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Abstract

The Okanagan subterrane in south-central British Columbia is commonly referred to as the basement to
Quesnellia, a composite arc terrane in the Canadian Cordillera. Distinct geochemical, lithologic, and
structural characteristics allow for interpretation of the Okanagan subterrane as a forearc ophiolite
formed over a long-lived west-dipping subduction zone initiating in western Panthalassa. The forearc
ophiolite model has significant impacts on existing Cordilleran models which focus on a North
American origin for this terrane. The Okanagan subterrane is comprised of harzburgites, gabbros,
basaltic lavas, and ocean basin sediments. The age of the subterrane spans the Middle Devonian through
the Early Permian. New stratigraphic, structural, and whole rock geochemical data are presented
together with a synthesis of pre-existing data from regional studies to better constrain the origins and
evolution of the Okanagan subterrane. The results indicate a transition from quiet shallow ocean basin
deposition to the initiation of subduction and construction of a new forearc crustal sequence and mantle
wedge. The earliest crustal sequences were formed from the eruption of basalts geochemically similar
to those produced at oceanic spreading centres in the Late Devonian to earliest Mississippian. A
chemostratigraphic magmatic progression through the Early and Middle Mississippian resulted in lavas
becoming increasingly island arc-like in composition. Uplift and erosion dominated through the
Pennsylvanian and Permian, punctuated by periods of carbonate deposition and capped by a regional
Permo-Triassic unconformity and a Mesozoic volcanic arc. The Okanagan subterrane was affected by
two main compressional deformation events, both interpreted as products of ophiolite obduction. The
first, in the Permo-Triassic, resulted in tight to isoclinal folding, uplift, and erosion yielding the Permo-
Triassic unconformity and the obduction of the Okanagan subterrane onto an extinct island arc within

the lower plate. The second, in the Middle Jurassic, resulted in a southwest-verging fold and thrust belt



which likely records the subsequent accretion to pericratonic terranes of western Laurentia. Comparing
this ophiolite to other supra-subduction zone ophiolites worldwide allows for an interpretation of the

Okanagan subterrane as a forearc ophiolite constructed during Late Devonian intra-oceanic subduction

initiation.
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Introduction

Ophiolites are obducted remnants of oceanic lithosphere emplaced during collisional orogenesis
(Whattam and Stern 2011). The Cordilleran Orogen of western North America is commonly cited as an
accretionary orogen that developed due to long-lived subduction beneath the western margin of the
Laurentian continent (e.g. Monger et al. 1982, Monger and Price 2002), in part based on the
identification and interpretation of ophiolitic terranes along the length of the orogen. Among these, one
of the least studied is the Devonian to Permian Okanagan subterrane. The Okanagan subterrane is
encapsulated within and basement to the southern extent of Quesnellia, a composite arc terrane situated
in central British Columbia, Canada (Figure 1). Although an ophiolitic interpretation has become
widely accepted (e.g. Fyles 1990, Dostal et al. 2001, Massey 2006a, Massey and Dostal 2013), the
Okanagan subterrane records a protracted 90 million year history and much remains poorly understood.
Such unknowns include: the type of ophiolite (lower plate, forearc, or backarc), the polarity of
subduction and obduction, and the relationship to the North American craton. Supra-subduction zone
ophiolites, those formed on the upper plate at a subduction zone, are considered to be the most common
and well-preserved in the geologic record (Miyashiro 1975, Pearce et al. 1984, Pearce 2003, Stern
2004). Distinct signatures of supra-subduction zone ophiolites reflect development over a subducting
plate. Subduction initiation rule ophiolites, a subset of forearc supra-subduction zone ophiolites, and
perhaps the most common type (Moores 1982, Pearce et al. 1984, Whattam and Stern 2011, Stern et al.
2012), record the complete history of a volcanic arc, from subduction initiation to obduction (Shervais
2001). Volcanic rocks within these ophiolites exhibit a characteristic chemostratigraphic progression
believed to reflect evolution of a single mantle source as the nascent subduction zone develops (Pearce
et al 1984; Shervais 2001; Whattam and Stern 2011). This chemostratigraphy is designated the
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‘subduction initiation rule’ (Whattam and Stern 2011). The ‘subduction initiation rule’ states that:
“magmatic sequences preserved in ophiolite volcanic sections record a stratigraphic progression (from
bottom to top) from less to more high field strength element (HFSE)-depleted and large ion lithophile
element (LILE)-enriched compositions and (a) generally comprise a lower, usually mid-ocean ridge
basalt (MORB)-like unit and an upper island arc basalt (IAB)-like unit, sometimes along with boninites,
both of which (b) form in a proto-forearc setting during subduction initiation” (Whattam and Stern
2011). In the earliest stage of subduction initiation, denser lithosphere subsides into the asthenosphere
(Figure 2). Asthenosphere upwells into the resulting gap and decompressively melts spreading laterally
over the descending lithosphere (Stern and Bloomer 1992, Stern 2004, Whattam and Stern 2011).
Increased pressures and temperatures induce dehydration and densification of the sinking plate (Stern
2004). As the rate of subsidence increases, the newly-formed trench rolls back causing extension of the
upper plate (Stern 2004; Shervais 2001; Stern and Bloomer 1992). Dehydration fluids released from the
downgoing plate flux into the mantle triggering extensive asthenospheric melting and the eruption of
forearc basalts with MORB-like geochemistry (Pearce et al. 1984, Stern and Bloomer 1992, Stern 2004,
Stern and Gerya 2018). These MORB-like lavas are typically tholeiitic and nearly indistinguishable
from typical MORB in a mid-ocean ridge setting but do display minor enrichment in LILE and
depletions in HFSE (Whattam and Stern 2011; Shervais 2001). Additional rock types emplaced at this
stage include layered and isotropic gabbros and sheeted dikes (Shervais 2001). Layered gabbros are
often foliated or boudinaged possibly due to emplacement during proto-forearc extension. As the proto-
forearc continues to extend and develop, continued fluid flux from the sinking slab and depletion of the
melt source creates a rapid transition to lavas with a tholeiitic IAB-like signature, followed in some
cases by a subsequent stage of boninite eruption (Pearce et al. 1984, Stern and Bloomer 1992, Shervais

2001, Stern 2004, Whattam and Stern 2011, Stern and Gerya 2018). These volcanic rocks erupt through



and overlie the initial proto-forearc layers. Plutonic equivalents lack the foliation of their earlier
counterparts and form as sills and dikes of olivine and pyroxene gabbros, pyroxenites, wehrlite, dunite,
and harzburgite (Shervais 2001). Comparison of the Okanagan subterrane ophiolite against these
parameters can help to address some of the aforementioned unknowns (the type of ophiolite, the polarity
of subduction and obduction, and the relationship to the North American craton) and may have
important implications for models of Cordilleran evolution, as well as for our understanding of the

processes responsible for ocean basin closure and ophiolite formation.

To contribute to our understanding of the tectonic history of the Okanagan subterrane, a program of data
compilation, stratigraphic and structural mapping and geochemical characterization of Paleozoic rock
units was undertaken in the Thompson-Nicola, Okanagan-Similkameen, and Kootenay-Boundary
regions of southern British Columbia. Historically, the tectonic setting of the Okanagan subterrane had
been interpreted based on both large-scale mapping and focused studies of localized regions (e.g.
Okulitch 1973, Barnes and Ross 1975, Ross 1981, Milford 1984, Fyles 1990, Ray et al. 1992, 1996, Ray
and Dawson 1994, Dostal et al. 2001, Massey 2006a, Hoy 2018). New stratigraphic, structural, and
whole rock geochemical data are presented to help constrain the origins and evolution of the Okanagan
subterrane. These data, together with a synthesis of constraints provided by regional studies, provide the
basis for interpretation of the Okanagan subterrane as a subduction initiation rule ophiolite.

In this thesis, the geological setting and current models for Quesnellia are summarized followed by a
review of available geological constraints on the Okanagan subterrane. The methods employed and the
results of the study are presented next, ending with a discussion of the implications of the study and a

proposed tectonic model explaining the evolution of the Okanagan subterrane.
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Figure 2. Schematic illustration of subduction initiation modified after Stern and Bloomer (1992), Stern (2004), and Whattam and Stern
(2011). A) Denser lithosphere subsides into the asthenosphere. Asthenosphere upwells into the resulting gap and decompressively melts
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extension of the upper plate. B) Dehydration fluids released from the downgoing plate flux into the mantle triggering extensive
asthenospheric melting and the eruption of forearc basalts with MORB-like geochemistry. C) As the proto-forearc continues to extend and
develop, continued fluid flux from the sinking slab and depletion of the melt source creates a rapid transition to lavas with a tholeiitic
island arc basalt (1AB) signature, followed in some cases by a subsequent stage of boninite eruption. These volcanic rocks erupt through
and overlie the initial proto-forearc layers.



Chapter One: Geological Setting

1.1.  Geological Setting

Quesnellia is a major tectonostratigraphic component of the allochthonous Intermontane superterrane of
the Canadian Cordillera. The oceanic Slide Mountain and Cache Creek terranes are situated along the
eastern and western flanks of Quesnellia, respectively (Figure 1). The Slide Mountain terrane largely
separates Quesnellia from pericratonic crust of Laurentian affinity to the east. In southern British
Columbia, Paleozoic assemblages within Quesnellia underlie and are separated from Mesozoic arc

assemblages by a Permo-Triassic unconformity (e.g. Read and Okulitch 1977).

Traditional models for Cordilleran evolution (e.g. Roback et al. 1994, Monger and Price 2002, Nelson et
al. 2006, Colpron et al. 2007) depict Quesnellia as a marginal arc complex that formed over an east-
dipping subduction zone. Rollback of the subducting slab is inferred to have rifted Quesnellia from
Laurentia in the Paleozoic opening of the Slide Mountain Ocean as a back-arc basin. The maximum
width achieved by back-arc spreading is not well constrained. Paleomagnetic data combined with
paleontological evidence, detrital zircon populations, and isotopic compositions have led some
researchers to postulate Quesnellia may have been as far as 4000 km west of the North American
continent in the early Permian (e.g. Belasky et al. 2002, Nelson et al. 2006, Colpron et al. 2007) or
earliest Triassic (e.g. Johnston and Borel 2007). Alternatively, stratigraphic correlations have been used
to argue that Quesnellia remained on or only a short distance from the Laurentian margin throughout its

development (e.g. Unterschutz et al. 2002).

In models involving a Slide Mountain Ocean, collapse of the back-arc is linked to obduction of the Slide

Mountain ophiolite and accretion of its associated arc terrane onto the Laurentian margin. Some
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researchers suggest repatriation of the arc terrane with Laurentia was complete by middle to late
Permian (Nelson et al. 2006, Ruks et al. 2006, Colpron et al. 2007), whereas others suggest a timeframe

of early Triassic (Piercey et al. 2012) to Jurassic (Monger and Price 2002, Johnston and Borel 2007).

1.1.1. The Okanagan subterrane

The Okanagan subterrane exists as a disrupted assemblage encompassed within the southern regions of
Quesnellia (Figure 3). Units comprising the Okanagan subterrane have undergone a variety of changes
in naming convention, proposed associations, correlations, and aerial distributions in the literature
(Okulitch 1973, Barnes and Ross 1975, Monger 1977, Smith 1979, Ross 1981, Milford 1984, Church
1986, Fyles 1990, Dostal et al. 2001, Massey 2006a, 2006b, Massey and Dostal 2013, Mortensen et al.
2017). Within some areas, much of the distinction between units is based on relative abundance of the
various lithologies and metamorphic grade. Following the nomenclature and aerial distribution used in
Mortensen et al. (2017), the Okanagan subterrane is made up of Permian and older rocks of

the Chapperon, Kobau, and Anarchist groups, the Knob Hill Complex, the Attwood, and Oregon Claims,
formations, and the Old Tom, Shoemaker, Blind Creek, Barslow, and Independence-Bradshaw
assemblages. For this study, rocks belonging to the Harper Ranch Group are included with the
Okanagan subterrane based on relative age and stratigraphic relationships with the Chapperon Group
and Triassic overlap assemblages although some consider the Harper Ranch Group to be part of a
distinct subterrane (e.g. Beatty et al. 2006). Unconformably overlying the Okanagan subterrane are
Mesozoic volcanic arc facies of the Brooklyn Formation in the east and Nicola Group in the west. The
Late Carboniferous to Permian Blind Creek Formation is believed to be a block of limestone eroded
from the Old Tom or Shoemaker assemblage and emplaced by gravity sliding in the Eocene (Barnes and
Ross 1975, Milford 1984, Mortensen et al. 2011). Apart from the Blind Creek Formation, therefore,

each unit of the Okanagan subterrane are discussed in greater detail below.
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Table 1. Unit names, lithologies, and age constraints for units of the Okanagan subterrane listed by study region. Data from Okulitch (1973, 1979), Read and Okulitch (1977),
Milford (1984), Mader et al. (1988), Fyles (1990), Daughtry et al. (2000), Beatty et al. (2006), Massey and Dostal (2013), Massey et al. (2013), Mortensen et al. (2017), Hoy
(2018). Terms: DZ MDA = detrital zircon maximum depositional age, U-Pb Zircon = U-Pb geochronologic age in zircon, Fossil = fossil age, Stratigraphic position =
stratigraphic constraints based on the age of overlying or underlying strata, n.a. = not applicable.

Region Unit name Major lithologies Lower Age Type Upper Age Type
Constraints Constraints
Harper Ranch Siliceous argillite, tuff, siltstone, slate, and minor Permian Fossil Pre-Late Triassic Stratigraphic
. Group greenstone position
Thompson-Nicola
region S — _ _ _ _
Chapperon Group Chert, greenstone, quartzite, siliceous argillite, phyllite, none n.a. Pre-Permian Stratigraphic
schist, gneiss, and serpentinized ultramafic rocks position
Oregon Claims Fine-grained siliciclastic rocks with interlayered mafic 296 Ma Dz Pre-Late Triassic Stratigraphic
Formation volcanics MDA position
Independence- Fine-grained siliciclastic rocks with interlayered mafic Middle Devonian | Fossil 301 Ma DZ MDA
Okanagan- Ssrsaedr?]%?;/\gl; o volcanics
Similkameen region Shoemaker Chert and minor greenstone, greywacke, sandstone, and Middle Devonian | Fossil Pennsylvanian to Fossil
assemblage limestone Permian
Old Tom Greenstone and minor chert, greywacke, sandstone, and Devonian to Fossil none n.a.
assemblage limestone Mississippian
Barslow assemblage | Siliciclastic rocks and conglomerate with interlayered 342 Ma Dz 312 Ma DZ MDA
greenstone, plus minor chert and limestone MDA
Kobau Group Quartzite, phyllite, schist, gneiss, greenstone, and marble none n.a. none n.a.
Anarchist Group Phyllite, schist, recrystallized chert, and meta-argillite with | 365 Ma U-Pb 299 DZ MDA
minor greenstone, limestone, mafic tuff, and serpentinized zircon
dunite and harzburgite
Kootenay-Boundary | Knob Hill Complex | Mafic volcanic rocks, gabbro, sheeted diabase dikes, 390 Ma U-Pb Pennsylvanian to Fossils
region serpentinites, and chert, with lesser argillite and zircon Permian
fossiliferous limestone
Attwood Formation | Chert conglomerate, argillite, phyllite, slate and Carboniferous and | Fossils 327 Ma DZ MDA
fossiliferous limestone with minor mafic volcanic rocks Permian




1.1.1.1.  Thompson-Nicola Region

Two units make up the Okanagan subterrane in the Thompson-Nicola region: the Chapperon and Harper
Ranch Groups (Figure 4). The Chapperon Group is a variably metamorphosed assemblage of chert,
greenstone, quartzite, siliceous argillite, phyllite, schist, gneiss, and serpentinized ultramafic rocks of
pre-Permian age (Read and Okulitch 1977, Okulitch 1979, Daughtry et al. 2000). Fine to coarse-grained
Permian-aged fossiliferous siliciclastics of the Harper Ranch Group lie with slight angular unconformity
between the Chapperon Group and Mesozoic strata of the Nicola Group. The Late Devonian to Middle
Permian Harper Ranch Group has been interpreted as an assemblage of volcanic arc facies with an apron
of massive to laminated mudstones with limestone lenses, and fine to very coarse-grained reworked
volcanic sandstones intercalated with tuffaceous layers (Smith 1979, Ross 1981, Acton et al. 2000,
Beatty et al. 2006). The Harper Ranch Group has been studied in greatest detail at its type locality,
approximately 50 km north of our Thompson-Nicola region study area. At the type locality, chert
pebble conglomerates overlie latest Famennian shallow-water bioclastic limestones, together forming
the base of the Harper Ranch stratigraphic sequence (Beatty et al. 2006). The conglomerates are, in
turn, overlain by deep-water turbidites which contain minor interbeds of reworked fine-grained
volcaniclastic sandstones with Early Mississippian conodonts (Beatty et al. 2006). Volcaniclastics
increase in abundance within the stratigraphic sequence of the Harper Ranch Group until they are
largely replaced by thick carbonate deposition through the Late Mississippian to Early Pennsylvanian
(Beatty et al. 2006). Early to Middle Permian limestones which contain Tethyan fossil assemblages
unconformably cap the sequence (Smith 1979, Ross 1981, Orchard and Forster 1988, Crasquin-Soleau
and Orchard 1994, Beatty et al. 2006). The Late Triassic Nicola Group is a volcanic arc sequence
locally represented in this region by fine- to coarse-grained, locally calcareous sedimentary rocks and

limestones of Carnian to Norian age (Mortimer 1987, Ray et al. 1996, Massey 2011).
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The geometry and distribution of units in the Thompson-Nicola region is a product of a series of folding
and faulting events spanning from the Permo-Triassic to the Eocene. Chapperon Group rocks form the
core of an arcuate north-plunging antiform (Ross 1981) that post-dates Permo-Triassic tight to isoclinal
interfolding with the Harper Ranch Group (Read and Okulitch 1977, Ross 1981, Daughtry et al. 2000).
Serpentinized ultramafic rocks occur as pods throughout the Chapperon Group but outcrop in proximity
and parallel to the westernmost contact with the Harper Ranch Group (Read and Okulitch 1977). A
moderately-dipping basal conglomerate of the Nicola Group overlies the Chapperon and Harper Ranch
groups along a Permo-Triassic angular unconformity and contains variably-oriented, foliated clasts of

these underlying units (Read and Okulitch 1977, Ross 1981, Daughtry et al. 2000).
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1.1.1.2. Okanagan-Similkameen Region

A paucity of age constraints makes relative stratigraphic interpretations difficult in the Okanagan-
Similkameen region. Fossil and detrital zircon ages span Middle Devonian to Early Permian in a
number of units (Mortensen et al. 2017). From east to west, this region is composed of the Kobau
Group, the Barslow, Shoemaker, Old Tom, and Independence-Bradshaw assemblages, and the Oregon
Claims Formation (Figure 5). The latter two units are in unconformable or fault contact with Late
Triassic rocks of the Nicola Group to the west. A fault-bounded metamorphic assemblage of quartzite,
phyllite, schist, gneiss, greenstone, and marble make up the Kobau Group (Okulitch 1973, Milford 1984,
Méder et al. 1988, Mortensen et al. 2017). Biostratigraphy is not possible given the degree of strain and
metamorphic recrystallization and the Mississippian age of this unit is based solely on lithologic and
structural correlations to other Okanagan subterrane units (Okulitch 1973, Mortensen et al. 2017). The
remaining units consist of a collection of greenstone, siliciclastic rocks, limestone, and chert; the relative
abundance of lithologies defines the unit to which they have been assigned (Mortensen et al.

