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ABSTRACT 
The Finlayson Lake district contains >30 Mt of volcanogenic massive sulphide (VMS) mineralization, 
but has not been the focus of field-based research since the mid-2000s. We present herein preliminary 
fieldwork on Yukon-Tanana terrane (YTT) host rocks that are the groundwork for future petrologic, 
isotopic, and geochronologic studies of the stratigraphy and crustal evolution of the VMS deposits and 
YTT rocks in the Finlayson Lake region and other peri-Laurentian terranes of the northern Cordillera. 
During the summer of 2017, we logged seven drill holes that intersected the stratigraphic hanging walls 
and footwalls of the mafic-hosted Fyre Lake and felsic-hosted Kudz Ze Kayah and GP4F VMS deposits. 
The stratigraphic results generally reveal finely laminated to bedded mafic or felsic volcaniclastic rocks 
that are interbedded with clastic rocks or cut by intrusive rocks and reflect changes in depositional 
environments and tectonomagmatic regimes in the Late Devonian to Early Mississippian.
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(CA-TIMS) U-Pb techniques to better constrain the 
stratigraphic boundaries for VMS-bearing horizons. We 
also present new graphic logs from the Fire Lake, Kudz 
Ze Kayah, and Wind Lake formations, subject of detailed 
U-Pb sampling in 2017, and describe the research plan for 
future work in the region.

GEOLOGICAL SETTING
The Finlayson Lake region is an Upper Devonian to Lower 
Mississippian fault-bounded sliver of the peri-Laurentian 
Yukon-Tanana and Slide Mountain terranes located in 
southeastern Yukon (Fig. 1; Tempelman-Kluit, 1979; 
Mortensen and Jilson, 1985; Murphy et al., 2006). The 
Yukon-Tanana stratigraphy comprises variably deformed, 

INTRODUCTION
The Finlayson Lake district contains >30 Mt of polymetallic 
(Zn-Pb-Cu-Co-Au-Ag) volcanogenic massive sulphide 
(VMS) mineralization that has been discovered since 
the mid-1990s (Hunt, 1997; Peter et al., 2007). Current 
exploration and development has been focused at the 
Kudz Ze Kayah Zn-Pb-Cu deposit and has resulted in a 
NI 43-101 compliant total geological resource of 19.2 Mt 
at 6.3% Zn, 1.9% Pb, 0.9% Cu, 148 g/t Ag, and 1.4 g/t 
Au (BMC Minerals Ltd.). Regional mapping and U-Pb 
ages completed in the late 1990s and early 2000s have 
defined stratigraphic domains and a tectonostratigraphic 
framework for the Kudz Ze Kayah and other VMS 
deposits in the district (Grant, 1997; Murphy and Piercey, 
1999a,b; Murphy et al., 2006); however, the petrological 
relationships and precise timing of sulphide deposition 
relative to nearby subvolcanic intrusions is not well 
understood.

Modern, high-precision U-Pb geochronology has been 
useful in constraining the of age of stratigraphic sequences, 
timing of mineralization, and relationships between 
intrusive and extrusive rocks in various VMS deposits 
worldwide (e.g., Corfu et al., 1989; Barrie et al., 2002; 
Mortensen et al., 2008; Piercey et al., 2008; Rosa et al., 
2009; Eyuboglu et al., 2014; Ross et al., 2014). In addition, 
more recent studies have combined isotopic geochemistry 
with mineral-scale petrology to address critical knowledge 
gaps related to the fertility and prospectivity of mineral 
belts, and intrinsic parameters of the magmas that supply 
heat and/or metals to VMS deposits (e.g., Wolverine VMS 
deposit; Piercey et al., 2017). The integration of modern 
geochronological and geochemical techniques can also 
constrain the timing and petrological evolution of VMS-
associated rocks, which may be useful to discriminate 
prospective from less prospective stratigraphic sequences 
globally (e.g., Piercey, 2011).

In this paper, we provide new stratigraphic data for VMS 
mineralization in the Finlayson Lake district. This revised 
stratigraphic framework forms the basis for additional 
geochronological and lithogeochemical sampling 
undertaken in 2017. We present a compilation of mainly 
U-Pb zircon ages from the current geochronological 
database (Appendix 1) to evaluate the constraints on 
stratigraphic horizons that host mineralization in the 
district. This assessment sheds light on the overall paucity 
of robust U-Pb ages throughout the region, especially those 
in the Cleaver Lake and Money Creek thrust sheets, and 
the need for updated ages utilizing modern high-precision 
chemical abrasion-thermal ionization mass spectrometry 
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Figure 1. Terranes of the northern Cordillera in British 
Columbia, Yukon and Alaska (modified after Colpron and 
Nelson, 2011). AX = Alexander, QN = Quesnellia, ST = Stikinia, 
YT = Yukon-Tanana, WR = Wrangellia.
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Kayah (KZK) formation, which have been intruded by Late-
Devonian-Early Mississippian Grass Lakes granitoid rocks, 
and mafic volcanic rocks of the Wind Lake formation 
(Murphy, 1998; Murphy et al., 2006). The Mississippian 
Wolverine Lake group unconformably overlies the Grass 
Lakes group and typically includes conglomerate to 
sandstone and felsic volcanic rocks that are capped by 
an extensive exhalite horizon and basalt (Figs. 3 and 4; 
Murphy and Piercey, 1999a, b; Bradshaw et al., 2001, 
2008; Murphy et al., 2002).

The Big Campbell thrust sheet is host to most VMS 
deposits in the district. Mineralization is of variable style 
and hosted in different stratigraphic packages that reflect 
the dynamic mid-Paleozoic tectonomagmatic history 
of the district (Piercey et al., 2001, 2006; Nelson et al., 
2006; Peter et al., 2007). The Kudz Ze Kayah Zn-Pb-Cu 
and GP4F Zn-Pb deposits (Kudz Ze Kayah formation) 
are hosted by felsic volcanic host rocks of the Kudz Ze 
Kayah formation, whereas the Fyre Lake Cu-Co-Au and Ice 
Cu ± Zn deposits are part of mafic-dominated successions 
(Fire Lake and Campbell Range formations, respectively), 
and the Wolverine Zn-Pb-Cu-Ag-Au deposit is hosted by 
the volcano-sedimentary sequence of the Wolverine Lake 
group, which contains abundant shale and iron formation 
(Figs. 3 and 4; Piercey et al., 2001, 2016; Sebert et al., 
2004; Peter et al., 2007; Bradshaw et al., 2008).

PREVIOUS WORK

LITHOGEOCHEMISTRY AND RADIOGENIC 
ISOTOPES

A number of studies over the past 30 years have 
contributed to the growing database of geochemical 
data in the Finlayson Lake region. The earliest work by 
Mortensen (1992) and Grant (1997) focused on U-Pb and 
radiogenic isotopic data for granitoid and other rocks in the 
district, and both illustrate that continental crustal material 
played a significant role in the formation of magmatic 
rocks throughout the region, and that basin sediments 
contained significant contributions from Precambrian 
crustal material. Integrated mapping, lithogeochemical, 
and radiogenic isotopic work on the felsic and mafic rocks 
in the district was undertaken Piercey (2001). Subsequent 
investigations of the felsic rocks revealed a distinct divide 
between typical calc-alkalic, I-type arc rocks and HFSE-
REE-enriched, A-type back-arc rocks (Piercey et al., 2001; 
2003) that are both interpreted to have extensive crustal 
contamination from Precambrian basement domains. 

pervasively metamorphosed, and stratigraphically-intact 
volcanic, plutonic, and sedimentary rocks that were 
deposited or intruded above a pre to Late Devonian 
continental basement (i.e., North River formation and 
Snowcap assemblage; Colpron et al., 2006; Murphy et 
al., 2006; Piercey and Colpron, 2009). The Yukon-Tanana 
rocks are separated from juvenile mafic volcanic rocks and 
basinal sedimentary rocks of the Slide Mountain terrane by 
the Jules Creek transform fault (Murphy et al., 2006). The 
combined Yukon-Tanana and Slide Mountain rocks were 
thrust onto Laurentian continental margin strata, including 
Selwyn basin, along the Jurassic-Early Cretaceous Inconnu 
thrust following final accretion (Figs. 2 and 3; Murphy et 
al., 2002). Rocks of the Yukon-Tanana terrane presently 
located in the Finlayson Lake district were subsequently 
displaced ~430 km south of the main part of the terrane 
along the Tintina strike-slip dextral fault in the Eocene  
(Fig. 1; Gabrielse et al., 2006).

