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abstract

New geochronological and geochemical data from the ‘Windy-McKinley’* terrane provide insight 
into the age, correlation and paleotectonic settings of the various subdivisions of the terrane. U-Pb 
zircon age determinations for felsic meta-volcanic rocks of the White River formation and gabbro 
intrusions are Late Devonian and late Middle Triassic respectively. These new age determinations 
substantiate the proposed correlation of these components of ‘Windy-McKinley’ terrane with the 
succession on strike to the northwest which hosts the volcanogenic massive sulphide deposits in the 
Delta District, Alaska. Trace-element geochemical data from Triassic gabbro intrusions into the 
Mirror Creek and White River formations, and diabase and gabbro of the Harzburgite Peak-Eikland 
Mountain ophiolite suggest that magmatism in both subdivisions occurred in supra-subduction zone 
settings. However, the age of the ophiolite is not known, therefore mafic magmatism may not be 
coeval across the terrane and may have formed above different subduction zones at different times.

*Quotes are used to indicate that the assignment to Windy and McKinley terranes is obsolete, but a 
new name has not yet been assigned.

résuMé

Les nouvelles données géochronologiques et géochimiques obtenues sur le terrane de Windy-
McKinley donnent une idée de l’âge, de la corrélation et du cadre paléotectonique des diverses 
subdivisions du terrane. D’après les datations (zircons) à l’U/Pb par ablation au laser ICP-MS, les 
roches métavolcaniques felsiques de la Formation de White River et les intrusions métagabbroïques 
datent respectivement du Dévonien tardif et du Trias moyen tardif. Ces nouvelles datations justifient 
la corrélation proposée de ces composantes du terrane Windy-McKinley avec la succession suivant 
le décrochement vers le nord ouest, qui contient des dépôts sulfurés massifs volcanogènes dans le 
district de Delta (Alaska). Les données géochimiques sur les éléments traces des intrusions de 
gabbro du Trias dans les Formations de Mirror Creek et de White River et sur les éléments traces du 
diabase et du gabbro du complexe d’ophiolite du pic Harzburgite et de la montagne Eikland 
suggèrent que dans les deux sous-divisions, le magmatisme est survenu dans un contexte de supra-
zone de subduction. Toutefois, l’âge de l’ophiolite est inconnu. Par conséquent, le magmatisme 
mafique pourrait ne pas être du même âge dans l’ensemble du terrane et pourrait s’être produit au 
dessus de zones de subduction différentes et à des moments différents.
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introduction
The ‘Windy-McKinley’ terrane of western Yukon is a 
poorly exposed assemblage of schists and ophiolitic rocks 
that are along strike from, and have been correlated with, 
rocks of the Windy and McKinley terranes of the Alaska 
Range (Wheeler and McFeeley, 1991; Monger et al., 1991; 
Silberling et al., 1992; Gordey and Makepeace, 2001; 
Fig. 1). Based on reconnaissance mapping in the early 
1970s (Tempelman-Kluit, 1974), the correlation with the 
Windy and McKinley terranes of the Alaska Range has 
since been placed in doubt owing to several recent 
studies of the ‘Windy-McKinley’ terrane of Yukon which 
have documented the lithological character of the terrane 
in greater detail and provided preliminary insights into its 
origin and evolution (Canil and Johnston, 2003; 
Mortensen and Israel, 2006; Murphy, 2007; Murphy et al., 
2007, 2008). The terrane is now known to be composed 
of two lithostratigraphic assemblages, an imbricated 
ophiolitic assemblage (Canil and Johnston, 2003) known 
as the Harzburgite Peak – Eikland Mountain ophiolite, 

