it
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would imply that both the Seneca VMS deposit and the
enclosing volcanic-arc rocks contain Pb derived from a
closed-system, Paleoproterozoic source with a variable
time-integrated U/Pb ratio, such as the sub-continental
lithosphere. However, this conclusion is contradicted by
geochemical and Nd and Sr isotopic evidence that the
Harrison Lake Formation records juvenile arc magmatism
(Mahoney et al. 1995). Hence we interpret that the linear
arrays reflect simple mixing of two isotopically distinct
end-members and that tills from Chehalis valley contain
a mixture of leads derived from the VMS ores and
isotopically heterogeneous country rocks (Fig. 11).

Hyperbolic data arrays in the Pb abundance versus
Pb isotopic ratio diagrams for the MC-ICP-MS results
are best explained as binary mixing of debris from the
Seneca deposit and background country rocks (Fig. 13;
for mixing formulation see Langmuir et al., 1978). The
Seneca end member has the lowest 2°°Pb/?%Pb, 2’Pb/?*Pb,
and Pb/*Pb ratios, and the highest *"Pb/**Pb and
208Pb/2%Ph ratios and Pb contents. The background end
member (i.e. country rocks) has the highest 2°°Pb/**Pb,
207pp/24Pb, and 2°°Pb/**Pb ratios, and the lowest
207Pb/2%Pb and **®Pb/***Pb ratios and Pb content. Similar
hyperbolic relationships were documented by Bell and
Murton (1995) and Hussein et al. (2003) for tills at Chisel
Lake, Buchans, and Bathurst. The HR-ICP-MS and quad
ICP-MS results for all samples show more scattered Pb
isotopic ratios from tills and rocks with decreasing Pb
concentrations, indicating isotopically heterogeneous
country rocks (Figs. 14—15). These data are consistent with
the model that Chehalis valley tills represent mixtures of
debris from the local bedrock sources and have variable
proportions of Pb derived from the isotopically distinct
VMS mineralization in keeping with the findings from
other VMS deposits (Bell and Murton, 1995; Simonetti et
al., 1996; Hussein et al., 2003).

6.2. Elemental abundances and glacial dispersion
Abundances of Pb, Zn, Cu, and Ba display different
dispersion patterns down-ice of the Seneca VMS deposit
(Fig. 16). Till samples directly above and within ~1 km
of known VMS occurrences contain elevated Pb and Zn,
which fall to background levels farther away. Copper and
barium contents in till samples directly overlying Seneca
pit are clearly anomalous (>98" percentile) relative
to average till in the area but samples within ~1 km of
other known VMS occurrences are indistinguishable
from background values. Elevated Cu and Ba in some
till samples away from known VMS occurrences indicate
sources unrelated to known bedrock occurrences of the
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ores. Although there is an expected decrease in elemental
values away from Seneca VMS deposit, down-ice
dispersal is not well defined, probably due to low sample
density, geographically restricted sample site locations
and/or the possibility of two ice-flow events (south-
southeast and west).

6.3. Lead isotopes as glacial dispersion indicators

As emphasized by Bell and Franklin (1993), Bell and
Murton (1995), Simonetti et al., (1996) and Hussein et
al. (2003), lead concentrations alone cannot identify
the source of tills derived from eroded VMS deposits.
Because radiogenic Pb is produced by decay of U and Th
in country rocks but not in galena or other Pb-bearing ore
minerals that lack U and Th, an isotopic contrast between
country rocks and ores is generated. Up until now the use
of Pb isotopes in glacial till has been largely restricted to
Early Paleozoic and older deposits, but it is clear from
our study that VMS deposits as young as Middle Jurassic
can be pinpointed using inexpensive modern ICP-MS
instrumentation. This may also be true for other Pb-rich
deposits such as SEDEX, Pb-Zn skarn, and porphyries. In
addition, Pb isotopic ratios are partly independent of Pb
abundances, as shown by significant isotopic variations
in the tills with low Pb contents (Fig. 14). Thus sediment
consisting mainly of debris derived from Pb-rich deposits
may have a distinct Pb isotopic signature fingerprinting
the ore source (Bell and Franklin, 1993; Bell and Murton,
1995; Simonetti et al., 1996; Hussein et al., 2003).

In Figures 17-19, Pb isotopic ratios for leachates from
till samples (<0.063 mm fraction) are given as & values
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Fig. 13. Plots of Pb isotopic ratios by MC-ICP-MS vs. Pb concentrations for leachates from Chehalis valley till (<0.063 mm
fraction) and whole-rock samples showing binary mixing models (after Langmuir et al., 1978) calculated using PetroGraph
programme (Petrelli et al., 2005). Ticks on the model curves mark 10% increments. Lead concentrations are by aqua regia

extraction-ICP-MS. Uncertainties are smaller than the size of the symbols.
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Fig. 14. Plots of Pb isotopic ratios by HR-ICP-MS vs. Pb concentrations for leachates from Chehalis valley till (<0.063 mm
fraction) and whole-rock samples showing binary mixing models (after Langmuir et al., 1978) calculated using PetroGraph
programme (Petrelli et al., 2005). Ticks on the model curves mark 10% increments. Pb concentrations are by aqua regia extraction-
ICP-MS. Uncertainty bars for isotopic ratios show average relative difference from till <0.063 mm-fraction duplicates. Average

relative difference for Pb concentrations in the duplicates is smaller than the size of the symbols
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Fig. 15. Plots of Pb isotopic ratios by quadrupole ICP-MS vs. Pb concentrations for leachates from Chehalis valley till (<0.063
mm fraction) and whole-rock samples showing binary mixing models (after Langmuir et al., 1978) calculated using PetroGraph
programme (Petrelli et al., 2005). Ticks on the model curves mark 10% increments. Pb concentrations are by aqua regia extraction-
ICP-MS. Uncertainty bars for isotopic ratios show average relative difference from till <0.063 mm-fraction duplicates. Average

relative difference for Pb concentrations in the duplicates is smaller than the size of the symbols.
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(in %) calculated relative to the Seneca VMS values as

follows.

(‘IUDPb.-""Ime)S - (‘IUDP]EJ.-":MP]D)\,-'LE 101
(***Pb/***Pb)yss

§%pb ¥ pPb =1 —

(““Pb/Pb)s - (“Pb/Pb)vas

5%Pb/Pb = 1 — L. 102
(‘DSPb-’"MPb)u-MS

(*/'Pb/*Pb)s - (*'PbI*Pb)viss -10°

5207y, 6p, — Pb)s -
(P *Pb) s

PLITP)s - (TPY T Ph)was |

§2%pb/2%pp = ( e
(**Pb/*Pb) s

where

R (206Pb/204Pb)S, (zong/2°4Pb)S, (2°7Pb/206Pb)S, and
(**Pb/**Pb), are the isotopic ratios of the till
sample

*  (*“Pb/*"Pb),,, and (**Pb/*"Pb), . are the

lowest 2Pb/>**Pb and 2%Pb/**Pb ratios of whole

rock analyses from the Seneca VMS deposit

*  (*Pb/*Pb),,,. and (**Pb/**Pb), . are the
highest ’Pb/?*Pb and 2**Pb/?*Pb ratios of whole-

rock analyses from the Seneca VMS deposit.

Similar to the notation used for stable isotopes, the
0 values relate Pb isotopic ratios measured in tills to
those in the VMS ore. Bell and Murton (1995) first
used O notation for Pb isotopic results from tills at
Chisel Lake and Buchans. In our modified notation,
a o value of 1% for 2*°Pb/**Pb and 2**Pb/***Pb ratios
shows that the till has an isotopic ratio identical to the
VMS deposit, whereas values <1% indicate that the
till has a more radiogenic Pb isotopic composition.
For "Pb/?°Pb and 2°*Pb/?°Pb ratios, a & value of
0% indicates a VMS-like isotopic signature, and
negative 0 values mark till samples having more
radiogenic ratios.

Spatial patterns of & values for the MC-ICP-
MS results from Chehalis valley highlight tills
containing mainly material derived from known
VMS occurrences (Fig. 17). The highest 6 values
(~0.9 for 6*°Pb/?*Pb and &**Pb/**Pb, ca. -0.1 for
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&%"7Pb/?*Pb, and ~0 for 6***Pb/**Pb), approaching the
Pb isotopic signature of the VMS deposit, as would
be expected, are from till directly above the Seneca
pit. This till also has the highest Pb content (~120
ppm) of all till samples in this study. Till samples
>1 km away from known VMS occurrences show
more radiogenic (i.e. lower) 6 values, indicating
dilution by Pb derived from background country
rocks. For the direct-leachate HR-ICP-MS results,
the 6*°Pb/?”Pb and 6*7Pb/*Pb values highlight
dispersal down ice from the Seneca VMS deposit,
consistent with the MC-ICP-MS results (Figs. 18a
and c¢). However, the 8°Pb/?“Pb and 6**Pb/**Pb
values show more complex areal patterns (Figs.
18b and d), perhaps reflecting variations due to the
chemical differences of U and Th or the natural
isotopic heterogeneity of country rocks (Fig. 11) and
poor analytical resolution, particularly for 2**Pb/***Pb
ratios. For the quad ICP-MS results, the o values
show no systematic areal patterns because of the
resolution of the method (Fig. 19).

In summary, our findings demonstrate that Pb
isotopic ratios for 2.5N HCI leachates from <0.063
mm fraction of tills can detect Middle Jurassic VMS
deposits from Chehalis valley and can be used as a
robust tool to explore for a broad range of concealed
Pb-rich mineral deposits in the Canadian Cordillera.

7. Conclusions

Elemental abundances and Pb isotopic ratios for
2.5N HCI leachates from till (<0.063 mm fraction)
and whole-rock samples from Chehalis valley
indicate that the tills represent mixtures of debris
derived from isotopically heterogeneous volcanic
rocks and related VMS deposits. Concentrations of
Pb, Zn, Cu, and Ba from the Seneca VMS deposit
are 10 to 1000 times greater than typical crustal
values and local country rocks (Fig. 9¢). Compared
to results derived from bulk dissolution (Kimura et
al., 2006; Weis et al., 2006), results from relatively
inexpensive 2.5N HCI leachates increase the Pb
isotopic contrast between anomalous, 'ore-like', and
background samples, enhancing the mineralized
signal to guide exploration (Simonetti et al., 1996).
Despite the relatively young age (Middle Jurassic) of
the VMS deposit and surrounding country rocks, Pb
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isotope ratios show significant spread, with **’Pb/?**Pb
from 18.30 to 20.00, 2°’Pb/>***Pb from 15.13 to 16.18,
208Pb/2%4Pb from 36.78 to 39.89, 2’Pb/**°Pb from 0.79
to 0.85, and *%*Pb/>*Pb from 1.98 to 2.07. In Pb-Pb
isotopic ratio diagrams (Figs. 10-12), data from the
tills form broad envelopes, with values continuously
distributed from the least radiogenic compositions
identical to those of the VMS ore and published
galena Pb isotopic ratios at Seneca (Godwin et al.,
1988) towards more radiogenic *°°Pb/***Pb at variable
207Pb/?%Pb and 2®Pb/?*Pb ratios, characteristic of
isotopically heterogeneous country rocks. Consistent
with findings from previous Pb isotopic studies of
tills at Chisel Lake, Manitouwadge, Buchans, and
Bathurst (Bell and Franklin, 1993; Bell and Murton,
1995; Simonetti et al., 1996; Hussein et al., 2003),
hyperbolic data arrays in Pb abundance vs. Pb
isotopic ratio diagrams (Fig. 13) are best interpreted
as binary mixing curves that reflect derivation from
background country rocks and the Seneca deposit,
with the tills containing variable proportion of Pb
(up to ~10%) derived from the latter.
Direct-leachate HR-ICP-MS and quad ICP-MS
results for all samples are consistent with mixing
of leads in tills derived from the isotopically
heterogeneous country rocks and the isotopically
distinct VMS mineralization (Figs. 14—15). The
relatively wide range in Pb isotope compositions
displayed by the tills, therefore, reflects both initial
Pb isotopic variations and added radiogenic Pb
produced by in situ decay of U and Th in the bedrock
sources. Because galena lacks measurable U and Th
but contains Pb values that are orders of magnitude
greater than those of country rocks, till samples
containing Pb sourced mainly from VMS deposits
have Pb isotopic compositions similar to that of
galena (Bell and Franklin, 1993; Bell and Murton,
1995; Simonetti et al., 1996; Hussein et al., 2003).
Concentrations of Pb, Zn, Cu, and Ba are highest
near the Seneca VMS deposit but show inconsistent
areal patterns of glacial dispersion (Fig. 16). Whereas
Pb and Zn contents fall to within background range
in tills >1 km away from known VMS occurrences,
some distal tills contain elevated Cu and Ba (Figs.
16¢ and d), indicating bedrock sources unrelated to
known occurrences of ores. The least radiogenic Pb

