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Abstract

The Prairie Creek dolomite-hosted Zn, Pb, Ag deposits located in the southern
MacKenzie Mountains, N.W.T., consist of three distinct types of mineralization. These
inc'ude; 1) Type I stratiform mineralization which is characterized by banded, fine grained
pyrite and sphalerite in a mottled, chert-rich, dolostone unit of late Ordovician, early
Silurian Whittaker Formation; 2) Type II, MVT-style mineralization, within middle
Silurian, Root River Formation; and 3) a final phase of mineralization consists of cross-
culting, quartz-sulfide veins characterized by a more complex mineralogy consisting of
pyrite, sphalerite, galena + tetrahedrite. Saddle delomite gangue associated with both types
I and Il mineralization, have distinctly different geochemistry.

Gangue dolomite associated with Type I mineralization possess highly radiogenic
8781/808r isotopic ratios (up to 0.723), as well as enriched manganese (up to two weight
percent), indicative of a Proterozoic source. Fluid inclusion results from inclusions in
sphalerite (average homogenization temperature of 130 °C) and heavy 8180 values (+23%s
SMOW) support relatively low temperatures of formation. Type I mineralization is
interpreted as syndiagenetic with Zn-Pb mineralization forming within the Prairie Creek
Embayment, interpreted by Morrow and Cook, (1987) as an extensional tectonic structure
associated with rifting.

Dolomitic cement associated with Type II mineralization show geochenical
signatures characteristic of MVT mineralization. These include 87Sr/86Sr isotopic values of
0.710, 8180 values to +14%. SMOW, and 8!3C values suggesting oxidation of organic
matter. Fluid inclusion results from inclusions in gangue dolomite and sphaierite indicate
salinities greater than 20 eq. wt, % NaCl and Ty, of 150-200 °C.

Type LIl mineralization is characterized by a broad spread in salinity, Ty, and 3'80
values suggesting that meteoric fluids were subjected to extensive water-rock interaction
through MacKenzie shelf carbonate rocks. Measured 8D values versus calculated 8180
values suggests that Type HI mineralization is indicative of syn- to post-orogenic Laramide
fluids, consistent with the findings of Nesbitt and Muehlenbachs, (1994). While Pb/Pb
isotopic values statistically, all fall along a single isochron suggesting that all mineralization
types have similar source and age, geological and geochemical variation for mineralization
types suggest an alternative interpretation. This study suggests that mineralization types I
and I are of Devono-Mississippi2n age, while Type III (silver-rich) mineralization fall
along a lead line supporting a Laramide age for mineralization.
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Chapter I  Introduction

Introductory Remarks

The purpose of the thesis is to address different styles of mineralization present at
Prairic Creek, N.W.T. Early exploration in the Prairie Creek area was focused on quartz-
sulfide veins which host silver. Stepout drilling in 1992 intersected a different style of
mineralization which had not previously been observed within the MacKenzie Platform
carbonate succession. This thesis provides evidence, based on geology and geochemistry,
for three distinct sty.=< of mineralization. By illustrating that stratiform Zn-Pb
mineralization forms in extensional basins, within the MacKenzie Platform carbonate
package, by implication, the thesis provides a framework for further Zn-Pb mineralization
in addition to MVT-style, Pb-Zn mineralization previously described in the platformal

carbonate rocks.

1.0 Location

The Prairie Creek Zn-Pb-Ag deposit is located within the Virginia I'uils map area
NTS 95F in the southwestern NWT, at latitude 61° 33'N and longitude 124° 46'W (Figure
1). The deposit is adjacent to Prairie Creek, a tributary draining south into the South

Nahanni River (Figure 2).

Access

A small airstrip is located just east of the Prairie Creek tributary. A winter road
from Fort Simpsou, NWT was earlier used to ferry mining equipment into the minesite.
No roads lead south through Nahanni National Park, located approximately six km south

of the minesite.



Exploration and Mining History

The Prairie Creek deposit, formerly known as the Cadillac mine, is presently
operated by San Andreas Resources of Vancouver. Exploration history goes back to 1928,
when the mineralization was first staked (DIAND,1984). Early prospecting began in the
mid-1960's when Fort Reliance Minerals, and later Cadillac Resources, acquired the
ground, developed several adits, and did limited diamond drilling.

Twelve separate zones, aligned roughly north-south, are outlined by surface work
and drilling (Figure 2). The zones are characterized by steeply-dipping quartz veins with
variable amounts of tetrahedrite, sphalerite, galena and pyrite (Thorpe, 1972). Cadmium
and tungsten mineralization is also present (Financial Post, 1980). Zone #3 has received
most of the exploration attention, Adits are developed on zones 3, 7 and 8. In 1992, drilling

by San Andreas Resources intersected stratiform Pb-Zn mineralization at depth.

1.2 Previous Work

Douglas and Norris, (1961} initially mapped the regional geology in the Vitginia
Falls and Sibbeston Lake map areas. They mention lead-zinc mineralization occurring near
the Laird River. Thorpe (1972) and (DIAND, 1984) describe lead-zinc mineralization in
quartz veins at Prairie Creek. Sangster and Lancaster (1976) report two other lead-zinc
occurrences in lower Paleozoic carbonate rocks near Prairie Creek, but offer no details.

McLarin and Godwin (1981) describe minor elements in sphalerite from carbenate-hosted

zinc-lead deposits, including Prairie Creek, in the Yukon and District of MacKenzie, NWT.

Morrow and Cook (1987) and Morrow et al. {1991) describe the Lower Paleozoic

stratigraphy in the Prairie Creek area.

1.3 Research Objectives
The objectives of this study are to characterize the fluids that formed the Prairie
Creek mineralization, and to document the temporal and spatial relationships of various

styles of mineralization. To achieve these objectives, the writer uses several geological and

ra



geochemical techniques. Following the documentation of mineralogical and paragenetic
relations, supported by electron microprobe analyses (Chapter III), 4 fluid inclusion
microthermometry study {Chapter IV) documents the chemistry (temperature of
homogenization, composition and pressures) of mineralizing and non-mineralizing fluids.
Fluid inclusion analyses result from quartz, calcite, dolomite and sphalerite samples. The
chemistry of the mineralizing fluids is evaluated further through light, stable isotopic
analyses (Chapter V). Radiogenic isotope (Pb-Pb and Rb/Sr) data in Chapter VI augment
carlier data (Morrow et al. 1991) from Prairie Creek to constrain the source of metals and
the timing of mineralization.

Drawing on the geological, mineralogical and geochemical observations, in Chapter
V11, comparisons are made with other Pb-Zn deposits in the Canadian Cordillera,
including Midway, a high temperature mantoe deposit, and Robb Lake, an MVT deposit
and the Tom deposit, a shale-hosted, sedimentary-exhalitive (sedex) deposit in the Selywn

Basin.
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Chapter II Geology and tectonic setting of the Prairie Creek
deposits

2.1 Regional geology of the Virginia Falls map area

The Virginia Falls map area (Douglas and Norris, 1960) hosts the Prairic Creek
deposits. This area lies within the MacKenzie Shelf, which is part of the Foreland Belt or
Fold and Thrust Belt of the northern Canadian Cordillera. The belt is characterized by
imbricated and folded miogeoclinal and clastic wedge assemblages onlapping ancestral .
North America. Paleozoic sheif carbonates and clastics form prominent outcrops in the
southern MacKenzie Mountains. To the west, the MacKenzie Shelf is flanked by deep-
water shales of the Selwyn Basin, while to the east lie undeformed, platformal sedimentary
rocks of the Interior Plains (Law, 1970).

The area of the study lies within a paleo-depression, the Prairic Creek Embayment,
which is characterized by subtidal slope deposits (Morrow, 1984) and bounded on the cast,
north, and west by shelf carbonates. To the south and southwest, sedimentary rocks
become increasingly more shaly and grade into Siluro-Devonian Road River Formation

shales.

2.1.1 Stratigraphy

The upper Proterozoic and lower Paleozoic stratigraphy of the southern MacKenzie
Mountains has been described by Douglas and Norris (1960), Gabrielse et al., (1973)
Norford and MacQueen (1975), Meijer-Drees, (1975), Ludvigsen, (1975), Morrow
(1984), and Morrow and Cook (1987). The summation below is based on their
observations.

Within the MacKenzie Mountains, approximately 1500 to 5500 metres of Helikian
strata are unconforinably overlain by more than 3000 metres of Hadrynian sedimentary
rocks (Meijer-Drees, 1975). Cambrian stratigraphy west of Fort Simpson NWT, based on

drill hole data compiled by Meijer-Drees (1975), is characterized by fine-grained clastics in



the Lower to Middle Cambrian and anhydrite in the Upper Cambrian Saline River
Formation (Figure 3). Bore hole data (Meijer-Drees, 1975) suggest that the Saline River
Formation may finger out before reaching the Prairie Creek area. Gabrielse et al. (1973),
mapping west of Virginia Falls map area, interpreted a variably sandy to silty dolomitic
unit (Broken Skull Formation) as Upper Cambrian conformably grading into Lower
Ordovician argillaceous limestone (Sunblood Formation).

In the Prairie Creek arca, Morrow and Cook (1987) divided lower Paleozoic strata
into four main subdivisions: 1) the Sunblood platform; 2) the Mount Kindle-Root River
assemblage; 3) the Prairie Creek assemblage and 4) the the Middle Devonian Funeral-
Headless assemblage. The Sunblood platform (Middle Ordovician) consists wholly of the
Sunbiood Formation argillaceous limestones. The Mount Kindle-Root River assemblage
consists of the Whittaker, Road River and Root River Formations, Morrow and Cook
(1987) divided- the Whittaker Formation of the Mount Kindle-Root River assemblage into
three parts with the lower two units as middle to upper Ordovician and an upper
Ordovician-Silurian unit. These include a lower crystalline limestone (muOw1), a middle
part consisting of a fine-grained quartzite (muOw2), and an upper part consisting of
laminated dark grey to black, finely crystalline dolostone with nodular and discontinous
lenses of chert (OSw3). The Siluro-Devonian Road River Formation is composed of a
graptolite-bearing shale sequence conformably overlying Whittaker Formation dolostones.
Tae Silurian, Root River Formation comprises light grey dolostone. While the contact
between Road River shales and Root River dolostones is not exposed, Morrow and Cook
(1987) infer a conformable contact with a tongue of the underlying Road River shales
(Figure 3). Meijer-Drees (1975) reports the presence of anhydrite in the Mount Kindle
Formation (correlative with Whittaker Formation rocks). Meijer-Drees (1975) has further
described a major unconformity at the base of the Mount Kindle/Whittaker Formation .
The Prairie Creek assemblage cozsists of two phases, the lower and upper Cadillac

(Morrow, 1982), which formed as a result of late Silurian sea level drop. Gordey, (1991)



suggests that Silurian sealevel drop resulted in erosional debris filling the Root Busin, a
major bathymetric feature (Gubrielse, 1973), allowing the formation of the Prairie Creek
Embayment (Morrow, 1984). The lower Cadillac phase is composed of orange weathering
siltstone and megabreccia of the Cadillac Formation, the Vera Formation a variably colored
argillaceous limestone, and the Camsell Formation a {ine-grained, in part breceiated,
limestone. The upper Cadillac phase comprises the Sombre, Arnica (a dark grey to black
dolostone) and pink shale members of the Cadiltac Formation. The Cadillac Formation,
and parts of the Sombre and Arnica are confined to the Prairie Creck Embayment, while
additional members of the Arnica and Sombre Formations extend beyond the embayment,
The Middle Devonian Funeral-Headless assemblage including the Landry, Funeral,
Headless, and Nahanni Formatiohs, records the disappearance of the Prairic Creck
Embayment. This assemblage consists of two phases, the Funeral-Landry compriscd of
shales and grey weathering massive limestones, and the Headless and Nahanni
Formations. The Headless Formation consists of recessive shale and argillaceous
limestone. The Nahanni Formation forms resistant limestone at the top of the Lower
Paleozoic sequence {Figure 3). The late Middle Devonian and Upper Devonian stratigraphy
consists of the Besa River shales (de Wit et al. 1971),

Morrow et al. (1990) have described the Manetoe Facies ( Figure 3} as a
continuation of the Presqu'ile Facies, with both consisting of coarse-grained, epigenetic or
hydrothermal dolomite. Following the observations of Douglas and Norris (1960) who
initially mapped the facies as a formation, Morrow et al. (1990) outline the facies as
occurring at the top of the Arnica Formation and extending to the top of the Landry
Formation. Locally, where the fluids which formed the sparry dolomite of the Manetoe
Facies migrated upwards through Nahanni Formation rocks, gas fields such as Pointed
Mountain and Beaver River have formed below shale horizons (Morrow et al. 1986). In

the Pine Point area, Pb-Zn mineralization is intimately associated with sparry dolomite
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within Presqu'ile Facies (Skall, 1979: Krebs and MacQueen, 1984; Qing and Mountjoy,
1992). Pb-Zn miseralization has also been observed in Manctoe Fucics at Mount Camsell,
116 km west of Fort Simpson, where thicknesses up to four metres of galena and
sphalerite are reported in sparry dolomite at the Wrigley-Lou Pb-Zn occurrence (DIAND,

1976; Heal, 1976),
2.1.2. Structure

The southern MacKenzie Mountains are characterized by north to north-northeast
trending structures within the Foreland Belt. In the Virginia Falls map area, lower
Paleozoic strata are often concentrically folded (flexural folds) into doubly plunging, faulted
anticlines and broad, flat bottomed synclines, which presently expose Upper Devonian
shale (Gabrielse, 1991). The anticlines are commonly asymmetrical and .xial planes within
these folds are shown to change dip. de Wit et al. (1970) suggest that this phenomenon can
be explained by transcurrent movements. Another characteristic of the MacKenzie
Mountains is the sinuous arrangement of folds and thrust faults, with generally north-
trending fold axes. Locally, fold axes are deflected to the north-northeast along several
shear zones (de Wit et al., 1970). In contrast to the southern Rocky Ivi- untain foothills,
with their low angle thrust faults, the faults within the Mackenzie Platform have steeper
dips, and therefore movement in this area has been vertical rather than horizontal (Law,
1971). Consequently, tectonic shortening has been considerably less in this region, in
comparison to the southern Canadian Cordillera (Law, 1971).

Cook (1977) describes three phases of deformation within the Prairie Creek area, all
within the Prairie Creek Embayment. These include early folding as seen in the Nahanni
Formation. This folding is later cut by steeply dipping wrench faults, which were
rejuvenated as high angle reverse faults, such as the Gate Fault (Figure 4). Morrow and
Cook (1987) suggest that evidence for right-lateral wrench movement on the reverse faults

is seen in folds just north of the South Nahanni River. Furthermore Morrow and Cook
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(1987) suggest that additional evidence for extensional stuctures include rapid changes in
stratigraphy suggesting rapid subsidence within the Prairie Creek Embayment. While
present flexural folds and reverse "ults support compressional tectonics (Laramide
deformation), the role of detachment faults is unclear. Kuszair et al. (1987) have described
similar basins in northwest Europe, where extension was replaced by compression. The
authors mention that many of the faults that facilited exiension now inverted and became
cither high angle reverse or thrust faults, with attachments controlling not only the
extensional tectonics, but also their inversion. The reverse faults are postdated by major,
bedding-parallel thrust faults, such as the Tundra and Manetoe thrusts (Figure 4), which arc
found along the east and west flanks of the embayment. Cook (pers. comm., 1995)

interprets all structures as being younger than Late Devonian.

2.1.3. Devono-Mississippian Tectonics and Heat Flow Events

There are no intrusions known to outcrop within the MacKenzie Platform and no
volcanics have been documented in the southern MacKenzie Mountains, Morrow et al.
(1990) suggested a regional thermal event occurred in the late Devonian to Mississippian
from observation of the thermal maturation in conodonts from Lower Paleozoic
sedimentary rocks in the Prairie Creek area. Ten conodonts from Middle Devonian
carbonates possess color alteration index (CAI) values equal to 5, while Mississippian to
Pennsylvanian rocks showed CAI values from 1 - 1.5. These indexes suggest
temperatures ranging from 300 to 480°C for the former, with values from 50 to 90°C for
the latter. While CAl is insensitive to pressure, it is affected by time (Harris, 1979; Utting
et al., 1989) as well as temperature. To corroborate these findings and those of Aulstead
and Spencer, (1985) and Feinstein et al. (1991), Morrow et al. (1993) determined vitrinite
reflectance values from drill hole samples in the Laird Basin and Interior Plains. They

found vitrinite reflectance values (Ro%) increase from a low value of 0.30% at the top of



the Carboniferous Mattson Formation to about 4.50% at the top of the Devonian Nahanni
Formation in Laird Basin. In the Interior Plains, they observed less variation in vitrinite
refiectance. The results indicate that Cretaceous burial in the Interior Plains was probably
greater than in the Laird Basin north of 60 N latitude. Morrow ct al. (1993) suggest that
the data indicate geothermal gradients approaching 65 *C/km during the Late Paleozoic in
the Laird Basin and 45 °C/km in the Interior Plains, compared to present duy gradicents of
30-40 ©C/km. These results therefore suggest a thermal event occurred within the southern
MacKenzie Mountains region, during the late Devonian to early Mississippian.

Suggestions of a middle Devonian to early Mississippian tectonic cvent, known as
Antler Orogeny in southeastern Yukon (Gordey et al. 1987; Smith et al. 1993), further
support the concept of a thermal event in the MacKenzie Platform. Eisbacher (1983) has
suggested sinistral movement of Proterozoic assemblages along the Richardsen-Hess fuult
zone may have occurred during the late Paleozoic. This is consistent with possible major
fault activity along the eastern edge of the Cordillera connecting the Devono-Mississippiun
Ellesmerian orogen of the Artic with the Antler orogen of the western U.S. (Boucot et al.
1974). The Misty Creek Embayment, in northern MacKenzie Mountains (Cecile, [982),
has been interpreted as a rift basin in which Middle Ordovician and Late Silurian to Middle
Devonian volcanism was centred (Fritz et al, 1991). Within the Selwyn Basin, volcanic
rocks are associated with Devono-Mississippian sedementary-exhalitive (sedex)

mineralization along syndepositional graben faults at MacMillan Pass (Abbott, 1986).
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2.1.4  Regional Mineralization in the Mackenzie Platform

Sangster and Lancaster (1976) refer to carbonate-hosted, Pb-Zn occurrences in the
northern Cordillera as the MacKenzie Valley Lead-Zine District, due to numerous
occurrences of Pb-Zn mineralization in the region (Figure 5 ). Most of these occurrences
are located in the northern MacKenzie Mountains and are hosted by rocks older than late
Devonian, mostly Lower Cambrian Sekwi Formation (Dawson, 1975). Brock (1976) has
described the early history of exploration for Pb-Zn mineralization in the Selwyn Basin and
the northern MacKenzie fold belt including Goz Creek within the Bonnet-Plume Camp,
Gayna River deposits within Proterozoic units (Hewton, 1982) and the Bear-Twit claims
at Godlin Lakes. Brock (1976) states the latter deposit is hosted within intra~-formational
breccias of lower Ordovician shale-carbonate transition facies, possibly related to an
overlying unconformity. At Godlin Lakes, Norford and MacQueen (1975) also reported
that stratiform zinc-lead mineralization is found in Lower Cambrian Sekwi Formation
dolostones and tetrahedrite, sphalerite and galena mineralization occurs in cross-cutting
quartz veins. Heal (1976) describes Pb-Zn mineralization within Devonian carbonate rocks
at the Wrigley-Lou occurrence.

