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INTRODUCTION

This report presents new galenz. lead isotope data from ten min-
eral occurrences in the Stewart area. The results indicate that the
formation of these ten varied depcsits can be attributed to just two
mineralizing events. The two distinct metallogenic epochs are
characterized by different base and precious metal suites, thus lead
isctope analysis may be a practical aid to commedity-specific explo-
ration programs and to evaluation of mineral showings at an early
stage of a property examination,

In 1986, a suite of galena samples, representing ten deposits on
eight properties in the Stewart clistrict, was submitted for lead
isotope analysis (Figure 2-12-1 and Tables 2-12-1, 2-12-2 and
2-12-3). Comprehensive bibliogriphies for each of the sampled
deposits are available in the British Columbia Mineral Inventory
File (MINFILE) and the MINFILE reference number for each
deposit is listed in Table 2-12-1. Detailed descriptions of rock types,
their distribution and field relationships in the Stewart area are
provided in Alldrick (1985) and are simplified in Figure 2-12-1.

PRINCIPLES OF LEAD ISOTOPE
INTERPRETATION

The “‘lead-lead” or *'common Jead’” method of radiometric dat-
ing is based on the accurate measurement of lead isotope abun-
dances (Figure 2-12-2) and on the changing ratios of radiogenic lead
isotopes over periods of geologic time (Figure 2-12-3). Galena is
used because once it has crystatlized, its lead isotopic composition
remains constant due to the absence of any radioactive elements in
its crystal lattice structure. The reference isotope, 204Pb, is not
produced by radicactive decay ani so has always been constant in
amount {Figure 2-12-2}. ?%Pb and 207Pb are formed by the radio-
active decay of 2381 andl 233U respactively. 235U has a much shorter
half-life [704 million years (M2)] than 238 (4470 Ma) con-
sequently most of the 235U that wis originally present has decayed
and the ratio of radiogenic 2%7Pb tc 204Pb has changed little over the
past 2000 million years. In contrast, the ratio of radiogenic 206Pb to
204Pb is still increasing relatively rapidly.

Holmes (1946) and Houtermans (1946) first used the exponential
radioactive decay law to calculate ¢ curve which corresponded to the
evolution or “growth™ of the radiogenic lead isotopes with time.
The difference in the rate of lead isotope generation from the two
uranium parent isotopes. is reflected in the progressive flattening of
the isotopic lead **growth curve” toward younger ages in Figure
2-12-3. As measurements of lead isotopic ratios accumulated over
the next decade, it was noted that the isotopic composition of lead
from several conformable ore depusits of various ages were coinci-
dent with the Homes-Houtermans growth curve (Stanton and
Russell, 1959). By extrapolating the growth curve backward in time

according to the radioactive decay law, it coincides with the lead
isotope ratios for iron meteorite fragments from Meteor Crater,
Arizona at an indicated age of 4600 Ma. This is similar to ages “or
meteorites and moon rocks calculated by rhubidium-strontium and
uranium-lead methods and the 4600-Ma date is interpreted to be the
age of formation of the earth.

The growth curve illustrated in Figure 2-12-3 is accurate as a first
approximation for lead isotope ratios from many conformable ore
deposits, but at more detailed scales this simple curve does not
adequately explain isotopic ratios for lead from most epigenetic oes
and some conformable ores. Empirically derived mathematical bast
fit curves, termed ‘““model curves™ or “‘models”, have been pro-
posed by many researchers to explain the small scale deviations
from the basic growth curve. The reader is referred to major papers
by Armstrong (1968), Stacey and Kramers (1975}, Cumming and
Richards (1975), Doe and Zartman (1979), Godwin and Sinclair
(1982), Andrew, Godwin and Sinclair (1984) and Gulson {(1986] for
applications of ““model curves’ to lead isotope data.

ANALYTICAL METHODS

All the lead analysed was extracted from medium to coarse-
grained hand-picked galena. Sample preparation and lead isotope
analyses were completed by JE. Gabites in the geochronology
laboratory, Department of Geological Sciences, The University of
British Columbia. Lead isotope ratios were measured on a Vacuum
Generators Isomass 54R solid source mass spectrometer linked 1o a
Hewlett-Packard HP-85 computer. Samples were loaded using phos-
phoric acid and silica gel.

In-run precision, or machine ¢rror, is usually better than 0.01 per
cent standard deviation. Repeated measurement of the Broken Hill
standard (BHS-UBC1) and systematic analyses of duplicates were
used to monitor the analytical precision of the runs. Isotope rafios
were normalized to the BHS values of Richards er al. (1981). The
minimum variation observed in duplicate analyses is less than 0.05
per cent.