British Columbia Geological Survey Paper 2015-2

isotopic ratios, approaching those of ore samples
and galena (Godwin et al., 1988), highlight till
anomalies within ~1 km down-ice from the Seneca
VMS occurrence. Tills away from known VMS
occurrences, containing Pb mainly derived from
background country rocks, show more radiogenic
Pb isotope compositions (Fig. 17). Hence, unlike the
distribution patterns of elemental concentrations, Pb
isotopic ratios from till fingerprint the source of Pb
and provide a way to target mineral exploration (Bell
and Franklin, 1993; Simonetti et al., 1996; Hussein
et al., 2003).

Although our findings mimic those of Bell and
Franklin (1993), Bell and Murton (1995), Simonetti
etal. (1996), and Hussein et al. (2003) in delineating
VMS deposits, their use of solid-source mass
spectrometry (TIMS) is more time consuming
and costly. The relatively inexpensive method
of measuring Pb isotopic ratios directly in bulk-
leachate solution on HR-ICP-MS instrumentation
provides the resolution needed to define isotopic
contrasts, particularly for **°Pb/***Pb and *’Pb/***Pb
ratios, and produces results consistent with the
state-of-the-art MC-ICP-MS measurements (Figs.
18a and c). However, results from quadrupole
ICP-MS (uncorrected for mass fractionation) show
no systematic areal patterns (Fig. 19) due to high
analytical uncertainties for tracing <10% isotopic
contrast.

Our findings demonstrate that Pb isotopic ratios for
2.5N HCl leachates from <0.063 mm fraction of tills
effectively trace glacial dispersion from relatively
young (Middle Jurassic) VMS deposits in Chehalis
valley. This method can serve as a robust exploration
tool for a broad range of concealed Pb-rich mineral
deposits in the Canadian Cordillera and elsewhere.
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Appendix 1. Continued.

Notes

Bedrock

Topography Exposure Depth

Aspect Slope

Surficial
Unit

ID

Till overlain by retreat phase lacustrine silt and clay

Roadcut 450 None

Level

70
358

Mb

Till underlain by lacustrine sand and silt

Within 10 m laterally

118
12

Hill slope Roadcut

28

Mb

Bedrock overain by till

At site, right below till

Hill slope Roadcut 1

27

199

Mb

Bedrock overain by till

At site, right below till

121
121

0

Roadcut

Hill slope

199

Mb

Bedrock overain by till

At site, right below till

Hill slope Roadcut

27

199

Mb

At site

Roadcut

Hill slope

Rukhlov and Ferbey

Explanation of headings:

ID

Field ID

NTS

Zone

UTMB83 Easting
UTMS83 Northing
Latitude
Longitude
Elevation

Year

Date

Indicator
Azimuth

Dip

Dip Azimuth
Plunge

Plunge Azimuth
Description

Bedrock Lithology

Rock Unit

Surficial Unit
Aspect

Slope
Topography
Exposure
Depth
Bedrock
Notes
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Sequential order of data records

Unique ID number for each data record
National Topographic System (NTS)1:50,000
scale mapunderlying sample site

Site location UTM zone

Site location UTM easting (NAD83)
Site location UTM northing (NAD83)
NAD&3 latitude (decimal degrees)
NADS3 longitude (decimal degrees)
Site elevation (asl, metres)

Year of observation

Day\month of observation

Type of ice-flow indicator

Azimuth of ice-flow

Dip of ice-flow indicator

Dip azimuth of ice-flow indicator
Plunge of ice-flow indicator

Plunge azimuth of ice-flow indicator
Description of ice-flow indicator

Bedrock lithology underlying site

Geology map unit after Monger (1970),

Arthur et al (1993), Monger and Journeay (1994),

and Mahoney et al (1995)

Surficial geology map unit

General direction of site surface face
General slope angle of site overlying surface
General position on topographic feature

Site exposure type

Depth of site from original surface (centimetres)

Observed bedrock outcrop

Site stratigraphy
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Lead isotopes in till for mineral exploration

Explanation of headings:

Sample ID Unique ID for each data record.

Field ID Unique field ID for each data record.

NTS National Topographic System (NTS) 1:50,000 scale map underlying site.
Year Year of sample collection.

Date Day\month of sample collection.

Zone Site location UTM zone.

UTMS3 Easting Site location UTM easting (NADS3).
UTMS3 Northing Site location UTM northing (NADS3).

Latitude NADS3 latitude (decimal degrees).

Longitude NADS3 longitude (decimal degrees).

Elevation Site elevation (asl, metres).

Geology Name of geologic unit after Monger (1970), Arthur et al. (1993), Monger and Journeay (1994),
and Mahoney et al. (1995).

Map Unit Geology map unit after Monger (1970), Arthur et al. (1993), Monger and Journeay (1994),
and Mahoney et al. (1995).

Rock Class General rock classification.

Rock Name Petrographic name of rock.

Description Petrographic description of sample.

Alteration Description of alteration in sample.

British Columbia Geological Survey Paper 2015-2 51



Rukhlov and Ferbey

€ 9 I €C C SP ST 08L 60 T¢I 6C 01y I €SL 9 S9 [43 F0Y  18¥C9
ve 8yl S Y01 ve> LT vy TS 8°¢1 Ly 06LC 96€ ¢€066¥VI <COI  CLIL 133 A0 08¥C9
& LIIE 14 YL SI> 91 Tetc 8¢ To6l vy 96¢€C 81 CIBIS IS ¥SLT 133 A0 6LYTY
€ 123 [ 4 S6 4 err 60 991 TT (4 S pel S €€ LE IILL 8LYC9
14 6¢l1 'l 0¢ 4 I8 (4 801 60 L91T 9¢ <SC Tl 6c0l Tl 0CL o readoy IILL SLYTY
14 wl 'l ¢ 4 6L (4 801 60 991 ¢¢ 0T Tl OOl CI 1L 61 IILL SLYTY
Sl ¢8 > C 98 4 evl 60 Lel ST 06 % 78 S 6¢C 9 IILL YLYT9
(4 43 > C L6 4 901 60 LLI 1T TVC 1T 1101 % 01 Ly IILL €LYT9
91 (4! > C S0l 4 91 80 ovlL ST SL % 001 S 99 8P IILL CLYT9
(4 9 (e (4 €Cl 4 Icr 60 €1 1T LTI Y 129! S I 6S readoyy ML [L¥T9
€ 8y > C 14! 4 It 60 ¢S0C <TCT 60l S 129! S LE 14! ML [L¥T9
L1 yel > C L6 4 vl 60 LST 9T 00l 9 ¥9¢ S 08 09 ML 0L¥T9
91 €6 > C 66 (4 g6l O1 861 ST TITI 1% LOT S [43 19 z-gdn@ppery L 69179
L'l ¢l > C 101 4 vol 01 L8 91 10l % 86 S 6¢C 79 I-gdn@pperd L 8919
91 96 o> C Lyl 4 voc 01 ¢8I VI 6V € 123 % L1 €9 ¢-tdng ML 9929
81 Lyl > C €01 4 91 60 681 LT TVl S 9¢l S [43 9 ML S99
L'l L'yl > C 68 (4 LST 60 TSI 91 LTI S 691 S 144 $9 ML YovCo
L'l €Tl o> C LTl (4 oLT 0T €€ 91 Vo % 6 S 6¢ 99 L €9vC9
ST 88 > 4 6¢1 4 90¢ 01 T8I +vI1I 66 € 139 S 61 L9 [-zdng L 9179
L1 S0l > 4 6C1 4 ¢erc o1 0Ic 91 TTI % 98 S IS 89  z-zdnaprerg ML 19%C9
L1 14! > 4 14! 4 cle o1 ¢TI 91 101 % LOT S 09 69  T-zdn@prerd [ILL 09129
L'l 001 [ 4 911 [4 9¢¢c 01 90C &1 8L % S9 S 6¢ 0L IIXL 65179
L'l 011 > 4 Sel [4 g¢cc I't ¥ve 91 001 % 9L S Ly IL IIXL 85179
L'l LI T 0¢ (4 (44! € o6c 01T ¥81 91 &II % 16 S 6 YL IIXL LSYT9
91 €1l [ 4 YTl [4 Lye 01 6L1 91 ¢TI % 89 S 8¢ SL ¢-1dnqg IIXL SS¥T9
L'l LTI [ (4 0ZI [4 Lye 01 181 91 +TI % 89 S 0¢ 9L [-1dng IIXL 12944
! v'6 01 €7 4 41! [4 ewl 60 SS9 vI1 LS % LL S ST LL  T-1dn@prd  qILL 13946
Sl €6 01 L'C 4 601 [4 6¢l 60 691 VI 0L % IL S LT 8L I-1dn@pperg L (4944
Sl ) [ [4 86 [4 601 60 &SI ST GTI % 4] % cl 6L IILL 8944
91 vyl [ 4 001 [4 91 80 601 S 'L % LTI S 8¢ 08 IILL 05+29
Sl L6 [ (4 901 [4 a8l 60 8¢l ST L8 %4 IT1 S €S I8 [I'L 8¥¥C9
1T 001 [ (4 101 [4 8LT 60 9vI €1 L€ %4 €6 S 9¢ 4] [I'L LY¥T9
91 '8 4! 79 C 161 4 8¢ 60 vv¥I ST 86 € Ly S 0¢ €8 ML yC9
)y (wddy——(wddy——(wddy—(wddy—(wddy—(wddy o ar
o7 ad o7 ol o7 17 o7 15 ['Y4 . o7 sy o7 wy o7 o SuIpedy  Ssmels RdAL, B