Cecile and Morrow (1978) described coarsely crystalline sphalerite and galena
occurring sporadically in vugs in Ordovician to Devonian dolomites of the Mount Kindle,
Delorme (Morrow and Cook, 1987) and Arnica Formations, and massive sphalerite and
miner galena in dolomitic veins cutting Delorme Formation near Paimer Lake, NWT.
They suggested that the en echelon, west-northwest trending veins (perpendicular to the
slope of the Misty Creek Embayment) may be related to dilational fracturing caused by
compaction of thick basinal shaly strata or possibly to post-thrusting stress relaxation,
because the veins are subparallel to thrust faults.

In the southern Logan Mountains, Dawson (1979) described stratiform occurrences

of massive sphalerite-galena-pyrite, hosted by a cherty and carbonaceous black shale



horizon of approximately 100 metre thickness. This shale horizon overlies a pyritic
amygdaloidal basalt of similar thickness. Dawson (1979) suggests that the graptolitic
shales are equivalent to Road River Formation host rocks at Howard's Pass. He also
alludes to a massive sulfide occurrence in Ordovician voleanics and shales in the same
area.

McLaren and Godwin (1979) determined minor element concentrations in
sphalerite from carbonate-hosted zinc-lead deposits, along the edge of the Selwyn Basin
and MacKenzie Platform. Concentrations of Ag, Cd, Co, Cu, Fe, Mn, Ni, Pb and Hg, were
determined from 166 sphalerite specimens from 48 deposits. McLaren and Godwin (1979)
determined that minor element variations within individual samples were insignificant
compared to between deposit variations and concluded that each deposit could be
characterized by minor elements in sphalerite. Their results indicate a bi-modal distribution,
with enrichments in copper, lead and mercury and depletions in iron. relative to sphalerite
from other zinc-lead districts in North America. They suggest that low concentrations of
minor elements in sphalerite occur mainly in mineralization in Ordovician to Devonian
units, while Proterozoic and lower Cambrian rocks host mineralization with higher
concentrations of minor elements in sphalerite. They further suggest that the results reflect
two ages of regional metallogeny, with two different mineralizing processes; 1) dewatering
of a shale basin (Selywn Basin) to produce metal-rich brines in younger (Ordovician to
Devonian) hosts and 2) karst mineralization related to major unconformities during the

middle to late Cambrian.

2.2.0 Local geology of the Prairie Creek Deposits

2.2.1 Stratigraphy

Nomenclature adopted for the stratigraphy of the Prairie Creek area is based on

Morrow and Cook (1987). Middle Ordovician through upper Devonian sedimentary rocks
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outcrop in the immediate Prairie Creek area (Figure 4). East of the Gate Fault, anticlinal
ridges expose Whittaker Formation dolostones in apparent conformable relationship with
overlying Road River Formation shales. At Cripple Creek (Figure 2), a drainage separating
the #9 and #10 zones, Cadillac, Road River and Whittaker Formations appear conformable
in outcrop. Middle Ordovician Sunblood argillaceous limestones are seen west of the Gate
Fault and while an unconformity between Whittaker and Sunblood Formations has been
reported by Morrow and Cook (1987), this was not observed by the author. From limited
outcrop examination and drill core data, only one main unit of Whittaker Formation (unit
OSw3) was seen in the study area (Figure 3). A detailed description of this unit is
presented in Table -1 below. The data are based on drill hole observations from San
Andreas geologists. The relationship between sub-unit OSw3/1, a quartz arenite seen in
drill holes PC-12, PC-29 and PC-41 and unit muOw2 quartzite mapped by Morrow and
Cook (1987) were not investigated by the writer. Drill core cross-sections (6288N and

6045N), shown in Figures 15 and 16, illustrate stratigraphic relationships.

2.2.2  Structure

The Prairie Creek Fault is the main structural feature in the Prairie Creek area. This
reverse dipping structure is up to 40 metres in thickness and is strongly graphitic. A 1500
metre displacement on this fault is interpreted from cross section (Morrow and Cook, 1987
Figure 6). On Section 6045N, Cadillac Formation is seen faulted below the Whittaker
Formation at the bottom of the hole. Fractures are pervasive throughout Whittaker
Formation carbonate rocks and calcite + quartz veining is generally seen filling millimetre

to centimetre sized fractures.
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Table II-I Stratigraphy of Whittaker Formation, (sub-unit OSw3/1 to 7) io Cadillac

Formation from drill hole observations

Unit Description

SDc  Cadillac Formation argillaceous limestone

SDr  Road River Formation graptolitic shale to argillaceous limestone

OSw3 Whittaker Formation

17 Ribbon chert/ Thin interbedded black chert bands (ribbon chert) and
dolomite unit medium grained, brownish grey dolomite beds. Sharp

contact with /6 below,

/6 Transition unit Massive to weakly bedded dark grey, fine grained dolomite
with rare chert bands overlying a 1 metre section of
interbedded chert and dolomite.

5 Upper spar unit Massive to crudely bedded medium grey dolomite with
abundant 1-6¢m oval shaped pods of white sparry dolomite
+ calcite + quartz with long axes oriented parallel to
bedding. Sulfides occassionally within or around the oval
spar. Common thin walled brachiopod and crinoid

fragments.
/4 Upper chert nodule/  Medium to coarse grained, generally poorly bedded
dolomite unit dolomite with occassional rounded nodules i->5¢m of
grey to black chert
3 Lower spar unit Defined by first occurrence of significant sparry dolomite
Stratiform Massive Banded pyrite, iron rich sphaleri: and galena with sparry
Sulfide dolomite/calcite/quartz and jasperoid/chert
2 Lower chert nodule/ Similar to unit 4 but with more chert nodules and more
dolomite unit extensively silicified
n1 Quartzite Massive beds of granular, dirty quartzite interbedded with

fine olive green to grey variably fossiliferous siltstone and
dolomite




2.3.0 Geology of Mineralization at Prairie Creek

23.1  Ore Types

Three types of mineralization are present at Prairie Creck; 1) stratiform mineralization and
2) open-space fill epigenetic, possibly Mississippi-Valley Type (MVT) mineralization, and
3) quartz-sulfide veining, In addition, unmineralized calcite and quartz veining and

brecciation structures are present.

Stratiform Mineralization -Type I

This style of mineralization, only observed in drill core, was discovered in 1992,
from drilling in the #3 Zone. The term stratiform is used for the mineralization as it
appears conformable with bedd’ng. Section 6288N (Figure 15) illustrates the stratigraphic
position of this mineralization within the Whittaker Formation. Figure 7 shows an isopach
map illustrating thicknessess of stratiform mineralization intersected within the #3 Zone,
This map, compiled by San Andreas geologists, compares the trend of stratiform
mineralization (approximately 330 °N), to the trend of the quartz vein mineralization
projected to surface (approximately 025 °N), in Zone #3. Figure 15 illustrates a cross
section through the thickest portion of the stratiform mineralization (drill holes PC-11, 08,
13, 14 and PC-40) and the spatial relationship of the stratiform mineralization to quartz
veining. Figure 16 (6045N), shows a cross-section through more pyritic-rich
mineralization and its relationship to the Prairie Creek Fault. Figures 15 and 8 illustrate the
tabular nature of the stratiform mineralization.

Stratiform mineralization consists of very fine to medium grained, locally banded
pyrite and sphalerite (Plate 1), and rare galena. Mineralization from sphalerite and galena
with minor pyrite grades outward into more pyritic zones, with disseminated sphalerite,
along its upper and lower contacts with dolostone. Sphalerite also occurs disseminated

within massive pyrite (sample PC-11 261.3m). Gangue dolomite, as blebs and as veinlets
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Plate 1

CENTIMETRES

Type I mineralization with fine to very fine grained pyrite and sphalerite
within (mottled) siliceous matrix with top of mineralization 1o the left of
photo. Sphalerite appears pink to buff colored in centre of photo, adjacent
pyrite. Sample # PC-08 295.7m.
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up to two centimetres in width, are present in stratiform mineralization. Drilling to the end
of 1994 indicated stratiform mineralization extends south to the #8 zone. Drilling to 1994
indicated zc. 2s #3 and #6 have significant Zn-Pb intersections in stratiform mineralization,
while drilling on zones #7 and #8 intersected mainly pyritic rich mineralization. Stratiform
mineralization in places is strongly associated with a mottled texture seen in dolomitic host
rock (Plate 2). This mottling texture comprises microcrystalline quartz, quartz
overgrowths, coarse-grained cuhedral dolomite and locally pyrite grains. Sparry calcite
pods with pyritic rims are found stratigraphically above stratiform mineralization. Drilling
during 1995 suggests that these calcite pods with pyrite are stacked massive sulfide lenses
and may be distal (?) to stratiform, Pb-Zn mineralization (personal communication, B.

Nesbitt).

Zcbra style mineralization - Type 11

A second style of Pb-Zn mineralization is seen at the Zebra showing, which is
located approximately 5 km to the northeast of the #3 Zone (Figure 4). Prior to 1994,
limited diamond drilling had been done on this showing. The showing is hosted in middle
Silurian Root River dolostones (personal communication, D. Morrow). This style of Zn-
Pb mineralization differs from the previous ore types in its association with saddle
dolomite cement (Radke and Mathis, 1980) observed here as coarse-grained and yellowish
to white. (Plate 3). Sphalerite occurs as a reddish-orange variety in blebs, often with
anhedral pyrite, as rims to dolomitic cement. A second variety of sphalerite, a dull,
grayish-brown colloform sphalerite, also occurs at the Zebra showing and is associated
with coarse-grained, yellowish dolomitic cement. Minor galena is present. A similar style

of mineralization is also present at the Zulu showing, located north of the Zebra showing.
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Plate 3 Coarse-grained saddle dolomite cement (white in photo) associated with
Type I sphalerite and pyrite mineralization



Quartz Veining - Type III ores

Quartz-sulfide veining at Prairiec Creek, described by Thorpe (1972), constitutes
approximately 1.4 million tons of mineralization grading 10.9% Pb, 13.5% Zn, 192 oz/ton
Ag, 0.52% Cu and 0.09% Cd (DIAND, 1984). Thorpe (1972) examined quartz veins in 1
different zones over an eleven kilometre length along the system (Figure 2) and found that
the quartz veins were formed along shear zones and were not continous along strike,
Observations in this study in the 3050 Level portal indicate that the quartz veins form along
graphitic faults. In zones 1 and 2 east of the Prairie Creek tributary, the veins strike N45oW
and dip east, while in zones 3 to 11, quartz veining follows a shear zone that strikes N10°E
and dips between 54 and 60° east (Thorpe, 1972). While relationship of the Prairie Creek
Fault to shearing along quartz veins is unclear, common graphitic slips suggest that the
shearing may be related to splays from the Prairie Creek Fault. The width of the quartz
veins vary from 0.6 to 6.1m and average 4.5m (DIAND, 1984), Vein quarlz is
characteristically massive, white quartz with locally drusy quartz overgrowths. Yellowish-
white dolomite is often seen in vein quartz, probably as wallrock fragments. Drill hole and
surface observations at Pratrie Creek indicate that quartz veining cuts the Upper
Ordovician-Lower Silurian Whittaker Formation (unit OSw3/1) and the Lower Devonian,
Arnica Formation dolostones. Smithsonite, from quartz veining and massive boulders (a
metre in size), is seen in the #8 Zone, In the #9 Zone, tetrahedrite mineralization is found
with malachite and azurite.

Thorpe (1972) documented a zonation in metal concentrations in the quartz veins,
In zones 1 and 2, he observed high Pb-Ag values in comparison to zones to the south
(Figure 2). From zones 3 to 11, Thorpe (1972) found increasing zinc and copper

concentrations with lesser silver values.
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Unmineralized Veins and Brecciation

Unmineralized calcite veining is common throughout the drill core, generally
ranging {rom one to two millimetres in width and is occassionally present as blebs, up to a
centimetre in diameter. Thicker calcite veining up to 25 centimetres is observed in the Zone
#8 adit. This vein is approximately five metres cast of the Prairie Creek Fault, in Cadillac
argillaccous limestone and runs parallel to the structure, Graphitic contacts along this vein
and its close position 1o the Prairic Creek Fault, suggest a temporal relationship to shearing
along the Prairic Creek Fault.

While calcile veining is generally not mineralized, crackle breccia (Morrow, 1982)
is secen with non-ferroun calcite and pyrite as cement, over less than a metre thickness
(sample PC-13 282.3m). Rounded and fragmenied galena and sphalerite grains in the
breccia suggest brecciation is post-mineralization. The extent of this mineralization appears
limited and its relationship to faulting is unclear.

Brecciated quartz veining appears to be generally unmineralized in Whittaker
Formation rocks. In sample PC-28 108m, brecciated quartz is unmineralized over several
metres thickness and in section appears podiform. DIAND (1984} geologists have
interpreted such brecciated quartz as tectonic quartz produced by Laramide tectonics. Post-
mineralization brecciation of quartz, pyrite, galena and sphalerite is seen in drill hole PC-14
at 247.9m. At the Rico showing, in Amica Formation dolostone, sphalerite, galena and
tetrahedrite mineralization are seen in brecciated quartz (0.5m thickness) and brecciation

appears to be post-mineralization.



Chapter III Mineralogy and Paragenesis of the Prairie Creck Deposits

3.0 Introduction

Microscopic examinations of thin and polished ore scctions us well as

cathodoluminescence observations of sparry dolomite, were used in documenting

mineralogy, alteration and paragenetic relationships. Microprobe analyses of sphalerites

and dolomites were used in determining trace element concentrations. Tuble 11I-1 lists the

paragenetic sequence in the Prairie Creek deposit.

Table III-1 Paragenetic Relationships

Sequences

Late

Limestone deposition and silicicastics formation ----

Early formation of stylolites

Early dolomitization of limestone

Formation of authigenic quartz and euhedral dolomite
Stratiform Type I mineralization, gangue dolomite
Saddle dolomite formation and Type 1 mineralization
Hydrocarbons

Quartz veining with pyrite, sphalerite, galena,
tennantite/tetrahedrite mineralization (Type 1II)
Quartz overgrowths

brecciation

Calcite veining

Stylolite formation

Brecciation (calcite fluids)

Smithsonite, malachite formation through weathering
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3.1 Petrographic Observations

Regional Dolomitization

Three phases of dolomitization are present in the Prairic Creek area, based on
petrographic and cathodolumencscence observations, Early pervasive dolomitization of
coral and crinoid bearing shelf carbonates occurred during the middle Devonian (Morrow
and Cook, 1987). Dolomilized fossil fragments in Whittaker Formation generally show
little disturbance. Coarse grained cuhedral dolomite forms as trapped rhombohedral
crystals within microcrystalline quartz (Plate 4). Cathodoluminescence studies indicate that
the coarse euhedral dolomite has a similar luminescence to matrix dolomite and therefore
suggest that pervasive dolomitization is coincident in part, with silicification. Sample PC-
08 at 239m illustrates styolites, within early dolomitization, that are partially truncated by
infilling chert masses and therefore indicates early styolitization occurred roughly

contemporancously with chert formation.

Descriptions of gangue dolomites associated with mineralization Types I, II and III
appear below with respective ore type. Listed below in Table III-2 are microprobe analyses

for trace clements Fe, Zn, Sr, and Mn from dolomites.

Table 1II-2 Microprobe Analyses (averages in wt %) for Trace Elements from Dolomites

Dolomite type #of analyses  Fe Zn Sr Mn

Type I gangue dolomite 37 0.24 +0.15 0.22 +£0.12 0.033 + 0.01 1.40 +0.11

(4 samples)

Type H dolomitic cement 15 undetected 0.008 £0.001 0.013+0.006 0.026+
0.014

{(Zebra and Zulu cements)

Type I host dolomite 14 0.013 £ 0.08 0.013 £0.01 0.009 + .004 0.018 + .006

(Zebra showing)
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Plate 4

Coarse-grained euhedral dolomite trapped within microcrystalline
quartz suggesting that dolomitization and silicification arc
contemporaneous.
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Type I mineralization

The mineralogy of the stratiform, Type [ ores is composed of sphalerite, galena and
pyrite and/or marcasite. Galena wraps around pyrite and sphalerite suggesting a late timing
for its deposition. Gangue mineralogy consists of sparry dolomite, vein calcite, euhedral
quartz and trace fluorite.

Two types of sphaleritc have been observed in the stratiform mineralization. These
include, 1) a fine-grained, zoned sphalerite ranging in color from orange to amber to clear
{Plate 5). This sphalcrite is often enclosed within poikilitic crystals of variably sized pyrite
and/or marcasite. The sphalerite appears to have grown across dolomite rhombs suggesting
formation by replacement of dolomite. 2) The second type of sphalerite appears to have
filled open spaces in gangue dolomite. Locally sphalerite veinlets, cut coarse-grained
ganguc dolomite. This cross-cutting relationship is well illustrated by
cathodoluminescence. The second type of sphalerite is characterized by opaque inclusions
in sphalerite. Pyrite is present as variably sized anhedral grains and often forms a border to
both gangue dolomite and/or sphalerite and sparry calcite. Pyrite abundances increase
toward the upper and lower dolomitic contacts of the stratiform mineralization. Galena,
which is minor in abundance, occurs as relatively coarse-grained blebs up to two mm,

often near more sphalerite-rich sections.

A second phase of dolomitization is associated with stratiform (Type I)
mineralization and consists of a white gangue dolomite in Whittaker Formation. In thin
section, these dolomites are up to two mm in diameter, and have clear rims and cloudy
centres. The cloudiness results from a core rich in inclusions. Under cathodoluminescence,
these gangue, white dolomites are characterized by a bright red luminescence. Microprobe
analyses of these dolomites indicate low iron, zinc, and strontium but high manganese
values, up to two weight percent. Averages from these gangue dolomites for iron, zinc,
strontium, and manganese include 0.24 + 0.15, 0.22 £ 0.12, 0.13 £ 0.00, and 1.40 £ 0.11

weight percents respectively (Table III-2 and appendix). The high manganese
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Plate 5

Photomicrograph of zoned sphalerite (Type 1 mineralization) under plane-
polarized light.
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concentration is consistent with the cathodoluminescence observations as manganese acts
us an aclivator in luminescence (Machel, 1985). Staining of the gangue dolomites shows
minor bluish staining indicating local iron enrichment.

While the paragenetic relationships of the sparry dolomite gangue to stratiform ore
is unclear from drill core specimens, the high manganese concentration in these dolomites
and associated chert, suggests formation from ore-forming fluids. Russell (1974)
documented a manganese halo surrounding the Tynagh Pb-Zn deposit in Ireland and
manganese is also associated with ore-forming fluids at the Meggan deposit (Gwosdz and

Krebs, 1977).

Late calcite veining in stratiform ore, is composed of non-ferroan calcite both as
millimetre sized veinlets, which cut gangue dolomite, and as coarse blebs. Calcite

commonly displays twinning and exhibits a yellowish-orange luminescence.