Rocks of the Yukon-Tanana terrane in the Finlayson 
Lake region comprise three fault-bounded stratigraphic 
successions confined to distinct structural panels: the 
Cleaver Lake, Money Creek, and Big Campbell thrust 
sheets, respectively (Figs. 2 and 3). The Cleaver Lake thrust 
sheet includes Upper Devonian to Lower Mississippian 
basalt and minor rhyolite, chert, and greywacke of the 
Cleaver Lake formation, which are intruded by Early 
Mississippian Simpson Range granitoid rocks and 
juxtaposed with ultramafic-mafic components from the 
Money and North klippen (Tempelman-Kluit, 1979; 
Piercey and Murphy, 2000; Murphy et al., 2006). Rocks 
in the Money Creek thrust sheet comprise pre-Upper 
Devonian sedimentary rocks of the North River formation 
(also basement to the Big Campbell thrust sheet discussed 
below) that are stratigraphically overlain by predominantly 
felsic volcanic and deep marine sedimentary rocks of 
the Waters Creek formation and intruded by Simpson 
Range granitoid rocks. Intermediate to felsic volcanic, 
volcaniclastic, and epiclastic rocks of the Tuchitua River 
formation unconformably overlie the Waters Creek 
formation (Fig. 3). The Big Campbell thrust sheet contains 
North River formation metasiliciclastic rocks that precede 
Upper Devonian volcanism of the Grass Lakes group, 
which is unconformably overlain by the sedimentary and 
volcanic rocks of the Lower Mississippian Wolverine Lake 
group (Figs. 2, 3 and 4). The base of the Grass Lakes group 
consists of bimodal mafic and lesser felsic volcanic and 
volcaniclastic rocks of the Fire Lake formation that are 
associated with ultramafic-mafic rocks. These are overlain 
by felsic volcanic-volcaniclastic rocks of the Kudz Ze 
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Tanana terrane (Mortensen, 1983, 1992, 2004, 
unpublished data; Grant, 1997; Piercey, 2001; 
Devine et al., 2006; Murphy et al., 2006; and 
Piercey et al., 2008; Appendix 1; Fig. 5). While 
the first U-Pb ages for the Finlayson Lake district 
illustrated the host rocks were Paleozoic  
(ca. 360-351 Ma; Mortensen, 1983), they are 
excluded from discussion here for consistency 
because analyses were completed prior to the 
introduction of air-abrasion sample preparation 
(Krogh, 1982). Thirty-seven ages are reported 
for the Finlayson Lake region; analyses include 
air abrasion-isotope dilution-thermal ionization 
mass spectrometry (ID-TIMS) U-Pb zircon 
(n = 33), ID-TIMS U-Pb titanite (n = 1), sensitive 
high-resolution ion microprobe (SHRIMP) U-Pb 
zircon (n = 3), and 40Ar/39Ar white mica (n = 1) 
geochronology (Appendix 1; Fig. 5). Ages 
range from the Early Devonian (ca. 375 Ma) 
to the Late Permian (ca. 255 Ma; Figs. 3 and 
5). Re-evaluation of these data indicate that 
the U-Pb analyses only broadly define the age 
of host stratigraphy and the timing of seafloor 
VMS formation (Fig. 5). In evaluating historic 
data, we assigned each age an objective 
rating (i.e., uncertain, poor, good, moderate, 
excellent) based on the number of concordant 

vs. discordant fractions, inheritance and Pb-loss reported 
for these samples (Appendix 1).

Historic samples from the district provide a rough 
framework for magmatism, volcanism and sedimentation 
(Appendix 1). In the Big Campbell thrust sheet, these ages 
provide reasonable constraint for the Wolverine Lake 
group (ca. 356 to 346 Ma) and a possible upper limit of the 
Fire Lake formation (ca. 365 Ma), but do not define critical 
boundaries for VMS-bearing rocks of the Kudz Ze Kayah 
formation (Fig. 5). Ages determined for the Money Creek 
thrust sheet are relatively well-defined with clear breaks 
between the Waters Creek (ca. 360 Ma) and Tuchitua  
(ca. 352 to 347 Ma) formations, with Simpson Lake granitoid 
rocks intruding the Waters Creek formation at ca. 357 Ma. 
The Cleaver Lake thrust sheet contains the ca. 360 to  
356 Ma Cleaver Lake formation and two intervals of 
magmatic activity represented by the Simpson Range 
plutonic suite (ca. 355 Ma and ca. 347 Ma). Despite a 
broad range of U-Pb ages presented here, new age analyses 
are needed to tighten the constraints on stratigraphic 
boundaries and timing of mineralization, which will 
provide an improved framework for future exploration in 
the district.

Associated mafic volcanic rocks in this arc-back-arc setting 
exhibit petrogenetic affinities of alkalic ocean island 
basalt (OIB), low-Ti tholeiite to boninite, back-arc basin 
basalt (BABB), enriched mid-ocean ridge basalt (E-MORB; 
e.g., Fire Lake formation; Piercey et al., 2002a,b; 2004), 
enriched and normal mid-ocean ridge basalt (E-, N-MORB) 
and back-arc basin basalts (BABB; e.g., Wolverine Lake 
group and Campbell Range basalts, Slide Mountain 
terrane; Piercey et al., 2002c). The evolved Nd isotopic 
signature of felsic rocks (i.e., eNd(t) < 0) in the district 
indicate significant Precambrian crustal contributions 
during evolution of the northern Cordillera (Piercey et al., 
2001, 2003). Conversely, juvenile isotopic compositions 
in mafic rocks (i.e., eNd(t) > 0) represent components of 
mantle-derived material and shifts in tectonomagmatic 
affinities; however, these rocks are interpreted as minor 
additions to a predominantly evolved Cordilleran crust 
(Piercey et al., 2004, 2012).

U-PB GEOCHRONOLOGY

Numerous studies have presented new geochronological 
data to constrain the age of stratigraphy in the Finlayson 
Lake region and its relationship to the rest of the Yukon-
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STRATIGRAPHY

Grass Lakes group

Fire Lake formation

Two drill holes (FL96-39 and FL97-109) from the Fire Lake 
formation, where both intersected the Fyre Lake VMS 
lenses, were logged. Both sections contain a footwall 
sequence of bedded and variably deformed mafic 
volcaniclastic rocks (e.g., mafic ash to lapilli tuff) associated 
with sulphide-magnetite lenses, (e.g., Sebert et al. 2004). 
Drill hole FL96-39 contains two stacked, ~10-15 m sulphide 
lenses that are separated by ~35 m of mafic tuffaceous 
rocks with minor felsic material. The stratigraphic hanging 
wall to the sulphide lenses presents a transition from 
interbedded argillite, siltstone, and sandstone with mafic 
tuffaceous rocks grading into a fining-upwards sequence 
dominated by finely laminated to bedded black, grey,  
and/or white clastic rocks and argillite interpreted as 
turbidite deposits (Fig. 6).

2017 FIELD STUDIES
The primary goals of the 2017 fieldwork were to map 
and sample the stratigraphy in the Finlayson Lake region, 
specifically the Big Campbell thrust sheet and deposit-
bearing stratigraphy, for the purposes of: 1) refining the ages 
of stratigraphic horizons that host VMS deposits; and 2) 
determining the role of felsic magmatism in crustal growth 
of the northern Cordillera and, if possible, the formation of 
VMS deposits in the Yukon-Tanana terrane. Fieldwork was 
based out of the Kudz Ze Kayah exploration camp (BMC 
Minerals Ltd., 2017). Focused sampling of outcrop and drill 
core, combined with detailed stratigraphic logging, was 
completed on seven drill holes from the Kudz Ze Kayah 
(n = 4), GP4F (n = 1), and Fyre Lake (n = 2) VMS deposits, 
with holes that intersected the stratigraphic hanging wall 
and footwall of each deposit (Figs. 6 and 7). Twelve U-Pb 
geochronology and 71 lithogeochemistry samples were 
collected at selected outcrops and from drill core intervals 
both above and below ore lenses. For the purposes of 
this paper, we will only discuss the stratigraphic results 
relevant to sampling for U-Pb geochronology.
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crystal tuff to lapilli tuff intercalated with either laminated 
clastic pelitic rocks, felsic tuff with argillite, or rare mafic 
tuffaceous rocks; locally massive to amygdaloidal felsic 
volcanic rocks comprise parts of the footwall. In the GP4F 
deposit, the stratigraphic footwall consists of feldspar-blue 
quartz-eye crystal tuffs that are interbedded with finely 
laminated pelitic rocks near the contact with massive 
sulphides. The immediate hanging wall stratigraphy of 
the GP4F deposit contains variably lapilli and crystal-
rich tuffaceous rocks that are interbedded with finely 
laminated biotite-calcite-rich pelitic rocks immediately 
above the GP4F sulphide zone. In the uppermost part of 
the Kudz Ze Kayah formation, the rocks are dominantly 
felsic tuffs to lapilli tuffs that dip shallowly to the north and 
are transitional with overlying mafic tuffs of the overlying 
Wind Lake formation.