‘sojduwres yoo1-o[oym pue (UOIOBI) WW €9()'(>) [[13 10} BIEp JYX 2[qeHod ¢ xipuaddy

52

British Columbia Geological Survey Paper 2015-2



Lead isotopes in till for mineral exploration

9 9 4 4 s 06C v 00 ¥l 4 8§ L8 cl 9¢ 0l a (9661 ‘YOUAT) QSTF UL PAYII)

4 6T e T 10T € T v1 8SS € SL ¢ LS b 91 u Aprys sty

:prepue)s - TTLL JINUDD

9 £ ¢ P 8L 06§ 91 ppI T SPI #9910 0T  0SI (9661 “YOUAT) QSTF UBSW PAYII)

4 € €1 ger € 9e T o syl T 9l T €€ S st L €SI 11 Apus siy

:prepuels - TTLL JNYDD

9 44 4 Z 91 s 0z 16 Tl #F 81 0r 86 9 LY (9661 “YOUAT) (STF UBdW Pay1Ia)

4 wooy10¢ € 9% € 16T ¥I1 Tv T 91 b 16 S 148 01 Aprus sty

:prepuess [-TTLL JNYDD

SI 9 L€ €1 6T €1 €1 1T (%) d3eroAy

6T 90 1T 90 9'G $'6 6 I (%) ¢dnq prorg

91 6'1 L9 0 60 6'6 w ST (%) zdnq prorg

Tl L1 T 0°¢ Tt 0T 6L 96 (%) 1dnq prorg

"mb&m 3&0:&:5 wzmuv_m-ﬂﬁm 10} ?\ev AIURIIJJIP AN B[IY

I'9 00 vy all] (A €1 S0 6 (%) d3eraAy

06 00 LS L0 81 97 I'l I (%) zdng

4 00 0°¢ 1’0 L0 90 00 8 (%) 1dn@

:sared edrpdnp wondeL-wwt €9()°(> 10} (%) IUIIJIP IANE[NY
ST 688 € 98 > €T L6T TT 8€E LI €6v  SHT 6EPROT LLI T9EWY €T POy 68479
ST 86 [ T ¥ ST €6 L0 TL = b 8L S Iy ST POy 88479
vT o€y e €1 66 60 v91 TI €9T 81 S¥ 8 08I €1> 97 YO L8YT9
8T 0L [ T W v U9 80 6T 91 SS ¥ w S 8 LT PO 98479
10 e T w6 T €T 80 91 [ 3 Ly 6> 8T YO $84T9
16 [ T IL T €T 90 ST (= € 1€ 8> 6T PO 8479
1€ e T vl T ¥ST 90 61 [ 3 I¢ b 1T 0¢ PO €8479
1 0L 1 T T ST 90 61 [ (4 8T 8> I¢ YO 7879

o (wddy __— (wddy __ (wddy __(wddy— __(wdd)y—__ (wdd)— __— (wddy—__— (wddy—__————— ——— ——qr

S T A e A A A A A e Quipedy  smeys  adAg —

‘panunuo)) ¢ xipuaddy

53

British Columbia Geological Survey Paper 2015-2



Rukhlov and Ferbey

"synsax ajedr[dnp are 7X pue [X a10Ym ‘00 [4(T/(TX+1X))/(TX-1X)2M[0SqE = (%) IUIIFIIP IANE[Y
‘ot Jod syred = wdd ¢pajesrpur aroym ((JSZ) UONBIASD PIEPUE)S SOWII) OM} JO JOLID PIEPUE)S JJN[OSQE SAWIT} OM) = OF
‘1oquunu sisATeue [enuanbog
-odwres awres ay) Jo sisAjeue jeadar
=18aday ‘uonoryy ww ¢9()°(> Jo syyds aeorpdnp = dn(q 0315 9[3urIs © WOy pa3da[[0d sajdures (1 ynq eordnp = dn ppIg :sired ojdwes sjeorydnp saynuapy ,
001 ojoyMm PazLIdA[Nd = Y0y {(uonorly W £9()°(>) XMjew [[I) = [[LL :wnipow ojdwes ,
"AoAIng [e0130[000) BIqUINO)) YsHLIg Yl J& (£107) AO[YPINY JO UOTIBIQI[ED [BUID)XS PUR ‘POYIOUW UOHBZIPIEPUE)S
[eurojur uoydwo)) ‘own Sununod [e30) Spuodas (8] ‘rouurds ojdwres pejewoine ue Juisn ‘wopoq sudjAdordAjod yory)-wun 4 & Yim opew ‘sjo[[od ojdwres IojowreIp-w
7€ ‘passard-puey ur 103owonddds (JYX-AH) 20ua0saIony Ael-X dAISIAASIP-AI0Ud ()56 TX ] UOIN dYIUSIOS OULIAY [, B AQ POUILLIDIOP 219M SUOIIBIUIOUOD [BIO],

1$910U)00
01 ¥'9 = > 80> 0 L0 (e 4 L1 L> IS 1eadai Yuelq OIS
01 89 o > 80> +0 L0 e 4 61 L> L yuelq “Ors
I 0§ 4 91 89 ¢8€ ¢z 60l 0 191 I Il #l 0/ A T4 (9661 “YOUAT) QSTF UBdW PAYNId)
14 vS S0 LI v s8¢ T ¥II T S91 v 101 ¢ 1L 9 SHe (€ = U) QSTF ueaw Apms SIy L,
¢ vS Y1 vyl € L8¢ T €Il T vl € €0l 14 0L 8 8¥C 8¢ 7 veadoy Apms siy,
€ SN A R 4 € €8¢ T ¥II T 991 € 101 14 IL 3 SHe 44 [ yeaday Apms siy [,
¢ LS v1 67l € 98¢ T SIT T 91 ¢ 66 14 L 8 e €1 Apmis siy,

‘prepuels p-TTLL JINIDD

— (wdd)y — _  (wddy — _ (wdd)y  _ (wddy— _ (wdd) — _ (wddy _ (wddy — _ (wddy ;- dI
o7 ad o7 ol o7 1z o7 1S o7 qQ o7 sy o7 uz o7 ) Qupedy  smeys  PdLAL aduieg

‘ponunuo)) ¢ xipuaddy

54

British Columbia Geological Survey Paper 2015-2



Lead isotopes in till for mineral exploration

55

vy 00> €L66  9C  vIOO  8TO SIo 99°0 960 8y €80 Y LE6 6¢Ssl  STLS A0 18¥C9
06C CO0> TCI'6E 6¢l 6000 LOO 10°0 10°0 91’0 100> 00 €00 20'CC IS0 €ee A0 08YC9
LLr 200> <s019 €6 vIO0 900 10°0 200 €Co 00 00 90 <Ivl 86'0  €C9¢ A0 6LYTY
00> 960 ¥866 L'L €000 110 1T0 IL°0 911 vl'e LET 8Y'C 89°¢ 8C91  S6°09 L 8LYTY
¥0°0 9¢0 €966 L9 v000 CIO SC0 9L0 ST (423 601 0sT  9¢L L8YI  TE19 -vdng L 9LYT9
¥0°0 9¢0  P¥966 1L €000 CI0 €0 SLO el 6v'¢ 601 Lyc  veL 8Lyl 8I'19 I-ydnq ML SLYC9
00> 610 0866 9L  ¥000 OI0 ST°o 0L°0 01 LO€C 8L'1 Ly'c  0C9 9191  +5°09 ML ¥LYT9
00> I€0 9L66 €S  ¥000 OI0 10 L0 8C'1 9L’¢ w1 €0C  96'¢ 68°¢l  9I'L9 ML €LYT9
00> 800 ¥866 C9 €000 0I0 €00 L9°0 680 6T LS'1 91 S6'v S8Yl €099 ML TLYTY
00> 8¢0 9866 06 t¥000 600 81°0 €9°0 0¢'1 6v'C Se'l So'l (B 6v'91  9C'19 ML TLYT9
00> CI'0 0866 TS €000 I1°0 1o 99°0 601 ev'e 891 SL'1 Ses 1971 0859 L 0LYCY
200> 900 866 9¢ €000 110 €ro 0L°0 [N 66'C 60C (4! 89°¢ 65°ST  L8'€9 z-¢dn@plotd L 69+T9
200> s00 ¥866 TS €000 0I0 LT°0 0L0 011 €0°¢ 60T 881 SN 8Y'SI 6€¥9 1-¢dndpeld WL 89%79
00> 00 9866 8T €000 0I0 7o €9°0 LO'T 8¢ €0'¢ 181 So°S erel 89°89 ¢-edng ML 99%C9
00> STO0 866 6F €000 <I0 €ro 0L°0 811 (443 0T 10 L6°S 65Vl L6V9 ML S9YT9
00> <00 ¥866 9v  v000 ¥IO cro 1L°0 80°1 eve LOT 87’1 91°¢ SO¥I 9699 ML ¥9vC9
00> LI'0O <866 OL tv000 ¥I0 LO0 Lo STl (44 v0'C S6'l 09 6691 1C19 [ILL - €9%C9
00> T00> S866 LT €000 0I0 o €90 LO'T 9I'¢ v0'€ 81 90°¢ Ly'el  €L°89 [-edng L 29%C9
200> 810 1866 8¢ €000 <I'0 600 89°0 [4N! 68C 69°C €Ce 4% P91 €919 c-zdn@pied L 19479
00> 610 866 9¢ €000 €10 €ro 690 SI'I 88C 99C  9TT €19 €€91 1819 T-zdn@plotd IILL  09¥9
00> 8¢0 1866 99 €000 €10 01°0 L9°0 LO'T 66C 0s°¢ LTT  6C9 YS9l 99'6S ML 6SYC9
00> €10 1866 8¢S 000 €10 1o L9°0 171 ¥6'C LO€E €ee 819 8C91 S0'19 L 8S¥C9
00> 600 866 LYV €000 0I0 I1°0 8L°0 0’1 8¢ LLT €6'l 6L°S S9°¢l  18°¢9 [ILL LSYTY
00> 800 ¥866 It  ¥000 OI0 ¢ro 9L0 €01 e €9¢ 42! 6v'S LLYT 6559 ¢-zdng L SSYTo
200> 600 ¥866 6'¢ €000 0I0 o 9L°0 ¥0°'1 e 99°C 8l 0s's 98¥l 6999 I-zdng ML ¥SyCo
200> 00 9866 TV €000 I1°0 Iro 650 901 00°¢ 19°1 eyl 69'% 0S'€l  TI'69 T-1dn@pierd [ILL  €5+T9
00> 00 6866 6¢ Y000 OI0 1o 290 [N ¢ 6¢'1 L61 (404 OL'€l  01'69 I-1dn@plerd [ILL TSHT9
200> 980 L8866 98 Y000 010 81°0 290 STl yee crl LL'T 91°¢ 9¢' sl TTT9 ML 1SYT9
¢0°0> C00> 8866 8C €000  LOO LT°0 L9°0 €80 LL'€E €91 860 8y SIcl  99¢L [IL  0SYCY
¢00> 200> GS866 8C €000 0I0 cro 650 060 Iee 6CC  OY'l 68t vecl  vI'IL ¢-1dng L 8¥¥C9
LO0 €00 9866 LT €000 600 1o 09°0 SO'1 8Y'¢ 8I'C  06'1 9¢Y 0T¢l  LT'OL ML LyyC9
200> 620 S866 OF €000 0I0 01°0 690 6L°0 eve 8¢'¢ 651 SL'S 61vl  LLS9 ML 9v¥C9
00> <00 S866 6C  v000 OI0 €ro 650 060 cee 6C'C 6¢'1 S8Y 6€Cl  96°0L [-1dnq L SyyCo
(% M) (% IB) (% IN) (% IM) m.. cN?E (% M) »M.. wzc ».Me ) e~§3 »..cNfE (% ) (% M) Cm.e WE »M.o%zc ﬁe ) smes  pdAL ar
Siejo], Deyo], wng JOT  OID OUYA  Od OlL O O®BN 08) O3] 103 Ol1V__ OIS dsldweg

