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FRONTISPIECE

Campbell Range, Yukon

A clear, broad, Yukon-view looking north along the ridges of the Campbell Range in 
southeastern Yukon. To the east is the Frances River Valley, which is underlain by 
remnants of the Late Paleozoic Slide Mountain Ocean basin and rocks of the Ancient 
North American continental margin. The green vegetation-free slopes in the centre of the 
photo are directly below the King Arctic jade mine and are underlain by serpentinite, an 
important geological component of the structural evolution of the southern Campbell 
Range.
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ABSTRACT

The southern Campbell Range in southeastern Yukon is underlain by rocks 
of Yukon-Tanana terrane, a Middle to Late Paleozoic volcanic arc terrane formed 
along and outboard of the margin of the western North American continental margin.
The newly defined Klatsa metamorphic complex is a significant component of the 
southern Campbell Range and includes rocks that locally preserve the only evidence 
of Early Mississippian eclogite facies metamorphism within Yukon-Tanana terrane. 
Understanding the metamorphic and structural history of the region provides insight into 
the oldest subduction zone metamorphism in the terrane and the subsequent tectonic 
evolution of this part of the terrane.

Yukon-Tanana terrane in the southern Campbell Range consists of thrust- 
imbricated Upper Mississippian to Lower Permian metasedimentary rocks and Early 
Mississippian-metamorphosed Klatsa metamorphic complex.

Mississippian to Lower Permian prehnite-pumpellyite to greenschist facies 
metasedimentary rocks in the southern Campbell Range comprise three formations. 
Stratigraphically lowest White Lake formation chert and limestone are unconformably 
overlain by the King Arctic formation basal pebble to cobble conglomerate, lithic arenite 
and wacke. Money Creek formation carbonaceous phyllite, chert pebble conglomerate, 
and wacke unconformably overlie the two lower formations.

The Klatsa metamorphic complex comprises a mafic-ultramafic member which 
includes serpentinized ultramafic rocks and co-magmatic leucogabbro, a layered schist 
member composed of quartz-muscovite schist and interfoliated metabasite lenses, 
blocks of amphibolite contained within serpentinite, and lesser phyllite-matrix melange 
including orthoquartzite and chert. U-Pb SHRIMP and 40Ar/39Ar geochronology, and 
trace element geochemistry on units from the Klatsa metamorphic complex reveal: 1) 
metasedimentary protoliths with detrital ages ranging from 0.47 Ga to 2.8 Ga, related 
to the basement of Yukon-Tanana terrane; 2) metabasite with N-MORB and crustally 
contaminated arc basalt geochemistry, 3) mafic unit protoliths, with a 368 ± 10 Ma 
magmatic age, coeval with the oldest arc magmatism in Yukon-Tanana terrane; 3) 
eclogite facies metamorphism at 353.0 ± 3.7 Ma, and 4) rapid exhumation following 
high-pressure metamorphism (353.4 + 0.80 Ma 40Ar/39Ar on muscovite).

The Klatsa metamorphic complex was metamorphosed in an Early Mississippian 
subduction zone along the western margin of Yukon-Tanana terrane and was rapidly 
exhumed in the frontal arc to forearc region. In the Early Permian, the complex, along 
with part of the frontal arc, was transported eastwards along the Cleaver Lake and 
underlying thrust faults. Poorly age constrained D1-D3 folding affected both the hanging 
wall and footwall of the Cleaver Lake fault, and were followed by D4 imbricate faulting 
which has reactivated most Cleaver Lake fault contacts. Nephrite jade at the King 
Arctic Jade Mine formed in metasomatic reaction zones along D4 faults, during fault 
displacement.
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METHOD OF PRESENTATION

This thesis is presented as three papers, each with a different focus to highlight themes 
and topics in the research.

Chapter 1 describes the geology of the southern Campbell Range and summarizes the 
structural history of the area. The Klatsa metamorphic complex is placed into geologi
cal context. The data presented in Chapter 1 is based on geological mapping undertaken 
during the summer of 2003. Maps 1 and 2 (back pocket) are hard copy versions of the 
southern Campbell Range maps.

Chapter 2 focuses on the Klatsa metamorphic complex and investigates the evidence for, 
and tectonic implications of this unit having been at eclogite facies in the mid-Paleozoic. 
Geochronological and geochemical data are presented and tectonic models build on the 
structural setting of the rocks described in detail in Chapter 1.

Chapter 3 describes the nephrite jade occurrences at the King Arctic jade mine and fo
cuses on relatively young structures in the region involved in nephrite genesis.

Chapter 4 provides a summary of conclusions.

All field data was entered into a Microsoft Access database used in production of the 
digital map. This data is provided in digital form on CD (Appendix IV), along with the 
program GeoFIELD which is a Microsoft Access application created and developed at the 
Yukon Geological Survey for digital data entry inthe field and map production (Open File 
2003-8(D): GeoFIELD v.2.2). Geofield is provided for free to the public. Also included 
on the CD are .PDF files of this thesis including all figures and maps.
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CHAPTER 1

Yukon-Tanana terrane in the southern Campbell Range, Finlayson Lake belt, 
southeastern Yukon: the geological setting of retrogressed eclogite of the

Klatsa metamorphic complex

ABSTRACT

Yukon-Tanana terrane in the southern Campbell Range is composed of rocks 
that have different metamorphic, exhumation, and structural histories and formed 
in disparate parts of the Paleozoic Yukon-Tanana volcanic arc. The geological 
relationships in the southern Campbell Range reveal the tectonic and structural origin 
of the Klatsa metamorphic complex, comprising the first recognized remnants of 
an early Mississippian subduction zone beneath the Yukon-Tanana arc. The Klatsa 
metamorphic complex comprises foliated to massive serpentinite with relict cumulate 
texture; leucogabbro, interpreted to be cogenetic with the ultramafic rocks; amphibolite; 
and retrogressed eclogitic quartz-muscovite schist with lenses of metabasite. It was 
structurally juxtaposed with Upper Mississippian to Lower Permian metasedimentary 
rocks: chert and limestone of the White Lake formation, conglomerate, lithic arenite 
and wacke of the King Arctic formation, and heterolithic metasedimentary rocks of the 
Money Creek formation. Regional and local structural and stratigraphic relationships 
suggest that the Klatsa metamorphic complex is part of the Cleaver Lake thrust sheet, the 
structurally highest thrust sheet in a north- to northeast-vergent thrust belt that deformed 
the Yukon-Tanana terrane during the Early Permian. Restoration of the displacement 
on the Cleaver Lake and underlying thrust faults places the Klatsa metamorphic 
complex on the western margin of Yukon-Tanana terrane. Late Devonian to Early 
Mississippian subduction is thought to have occurred along this margin based on previous 
paleogeographic reconstructions. Generally north to northeast vergent D1 to D3 folds 
deformed the hanging wall and footwall of the Cleaver Lake thrust fault. Jurassic(?) D4 
imbricate thrust faulting has, in part, reactivated the Cleaver Lake thrust fault contacts 
and imbricated the Klatsa metamorphic complex with metasedimentary rocks in fault 
panels that are repeated at a scale of 10 to 100s of metres.

1
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INTRODUCTION

Yukon-Tanana and Slide Mountain terranes in the northern Canadian Cordillera 

preserve Devonian-Mississippian volcanic arc and related backarc rocks. Predictions 

of Devono-Mississippian arc polarity based on geochemistry (Mortensen, 1992a;

Piercey et al., 2004) suggest that an east-dipping subduction zone existed on the west- 

southwest side of Yukon-Tanana terrane. However, subsequent events have obscured 

the Mississippian paleogeography and direct geological evidence of a Mississippian 

subduction zone along the western side of Yukon-Tanana terrane has not been found.

Two occurrences of retrogressed high-P rocks with evidence for Mississippian 

metamorphism and cooling occur in the Yukon-Tanana terrane lying northeast of the 

Tintina fault; these are the Simpson Range and Stewart Lake occurrences of Erdmer et 

al. (1998; Figure 1-1). This position near the eastern side ofYukon-Tanana terrane is 

contrary to what simple paleogeographic reconstructions suggest for the relative location 

of Mississippian subduction-zone - related rocks, as per the classic fore-arc exhumation 

models for eclogite exhumation (Platt, 1986).

In this paper we describe the geological setting of the herein-defined Klatsa 

metamorphic complex, which includes rocks with retrogressed high-P mineralogy, 

originally described by Erdmer et al. (1998) as the Simpson Range eclogite. These 

rocks occur in the southern Campbell Range in the Finlayson Lake belt ofYukon-Tanana 

terrane in southeastern Yukon (Figure 1-1). We describe the stratigraphy and structure of 

the southern Campbell Range, show the relationship of the Klatsa metamorphic complex 

retrogressed eclogite to the surrounding rocks, and discuss the geological evolution of the 

area to explain the enigmatic location of these high-grade rocks.

REGIONAL GEOLOGIC SETTING: THE FINLAYSON LAKE BELT

In southeastern Yukon northeast of the Tintina Fault, a sheet ofYukon-Tanana 

and Slide Mountain terranes, herein called the Finlayson Lake belt, structurally overlies
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Upper Triassic rocks of the North American continental margin (Figure 1-1). In the 

Finlayson Lake belt, Yukon-Tanana terrane metavolcanic and metasedimentary volcanic 

arc-derived rocks are separated from Slide Mountain terrane metasedimentary rocks 

along the Jules Creek fault (Murphy et al., 2005). Yukon-Tanana terrane and Slide 

Mountain terrane together overlie North America continental margin rocks along the 

west-dipping Inconnu thrust fault (Murphy et al., 2005). The Finlayson Lake belt 

comprises a part of Yukon Tanana terrane that was displaced southward during post- 

Late Cretaceous dextral displacement along the Tintina fault (Figure 1-1; Murphy and 

Mortensen, 2003).

In the Finlayson Lake belt, Yukon-Tanana terrane rocks occur in three Early 

Permian thrust sheets comprising pre-Upper Devonian to Lower Permian rocks that 

formed in different environments within the evolving Yukon-Tanana arc (Figure 1-2).

The structurally lowest Big Campbell thrust sheet contains rift-related mafic and felsic 

volcanic rocks and basinal sedimentary rocks with a backarc lithological and geochemical 

character locally built on a pre-Late Devonian basement (Murphy et al., 2005; Piercey et 

al., 2004). The middle Money Creek thrust sheet contains Devonian to Mississippian arc 

volcanic and plutonic rocks and pre-Upper Devonian metaclastic rocks (Murphy et al., 

2005; Piercey et al., 2004) and Upper Mississippian to Lower Permian limestone, chert 

and clastic rocks (Murphy et al., 2005; this paper). The upper Cleaver Lake thrust sheet 

contains mafic volcanic rocks as well as lesser felsic volcanic and mafic to ultramafic 

intrusive arc rocks (Grant, 1997; Murphy et al., 2005; Piercey et al., 2004). The thrust 

faulting event ended in the Early Permian as evidenced by the basalt of the Lower 

Permian Campbell Range formation that was unconformably deposited on all three thrust 

sheets.

Slide Mountain terrane rocks occur east of the Jules Creek fault. They include 

the Fortin Creek group carbonaceous clastic rocks, chert, and rift-related mafic volcanic 

rocks deposited in an ocean basin setting (Murphy et al., 2005).
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Yukon-Tanana terrane and Slide Mountain terrane were juxtaposed along the Jules 

Creek fault, a possible mid-Permian to Triassic strike-slip fault that has been re-activated 

as a Mesozoic thrust fault (Murphy et al., 2005; this study). Together, the Yukon-Tanana 

and Slide Mountain terranes were thrust over upper Triassic strata of the North American 

continental margin, possibly in the Jurassic, along the Inconnu thrust fault (Murphy et al., 

2005).

GEOLOGY OF THE SOUTHERN CAMPBELL RANGE

The southern Campbell Range lies along the boundary between Yukon-Tanana 

and Slide Mountain terranes along the southeastern margin of the Finlayson Lake belt of 

southeastern Yukon. These two tectonic elements were juxtaposed along the Jules Creek 

fault which trends NNW along the eastern side of the southern Campbell Range study 

area (Figure 1-3).

Rock units ofYukon-Tanana and Slide Mountain terranes are described in the 

following section. Metamorphic grade in the region ranges from prehnite-pumpellyite to 

greenschist facies, with the exception of blocks within the Klatsa metamorphic complex 

that contain variably retrogressed amphibolite and eclogite facies assemblages. As 

primary textures are widely preserved in low grade rocks, metasedimentary units are 

referred to and described using sedimentary terminology. Also, informal stratigraphic 

nomenclature is used throughout the paper with “formation” used to refer to mappable 

units, locally with defined members. These divisions are not formalized according to the 

North American Stratigraphic Code. Structurally, the rocks range from undeformed to 

highly transposed; structures are described in the following section.

Yukon-Tanana terrane

In the southern Campbell Range three packages ofYukon-Tanana terrane 

rocks from temporally and tectonically distinct parts of the Yukon-Tanana arc are
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present. Layered upper Mississipian to Permian metasedimentary rocks are structurally 

imbricated with retrogressed Mississippian high-grade metamorphic rocks of the 

Klatsa metamorphic complex throughout the central part of the field area. To the west, 

Devonian volcanic and plutonic rocks from the older part of theYukon-Tanana arc occur 

across a high angle fault.

Klatsa metamorphic complex

The Klatsa metamorphic complex consists of: 1) retrogressed eclogitic layered 

schists, 2) amphibolite, 3) serpentinized mafic-ultramafic rocks, and 4) locally occurring 

phyllite-matrix melange. Serpentinized ultramafic rocks in the region occur as both 

massive bodies and highly foliated serpentinite melange. The serpentinite melange 

contains a variety of blocks including blocks of leucogabbro, interpreted to be the mafic 

component of the mafic-ultramafic unit; amphibolite; polydeformed amphibolite blocks; 

and locally, retrogressed eclogite facies layered schists. Phyllite-matrix melange occurs 

locally, spatially associated with serpentinite, and is host to a variety of metasedimentary 

rocks including orthoquartzite and chert not found locally. Blocks and slivers of 

Mississippian to Permian metasedimentary rocks are also present within serpentinite 

melange. They were structurally incorporated during the subsequent Jurassic(?) assembly 

of the region.

Erdmer et al. (1998) were the first to describe the layered schists of the Klatsa 

metamorphic complex, referring to them as the Simpson Range eclogite. We include 

the layered schists in the Klatsa metamorphic complex; a newly defined complex based 

on new age data (Chapter 2) which indicate a common metamorphic age for the layered 

schists and associated rocks.

Layered schists

The layered schists occur in two regions of the southern Campbell Range. The
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rocks are best exposed as a fault-bounded block at the western end of a southwest- 

trending ridge in the southwestern corner of the study area (Figure 1-3) but also occur 

approximately 1 kilometre north across a high-angle D5 fault as poorly exposed 

approximately 30 metre elongate blocks within a serpentinite and phyllite-matrix 

melange.

The layered schist unit comprises primarily coarse-grained quartz-muscovite 

schist interfoliated with 1 to 10 metre-thick lenses of metabasite. Textural and 

compositional evidence supports eclogite facies paragenesis for the schists, although they 

are commonly retrogressed to greenschist facies (Erdmer et al., 1998, Chapter 2).

Coarse-grained quartz-muscovite schist is well foliated and displays 

compositional variation on the cm- to m-scale (Figure l-4a). Muscovite layers < 0.5 cm 

thick and local carbonate-rich lenses less than 50 cm thick occur within a quartz-rich 

matrix. Irregular to augen-shaped domains of green chlorite < 1 cm in diameter occupy 

< 50% volume of the schist and are inferred to be retrogressed garnet porphyroblasts. 

Titanite and titanite-mantled rutile are locally concentrated in the chlorite-domains, but 

also occur as trails parallel to foliation within the schist. Inclusions trails within the 

retrogressed garnet domains outline the trace of a foliation that is at a high angle to the 

matrix fabric.

Metabasite occurs as < 10 metre thick foliation-concordant lenses of dense fine to 

medium-grained greenstone within the quartz-muscovite schist (Figure l-4b). Contacts 

are poorly exposed but have been observed to be sharp, and overgrown by muscovite. 

Highly fractured garnet porphyroblasts < 1 cm diameter are partly to completely replaced 

by chlorite, epidote, and clinozoisite. The matrix comprises epidote, chlorite and 

actinolite, locally as symplectite of actinolite, epidote and muscovite. The symplectic 

matrix appears to overgrow an early medium-grained actinolite phase in the matrix which 

is locally preserved as euhedral, prismatic crystals with symplectite rims. Coarse-grained 

muscovite occurs in variable amounts within the metabasite lenses.
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The protolith of the layered schists of the Klatsa metamorphic complex is 

interpreted to be a series of mafic dykes, transposed sills, or basalt flows within a quartz- 

rich metasedimentary sequence. Geochronological studies show Early Mississippian 

eclogite facies metamorphism was followed by rapid exhumation and cooling (Erdmer et 

al., 1998, Chapter 2). Metamorphic zircons from both the quartz muscovite schist and the 

metabasite are 352.6 ± 2.3 Ma (SHRIMP U-Pb zircon; Chapter 2) and are interpreted to 

have grown during eclogite facies metamorphic conditions. The unit cooled through 350° 

C by 353.4 ± 0.79 Ma (40Ar-39Ar age from muscovite, plateau date).

Mafic-ultramafic rocks

The mafic-ultramafic rocks of the Klatsa metamorphic complex comprise 

serpentinite and leucogabbro. Dark green massive to well-foliated serpentinite lenses and 

layers occur throughout the field area in north-trending fault-bounded domains. Blocks 

of leucogabbro and layered schist are included within serpentinite.

Serpentinite is commonly well foliated and dark green with smooth, greasy 

surfaces, especially in close proximity to bounding faults. Massive, blocky, and resistant 

weathering domains are up to 100 metres thick. Massive serpentinite has microscopic 

mesh texture and contains <40%, <lcm diameter bastite locally with relict clinopyroxene 

cores. The serpentinite bodies range in thickness from 200 metres to several centimeters 

thick along D4 faults. Serpentinite contacts are ubiquitously faulted and are commonly 

marked by talc-schist zones < 50 cm wide.

Leucogabbro blocks within serpentinite range up 200 metres in diameter. Fine- 

to medium-grained, varitextured leucogabbro consists of amphibole that is surrounded 

by sausseritized plagioclase. A primary magmatic relationship between the leucogabbro 

and host serpentinite is inferred due to a common spatial occurrence and the suggestion 

of a magmatic origin for the ultramafic rocks based on the presence of clinopyroxene 

phenocrysts.
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New U-Pb age data from magmatic zircons show that the leucogabbro is Late 

Devonian (Chapter 2). These data affirm correlation of mafic and ultramafic rocks of the 

Klatsa metamorphic complex with mafic and ultramafic rocks of the Big Campbell and 

Cleaver Lake thrust sheets (see Discussion), rather than with the Early to Middle Permian 

mafic and ultramafic metaplutonic rocks thought to be comagmatic with basalt of the 

Campbell Range formation (Murphy et al., 2005). Metamorphic zircon from leucogabbro 

has an age of 351 ± 12 Ma, interpreted to be coeval with metamorphic zircon from the 

layered schist unit (Chapter 2).

Amphibolite

Blocks of garnet amphibolite and plagioclase-amphibole schist occur within 

foliated serpentinite in the southern Campbell Range. Garnet amphibolite blocks > 10 to 

20 metres in diameter are poorly to moderately foliated and locally contain < 50%, 1 to 

5 mm diameter fractured idioblastic garnet porphyroblasts rimmed by blebby plagioclase 

in a matrix of medium-grained, elongate actinolitic amphibole with edenite cores. Garnet 

domains concentrate < 1 mm-sized titanite-mantled rutile grains while titanite up to 2 mm 

diameter occurs abundantly throughout the matrix. Plagioclase-amphibole-quartz schist 

and plagioclase-amphibole schist are well foliated with domains < 1 cm in diameter of 

clinozoisite-chlorite-plagioclase inferred to be pseudomorphs after garnet porphyroblasts. 

The high-grade metamorphic history of the amphibolites and their structural association 

with serpentinite links them to the other members of the Klatsa metamorphic complex; 

however, no age data are available for these rocks.

Mississippian to Permian metasedimentary rocks

Mississippian to Early Permian polydeformed metasedimentary rocks occur 

as 100 metre-thick, kilometre-long structural slices interleaved with serpentinite of 

the Klatsa metamorphic complex. They are all part of the Money Creek thrust sheet,
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the middle thrust sheet extending throughout much of the Finlayson Lake belt. The 

metasedimentary rocks have been divided into four stratigraphic units separated by 

unconformities (Figure 1-5). The stratigraphically lowest rocks are chert and limestone 

of the newly defined White Lake formation. The White Lake formation is unconformably 

overlain by metaconglomerate, lithic-arenite, and lithic wacke of the newly defined King 

Arctic formation. The newly recognized “upper” limestone unconformably overlies the 

White Lake formation and is inferred to also overlie the King Arctic formation, although 

stratigraphic relationships along this unconformity are not well constrained. These three 

lower units are unconformably overlain by the heterolithic Money Creek formation.

White Lake formation

Chert and limestone of the White Lake formation are the oldest layered 

metasedimentary rocks in the area. The formation comprises three members, which 

are, from top to bottom: 1) a lower limestone member, and 2) a unit of pink and green 

chert interbedded with limestone which passes gradationally upwards into 3) an upper 

unit of banded green chert with fine-grained clastic interlayers. Cherts of the lower and 

upper units are most abundant on the eastern side of the southern Campbell Range while 

structurally thickened limestone caps the hilltops in the central to northern field area, 

most spectacularly above the King Arctic Jade Mine.

A massive, grey weathering, locally crinoidal and sandy limestone at least 30 

metres thick is exposed in fault bounded panels and locally at the base of fault-soled 

stratigraphy in the western part of the study area. Data constraining the stratigraphic 

position of these massive limestone units are limited; however, local and regional 

geological relationships suggest a massive limestone is overlain by interbedded limestone 

and chert. The chert-limestone unit is over 150 metres thick. Limestone layers within 

chert range from 5 cm to 10 metres-thick and are grey weathered, pale grey fresh, locally 

crinoidal and/or sand-rich (Figure l-6e,f). Limestone is locally stained rusty orange,
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especially where interlayered with silver-green phyllite on a cm-scale. Where thickened 

by folding, limestone is a striped black and white mylonitic marble, and silicified layers 

are boudinaged. Chert of the lower chert-limestone unit is green to white ribbon chert, 

locally varicoloured pink and green at the handsample scale, with conformable domains 

of bright pink chert > 30 m thick (Figure l-6c,d). Beds range from 2 to 10 cm thick 

with pale green muscovite-chlorite-epidote phyllite interlayers from 1 mm to 1 cm thick. 

Phyllite locally contains feldspar grains up to 1 mm in size, and flattened chlorite patches 

up to 1 cm diameter that are inferred to have replaced amphibole crystals.

The upper banded chert member is over 40 metres thick and overlies the lower 

chert-limestone sequence over a metre-scale gradational transition. It is composed of 

thinly bedded to finely laminated green chert (Figure l-6a,b). Black, bright epidote- 

green, and white layers of translucent to opaque chert are interlayered with fine-grained 

green chlorite-epidote-quartz silt laminae on a mm to sub-mm scale. Magnetite 

porphyroblasts up to 0.5 mm diameter are common throughout this unit.

A Late Mississippian to Early Pennsylvanian age is inferred for the White Lake 

formation based on its correlation with lithologically similar rocks from which fossils 

have been extracted near Whitefish Lake north and west of the study area. The lower 

massive limestone unit and overlying limestone chert units in the study area resemble 

outcrops of the Whitefish limestone and overlying chert-limestone unit, respectively, that 

occur extensively to the north and northwest of the study area. Near Whitefish Lake, 

limestone in the lower part of the limestone-chert unit has a Serpukhovian conodont age 

and directly overlying chert has a Pennsylvanian radiolarian age (Murphy et al., 2005).

In the east-central part of the study area, a Serpukhovian conodont has been extracted 

from a block of limestone within serpentinite (F7 in Murphy et al., 2005; Poulton et al., 

2003; Orchard, 2005); although its relationship with the nearby rocks of the White Lake 

formation is unclear. A Moscovian upper age limit is provided by a massive limestone 

in the upper part of the section (the “upper” limestone) with Moscovian to Early Permian
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conodont ages (Murphy et al., 2005; Orchard, 2005).

Rocks of the White Lake formation were previously included within the volcanic 

Tuchitua River formation lying beneath the regionally extensive Whitefish limestone 

(Murphy et al., 2002,2005 and Devine et al. 2004). However, the new observations 

presented in this paper show that the rocks of the White Lake formation lie above the 

Whitefish limestone and below the Upper Pennsylvanian to Lower Permian “upper” 

limestone.

King Arctic formation

Approximately 300 metres of clastic rocks o f the King Arctic formation 

unconformably overlie the White Lake formation. A basal green chert pebble 

conglomerate is overlain by lithic-arenite and granule to pebble conglomerate which 

grades upwards into dark grey, fine grained quartz-wacke. The basal unconformity is well 

exposed along the resistant limestone-capped hills above and to the southwest of the King 

Arctic Jade Mine.

The basal conglomerate is < 15 metres thick and contains sub-angular to well- 

rounded, granule to pebble-sized clasts of green chert and subordinate white limestone 

derived from the underlying White Lake formation (Figure l-7b). Normally graded beds 

of green siltstone to angular granule conglomerate 1 to 3 cm thick as well as fine-grained 

arenite to siltstone with pale to dark green mm- to cm-scale banding are interlayered 

with conglomeratic beds. The matrix of the conglomerate is commonly calcareous 

where it rests upon limestone, and clasts of chert dominate where it rests upon White 

Lake formation chert. The basal unconformity is sharp but irregular, and conglomerate 

thickness and clast content above the unconformity vary along strike. Fine-grained 

siltstone clasts with composition and texture similar to beds within the unit occur locally 

within the conglomerate and intraformational unconformities may be present.

Approximately 150 metres of fine to medium grained, green lithic arenite and
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lithic wacke overlies the basal conglomerate (Figure l-7a). A distinctive cm-scale 

mottled texture on weathered surfaces is characteristic of the unit. Clasts are commonly 

quartz (chert?) with < 10% plagioclase; locally there are fine-grained, angular white 

lithic clasts < 3mm in diameter and angular argillaceous clasts < 1 cm occupying <

10% volume. The upper 50 metres consist of dark grey fine-grained lithic-wacke. The 

transition from green arenite and wacke to dark grey fine-grained wacke is gradational 

with metre-scale interbedding of units. Dark grey argillite that is locally a chloritic 

phyllite, gradationally caps the wacke and is locally interbedded with argillaceous chert 

on the metre-scale and fine grained green lithic-arenite on mm-scale.

The King Arctic formation is indirectly constrained to be Pennsylvanian in age 

by the ages of underlying and overlying rocks. In the field area, it overlies the Upper 

Mississippian to Pennsylvanian White Lake formation. Regionally, to the north and 

west, a unit of limestone pebble to cobble conglomerate with minor green phyllite and 

chert-clast granule conglomerate resembling the King Arctic formation immediately 

underlies limestone from which Moscovian conodonts have been extracted (F. Devine 

field observations; Murphy et al., 2005; Orchard, 2005). The upwardly increasing clastic 

content of the White Lake formation and the similarity of the fine grained clastic units in 

the banded chert of the White Lake formation and the King Arctic formation may indicate 

deposition of these units through progressive sedimentation into a basin across a short 

time-span unconformity at the base of the King Arctic formation.

The King Arctic formation was previously undefined and was mapped as part of 

the Tuchitua succession and Tuchitua River formation of Murphy et al. (2002, 2005).

This correlation is no longer viable as the Tuchitua River formation underlies the 

Whitefish limestone and the King Arctic formation overlies the White Lake formation, 

which is younger than the Whitefish limestone.
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“upper” limestone

A north trending discontinuous ridge of limestone with poorly exposed contacts 

lies along the western side of the field area (Figure l-3a). Structural relationships 

suggest that the “upper” limestone is preserved in the antiformal hinge of a parasitic fold 

along the western side of a regional north-trending anticline. It overlies White Lake 

formation chert above an unexposed contact and is overlain by Money Creek formation 

conglomerate to the west.

The limestone is locally crinoidal, pale grey weathering, and grey on fresh 

surfaces. It is dominantly massive with buff coloured recrystallized patches. The base 

of the upper limestone is inferred to be an unconformity as it overlies different rock 

units in different places. In the study area, massive limestone overlies the White Lake 

formation. Regionally, a similar massive and locally conglomeratic limestone overlies 

rocks correlated with the White Lake formation near White Lake (F. Devine, field 

observations).

The “upper” limestone is constrained by conodont collections to be Pennsylvanian 

to Early Permian in age. A Pennsylvanian conodont age was extracted from the limestone 

in the field area (Orchard, 2005). Regional conodont collections from lithologically 

similar units in a similar stratigraphic position range in age from Pennsylvanian to Lower 

Permian (Figure 1-2; Murphy et al., 2005).

The “upper” limestone was previously included with the Whitefish limestone 

(Murphy et al., 2002, 2005). However, new regional mapping and the observations 

presented in this paper require that a new, younger limestone unit be defined.

Money Creek formation

Dark-coloured, fine to coarse metaclastic rocks of the Money Creek formation 

(Murphy et al., 2005) overlie the White Lake formation, King Arctic formation and the 

“upper” limestone. Although exposed in fault slices throughout the field area, rocks of
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the Money Creek formation are more extensive to the north of the study area and underlie 

much of the region directly north of the King Arctic Jade Mine.

The Money Creek formation contains a wide variety of dark-coloured, generally 

phyllitic metasedimentary rocks. These include dark grey to black, sub-angular to 

rounded chert-pebble conglomerate (Figure l-8b); dark argillaceous chert; black 

carbonaceous phyllite; angular, sand to granule conglomeratic lithic wacke commonly 

with glassy blue quartz granules; and minor green to brown lithic arenite. Distinctive 

black and white diamictite with irregularly shaped white quartzite clasts < 2 cm in 

diameter in a black phyllitic matrix is found locally (Figure l-8a). Although these 

lithologies are interbedded at outcrop-scale, they are not laterally continuous. Blocks 

of grey ribbon chert and crinoidal limestone up to 30 m long are found locally within 

medium to fine-grained lithic units and the limestone blocks commonly occur in 

restricted linear domains.