Kudz Ze Kayah formation

Outcrop and drill holes from the Kudz Ze Kayah (n = 3; 
K15-299, K15-301, K16-372) and nearby GP4F (n = 1;  
K15-302) VMS deposits are dominated by felsic 
volcaniclastic rocks and lesser sedimentary rocks, which 
contrast with the mafic rocks of the Fire Lake (below) 
and Wind Lake formations (above; Fig. 4). Rocks that 
comprise the Kudz Ze Kayah deposit are primarily felsic 
volcaniclastic rocks with crosscutting intermediate to 
felsic intrusive rocks (rarely they have mafic compositions) 
throughout the hanging wall and footwall to the Kudz Ze 
Kayah VMS lenses (e.g., BMC Minerals Ltd., 2017).

The Kudz Ze Kayah deposit is contained within the >500 m 
thick Kudz Ze Kayah formation, which consists of a deeper 
footwall of fining-upwards sequences dominated by felsic 
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Both the Kudz Ze Kayah and GP4F deposits are cut by 
mafic and felsic intrusive rocks (dikes?) that are locally 
up to 30 m thick; some of the mafic intrusive rocks are 
potentially correlative with the Wind Lake formation. The 
lower and upper contacts of the Kudz Ze Kayah formation 
are cut by intrusive rocks of the Late Devonian-Early 
Mississippian Grass Lakes plutonic suite, which are shown 
to have comparable age and geochemical characteristics 
to rocks of the Kudz Ze Kayah formation (Piercey et al., 
2003).

Wind Lake formation

The Wind Lake formation overlies the Kudz Ze Kayah 
formation and represents a geochemical transition to 
dominantly mafic volcaniclastic rocks and argillaceous to 
quartz-rich sedimentary rocks (e.g., Murphy, 1998; Murphy 
et al., 2006; Fig. 6). Drill hole K17-439 shows dominantly 
mafic rocks that include interbedded, finely laminated 
mafic tuffaceous rocks with argillite that transitions 
uphole to greater abundances of siltstone, wacke, and 
lesser clastic material intercalated with mafic tuff and 
argillite (Fig. 6). Abundant biotite-rich mafic intrusive rocks 
have sharp contacts with tuffaceous rocks (i.e., dikes or 
sills) and are thickest (~13.5 m) at the transition from 
mafic volcaniclastic rocks to coarser grained clastic to 
argillaceous rocks up section in the Wind Lake formation.

Grass Lakes plutonic suite

Rocks of the Late Devonian to Early Mississippian Grass 
Lakes plutonic suite intrude the entire Grass Lakes group 
stratigraphy, are texturally heterogeneous, and range 
from feldspar-quartz augen granites to feldspar-dominant 
porphyries with minor blue quartz eyes (e.g., Murphy et al., 
2006; Figs. 4 and 7d,i). Both varieties are variably foliated 
and deformed with feldspar crystal modes between 10 
and 40 vol.% and that have grain sizes between 2 and 
30 mm.

Wolverine Lake group

The lowermost rocks of the Wolverine Lake group crop 
out approximately 80 m east of Grass Lakes granite 
outcrops and across an angular unconformity (Murphy 
and Piercey, 1999b; Murphy et al., 2002). These rocks are 
strongly foliated quartz and feldspar-bearing felsic rocks 
(porphyry?) that contain relatively homogenous, 3-5 mm 
quartz and feldspar crystals (Fig. 7c).

SAMPLE DESCRIPTIONS

Grass Lakes group

Fire Lake formation

Two U-Pb geochronology samples from FL97-109 are 
sedimentary rocks (sand beds in siltstone, 17MM-043; 
siltstone between sulphide lenses, 17MM-049; Fig. 7j,l) 
that will be treated as detrital samples and analyzed 
using laser ablation-inductively coupled plasma-mass 
spectrometry (LA-ICP-MS) techniques, with the potential 
for follow-up CA-TIMS analyses to constrain maximum 
depositional ages. Sample 17MM-047 is a siliceous band 
(tuff?) intercalated with mafic volcaniclastic rocks where 
CA-TIMS methods will be utilized to constrain the upper 
limits of sulphide mineralization in the Fyre Lake deposit 
(Figs. 6 and 7k).

Kudz Ze Kayah formation

Sampling for U-Pb geochronology was restricted to outcrop 
and holes K15-301 (intersects massive sulphides) and K16-
372 (footwall; Figs. 6 and 7b,e-h). A beige, blue quartz-
eye felsic volcaniclastic rock (ash to local lapilli tuff) was 
collected ~5 m below the inferred Wind Lake formation 
contact to constrain the upper limit and last major phase 
of felsic volcanism in the hanging wall of the Kudz Ze 
Kayah formation (17MM-002; Fig. 7b). Approximately  
50 m above the massive sulphides, a green to grey, felsic 
ash to lapilli tuff, with local lapilli stone is interpreted to 
record the minimum age for mineralization (17MM-031; 
Figs. 6 and 7e). Three additional intrusive rocks interpreted 
to cut primary stratigraphy were collected in the footwall 
of the Kudz Ze Kayah deposit (17MM-034, 17MM-060, 
and 17MM-061; Fig. 7f-h).

Wind Lake formation

One U-Pb sample (17MM-001) was collected from an 
outcrop approximately 300 m above the Kudz Ze Kayah 
contact. Here, a 40-cm section of beige to orange, foliated 
and locally laminated felsic ash tuff is intercalated with 
chlorite-rich mafic tuff and interpreted to represent the 
upper limit of volcanic activity for the Wind Lake formation 
(Fig. 7a).
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Figure 7. Field photographs of 
2017 sampling locations for U-Pb 
zircon geochronology in the Big 
Campbell thrust sheet, Finlayson 
Lake region. (a) 17MM-001: Wind 
Lake formation, felsic ash tuff 
interbedded with mafic ash tuff 
~300 m above contact with Kudz 
Ze Kayah formation (413749E, 
6815933N); (b) 17MM-002: Kudz 
Ze Kayah formation, blue quartz-
eye felsic volcaniclastic intercalated 
with ash tuff, ~ 5 m below the Wind 
Lake formation contact (413907E, 
6815182N); (c) 17MM-004: 
Wolverine Lake group, massive and 
foliated quartz-feldspar porphyry 
(429446E, 6812106N); (d) 17MM-
005: Grass Lakes plutonic suite, 
foliated and deformed, massive 
alkali feldspar-quartz augen granite 
(429291E, 6812095N); (e) 17MM-
031: Kudz Ze Kayah hanging wall 
(50 m above massive sulphides), 
felsic lapilli to ash tuff with local 
lapilli stone; (f) 17MM-034: Kudz 
Ze Kayah footwall, quartz-sericite 
altered massive rhyolite intrusive; 
(g) 17MM-060: biotite-chlorite 
altered mafic dike cross-cutting KZK 
footwall; (h) 17MM-061: quartz-
feldspar porphyry with rare blue 
quartz eyes that cuts KZK footwall; 
(i) 17MM-062: Grass Lakes plutonic 
suite, quartz-feldspar porphyry; 
(j) 17MM-043: Fyre Lake hanging 
wall, grey siltstone with intercalated 
sandy beds; (k) 17MM-047: Fire 
Lake hanging wall, siliceous bands 
interbedded in mafic tuff; and  
(l) 17MM-049: Fire Lake formation, 
siltstone between sulphide lenses. 
Hammer (35 cm) for scale in (a)-(d). 
Coordinates for specific locations 
noted in (a)-(d) above are UTM 
Zone 9N, NAD 83.
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Grass Lakes plutonic suite

Two U-Pb samples were collected from this unit. Sample 
17MM-005 is a foliated and deformed to massive alkali 
feldspar-quartz augen granite from just below the inferred 
Wolverine Lake group unconformity (Fig. 7d; Murphy and 
Piercey, 1999b,c). Sample 17MM-062 is a quartz-feldspar 
porphyry with blue quartz eyes from the base of the Kudz 
Ze Kayah formation, at 580 m depth in drill hole K16-372 
(Fig. 7i).