‘so[dwes y}o01-0[0ym pue (UonORI W £9()'()>) [[1I} 10 SUONBUIWLIAOP ,[8I0], 9 XIpuaddy

British Columbia Geological Survey Paper 2015-2



Rukhlov and Ferbey

€000 020 S€0 97T 6.1 9  IIL  6S€  08El 0SEl 0IFS  (L661 UOS|g) payfiria)
€00 T00> L966 TO €000 0TO I€0  LTT 08T TI'E  TIL  99€  pLEl  6VEl LL'ES Apms sty [,
:prepue)s 7-40d $OSN
§0°0> I's 1100 010 LI0 880 L0€ 61T LTI €8T  6£S 0091 0809 (9661 ‘youdT) payiria)
€00 99T LL66 TS 6000 010 910 880 00€ LTT 9TT  S8T  6¥'S  SL'ST 9,709 Aprys siy [,
:prepue)s -TILL JINYDD
L8] 667 S000 600 90 €S0 KIT 007 080 ST It 08,  0[0F (6661 .Q&Vmﬁw
9¢'T  TEI  LI'S6 ¥6T S000 800 SI'0 80 OI'T  L6T  8€OI  ILT  L8E  8CL  19°8¢ Aprus sy,
:paepuels [-ASH'TJNYDD
0°0 6L W0 TI9 S6 W6 I10TT  FI'T LT 8LO0  9TS  HTE VIT S60  8€0 (%) 33ea9AY
00 T8I 200 ¥L 00 TS6 L99T 000 060 €T 000 II'T €S0  IL0 180 (%) gdnq prerd
00 P 100 S€ 00 008 9€9¢ 9T 9T SE€0  TI'T  ¥ET 910 L90  6T0 (%) zdnq prorg
00 00 €00 L 98 TS6 000 96t 19t 990  L9FI 8CT9 €LT  L¥T €00 (%) 1dnq prerd
:sared ayedrdnp ags-adwes 10§ (2/,) SIUIIJIP dANR[Y
00 00 Sv #IT 00 €8 €0 L0 L0 PO 90 0 0 70 (%) 33ea2ay
00 00 100 8S 98T 000 €€8 TET SLT 980 000 ITT LTO 190 €70 (%) ydng
00 100 9¢ 00 000 OL8 000 000 €90 €0 S0 070 0£0  LOO (%) gdng
00 81T 000 0S 98 000 008 000 L60 000  €I'T 000 810 190  SI0 (%) zdng
00 000 $€ 98 000 008 000 000 0TI 000 TLO T80  Ov0  STO (%) 1dng
:sared 9yedrdnp uondeaj-wwt £9()° (> 10} (%) IULIPIP IANBPY
TLE €00 8868 ST 9700 TO0 100> 600 LOT  TO0  ¥00 €TO0 6€Sy  6vE  LvYI 0g 6879
v0'0  T00> 9866 9¢ 0100 II'0 SO0 €0 TS0  86F  €L0 09t 905 €S¥I  TTSHY o0y 88479
vy T00> IL66 L6 0200 9¥0 €00  vFO  ¥6T 900  ¥SO  0€6 9T 8991  6TTH YOy L8579
00> 700> 9866 9T ¥IOO 0TO 0€0  L60 800 LOT 9Tl €ST  6TL 89T 899§ o0d 98479
200> 700> $866 6T 8000 800 OI'0  SE€0  €TT  SYT €01 6vE  vEE  vSEl 0€1L YOy $8%79
00> 700> €666 €1 €100 900  LOO €0 110 LTY 9T vLT 06T SE€TI vTYL 0d #8479
00> 700> 1666 ST ¥I00 SO0  L00 €0 SI0 9€S €91 9T 19T vKEl  8SEL YOy €8%79
00> 700> $666 I'T 000 SO0 800 €0 €10  8LY  S8T €80 €T €T 1TSL YOy 78479

(1]

S1e30L D [®I0L

0

wng

1071

(1}

‘01D

OUN

‘1L

o

o'eN

0 0 0
(0150 M0 ) EREN O XX |

01V

‘018

Smerg  adAy

J[dureg

‘ponunuo)) ‘9 xrpuaddy

56

British Columbia Geological Survey Paper 2015-2



Lead isotopes in till for mineral exploration

00> 700> 000> 100> 100> 100> 100> 100> 100> 100> +00> 100> 100> (G=u) d3e1aAe yueg
00 00 [ 80 6'C 4! I'l 7'l 60 7'l vl 80 (%) ASY PIS 81-0S

€L'66 06’1 950  0v0 18°0 690 ¥I'T S9¢ €e9  6€¢  99L  60¥I (01=u) a3e10AE PIS §1-0OS

L'LT 81°0 doy- PIS ST1-60EINED

['8C 610 PIS S1-60€INED

(4% 89°C doyg- piS +-016SD

178 €L'T PIS +-016SH

9'C 660 doy- p1S 1-11€SD

R4 10°1 PIS I-11€SD

1'8¢ w00 vLe8 ST 9200  T0'0 100> 600 901 200 y0°0  €T0  SSh Ly'e 9Tl doy 68179

€966 1L +000 <TI0 CTCTO SLO  pI0 S'¢ 60’1 8Y'C  CEL I8yl vI'19 doy §L479

6'LT 700> doy 6L79
:s[0.3u0d Ayjenb Aiojeroqe|

1000 700 L0 0t LOF r'r 80 981 0LEl 0FEL rool EENMMMMN

00> 00> 8866 CI <C000> +00 €00 9C0 ¥€¥ €0V 0T'1 8C0  LS'] 0L €l 88TL Aprys sy,

(1]

(1]

(1]

S[®10L, D [e10], wng

‘1L

0

~

EN

(010}

0 0
05N 105

:paepue)s -INOY SOSN
Smeys  adAy,

Jpdureg

‘0v___‘o1s

‘ponunuo)) 9 xrpudddy

57

British Columbia Geological Survey Paper 2015-2



Rukhlov and Ferbey

SIr §¢T 0> LI €€ 0€0 LS SL0 8T S6T LS S60 0T LLe €0 981 991 T e A0y 18179
€C¢ 810 0> €0 TO0 €00 LS Tro> S1 LT L8 19¢ €00> S00> ['0> 01 9T I> 0000S< 390y 08479
Le 00 6 90 ¥O <CO I'v <o0> 91T ITI I¥ 90T +00 SO0> 10> 60 ST [I> 0000S< 20U 6LYC9
cyl 1ee 0> 6¢l I’ w0 I'I1 180 0¢ ¢€Le €I L60 SyT 6ly TI 96 ¢€¢€ ¢  vLy IILL 8L¥T9
9¢l L0E 0> 67C1 6C w0 98 980 €T ¥8¢ 8O0 <CI'l 9T 16t 90 <TOI TvC [I>  99¢ Ty ML 9LyT9
6Cl €T 0> 671 9C 8¢0 ¥8 LLO 9T 80 00I LI'T LyT C&E S0 S6 0¥C I> GE§ I-pdn@ ML SL¥T9
vel ovye 0> €¢I 0¢ 9¢0 &II 980 ¥T 80v 611 <CI'l S¥T L&E O L6 T8 I> I¥L IILL $LYT9
¢9l 69¢ 0> T91 €% ov0 911 80 0¢ Shv 68 OI'l 08C 9¢y LO S9 06f 1> 08¢ IILL €L¥T9
¢er Tee 0> 091 ¢€¢ LE€O0 ¥l S80 CT¢E 98¢ 96 €60 9T 8¢ 01 9L ¢€6C I>  8SS IILL CLYTY
v'8L 68T 0C> €71 L€ 80 96 PpLO €€ 8¢ 0¢€l 80 SIT Oore LT 88 108 I> 98P ML TL¥T9
Ler LLe 0> T91 LT 9¢0 0¢l 060 9T 9Ty 96 II'T 00T S¢€y 60 0L €0 [I> 0T KL 0L¥T9
0Ll OLYv 0> 01¢ €¢ ¢S0 191 S¢I 0¢ 89¢ LOI TETL 0S¢ €°¢ ¢TI 98 +ver |1 185 z-¢dn@pretd 1ML 69%79
VLT €Ty 07> ¥81 ¥'€ LY0 €ST 80 6T TS Il ITT 0I't L6v TI T8 68T 1> €5 I-¢dn@pprd ML 89%79
¢o91 ¢SI'e 0> 0¢€l ¥E 00 0Tl 8L0 8¢ €8¢ 001 680 <vc vL'e LO 9L 6vC 1 [89% edn@ ML 99479
€91 €g¢ 0> €yl €€ 00 [I'Cl v80 LT O0LC 101 L60 08C 00y 80 68 €€ [> 909 IILL - S9%T9
97l €9t 0> vI9I vE 6£0 Sl L8O 0¢ LSy T6 SI'T ObT 86¢ O 06 O01I¢ 1> 6I¢ ML ¥9%79
['0c 0s'¢ 0> 8¢l €€ 6£0 vl 160 8¢ SL¢ vel L60 LyT vOv €1 8TI T9¢ 1 0€9 IILL €9%T9
9¢r 9T¢ 0> 6¢l 67T 90 €¢Il $80 6¢ 6Ty vOI S60 8T I16¢ 90 €8 69C¢ |1 SLY [-edn@ L T9%T9
981 STE 07> SPL 9T SO 011 680 L€ €€ 611 060 €T 1T¢ ¥1 +01 LST 1> 979 z-zdn@pred ML 19%79
T0T 1T¢ 07> tvPl 6T OF0 €11 T60 S€ S6€ 0TI 90T #6T L8E ST 611 6%C 1> $09 [-zdn@plend [IL  09%79
691 00¢ 0> veEl 0¢ 0S0 S6 860 <CT¢ 8¢ 9TI LLO ¢8CT Ivy 01 0TI LST I> €£9 IILL 6S¥T9
LTS vTe 0> o6Vl 67T 0 801 €01 L¢ € 6Tl L80 ¥0€ 0Ty ST T¢Il €9C |1 v19 IILL 8S¥C9
volL SLe 0> LST 9¢ Iv0 vel 60 O0v SE€v 811 SI'T 18T 6l 01 €T 60¢ I> ¥9¢ IILL LSYT9
LS e 0> €L vy Iv0 veEl 160 9¢ o6cv LII LOT 88T vIvy 80 8L 06C > 65§ edn@ ML SSHT9
9¢r 99°¢ 0> TLI 0% vv0 €¢I 860 €€ 9¢v 91l vI'T €6C <y L0 &8 <T6c > LIS [-gdn@ ML #SHT9
Trl IS€ 07> 0SI €v S0 €€ 160 9¢ 6€F SO +v0T THT 06€ 0T SL 087 1> 81y - I1dn@pend [IL  €5%79
€l TLE 07> 9SI ¥¥ 6€0 €€1 880 8T 8%€ TOI 860 69T 80v LO SL 18T I> LTk 1-1dn@pld IIWL TSHT9
8¢l 09T 0> S 9¢ LEO ve L90 6T 8¢ LI 060 SOCT vI'E O1 €L 88 T 99 L TS¥T9
96 vLT 0> €I 8¢ 1€0 801 I[IL0 9¢ e6I'CE 99 T80 10C vwe +vO0 Iv O0Ove I>  60F IILL 0S¥
eI vee 0> ¢¢l I'v €0 LIT 080 0¢ 80y S0I ¢80 ¢€5C 8I'v S0 T8 8¥C I> Siv 1dn@ ML %49
Ler sre 0> Syl 0y ¢€0 LOI SL0 T¢ TSt 0TI L60 ¥pT 0€E 80 6C ¢€CC I> LES IILL Ly¥T9
Il Iye 0> €91 Ty Ov0 CTII 960 v¥ ¢€O¥ 1€l 1 6ST <€y 90 9L Lve 1> 0 L 9%¥T9
SIl 9¢¢ 0> ¥vl Ly 6£0 TCI 80 LT I8¢ 0CI L60 9vC ¥8¢ 60 T8 [TILT [I> 8IY [-1dn@ L SHPT9