2017). Fine- to coarse-grained siliciclastic rocks and conglomerate with interlayered greenstone, plus
minor chert and limestone characterizes the Barslow assemblage (Mortensen et al. 2017). Conodonts
and brachiopods within this unit indicate an earliest Mississippian to Pennsylvanian age. Detrital
zircons in sandstones 6 km and 8 km east of Keremeos yield maximum depositional ages of 312 Ma and
342 Ma, respectively (Mortensen et al. 2017). The Shoemaker assemblage is dominated by chert
whereas greenstone is the primary lithology in the Old Tom assemblage (Read and Okulitch 1977,
Milford 1984, Mortensen et al. 2017). In both, greywacke, sandstone, and limestone are present in
minor abundance. Fossil ages in chert and limestone of the Old Tom and Shoemaker assemblages span
Middle Devonian to Pennsylvanian or Early Permian (Mortensen et al. 2017). As with the Barslow

assemblage, fine-grained siliciclastic rocks with interlayered mafic volcanics characterize the
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Independence-Bradshaw assemblages and the Oregon Claims Formation. Detrital zircons indicate
maximum depositional ages ranging from Latest Devonian to as young as 296 Ma while fossil ages in
crinoidal limestone indicate that parts of the Independence-Bradshaw assemblages are as old as Middle
Devonian (Mortensen et al. 2017). In either unconformable or fault contact along the western boundary
of the Okanagan-Similkameen region are fine-grained calcareous siliciclastic turbidites of the Nicola
Group (Milford 1984, Ray et al. 1996). The Permo-Triassic unconformity is locally characterized by
conglomerate and breccia containing pebble to cobble-sized clasts of chert and limestone derived from

underlying Okanagan subterrane strata.

As in the Thompson-Nicola region, Paleozoic assemblages in the Okanagan-Similkameen region form
an arcuate NE-plunging west-verging antiform (Read and Okulitch 1977). Units were tight to
isoclinally folded in the Permo-Triassic then multiply-refolded during younger deformation events to
yield the observed map pattern (Figure 5; Read and Okulitch 1977, Ross 1981). Complicating
stratigraphic and structural interpretations, a bioclastic limestone in the Old Tom or Shoemaker
assemblage contains clasts with Late Silurian to Early Devonian corals in a matrix with Carnian- to
Norian-aged fossils (Read and Okulitch 1977, Pohler et al. 1989). The Late Triassic age of the matrix
led Milford (1984) to assign a Late Triassic age to the entirety of the Old Tom and Shoemaker
assemblages. These limestone entities are now understood to represent either klippes or unconformably-
deposited erosional remnants of the Nicola Group (Read and Okulitch 1977, Mortensen et al. 2017). An
unusual assemblage of Middle to Late Ordovician conodonts are found in limestone 16 km north of
Keremeos in a region mapped as the Shoemaker assemblage (Pohler et al. 1989). These particular
conodont species being found together is un-documented in the literature and is interpreted as evidence
of transportation or reworking (Pohler et al. 1989). Nearby cherts yield Late Devonian to Mississippian

fossil ages thus the Ordovician limestone has been interpreted as an olistolith or a faulted fragment
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structurally imbricated with strata of the Shoemaker assemblage (Milford 1984, Mortensen et al. 2017).
Intact pre-middle Devonian strata have yet to be identified in the Okanagan subterrane (Mortensen et al.

2017); therefore, the source of the Ordovician to early Devonian fossils is enigmatic.
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Figure 5. Geologic map of the Okanagan subterrane within the Okanagan-Similkameen region (study region B) modified from Milford
(1984) and Cui et al. (2017) Structural symbols and geochemistry sample locations are data collected in this study. Detrital zircon
maximum depositional ages are from Mortensen et al. (2017) as are fossil ages. West-dipping faults in the Hedley region are
approximated based on mapping by Ray et al. (1996) and Dawson et al. (1990). From west to east, these are the Chuchuwayha, Bradshaw,
Cahill Creek, and Winters Creek faults all of which cut the Cahill Creek pluton which yields a U-Pb zircon age of 163 Ma (Mortensen
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1.1.1.3. Kootenay-Boundary Region

Within the study area for the Kootenay-Boundary region, the Okanagan subterrane is represented by the
Knob Hill Complex, the Anarchist Group, and the Attwood Formation (Figure 6). Paleozoic strata are
unconformably overlain by conglomerate, sandstone, siltstone, limestone, greenstone, and pyroclastic
breccia of the Middle Triassic Brooklyn Formation (Fyles 1990, Massey 2006b). Apart from
serpentinites, conglomerate clasts are derived from all lithologies of the underlying Paleozoic units
(Fyles 1990). The Pennsylvanian(?) or Permian to Early Triassic Mount Roberts Formation lies outside
the study area, 65 km east of Greenwood, and has been interpreted as the easternmost and youngest
exposures of the Harper Ranch Group (Roback and Walker 1995). Clastic sediments in the Mount
Roberts Formation are consistent with derivation from strata within the Okanagan subterrane with a
Pennsylvanian or Permian to Middle Triassic age range that bridges the time gap between the youngest
Okanagan subterrane and oldest Triassic arc strata. Middle to Late Devonian detrital zircon peaks in the
Mount Roberts Formation (Roback and Walker 1995) coincide well with those in the Okanagan
subterrane (Mortensen et al. 2017) consistent with the genetic relationship inferred based on age and
clastic composition. Thus, for the purposes of this study, the Mount Roberts Formation is considered an

overlap assemblage.

The Knob Hill Complex consists of mafic volcanic rocks, gabbro, sheeted diabase dikes, serpentinites,
and chert, with lesser argillite and fossiliferous limestone (Fyles 1990, Massey and Dostal 2013,
Mortensen et al. 2017). Serpentinites are closely associated with a series of north to northeast-dipping
thrust faults west of Greenwood (Fyles 1990, Hoy 2018). Gabbro from the Knob Hill Complex along
the Lind Creek Fault and north of Rock Creek yielded U-Pb zircon ages between 380 and 390 Ma
(Massey et al. 2013). Radiolaria in chert of upper sequences are as young as earliest Permian with a

younging trend toward the north or northeast (Fyles 1990, Massey 2006a). The Anarchist Group is
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comprised of phyllite, schist, recrystallized chert, and meta-argillite with minor greenstone, limestone,
mafic tuff, and serpentinized dunite and harzburgite (MINFILE 1985, Fyles 1990, Massey and Dostal
2013, Mortensen et al. 2017, Hoy 2018). Serpentinites hosting podiform chromitite deposits present as
NW trending, steeply-dipping lenses up to 1000 meters long by 100 meters wide with well-developed
foliation paralleling internal shearing and sharp contacts with the host rock (MINFILE 1985). A quartz-
muscovite schist, interpreted as a metatuff, within the Anarchist Group yielded a U-Pb zircon age of 365
Ma (Mortensen et al. 2017). Detrital zircons indicate maximum depositional ages as young as 299 Ma

(Mortensen et al. 2017).

The Attwood Formation is composed of chert conglomerate, argillite, phyllite, slate and fossiliferous
limestone with minor mafic volcanic rocks (Church 1986, Fyles 1990, Massey 2006b, Massey and
Dostal 2013, Mortensen et al. 2017). Carboniferous or Permian macrofossils characterize the Attwood
Formation and detrital zircon populations indicate maximum depositional ages as young as 327 Ma

(Church 1986, Massey 2006b, Mortensen et al. 2017).

In the southeastern portion of the Kootenay-Boundary region, the Okanagan subterrane is imbricated,
forming five north-dipping thrust sheets (Figure 6; Fyles 1990). From north to south, the major faults
involved are the Lind Creek, Mount Attwood, Mount Wright, and Number 7 faults. The Lind Creek
fault separates a hanging wall of primarily Knob Hill Complex from a footwall comprised of rocks from
the Attwood Formation (Massey 2006a). Along the Mount Attwood and Mount Wright faults, the
Attwood Formation dominates the hanging wall and the Anarchist Group forms the footwall. Lastly, the
Anarchist Group has been thrust over Brooklyn and Attwood Formation rocks along the Number 7 fault.
Tight to isoclinal folding has deformed strata within most thrust sheets (Fyles 1990) suggesting folding
pre-dates or is coeval with thrusting. Involvement of the Brooklyn Formation in all thrust sheets

indicates post-middle Triassic thrust imbrication. Undeformed stitching plutons of the Middle Jurassic
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Nelson plutonic suite intrude the thrust sheets and provide a minimum age constraint on imbrication

(Fyles 1990, Massey 2006b).

Overall patterns observed within the Okanagan subterrane include: 1) deeper crustal components such as
gabbro and serpentinites are exposed in the Kootenay-Boundary region; 2) chert, while ubiquitous
across the Okanagan subterrane, is more heavily concentrated in the Okanagan-Similkameen region; 3)
available age constraints from fossils, detrital zircons and U-Pb zircon indicate that the Okanagan
subterrane spans the Middle Devonian to Middle Permian; and 4) strata in all regions have been

subjected to multiple phases of Permo-Triassic and younger folding and thrust imbrication.
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Number 7 fault (Fyles 1990). Sheared margins are also found within the 172 Ma Gidon Creek porphyry (Massey et al. 2010).
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Chapter Two: Results

2.1.  Field Observations and Petrography

Detailed and regional mapping built on previous studies and resulted in a collection of stratigraphic and
structural data and whole rock geochemistry to be used together to characterize the Okanagan
subterrane. A presentation of field and petrographic observations is followed by structural and
stratigraphic observations and the presentation of geochemical data. Rocks within the Okanagan
subterrane have been regionally deformed and metamorphosed typically to lower greenschist facies but

locally as high as amphibolite grade and are locally weakly to pervasively pyritiferous.

2.1.1. Ultramafic Rocks and Gabbro

Ultramafic rocks are encountered in both the Thompson-Nicola and Kootenay-Boundary regions.
Commonly serpentinized, these rocks are strongly magnetic with well-defined, steeply-dipping to
subvertical foliation. In the Thompson-Nicola region, serpentinites outcrop in lenticular zones
paralleling foliation and weather orange and green. A blocky, bluff-forming outcrop at the northernmost
extent of the Chapperon Group, 27 km NE of Chapperon Lake consists of medium grey weathering
serpentinite pervasively cut by pink veins thought to consist of the manganese silicate rhodonite.
Ultramafic rocks also occur as lenticular bodies in the Kootenay-Boundary region cropping out largely
along thrust faults south and east of Greenwood but also as chromitite-bearing, NW-striking, subvertical
lenses north and west of Rock Creek (MINFILE 1985, Fyles 1990, Dostal et al. 2001, Massey and
Dostal 2013). They present as either dark green- to black-weathering serpentinite (Figure 7) or orange-

to buff-weathering listvenite, a carbonatized serpentinite. North of Rock Creek 4 km from the junction
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of Highway 3 and Highway 33, a 30 m roadside outcrop of black-weathering serpentinite anastomoses

between disrupted panels of orange-weathering listvenite (Figure 8).

Figure 7. A serpentinite outcrop 13 km SE of Greenwood in the Kootenay Boundary region. Serpentinite outcrops in this area vary from
competent to heavily fractured, forming knobby hills. The rocks are aphanitic, strongly magnetic and foliated.
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Figure 8. Photo looking westward at a roadside outcrop, GMc15-20-3, north of Rock Creek in the Kootenay Boundary region where
aphanitic greenstone dips northward beneath serpentinite anastomosing between disrupted panels of listvenite.

Gabbroic rocks are a minor component in the Old Tom assemblage of the Okanagan-Similkameen
region where they present as thick sills intruding greenstone. Gabbros are most prevalent in the
Kootenay-Boundary region where they are spatially associated with serpentinites, form bluffs and high-
standing outcrops, and range from patchy and pegmatitic to fine-grained microgabbro. Fyles (1990)
noted that, locally, grain size was gradational from coarse- through to fine-grained gabbro into aphanitic
greenstone, and that gabbro can be found intruding greenstone. Gabbros are composed primarily of
plagioclase and relict clinopyroxenes which have been extensively replaced by hornblende (Dostal et al.
2001, Massey and Dostal 2013) likely resulting in this unit’s original designation by Church (1986) as
‘Old Diorite’.
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2.1.2. Podiform Chromitite

Podiform chromitite occurrences are found within the Anarchist Group approximately 25 km northwest
and west of Rock Creek within steeply-dipping, NW-SE trending lenses of serpentinite (Figure 6). A9
km-long, discontinuous series of occurrences is also found along trend in the Chapperon Group 6 km
north of Trepanier Provincial Park (Figure 4). Deposits consist of fine- to coarse-grained stringers,
nodules, crystal aggregates and pods primarily hosted within serpentinized dunite or harzburgite lenses
up to 1000 meters long x 100 meters wide. The Chrome-Vanadium deposit within the Chapperon
Group, for example, occurs as crystal aggregates and lenses hosted in NW-trending, fault-bounded,
serpentinized harzburgite. The Anarchist Chrome deposit, 24 km SW of Rock Creek, consists of
massive, coarsely crystalline angular pods hosted in fine-grained grey carbonate, believed to be
listvenite. In the Bridon deposit, 30km NW of Rock Creek, fine-to medium-grained chromitite lenses
are boudinaged in the NW-SE direction parallel to subvertical foliation and shearing within
serpentinized dunite and metasediments of the Anarchist Group. Some of the chromitite lenses in this

deposit are openly folded. The characteristics of each occurrence are summarized in Table 1.
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Table 2. Summary of podiform chromite occurrences compiled from MINFILE (1985).

Name MINFILE # Location OS Unit Host Rock Orientation Dimensions of Structural features
serpentinite
body
(Lx W in
meters)
Chrome- 082LSW056 11U 294620 E, Chapperon Serpentinized 330/85 9000 x 500 Sheared, fractured
Vanadium 5543371 N Group harzburgite
Anarchist 082ESW024 11U 338780, Anarchist Listvenite ~300/80 15 x5~ Chromite grains are
Chrome 5432331 N Group fractured but not
sheared
Rock Creek 082ESW149 11U 353232, Anarchist Serpentinized n/a* 500 x 50 Sheared, fractured,
5438604 N Group peridotite fault bounded
Jolly Creek 082ESW159 11U 345519, Anarchist Serpentinized n/a* 600 x 100 n/a*
Chrome 5444437 N Group peridotite
Elk 082ESW228 11U 34178 E, Anarchist Serpentinized n/a* n/a* n/a*
5446477 N Group peridotite
Bridon 082ESWO025 11U 338408 E, Anarchist Serpentinized 330/90 1000 x 75 Sheared parallel to
5450203 N Group dunite regional foliation,
boudinaged,
openly folded
KET20 082ESW232 11U 336029 E, Anarchist Serpentinite n/a* n/a* n/a
5436213 N Group
BEV 97 082ESW285 11U 340767, Anarchist Serpentinite n/a* n/a* Brecciated
5444881 N Group

* Information not available
A Dimensions for the listvenite body is not available, reported dimensions are for the chromitite pod

2.1.3. Metavolcanic Rocks

Metavolcanic rocks, ubiquitous throughout the Okanagan subterrane, are represented by aphanitic
greenstone with locally prevalent greenschist, tuff, pillow lava, and breccia. Phenocrysts, if present,
consist of fine-grained plagioclase and pyroxene with minor hornblende. Greenstones range from dark
green with red-weathering surfaces to sage green with smooth, green-weathering surfaces depending on
the degree of silicification and epidotization. Locally, these rocks contain screens or interbeds of
varicolored chert and mudstone (Figure 9). Calcite or chlorite occur as amygdules and, along with
quartz and epidote, as fracture fill. Metavolcanic rocks exist primarily as flows but also as diabase dikes
intruding flows. In the Okanagan-Similkameen region, diabase dikes of the Old Tom assemblage NW
of Keremeos are heavily epidotized and are found intruding through and containing screens of grey to
white chert. In the Kootenay-Boundary region, 12 km ESE of Greenwood, diabase is observed both
intruding and as inclusions within gabbro of the Knob Hill Complex (Massey 2006a).
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Figure 9. Screens of chert within greenstone in an outcrop along Ashnola River Road 19 km west of Keremeos (Okanagan Similkameen
region).