As alluded to in Chapter II, Type I ores are associated with a mottled texture in the
host dolomite comprised of microcrystalline quartz, dolomite and needle-like sphalerite
grains. The needle-like sphalerite grains, which do not appear to be associated with distinct
fractures, may represent stalactitic growth in cavities (sample PC-08 295.65m) as
described by Russel! (1985} in the Irish, Navan deposit. Overgrowths increase in size away
from the contact of dolomite and microcrystalline quartz, with pyrite, but the relative timing
of this quartz overgrowth is unclear. Stratiform ores are cut by several generations of

quartz veining.

Type I mineralization

The mineralogy of the type II ores consists of variable amounts of sphalerite,
anhedral pyrite, coarse-grained, saddle dolomite cement, in a coarse-grained dolomitic host
rock. Sphalerite is present as coarse-grained colloform and medium-grained reddish-brown

varieties. At the Zebra and Zulu showings, pyrite and sphalerite mineralization forms along
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rims of white and yellowish-white, coarse-grained saddle dolomitic gangue. The dolomite
grains average several millimetres in size. Host rock for this mineralization is & coarse-
grained dolomite, averaging one to two millimetres in size, The dolomitic cements have
curved cleavage planes and exhibit the distinctive sweeping extinction under cross polars
seen in saddle dolomite (Plate 6) (Radke and Mathis, 1980; McQueen and Krebs, 1983).
Both dolomites exhibit a dull red luminescence under cathodoluminescence. Minor veinlets
of bright red luminescent dolomite cut dull luminescent dolomite, and are suggestive of

later dolomitizing fluids.

In contrast to the high manganese values seen in gangue dolomite associated with
Type I mineralization, microprobe analyses of the dolomites from Type Il mineralization
indicate low manganese concentration as well as iron, zinc and strontium. Averages in
weight percent for iron, zine, strontium and manganese in saddle dolomite include iron
below detection, 0.01 +0.02, 0.02 + 0.01, and 0.02 + 0.01 respectively. Averages for
Zebra and Zulu host dolomites for iron, zinc, strontium and manganese include 0.10 +
0.05,0.01 £0.01, <0.0land 0.01 +0.01 weight percent (Table I[1-2 and Appendix 1).
Bitumen (7) is observed as a pale bluish fluorescence, under fluorescent microscopy, along

sphalerite grain margins in Type II ores.

Type Il mineralization

Type 111, quartz-sulfide vein mineralization is more complex mineralogically thun
the other types of mineralization. Sphalerite, galena, tetrahedrite and minor pyrargyrite are
the principal ore minerals present in vein mineralization, while quartz, pyrite, calcite and
dolomite constitute the gangue. Sphalerite forms coarse-grained (up o a cm) tan io
yellowish-green colored grains, and often displays deformation features (Plate 7).
Sphalerite has fluid inclusions which are often opaque, due to internal reflectance. In the #8

portal, smithsonite veinlets, form in sphalerite in quartz veins indicating late stage



Plate 6

Photomicrograph of saddle dolomite cement illustrating curved cleavage
planes and undulose extinction under cross polar light.
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Plate 7

Photomicrograph illustrating deformation features in sphalerite, Type 11
mineralization.
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oxidation. Pyrite occurs as anhedral grains and is found as fine to coarse-grained. Sparry
dolomite and weakly ferroan calcite are present in fractures in quartz.

The presence of scheelite and stibnite has been reported at Prairie Creek (Financial
Post, 1980), While quartz arenites (sample PC-14 314m), of the Whittaker Formation, unit
OSw3/1, has detrital scheelite (CaWO4) and possibly powellite, scheelite has otherwise not
been identified in this study.

The mincralized quartz veins cut matrix dolomite and in turn, quartz veins are cut
by calcite veining. Locally, quartz overgrowths (up to a mm in size) are observed as a
drusy quartz coating over dolomitic rock. In sample 3-D-22 at 194m, quartz overgrowths
are seen as euhedral crystals to Smm in length. In sample PC-28 260m, three generations
of quartz are observed; a late veinlet cutting microcrystalline quartz and quartz overgrowths
on microcrystalline quartz. Fractures within the late veinlet indicate crack-seal deformation
(Ramsey, 1980) as veinlet has opened and filled with dolomite and top of quartz grains are
alligned perpendicular to wallrock boundaries.

Gangue dolomite from type III ore was analyzed from sample 3-C-26 and weight
percentages for iron, manganese, zinc and strontium include 1.15 +0.29, 1.45 + 0.18, 0.13
4 0.08 and 0.03 + 0.01. Microprobe analyses on wallrock dolomite from this sample gave
the following results for iron, manganese, zinc and strontium concentrations, 0.09 + 0.07,

0.04 +£0.03,0.01 £ 0.01, and 0.01+ 0.02 weight percent.

Other Veining and Brecciation

Unmineralized vein carbonate is both ferroan (>2.0 weight percent Fe) and non-
ferroan. Timing relationships are unclear but ferroan calcite appears to be younger than
non-ferroan calcite. While little mineralization is generally associated with calcite veining,
pyrite appears in the groundmass with non-ferroan calcite in brecciated structures (sample
PC-13 at 282.3m) as crackle breccias. This brecciation is developed within stratiform

mineralization and is thought to be related to faulting (based on the presence of fault



gouge). Rounded sphalerite and galena grains within a matrix of caleite suggest breeciation

occurred post mineralization.

3.2 Sphalerite chemistry

Microprobe analyses of sphalerites {from mineralization Types 1, 11 and 111 are
illustrated in the appendix and summarized in Table 111-3. Initial microprobe analyses of
Types I and II sphalerites indicate very low concentrations ol iron, and trace abundances of
manganese, gallium, germanium, cadmium and indium. Additional microprobe analyscs
were performed to include Type Il sphalerites and trace elements As, Cd, Sb and Hg were
also investigated,

Type I sphalerite typically contains less cadmium (average value 0.006+0.02) than
both type II and III sphalerites (Table III-3). Type I sphaleritcs indicate the greatest
percentage cadmium with values of 0.751+0.25 from the Zebra showing and 0.375 +0.13
from colloform sphalerite. Mercury geochemistry indicates highest values in vein
sphalerites from the Rico showing to 0.50 weight percent, while Type 1l sphalerite
mineralization have slightly depleted values in mercury. Iron values are fairly consistent for
the three types. Germanium is slightly enriched in stratiform mineralization, ranging from
0.03 to 0.34, averaging 0.09 + 0.10 weight percent. Germanium values to 0.04 weight
percent, were recorded in vein sphalerite. Negligible analytical variation in manganese,

gallium, indium, arsenic and antimony were recorded in sphalerites from the two ore types.

R



Tuble HI-3 Sphalerite Geochemistry from Microprobe Analyses

Sample # Mn Fe As Cd Sb
Hg

Type | mineralization
PC-13290,7m 000240004 0.508+0.42 0.009+0.02 0.006+£0.02 0.006+£0.009 0.198 +0.16
N=22

Type 1
Zebra sphalerite 0.00940.01  0.576+0.43 - 0.75140.25 0.012+0.02 0.107+0.16
N=1§
Colloform sph.  0.034+0.03  0.58440.46 0.006+£0.02 0.37520.13  0.003+0.01 0.033+0.09
N=38

Type I mineralization
PC-37 173.2m 0.003 £004 0.54+0.03 0.01+0.02 0213005 0012002 0.16710.16
N=2]

Rico showing 0.006+0.005 0.32+0.11 - 0.26+0.07  0.002+£0.004 0.502 +0.11
Nz
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Fluid Inclusion Study - Chapter 1V

4,1 Introduction

Fluid inclusion studies are commonly used in ore deposits research to determine
the chemistry of ore-forming fluids, Such studies are used to determine the composition,
temperature, and pressure of the fluids at the time of trapping and thereby assist in defining
spatial and temporal relations within a hydrothermal system. Two fundamental
assumptions are made when considering the results from fluid inclusion studies: 1) that the
fluid within an inclusion represents the bulk composition of the fluid system {rom which
the mineral formed; and 2) that no leakage in or out of the inclusions has occurred,

Roedder (1984) has defined three types of fluid inclusions, primary, pscudo-
secondary and secondary. Primary inclusions represent the trapping of fluids {from which
the grain is growing. Inclusions formed from fluids that were introduced into fractures
during crystal growth are termed pseudosecondary inclusions, while fluids introduced into
fractures after crystal growth are called secondary. Criteria for recognition of cach of the
three inclusion types are listed in Roedder (1984).

Aulstead (1987) and Aulstead et al, (1988) obtained fluid inclusion data from
Manetoe Facies dolomite, quartz, calcite, baritc and fluorite from drill cores from shallow
(1000m wells west of Fort Simpson) and deep drilling (4000m wells in the gas-bearing
Beaver River area). They found little difference in homogenization and melting
temperatures from dolomite cements from different depths, but differences in fluid
inclusion results from quartz and calcite cements were noted. Auvlsteud et al. (1987) and
Morrow et al., (1990) concluded that dolomitization was produced by hot (150 - 21(°C),
hypersaline (18 - 29 eq. wt. % NaCl) brines. They suggested that dolomitization of lower
Paleozoic limestone was contemporaneous with formation of white, sparry dolomite
cement in the Manetoe Facies. Aulstead et al. (1987) and Morrow et al. (1990) suggested

that Pb-Zn mineralization in Manetoe Facies was formed during the Mesozoic and that



fluid inclusion results (broad range in salinitics) from quartz and calcite indicated evolution
of the fiuid regime (from hypersaline brines to meteoric watcer).

Qing and Mountjoy (1992} examined fluid inclusions from sparry dolomite from
the Middle Devonian Presqu'ile barrier reef, over a 400 km distance from northeastern
B.C. to Pine Point, NWT. Their data from saddle dolomites show an eastward decrease in
homogenization temperatures (from 178 to 92°C). Bused on stratigraphic reconstructions
of the region, they determined that pressure-corrected homogenization temperatures
exceeded maximum burial temperatures. They suggested that homogenization
temperatures in dolomites, stable isotope and 87Sr/808r results (and consequently
associated Zn-Pb mineralization at Pine Point) may be explained by large scale migratton
of hydrothermal fluids updip along the Presqu'ile barrier related to tectonic events during
the Late Jurassic to carly Cretaceous and Late Cretaceous to early Tertiary.

On the basis of stable isotopic and fluid inclusion studies of Cambrian carbonate
rocks in the southern Canadian Rockies, Nesbitt and Muehlenbachs (1994} suggested that
during the Late Devonian to Early Mississippian, a warm brine (150 + 25 °©C and salinities
to 25 eq. wt % NaCl) migrated eastward forming large bodies of coarse sparry dolomite.
Such dolomite locaily hosts MVT style, Pb-Zn mineralization as seen at the Monarch
Mine, near Field, B.C. Nesbitt and Muehlenbachs (1994) speculated that a simultaneous
fluid event may have accounted for Pb-Zn mineralization at Pine Point.

As part of this study of the Prairie Creek Zn-Pb-Ag deposit, fluid inclusions in
quartz, calcite, dolomite and sphalerite were examined from Type 1 and vein (Type III)
mineralization in Whittaker Formation, minor quartz veins in Arnica Formation (Rico
showing) and host and saddle dolomite within Type II sphalerite mineralization in the
Root River Formation (Zebra and Zulu showings). These formations are all

stratigraphically below the Manetoe Facies (Figure 3).
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Analytical Techniques

A modificd Fluid Inc, USGS gas-flow heating-freezing stage with a Dorie
Trendicator 410A digital thermometric control system attached to a Leitz microscope was
used in this study. Calibration of the stage was made using a distilled water bath, pure CO2
inclusions of Alpine vein quartz, and liquid nitrogen. Errors in microthermometric
determinations include +0.2 ©C for {reezing and +2.0°C for heating to 2500C (Hardy,
1992).

Doubly polished inclusion 'chips’ from vein quartz as well as sections of sphalerite
and dolomite gangue from stratiform mineralization were examined from drill core
samples, while dolemite and sphalerite from the Zebra showing were tuken {from outerop.
Two techniques were used in preparing doubly polished thick sections (~100 pum) for (tuid
inclusion analyses. Quartz samples were polished using aluminium oxide, while sphalerite,
calcite zid dolomite samples were polished using diamond paste. Initially, the fuid
inclusion 'chips' were mounted onto frosted glass slides using a fow temperature epoxy,
but superglue proved to be more efficient as a glue in mounting chips and eliminated the
need of any additional heating process. Once the area of a chip was determined for
analysis, the desired section was cut and allowed to sit in an acctone bath overnight,
dissolving the superglue and freeing the chip for microscopic study.

Freezing tests The procedure used in this study was to first freeze the inclusions
(many of which were <5 micrometres in size). Data from {reezing studics provide
information on composition and salinity of the fluid from which the mincral formed. As
the inclusion is allowed to warm up, eutectic temperature (T, ) or the temperature of [irst
melt is observed where optics are favourable. The eutectic temperature indicates the
proportions of Ca and Mg versus Na chlorides of the fluid within the inclusion. To assist in
determining this phase change, the procedure used is based on Shepard et al. (1985, Figure

6.8A). After freezing the inclusion and allowing it to warm until a single ice crystal



remains, the inclusion is allowed to freeze with the last ice crystal growing covering most
of the inclusion. The inclusion is frozen to -100°C and then allowed to warm slowly
observing changes. The eulectic temperature change may be observed in the fraction of the
inclusion adjucent the newly sceded ice. The temperature of final ice melt (T,) is
determined when the fast particle of ice melts in the inclusion and is an indication of the
total dissolved solids of the aqueous liquid in the inclusion, Determination of this
temperature is aided by the technigue of 'cycling' (Shepard et al., 1985).

Salinity (as equivalent weight % NaCl) was determined from the Ty, data using the
formuta of Potter et al, {1979):

Eq. wt % NaCl =0.00 + 1.76958* - 4.2384 x 1022 + 527 3x 104 *3

where * is the depression temperature of final ice melt in °C.

The presence of gases such as CO2 and CH4 complicate freezing behavior in
inclusions. Upon freezing, in H20-NaCl-CO; inclusions, clathrates form complex
molecules with the formula:

m *5.75H, 0, where m may include CO3, CHg, N7 and/or H4S (Shepard et al. 1985). The
depression of clathrate dissociation below +10 °C (the melting temperature for pure CO;-
H>O clathrate at 50 bars pressure) may be used to determine salinities from the equation of

Bozzo et al. (1973):

Eq. wt % NaCl = 15.52023 - 1.023420 - 5.286 x 10-202, where 0 is the teiaperature of
clathrate melting in ©¢C.
Clathrate melting temperatures in excess of +10 °C indicate the presence of gases other
than COs,. The presence of methane will inhibit clathrate melting, while salinity increases
melting temperatures (Roedder, 1984).

Heating runs After completing freezing runs, inclusions were heated to determine

their homogenization temperature. As an inclusion is heated, the liquid in the inclusion
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expands until the inclusion homogenizes to a single phase, The homogenization
temperature (Th), is & minimum trapping temperature, which lalls along density isochores
leading to true trapping temperatures and pressures (Roedder, 1984). The disappearance of
the respective phase (homogenization into the liquid or vapour state), gives an indication of

the density of the inclusion fiuid (Shepard et al. 1985).

4.2 Results of Fluid Inclusion Studies

Petrographic Observations

Fluid inclusions from the Prairic Creek arca were studied in four different minerals:
quartz, sphalerite, calcite and dolomite. At room temperature, no daughter salts or three
phase assemblages were seen in inclusions. Rarely, COj rich inclusions were obscrved in
quartz. In vein quartz, many inclusions were less than five micrometre (Lm) in size.
Occassionally large (>50um), two-phase inclusions in quartz were observed, but were
avoided as experimental studies (Bodnar and Bethle, 1985) indicate stretching of inclusions
is directly proportional to size. Small, <10um in size, and isolated inclusions were
interpreted as primary. Pseudosecondary and secondary inclusions, (inclusions along
growth lines or fractures) were often examined, to compare analytical results with results
from primary inclusions. In quartz veins, due to inclusion size, it was often difficult to
distinguish primary from secondary inclusions. In Zone #3, vein sphaleritc possess
pseudosecondary to secondary inclusiops (?), many of which are opaque. Necking in

inclusions in quartz is indicated by inclusion tails, and variable fiiling ratios in inclusions.

Inclusions in quartz
Two phase aqueous inclusions
Within stratiform (Type ) mineralization, where quartz forms as a cement in vugs,

low salinity fluids are generally observed in (primary ?) inclusions in quartz (Tabie IV-1 in
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Appendix I), Ty, values range from -0.6 to -18.1 ©C and average -7.1 + 4.3 vC, which
corresponds to a salinity of 10.6 eq. wt. % NaCl. Limited cutectic temperatures observed in
quartz, range from -27 to -35 °C. Variable homogenization temperatures range trom 140 to
264 °C, averaging 150 + 15 °C for 31 inclusions in quartz. {Table IV-1). No inclusions in
quartz were observed in Type II ores,

From Table IV-I and Figure 8, it can be observed that inclusions in vein quartz
(Type III ores) have final ice melt temperatures (Ty,) ranging from +1.7 to -20.2 °C,
These temperatures correspond to salinities of 0.5 to 21.1 eq. wt,% NaCl. While low
salinity inclusions were observed with quartz overgrowths (sample 3-D-32 198m), the
range in higher salinity inclusions in quartz could not be differentiated on the basis of
textural relationships from quartz veins. An average Ty, for inclusions in quartz (associated
with mineralization) is -13.0 £ 3.7 °C (based on | 13 observations from 9 quartz chips),
which corresponds to a salinity of 16.9 eq. wt. % NaCl. Aulstead (1987) observed thit
inclusions in quartz from the Manetoe Facies had a similar broad range in salinity values
and suggested that quartz-forming fluids resulted from mixing of hypersaline fluids and
meteoric water. T, values from the overgrowths range from -0.2 to -2.4 °C, which
corresponds to a salinity of 2.0 eq.wt. % NaCl. Secondary inclusions (Table IV-1),
observed along growth zones, have similar low salinities (<2.1 eq. wt % NaCl).

Eutectic temperatures or the temperature of first melt (T¢) are inversely
proportional to the salinities of the fluids. The higher salinity fluids have lower cutectic
temperatures ranging from -38 to -42 °C, while lower salinity fluids have have T, ranging
from -25 to -27 °C. The low eutectic temperatures (-38 to -42 oC) indicate presence of Ca
and/or Mg in addition to Na, in the fluids (Shepherd et al., 1985).

All inclusions in quartz from Type III ores were observed to homogenize to the
liquid phase. Homogenization temperatures (Tp) of low salinity fluids range from 97 to
168 °C (average 142.8 °C), while the range in homogenization temperatures in inclusions

in quartz (associated with mineralization) was 110 to 240 °C with an average of 163 £ 61
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oC. Temperatures of homogenization for secondary inclusions in quartz, range from 113 to

154 oC, similar o results seen in inclusions from quartz overgrowths.