d

IN

PN

SMe)S

KN

Jdweg

panunuo)) ‘9 xrpuaddy

58

British Columbia Geological Survey Paper 2015-2



Lead isotopes in till for mineral exploration

sy 89 74 so s¢ €1 8t 89 £ 7 I'r L€ £¢ €89 (L661 ‘uosiip) patfira)
W €9 0> LT 16 80 ST €1 Sy €9 LI 61 LE 8 I'T  ¥E  0S 4 859 Aprys sty
:paepuels 7-40d SOSN
I544 € 9 0z 90  #F I I L'§ ar ST 86 4 1149 (9661 ‘youd) payfira)
S¢1 TOI 6 LE 9T SO vb €1 96 TL 91 Tl 8¢ SS9 T €l 201 I 06% Apmus sy
:paepuels - TTLL JANIDD
24 91 9] / r0 91 I 9¢ 9¢ 0l 60 IS S S S & { o<t (6661 0661 424D
payiria)
T 9¢ 0T> LI Iy €0 € L0 I't ¢ 9L 80 0T It 80 T6 ST 1> 09¢ Apms sty
:paepuess [-AS'TJNIDD
TS 6S 00 6S S TU 9T €0I €I T8 ST €0 00I 6L T¥L T9 LT 00 b's (%) d3eraay
€7 S0l 00 TEI 0¢ 10 I'S THT vE L9 L€ L8 1T L0l 00 8t L1 S0l (%) ¢dnq prorg
T8 TI 00 L0 601 8T LT €€ 95 LS 80 €91 vL ¥8 69 SE€I  TE 00 9¢ (%) zdnq prorg
I'S 8 00 6€¢ €T €¥I 00 ¥¢€ 0ST €CT 6T 6S 90l S¥ €S 00 +0 00 1'c (%) 1dnQ prord
"wh_.w& 8«3—&:@ uummuo_msﬁm J10J A.va AIURIIJJIP AN BY
€€ L€ 00 8€ ST 6L vP 08 F9 €9 SS9 9L 8L 6€ 09T I9 TH 00 (X4 (%) dBeadAy
€S L¥ 00 00 60l 00l ¥T 01l 6€¢ 19 LL vt $0 €T T8 IL 80 00 96 (%) ydng
9¢ ¢ 00 L9 6SI O¥l ST 98 9T €Il 6¢ S9 ¥T ¥v ¥SI 88 T9 00 TS (%) ¢dng
90 €v 00 TI S6 I'L 98 ¥L L8 9T 60 €9 LT S0 €€ 98 L0 00 I'L (%) zdna
81T +¥T 00 ¥L 9€l L9 TP 6t SOl 89 €€l TEl 8T S8 ILS 00 68 00 LT (%) 1dng
“mhmmm va&u:Q:ﬁ uondeaj-urwx £€9(0°(0> 10j A.va AIURIIJJIP AN BY
€l TCT  S¢  6¢€ L0 800 €0 €10 90 090 8€I €0 €0 80 TO 65 €l I LLST 300 68479
TL S9T 0T Tl €T LE0 611 TLO 9T  6I't 8TL 080 SE€T s0E €0 90l o0TT 1> 9¢T 00 88479
L'€T 60F 0T> LLI 90 0T0 S¥l LbO 0T 66T +v€C 80T L9T IvT +vT 8LT 90¢ I> L09 ¥o0y L8479
v1 8T 0> TPl vT 8€0 T6 160 8T ILE PLI 10T 8€T 86¢ 10> €0l 661 > T o0 98479
9¢l  vbT 0T> T'Il TT LTO ¥6 LSO 9T 09T 96 €0 +91 69T €0 9 16l I 24S 300y S8YT9
€1 60T 0T L8 0¢ LTO I'6 SY0 €T T8l OIl 850 0ST OFT 10> Lt SLI [ SL 300U $8+79
0C 6¥¢ 0> ¥l 9¢ 8€0 €€I TLO €€ $€E €Tl ¥80 S€T 9Te 10 8¢ 99T > 08 00y €8+79
91 8¢ 0> ¥¥I  ¥S  6v0 8FI S80 6€  LSE  S6 990 €9T ISE TO €€ 06T > 6L 00U T8HTY

Smels

PdAY,

Jpduwe

‘ponunuo)) ‘9 xrpuaddy

59

British Columbia Geological Survey Paper 2015-2



Rukhlov and Ferbey

10> 200> 0> ¢€0>
6¢ Sv I8 LS
8 vE &y Tl

¢er 8I'l 0> v
97l ¥8C 07> 67l

['0> 100> 10> 2T00> 10> S00> €0> 200> €0°0> SO0> 10>
88 L9 €9 €9 9¢ ¢¢ T8 TS 8v 0¥ TS
0c LTO 0¢l ¥90 ¥6 0¢ 991 ¢80 831 6T IL

90 800 6 ¥I'0O S0 90 911 8€0 LEO €50 <TO
8C €€0 98 CL0 €T SLE 16 I 1€ v ¥0

(g=u) a3eroae yuelg

(%) aSy PiS 81-0S

(01 =u) a3e10Ae PIS 81-0OS
doy- pIS ST-60€INED

PIS ST-60€INED

doy- PIS $#-016SD

PIS #-016SD

doyg- p1S 1-11€SD

PIS I-11€SD

doy 6879

doy 6L+79

doy 6L¥79
:sj0.3u0d L1penb L1ojeiroqe

co> 10> I> >
8y 8¢ 00 4
9¢ 8¢ 00T €S

6¢ V¥II ¢ 434!
98 9¢tC I> (399

Q9 Id IN PN

(7661 TIDIDPUIAOL))

payinia)
Aprs st

‘plrepuels -INOY SOSN
Smeys  PdAY, -

4 Ly vc 018
[4 9% I GEL

Jdweg

‘panunuo)) ‘9 xipuaddy

60

British Columbia Geological Survey Paper 2015-2



Lead isotopes in till for mineral exploration

S0>
80
80

0>

o>
0>
o>
0>
o>
0>
o>
¢o
o>
L0
L0
0>
80
80
90
L0
o>

1€¢C
LE
1474
911
eel
¢cl
9¢1
€L
101
96
S0l
48!
ITI
LOT
141
€01
0€l
S0l
LTl
0¢l1
ovl
9¢1
Icl
801
011

I
>
1>

vdnQq
[-pdnQg

300y

300y

3P0y
[ILL
[ILL
[ILL
[ILL
[ILL
[ILL
[ILL
[ILL

z-¢dngppy L
[-¢dn@pprd (L

7-¢dnq

[-¢dng

[ILL
[ILL
[ILL
[ILL
[ILL

cedn@pery L
[-zdngppd L

Z-zdng
[-zdnq

[ILL
[ILL
[ILL
[ILL
[ILL

zldngppRy L
[-rdn@pprd (L

Z-1dnq

[-1dnQg

SmE)S

[I'L
[I'L
[I'L
[I'L
[I'L
II'L
RdAY,

18¥79
08¥¢9
6LVC9
8LYC9
9LYT9
SLYTY
YLYTY
ELYTY
CLYT9
1LYT9
0LYT9
69tC9
8919
99+¢9
SO¥C9
¥9vC9
£9¥79
99
19%29
099
65179
8519
LSYT9
SSva9
12945
1394&)
(4944’
1S¥79
0S¥29
8¢9
LY¥T9
99
Sy
(

Jydueg

‘panunuo)) ‘9 xrpuaddy

61

British Columbia Geological Survey Paper 2015-2



Rukhlov and Ferbey

8§81 [ LE 91y 691  ¥S0 29 L0°1 9r€ L9 £€ (L661 ‘uos|ig) parfiria)
991 e 0¢ g0>  96¢ 0r'1 €50 Y 701 90 8t [4 Y [43 Apms st
‘prepuels 7-4Dd SOSN
06§ L€ 0r 9 LL LS r8l 'l 6°1 1444 vl cl (9661 youdT) paifinia)
8¢ 9¢ 93 (% 8L I'S LSO  LSI 01 Sl SCl 9 69 4 Aps sty
‘prepues T-T1LL dA-DD
rEl 4 61 r> 0¢ L6 €0 4 90 £0 0s¢ 91 14 6 (6661 ‘0661 YouLT) parfiria)
¢cl 0¢ 6l Sl 134 '8 ¢e0 L'l 0] 0 9¢¢ L1 ¢¢ L Aps sty
‘prepuels [-ASA'TINIID
6'v 0'C 0°L vel I'v 8'8 rm 97 Ve (44 v'e 00 N1} 00 (%) d3ea0Ay
I's 9% v 60 08 T€& 00 LS 00 'l 00 TLL 00 (%) €dnq pratd
90 01 60 vel €7 08 00 I'6 00 L99 9¢ 00 ¢l 00 (%) zdn@ protg
68 Y0 8¢l T6 S0l €01 98T 0L 00 L6 61 00 (%) 1dnq ppatd
:sared agedr[dnp dprs-opdures 10j (¢/,) SIUIIIP IANBPY
vy eel 09 L9 9’y S'ee £'6 9'1¢ £'¢ 0°c€ e 00 8L 00 (%) d3eaoAy
L'¢ 8Ll L0l 00 9 00 v'L 9Ly 0¢ 00 1'9 00 €9 00 (%) vdng
Y 6°¢l €L el 6'1 (Y3 L (4 €8 0°0% 0¥ 00 S6 00 (%) ¢dng
€9 SII v'S 81 ¥'9¢ 1% (% 89 00 0 9T 00 (%) zdng
67T 101 0] ¢'8 T T8l 811 £e 0001 67T 00 LTl 00 (%) 1dng
:sared ayedrpdnp uondeay-ww £9(°(> 10§ (%) AIUIIIIJIP dANE[NY
0'1c  LY0 (A% 60 cL 67T L00 €0 010 10 ¥'9¢ > ¥9°0 14 320y 68779
896 ¢I'c 8IC S0>  <0I 80 r€0 ¢l 6c0 I'0 COIl > L9C L1 320y 88779
90¢ ol vel go>  LOT 90 [44] €0 sv0 10> 691 > vee 9¢ 320y L8YT9
8Ly S¢CT T  S0> ecl 80 6¢°0 61 990 T'0> G¢€0L > (i3 ¥4 320y 9879
S0l 661 ¢Sl 0> 9% L0 970 vl 00 0 €Ll I 60T 6 320y S8¥79
ge6 L9 8Vl 0] 14 L0 €co L'l re0 €0 1'8CC > L8'1 9 320y ¥8¥79
oLct e 90T  S0> 8¢ I'l 1€°0 81 LS0 0  t08¢ > (453 L 320y €819
96yl 8T 0tC  S0> 8¢ I'l [440) €c 09°0 €0 Ltel > e 6 320y (444"