The basal unconformity is exposed in the central field area where it cuts primary 

layering in chert of the White Lake formation. Blocks of chert up to 20 cm in diameter 

are included in heterolithic phyllite-matrix conglomerate immediately above the irregular 

basal contact (Figure l-8c).

The age of the formation is constrained to be Early Permian based on fossil 

age dates reported for overlying and underlying rocks in the Finlayson Lake belt. The 

youngest unit below the unconformity at the base of the Money Creek formation is the 

“upper” limestone (Murphy et al., 2005; this paper) while the overlying Campbell Range 

formation basalt is interlayered with radiolarian chert that yields Early Permian ages 

(Murphy et al., 2005; Pigage, 2001; Plint and Gordon, 1997).

Undifferentiated Waters Creek formation and Simpson Range Plutonic Suite

Along the western side of the map area poorly exposed metamorphosed intrusive 

and extrusive rocks are in presumed fault contact with Money Creek formation rocks
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to the east. Metaintrusive rocks comprise moderately foliated, fine- to medium-grained 

chloritized muscovite-amphibole granodiorite and chloritized, foliated, coarse-grained 

quartz-phyric amphibole granodiorite. Foliated quartz-phyric chlorite-muscovite schist of 

presumed metavolcanic origin is exposed in one locality. These rocks resemble, and are 

correlated with, the Devonian Waters Creek formation and Simpson Range plutonic suite 

found in other parts of the Finlayson Lake area (Mortensen and Jilson, 1985; Murphy et 

al., 2004).

Slide Mountain terrane Permian rhyolite and Simpson Lake group

Rocks belonging to Slide Mountain terrane and Simpson Lake group occur east of 

the Jules Creek fault in the poorly exposed eastern side of the study area.

Paleozoic and Triassic metasedimentary rocks

Fortin Creek group

Rocks of the Fortin Creek group include: grey to black chert pebble conglomerate, 

rusty weathering medium-grained quartz arenite and aphanitic rhyolite. Rocks commonly 

display open quartz-lined vugs < 2 cm diameter and sub-mm, black silica spiderweb

like veining. Regional fossil ages (summarized in Murphy et al., 2005) suggest a 

Mississippian to Early Permian age for the Fortin Creek group.

Flow-banded rhyolite

Pale cream coloured quartz-phyric rhyolite with mm-scale flow banding occurs in 

isolated outcrops, spatially associated with the Fortin Creek group east of the Jules Creek 

fault. The crystallization age of the rhyolite is dated by U-Pb zircon methods as 259.6 ± 

1.2 Ma (Appendix I). Although contacts with the Fortin Creek group metasedimentary 

rocks are not exposed, the rhyolite must unconformably overlie the Fortin Creek group,
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and may correlate with Middle to Late Permian volcanic and magmatic rocks, regionally 

known as the Klondike Schist (Murphy et al., 2005).

Simpson Lake group

Heterolithic conglomerate of the Simpson Lake group locally overlies the Fortin 

Creek group immediately adjacent to the Jules Creek fault in the northern part of the field 

area (Figure 1-3). The conglomerate is more extensively exposed directly north of the 

field area near the road to the King Arctic mine and along the Robert Campbell Highway 

to the north and south of the area.

In the study area, the moderately foliated, green conglomerate varies from clast to 

matrix supported and is poorly sorted with subrounded granule- to pebble-sized clasts of 

chert, green quartz-arenite and serpentinite, reflecting local sources. Regionally, the unit 

includes interbedded siltstone and sandstone and contains a variety of clasts derived from 

Yukon-Tanana terrane (Mortensen et al., 1997; Mortensen et al., 1999; Murphy et al., 

2002,2005)

A Late Triassic age is inferred from isotopic age dates and fossil ages on clasts 

(Murphy et al., 2005 and references therein; Mortensen et al., 1997) and from fossil ages 

on interbedded shale in correlative rocks near Faro (Mortensen and Jilson, 1985; Pigage, 

2004; Pigage, 2001; Tempelman-Kluit, 1979). The unit is an overlap assemblage on 

Yukon-Tanana and Slide Mountain terranes (Murphy et al., 2005).

STRUCTURE

Three structural domains are recognized in the southern Campbell Range: the 

western and central domains lie west of the Jules Creek fault and the eastern domain is 

east of the Jules Creek fault. This paper focuses on the central domain, which is bound 

to the east by the Jules Creek fault and to the west by the faulted contact of central 

domain rocks with metavolcanic and metaintrusive rocks of the Waters Creek group and
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the Simpson Range plutonic suite (Figure l-3a). Five generations of structures affected 

the metasedimentary rocks of the central domain; the latter two are also preserved in the 

Klatsa metamorphic complex. The layered schists of the Klatsa metamorphic complex 

also preserve an older structural history not seen elsewhere in the region. The following 

section describes structures from oldest to youngest.

Devono-Mississippian structures in the Klatsa metamorphic complex

Two generations of structure which pre-dated regional structures are preserved in 

the layered schists of the Klatsa metamorphic complex: Sml and Sm2. Sml is a well- 

developed foliation in the quartz-muscovite schist of the Klatsa metamorphic complex 

layered schist member. Sml strikes northwest and dips moderately to the southwest. It is 

defined by compositional variation within quartz-muscovite schist and outlined by layers 

of muscovite and quartz in hand sample (Figure 1-4). Metabasite lenses are parallel to 

Sml; the lenses are foliated along the margins but only rarely display minor foliation 

internally. Muscovite is commonly undeformed within metabasite. Retrogressed 

garnet domains within the quartz-muscovite schist locally display a foliation outlined 

by included accessory minerals, which may correspond to Sml or be an older fabric 

overprinted by Sml (see also Figure 2-4, Chapter 2).

Discrete shear fractures (Sm2) < 2 cm thick and >10 cm long cut Sml at a low 

angle (see Figure 2-4, Chapter 2). Cataclastic domains display local grain-size reduction 

of quartz, and preferential deformation of muscovite oriented at a high-angle to the 

fractures. At the southern occurrence of the layered schist unit, the bounding faults 

appear to cut the metamorphic assemblage fabrics at a low angle.

Isotopic ages partly constrain the age of Sml and Sm2. Sml is considered to 

be older than ca. 353 Ma based on 40Ar-39Ar ages from undeformed muscovite in the 

metabasite lenses; the muscovite is interpreted to be the same generation as muscovite 

outlining Sml in the quartz-muscovite schist. Sm2 is constrained to be younger than ca.
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353 Ma as it deforms the ca.353 Ma generation muscovite in the quartz-muscovite schist 

(Chapter 2). Sml deformation may be linked to metamorphism and exhumation of the 

Klatsa metamorphic complex layered schist unit in the Early Mississippian. Sm2 may 

correlate with D4 faulting.

Regional Deformation

The earliest structure in the southern Campbell Range is a cryptic thrust fault, 

interpreted to be the Cleaver Lake fault (see Discussion), responsible for juxtaposition 

of rocks of the Klatsa metamorphic complex with greenschist facies metasedimentary 

rocks of the Money Creek thrust sheet. Five regional deformation events, affect all the 

map units in the southern Campbell Range, therefore post-dating the thrust emplacement 

of the Klatsa metamorphic complex. These include three generations of folding (FI, F2 

and F3) followed by D4 and D5 faulting. The D4 faults interleave panels of the deformed 

metasedimentary sequence with sheets of Klatsa metamorphic complex. Steep brittle 

faults of D5 trend E-NE across the region cut all earlier structures.

Bounding faults o f the Klatsa metamorphic complex

The juxtaposition of Klatsa metamorphic complex with southern Campbell 

Range metasedimentary rocks requires a major fault, based on the significantly different 

peak metamorphic grades in each package. Although the boundaries of the Klatsa 

metamorphic complex are exposed as D4 faults, D4 displacements are too small to 

result in the observed metamorphic juxtaposition. The intial juxtaposition is, therefore, 

interpreted as an early, pre-Dl fault that has been modified by younger structural events.

D1 and D2 folding: FI, F2, S2, L2

FI folding is suggested by a possible fold interference pattern in the central field 

area. A 100-m amplitude, isoclinal, originally west-vergent fold pair was refolded by a
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highly attenuated F2 fold (Figure l-3b). The hinge zone of the FI fold contains tightly 

folded chert and limestone of the White Lake formation cut by tightly folded 5-10 cm 

thick bull-quartz veins. Phyllite of the Money Creek formation is demonstrably folded 

around the hinge zone across the White Lake group-Money Creek unconformity (Figure 

l-8c). Contact relationships and fold orientations indicate original west-vergence for this 

FI fold; however, using the folded unconformity as the basis for fold style and geometry 

may be misleading as folding of a highly irregular surface will produce unpredictable 

fold geometry. No other structures that can conclusively be assigned to FI were observed 

in outcrop or thin section. Either FI was an early structural phase of a progressive 

F2 event and the fold in the central field area is a relict of an irregular unconformity,

FI is progressive to F2, and/or all earlier D1 structures are concordant with D2 and 

undifferentiable from D2 structures.

The structural geometry of the field area is dominated by F2 folds. F2 folds 

were mapped at 1:20 000 scale. Folds generally plunge to the west and northwest, 

are overturned and verge to the north and northeast; however, D4 faulting has resulted 

in some reorientation of FI to F3 structures (Figure 1-11). Contacts between folded 

metasedimentary units are not well exposed but cleavage-bedding relationships, observed 

fold asymmetry, and the map pattern define regional fold orientations. Microscopic mm- 

scale to 10 metre-scale amplitude folds, visible in outcrop, are inferred to be parasitic on 

higher order folds.

Bedding in chert and limestone of the White Lake formation is folded into tight 

to close, subangular to subrounded asymmetric folds that are locally disharmonic in the 

hinge zones. Fold style varies from limbs to hinge zones. On limbs, parasitic folds have 

highly attenuated limbs and thickened hinges (Figure 1-9), whereas in F2 hinge zones, 

folds are close to open with shorter limbs and similar bed thickness (Figure l-3b,c, f). A 

poorly- to well-developed cleavage (S2) is axial planar to F2 folds and clast- and mineral- 

elongation lineations (L2) are parallel or nearly parallel to F2 fold axes. Transposed
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bedding in chert and alignment of platy minerals in ribbon chert interlayers defines the 

S2 cleavage in the White Lake formation. Rocks of the King Arctic formation have 

poorly developed 5-10 cm spaced cleavage with chlorite-lined foliation planes in fine to 

medium-grained sandstone and stretched pebble conglomerate. In rocks of the Money 

Creek formation, coarse continuous foliation in phyllites with clast-elongation lineation 

varies to a well-developed L- and L-S tectonite defined by clast- and mineral-elongation.

F I-2 folds in the study area are constrained to be younger than the folded Lower 

Permian Money Creek formation. To the north, folds with a similar style deform the 

Early Permian Campbell Range basalt (Plint and Gordon, 1997) which overlies the 

Money Creek formation (Murphy et al., 2005), suggesting that these folds are even 

younger. The minimum age of F2 folding is unconstrained.

D3 folding: F3

D3 folds are km-scale open, upright, generally east-west trending and deform 

the S2 cleavage (Figure l-3f). F3 axial planes are at a high angle to F2 axial planes.

The orientation of the F3 fold axes is roughly parallel to F2 fold axes, although their 

orientation is not well constrained. F3 folds were not observed at outcrop scale but their 

presence is required based on the change in orientation of SO and S2 cleavages across the 

area (Figure l-3f).

D4 faulting: S4

Southeast striking, moderately to steeply west-dipping D4 faults imbricate the 

folded metasedimentary sequence with sheets of serpentinite and the Klatsa metamorphic 

complex (Figure 1-10). D4 faults form an anastamosing system with the trace of 

individual fault strands extending from 10 metres to 5 kilometres along strike. Vertical 

cross sections (Figure l-3b,c,d) show D4 faults to be curviplanar with dips varying from 

30 to 80 degrees to the southwest, and dip changing over strike lengths of 100’s of metres
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along a single fault plane. Metasedimentary rocks bounded by D4 faults occur in slices 

that range from several metres thick to >200 metres thick. Limestone in the immediate 

hanging wall of D4 faults shows highly strained mm-scale banding (S4). Rare cm-scale, 

generally north-trending kink folds deform the D3 cleavage within the metasedimentary 

units and have NW-trending fold axes; they may be related to the D4 faulting event.

Although locally absent, massive to foliated serpentinite bodies ranging from a 

few centimetres to several hundred metres thick occur along D4 faults (Figure 1-10). 

Alteration and metasomatic replacement zones are concentrated along the boundaries 

between serpentinite bodies and adjacent metasedimentary units; talc schist zones, 10 cm 

to 1 metre thick, are developed along faults, and limestone slices adjacent to and within 

serpentinite show tremolite alteration and concentrations of magnetite porphyroblasts.

In the vicinity of the King Arctic Jade Mine, nephrite jade formed through metasomatic 

replacement of serpentinite in areas where D4 faults juxtapose limestone of the White 

Lake formation and conglomerate of the King Arctic formation with serpentinite. 

Nephrite occurs as lenses up to 3 metres thick along D4 faults (Devine et al., 2004; 

Devine, 2005).

D4 faults are inferred to be low- and high-angle reverse faults based on consistent 

repetition of metasedimentary stratigraphy and older-over-younger faulted relationships. 

Devonian mafic and ultramafic rocks were thrust over Pennsylvanian to Permian rocks 

(Figure l-3b,c,d). Maximum displacement along D4 faults is poorly constrained; 

however, the consistency of metasedimentary stratigraphy and structural style of the 

different fault panels imply maximum offsets in the range of 2 km. F2 folds can locally 

be restored across D4 faults with < 20 m displacement. Serpentinite along the Jules 

Creek fault, likely correlative with the other serpentinite in the region, indicates that is 

was reactivation during D4 deformation.

Metasedimentary fault slices were offset and rotated with respect to each other 

across D4 faults. Dl-3 structures are consistent in orientation within fault slices but
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are misoriented from slice to slice (Figure 1-11). F2 structures in the panel along 

the east flank of the southern Campbell Range (stereograms C and D; Figure 1-11) 

show moderately inclined west-trending folds plunging 30 degrees while folds in the 

westernmost panel (stereogram H) are upright and plunge 15 degrees to the north- 

northwest. Structural domains from different fault slices throughout the field area show 

structural variation between these two orientations.

F2, F3 and D4 are considered separate structural events. Some evidence suggests 

that D4 faulting may be progressive from earlier F I-2 fold deformation: D4 faults are 

located along F2 fold hinges in the King Arctic area with <100 metres of offset along the 

fault. However, D4 faults cut all earlier structures in metasedimentary rocks, including 

the open D3 folds, and there are many D4 faults that are not localized along F2 hinge 

zones.

D4 faults in the southern Campbell Range are constrained to be post-Early 

Permian, and likely post-Late Triassic in age. They deform the Lower Permian Money 

Creek formation and have reactivated the Jules Creek fault which cuts the Upper Triassic 

Simpson Lake group immediately north of the field area (D.C. Murphy, pers.comm., 

2004). D4 faulting may coincide with displacement on the Inconnu thrust which is 

constrained to be post-Late Triassic based on the age of overthrust Upper Triassic North 

American continental margin strata (Mortensen, 1992b; Murphy et al., 2005).

D5 faulting

Northeast-southwest to north-south striking, nearly vertical high-angle brittle 

faults offset all earlier structures. Offset of geological contacts across D5 structures 

constrains the throw on these faults to at least 20 metres; however, the offset is locally 

> 200 metres. Where exposed, the fault zones are < 10 m wide and filled with hematitic 

silicified fault gouge.

Slickenlines are developed locally along discrete fractures and joints in
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metasedimentary rocks along the east side of the map area. Asperity truncations along 

these slickensides show normal west-dipping fault motion. There are no age constraints 

on D5 faults other than that they cut D4 structures interpreted to be post-Late Triassic.

DISCUSSION

The following discussion chronologically describes the stratigraphic and structural 

evolution of Yukon-Tanana terrane in the southern Campbell Range, from oldest to 

youngest. The structural origin of the Klatsa metamorphic complex is addressed.

Devono-Mississippian amalgamation and exhumation of the Klatsa metamorphic 

complex

The Klatsa metamorphic complex comprises the oldest rocks in the southern 

Campbell Range; the complex was metamorphosed and exhumed in the Devonian to 

Mississipian. Protolith ages vary for different members of the unit. The mafic-ultramafic 

member (serpentinite and leucogabbro) has a magmatic age of 368 ± 12 Ma (U-Pb 

zircon on leucogabbro, Chapter 2). This age correlates with the earliest volcanism 

and magmatism in Yukon-Tanana terrane in the Finlayson Lake belt (Murphy et al.,

2005; Piercey et al., 2004). The other dominant member of the Klatsa metamorphic 

complex, the layered schists, contains zircon cores with inherited detrital zircons as old 

as Proterozoic; the schist is interpreted to be part of, or derived from, the continentally- 

derived basement to Yukon-Tanana terrane (Chapter 2).

Amalgamation of the complex occurred prior to or during metamorphism at ~

353 Ma (U-Pb age of metamorphic zircon; Chapter 2). Microscopic structures within 

metamorphic minerals record deformation during metamorphism or early exhumation 

of the unit. Similar, and possibly correlative, mid-Paleozoic deformation is recorded 

elsewhere in the Finlayson Lake belt (Mortensen, 1992b; Murphy et al., 2005), and 

in other parts of Yukon-Tanana terrane. The oldest arc stratigraphy of Yukon-Tanana
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terrane in the Finlayson Lake region was deformed during a poorly understood intra

arc tectonism prior to the earliest Mississippian (Murphy et al., 2005). Basement units 

to Yukon-Tanana terrane also show evidence for old deformation, for example in the 

Snowcap Complex in the Glenlyon area (Colpron et al., 2003), the Dorsey Complex in 

northern British Columbia and southern Yukon (Nelson and Friedman, 2004; Roots et al., 

2000), and metasedimentary rocks in the Stewart River area of western Yukon (Ryan et 

al., 2003).

Pennsylvanian to Early Permian siliciclastic and carbonate deposition

The Pennsylvanian to Early Permian metasedimentary rocks in the region 

represent a period of siliciclastic and carbonate deposition within the Yukon-Tanana arc. 

A change in tectonic regime from platformal carbonate and chert sedimentation to flysch- 

style, syn-tectonic sedimentation is recorded by the transition into the Money Creek 

formation.

Regional correlation with other rocks in the Finlayson Lake region constrain these 

units to be from the arc proper, as opposed to the backarc region represented by basinal 

rocks in other parts of the Finlayson Lake belt (Murphy et al., 2005).

Early Permian(?) thrust faulting: structural origin of the Klatsa metamorphic 

complex

Early Permian shortening and thrust faulting of the Yukon-Tanana arc is 

responsible for structural stacking of rocks from different parts of the arc. The Money 

Creek and Cleaver Lake thrusts carry thrust sheets that extend the length of the Finlayson 

Lake belt. Regional mapping and correlation show that the Pennsylvanian to Early 

Permian metasedimentary rocks in the southern Campbell Range are part of the Money 

Creek thrust sheet (Figure 1-2).

Structural relationships in the southern Campbell Range indicate that the Klatsa
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metamorphic complex is in the hanging wall of the Cleaver Lake thrust fault and 

structurally overlies the metasedimentary rocks in the footwall. Regionally, the Cleaver 

Lake thrust fault occurs in the same structural position, structurally overlying the Money 

Creek formation. The Klatsa metamorphic complex is interpreted to occupy the core 

of a synform involving Money Creek formation, with limbs modified by D4 faults. At 

the southern occurrence of the layered schists, metasedimentary stratigraphy across the 

bounding faults tops inwards, indicating a synform cored by the layered schists (Figs. 3b 

and 12).

The structural position of the Klatsa metamorphic complex in the hanging wall 

of the Cleaver Lake fault is important to understanding the “enigmatic” inboard location 

of the eclogitic rocks along the eastern side of Yukon-Tanana terrane. Transport of the 

Klatsa metamorphic complex by the Cleaver Lake thrust sheet implies an initial frontal 

arc position for exhumation of the metamorphic complex prior to Early Permian thrust 

faulting based on westward restoration of the Cleaver Lake fault (Murphy et al., 2005). 

The Klatsa metamorphic complex was exhumed in the frontal arc region in Mississippian 

time, prior to Early Permian east-directed thrust faulting.

Middle to LateTriassic (?) Dl-2 northeast-vergent folding

The timing of Dl-2 shallowly northwest-plunging, northeast vergent folding, and 

possibly D3 folding, is constrained by geological relationships in the southern Campbell 

Range to be younger than the folded Lower Permian Money Creek formation.

Post-mid Permian penetrative ductile deformation is recorded regionally in other 

parts of Yukon-Tanana terrane. The timing of deformation is not always well constrained 

locally; however, two broadly defined tectonic events are recognized regionally: 1) Post- 

Mid-Permian, pre-Late Triassic east-directed thrust faulting and folding (Mortensen, 

1992b; Nelson and Friedman, 2004), and 2) Early to Middle Jurassic northeast-directed 

(in southcentral Yukon) deformation (Colpron et al., 2003; Hansen, 1989). The
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geological relationships in the southern Campbell Range favour correlation of Dl-2 

folding with Middle Triassic deformation as they pre-date D4 faults which are tentatively 

correlated with Jurassic deformation.

Jurassic D4 faulting

The dominant structures in the southern Campbell Range are the imbricate high- 

angle to steeply southeast-dipping thrust faults which juxtaposed panels of serpentinite 

(the Klatsa metamorphic complex) with polydeformed metasedimentary rocks. Brittle 

thrust faults which juxtapose Yukon-Tanana terrane, Slide Mountain terrane, and Triassic 

North American rocks are recognized in a > 20 km wide belt along the entire eastern side 

of the Finlayson Lake belt. The Inconnu thrust fault carried Yukon-Tanana and Slide 

Mountain terrane rocks eastwards over fault-imbricated Upper Triassic North American 

continental margin strata with > 60 km of displacement (Gordey and Murphy, 2003).We 

correlate D4 in the southern Campbell Range with the post-Late Triassic Inconnu event 

and suggest that the brittle D4 faults involving serpentinite are the local manifestation of 

this thrust belt.

Regional ductile, and locally brittle, Jurassic deformation affected many different 

parts of Yukon-Tanana terrane in Yukon and Alaska (eg. Colpron et al., 2003; de Keijzer 

et al., 1999; Hansen and Dusel-Bacon, 1998). Also to the south, in northern British 

Columbia, the equivalent of the Inconnu thrust soles the Sylvester allochthon, where 

Slide Mountain and Yukon-Tanana terranes were structurally emplaced onto rocks of the 

North American margin (Nelson and Friedman, 2004).

SUMMARY OF CONCLUSIONS

The geology, geological relationships, and structural history of the southern Campbell 

Range, including the Klatsa metamorphic complex is summarized as follows:

1) Metasedimentary rocks in the southern Campbell Range can be divided into four
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separate units. From oldest to youngest these are: the Serpukovian White Lake 

formation chert and limestone, unconformably overlying King Arctic formation 

conglomerate, Pennsylvanian limestone and Early Permian heterolithic Money 

Creek formation.

2) The Klatsa metamorphic complex comprises, in order of decreasing abundance: 1) 

a mafic-ultramafic member which includes serpentinized ultramafic rocks and co- 

magmatic leucogabbro, 2) a layered schist member composed of quartz-muscovite 

schist and interfoliated metabasite lenses, 3) blocks of amphibolite, 4) phyllite- 

matrix melange, and 5) blocks of orthoquartzite and chert.

3) The Klatsa metamorphic complex was formed and exhumed along the western 

side of the Yukon-Tanana arc in Early Mississippian time. Shortening within 

Yukon-Tanana terrane, including transport along the Early Permian Cleaver Lake 

thrust fault, is responsible for eastward transport of Mississippian eclogitic rocks 

towards the Yukon-Tanana terrane backarc.

4) Five regional structural events, following structural juxtaposition of the 

Klatsa metamorphic complex and Campbell Range metasedimentary rocks, 

are recognized in the southern Campbell Range: 1,2) northeast-vergent tight, 

overturned FI?/ F2 folding, 3) broad east-west-trending F3 folding, 4) low to 

high-angle reverse D4 faulting, imbricating all units, and 5) high angle, low 

displacement D5 faulting. D4 faults control the regional map pattern.
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Figure 1-1. Map of the Finlayson Lake belt showing major geological units, thrust 
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after Murphy et al., 2005; Stewart Lake klippe contacts modified from J. Mortensen, 
unpublished data.
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Figure 1-3. a) Simplified geological map of the southern Campbell Range. Black 
diamonds mark the Upper Quarry (left) and the Working Face (right) at the King Arctic 
Jade Mine b, c, d) Vertical cross sections A, B, and C drawn at 1.5 times the map scale, e) 
Isometric diagram interpreting the profile section orientation, f) Profile section D drawn 
at 1.5X map scale. The profile plane is drawn at a right angle to the plunge and trend of 
F2 fold axes.
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Figure 1-4. Representative rock photographs from the layered schist member of the 
Klatsa metamorphic complex: a) quartz-muscovite schist with chlorite-clinozoisite- 
epidote pseudomorphs after garnet porphyroblasts, b) retrogressed eclogite with 
chlorite-epidote-clinozoisite pseudomorphs after garnet in an amphibole-epidote matrix, 
overgrown by coarse-grained white mica.
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= =— Chert - Green, locally pink, ribboned

Nephrite jade occurences occur near the 
limestone-conglomerate contact associated 
with serpentinite along D4 faults.

Figure 1-5. Schematic stratigraphy of the southern Campbell Range. Unit thicknesses 
are not to scale, and ages are based on regional constraints and correlations with dated 
units elsewhere in the Finlayson region (age data in Murphy et al., 2005; Orchard, 2005; 
this paper Figure 1-2).
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Figure 1-6. Representative rock photographs of the White Lake formation, from 
stratigraphic top to bottom: (a,b) Banded to laminated magnetite-bearing green chert, 
scale is in cm; (c) Pink ribbon chert, (continued)
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F olia ted  «' 
lim esto n e '

Figure 1-6 (concluded). Representative rock photographs of the White Lake formation: 
(d) green ribbon chert with calcareous and tuffaceous mm-scale interlayers; (e) 
Limestone with interbedded quartz sand-rich layers; (f) Well-foliated marble along the 
margin of a D4 thrust sheet, possibly correlative with the Whitefish limestone.
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siltstone

Figure 1-7. Representative rock photographs of the King Arctic formation: a) graded 
siltstone and lithic arenite, b) basal green chert-clast conglomerate containing clasts 
possibly derived from underlying White Lake group. Scale is in cm.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



F Devine, M.Sc. thesis Lithology, Structure - southern Campbell Range, Yukon - CHAPTER 1 37

Figure 1-8. Representative rock photographs of the Money Creek formation: 
a) diamictite with white quartz-rich clasts within a phyllite matrix (scale is in cm), b) 
black and grey chert pebble conglomerate, and c) the unconformity along the limb of an 
overturned F j fold with the Money Creek formation unconformably overlying chert of 
the White Lake formation.
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Figure 1-9. F2 folds in banded chert of the White Lake formation.
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Figure 1-10. Southward view of the southeastern field area of an oblique section through 
the fault-stacked sequence of metasedimentary rocks and serpentinite. All contacts are 
D4 faults, cut by a high-angle D5 fault. The fault plane above the uppermost eastern 
serpentinite sheet in the photo dips to the south-southwest. PMC = Money Creek 
formation, PPKAcl = King Arctic formation, Serp = serpentinite.
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» Pole to S1 or S2 foliation 
■ Pole to bedding 
• Fold axis (measured) - F1 or F2 
® Fold axis (projected) - F3 (based on spread of S2) 
°/+ Lineations (L2) - clast stretching/crenulation

Plane to average of 
S1 and S2 foliations 
Planes to limbs of F2 fold 
Great circle girdle to S1 and S2 
(spread due to F3 warping)

Waters Creek formation/Fortin Creek group 

Klatsa metamorphic complex 

] S. Campbell Rng. metasedimentary rocks 
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Figure 1-11. Map showing structural domains in D4 fault-bounded panels. Stereograms 
A to H show the orientations of SO, Fl-2 fold axes, S2, and L2 in metasedimentary rocks 
from selected structural domains within the D4 fault panels. Bedding (SO) is folded by 
generally northeast vergent, west-plunging Fl-2 folds; S2 axial planar cleavage and L2 
clast and mineral elongations formed during D2. The spread of S2 along great circles is 
interpreted to reflect gentle, upright D3 folding that reoriented Fl-2 structures. D4 thrust 
faulting intercalated the metasedimentary sequence with serpentinite; the rigid blocks 
of metasedimentary rock were shuffled and rotated with respect to one another leading 
to variation in the orientation of D l, D2, and D3 structures between blocks. Although 
orientation of D 1-3 structures varies across D4 faults, the relationships within blocks is 
consistent.
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Figure 1-12. Summary diagram of the structural emplacement of the Klatsa 
metamorphic complex into thrust-stacked Yukon-Tanana terrane.
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CHAPTER 2

Geochronology and geochemistry constraints on the origin of the 
Klatsa metamorphic complex: Implications for the Late Paleozoic 

tectonic development of Yukon-Tanana Terrane

ABSTRACT

The newly defined Klatsa metamorphic complex, one of the last vestiges of 
Early Mississippian subduction zone rocks in Yukon-Tanana terrane, occurs in the 
southern Campbell Range near the southeastern margin of Yukon-Tanana terrane in the 
Finlayson Lake belt, southeastern Yukon. It comprises primarily massive to well-foliated 
serpentinite; leucogabbro; amphibolite; polydeformed retrogressed eclogitic layered 
schists; and, lesser phyllite-matrix melange. Detailed SHRIMP U-Th-Pb geochronology 
studies of zircon, 40Ar/39Ar dating of muscovite and trace element geochemistry provide 
age constraints on protoliths, provenance, and timing of high-pressure metamorphism 
and exhumation: 1) The metasedimentary protolith of the layered schists has zircons with 
detrital cores that have ages ranging from 2.8 Ga Ma to 0.47 Ga; 2) metabasite lenses in 
the layered schists have NMORB and arc basalt protoliths 3) the mafic components of the 
ultramafic unit have a 368 ± 10 Ma magmatic age, coeval with the oldest arc magmatism 
in Yukon-Tanana terrane; 4) Early Mississippian eclogite facies metamorphism of the 
layered schists occurred at 353.0 ± 3.7 Ma, constrained by cogenetic mineral inclusions 
of garnet and omphacite in zircon; and 5) rapid exhumation of the complex occurred at 
353.3 ± 0.8 Ma on the basis of 40Ar/39Ar dates from muscovite from the layered schists. 
The Klatsa metamorphic complex is interpreted to be an Early Mississippian subduction- 
related melange, host to sedimentary rocks of, or derived from, Yukon-Tanana terrane 
basement and early Yukon-Tanana arc rocks. The complex was metamorphosed, locally 
at eclogite facies, rapidly exhumed in the western frontal arc region of Yukon-Tanana 
arc, and subsequently thrust eastwards along the Cleaver Lake fault during Early Permian 
shortening within Yukon-Tanana terrane. The Stewart Lake klippe is a structurally 
isolated klippe of rocks correlative with the Klatsa metamorphic complex.