CQ; inclusions in quartz

While there is little evidence to suggest significant CO, contents in aqueous
inclusions from vein quartz in this study, two samples (PC-40 301.2m and PC-11 at
281.6m) do possess CO;-rich and CO;-bearing inclusions. CO-rich inclusions present in
this study, are single phase at room temperature, with Thcoz to a vapour phase, at
temperatures of 3.6 to 16.8 vC. Several CO; rich inclusions were observed in a quartz chip
ncar stratiform mineralization, in sample PC-40 at 301.2m. The presence of methane or
nitrogen is inferred for these inclusions due to depressed Tmco; levels, -59.4 to -61.3 °C,
which arc below the temperature of melting of pure CO5 (-56.6 °C).

CO,-bearing inclusions in vein quartz (as well as a single CO5-rich inclusion) were
observed in sample PC-11 at 28 1m. CO;-bearing inclusions are identified mainly from the
presence of clathrates, melting at temperatures > 0 °C, as well as CO, melting at -56.6 °C.
In sample PC-11 at 281m, Ty, range from -13.0 to -14.3 oC, clathrate melting temperatures
range from +2.6 to +5.0 and temperature of homogenization for CO; range from +16.7 to

+19.0°C.
Inclusions in Sphalerite

Inclusions in sphalerite were examined in ore types I, I and III. In (Type I)
stratiform mineralization, 32 inclusions in sphalerite, from 6 chips were examined. In
primary (7) inclusions in zoned sphalerite, Ty, values range from -13 to -22 °C (average
-16.2 + 2.1 °C) and correspond to salinity values of 17 to 25 eq. wt. % NaCl (average 20.0
+ 2.0 eq. wt.% NaCl). The criteria used in this study for determination of primary
inclusions in sphalerite were based on observation of random inclusions, without

association of any growth zones. Ice was seldom observed directly during freezing runs
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and often the inclusion bubble in sphalerite appeared to disappear during freezing. As many
of the inclusions in sphalerite are <5m, observation ol this phenomena was not readily
apparent, as the collapsed bubble may have been masked along the inclusion wall,
Complete disappearance of the bubble, upon {reezing, suggests that stretching of sphalerite
inclusions may have occurred (Roedder, 1984), While Aulstead (1987) did not obtain
results from inclusions in sphalerite, her study on stretching of inclusions in fluorite, and
data from Bodnar and Bethke (1984) suggest that stretching probably did not occur in the
Prairie Creek area.

T results from inclusions in sphalerite in stratiform (Type I) ores, were obtained
by observation of movement of the vapour bubble during melting. Because many of the
sphalerite inclusions are opaque, due to internal optics (Roedder, 1984), cutectic
temperatures (T,) were difficult to obtain. T, (temperature of first melting) data obtained,
vary from -29 to -46 °C and suggest presence of Ca and /or Mg in addition to Na. T},
values for inclusions from sphalerite in stratiform ores range from 110 to 220 *C. Based
on the histogram plot of inclusions in sphalerite{(Figure 9), T}, of zoned sphalerite is 130+
20 °C. More massive sphalerite ranges from 160 to 220 °C. Pseudosecondary inclusions
(?) from unzoned, tan colored sphalerite (as in sample PC-12 at 269m) have Ty, values
averaging -17.8°C with corresponding salinities averaging 21 eq.wt. % NaCl. While these
salinities are similar to values in primary (?) inclusions in sphalerite, Ty, values for
pseudosecondary inclusions in sphalerite average 130 °C. Salinities for inclusions in
sphalerite are shown in Figure 10.

Six inclusions in sphalerite were investigated from the Zebra showing (Type 11
mineralization). Ty, results range from -21 to -24 °C, averaging -22 °C from 4 inclusions,
which coresponds to a salinity of 25 eq. wt. % NaCl. Eutectic temperaturcs were not
detected from these inclusions. Ty, values for six inclusions range from 155 to 220 0C,
averaging 199 ©C. No workable inclusions were identified in colloform sphalerite taken

from the Zebra occurrence.
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From Type 111 ores, fluid inclusion results in sphalerite were obtained from two
samples. Inclusions from the 3050 Level sphalerite vein (Zone # 2 7) are interpreted as
pseudosecondary (?) based on inclusions forming along growth lines and observable
cleavage traces in this coarse-grained sphalerite. Ty, values for these inclusions range from
~11.8 to -20, with an average of -15.7 + 4.2 oC. This corresponds to a salinity of 19.4 + 6.7
eg. wt, % NaCl. Eutectic temperatures range from -36 to -40 ©C. T}, values range from 140
1o 1712C with an average of 156 + 9.6°C. Additional inclusions in sphalerite from quartz
veining were examined in PC-11 at 281.6m. Here Ty, values for 5 inclusions range from
-2.6 10 -4.0 9C averaging -3.3 + 0.5°C, which corresponds to 5.3 eq.wt % NaCl. Eutectic
temperature for these inclusions was observed at -35 ©C, (possible presence of COp 7). Tp

for these five inclusions range from 142.0 to 142.5 °C, averaging 142.0 + 1.1 °C.
Inclusions in Calcite

Fluid inclusion results from calcite were obtained from six samples. Ty, data for
two phase, aqueous fluid inclusions (primary ?) in unmineralized vein calcite can be
divided into two populations on the basis of salinity. Low salinity fluids reflect T, ranging
from +5.6 to -2.6 °C (the former attributed to metastability), and average -1.1 4 1.1 °C,
which corresponds to a salinity of 1.9 + 1.9 eq. wt. % NaCl. Eutectic temperatures for
these inclusions (-26 to -28 °C) indicate that NaCl constitutes most of the dissolved salt
content in the inclusions. Ty, values for these fluids from calcite range from 127 to 205 °C,
averaging 152.3 +31.2°C,

High salinity fluids in (primary ?) inclusions in calcite, were observed in a single
unmineralized vein within sample PC-41 at 103.4m. Results are similar to quartz and
sphalerite with final ice melting temperatures averaging -20.1 + 0.9 °C, for a salinity of
22.7 £ 1.7 eq. wt % NaCl. Eutectic temperatures of -48 to -50°C for these inclusions

indicate the presence of Ca and/or Mg chlorides in the fluids. Ty, values average 171+ 9.7
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oC for these inclusions, Pseudosecondary to secondary (7) inclusions in calcite from this
sample, having Ty, approaching 200 ©C, have similar salinitics as primary inclusions, The
results in these high salinity inclusions in calcite, show similaritics to inclusions in quartz

and sphalerite for Type III ores, and suggest the presence of ore stage calcite.

Inclusions in Dolomite

From petrographic observations and cathodoluminescence studies, three types of
dolomite have been recognized at Prairie Creek. These dolomites include diagenetic, early
matrix dolomite, gangue dolomite associated with Type | ores, and saddle dolomite
associated with Type II ores. No fluid inclusion results were obtained from matrix
dolomite. In Type 1 ores, fluid inclusion data from gangue dolomites were obtained from
two samples (PC-11 261m and PC-28 269m). T, (temperature of final ice melt) data
range from -11 to -23 oC with an average of -16.2 4 3.6 °C, which corresponds to an
average salinity of 19.6 + 5.9 eq. wt % NaCl. Eutectic temperatures range from -54 to -57
oC indicating the presence of cations other than Na (Ca and Mg). Ty, for inclusions in eight
samples of gangue dolomites range from 165 to 221.2 °C, for an average value of 188 +
16.2 °C, Ty, and salinities for dolomite are illustrated in Figures {1 and 12.

Inclusions in gangue dolomites from the Zebra showing, are up to 50 pm in size,
Tm data from host dolomite range from -11 to -25 °C with an average value of -19.1+4.3
oC which corresponds to a salinity value of 21.7 + 6.9 eq.wt. % NaCl. Eutectic
temperatures observed for these dolomites were approximately -58 °C. Limited Tj, data
recorded for these dolomites range from 166 to 238 ¢C,with an average value of 201.6 4
36.7 °C. Ty and T}, values for inclusions in the gangue dolomite from the Zebra showing
are consistent with Ty, and T, values observed in inclusions of sphalerite from this

showing.
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4,3  Geothermometry and Geobarometry

Roedder (1984) suggests that in order to obtain actual trapping temperatures of
original ore forming-fluids, an independent temperature or pressure is needed, From this
study, trapping pressures may be estimated for Type 111 ores, by extrapolating isochores
from pure CO; inclusions, to isochores of NaCl-H, O inclusions, based on coexisting
inclusions observed in samples PC-11 at 281.6m and PC-40 at 301m (Figure 13). CO;-
rich inclusions in quartz have been observed, with CO; homogenizing to the vapour phase,
at temperatures <16 *C indicating low CO, densities (Roedder, 1984; Figure 8-9). In
Figurc 13, the intersection of the CO; inclusion isochores at A, with the NaCl-H,0
inclusion isochores at B, indicates a trapping temperature of approximately 270 °C at C and
a trapping pressure of approximately [50 bars at D. The data support a temperature
correction of about 10 ¢C, which is consistent with the observations of Aulstead (1987)
below. Using the results of Morrow et al. (1986) and Major-Drees (1975), Aulstead
(1987) observed Ty, values in inclusions of dolomites from the Manetoe Facies, in oil and
gas wells, did not change with depth of burial, while noting variation in T}, values in
inclusions in quartz and calcite, varied from 30 to 60 °C. These observations were based on
samples from oil well depths of 1500m west of Fort Simpson, to 4000m depths at the
Pointed Mountain gas fields, Laird Basin. Assuming a geothermal gradient of 38 °C/km,
Aulstead (1987) reasoned that the quartz and calcite cements must have formed under
depths of 1to 2 km, and therefore must have formed during the Mesozoic to Cenozoic.
Based on these depths, Aulstead (1987) determined a temperature correction of about 12

°C.

4.4  Fluid inclusion data summary

At least three separate fluid events are indicated from the data presented in Table

IV-1. The inclusions from sphalerite and gangue dolomite in Type I, stratiform



mineralization indicate that the ore-forming fluids possessed generally high salinities (both
average >19 eq. wt.% NaCl) and moderately low eutectic temperatures ranging {rom -29 1o
-52 °C indicating the presence of Ca und Mg chlorides, in addition to NaCl. Temperatures
of homogenization observed in sphalerite from stratiform mineralization have a broad
range, from 112 to 225 ©C. From limited data, luid inclusion results from gangue
dolomites show less spread ranging from 165 to 2210C. As the stratiform ore {luids are
interpreted as the oldest mineralizing fluids present at Prairie Creek, these {luids have been
subjected to the greatest burial diagenesis and therefore the chemistry of these inclusions
may have been altered.

Although limited, fluid inclusion data from Type 1l ores suggest that mineralization
formed from higher salinity fluids, as seen in both sphalerites (22.1eq. wt. % NaCl)) and
gangue dolomites (21.4 eq. wt. % NaCl). Both sphalerite and saddle dolomite have
relatively high temperatures of homogenization, for MVT style mineralization, ranging
from ~160 to 238 oC (Sangster, 1990), but similar high Ty, have been observed at Gay's
River, Nova Scotia (Akende and Zentilli, 1984).

Fluid inclusion results from quartz and calcite from Type I ores arc consistent
with the observations of Aulstead (1987) suggesting fluids evolved over a farger time span,
with increasing input of meteoric water, over formation water, through time. As a result of
this evolution in fluid chemistry, inclusions in quartz are characterized by the broad range
in salinities, and with late fluids characterized by low salinities (quariz overgrowths with a
salinity of 2.0 eq.wt.% NaCl), and calcite cements (salinities averaging 1.9 + [.5eq. wi %
NaCl). The higher salinity fluids in quartz appear to be associated with mineralization,
whereas later fluids are unmineralized.

Calcite fluid inclusion data generally indicate low salinity fluids with relatively low
homogenization temperatures (~110 to 135 °C), while pseudosecondary to secondary
inclusions indicate higher temperatures of homogenization. The results from inclusions in

calcite in this study, are in contrast with the observations of Aulstead (1987), from
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inclusions in calcite from the Manetoe Facies, Aulstead (1987) described mainly high
salinity fluids from these inclusions and observed cutectic temperatures to -38 °C. Only
one sample of calcite, (sample PC-41 103.4m) in this study, showed similar results to that
of Aulstcad (1987).

No pressure or temperature correction is warranted for Type I mineralization as it is
assumed 1o have formed close to the seawater/sediment interface. Type II mineralization is
also thought to have formed at a shallow depth and therefore no correction is justified.
These views are consistent with recent interpretations of fluid inclusion results and stable
isotope evidence from the Manetoe Facies (Morrow and Aulstead, 1995) who examined
criteria to support dolomitization in either the middle Devonian or Tertiary. They suggest
that fluid inclusion evidence from Manetoe Facies dolomites (Aulstead, 1987) support

middle Devonian dolomitization.
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Chapter V- Light Stable Isotope Study

Introduction

Light stable isotope studies (C, O and H of ganguc minerals and S from sulfide minerals)
in hydrothermal systems have been useful in outlining geochemistry and determining the
origin and cvolution of mineralizing fluids in the crust (Field and Fifarek, 1985; Ohmoto,
1986). The most useful application of stable isotopes involves the use of 8D and 8!80
analyses to indicate the origin and history of H2O in hydrothermal fluids (Taylor, 1979).
Stable isotope geothermometers (Field and Fifarek, 1985) may also be used to determine
the temperature of formation of hydrothermal mineral assemblages, but often isotopic
disequilibrium precludes the usefulness of such applications (Taylor, 1979).

As a part of the study of the geochemical relationships among stratiform (Type I
ores), MVT style (Type 11 ores) and vein quartz-sulfide (Type I1I) mineralizations at Prairie
Creek, light stable isotope studies were performed. As well as investigating wall rock
dolomite from principally the Whittaker Formation, gangue dolomite and cross-cutting
calcite veins were examined, while quartz was mainly investigated from type III ores.

Manganese rich, gangue dolomites, associated with stratiform mineralization were
analyzed, as well as wall rock dolomites. Wall rock dolomites were sampled adjacent to
(<0.2 m distance) and up to several kilometres west of stratiform and vein mineralization.
At the Zebra and Zulu showings, host, recrystallized dolomite and coarse-grained, white to
yellow, saddle dolomitic cements wereanalyzed for 813C and §!80. Calcites, as late stage
veins, cutting ore types 1 and IIT were also analyzed for §!3C and 3'30. Qu urtz from
mineralized and unmineralized veins, as well as overgrowth crystals, (interpreted as late
diagenetic features) were examined isotopically with §!80 analysis. 5D analyses of
inclusion fluids were performed on dolomite, quartz, calcite and sphalerite to investigate the

sources of fluids involved in various stages of ore formation. Sulfur isotope analyses were
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conducted on sphalerite, galena and pyrite from stratiform ores and sphalerite from vein

mineralization.

Techniques

Core samples of host rock dolomite were crushed and x-rayed to determine
carbonate mineralogy. Saddle dolomitic cements from the Zebra showing and gangue
dolomite from stratiform mineralization were drilled out with a dental drill, to increase
purity of sample.

Carbon, oxygen and deuterium isotope analyses of gangue mincrals (and
sphalerite) were conducted at The University of Alberta. Finely ground dolomite and
caicite was reacted in vacuum with H3POy4 at 25 °C for seven days and onc day
respectively (McCrea, 1950). Quartz samples were crushed to approximately 2-3mm size
for deuterium analyses and treated by boiling in aqua regia with minor hydrogen peroxide
for one to two hours to ensure purity of sample. The quartz samples were washed and
hand picked for deuterium analyses. D of quartz, dolomite and sphalerite were
determined by direct extraction of inclusion fluids by bulk thermal decrepitation. The
temperature of extraction varied for minerals investigated and the liberated aqueous phase
was reduced to hydrozen by reaction with zinc pellets (Coleman ct al., 1982). 8180 of the
quartz veins was analyzed using the BrFs technique of Clayton and Mayeda (1963). 8'30
and 8D are quoted in terms of SMOW (Standard Mean Oceun Water), while 8!13C values
are referenced to PDB (Cretaceous PeeDee belemnite) in per mil (%o). Carbonute whole
rock samples were analyzed on a VG602 mass spectrometer by the writer, using KMCC
standards.

A total of eight sulfide samples (and | repeat) were run for sulfur isotope analyses
(Table V-2). §34S values were determined courtesy of Dr. R. Krouse at the Stable Isotope
Laboratory at the University of C algary. Sulfide analyses were performed on SO, gas

extracted by high temperature combustion of the sample with cupric oxide. Mass



spectrometric unalyses are referenced to the standard (CDT), which is the sulfur in troilite

(FeS) of the iron meteorite in the Canyon Diablo standard (Faure, 1986),

Sulfur isotope data

Sulfur isotope ratios, determined from types [ (stratiform) and 11 (vein) ores, are listed in
Table V-1. The 338 values for stratiform ores range from +21.6 to +23.9 %o in pyrite,
sphalerite, and galena as shown in Table V-1. While the sphalerite and galena §34S
analyses were extracled from minerals from different samples of Type I ores, assuming
isotopic cquilibrium existed, temperatures approximating 273 to 314 °C are predicted from
sphalerite-galena geothermometry (Ohmoto and Rye, 1979). These temperatures, are
reasonable for colour alteration index values observed from conodonts (Morrow et al.,
1990). Ohmoto and Rye (1979) stress the importance of clean mineral separates and Type
I sphalerite with pyrite, makes the effectiveness of sulfide geothermometry questionable.
Ohmoto (1972) has also suggested that mineralization temperatures below 250 oC
generally show disequilibrium in sulfur isotopes.

From the §34S values presented in Table V-1, a distinct variation between
stratiform and vein sulfides in 84S values for sphalerite is apparent. Vein sphalerite (Type
I11), occurring in host rocks from Ordovician, Whitaker Formation (#3 and #8 veins) to
lower Devonian, Arnica Formation (Rico vein) ranges in 834S from +20.0 to +17.0
averaging +18.7 +1.5%., while sphalerite from stratiform (Type I) ore has a 84S value of
+22,0 %e. For comparison, 834S values from the Jason Pb-Zn deposit (Gardner and
Hutcheon, 1985) as well as data from Howards Pass (Morganti, 1979) are presented in
Table V-1. §34S values from the Exd Zone (which contains massive to thickly bedded
sulfides and is crosscut by quartz-carbonate veins) more closely resemble Type I sulfur

ratios from Prairie Creek.
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Table V-I Prairie Creek 38 data (%o)

Hole # and footage Mineral RS

Type [ ores

PC-11 269m sphalerite +22.2 contains pyrite to ~3%
PC-35 galena +20.0 no contaminanis.
PC-12 274.8m pyrite +23.8 contains trace galena
PC-12 rerun pyrite +23.9

PC-13 274.8m pyrite +22.0  contains trace galena
PC-21 273.5m pyrite +21.6 contains trace sphalerite
average for pyrite +22.5 £ 1.2 %o

Type III ores

Rico (vein) sphalerite +17.0

3050 levetl vein sphalerite +20.0

#8 Zone vein near PC fault  sphalerite +19.1

average for type Ill sphalerites +18.7 £+ 1.5 %o

Jason Deposit

Area galena average sphulerite

average pyrite average range range
range

South Zone 85-17.0 13.7+2.8 89 123

End Zone 17.7-20.2 189+ 1.2 2010-22.5 212+ 11 2000

Howards Pass 8.5-223 152437 158262 197433 -32-230157 9.0

The heavy 834S values presented in Table V-1 suggest that seawater sulfate is the source of
sulfur for mineralization observed in types I and III. No 8348 values were obtained from

Type II mineralization.