2.1.4. Chert

Chert rocks are most abundant in the Old Tom and Shoemaker assemblages of the Okanagan-
Similkameen region and the Knob Hill Complex of the Kootenay-Boundary region. In the Okanagan-
Similkameen, cherts are massive, thickly-bedded, ribboned, or conglomeratic (Figure 10) They are
found in a variety of colors including black, grey, green, and red, and are locally pyritiferous. Mottled
cherts are veruginous and locally contain thin clayey layers. Chalcedony or microcrystalline quartz fills

fractures. Microscopic circular zones of coarser quartz likely represent recrystallized radiolarians
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(Figure 11). Black chert weathers light to dark grey with light grey mottled surfaces. Grey chert ranges
from light to dark grey. Both black and grey chert are locally ribboned or medium- to thickly-bedded
with thin interbeds of siliceous siltstone or shale. Red cherts have burgundy or orange-red mottling on
fresh and weathered surfaces and are locally gradationally interbedded with white and grey chert or thin
laminae of argillite. Green cherts range from sage-green to green-grey and are locally mixed or
interbedded with siliceous greenstone or thin laminae of light green mudstone. Hosted primarily within
chert rocks in the Okanagan-Similkameen region are several rhodonite occurrences. Rhodonite is pink
and brown with black and brown weathered surfaces and occurs as thin beds or veins. Chert rocks
encountered in the Kootenay-Boundary region are brecciated, conglomeratic or bedded and white, grey
or green in color. Chert granulestones and pebble conglomerates 8 km NE of Greenwood and 3 km

north of Rock Creek, respectively, are clast-supported with sub-rounded clasts of white, dark grey and

green chert to 10 mm in diameter.

Figure 10. A) Bedded and B) ribboned chert from the Shoemaker Formation in the Okanagan-Similkameen Region.
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Figure 11. A) Photo of an outcrop of massive, variegated grey and black chert, 4 km north of Keremeos (Okanagan-Similkameen Region).
B) Photomicrographs of chert from this outcrop. The image on the left is in plane-polarized light showing circular zones possibly
representing recrystallized radiolarians. The image on the right shows the same region under crossed-polarized light. Coarser quartz and
chalcedony fill fractures. C) A zoomed-in view of the circular ‘radiolarian’ zones. These areas are also filled with coarser quartz crystals
than the surrounding chert. Viewed at 100x magnification (field of view = 0.2 mm).

2.1.5. Shale and Sandstone

Shale and sandstone are minor components in most Okanagan subterrane units but prevalent within the
Independence-Bradshaw and Barslow assemblages and Oregon Claims Formations of the Okanagan-
Similkameen region and in the Attwood Formation of the Kootenay-Boundary region. Black shale 20
km NW of Keremeos, in the Independence-Bradshaw assemblages, weathers dark grey with rusting on
joint surfaces. Calcite veins, where present, are commonly folded or boudinaged. In the Old Tom
assemblage, black and dark-red shales are interleaved with greenstone 15 km NW of Keremeos (Figure
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12). Red-brown weathering tuffaceous sandstones 20 km west of Keremeos in the Independence-
Bradshaw assemblages are well-sorted, fine-grained, and micaceous with grey-brown fresh surfaces.

Microscopic analysis reveals angular to sub-angular clasts extensively replaced by silica (Figure 13).

Figure 12. Red shale interleaved with red-weathering greenstone at an outcrop 15 km north of Keremeos (Okanagan Similkameen region)
in the Old Tom assemblage.

Figure 13. Tuffaceous sandstone of the Okanagan-Similkameen region at site Ash20-07. Photomicrograph of a sample from this locality
under A) plane-polarized and B) cross-polarized light viewed at 100x magnification (field of view = 0.2 mm).
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2.1.6. Carbonate rocks

Carbonate rocks are ubiquitous throughout the Okanagan subterrane albeit in minor abundance relative
to other lithologies. These range from black marl or dark grey micrite to white coarse-grained marble
(Figure 14 A). In the Thompson-Nicola region, grey- and white-banded coarsely crystalline marble 16
km NE of Trepanier Provincial Park is interbedded with minor sandstone and is intruded by a series of
microgabbro sills of unknown age. In the Okanagan-Similkameen region, outcrops within the
Shoemaker assemblage along Olalla Creek 15 km north of Keremeos have white to red marble cut by
steeply-dipping epidote-rich diabase dikes. The red marble is due to a dense fracture network filled
with red, hematite-stained quartz and calcite (Figure 14 B). Middle Devonian limestone in the
Independence-Bradshaw, Old Tom and Shoemaker assemblages contains a mix of conodont, crinoid and
brachiopod fossils and are interlayered with chert, argillite, sandstone, chert pebble conglomerate and
greenstone. Limestone 14 km SE of Greenwood within the Attwood Formation of the Kootenay-

Boundary region are dark grey with white to light brown weathered surfaces and white marbling and

dark grey stringers throughout.

Figure 14. A) Grey marble from the Thompson-Nicola region 40 km NW of Kelowna. B) Hematite-stained marble from the Okanagan-
Similkameen region 16 km NW of Keremeos.
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2.1.7. Phyllite, Schist and Gneiss

Phyllites encountered in the Anarchist Group are siliceous and grey or chloritic imparting a dark brown-
green to mint-green color. Muscovite biotite schists encountered in this study are fine- to coarse-grained
and occasionally crenulated with orange to red weathering and folded quartz veins. Gneissic rocks in
both the Chapperon and Kobau groups have well-developed banding and light to dark grey weathered

and fresh surfaces.

2.2.  Structural Geology

The Okanagan subterrane was subjected to multiple phases of deformation between the latest Permian
and Late Jurassic. The study areas can be divided into six structural domains (Figure 15): Thompson-
Nicola region — North (TNR-N), Thompson-Nicola region — South (TNR-S), Okanagan-Similkameen
region — North (OSR-N), Okanagan-Similkameen region — South (OSR-S), Okanagan-Similkameen
region — East (OSR-E), and the Kootenay-Boundary region as a single structural domain (KBR).
Detailed observations of mesoscopic structures attributable to each deformation event are outlined below

and summarized in Table 2.
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Figure 15. Graphic illustration depicting the distribution and characteristics of F2 folds within six structural domains of the Okanagan
subterrane: Thompson Nicola Region-north (TNR-N), Thompson Nicola Region-south (TNR-S), Okanagan Similkameen region-north
(OSR-N), Okanagan Similkameen region-south (OSR-S), Okanagan Similkameen region-east (OSR-E), and Kootenay Boundary region-
east (KBR-E). Unit colors and descriptions are the same as shown in Figures 4, 5, and 6. All stereonet plots of poles to bedding (circles),
poles to S1 foliation (diamonds), and F2 hinge lines (squares) were drawn and analyzed using Stereonet v.11 (Allmendinger et al. 2012,
Cardozo and Allmendinger 2013). Filled symbols represent data from this study. Open symbols represent data from Read and Okulitch
(1977) in the Thompson-Nicola and Okanagan-Similkameen regions and Hoy (2018) in the Kootenay-Boundary region. No S2 axial
planar cleavage was observed to constrain the F2 axial plane therefore the axial planes of F2 folds shown here (AP) were determined
using the axial plane finder function within the program. F2 Fold axes (FA) and profile planes (pp) were determined using the Bingham
analysis of the cylindrical best fit to the data.
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Table 3. Characteristics of F1 and F2 Folds within the Okanagan subterrane and overlying Nicola and Brooklyn Groups

Koot -B d Timi f
Study area Thompson-Nicola Region Okanagan-Similkameen Region 00, enay-Soundary |m|ngt?
Region Deformation
Structural TNR-N TNR-S OSR-N OSR-S OSR-E KBR
Domain
N N Tigh
Tightness ear « | ear " Isoclinal* Isoclinal* '8 t.to Tight to isoclinal #
isoclinal™ isoclinal™ Isoclinal®
Inclined to Inclined to
ight to Incli Early Permi
b1 Vergence Upright~* Upright~* Overturned Overturned Recumbent” ;J\Zrlg tto Inclined to ts:oyu irgﬁn
to SE or SW* | to SE or SW* gh =ary
Fold Axis Triassic
Trend NE NW NE NE N (gentle to NW (moderate)~
(gentle)~* (moderate)* (moderate)* (moderate)* | moderate)®
(plunge)
" - - - - Opento N
Tightness Open Open Open Open Tight~n& Open to Tight
Vergence Upright Upright Upright . . Upright (SE) to
ht (W)~ ht (SW)~
D2 | (direction) | (NW)~ (Sw)~ (NW)~ Upright (W) Upright (SW) Overturned (SW)~ Middle Jurassic
Fold Axis
NE NE N NW E
Trend NW (gentle)~ tos E to NE (gentle)™
(plunge) (gentle)™ (moderate)™ (moderate)~ | (gentle)~"

n.a.: information not available
* Read and Okulitch (1977)

A Okulitch (1979)

# Fyles (1990)

@ Ross (1981)

& Madder et. al. 1988

~ this study

F1 folds within the Thompson-Nicola and Kootenay-Boundary domains are upright to inclined with
variably-trending axes and a bedding-parallel S1 foliation such as that observed within phyllites of the
Chapperon Group in the TNR-N domain (Figure 16). Rare mesoscopic hinges of isoclinal minor F1
folds in the OSR-N domain plunge moderately NE. The axial planes of these folds dip moderately to
steeply toward the northeast and northwest. F1 folds within the OSR-E domain are recumbent with
shallowly to moderately north-plunging hinge lines (Figure 17). D1 structures in the study regions are
restricted to earliest Permian and older rocks and are truncated by the regional Permo-Triassic
unconformity (Read and Okulitch 1977) constraining the age of D1 to post-earliest Permian but pre-
middle Triassic. Clastic sediments in the Mount Roberts Formation are consistent with derivation from
strata within the Okanagan subterrane with an age range that bridges the time gap between the youngest
Okanagan subterrane and oldest Triassic arc strata. D1 structures do not appear to be represented

within the Mount Roberts Formation (Simony 1979) thus constraining the timing of D1 in this region as
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pre-latest Pennsylvanian or earliest Permian. Carbonate platform deposition continued into the Middle
Permian in the Harper Ranch Group type section north of Kamloops (Figure 1) and was affected by D1
folding (Smith 1979, Beatty et al. 2006) suggesting a D1 event that initiated by the latest Pennsylvanian
or earliest Permian east of Greenwood and continued at least through the Middle Permian younging

northwestward beyond Kamloops.

Figure 16. F1 folds in Chapperon Group phyllite 29 km NE of Chapperon Lake in the Thompson-Nicola region — North domain (TNR-N)
with the pen positioned parallel to the intersection of NW-dipping bedding (So) and S: foliation with the rock face.

Figure 17. Photos of overturned (A) to recumbent (B) F1 folds in Anarchist Group phyllite 62 km SE of Keremeos at station GMc15-21-5
in the Okanagan-Similkameen region — East domain (OSR-E). The hinge lines plunge shallowly to moderately to the North.
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In the OSR-N domain, the Nicola Group is cut by a series of northeasterly-trending, steeply west-
dipping listric faults (Figure 5). From west to east, these are the Chuchuwayha, Bradshaw, Cahill Creek,
and Winters Creek faults. The earliest successions of the Nicola Group here are fault-bounded, shallow
to deep marine sedimentary facies suggesting that the faults were rifts which post-date D1 but formed
prior to or during the Late Carnian to Early Norian deposition of these packages during an extensional
deformation phase, E1. Overlying Late Triassic boulder conglomerate, clastic sediments and tuffs are
widespread across the area constraining the end of E1 rifting in the OSR-N domain to pre-middle
Norian. Inthe KBR domain, Middle Triassic Brooklyn Formation strata are cut by a series of north- to
NE-dipping thrust faults (Figure 6). From north to south these include the Lind Creek Fault, the Mount
Attwood Fault, the Mount Wright Fault, and the No. 7 Fault. Chert and limestone pebble conglomerates
form the base of the Brooklyn Formation. Siltstone, shale, and limestone comprise upper sequences and
indicate deposition in a progressively deepening basin. The lithologic similarities between Brooklyn
and Nicola Group strata suggest the faults in the KBR domain may have also originally been E1 rift-
related extensional faults which formed prior to and controlled deposition of the Brooklyn Group

thereby constraining E1 rifting in this region to pre-Ladinian time.

A subsequent phase of compressional deformation, D2, resulted in primary folding of the overlying
Nicola Group and Brooklyn Formation, secondary folding of Okanagan subterrane strata, and late stage
thrust faulting. Stereonet plots of D2-related folds (F2) are depicted relative to their structural domains
in Figure 15. F2 folds are open and upright with axes ranging from NW- to E-trending. Re-folding of
S1 cleavage planes in phyllite of the Chapperon Group defines the close to open gently-inclined F2 folds
in the TNR-N domain (Figure 18). Conglomerate exposures of the Harper Ranch Group outline an
overturned, SE-plunging antiform/synform pair which exposes rocks of the Chapperon Group in the core

of the antiform and preserves Harper Ranch Group rocks in the core of the synform. In the OSR-N
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domain, F2 folds are gently NW-verging, and moderately NE-plunging. These folds in grey-green chert
of the Shoemaker assemblage at station Ola20-02, 23 km north of Keremeos, however, are overturned,
south-verging and east-plunging (Figure 19). A synform in black chert at station Ker20-01 in the OSR-
S domain is upright with a slightly west-verging orientation and a gently north-plunging axis (Figure
20). F2 folds in the OSR-E domain are open to tight and upright with northwest-plunging axes.
Parasitic F2 folds are observed re-folding phyllitic cleavage within the Anarchist Group 62 km southeast
of Keremeos at station GMc15-21-5 (Figure 21). In the KBR domain, F2 folds are overturned and
south-verging with gently east-plunging axes as observed at Gre20-12 in a 50 m outcrop of bedded
limestone of the Brooklyn Formation (Figure 22). Further west, mesoscopic F2 folds near serpentinite
outcrops north and west of Rock Creek are inclined, verging to the SW with NW-plunging axes.
Serpentinite exposures in all three domains which host podiform chromitite trend NW-SE, dip steeply,
and are often fault-bounded with contacts and foliation that parallel their regional D2 axial planes
(MINFILE, 1985; Figures 4 and 6). D2 folds within the Mount Roberts Formation are overturned to the
east with NNE-SSW trending axes. The Mount Roberts Formation overlies a Devonian intra-oceanic
island arc, the Trail Gneiss Complex, along a folded mylonitic contact. The axial plane of folds in the
mylonite parallels S2 in the Mount Roberts Formation and shallows eastward toward sub-horizontal

within the Trail Gneiss Complex over a distance of approximately 8 km (Simony 1979).
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Figure 18. F2 re-folding of S1 cleavage planes in Chapperon Group phyllite of the TNR-N structural domain.

Figure 19. A) Stereonet plot of mesoscopic F2 folds within grey-green chert at Ola20-02 within the Shoemaker Formation of the OSR-N
structural domain. FA= F2 fold axis, AP = F2 axial plane, pp = F2 profile plane, pL1 and pL2 = poles to limbs 1 & 2, respectively. B)
Photo taken looking NE at the outcrop of folded chert at Ola20-02.
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Figure 20. A) Stereonet plot of a mesoscopic F2 synform at Ker20-01 within black chert of the Shoemaker Formation in the OSR-S
structural domain. FA= F2 fold axis, AP = F2 axial plane, pp = F2 profile plane, pL1 and pL2 = poles to limbs 1 & 2, respectively. B)
Photo taken looking south toward the outcrop at Ker20-01 depicting the steeply east-dipping western limb of the fold.

Figure 21. A) Stereonet plot of bedding (circles) and S1 foliation (diamonds) from the OSR-E structural domain of the Okanagan
subterrane. FA = F2 fold axis, AP = F2 axial plane, pp = F2 profile plane. No S2 axial planar cleavage was observed. B) Parasitic F2
folds (example highlighted in orange) in phyllite of the Kobau Group 7km SE of Keremeos. C) Recumbent F1 fold in the same phyllite.
Black rectangle highlights the location of F2 folds shown in B.

N

Figure 22. A) Stereonet plot of an overturned F2 fold within a 50m continuous roadside outcrop of bedded limestone of the Brooklyn
Formation at station Gre20-12 in the KBR structural domain. FA= fold axis, AP = axial plane, pp = profile plane, pL1 = pole to limb 1,
pL2 OT = pole to overturned limb 2. B) East-facing photo of steeply-dipping overturned limb of this fold. The arrow indicates graded
bedding fines southward from left to right. The upright limb is to the south.
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The trace of the E1 faults in the OSR-N domains parallels the northeast trend of the regional F2 fold axis
suggesting the original rift-related extensional faults were reactivated during D2 as imbricate thrusts. A
duplex thrust fault system is exposed in a cliff face north of the town of Hedley, 37 km NW of
Keremeos in the OSR-N domain (Figure 23). Bounding faults include the Chuchuwayha fault to the
west and the Bradshaw fault at its base to the east. The faults cut up-section to the southeast through
hanging wall and footwall strata defining hanging wall and footwall ramps that connect through bedding
parallel flats and indicate a transport direction toward the southeast (Figures 23 and 24). The thrust
faults cut but do not offset the 163 Ma Cahill Creek pluton suggesting that thrust faulting in the west
terminates in the earliest Late Jurassic shortly after pluton emplacement. In the KBR domain, truncation
and shearing of the 200 Ma Lexington porphyry by the Number 7 fault (Fyles 1990), sheared margins
within the 172 Ma Gidon Creek porphyry (Massey et al. 2010) less than 3 km to the west and the lack of
shearing in plutons considered part of the Middle Jurassic Nelson Suite in the hanging wall of the Mount
Attwood fault constrain thrust faulting in the KBR domain to have occurred between early and late
Middle Jurassic. The above age constraints suggest northwestward younging of a D2 event which

includes both folding and east-directed thrust faulting spanning the Middle Jurassic.
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Figure 23. Thrust duplex visible in the steep east face of a hill flanking the northern border of the Hedley townsite of the OSR-N domain
(location indicated with an arrow in Figure 5). Imbricate thrusts are indicated in red. Hanging wall ramps cut upsection toward younger
strata. Combined with a steeply dipping western ramp limb and SE-dipping axial plane of the fault bend folds within the duplex, these
indicators suggest transport direction is to the SE.