Wolverine Lake group

U-Pb sample 17MM-004 was collected from outcrop 
where it is interpreted to be the lowermost, thus oldest, 
rocks of the Wolverine Lake group (Fig. 7c). This will test 
the existing detrital zircon data by Murphy et al. (2006) 
which indicated a maximum depositional age of 358 Ma 
for a basal conglomerate of the Wolverine Lake group 
(Figs. 3 and 4).

FUTURE RESEARCH

CHEMICAL ABRASION ID-TIMS U-PB ZIRCON 
GEOCHRONOLOGY

A review of historical U-Pb zircon dates reveals a 
knowledge gap when defining the chronostratigraphic 
framework for VMS mineralization in the Finlayson Lake 
region. 

Air abrasion treatment of zircon was the typical sample 
preparation technique used for these samples from the 
1980s to 2000s, a method which removed the U + Th-rich 
rims of zircon to lessen the effects Pb-loss and produce 
more concordant and thus geologically significant ages 
(Krogh, 1982). Recent advances in chemical abrasion 
techniques (CA-TIMS) have increased our ability to remove 
high U + Th domains within the internal structure of zircon 
by thermal annealing and stepwise chemical leaching 
(Mattinson, 2005). The result is increased precision down 
to 0.1% (or better) and capability to analyze closed-
system zircon with relatively low levels of initial U and Th 
(Mattinson, 2005; Schmitz and Kuiper, 2013). Utilization 
of the CA-TIMS method on felsic rocks of the Finlayson 
Lake region will considerably increase our confidence in 
the chronostratigraphic framework for mineralization, the 
timing of mineralization, and the duration of magmatic 
activity. These results will provide key information that 
may aid future exploration in the region.

LITHOGEOCHEMISTRY, BULK ROCK AND IN 
SITU HF-ND ISOTOPES 

Rocks in the Finlayson Lake region display a wide range of 
geochemical characteristics and petrogenetic affinities that 
reflect distinct tectonic regimes during the Late Paleozoic 
(Piercey et al., 2001, 2002a,b, 2003, 2004, 2006, 2012). 
New drill core, most notably from the ongoing projects 
of BMC Minerals Ltd. at Kudz Ze Kayah and GP4F, has 
allowed us to access previously unavailable parts of the 
Grass Lakes group stratigraphy for ancillary geochemical 
sampling. A subset of the samples will be analyzed for 
major and trace element lithogeochemical analysis to 
properly place these rocks in a petrogenetic context. In 
addition, whole-rock Hf-Nd radiogenic isotopic analyses 
will be undertaken to complement existing Nd isotopic data  
(e.g., Piercey et al. 2003). At a smaller scale, we will also 
begin a comprehensive mineral separation program to 
remove zircon, monazite, and apatite from select samples 
for in situ laser ablation split stream (LASS) Lu-Hf and U-Pb 
(zircon) and Sm-Nd and U-Pb (monazite, apatite) isotopic 
analyses at Memorial University of Newfoundland. 
Integration of these methods will aim to link new field 
observations with lithogeochemical and in situ analyses 
to evaluate petrogenetic processes and the intensive 
parameters of magma generation (e.g., temperature of 
emplacement, redox state, sulphur budget) and the extent 
of mantle vs. crustal contributions to formation of felsic 
rocks (both VMS-bearing and barren suites). Isotopic 
analyses of felsic rocks will provide new insight in evolved 
magmatism and crustal growth in Paleozoic terranes of 
the northern Cordillera, and add to the existing regional 
framework for direct comparison and refinement of 
tectonic models for the Finlayson Lake region and the 
Yukon-Tanana terrane.

CONCLUSIONS
1) The level of exposure in the Finlayson Lake region, 

coupled with stratigraphically controlled drill core, 
provide exceptional opportunities to study the age 
and geochemistry of the VMS stratigraphy of the 
Finlayson Lake region and test existing tectonic and 
metallogenic models for the district.

2) New high-precision chemical abrasion ID-TIMS U-Pb 
zircon geochronology is needed to constrain the 
VMS-bearing and barren stratigraphy, and timing of 
VMS mineralization in the district.
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3) New stratigraphic logging has allowed us to 
accurately place U-Pb and lithogeochemical 
samples in stratigraphic context relative to VMS 
mineralization.

4) Future work will include high-precision U-Pb zircon 
geochronology, in situ and whole-rock radiogenic 
isotopic techniques, and major and trace element 
lithogeochemistry to address the petrology of felsic 
rocks and their relation to crustal growth of the 
northern Cordillera.

ACKNOWLEDGEMENTS
We acknowledge BMC Minerals for providing us the 
opportunity to study and sample drill core from the Kudz 
Ze Kayah, GP4F and Fyre Lake VMS deposits. Thanks to 
Robin Black, Neil Martin and Darcy Baker for logistical and 
financial support while at KZK camp during the summer 
of 2017. Mark Baknes, Roger Hulstein, Ron Voordouw, 
Trent Newkirk, Dillon Hume, and other employees with 
BMC Minerals Ltd. and Equity Exploration Consultants 
Ltd., are also thanked for insightful discussions on the 
geology of KZK and the region. Flights to field sites would 
not have been possible without the excellent pilots from 
Trans North Helicopters. We are grateful for a thorough 
and constructive review by Maurice Colpron, and editorial 
support by Karen MacFarlane. Support for this project was 
provided by BMC Minerals (No. 1) Ltd., Yukon Geological 
Survey, Targeted Geoscience Initiative 5 (TGI-5) program 
of the Geological Survey of Canada, and an NSERC 
Discovery Grant to Stephen Piercey.

REFERENCES
Barrie, T.C., Amelin, Y. and Pascual, E., 2002. U-Pb 

geochronology of VMS mineralization in the Iberian 
Pyrite belt. Mineralium Deposita, vol. 37, p. 684-703. 
doi: 10.1007/s00126-002-0302-7.

BMC Minerals Ltd., 2017. Kudz Ze Kayah polymetallic 
project prefeasibility information booklet May 2017, 
http://bmcminerals.com/wp-content/uploads/2017/06/
B M C % 2 0 K Z K % 2 0 P o l y m e t a l l i c % 2 0 P r o j e c t % 2 0
prefeasabi l i ty%20Bk%202017%20Final%20sml.pdf, 
[accessed November 2017].

Bradshaw, G.D., Peter, J.M., Paradis, S. and Rowins, S.M., 
2001. Geological characteristics of the Wolverine 
volcanic-hosted massive sulphide deposit, Finlayson lake 
district, Yukon Territory, Canada. In: Yukon Exploration 
and Geology 2000, D.S. Emond and L.H. Weston (eds.), 
Exploration and Geological Services Division, Yukon 
Region, Indian and Northern Affairs Canada, p. 269-288.

Bradshaw, G.D., Rowins, S.M., Peter, J.M. and Taylor, B.E., 
2008. Genesis of the wolverine volcanic sediment-hosted 
massive sulfide deposit, Finlayson Lake District, Yukon, 
Canada: Mineralogical, mineral chemical, fluid inclusion, 
and sulfur isotope evidence. Economic Geology,  
vol. 103, p. 35-60. doi: 10.2113/gsecongeo.103.1.35.

Colpron, M. and Nelson, J., 2011. A digital atlas of terranes 
for the Northern Cordillera. Yukon Geological Survey, 
www.geology.gov.yk.ca.