C, 0, and H isotope results

The light stable isotope results from wall rock and mineral separates from all three
styles of mineralization are given in Tables V-2 and 3. From Table V-2, it can be seen that
8180 values from Whittaker Formation, wall rock dolomite show minor depletions in
oxygen (average 22.0 + 1.4 % SMOW, n = 22)), compared to typical 8'80 variation for
Ordovician carbonates which is 23 to 27%e (Veizer, 1983). From data in Table V-2, the
greatest depletion in 880 values of wall rock samples is seen in contact with stratiform
mineralization. 8'3C data for wall rock dolomites indicate a range of values of +0.5 to -2.0
%0, and an average value of -0.5 + 0.5 %e, which is within the range of typical values for
marine carbonates (-1 to -3 %o). Figures 9 and 10 illustrate §'80 and §!3C values from
wallrock dolomites seen in drill hole sections 6288N and 6045N.

Type [ ores Coarse-grained gangue dolomite associated with Type I ores range in
8180 from 22.1 to 23.8 %o, averaging 23.0 + 0.8 %o (n = 5). §!3C values for these
dolomites, range from -2.3 to -3.3 %e, averaging -2.8 + 0.4 %o, which is depleted in 13C
compared to the average value of -0.5+ 0.5 %o seen in Whittaker Formation host dolomite.
A 880 analysis of 21.0 %o, obtained from microcrystalline quartz at PC-14 at 297.7m, is
interpreted as siliceous precipitate from ore-forming fluids. Typical values for Ordovician
marine cherts range from +24 to +26 %o (Degens and Epstein, 1962). Deuterium analyses
from stratiform sphalerite from sample PC-11 at 261.3m, yielded a value of -98 %e.

Type Il ores In Type Il ores, 6130 values for the host Silurian, Root River
dolomites range from 22.4 io 25.3 %e, averaging 24.5 +0.7 %o (n = 7). In contrast, §180
values from dolomitic cements from the Zebra and Zulu showings range from 12.7 to
19.8 %o, averaging 16.4 + 2.4 %o (n.=7). 8!13C values for the host dolomites range from
1.2 to -1.4 %e, averaging 0.8 & 1.0 %e. 8!3C for the Zebra and Zulu dolomitic cements
range from -2.1 to -4.9%o, averaging -4.4 + 2.2 %o. 8D values of dolomitic gangue from
PC-94-78 at 242m and 18 1m include -66 %cand -61%o, similar to a value of -64 %o
obtained from host dolomite in hole PC-95-117 at 46m. Aditional 8D values from
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dolomitic gangue (-108 %c) and host rock (-99 and - 115 %e) from outcrops at the Zebra
showing, may have erroncous values due to sulfide oxidation. The higher values from drill
core are more consistent with 8D values (=76 1o -42%c) obtained by Yang et al, (1995),
who measured the hydrogen isotopic composition of fluid inclusion waters trom drill cores
from Manetoe Facies dolomites.

Type Il ores Eleven quartz samples were anatyzed for 3180 data (rom Type LI
ores, 8180 results range from 9.1 to 19.7 %o, averaging 16.7 + 3.5 %o. Most of the 880
values of vein quartz cluster between 17.2 and 19.7 per mil. The 8'%O value of 9.1%e,
from low salinity (2.0 eq. wt. % NaCl), quartz overgrowths, is consistent with the
observations of Aulstead (1987), who suggested that [luids with low d180 values reflected
increasing meteoric water content in the vein-forming fluids. 8D analyses, obtained from
vein quartz in Type III ores, cluster between -148 and -179 %o, averaging 155 + 18 %,
(n=17).

Cualcite veining Three isotopic analyses were obtained from unmincralized, caleite
veining (Table V-3). The 880 values in calcite range from 10.2 1o 22.0 %.. Strongest 180
depletion was observed in hole PC-13 at 289m in vein calcite (10.2 %e), within stratiform
ore. From crosscutting relationships, this calcite is interpreted as late veining. §!3C range
from -15.5 t0 2.9 %o (Table V-2;. A calcite vein at PC-41 at 103.4m has strongest
depletion in 13C with a value of -15.5 %e. This strong depletion in 13C, suggests that
oxidation of organic matter occurred. A 8D value of -167 %o was obtained from a 0.3m

thick, calcite vein within the Silurian Cadillac Formation, at the south end of the #8 Portal.



Table V-2 Prairie Creek stable isotope data (wall rock dolomite)

Hole # and footage Mineral 8!3C PDB  §!80 SMOW
Thc %o
PC-06 207.5m dolomite -0.5 213
PC-08 239.4m dolomile -0.3 233
PC-08 269.5m dolomite -0.5 21.2
PC-08 282.9m dolomite -1.0 21.7
PC-08 298.9m dolomite 2.0 20.7
PC-08 308.1m dolomite 0.5 22.5
PC-11 201.2m dolomite 0.2 234
PC-11 208.4m dolomite -(0.4 24.0
PC-11 253.5m dolomite 0.1 24.6
PC-11 260.9m dolomite -1.0 22.8
PC-11 260.9m (rerun) dolomite -1.0 22.6
PC-11 290.5m dolomite -0.0 22.1
PC-13 76.2m dolomite -0.4 24.7
PC-13 103m dolomite 0.1 24.9
PC-13 312.9m dolomite -0.2 20.7
PC-14 76.9m dolomite -0.6 24.6
PC-14 245.5m dolomite -0.7 213
PC-28 107.8 brecciated dolomite -0.3 20.3
PC-28 160.6m dolomite -0.04 23.8
PC-28 280.7m dolomite -0.5 21.7
PC-40 302.2m dolomite -0.5 21.7
PC-R3 o/c w. of Gate Fault dolomite -0.5 233

averages -0.46 £ 0.5 220+ 1.4 %o
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Table V-3 Prairie Creek stable isotope data (mineral separates)
Hole # Mineral 3180 8D 313C
and footage

Type I (Stratiform) ores

PC-08 273.5m gangue dol. 23.8 -2.3
PC-11 261.3m gangue dol. 22.1 -126 29
PC-13 290.7 gangue dol. 227 25
PC-13 290.7m (rerun)  gangue dol. 236 2.5
PC-14 289.3m gangue dol, 221 33
PC-21 273.5m gangue dol. 23.6 -33
averages 23.0+0.8 28+ 04
PC-14 297.7m microcrystalline 21.0 -182
quart
PC-11261.3m sphalerite 98
Type I (Zebra style) ores
Zebra showing dol. cem. 169 -108 2.1
()
Zebra dolomitic cement 12.7 72
adjacent colloform sph.
Zebra dol. cement 14.0 449
(2)
Zulu dol. cement 16.9 33
PC-94-78 181m dol. cement 17.8 01 2.0
208A " " 19.8 -1.0
242m " " 16.8 -66 -1.6
Averages 164 +2.4 31 £22
PC-94-78 208B m host dol 25.3 1.5
i * 28m " " 238 1.7
PC-95-11746m " " 234 -04 1.0
Zebra HB 253 -99 1.0
{heavily bleached dolomite}
Zebra 250 -115 0.6
host dolomite
Zebra host dolomite 243 12
Zulu host dolomite 243 -14
Averages 245 +0.7 0.8+ 1.0




Table V-3 cont'd
Hole # Mineral 8180 sMoOw 5D sMOw o13C PDB
and footage

Type III ores

#9 vein quartz 133 -158
PC-08 256.6m quartz 17.7

PC-08 292.1m quartz 17.6 -149
3050 Level quartz -161
PC-40 235.1m quartz 10.0 -113
rerun quartz 15.6

3-C-21 597 quartz 17.2 -167
3-D-32 647 quarlz 9.1 -165
PC-28 65.2m quartz 18.3 -148
Rico showing quartz 19.7 -171
rerun 19.7 -135
8-D-11391.% quartz 194 -152
3-C-26 59%' quartz 194 -135
PC-13 260 quartz 12.1 -175
PC-13 262 quartz 17.8 -184
PC-13 290 quartz 17.4 -172
Cripple Creek quartz 17.4 -157
PC-14 1925 quartz -166
PC-08 256,9m quartz 164 =179
Averages 169 +2.8 -158 + 18
Sphalerite vein sphalerite -118

3050 level portal

Calcite veining

#8 Zone calcite 220 -167 2.9
PC-13 289m calcite 10.2 -4.0
PC-41 103.4m calcite 199 -146 -15.5
PC-40 299.7m calcite -163

3-C-21 592 calcite 186 - =23
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Discussion

Taylor (1979) has shown that it is possible to determine the oxygen isotopic
composition of a mineralizing fluid from the 8180 of the gangue minerals present, when
the following assumptions are satisfied: 1) that the gangue minerals formed
contemporancousty and in isotopic equilibrium with the mineralizing fluid and 2) that the

temperature of formation is known.

Type I Fluids

For Type I orc fluid., gangue dolomite has been shown to be associated with
stratiform, Zn-Pb mineralization and homogenization temperatures observed in inclusions
in sphalerite are similar to those of gangue dolomite. No correction of homogenization
temperatures for Type I gangue (range from 165 to 220 °C) has been made for pressure,
assuming its formation close to seawater bottom. Because the inclusions in zoned
sphalerite are considered primary, and have lower Th recorded (average 135 °C). compared
to inclusions from other sphalerites (Table IV-1, Appendix I}, a temperature of 165 °C
(minimum Ty, from gangue dolomite) was chosen for the fractionation formula (below) for
this fluid. Due to iimited quantities of gangue dolomite availible, 8Dyyiq values (SMOW)

were obtained from only one sample (PC-11 at 261m) which yielded a value -126%e.

For dolomite, the fractionation formula of Mathews and Katz, (1977) was used

1000 ln aDolomi[e_w:ner = 3.06 X 106T-2 - 3-24

A plot of 8Dgyiq values versus calculated 8130y,;g values (SMOW) from Table V-4 is
presented in Figure 18. A single, calculated 8!80y,;q value from Type I dolomite, plots
well to the right of the meteoric water line. The heavy §'80 values suggest modified
seawater, with a contaminated 3D signal. The high salinities indicated from fluid inclusion

results and heavy §!80 values from dolomitic gangue support an interpretation of buoyant



plumes ponding onto the seafloor, Such a concept would also accomodate pervasive
dolomitization observed in Ordovician carbonate rocks within the Prairic Creek
Embayment. An alternative interpretation might include highly evolved meteoric water as
mineralizing fluid, with mineralization occurring during the Late Paleozoic. Such an
interpretation is inconsistent with conodont alteration index values obtained by Morrow et

al. (1990),

Type 11 fluids

For Type 1T ore fluids, 8!80 values from host dolomites (average 24.5%0) vary
significantly from dolomitic gangue (16.4%c). The lower 8!80 values in dolomitic gangue
suggest a greater component of low 8180 fluids from meteoric waters and/or increasing
temperature. Fluid inclusion resulis obtained from dolomitic cement {rom drill hole PC-74-
78m at 181m (average Ty = 160 °C) are similar to the lowest T, recorded from inclusions
in sphalerite (155 ©C). Higher homogenization temperaturcs recorded from the inclusions
in sphalerite may be due to leakage and therefore a temperature of 160 ¢C is suggested as a
fluid temperature in characterizing Type II ores in this study. This temperature is also
comparable to temperatures generally reported from fluid inclusions in Mississippt Valley
Type deposits (Anderson and MacQueen, 1982).

0Dqyig values from both dolomitic gangue (-61 and -66%¢) and host dolomite
(-64%2) from drill hole data are plotted in 4 8D versus 8180 plot (Figure 17). 8D valucs
(-76 10 -42%0) from the Manetoe Dolomite, determined by Yang et al. (§995) arc
consistent with results from this study. In Figure 17, two possible scenarios are illustrated
for resulting 8D values for Type Il dolomite cement. These include; 1) dolomitic cements
formed from highly evaporated seawater or 2) the cements formed from evolved meteoric
fluid. The presence of pseudomorphs of probable evaporites (Plate 8) provides cvidence

supporting the former interpretation.
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h illustrating evaporite pseudomorphs within siliceous

Photomicrograp

Plate 8

sections of regionally dolomitized Whittaker Formation dolostones.



Type 1 fluids

For Type 111 ores, mincralization appears to be more closely associated with early
guartz veining, as (later) quartz overgrowths arc barren, Based on the fluid inclusion Ty,
results, as well as coexisting CO; and NaCl inclusions, temperatures of 200 to 275 ©C are
suggested for Type I ore fluids. 8'80y,;4 values in quartz veins hosting Type III
mineralization have become enriched in '#0 mainly due to water-rock interaction, and not
solely due to temperature alone. Considering present day meteoric water at -170%o for the
Prairic Creck area, the 180 shift to the right from the meteoric water line (Figure 17) is

consistent with water-rock interaction between meteoric fluids and carbonate rock.

For quartz the fractionation formula of Matsuhisa et al. (1979} was used for the range 250-

5000C. A temperature of 200 °C was used in the formula betow,

IOOO ln aQunrlz.Wﬂ[cr = 3.34(106T-2) - 3.31

Fluids from vein calcite has been interpreted as low temperature and low salinity
based on {luid inclusion results and are also shown on the 8D versus 8!80 plot (Figure
17). A single unmineralized, calcite vein gave higher salinity results, but its relationship to
mineralization is unclear.

For calcite the fractionation formula of O'Neil et al. (1969) was used

1000 Intcyicite -Water = 2.78 (106 T-2) -2.89

and a tempeiature of 150 ©C was used for the calculation of 8180 for the fluid in
equilibrium with the calcites.
Using 8D values from sparry dolomite from Pine Point and Cambrian dolomites

associated with MVT style mineralization in southeastern British Columbia, Nesbitt and

Muehlenbachs (1994) determined a correlation between high 8D fluid inclusion values and

high salinity inclusions in preorogenic dolomites versus low 8D fluid inclusion values and
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low salinity inclusions which are characteristic of syn- to post-orogenic fluids, Plotting
salinity versus 8D, Nesbitt and Muchlenbachs (1994) interpreted Lavamide {Tuids as low
salinity, low 0D fluids. In Figure 18, a similar analogy may be drawn from Type 11 quartz
veins as well as vein calcite which are interpreted as Laramide fluids, generally having low
8D values and a range in salinities, which are attributed to mixing of meteoric water and
dolomitic rocks. In comparison, fluids associated with types 1 and ! mineralization exhibil
higher 6D and high salinity values. The high salinity values from Type 1l fluids plot close
to values obtained by Nesbitt and Muehlenbachs, (1994) for Alberta basinal brines in a 8
versus 8180 plot and infer a genetic linkage beiviren the Type T fluids and mineralizing

brines at Pine Point.

Table V-4 Calculated 5180,;q values

Hole # Mineral  8'80.ek  SDria caleulated 8809 (°C)
and footage 165 20 250
Typel
PC-08 273.5m gangue dol. 238 11.1 134 16.2
PC-11 261.3m gangue dol. 22.1 -126 9.4 1.7 14.5
PC-13 290.7 gangue dol. 227 10.0 12.3 15.1
PC-13 290.7m gangue dol. 23.6 10.9 13.2 16.0
rerun
PC-14 289.3m gangue dol. 22.1 94 1.7 14.5
PC-21 273.5m gangue dol. 236 109 13.2 16,0
averages 23.040.8 10,3 408 12.60 409
Type Il 160 0C 2000
Zebra showing dol. cem. 169 -108 38 6.5
(1)
Zebra dolomitic cement 127 -4 2.3
adjacent colloform sph.
Zebra dol. cement 14.0 09 3.0
(2)
Zulu dol. cement 16.9 38 0.5
PC-94-78 18Im dol. cement 17.8 -61 473 74

208 " " 19.8 6.7 u.4

242m " " 168  -66 ki 64

dolomitic cement averages 33+24 6.0+ 24
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Table V-4 continued TEIR 2000C
PC-94-78 2088 m host dolomile 253 12.2 14,9

" 2T 2318 10,7 134
I'C-95-117 40un oo 234 -64 10.3 13.0
Zebra HB 253 =499 12.2 149
(heavily bleached dolomite)
Zehrn 25.0 <115 11.9 14.6
host dolomite
Zebrn host dolomite 24.3 11.2 139
Zulu host dolomite 24.3 11.2 139
Averages 1.4 + 0.7 14.1 £0.7
sample # 880 8Df1uig

calculated &!80y,;y SMOW
150 ¢C 2000C 2500C

Type 111
#9 vein quartz 13.3 -158 -2.1 1.7 4.5
PC-08 291m quartz 17.6 -149 22 6.0 8.8
PC-40 235.1m uartz 10.0 -113 54 -1.6 12
3-C-21 897 quartz 7.2 -167 1.8 5.6 84
31232 64T quartz 9.1 -165 -6.3 -2.5 0.3
PPC-28 65.2m quartz 18.3 -148 29 0.7 9.5
Rico showing quartz 19.7 -171 43 8.1 10.9
rerun 9.7 -135 4.3 8.1 10.9
8-D-11391.5 quartz 19.4 -152 4.0 7.8 10.6
3-C-26 598 quartz 19.4 -135 4.0 7.8 10.6
PC-13 260 quarz 12.1 -175 -3.3 0.5 33
Cripple Creek quartz 174 -157 2.0 5.8 8.6
PC-08 256.9m quartz 16,4 -17% 1.0 4.8 1.6
Averages 0.4 +3.7 4.5 +3.7* 7.3 +3.7
Calcite veining
#8 Zone calcite 220 -167 9.8
PC-13 28Ym calcite 10.2 2.0
PC-14 103.4m calcite 19.9 -163 1.7
averapes 17.4 +6.3 5.2

* 3180 values used in Figure 17
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Figure 19, after Land, (1985) illustrates the relative position of gangue dolomite associated
with types [and Il mincralization and Whittaker Formation wholerock dolomite plotted as
a function of homogenization temperature and 880 rock values (PDB scale). Contours
shown are in 880y, values (SMOW), For comparison, values obtained from Aulstead,
(1987) for the Manetoe Fucics as well as Pine Point (Qing and Mountjoy, 1992) are also

shown.
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Chapter VI Radiogenic isotopes
Introduction

Pb/Ph isotopes have been used in ore deposil research to constrain both source and
age of mincralization (Doce and Stacey, 1974; Doc and Zartman, 1979; Gulson, 1986). The
use of lead isotope geochemistry relies on two major factors: 1) the isotopic signature of
the particular mineralization usually differs from that of other styles of mineralization and
barren host rock, and 2) the isotlopic composition of lead is unaffected by isotopic
fractionation during low temperature processes (Gulson, 1986). More recently, $7Sr/808¢
has been used Lo investigate regional fluid systems and mineralized (carbonate) vein

systems (Qing und Mountjoy, 1992; Koffyberg, 1994)

6.1  Lead Isotope Systematics

Lead on Earth consists of primeval lead (present when the Earth formed 4.55 Ga
ago) plus radiogenic lead derived from radioactive decay of uranium and thorium, The
isotapic composition of the Earth's primeval lead is assumed to be identical to the initial
non-radiogenic isotope composition in primitive meteorites, and the generally accepted
initial lead values are those given by Tatsumoto et al. (1973). These authors measured the
isotopic composition of troilite from the Canyon Diablo iron meteorite. The troilite contains
lcad, but negligible amounts of uranium and thorium so that the Pb isotopic composition
has not changed since the time of formation of the meteorite.