N Transport direction ——SE

Figure 24. A) Stereonet plot of bedding within Nicola Group of the southern portion of the OSR-N domain as a proxy for fault bend folds
observed in the cliff face above the Hedley townsite. Open circles labelled pRamp and pFlat = mean poles to ramp and flat, respectively;
pp= F2 profile plane, AP= F2 axial plane, FA= F2 fold axis. Fault-bend fold have a SE-dipping axial plane indicative of transportation
direction of layers in this thrust system is to the southeast. B) Cartoon illustrating reactivated E1 extension faults to produce the fold
geometry in the duplex at the Hedley townsite and Okanagan subterrane units of the OSR-N domain. Olive green unit represents the
Okanagan subterrane. Grey strata represent the Nicola Group. Illustration demonstrates the approximate location of the Hedley townsite
duplex and relative direction of SE-verging folds at site Ola20-02.
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North to south, D2 folds in structural domains alternate between NW- and S-verging (Figure 15). The
variability can be explained by post-Jurassic D3 folding about a vertical fold axis. These D3 folds have
a near-vertical, east-west striking axial plane and resulted in bending an originally linear, northwest-
southeast trending D2 fold and thrust belt. An Eocene-aged extensional event, E2, resulted in up to 90
km of east-west extension from west-directed gravity sliding of the upper crustal block along the
Okanagan Valley fault (Figure 5; Tempelman-KIluit and Parkinson 1986, Brown et al. 2012).
Palinspastic reconstruction removing this extensional component places the Kobau Group over the

Anarchist Group and juxtaposes it with the KBR domain along the longitude of Greenwood.

2.3.  Stratigraphy

The aforementioned deformation events have complexly folded and disarticulated much of the
Okanagan subterrane, therefore stratigraphic correlations are difficult to discern particularly in the
Kootenay-Boundary region. However, observations made during this study combined with compiled
data from previous workers allow generalized sequence stratigraphy to be determined. These sequences
are constrained where possible by biostratigraphy, U-Pb and detrital zircon ages and are graphically
displayed by structural domain in Figure 25. The stratigraphic columns labelled ‘Harper Ranch Group
north of TNR-N’ and ‘Mount Roberts Formation’ are adapted from those presented in Beatty et al.

(2006) and Roback and Walker (1995), respectively.

Within the Thompson-Nicola region, there is a paucity of biochronologic or geochronologic age
constraints, thus relative ages form the basis for this stratigraphic interpretation. Massive white
limestone is confined to and intercalated with fine-grained siliciclastics and greenstone of the Harper
Ranch Group. A bed of calcareous conglomerate containing fossils of probable Permian age in the

Harper Ranch Group 8 km NNE of Trepanier Provincial Park (Figure 4) lies with slight angular
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unconformity above metapelites of the Chapperon Group implying a pre-Permian age for the Chapperon
Group. A pre-Permian, possibly Mississippian age has been inferred for the Chapperon Group based in
part on correlations with units of similar composition and metamorphic grade. Metapelites of the
Chapperon Group are phyllitic nearest the western contact with the Harper Ranch Group and gneissic in
the center of the mapped extent of the Chapperon Group. Serpentinite pods are confined to the
Chapperon Group constraining their time of emplacement to pre-Permian deposition of the Harper

Ranch Group.
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Figure 25. Generalized stratigraphic and structural timeline of the Okanagan subterrane study regions and potential correlative units. (Data compiled from Jones 1959, Okulitch 1973, Read and
Okulitch 1977, Simony 1979, Milford 1984, Fyles 1990, Roback and Walker 1995, Massey 2006, Beatty et al. 2006, Mortensen et al. 2011, 2017, Massey and Dostal 2013, Massey et al. 2013; this
study).



The oldest rocks of the Okanagan-Similkameen region are Middle Devonian crinoidal limestones
stratigraphically interleaved with black and green pyritiferous chert, argillite, sandstone, and minor chert
pebble conglomerate and greenstone of the Old Tom, Shoemaker, and Independence-Bradshaw
assemblages. These are superseded by greenstones interleaved with middle to late Famennian thinly
laminated red cherts, early Mississippian non-pyritiferous grey ribbon chert, crinoidal limestone, and
brachiopod-bearing argillite of the Shoemaker assemblage, and Late Mississippian to earliest Permian
siliciclastics and minor green and grey chert and limestone of the Shoemaker, Independence-Bradshaw
and Barslow assemblages and Oregon Claims Formation. The youngest age recorded in the Okanagan-
Similkameen region, 296 Ma, is from detrital zircons in a siliciclastic unit within the Oregon Claims
Formation. In the OSR-E domain, the Kobau Group has been assigned a Mississippian age based solely
on lithologic and structural correlations with other units. Within the Kobau Group, quartzite with minor
phyllite, schist, and marble passes stratigraphically upwards into massive and foliated phyllitic quartzite,

chloritic phyllite and schist with minor greenstone and gneiss.

In the Kootenay-Boundary region, the oldest rocks include 390 — 380 Ma gabbro and associated
greenstone and serpentinite of the Knob Hill Complex. These are overlain by massive and pillowed
greenstone with minor limestone, chert, and argillite. The youngest stratigraphic units in the region
consist of Pennsylvanian to Permian-aged chert breccia, chert, and argillite with minor greenstone and
limestone of the upper stratigraphic units of the Knob Hill Complex and Late Mississippian to Permian
argillite with minor limestone and greenstone of the Attwood Formation. Stratigraphic analysis is not
possible in the Anarchist Group with the data available from previous workers but predominant
lithologies include phyllitic to schistose metapelites, recrystallized chert and limestone, plus chloritic
greenstones, and serpentinites of latest Devonian to earliest Permian age. Minor amphibolitic

greenstone is reported by Okultich (1973).
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2.4.  Whole Rock Geochemistry

2.6.1. Methods

Whole rock geochemistry is commonly used for classifying and postulating tectonic environments of
formation for igneous rocks. Chert also has geochemical signatures indicative of depositional
environment based on affiliations of certain oxides and rare earth elements to the characteristics of input
sources influencing the water column (Murray 1994). The lithogeochemical dataset from this study
includes 14 metavolcanic rocks and 18 chert samples from the Okanagan-Similkameen and Kootenay-
Boundary regions. Grab samples were initially prepared by cutting on Vancouver Island University’s
Highland Park power-feed slab saw, cooled by HP Cool Cut™ Pure Low Viscosity mineral oil.
Weathered surfaces were removed to obtain at least a 20 g slab with minimal fractures or
inhomogeneities. Initial processing at Bureau Veritas in Vancouver, British Columbia included crushing
so that more than 70% of the particles could pass through a 2 mm mesh followed by pulverization to less
than 75 um. Lithium borate fusion was used to dissolve the pulp. Major oxides and minor elements
were measured by Inductively Coupled Plasma Emission Spectroscopy (ICP-ES). Trace elements were
measured by Inductively Coupled Plasma Mass Spectrometry (ICP-MS). The standards analyzed
recorded concentrations of major element oxides to within 3% and trace elements to within 5% of
expected values. Appendices B and C present the raw data from these analyses and the method
detection limit for each element. The datasets were plotted on a variety of classification and tectonic
discrimination diagrams. For comparison, discriminant function calculations were performed as
outlined in Agrawal et al. (2008), Verma and Agrawal (2011), and Verma and Verma (2013). Cherts
were normalized against average North American Shale Composite as presented in Gromet et al. (1984)

and plotted on discrimination diagrams as described in Murray (1994).
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2.6.2. Results

2.6.2.1. Metavolcanic Rocks

Previous workers in the Okanagan subterrane have focused on analyses of mafic metavolcanic rocks and
gabbro, particularly in the Kootenay-Boundary region. The literature search yielded partial datasets of
major oxides, trace elements, and rare earth elements on 69 metavolcanic rocks and 4 gabbros from the
Kootenay-Boundary region in Massey and Dostal (2013) and Dostal et al. (2001) and 15 metavolcanic
rocks in the Okanagan-Similkameen region from Milford (1984) and Ray et al. (1996). The compiled
data are presented in Appendix D. Classifications from the Okanagan-Similkameen region were
graphically estimated from published plots in Mortensen et al. (2017). Following the magma type
classification defined in Le Bas et al. (1986), including the fourteen samples collected in this study,
seventy-nine metavolcanic rocks are basic to ultrabasic in composition, with SiO2 ranging from 42.26
wt.% to 51.96 wt.%. Thirteen samples are of intermediate composition with SiO» ranging from 52.08
wt.% to 59.02 wt.%. The metavolcanic rocks of the Okanagan subterrane span the range of
classifications from within plate basalt (WPB; Ti/V > 50) to island arc basalt (IAB; Ti/V < 20) on a
standard Ti-V diagram (Figure 26; Shervais 1982). Nearly two-thirds of points occupy the IAB domain
with 15 of these plotting in the Low-Ti IAB field (Ti/V < 10). These plots show that: the Anarchist
Group and Old Tom and Shoemaker assemblages yield approximately equal proportions of 1AB,
MORB, and WPB samples; three of the four samples from the Independence-Bradshaw assemblages are
of MORB-like composition (Ti/V = 20-50), and samples from the Attwood Formation, Barslow
assemblage, and Oregon Claims Formation plot almost exclusively as IAB; the Kobau Group largely
yields Ti/V > 20 with minor representation in the 1AB field; and two-thirds of the Knob Hill Complex is
represented in the 1AB field with the remaining one-third split between the MORB and WPB fields. The

distribution of tectonic environments derived from these analyses is graphically displayed in Figure 27.
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As a test of the classifications obtained from Ti-V diagrams, linear discriminant analysis (LDA)
calculations using log-transformed ratios of immobile trace elements were performed as presented in
Agrawal et al. (2008), Verma and Agrawal (2011), and Verma and Verma (2013). The LDA
classifications show a strong (83%) agreement with those obtained from Ti/V ratios on samples with

complete geochemical datasets.
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Figure 27. Distribution maps of the geochemistry of lavas in the A) Okanagan Similkameen region and B) Kootenay Boundary Region. Geochemical data in the OSR is from this
study and data in the KBR is from Massey and Dostal (2013). Transitional IAB/MORB basalts are those with Ti/V ~ 20. Symbols and geology as in Figures 5 and 6.
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24.21.1. MORB-like and 1AB-like Metavolcanic Rocks

MORB-like lavas are spatially associated with late Devonian- to early Mississippian-aged strata. For
example, in the Okanagan-Similkameen region MORB-like lavas were sampled approximately 1 km
west of a middle late Famennian fossil locality 5.5 km west of Keremeos and 3.5 km north of middle
Tournaisian clastic sediments 20 km west of Keremeos (Figure 27). In the Kootenay-Boundary region,
three MORB-like samples lie within a 4 km radius of a 365 Ma metatuff 8 km south of Rock Creek
(Figure 27). Samples with IAB-like geochemistry are spatially associated with earliest Middle
Mississippian to earliest Permian strata, e.g. in the Okanagan-Similkameen Oregon Claims Formation
and Barslow assemblage, and in the Kootenay-Boundary region 10-18 km north and northeast of Rock
Creek (Figure 27). A plot of Ti/V ratios versus relative age inferred from proximity to available age
and structural constraints provides a near-linear trend with a negative slope demonstrating decreasing
Ti/V in progressively younger lavas (Figure 28). Twenty-three samples had sufficient trace element
data to determine magmatic affinity. Of the thirteen samples with MORB- or IAB-like tectonic affinity,

85% are tholeiitic (Figure 29; Ross and Bédard 2009).
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Figure 28. A) A plot of Ti/V ratio versus relative age for lavas of the Okanagan subterrane demonstrating a progressive decrease in Ti/V ratios consistent with evolution from
MORB-like to 1AB-like geochemistry with decreasing age. Relative age was predicted for samples based on proximity to fossil, detrital zircon, and U-Pb locales and in conjunction
with structural data. The vertical lines indicate the major field delineators for tectonic affinity from the Ti/V plot in Figure 26. Data are from Massey and Dostal (2013) (circles)
and this study (triangles). B) A plot of chert geochemistry demonstrating a general increase in aluminum with decreasing age representing an increase in terrigenous input. A
correlation is observed whereby cherts with lower aluminum are found proximal to lavas with higher Ti/V ratios and aluminous input increases as lavas evolve toward lower Ti/V
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study (triangles).

Based on their Ti-V classifications, MORB-like and IAB-like samples with available data were next
plotted on a series of diagrams to detect trends in trace element abundances. A Zr-Zr/Y discriminant
plot (Figure 30 A; Pearce and Norry 1979), demonstrates a linear progressive depletion in zirconium
which characterizes the evolution from MORB-like to IAB-like lavas. On a Cr-Y plot (Figure 30 B;
Pearce et al. 1984), projection up to the partial melting trendline of samples which follow a MORB
vector indicates that the MORB-like magmas could have been generated from ~15-20% partial melting
of a primitive mantle. IAB-like samples follow the 1AB vector, and a single sample lies left of the

boninite vector. Projection of the IAB and boninite vectors up to the left-shifted partial melting
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trendline indicates |AB-like magmas were likely derived from similar degrees of partial melting but of a
depleted mantle. On chondrite-normalized REE diagrams (Figure 31; Sun and McDonough 1989), five
volcanic rocks with MORB-like chemistry were plotted and exhibit flat REE patterns and total REE
concentrations 10 to 30 times higher than chondrite values. A positive slope, and lower overall REE
concentrations 2-10 times greater than chondrite values are characteristic of three of the four IAB-like
samples plotted. The fourth sample, H20-03b, is calc-alkaline and despite plotting firmly in the IAB
field of the Ti-V diagram, exhibits elevated HREE and a negative slope similar to samples with

enriched-MORB (E-MORB) geochemistry.
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Figure 30. A) Zr-Zr/Y log-log tectonic discrimination plot (Pearce and Norry 1979 in Whattam and Stern 2011) demonstrates the progressive depletion Zr from MORB-like to
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shown for MORB, IAB and boninite lavas of SSZ ophiolites as well as the partial melting trend for primitive mantle (PM) composition. MORB vector represents magma derivation
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harzburgitic composition. Triangle data points are from this study. Circle data points are from Massey and Dostal (2013), Mortensen et al. (2017), Ray et al. (1996), and Dostal et
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Figure 31. Chondrite-normalized REE diagrams (Sun and McDonough 1989) of mafic metavolcanic rocks collected from the Okanagan-Similkameen region for this study and
segregated based on tectonic affinity obtained from Ti/V plots in Figure 26. A) MORB lavas of the Okanagan subterrane demonstrate flat REE patterns with enrichments up to 30
x chondrite values. B) IAB lavas generally show a positive REE slope and much lower total REE, between 2 and 10 x chondrite values. Lavas demonstrate a progressive
depletion in REE, especially LREE during the evolution of the forearc from MORB to 1AB signatures. C) Diabase dikes exhibiting within-plate (WPB) and enriched MORB (E-
MORB) signatures demonstrate a negative slope with LREE values up to 100 x chondrite values. The orange and yellow shaded regions indicate the relative position of zones
occupied by the MORB and IAB lavas shown in A & B, respectively. D) Gabbros from the Knob Hill Complex (data from Dostal et al. 2001) demonstrate considerable depletion to

less than 5x chondrite values suggesting derivation from a previously depleted mantle.
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2.4.2.1.2. Within Plate Basalts and Enriched-MORB

Within plate basalts and E-MORB lavas from the Okanagan subterrane are transitional to calc-alkaline.
These samples have a negative slope on a chondrite-normalized REE diagram (Figure 31 C), enriched in
LREE relative to the MORB-like and IAB-like lavas of the Okanagan subterrane with total REE values
10-100 times that of chondrites. Enriched lavas, at least locally, appear to be younger than 1AB-like
lavas. A WPB sample, Ola20-22, from the Old Tom assemblage 15 km NW of Keremeos, is from a red-
weathering diabase dike that contains enclaves of green chert and intrudes through white to light grey
chert, lithologies which yield Mississippian and younger fossil ages in this region. At a second locality
10 km to the NE, a steeply-dipping diabase dike with WPB geochemistry intrudes through black shale
and red and white chert. A second diabase dike, less than 200 m to the east, intrudes through greenstone
with MORB-like geochemistry. This latter dike was not geochemically analyzed but its proximity to the

aforementioned WPB diabase dike suggests the two may be coeval.

2.6.2.2. Gabbro
Samples from a gabbro sill which intrudes greenstone of the Old Tom assemblage indicate within-plate
geochemistry (Figure 26 A) with enriched REE and negative slopes on REE plots by Mortensen et al.
(2017). Gabbros from the Knob Hill Complex near Greenwood have an island arc affinity with strong
depletions in HFSE (Figures 26 and 30). A chondrite-normalized REE diagram of these Knob Hill
gabbros have REE concentrations less than 5x chondritic values and a positive slope with LREEs

depleted relative to HREEs (Figure 31 D).