Colpron, M., Nelson, J.L. and Murphy, D.C., 2006.  
A tectonostratigraphic framework for the pericratonic 
terranes of the northern Canadian Cordillera.  
In: Paleozoic Evolution and Metallogeny of Pericratonic 
Terranes at the Ancient Pacific Margin of North America, 
Canadian and Alaskan Cordillera, M. Colpron and 
J.L. Nelson (eds.), Geological Association of Canada, 
Special Paper 45, p. 1-23.

Corfu, F., Krogh, T.E., Kwok, Y.Y. and Jensen, L.S., 1989. 
U-Pb zircon geochronology in the southwestern Abitibi 
greenstone belt, Superior Province. Canadian Journal 
of Earth Sciences, vol. 26, p. 1747-1763. doi: 10.1139/
e89-148.

Devine, F., Carr, S.D., Murphy, D.C., Davis, W.J., Smith, 
S. and Villeneuve, M., 2006. Geochronological 
and geochemical constraints on the origin of the 
Klatsa metamorphic complex: Implications for Early 
Mississippian high-pressure metamorphism within 
Yukon-Tanana terrane. In: Paleozoic Evolution and 
Metallogeny of Pericratonic Terranes at the Ancient 
Pacific Margin of North America, Canadian and Alaskan 
Cordillera, M. Colpron and J.L. Nelson (eds.), Geological 
Association of Canada, Special Paper 45, p. 107-130.

Eyuboglu, Y., Santosh, M., Yi, K., Tuysuz, N., Korkmaz, 
S., Akaryali, E., Dudas, F.O. and Bektas, O., 2014. The 
Eastern Black Sea-type volcanogenic massive sulfide 
deposits: Geochemistry, zircon U-Pb geochronology 
and an overview of the geodynamics of ore genesis. 
Ore Geology Reviews, vol. 59, p. 29-54. doi: 10.1016/j.
oregeorev.2013.11.009.



Manor & Piercey - chronostratigraPhic fraMework for felsic volcanic & intrusive rocks, finlayson lake area 

YUKON EXPLORATION AND GEOLOGY 2017 123

Gabrielse, H., Murphy, D.C. and Mortensen, J.K., 2006. 
Cretaceous and Cenozoic dextral orogen-parallel 
displacements, magmatism, and paleogeography, north-
central Canadian Cordillera. In: Paleogeography of the 
North American Cordillera: Evidence For and Against 
Large-Scale Displacements, J.W. Haggart, R.J. Enkin 
and J.W.H. Monger (eds.), Geological Association of 
Canada, Special Paper 46, p. 255-276.

Grant, S.L., 1997. Geochemical, radiogenic tracer isotopic, 
and U-Pb geochronological studies of Yukon-Tanana 
terrane rocks from the Money klippe, southeastern 
Yukon, Canada. Unpublished MSc thesis, University of 
Alberta, Edmonton, Canada, 177 p.

Hunt, J.A., 1997. Massive sulphide deposits in the Yukon-
Tanana and adjacent terranes. In: Yukon Exploration 
and Geology 1996, Exploration and Geological Services 
Division, Yukon, Indian and Northern Affairs Canada, 
p. 35-45.

Krogh, T.E., 1982. Improved accuracy of U-Pb zircon ages 
by the creation of more concordant systems using an air 
abrasion technique. Geochimica et Cosmochimica Acta, 
vol. 46, p. 637-649, doi: 10.1016/0016-7037(82)90 
165-X.

Mattinson, J.M., 2005. Zircon U-Pb chemical abrasion 
(“CA-TIMS”) method: Combined annealing and multi-
step partial dissolution analysis for improved precision 
and accuracy of zircon ages. Chemical Geology,  
vol. 220, p. 47-66, doi: 10.1016/j.chemgeo.2005.03.011.

Mortensen, J.K., 1983. Age and evolution of the Yukon-
Tanana terrane, southeastern Yukon Territory. 
Unpublished PhD dissertation, University of California, 
Santa Barbara, 115 p.

Mortensen, J.K., 1992. Pre-Mid-Mesozoic tectonic 
evolution of the Yukon-Tanana Terrane, Yukon 
and Alaska. Tectonics, vol. 11, p. 836-853, doi: 
10.1029/91TC01169.

Mortensen, J.K. and Jilson, G.A., 1985. Evolution of the 
Yukon-Tanana terrane: evidence from southeastern 
Yukon Territory. Geology, vol. 13, p. 806-810, doi: 
10.1130/0091-7613(1985)13<806:EOTYTE>2.0.CO;2.

Mortensen, J.K., Hall, B.V., Bissig, T., Friedman, R.M., 
Danielson, T., Oliver, J., Rhys, D.A., Ross, K.V. and 
Gabites, J.E., 2008. Age and paleotectonic setting of 
volcanogenic massive sulfide deposits in the Guerrero 
terrane of central Mexico: Constraints from U-Pb age 
and Pb isotope studies. Economic Geology, vol. 103,  
p. 117-140, doi: 10.2113/gsecongeo.103.1.117.

Murphy, D.C., 1998. Stratigraphic framework for 
syngenetic mineral occurrences, Yukon-Tanana Terrane 
south of Finlayson Lake: A progress report. In: Yukon 
Exploration and Geology 1997, C.F. Roots (ed.), 
Exploration and Geological Services Division, Yukon 
Region, Indian and Northern Affairs Canada, p. 51-58.

Murphy, D.C. and Piercey, S.J., 1999a. Geological map 
of parts of Finlayson Lake (105G/7, 8 and parts of 1, 2, 
and 9) and Frances Lake (parts of 105H/5 and 12) map 
areas, southeastern Yukon. Exploration and Geological 
Services Division, Yukon Region, Indian and Northern 
Affairs Canada, Open File 1999-4, 1:100 000 scale.

Murphy, D.C. and Piercey, S.J., 1999b. Geological map of 
Wolverine Lake area, Pelly Mountains (NTS 105G/8), 
southeastern Yukon. Exploration and Geological 
Services Division, Yukon Region, Indian and Northern 
Affairs Canada, Open File 1999-3, 1:50 000 scale.

Murphy, D.C. and Piercey, S.J., 1999c. Finlayson project: 
Geological evolution of Yukon-Tanana Terrane and 
its relationship to Campbell Range belt, northern 
Wolverine Lake map area, southeastern Yukon.  
In: Yukon Exploration and Geology 1998, C.F. Roots 
and D.S. Emond (eds.), Exploration and Geological 
Services Division, Yukon Region, Indian and Northern 
Affairs Canada, p. 47-62.

Murphy, D.C., Colpron, M., Roots, C.F., Gordey, S.P. and 
Abbott, J.G., 2002. Finlayson Lake Targeted Geoscience 
Initiative (southeastern Yukon), Part 1: Bedrock geology. 
In: Yukon Exploration and Geology 2001, D.S. Emond, 
L.H. Weston and L.L. Lewis (eds.), Exploration and 
Geological Services Division, Yukon Region, Indian and 
Northern Affairs Canada, p. 189-207.



Yukon GeoloGical ReseaRch

YUKON EXPLORATION AND GEOLOGY 2017124

Murphy, D.C., Mortensen, J.K., Piercey, S.J., Orchard, 
M.J. and Gehrels, G.E., 2006. Mid-Paleozoic to early 
Mesozoic tectonostratigraphic evolution of Yukon-
Tanana and Slide Mountain terranes and affiliated 
overlap assemblages, Finlayson Lake massive sulphide 
district, southeastern Yukon. In: Paleozoic Evolution 
and Metallogeny of Pericratonic Terranes at the Ancient 
Pacific Margin of North America, Canadian and Alaskan 
Cordillera, M. Colpron and J.L. Nelson (eds.), Geological 
Association of Canada, Special Paper 45, p. 75-106.

Nelson, J.L., Colpron, M., Piercey, S.J., Dusel-Bacon, C., 
Murphy, D.C. and Roots, C.F., 2006. Paleozoic tectonic 
and metallogenic evolution of the pericratonic terranes 
in Yukon, northern British Columbia and eastern Alaska. 
In: Paleozoic Evolution and Metallogeny of Pericratonic 
Terranes at the Ancient Pacific Margin of North America, 
Canadian and Alaskan Cordillera, M. Colpron and 
J.L. Nelson (eds.), Geological Association of Canada, 
Special Paper 45, p. 323-360.