The characterization of ore deposits by lead isotope geochemistry is based on
variations in the radiogenic lead izotopes. Three isotopes, 206Pb, 207Pb, and 208Pb, form
from the radiouctive decay of 238U, 235U and 232Th, respectively, while a fourth isotope,
204pb, has no long-lived parent (Gulson, 1986). Because the parent elements of the lead
isolopes 206Pb, 207Pb and 208Pb have different half-lives, (Faure, 1986) the relative
abundance of the radiogenic lead isotopes 206Pb, 207Pb and 208Pb, to the stable lead

isotope 204Pb varies with time of duration from uranium-bearing materials. The isotopic
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values are measured as ratios in a mass spectrometer and plotted as ratjos ol 207Ph/204ph
versur 206Pb/204Pb plots and 208Pb/24Ph versus 200Ph/204Ph plots,

Nier et al, (1941) investigated galenas from different ore deposits and determined
that the leads had different isotopic compositions and proposed that the variations in
isotopic ratios resulted from different times of addilion of radiogeaic lead to primeval lead
prior to the emplacement of mineralization. Canadian rescarchers (Russe!l and Farqubar,
1960) determined that certain variably-aged, lead-rich deposits (Broken Hill. among others)
had isotopic values which fell along an average growth curve, and from these values, a
single stage model (Faure, 1986) could be used to determine age of mineralization. Such
deposits are termed ordinary (Faure, 1986). Single stage lead deposits (as galena) arc
thought to have been derived in a single mineralizing step from a relatively homogenous
portion of the mantle. Common lead is lead whose isotopic composition no longer
changes because the Pb mineral contains no U or Th. Other deposits such as the
Mississippi-Valley lead-zinc deposits have lead isotopic values which plot above single-
stage growth curves on 207Pb/204Ph versus 206Pb/204Ph plots and are called anomaious
leads (Faure, 1986).

Lead isotope studies of ores in carbonate rocks have been used to determine source
of ore-forming elements (Godwin et al., 1982), but age determintions have been cquivocal
(Sangster, 1983). In attempts to determine the age of mineralization in carbonate-hosted
Pb-Zn deposits, differences were found in tne ages of mineralization in comparison to (he
geological age of the host rocks (Doe and Zartman, 1979; Sangster, 1986). Certain Phb-Zn
mineralization (Mississippi Valley deposits in southeastern U.S.) have model lead ages that
are unrealistically young, while others such as Gay's River, Nova Scotia have dates older
than the geological age of the host rocks (Akende and Zentilli, 1984). Using muiti-stage
lead models, Gulson (1986) has suggested that if the source of the lead is known, then an
age of mineralization may be determined, and conversely, if the age of the lead

mineralization is well constrained, then a source may be determined.



Gulson, (1986) in studying lead-rich carbonate-hosted deposits, abserved the
following isotopic characteristics for different groups of deposits: 1) deposits that show
linear trends on 207Pb/204Ph versus 290Ph/2HPh plots, with variation within disiriets,
within individual deposits, and occasionally within individua! galena crystals (the
Mississippi Valley region of the southeastern U.S.): 2) deposits that outline i limited
spread in their isotopic compositions and conform to evolution curves, including
paleokarsted mineralization as at Nanisivik, NWT, (Olson, 1984} 3)single stage deposils
that have homogenous isotopic values and are conlormable to growth curves, including
Pine Point, NWT (Cumming ¢t al., 1990) and Navan and Silvermines in Ireland {Boast et
al., 1981); and 4) deposits that have homogenous isotopic values but data lie significantly
above the single stage evolution curve indicating that the lead was derived [rom an upper
crustal source.

Godwin et al. {1982) and Morrow and Cumming (1982) obscrved that the isotopic
compositions of lead from samples from lower Paleozoic, carbonate-hosted, zine-lead
mineralization in the northern Cordillera fall above the Stacey and Kramers (1975) growth
curve for common lead. The deposits as a group, plot in a ncarly lincar array on
207pb/204Pp versus 206Pb/204Ph diagrams. On the basis of minor element compositions of
sphalerite (McLaren and Godwir, 1979) and lead isotope compositions of galena from
shale-hosted deposits in the northern Canadian Cordillera, Godwin ct al. (1982) developed
shale growth curves to fit the lead data. Their purpose was to explain unrealistically young
model ages for galenas from Paleozoic shale-hosted deposits in the Sclwyn Basin, based
on the Stacey and Kramers (1975) models. In Figure 20, three isochrons represent ) old
(Proterozoic-Cambrian) carbonate-hosted Pb-Zn deposits; 2) young (post Ordovician to
Devonian) carbonate-hosted Pb-Zn and shale-hosted Ba-Pb-Zn deposits, and 3) silver-
rich,vein-type deposits. Godwin et al. (1982) interpreted the lead isotopic values as falling
on secondary isochrons, reflecting a two-stage, lead evolution history (Doe and Zariman,

1979). Godwin et al. (1982) suggested that shale-hosted Ba-Zn-Pb stratiform deposits in
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Figure 20 Pb/Pb isotopic ratios from Prairie Creek plotted along Young
Carbonate and Silver-rich isochrons of Godwin et al, (1982).
Diagram modified from Morrow and Cumming, (1982).




the Selwyn Basin and epigenetic, young (Silurian to Devonian) carbonate-hosted Zn-Pb
deposits in the MacKenzie Platform had similar Proterozoic sources. Godwin ct al. (1982)
further suggested that fluids, from which syngenetic deposits formed within the Selwyn
Basin, are localized by intrabasinal faults and contemporancous with epigenetic
mineralization in adjoining carbonates in the MacKenzie Platform. Morrow and Cumming
(1982) critized the broad generalizations and conclusions of Godwin et al. (1982). In
particular, the "Young Carbonate” group of deposits of Godwin ct al. (19872) includes two
geologically and isotopically distinct types, shale-hosted and carbonate-hosted rocks.

South of the areas examined by Godwin et al.(1982), Morrow and Cumming
(1982) investigated several carbonate-hosted, lead-zinc deposits including Robb Lake and
the Prajrie Creek deposit. At Prairie Creelz, Morrow and Cumming ( 1982) determined the
lead isotopic values of galena samples from a 500m strike length along the #3 Zone vein at
Prairie Creek. They observed a high degree of homogeneity in lead isotopic values. Based
on data from Prairie Creek, and severa! additional locations, Morrow and Cumming (1982)
interpreted carbonate-hosted, lead-zinc mineralization as forming a series of four
subparallel linear arrays, reflecting a more complex multi-stage lead evolution pattern and
suggested that the (Cadillac) Prairie Creek deposit falls on the "Silver-rich vein” trend of
Godwin et al. (1982). Morrow et al. (1990) reinterpreted the data of Morrow and
Cumming (1982), and suggested that the source of lead-zinc mineralization within the
Manetoe Facies was consistent with the model of Godwin et al. (1982) at approximatly
1887 Ma, reflecting a Hudsonian source {or mineralization. Morrow et al. (1990)
concluded that Pb-Zn mineralization in the southern MacKenzie Mountains area was
probably formed soon after shale basin development (Devono-Mississippian), but using a
three stage model were unable to determine an exact date of mineralization. They suggested
that mineralization associated with the Manetoe Facies occurred in the early Mesozoic,
based on the shale-dewatering mechanism proposed by MacQueen and Thompson (1978)

for the Robb Lake deposit.
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As part of this study, additional galena and sphalerite samples {rom stratiform
(Type 1), MVT style (Type II) and vein (Type III) mineralization were analyzed. Four
gangue dolomites, associated with stratiform ore, and two dolomites from MVT style
mineralization were also analyzed. In addition, one gangue doloimite from vein
mineralization was analyzed. The results are presented in Table VI-1, together with data
from previous studies (Morrow and Cumming, 1982). For comparison, data are also
presented for the stratiform Jason and Tom deposits of MacMillan Pass, and the Howard's
Pass deposit, Yukon, (Godwin et al., 1982) and MVT deposits such as Robb Lake, B.C.
(Morrow et al., 1990) and Pinc Point (Cumming et al., 1990). Lead isotopic data from

Keno Hill are also presented (Godwin et al., 1982).

Techniques

Clean galena grains (~Imm size) were dissolvéd in pure,warm 2N HCI acid
overnight and allowed to gently evaporate to dryness, forming well crystallized PbClp
grains. Chloride crystalls were purified by washing with 4N HCl and water before final
dissolution and mass spectrometric analysis. Predominantly sphalerite samples and
dolomite samples were dissolved in 6N HCI and evaporated to dryness. Mixture of 0.7N
HBr and a few drops of 2N HCI was added to each residue, and after complete
redissolution, lead was separated using anion exchange resin columns in Hydrobromic
acid. Samples were loaded on a rhenium filament with silica gel and phosphoric acid. The
samples were run on a Micromass MM30 mass spectrometer at an operating temperature
of 1250 ©C, Overail reproducibility of the measurements was determined from a large
number of the NBS SRM 981 Common Lead standard lead measurements. At 1s error
level the reproducibility of the measured isotopic ratios is as follows: 0.021%, 0.036% and
0.044% for 206Pb/204Pb, 207Pb/204Pb and 208Pb/204Pb, respectively. Correlation
coefficient of the errors is 0.91. All of the results are normalized to the nominal NRS SRM

981 Common Lead standard values (personal communication, Dragon Krstic).
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Table VI-1 Lead isotope data

Sample # Mineral 206Pb/204P) 207ph/204ph 208pp/204p)y
Stratiform (Type I) ores (from galenas)

PC-08 273.5 18.664 15.640 R.727
PC-08 281.5 18.698 15.652 38.793
PC-08 281.5B 18.681 15.646 38.748
PC-11 263.3 18.676 15.641 38.745
PC-12 269.2 18.690 15.640 38769
PC-12 274.7 18.723 15.653 38.778
PC-13 290.7 (1) 18.770 15 656 38.807
PC-13290.7 (2) 18.692 15.646 38.751
PC-13 290.7 (3) 18.718 15.654 8775
PC-14 289.3 18.708 15.662 38.806
PC-14 289.6 18.801 15.663 38.861
PC-15 101.7 - 18.695 15.653 38.782
PC-17 312.4 18.700 15.655 38.763
PC-27 213 18.689 15.655 38.768
PC-27 226.4 18.687 15.650 38.752
PC-35 224 18.773 15.655 38.822
Range of sulfides 18.664-18.773 15.640-15.662 38.727-38.861
{16 samples)

Gangue dolomite (type I)

PC-11 261 gangue dolomite 18.934 15.669 38.981
PC-13 290 gangue dolomite 18.703 15.647 38.778
PC-14289.3 " 18.885 [5.663 38.934
PC-21 273 gangue dolomite 18.869 15.666 38.935
Range of dolomites 18.703-18.934 15.647-15.669 38.778-38.981
(4 samples)

MVT style (Type II) ores

Samantha MVT ? 18.739 15.647 38.816
Zebra sphalerite 18.581 15.641 38.566
Zulu sphalerite 18.664 15.656 38.552
Range of sulfides 18.581-18.739 15.641-15.656 38.552-38.816

Gangue dolomite from Type II
Zebra host dolomite 19.288 15.697 38.972
Zebra white dofomitic cement 19.283 15.700 38.844




Table VI-1 continued

Mineralization from Quartz veining (Type I1I ores)

Sample # Mineral 206ph/204pPp

Smithsonite #8 Zone vein  19.018

Repeat 19.010
Rico galena vein  19.042
Rico sphalerite vein  19.132
PC-1! 2864 19.003

additional 23 vein samples
analyzed (Morrow and Cumming, 1982)

[ (#3 drift) 19.020
2 (#6 drift) 19.027
3 (#9 drift) 19.028
4 (#11 drify) 19.037
5 (#20 drift) 19.017
6 (#31 drift) 19.025
7 shear 19.018
8 shear 19.027
9 #8 showing 19.012
45670-1 19.019
045669-2 19.025
#6 drift 19,036
75295 19,009
076294-3 19.030
076294-2 19.023
076294-1 19.019
10 19.030
11 19.025
12 19.030
13 19.035
14 19.044
15 19.036
17 19.021

207ph,204ph

15.679
15.676
15.675
15.685
15.667

15.672
15.675
15.675
15.677
15.673
15.674
15.677
15.674
15.675
15.667
15.659
15.681
15.656
15.669
15.667
15.668
15.674
15.673
15.660
15.672
15.676
15.669
15.674

208pp/204ph

39.060
39.067
39.040
39.097
39.031

39.050
39.066
39.084
39.081
39.062
39.072
39.066
39.075
39.060
39.035
39.024
39.100
39.015
39.033
39.045
39.054
39.054
39.060
38.978
39.053
39.069
39.031
39.075

Range of sulfides  19.003-19.132
(28 analyses)

3-C-26 598 ft gangue dol. 19.239
Other *

15.656-15.681
15.695
15.706

15.708
15.770

38.978-39.100
38.981
38.906

38.929
39.190

PC-40 301.9 19.322
PC-40 repeat 19.326
PC-40 301.9 19.975
Range 19.322-19.975

* mineralization ir veinlets
along edge of stratiform ore

15.706-15.770

38.906-39.190
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Comparison with Pb/Pb values from other Pb-Zn deposits

Sample # Mineral 206ph/204Ph 207ph/204ph 208p/204ph
Jason deposit (Godwin et al.,1982)

Range of 5 values 18.661-18.737 15.646-15.693 I3.501-38.820
Tom deposit (Godwin et al. 1982)

Range of 5 18.633-18.695 15.636-15.727 38.536-38.892
Howard's Pass

Range of 3 §8.553-18.602 15.621-15.657 38.501-38.592
Robb Lake deposit (Morrow et al. 1990)

Range of § 19.987-20.198 15.801-15.833 40.726-41.068
Pine Point (Cumming et al., 1990)

Range of 32 galena 18.167-18.186 15.570-15.578 38.155-38.203
samples

Keno Hill 19.133-19.206 15.646-15.668 39.157-39.279
(Godwin et al., 1982)

Midway 19.16-19.35 15.677-15.742 30.832( ave.)
Bradford, {1988)

Results

Lead isotopic analyses of galenas and sphalerites as well as gangue dolomites from
ore Types I, 11 and I1I and host dolomites from Type Il ores are presented in Table VI-1
and Figure 21. For stratiform ores, the results indicate that the lead values are generaliy
homogenous with 206Pb/204Pb values ranging from 18.663 and 18.801, with thirteen of
sixteen values forming a cluster from 18.664 to 18,723, The data plot above the Stucey-
Kramers (1975) evolution curves on a 207Pb/204Pb versus 200Pb/204Pb plot indicating that
the lead was derived from an upper crustal source with higher U/Pb ratio than thz! of the
Stacey-Kramers (1975)second stage value (Gulson, 1986). Ganguc dolomites associated
with Type I ores have a range in 296Pb/204Pb values of 18.703 to 18.934, and align closely
to stratiform sulfide values (Godwin et al. 1982) on a 207Pb/204Pb versus 206Pb/204Ph

plot. The gangue dolomite is found in contact with sphalerite and galena mineralization.



90

(4114 0

"RID[[IPIO)) WISYMIOU ) Ul $)1S0dop UISA YOLI-IIAJIS pue
LAJN “Xopas pa1oajss pue eyep ¥oa1) aueid Joo[d q4-q4 17 2an3iy

ssegd SpIEMOH =

Aoy e
] MHOuW o
KempIiN o

SO L6
1 sd4],
II 2dA L woij sanuo[oq

2AIND Im0I8 (G 61) STewrery] pue Aaow1g

- OadAL

1 2d£}, woiy sayruoo]

[odAL (Kempin) £19A0081(]

dinaAliS e

q4 4 ¢ e n
0

dnoin) You-JoAIS

sed spremo
ssundg L1sny S5Pd SPTEMOH

(T861 'Te 12 uImpon)
dnoif) ajeuoqre)) SUnox

[ oYe1qq0y

[ITH cua3]
o o - 77 @o ]

0z qdvoz/Ad9ot 061 261 - 8l

2 |

— 9°C1

|
o
bl
AQd+oz/9d oz

— 8°ST

6'S1




i

Three lead isotopic analyses were conducted on sphalerite samples from MVT
style, (Type II) mineralization as well as adjacent dolomites. The 206Pb/2M4Pb values of the
sphalerite samples range from 18.581 to 18.739, in comparison to 206Pb/24Pb values of
19.283 and 19.288 from saddle dolomitic cement and host dolomite. The host
recrystatlized dolomite is within metres of mineralization, while dolomitic cement was
taken millimetres away from sphalerite. Lead isotopic results from Type 11 ores plot above
evolution growth curves on 207Pb/204Pb versus 200Pb/204Pb plots (Figure 19).

Lead isotopic values from Type [l ores show the greatest homogeneity of the
three ore types. The range in 206Pb/2MPb values is 19.003 to 19.132. Excluding the latter
value, 19.132 (Rico sphalerite), the spread for 27 206Pb/204Pb values is 0.041. The Rico
sphalerite is highly fractured and brecciated, and therefore the elevated values may be a
result of post crystallization contamination. On a 207Pb/204Pb versus 206Pb/204Ph plot,
Type I1I ores also plot above growth curves indicatiny slightly more radiogenic values. A
single gangue dolomite analyzed from Type III ores also has 4 slightly more radiogenic
206ph/204Pb value than most type III ores (Table VI-1).

Additional 206Pb/204Pb values (19.322 to 19.975) from hole PC-40 at 301.9m
indicate a greater range and represent the greatest radiogenic values. Data (others in Table
VI-1) from two separate samples (and a repeat) similarily plot significantly above the
growth curve on a 207Pb/204Pb plot versus 206Pb/204Pb plot. This sample occurs at the
edge of stratiform mineralization, within a quartz veinlet.

A plot of 208Pb/204Pb versus 206Pb/204Pb, shown in Figure 22 indicates that ore
types I and I1I seem to be fail on a single lead line, including gangue dolomites associated
with Type I mineralization. In comparison, gangue dolomite from quartz veining and
dolomites from the Type II ores exhibit scattered points. During laboratory procedures, the
Type I gangue dolomites were noted to be visibly rich in Pb (PbClp), in comparison to

gangue dolomites associated with Type II mineralization.
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Interpretations

From Figure 21, the anemalous nature of Pb isotopes in the three ore types is
demonstrated by the plot of the Pb/Pb values above the Stacey and Kramers growth curve,
The data indicate a crustal source (Gulson, 1986) and by comparison 1o model lead
compositions (Doe and Zartman, 1979), the upper crust is interpreted as the source of the
lead. The narrow ranges of lead compositions for ore types Fand U indicate homogenous
lead sources. Using a line regression computer output {Yorkfit) (Appendix 1V) which
provides the slope of the line (Figure 23) and its associated error and MSWD quantity, the
intersections of this line along the Stacey und Kramers (1975) growth curve give o best fit
of intercepts of 352 and 1249 Ma. The linear regression program also calculates & model
isochron age from the slope of the linc under the assumption that the radiogenic clock
stopped at the time of analyses, and it assumes a mineralizing age of 0 Ma (a simple 2
stage U/Pb evolution history). Using this approach, an estimate of the maximun age of the
precursor U/Pb system is calculated to be 1474 + 140 Ma. The data points form a quasi
two stage linear trend and the regression analyses confirms for the given level of analytical
error (95% confidence), an almost perfect fit to the line resulting in a MSWD ol 1.23,
Distribution of isotopic values for vein and stratiform mineralization along the linear trend
suggests that the U/Pb systems of the two mineralization styles have a common origin and
history, and that the lead values do not represent a case of simple mixing of lead from two
different sources. The intersection of the line with the Stacey and Kramers (1975) growth
curve at 352 Ma and 1249 Ma (+ 140 Ma) may indicate closure of the U/Pb sysiem after
accumulation of metals in Late Ordovician to early Silurian host rocks.