43

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



F. Devine, M.Sc. thesis Klatsa metamorphic complex -  CHAPTER 2 4 4

INTRODUCTION

The volcano-sedimentary Yukon-Tanana terrane extends from Alaska, through 

Yukon and into British Columbia, forming an integral part of the autochthonous and 

allochthonous terranes that make up the northern Canadian Cordillera (Figure 1). Arc 

and arc-rift -  related volcanic and plutonic rocks, as well as associated metasedimentary 

units, range in age from Late Devonian to Late Permian and were built upon a pre-Late 

Devonian basement with ties to the North American continental margin (Mortensen,

1992; Nelson et al., 2002). Current models for YTT development favour initial arc 

development along the extended North American continental margin which evolved 

to backarc spreading and separate arc evolution (Nelson et al., 2002). Geological 

complexity within Yukon-Tanana terrane is the result of intra-arc deformation and 

metamorphism in the Devono-Mississippian and Permian, as well as during Jurassic 

(?) obduction, which was followed by post obduction deformation and margin-parallel 

displacement.

Two generations of eclogitic rocks occur within the Yukon-Tanana terrane, 

preserving evidence of two paleosubduction and deep exhumation events at different 

times within and/or alongside the Paleozoic Yukon-Tanana arc. Well-preserved Late 

Permian eclogites and blueschists lie along the eastern boundary of Yukon-Tanana terrane 

(Erdmer, 1987, 1992; Erdmer et al., 1998; Erdmer and Helmstaedt, 1983; Pigage, 2004). 

They mark the tectonic position of the Late Permian west-dipping subduction zone, active 

during closure of the Slide Mountain ocean basin that separated Yukon-Tanana terrane 

from North America. Poorly preserved exposures of an older generation of eclogites, 

Mississippian in age, also occur near the eastern boundary of Yukon-Tanana terrane. 

However, the explanation for their current position is somewhat enigmatic based on the 

classic Franciscan model for forearc-related eclogite exhumation, given that polarity of 

the Devono-Mississippian subduction zone was east-dipping along the western side of the 

Yukon-Tanana arc (Mortensen, 1992; Piercey et al., 2004a). A more complex structural
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history, as well as alternative mechanisms of eclogite exhumation with the Yukon-Tanana 

arc, must be considered to explain the metamorphic and exhumation history of the 

Mississippian eclogitic rocks in YTT.

An Early Mississippian metamorphic complex that locally includes retrogressed 

eclogitic rocks is exposed in two localities in southeastern Yukon. In the southern 

Campbell Range, highly retrogressed eclogitic rocks, serpentinite and gabbro form 

the Klatsa metamorphic complex (Chapter 1). Near Stewart Lake amphibole- 

eclogites, ultramafic rocks, and gabbroic rocks, interpreted to be correlative with the 

Klatsa metamorphic complex, are preserved in a klippe structurally overlying North 

American rocks and soled by the Jurassic(?) Inconnu thrust fault (Figure 1; Erdmer et 

al., 1998). Erdmer et al. (1998) reported 40Ar/39Ar ages of -344 Ma from white mica 

within retrogressed eclogites from both localities, and interpreted the ages to date Early 

Mississippian cooling of the rocks. Broad P-T constraints from eclogites in the Stewart 

Lake klippe record minimum pressures of 14 kb (Erdmer et al., 1998).

This paper examines the protolith, petrology, metamorphic evolution and 

deformation history of the Klatsa metamorphic complex, part of which was previously 

referred to as the Simpson Range eclogite by Erdmer et al. (1998). We use petrochemical 

data to investigate the protolith of some units within the complex, SHRIMP 

geochronology data to place timing constraints on high-P metamorphic petrogenesis, and 

40Ar/39Ar data to date the exhumation of the complex. We then extend the discussion to 

comment on possible Klatsa metamorphic complex correlatives within Yukon-Tanana 

terrane, and summarize the implications of these new data for the earliest tectonic history 

of the Yukon-Tanana arc.

REGIONAL GEOLOGY

In southeastern Yukon, the Finlayson Lake belt comprises a sheet of Yukon- 

Tanana terrane and Slide Mountain terrane, offset from the rest of Yukon-Tanana terrane
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during post-Late Cretaceous dextral displacement along the Tintina fault (Figure 1; 

Murphy and Mortensen, 2003). Within the Finlayson Lake belt, Yukon-Tanana terrane 

metavolcanic and metasedimentary volcanic arc-derived rocks were juxtaposed with 

basinal metasedimentary rocks of Slide Mountain terrane along the Jules Creek fault, 

a possible mid-Permian to Triassic strike-slip fault that was thrust re-activated in the 

Mesozoic (Murphy et al., 2005; this study). Amalgamated Yukon-Tanana terrane and 

Slide Mountain terrane were juxtaposed against Upper Triassic rocks of the North 

American continental margin along the arcuate, west-dipping Inconnu thrust fault (Figure 

1).

Yukon-Tanana terrane in the Finlayson Lake belt is made up of three thrust sheets 

which comprise Upper Devonian to Lower Permian rocks formed at different times and 

in different environments within the evolving Yukon-Tanana arc. Thrusting occurred in 

the Early Permian (Murphy et al., 2005; Figure 2). The structurally lowest Big Campbell 

thrust sheet contains rift-related mafic volcanic rocks and basinal sedimentary rocks 

with backarc lithological and geochemical character (Murphy et al., 2005; Piercey et 

al., 2004b). The middle Money Creek thrust sheet contains Devonian to Mississippian 

arc volcanic and plutonic rocks (Murphy et al., 2005; Piercey et al., 2004b) and Upper 

Mississippian to Lower Permian limestone, chert and clastic rocks (Murphy et al., 2005; 

this paper). The uppermost Cleaver Lake thrust sheet also contains mafic and lesser felsic 

volcanic and mafic to ultramafic intrusive arc rocks, exposed regionally in the Money 

and North klippen (Figure 1; Grant, 1997; Murphy et al., 2005; Piercey et al., 2004b).

The thrust faulting event ended in the Early Permian as evidenced by the unconformable 

deposition of basalt of the Lower Permian Campbell Range formation onto different 

thrust sheets.

Slide Mountain terrane rocks occur east of the Jules Creek fault. They include 

the Fortin Creek group carbonaceous clastic rocks, chert, and rift-related mafic volcanic 

rocks deposited in an ocean basin setting (Murphy et al., 2005).
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The Devonian to Mississippian rocks in Yukon-Tanana terrane record east- 

dipping subduction along the extended North American continental margin, concurrent 

with opening of the Slide Mountain ocean basin, in a back-arc position relative to the 

mid-Paleozoic arc (Mortensen, 1992; Murphy et al., 2005; Nelson, 1993; Piercey et al., 

2004b). Regions of the arc were locally, but not everywhere, built upon basement with 

continental character, and sedimentary units within the arc locally show continental 

influence (Creaser et al., 1997; Piercey et al., 2003). Throughout the development of 

YTT, extensional tectonics and backarc formation were punctuated by episodes of 

deformation (Colpron et al., 2000; Murphy et al., 2005). Middle Mississippian to 

Pennsylvanian carbonate and chert sedimentation was concurrent with ongoing volcanism 

in disparate parts of YTT. This was followed in the Middle Permian by a switch in 

subduction polarity from east- to west-dipping under the Yukon-Tanana arc resulting in 

closure of the Slide Mountain Ocean basin which lay in a back-arc position relative to 

YTT. Final amalgamation of YTT, Slide Mountain terrane and emplacement onto North 

America occurred post Late Triassic time, likely in the Jurassic (Murphy et al., 2005, 

Nelson and Friedman, 2004).

SOUTHERN CAMPBELL RANGE GEOLOGY

The southern Campbell Range is underlain by polydeformed rocks of Yukon- 

Tanana terrane. The trace of the steeply west-dipping Jules Creek fault along the eastern 

base of the Range separates the Yukon-Tanana terrane domain from chert and argillite of 

the Fortin Creek group of Slide Mountain terrane to the east (Figure 3).

Yukon-Tanana terrane in the southern Campbell Range comprises Carboniferous 

to Early Permian metasedimentary rocks that are interleaved with the Klatsa metamorphic 

complex along imbricate thrust faults (Figure 3; Chapter 2). The metasedimentary 

succession of limestone, chert and metaclastic rocks of the White Lake, King Arctic 

and Money Creek formations is folded by 100 metre amplitude tight, northeast-vergent,
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overturned folds (Dl,2) and broad, generally east-west-trending open D3 folds (Figure

3). Panels of the metasedimentary sequence 10 to 100’s of metres thick are imbricated 

by ENE-vergent Jurassic(?) thrust to high-angle reverse faults (D4) and interleaved with 

sheets of foliated to massive serpentinite of the Klatsa metamorphic complex. Younger 

high-angle, low-displacement faults (D5) cut all earlier structures.

The Klatsa metamorphic complex in the southern Campbell Range consists of 

serpentinite, layered schists, amphibolite, and leucogabbro; most units occur as blocks 

within serpentinite. The layered schists locally occur as an isolated D4-fault bounded 

block. Evidence for metamorphism and exhumation of the entire Klatsa metamorphic 

complex in the Early Mississippian, some of which affected rocks at eclogite facies, is 

presented in this paper.

Apre-Dl regional structure is responsible for initial juxtaposition of the Klatsa 

metamorphic complex rocks with the Pennsylvanian to Early Permian metasedimentary 

rocks. Structural relationships in the southern Campbell Range suggest that the Klatsa 

metamorphic complex is part of the regionally recognized Cleaver Lake thrust sheet, 

the upper sheet of the Finlayson Lake thrust belt (Figure 1, 2; Chapter 2). However, 

geochemically similar rocks also occur in the lowermost Big Campbell thrust sheet. All 

contacts related to original structural emplacement of the Klatsa metamorphic complex 

have been modified by D4 faults.

THE KLATSA METAMORPHIC COMPLEX

The Klatsa metamorphic complex consists of: 1) quartz muscovite schist and 

metabasite (layered schists), 2) mafic-ultramafic rocks, 3) amphibolite, and 4) locally 

occurring phyllite-matrix melange. In the southern Campbell Range, serpentinized 

ultramafic rocks dominate, and occur as both massive bodies and highly foliated 

serpentinite melange. The serpentinite melange contains a variety of blocks including 

leucogabbro, amphibolite, and retrogressed eclogitic layered schists. Phyllite-matrix
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melange occurs locally, spatially associated with serpentinite, and is host to a variety 

of metasedimentary rocks including orthoquartzite and chert. Blocks and slivers of 

the Upper Mississippian to Lower Permian metasedimentary rocks are also present 

within serpentinite melange, structurally incorporated during the subsequent Jurassic(?) 

assembly of the region.

Some units within the Klatsa metamorphic complex preserve evidence of eclogite 

facies metamorphism; although all rocks in the southern Campbell Range have been 

metamorphosed to amphibolite and greenschist facies (Erdmer et al., 1998; this paper). 

The layered schists contain zircons with microscopic inclusions of garnet, omphacite, 

and rutile, indicating eclogite facies metamorphic paragenesis for the metamorphic zircon 

(presented herein). Similar preservation of peak metamorphic mineral assemblages 

in resistant mineral phases is known from other high-grade terrains (Katayama et al., 

2002), and allows for dated metamorphism to be directly tied to metamorphic conditions 

(Rubatto and Hermann, 2003). Further evidence for eclogite facies metamorphism of 

parts of the Klatsa metamorphic complex comes from rocks in the Stewart Lake klippe, 

correlative with the Klatsa metamorphic complex, which locally preserve amphibole- 

eclogite facies mineral assemblages that have survived retrogression (Erdmer et al., 1998)

Layered schist (quartz-muscovite schist and metabasite)

The layered schists are exposed along two southwest trending ridges in the 

southwestern study area (Figure 3). The southern occurrence is exposed at the end 

of the ridge as a 2 km-long fault-bounded block surrounded by greenschist facies 

metasedimentary rocks of the Money Creek formation. The northern occurrence consists 

of two 50 to 100 metre-long elongate blocks of the Klatsa metamorphic complex layered 

schists surrounded by serpentinite and phyllite-matrix melange. Money Creek formation 

rocks bound the serpentinite melange on both sides across high angle D4 faults.

The layered schists of the Klatsa metamorphic complex are characterized by
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greenschist-facies well-foliated, coarse-grained quartz-muscovite schist containing 

lenses of metabasite. The schist generally contains 70-80 modal % quartz with minor 

albite. Round to irregularly shaped domains of chlorite-epidote-clinozoisite symplectite 

< 1 cm diameter are interpreted to represent retrogressed garnet porphyroblasts (Figure 

4C,D). Coarse-grained muscovite, locally chloritized, occurs throughout the schist. The 

quartz-muscovite schist is well foliated and contains cm-scale to microscopic cataclasite 

domains (Sm2) which are commonly concordant with, but locally cross-cutting, the main 

foliation (Sml; Figure 4D). Approximately 10 % of the layered schist unit consists of 

lenses of dark green, dense, medium-grained metabasite that are concordant with the 

foliation in the schist. The metabasite lenses are up to 10’s of metres long and range 

from 1 to 10 metres thick with a spacing of > 5 metres. Relict garnet porphyroblasts < 1 

cm in diameter are highly fractured and variably altered to epidote and chlorite (Figure 

4A,B). The matrix contains granoblastic to prismatic actinolitic amphibole and granular 

epidote. An early generation of amphibole is locally altered to symplectitic intergrowths 

of amphibole, epidote, and chlorite, overgrown by muscovite. Paragenetically late 

muscovite occurs within some metabasite lenses. Metabasite lenses have foliated 

margins, but have massive and undeformed cores.

Mafic-ultramafic rocks

The mafic-ultramafic rocks of the Klatsa metamorphic complex comprise 

serpentinite and leucogabbro. Serpentinite is foliated to massive; where massive, 

cumulate textures are preserved by serpentinized pyroxene crystals, locally with diopside 

cores. There are no indications of a mantle origin for the ultramafic rocks and they may 

represent crustal differentiated intrusions; however, all are highly serpentinized and 

foliated with original textures and composition poorly preserved. Leucogabbro blocks 

up to 200 metres in diameter commonly occur within serpentinite; contacts are faulted. 

Serpentinite and leucogabbro are interpreted to be parts of a dismembered cogenetic
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mafic-ultramafic unit, based on the ubiquitous occurrence of leucogabbro associated with 

serpentinite.

Amphibolite

Amphibolite of the Klatsa metamorphic complex occurs as blocks up to 30 metres 

in diameter within serpentinite. The amphibolites are fine to medium grained, poorly 

to well foliated, and locally schistose. Fractured idoblastic garnet porphyroblasts range 

from < 1 mm to 0.5 cm in diameter and are surrounded by thin rims of blebby albite in 

a matrix of fine to medium-grained ferroactinolite replacing magnesiohomblende and 

edenite (Figure 4E). Titanite-rimmed rutile grains < 1mm in diameter are concentrated 

within garnet. Titanite grains up to 2 mm in diameter occur throughout the matrix, 

locally with small rutile cores. Other amphibolite facies blocks include plagioclase- 

ferroactinolite-quartz schist and plagioclase-ferroactinolite schist, both well foliated, 

with garnet porphyroblasts that are variably altered to a clinozoisite-epidote-chlorite 

assemblage.

GEOCHEMISTRY

Six samples were collected from metabasite within the Klatsa metamorphic 

complex for major and trace element analysis in order to define its origin. All new 

analyses from the southern Campbell Range are from fine- to medium-grained, dense 

metabasite with variably preserved garnet porphyroblasts. Samples 03FD050-1, 

03FD052-1, and 03FD054-1 were taken from a ~ 50 metre wide zone of metabasite 

and were sampled along strike at >250 metre intervals. All other samples are from 

metabasite lenses at the north and southern end of the southern occurrence of the Klatsa 

metamorphic complex layered schists, and are all from demonstrably separate lenses 

within quartz-muscovite schist.

The degree of metamorphism and retrogression of these rocks precludes use of
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alkalis and other mobile elements in geochemical analysis. However, many elements 

have been shown to be immobile under metamorphic conditions up to eclogite facies 

(Bemard-Griffiths et al., 1985; Spandler et al., 2004; Tribuzio et al., 1996). The elements 

chosen for use in discrimination diagrams and presentation in multielement plots are 

those shown to be relatively immobile up to high-P/T conditions. Creaser et al. (1999) 

provide a summary of the mobility of trace elements at eclogite facies P-T conditions.

Geochemistry Results

All samples have compositions of basalt to basaltic andesite, although major 

element chemistry may have been affected by metamorphism. Two suites of samples are 

recognized based on trace element patterns on multielement plots (Figure 5A,B): Suite

1 has relatively flat HREE patterns and depleted LREE, Th,Ta and Nb contents. Suite 2 

has relatively enriched HREE patterns and variable LREE enrichment with Ta and Nb 

depletion relative to Th. To investigate the degree of crustal contamination, particularly 

in the samples with elevated LREE contents, Th/Yb vs. Nb/Yb was plotted for all 

metabasite samples (Figure 6B). The diagram illustrates the relative Th enrichment 

due either to crustal contamination or subduction zone processes. A sample of quartz- 

muscovite schist was also plotted as a representative of the possible contaminant. Suite

2 shows Th enrichment relative to Suite 1, along a rough trend towards the quartz- 

muscovite schist composition.

GEOCHRONOLOGY

An Early Mississippian metamorphic history for the layered schists of the Klatsa 

metamorphic complex was previously interpreted on the basis of a single 40Ar/39Ar 

white mica age of 344 ± 1 Ma, interpreted to be the cooling age of the unit through 

approximately 300°C (plateau age; Erdmer et al., 1998). New U-Pb and40Ar/39Ar age 

determinations broadly agree with the previous data, and also place constraints on the
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earlier high-P metamorphic history for the Klatsa metamorphic complex. Furthermore, 

U-Pb zircon data allows for a more broad definition of the Klatsa metamorphic complex 

and provide insight into the protoliths and origins of the comprised units.

U-Pb samples and results

Three samples from the Klatsa metamorphic complex were analyzed by SHRIMP 

U-Pb methods. Two samples were collected from the layered schists, one from quartz- 

muscovite schist and a second from a metabasite lens, to constrain the age of protoliths 

as well as the timing and paragenesis of zircon-forming metamorphic events. A 

sample from a block of leucogabbro was collected to determine a magmatic age for the 

dismembered mafic-ultramafic unit, and to test the metamorphic relationship between the 

different lithological members of the Klatsa metamorphic complex

(A) Quartz-muscovite schist: sample 03FD056-2 (Figures 2-8 and 2-lla,b,c)

The quartz-muscovite schist is best exposed on the end of an east-west-trending 

ridge in the southeastern comer of the field area. Well-foliated quartz and muscovite 

surround elongate, irregular to augen-shaped chlorite-epidote domains interpreted to 

be retrogressed garnet porphyroblasts. Coarse-grained muscovite is partly altered to 

chlorite and grain orientations generally outline a foliation in the schist (Sml). Shear 

fractures are nearly parallel to the foliation in the schist and form cm-scale to microscopic 

cataclastic domains which deform all minerals, including muscovite (Sm2; Figure 4C,D). 

Fine-grained rutile included within retrogressed garnet domains outlines the trace of an 

early foliation at a high angle to the external matrix foliation. Rutile in the matrix is <

1 mm in diameter and mantled by titanite. Accumulations of rutile grains outline the 

boundaries of the retrogressed garnet domains. Zircon was identified in thin section in 

both the garnet domains and in the matrix.

Zircon grains range in size up to 150 pm, with most being < 74 pm in length.
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Morphology ranges from clear, multi-faceted, well-formed prisms to subrounded, 

metamict crystals with pitted surfaces. Round, dark coloured cores with clear 

overgrowths are common.

Two domains in the zircons are characterized by different chemical zoning 

patterns, highlighted in cathodoluminescence (CL) images and correspond with different 

age domains (Figure 7). Core domains are surrounded by new zircon growth in almost 

all zircons imaged. Round to irregularly shaped cores display a range of internal textures, 

including fine or broad oscillatory zoning, sector zoning, and homogenous texture. Th/

U contents vary from 0.3 to 1.5 in the core domains from one crystal to another. Petal- 

textured zircon mantles cores outside of highly irregular boundaries commonly marked 

by very non-luminescent zircon and inclusions of quartz, muscovite, and omphacite 

(Figure 7B). This main phase of zircon crystallization has Y contents ranging from 

17 to 108 ppm and Th/U ratios ranging from 0.003 to 0.009. Rutile inclusions occur 

within the zircon, presumably of the same generation as titanite-mantled rutile within 

the matrix of the schist and metabasite, which itself includes <10pm-sized zircon grains 

of undetermined age (Figure 2-7h). Morphologically distinct domains in the zircon 

overgrowths can be correlated from grain to grain (domains 2 to 5 on Figure 7B). The 

boundary between cores and rims are highly irregular, locally with small embayments 

into the cores, and are marked by mineral inclusions (Figure 7). Domain 2 is a highly 

luminescent domain immediately adjacent to the cores. Domains 3-5 are moderately 

luminescent in CL.

Zircon cores yield ages ranging from 2.8 to 0.47 Ga (Figure 11A,B), and are 

interpreted to be inherited from the detrital protolith of the schist. Six clusters of ages are 

recognized: 2.8-2.6 Ga, 2.4 Ga, 2.0 -1.8 Ga, and 1.0 Ga (207P b P P b  ages); 0.68 -  0.62 

Ga, 0.52 Ga, and 0.47 Ga (206Pb/238U ages). 206Pb/238U ages are quoted for the post 1.0 Ga 

grains due to low 207Pb. Figure 11A shows a plot of all 55 spot analyses on a concordia 

diagram. Thirty seven analyses that are >90% concordant are shown on a cumulative
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probability diagram in Figure 1 IB. One sample was not included due to a high common 

Pb value.

The main phase of zircon crystallization yields a combined age of 353.0 ± 3.7 

Ma (Figure 11C). All twelve analyses were combined on a Tera-Wasserburg diagram 

(Figure 11C). Most analyses show low common Pb and cluster along concordia. The age 

determination is based on the lower concordia intercept of an inverse isochron anchored 

at the 207Pb/206Pb common Pb value (surface 207Pb/206Pb = 0.895 ± 0.01). The error was 

determined by quadratically combining the intercept error with the mount calibration 

error (standard error of the mean 0.5%) to a total of ± 3.7 Ma. The same method for age 

determination is used for subsequent samples.

The main phase of zircon crystallization is interpreted to be new sub-solidus 

metamorphic zircon, identified by its occurrence as overgrowths, its character in 

cathodoluminescence images (patchy, fir-tree zoned, homogeneous), internal crosscutting 

domains (Corfu et al., 2003), and Th/U ratios which are consistently much lower (<0.001) 

than dominantly igneous inherited core zircon domains (Hoskin and Schaltegger, 2003; 

Moller et al., 2003; Williams et al., 1996). Separate ages of metamorphic zircon domains 

are not resolved, within error, although they display internal cross-cutting relationships 

and highly variable luminescence (domains 2 to 6 in the schist and un-numbered variable 

CL domains in the metabasite, Figures 7 and 8). All metamorphic zircon is interpreted to 

have formed during the same metamorphic event. Textural differences are interpreted to 

reflect variations in trace element availability during the zircon growth.

(B) Metabasite: sample 03FD039-2 (Figures 2-9 and 2-11 d)

A sample of metabasite was collected from the middle of a 5 m thick and > 10m 

long lens of metabasite hosted within quartz-muscovite schist, and located approximately 

200 m along strike 03FD056-2. Contacts of the lens with quartz-muscovite schist are 

sharp, occurring over < 2 cm. The medium-grained metabasite contains up to 20 volume
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% fractured garnet porphyroblasts, partly replaced by epidote and chlorite, in a matrix 

of actinolite-epidote-muscovite symplectite and coarse-grained prismatic actinolite with 

Ca-rich rims (Figure 4A,B). Garnet is compositionally zoned with Mn decreasing and 

Mg/Fe+Mg increasing from core to rim, indicative of prograde garnet growth (Figure 

2-10). Apatite and albite are minor phases in the matrix. Titanite-mantled rutile occurs 

throughout the matrix.

Several hundred zircon were separated from ~15 kg of rock. The majority of 

grains are < 74 pm, but they range up to > 150 pm in length. Grains are clear to brown, 

stubby to elongate, and range in shaped from well-faceted to irregular to subrounded.

Cathodoluminescence images of the zircon grains reveal rare cores overgrown 

by multiple domains. Two zircon grains containing cores with high ThAJ ratios (> 0.05) 

and relatively high Y-contents (>388 ppm) are compositionally banded and display 

oscillatory zoning truncated across irregular boundaries by successive zircon growth 

domains (Figure 8F). Most zircon is characterized by broad concentric zonation with 

regions of sector zoning with fir-tree intersections between section domains and regions 

of overlapping petal-texture (Figure 8A-D). Variable CL character highlights internal 

domains and truncations within the main-phase zircon. All zircon, discluding cores, 

has low Th/U contents (all <0.02, most < 0.008) and Y contents that are generally < 80 

ppm with three analyses >100 ppm. Inclusions of rutile and garnet are rare, but present, 

(Figure 9C), and titanite-mantled rutile in the matrix includes zircon (Figure 8G).

The two cores analyzed have 207Pb/206Pb ages of 2379 ± 49 Ma and 1161 ± 14 

Ma, respectively. Drift of the common Pb value during the SHRIMP analysis precludes 

accurate use of a 207Pb/206Pb vs 238U/206Pb plot. However, we assume concordancy and 

use the 206Pb/238U ages, corrected for standard surface 207Pb (Figure 1 ID). The cores are 

interpreted to be xenocrystic zircon, incorporated from the host quartz-muscovite schist, 

based on the Proterozoic ages, relatively high Th/U ratios, and angular internal textural 

relationships with mantling zircon.
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Metamorphic zircons yield a combined age of 353.1 ± 2.4 Ma. Fourteen of 15 

analyses from the main-phase zircon are plotted on a Tera-Wasserburg (Figure 11D). 

Point 132.1 has an anomalously low age; highly luminescent zones may represent 

recrystallization which has caused Pb-loss in this grain. All analyses have very low 

common Pb and plot near concordia. The zircon is interpreted to be sub-solidus 

metamorphic zircon, coeval with the metamorphic zircon in the quartz-muscovite schist 

described above, based on the same textural and chemical arguments.

(C) Leucogabbro: sample 03FD231-1 (Figures 2-10 and 2 -lleJ)

A sample of leucogabbro was collected from a resistant 20 metre-diameter block, 

surrounded by recessive weathering, well-foliated serpentinite. The leucogabbro is fine- 

to medium-grained with grain size varying from the cm to metre scale. Approximately 

50 modal % is euhedral to subhedral amphibole surrounded by domains of sausseritized 

plagioclase, which contain round, cloud-structure symplectic masses of epidote, chlorite, 

and sericite.

All zircons are <105 pm and are generally stubby and sub-rounded with clear 

or brown colour and very rough surfaces. Grains imaged in CL reveal dark cores with 

broad to fine oscillatory zoning. The cores are commonly fractured and locally contain 

many inclusions (Figure 9). They are interpreted to be magmatic in origin based on fine 

oscillatory and sector zoning, consistently high Y contents (193 -  2058 ppm), and Th/U 

ratios of > 0.80. Very bright, extremely low-U zircon (>0.11 ppm U) surrounds the cores 

on the exterior of smooth but irregular boundaries. These bright zones are located at 

crystal pyramidal terminations and have amoeboid embayments and lobes which extend 

into the cores (Figure 9C,D,F). The low-U zircon also occurs along fractures cutting 

the core domains (Figure 9E) and as patches internal to the cores, which locally are 

concordant with oscillatory zones. Zircon grain shapes around the low-U domains often 

correspond to the orientation of oscillatory zoning in the primary cores (Figure 9A).
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The cores to the leucogabbro zircons have a combined inverse isochron age of 

368 ± 10 Ma (Figure 1 IF). Five analyses from the cores cluster along concordia; one 

spot (7.1) has an anomalous 206Pb/238U age which may be due to matrix effects on the Pb 

and U calibration as a result of the high U, as well as Th and Y content, of the grain. The 

weighted average of 206Pb/238U ages of the same five analyses is 370 ± 8 Ma. The cores 

are interpreted to be primary magmatic zircon based on the fine oscillatory and sector 

zoning and zoning concordant with grain boundaries.

The low-U rims have a combined age of 351 ± 12 Ma (Figure 11E). Two 

analyses with very low U are not included in the isochron age calculation. One other 

analysis (spot 34.1) is excluded as the spot encompasses a highly luminescent region, 

and has an anomalously low age, possibly due to Pb-loss. The low-U zircon rims 

and ffacture-fillings are interpreted to be metamorphically recrystallized magmatic 

zircon. Textural evidence, such as grain shapes inherited by the recrystallized zircon 

and cathodoluminescence textures continuous across recrystallization fronts (Figures 

9) indicate that metamorphic zircon formed along transgressive recrystallization 

fronts through solid state recrystallization of the magmatic zircon cores, as opposed 

to being dissolved and reprecipitated zircon (see Hoskin and Black, 2000; Hoskin and 

Schaltegger, 2003; Pidgeon, 1992). This is supported by the extremely low trace element 

contents of the recrystallized zircon, the result of cation expulsion during solid-state 

lattice reorganization. Conversely, a melt related origin for the metamorphic zircon, 

involving partial dissolution or late stage magmatic crystallization, would likely result 

in elevated REE contents (Hoskin and Black, 2000). Rare zircon grains consisting of a 

single domain of low-U zircon may be completely recrystallized grains (Figure 9G,H). 

The presence of fluids during zircon alteration is suggested by recrystallization extending 

along zircon fractures. While the magmatic and metamorphic ages from the leucogabbro 

do overlap within error, the correlation of the leucogabbro metamorphic recrystallization 

event with the more tightly constrained metamorphism in the layered schists, as well as
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obvious textural differences between the two domains, allows for confident separation of 

the two generations of zircon.