and an assemblage of variably deformed schists of meta-
sedimentary and meta-igneous protoliths (White River 
and Mirror Creek formations, Murphy et al., 2007, 2008). 
The schist assemblage has been extensively intruded by 
variably deformed gabbro of late Middle Triassic age 
(Mortensen and Israel, 2006). Murphy et al. (2008) 
proposed that the schist and gabbro assemblage 
correlates with rocks of the Jarvis and Hayes Glacier belts 
of Alaska’s Delta volcanogenic massive sulphide (VMS) 
district (Dashevsky et al., 2003; Dusel-Bacon et al., 2006 
and references therein), citing the association of Triassic 
gabbro and felsic metavolcanic rocks, an association 
rarely found in the Cordillera. The age of the Harzburgite 
Peak – Eikland Mountain ophiolite has not been 
determined, hindering attempts at correlation; Murphy 
(2007) proposed correlation with the Chulitna terrane, a 
mid-Paleozoic supra-subduction zone ophiolite on the 
opposite side of the Denali fault (Clautice et al., 2001 and 
references therein).

In this paper, we present new data on the composition, 
age, correlation and paleo-tectonic settings of the two 

lithostratigraphic assemblages of 
‘Windy-McKinley’ terrane. We 
present preliminary U-Pb age 
determinations on igneous zircons 
from felsic meta-volcanic rocks 
from the White River formation and 
Triassic gabbro bodies that have 
implications for the proposed 
correlation of these rocks with the 
rocks of the Delta VMS District. 
Secondly, we present preliminary 
U-Pb age determinations on detrital 
zircons from meta-clastic rocks of 
‘Windy-McKinley’ and Yukon-
Tanana terranes that bear on 
potential correlations and terrane 
affinities. Finally, we present 
preliminary whole rock 
geochemical data from mafic rocks 
of the undated Harzburgite Peak – 
Eikland Mountain ophiolite and 
Triassic gabbro that establish them 
as products of supra-subduction 
zone magmatism. This conclusion 
affirms the proposed correlation of 
the ophiolitic rocks with a supra-
subduction zone ophiolite on the 
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Figure 1. Terrane map illustrating the distribution of ‘Windy-McKinley’ terrane in 

western Yukon and eastern Alaska (modified after Colpron et al., 2006). Box 

indicates area of focus of this paper.
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opposite side of the Denali fault, part of the Chulitna 
terrane of Alaska.

‘WindY-MckinlEY’ tErranE, 
stEvEnson ridGE and kluanE lakE 
arEas
The two lithostratigraphic assemblages of ‘Windy-
McKinley’ terrane have been documented throughout 
western Stevenson Ridge area (115JK; Murphy, 2007; 
Murphy et al., 2007, 2008) and have been traced 
southwardly into northern Kluane Lake area (115FG; 
Fig. 2). The meta-sedimentary and meta-volcanic schist 
and gabbro assemblages occur to the west and 
structurally beneath the Harzburgite Peak – Eikland 
Mountain ophiolite, and both overlie Yukon-Tanana 
terrane along a thrust fault. 

Murphy et al. (2008) divided the schist assemblage into 
two formations, the felsic (and lesser mafic) meta-volcanic 
and meta-sedimentary White River formation and the 
variably carbonaceous and calcareous meta-clastic Mirror 
Creek formation. Both of these rock units are spatially 
associated, but in unknown contact relationships, with a 
quartz-rich meta-clastic unit, herein called the Scottie 
Creek formation. Murphy et al. (2007, 2008) correlated 
the Scottie Creek formation with the Yukon-Tanana 
terrane; however, spatial association of the Scottie Creek 
formation with bodies of gabbro, and new detrital zircon 
data presented herein support the interpretation that this 
unit is in stratigraphic succession with the White River and 
Mirror Creek formations. 

All of the schist formations are intruded by, and locally 
deformed together with, variably foliated gabbro. Gabbro 
intruding the Mirror Creek formation was previously 
reported to be late Middle Triassic in age (ca. 228 Ma, 
Mortensen and Israel, 2006). This paper presents new 
U-Pb geochronological results that document the ages of 
gabbro bodies which intrude, or are interfoliated with, 
rocks of the Mirror Creek, White River and Scottie Creek 
formations.