2.6.2.3. Chert

Eighteen chert samples were collected during this study: three from the Knob Hill Complex, four from

the Old Tom assemblage, and the remainder from the Shoemaker assemblage. The geochemical data are
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shown in Appendix C. SiO2 concentrations range between 74% and 97% with lower values where
impurities from fine-grained siliciclastic sediments or significant mottling were present. Lan/Cen ratios
normalized against North American Shale Composite (NASC; Gromet et al. 1984) range from 0.75 to
1.36 with an average of 1.05 + 0.15. Binary plots (Figure 32 A&B; Murray 1994) show all samples fall
within or near the overlapping ‘pelagic’ and ‘continental margin’ fields. NASC-normalized REE
diagrams demonstrate flat REE patterns with total REE values up to 40 times lower than NASC values.
Where metavolcanic rocks and chert were found together in outcrop, both were geochemically analyzed
to assess correlations between the inferred tectonic environment of the lava and depositional
environment of the chert. In these cases, chert samples that skewed toward the ‘pelagic’ field, i.e.,
relatively depleted in aluminum, were found associated with lavas of MORB-like geochemistry whereas
cherts relatively enriched in aluminum and plotting firmly within the ’continental margin’ fiecld were
associated with 1AB-like lavas. A comparison plot of the Ti/V ratios of lavas and the
Al>O3/(Al203+Fe 03) ratio of cherts demonstrates the increase in aluminum with decreasing age as an

inverse relationship to the Ti/V ratio of lavas (Figure 28).
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Chapter Three: Discussion

3.1. The Okanagan subterrane as an Ophiolite

Through a combination of field observations, whole rock geochemistry, structural analyses, and data
compilation this study provides two main lines of evidence supporting an ophiolitic origin, and probably
a subduction initiation rule ophiolite, for the Okanagan subterrane: 1) the subterrane is characterized by
a suite of lithologies commonly associated with ophiolites, and 2) it has a magmatic evolution from

older MORB-like to younger 1AB-like magmatism.

Lithologies of the Okanagan subterrane include an oceanic assemblage of chert, carbonates, fine to
coarse siliciclastic rocks, metabasalt, gabbro, serpentinized harzburgite and dunite, and podiform
chromitite consistent with previous interpretations of the Okanagan subterrane as a supra-subduction

zone ophiolite (Fyles 1990, Dostal et al. 2001, Massey 2006a, Massey et al. 2013).

Contrary to back-arc SSZ ophiolites which are comprised almost entirely of MORB-like lavas, data
from the Okanagan subterrane suggests three distinct suites of mafic metavolcanic rocks. In order of
decreasing stratigraphic age, these suites include: 1) MORB-like; 2) 1AB-like; and 3) WPB and E-
MORSB lavas. A predominance of 1AB-like lavas is consistent with forearc SSZ ophiolites (Shervais
1982, 2022). Volcanic rocks with MORB-like and 1AB-like geochemistry plot in the respective
domains typical of lower and upper lavas of subduction initiation rule ophiolites as defined by Whattam
and Stern (2011). Intact sections where relative age can be inferred demonstrate a chemostratigraphic
magmatic evolution consistent with a forearc SSZ ophiolite formed in response to subduction initiation.

Relative to MORB-like lavas, |AB-like lavas are spatially associated with younger strata and follow a
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continuum toward increased depletion in HFSE such as zirconium and yttrium (Figure 30), and
chondrite-normalized REE patterns (Figure 31) consistent with derivation from a melt source which is
becoming increasingly depleted. These characteristics align with expectations from increasing flux of
subduction-related fluids into a common, evolving melt source which in a subduction initiation model
reflects the mantle melt zone beneath the proto-forearc gap (Pearce et al. 1984, Whattam and Stern
2011). Following this interpretation, the Late Devonian to earliest Mississippian MORB-like lavas
record the onset of upper plate spreading and decompressive melting of Iherzolitic mantle flooding the
proto-forearc gap during subduction initiation. The transition from MORB-like to 1AB-like lavas by the
early middle Mississippian occurs as the mantle source beneath the proto-forearc becomes depleted to a
harzburgitic composition (Shervais 2001, Whattam and Stern 2011). The apparent corresponding
increase in aluminum content of cherts may reflect the inclusion of volcanic ash or clays formed from
the submarine alteration of volcanic ash and glass (O’Dowd 2017) rather than terrigenous clastic input.
The NASC-normalized Lan/Cey ratios for all cherts analyzed are consistent with that of marginal cherts
(Figure 32 B; Murray 1994) and show little variability with age. The stability in the Lan/Cen ratio
supports an interpretation of volcanic ash as the aluminum source given that all cherts analyzed are

being deposited during continuous volcanic activity.

The oldest units of the Okanagan subterrane, which are Middle Devonian in age, may represent rift
fragments of pre-existing oceanic lithosphere retained following proto-forearc spreading. The
intercalation of black and green pyritiferous chert and argillite with limestone and minor sandstone and
chert pebble conglomerate suggest an organic-rich, anoxic or euxinic marine depositional environment
receiving periodic incursions of coarser clastic detritus. The subsequent predominance of middle to late
Famennian red chert indicates a transition to a deeper basin into which an influx of oxygen allowed for

the crystallization of hematite in the sediments. The deposition of these cherts is coeval with or shortly
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preceded emplacement of MORB-like lavas. In a subduction initiation model, the apparent deepening of
the depositional basin may signify subsidence of the upper plate caused by downward flow of the proto-
subducting plate prior to its collapse in the earliest stages (Matsumoto and Tomoda 1983, Stern and
Gerya 2018). By the early Mississippian, deposition of crinoidal limestone and brachiopod-bearing
argillite which accompanied emplacement of the IAB-like lavas signifies a shallowing of the basin to
back above the carbonate compensation depth consistent with upper plate rebound following lower plate

collapse and subsequent build-up of the proto-forearc in a subduction initiation model (Figure 33).
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Figure 33. Proposed lifecycle of the Okanagan subterrane as a ‘subduction initiation rule’ ophiolite. Lithospheric weakness in a Middle
Devonian oceanic floor provides a locus for future subduction initiation. Late Devonian or earliest Mississippian collapse of denser
lithosphere to the east allows for upwelling of asthenospheric mantle. Extension initiates in the upper plate resulting in the initial eruption
of MORB-like forearc basalts and subsequent eruption of forearc lavas with a volcanic arc (IAB-like) signature. Late Mississippian
establishment of a localized magmatic arc. In the earliest Permian, uplifting, folding, and eroding of the Okanagan subterrane occurred
with re-depositing of the reworked sediments as part of the Mount Roberts Formation (MRF) as the Okanagan subterrane accretes to the
western margin of the Trail Gneiss as an extinct island arc within the lower plate. Eastward stepping of the subduction zone allows arc
volcanism to return in the Middle Triassic and continue until final obduction. Middle Jurassic obduction of the Okanagan subterrane and
overlying Triassic arc occurred because of its collision with pericratonic terranes to the east.
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3.2.  Tectonic History of the Okanagan subterrane

The Okanagan subterrane as a subduction initiation rule ophiolite has implications for tectonic models of
Quesnellia. A potential tectonic model which places the subduction initiation recorded in the Okanagan
subterrane within a Cordilleran context is presented here. The main stages of this model include: 1) Late
Devonian subduction initiation in western Panthalassa to form the Okanagan subterrane as a marginal or
intraoceanic forearc; 2) Late Mississippian to Early Permian uplift of the forearc followed by; 3) Early
Permian to Middle Triassic accretion of an island arc resulting in 4) step-back of the subduction zone to
build the Triassic arc and final obduction of the complex to pericratonic Laurentia in the Middle Jurassic

(Figure 33).

3.2.1. Subduction initiation

The Okanagan subterrane is interpreted here as a forearc to a volcanic arc born in or near the Tethyan
domain. Probability density plots of pre-Devonian detrital zircons within Late Devonian strata of the
Okanagan subterrane correlate with the typical age ranges for northwestern Laurentia (Mortensen et al.
2017) apart from prominent peaks between 500 Ma and 1500 Ma which fall outside the typical western
Laurentian age ranges. These outliers align with detrital zircon populations common in East Asia,
Siberia, and Australia (Condie et al. 2009). Siberia and South China host fossil genera similar to those
found within the enigmatic Ordovician limestone of the Okanagan-Similkameen Shoemaker assemblage
(Pohler et al. 1989). With an eastern Panthalassa or Tethyan origin for the Okanagan subterrane, these
cratons may represent potential sources for the limestone block and pre-Devonian detrital zircons. A
non-Laurentian intraoceanic arc interpretation has been proposed for the Late Devonian Trail Gneiss
Complex (Simony et al. 2006), the Silurian to Mississippian Eastern Klamath terrane (e.g. Lindsley-

Griffin et al. 2008, Grove et al. 2008), and a portion of the Late Devonian to Permian Yukon-Tanana
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terrane (e.g. van Staal et al. 2018). The Eastern Klamath and Yukon-Tanana terranes are southern and
northern equivalents of Quesnellia, respectively. Early Paleozoic strata of the Eastern Klamath terrane
contain detrital zircon and fossil populations exotic to southwestern Laurentia and researchers propose a
western Panthalassa origin proximal to Baltica or Australia (Lindsley-Griffin et al. 2008, Grove et al.
2008). Small detrital zircon population peaks within the Eastern Klamath strata fall in the 700 Ma and
1000-1500 Ma age ranges represented in Okanagan subterrane clastic samples and may suggest a

common source of detritus during subduction initiation in the Late Devonian.

3.2.2. Temporary uplift of the forearc

Several observations are consistent with the subduction of buoyant lithosphere resulting in temporary
uplift of the Okanagan subterrane upper plate, including: 1) Late Mississippian- to Permian-aged units
dominated by sedimentary strata including conglomerates, sandstones, argillite, chert, and shallow water
carbonates; 2) latest Mississippian or Pennsylvanian limestone cobble conglomerate in the Harper Ranch
Group; 3) an angular unconformity between the Chapperon and Harper Ranch groups in the Thompson-
Nicola region; and 4) the general rarity of Pennsylvanian-aged strata within the Okanagan subterrane are
all consistent with uplift and erosion of the forearc. Dark red shales intercalated with Old Tom
assemblage greenstones northwest of Keremeos (Figure 12) may be interflow red bole horizons

produced by aerial or sub-aerial exposure and weathering of basalt flows (Duraiswami et al. 2020).

The uplift and erosion of the forearc lithosphere are most readily explained as products of shallowing
and flattening of the subducting slab either due to subduction of thickened lithosphere (seamounts or
plateau) or due to the arrival of a spreading ridge or mantle plume swell. Seamounts and plateaus with
crustal thicknesses less than 15 km and oceanic lithosphere less than 10 million years old are

subductable but buoyant enough to cause temporary isostatic uplift of the leading edge of the upper plate
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(Cloos 1993). For a half-spreading rate of 50 mm/year, oceanic lithosphere is adequately buoyant to
begin uplifting a forearc as much as 1000 km before the arrival of the spreading center at the trench

(Shervais 2001).

In some SSZ forearc ophiolites, the eruption of MORB-like and enriched lavas through the forearc has
been interpreted as evidence for the subduction of a spreading ridge beneath the forearc (e.g. Shervais
2001, 2022, Snow and Shervais 2015). Following ridge subduction, MORB or WPB lavas leak through
the resultant slab window to intrude the ophiolite (Dickinson and Snyder 1979, Thorkelson and Taylor
1989). The late-stage diabase dikes within the Okanagan-Similkameen region provide evidence
supporting magmatic emplacement. Additionally, MORB-like lavas in the Kootenay-Boundary region
stratigraphically overlie volcanic rocks with IAB-like geochemistry near Rock Creek (Massey and
Dostal 2013). Both observations support a model of ridge subduction however the alternative scenarios

of seamount, plateau, or mantle plume swell subduction cannot be ruled out with the data available.

3.2.3. Accretion of an Island Arc

The Permo-Triassic is dominated by tight to isoclinal folding, uplift, and erosion. Isoclinal folding is
common in forearc supra-subduction zone ophiolites (e.g. Pindos Ophiolite Complex (Ross and
Zimmerman 1996), Mirdita Ophiolite (Tremblay et al. 2015) Tsiknias Ophiolite (Lamont et al. 2020))
where they have been interpreted as fold nappes formed during shallow thrusting over a subducting
plate. Ross (1981) interpreted D1 as a product of the east-directed obduction of nappes onto a west-
dipping continental margin. The polarity was inferred, in part, due to the easterly vergence in some D1
folds. Accretionary orogenesis may be responsible for D1 however subsequent deformation events
obscure the original orientation of D1 structures and inhibit interpretations as to the true polarity of

nappe emplacement. Supporting evidence for east-directed obduction can be found from observations of
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units outside the study regions. Folded strata eroded from the Okanagan subterrane are re-deposited as
clastic strata of the Mount Roberts Formation while carbonate deposition continues into the Middle
Permian at the Harper Ranch Group type section north of Kamloops. Relative to the subterrane’s
current configuration, these observations suggest that obduction and uplift were occurring along the
active margin to the southeast while carbonate deposition was continuing in the northwest distal to the

plate margin perhaps defining a back-arc region.

The Okanagan subterrane adjoins the Devonian Trail Gneiss Complex by way of the overlapping Mount
Roberts Formation. The absence of D1 folds in the Mount Roberts Formation and the west-dipping
mylonitic contact between the Mount Roberts Formation and the Trail Gneiss Complex suggests the two
were tectonically adjoined as a result of east-directed thrusting possibly in the final stages of D1. The
Castlegar Gneiss and Valhalla Gneiss Dome are considered younger facies of the Trail Gneiss Complex
(Simony 1979) which has been interpreted as a Devonian intra-oceanic island arc (Simony et al. 2006).
Thus, the D1 event may represent the east- to southeast-directed obduction of the Okanagan subterrane
onto the Trail Gneiss Complex as part of an extinct island arc that lay within the subducting lower plate.
The model proposed thus far is similar to one put forth by van Staal et al. (2018) for the Yukon-Tanana
terrane as a composite terrane where the Permo-Triassic event results in accretion of a juvenile island
arc to an intraoceanic rift fragment from the Laurentian margin. In other Cordilleran models, the Permo-
Triassic has been invoked as the time period for closure of the Slide Mountain back-arc basin and
repatriation of the Paleozoic arc to the North American margin (e.g. Nelson et al. 2006). Early to middle
Permian Tethyan fauna in carbonates (Smith 1979, Ross 1981, Orchard and Forster 1988, Crasquin-
Soleau and Orchard 1994, Beatty et al. 2006) suggest a significant ocean basin continued to separate the
Okanagan subterrane from pericratonic crust of Laurentian affinity. The composite terrane model

allows for a continued position in western Panthalassa for the Paleozoic arc.
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3.2.4. Triassic volcanism and Obduction to Pericratonic North America

E1 extension initiated in the Kootenay-Boundary region and propagated toward the Okanagan-
Similkameen region consistent with expectations for asymmetrical extension due to post-accretion
gravitational collapse (e.g. Ranero and Pérez-Gussinyé 2010). Continued erosion of the uplifted
Okanagan subterrane was the likely source of the basal sedimentary facies of the Nicola Group and
Brooklyn Formation within the rift basin. Calc-alkaline volcanic and volcaniclastic rocks are as old as
Ladinian age in both the Nicola Group and Brooklyn Formation (Dostal et al. 2001, Friedman et al.
2020) and commonly modelled as facies of a west-facing volcanic arc (e.g. Mortimer 1987, Monger and
Price 2002). The opposite configuration is depicted for this model to close the Slide Mountain Ocean
consistent with the van Staal et al. (2018) model where accretion of the rift fragment resulted in
eastward step-back of the subduction zone to initiate Triassic arc volcanism. A west-facing Triassic arc
is equally viable in models where west- and east-dipping plates are co-occuring (e.g. Monger and Price

2002). A detailed study of the Mesozoic arc to test these hypotheses is outside the scope of this work.

The timing of D2 is in-line with some Cordilleran models for the accretion of the Paleozoic composite
terrane and its overlying Mesozoic arc, together forming Quesnellia, to pericratonic terranes of the
Laurentian margin (e.g. Monger and Price 2002, Colpron et al. 2007, Johnston and Borel 2007). North-
to northeast-dipping thrust faults in the Okanagan subterrane’s Kootenay-Boundary region and the
southwest vergence of most D2 folds in the study areas are consistent with the southwest transport of an
imbricate thrust system (Poblet and Lisle 2011). The southeast-directed duplex thrust faults near Hedley
in the Okanagan-Similkameen region would, therefore, represent back-thrusts within the D2 fold and
thrust belt. This transport direction suggests west-directed obduction over a northeast-dipping plate.
The axial planes of D2 folds in units outside the study area, the Mount Roberts Formation and Trail

Gneiss Complex, are moderately- to shallowly-, west- to northwest-dipping, paralleling a pre-Middle
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Jurassic thrust fault which juxtaposes the Trail Gneiss Complex with the Early Jurassic Rossland Group
(Simony 1979). These observations are consistent with an eastward transport direction. Palinspastically
restoring post-Jurassic deformation of the D2 fold and thrust belt is necessary to understand the true

orientation of D2 at the end of the Middle Jurassic and properly constrain the final obduction direction.
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Chapter Four: Further Work

4.1.  Testing the Model

The polarity of the plate subducting beneath the Okanagan subterrane in the Late Devonian and
Carboniferous cannot be conclusively determined without knowledge of the relative location of a
volcanic arc and unravelling the polyphase deformation. Although some calc-alkaline greenstones were
identified, the available datasets consulted in this study were insufficient to constrain the location of the
arc. Geochemical patterns as well as fossil and detrital zircon ages, suggest that the units of the
Okanagan-Similkameen region and the Anarchist Group may need to be further subdivided. A
downplunge projection of the Okanagan-Similkameen region oriented based on the attitude of D2 folds

in the OSR-S yields a potential new map pattern which requires field testing (Figure 34).