40Ar/39Ar Samples and Results

Muscovite from two samples from the layered schists of the Klatsa metamorphic 

complex was analyzed for 40Ar/39Ar to place constraints on the cooling history and to test 

the relative cooling ages of the different lithological components of the layered schists. 

One sample is from a massive metabasite lens and two are from the well-foliated quartz- 

muscovite schist that dominates the unit.

(A) Metabasite: sample 03FD039-2

Muscovite was separated from the same metabasite sample as was dated using U- 

Pb techniques described above. The massive, unfoliated metabasite contains < 5 modal 

% medium-grained muscovite platelettes.

Data from the two aliquots analyzed show one good plateau with an age of 353.3 

± 0.79 Ma and another partial plateau with an age of 349.9 ±1.1 Ma (Figure 12A). The 

reason for the difference in ages between aliquots 1 and 2 is uncertain but may be due 

to sampling different parts of individual muscovite crystals. The plateau from aliquot 

1 is calculated over 7 consecutive steps which contained 99% of the total 39Ar collected 

and is considered to be the most accurate age, while the partial plateau for aliquot 2 was 

calculated over 3 steps containing 38% of the total 39Ar collected. The steps used in 

plateau calculations are highlighted in Table 3. Early steps in each aliquot have young 

apparent ages, due to Ar-loss, and are shown in Figure 12 but are not included in the 

plateau age calculation. The high MSWD of the inverse isochron plot is mainly the 

result of clustering of points along the 39Ar/40Ar axis, indicating very little component of 

trapped Ar.
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(B) Quartz-muscovite schist: samples 03FD063-1 & 03FD056-1

Muscovite was separated from the quartz-muscovite schist (U-Pb sample 

03FD056-1). An additional sample of quartz-muscovite schist was collected from 

the same unit immediately adjacent to the metabasite (U-Pb sample 03FD039-2), 

approximately 10 metres along strike from the metabasite sample locality. Both 

samples contain garnet porphyroblasts retrogressed to chlorite-epidote-clinozoisite, 

locally overgrown by muscovite, surrounded by a well-foliated matrix composed of a 

40:60 mix of coarse-grained muscovite:quartz. Muscovite is concordant with an early 

foliation (Sml) but cut by nearly foliation-parallel late shear fractures (Sm2). Sm2 is 

macroscopically visible as 2-5 mm wide cataclasite zones with > 5 cm spacing, but is also 

variably developed microscopically as grain-size reduction of quartz, brittle deformation 

of mica, and cataclasite domains with mm- to cm-scale spacing.

Both samples produce highly disturbed age spectra (Figure 12C and E) with no 

plateaus, a reflection of the higher degree of deformation in muscovite from the quartz- 

muscovite schist. Apparent ages lie between 265 and 364 Ma. Linear regression of the 

data on inverse isochron plots (Figure 12D and F) clearly shows the effect of excess Ar 

on both samples with very low (relative to atmospheric Ar) intercepts on the 36Ar/40Ar 

axis. The inverse isochron plots yield poorly constrained ages of 334.2 ± 8.9 Ma and 

329.0 ± 3.8 Ma. The MSWD on isochron lines is 7.63 for sample 03FD063-1, which is 

high, but not unreasonable. For sample 03FD039-1 the MSWD is 0.61, suggesting that

the scatter is from analytical uncertainty.

DISCUSSION 

Klatsa metamorphic complex protoliths

The Klatsa metamorphic complex is a composite metamorphic assemblage 

comprising units with different protoliths that were juxtaposed and subsequently 

metamorphosed at -353 Ma. The quartz-muscovite schist and metabasite of the layered
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schist unit were related prior to metamorphism, either through intrusion of the metabasite 

protolith or synsedimentary basalt flows. The mafic-ultramafic unit has a different 

geological history prior to metamorphism and juxtaposition with other units of the Klatsa 

metamorphic complex.

Quartz-muscovite schist (layered schist unit)

The sedimentary protolith of the quartz-muscovite schist incorporated detritus 

from a variety of source terranes, potentially through multiple cycles of sedimentation 

within the Yukon-Tanana Mississippian forearc. U-Pb analysis of zircon cores yielded 

an abundance of Late Archean and Proterozoic ages, as well as two grains with Early 

Cambrian and Early Ordovician ages (Figure 11A,B).

The detrital zircon age pattern shows a signature very similar to detrital zircon 

populations from younger (Pennsylvanian to Jurassic) sedimentary rocks of the North 

American miogeocline, with North American and Cordilleran sources (Gehrels and Ross, 

1998). Archean and Proterozoic sources of matching age are all represented in the North 

American continental basement and are common in rocks of the western North American 

miogeocline (Ross et al., 1989; Villeneuve et al., 1993). There are also Late Proterozoic 

detrital zircons (650 Ma) reported from metamorphosed North American related 

supracrustal rocks in the Monashee complex in southern British Columbia (Parrish et 

al., 1989). The 1037 Ma population is not represented in the western North American 

basement; however, zircon grains of this age are known in western Canada, either 

recycled from sediments derived from the Grenville orogen in eastern Canada (Rainbird 

et al., 1992; Rainbird et al., 1997), or from plutons along the Cordilleran margin (Gehrels 

and Ross, 1998, Parrish and Reichenbach, 1991)

The Early Cambrian (524 Ma) and Early Ordovician (473 Ma) ages are more 

rarely seen in North American miogeoclinal rocks; however these grains may be derived 

from discrete Early Paleozoic plutons present along the North American continental
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margin (eg. Okulitch, 1985, Erdmer et al., 2001). Another potential source is the Early 

Paleozoic arc plutonic suites in terranes along the Alaskan-Canadian margin (Gehrels and 

Ross, 1998). However, these terranes are considered allochthonous to North America 

(Gehrels et al., 1996), and significantly outboard of the Yukon-Tanana terrane during the 

Early Mississippian.

The Klatsa quartz-muscovite schist may be a metamorphosed fragment of the 

basement to Yukon-Tanana terrane, or be a second-cycle sedimentary rock derived 

therefrom. Gehrels and Kapp (1998) illustrate the similarity of Yukon-Tanana terrane 

basement in the Coast Mountains to the northwestern North American miogeocline. The 

Klatsa quartz-muscovite schist has a very similar detrital pattern to the Coast Mountains 

and North American miogeocline. No detailed detrital zircon studies have been 

conducted on the basement to Yukon-Tanana terrane in the Finlayson Lake belt; however, 

indications of underlying old crustal basement come from inherited Proterozoic zircons 

in arc plutonic rocks (Grant, 1997; Mortensen, 1992), and isotopic and geochemical data 

for crustal contamination of arc volcanic rocks (Grant, 1997; Piercey, 2001; Piercey et al., 

2004b). Proterozic inheritance has also been found in Yukon-Tanana terrane arc intrusive 

rocks elsewhere in Yukon (Gordey et al., 1998; Heaman and Erdmer, 1996; Mortensen, 

1990). Current tectonic models for Yukon-Tanana terrane development involve arc 

development on top of rifted blocks from the extended North American continental 

margin (Nelson et al., 2002).

Metabasite (layered schist unit)

The metabasite lenses are interpreted to be either mafic sills or dykes that intruded 

the quartz-muscovite schist sedimentary sequence, or syn-sedimentary basalt flows.

Thin lenses occur regularly throughout the layered schist unit, with no observed strain 

gradient at contacts with the quartz-muscovite schist. The metabasites are constrained to 

be younger than 473 Ma, the age of the youngest detrital zircon in the quartz-muscovite
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schist, and older than 353 Ma, the common metamorphic age for the entire layered schist 

unit.

Geochemistry of the metabasite lenses reveals two basalt suites: Suite 1 with 

NMORB trace element signatures, and Suite 2 LREE-enriched basalts with trace element 

signatures similar to oceanic arc calc-alkaline basalt (Figure 5A,B). The two suites 

are indistinguishable petrographically and both are basalts with high Mg. Compatible 

elements V, Ti, and Cr are also high in both suites, indicating a relatively unevolved 

parental magma.

The LREE enrichment of Suite 2 may be, at least in part, due to crustal 

contamination. Suite 2 may be the crustally contaminated product of temporally 

equivalent Suite 1 N-MORB, or may be arc-related basalt (calc-alkaline basalt or arc 

tholeiite) with or without crustal contamination. A lens of Suite 2 metabasite (U-Pb 

sample 03FD039-2) contains zircons with xenocrystic detrital cores, evidence of at least 

minor assimilation of the quartz-muscovite schist host rock. Crustal contamination 

increases LREE contents in mafic rocks in a similar fashion to subduction zone LREE 

enrichment (Pearce, 1983; Pearce et al., 1995; Piercey et al., 2002). The two processes 

are difficult to distinguish, and are not exclusive of each other. Figure 6B illustrates 

that Suite 2 rocks experienced Th enrichment relative to Nb through either subduction 

zone addition of LREEs to mafic source rocks and, or possibly also, addition through 

continental contamination by bulk assimilation.

Evidence of crustal contamination of Yukon-Tanana terrane arc volcanic and 

magmatic rocks is reported from other parts of Yukon-Tanana terrane in the Finlayson 

Lake Belt {Piercey, 2001;Piercey, 2004a). In the Fire Lake unit and Cleaver Lake 

formation in the Finlayson Lake belt, arc-related mafic rocks show geochemical and 

isotopic evidence for crustal contamination (Piercey et al., 2004; Piercey, 2002). Samples 

from the Cleaver Lake formation are plotted on Figure 6A and b and show similar trace 

element patterns and Th/Nb ratio to the Klatsa metabasite, possibly indicating similar
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processes of subduction zone generation and crustal contamination.

An arc tholeiite protolith for Suite 2 is suggested by the trends in LREE content 

illustrated in Figure 6. No obvious mixing line exists between Suite 2 and Suite 1 N- 

MORB; rather, Suite 2 lies along a rough trend, possibly a mixing line, between Stewart 

Lake arc tholeiites and Klatsa quartz-muscovite schist, the possible contaminant. The 

Stewart Lake eclogites are correlative with the Klatsa metamorphic complex and have 

arc tholeiite trace element signatures (Figure 6a) and have high eNd values, indicating 

a primitive source with no crustal influence (Creaser et al., 1999). Similarly, earliest 

Yukon-Tanana mafic arc rocks from the Cleaver Lake formation have similar trace 

element pattern to the Klatsa Suite 2 metabasites (Figure 5), and show potential crustal 

contamination along the same trend (Figure 6), possibly from mixing of a similar arc 

protolith and crustal contaminant.

Leucogabbro (mafic-ultramafic unit)

Leucogabbro blocks within serpentinite may be a mafic phase of a differentiated 

mafic-ultramafic intrusion, or alternatively, crustal blocks sampled by a serpentinite 

subduction melange. A U-Pb sample yielded zircon with 368 ±10 Ma magmatic cores, 

dating leucogabbro formation. This age corresponds to some of the oldest magmatic and 

volcanic rocks in the Finlayson Lake belt, which also have lithological similarities to the 

Klatsa mafic-ultramafic rocks. The -365-360 Ma Fire Lake formation mafic volcanic 

rocks (Big Campbell thrust sheet) are host to variably serpentinized layer-parallel bodies 

of ultramafic rocks, interpreted to be synvolcanic intrusions (Murphy et al., 2005; Piercey 

et al., 2004b). The Cleaver Lake formation in the Cleaver Lake thrust sheet also contains 

similar mafic-ultramafic rocks that are poorly constrained to be -360-356 Ma based on 

few ages of inferred synvolcanic intrusions (Murphy et al., 2005). The Fire Lake and 

Cleaver Lake formations are broadly temporally correlative but formed in different parts 

of the Yukon-Tanana arc, in the backarc and more frontal portions of the arc, respectively.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



F. Devine, M.Sc. thesis Klatsa metamorphic complex - CHAPTER 2  65

Relationships

All components of the Klatsa metamorphic complex were juxtaposed prior to, 

or during, metamorphism at 353 Ma. The relationships between units within the Klatsa 

metamorphic complex prior to metamorphism are difficult to establish conclusively; 

however, the discussion above potentially relates both the metabasite in the layered schist 

unit and the mafic-ultramafic unit to the earliest mafic volcanism in the Yukon-Tanana 

arc.

Timing of high-pressure metamorphism

Microscale mineral inclusions in zircon preserve a high-pressure eclogite facies 

mineral assemblage in the layered schists in the Klatsa metamorphic complex. Peak 

metamorphism occurred at, or prior to, 353.0 ± 3.7 Ma, based on the age of metamorphic 

zircon hosting the inclusions. Other units in the complex may have also experienced 

high-pressure metamorphic conditions; however, retrogression of all units is to 

amphibolite and greenschist facies.

Rare inclusions in metamorphic zircon from the layered schists include: quartz, 

rutile, and omphacite in the quartz muscovite schist zircons; and garnet and rutile in the 

metabasite zircons (Figures 7 and 8). While the garnet and omphacite inclusions, key 

indicators of an eclogite facies mineral assemblage, were found in zircons from different 

units within the layered schists, all zircon formed during the same metamorphic event 

at 353 Ma. The garnet inclusions have the same chemical composition as the rims of 

normally Fe/Mg zoned garnet porphyroblasts in the matrix, linking metamorphic zircon 

growth to the final stages of prograde metamorphism. The omphacite inclusions, found 

in one zircon in the quartz-muscovite schist, are key to the determination of eclogite 

facies peak metamorphic conditions. Although omphacite would not be a major mineral
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phase of a felsic rock at eclogite facies metamorphic conditions, it may be present as a 

minor phase (Carswell, 1990). The omphacite inclusions occur along the metamorphic 

zircon interface with an inherited Proterozoic core (Figure 7B). They are determined 

to be trapped inclusions in new-growth metamorphic zircon, and not inherited through 

recrystallization of the older core. The core zircon has a relatively high Th/U ratio 

(0.390), not consistent with metamorphic genesis; and there are no indications of 

recrystallization of inherited cores in any of the other schist zircons.

The trace element content of metamorphic zircon also supports formation under 

garnet-present P-T conditions, consistent with eclogite facies paragenesis. The yttrium 

(Y) content of zircon was measured as a proxy for HREE abundance and is used as a 

general indicator of HREE enrichment or depletion. One cause of HREE depletion in 

zircons is competition with co-genetic garnet (Rubatto, 2002). All metamorphic zircon 

from both the schist and eclogite display low Y contents of 16.7 to 469.6 ppm and 

generally <100 ppm, which is low relative to inherited detrital cores with magmatic 

textures. These data support the interpretation that metamorphic zircon grew under 

garnet-present conditions, as inferred from the presence of rare garnet inclusions in 

metamorphic zircon.

Not all parts of the Klatsa metamorphic complex preserve evidence of high- 

pressure metamorphism. Although leucogabbro blocks share a common metamorphic 

age with the layered schists they preserves igneous homeoblastic textures, with no 

garnet growth and amphiboles are edenite rimmed by actinolite. Metamorphic zircon in 

leucogabbro formed as recrystallized protolith zircon, not as new-growth zircon, likely 

under conditions of high fluid flow and deformation.

Metamorphism and assembly of the Klatsa metamorphic complex occurred 

along a subduction zone, as indicated by the relict evidence of eclogite facies mineral 

assemblages. Interestingly, eclogitic rocks in the Sanbagawa metamorphic belt along 

the southwestern Japan arc contain zircon with similar inherited Proterozoic detrital
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cores surrounded by high-pressure metamorphic zircon, interpreted to be eclogite facies 

metamorphosed forearc sedimentary rocks. The schists of the Klatsa metamorphic 

complex may have a similar origin and metamorphic history.

Timing and location of exhumation

Parts of the Klatsa metamorphic complex were rapidly exhumed following 

eclogite facies metamorphism. 40Ar/39Ar ages on white mica from the layered schists, 

interpreted to date cooling of the rocks through 350°C (Hames and Bowring, 1994), are 

the same, within error, as U-Pb ages of zircon interpreted to have formed under eclogite 

facies P-T conditions. Eclogite exhumation may follow various P-T paths, over different 

time scales (Duchene et al., 1997); however, relatively rapid exhumation is required 

to preserve high-pressure mineral assemblages. Ultra-high pressure, collision-related 

eclogite in the Alps records exhumation of up to 3.5 cm/yr (34 km/Ma) along part of 

the retrograde P-T path (Rubatto and Hermann, 2001). Oceanic-related high-pressure 

terrains also record rapid exhumation; for example in the French Range of British 

Columbia, blueschists record high-pressure metamorphic assemblages cross-cut by 

emplacement-related fabrics in <2.5 Ma (Mihalynuk et al., 2004).

The Klatsa metamorphic complex is interpreted to have been exhumed in the 

arc to forearc region of the Yukon-Tanana arc, based on its structural position in the 

uppermost, regionally recognized Cleaver Lake thrust sheet (Chapter 2). The Cleaver 

Lake thrust sheet also carries early YTT volcanic rocks with arc geochemical signatures 

and restores to a western ffontal-arc position within the Yukon-Tanana arc (Murphy et al., 

2005).

Eclogites exhumed in subduction-accretion complexes in forearc regions are 

commonly associated with blueschist terrains, for example in the Franciscan complex 

of California (Ernst, 1984; Wakabayashi, 1992). Exhumation models generally involve 

exhumation through blueschist facies followed by extensional processes in the forearc
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(Platt, 1986). Alternatively, supra-subduction zone extension unrelated to extension 

in the fore-arc wedge may also exhume eclogites intra-arc. A modem example of 

suprasubduction zone eclogite exhumation unrelated to immediate forearc processes is 

in the D’Entrecasteaux islands, Papua New Guinea, where eclogites are currently being 

exhumed in metamorphic core complexes where the active Woodlark basin spreading 

centre has intersected the Papuan continental crust (Baldwin and Ireland, 1995; Davies 

and Warren, 1988).

Determination of the location and mechanism of exhumation of the Klatsa 

metamorphic complex requires more information from Mississippian subduction-related 

rocks. Other schist units in Yukon-Tanana terrane, previously thought to be stable Yukon- 

Tanana terrane basement, should be examined for evidence of previous high-pressure 

metamorphism. Remnants of fore-arc, accretionary wedge-metamorphosed sedimentary 

rocks may be more widespread in Yukon-Tanana terrane than previously realized and 

provide further insight into the composition, extent, and exhumation history of the Early 

Mississippian high-pressure rocks.

Structural emplacement

Structural juxtaposition of the Klatsa metamorphic complex with other Yukon- 

Tanana terrane rocks, post-exhumation, is related to Early Permian thrust faulting in 

the Finlayson Lake belt of Yukon-Tanana terrane (Chapter 2). The contrast in peak 

metamorphic grade in Yukon-Tanana terrane rocks in the southern Campbell Range 

requires an early emplacement structure. Early Missississippian retrogressed eclogite 

facies rocks of the Klatsa metamorphic complex are juxtaposed against greenschist-facies 

Upper Mississippian to Lower Permian metasedimentary rocks of the Money Creek thrust 

sheet, the middle thrust sheet of Yukon-Tanana terrane in the Finlayson Lake belt.

We suggest that the Klatsa metamorphic complex was carried along the upper- 

level Cleaver Lake thrust fault (Figure 13). Where the Cleaver Lake thrust fault occurs
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elsewhere in the Finlayson Lake belt, it also structurally overlies the Money Creek 

formation. Structural relationships in the southern Campbell Range suggest emplacement 

of the Klatsa metamorphic complex in an upper-level thrust sheet. Multiple regional 

folding events (D1 - D3) were followed by a second thrust faulting event (D4) that 

imbricated the Klatsa metamorphic complex with underlying metasedimentary rocks in 

the footwall of the Cleaver Lake fault.

The Inconnu fault structurally underlies the Stewart Lake klippe, host to the 

Stewart Lake eclogites, which are correlative with the Klatsa metamorphic rocks. The 

Stewart Lake klippe is a structurally orphaned thrust slice of the Klatsa metamorphic 

complex. The Inconnu fault transected the Early Permian Yukon-Tanana terrane thrust 

sheets and carried the Stewart Lake rocks over the North American miogeoclinal rocks 

(Figure 13).

SUMMARY OF CONCLUSIONS

New geochronological and geochemical data are used to define the Klatsa 

metamorphic complex within Yukon-Tanana terrane in southeastern Yukon and constrain 

its geological history. Protoliths of the complex are tentatively tied to Devonian 

early arc magmatism in the Yukon-Tanana arc. Eclogite facies metamorphism of the 

Klatsa metamorphic complex was immediately followed by rapid Early Mississippian 

exhumation. The definition of the Klatsa metamorphic complex and new insights into its 

metamorphic and structural history are as follows:

1) The Klatsa metamorphic complex comprises: 1) mafic-ultramafic rocks (leucogabbro 

and serpentinite), 2) highly retrogressed eclogitic layered schists, 3) amphibolite, 

and 4) phyllite-matrix melange. In the southern Campbell Range, serpentinized 

ultramafic rocks dominate, and are host to blocks of leucogabbro, layered schists and 

amphibolite.

2) The protolith of the mafic-ultramafic unit is a ca. 368 Ma mafic-ultramafic
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assemblage, coeval with earliest arc volcanism in Yukon-Tanana terrane. The 

metasedimentary protolith of the layered schist unit contains detrital zircons that 

indicate a cratonic source, possibly the North American continent. The schists may 

be Yukon-Tanana terrane basement or second-cycle metasedimentary rocks derived 

therefrom. Metabasite lenses within the metasedimentary sequence are mafic 

intrusions or basalt flows. Constrained to be younger than 473 Ma, the metabasite 

lenses may be related to early extensional arc magmatism.

3) The layered schists unit of the Klatsa metamorphic complex contains metamorphic 

zircon that crystallized at ~353 Ma as part of an eclogite facies mineral assemblage. 

The mafic-ultramafic rocks may have been metamorphosed at different P-T conditions 

but were subsequently juxtaposed during exhumation.

4) Rapid exhumation of the Klatsa metamorphic complex immediately followed 

eclogite-facies metamorphism. The layered schists cooled through ~350°C by 353 

Ma, immediately following metamorphic zircon growth at eclogite-facies conditions.

5) Structural emplacement of the Klatsa metamorphic complex occurred along the 

Cleaver Lake thrust fault, during Early Permian shortening of Yukon-Tanana terrane 

in the Finlayson Lake belt. The structural relationships of the complex were further 

modified by Jurassic? imbricate faults.
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Figure 2-1. Map of the Finlayson Lake belt showing major geological units, thrust 
sheets, and faults. The southern Campbell Range region is enclosed by the box in the 
centre of the map delineating Figure 2-3. The Stewart Lake klippe is soled by the 
Inconnu fault in the southeastern comer of the map. Cross section lines C and D are 
located here; cross sections are displayed in Figure 2-13. The inset map of Yukon and 
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terranes. Modified after Murphy et al. (2005), with Stewart Lake klippe contacts 
modified from J. Mortensen (unpublished data, 2005).
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Figure 2-4. Photomicrographs of the Klatsa metamorphic complex in plane polarized 
light and with crossed polars. Abbreviations: gar=gamet, act=actinolite, ms=muscovite, 
hbl=magnesiohomblende (also edenite), ab=albite, q=quartz, pl=plagioclase, chl=chlorite, 
ep=epidote, clz=clinozoisite, r=titanite-rimmed rutile, ti=titanite, sym=symplectite of 
actinolite-chlorite-epidote-muscovite replacing matrix amphibole, catal=cataclasite, Sml/ 
Sm2=first/second structural generations within the layered schists member.
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Sample

L a titude

L on g itude

03FD039-1

61°02’06"

129°25'20"

03FD048-1

61”02'34"

129°26'10"

03FD048-3

62“02'34’

130°26‘10"

03FD050-1

61°02’28"

129°26'03"

03FD052-1

61c02’24"

129"25'57"

03FD054-1

61°02’20"

129'25'49"

03FD065-1

61°02’05"

129°25’24"

03FD64-1

6°02T1"

130°34'37"

Suite 2 Suite 2

duplicate 
Suite 2 Suite 1 Suite 1 Suite 1 Suite 1 Qmschist

S I0 2 (w t% )

LREE-enr.

43.61

LREE-enr.

45.25

LREE-enr.

45.40

N-MORB

43.50

N-MORB

45.63

N-MORB

49.08

N-MORB

52.21 52.21

T I02 1.46 1.45 1.56 1.53 1.09 1.18 1.23 1.23
A I203 14.43 12.02 12.13 15.61 15.01 14.53 12.82 12.82

Fe203 13.38 12.75 12.70 12.03 10.35 11.10 7.94 7.94

MnO 0.23 0.24 0.24 0.18 0.16 0.17 0.16 0.16

MgO 8.67 9.98 9.91 7.54 5.50 6.74 4.35 4.35

CaO 11.64 12.60 12.75 11.39 14.22 9.02 8.61 8.61

N a20 0.68 1.26 1.25 2.48 1.47 2.26 1.41 1.41
K 2 0 1.49 0.24 0.15 0.17 0.05 0.40 2.02 2.02

P 205 0.10 0.15 0.15 0.17 0.11 0.11 0.26 0.26

LOI 2.88 2.63 2.63 3.99 5.33 4.01 8.94 8.94

T o ta l % 98.56 98.57 98.87 98.57 98.92 98.60 99.94 99.94

V (ppm ) 347 299 315 348 296 294 352 127

Cr 324 309 319 234 357 217 314 163

Co 48.4 42.3 42.7 37.5 35.0 31.0 46.9 24.7

Ni 86 63 65 66 87 55 81 84

Cu 68 31 30 203 63 91 76 31

Zn 169 151 159 94 91 108 134 94

Ga 18.3 10.3 10.9 19.4 17.2 14.3 16.3 16.5

Ge 2.0 1.8 1.7 1.7 1.6 1.7 2.0 0.9

As 8.6 DL DL 17.8 18.1 15.7 12.4 DL

Rb 45.8 5.2 5.2 4.7 1.2 9.9 15.3 64.5

Sr 238 286 301 354 260 234 320 168

Y 31.57 22.40 23.42 33.72 25.80 26.81 28.32 19.52

Zr 80.62 91.17 99.68 90.96 56.71 66.92 68.43 159.88

Nb 4.0 4.7 5.3 3.3 1.6 1.7 2.9 20.8

Sn 5 6 5 4 4 4 5 5

Sb 1.2 0.8 0.9 0.6 0.7 0.9 1.0 0.3

Cs 3.55 0.20 0.18 0.21 DL 0.33 0.54 1.55

Ba 597 72 73 116 48 204 247 610

La 5.90 11.15 12.36 4.23 2.25 2.49 1.73 38.44

Ce 13.01 25.36 27.66 11.58 6.32 7.41 4.98 71.26

Pr 1.80 3.42 3.70 1.86 1.09 1.31 0.86 8.29

Nd 8.99 15.58 17.28 10.69 6.55 7.67 5.30 32.55

Sm 2.91 4.04 4.49 3.71 2.37 2.85 2.04 6.35

Eu 0.97 1.20 1.34 1.44 0.92 1.08 0.84 1.59

Gd 4.51 3.87 4.11 5.26 3.59 4.15 3.42 5.57

Tb 0.85 0.51 0.54 0.94 0.69 0.75 0.71 0.78

Dy 5.81 3.32 3.39 6.42 4.52 4.92 4.87 4.42

Ho 1.19 0.85 0.85 1.28 0.92 0.98 1.03 0.77

Er 3.95 3.44 3.48 4.17 3.08 3.23 3.36 2.25

Tm 0.62 0.58 0.61 0.65 0.49 0.51 0.53 0.30

Yb 3.59 3.50 3.57 3.70 2.68 2.95 2.96 1.72

Lu 0.55 0.56 0.59 0.58 0.43 0.45 0.47 0.26

Hf 2.03 2.21 2.49 2.34 1.44 1.68 1.74 3.57

Ta 0.17 0.26 0.27 0.16 0.05 0.07 0.07 1.53

W DL DL DL DL DL DL DL DL

Tl 0.62 0.06 0.05 DL DL 0.11 0.16 0.62

Pb DL DL DL DL DL DL DL DL

Bi 0.1 DL DL 0.1 DL DL 0.1 DL

Th 1.05 2.09 2.31 0.27 0.11 0.13 0.14 10.06

U 0.59 1.12 1.22 0.13 0.05 0.13 0.19 1.64

Note: Major elements:fused disc XRF, Actlabs, Ancaster, Ontario. Trace elements: (x) indicates pressed pellet 
XRF, Actlabs; all others analyzed by ICP-MS, Actlabs.

Suite 1 and 2 are N-MORB and LREE-enriched basalts, respectively. DL = below detection lim it

Table 2-1. Major and trace element abundances for the Klatsa metamorphic complex 
layered schists. Suite 1 and 2 are metabasites, QMschist is one sample from the quartz 
muscovite schist.
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Figure 2-5. Multielement diagrams defining geochemistry of the two suites of 
metabasite in the Klatsa metamorphic complex layered schists, (a) Suite 1 has an N- 
MORB trace element signature, (b) Suite 2 LREE enriched basalts may be N-MORB or 
arc tholeiites contaminated by continental crust.
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Figure 2-6. (a) Multielement diagram illustrating the LREE contents of mafic units 
from the Klatsa metamorphic complex, the Stewart Lake eclogite, and the Cleaver Lake 
formation, as well as the Klatsa quartz-muscovite schist, a possible contaminant, (b) 
Th/Yb vs. Nb/Yb diagram that illustrates the input of Th from either subduction zone 
enrichment (SZ) or crustal contamination (CC) in early YTT mafic rocks listed above. 
WPE = winthin plate enrichment. Diagram from Stem et al. (1995) and Piercey et al. 
(2004 ), after Pearce (1983). N-MORB, E-MORB, and OIB from Sun and McDonough 
(1989).
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Table 2-2a. SHRIMP U-Th-Pb data for inherited cores in zircon from the Klatsa 
metamorphic complex layered schists (metabasite and quartz-muscovite schist).