Peter, J.M., Layton-Matthews, D., Piercey, S.J., Bradshaw, 
G.D., Paradis, S. and Bolton, A., 2007. Volcanic-hosted 
massive sulphide deposits of the Finlayson Lake District, 
Yukon. In: Mineral Deposits of Canada: A Synthesis of 
Major Deposit-Types, District Metallogeny, the Evolution 
of Geological Provinces, and Exploration Methods, 
W.D. Goodfellow, (ed.), Geological Association of 
Canada, Mineral Deposits Division, Special Publication 
No. 5, p. 471-508.

Piercey, S.J., 2001. Petrology and tectonic setting of felsic 
and mafic volcanic and intrusive rocks in the Finlayson 
Lake volcanic-hosted massive sulphide (VHMS) district, 
Yukon, Canada: A record of mid-Paleozoic arc and back-
arc magmatism and metallogeny. Unpublished PhD 
dissertation, University of British Columbia, Vancouver, 
Canada, 324 p.

Piercey, S.J., 2011. The setting, style, and role of 
magmatism in the formation of volcanogenic massive 
sulfide deposits. Mineralium Deposita, vol. 46,  
p. 449-471, doi: 10.1007/s00126-011-0341-z.

Piercey, S.J. and Colpron, M., 2009. Composition and 
provenance of the Snowcap assemblage, basement 
to the Yukon-Tanana terrane, northern Cordillera: 
Implications for Cordilleran crustal growth. Geosphere, 
vol. 5, p. 439-464, doi: 10.1130/GES00505.S3.

Piercey, S.J. and Murphy, D.C., 2000. Stratigraphy 
and regional implications of unstrained Devono-
Mississippian volcanic rocks in the Money Creek thrust 
sheet, Yukon-Tanana Terrane, Southeastern Yukon.  
In: Yukon Exploration and Geology 1999, D.S. Emond 
and L.H. Weston (eds.), Exploration and Geological 
Services Division, Yukon Region, Indian and Northern 
Affairs Canada, p. 67-78.

Piercey, S.J., Paradis, S., Murphy, D.C. and Mortensen, J.K., 
2001. Geochemistry and paleotectonic setting of felsic 
volcanic rocks in the Finlayson Lake volcanic-hosted 
massive sulfide district, Yukon, Canada. Economic 
Geology, vol. 96, p. 1877-1905, doi: 10.2113/
gsecongeo.96.8.1877.

Piercey, S.J., Mortensen, J.K., Murphy, D.C., Paradis, S. 
and Creaser, R.A., 2002a. Geochemistry and tectonic 
significance of alkalic mafic magmatism in the Yukon-
Tanana terrane, Finlayson Lake region, Yukon. Canadian 
Journal of Earth Sciences, vol. 39, p. 1729-1744,  
doi: 10.1139/E02-090.

Piercey, S.J., Murphy, D.C., Mortensen, J.K. and Paradis, 
S., 2002b. Boninitic magmatism in a continental 
margin setting, Yukon-Tanana terrane, southeastern 
Yukon, Canada. Geology, vol. 29, p. 731-734, doi: 
1130/0091-7613(2001)029<0731:BMIACM>2.0.CO;2.

Piercey, S.J., Paradis, S.J., Peter, J.M. and Tucker, T.L., 
2002c. Geochemistry of basalt from the Wolverine 
volcanic-hosted massive-sulphide deposit, Finlayson 
Lake district, Yukon Territory. Geological Survey of 
Canada, Current Research 2002-A3, 11 p.

Piercey, S.J., Mortensen, J.K. and Creaser, R.A, 2003. 
Neodymium isotope geochemistry of felsic volcanic 
and intrusive rocks from the Yukon-Tanana Terrane in 
the Finlayson Lake Region, Yukon, Canada. Canadian 
Journal of Earth Sciences, vol. 40, p. 77-97, doi: 10.1139/
e02-094.

Piercey, S.J., Murphy, D.C., Mortensen, J.K. and Creaser, 
R.A., 2004. Mid-Paleozoic initiation of the northern 
Cordilleran marginal backarc basin: Geologic, 
geochemical, and neodymium isotope evidence from 
the oldest mafic magmatic rocks in the Yukon-Tanana 
terrane, Finlayson Lake district, southeast Yukon, 
Canada. Bulletin of the Geological Society of America, 
vol. 116, p. 1087-1106, doi: 10.1130/B25162.1.



Manor & Piercey - chronostratigraPhic fraMework for felsic volcanic & intrusive rocks, finlayson lake area 

YUKON EXPLORATION AND GEOLOGY 2017 125

Piercey, S.J., Nelson, J.L., Colpron, M., Dusel-Bacon, C., 
Simard, R.-L. and Roots, C.F., 2006. Paleozoic magmatism 
and crustal recycling along the ancient Pacific margin 
of North America, northern Cordillera. In: Paleozoic 
Evolution and Metallogeny of Pericratonic Terranes at 
the Ancient Pacific Margin of North America, Canadian 
and Alaskan Cordillera, M. Colpron and J.L. Nelson 
(eds.), Geological Association of Canada, Special Paper 
45, p. 281-322.

Piercey, S.J., Peter, J.M., Mortensen, J.K., Paradis, S., 
Murphy, D.C. and Tucker, T.L., 2008. Petrology and U-Pb 
geochronology of footwall porphyritic rhyolites from 
the wolverine volcanogenic massive sulfide deposit, 
Yukon, Canada: Implications for the genesis of massive 
sulfide deposits in continental margin environments. 
Economic Geology, vol. 103, p. 5-33, doi: 10.2113/
gsecongeo.103.1.5.

Piercey, S.J., Murphy, D.C. and Creaser, R.A., 2012. 
Lithosphere-asthenosphere mixing in a transform-
dominated late Paleozoic backarc basin: Implications 
for northern Cordilleran crustal growth and assembly. 
Geosphere, vol. 8, p. 716-739, doi: 10.1130/
GES00757.1.

Piercey, S.J., Gibson, H.L., Tardif, N. and Kamber, B.S., 
2016. Ambient redox and hydrothermal environment 
of the Wolverine volcanogenic massive sulfide deposit, 
Yukon: Insights from lithofacies and lithogeochemistry 
of Mississippian host shales. Economic Geology, vol. 
111, p. 1439-1463, doi: 10.2113/econgeo.111.6.1439.

Piercey, S.J., Beranek, L.P. and Hanchar, J.M., 2017. 
Mapping magma prospectivity for Cordilleran 
volcanogenic massive sulphide (VMS) deposits using Nd-
Hf isotopes: Preliminary results. In: Yukon Exploration 
and Geology 2016, K.E. MacFarlane and L.H. Weston, 
(eds.), Yukon Geological Survey, p. 197-205.

Rosa, D.R.N., Finch, A.A., Andersen, T. and Inverno, 
C.M.C., 2009. U-Pb geochronology and Hf isotope 
ratios of magmatic zircons from the Iberian Pyrite 
Belt. Mineralogy and Petrology, vol. 95, p. 47-69,  
doi: 10.1007/s00710-008-0022-5.

Ross, P.S., McNicoll, V.J., Debreil, J.A. and Carr, P., 2014. 
Precise U-Pb geochronology of the Matagami mining 
camp, Abitibi greenstone belt, Quebec: Stratigraphic 
constraints and implications for volcanogenic massive 
sulfide exploration. Economic Geology, vol. 109,  
p. 89-101, doi: 10.2113/econgeo.109.1.89.

Schmitz, M.D. and Kuiper, K.F., 2013. High-precision 
geochronology. Elements, vol. 9, p. 25-30, doi: 10.2113/
gselements.9.1.25.

Sebert, C., Hunt, J.A. and Foreman, I.J., 2004. Geology and 
lithogeochemistry of the Fyre Lake copper-cobalt-gold 
sulphide-magnetite deposit, southeastern Yukon. Yukon 
Geological Survey, Open File 2004-17, 46 p.

Tempelman-Kluit, D.J., 1979. Transported cataclasite, 
ophiolite and granodiorite in Yukon: Evidence of arc-
continent collision. Geological Survey of Canada,  
Paper 79-1, 27 p.