Detailed mapping and structural data from the Anarchist Group west of Rock Creek are lacking and as
such, it is shown as one homogenous unit from Rock Creek to the Kobau Group. Parts of the Anarchist
Group studied for their serpentinite-hosted podiform chromitite deposits and reported in MINFILE
(1985) are described as folded and faulted and locally consisting of combinations of lithologies such as
gabbro, quartzite, marble, meta-volcanic rocks, chert, and amphibolite. Detailed mapping is required to
better define the structural and stratigraphic relationships within the group. Strategic sampling
throughout the regions to create a more robust suite of geochemical and detrital zircon and fossil age
data combined with detailed mapping and stratigraphic analysis especially along proposed map contacts
is required to provide the necessary data to test the model and broaden our understanding of the tectonic

history of the Okanagan subterrane.
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Figure 34. Downplunge projection of the Okanagan Similkameen region based on geochemical, detrital zircon age, and fossil age distribution. The un-squeezed result predicts a new map pattern
for the Okanagan-Similkameen region. Additional Middle Jurassic plutons in the southwest have been added to demonstrate the connection to the Cahill Creek pluton.
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4.2. Knob Hill Gabbros

Knob Hill gabbros demonstrate Low-Ti IAB geochemistry and are reported to exhibit a variety of
characteristics including foliation and isotropy; and gradational and intrusive contacts (Fyles 1990,
Massey et al. 2013, Hoy 2018). Forearc gabbros associated with the earliest phase of subduction
initiation are primarily layered but can be isotropic (Shervais 2001). They are foliated, often
boudinaged, and are genetically related to sheeted dykes and MORB-like lavas (Shervais 2001).
Gabbros associated with the eruption of IAB-like forearc lavas lack foliation and intrude as sills and
dikes through older strata (Shervais 2001). The Knob Hill gabbros can potentially be divided into two
or more sub-groups based on geochemistry, fabric, relative age, and stratigraphic relationships: those
which represent feeders to the proto-forearc and those which may belong to older oceanic lithosphere.
Further work is required to determine if this is the case and if so, segregate this unit accordingly.
Documentation of foliation within gabbros as well as the trend of gabbroic and sheeted dikes could yield

vital information as to the spreading direction of the proto-forearc.

4.3. Mantle Rocks

Most serpentinites in the Okanagan subterrane are sheared and foliated with a NW-SE orientation. Two
primary differences seem to exist between serpentinites in the eastern exposures of the Kootenay-
Boundary region and those within the Chapperon and Anarchist groups suggesting there may be two or
more distinct suites: 1) podiform chromitite deposits are restricted to serpentinites in the Chapperon and
Anarchist groups; and 2) a spatial association with Middle Jurassic regional thrust faults and/or Middle
to Late Devonian gabbros exists only east of Rock Creek. Detailed mapping, particularly within the

Anarchist Group as suggested above, will be instrumental in helping to determine the stratigraphic and
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structural relationships of serpentinites to the adjacent lithologies and their place in the tectonic history

of the region.

Geochemical analyses may also help elucidate distinct suites within the Okanagan subterrane
serpentinites. Forearc serpentinites are formed when dehydration fluids from subducted sediments flux
into the mantle wedge (Hyndman and Peacock 2003, Kodolanyi et al. 2012). As a result, forearc
serpentinites exhibit enrichments in Cs, Rb, Sr, and Li, orders of magnitude higher than that found in
ocean floor serpentinites (Kodolanyi et al. 2012). As well, overall trace element concentrations in
forearc serpentinites are typically very low, 0.001-0.1 ppm, a reflection of derivation from harzburgitic
mantle (Kodolanyi et al. 2012). Ross (1981) reports that the stress profile and geochemical signatures of
ultramafic rocks within the western exposures of the Anarchist Group are consistent with upper mantle
material that was subjected to partial melting and metasomatism consistent with the subduction of slab
material. Ultramafic rocks were not examined geochemically in this study and so, apart from Ross’s

(1981) interpretation, little existing data are available.
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Conclusions

Distinct geochemical, lithologic, and structural characteristics allow for interpretation of the Okanagan
subterrane as a forearc ophiolite formed over a long-lived west-dipping subduction zone initiating in
western Panthalassa. Based on the data, subduction initiation occurred in the Latest Devonian or
Mississippian. Subduction was punctuated by a period of uplift and erosion in the Late Mississippian or
Pennsylvanian. Paleozoic strata were folded, uplifted, and eroded during a Permo-Triassic deformation
event that likely records obduction of the forearc onto an extinct island arc within the lower plate. A
stepping back or polarity reversal of the subducting plate resulted in the construction of an overlying
Mesozoic arc. A Middle Jurassic folding and faulting event is interpreted as a result of final accretion of
the composite arc terrane to pericratonic terranes of the western Laurentian margin. The Okanagan
subterrane is commonly referred to as the basement to Quesnellia, therefore the forearc ophiolite model
has significant impacts on existing Cordilleran models which focus on a North American origin for this
terrane. An origin in western Panthalassa helps explain the protracted history of the Okanagan
subterrane as well as Tethyan fauna and paleogeographic reconstructions which are difficult to reconcile
with a Laurentian-proximal location. Data from the Okanagan subterrane are still relatively sparse;
therefore, extensive mapping plus more detailed geochemical, stratigraphic, and structural analyses are

required to test correlations and further constrain the model.
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Appendices

Appendix A: Sedimentary Overlap assemblages

Nicola Group

Nicola Group sedimentary rocks include limestone, calcareous siltstone, lithic arkose and

conglomerate. Pyritiferous, thinly bedded, turbiditic dark calcareous siltstone is interbedded with white
and dark grey limestone and light brown-weathering fine- to medium-grained lithic arkose.
Conglomerates are polymict and matrix-supported with a fine-grained light grey-weathering arkose
matrix. The Nicola Group in the Hedley region has been divided into four lithologically distinct, coeval,
fault-bounded formations interpreted as facies of an arc-related volcaniclastic sequence (Ray et al.
1996). Paleocurrent indicators indicate derivation from an eastern source and transportation of
sediment westward into a deepening, tectonically active basin (Ray et al 1996). The predominance of
clasts from Okanagan subterrane units within coarse-grained Nicola Group sediments is consistent with

such an interpretation.

Brooklyn Group

Sedimentary units of the Brooklyn Group consist of fine- to medium-grained sandstone interbedded
with dark grey siltstone, marl, light grey-brown weathering marble, and micrite. Pyrite is abundant and
concentrated along sandstone layers. Beds are 10-25cm thick and exhibit parallel internal

laminations and occasional flame structures. Underlying the sandstone/siltstone beds are poorly-sorted,
granule to cobble conglomerates containing subrounded angular clasts of varicolored chert, quartzite,
limestone, and minor amygdaloidal greenstone. Conglomerates weather burgundy, sage-green or
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grey, are matrix-supported by coarse sand of the same composition and are locally interbedded with
discontinuous layers of siltstone or micrite. At an outcrop 8km east of Greenwood, chert pebble

conglomerate overlies coarse limestone breccia along a steeply west-dipping contact (Figure 15).
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Appendix B: Whole Rock Geochemistry of metavolcanic rocks from this

study

Raw data from lithogeochemical analyses of volcanic rock samples from the Okanagan subterrane. Major element values in weight percent, trace element
values in ppm. Major oxides and minor elements were determined by lithium borate fusion followed by laser ablation Inductively Coupled Plasma Emission
Spectroscopy (ICP-ES). Trace elements were measured by Inductively Coupled Plasma Mass Spectrometry (ICP-MS). The standards analyzed recorded
concentrations of major elements to within 3% and LILE and HFSE to within 5% of expected values. Analyses were completed using the LF200 method at
Bureau Veritas Commodities Canada Laboratory, Vancouver, British Columbia.

el S| 3| 3| 3| g| g| g/ gl gl 8| 1| 8| 38| 3
| s 3| 3| B| 8| & B| &| & 3| 8| &| &
2 2 S S 5 5 R N S S 2 S
UT™M 10U 10U 11U 11U 11U 11U 11U 11U 11U 11U 11U 11U 11U 11U
Zone
UT™M 716214 E, 718303E, | 281547, 281954 E, | 291332E, | 291168 | 290463 288533 | 286153E, | 285796, | 290588E, | 360551 | 385633F, | 381930°F,
5470595N | 5452234N | 5453340N | 5456138N | 5463151N | E, E, E, 5459463 N | 5459271N | 5454335N | E, 5439527N | 5440177 N
546335 | 5463534 | 5463323 5441983
3N N N N
MDLd
%
SiO; 0.01 | 47.42 45.30 45.87 57.34 51.36 50.17 44.93 51.68 44.58 46.99 47.19 48.52 48.23 44.64
Al,O3 0.01 | 14.40 16.04 12.8 17.49 12.79 12.74 16.11 17.24 15.84 15.10 15.80 13.51 12.30 13.17
Fe,032 0.04 | 11.50 15.03 10.38 7.12 15.94 15.96 11.94 8.63 11.29 11.85 9.38 14.42 11.87 11.32
MgO 0.01 | 5.17 7.32 6.93 3.78 5.34 5.79 9.87 2.74 11.51 5.73 7.82 6.72 5.47 6.24
Cao 001 | 16.14 4.56 8.44 2.87 2.72 4.30 6.47 9.47 7.24 8.77 9.61 9.76 7.71 10.17
Na,O 0.01 | 1.69 3.37 2.54 2.41 0.84 1.97 2.45 3.53 1.83 3.80 3.75 3.21 2.29 3.95
K,O 0.01 | 0.95 0.44 1.62 2.48 4.13 0.69 1.24 0.84 1.17 0.72 0.72 0.26 0.47 0.59
TiO; 0.01 | 0.87 1.80 1.36 0.64 2.06 1.05 0.86 1.52 0.40 231 1.11 0.48 1.99 1.86
P,0s5 0.01 | 0.24 0.17 0.12 0.14 0.11 0.18 0.06 0.48 0.05 0.29 0.09 0.04 0.21 0.54
MnO 0.01 | 0.22 0.31 0.25 0.06 0.09 0.23 0.22 0.16 0.23 0.15 0.15 0.30 0.17 0.14
Cr,03 2-00 0.009 0.058 0.018 0.011 0.022 <0.00 0.034 0.017 0.055 0.021 0.043 0.013 0.003 0.036
2
LOIb -5.1 1.1 53 9.1 5.4 4.4 6.6 5.5 3.5 5.6 4.0 4.1 25 9.0 7.1
Sum 0.01 | 99.75 99.76 99.77 99.82 99.83 99.88 99.74 99.81 99.89 99.84 99.78 99.78 99.78 99.75
ppm
Ba 1 325 61 3472 749 329 1418 697 420 442 666 220 83 220 112
Ni 20 27 277 53 29 76 <20 132 44 238 41 86 82 53 118
Sc 1 31 29 37 19 37 32 57 21 42 34 35 62 24 19
Be 1 <1 <1 1 <1 <1 <1 <1 2 <1 <1 <1 <1 <1 1
Co 0.2 27.0 61.9 41.4 18.1 294 35.8 53.1 22.2 60.0 38.1 39.5 52.4 38.3 33.2
Cs 0.1 1.2 1.7 6.8 2.8 5.5 1.8 0.7 0.4 0.5 0.2 0.8 1.7 1.8 1.7
Ga 0.5 15.5 22.4 12.9 14.7 18.7 14.6 125 19.0 11.3 20.2 10.6 10.0 17.5 18.3
Hf 0.1 13 2.5 2.4 2.5 3.3 2.3 1.2 3.2 0.7 3.9 1.8 0.7 2.5 5.9
Nb 0.1 1.8 10.8 4.3 6.0 6.7 3.9 2.6 28.1 1.0 15.4 3.5 0.3 6.9 17.3
Rb 0.1 22.2 14.2 50.4 71.1 73.6 13.6 17.3 10.5 22.2 11.0 111 7.8 14.0 9.8
Sn 1 1 <1 <1 <1 1 <1 <1 <1 <1 1 <1 <1 <1 1
Sr 0.5 556.3 176.2 137.6 371.8 36.2 84.0 50.0 488.9 33.9 185.6 174.8 163.4 3219 285.9
Ta 0.1 <0.1 0.6 0.2 0.3 0.5 0.3 0.1 1.7 <0.1 0.9 0.3 <0.1 0.5 0.7
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Th 0.2 1.0 0.6 0.3 34 0.5 0.4 0.2 2.5 <0.2 1.0 0.2 <0.2 0.8 1.8
U 0.1 0.6 11 0.1 13 0.1 <0.1 <0.1 0.6 <0.1 0.4 <0.1 <0.1 0.2 0.5
\Y 8 334 289 294 158 175 166 330 184 219 272 221 347 251 161
0.5 0.6 1.0 1.9 0.9 <0.5 <0.5 14 <0.5 <0.5 <0.5 <0.5 <0.5 0.7 1.8
Zr 0.1 40.5 77.5 80.8 89.7 115.4 71.3 38.4 127.0 18.1 148.1 65.0 16.9 88.1 249.7
Y 0.1 19.1 22.4 26.8 14.5 28.3 48.4 20.7 22.8 16.2 26.6 20.0 223 253 25.0
La 0.1 10.4 7.6 4.6 13.7 7.0 3.2 1.8 23.2 0.6 12.6 43 11 8.0 28.0
Ce 0.1 17.9 15.1 11.6 27.4 17.7 7.6 4.0 46.2 0.9 28.0 10.0 1.4 17.0 62.0
Pr 0.02 | 2.62 2.26 1.82 3.37 291 1.14 0.63 6.00 0.18 3.95 1.42 0.26 2.35 8.22
Nd 03 12.2 10.9 9.3 13.8 15.0 6.6 3.7 24.6 13 18.7 8.1 1.8 114 36.3
Sm 0.05 | 2.93 3.63 2.83 2.93 4.56 2.74 151 4.95 0.67 4.97 2.25 0.84 3.97 8.12
Eu 0.02 | 1.10 1.39 0.84 0.97 1.42 1.06 0.53 1.79 0.23 1.76 0.98 0.36 1.44 2.56
Gd 0.05 | 3.54 4.62 4.09 3.03 5.42 5.07 2.54 4.94 1.55 5.71 3.12 191 5.15 7.78
Tb 0.01 | 0.55 0.78 0.73 0.44 0.91 1.03 0.51 0.75 0.33 0.88 0.56 0.43 0.86 1.11
Dy 0.05 | 3.43 4.50 4.77 2.66 5.51 7.48 3.68 4.40 2.54 5.15 3.54 3.58 5.01 5.86
Ho 0.02 | 0.77 0.88 1.07 0.56 1.09 1.77 0.83 0.83 0.60 1.04 0.79 0.87 0.99 0.97
Er 0.03 | 2.15 2.31 3.01 1.77 2.90 5.64 2.65 241 2.03 2.72 2.32 2.90 2.74 2.60
Tm 0.01 | 0.28 0.29 0.41 0.24 0.36 0.82 0.40 0.31 0.31 0.37 0.32 0.47 0.34 0.30
Yb 0.05 | 1.91 1.88 2.59 1.66 2.32 5.42 2.74 1.93 1.96 2.33 2.00 3.35 2.10 1.66
Lu 001 | 0.28 0.28 0.43 0.23 0.34 0.86 0.44 0.30 0.34 0.34 0.30 0.55 0.31 0.23
TotREE® 60.06 56.42 48.09 72.76 67.44 50.43 25.96 12261 | 13.54 88.52 40.00 19.82 61.66 165.71

aTotal iron expressed as Fe;03
b Loss on ignition

¢ Total concentration of rare earth elements
dMethod detection limit
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Appendix C: Whole Rock Geochemistry of chert rocks from this study

Raw data from geochemical analyses of chert rock samples from the Okanagan subterrane. Major element values in weight percent, trace element values in
ppm. Major oxides and minor elements were determined by lithium borate fusion followed by laser ablation Inductively Coupled Plasma Emission
Spectroscopy (ICP-ES). Trace elements were measured by Inductively Coupled Plasma Mass Spectrometry (ICP-MS). The standards analyzed recorded
concentrations of major elements to within 3% and LILE and HFSE to within 5% of expected values. Analyses were completed using the LF200 method at
Bureau Veritas Commodities Canada Laboratory, Vancouver, British Columbia.