The ore lead compositions are compared to the data of Godwin et al. (1982) for Pb-
Zn-Ag deposits of the northern Cordillera. Plotting Prairic Creek ore types in Figure 23,
results for galenas from Type [II quartz veins fall closely along the "silver” rich isochron,
while Type I, Pb isotopic values for stratifrom ores fall more closely along the "young

carbonate" isochron. From Table VI-1 and Figure 23, the similarity in lead isotope values
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from Type 1 ores and the Tom, Jason and Howard's Pass shale-hosted deposits is apparent,
Data trom the Type Il ores, fall below the values of Type 1ores in Figure 23, These values
suggest mixing ol fluids may have occurred, consistent with Mississippi Valley Type
mineralization, with fluids introduced along 4 middle Devonian, regional unconformity,

Using the model of Godwin et al. (1982}, the ages ol mineralization may be
speculated upon. As many ol the silver-rich deposits (e.g. Keno Hilt and Midway, Yukon)
studied by (Lynch et al. 1990; Bradford and Godwin, 1987) were associated with
Cretaceous plutonism, Godwin et al. (1982) proposcd an age ol 0.09 Ga [or mineralization,
Although no Cretaccous plutons are exposed in the Prairic Creek area, from an assoctation
with silver-rich mineralization in quartz veins, the model of Godwin et al. (1982) may be
used to predict a possible Cretaceous age for Type HI vein mineralization, From Table VI-
1, the range for 207ph/204Ph und 206Pb/204Ph values from Type I mineralization
compares closely with the data from Midway (Bradford, 1988) and Keno Hill (Godwin
al. 1982) and Rusty Springs (Kirker, 1982).

Gangue dolomite Pb/Pb analyses from both stratiform and vein ores are presented
in Table VI-1. In stratiform ores, gangue dolomite values in both 207Pb/204P] versus
206Pb/204Ph and 208Pb/204Ph versus 206Ph/204Ph plots, plot along isochrons consistent
with stratiform mineralization, with one value located within the values for stratiform
galenas. In contrast, 2 single gangue dolomite from Type Il ores, plots away from galenas
on a 208Pb/204Pb versus 206Pb/204Pb plot (Figure 22). Lead data from the Type I
dolomites also plots separately from sphalerites on a 208Pb/ZMPD versus 20Ph/204Pb plot,
suggesting remobilization of metals during some later cvent.

In Figure 23, Pb/Pb data from Prairie Creek are compared to average Ph/Pb values
for galenas from the Tom, Jason and Cirque deposits (Godwin et al., 1982). The close
alignment of these deposits in 207Pb/204Pb versus 200Pb/2MPb plots to the Prairie Creek

stratiform ores, further emphasizes their genetic linkage.
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Using the above data, the model of Godwin et al. (1982) best characterizes the
mineralization styles present at Prairie Creek from Pb values. The two stage model with
Pb-Ph values plotted along a single isochron is consistent fully for only a 207Pb/204Ph
versus 200Pb/204Ph plot, not for a 208Pb/204Pb versus 200Pb/204Pb plot, and scatter in
Figure 22 suggests that values may be related to coniamination or fra.tionation during
analyses. Excluding the scattered values limits the extrapolation of any slope and
consequently the interpretation of an iscciiron age. The locaticn of Pb-Pb values falling
along the two isochrons in Figure 23 support the mode! of Godwin et al, (1982). By
association with other stratiform mineralization at MacMillan Pass and silver-rich vein

deposits in the Yukon, types I and I1I mineralization are consistent with this model.

6.2  Rubidium-Strontium Systematics

The 87Sr/%6Sr ratios of marine carbonate minerals are identical to seawater at the
time of deposition, and provided that diagenetic alteration has not occurred, may be
measured as such (Faure, 1986). Burke (1982) has shown that the variation of 87Sr/86Sr
ratios of the oceans uring the Phanerozoic follows a distinct path based on analyses of
marine carbonate from around the world. Deviations of 87Sr/%6Sr values away from
Burke's (1982) results, suggest that the 87Sr/86Sr ratios of carbonate rocks reflect post-
depositional interaction of fluids with the host rocks.

Morrow et al.(1990) analyzed fourteen samples of Manetoe Facies dolomite and
calcite in the Prairie Creek region. They observed strontium isotope ratios from coarsely-
crystalline, Manetoe Facies dolomite range from 0.70906 to 0.71282, while strontium
isotope ratios within (middle Devonian) Landry and Nahanni Formation limestones, range
from 0.70789 to 0.70802. They determined higher 87S1/86Sr values (up to 0.72389) in late
vein calcite. Morrow et al. (1990) suggest that the strontium isotope ratios of the dolomite

and vein calcite result from mixing of the original strontium in limestone with more



v7

radtogenic strontium of the dolomitizing and vein-forming fluids, Morrow et al. (1990)
envision fluids interacting with shales or with siliciclastic rocks from the continental crust
to be possible sources for the more radiogenic strontium enrichment within Manctoe
Facies rocks.

Qing and Mountjoy investigated 87St/86Sr ratios of sparry dolomite cements across
northeastern British Columbia to Pine Point, N.-W.T. They obscrved decreasing strontium
isotope ratios eastward, ranging from 0.7106 in the subsurface of northeastern B.C. 10
0.7081 at Pine Point. They reason that this evidence, as well as west to cast decreasing
homogenization temperatures, indicates a regional, castward migration of hot, saline,
dolomitizing fluids. These results may be compared with earlier Sr results {from Pine Point
by Medford et al. (1983), who determined values of 0.7095 to 0.7143 from late stage
dolomites and calcites (in contrast to host carbonate rocks of the Presqu'ile Formation
which range from 0,708 to 0.7089) and hypothesized that the ore fluids were derived
from sources other than marine carbonates.

Goodfellow and Jonasson (1986) determined 87Sr/86Sr ratios of 0.714 to 0.717 in
carbonates from the Howards Pass XY deposit. They assumed the source of the strontium
to be a Hadrynian arkosic grit unit, underlying Selwyn Basin and suggested that Pb and Sr
were released to the fluid phase during the pervasive albitization and sericitization which
affected these rocks.

Recently, Koffyberg (1994) investigated regional scale strontium of vein carbonates
across the the southern Canadian Cordillera. She determined that vein carbonates display a
geographic variation in 87S1/86Sr ratios, decreasing from east to west. She further observed
greatest heterogeneity and higher 87Sr/86Sr values within Proterozoic sequences (ranging
from 0.734 to 0.774 within the Miette Group), in contrast to more homogeneous values in
veins hosted by lower Paleozoic carbonate sequences (0.709 to 0.710). Higher values such
as 0.710, are associated also with Pb-Zn mineralization at the Monarch Mine near Ficld,

B.C.



In this study, a total o nine wallrock dolomites from various stratigraphic locations
within Whittaker Formation 1n the Zone #3 arca, were analyzed for whole rock 87Sr/86Sr
values. In addition, two gangue dolomites associated with Type I, stratiform mineralization
in the Whittaker Formation, as well as two dolomites associated with Type II, MVT style
mineralization in the Root River Formation, were anaivzed for strontium ratios (Table VI-

2).

Analytical chhniqucs

'The dolomitic samples were dissolved in a cold [N HCI solution to minimize any
radiogenic strontium that might have been leached from clay minerals and/or contaminants,
by healing or by stronger acid (personal comunication, Pat Cavell, 1995). The procedure
for purifying strontium for analyses by cation exchange techniques is documented by

Koffyberg, (1994).

Results

As shown in Table VI-2 and Figure 24, 87Sr/36Sr values from whole rock dolomites
increase from a value of 0.710 approximately 60 metres above stratifrom mineralization to
a value of 0.721 adjacent to stratiform ores. From Figure 24, strontium ratios also appear
to show enrichment toward quartz veining. The contribution of 87Sr enrichment from
fluids within quartz veins is unclear, as no 87Sr/86Sr analyses of dolomite from vein
carbonates were determined in this study, However, 87St/86Sr analyses of gangue dolomite
mineral separates, associated with stratiform ores, show highly radiogenic strontium ratios
with values up to 0.72387. The gangue dolomites from Type I ores are highly anomalous,
in comparison to typical strontium values for upper Ordovician dolomites, 0.708 as
determined by Burke et al. (1982) (Figure 25). Whittaker Formation dolomite sampled

from outcrop, west of the Gate Fault, approximately 3km west of the mineralized trend,
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shows only slightly more 87Sr enrichment (0.70958) relative to upper Ordovician

dolomites,

Table VI-2  Strontium Isotopic Results

Sample # rock type 878r/86Sr

Wallrock dolomites

PC-06 207.5m dolomite 0.717865 + 0.000046
PC-08 239m bioturbated dolomite 0.713783 + 0.000041
PC-08 272m mottled dolomite, adj. stratiform ore 0.720987 + 0.000043
PC-08 283m mottled dolomite, » " " 0.721249 + 0.000019
PC-08 308m dolomite 0.714426 + 0.000024
PC-13 303.9m dolomite 0.726729 + 0.000333
PC-13 303.9m rerun dolomite 0.726050 + 0.000019
PC-14 245.5m dolomite 0.721212 + 0.000042
PC-R3* chert nodule dolomite 0.709576 + 0.000021

*outcrop sampled from Whittaker Fm west of Gate Fault.

Type I ores

PC-11 261.3m gangue dolomite (Whittaker Fm 0.72387 4 0.00002
PC-14 289.3m gangue dolomite " " 0.72136 1+ 0.00003
Type II (MVT style) ores

Zebra showing host-rock dolomite (Root River Fm) 0.70934 + 0.00003
Zebra showing saddle dolomite cement " " 0.71052 + 0.00002

Dolomitic cement from the Type Il ores (Zebra showing) shows only slight
enrichment (0.710) in strontium ratios in comparison to host rock dolomites (0.709). The
data are similar to values observed by Morrow et al. (1990) for Manetoe Facies dolomites,
suggesting that the dolomitizing fiuids forming the cements, were enriched in radiogenic

strontium in comparison to the host rocks.
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Interpretations

The high strontium isotopic values observed in the Whittaker Formation dolomites
(Table VI-2 and Figures 24 and 25) suggest that the fluids interacted with siliciclastics
and/or shales to increase 87S1/86Sr values to 0.726.

Fluids forming the gangue dolomites associated with Type I ores may have had a
contribution of radiogenic Sr from two sources; |) due to eastward migration through
Selwyn Basin Road River shales, the fluids contacted Rb-rich illite and illite-
montmorillonite clays and inherited radiogenic strontium and 2) the fluids may have
passed through Proterozoic rocks. While both of these sources may have contributed to
increased 87Sr/86Sr values, the highly radiogenic values observed in gangue dolomites
associated with Type 1 mineralization most likely have been contributed from a Proterozoic
source. From Figure 21, 87Sr/86Sr values are also shown to increase toward Type [
mineralization and away from the overlying Road River shales, consistent with a
Proterozoic source. Chaudhuri and Clauer (1992) have argued that the role of ion exchange
by illitc and illite-smectite, clay minerals to be minor in elevating the 87St/86Sr ratios of
subsurface waters, and reason that the reaction (albitization) with feldspar favors
enrichment of 87Sr/86Sr ratios higher than 0.715.

While highly enriched 87S1/86Sr values are associated with Type I mineralization,
enriched 87Sr/86Sr values are also observed in Type II ores. Host dolomite and dolomitic
gangue from Type II ores have 87S1/86Sr values of 0.70954 and 0.71052 respectively.
Based on a Ludlovian stage for these Silurian Root River dolomites, (Morrow, pers.
comm., 1994) the 37Sr/86Sr value for the host carbonates should be 0.7088 (Burke et al.
1981). The two 37St/86Sr values obtained from saddle dolomite from the Zebra showing
indicate Sr isotopic enrichment, consistent with values in saddle dolomite observed by
Qing and Mountjoy, (1994) in northeastern British Columbia. The location of the Root

River dolostones overlying the Road River Formation shales favours 87Sr/86Sr enrichment
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as a result of basinal brines migrating castward through a shale source (Nesbitt and

Muehlenbachs, 1994).

Conclusions on Radiogenic Isotope Results

Both the lead and strontium isotopic results from this study point to involvement of
mineralizing fluid with Proterozoic rocks. The high strontium isotopic ratios (up to 0.723)
from gangue dolomite also suggest a Proterozoic source, consistent with mineralizing
fluids in a rifting environment. The lead results appear to indicale two possibilitics, 1) The
data suggest that all mineralization may be related to an event from Silurian to possibly
Jurassic, based on the 352 + 140 Ma intercept and the age of the host rocks (late
Ordovician to early Silurian). This would suggest that Type 1l mineralization within quartz
veins may be feeder systerns, as observed at the MacMillan Pass deposits (Goodlelow et
al. 1993). 2) An alternative would be to suggest that mineralizing events occurred initially
in middle Silurian to late Devonian time, related to rifting events in the Prairic Creek
Embayment. Later, mineralization associated with the Laramide orogeny, occurred during
Cretaceous time consistent with the model of Godwin et al. (1982). Based on geological
and geochemical results presented in this study, the latter interpretation better characterizes

mineralization present.
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Chapter VII Discussion

7.0 Variation within mineralization Types I, II and III at Prairie Creek

The Prairic Creek Zn-Pb (Ag) deposits comprise three distinct types of mineralization
hosted in lower Palcozoic carbonate units. The geological and geochemical characteristics
of the three styles of mineralization are shown in Table VII-1. Sangster (1990} in
comparing sedex and MVT deposits suggests that geochemical differences between the
two deposit types may be minor, while the greatest variation between the two are
morphological, in that sedex deposits are stratiform and normally fine-grained, and MVT
deposits are stratabound and typically coarse-grained. At Prairie Creek, these characteristics

as well as distinct structural variation apply to mineralization types I and II.

Geological Variation

Type I, stratiform mineralization at Prairie Creek is located within the Prairie Creek
Embayment (Morrow and Cook, 1987), which is inferred to be an extensional tectonic
structure related to rifting. Stratiform mineralization (discovered from drilling) consists of
variably bedded, fine grained subhedral, zoned sphalerite (clear to amber to red) and
massive reddish sphalerite, pyrite and lesser amounts of galena within a siliceous matrix.
Gangue mineralogy include euhedral, authigenic quartz, as well as microcrystalline quartz,
gangue white dolomite up to several millimeters in size and late calcite as fracture fillings
and isolated blebs rimmed by pyrite. Host rock lithologies for Type I mineralization within
the Upper Ordovician to Lower Silurian Whittaker Formation includes poorly bedded
dolomite, locally with chert nodules. Underlying this dolomite unit is a silicified clastic
unit, interpreted as quartzite. The quartzite unit is probably gradational with late Ordovician
Whittaker Formation unit Ow/2 (Morrow and Cook, 1987).
Type Il stratabound mineralization consists of medium-grained, massive yellowish-brown

sphalerite, with pyrite and rare galena associated with coarse-grained saddle



Table VII-I Comparison of Mincralization Types

Deposit Type
Geological Features
Host rock

Ceologic Setting
Sulfide occurrence

sulfide mineralogy

Gangue mineralogy

Type I

dolomite
stratiform
appears bedded

pyrite, sphalerite,
minor galena

euhedral and
microcrystalline
quartz, feroan
dolomite, trace
fluorite,

calcite veinlets

Geochemical Features

Gangue dolomite
(Trace elements)

Sphalerite
{Trace elements)

Fluid inclusion results

Inclusions in
Sphalerite (Th)

Salinity

Mn, Sr, Fe,
Zn enrichment

depletions in
elements analyzed
including Fe

(<1 wt %)

130 °C from
zoned sphalerite

(range from 110
200°C)

19 eq. wt %

Type 11

dolomite
stratabound

open space fill
pyrite, massive and
colloform sphalerite,

rare galena

Saddle dolomite,
rare quartz

Mn and Sr depleted

enrichment in Cd

range from 155
to 220 °C

23eq. wt%

105

Type I11

dolomite
cross-culting veins
with quartz

galena, sphalerite,
pyrite, tetrahedrite,
pyrargyrite

quautz, caleite

enrichments in Cd
and Hg

himodal
low temp. ~140
high temp. ~ 160 *C

~8eq. wt %
~16 eq. wt % NaCl



Table VII-I continued Typel

Lead Values
Mincral analyzed

207pp/204phH
range
average

200pR/204pp
range
average

208 pp/204pH
range
average

Ganguc dolomite
87Sr/86Sr values

8180 values
813C values
oD values
Quartz
3180 values
oD values
534S values
pyrite

sphalerite
galena

gulenas
n=16

15.640-15.662
15.651 % 0.007

18.664-18.773
18.710 + 0.039

38.727-38.86!
38.778 4+ 0.033

upto 0.723
230408
-2.8+04

-126

+22.5 + 1.2(n=3)

+22.2
+20.0

Type I1
sphalerites
n=3
15.641-15.656
15.648 + 0.007

18.581-18.739
18.661 + 0.079

38.552-38.816
38.645 + 0.148
0.710

164 +2.4
30422

-61 t0 -108
(-78.3)
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Type III

galenas
n=26

15.656-15.681
15.671 % 0.006

19.003-19.044
19.025 + 0.010

38.978-39.100
39.053 + 0.025

169+£2.8
-158 + 18

+18.7 £1.5 (n=3)

dolomitic cement. Saddle dolomite cements also observed at Gayna River (Beales and

Hardy, 1980) and Pine Point (Krebs and MacQueen, 1984) and the presence of colloform

sphalerite support an interpretation as Mississippi Valley Type (MVT), for Type II

mineralization. Host rocks for this mineralization are the Middle Silurian, Root River

Formation dolostones, which are located east of the Prairie Creek Embayment, within

MacKenzie shelf carbonate rocks.



Type Il mineralization, consisting of cross-cutting, westerly dipping quartz-sullide
veins, occurs in twelve discontinuous zones, in a north, northeast trend within the Prairie
Creek Embayment. Sulfide mineralization within the steeply-dipping veins consists of
variable galena, sphalerite, pyrite, tetrahedrite and pyrargyrite. Gangue mineralogy consists

of dolomitic country rock, calcite and rare ankerite.

Geochemical Variations

Microprobe analyses of gangue dolomites revealed high manganese values (up to 2
wt %) associated with Type I gangue dolomites in comparison to Type Il dolomitic
cements which include 0.04 weight percent, Similar high mangancse values have been
reported from the Tynagh ore deposit, Ireland (Russell, 1974).