SEIS PAAL

Jpdureg

‘panunuo)) ‘9 xipuoddy

62

British Columbia Geological Survey Paper 2015-2



Lead isotopes in till for mineral exploration

'synsax ayeatdnp d1e 7X pue [X 219UM ‘001 (T/ATX+1XNATX-TX)IM[OSGE = (%) IUIIMIP dADEY
(%) UOLBIASD pIepuB)S dANR[AI = (ISY ‘voriw Jod spred = wdd uod 1od JySom = o4 3m 0% se uoir (10} = 3 Q%
"UONIRI] [[1} W €9()' 0> JO syyds ayearydnp = dngq <a31s 9[3urs & woty pa3od[od sojdwes [n yng eorjdnp = dnq pp1g :sired ojdwes ayedrydnp saynuapy ,

001 9[0YM PIZLIdANG = Y0 {(UoNdeI} WW £9()'(>) XIIeW [[N=[[LL :wnipaw djdwes

"BIQUIN[O)) YSNLIF TOANOOUBA P} SOLIOJRIOQER T [BONA[RUY WOV JB

ystuy (sjuowdd aoen) Anowondads ssew ewse(d papdnod A[oAnonpur 1o (SOpIxo Jourw pue Iolewr) Anowonodds uorssiud orwoie ewse(d pajdnod Ajoanonpur yjm
UoISny 91eI0qRIIA}-91BI0qRIdW WNII] £q SOIATRUE IOYI0 puB ‘A[[BILNAWIARIS D),000] I8 (I0T) UOnIUSI-uo-ssof ‘O)HT Aq pIuIuLIdIop d1om Inyd[ns pue uoqed [ej0L

:$910U300]
70 s0'0> 10> S0> 8> o> 100> <¢0> 100> 10> 0> [> S0°0> > (G=u) d3e1oae yuerg
€s 89 0°¢ 88 9 L'¢ 'L €L Le (% 't $9 0°¢ ¥ (%) dSY PIS 81-0S
0¢ 81 I¢ vl L8I 8¢l 8C°0 001 IS0 L9 6ly Sl 6'C ['v¢C (01=u) a3e10Ae PIS 81-0S

doy- IS ST1-60€IND

PIS S1-60€INID

doyg- p1S +-016SD

PIS #-016SD

doyg- p1S 1-11€SD

PIS I-11€SD

1T S€0  ¥e  S0> LS € 00  ¥0 600 10> €% > 750 b doy 68479
$68 9T L6l L0 TSI L0 S€0  I'T 990 €0 TLOI 1> €LE T doy §2479

doy 6L479
:sjo.pu0d Kypenb A1ojeaoqe]

0ce 9¢C Y4 ¢l £l §¢ Sl §6°0 011 'y £r vy (661 ‘nivivpuinon) paifir.io)
[4)! €c 81 L1 4 Y [4%0) ¢l S0 080 L6 0¢ ve 0y Apms siy

‘prepuels [-IADY SOSN

17 qA A M A n w] UL qL LA} IS us ws 28 s RdiL ddureg
‘panunuo)) ‘9 xipuaddy

63

British Columbia Geological Survey Paper 2015-2



Rukhlov and Ferbey

0000I< L'TTI
0000I< 6°0C¢

601
LL8
L98
0L
47
89
144!
[4Y4
LL
IL
LE
18!
€Cl

o>
€0

6¢C
v'C
L0
60
01
80
o>
¢0>
0]
¢0>
0]
¢0>
0]
¢0>
o>
¢0>
60
¢0>
90
¢0>
o>
90
o>
¢0>

9°0CC
00T
0
80
80
10
0
0
0
0
0
0
0
€0
0
0
0
0
0
1'0
10
€0
€0
0
10
10
0
€0
0
0

9'0¢1
10891
6'¢y
€l
611
L€
1'9¢
19
8G¢
)
123
€9
8T
6
88
L9
8T
S
123
6°¢
9v
69
s
1Y
0¢
ve
9v
¢8
6°¢
3

1'€C
'Ly
L9
09
09
L
eyl

90 910 ¥'9¢
v'C 61°0 8'STL
[ 910 €60L
90 020 LT
80 L00 0'1¢
80 v1°0 1'¢s
80 L9°0 1oy
L0 (44l €8
L0 170 9'1¢
0] ¢ro vee
60 c0°0 L'1C
60 020 8'6¢
L0 €Co LTy
60 8070 oy
01 9070 6°0¢C
90 900 8'8%
90 L00 866
80 900 'y
L0 9070 6'SYy
€c 0ro (%
80 600 9'¢e
80 0ro ye
1'C L00 ¢8¢
9 L00 9Ce
80 9Tl v'Ic
'l ¢ro 8Ty
vl 81°0 8LS
1'C €ro 6T
v'8 €00 e

Ol SH n)H

8'€TSS
€E8IT

L'L9Y
RSy
€0
LT
8¢
1’0
80
10>
0
0]
10
1’0
10>
0
¥'0
0
10>
10>
10
10>
10>
0
10>
10>
10
10>
10>

PD

vl

L0

o>
€0

€0

10>
o>
10>
o>
10>
o>
10>
o>
10>
o>
10>
o>
10>
o>
10>
o>
10>
o>

d

8Y079  TLY6E
0°ccey  8°LOIE

o>
1473
6'vS
S0>
o>
6’1
9'1¢
CLL
o>
S0>
o>
91
¢l
el
o>
L€
g1
3
80
19
(A%
S0>
o>

ny

|
€
v'IC
86
6'9¢C
I'L
LTl
001
|
L0l
Y
91
611
L8
gY
¢l
€0l
06
8’8
11
il
vl
L

SY

001<

001<
10>
¥'0

3y

vdnQq
[-pdnQg

Z-¢dnq potdg
[-¢dnq prorg
z-¢dng

[-¢dnq
Z-zdnq pporg
[-zdn pratg

z-tdng

[-zdng
z-1dn( prorg
[-1dn( prorg

z-1dnq

[-1dng

SE)S

o0y

00y
II'L
II'L
II'L
II'L
II'L
II'L
II'L
II'L
II'L
II'L
II'L
II'L
II'L
II'L
II'L
II'L
II'L
II'L
II'L
II'L
II'L
II'L
II'L
II'L
II'L
II'L
II'L
II'L
II'L
II'L

RdAT,

08¥79
6LYC9
8LYTY
9LYT9
SLYTI
YLYT9
€LYT9
CLYT9
1LYT9
0LYT9
69v79
8919
99¥79
S99
1244%%
€919
(6% 4%
19%79
09¥29
65179
8519
LSYT9
$97)
12944
13944’
(4944
8944%
0S¥79
8119
LY¥C9
9v¥C9
924
(

Jjdwieg

‘sajdwes y001-0[0ym pue (UOnOLI} Wl .moo.ovv [I1 10J B1Ep SIN-dDI-Uondenxa eigal enby 7 xipuaddy

64

British Columbia Geological Survey Paper 2015-2



Lead isotopes in till for mineral exploration

LZ1 I7 §# 61 (L661 uOSjiy) payiria)
IL 10> 80 20 9T €L §9T 100> 0T 0 o> §0> S0> 10> Apms sy,
:paepuels 7-4dd S9SN
911 90 It4 0§ 194 PLOO 6P £0 v 4 4 70 (9661 youdq) payfira)
101 €0 $0> €0 0T 0€¢ ul 0900  t¥l €0 Sy §0> T 20 Apmys srqy,
:prepuels - TILL JINYDD
ses 7l £8 71 1 170 a4 7l S 0€ 90 (6661 ‘0661 Youdq) pairia)
v0¢€ 70 I'l S0 i €1 L6 710 4% Al 8°0 b 43 90 Apms siy,
:paepue)s [-ASY'TJNIDD
0L 00 00 T € T8I €€T 801 00 00 SHe I's 00 (%) d3eraAy
I'8 00 00 v'S1 vl €ee SYHS $'S 00 00 00 $S 00 (%) gdnq protg
€11 00 00 LS 6C 00 'Sl pel 00 1'69 78 00 (%) zdng protg
81 00 00 gt L9 €1T 00 vel 00 vl 00 (%) 1dnq protg
:sared yedrdnp ags-aydures 10§ (¢/,) IUIILJIP dADRY
v'T 00 97T 001 6’1 €' L9 I'vl 97 60 00 69 9% 00 (%) d8e1aay
I'l 00 $01 00 €€ 00 L8 I'LT €T 9'¢ 00 60 't 00 (%) vdng
96 00 I'LS 00 00 T osor T8l 8¢ 00 00 00 66 00 (%) ¢dng
6’1 00 00 00t 6’1 € 00 S0T 81 00 91 00 (%) zdng
I'l 00 00 ST S v'L S0l 9T 00 00 L6l 97 00 (%) 1dng
:sared yedrdnp uondeI-tIW £9(°(> 10 (%) IUAIIJIP JANL[RY
00001<  T€T 'S 89y  L'S6T TIT 869 691 0000I< THET L9l 99TL 1'60S €6L 0y 6879
vL o> §0> 10> 96 0TI o> 100> I8¢ 10> 10> 0 0¢ €0 o0y 88%79
80¢ 10> 6'¢ 10> Ty '8 01 100> 86 10> 60 v'T 6’1 70 Oy L8779
Iy o> §0> 10> 01 €T 70 100> LY o> 10> S0 I'c 10> 0y 98479
43 o>  §o0> 10> 10 Tl 0> 100> 071 o> 10> S0>  S0> 10> FOY  §8%79
91 o> §0> 10> €0 Tt I'0 100> 60 o> 10> 60 0> 10> 0y $8¥T9
81 o> S0> 10> v'0 ST 0> 100> 997 o> 10> 91 8T 10> POY  €8%79
6 o> §0> 10> €0 0°¢ 10 100> €€ o> 10> I'l 0> 10> o0y 78%79
SOL 61 9] v'9 ¢S 0Tl 68T 900  S'89 Tt 96 veL  L0S L1 0y 8479