Sample 2| z| z| 2o| o] ¢ ol of of of of ¢ 5 = | = o o
2| &| 8| =| & 8 g 2| 8| =] B| ® 8 g 2| R R 5
UTM Zone 11U 11U 11U 11U 11U 11U 11U 11U 11U 11U 11U 11U 11U 11U 11U 11U 11U 11U
Easting e s sesee e | e soseas e e | e e e e 20 posaee 2o0se8 oo e e
Northing sessree SISOS | AL sewst | swees | sws@ | s S| SGWEL| SO swn | swemes | swen siseare i I Bt s
void | SM oT oT SM SM SM SM SM SM oT oT SM SM SM SM KH KH KH
%
SiO, 0.01 95.63 86.93 | 94.76 | 9135 | 93.17 | 89.08 | 73.68 9455 | 96.71 | 9553 | 91.88 | 93.32 | 77.28 62.11 90.22 | 92.99 | 74.85 96.3
Al,03 0.01 1.28 398 | 1.20 | 332 | 1.59 | 250 | 0.68 176 | 0.89 | 1.34 | 268 | 2.05 | 10.30 | 1533 | 3.28 | 2.59 | 11.11 | 1.52
Fe,03? 0.04 1.21 247 | 107 | 191 | 0.79 | 271 | 0.75 123 | 1.03 | 112 | 196 | 1.95 | 3.22 5.18 186 | 1.79 | 441 0.47
MgO 0.01 0.43 097 | 032 | 072 | 0.21 | 0.67 | 0.55 046 | 0.15 | 053 | 069 | 0.66 | 1.38 3.49 0.79 | 043 | 154 0.13
CaO 001 0.36 172 | 084 | 013 | 192 | 0.21 | 13.05 | 0.35 | 0.22 | 0.28 | 0.48 | 0.21 | 2.37 5.59 0.94 | 0.07 | 0.66 0.33
Na,0 001 0.16 0.78 | 0.05 | 036 | 0.51 | 0.38 | 0.17 0.02 | 001 | 0.07 | 054 | 0.05 | 1.22 1.25 0.66 | 0.04 | 413 0.73
K,O 001 0.21 0.54 | 032 [ 095 | 031 | 0.64 | 0.03 048 | 035 | 036 | 031 | 062 | 194 4.57 0.63 | 0.69 | 1.02 0.07
TiO, 001 0.06 0.19 | 0.05 | 0.15 | 0.08 | 0.12 | 0.02 0.08 | 0.03 | 0.07 | 0.12 | 0.08 | 0.41 0.89 0.13 | 0.12 | 053 0.04
P,05 001 0.03 0.03 | 0.13 | 0.06 | 1.20 | 0.04 | <0.01 | 0.03 | 0.02 | 0.03 | 0.10 | 0.02 | 0.13 0.15 0.05 | 0.05 | 0.04 <0.01
MnO 001 0.03 0.13 | 0.03 | 0.03 | 0.02 | 0.16 | 0.17 0.13 | 0.10 | 0.02 | 0.24 | 0.02 | 0.03 0.05 0.04 | 0.01 | 0.07 <0.01
Cr203 0.002 <0.002 0.002 <0.002 0.003 0.002 0.004 <0.002 <0.002 <0.002 <0.002 <0.002 0.002 0.006 0.013 0.002 0.002 0.008 <0.002
LOIb 5.1 0.6 2.0 1.2 0.9 0.2 3.5 10.8 0.9 0.5 0.5 0.8 0.9 1.6 1.1 1.4 1.0 1.5 0.4
Sum 0.01 100 99.94 99.99 99.98 99.99 99.98 99.98 99.99 100.00 99.99 99.97 99.99 99.92 99.82 99.97 99.99 99.89 100.01
ppm
Ba 1 164 1892 | 554 331 120 154 545 103 71 978 1210 | 744 390 1122 69 1997 | 278 19
Ni 20 <20 <20 <20 <20 <20 <20 <20 <20 <20 <20 65 <20 24 45 <20 <20 31 <20
Sc 1 3 7 2 4 3 3 <1 3 2 4 6 2 9 15 3 2 17 1
Be 1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 3 3 <1 <1 3 <1
Co 0.2 4.5 7.2 2.8 2.0 0.8 5.2 15 6.1 19 19 8.3 2.2 5.8 16 29 1.7 133 0.5
Cs 0.1 0.2 0.2 0.2 1.9 0.3 1.2 <0.1 0.5 0.2 <0.1 0.1 0.7 2.2 3.1 0.7 0.6 0.4 <0.1
Ga 0.5 2.9 6.4 11 3.5 <0.5 2.9 <0.5 2.9 <0.5 0.5 3.5 2.2 10.6 18 3.4 2.5 114 <0.5
Hf 0.1 0.5 1.0 0.3 0.9 0.5 0.8 <0.1 0.5 0.2 0.4 0.7 0.5 2.0 4.5 0.7 0.6 2.4 0.2
Nb 01 13 1.2 1.6 3.1 1.7 2.0 0.2 14 0.4 13 0.9 1.2 10.0 13.7 2.0 2.0 8.5 0.6
Rb 0.1 6.6 10.3 9.7 40.9 7.2 24.2 0.6 18.2 13.4 6.8 10.3 211 64.9 111.0 14.4 18.5 19.6 1.0
Sn 1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 2 <1
Sr 0.5 22.0 50.0 334 8.8 36.9 23.9 112.8 | 7.2 2.6 7.5 60.9 9.8 167.1 | 2333 19.7 12.1 208.5 13.2
Ta 0.1 <0.1 0.1 0.1 0.2 0.2 0.2 <0.1 0.1 <0.1 0.1 0.1 <0.1 0.6 0.8 0.2 0.2 0.7 <0.1
Th 0.2 1.0 0.8 0.8 2.1 13 1.5 <0.2 1.2 0.4 0.8 0.7 13 11.0 13.5 2.0 15 10.7 0.8
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U 0.1 0.4 0.3 2.1 0.3 3.7 0.5 <0.1 0.3 <0.1 | 2.0 0.3 0.4 15 2.7 0.4 0.3 1.6 <0.1
\Y 8 <8 69 9 17 17 43 <8 10 <8 39 18 12 57 106 28 27 111 <8
0.5 <0.5 0.6 <0.5 | 0.6 <0.5 1.6 <0.5 <0.5 | <05 | <0.5 | 0.8 <0.5 | 0.7 14 <0.5 | 0.9 0.7 <0.5
Zr 0.1 18.0 35.5 13.1 | 33.2 | 195 | 26.2 | 4.2 18.0 | 9.9 17.2 | 30.8 | 183 | 75.7 162.5 | 26.7 | 24.2 | 80.7 7.8
Y 0.1 2.8 7.7 6.6 5.1 123 | 2.9 2.0 3.5 1.8 4.0 8.0 29 18.0 22.8 6.0 4.2 14.2 1.2
La 01 3.5 4.3 53 7.1 9.9 4.5 11 4.2 1.7 33 6.1 4.6 34.0 40.6 6.3 5.1 22.1 3.0
Ce 0.1 9.9 8.6 126 | 134 | 185 | 95 2.0 104 | 3.6 6.2 9.6 9.3 67.3 79.9 10.5 | 10.2 | 56.8 6.8
Pr 0.02 0.9 1.2 134 | 158 | 2113 | 09 0.19 111 | 036 | 1.02 | 1.43 1.04 | 7.66 9.36 146 | 1.17 | 5.69 0.51
Nd 03 33 5.3 5.4 5.7 8.2 3.7 0.8 4.6 15 43 5.8 3.9 28.1 339 6.1 4.8 19.9 21
Sm 0.05 0.75 1.35 112 | 1.02 | 182 | 0.70 | 0.17 091 | 037 | 1.05 | 138 | 0.78 | 5.03 6.04 1.07 | 0.77 | 4.04 0.33
Eu 0.02 0.16 034 | 034 | 024 | 052 | 0.16 | 0.08 0.22 | 0.08 | 0.18 | 037 | 0.16 | 0.82 1.06 0.22 | 0.11 | 0.82 0.09
Gd 0.05 0.74 1.53 129 | 099 | 198 | 0.64 | 0.29 090 | 042 | 101 | 161 | 0.73 | 4.40 5.04 1.13 | 0.67 | 3.34 0.34
Tb 0.01 0.11 0.24 | 0.22 | 0.15 | 032 | 0.10 | 0.05 0.13 | 0.06 | 0.15 | 0.25 | 0.11 | 0.62 0.76 0.17 | 0.10 | 0.50 0.03
Dy 0.05 0.64 150 | 1.18 | 090 | 1.88 | 0.64 | 0.26 0.79 | 035 | 092 | 155 | 0.67 | 3.57 4.69 098 | 0.73 | 2.77 0.26
Ho 0.02 0.13 034 | 0.25 | 0.21 | 038 | 0.12 | 0.06 0.14 | 0.08 | 0.18 | 032 | 0.11 | 0.63 0.86 0.21 | 0.15 | 0.54 0.03
Er 0.03 0.32 093 | 0.64 | 060 | 1.17 | 032 | 0.20 045 | 0.27 | 053 | 1.03 | 0.36 | 1.88 2.55 0.69 | 046 | 1.54 0.13
Tm 0.01 0.06 0.14 | 0.08 | 0.08 | 0.15 | 0.05 | 0.03 0.06 | 0.03 | 0.07 | 0.13 | 0.05 | 0.24 0.36 0.10 | 0.07 | 0.21 <0.01
Yb 0.05 0.32 0.89 | 049 | 055 | 1.08 | 035 | 0.17 040 | 0.24 | 052 | 094 | 038 | 1.67 2.30 0.64 | 051 | 135 0.11
Lu 0.01 0.05 0.15 | 0.07 | 0.10 | 0.16 | 0.05 | 0.03 0.06 | 0.04 | 0.07 | 0.14 | 0.06 | 0.23 0.34 0.10 | 0.07 | 0.20 0.02
TotREE¢ 20.88 26.81 | 30.32 | 32.62 | 48.19 | 21.73 | 5.43 24.37 | 9.10 19.50 | 30.65 | 22.25 | 156.15 | 187.76 | 29.67 | 24.91 | 119.80 | 13.75

aTotal iron expressed as Fe;03

b Loss on ignition
¢ Total concentration of rare earth elements
4 Method detection limit
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Appendix D: Compiled Geochemistry Data of metavolcanic rocks from
External Sources

*note: blank fields represent data not available; bdl = below detection limits

Oregon Claims Formation, Old Tom Assemblage, and Kobau Group

Rock unit Oregon Claims Old Tom Kobau
Source Ray et al. (1996) Milford (1984) Massey and Dostal (2013)
Sample HD313 | HD346 | 6191 | 6203 | 7211 | 7215 | 7237 | 8102 | 31912 | 31913 | 32014 | 32015 | O5NMA20-02 | O5NMA27-03
Ti-V Classification* IAB IAB IAB
LDA IAB
Classificationt
UTM Zone 11 11
Easting 5450392 5451317
Northing 372191 381743
%
MDL
Sio2 0.01 50.07 51.60 48.78 49.63
Al203 0.01 16.96 14.47 14.65 14.45
Fe203 0.04 1.49 1.51 13.22 11.27
MgO 0.01 5.53 5.85 8.30 8.82
Ca0 0.01 7.69 11.54 11.66 11.59
Na20 0.01 5.71 2.16 1.38 217
K20 0.01 1.04 131 0.51 0.59
TiO2 0.01 0.75 0.79 0.45 0.74
P205 0.01 0.24 0.28 0.04 0.06
MnO 0.01 0.18 0.22 0.20 0.25
€203 1 o002
Lol 51 1.36 0.72 4.96 0.79
Sum 0.01 99.19 99.51 104.15 100.36
ppm
Cr 50 78 202 369
Ba 1 900 985 232 232
Ni 20 | 19 25 5 4
Sc 1 32
Be 1
Co 02 | 22 30 65 54
Cs 0.1 na 8
Ga 05 6 9
Hf 0.1
Nb 01 2 2 16 4 6 10 9 28 9 6 8 12
Rb 01| 16 23
Sn 1
Sr 05 573
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Ta 01| bdl bdl

Th 02 10 8

u 0.1

v 3 362 282 265
W 0.5

zr 01| 58 57 204 | 32 54 75 73 | 216 81 46 57 118 28 42
Y 01 17 23 28 12 19 14 17 28 26 19 19 37

La 01 26 17 15
Ce 0.1 31

Pr 0.02

Nd 03 67 108
Sm 0.05

Eu 0.02

Gd 0.05

Tb 0.01

Dy 0.05

Ho 0.02

Er 0.03

m 0.01

Yb 0.05

Lu 0.01

* Shervais (1982)

tVerma and Agrawal (2011)
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Anarchist Group

Rock unit Anarchist
Source Massey and Dostal (2013)
o o o o o o o o o o o o o o o o o o o o o o
a a a (=2} (=2} (=2} a a (2] (2] ~N ~N ~N ~N ~ ~ ~ ~ ~ ~ ~ ~
2 2 2 2 2 2 2 2 2 2 2 =2 =2 =2 =2 =2 =2 =2 =2 2 2 2
H H H H H H = = = = = = = = H H H H H H H H
> > > > > > > > > > > > > > > > > > > > > >
o o o o o o = = N N o o o o o o o o o - = =
» @ ¢ @ N L » » w o e @ @ @ N N N 3 ® ® b b
o o o o o N = [ < o = o o (= o o o - [ = o o
a B w w = N o o £ ~ o = =) N S ~ o w - o = N
w (‘3 > @ @
<
» @
Sample
) e
TI_V CIaSSIflcatlon MORB |IAB MORB 0IB 0IB MORB 0I1B 0I1B IAB IAB LowTi-IAB IAB MORB OIB IAB IAB MORB IAB oIB LowTi-IAB 0B MORB
LDA Classificationt 1AB
UTM Zone 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11
Easting 5431599 5432519 5430363 5429726 5430487 5433053 5432871 5433044 5444351 5446026 5450092 5444220 5444751 5446337 5444921 5444659 5443924 5443315 5442046 5439193 5441048 5440948
Northing 355973 354934 352395 352113 352279 354666 346399 346714 353310 349738 338119 343373 341994 341735 340739 340836 341615 340005 384124 344306 345873 345985
MDL
%
Sio2 0.01 | aser | 4747 | azon | aoss | 4505 | 4899 | 4655 | 4373 | s0.02 | 4872 4680 | 4951 | 4748 | 4239 | 4907 | 4680 | 4849 | 2943 | 4226 5487 | 5053 | soa1
A|203 0.01 13.10 13.20 15.08 14.71 12.16 14.28 14.99 14.01 14.06 13.38 18.87 13.85 15.23 11.80 15.04 15.66 14.13 11.36 13.63 16.47 15.64 15.13
FEZO3 0.04 13.20 14.88 11.82 10.57 12.35 11.87 15.86 14.38 8.77 14.38 7.17 11.52 12.44 13.05 14.19 14.92 15.14 10.85 14.58 8.33 10.78 11.36
Mgo 0.01 6.35 7.64 7.05 6.61 13.95 6.88 4.14 6.23 4.39 6.72 9.73 9.89 7.74 11.92 7.29 7.46 6.40 12.28 8.69 7.26 6.25 5.40
CaO 0.01 10.02 9.18 9.22 8.56 6.14 9.55 4.48 6.87 8.12 8.37 14.85 9.55 7.89 9.62 7.80 6.72 8.31 8.09 6.47 4.56 6.89 6.85
Nazo 0.01 3.19 3.03 3.44 3.28 2.22 3.41 5.19 3.50 2.75 2.33 0.53 2.39 2.63 1.63 3.77 2.66 2.69 2.14 2.09 5.16 3.98 3.02
KZO 0.01 0.45 0.36 0.43 1.56 0.68 0.77 1.04 0.51 0.14 0.06 0.11 0.58 2.19 1.78 0.61 2.30 0.43 2.16 0.37 0.37 1.59 2.11
T|02 0.01 1.65 1.29 2.16 2.46 1.81 2.06 3.27 3.35 0.58 0.57 0.16 0.42 1.88 2.55 1.06 1.34 247 0.50 2.68 0.24 1.55 1.82
P205 0.01 0.18 0.18 0.25 0.31 0.27 0.27 0.62 0.52 0.05 0.11 0.02 0.03 0.31 0.44 0.12 0.17 0.23 0.24 0.39 0.02 0.25 0.30
IVInO 0.01 0.22 0.32 0.16 0.18 0.16 0.16 0.21 0.20 0.15 0.18 0.13 0.21 0.18 0.17 0.20 0.19 0.26 0.18 0.29 0.16 0.15 0.17
Cr203 0.002
LOI -5.1 2.18 1.68 1.53 1.14 4.48 1.24 3.07 5.98 1.46 4.74 0.84 1.84 1.40 4.44 0.73 1.52 1.20 2.57 8.52 2.55 2.27 3.64
Sum 0.01 99.16 99.23 99.05 98.96 99.27 99.47 99.42 99.28 99.50 99.61 99.21 99.79 99.37 99.79 99.88 99.74 99.75 99.80 99.97 99.99 99.88 99.91
ppm
Cr 30 bdl 280 325 778 367 bdl bdl bdl 12 300 852 308 689 55 40 94 699 275 112 32 27
Ba 1 94 | 398 | 242 | 748 | 144 | 123 | 250 | 287 85 | 466 82 | 204 | 2653 | 1119 99 | 797 99 | 1883 33 212 | 731 | 562
Ni 20 10 11 12 41 24 16 24 13 8 64 | bdl 19 95 55 8 90 | bdl 36 12 8 23 37
Sc 1
Be 1
Co 0.2 48 52 43 57 52 48 54 16 57 35 47 46
Cs 0.1
Ga 0.5 3 4 12 14 14 17 36 29 7 4 29 48 11 11 13 6 26 4 23 25
Hf 0.1
Nb 0.1 3 4
Rb 0.1 3 5
Sn 1
Sr 0.5 131 171
Ta 0.1
Th 0.2
U 0.1
v 8 | 398 | 461 | 270 | 283 | 254 | 292 | 351 | 359 | 346 | 372 237 | 272 | 269 | 285 | 338 | 415 | 463 | 260 | 256 223 | 163 | 192
W 0.5
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Zr

0.1

103

77

113

126 104 142 247 208 41 36 10 27 140 193 67 86 156 43 179 21 160 177
Y 0.1 25 31

La 0.1 | bdl bdl bdl bdl bdl bdl bdl bdl bdl bdl bdl 10 10 25 23 11 | bdl 24 18 13 20 24
Ce 0.1

Pr 0.02

Nd 0.3 57 68 | 113 | 134 | 527 165 17 22 80 311 106 256 50 61 57 160 164 64 66 62
Sm 0.05

Eu 0.02

Gd 0.05

Tb 0.01

Dy 0.05

Ho 0.02

Er 0.03

Tm 0.01

Yb 0.05

Lu 0.01

* Shervais (1982)