The Harzburgite Peak – Eikland Mountain ophiolite 
extends from northeast to southwest across Stevenson 
Ridge map area and has been traced southeasterly into 
Kluane Lake map area where it occurs in a tight synformal 
keel (Fig. 2). The ophiolite is imbricated (Canil and 
Johnston, 2003; Murphy et al., 2008) and upper mantle 
harzburgite, lower crustal gabbro and dunite, and mid-
crustal diabase micro-gabbro are generally the best 

preserved and exposed parts of the ophiolite. 
Supracrustal rocks, mainly multi-coloured chert and 
argillite, occur rarely (Murphy, 2007; Wellesley Lake 
formation of Murphy et al., 2007, 2008). Preliminary 
geochemical analyses of diabase from the ophiolite 
revealed compositions transitional between normal and 
enriched mid-ocean ridge basalt (Murphy et al., 2008). 
Below, we present geochemical data from a more 
comprehensive suite of samples that supports a supra-
subduction zone setting for the ophiolite.

u-pb GEochronoloGical studiEs
Five preliminary U-Pb igneous and six preliminary detrital 
zircon age determinations are reported here. One sample 
of felsic meta-volcanic rock of the White River formation 
was collected from outcrops southeast of the confluence 
of the White and Donjek rivers. Four samples of foliated 
gabbro were collected. Of these four samples, one 
sample is from an isolated body of foliated gabbro within 
a Cretaceous pluton, but on strike from similar bodies of 
gabbro spatially associated with the Scottie Creek 
formation. Another sample is from a large body of gabbro 
interfoliated with a band of felsic metavolcanic rocks from 
which the dating sample of the White River formation was 
collected. The remaining two samples are from bodies of 
weakly deformed gabbro which intrude the Mirror Creek 
formation along the Alaska Highway. Finally, of the six 
detrital samples, three are meta-sandstone from the 
Mirror Creek formation, two are from the Scottie Creek 
formation, and one is from the oldest (structurally 
deepest) quartz-rich meta-clastic unit of Yukon-Tanana 
terrane. Zircon and baddeleyite recovered from igneous 
and detrital samples were analyzed using both 
conventional ID-TIMS and laser ablation LA-ICP-MS U-Pb 
methods at the Pacific Centre for Isotopic and 
Geochemical Research. Analytical methods are as 
described in Mortensen (this volume). As these data are 
preliminary, we present only plots of the data, in the 
following formats: concordia diagrams, weighted mean 
plots, or probability plots; data tables will be presented 
when the age determinations are finalized.

aGE of thE WhitE rivEr forMation 

Of twenty zircons extracted from a sample of quartz- and 
feldspar-porphyritic, crystal-lithic meta-tuff of the White 
River formation (Fig. 3a), nine zircons were less than 5% 
discordant. A weighted average of their 206Pb/238U ages 
is 363.0 ± 3.1 Ma and is interpreted as the crystallization 
age for this rock (Fig. 3b).
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aGE of Gabbro

Small amounts of zircon and/or baddeleyite were 
recovered from four samples of gabbro. Both baddeleyite 
and air-abraded zircons were analyzed from samples 
01M-06 and 01M-08 (which are in close proximity to 
each other). For sample 01M-06, two fractions of air-
abraded zircon give overlapping concordant analyses 
resulting in a 206Pb/238U age of 228.2 ± 0.8 Ma (Fig. 4a), 
which is inferred to be the crystallization age of the 
gabbro. A third fraction of zircon and a single fraction of 
unabraded baddeleyite yield slightly younger 206Pb/238U 
ages, reflecting the effects of minor post-crystallization 
Pb-loss. Three fractions of abraded zircon from sample 
01M-08 (Fig. 4b) give a range of relatively young 
206Pb/238U ages; however, a single fraction of unabraded 
baddeleyite gives a 206Pb/238U age of 227.1 ± 0.6 Ma, 
which is in excellent agreement with the zircon age from 
sample 01M-06. The younger ages from the three zircon 
analyses is interpreted to result from post-crystallization 
Pb-loss. Sample 04M-41 yielded a very small amount of 
baddeleyite, which was analyzed in two fractions. Both 
fractions yield concordant analyses (Fig. 4c). The best 
estimate for the crystallization age of 04M-41 is given by 
the older, more precise 206Pb/238U age, at 227.2 ± 0.6 Ma. 
A fourth sample of gabbro (sample 07DM-167) yielded 
abundant zircon, and was analyzed using LA-ICP-MS 
methods. The weighted average of the 206Pb/238U ages 
from 20 individual analyses is 230.9 ± 2.7 Ma (Fig. 4d), 
which is interpreted as the crystallization age of the 
sample.