Smers  adLy,

Jydureg

ponunuo)) */ xrpuaddy

65

British Columbia Geological Survey Paper 2015-2



Rukhlov and Ferbey

'sj[nsax apeotjdnp axe g pue [X UM ‘00 [ 4(T/(TX+1X))/(TX-T1X)IN[0SqE = (%) IUIIYHP dANE[Y
‘uoryru 1od syred - JAdd ‘uor[iq 1od syred - gdd snun
"UONIRIY [[1} W €9()° (> Jo syyds aeorjdnp = dnq onus o[3uls & woxy pajod[[od sajduwes |11 ynq ayedrjdnp = dnq pp1yg :sired sjdwes ajedrjdnp saynuapy ,

Y001 [oyM PAZIIIAING = Y0y (UondRI} W €9()°(>) XIeW [[1} = [[LL, :wnipaw ddueg
“eIqUIN[O)) YSHLIG ‘TOANOJUBA “P)] SOLI0JEIOQRT [BONATRUY dwoY Je ojduwes 1od § ¢*() SUISn pauItIodp 2IoM SUONRIIUIIU0))

189101100,
€ 0> 0> 0> o> o> ['0> 10°0> 0 ['0> o> 0> o> 10> ¢uerg

> 0> 0> ['0> 0> o> ['0> 10°0> 0> 0> 0> 0> o> 10> [ querg
8¢ 0> 90 €0 91 £e¢ el 00 999 ['0> €0 gLS 9L €0 doy- pIS VASFSVIIO
67 0> 60 0 Cl CLLE vl 100> 9989 0> 0 919 6'6 0 PIS VHSYSVHYIO
e % ¢T 9L CLSI L9 ¢l €0 gesl (4 ¢l 6y Cly L1 doy-pIs 01sa
o7 'S ¥ L L0gl L'vL I'vl 8C0 6’151 (4 66 §9¢ ey (44 PIS 01Sd
0000I<  9°CC €9 IS 9'18¢ L'1T 89 89'1  0000I< +'LTC €Ll 9768  8TLS T6L doy 68479
198 €0 I'l 80 811 L9 v S1'0 8 1CL ST €0 79 9'1C €0 doy 92479
:sj0.pu0d Aipenb Liojeroqe|

3 £1 24 £¢C I £ 110 (p661 Nivavpuiaon) paifiria)

C 0> 0> S0 9Y 60 [0 700 I'C ['0> o> 0> o> 10> Apms sy,
‘pIepue)s [-IANOU SOSN

(
SIS Jpdwreg
‘panunuo)) */ xipuaddy

kLN )

66

British Columbia Geological Survey Paper 2015-2



Lead isotopes in till for mineral exploration

v'e &> [> > vyl TO> > &> 1> & [>  G0> 000¥61 00Sy 0SOE 10C P0Y  08+¢9
I'¢ &> [> > 96 TO0> > 801 1> & [>  §0> 000C€l 0CCE 00ST 681 0T 6LYC9
911 &> > 14 9¢c ¥l > ¥4 4! [43 > L1 0I¢ [© 4 S B [ILL 8L¥T9
11 &> [> 14 s 1o > 9¢ L1 6¢ >  TLT  0L8 69 gle & t-ydng L 9L¥T9
601 &> > 14 oLy 90 > LT 4! 81 >  ¥0C 00 LS Loc &> [-pdnQ [ILL SLYT9
0°¢l &> [> S STy 60 > [47 ¢l 81 [> 98 0rs [ 4 B L PLYT9
8¢l &> > 14 9L'c 80 > 08 I1 [43 > 6 05> (& AR L €L¥T9
0yl &> [> S I€e 60 [4 81 4 1T > ¢0> 089 [ A% B L CLYT9
(4! &> > 14 6€¢c 60 > 0¢ Sl 0C > GLT 05> €C 9¢cr & L TLYT9
9°¢l1 &> [> 14 €t 90 > 0¢ 1> ¥4 > ¢0> 069 o voT &> L 0L¥T9
9°0¢ &> > L 66'¢ ¢ > 0¢ 91 €C > 0> 0IL (&2 €L s> redn@peld L 69%79
v6l &> > > 6t 90 > LT €l LT > ¢0> 05> > 6%l §> I-¢dn@pperi [IIL 89479

0¢l &> > 9 €9¢ 80 > &> I 31 > S0> 009 o 901 S edn@ ML 99929
11 &> [> ¢ v6't 60 1> 08 14! c¢ [> 98 01y [ B e [ILL S9¥C9
9¢l &> > v 09°¢ ¢l > ve 6 1T > S0> 0¢9 [ /) B L ¥9vC9
LTI &> [> ¢ 6l'y 80 1> ov 91 LT [> ¢0> 0CL o Lyl > [ILL €9¥C9
6¢l &> > 14 e To> > 0C el (44 > S0> 05> o €6 &> [-ednq KL 29%C9
¢l &> [> 14 68¢  TO> 1> 9¢ 6 ¢ [> ¢0> 0¢9 > 0SI ¢ rrdn@ppid ML 19429
vel &> > S LIy ¢ > 8¢ 91 4 > S0> 09 > 91 &> 1-zdn@ppld ML 0979
6Cl &> [> ¢ gy 60 1> 144 ¢l 144 > €7C 009 > L8 &> [ILL 65¥C9
VIl &> > 9 LTy Tl > 6C 91 (44 > S0> 0v o 66 &> XL 8S¥C9
¢l &> [> 9 Lyt T 9 (43 91 [43 [> ¢0> 09L o Vel > [ILL LSYT9
L€l &> > v 09°¢ 60 > 91 01 6C > ¢0> 05> T LLl S zedn@ ML SS9
Syl &> [> ¢ Lre 80 1> 9¢ 01 144 > ¢0> 05> o LIt > [-zdng [ILL ¥S¥T9
6l &> > v 6ce  To0>  I> 139 01 06 > S0> 05> 76§ r1dn@ppid ML €5HT9
0l &> [> ¢ 6ce  TOo> 1> 8¢ L LE >  ¢0> 0l > L01 > I-1dn@ppid L TSHT9
101 &> > S Ire 80 > LT > 133 > 90I 08> o el &> KL 1S¥C9
L0l &> [> ¢ vi'e 80 1> LE > 1€ > ¢0> 05> [V 4 B [ILL 0S¥C9
(44! &> > 14 6e¢ L0 > 8¢ I €9 > S0> 08¢ [/ | B > z-1dng XL 8¥¥C9
LTI &> [> 14 we o 1> &> > 6C [>  ¢0> 09¢ o 6Tl > [ILL L¥¥T9
I'Cl &> > 8 91v 60 > 137 6 6C > L1 06y o I'vlk &> KL 9¥¥C9
1'Cl &> > ¢ 89¢ 01 > [4% el 133 > S0> 0S¢ o vLL S [-1dnq KL S¥¥C9
. v (

LT INEEETIN §
el I SH JH ER | nyq D) 10 0D ) €) ag eq ny sy 8y J[dueg
‘sajdwes 001-0[0ym pue (UOIORI} W £9()°(>) [[1 10] B1ep VVNI '8 Xipuaddy

67

British Columbia Geological Survey Paper 2015-2



Rukhlov and Ferbey

(Y4 4 L6 0¢C 'l 81 LE £¢ s £89 (L661 ‘U0Sjig) painia)
(44 > > 09 1'6 vl [> 0¢ 8¢ 8¢ 0y  S0> 0fL [ | Apms siy ],
‘prepues 7-y4Id SOSN
144 L0 I §€ 0’1 ll vL ¢l 86 60 7l 0rS 4 9 0 (9661 “youdg) payfiria)
4 &> > 6 L'e 60 Gl 0L 81 79 > TLL  00¥ (62 6¢ &> Apms sry ],
‘prepue)s T-TTILL JINIDD
91 ro 9¢ 8¢ 60 ST 1€ I/ Ll 1T 058 € 0r 90 (6661 ‘0661 ‘YoUAT) paifirio)
14! > > 0¥ 67¢ L0 > L1 ¢l (44 0L 91 05> > 43 &> Apms sty
‘prepuels [-ASMTdNEDD
$'C 0°0 00 8v9 LT 96L 00 99¢ ¢€LE TeEE 00 00 €911 00 €II 00 (%) d8eraAy
09 00 00 00Sl 0T LS8 00 S0l L0z 091 00 00 L€ 00 o6¥I 00 (%) ¢dn prorg
L0 00 00 TTC 69 6T 00 SLE 09 00 00 00 L8 00 6¢ 00 (%) zdnq protg
L0 00 00 Tt 00 00 00 L19 €t S’ 00 00 S9¢I 00 I'ST 00 (%) 1dnq prerg
:sared yeardnp ayis-ordwes 10§ (¢/,) IUIIIJIP dADR[Y
LS 0°0 000 LTt 89 SIS 00 065 TEI 9 00 €y 199  8v 10 00 (%) dBeraAy
81 00 00 00 98 00r 00 98T ¥o6l 89% 00 0Ll 0O¥S 06l 8¢ 00 (%) ydng
Lyl 00 00 o0y 09 o00CI 00 o00CI L9I 00T 00 00 T691 00 I'€El 00 (%) ¢dng
LS 00 00 ¢ 9% QI 00 9Ly 00 I'ly 00 00 00 00 €0C 00 (%) zdng
80 00 00 98 T8 €s¢ 00 O00F L9I ST9 00 00 €I 00 veb 00 (%) 1dng
:sared 9yedrdnp wondeaj-ww £9(°(> 10§ (2,) UL JANBPY
) &> [> > 70¢ TO0> [> [14! 8 & > ¢0> 08l 6¢8 e  SL A0 68179
971 &> > ¢ voe  TO0> [> SL €l 91 > ¢0> 05> (62 1'9 &> A0Y  88YTHY
3Pl &> > > €cl I'l 4 eel 8¢ 1T > ¢0> 0ry (e 6Cc > 300y L8YTI
96 &> > [4 v0's L0 [> [ 14! 91 9 go> 06> (62 11 &> A0 98179
06 &> > ¢ & To> € 145 > ¢l >  ¢0> 08 (e G &> o0y G8YT9
7’6 &> > [4 e €0 [> 601 > 14! > ¢0> 05> [ | A0Y 8P
el &> > 14 LT TO> > €6 > 6l > ¢0> 05> ¢ o1 s> o0y €8¥79
¢el &> > ¢ vL1r TOo> [> 8¢l > €C > ¢0> 05> (62 Y &> A0 TRYTHY
09 > [> > &9 T0> [> 89 0¢ ¢l > 0> 08> LSI 665 &>

0y 18479
(]
WS PAAL g

‘panunuo)) ‘g xrpuaddy

68

British Columbia Geological Survey Paper 2015-2



Lead isotopes in till for mineral exploration

0> S > > 100> TO0> I> $> > £ > §0> 05> T S0> S Jue[e poyien
6'S1 e LL Iy 0¢ 0611 0191  09SI paynIe0-pis 911 SYININA
8°S1 97'¢ 9 Iy 6T 00ZT 0691  0TSI PIS 91T SYININA
61'8 LY'T 000€T Pay100-pIs q[-dIN