Type I (stratiform) mineralization as well as Type [1 MV T-style mineralization are
both characterized by high salinity fluids (20 and 23 eq.wt % NaCl respectively). Eutectic
temperatures (temperature of first melt) observed in inclusions from both Types I and 11
mineralizing fluids range from -30 to-45 °C, indicating the prescnce of Ca and/or Mg
chlorides. Homogenization temperatures (T}) from zoned sphalerite from Type |
mineralization average 130 + 20 ¢C, with more massive sphalerite to 220 °C. Based on
observation of primary inclusions in zoned sphalerite, the higher homogenization
temperatures from inclusions in sphalerite are thought to be a result of leaked inclusions.
Ansdell et al. (1985) reported Ty, for vein ankerites at 258 ©C from the shale-hosted Tom
deposit, but suggested that post-mineralization deformation probably affccted those
temperatures, increasing Ty, as a result of leakage. Ansdell et al. (1985) suggested that the
range in formation temperatures was probably from 150 to 200 ©C based on 1) a lack of
variation in the oxygen isotopic composition of the whole rock approaching mineralization
and 2) a lack of chalcopyrite mineralization forming in a reducing environment.

Homogenization temperatures from inclusions in sphalerite from Type II

mineralization range from 155 to 220 °C, while inclusions from dolomitic gangue (from
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drill core) average 166417 ©C. The lower T}, valucs from dolomitic cement are consistent
with Ty, results generally reported from MVT deposits (Anderson and MacQueen, 1982).
Ty, values, up to 220 ¢C, from inclusions in Type II sphalerite from outcrop, may be due to
leaked inclusions.

Type Il mincralization, consisting of quartz-sulfide veins, shows a wide variation
in fluid chemistry. Fluid inclusion salinities range from 20 eq. wt % from inclusions in
guarlz veining to 2.0 eq.wt % NaCl {rom two phase, liquid-vapor inclusions from euhedral
quartz, overgrowths. The broad spread in salinities from inclusions in quartz suggests that
mixing of fluids occurred during prolonged deformatien from late Cretaceous to Tertiary.
Aulstead (1987) suggested that the broad range in salinities observed in the Manetoe Facies
represent mixing of Middle Devonian Elk Point residual brines with meteoric water.
Homogenization temperatures from inclusions in quartz from Type III mineralization also
show a broad range varying from 110 to 240 °C with an average of 163 £ 61 °C,
consistent with values reported by Aulstead (1987).

The 8!80 values of the Type I gangue dolomites (+23 + 0.8%o0) suggest formation
from relatively low temperature fluids, consistent with T, reported from zoned sphalerite in
this study. Wallrock dolomite depletions in 8180 are attributed to proximity of quartz
veining, rather than stratiform ore.

Within Type II mineralization, there is a marked lowering of §!80 values from
saddle dolomitic cements (average 16.4%o) in comparison to host dolomites (average
24.5%¢). The depletion in 180 values in dolomitic gangue results from a low 180 fluid,
which formed Type II (sphalerite, pyrite) mineralization. The depletion in the 8'80 values
from host dolomite to dolomitic cement (from diill core), is seen over an interval of less
than five centimetres. Alternatively the variation in 6130 values may be a function of
higher temperature, related to hydrothermal mineralization based on T}, observed in

sphalerite.
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3180 vatues from quartz from Type [ mineralization show a broad range from
9.1 to 19.7%o, averaging 16.9 + 2.8%c. The higher 8180 values are from mineratized veins,
while lower 180 values from euhedral quartz overgrowths are associated with low salinity
and low temperature meteoric fluids,

313C values from Types I and I1 dolomites (-2.8 + 0.4 and -4.4 + 1.2%0) arc
consistent with average marine carbonate 8'3C values, which vary from -4 to +1%e for late
Ordovician dolomites and -3 to +2%. for late Silurian dolomites (Veizer, [983). The
greater depletion in 8!3C values from Type IT dolomitic cement is attributed to the
oxidation of organic matter.

OD values determined from fluids obtained by thermal decrepitation of luid
inclusion waters were obtained from chert, sphalerite, and gangue dolomite from Type |,
saddle dolomite and host dolomite from Type II and quartz from Type 1l mineralization.
Variability between 8D values from Type I fluids from sphalerite and gangue dolomite,
presented in Table V-3, suggests a contaminated signal from 8D values in gangue
dolomite. 8D values from Type II fluids also shows variation, ranging from -99 to -1 15%a
from trench samples and -61 to -66%o from drill core samples. The lower 8D values arc
thought to be contaminated from more highly oxidized and sulfide-rich trench samples in
comparison to drill core samples. The higher 8D values are consistent with values (-42 to
-75%¢) reported from the Manetoe Facies (Yang et al.1995), 8D values obtained from
quartz from Type III mineralization show a range from -113 to - 184 with a average of -158
+18.1%o. These 8Dgy values are interpreted as syn to post orogenic fluids (Nesbitt and
Muehlenbachs, 1994),

87Sr/86Sr values from Type I, gangue dolomite (up to 0.723) are highly enriched in
87Sr as opposed to late Ordovician average carbonates which are 0.7078. These enriched Sr
isotopic ratios from Type I mineralization are distinctly different from values obtained
from host dolomites (0.709) as well as saddle dolomitic cements (0.710) associated with

Type II mineralization. The enriched Sr isotopic values are similar to those reported (0.716)



from Howards Pass (Goodfcllow and Jonasson, 1986). The high Sr isotope ratios in Type
I fluids suggest a Proterozoic source, accompanied by albitization of feldspars. Pb/Pb
results for Type I mineralization also point to a Proterozoic source, but not Hudsonian
(Godwin et al. 1982; Morrow ct al. 1990), based on the linear regression program
(Yorkfit) which suggests a maximum age of 1474 + 140 Ma. The 87S¢/863r value from
saddle dolomite cement reported here is c~nsistent with values (0.7106) reported by Qing

and Mountjoy (1992) from saddle dolomites in northeastern British Columbia,

Age Constraints

Exact dates on the timing of various mineralization events at Prairie Creek are not
available, however Pb/Pb isotopic results can infer relative timing of mineralization.
Sixteen 207Pb/204ph and 206Pb/204Ph isotopic values for galenas from Type I
mineralization fall along the Young Carbonate Group isochron of Godwin et al. (1982)
indicating an age ol mineralization similar to shale-hosted, Pb-Zn mineralization at the
Jason, Tom and Howards Pass deposits, Yukon. While a Devono-Mississippian age has
been inferred for mineralization at the Jason and Tom deposits, a Silurian age has been
suggested for mineralization at Howards Pass (Morganti, 1979).

Three lead isotopic values from Type II mineralization have slightly less radiogenic
values in comparison to values from Type I, and fall along the Young Carbonate Group
tsochron of Godwin et al. (1982), inferring a roughly contemporaneous age for
mineralization with Type L

Type Il mineralization has very homogenous lead isotopic values (Morrow and

Cumming, 1982), which plot along the silver-rich group isochron of Godwin et al. (1982).

The Type III values fall along an isochron, which includes the isotopic values from silver-
rich mineralization at Midway (Bradford, 1988), Keno Hill (Lynch et al. 1990) and Rusty

Springs (Kirker, 1982). As the Keno Hill and Midway deposits are associated with
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Cretaceous plutonism (Lynch et al. 1990; Bradford and Godwin, 1988), by association a

Cretaceous age is interpreted for Type 11T mineralization at Prairie Creek.

Structural variation

While present structural features in the Prairic Creek area,were the result of
Laramide compressional tectonics, rapid sediment changes within the Prairiec Creck
Embayment (Morrow and Cook, 1987) as well as the recognition of volcanics within the
Misty Creek Embayment to the north (Cecile, 1982), suggest early Paleozoic rifting, which
was accompanied by hydrothermal mineralizing fluids. In the MacMillan Pass arca, Abbott
et al. (1986) has suggested that lateral facies and thickness variations in the lower Earn
group are indicative of synsedimentary faulting during the Middle Devonian and volcanic
tuffs have been reported in the MacMillen Pass graben (Carne and Cathro, 1982). While no
evidence for a growth fault has been documented at Prairie Creck, synsedimentry faulting
attributed to rapid subsidence would allow mineralizing fluids to channel upward {rom
units below.

Sangster (1989) has suggested that MVT mineralization is often associated with
brecciation and an overlying unconformity. While brecciation appears absent within Type
II inineralization in the Root River Formation, an unconformable relationship has been
mapped (Figure 3) by Morrow and Cook (1987), with the Root River Formation overlain
by a Sub-Devonian unconformity.

Quartz-sulfide veining hosting Type III mineralization is thought to have formed in
response to Laramide folding as linear flexure breaks. Heal (1976) in mapping quartz-
sulfide veins at the Wrigley-Lou Pb-Zn showing to the northeast of the Prairie Creck arca,

observed a similar relationship, with veins forming parallel to axial plane cleavage.
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7.1 A Heat Source and Conodont Alteration Index (CAI) Values

Morrow et al, (1990) used conodont alteration index (CAI) in the Prairie Creek area
1o document maturation within sedimentary rocks. Their observations indicate that
Devonian and older rocks have CAI values of 5, whereas Mississippian and younger
sedimentary rocks have CAl values of 1, indicating normal geothermal gradients. The CAI
values suggest a thermal event occurred during the Devonian, consistent with the Antler
orogeny (Gordy et al. 1987). Gordey et al. (1987) suggest that the presence of coarse
clastic strata as well as chert, and locally atkalic volcanic rocks grade eastward into shelf
facies, as a result of rifting within extensional basins.

Based on fluid inclusion results from inclusions in dolomite and sphalerite from
Types I and Il mineralization in this study, hydrothermal fluids would account for
mineralization during Silurian to Devonian time, but are inconsistent with temperatures

(300 ©C) suggested to account for CAI values observed by Morrow et al. (1990).

7.2 Comparison with Other Cordilleran Pb-Zn deposits

MacMillun Pass shale-hosted deposits and Type I mineralization

Goodfellow and Jonasson (1984) suggest that stratabound Zn-Pb sulfide deposits
occur at two major stratigraphic positions in the Selwyn basin. The Howards Pass Zn-Pb
deposits lie within the Lower Silurian while the Tom and Jason Zn, Pb, Ba deposits occur
within the mid-Devonian to Early Mississippian (Carne and Cathro, 1982). Type I,
syndiagenetic mineralization at Prairie Creek is consistent with a Lower Silurian age,
although conodont alteration index values (Morrow et al.1990) would tend to support a
Devono-Mississippian event. Similar to Howards Pass, no barite is observed in Type I
mineralization. Goodfellow et al.(1993) suggest that Zn-Pb mineralization extended over

considerable time, based on thicknesses of ore zones (450m) at the Tom deposit in
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comparison to relatively narrow stratiform lenses (20 metres) at Prairic Creek. Ankerite-
bearing veins are interpreted as feeder veins to stratabound mineralization at the Tom and
Jason deposits (Carne and Cathro, 1982; Goodfellow et al. 1993) while such structures
have not been observed at Howard Pass or near Type [ mineralization at Prairic Creck.
Mineralization at the Tom deposit appears as bedded structures while bedded ores as well
as replacement mineralization occurs within Type | mineralization, suggesting a prolonged
mineralizing event. Gardiner (1983) suggested formation temperatures of 258 ¢C while
Ansdell et al.(1989) argued that temperatures ranging from 150 to 200 °C were more
probable, based on presence of later veining related to Laramide tectonics. The lower
formation temperatures suggested by Ansdell et al. (1989) are more consistent with Ty,
reported from inclusions associated with Type [ mineralization in this study. Salinity
determined for mineralizing fluids for the Tom and Jason deposits is 9 eq. wt % NaCl
compared to 19 eq. wt % from Prairie Creek. Mineralization from the MacMillan Pass
deposits, is thought to be structurally controlled along growth faults (Abbott, 1986), in a
graben structure. Such a structure is consistent with Type I mineralization, but at present is

only conjecture at Prairie Creek.

Robb Lake and Type Il mineralization

Tha Robb Lake, MVT deposit in northwestern British Columbia occurs within
Middle Devonian Stone Formation dolostones close to a major facies change with fine
grained clastics. Sulfide mineralization consists mainly of sphalerite, pyrite and galena
with gangue including white crystalline dolomite, quartz, pyrobitumen and calcite as
cement to dolostone in breccia fragments (Sangster and Carriere, 1991). Type H
mineralization is found within a similar geological setting and the presence of saddle
dolomite cement at Prairie Creek, further illustrates their similarity. Homogenization
temperatures from inclusions in sphalerite reported by Sangster and Carriere (1991)

average 119 °C while temperatures from inclusions in quartz reported by Macqueen and
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Thompson (1978) range from 210 to 260 °C, Such Ty, generally high for MVT deposits,
possibly may reflect reequilibration due to burial depths estimated at five km during mid-
Cretaceous time. Similar high homogenization temperatures have been recorded from
inclusions in Type I sphalerite, but are also interpreted as leaked inclustons. Salinities
reported from Robb Lake, (16 to greater than 23 equivalent wt. % NaCl) compare closely
with values from Type II. Brecciation, which is common with mineralization at Robb

Lake, does not appear to be associated with Type Il mineralization at Prairie Creek.

Midway and Type Il mineralization

The Rancheria silver deposits at Midway are thought to be related to Cretaceous
plutonism and have been described as carbonate-hosted, manto deposits (Bradford and
Godwin, 1987) occurring near a major fissure vein, In comparison to mineralizing fluids
associated with manto, fissure veins, Type III mineralization at Prairie Creek is far from
any igneous source and Ty, from inclusions in sphalerite (110 to 220 °C) are significantly
lower than values reported from inclusions in sphalerite (300-340 °C) from Midway
(Bradford, 1988). Consistent with high Ty, wallrock limestones at Midway show extreme
lowering of 880 values to less than 0%0 (SMOW) (Bradford, 1988), in comparison to
minor lowering of 3!80 values in wallrock dolomites at Prairie Creek. Eutectic
tempertures from Midway indicate calcium chloride brines and include the presence of
antarcticite (Fraser, unpublished data) in comparison to Mg/Ca chlorides at Prairie Creek.
Sulfide mineralogy at Midway is similar to mineralization present at Prairie Creek and

mineralizing veins are apparently both structurally controlled.

7.3 Conclusions and Implications for Exploration

The geological and geochemical results from Type I mineralization suggest that Zn-

Pb mineralization formed in a basinal environment, close to the seafloor as a result of
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protracted hydrothermal activity accompanying continental rifting (Russell ¢t al. 1981)
within the Prairie Creek Embayment (Morrow and Cook, 1987). A convected seawater
model for Type I mineralization, would account for 1) the pervasive dolomitization ol
carbonate rocks (Land, 1985) in the Prairie Creek area, and 2) the heavy 8348 values. The
high salinities present are probably due to dissolution of cvaporites (based on evaporite
pseudomorphs observed in thin section). The fluid inclusion results from zoned sphalerite
indicate relatively low formation temperatures, suggesting shallow convection, while
higher T}, values may be related to leakage or deeper convected fluids. Gangue dolomite
associated with Type I mineralization appears as a replucement of original limestone, and
from cathodoluminescence, sphalerite is shown to replace ganguc dolomite, similar to
observations made at the Lisheen Pb, Zn, Ag deposit, lreland (Hitzman et al. 1990). The
association of rapid facies changes and silicified dolomite/clastic contacts scen in the Prairic
Creek Embayment indicates a prospective horizon. Trace metal accumulations of Mn, Zn,
and Sr within feroan gangue dolomite and depleted values of cadmium in sphalerite
characterize Type I mineralization.

Type II mineralization is consistent with Mississippi Valley Type mineralization
with associated saddle dolomite cement, depletion of 3'80 in the cement relative to host
dolomite and homogenization temperatures consistent with reported MV'T values. Type 11
mineralization is characterized by non-feroan, coarse-grained saddle dolomite cement.
Salinities for Type II mineralizing fluids are slightly higher than Type I fluids, with similar
Th. This style of mineralization appears to be related with uniformity contacts, is apparently
devoid of brecciation, and occurs outside the Prairie Creek Embayment within shelf
carbonate rocks.

Type III mineralization is more structurally-controlled, developed as fissure veins
related to the Laramide Orogeny. Thin section observations reveal crack-seal deformation

within quartz, and cleavage development in sphalerite. Type III mineralization,
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characterized by low salinity and low 8D values, represents syn- to post-orogenic fluids,
and, by association with other silver-rich deposits, is interpreted as Cretaceous in age.

The results from this thesis indicate two main points. 1) The fluid inclusion data
from stratiform Zn-Pb mineralization at Prairie Creck suggest that mineralizing fluids may
have significantly lower Ty, than have been previously reported, consistent with the
interpretation of Ansdell et al. (1989). 2) The presence of rapid facies changes within an
extensional basin, coupled with highly enriched 87Sr/%6Sr isotopic values and elevated
mangancse within gangue dolomite, suggest the presence of stratiform, sedimentary pyrite,
zinc and lead mineralization, By implication, additional extensional basins, within shelf
carbonate platforms, should be further explored for stratiform Zn-Pb mineralization within
the northern Canadian Cordillera. The thesis demonstrates the effectiveness of both
radiogenic and stable isotope geochemistry as well as fluid inclusion analyses, in

characterizing Zn, Pb, Ag mineralization in the northern Canadian Cordillera.
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Appendix IV - Linear Regression Program (Yorkfit)

Errors are in 26, in percent

Sct # 206pp/204Py  Yerror 207pb204PY 9 error  Error Correlation
| 18.698 042 15.652 072 091
2 18.681 042 15.646 072 0.91
3 18.676 042 15.641 072 0.91
4 19.003 042 15.667 072 0.91
5 18.723 042 15.653 072 0.91
6 19.240 042 15.713 072 0.91
7 18.770 042 15.656 072 0.91
8 18.692 042 15.646 072 0.91
9 18.718 042 15.654 072 0.91
10 18.708 042 15,662 072 0.91
il 18.801 042 15.663 072 0.91
12 19.018 .042 15.679 072 0.91
13 19.010 042 15.676 072 0.91
14 19.326 042 15.708 072 0.91
] 19.975 042 15.770 072 0.91
16 18.664 042 15.640 072 0.91
17 18.690 042 15.652 072 0.91
18 18.695 .042 15.653 072 0.91
19 18.700 042 15.655 072 0.91
20 18.689 042 15.655 .072 0.91
21 18.689 042 15.650 072 0.91
22 18.773 042 15.655 072 0.91
23 19.042 042 15.575 072 0.91
24 18.739 042 15.647 072 0.91
25 19.011 042 15.670 072 0.91
26 19.132 042 15.685 072 0.91
Model 1 Solution - Assumes all scatter is due to analytical error
) Slope Y-intercept X-intercept

Best Fit 0.0923196 13.9233 -150.817
Error (1o, A Priori) 003596 0.0679

Error (1s, from scatter) 003992 0.07537

Error (95% confidence

limits) 007048 0.1331 13
Coordinates of Centroid: X = 18.8788 Y = 15.6662

Analytical errors alone will cause the observed amount of scatter or more 20% of the time,
as indicated by the M.S.W.D of 1.23

Growth curve intercepts are at 352 and 1249 Ma
Model 1 Isochron Age = 1474 + 140 (95% confidence) Ma