These preliminary ages for four bodies of variably foliated 
gabbro range from ca. 227 to 231 Ma, indicating that late 
Middle Triassic gabbro intruded all the formations of the 
schist assemblage of the ‘Windy-McKinley’ terrane, a 
conclusion previously inferred on the basis of their similar 
geochemical compositions (Murphy et al., 2008).

dEtrital zircon analYsEs

Our analyses show that each stratigraphic unit has a 
distinctive detrital zircon signature. Samples from the 
Mirror Creek and Scottie Creek formations are similar in 
the older portions of their detrital zircon spectra, but 
differ in the younger; both differ from the Yukon-Tanana 
terrane sample.

Yukon-Tanana terrane grit

The sample of Yukon-Tanana terrane grit (Fig. 5) yielded a 
relatively simple bimodal pattern with prominent age 
peaks at 1.7 to 2.0 Ga and 2.5 to 2.8 Ga. Single zircon 
ages at ca. 2.1 and 2.9 Ga just outside these intervals may 
indicate a greater peak width, however a bimodal pattern 
would still be apparent. 

Scottie Creek formation grit

The samples from the Scottie Creek formation (Fig. 5) are 
more complex. Both samples have a broad multimodal 
peak between 1.0 and 1.5 Ga, a prominent 1.7 to 2.0 Ga 
peak, and a broad multimodal peak between 2.6 and 
2.8 Ga. One sample has a single zircon at ca. 340 Ma and 

Figure 3. (a) Foliated quartz- and feldspar-porphyritic crystal-lithic tuff of White River formation; sample for dating 

collected at this outcrop. (b) Weighted mean 236U/208Pb age of sample collected from outcrop shown in (a).

a b
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multi-grain peaks at ca. 1.6, 2.35 and 2.45 Ga; these latter 
intervals are represented by single grains in the other 
sample. Sample 06DM178 also has single grains at 2.80 to 
2.85 Ga and 2.85 to 2.90 Ga. 

Mirror Creek formation meta-sandstone

The detrital age spectra for samples of the Mirror Creek 
formation (Fig. 5) are similar to those of the Scottie Creek 
formation for ages older than 1.0 Ga, but also include 
Neoproterozoic and Lower Paleozoic zircons. A 
prominent multi-grain peak at ca. 450 Ma is common to 

all Mirror Creek samples, a two-grain peak at ca. 550 Ma 
occurs in two of the samples, and one sample has single 
grain peaks at ca. 650 and 700 Ma. 

WholE-rock GEochEMical data
Three sets of samples were systematically collected during 
the 2006 to 2008 field seasons for whole-rock 
geochemical analysis. One set of samples targeted 
diabase and micro-gabbro from the upper to mid-crustal 
part of the Harzburgite Peak – Eikland Mountain ophiolite. 
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A second set of samples of foliated greenstone of 
unknown protolith, yet spatially associated with chert and 
argillite, was collected from the supracrustal part of the 
ophiolite. The third set of samples is from bodies of 
Triassic gabbro intruding the schist assemblage. Samples 
were selected and prepared to be free of weathered 
surfaces, veins and alteration before being sent to 
Activation Laboratories of Ancaster, Ontario for research-
grade analyses. In 2007, major element analyses were 
done by XRF and trace elements by ICP fusion mass 
spectrometry. In 2008, all elements were analyzed by ICP 
fusion mass spectrometry. Owing to the relative 
resistance of certain trace elements to changes in 
composition during epigenetic processes such as sea-fl oor 
metamorphism, orogenic metamorphism or 
metasomatism, most geochemical studies of deformed 
and/or metamorphosed igneous rocks in orogenic belts 
utilize the concentrations of trace-element in their 
analyses (e.g., Shervais and Metcalf, 2003; Piercey et al., 
2006), a practice which was followed during our analyses.