1 Verma and Agrawal (2011)
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Attwood Formation

Rock unit Attwood
Source Massey and Dostal (2013) Dostal et al. (2001)

| B | %

o o o
Sample > £ ”
Ti-V Classification* IAB MORB IAB LowTi-IAB IAB IAB IAB IAB BON BON BON MORB MORB MORB E-MORB BON
LDA
Classificationt IAB IAB IAB MORB IAB MORB MORB MORB MORB 0OIB IAB
UTM Zone 11 11 11 | na na na na na na na na na na na na na
Easting 5435728 5435626 5438448
Northing 383640 383526 385729

MDL
%
Si02 0.01 53.88 52.83 57.33 52.73 51.96 52.75 48.49 46.27 46.01 48.40 46.91 50.11 48.41 47.63 48.24 50.03
Al203 0.01 15.49 16.26 14.52 13.79 16.97 | 15.00 | 14.93 17.76 17.08 17.89 13.51 12.40 14.57 14.04 15.10 | 16.09
Fe203 0.04 10.96 6.74 10.86 7.64 10.00 8.33 11.11 | 13.93 6.06 6.57 11.05 16.36 16.06 12.84 11.76 6.65
MgO 0.01 5.10 2.15 4.05 10.33 4.53 7.80 5.48 8.08 10.50 10.56 13.18 5.53 8.21 6.11 7.96 11.52
Ca0 0.01 7.11 7.01 3.57 10.71 5.30 9.79 9.38 5.29 14.37 10.90 9.37 8.43 4.74 10.36 8.00 9.54
Na20 0.01 4.10 3.91 5.17 2.15 4.79 331 3.30 3.76 1.56 2.33 0.95 2.57 1.02 2.20 3.17 2.27
K20 0.01 0.86 3.43 0.16 0.28 0.91 0.14 1.82 0.15 0.36 0.57 1.06 0.54 0.05 0.17 0.40 0.66
TiO2 0.01 0.73 0.72 0.67 0.22 1.03 0.96 0.88 0.95 0.10 0.11 0.24 2.22 2.04 1.54 2.30 0.14
P205 0.01 0.07 0.33 0.05 0.01 0.20 0.08 0.34 0.09 0.01 0.01 0.01 0.21 0.12 0.17 0.28 0.01
MnO 0.01 0.16 0.15 0.17 0.29 0.26 0.11 0.18 0.17 0.13 0.14 0.16 0.26 0.24 0.18 0.16 0.13
Cr203 0.002
LOI -5.1 2.10 2.11 3.02
Sum 0.01 100.56 95.64 99.56
ppm

Cr 105 | bdl 60 691 21 209 60 301 382 254 | 1047 110 147 255 387 459
Ba 1 252 1236 | bdl 99 | 1607 40 488 56 45 71 55 256 21 48 79 225
Ni 20 27 | bdl 6 114 16 72 18 117 97 80 267 56 53 79 114 123
Sc 1
Be 1
Co 0.2 54 24 58
Cs 0.1
Ga 0.5 19 18 16 9 17 16 21 17 10 11 15 16 21 19 22 8
Hf 0.1 0.25 26 | 151 | 224 | 1.32 0.05 0.01 0.31 4.13 3.47 2.78 4.52 0.3
Nb 0.1 9 1 9 0.2 6.7 1.5 4.8 1.4 0.3 0.2 0.5 6.2 5.3 6 31.1 0.3
Rb 0.1 24 82 20 0.01 18 | 0.01 63 | 0.01 14 22 50 14 0.01 3 9 17
Sn 1
Sr 0.5 176 836 50 87 235 174 644 101 178 247 59 160 233 288 214 90
Ta 0.1 0| 014 | 0.02 | 0.07 | 0.02 0.01 0.01 0 0.19 0.32 0.18 1.02 | 0.01
Th 0.2 6 | bdl 23 0.04 1.63 0.3 3 0.3 0.01 0.01 0.04 0.26 0.32 0.24 1.38 | 0.02
U 0.1 2 2 4
vV 8 260 179 297 266 239 285 288 482 130 137 211 446 528 330 284 164
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w 0.5

Zr 0.1 49 125 36 5 102 58 88 47 2 2 11 157 142 121 203 5
Y 0.1 12 30 16 6 21 19 18 18 2 3 7 55 39 31 25 4
La 0.1 22 26 33 0.19 | 8.72 23 | 1167 | 292 0.07 | 0.06 0.2 4.21 5.32 4.99 15.2 | 0.17
Ce 0.1 0.45 18.8 | 6.35 | 2552 | 6.56 0.17 | 0.19 0.63 | 13.45 | 15.01 | 14.03 358 | 044
Pr 0.02 0.06 | 252 | 1.01 | 346 | 1.12 0.04 | 0.04 0.13 24 24 2.13 4.78 | 0.07
Nd 0.3 33 24 46 033 | 11.14 | 5.67 | 1565 | 5.68 0.17 | 0.21 0.71 | 13.97 12.9 | 10.87 21.48 | 0.44
Sm 0.05 032 | 3.02 | 189 | 398 | 2.16 0.14 | 0.15 0.47 5.3 4.26 3.68 521 | 0.17
Eu 0.02 0.14 | 099 | 0.71 | 1.24 0.7 0.1 | 0.06 0.15 1.65 1.74 1.36 1.82 | 0.07
Gd 0.05 06 | 344 | 267 | 3.89 | 2.88 0.28 | 0.34 0.79 7.93 5.85 4.91 5.75 | 0.45
Tb 0.01 0.12 | 0.56 | 0.47 | 0.54 0.5 0.05 | 0.05 0.14 141 1.03 0.87 0.88 | 0.08
Dy 0.05 102 | 3.67 | 3.23 | 333 | 3.37 042 | 043 1.15 9.73 7.15 5.45 5.04 | 0.66
Ho 0.02 023 | 078 | 0.71 | 068 | 0.71 0.09 0.1 0.26 2.09 1.52 1.19 0.98 | 0.14
Er 0.03 084 | 225 | 219 | 199 | 2.09 0.24 | 0.31 0.81 6.41 4.42 3.58 2.66 | 0.48
m 0.01 0.13 | 033 | 0.28 | 0.27 0.3 0.04 | 0.04 0.13 0.96 0.67 0.5 0.36 | 0.07
Yb 0.05 092 | 233 | 193 | 185 | 1.88 0.29 | 0.31 0.83 6.18 4.4 3.33 2.23 | 047
Lu 0.01 0.17 | 0.34 03] 029 | 0.26 0.04 | 0.05 0.13 0.97 0.66 0.47 0.32 | 0.09

* Shervais (1982)
tVerma and Agrawal (2011)
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Knob Hill Complex

Rock unit Knob Hill
Source Massey and Dostal (2013)
o o o o o o o o o o o o o o o o (=} (=}
@ a a a a a a a a a a a a a a a G G
b4 b4 b4 P4 P4 P4 P4 P4 p=4 p=4 z z z z z z z z
< < < < < < < < < < < < < < < < < <
> > > > > > > > > > > > > > > > > >
[=} = = = = = = = = = = = N N N N N N
=S [0} [0} [0 ) o o o ~ ~ ~ ~ [ [ [ [ N N
S =} S S =) =} S = <} <} S <} <3 <} S = S S
< @© N 53 = @® <) w @ G ® © IN @ ® IS o ©
> > @
Sample
Ti-V Below
Classification* IAB MORB MORB 0IB IAB OlIB IAB IAB IAB IAB 0OIB IAB IAB BON 0OIB IAB IAB MORB
LDA
Classificationt MORB MORB 0IB IAB 0OlB MORB IAB 0OIB IAB MORB
UTM Zone 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11
Easting 5437968 5438598 5439785 5439608 5442788 5442948 5443273 5442491 5442075 5441706 5442677 5442736 5438928 5439016 5438486 5438720 5442775 5442775
Northing 385395 361106 361451 361524 363426 363116 363694 362507 360492 360603 361648 361704 354555 354806 355551 355103 355158 355158
MDL
%
44.2 48.8 50.7 49.8 54.8
Si02 0.01 51.48 45.29 47.89 7 9 44.55 2 49.42 6 48.48 47.74 48.05 57.35 54.92 53.26 3 52.08 49.25
18.7 14.9 11.7 133 16.4
A1203 0.01 14.70 13.18 13.12 3 3 13.93 5 13.71 6 13.61 13.38 13.14 14.94 12.86 13.51 1 11.50 12.53
16.4 12.2 16.8 13.0
Fe203 0.04 9.38 8.53 10.04 4 8 15.64 8 13.39 3 13.48 15.14 13.02 11.39 7.88 1431 8.66 14.26 14.48
MgO 0.01 7.25 5.97 10.91 3.97 8.01 3.63 5.60 8.44 7.82 6.92 5.00 6.77 4.96 9.97 5.97 5.36 5.83 7.14
Ca0 0.01 5.23 7.85 5.61 1.60 6.67 8.50 8.34 8.01 8.43 12.11 7.19 10.02 1.92 6.42 1.77 4.78 9.52 7.49
Na20 0.01 3.81 3.47 1.47 3.31 3.74 3.12 1.78 3.16 3.39 2.11 3.29 3.73 3.94 3.89 0.21 5.52 0.14 0.78
K20 0.01 0.25 0.97 0.09 2.73 0.43 1.11 0.29 0.42 0.17 0.11 1.78 0.77 0.11 0.29 2.89 0.19 0.19 0.49
Tio2 0.01 0.50 1.06 1.12 3.29 0.69 2.93 1.43 0.67 0.39 0.52 2.81 0.87 0.53 0.23 2.63 0.44 1.17 1.20
P205 0.01 0.04 0.19 0.19 0.57 0.06 0.35 0.11 0.05 0.03 0.05 0.38 0.07 0.04 0.02 0.23 0.03 0.12 0.02
MnO 0.01 0.18 0.12 0.17 0.21 0.22 0.18 0.23 0.29 0.24 0.20 0.20 0.18 0.15 0.10 0.18 0.13 0.23 0.21
0.00
Cr203 2
LOI 5.1 6.69 6.79 9.79 4.60 3.73 6.46 2.85 3.19 2.94 3.58 3.30 4.88 5.00 3.62 5.38 3.29 5.05 6.55
100.3 99.7 99.6 100.4 99.9 100.7 99.6 101.1 100.2 101.5 100.3 100.2 99.6 100.1 100.1
Sum 0.01 99.51 93.43 9 1 5 0 9 5 6 7 2 0 3 0 100.34 4 0 4
ppm
Cr 154 242 306 116 212 61 52 110 78 159 42 131 bdl 542 216 45 35 64
Ba 1 26 102 41 1696 422 1001 232 663 95 95 542 128 bdl 73 764 | bdl 421 3410
Ni 20 44 34 56 56 89 61 55 74 78 67 42 76 bdl 166 179 27 43 54
Sc 1
Be 1
Co 0.2 56 48 62 85 71 70 83 82 69 69 71 55 84 54 73 74
Cs 0.1
Ga 0.5 15 bdl 16 25 18 25 23 19 17 19 24 19 17 13 22 15 21 20
Hf 0.1
Nb 01 | bdl 2 8 52 2 19 3 5 2 17 21 16 3 3 48 1 2 1
Rb 0.1 22 28 16 42 20 22 13 bdl 31 5 27 18 53 21 4 11
Sn 1
Sr 0.5 87 381 204 193 207 281 64 193 92 81 228 81 71 226 57 170 223 239
Ta 0.1
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Th 0.2 20 6 18 27 16 12 14 5 11 6 32 11 23 18 10 13
u 0.1 4 2 3 3 1 2 1 1 1 4 3 2 4 1 2
v 8 245 146 167 240 280 353 466 335 269 305 317 339 315 205 51 256 403 244
w 05
zr 0.1 21 81 68 239 42 179 75 38 20 40 182 55 24 17 185 23 65 64
v 0.1 17 21 18 13 17 18 16 13 18 13 11 17 13 19 17 16
La 0.1 29 30 46 100 34 62 29 24 54 28 37 16 72 21 33 40
Ce 0.1
Pr 0.02
Nd 03 39 34 48 87 45 57 43 36 53 38 52 26 65 34 43 48
sm 0.05
Eu 0.02
Gd 0.05
b 0.01
Dy 0.05
Ho 0.02
Er 0.03
m 0.01
vb 0.05
Lu 0.01

* Shervais (1982)
t Verma and Agrawal (2011)
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Knob Hill Complex continued...

Rock unit Knob Hill
Source Massey and Dostal (2013)

o o o o o o o o o o o o o o o o o o

w w w wv [} ()} ()} ()} ()} [} [<2) D D D D D a (2]

=2 =2 =2 =2 =2 2 2 =2 =2 2 2 =2 =2 =2 =2 =2 =2 =2

< < < < < < < < < < < < < < < < < <

> > > > > > > > > > > > > > > > > >

N N N N I I I I I = = = = N N N N N

N N w w oo [o+] [o+] [o+] [o+] w w w o o o N S S

=) = IS) ) - = = = N S S N N S S <) <) S

() o ~ () w w B [o+] o = ~N N wv (o)} ~ o N [}

> @ > @ > @ S

5 IN]
Sample
Ti-Vv
Classification* IAB IAB IAB MORB IAB BON IAB IAB IAB IAB IAB MORB MORB IAB IAB MORB IAB IAB
LDA
Classificationt IAB IAB 0IB IAB IAB CRB 0OIB IAB MORB IAB IAB
UTM Zone 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11
EaSting 5443015 5444052 5443330 5443533 5441737 5441737 5441617 5442007 5442503 5442989 5443933 5443469 5443706 5442430 5442782 5445038 5445293 5446036
Northlng 355214 356180 357303 357420 351904 351904 352709 351894 351868 351219 351270 350725 350011 349248 349257 352846 350835 351174

MDL
%
si02 0.01 48.59 45.92 48.45 48.40 47.10 51.14 47.87 48.60 49.25 48.51 47.53 49.16 47.65 50.09 50.65 48.55 49.48 49.44
A203 0.01 14.21 13.94 12.92 13.43 13.21 10.52 13.17 14.05 13.78 15.52 13.21 14.68 15.30 12.61 13.99 13.20 15.68 17.49
Fe20
3e 0.04 11.60 13.26 16.07 12.61 11.58 7.45 13.72 12.08 11.80 13.81 15.85 9.04 8.97 14.76 12.62 19.51 9.00 9.36
MgO 0.01 8.36 8.18 5.95 6.72 7.57 5.41 8.57 8.25 8.29 8.29 5.58 6.62 6.46 7.56 7.51 4.26 6.39 6.60
cao 0.01 9.90 7.51 7.71 10.87 6.95 16.07 7.32 6.78 9.52 2.60 6.88 9.11 9.54 7.30 4.28 6.15 6.50 9.71
Na20 0.01 1.11 2.98 2.84 3.03 1.76 0.20 3.02 2.60 2.86 3.20 2.24 3.59 3.94 2.59 4.10 4.39 4.84 3.17
k20 0.01 1.02 0.66 0.45 0.10 0.45 0.78 0.26 1.35 0.20 0.33 0.38 0.25 0.41 0.17 0.11 0.37 0.92 0.69
Tio2 0.01 0.45 0.83 0.67 1.45 0.41 0.22 0.67 0.65 0.40 0.86 1.68 1.62 2.17 0.80 0.92 1.41 0.74 0.37
P205 0.01 0.04 0.06 0.06 0.14 0.04 0.07 0.07 0.06 0.09 0.07 0.20 0.27 0.28 0.13 0.15 0.16 0.12 0.04
MnO 0.01 0.19 0.22 0.20 0.20 0.17 0.23 0.20 0.19 0.18 0.19 0.20 0.13 0.18 0.19 0.15 0.21 0.27 0.18
Cr203 0.002
LOI 5.1 4.56 5.80 4.96 3.53 10.10 7.15 4.36 4.45 2.93 5.93 5.21 5.02 4.37 3.01 5.06 0.96 5.60 2.79
Sum 0.01 100.06 99.35 100.27 100.48 99.38 99.26 99.26 99.17 99.31 99.36 99.02 99.52 99.30 99.23 99.56 99.18 99.65 99.86
ppm

Cr 243 159 47 234 96 215 19 | bdl 49 165 | bdl 252 164 | bdl bdl bdl 214 74
Ba 1 591 317 391 148 448 243 302 1128 139 486 624 321 315 215 247 87 1145 217
Ni 20 84 95 62 90 73 68 68 82 82 107 30 104 86 58 40 48 133 53
Sc 1
Be 1
Co 0.2 64 75 92 63
Cs 0.1
Ga 0.5 18 17 19 20
Hf 0.1
Nb 0.1 8 | bdl 4 8 3 3 | bdl bdl bdl bdl 9 25 23 3 | bdl 3 4 3
Rb 0.1 19 13 9 | bdl 15 16 6 22 7 9 9 7 8 5 5 8 21 21
Sn 1
Sr 05 90 97 70 119 54 246 108 55 125 51 77 252 254 168 77 115 312 325
Ta 0.1
Th 0.2 6 15 19 3
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0.1

251

328

387

325

301

170

320

316

264

378

471

247

285

400

379

478

235

205

0.5

Zr

0.1

29

31

32

74

31

26

44

44

31

53

109

131

150

50

61

63

53

27

Y

0.1

16

13

12

15

22

16

22

29

17

24

37

24

18

29

30

44

16

17

La

0.1

22

34

39

31

bdl

bdl

bdl

bdl

bdl

bdl

bdl

bdl

bdl

bdl

bdl

Ce

0.1

Pr

Nd

0.3

33

46

52

36

Sm

0.05

Eu

0.02

Gd

0.05

Tb

0.01

Dy

Ho

Er

0.03

Tm

0.01

Yb

0.05

Lu

0.01

* Shervais (1982)
t Verma and Agrawal (2011)
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Appendix E: Geochemical Sample Locations

Okanagan Similkameen Region

v
o
©
E
©
°
]
N

98



Kootenay-Boundary Region
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