Even under optimum analytical conditions errors arise from frac-
tionation processes which cause relative depletion of the lighter lzad
isotopes with respect 1o the heavier ones. Isotopic fractionation is
the main source of analytical variations in single filament spec-
trometers. Another analytical error is associated with the measure-
ment of the low intensity 204Pb spectrometer peak due to the low
abundance of this isotope. The slopes of the fractionation error and
the 204Pb error are illustrated on each diagram in Figure 2-12.4.

RESULTS

The results of these new galena lead isotope analyses are listed in
Tables 2-12-2 and 2-12-3 and plotted as conventional lead isotepe

* This project is a contribution to the Canada/British Columbia Mineral Development Agreement.
British Columbia Ministry of Encrgy, Mines and Petroleum Resources, Geological Fieldwork, 1986, Paper 1987-1.
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diagrams on Figures 2-12-4A, 4B and 4C. All data reduction for this
report has been calculated with the decay constants recommended
by the Subcommission on Geochronology of the International
Union of Geological Sciences (Steiger and Jager, 1977).

Table 2-12-1 lists the deposit name, location, host lithology,
deposit type and the British Columbia Mineral Inventory File (MIN-
FILE) number. Table 2-12-2 presents galena lead isotope data from
six deposits on four properties that plot as a discrete cluster, marked
Cluster 1, on Figure 2-12-4A, 4B and 4C. Table 2-12-3 lists galena
lead isotope data from four deposits that plot as a second discrete
cluster, marked Cluster 2, on Figure 2-12-4A, 4B and 4C. To
simplify the plots and improve clarity, only the ten averaged values
indicated on Tabies 2-12-2 and 2-12-3 have been plotted on Figure
2-12-4.

INTERPRETATION

The following discussion is based mainly on relationships between
uranogenic lead (206Pb, 207Pb) and thoriogenic lead (208Pb} shown
on Figures 2-12-4A and 2-12-4B. The plot in Figure 2-12-4C is
primarily used to analyse the effects of 204Pb error, which is small
for this data set; fractionation error is also minimal.

“Commeon lead”” isotope data can yield crude absolute age deter-
minations if a suitable model curve is available for interpretation. A
model may also provide indications about the source of elemental
lead in an ore deposit. Development of such a model requires a large
database from similar rocks and sulphides which must be assembled
before meaningful absolute age determinations can be attempted.
There is not enough spread in the Stewart data points to construct an
empirical model curve by graphical means. However, smaller lead
isotope data sets are useful for indicating relative age relationships
between deposits, and between deposits and their host rocks. The
interpretation of relative, nonabsolute age relaticnships from lead
isotope data is known as “‘fingerprinting’”.

Fingerprint interpretation of lead isotope data is a simple powerful
tool when combined with other geological data. The following six
interpretations are derived from the data presented in Figures
2-12-1, 2-12-3 and 2-12-4B.

(1} On Figure 2-12-3, the position of the field of Figure 2-12-4B
indicates that all the deposits sampled in this study are
Phanerozoic.
Comparing the relative positions of the two data clusters of
Figure 2-12-4B with the progressive evolution of lead isotope
ratios shown in Figure 2-12-3 suggests that the galena of the
deposits in Cluster 2 might be significantly younger than the
galena of Cluster 1 deposits. This relative age relationship is
consistent with interpretations based on geological evidence
and can be confirmed mathematically by applying the radio-
active decay law.
(3) The two tight clusters of data shown on Figure 2-12-4B clearly
define two separate metallogenic events in the Stewart area.
{(4) The tightness of the two data clusters indicates that each of the
two ore-forming events was a short-lived episede in geologic
time.
Both clusters of data represent deposits that are distributed over
a 30-kilometre strike length, thus the two metallogenic pro-
cesses that formed these deposits were both regional
phenomena.
Although the Indian mine and the Silbak Premier mine are less
than 2 kilometres apart, the data indicate that these deposits are
not genetically related and that they formed at significantly
different times, with the Indian mine being the younger of the
two.

Alldrick (1985) and Alldrick et al. (this volume) argued that the
two ore-forming episodes were not closely related genetic pro-
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&)

(6)

94

cesses. Specifically, Cluster 1 deposits formed cogenetically with
calc-alkaline Hazelton Group volcanic rocks of the Stikinia terrane
about 190 million years ago. The Cluster 2 deposits are epigenetic
veins related to Eocene intrusion of dominantly granodioritic plu-
tons that were generated by subduction processes.