108 > 00001< PIs qI-dIN

paynI00-pIs ¢-NZD

pIs €-NZD

SL 6€ 960 9€T 690 € u 78 LT 960 S0 0SL 00¢€ Lty I¢ Pay1Ie0-pis [-4XD
L'L > > LY 90 > il 06 LI [> 0> 0¢L 0¢ce 8T I€ PIs 1-4XD
:sjo.pu0d Aipenb Liojeroqe]

24 ST L0 96 L€ 7 L 80 £1 018 § 110 (p661 nivivputaon) payfiria)
97 ¢> > L TrTo> €l $> > ST > §0> 09% ¢ S0> & Apmys sy,
:paepuels [-INOY $OSN

(]
SIS opdweg

R4,

‘panunuo)) ‘g xrpuaddy

69

British Columbia Geological Survey Paper 2015-2



Rukhlov and Ferbey

200>
200>
00>
200>
00>
00>
00>
00>
00>
00>
00>
00>
00>
00>
00>
00>
00>
00>
00>
00>
00>
200>
00>
200>
00>
200>
00>
200>
00>
200>
00>
00>

>
>
[

661
¢ee

c>
¢>
>

Y0¥ 08479

Y0y 6L¥79

ML 8L¥T9

vdnd ML 9L+T9
[-vdn@ ML SLvT9
ML $L¥29

ML €L¥T9

ML TLYT9

ML 1L¥29

ML 0L¥T9
zedn@pid ML 69479
[-gdn@prord ML 89479
zedng ML 99+79
ML $9¥T9

ML $9¥79

ML €979

[-¢dn@ ML 79t79
cedngpid ML 19479
[-zdn@ pRtd ML 09479
ML 6S¥79

ML 8S¥T9

ML LSHT9

zudng ML SSHT9
[-zdn@ L $SHT9
z1dngppid ML €579
[-1dn@ protd 1ML TSHT9
ML 1S¥T9

ML 0S¥T9

1dng ML 8¥bT9
ML LbbT9

ML 9v¥T9

[-1dn@ ML Sk

Smeyg  adLy,

J[dureg

‘ponunuo)) g xipudddy

70

British Columbia Geological Survey Paper 2015-2



Lead isotopes in till for mineral exploration

691 79 [l 9rE00 L9 £€ 4 & vEC 8T IS0 (L661 “U0S[iM) paifiria)
o> ¢¢  §¢0> S0> S00> CW0> 6 &> 8¢ o> S>> 0 Le 0T 61T SE0 Aprs sy,
‘prepue)s ¢-4Dd SOSN
VA &' A 6’1 #ri00 vl 4 80 44 43 9¢ 191 44 90 (9661 YoudT) payira)
§9 ¢Ll S0> ¢S0> S00> TO0> 69 > 11 €1 LOT  0C> 6l 8¢l [> 90 Aprys sty
‘prepues ¢-TTLL JINIDD
L6 e 90 €0 ST00 91000 ¥ 6 'l 44 91 91 s¢' I 01 PO (6661 ‘0661 Y2uLT) paiiria)
eI ge So>  S0> S00> 00>  PE &> L 01 SI> 0> €l 051 14 €0 Apmys sty
‘prepues [-ASHTIINEDD
e T 00 0°0 0°0 0°0 (44 0°0 VL Sy 00 00  ¥'60L 91 0°0 £ (%) d3e1aay
688 9CS 00 00 00 00 1'C 00 'l I'6 00 00 SPSI €€ 00 €8 (%) ¢dnq prerg
00 801 00 00 00 00 LT 00 Sl 00 00 00 0¢€Ir 01 00 00 (%) zdng prerg
€8Sl €8L 00 00 00 00 08 00 vLoogeer 00 00 S09 S0 00 SL (%) 1dnq prerg
:sared yeardnp ajis-ajdures 10§ (2/,) IUIIILIIP dADRY
oy 9ty 00 0°0 0°0 0°0 9 0°0 9L It 61€ 00 0P6 L' 00 el (%) d3e1aay
00 679 00 00 00 00 00 00 g0 Tl 00 00 01I¢l  ¥0 00 V€T (%) ydng
00 ¢1C 00 00 00 00 8¢ 00 €e 98 LLel 00 o0 VY 00 68 (%) edng
00 0¥S 00 00 00 00 I'L 00 90 00 00 00 005 91 00 8V (%) zdng
8091 tv9¢ 00 00 00 00 6%l 00 I'c 9Ly 00 00 0SL ¥0 00  S91 (%) 1dn@
:sared dyedrdnp uondeIj-wwt €9 (> 10§ (%) IUIYJIP dANE[Y
o> TO0> S0> S0> 500> To> S0 &> e 9l SI> 0T & 00 99  S0°0> A0y 68779
o> ¢1 60> ¢0> ¢S00> T00> ST e TS 10> SI> 0> &> 6o¢ > 80 A0y 88%C9
o> TO0> ¢S0> GS0> S00> T00> €€ > €C o> <S> 02 LT S0°0 > $70 N0y L8YT9
8¢ L §0> S0> S00> 00> 0¢ > (44 Sl si> 0> & 8L0 > I1°0 A0y 98%C9
o> TO0> S0> ¢6S0> 500> C0> <TT > 6L 10> 6§ 0z> & Ll > o A0y G8%C9
go> Tl S0> S0> 500> Co0> L1 > ¢S €0 si> 0> & 00°€ > 170 A0y ¥8¥C9
o> Tt S0> GS0> S00> T00> 0¢ > 89 10> ¢&I> 0> &> T8¢ > 8¢0 A0y €8%79
o> 7T  S0> S0> S00> To> C¢ > Lg 10>  SI> 0 6l 9¢¢ > ¢s0 A0y T8YT9
o> TO> S0> S0> 500> TWo> 9¢C > Ic 9yl SI> 0> & ET¢ €C 1€0 A0y 18%C9

Smels  PdAL

Jpdureg

‘panunuo)) ‘g xrpuaddy

71

British Columbia Geological Survey Paper 2015-2



Rukhlov and Ferbey

0> TO0> S0> S0> S00> To> 10> > o> 10> ¢SI> 0 & 100> > S00> Jueldg poyriN
Cll v'C €9 89 861 Pagneo-pIs 91T SVININA
6'Cl ['C 9 89 0T PIS 91T SVININA
19°1 14 14 PIgNIad-pIs q1-dIN

191 LS 6LC pIs qI-dIN

PaYIRd-pIs €-NZD

PIs €-NZD

6ve  vPC €80 SLI'0 SLTOO ¥S000 LT 991 85T TTI 14! Iy 81  TS00 81 8C0 PagIIR0-PIs [-YXD
8¢ ¢ ¢S0> S0> <00> T00> LT L1 91 Cl SI> 0> &> 900 61 LTO PIS [-UXD
:sjo.pu0d Aypenb A1ojeaoqe]

8¢ ¢l S6°0 1100 10000 £7 4 £l 0¢1 61 0€ €T KO0 ($661 Niivpurnon) paiina)
09 ¢l §0>  S0> S00> o> e £> 6'¢ L1 vve  0C> IC 9Lt > L0 Apms sty [,

‘prepuels I-]INOYH SOSN

Se)s

QALY

Jduieg

‘panunuo)) ‘g xipuaddy

72

British Columbia Geological Survey Paper 2015-2



Lead isotopes in till for mineral exploration

Appendix 8. Continued.

Sample Type! Status? W Yb Zn Mass
62445 Till Dupl-1 <l 22 <50 1.04
62446 Till <l 3.2 <50 1.24
62447 Till <1 2.5 190 1.03
62448 Till Dup1-2 <l 2.5 230 1.17
62450 Till <1 23 <50 1.32
62451 Till <l 3.1 <50 1.10
62452 Till Field Dupl-1 <1 29 <50 1.05
62453 Till Field Dupl-2 <1 2.7 <50 1.04
62454 Till Dup2-1 <l 3.3 <50 1.14
62455 Till Dup2-2 <l 3.0 <50 1.30
62457 Till <1 29 <50 1.03
62458 Till <l 3.0 <50 1.08
62459 Till <1 3.8 280 1.04

62460 Till Field Dup2-1 <l 2.7 <50 1.03
62461 Till Field Dup2-2 <l 3.3 <50 1.06

62462 Till Dup3-1 <1 2.7 <50 1.18
62463 Till <1 2.6 <50 1.14
62464 Till <1 33 <50 1.05
62465 Till <1 2.6 <50 1.14
62466 Till Dup3-2 <1 24 <50 1.20

62468 Till Field Dup3-1 <1 2.8 <50 1.01
62469 Till Field Dup3-2 <l 34 <50 1.05

62470 Till <1 2.6 450 1.05
62471 Till <1 2.5 <50 1.06
62472 Till <1 2.9 <50 1.17
62473 Till <1 2.6 760 1.10
62474 Till <1 2.2 <50 1.10
62475 Till Dup4-1 <1 2.6 980 1.10
62476 Till Dup4-2 <1 2.6 1140 1.04
62478 Till <1 3.2 <50 1.10
62479 Rock <1 <0.2 38400 1.56
62480 Rock <1 <0.2 92100 1.56
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Appendix 8. Continued.

Sample Type! Status? \\J Yb Zn  Mass
— I (ppm) (ppm) (ppm)  (g)
62481 Rock <1 2.2 680 1.28
62482 Rock <l 3.3 <50 1.13
62483 Rock <1 2.6 <50 1.06
62484 Rock <l 1.5 <50 1.19
62485 Rock <1 1.9 <50 1.07
62486 Rock <l 2.3 <50 1.30
62487 Rock <1 1.3 120 1.27
62488 Rock <l 2.1 <50 1.33
62489 Rock <l <0.2 66100 1.16

Relative difference (%) for <0.063 mm-fraction duplicate pairs:

Dupl (%) 0.0 12.8  128.6

Dup2 (%) 0.0 9.5 0.0

Dup3 (%) 0.0 11.8 0.0

Dup4 (%) 0.0 0.0 15.1
Average (%) 0.0 8.5 35.9
Relative difference (%) for sample-site duplicate pairs:

Field Dup1 (%) 0.0 7.1 0.0

Field Dup2 (%) 0.0 20.0 0.0

Field Dup3 (%) 0.0 19.4 0.0
Average (%) 0.0 15.5 0.0
CCRMP LKSD-1 standard:

This study <1 1.5 300 1.04
Certified (Lynch, 1990, 1999) <4 2 331
CCRMP TILL-2 standard:

This study <1 2.8 <50 1.11
Certified (Lynch, 1996) 5 3.7 130

USGS BCR-2 standard:

This study <1 3.0 <50 1.51
Certified (Wilson, 1997) 3.5 127
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Lead isotopes in till for mineral exploration

Appendix 10. Scatterplots of till field duplicates, till <0.063 mm-fraction duplicates, and certified reference materials for
selected elements by portable XRF.
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Appendix 11. Scatterplots of till field duplicates, till <0.063 mm-fraction duplicates, and certified reference materials for
selected elements by lithium metaborate-tetraborate fusion with ICP-ES (major and minor oxides) and ICP-MS (trace
elements) finish.
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Appendix 12. Scatterplots of till field duplicates, till <0.063 mm-fraction duplicates, and certified reference materials for
selected elements by aqua regia extraction with ICP-MS finish.
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Appendix 13. Scatterplots of till field duplicates, till <0.063 mm-fraction duplicates, and certified reference materials for
selected elements by INAA.
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