U Th Yb H i P b 'c 2MPb 2MPb 208pb<U 2° W ' * 206phd,«

S pots* (ppm ) (ppm ) (ppm ) u (ppm ) (ppb) 2MPb 232Th 235u 23,U
03FD056-2 Q ua rtz -m u scov ite  s c h is t - layered sch is ts , K la tsa  m etam orph ic  com p lex
UTM NAD 83, Zone 9 476825E, 6767113N
Z IR C O N  C O R E S •  In h e rite d  d e tr ifa l g ra in s  w ith  v a r ia b le  lu m in e sce n ce  a n d  zo n in g  p a tte rns

8213-03.1 160 129 n/a 0.833 62 5 1475 0.096 ± 0.004 5.23 ± 0 .1 1 0.3296 ± 0.0056
8213-04.1 180 99 n/a 0.569 87 4 5512 0.124 ± 0.004 9.66 ± 0.18 0.4175 ± 0.0066
8213-06.1 94 69 n/a 0.759 48 5 16327 0.128 ± 0.004 10.58 ± 0.37 0.4230 ±  0.0077
8213-07.1 143 94 n/a 0.679 54 8 3722 0.099 ± 0.005 5.11 ± 0.28 0.3320 ± 0.0108
8213-08.1 62 31 n/a 0.522 22 6 1272 0.091 ± 0.003 5.08 ± 0.12 0.3278 ± 0.0064
8213-10.1 415 131 n/a 0.325 146 9 567 0.097 ± 0.004 5.61 ± 0 .0 9 0.3360 ±  0.0052
8213-12.1 98 57 n/a 0.600 11 15 1133 0.031 ± 0.002 0.76 ± 0.06 0.1016 ± 0.0018
8213-15.1 42 37 n/a 0.907 16 7 5106 0.093 ± 0.004 4.79 ± 0.13 0.3125 ± 0.0055
8213-16.1 88 40 n/a 0.474 16 5 2869 0.054 ± 0.002 1.79 ± 0.07 0.1746 ±  0.0033
8213-17.1 209 74 n/a 0.365 108 4 2472 0.133 ± 0.004 11.12 ± 0.18 0.4694 ± 0.0073
8213-19.1 408 124 n/a 0.313 160 9 893 0.109 ± 0.005 7.57 ± 0.37 0.3675 ± 0.0098
8213-20.1 145 130 n/a 0.923 50 7 9372 0.090 ± 0.003 4.40 ± 0.09 0.2843 ± 0.0050
8213-21.1 42 60 n/a 1.471 25 11 1487 0.128 ± 0.005 9.21 ± 0.24 0.4303 ± 0.0075
8213-23.1 312 116 n/a 0.383 138 11 10223 0.116 ± 0.005 8.70 ± 0.16 0.4062 ± 0.0068
8213-24.1 295 140 n/a 0.490 112 9 6697 0.101 ± 0.003 5.81 ± 0.13 0.3474 ± 0.0064
8213-25.1 102 67 n/a 0.679 13 9 2254 0.035 ± 0.001 0.95 ± 0.04 0.1120 ±  0.0018
8213-26.1 128 82 n/a 0.661 45 6 1531 0.093 ± 0.003 4.88 ± 0.11 0.3131 ± 0.0053
8213-28.1 96 108 n/a 1.164 13 10 22691 0.033 ± 0.002 0.96 ± 0.07 0.1111 ± 0.0020
8213-29.1 163 72 n/a 0.453 83 12 9184 0.128 ± 0.004 10.72 ± 0.31 0.4574 ± 0.0075
8213-30.1 132 77 n/a 0.603 74 8 1442 0.141 ± 0.004 11.38 ± 0.23 0.4775 ±  0.0080
8213-31.1 77 52 n/a 0.700 26 3 4695 0.089 ± 0.003 4.66 ± 0.14 0.2952 ±  0.0048
8213-32.1 142 71 n/a 0.518 51 5 2874 0.095 ± 0.004 5.50 ± 0.11 0.3274 ± 0.0058
8213-32.1 137 99 n/a 0.750 64 6 4254 0.117 ± 0.004 8.42 ± 0.42 0.3987 ± 0.0066
8213-34.1 375 138 n/a 0.379 111 2 4288 0.083 ± 0.002 4.28 ± 0.08 0.2817 ±  0.0047
8213-35.1 95 34 n/a 0.369 56 5 1096 0.149 ± 0.006 14.43 ± 0.44 0.5236 ±  0,0127
8213-36.1 177 74 n/a 0.434 55 3 5421 0.086 ± 0.003 4.48 ± 0.09 0.2897 ± 0.0049
8213-37.1 41 13 n/a 0.320 22 4 2857 0.137 ± 0.007 12.75 ± 0.34 0.4954 ± 0.0107
8213-38.1 90 125 n/a 1.431 37 8 1638 0.092 ± 0.003 4.86 ± 0.12 0.3135 ± 0.0064
8213-40.1 255 90 n/a 0.365 88 8 13537 0.095 ± 0.003 5.64 ± 0.11 0.3269 ± 0.0059
8213-41.2 21 26 n/a 1.257 8 10 3033 0.095 ± 0.005 4.73 ± 0.26 0.3068 ± 0.0066
8213-42.1 198 75 n/a 0.390 55 4 4143 0.081 ± 0 .0 0 3 4.38 ± 0.09 0.2580 ± 0.0048
8213-44.1 104 82 n/a 0.818 39 10 603 0.094 ± 0.003 5.11 ± 0.12 0.3210 ± 0.0060
8213-46.1 62 24 n/a 0.397 31 6 518 0.129 ± 0.005 10.56 ± 0.27 0.4565 ± 0.0091
8213-47.1 219 119 n/a 0.562 76 9 12657 0.092 ± 0.003 4.98 ± 0.11 0.3127 ± 0.0058
8213-49.1 133 56 n/a 0.432 41 9 6290 0.095 ± 0.004 4.69 ± 0.11 0.2781 ± 0.0053
8213-49.1.2 125 49 n/a 0.408 38 6 586 0.094 ± 0.003 4.73 ± 0.13 0.2771 ± 0.0070
8213-50.1 28 15 n/a 0.542 16 3 2575 0.150 ± 0.007 12.86 ± 0.41 0.4966 ± 0.0119
8213-52.1 181 49 n/a 0.282 61 11 8315 0.097 ± 0.004 5.54 ± 0.15 0.3224 ± 0.0079
8213-53.1 176 62 n/a 0.364 58 6 9869 0.089 ± 0.004 5.14 ± 0.14 0.3112 ± 0.0079
8213-54.1 227 120 n/a 0.545 73 5 7321 0.086 ± 0.004 4.40 ± 0.18 0.2934 ± 0.0087
8213-55.1 171 102 n/a 0.614 71 6 9179 0.109 ± 0.003 7.60 ± 0.17 0.3594 ± 0.0068
8213-56.1.2 66 57 n/a 0.902 40 17 13454 0.142 ± 0.005 12.44 ± 0.29 0.4881 ± 0.0105
8213-57.1 132 90 n/a 0.706 73 17 8244 0.130 ±  0.004 11.11 ± 0.21 0.4640 ± 0.0083
8213-58.1 140 63 n/a 0.465 11 18 6426 0.024 ± 0.002 0.60 ± 0.05 0.0761 ± 0.0021
8213-59.1 48 31 n/a 0.666 16 16 4655 0.102 ± 0.005 4.88 ± 0.18 0.2943 ± 0.0081
8213-60.1 108 60 n/a 0.571 60 17 58106 0.133 ± 0.005 12.48 ± 0.46 0.4791 ± 0.0111
8213-61.1 264 44 n/a 0.172 41 27 5089 0.045 ± 0.003 2.59 ± 0.09 0.1519 ± 0.0040
8213-62.1 76 37 n/a 0.504 43 30 193 0.141 ± 0.008 12.71 ± 0.36 0.4944 ± 0.0097
8213-63.1 74 25 n/a 0.353 24 34 14795 0.087 ± 0.006 4.83 ± 0.21 0.3076 ± 0.0104
8213-64.1 68 72 n/a 1.107 7 28 6881 0.026 ± 0.002 0.70 ± 0.37 0.0848 ± 0.0021
8213-65.1 170 135 n/a 0.817 70 12 1527 0.103 ± 0.004 6.07 ± 0.15 0.3495 ± 0.0068
8213-66.1 76 43 n/a 0.588 38 18 787 0.132 ± 0.011 10.62 ± 0.27 0.4237 ± 0.0082
8213-69.1 88 68 n/a 0.805 35 17 8195 0.103 ± 0.004 5.59 ± 0 .1 4 0.3412 ± 0.0064
8213-70.1 105 63 n/a 0.625 37 20 4849 0.097 ± 0.004 4.94 ± 0.18 0.3170 ± 0.0105
8213-71.1 194 67 n/a 0.356 71 26 9979 0.100 ± 0.016 5.77 ± 0.77 0.3456 ± 0.0318

03FD039-2 M etabasite -  layered sc h is ts , K latsa m eta m orph ic  com plex
UTM NAD 83, Zone 9 477191E, 6766748N
Z IR C O N  C O R E S -  O sc illa to ry  zoned , x a n o c ry s tlc  d a td ta l g ra in s

8212-46.1 68 51 633.3 0.777 41 0 230415 0.144 ± 0.003 14.56 ± 0.32 0.4881 ± 0.0090
8212-136.1 68 50 388.0 0.586 21 0 35689 0.077 ± 0.003 2.99 ± 0.04 0.2042 ± 0.0025

"Ion probe spot labels Include: Sample num ber - Grain number.Spot number, some grains with second spot in same location as first (ex 49.1 
‘’Yttrium normalized to 230ppm in zircon standard BR6266; n/a - not analyzed 
'Radiogenic Pb

a03FD056-2 Corrected for common Pb according to procedure outlined by Stem and Berman (2000), uncertainties are reported 
at 1 error and are calculated by numerical propagation o f all known sources of error.
’ 03FD039-2 Uncorrected fo r common Pb 
'Discordance = 100 x  [1-(J06Pb/” 8U age)/(207Pb/2“ Pb age)]
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Table 2-2a. (concluded)

208p^d,» 206pbd,t 207Pbd|* 2oyPbd‘*

M7Pbd'- 232T h 23,U 335U 3" 'P b
S p ots*_______________ 2MPb______________ [M a]___________ [M a]__________ [M a]___________(Ma) %  DISC1
03FD056-2 Q u a rtz -m u sco v ite  s c h is t  - layered s c h is ts ,  K la tsa  m e ta m o rp h ic  com p le x  
UTM NAD 83, Zone 9 476825E, 6767113N
Z IR C O N  C O R E S  -  In h e rite d  d e tr ite l g ra in s  w ith  v a r ia b le  lu m in e s c e n c e  a n d  z o n in g  p a tte rn s

8213-03.1 0.1150 ± 0.0013 1849 ± 69 1837 ± 27 1857 ± 18 1880 ± 20 2.3
8213-04.1 0.1678 ± 0.0014 2367 ± 66 2249 ± 30 2403 ± 18 2536 ± 14 11.3
8213-06.1 0.1815 ± 0.0050 2438 ± 78 2274 ± 35 2487 ± 33 2666 ± 46 14.7
8213-07.1 0.1117 ± 0.0044 1908 ± 89 1848 ± 52 1838 ± 47 1827 ± 73 1.1
8213-08.1 0.1124 ± 0.0012 1767 ± 62 1828 ± 31 1833 ± 20 1838 20 0.6
8213-10.1 0.1210 ± 0.0005 1876 ± 65 1867 t 25 1917 ± 14 1971 ± 8 5.3
8213-12.1 0.0541 ± 0.0043 612 ± 48 624 t 10 573 ± 37 377 ± 189 65.5
8213-15.1 0.1111 ± 0.0020 1788 ± 69 1753 t 27 1783 ± 22 1817 ± 32 3.5
8213-16.1 0.0742 ± 0.0025 1054 ± 46 1037 t 18 1041 ± 27 1048 ± 69 1.0
8213-17.1 0.1718 ± 0.0007 2525 ± 79 2481 t 32 2533 ± 16 2575 ± 7 3.7
8213-19.1 0.1495 ± 0.0057 2092 ± 89 2018 ± 46 2182 ± 45 2340 ± 67 13.8
8213-20.1 0.1123 ± 0.0012 1733 ± 49 1613 t 25 1713 ± 18 1837 ± 19 12.2
8213-21.1 0.1553 ± 0.0028 2436 ± 83 2307 t 34 2359 ± 25 2405 ± 31 4.1
8213-23.1 0.1553 ± 0.0010 2218 ± 82 2198 t 31 2307 ± 17 2406 ± 11 8.6
8213-24.1 0.1213 ± 0.0012 1946 ± 63 1922 ± 30 1947 ± 19 1975 ± 18 2.7
8213-25.1 0.0617 ± 0.0021 700 ± 26 685 ± 11 680 ± 20 665 ± 76 3.0
8213-26.1 0.1129 ± 0.0015 1794 ± 62 1756 ± 26 1798 ± 19 1847 ± 24 4.9
8213-28.1 0.0625 ± 0.0046 653 ± 33 679 ± 12 682 ± 39 692 ± 164 1.9
8213-29.1 0.1700 ± 0.0038 2437 ± 74 2428 ± 33 2499 ± 28 2558 t 38 5.1
8213-30.1 0.1729 ± 0.0015 2662 ± 74 2516 t 35 2555 ± 19 2586 ± 15 2.7
8213-31.1 0.1145 ± 0.0026 1716 ± 62 1668 ± 24 1760 ± 25 1872 ± 42 10.9
8213-32.1 0.1219 ± 0.0011 1836 ± 66 1826 ± 28 1901 ± 18 1984 ± 16 8.0
8213-32.1 0.1532 ± 0.0068 2237 ± 81 2163 t 30 2278 ± 46 2382 ± 78 9.2
8213-34.1 0.1103 ± 0.0009 1608 ± 45 1600 t 24 1690 ± 16 1805 ± 16 11.4
8213-35.1 0.1999 ± 0.0031 2808 ± 107 2715 ± 54 2779 ± 29 2826 ± 25 3.9
8213-36.1 0.1122 ± 0.0011 1660 ± 51 1640 t 25 1728 ± 17 1835 t 17 10.6
8213-37.1 0.1866 ± 0.0025 2590 ± 122 2594 t 46 2661 25 2713 t 22 4.4
8213-38.1 0.1124 ± 0.0011 1776 ± 52 1758 ± 31 1795 ± 20 1838 ± 18 4.4
8213-40.1 0.1252 ± 0.0007 1831 ± 58 1823 ± 29 1922 ± 17 2031 ± 10 10.2
8213-41.2 0.1117 ± 0.0054 1830 ± 99 1725 t 33 1772 ± 47 1828 ± 90 5.6
8213-42.1 0.1232 ± 0.0014 1571 ± 48 1480 ± 25 1709 ± 19 2004 ± 21 26.2
8213-44.1 0.1154 ± 0.0014 1823 ± 58 1795 ± 29 1837 ± 20 1886 ± 22 4.9
8213-46.1 0.1678 ± 0.0022 2447 ± 96 2424 ± 41 2485 ± 24 2536 ± 22 4.4
8213-47.1 0.1156 ± 0.0010 1782 ± 55 1754 ± 28 1816 ± 18 1889 ± 15 7.1
8213-49.1 0.1222 ± 0.0012 1840 ± 70 1582 ± 27 1765 ± 19 1989 ± 18 20.5
8213-49.1.2 0.1238 ± 0.0011 1816 ± 63 1577 ± 35 1773 ± 23 2012 ± 16 21.6
8213-50.1 0.1878 ± 0.0033 2826 ± 118 2599 ± 52 2669 ± 30 2723 ± 29 4.5
8213-52.1 0.1247 ± 0.0009 1866 ± 67 1802 ± 39 1908 ± 23 2025 ± 13 11.0
8213-53.1 0.1199 ± 0.0010 1727 ± 66 1747 ± 39 1844 ± 24 1955 ± 15 10.6
8213-54.1 0.1088 ± 0.0028 1660 ± 73 1659 ± 43 1713 ± 35 1780 ± 48 6.8
8213-55.1 0.1533 ± 0.0015 2094 ± 63 1979 t 32 2185 ± 20 2384 ± 17 17.0
8213-56.1.2 0.1848 ± 0.0013 2692 ± 87 2562 ± 46 2638 ± 22 2696 ± 12 5.0
8213-57.1 0.1737 ± 0.0009 2477 ± 73 2457 ± 36 2533 ± 18 2594 ± 9 5.3
8213-58.1 0.0572 ± 0.0040 470 ± 36 473 ± 13 478 ± 30 501 ± 163 5.6
8213-59.1 0.1202 ± 0.0025 1970 ± 86 1663 40 1799 ± 31 1960 ± 38 15.1
8213-60.1 0.1889 ± 0.0049 2531 ± 92 2523 ± 49 2641 ± 35 2733 ± 43 7.7
8213-61.1 0.1237 ± 0.0025 886 ± 55 911 ± 23 1298 ± 26 2010 ± 36 54.7
8213-62.1 0.1864 ± 0.0034 2661 ± 149 2590 ± 42 2658 ± 27 2711 ± 30 4.5
8213-63.1 0.1138 ± 0.0025 1694 ± 120 1729 ± 51 1789 ± 37 1861 ± 41 7.1
8213-64.1 0.0599 ± 0.0065 527 ± 31 524 ± 13 539 ± 49 600 ± 253 12.6
8213-65.1 0.1261 ± 0.0015 1983 ± 73 1932 ± 33 1987 ± 21 2044 ± 22 5.5
8213-66.1 0.1818 ± 0.0027 2509 ± 196 2277 ± 37 2491 ± 24 2670 ± 25 14.7
8213-69.1 0.1189 ± 0.0018 1984 ± 69 1893 ± 31 1915 ± 22 1940 ± 27 2.4
8213-70.1 0.1129 ± 0.0015 1874 ± 80 1775 ± 52 1808 ± 32 1847 ± 24 3.9
8213-71.1 0.1210 ± 0.0105 1928 ± 292 1913 ± 154 1941 ± 123 1972 ± 164 3.0

03FD039-2 M etabasite  -  layered  sc h is ts , K la tsa  m e ta m o rp h ic  com p le x  
UTM NAD 83, Zone 9 477191E, 6766748N 
Z IR C O N  C O R E S  -  O s c illa to ry  z o n e d , x e n o c ry s tlc  d e tr ite l g ra in s  

8212-46.1 0.2164 ± 0.0022 2714 ± 87  2562 ± 39 2787 ±  21 2954 ± 16 13.3
8212-136.1 0.1061 ±  0.0007 1492 ± 49 1198 ± 13 1404 ± 11 1733 ± 12________30.9
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Table 2-2b. SHRIMP U-Th-Pb data for metamorphic and magmatic zircon from the 
Klatsa metamorphic complex layered schists and leucogabbro in the southern Campbell 
Range.

S pots*
U

(ppm )
Th

(ppm )
Y6

(ppm )
U l
U

Pb*c
(ppm )

2MPb
(ppb)

2Mph
! “ pb

f f lE b
3Mpb

d 238yd

2MPb

20«pb  

AGE (Ma)

20BPb«
2My

AG E (Ma)
Q3FD056-2 Q uartz -m u scov ite  s c h is t -  layered sch is ts , K la tsa  m e ta m orph ic  com p le x  
UTM NAD 83, Zone 9 476825E, 6767113N
RIMS (M ETAM ORPHIC) -  O vergrow ths o n  detrital co res; with p a tch y  zom lng  a nd  internal dom ain  trucalions 

8213-18.1 590 4 40 0.007 30 0 171233 0.0559 ± 0.0008 17.89 ± 0,29 450 ± 33 349.7 ± 5.5
8213-27.1 1062 9 168 0.009 55 0 100000 0.0550 ± 0.0009 17.64 ± 0.43 414 ± 38 354.8 ± 8.6
8213-41.1 481 4 70 0.009 25 0 100000 0.0567 ± 0.0005 17.73 ± 0.34 480 ± 18 352.3 ± 6.6
8213-88.1 1093 7 183 0.006 58 0 100000 0.0535 ± 0.0003 17.13 ± 0.23 350 ± 13 365.9 ± 4.8
8213-101.1 228 1 80 0.007 12 0 100000 0.0603 ± 0.0012 17.66 ± 0.26 614 ± 42 352.3 ± 5.2
8213-106.1 394 2 108 0.006 20 0 100000 0.0570 ± 0.0006 17.78 ± 0.37 492 ± 25 351.3 ± 7.2
8213-110.1 307 2 76 0.005 16 0 100000 0.0563 ± 0.0013 17.89 ± 0.57 464 ± 51 349.4 ± 11.0
8213-119.1 130 1 28 0.005 7 0 100000 0.0641 ± 0.0011 17.81 ± 0.30 745 ± 36 347.8 ± 5.8
8213-121.1 198 1 45 0.005 11 0 100000 0.0606 ± 0.0010 17.53 ± 0.25 625 ± 36 354.7 ± 5.0
8213-134.1 41 0 17 0.007 2 0 100000 0.0892 ± 0.0019 17.47 ± 0.33 1408 ± 41 344.0 ± 6.4
8213-144.1 285 1 52 0.003 15 0 100000 0.0581 ± 0.0010 17.72 ± 0.27 534 ± 39 351.9 ± 5.2
8213-153.1 204 1 38 0.006 11 0 100000 0.0657 ± 0.0010 17.71 ± 0.28 795 ± 32 349.2 ± 5.4

03FD039-2 M etabasite  -  layered sch is ts , Klatsa m etam orph ic  com p lex 
UTM NAD 83, Zone 9 477191E, 6766748N
MAIN PH A SE  (METAMORPHIC) -  V ariab le  c a th odo lum inescence  and  m ultiple internal dom ains 

8212-5.1 89 1 17 0.011 5 0 100000 0.0585 ± 0.0012 17.54 ± 0.21 547 ± 46 355.5 ± 4.3
8212-5.2 229 2 76 0.007 12 0 100000 0.0587 ± 0.0011 17.61 ± 0.35 558 ± 42 354.0 ± 6.9
8212-11.1 235 1 46 0.006 12 0 100000 0.0578 ± 0.0007 17.49 ± 0.20 522 ± 27 356.7 ± 4.0
8212-11.2 69 0 54 0.007 4 0 6836 0.0771 ± 0.0021 17.40 ± 0.22 1124 ± 56 350.5 ± 4.5
8212-42.1 199 4 455 0.021 10 0 100000 0.0558 ± 0.0009 17.81 ± 0.27 446 ± 37 351.2 ± 5.2
8212-43.1 327 6 470 0.019 17 0 100000 0.0566 ± 0.0009 17.79 ± 0.23 478 ± 34 351.3 ± 4.4
8212-45.1 212 2 70 0.008 11 0 100000 0.0582 ± 0.0006 17.67 ± 0.20 538 t 21 352.9 ± 3.9
8212-46.2 52 0 110 0.006 3 0 100000 0.0685 ± 0.0022 17.69 ± 0.27 882 ± 66 348.4 ± 5.3
8212-59.1 314 2 45 0.007 16 0 100000 0.0548 ± 0.0008 17.56 ± 0.23 404 ± 31 356.6 ± 4.6
8212-74.1 257 2 69 0.008 13 0 100000 0.0565 ± 0.0007 17.65 ± 0.23 470 ± 26 354.2 ± 4.6
8212-129.1 230 1 57 0.007 12 0 100000 0.0558 ± 0.0010 17.85 ± 0.22 443 ± 40 350.5 ± 4.3
8212-132.1 153 1 56 0.005 8 0 100000 0.0605 ± 0.0012 18.04 ± 0.24 623 ± 45 345.0 ± 4.4
8212-140.1 193 1 36 0.004 10 0 100000 0.0574 ± 0.0009 17.77 ± 0.21 505 ± 36 351.3 ± 4.2
8212-141.1 194 3 57 0.017 10 0 100000 0.0585 ± 0.0010 17.73 ± 0.26 550 ± 39 351.6 ± 5.0
8212-155.1 269 1 25 0.004 14 0 100000 0.0563 ± 0.0006 17.60 ± 0.20 463 ± 22 355.2 ± 4.1

03FD231-1 Leuocogabb ro  - K la tsa  m etam orph ic  com p lex
UTM NAD 83, Zone 9 476278E, 6769322N
C O R E S  (MAGMATIC) -  Dark in CL, line  o scillatory a n d  sec to r zoning

8214-5.1 318 302 1721 0.982 22 0 100000 0.0549 ± 0.0005 17.27 ± 0.20 406 ± 21 362.3 ± 4.2
8214-7.1 598 2059 6178 3.554 66 0 100000 0.0551 ± 0.0006 16.50 ± 0.20 417 ± 23 378.8 ± 4.6
8214-30.1 887 990 2384 1.152 64 0 100000 0.0560 ± 0.0007 16.97 ± 0.23 453 ± 27 368.1 ± 5.0
8214-40.1 248 194 2018 0.807 17 0 100000 0.0599 ± 0.0010 17.13 ± 0.23 598 ± 36 363.3 ± 4.8
8214-54.1 419 759 3158 1.872 35 0 100000 0.0551 ± 0.0007 16.79 ± 0.24 415 ± 27 372.4 ± 5.3
8214-62.1 471 588 3116 1.288 34 0 100000 0.0561 ± 0.0008 17.37 ± 0.21 457 ± 33 359.7 ± 4.3

RIM S (RECRYSTALLIZED METAMORPHIC) - M oderate to  v ery  bright In CL 

8214-34.1 45 11 84 0.262 3 0 100000 0.1270 ± 0.0023 17.41 ± 0.26 2057 ± 32 329.1 ± 4.9
8214-36.1 11 0 529 0.005 1 0 100000 0.2685 ± 0.0078 13.63 ± 0.36 3297 ± 46 342.8 ± 10.0
8214-44.1 1 0 2 0.170 0 0 100000 0.5889 ± 0.0492 7.93 ± 0.22 4481 ± 127 288.7 ± 46.6
8214-45.1
8214-46.1

0
74

0
39

112
659

0.466
0.544

0
5

0
0

100000
100000

0.9710
0.0787

±
±

0.0435
0.0009

0.96
16.89

±
±

0.12
0.49 1166 ± 24 360.2 ± 10.3

8214-47.1 72 19 232 0.265 5 0 100000 0.0896 ± 0.0016 17.00 ± 0.77 1417 ± 34 353.1 ± 15.6
8214-51.1 3 0 204 0.008 1 0 100000 0.3912 ± 0.0273 10.57 ± 0.38 3875 ± 109 355.4 ± 22.7
8214-53.1 0 0 26 0.264 0 0 231 0.9001 ± 0.0350 1.06 ± 0.10

"Ion probe spot labels include: Sample number - Grain number.Spot number, some grains with second spot In same location as first (ex 49.1.2) 
‘Y ttrium  normalized to 230ppm in zircon standard BR6266; n/a - not analyzed 
'Radiogenic Pb
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Klatsa metam orphic com plex

QUARTZ MUSCOVITE SCHIST: 03FD056-2

quartz --gg

omphacite

muscovite L'

20/um 50

muscovite

muscovite

mjtiieft

Inherited xenocrystic cores - Proterozoic ages ranging from 473 ± 13Ma to 2825 ± 25 Ma

H E  Metamorphic zircon: 353.0 ± 3.7 Ma
Numbers 2-5 indicate possible successive growth phases based on luminosity and 
texture, indistinguishable at the age resolution obtained.

m  Inclusions and/or zircon domains surrounding xenocrysts.

Figure 2-7. Cathodoluminescence images of zircon from the Klatsa metamorphic 
complex quartz-muscovite schist. Locations of SHRIMP analyses are shown as dashed 
oval outlines. Inclusions in zircon are labelled. Metamorphic zircon contains inclusions 
of omphacite and rutile. Muscovite and quartz occur along the boundaries of xenocrystic 
cores with overgrown metamorphic zircon.
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Klatsa m etam orphic complex

METABASITE: 03FD039-2

. b) ' Vwjfv.....