Yukon GeoloGical ReseaRch

YUKON EXPLORATION AND GEOLOGY 2017126

Sa
m

pl
e1

Th
ru

st
 S

he
et

U
ni

t
A

ge
 

(M
a)

Er
ro

r 
(2
σ)

A
na

ly
si

s 
C

om
m

en
ts

Q
ua

lit
y

M
et

ho
d2

R
ef

er
en

ce

H
D

-3
5

B
ig

 C
am

pb
el

l
Fi

re
 L

ak
e 

fo
rm

at
io

n 
36

5
1.

2
3-

po
in

t d
is

co
rd

an
t a

rr
ay

M
od

er
at

e
ID

-T
IM

S
M

ur
ph

y 
et

 a
l. 

(2
00

6)

96
D

M
-0

65
B

ig
 C

am
pb

el
l

Fi
re

 L
ak

e 
fo

rm
at

io
n 

36
6.

3
10

.2
H

ig
hl

y 
di

sc
or

da
nt

P
oo

r
ID

-T
IM

S
M

ur
ph

y 
et

 a
l. 

(2
00

6)

98
D

M
-0

88
B

ig
 C

am
pb

el
l

G
ra

ss
 L

ak
es

 p
lu

to
ni

c 
su

ite
36

2.
2

3.
3

3-
po

in
t w

ei
gh

te
d 

P
b-

P
b 

of
 P

b-
lo

ss
 d

is
co

rd
ia

M
od

er
at

e
ID

-T
IM

S
M

ur
ph

y 
et

 a
l. 

(2
00

6)

G
G

-1
9

B
ig

 C
am

pb
el

l
G

ra
ss

 L
ak

es
 p

lu
to

ni
c 

su
ite

35
9.

9
0.

9
1 

co
nc

or
da

nt
 fr

ac
tio

n;
 P

b-
lo

ss
 a

nd
 in

he
rit

an
ce

G
oo

d
ID

-T
IM

S
M

ur
ph

y 
et

 a
l. 

(2
00

6)

96
D

M
-1

19
B

ig
 C

am
pb

el
l

G
ra

ss
 L

ak
es

 p
lu

to
ni

c 
su

ite
35

7.
3

2.
8

4-
po

in
t P

b-
lo

ss
 d

is
co

rd
ia

 w
ith

 P
b-

P
b 

w
ei

gh
te

d 
ag

e
M

od
er

at
e

ID
-T

IM
S

M
ur

ph
y 

et
 a

l. 
(2

00
6)

FV
-4

9
B

ig
 C

am
pb

el
l

K
ud

z 
Ze

 K
ay

ah
 fo

rm
at

io
n

35
1.

4
1.

7
U

nc
er

ta
in

U
nc

er
ta

in
ID

-T
IM

S
M

or
te

ns
en

, u
np

ub
lis

he
d 

da
ta

 (2
00

4)

FV
-1

6
B

ig
 C

am
pb

el
l

K
ud

z 
Ze

 K
ay

ah
 fo

rm
at

io
n

35
9.

8
9

U
nc

er
ta

in
U

nc
er

ta
in

ID
-T

IM
S

M
or

te
ns

en
, u

np
ub

lis
he

d 
da

ta
 (2

00
4)

P
98

-K
ZK

2
B

ig
 C

am
pb

el
l

K
ud

z 
Ze

 K
ay

ah
 fo

rm
at

io
n

35
6.

9
5.

3
6-

po
in

t d
is

co
rd

ia
; P

b-
lo

ss
 a

nd
 in

he
rit

en
ce

G
oo

d
ID

-T
IM

S
P

ie
rc

ey
 (2

00
1)

FV
-2

1
B

ig
 C

am
pb

el
l

W
ol

ve
rin

e 
La

ke
 g

ro
up

35
6.

2
0.

9
1 

co
nc

or
da

nt
 fr

ac
tio

n;
 in

he
rit

an
ce

 in
 3

 fr
ac

tio
ns

G
oo

d
ID

-T
IM

S
M

ur
ph

y 
et

 a
l. 

(2
00

6)

P
98

-0
69

A
B

ig
 C

am
pb

el
l

W
ol

ve
rin

e 
La

ke
 g

ro
up

34
6.

6
2.

2
3 

co
nc

or
da

nt
 fr

ac
tio

ns
E

xc
el

le
nt

ID
-T

IM
S

P
ie

rc
ey

 e
t a

l. 
(2

00
8)

W
W

-0
0-

01
B

ig
 C

am
pb

el
l

W
ol

ve
rin

e 
La

ke
 g

ro
up

34
7.

8
1.

3
2 

co
nc

or
da

nt
 fr

ac
tio

ns
E

xc
el

le
nt

ID
-T

IM
S

P
ie

rc
ey

 e
t a

l. 
(2

00
8)

S
ab

le
B

ig
 C

am
pb

el
l

W
ol

ve
rin

e 
La

ke
 g

ro
up

35
2.

4
1.

5
2 

co
nc

or
da

nt
 fr

ac
tio

ns
; P

b-
lo

ss
 a

nd
 in

he
rit

an
ce

M
od

er
at

e
ID

-T
IM

S
P

ie
rc

ey
 e

t a
l. 

(2
00

8)

P
uc

k
B

ig
 C

am
pb

el
l

W
ol

ve
rin

e 
La

ke
 g

ro
up

35
6.

9
0.

5
1 

co
nc

or
da

nt
 fr

ac
tio

n,
 p

ot
en

tia
l i

nh
er

ita
nc

e
G

oo
d

ID
-T

IM
S

P
ie

rc
ey

 e
t a

l. 
(2

00
8)

G
P

4F
-1

B
ig

 C
am

pb
el

l
W

ol
ve

rin
e 

La
ke

 g
ro

up
34

6.
9

0.
7

2 
co

nc
or

da
nt

 fr
ac

tio
ns

; P
b-

lo
ss

 in
 4

 fr
ac

tio
ns

 
E

xc
el

le
nt

ID
-T

IM
S

M
ur

ph
y 

et
 a

l. 
(2

00
6)

98
D

M
-G

D
R

B
ig

 C
am

pb
el

l
W

ol
ve

rin
e 

La
ke

 g
ro

up
34

7.
3

3.
7

2-
po

in
t d

is
co

rd
ia

, P
b-

P
b 

w
ei

gh
te

d 
ag

e;
 P

b-
lo

ss
 a

rr
ay

M
od

er
at

e
ID

-T
IM

S
M

ur
ph

y 
et

 a
l. 

(2
00

6)

FV
-2

7
M

on
ey

 C
re

ek
W

at
er

s 
C

re
ek

 fo
rm

at
io

n
36

0.
8

0.
8

3-
po

in
t d

is
co

rd
ia

; i
nh

er
ita

nc
e

M
od

er
at

e
ID

-T
IM

S
M

ur
ph

y 
et

 a
l. 

(2
00

6)

S
am

pl
e 

2
M

on
ey

 C
re

ek
W

at
er

s 
C

re
ek

 fo
rm

at
io

n
36

0.
5

0.
9

5-
po

in
t d

is
co

rd
ia

; i
nh

er
ita

nc
e

M
od

er
at

e
ID

-T
IM

S
M

or
te

ns
en

 (1
99

2)

S
L-

45
*

M
on

ey
 C

re
ek

S
im

ps
on

 L
ak

e 
pl

ut
on

ic
 s

ui
te

35
7.

9
1.

3
2 

co
nd

or
da

nt
 fr

ac
tio

ns
E

xc
el

le
nt

ID
-T

IM
S

M
ur

ph
y 

et
 a

l. 
(2

00
6)

TR
P

-2
2

M
on

ey
 C

re
ek

S
im

ps
on

 L
ak

e 
pl

ut
on

ic
 s

ui
te

35
6.

9
0.

6
1 

co
nc

or
da

nt
 fr

ac
tio

n
G

oo
d

ID
-T

IM
S

M
ur

ph
y 

et
 a

l. 
(2

00
6)

A
R

G
-3

2
M

on
ey

 C
re

ek
S

im
ps

on
 L

ak
e 

pl
ut

on
ic

 s
ui

te
35

6
2.

0
4-

po
in

t P
b-

lo
ss

 d
is

co
rd

ia
 w

ith
 P

b-
P

b 
w

ei
gh

te
d 

ag
e

M
od

er
at

e
ID

-T
IM

S
M

or
te

ns
en

, u
np

ub
lis

he
d 

da
ta

 (2
00

4)

01
D

M
-2

38
M

on
ey

 C
re

ek
Ti

ch
itu

a 
R

iv
er

 fo
rm

at
io

n
34

4.
5

2.
5

3-
po

in
t d

is
co

rd
ia

; i
nh

er
ita

nc
e

M
od

er
at

e
ID

-T
IM

S
M

ur
ph

y 
et

 a
l. 