The data clusters of Figure 2-12-4 can be used to generally
support the interpretation of Jurassic and Tertiary metallogenic
epochs, yet also indicate that the mineralizing events are genetically
distinct. If an age can be assigned to one of the two data clusters
based on geological or other isotopic evidence, an approximate
elapsed time between the two data clusters can be calculated using
the radioactive decay law. When a date of 48 Ma is assigned to the
group mean of Cluster 2, the group mean of Cluster | yields a
calculated age of 210 Ma. This latter date is close to the 190-Ma age
interpreted for the Cluster 1 metallogenic event by Alldrick er al.
(this volume). This calculation also yields a ratio of the parent 238U
to the reference 24Pb isotope of 14.0, known as the w value. This
value for w is unnaturally high (. values for all model curves lie
between 8.2 and 12.2), and therefore indicates that the galenalead in
the deposits of Cluster 2 is not simply remobilized or evolved from
the same lead source as Cluster 1 deposits.

When these interpretations are combined with other studies, they
provide corroborative support for many established interpretations,
raise questions about some earlier theories, and suggest an applica-
tion for systematic lead isotope analysis in exploration programs in
the Stewart area.

The data indicate that the ore at the Indian mine is cogenetic with
mineralization at the Porter Idaho mine, the Bayview prospect and
the Jarvis vein, The Porter [daho mine and Bayview prospect were
interpreted as Eocene age deposits based on field relationships
(Alldrick, 1985 and Alldrick and Kenyon, 1984) and on potassium-
argon dates from associated intrusive rocks (Smith, 1977). This
interpretation is further supported by a new potassium-argon date of
42.7 Ma from the altered host rocks at the Indian mine (Alldrick,
et al., this volume). The indicated Middle Eocene age of these
mineral deposits coincides with the age of many intrusive rocks
along the eastern margin of the Coast Plutonic Complex (Carter,
1981). Significantly, this epoch also coincides with the age of many
major porphyry molybdenum deposits, with peripheral high-grade
silver veins and disseminations, that are also distributed along the
eastern margin of the Coast Plutonic Complex, for example, Kit-
sault (MI 103P-120), Ajax (MI 103P-223), Tidewater (MI
103P-111), Molly Mack (MI 103P-228), Roundy Creek (MI
103P-234), Bell Moly (MI 103P-113), Valley Ridge (MI 103P-231),
Snafu (MI 103P-232), Kay (MI 103P-225) and others (Carter, 1981).
Woodcock and Hollister (1978) concluded that this zone was the
locus for a major metallogenic province of molybdenum
( *+ tungsten) porphyry deposits throughout North America. In the
Stewart region, formation of these deposits took place during a
restricted interval of Middle Eocene time, 48-43 million years ago.

Alldrick (1985, page 337) concluded that the Indian mine ores
formed at the same time as oreshoots at the nearby Silbak Premier
mine, on the basis of textural and mineralogical similarities between
the coarse-grained galena-sphalerite ore found at the Indian mine
and in ore zones at the deepest levels of the Silbak Premier mine,
termed the Northern Lights or Premier Border zone (M1 104B-53).
The single lead isotope determination for the Silbak Premier mine
comes from a sample near the upper workings, 500 metres above the
Northern Lights zone. The deep level galena-sphalerite ores of the
Silbak Premier may be genetically related to the overlying oreshoots
{Cluster 1), or they may be younger, superimposed sulphide deposits
genetically related to Indian mine mineralization (Cluster 2).

The deposits of Cluster 1 and similar deposits in the Stewart
district are either gold-silver-pyrrhotite veins, such as the Scottie
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INDEX MAP

MINERAL DEPOSITS

EAST GOLD MINE
SCOTTIE GOLD MINE
MARTHA ELLEN DEFPOSIT
DAGO HILL DEPOSIT
BIG MISSOURIMINE(S—1ZONE) __
CONSOLIDATED SILVER BUTTE DEPOSIT ___
TERMINUS DEPOSIT

INDIAN MINE
SEBAKWE MINE
B.C. SILVER MINE
SILBAK PREMIER MINE
RIVERSIDE MINE
JARVIS VEIN
BAYVIEW DEPOSIT _______
PROSPERITY AND PORTER IDAHO MINES ___

O ZErXxe—-—T 0T MmMO0DP

LEGEND

hgm, bg, mhg — Eocene biotite

granodiorite stocks
tcg, slg Lower Jurassic hornblende

granodiorite stocks
4 Argillite, siltstone, sandstone
3 ____ Dacite pyroclastic formation
2 Epiclastic rocks, hematitic
1a Andesite tuffs and flows
1d _ . Amillte, siltstone
1e Andaesite tuffs
b Argillite, siltstone
1a Andesite tuffs

Figure - 12-1. Geology and mineral deposits of the Stewart area (from Alldrick, 1985).
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URANIUM THORIUM
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5.0
ISOTOPES PARENT T o
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CONCENTRATION IN THE
WHOLE EARTH, -4.6
BILLION YEARS AGO 421
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Figure 2-12-2. Isotopic relationships between uranium, thorium and lead in the earth's crust, Dark grey = primeval lead; light grey =
wranium and thorium decayed to radiogenic lead during 4.6 billion years; white = radioactive parent isotopes that still remain [modified from
Cannon et al. (1961), Tatsumoto ez al. (1973) and Steiger and Jager (1977)).