U  \
‘A

40/jm 11

60um 46

Inherited xenocrystic cores - Proterozoic ages of 2378.8 + 49.0 Ma and 1160.6 ± 13.8 Ma 

Metamorphic zircon age: 353.1 ± 2.4 Ma
Colours correpond with variable luminosity of grain domains. All domains are the same 
age within error.
Inclusions and/or zircon domains surrounding xenocrysts, commonly inclusion-rich

Figure 2-8. Cathodoluminescence images of zircon from the Klatsa metamorphic 
complex metabasite. Locations of SHRIMP analyses are shown as dashed oval outlines. 
Xenocrystic Proterozoic cores are overgrown by metamorphic zircon. Inclusions are rare 
in the metamorphic zircon, but where present they are quartz and rutile with plagioclase 
and biotite occuring along fractures.
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Klatsa m etam orphic complex

LEUCOGABBRO: 03FD231-1

Figure 2-9. Cathodoluminescence images of zircon from Klatsa metamorphic 
complex leucogabbro. Magmatic zircon (dark in CL) is recystallized and/or altered to 
metamorphic zircon with extremely low U content (<0.11 ppm). Locations of SHRIMP 
analyses are shown as dashed oval outlines.
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M etabasite G arnet 1 (03FD039-1)

C a
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Figure 2-10. (a) Backscatter scanning electron microscope image of a partly chlorite- 
epidote altered garnet from Klatsa metamorphic complex metabasite. The line across 
the garnet shows the transect path of microprobe analyses, (b) Element zoning profiles 
across the garnet transect shown in (a).
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(a)
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Figure 2-11. (a,b) U-Pb concordia diagram for zircon cores from the Klatsa 
metamorphic complex quartz-muscovite schist (sample 03FD056-2) and a cumulative 
probability diagram screened to 10% discordance including data from 38 of the grains. 
Representative cathodoluminescene images show locations of SHRIMP spot analyses.
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(c) Q u a rtz -m u sco v ite  s c h is t  (layered schists, Klatsa metamorphic complex) 
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Figure 2-11. (c,d) U-Pb inverse concordia diagram for zircon cores from the Klatsa 
metamorphic complex quartz-muscovite schist (sample 03FD056-2) and metabasite 
(sample 03FD039-2), including SHRIMP data and cathodoluminescence images of 
representative zircon grains with SHRIMP analysis spot locations.
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L e u c o g ab b ro  (Klatsa metamorphic complex)
Sam ple 03FD231-1

METAMORPHIC RECRYSTALLIZATION
data-point error ellipses are 2 sigma

Very low U (<0.013 ppm) 
points not used in 
age calculation

Intercept at
351 ±12Ma
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Figure 2-11. (e,f) U-Pb inverse concordia diagrams for zircon cores and recrystallized 
metamorphic rims from leucogabbro within serpentinite, part of the mafic-ultramafic 
unit of the Klatsa metamorphic complex, (sample 03FD231-1). Representative 
cathodoluminescence images locations of SHRIMP spot analyses.
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Power* Volume 39Ar 36Ar/39Ar 37Ar/39Ar 38Ar/39Ar 40Ar/39Ar %40Ar *wAr/39Ar Apparent Age
xlO'n CC ATM (% ) Mac

03FD039-1 Muscovite; J=.00286190 (Z8122; 477191E, 6766748N UTM NAD 83, Zone 9)
Aliquot: A
2.4 0.0257 0.1567*0.1014 0 .126±0.181 -0.013±-0.064 76.134±I 1.137 66.8 25.250*15.362 0 125.87*73.98

2.8 0.0454 0.0272*0.0646 0.320±0.180 0.036±0.032 70.835±5.657 11.9 62.398*11.077 0.1 296.42*48.53

3 0.0744 0.0105*0.0432 0.121*0.104 -0.004±-0.032 74.830±5.752 2.1 73.270±8.159 0.1 343.43*34.84

3.5 0.2989 0.1609*0.0119 0.034±0.026 -0 .016±-0.0l2 121.246*3354 38.9 74.069*2.479 0.3 346.84*10.56

3.9 1.2727 0.0046*0.0027 0.001 ±0.003 0.000±0.011 76.196*0.601 1 75.418*0.667 1.4 352.58*2.83

4.2 41.3009 0.0003*0.0005 0.000±0.001 0.002±0.011 75.846*0.251 0.2 75.684*0.253 45.4 353.71*1.07

4.6 0.2475 0.0011±0.0150 0.008±0.026 -0.008±-0.012 76.708*1.539 1.1 75.895*2.028 0.3 354.60*8.60

5 0.112 0.0012±0.0236 0.015±0.069 -0.005±-0.017 75.521*2.970 2.1 73.918*4.072 0.1 346.20*17.36

13 5.5759 0,0003*0.0006 0.000*0.001 0.002±0.011 75.561*0.293 0 75.526*0.301 6.1 353.04*1.28

Aliquot: B
2.4 0.0725 0.07I7±0.0089 0.042±0.136 0.060±0.027 84.845*4.745 25 63.651*6.405 0.1 301.90*27.98

2.8 0.151 0.004±0.0034 0.041 ±0.067 0.020±0.015 62.910*1.768 1.9 61.736*2.681 0.2 293.52*11.77

3 4.5312 0.0005*0.0001 0.001 ±0.002 0.002*0.011 75.073*0.295 0.2 74.930*0.306 5 350.50*1.30

3.5 7.186 0.0007±0.0001 0.001 ±0.002 0.002±0.011 75.115*0.318 0.3 74.896*0.326 7.9 350.36*1.39

3.9 23.1418 0.0007*0.0001 0.008±0.001 0.004±0.011 74.782*0.275 0.3 74.586*0.278 25.4 349.04*1.19

4.2 1.2255 0.0004*0.0006 0.004±0.009 0.003±0.011 71.368*0.524 0.2 71.260*0.632 1.4 334.83*2.71

5 0.2166 0.0032*0.002 0.075±0.058 0.002±0.013 73.950*1.175 1.3 73.012*1.643 0.2 342.33*7.02

18 5.5619 0.0001 ±0.0001 0.005±0.002 0.002*0.011 73.880*0.251 0 73.848*0.257 6.1 345.90*1.10

03FD063-1 Muscovite;; J=.00287200 (Z8123; 477167E, 6766738N, UTM NAD83, Zone 9)
Aliquot: A
2.4 0.068 0.0526±0.0129 0.602±0.165 0.090±0.026 77.562*4.585 13.8 66.893*5.659 0.1 317.03*24.60

2.8 0.4599 0.0065±0.0026 0.242±0.029 Q.G03±0.Q 11 72.127*1.034 1.3 71.215±1.246 0.6 335.72*5.36

3 6.5198 0.0016±0.0002 0.008±0.002 0.002±0.0l I 78.232*0.439 0.5 77.841*0.441 8.8 364.00*1.87

3.5 20.0883 0.0016±0.0004 0.015±0.004 0.004±0.011 78.338*0.528 0.6 77.882*0.537 27.1 364.17*2.27

3.9 11.5846 0.0007±0.0002 0.005±0.001 0.002±0.011 71.975*0.294 0.2 7I.804±0.296 15.7 338.25*1.27

4.2 0.9431 0.0023±0.0011 0.061±0.018 0.007±0.011 72.146*0.756 0.2 72.028*0.838 1.3 339.21*3.60

5 0.2646 0.0129±0.0037 0.135±0.037 0.021±0.0l3 72.335*1.545 3.2 7 0 .0 5 5 il.6 8 3 0.4 330.72*7.26

18 8.6588 0.0004±0.0001 0.009±0.001 0.002±0.011 72.519*0.369 0 72.491*0.371 11.7 341.20*1.59

Aliquot: B
2.4 0.0674 0.0242±0.0064 0.469±0.I05 0.018±0.020 70.114*3.501 10.2 62.969*5.020 0.1 299.89*22.03

2.8 0.4638 0.0033±0.001 0.134±0.012 0.007±0.011 66.982*0.930 1.5 66.01 O i l .096 0.6 313.19*4.78

3 5.5383 0.001±0.000\ 0.006±0.001 0.002±0.011 76.803*0.316 0.4 76.522*0.326 7.5 358.40*1.38

3.5 12.0521 0.0002±0.0001 0.004±0.001 0.002±0.011 74.081*0.156 0.1 74.009*0.161 16.3 347.70*0.69

3.9 1.9383 0.0002±0.0003 0.006±0.005 0.001 ±0.011 71.682*0.441 0.1 71.616*0.478 2.6 337.44*2.06

4.2 0.1566 0.0007±0.0029 0.024±0.084 -0.010±-0.0I3 73.401*2.267 0.3 73.189*2.838 0.2 344.19*12.15

5 0.8766 0.0027±0.0004 0.007±0.013 0,004±0.011 71.430*0.954 1.1 70.644i0 .973 1.2 333.26*4.19

15 4.3353 0.0001*0.0001 0.005±0.001 0.002±0.011 72.039*0.301 0 72.022*0.311 5.9 339.19*1.34

03FD056-1 Muscovite:; J=.00289730 (Z8124; 476825E, 6767113N, UTM NAD83, Zone 9)
Aliquot: A
2.4 0.1081 0.0928±0.0317 0.065±0.067 0.028±0.019 78.736*2.952 29.7 55.371*6.159 0.2 268.42*27.75

2.8 0.5092 0.0072±0.0067 0.036±0.014 0.007±0.011 75.479*0.955 2.3 7 3 .734 il.391 0.9 349.30*5.99

3 10.0209 0.0018±0.0004 0.002±0.001 0.003±0.011 76.616*0.311 0.6 76.148*0.319 16.8 359.67*1.37

3.5 6.209 0.0005±0.0006 0.003±0.001 0.002±0.011 72.671*0.300 0.3 72.462*0.314 10.4 343.81*1.36

3.9 1.9342 0.0007±0.0019 0.006±0.004 0.001*0.011 71.372*0.472 0.3 71.168*0.525 3.2 338.21*2.28

4.2 0.3461 0.0050±0.0098 0.031 ±0.024 0.015*0.011 71.828*1.241 0.8 71.220*1.887 0.6 338.44*8.18

4.6 0.3204 0.0045±0.0108 0.024±0.020 0.021±0.012 69.646*1.087 0.7 69.145*1.784 0.5 329.42*7.77

5.5 2.1155 0.0006±0.0017 Q.Q09±0.003 0.Q04±0.0U 71.216*0.387 0.1 71.178*0.473 3.5 338.25*2.05

14 2.2042 0.0010±0.0016 0.010±0.002 0.006*0.011 71.456*0.358 0.4 71.171*0.441 3.7 338.23*1.91

Continued...

Table 2-3. 40Ar/39Ar analytical data for samples from the layered schists of the Klatsa 
metamorphic complex.
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Table 2-3 concluded.

Power* Volume39Ar 
xlO" cc

36Ar/39Ar 37Ar/39Ar 38Ar/39Ar “A rrA r %40Ar
ATM

•"Ar/^Ar f b139

( % )

Apparent Age
Mac

03FD056-I Muscovite; 
Aliauot: B

J=.00289730 (Z8124; 476825E, 6767113N, UTM NAD83, Zone 9)

2.4 0.1114 0.0558±0.005 0 .1 12±0.094 0.042±0.017 68.648±3.068 20.4 54.663±4.073 0.2 265.23±18.38

2.8 0.6236 G.0122±0.0011 0.003±0.018 0.004±0.011 80.418±0.896 3.9 77.267±1.123 1 364.45±4.80

3 8.5832 0 .0011±0.0001 0.005±0.001 0.002±0.011 74.534±0.283 0.4 74.242±0.287 14.4 351.48±1.23

3.5 12.2292 0 .0 0 1 1±0.0001 0.00t±0.001 Q.002±Q.G11 74.620±0.166 0.4 74.325±0.169 20.5 351.84±0.73
3.9 6.1013 0.0002±0.0001 0 .00U 0.002 0.001±0.01I 68.996±0.201 0 68.993±0.208 10.2 328.76±0.91

4.2 0.4983 0.0004±0.0008 0.006±0.020 0.002±0.011 69.919±0.936 0.4 69.651±1.035 0.8 33I.63±4.50

5 1.7689 0.0002±0.0004 0 .0I2±0.007 O.OOliO.OM 68.937±0.498 0.1 68.859±0.541 3 328.18±2.35

6.5 2.6997 0.0001±0.0002 0.007±0.004 0.001 ±0.011 70.265±0.302 0 70 .231±0.322 4.5 334.15±1.40
18 3.4163 0.0001 ±0.0002 0.007±0.003 0.003±0.011 70.223±0.47I 0.1 70.181±0.479 5.7 333.93±2.08

a: As m easured by laser in % o f  full nom inal power (10W) 

b: Fraction 39A r as percent o f  total run

iv F.rrnrs nre n n a lv tirn l n n lv  nnd  d o  n o t m flcc t e r ro r  in irm rlintinn n a rn m e trr  .1
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Figure 2-12. 40Ar/39Ar age spectra and inverse isochron plots for three samples from the 
layered schists of the Klatsa metamorphic complex (see text for interpretation).
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I f  Klatsa metamorphic complex and Stewart Lake eclogite
High-P rocks carried along the Early Permian Cleaver Lake thrust, in the Cleaver Lake thrust sheet
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RAN GE

SMT inconnu Thrust

EP.Z>

Z

sw NE

STEW A RT LAKE 
KLIPPEZ3 i-ioauer Lake thrust.

Money Creek Thrust

I-
NESW

YUKON-TANANATERRANE 

Cleaver Lake thrust sheet 

Money Creek thrust sheet 

Big Campbell thrust sheet
" ■

LEGEND
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I | I North American continental margin sequence (NA)

—= = i—  Early Permian faults 

— =& 2s— Jurassic? faults, locally reactivated older structures

Figure 2-13. Schematic cross sections illustrating proposed structural relationships 
across the southern Finlayson Lake belt and the Stewart Lake klippe. Section lines are 
located on Figure 2-1.
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CHAPTER 3

Fault-controlled nephrite jade formation at the King Arctic Jade Mine, 
southern Campbell Range, southeastern Yukon

ABSTRACT

Nephrite at the King Arctic Jade Mine in the southern Campbell Range,
Yukon occurs along imbricate faults (D4) that juxtapose metasedimentary rocks with 
serpentinized ultramafic rocks. Nephrite is spatially associated with Ca-metasomatism 
(rodingitization) of metasedimentary rocks. Exposed sections through metasomatic 
reaction zones along the D4 faults show increasing rodingitization of metasedimentary 
rocks towards D4 faults. Nephrite occurs adjacent to metasedimentary rocks across a 
sheared contact, and is interpreted to have formed through silica addition to an ultramafic 
protolith. Foliated nephrite and structurally disrupted alteration zones attest to syn- 
faulting nephrite formation.
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INTRODUCTION

Nephrite, also known as amphibole jade, is microcrystalline tremolite with a 

randomly oriented, felted, sheaf-like habit (Learning, 1978). Nephrite occurrences are 

of two genetic varieties (Harlow and Sorensen, 2001): “Metasomatic” nephrite forms 

at reaction zones along fault-bounded serpentinized ultramafic bodies juxtaposed with 

siliceous intrusive rocks or, more commonly, metasedimentary rocks. “Metamorphic” 

nephrite forms within metamorphosed metasedimentary rocks, associated with dolomitic 

marble and calc-silicate rocks.

Nephrite in the Canadian Cordillera is almost exclusively metasomatic in origin, 

associated with serpentinized ultramafic rocks of the Cache Creek and Slide Mountain 

terranes (Learning, 1978; Simandl et al., 2001; Simandl et al., 2000). Well known 

nephrite producing regions in British Columbia include the Cassiar, Cry Lake, Kutcho 

areas in the northwest; Mt. Ogden in central British Columbia, and in the Pinchi Lake 

area in south-central British Columbia (Learning, 1978; Simandl et al., 2000). All 

major British Columbia nephrite jade deposits are associated with faulted contacts of 

serpentinite with metasedimentary or felsic igneous rocks (Simandl et al., 2001). In jade- 

producing regions, nephrite boulders are commonly found in valley bottoms, and can 

locally be traced back to in-situ occurrences.

The Yukon is also prospective for nephrite jade. While the ultramafic rocks of 

the Cache Creek terrane are not widespread in Yukon, Slide Mountain terrane ultramafic 

rocks occur locally, and ultramafic rocks also occur within Yukon-Tanana terrane, 

which underlies much of the southern Yukon Territory. Also, the structural history and 

geological relationships of ultramafic rocks are more important for forming nephrite 

than their tectonic origin. Many ultramafic bodies in Yukon have experienced significant 

structural transposition juxtaposing them with siliceous units, and are thus favorable for 

hosting nephrite jade.

In situ nephrite in Yukon occurs in the Campbell Range in southeastern Yukon
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at the southern end of the Finlayson Lake belt, north of Watson Lake (Figure 3-1). The 

deposits are associated with serpentinite and metasedimentary rocks of Yukon-Tanana 

terrane. The previously mined King Arctic and Tuchitua deposits are located in the 

southern and central Campbell Range, respectively. They occur within the same belt of 

rocks, separated by approximately 50 km along strike. Understanding of the geology 

and structural history of the southern Campbell Range has been advanced through recent 

regional geological mapping (Chapter 1). Here we document the geology of nephrite 

occurrences at the King Arctic Jade Mine that were visited during the course of regional 

mapping, and present insights into the genesis of these occurrences in light of the 

structural history of the region.

GEOLOGICAL SETTING OF THE SOUTHERN CAMPBELL RANGE

The Finlayson Lake belt in southeastern Yukon includes the Paleozoic volcano- 

sedimentary Yukon-Tanana and basinal Slide Mountain terrane rocks north of the Tintina 

fault. Amalgamated Yukon-Tanana and Slide Mountain terranes were thrust over rocks of 

the North American continental margin along the Inconnu thrust fault post-Late Triassic, 

and subsequently displaced from the rest of Yukon-Tanana terrane during post-Late 

Cretaceous offset along the Tintina fault (Mortensen, 1992; Mortensen and Jilson, 1985; 

Murphy et al., 2005).

The southern Campbell Range lies along the Jules Creek fault, the boundary 

between Yukon-Tanana terrane and Slide Mountain terrane in the Finlayson Lake 

belt (Figure 3-2). To the east of the Jules Creek fault, the Slide Mountain terrane is 

represented by the Fortin Creek group basinal clastic rocks. The Triassic Simpson Lake 

conglomerate locally overlies the Fortin Creek group. To the west of the Jules Creek 

fault, polydeformed Yukon-Tanana terrane rocks underlie the well-exposed hills around 

the King Arctic Jade Mine.

Yukon-Tanana terrane in the southern Campbell Range includes Mississippian
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to Permian metasedimentary rocks structurally imbricated with rocks of the Klatsa 

metamorphic complex. The metasedimentary rocks include three unconformity-bound 

formations (Figure 3-3). From bottom to top they are: 1) the White Lake formation, 

which comprises Upper Mississippian chert and limestone, 2) the King Arctic formation 

chert and limestone pebble conglomerate, lithic arenite and wacke, and 3) the Money 

Creek formation with heterolithic conglomerate, dark chert, carbonaceous phyllite, and 

lithic wacke. The Klatsa metamorphic complex is dominated by well foliated to massive, 

cumulate-texture serpentinite, leucogabbro, variably retrogressed Early Mississippian 

eclogitic rocks.

The oldest structures in the region are associated with the structural emplacement 

of the Klatsa metamorphic complex along the regionally recognized Cleaver Lake fault. 

The Early Mississippian high-pressure metamorphism, and subsequent exhumation of the 

Klatsa metamorphic complex are interpreted to have occurred in the frontal arc region 

west of the Mississippian Yukon-Tanana arc, associated with Devono-Mississippian east- 

dipping subduction. Early Permian shortening of the YTT resulted in thrust emplacement 

of the Klatsa metamorphic complex above the Mississippian to Early Permian 

metasedimentary rocks (Chapter 1).

Three generations of folding affect the metasedimentary rocks, following the 

thrust emplacement of the Klatsa metamorphic complex. Dl-2 folds are up to 100- 

metre amplitude, tight, overturned, northeast vergent and northwest-plunging. D3 folds 

generally trend east-west, are broad and open, and warp the D2 axial planar cleavage 

(S2).

D4 northeast-vergent faults imbricate 1 to 100 metre thick slices of the 

polydeformed metasedimentary sequence with the Klatsa metamorphic complex 

(Figure 3-2). The D4 thrust to high-angle reverse faults have curviplanar surfaces and 

generally shallow to the east, towards the Jules Creek fault. The Jules Creek fault locally 

bounds serpentinite along the eastern base of the southern Campbell Range and is itself
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interpreted to have been reactivated during D4 faulting. Serpentinite along the D4 faults 

is well foliated and commonly in contact with metasedimentary panels across a <20 cm 

thick zone of talc-schist. Metasedimentary rocks in the hanging wall of D4 faults are 

locally well foliated; limestone is locally altered and deformed to mylonitic marble.

D5 faults are high angle, low displacement and cut all earlier structures. The 

faults are commonly near vertical and generally trend northeast-southwest. Hematitic 

fault breccia zones up to 10 metres wide locally mark the D5 faults.

KING ARCTIC JADE MINE

King Arctic.Jade Mine lies immediately west of the Robert Campbell Highway 

approximately 25 km north of the Nahanni Range Road junction, and south of Frances 

Lake (Figure 3-1). The deposits occur along an east-facing slope overlooking the Frances 

River Valley.

First staked in 1964, the claims around King Arctic were explored through the 

1970’s and then mined from 1988 to 1994 (MINFILE 105H 014; Deklerk and Traynor, 

2004). Over 100 tonnes of jade was removed from the site. There is no current jade 

production from the region.

GEOLOGICAL SETTING OF NEPHRITE JADE AT KING ARCTIC

In the immediate vicinity of the King Arctic Jade Mine, D4 faults bound a 3 

km2 region of serpentinite structural melange (Figure 3-2). At the southern end of the 

region, immediately south of the major nephrite occurrences, a high-angle northeast- 

trending fault transects a southeast-dipping D4 fault panel of metasedimentary rocks of 

the King Arctic and Money Creek formations. The fault is well-exposed in the cliff-face 

immediately south of the King Arctic working face, and terminates against the overlying 

metasedimentary fault panel to the west.

The King Arctic region serpentinite melange is well foliated and is host to blocks

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



F  Devine, M.Sc. thesis Nephrite, King Arctic region - CHAPTER 3  98

and lenses of the Mississippian to Lower Permian chert, limestone, and metaclastic 

rocks which occur as rounded blocks 1 metre to 100 metre in diameter and also as 

lenses down to 1 metre width and 10’s of metres long. Limestone lenses are twisted and 

boudinaged, chert and metaclastic rocks are rounded to subangular. Melange formation 

occurred during D4 faulting. Metasedimentary rocks are similarly incorporated into D4 

serpentinite fault panels regionally.

NEPHRITE DEPOSITS

The King Arctic nephrite jade deposits occur along D4 faults that juxtapose 

serpentinite with metasedimentary rocks of the White Lake and King Arctic 

formations. Nephrite lenses are closely spatially associated with calc-silicate alteration 

(rodingitization) and are interpreted to have formed during D4 faulting.

Nephrite and its structural relationships to adjacent rocks are best exposed at two 

localities: the ‘Working Face’ and the ‘Upper Quarry’, described below. Most nephrite 

was mined from the Working Face.

Working Face

The nephrite lenses in the King Arctic working face area occur along D4 faults 

that juxtapose King Arctic metasedimentary rocks with serpentinite (Figure 3-4). The 

King Arctic formation rocks are generally conglomerates and bedded lithic arenites, 

interpreted to represent the lower part of the King Arctic formation. The most significant 

lens occurs along a D4 fault with metasedimentary rocks in the hanging wall and 

serpentinite in the footwall. It is up to 3 metres in width and continuous for at least 10 

metres in length and occurs over a strike length o f-100 metres along the D4 fault.

More broad exposure at the Working Face reveals significant structural disruption 

of serpentinite and alteration products along the D4 faults. White rodingite lenses are 

incorporated into sheared serpentinite along the fault contacts with metasedimentary
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rocks (Figure 3-5).

Nephrite at the working face includes poor-quality white to green semi-nephrite 

(including coarse, prismatic tremolite), well-foliated nephrite, to high-quality translucent 

apple to dark green true nephrite (fine-grained tremolite with felted texture). Inclusions 

of picotite (Cr-spinel) are common within nephrite (Figure 3-6a).

Upper Quarry

The upper quarry is located at the highest point in the region, above the 

King Arctic mine working face (Figure 3-2). In August of 2003, the test pit was 

approximately 8 x 5  metres and 2 metres deep and located along a shallowly west- 

dipping D4 fault that separates serpentinite in the footwall from White Lake and King 

Arctic formation metasedimentary rocks in the hanging wall. The pit lies along the 

eastern side of the resistant metasedimentary hanging wall and exposes a 2 metre wide 

transition across the Ca-metasomatically altered zone in the immediate hanging wall of 

the underlying D4 fault.

The hanging wall metasedimentary rocks are folded by shallowly west-dipping, 

north-vergent tight, recumbent D2 folds, and the rocks are moderately foliated by 

D2-related deformation. The exposed Ca-metasomatised zone occurs above the D4 

fault where it cuts King Arctic green chert pebble conglomerate overlying White Lake 

formation limestone. The conglomerate occupies the core of a synform that folds the 

King Arctic basal unconformity.

The section in the quarry pit wall shows increasing Ca-metasomatism downwards 

towards the D4 fault (Figure 3-7). Unaltered King Arctic formation chert-pebble 

conglomerate transitionally changes into rodingite-altered conglomerate. Coarse-grained, 

prismatic tremolite-rock and nephrite occur across a well-foliated rodingite domain. 

Serpentinite is not exposed but underlies the nephrite at the base of the pit.

Rodingitized metasedimentary rocks occur over an interval of approximately 1
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metre and preserve primary conglomeratic texture (Figure 3-6b). Clasts are preferentially 

replaced by different Ca-minerals; by symplectic pseudomorphs of fine grained masses of 

clinozoisite or tremolite with hydrogamet as anhedral patches within tremolite domains, 

as well as domains of coarse-grained tremolite and wollastonite (Figure 3-7).

The Ca-metasomatised conglomerate is bounded below by a strain zone in the Ca- 

altered rocks. Rodingite is well foliated and highlystrained with black and white-striped 

< mm-scale mylonitic bands which correspond to varying concentrations of fine-grained 

tremolite and epidote/clinozoisite. The foliation is cut by <mm-scale veinlets that are 

undeformed but host the same mineral assemblage.

Below the strain zone, milky white tremolite rocks with relatively coarse, 

prismatic tremolite are mingled with translucent green nephrite to semi-nephrite (Figure 

3-7).

Other nephrite occurrences

Rodingite-altered rocks and semi-nephrite are locally found in other parts 

of the King Arctic region. Rodingite alteration is found along the margins of some 

metasedimentary rocks within serpentinite. Some melange blocks are completely 

rodingitized (Figure 3-8). Occurrences outside of the King Arctic region melange are 

few. However, a rodingite lens 5 metres long, with talc and tremolite-rock along its 

boundaries was found to the south of the King Arctic region, in a different serpentinite 

sheet. Contacts of the alteration zone around the lens are gradational with serpentinite 

over several centimeters.

DISCUSSION 

Nephrite formation: structural and fluid controls

The association of nephrite, rodingite alteration, and deformation and
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serpentinization of ultramafic rocks is known from other metasomatic nephrite deposits 

(Learning, 1978; O’Hanley, 1996; Prokhor, 1991; Simandl et al., 2000). Fluid circulation 

along major structures aids the metasomatic chemical transfer of silica from wall rock 

metasedimentary or igneous rocks, and Ca from serpentinized ultramafic rocks (Karpov 

et al., 1987). Rodingitization is the result of silica removal and calcium addition to wall 

rocks adjacent to faulted contacts with serpentinized ultramafic rocks. Nephrite forms 

locally in this metasomatic environment, generally thought to be the product of silica 

addition to ultramafic rocks with Ca liberated from clinopyroxene during serpentinization 

(Prokhor, 1991).

Nephrite and associated rodingite alteration in the King Arctic region fit well 

within this genetic model for metasomatic nephrite formation. Structural relationships 

and textures demonstrate that nephrite formed synchronously with, and as a result of 

imbricate D4 faulting. All nephrite occurrences lie directly along D4 faulted contacts 

between metasedimentary rocks and serpentinite, and nephrite itself is locally foliated by 

a D4-related fabric. Given the strength of nephrite, relative to adjacent serpentinite, the 

foliation of nephrite implies formation during D4 faulting. Also, at the Upper Quarry, 

sheared rodingite is cross-cut by undeformed veinlets containing the same Ca-silicate 

mineral assemblage, evidence of deformation accompanied by alteration.

The metasomatic reaction domains hosting rodingite and nephrite in the King 

Arctic region are the product of metasomatic exchange along D4 faults. The relationships 

at the Upper Quarry show a transition from wall rock to rodingite-altered wallrock to 

nephrite to serpentinite (Figure 3-6). Similar lithological and structural relationships are 

found around other metasomatic nephrite deposits; for example in many of the nephrite 

deposits in British Columbia (Learning, 1978; Simandl et al., 2000), as well as in East 

Sayan, Russia (Prokhor, 1991).

Significant in the relationships demonstrated at the Upper Quarry is the presence 

of a shear zone between the rodingitized hanging wall rocks and nephrite (Figure 3-6).
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The D4 fault is mapped below the nephrite lens, within serpentinite; however, shearing 

may have first occurred along the rodingite shear zone and subsequently been transferred 

downwards into the serpentinite following nephrite formation.

Nephrite protolith

A serpentinite protolith for nephrite has been demonstrated in other metasomatic 

nephrite occurrences, based on stable isotope characteristics (Yui and Yeh, 1988), 

chemical composition (Learning, 1978), and gradational contacts of nephrite and 

serpentinite (Simandl et al., 2000). The diagnostic felted texture of nephrite is also 

interpreted by some authours to reflect original serpentinite textures (O’Hanley, 1996). 

Similarly, nephrite in the King Arctic region preserves evidence of an ultramafic 

protolith. Relict picotite (Cr-spinel) grains in nephrite and the high Ti-content of nephrite 

(Learning, 1978) are likely inherited from an ultramafic precursor. Also, the structural 

relationships at the Upper Quarry also indicate an early fault contact between the 

nephrite protolith and hanging wall rocks; possibly an early D4 fault juxtaposing footwall 

ultramafic rocks and hanging wall metasedimentary rocks.

The silica and calcium sources for King Arctic nephrite formation may have been 

the wall rock metasedimentary rocks, and the serpentinized ultramafic rocks, respectively. 

Another possible calcium source in the King Arctic region is limestone of the White Lake 

formation. Nephrite occurrences are spatially associated with White Lake formation 

limestone and the lower King Arctic formation metaclastic rocks stratigraphically 

immediately above the White Lake formation. However, the importance and role, if 

any, of White Lake formation limestone to nephrite genesis is uncertain. The spatial 

relationship may simply be coincidental as many serpentinite-metasedimentary contacts 

in the King Arctic region that transect limestone do not host nephrite.
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Future nephrite discoveries in Yukon

The Campbell Range is prospective for future nephrite discoveries. D4 fault- 

bound bodies of serpentinite of the Klatsa metamorphic complex extend to the north. The 

Tuchitua nephrite deposits occur approximately 50 km to the north, in a similar structural 

position as the King Arctic occurrences, in fault contact with possible White Lake 

formation correlative rocks (F. Devine, field observations). Nephrite is also reported 

from the Simpson Lake region, approximately 50 km south and along strike of the 

Campbell Range (Mclsaac, 2000).

Other parts of the Finlayson Lake belt are also prospective for nephrite. The 

Lady Lee occurrence in the western Finlayson Lake belt (MINFILE 105G 114; Deklerk 

and Traynor, 2004) is associated with a different package of ultramafic rocks, part 

of the Cleaver Lake formation. It should be reiterated that nephrite formation is a 

function of structurally dynamic metasomatic processes and is not necessarily tied to 

specific ultramafic units. Other ultramafic-bearing terranes in Yukon are therefore also 

prospective for nephrite.

CONCLUSIONS

Nephrite jade at the King Arctic Jade Mine formed during fault-controlled 

alteration of serpentinite along D4 faulted contacts with White Lake group and King 

Arctic formation metasedimentary rocks. Key geological relationships and conclusions 

related to the origin of nephrite are as follows:

1) Major nephrite lenses in the King Arctic region lie along D4 faults separating 

footwall serpentinite from hanging wall King Arctic formation metasedimentary 

rocks.

2) Exposed contacts show a metasomatic progression from unaltered 

metasedimentary rocks to rodingite separated from nephrite across a shear zone in 

rodingite. Serpentinite underlies the nephrite.
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3) Nephrite formed syn-D4 faulting; nephrite and rodningite are foliated and occur 

exclusively along D4 faults.

4) The protolith of nephrite is inferred to be ultramafic rock, based on picotite 

inclusions in nephrite, and the sheared relationship between rodingitized hanging 

wall metasedimentary rocks and nephrite.
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FIN LAYSO N  LAKE BELT
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[ | Yukon-Tanana Terrane

Slide Mountain Terrane and 
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YUKON

Fig. 3-2 
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s o u t h e r n  

C a m p b e l l  R a n g e

North American Continental Margin Sequence

Figure 3-1. Location map of the King Arctic Jade Mine in the southern Campbell Range, 
southeastern Finlayson Lake belt, southeastern Yukon.
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Figure 3-2. Geological map and cross section of the King Arctic Jade Mine region. 
Cross section is 1.5x map scale.
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Kina A rctic form ation
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Chert - Green, locally pink, ribboned

jj. Nephrite jade occurences occur near the 
limestone-conglomerate contact associated 
with serpentinite along D4 faults.