(2
00

6)

P
R

-2
1

M
on

ey
 C

re
ek

Ti
ch

itu
a 

R
iv

er
 fo

rm
at

io
n

35
2.

5
2.

6
1 

co
nc

or
da

nt
 fr

ac
tio

n
G

oo
d

ID
-T

IM
S

M
ur

ph
y 

et
 a

l. 
(2

00
6)

03
D

M
-0

22
M

on
ey

 C
re

ek
Ti

ch
itu

a 
R

iv
er

 fo
rm

at
io

n
34

6.
8

2.
0

2 
co

nc
or

da
nt

 fr
ac

tio
ns

E
xc

el
le

nt
ID

-T
IM

S
M

ur
ph

y 
et

 a
l. 

(2
00

6)

03
D

M
-0

23
M

on
ey

 C
re

ek
Ti

ch
itu

a 
R

iv
er

 fo
rm

at
io

n
34

7.
7

1.
4

3 
co

nc
or

da
nt

 fr
ac

tio
ns

E
xc

el
le

nt
ID

-T
IM

S
M

ur
ph

y 
et

 a
l. 

(2
00

6)

Q
P

-3
0

C
le

av
er

 L
ak

e
U

nn
am

ed
36

0.
5

1.
9

U
nc

er
ta

in
U

nc
er

ta
in

ID
-T

IM
S

M
or

te
ns

en
 (1

99
2)

A
R

G
-3

2
C

le
av

er
 L

ak
e

U
nn

am
ed

35
6.

1
0.

9
P

b-
P

b 
di

sc
or

di
a;

 P
b-

lo
ss

M
od

er
at

e
ID

-T
IM

S
M

ur
ph

y 
et

 a
l. 

(2
00

6)

S
A

-0
2

C
le

av
er

 L
ak

e
S

im
ps

on
 R

an
ge

 p
lu

to
ni

c 
su

ite
34

8.
4

0.
8

3-
po

in
t l

ow
er

 in
te

rc
ep

t
M

od
er

at
e

ID
-T

IM
S

M
ur

ph
y 

et
 a

l. 
(2

00
6)

S
G

94
-1

4
C

le
av

er
 L

ak
e

S
im

ps
on

 R
an

ge
 p

lu
to

ni
c 

su
ite

34
5.

9
1.

2
3-

po
in

t d
is

co
rd

ia
; i

nh
er

ita
nc

e
M

od
er

at
e

ID
-T

IM
S

G
ra

nt
 (1

99
7)

S
G

94
-1

1
C

le
av

er
 L

ak
e

S
im

ps
on

 R
an

ge
 p

lu
to

ni
c 

su
ite

35
6.

5
3.

4
2-

po
in

t d
is

co
rd

ia
; i

nh
er

ita
nc

e
P

oo
r

ID
-T

IM
S

G
ra

nt
 (1

99
7)

A
pp

en
d

ix
 1

. G
eo

ch
ro

no
lo

gy
 c

o
m

p
ila

tio
n 

fr
o

m
 th

e 
Fi

nl
ay

so
n 

La
ke

 r
eg

io
n,

 Y
uk

o
n.



Manor & Piercey - chronostratigraPhic fraMework for felsic volcanic & intrusive rocks, finlayson lake area 

YUKON EXPLORATION AND GEOLOGY 2017 127

S
A

-2
8

C
le

av
er

 L
ak

e
S

im
ps

on
 R

an
ge

 p
lu

to
ni

c 
su

ite
35

4.
9

1.
8

P
b-

P
b 

di
sc

or
di

a;
 P

b-
lo

ss
M

od
er

at
e

ID
-T

IM
S

M
ur

ph
y 

et
 a

l. 
(2

00
6)

TR
P

-2
2

C
le

av
er

 L
ak

e
S

im
ps

on
 R

an
ge

 p
lu

to
ni

c 
su

ite
35

4
1.

0
U

nc
er

ta
in

U
nc

er
ta

in
ID

-T
IM

S
M

or
te

ns
en

, u
np

ub
lis

he
d 

da
ta

 (2
00

4)

TR
P

-2
2

C
le

av
er

 L
ak

e
S

im
ps

on
 R

an
ge

 p
lu

to
ni

c 
su

ite
35

6.
9

0.
6

U
nc

er
ta

in
U

nc
er

ta
in

ID
-T

IM
S

M
or

te
ns

en
, u

np
ub

lis
he

d 
da

ta
 (2

00
4)

A
G

-4
8

C
le

av
er

 L
ak

e
H

oo
le

 R
iv

er
 o

rth
og

ne
is

s
34

2
7.

1
U

nc
er

ta
in

U
nc

er
ta

in
ID

-T
IM

S
M

or
te

ns
en

, u
np

ub
lis

he
d 

da
ta

 (2
00

4)

03
FD

03
9-

2
C

le
av

er
 L

ak
e

K
la

ts
a 

M
et

am
or

ph
ic

 C
om

pl
ex

35
3.

1
2.

4
M

et
am

or
ph

ic
 o

ve
rg

ro
w

th
s;

 in
ve

rs
e 

is
oc

hr
on

; a
ge

 o
f 

m
et

am
or

ph
is

m
M

od
er

at
e

S
H

R
IM

P
D

ev
in

e 
et

 a
l. 

(2
00

6)

03
FD

05
6-

2
C

le
av

er
 L

ak
e

K
la

ts
a 

M
et

am
or

ph
ic

 C
om

pl
ex

35
3

3.
7

M
et

am
or

ph
ic

 o
ve

rg
ro

w
th

s;
 in

ve
rs

e 
is

oc
hr

on
; a

ge
 o

f 
m

et
am

or
ph

is
m

M
od

er
at

e
S

H
R

IM
P

D
ev

in
e 

et
 a

l. 
(2

00
6)

03
FD

23
1-

1
C

le
av

er
 L

ak
e

K
la

ts
a 

M
et

am
or

ph
ic

 C
om

pl
ex

36
8

10
Ig

ne
ou

s 
co

re
s;

 la
rg

e 
er

ro
rs

P
oo

r
S

H
R

IM
P

D
ev

in
e 

et
 a

l. 
(2

00
6)

03
FD

03
9-

2*
*

C
le

av
er

 L
ak

e
K

la
ts

a 
M

et
am

or
ph

ic
 C

om
pl

ex
35

3.
4

0.
79

A
r-

A
r w

hi
te

 m
ic

a;
 p

la
te

au
 a

ge
; e

xh
um

at
io

n 
ag

e 
E

xc
el

le
nt

La
se

r N
G

-
M

S
D

ev
in

e 
et

 a
l. 

(2
00

6)

N
ot

es
: 1

 A
na

ly
se

s 
ar

e 
U

-P
b 

zi
rc

on
 g

eo
ch

ro
no

lo
gy

 u
nl

es
s 

no
te

d:
 *

=U
-P

b 
tit

an
ite

; *
*=

40
A

r/39
A

r w
hi

te
 m

ic
a.

2 
ID

-T
IM

S
 =

 is
ot

op
e 

di
lu

tio
n-

th
er

m
al

 io
ni

za
tio

n 
sp

ec
tro

m
et

ry
 (a

ir 
ab

ra
si

on
); 

S
H

R
IM

P 
= 

se
ns

iti
ve

 h
ig

h-
re

so
lu

tio
n 

io
n 

m
ic

ro
pr

ob
e;

 L
as

er
 N

G
-M

S
 =

 la
se

r n
ob

le
 g

as
 m

as
s 

sp
ec

tro
m

et
ry

.

A
pp

en
d

ix
 1

 c
on

ti
nu

ed
.

Sa
m

pl
e1

Th
ru

st
 S

he
et

U
ni

t
A

ge
 

(M
a)

Er
ro

r 
(2
σ)

A
na

ly
si

s 
C

om
m

en
ts

Q
ua

lit
y

M
et

ho
d2

R
ef

er
en

ce



Yukon GeoloGical ReseaRch

YUKON EXPLORATION AND GEOLOGY 2017128