TABLE 2-12-1
DEPOSIT LOCATION, HOST UNIT, DEPOSIT TYPE AND MINFILE NUMBER

BC Lead

File

Deposit NTS Number Lat. N Long. W

Number Deposit Name (MINFILE Number) {degrees) Lithology Deposit Type

30415 Big Missoufi...............ccooein U 104B/01E 56.13 130.03 Unuk River: altered Vein
(104B-046) andesite tuff

30492  Prosperity-Porter Idaho ..., 103P/13W 55.91 129.94 Unuk River: dacitic and  Vein in shear
(104B-089) andesite tuff

30493  Scottie Gold..................ocoiii 104B/01E 56.22 130.09 Unuk River: andesite tuff Mesothermal Au-Po
{104B-074) vein

30494 Silbak Premier.................. v 104B/01E 56.05 130.01 Unuk River: altered Epithermal vein
(104B-054) andesite tuff

30495 Consolidated Silver Butte................c....... 104B/1E 56.11 130.03 Unuk River: altered Epithermal Au-Ag vein
(104B-095) andesite tuff

30765 BayvView ..o 103P/13W 55.96 129.98 Unuk River: homfelsed  Vein
(103P-051) argillite

30871 Jarvis ... e 1030/16E 55.99 130.07 Texas Creek (HB) Vein

(1030-024)USA granodiorite

30939 Indian (New Indian).............c..co... 104B/01E 56.08 130.03 Unuk River; andesitic and Vein in shear

(104B-031) lapilli tuff

Y6
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Figure 2-12-4. Plots of averaged lead isotopic ratios for deposits located on Figure 2-12-1 and listed in Tables 2-12-2 and 2-12-3.
0 =deposits with Jurassic lead signature, <> = deposits with Tertiary lead signature. Closed symbols represent group means. Analytical error

shown is 20 from 46 analyses of Broken Hill galena standard.

Gold mine, or gold-silverlead-zic-copper deposits such as the
Sitbak Premier mine. Ir contrast, deposits of Cluster 2 are silver-
lead-zinc veins characterized by high sitver grades and by spatially
associated molybdenum and/or tungsten occurrences. In small out-
crop or trench exposures the structural, textural and mineralogical
differences between the deposits are not always evident. For exam-
ple, samples from the Creek zone at the Big Missouri property and
from the Number 3 trench at the Bayview prospect are miner-
alogically similar in hand sample. As Figure 2-12-4B shows, the
lead isotope ratios clearly distingnish the different ore-forming
episodes that produced the deposits.

The same indications might be a‘hieved by assays; sulphide-rich
grab samples show values up to 18 ppm gold and 323 ppm silver at
the Creek zone while a grab sariple from the Bayview trench
assayed | ppm gold and 3472 ppm silver. Unfortunately assays of a
few fist-sized grab samples are unreliable indicators of the overall
gold and silver grades of the entire mineralized zone, whereas two
or three lead isotope ratios from galena crystals would be represent-
ative for the deposits. A lead isotop: analysis from galena in a small
exposure or in a weakly mineralized vein would indicate whether the
mineral occurrence was related to the earlier gold-silver(-base
metal) event or to the later silver-le:d-zine(-molybdenum-tungsten)
mineralizing episode. This distinction might govern the urgency,
intensity or necessity for further erploration work.
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CONCLUSIONS

Lead isotope data from the Stewart mining camp do not provide
absolute age dates for the formation of mineral deposits, but ‘he
relative distributions of data are consistent with absolute datzs
determined in other studies. The genesis of ten varied mineral
deposits can be attributed to just two mineralizing events. The
formation of more than one hundred other mineral occurrences in
the district may be related to these same two ore-forming episodzs.
Both metallogenic epochs were brief, regional-scale phenomena.
Deposits from the younger mineralizing episode may be emplaced
adjacent to older deposits.

In the Stewart area, routine lead isotope analysis would be a
practical aid for exploration programs focused on specific con-
modities. The method is an effective technique for evaluating the
commodity potential of a small mineral showing, or for setting
exploration priorities on properties that host several varied mineral
occurrences.
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