Figure 3-3. Schematic stratigraphy of the southern Campbell Range metasedimentary 
rocks. Unit thicknesses are not to scale, and ages are based on regional constraints and 
correlations with dated units elsewhere in the Finlayson region (age data in Murphy et al., 
2005, Chapter 1). From Chapter 1.
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King Arctic formation

^ t S ^ v N e p h r i t e

Serpentin ite .
V

m

Figure 3-4. Jade contacts near the Working Face at the King Arctic mine. Jade 
(nephrite) occurs along the D4 faulted contact between serpentinite (below) and King 
Arctic formation clastic rocks (above).

Figure 3-5. Serpetninite-King Arctic formation faulted contact immediately south of the 
King Arctic Working Face. The Working Face nephrite lenses occur along the upper (left 
in this photo) side of this serpentinite sheet. In this photo, foliated serpentinite is host to 
syn-D4 blocks of rodingite (tremolitite) along the fault.
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Figure 3-6. Photomicrographs of a) semi-nephrite and b) rodingitized King Arctic 
formation conglomerate.
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King A rctic  U ppery  Q uarry  
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Figure 3-7. In-situ nephrite at the King Arctic Upper Quarry. The upper photo is taken 
approximately 1 metre above the lower photo at the same outcrop, a) Rodingitized King 
Arctic formation green chert pebble conglomerate, b) Nephrite lies below the rodingite 
altered zone across a highly attenuated rodinite zone. The D4 fault may have originally 
separated serpentinite and metasedimentary rocks but moved progressively downwards 
during nephrite formation. Serpentinite lies below nephrite, in the footwall of the present 
D4 fault.
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Figure 3-8. Rodingite pod within serpentinite south of the King Arctic Jade Mine, near 
location 3 on Figure 3-2. Reid Kennedy for scale.
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CHAPTER 4 

Summary of Conclusions

Yukon-Tanana terrane rocks in the southern Campbell Range display a wide variation 

in metamorphic and geological histories, the result of formation in disparate parts of the 

Yukon-Tanana terrane arc during different phases of arc development and deformation. 

Relict high-pressure eclogite facies metamorphic mineral assemblages are preserved in 

rocks of the Klatsa metamorphic complex; these are interpreted to have formed and been 

exhumed along the western margin of Yukon-Tanana terrane in the Early Mississippian. 

Upper Mississippian to Lower Permian metasedimentary rocks have mineral assemblages 

reflecting at most lower greenschist facies metamorphism. The definitions, metamorphic 

history and structural amalgamation of Yukon-Tanana terrane rocks in the southern 

Campbell Range are summarized chronologically below.

1) Upper Mississippian to Lower Permian metasedimentary rocks in the southern 

Campbell Range can be divided into four separate units. From oldest to 

youngest these are: the Serpukovian White Lake formation chert and limestone, 

unconformably overlying King Arctic formation conglomerate, Pennsylvanian 

limestone; and Early Permian heterolithic Money Creek formation.

2) The Klatsa metamorphic complex comprises, in order of decreasing abundance: 1) 

a mafic-ultramafic member which includes serpentinized ultramafic rocks and co- 

magmatic leucogabbro, 2) a layered schist member composed of quartz-muscovite 

schist and interfoliated metabasite lenses, 3) blocks of amphibolite contained 

within serpentinite, 4) phyllite-matrix melange including orthoquartzite and chert.

3) The protolith of the mafic-ultramafic unit is a ca. 368 Ma mafic-ultramafic 

intrusive assemblage, coeval with earliest arc volcanism in Yukon-Tanana terrane. 

The protolith of the layered schist member is an Early Paleozoic succession of 

sandstone or siltstone with mafic flows or intrusions. The former contains zircons
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with detrital cores that indicate a cratonic source, possibly the North American 

continent. Constrained to be younger than ca. 473 Ma, the metabasite lenses 

may be related to early extensional arc magmatism. Trace element geochemistry 

reveals two geochemical suites within the metabasites: Suite 1 with N-MORB 

character, and Suite 2 with an inferred arc basalt protolith that has been affected 

by crustal contamination. The schists may be a block of Yukon-Tanana terrane 

basement or second-cycle sedimentary rocks derived therefrom.

4) The layered schists unit of the Klatsa metamorphic complex grew metamorphic 

zircon at ~353Ma, syngenetic with an eclogite facies mineral assemblage.

5) Rapid exhumation of the Klatsa metamorphic complex immediately followed 

eclogite-facies metamorphism. The layered schists cooled through 350°C by 353 

Ma, immediately following eclogite- facies metamorphic zircon formation.

6) The Klatsa metamorphic complex was thrust over the Money Creek formation 

along the Cleaver Lake thrust fault, during Early Permian shortening of Yukon- 

Tanana terrane in the Finlayson Lake belt. The Cleaver Lake thrust fault restores 

to a frontal arc position within the Mississippian Yukon-Tanana arc. Association 

of the Klatsa metamorphic complex with the Cleaver Lake thrust sheet implies 

formation and exhumation of the complex along the western margin of the arc, 

prior to eastward structural transport in the Early Permian.

7) Five regional structural events, post Klatsa metamorphic complex emplacement, 

are recognized in the southern Campbell Range: D l, D2) northeast-vergent tight, 

overturned folding, D3) broad east-west-trending folding, D4) thrust to high-angle 

reverse faulting, imbricating all units, and D5) north- to northeast-striking high 

angle, low displacement faulting.

8) Nephrite jade at the King Arctic Jade Mine formed from a serpentinite protolith 

through metasomatic exchange with metasedimentary rocks along D4 faults 

during fault displacement.
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The Klatsa metamorphic complex, defined in the southern Campbell Range, is interpreted 

to correlate with other Mississippian eclogite-bearing rocks in the Stewart Lake 

klippe. Together these two occurrences are the only currently recognized evidence of 

a Mississippian subduction zone in Yukon-Tanana terrane. However, future studies 

should examine schists previously thought to be stable basement in Yukon-Tanana terrane 

for evidence of high-pressure metamorphism. The extent of the Klatsa metamorphic 

complex may be much greater than previously recognized.
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APPENDIX I 
U-Pb geochronology of rhyolite east of the Jules Creek fault

I  B«  r-.

8 ^ 
^  -H 
.O  . •a. «

XS /-vft. o

b
o '

a o E 
E

eu

£  E

E«CO

r r  

-  6
o  r -  oo

r -  o  o  oo cq oo
o  — —’ o ’ —' o ’
C\ T  VO

»n «n so
(N N  N  N

oo oo r -  \o  r4
CN Tj* CS —• v© —

00 — 
•O J/->-- ^  lo JO I/-")

JO JO 
OO Os 
OO 00 
<N <S

(N 00 (S

«  -  0 \ n
Os Os OO OS(N N  Ct N

m  os Os vo

0 0 0 3 ,
<0 VO —« Os
CO O  so O
©  — ©  —

* n  r *  j o  vq  <n  vq
«  <S N N c i *•

Os JO so
vd jo jo—* JO —

f t  g  -  -
os 2  h* 00
CO 2  fO VO

— o <N rs
4- -7 Os

■/% JO 
2 2
< m o

VO VO JO JO
2
u

eu

3 •-
u  -E cr° - o*rs -i«J •—

& t

x> Z

*€ 3  
,2

a  a. o ^
£  sQ. -2J/J JO

8 .  t  t
Z  E

quartz-phyric rhyolite 
03FD388-1 

259.6 ± 1.2 Ma
a

2 6 4So
D

2 6 0

£
D- O

3o 2 5 6 ,

2 5 2

JA
a
8o

0.275 0.287 0.299

2°7Pb/ 235 U
Figure A l. U-Pb concordia diagram.

Flow -banded quartz-phyric rhyolite w hich is 
spatially associated w ith the Fortin Creek group w as sampled  
for U -Pb zircon TIMS analysis, conducted at the Pacific 
Centre for Isotopic and G eochem ical R esearch (PCIGR) 
at the U niversity o f  British Columbia. A nalytical m ethods 
are described in A ppendix II. The contacts o f  the rhyolite 
w ith the Fortin Creek group metasedimentary rocks are not 
exposed; how ever, the rhyolite must unconform ably overly  
the Fortin Creek group metasedimentary rocks w hich have an 
upper age lim it o f  M iddle Permian (Murphy, NATM AP).

O nly a small amount o f  zircon w as recovered from  
the sam ple. It com prised square, stubby, prismatic grains 
with sim ple terminations. The grains w ere clear and colorless 
and contained scattered clear, bubble-shaped inclusions but 
no evidence o f  inherited cores. A ll grains > 7 4  microns in 
diameter w ere picked, abraded together, and then split into 
six  fractions prior to dissolution. Two o f  the coarsest grains 
remaining w ere analyzed as single grains, and the others 
were separated on the basis o f  grain size. A ll six  fractions 
fall on or near the concordia curve (Figure A l) .  Three o f  the 
fractions (B , D  and F) y ield  overlapping concordant analyses 
w ith a total range o f  206Pb/238U ages o f  259 .6  ±  1.2 M a, which  
is interpreted to be the crystallization age o f  the sam ple. The 
remaining three fractions give slightly younger 206Pb/238U  ages 
and are interpreted to have suffered minor post-crystallization  
Pb-loss effects that w ere not com pletely elim inated by the 
abrasion.

A  Late Permian U-Pb age supports correlation o f  the 
rhyolite w ith M iddle to Late Permian volcan ic and magm atic 
rocks described regionally w ithin the Finlayson Lake region  
and in western Yukon called the K londike schist (M urphy et 

al., 2005).
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APPENDIX II
Analytical Methods 

Geochemistry analytical methods

Samples were trimmed to remove weathered edges and large areas of alteration and 
quartz-carbonate veining, and were pulverized using a steel jaw crusher and steel mill. 
Analysis for major, minor and trace elements was completed by Actlabs in Ancaster, 
Ontario. Major and minor elements were determined from fused disks on a Philips 
PW-2400 sequential X-ray fluorescence spectrometer following the technique of 
Norrish and Hutton (1969). Prior to fusion, the loss on ignition (LOI) was determined 
by baking of the sample at 1050°C for 2 hours. The fusion disk was made using 0.5 g 
equivalent of baked sample mixed with 5.0 g of a mixture of lithium metaborate and 
lithium tetraborate. The samples were fused in a Pt crucible, with lithium bromide as a 
releasing agent. The detection limit of all oxides was approximately 0.01wt%. Precision 
and accuracy, controlled by submitted and in-house pulp duplicates and standards was 
generally better than 1 and 1.4 % for all oxides, except K20  which was as high as 15% 
and 18.3, respectively, and Na20  at 5.6% and 5.3, respectively. Rare earth elements and 
other trace elements in sample splits were analyzed on a Perkin Elmer SCIEX ELAN 
6000 ICP-MS following lithium metaborate/tetraborate fusion. The precision and 
accuracy of analyses was calculated with respect to duplicate analyses and reference 
standards, respectively, and was better than 10% for elements not near detection limits. 
Exceptions are Cu, Zn, Ge, Sn, La, Ce, Pr, Hf, Ta, T1 and Pb which generally had 
better than 20% accuracy and precision, but up to 40 and 55% accuracy for Nb and Sb, 
respectively.

U-Pb SHRIMP analytical methods

Five to 15 kg samples for U-Pb zircon analysis were prepared at Carleton University, 
Ottawa, Canada. Heavy minerals from ground samples were concentrated using a Rogers 
table™ followed by heavy mineral separation using methylene iodide. The washed and 
dried heavy mineral concentrate was further separated into multiple magnetic fractions 
using a Frantz™ isodynamic magnetic separator.

Selected, representative zircon grains from each sample were picked from all magnetic 
fractions and cast in an epoxy grain mount (IP326) along with fragments of GSC 
laboratory zircon standard z6266 which, has a 206Pb/238U age of 559 Ma, standard Temora 
(z6449) with an age of 416.8 Ma, and Fish Canyon tuff (z5567) with an age of 28.4 
Ma. Grinding and polishing with 9, 6, and 1 pm diamond compound revealed sections 
through the grain centres. The mount was carbon coated and imaged with a Cambridge 
Instruments scanning electron microscope with a cathodoluminescence detector at 
the Geological Survey of Canada, Ottawa, in order to characterize zircon textures and 
identify internal growth zones within zircon. Potentially different growth domains in 
zircon were identified and grouped pre-analysis based on relative luminescence, internal

128

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



F. Devine, M.Sc. thesis A nalytical Methods - Appendix 11 129

zoning patterns, and boundary characteristics between domains. Age, Th/U ratios, and Y 
content of individual domains provided a post-analysis check on the group assignments. 
The grain mount was then coated with approximately 10 nm of high purity Au in 
preparation for SHRIMP analysis. Transmitted and reflected light photos of the grain 
mount were used for navigation during SHRIMP analysis and to identify fractures and 
inclusions within grains. Inclusions in zircon were identified on the GSC Cambridge 
Instruments scanning electron microscope and the Camebax MBX electron microprobe at 
Carleton University.

U-Pb analyses were carried out using the GSC sensitive high-resolution ion microprobe 
(SHRIMP II). A 160" primary beam transmitted through a 120pm aperture created an 
ellipse approximately 23 pm in long dimension on zircon grain surfaces. Count rates of 
eleven isotopes of Zr+, U+, Th+, Pb+ and Y3+ in zircon were sequentially measured over 5 
scans with a single electron multiplier and a pulse counting system. Analytical and data 
reduction procedures follow those described in Stem (1997). Isotopic Pb/U ratios were 
corrected by reference to the standard zircon (Z6266) and isotopic ratios reported in Table 
2-2 incorporate a ± 1.1 % error in calibrating the standard zircon (see Stem and Amelin, 
2003). Common Pb correction used the 207Pb method. Isoplot v. 3 was used to calculate 
weighted means.

U-Pb TIMS analytical methods

Zircon was separated from a -15 kg sample using conventional crushing, grinding, 
Wilfley table, heavy liquids and Frantz magnetic separator techniques. U-Pb analyses 
were done the Pacific Centre for Isotopic and Geochemical Research (PCIGR) at the 
University of British Columbia. The methodology for zircon grain selection, abrasion, 
dissolution, geochemical preparation and mass spectrometry are described by Mortensen 
et al. (1995). All fractions were air abraded (Krogh, 1982) prior to dissolution to 
minimize the effects of post-crystallization Pb-loss. Procedural blanks were 2 pg for 
Pb and 1 pg for U. U-Pb data are plotted on a conventional U-Pb concordia diagram in 
Figure Al of Appendix I. Errors attached to individual analyses were calculated using the 
numerical error propogation method of Roddick (1987). Decay constants used are those 
recommended by Steiger and Jager (1975). Compositions for initial common Pb were 
taken from the model of Stacey and Kramer (1975). All errors are given at the 2 sigma 
level.

Only a small amount of zircon was recovered from the sample. It comprised square, 
stubby, prismatic grains with simple terminations. The grains were clear and colorless 
and contained scattered clear, bubble-shaped inclusions but no evidence of inherited 
cores. All grains >74 microns in diameter were picked, abraded together, and then 
split into six fractions prior to dissolution. Two of the coarsest grains remaining were 
analyzed as single grains, and the others were separated on the basis of grain size. All 
six fractions fall on or near the concordia curve (Figure A 1, Appendix I). Three of 
the fractions (B, D and F) yield overlapping concordant analyses with a total range of 
206Pb/238U ages of 259.6 ±1.2 Ma, which is interpreted to be the crystallization age of
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the sample. The remaining three fractions give slightly younger 206Pb/238U ages and 
are interpreted to have suffered minor post-crystallization Pb-loss effects that were not 
completely eliminated by the abrasion.

40Ar/39Ar analytical methods

Laser 40Ar/39Ar analysis of samples from the Klatsa metamorphic complex was carried 
out at the Geological Survey of Canada laboratories in Ottawa, Canada. Crushed samples 
were sieved, rinsed and dried. Hand-picked white mica separates from the three samples 
were packed in aluminum foil for irradiation at the McMaster University reactor, Canada, 
using the Fish Canyon Tuff sanidine as a flux monitor (apparent age of 28.03 ±0.1 Ma; 
(Renne, 1994). These packets were placed, along with other samples bearing FCT-SAN, 
into six tubes arranged radially around an aluminium can 40 mm><19 mm in diameter. 
Samples were irradiated in central core position 5C with a resulting J-factor ranging from 
0.00260 to 0.00290. Variation in J-factor is corrected for by utilising the approximately 
10 packets per tube to interpolate along the length of the can.

Following irradiation, samples were split into two aliquots and loaded into individual 
holes in a copper planchet where they were heated and analysed separately. Step- 
heating was carried out with a 10W New Wave Research C02-laser with a ca. 200 m 
flat field lens. The beam was panned across grains to maintain even heating. Following 
gas extraction, argon was purified for 7 minutes using a SAESAP10 getter, operated at 
400°C. Isotopic analysis was carried out using a VG3600 noble gas mass spectrometer 
with a secondary electron multiplier detector. The mass spectrometer scanned peaks at 
masses 36, 37, 38, 39 and 40, and measured background values. Peaks were measured 
twelve times at each step, and peak intensities were extrapolated back to the inlet time by 
linear regression. Blank levels were determined by running the system in the same way 
as for a sample analysis but without operating the laser. Blank corrections were made by 
averaging the values obtained during each day of analysis. Average blank levels were 
40Ar = 7 x 10-12cc,39Ar = 1 x 10-14cc,36Ar =1 x 10-13cc. Complete analytical results 
are presented in Table 2-3.

Data from both aliquots of each sample are plotted on a single step-heating gas-release 
plot, normalized to the total volume of 39Ar for both aliquots (Figure 2-12). This plot 
displays the heating profiles produced, as well as a rough measure of sample size for 
each aliquot, and permits the visual comparison of the plateaus from aliquots of the same 
sample. The data are also combined onto correlation plots (Roddick et al., 1980) for 
presentation because of the presence of excess 40Ar in some samples. Error in J-factor 
(± 0.60%, 2 ), as conservatively estimated from replicate analysis and cross-calibration 
of FCT-SAN (Daze et al., 2003), is applied to the final age determination, but uncertainty 
in the age of the monitor is not. In calculating ages for plateaus for each aliquot and for 
determining the fit on the inverse isochron plot for each aliquot, low gas volume steps 
at the beginning and end of the run were omitted when they displayed large volumes of 
excess Ar or did not lie on the plateau.
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APPENDIX III 
Selected mineral analyses from units in the southern Campbell Range

KLATSA METAMORPHIC COMPLEX  
_____________________________________ LAYERED SCH IST S____________________________________

GARNET - T ra n se c t 1 (Figure xx.)
S am ple  (03FD): 039*3 039*3 039*3 039*3 039*3 039*3 039*3 039*3 039*3 039*3 039-3 039*3 039*3 039*3 039*3
Analysis No.: 393-1 393-2 393*3 393*4 393-5 393-6 393-7 393-8 393-9 393*10 393-11 393*12 393-13 393-14 393-15
Comment:________ RIM ^  — —  CORE ----------   r im

S i02 38.44 38.74 37.79 37.94 39.64 36.49 37.82 37.73 38.00 38.06 38.05 38.46 38.56 38.73 38.66
AI203 21.78 21.75 21.47 21.58 22.50 21.71 21.47 21.21 21.24 21.50 21.57 21.53 21.56 21.94 21.94
Ti02 0.16 0.02 0.04 0.08 0.09 0.08 0.11 0.15 0.14 0.10 0.12 0.15 0.14 0.08 0.08
C r203 0.27 0.17 0.19 0.19 0.19 0.21 0.09 0.10 0.06 0.06 0.03 0.11 0.06 0.10 0.03
FeO 22.23 22.52 25.03 23.92 24.25 24.51 25.57 25.44 25.64 25.81 26.23 23.88 23.46 22.90 23.70
MnO 0.60 0.74 1.04 1.20 1.10 1.39 1.53 1.47 1.31 1.37 1.17 0.82 0.62 0.41 0.36
MgO 5.13 5.02 3.16 3.81 4.51 3.59 2.39 3.12 2.83 2.74 2.73 4.31 4.88 5.72 6.11
CaO 12.38 11.67 11.96 11.85 11.54 11.72 11.96 11.50 12.00 11.89 11.79 12.12 12.12 11.36 10.20
N a20 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03
TOTAL 100.99 100.63 100.68 100.57 103.82 101.70 100.94 100.72 101.22 101.53 101.69 101.38 101.40 101.24 101.33

Fe/(Fe+Mg) 0.81 0.82 0.89 0.86 0.84 0.87 0.91 0.89 0.90 0.90 0.91 0.85 0.83 0.80 0.80

NOTES: GARNET - T ran sec t 2 (Figure xx.) Inclusions in zircon
incl.Met. = g a rn e t inclusion S am ple (03FO): 039-3 039*3 039*3 039*3 039*3 039*3 039-3 039*3 039*2 039-2
within m etam orphic zircon Analysis No.: 393-26 393-26 393*26 393-26 393*26 393*26 393*26 393*26 392-62 392-64

Comment: CORE - —  RIM Incl.Met. Incl.Met.

SI02 38.24 37.79 37.41 37.37 38.03 38.08 37.94 38.41 39.00 39.14
AI203 21.00 20.45 20.83 21.16 21.33 20.85 21.17 21.26 23.02 21.88
Ti02 0.10 0.10 0.14 0.12 0.08 0.10 0.08 0.05 0.08 0.08
C r203 0.06 0.08 0.03 0.05 0.00 0.01 0.03 0.05 0.00 0.07
FeO 24.82 24.98 24.63 24.29 24.91 25.11 24.73 23.02 24.35 23.84
MnO 2.20 2.32 2.35 1.89 1.69 1.23 0.97 0.79 0.55 0.43
MgO 2.20 2.12 2.09 2.70 2.89 3.40 3.43 4.58 4.22 4.80
CaO 12.41 11.95 11.95 11.49 11.80 11.35 11.91 12.23 9.26 10.43
N a20 0.03 0.05 0.07 0.05 0.04 0.03 0.03 0.02
TOTAL 101.06 99.84 99.50 99.12 100.77 100.16 100.29 100.41 100.48 100.67

Fe/(Fe+Mg) 0.92 0.92 0.92 0.90 0.90 0.88 0.88 0.83 0.85 0.83

S cann ing  electron 
m icroscope (SEM) 
b ack sca tte r im ag es  of 
g a rn e ts  in m etabastite

4%

E lem ent zoning 
profiles along 
g arn e t tran sects  
1 an d  2

M etabasite G arnet 1 (03FD039-3) 

G arnet T ran sec t 1 (03FD039-3)

Ca

-Fe

-Mg-

a
o
a

Mn

o
RIM* CORE -RIM
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M etabasite Garnet 2 (03FD039-3) 

G arn et T ransect 2  (03FD039-3)
ia

Ca
ia

A
30

Fe20

24
73
20
10

.Mg.8
0

2
O

Mn
a

o
C O R E - “ RIM
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KLATSA METAMORPHIC COMPLEX  
LAYERED SCH ISTS

Sam ple (03FD): 
Analysis No.: 
Comment: 
Classification:

039-3
393-16

CM
actinolite

039-3
393-17

CM
actinolite

039-3
393-20

M
actinolite

AMPHIBOLE
039-3

393-21
M

actinolite

039-3
393-22

CM
actinolite

039-3
393-23

S
actinolite

039-3
391-1

CM
Ma-hbl

039-3
391-2
RCM

actinolite

039-3
393-55

M
actinolite

048-1 b 
481-61 

S
actinolite

SI02 53.94 54.60 54.33 53.44 55.15 54.14 52.55 52.18 53.99 51.80
AI203 4.26 4.60 4.55 6.04 1.81 4.17 6.17 5.11 2.39 3.61
T102 0.06 0.06 0.07 0.22 0.00 0.07 0.09 0.08 0.03 0.04
Cr203 0.06 0.03 0.05 0.05 0.00 0.06 0.05 0.06 0.04 0.06
FeO 5.92 6.35 8.19 7.57 10.72 11.42 7.16 13.30 15.05 15.27
MnO 0.02 0.05 0.07 0.04 0.21 0.26 0.03 0.27 0.22 0.48
MgO 18.84 18.62 17.81 17.17 16.37 14.85 17.54 13.73 13.67 13.34
NIO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
K20 0.43 0.53 0.27 0.29 0.07 0.28 0.42 0.17 0.12 0.14
CaO 11.31 11.22 11.48 10.41 12.98 12.72 11.28 12.88 12.60 12.62
N a20 1.56 1.78 1.49 1.99 0.17 0.37 1.86 0.59 0.31 0.43
Cl 0.00 0.00 0.01 0.00 0.00 0.00 0.02 0.01 0.00 0.01
F 0.51 0.40 0.14 0.19 0.00 0.06 0.25 0.03 0.04 0.00
TOTAL 96.93 98.24 98.46 97.41 97.48 98.40 97.42 98.41 98.46 97.80

Sample(Q3FDy.
Analysis No.: 
Comment:

EPIDOTE
039-3

393-18
M

039-3
393-35
winGar

048-1b
481-59

M

S am ple (03FD): 
Analysis No.: 
Comment:

FELOSPAR
039-1
391-4

albite - vein

039-3
393-56
K-soar

048-1
481-60

albite

Sam ple (03FD): 
Analysis No.: 
Comment:

CHLORITE 
039-3 039-3 

393-34 393-55 
winGar ChlwM

044-1
411-4

ChlwM

056-1
561-74
ChlwM

SI02 38.58 36.58 39.04 SI02 68.57 65.59 67.47 SI02 25.46 26.48 25.74 26.02
AI203 25.98 26.73 27.25 A1203 19.77 18.56 20.31 AI203 19.85 20.05 20,12 21.26
TI02 0.35 0.12 0.05 Fe203 0.06 0.05 0.31 Ti02 0.07 0.04 0.04 0.24
Cr203 0.04 0.02 0.07 K20 0.11 16.34 0.05 Cr203 0.03 0.03 0.00 0.27
F e2 0 3 10.23 9.40 9.18 CaO 0.81 0 0.15 FeO 28.35 27.78 29.40 26.00
MnO 0.12 0.38 0.15 N a20 11.35 0.07 11.77 MnO 0.63 0.60 0.30 0.63
MgO 0.00 0.00 0.00 BaO 0 0.27 0.12 MgO 12.78 12.25 13.33 14.30
NiO 0.00 0.00 0.00 TOTAL 100.67 100.88 100.18 K20 0.09 0.35 0.02 0.10
K20 0.02 0.02 0.01 CaO 0.15 0.05 0.03 0.10
CaO 23.98 23.73 23.74 NiO 0.00 0.00 0.00 0.00
N a20 0.01 0.04 0.00 Cl 0.04 0.01 0.02 0.05
Cl 0.00 0.00 0.02 F 0.01 0.00 0.00 0.13
F 0.00 0.00 0.00 TOTAL 87.46 87.64 89.00 89.10
TOTAL 99.31 99.02 99.51

MUSCOVITE
Sam ple (03FD): 039-3 039-3 039-3 039-3 039-3 039-1 041-1 041-1 041-1 056-1 056-1 056-1 056-1 056-2 056-2 056-2
Analysis No: 393-19 393-24 393-25 391-3193-54 391-58 411-1 411-2 411-3 561-1 561-2 561-72 561-75 562-65 562-66 562-69
Comment: ivi S CM CM CM CM MwChl AltG AltG CM CM MwChl CM Zr Ind. Zr Ind. Zr Incl.

SI02 50.71 49.64 51.18 50.81 50.84 49.56 49.44 50.40 50.14 50.14 50.87 48.60 49.47 55.36 50.24 52.89
AI203 27.60 29.16 26.35 26.70 26.12 26.91 25.14 26.50 26.24 28.74 29.19 29.23 29.34 29.95 28.54 31.06
TI02 0.29 0.17 1.02 0.86 0.89 1.10 1.31 0.92 0.41 0.84 0.56 1.19 0.79 0.47 0.58 0.44
Cr203 0.01 0.07 0.05 0.06 0.05 0.05 0.00 0.00 0.02 0.00 0.02 0.01 0.00 0.01 0.03 0.03
FeO 1.81 2.68 1.51 1.52 1.66 1.71 3.26 2.48 3.03 1.99 1.95 1.97 1.85 2.20 1.80 1.73
MgO 3.87 3.00 4.68 4.56 4.65 4.51 4.19 4.33 3.55 2.79 2.78 2.56 2.59 2.99 2.70 2.94
MnO 0.00 0.00 0.00 0.02 0.00 0.00 0.00 0.05 0.00 0.00 0.00 0.00 0.01 0.00 0.01 0.00
NiO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
K20 10.56 10.82 10.58 10.37 10.13 10.46 10.68 10.32 10.05 9.59 9.99 9.89 10.29 3.18 6.55 4.47
CaO 0.07 0.06 0.01 0.00 0.03 0.00 0.02 0.06 0.01 0.01 0.00 0.01 0.00 0.00 0.00 0.01
N a20 0.33 0.16 0.39 0.35 0.31 0.38 0.37 0.41 0.17 0.63 0.70 • • 0.31 0.54 •
BaO 0.44 0.45 0.46 0.56 0.53 0.48 0.37 0.28 0.41 0.34 0.35 * • 0.00 0.00 •
F 0.08 0.03 0.11 0.06 0.01 0.04 0.16 0.17 0.11 0.04 0.10 0.02 0.06 0.13 0.19 0.17
C! 0.00 0.04 0.05 0.01 0.00 0.00 0.00 0.00 0.00 0.01 0.02 0.01 0.00 0.01 0.02 0.01
TOTAL 95.77 96.28 96.39 95.88 95.42 95.20 94.94 95.92 94.14 95.12 96.53 93.49 94.40 94.61 91.20 93.75

Composition expressed as wt. % oxides
| | Analyses of m inerals from m etabasite
  (Campbell R ange m etam orphic a ssem blage)
| 1 A nalyses of m inerals from quartz-m uscovite schist

(Campbell R ange m etam orphic a ssem blage)

| j ' | A nalyses of m inerals included in metam orphic zircon 
Cam pbell R ange schist/m etabasite

COMMENT ABBREVIATIONS:
CM = co arse  matrix 
M = matrix 
S  = symplectite
RCM = rim to co arse  matrix am phibole 
MwChl = m uscovite intergrown with cholrite 
ChlwM = chlorite intergrown m uscovite 
AltG = within altered garnet dom ains 
winGar = within garne t 
Zrlncl. = mineral included in zircon

* not analysed

PYROXENE
Sample No. (03FD): 056-2 056-2
Analysis Num ber 562-67 562-68
Comment: Zr Incl. Zr Incl.
Classification: omDhaclte omDhacite

SI02 56.89 56.83
AI203 14.74 14.8
Ti02 0.13 0.12
Cr203 0.04 0.02
FeO 4.61 4.61
MnO 0.04 0.01
MgO 5.36 5.34
CaO 9.74 9.92
N820 9.03 8.96
TOTAL 100.58 100.61

jadeite 60.27 60.08
aegirine 1.21 0.97
Ca-Ma-Fe 38.52 38.95
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KLATSA METAMORPHIC COMPLEX  

AMPHIBOLITE
GARNET

Sam ple (03FD): 506-2 506-2 506-2 506-2
Analysis No.: 506-2105 506-2109 506-2110 506-2111
Comment:___________M_______ Rim______ Rim______ Core

SI02 38.73 37.54 38.27 37.80
AJ203 22.22 21.69 22.07 21.76
Ti02 0.10 0.04 0.03 0.14
Cr203 0.00 0.03 0.00 0.01
FeO 26.56 27.10 25.58 26.48
MnO 0.7B 0.93 0.52 0.90
MgO 4.66 4.08 4.96 3.71
CaO 9.24 9.25 9.39 10.47
TOTAL 102.29 100.66 100.82 101.27

Fe/(Fe+Mg) 0.85 0.87 0.84 0.88

Sam ple (03FD): 506-2 506-2 506-2 506-2 506-2 506-2 507-2 507-2
Analysis No.: 506-2104 506-2106 506-2107 506-2112 506-2113 506-2114 507-2115 507-2116
Comment: CM CM CM CM CM CM CM CM
Classification: magneslo- edenite edenite magnesio- ferro- edenite ferro- ferro-

hornblende hornblende actinolite_____________actinolite actinolite

SI02 45.43 45.1 45.09 46.06 53.7 44.56 53.31 52.72
AI203 11.34 11.69 11.72 8.99 0.4 12.39 0.57 0.72
Ti02 0.77 0.73 0.73 0.58 0.04 0.85 0 0.04
Cr203 0.02 0.01 0.01 0.03 0.01 0.05 0 0
FeO 15.46 15.83 15.19 14.58 20,07 15.3 20.46 20.29
MnO 0.17 0.13 0.15 0.17 0.37 0.14 0.59 0.53
MgO 10.95 10.96 11.15 12.7 10.9 10.77 10.75 11.1
NIO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
K20 0.71 0.58 0.66 0.39 0.04 0.66 0.09 0.08
CaO 11.03 11.14 11.25 11.01 12.7 11.29 12.27 12.5
N a20 1.58 1.85 1.61 1.38 0.06 1.84 0.11 0.15
Cl 0.02 0 0.01 0.01 0 0.01 0 0.02
F 0.13 0.1 0.05 0.01 0.05 0.12 0.01 0
TOTAL 97.61 98.12 97.62 97.91 96.34 97.98 98.16 98.15

SERPENTINITE

Sam ple (03FD): 
Analysis No.: 
Comment: 
Classification:

PYROXENE 
517-2 517-2 

517-2100 517-2101 
Core Core 

alumlnlan atuminlan 
chromian chromian 

w ollastonlte d looside

517-2
517-2102

Core
alumlnlan
chromian
d looside

517-2
517-2103

Core
alumlnian
chromian
dlooside

SI02 51.22 51.38 52.09 52.06
AJ203 6.8 6.97 6.82 6.19
7102 0.47 0.54 0.42 0.45
Cr203 0.93 0.94 0.94 0.99
FeO 1.92 2.05 2.12 2.31
MnO 0.1 0.07 0.08 0.1
MgO 14.62 15.64 14.9 15.08
CaO 22.33 20.69 21.41 21.41
N a20 1.17 1.31 1.24 1.27
TOTAL 99.56 99.59 100.02 99.62

enstatile 45.97 49.34 47.27 47.39
ferrosilite 3.57 3.75 3.92 4.25
wollastonlte 50.46 46.91 48.81 48.36

COMMENT ABBREVIATIONS: 
CM = coarse  matrix 
M = matrix
Core = core of crystal 
Rim = rim of crystal

* not analysed

Composition expressed as wt. % oxides
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GEOLOGICAL MAP OF THE 
SOUTHERN CAMPBELL RANGE

(NTS 105H/3 SW) 
southeastern Yukon 

(1:20 000 scale)

7 ’/
/-I > 7

LEGEND
**D ark shades o f unit colours indicate regions o f outcrop

Yukon-Tanana Terrane

MONEY CREEK THRUST SHEET

LATE DEVONIAN TO EARLY M IS S IS S IP P I  
Klatsa metamorphic complex
ymf* .

Ds

iSsgllll

serpentlnlte: bright green weathering on vegetation-free slopes, dark green and smooth on, fresh 
surfaces; < 5 % relict pyroxene phenocrysts up to 0.5 cm diameter are found locally, where 
massive cumulate texture is preserved. Green colour represents regions of metasomatic 
replacement of serpentinite to nephrite jade.

leucogabbro: grey, moderately foliated, medium- to locally coarse-grained; dark amphibole and 
white saussuritized plagioclase; blocks up to 300 m in diameter occur within serpentinite bodies

amphlbolite: fine- to medium-grained, moderately to well foliated amphibolite, garnet amphibolite, 
and plagioclase amphibole schist are found as blocks within serpentinite variably retrogressed to 
greenschist facies.

layered schist: coarse-grained heterogenous quartz-muscovlte schist with local carbonate and 
lenses of medium-grained chlorite-epidote-amphibole-garnet metabaslte up to 5 m thick. The 
metabasite contains chloritized garnet porphyroblasts up to 1.5 cm in diameter within an amphibole- 
epidote-clinozoisite matrix with accessory titanite-rimmed rutiie. Amphibolite and eclogite facies 
peak metamorphic mineral assemblages are retrogressed to amphibolite and greenschist facies.
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’ KAcI
NOTES

®Schematic fold style, interpreted from fold geometry 
jn outcrop and in thin section, rather than mapped 
structures.

(2) Jules Creek fault - possibly an Early Permian strike- 
slip fault (Murphy, 2004) reactivated with east- 
directed thrust motion in the Jurassic (Inconnu- 
age).

(3) King Arctic Upper Quarry. Metasomatic replacement 
of chert granule to pebble conglomerate by tremolite 
is visible in outcrop over an interval of 5 metres. The 
lithologies across the contact from bottom to top 
are: serpentinite, nephrite, semi-nephrite, partly- 
replaced conglomerate, and nonmetasomatized 
metaconglomerate. Nephrite formation resulted 
from metasomatic replacement of metasedimentary 
rocks (King Arctic formation green chert pebble 
conglomerate and lithic arenite and White Lake 
group Whitefish limestone) and/or serpentinite by 
serpentinite-derived fluids along D3 thrust faults 
interpreted to have Early Jurassic motion.

G’
SYMBOL LEGEND

geological contact
(defined, approximate, inferred)...................................................  ^ ___

fault, displacement unknown ____
(defined, approximate, inferred)....................................................  ~ ~

thrust fault (D4)
(defined, approximate, inferred; teeth on hanging wall)................  «"■— * “

fault - Cleaver Lake fault? or D4? ^
(approximate, teeth on hanging wall)............................................  "*•

axial surface trace (FJ - antiform and synform.............................  „-----------f-— ~

axial sarface trace (F2) - overturned anticline on map and cross __
sections, overturned syncline on map and cross sections  ^ -

▲

V -
r v

■i.
N \

i

' X S ' V

mML
mfam
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lenses of medium-grained chlorite-epidote-amphibole-garnet metabaslte up to 5 m thick. The 
metabasite contains chloritized garnet porphyroblasts up to 1.5 cm in diameter within an amphibole- 
epidote-clinozoisite matrix with accessory titanite-rimmed rutile. Amphibolite and eclogite facies 
peak metamorphic mineral assemblages are retrogressed to amphibolite and greenschist facies.

phylllte-matrix melange: dark grey to black carbonaceous phyllite hosts blocks of orthoquartzite, 
grey ribbon chert and ODIs unit up to 30 m diameter

undifferentiated Waters Creek group and Simpson Lake Plutonic Suite

muscovite amphibole granodlorite and chlorite muscovite schist: fine- to medium-grained, 
quartz-phyric, epidote- and chlorite-altered granodiorite; moderately foliated, quartz-phyric 
muscovite schist

CLEAVER LAKE THRUST

Yukon-Tanana Terrane

MONEY CREEK THRUST SHEET

LOWER PERMIAN 
Money Creek formation

PMC
carbonaceous phyllite, lithic metawacke, and chert-pebble metaconglomerate: no
consistent internal stratigraphy. Well foliated dark grey phyllite (L-, L-S-, and S-tectonite fabrics) is 
interlayered with variable amounts of fine sand to granule-sized wacke that contains chert, quartz, 
and lithic fragments; most distinctive are smoky-blue, glassy quartz granules. Grey to black chert- 
pebble metaconglomerate with angular to well-rounded, white, dark grey and black chert clasts 
occur locally. Blocks of grey crinoidal limestone and grey ribbon chert up to 50 m long are locally 
found within a mixed, mblange-style matrix of wacke and phyllite.

UNCONFORMITY
PENNSYLVANIAN TO LOWER PERMIAN 

"upper" limestone

limestone: pale grey weathering, grey on fresh surfaces; dominantly massive with patches of 
recrystallization and minor crinoid accumulations; locally sandy with rust staining and millimetre- 
scale interbeds of pale green phyllite.

UNCONFORMITY

PENNSYLVANIAN 
King Arctic formation

IPKAcI

ph.-.
PKAcm

llthic-arenlte and quartz-wacke: green to pale grey, fine- to medium-grained, lithic arenite 
dominated by green chert clasts grades upwards into dark grey fine-grained quartz-wacke, Arenite 
passes transitionally upward into fine-grained quartz-wacke with metre-scale interbedding of arenite 
and wacke over 10's of metres. Dark grey argillite and chloritic phyllite overlie the wacke and 
includes metre-scale and millimetre-scale interbeds of argillaceous chert and fine-grained lithic 
arenite, respectively.

chert-pebble conglomerate: green, sub-angular to well rounded, granule to pebble-sized green 
chert with subordinate white limestone and argillite clasts. Conglomerate clast size and unit 
thickness varies along the basal unconformity; normally graded beds of green siitstone to angular 
granule conglomerate 1 to 3 cm thick as well as fine-grained lithic arenite to siitstone with pale to 
dark green millimetre- to centimetre-scale banding are interlayered with conglomerate lenses down 
to 5 cm thick. Where overlying limestone, limestone clasts are dominant and the matrix is 
calcareous. Clasts are flattened to 20% of original thickness where the rocks are highly deformed.

 ------------ UNCONFORMITY

UPPER M IS S IS S IP P I TO PENNSYLVANIAN 
White Lake formation

^MPWic
laminated chert, fine-grained lithic wacke, and siitstone: Black, bright green, and white layers 
of translucent to opaque chert are interlayered on a millimetre- to sub-millimetre scale; fine-grained

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



F2 fold profile - View towards 230°N, plunging 40°

Pmc

Ds ' " . ___ PMC

P kaci

. — _ ■ _  **-~~7*--------- I p "  PKAcm

H F2 fold profile - View towards 278°N, plunging 35° H'

PMC

PKAcm

Pmc
F2 folds drawn 
schematically 
across fault

*& U S/ M Pwc

I'

@

•‘itsfiftOi<*K

l i

■A

i
m
SIA«&ira
w
\-walmt

:%Sm

Location Map

Tungsten 
'U

uc nitiiia

S lB iq a r t

Garcrbss

YUKON n Lake

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



F2 fold profile - View towards 340°N, plunging 19°
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Profile Section Interpretation:
Isometric diagram showing the geometric 
relationship between the profile plane, map 
plane, and fold axes

Plunge of 
fold axis

■ Limit of projected data

King Arctic
Jade Mine

MINFILE 105H 014 ——1 UvaVV.'-*4/

geological contact 
(defined, approximate, inferre

fault, displacement unknown 
(defined, approximate, inferret

thrust fault (D,,)
(defined, approximate, inferret

fault - Cleaver Lake fault? or D 
(approximate, teeth on hangin

axial surface trace (F,) - antifor

axial surface trace (F2) - overtu 
sections, overturned syncline c

axial surface trace (F3) - anticlii

axial surface trace (FJ - anticlir

bedding, upright................
bedding, overturned..........

foliation (cleavage in sediment! 

lineation (elongate clasts).... 

fold hinge ..........................

lines of section:
vertical cross section.

profile section (box enc!< 
profile plane, dotted line 
arrow shows plunge and

U-Pb zircon sample location .. 

U-Pb zircon and ',DAr/39Ar samp 

fossil..................................

nephrite jade occurrence.......
KING ARCTIC - MINFILE 105H

road, minor road or track......

VERTICAL AND PROFILE SEC
Linework as above, additional sj

unconfomity - base of Money C
- base of King Arc
- base of “upper"

form lines:
bedding.........................
foliation (in serpentinite an< 
measured F2 foliation proje

straligraphic facing direction (fir

apparent sense of transport on
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SYMBOL LEGEND

geological contact
(defined, approximate, inferred).........................................................................     '  -.

fault, displacement unknown
(defined, approximate, inferred)....................................................  ~ >

thrust fault (D4)
(defined, approximate, inferred; teeth on hanging wall)................. "■4- -  * "A “ *

fault - Cleaver Lake fault? or D4?
(approximate, teeth on hanging wall)............................................  ‘* ' 4 —

axial surface trace (F-,) - antiform and synform.............................  , ______ £-—

axial surface trace (F2) - overturned anticline on map and cross A —4L
sections, overturned syncline on map and cross sections  ' '  x * $  ,

axial surface trace (F3) - anticline and syncline............................  —  1 ^

axial surface trace (F4) - anticline and syncline............................  ^ -------------------------^

bedding, upright.....................................................................................................
bedding, overturned............................................................................................... 24
foliation (cleavage in sedimentary rocks and serpentinite)......................................

lineation (elongate clasts)......................................................................................

fold hinge .   . _

lines of section: r , . —-     ■ ^
vertical cross section..........................................................  A A’

profile section (box encloses the projected outline of the............... ................... _________ _
profile plane, dotted line shows the limit of projected data), !——  5
arrow shows plunge and plunge direction............................  j . . . . . . . . . J

X  X 1

U-Pb zircon sample location ..................................... ................................................  <@>

U-Pb zircon and 40Ar/39Ar sample location ................................................................ <§,

fossil ....................................................................................   @

nephrite jade occurrence...........................................................................................  A
KING ARCTIC - MINFILE 105H 014

road, minor road or track .........................................................................

VERTICAL AND PROFILE SECTIONS:
Linework as above, additional symbols below:

unconfomity - base of Money Creek formation ................................................
- base of King Arctic formation.....................................................  o°
- base of "upper" limestone .........................................................

form lines:
bedding....................................................................................................... .......................
foliation (in serpentinite and metasedimentary rocks)................................  .......................
measured F2 foliation projected to plane of section....................................

stratigraphic facing direction (fining upwards sequences in lithe arenite)  **

apparent sense of transport on thrust fault........................................................... ^

■ c r v r n p i r  h a t p q  r r w i n n  o n n m

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



i

\

i

U W /i

l undifferentiated White-lak 
and King A rctiG .fo rm d tio n s

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



PKA

PKAc

UPPER 
White L

m

MPw

MPw

TRIASSIC
Simpsc

PERMIAP

Pr

LOWER I 
Fortin C

KhMPFC



lithic-arenne ancTquartz-wacKe: green to paie grey, tine- to medium-grained, iitmc arenite 
dominated by green chert clasts grades upwards into dark grey fine-grained quartz-wacke. Arenite 
passes transitionally upward into fine-grained quartz-wacke with metre-scale interbedding of arenite 
and wacke over 10's of metres. Dark grey argillite and chloritic phyllite overlie the wacke and 
includes metre-scale and millimetre-scale interbeds of argillaceous chert and fine-grained lithic 
arenite, respectively.

chert-pebble conglomerate: green, sub-angular to well rounded, granule to pebble-sized green 
chert with subordinate white limestone and argillite clasts. Conglomerate clast size and unit 
thickness varies along the basal unconformity; normally graded beds of green siitstone to angular 
granule conglomerate 1 to 3 cm thick as well as fine-grained lithic arenite to siitstone with pale to 
dark green millimetre- to centimetre-scale banding are interlayered with conglomerate lenses down 
to 5 cm thick. Where overlying limestone, limestone clasts are dominant and the matrix is 
calcareous. Clasts are flattened to 20% of original thickness where the rocks are highly deformed.

 UNCONFORMITY 

UPPER MISSISSIPPIAN TO PENNSYLVANIAN 
White Lake formation

IPKAci

PKAcm

MPWIc

MPWc

MPWI

MPwi

laminated chert, fine-grained lithic wacke, and siitstone: Black, bright green, and white layers 
of translucent to opaque chert are interlayered on a millimetre- to sub-millimetre scale; fine-grained 
green quartz-silt layers are locally present as thin laminations; <5% magnetite porphyroblasts up to 
0.5 mm diameter
greeri-plnk chert and Interbedded limestone: green ribbon chert with pale-green to silver 
micaceous partings, locally contains plagioclase granules and pyrite boxwork; sections of bright 
rose to pink ribbon chert <20 metres thick is locally present. The unit locally contains green and 
pink chert layers mingled at handsample scale, concentrations of magnetite porphyroblasts up to 1 
mm diameter; and interbeds of fine- to medium-grained quartz wacke. Interbedded limestone 
lenses <10 cm thick are included within this unit, but broken out as unit PPwli when > 10 m thick,
limestone: white to grey, locally sandy and crinoidal, interlayered with chert. Layers range from 5 
centimetre-thick lenses to 30 m thick massive limestone. Where interlayered with chert on the 
metre-scale, limestone contacts with silvery-green phyllite are gradational over 0.5 cm intervals. 
Local patchy rusty discolouration creates a striking colour juxtaposition of bright orange limestone 
with green phyllite. Where strongly deformed the limestone may be mylonitic and striped black- 
white with boudinaged silicified layers.
limestone (sandy): brown weathering, carbonate-matrix quartz-arenite with <50% sand-sized 
quartz grains. Centimetre-scale beds are enhanced on weathered surfaces by variable sand 
content.

,, n c q  P .R E E K  f a l iu t _

TRIASSIC
Simpson Lake group

rT heterolithic conglomerate: clast or matrix supported, poorly sorted with sub-rounded granule- to
TSL pebble-sized clasts of chert, green quartz-arenite and serpentinite, reflecting local sources.

PERMIAN 

Y  Pr

UNCONFORMITY

rhyolite: Quartz-phyric rhyolite with <5 mm clear quartz phenocrysts; local mm-scale flow 
banding. Rhyolite was not broken out from the Fortin Creek group.

UNCONFORMITY

Slide Mountain Terrane

LOWER MISSISSIPPIAN TO LOWER PERMIAN 

Fortin Creek group
W  chert pebble conglomerate, quartz wacke and rhyolite: dark grey to black chert-pebble 
| MPFC conglomerate; rusty weathering, medium-grained quartz wacke. Units are spatially related but have
'----------- poorly exposed contacts. Metasedimentary rocks are locally silicified and display open quartz-lined

vugs up to 2 cm diameter.
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I [ Devonian to Permian Yukon-Tanana and Slide Mountain terranes 
major road/highway

0  eclogite occurrence 
Regional Geological Compilations:

Bond et al„ 2002 

Pigage, 2001

Southern Campbell Range 1:20 000 (this map) 

Murphy, 2000

Kin] 
Jac

MINFlB

a) Map of Yukon showing major faults and the distribution of pre-Late Devonian to Permian Yukon- 
Tanana and Slide Mountain terranes. The dashed outline shows the location of inset map (b).
b) Location map of Yukon-Tanana and Slide Mountain terranes in east-central Yukon showing eclogite 
localities and the. locations of relevant regional geological complilations. The dark outline shows the 
location of the Frances Lake area shown in inset map (c). c) Location map of the Frances Lake area 
showing the southern Campbell Range field area (this map) in the shaded region.
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Profile Section Interpretation:
Isometric diagram showing the geometric 
relationship between the profile plane, map 
plane, and F2 fold axes

Plunge of 
fold axis

■ Limit of projected data

King Arctic 
Jade Mine

MINFILE 105H 014

m

I 5 i
■v ■ ■■■;.!*?

profile section (bq 
profile plane, dott 
arrow shows plur

U-Pb zircon sample loca 

U-Pb zircon and 40Ar/39A 

fossil ...........................

nephrite jade occurrenc| 
KING ARCTIC - MINFILE

road, minor road or traclj

VERTICAL A N D  P R O F li
Unework. as above, addin

unconfomity - base of Mi
- base of KiJ
- base of “u|

form lines:
bedding...........
foliation (in serpentiij 

measured F2 foliatic

stratigraphic facing direc| 

apparent sense of transp

Symbol Sample &

® 3 9 -2
03FD039-2 1

/S ,
" s e - z

03FD056-2

® 231-1 03FD231-1 J

® 388-1 03FD388-1 I

Symbol Sample |

© 03FD292-1 I
© 00DM324/C203149

MINE 
Yukon MINFIU

105H 014 ♦

Shaded digital elevation model of the Southern Campbell Range region; 
red lines show roads and tracks; yellow lines are fault traces (see adjacent 
map).
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profile section (box encloses the projected outline of the 
profile plane, dotted line shows the limit of projected data), 
arrow shows plunge and plunge direction

o  o e  o o

Mineral

U-Pb zircon sample location 

U-Pb zircon and 40Ar/39Ar sample location 

fossil

nephrite jade occurrence 
KING ARCTIC - MINFILE 105H 014

road, minor road or track

VERTICAL A N D  PROFILE SECTIO NS:
Unework as above, additional symbols below:

unconfomity - base of Money Creek formation
- base of King Arctic formation
- base of "upper" limestone

form lines: 
bedding
foliation (in serpentinite and metasedimentary rocks) 

measured F2 foliation projected to plane of section

stratigraphic facing direction (fining upwards sequences in lithe arenite) 

apparent sense of transport on thrust fault

Sample 

03FD039-2

03FD056-2

ISOTOPIC AGE DATES (Devine, 2005)

ODIs (metabasite)

ODIs (schist)

353.1 ±  2.4 Ma 
2379 ± 49 M a& 1161 ±14M a

350.0 ±  2.9 Ma

353.0 ±  3.7 Ma 
2825 ±  25Ma to 473 ±  13Ma 

_________ no age__________

U-Pb (SHRIMP) 
U-Pb (SHRIMP) 

40Ar-39Ar

U-Pb (SHRIMP) 
U-Pb (SHRIMP) 

40Ar-39Ar

zircon (metamorphic) 
zircon (xenocrystic) 
muscovite_________

zircon (metamorphic) 
zircon (inherited) 
muscovite

03FD231-1 Dig (leucogabbro) 352 ±  22 Ma 
368 ±  10 Ma

U-Pb (SHRIMP) 
U-Pb (SHRIMP)

zircon (metamorphic) higH
zircon (magmatic)______ cry I

-1 03FD388-1 Pr 259.6 ± 1.2 Ma U-Pb (TIMS) zircon (igneous) cryq
J.

I FOSSIL AGES
[ Sample Material Age range Reference

I 03FD292-1 Conodont Pennsylvanian Orchard, 2005

OODM324/C203149 Conodont Carboniferous, Serpukhovian Orchard, 2005

MINERAL OCCURRENCES 
Yukon MINFILE (Deklerk and Traynor, 2004)

KING ARCTIC/LIND open pit producer (inactive)
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disturbed systematics, no age
[etamorphic) high-grade metamorphism
iagmatic)_____ crystallization age

crystallization age 
J. Mortensen, pers. comm. 2005
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TRIASSIC

Simpson Lake group

r” heterolithic conglomerate: clast or matrix supported, poorly sorted with sub-rounded granule- to
TSL pebble-sized clasts of chert, green quartz-arenite and serpentinite, reflecting local sources.

PERMIAN

Pr

U N C O N FO R M ITY

rhyollte: Quartz-phyric rhyolite with <5 mm clear quartz phenocrysts; local mm-scale flow 
banding. Rhyolite was not broken out from the Fortin Creek group.

U N C O N FO R M ITY

Slide Mountain Terrane

LOWER M IS S IS S IP P I  TO  LOW ER PERMIAN  

Fortin Creek group
chert'pebble conglomerate, quartz wacke and rhyolite: dark grey to black chert-pebble 
conglomerate; rusty weathering, medium-grained quartz wacke. Units are spatially related but have 
poorly exposed contacts. Metasedimentary rocks are locally silicified and display open quartz-lined 
vugs up to 2 cm diameter.

MPFC
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Deklerk, R. and Traynor, S. (compilers), 2004. Yukon MINFILE - A database of mineral occurrences. Yukon Geological 

Survey, CD-ROM.
Devine, F., 2005. Geology of the southern Campbell Range, southeastern Yukon: Implications for the tectonic evolution 

of Yukon-Tanana terrane. Unpublished M.Sc, thesis, Carleton University, Ottawa, Ontario.
Murphy, D. C., 2000. Preliminary geological map of part of the Klatsa River Area (105 H/3), southeastern Yukon

(1:50 000 scale). Exploration and Geological Services Division, Yukon Region, Indian and Northern Affairs 
Canada, Open File 2000-15.

Bond, J.D., Murphy, D. C., Colpron, M„ Gordey, S.P., Plouffe, A., Roots, C.F., Lipovsky, P.S., Stronghill, G., Abbott, J.G.,
2002. Digital compilation of bedrock geology and till geochemistry, northern Finlayson Lake map area, southeastern 
Yukon (105G). Exploration and Geological Services Division, Yukon Region, Indian and Northern Affairs Canada,
File 2002-7(D), CD-ROM.

Orchard, M. J. 2005. Carboniferous to Triassic conodont biostratigraphy of the Yukon-Tanana terrane and adjacent areas of 
Yukon Territory and northern British Columbia. In Paleozoic evolution and metallogeny of pericratonic terranes at the 
ancient Pacific margin of North America, Canadian and Alaskan Cordillera. Edited by M, Colpron, J.L. Nelson, and 
R.l. Thompson. Geological Association of Canada, Special Paper, in press.
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STATION LOCATION MAP 
SOUTHERN CAMPBELL RANGE

(NTS 105H/3 SW) 
Southeastern Yukon 

(1:20 000 scale)
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LEGEND

Geological contact
(defined, approximate, inferred).................................................     ‘

Fault, displacement unknown ___
(defined, approximate, inferred)..................................................  ** ---------

Thrust fault (D4)
(defined, approximate, inferred; teeth on hanging wall)................... ✓------ ■■a .______ -

Fault - Cleaver Lake Fault? or D4?
(approximate, teeth on hanging wall)..........................................   >

Axial surface trace (F1) - antiform and synform..........................  ------

Axial surface trace (F2) - overturned anticline on map and cross A - 1
sections, overturned syncline on map and cross sections  - " 'T *  ^

Axial surface trace (F3) - anticline and syncline........................... ..........

Axial surface trace (F4) - anticline and syncline........................... --—

Road, minor road or track ..............................................................

Traverse station - all with prefix 03FD -I- station number...................  ^33
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Road, minor road or track

Traverse station - all with prefix 03FD + station number. •533

Geology:
Yukon-Tanana Terrane

LATE DEVONIAN TO EARLY M IS S IS S IP P I

Klatsa m etam orphic complex 

DS Serpentinite

Dig

D ?a

Leucogabbro

Amphibolite

ODIs Layered schists 

Mm Phyllite-matrix melange

undifferentiated Waters Creek group and Simpson Lake Plutonic Suite 
DMWC Muscovite amphibole granodiorite and chlorite muscovite schist

CLEAVER LAKE THRUST

Yukon-Tanana Terrane

MONEY CREEK THRUST SHEET 
LOWER PERMIAN

M oney Creek formation

PMC Dark grey carbonaceous phyllite, lithic metawacke, and dark grey 
chert-pebble metaconglomerate

UNCONFORMITY  

PENNSYLVANIAN

P P mi "upper" limestone

UNCONFORMITY  

UPPER M IS S IS S IP P I TO LOWER PERMIAN 

King Arctic formation

IPKAcI Green lithic-arenite and grey quartz-wacke 

IPKAcm Green chert-pebble conglomerate

UNCONFORMITY  

UPPER M IS S IS S IP P I TO LOWER PERMIAN 
White Lake formation

M Pw ic Laminated chert, fine-grained lithic wacke, and siltstone 

MIPWc - Green-pink chert and interbedded limestone 

r' MRWI Limestone
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PENNSYLVANIAN

PPMI “upper" limestone

UNCONFORMITY

UPPER MISSISSIPPIAN TO LOWER PERMIAN 
King Arctic formation

PKAcI Green lithic-arenite and grey quartz-wacke 

IPKAcm. Green chert-pebble conglomerate 

 ------- ---------------- - UNCONFORMITY

UPPER MISSISSIPPIAN TO LOWER PERMIAN 
White Lake formation

MPwic Laminated chert, fine-grained lithic wacke, and siltstone 

MPwfc Green-pink chert and interbedded limestone 

MPWI Limestone

JU L E S C R ff iK F A U a

TRIASSIC
Simpson Lake group  

TSL Heterolithic conglomerate

UNCONFORMITY

PERMIAN

rhyolite

Pr Quartz-phyric rhyolite with <5 mm clear quartz phenocrysts; local
mm-scale flow banding. Rhyolite was not broken out from the Fortin 
Creek group.

UNCONFORMITY

Slide Mountain Terrane

LOWER MISSISSIPPIAN TO LOWER PERMIAN 

Fortin Creek group  

MPFC Grey to black chert pebble conglomerate, rusty weathering 
medium-grained quartz wacke and aphanitic rhyolite
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TSL Heterohthic conglomerate

UNCONFORMITY

PERMIANi t  K,A ^  ^  } 
- rhyolite 

Pr Quartz-phync rhyolite with <5 mm clear quartz phenocrysts; local 
mm-scale flow banding. Rhyolite was not broken out from the Fortin 
Creek group,  ,  ' H
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UNCONFORMITY

Slide M ountain  T e rran e
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Fortin C ree k  g ro up  

MPFC Grey to black chert pebble conglomerate, rusty weathering 
medium-grained quartz wacke and aphanitic rhyolite
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