harzburGitE pEak – Eikland Mountain 
ophiolitE

Seventeen samples from the ophiolite were analyzed. 
Eleven of these are from massive to weakly plagioclase-
porphyritic diabase or micro-gabbro occurring above 

coarse-grained gabbro in the ophiolite succession. The 
remaining six of these samples are from bodies of variably 
foliated greenstone spatially associated with the chert and 
argillite in the supracrustal part of the ophiolite, but of 
unknown protolith. The ophiolite is imbricated so the 
original succession is not preserved and therefore, the 
relative ages of the samples with respect to each other 
have not been established. 

With three exceptions, all samples are tholeiitic basaltic in 
composition (Fig. 6a,b); the exceptions are three samples 
of andesite in the supracrustal part of the ophiolite which 
are transitional to calc-alkalic in affi nity. In detail, the 
sample set can be divided into three geochemical suites, 
a light-rare-earth-element (LREE)-enriched suite, a non-
LREE-enriched suite with Th/Nb ratios >1, and a non-LREE-
enriched suite with Th/Nb ratios <1 (Fig. 6c-e). The 
LREE-enriched suite comprises mainly samples from the 
supracrustal part of the ophiolite; it is characterized by fl at 
primitive-mantle normalized heavy-rare-earth-element 
(HREE) profi les with relatively sharp enrichments of Eu 
and lighter elements, and a Th/Nb ratio >>1. The non- 
LREE-enriched suites have generally fl at primitive-mantle-
normalized patterns and differ only in their Th/Nb ratios. 
The non-LREE-enriched suite with Th/Nb ratios <1 is 
enriched in concentrations of all trace-elements relative to 
average normal (NMORB) and enriched mid-ocean ridge 
(EMORB) compositions and have different patterns of 
enrichment relative to average ocean island basalts (OIB; 
Fig. 6f). When compared to the average compositions of 
different types of subduction-generated basalts, the 
non-LREE-enriched suite with Th/Nb >1 are more 
enriched in trace-element concentrations than a typical 
island arc tholeiite (IAT), but show some similarities to 
average LREE-enriched tholeiite (L-IAT; Fig. 6g) and with 
back-arc basin basalts (BABB) from the Lau Basin (Fig. 6g). 
The LREE-enriched suite is similar to calc-alkaline basalt 
typical of relatively mature island arcs (CAB; Fig. 6h).

triassic Gabbro

Twenty samples of Triassic gabbro were analyzed. All 
samples are basaltic in composition with tholeiitic to 
transitional affi nities (Fig. 7a,b). All samples are generally 
rare-earth-element-enriched relative to primitive mantle 
(Figs. 7c,d) and are slightly more enriched in the lighter 
rare-earth elements. Two suites are apparent in the 
trace-element patterns, one with a Th/Nb ratios <1 and 
the other with Th/Nb ratios >1. When compared with the 
trace-element compositions of basalts from modern 
tectonic settings, the Th/Nb <1 suite most strongly 
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Figure 6. (opposite page) Trace-element geochemical characteristics of diabase and foliated greenstone from the 

Harzburgite Peak – Eikland Mountain ophiolite. (a) A revised Winchester-Floyd composition diagram (Winchester and 

Floyd, 1977); and (b) Zr/Y vs. Y diagram (Barrett and McLean, 1999). (c-h) Primitive mantle–normalized trace-element 

plots (values for primitive mantle from Sun and McDonough, 1989): (c-e) three suites from Harzburgite Peak – Eikland 

Mountain ophiolite; and (f-h) three suites compared with basalts from modern tectonic settings. OIB = ocean island 

basalt; EMORB = enriched mid-ocean basalt; NMORB = normal mid-ocean ridge basalt; IAT = island arc tholeiite; 

L-IAT = light rare-earth-element-enriched island arc tholeiite; BABB = back-arc basin basalt; HK CAB = high potassium 

calc-alkaline basalt; MK CAB = medium potassium calc-alkaline basalt. OIB, EMORB, NMORB values are from Sun and 

McDonough (1989). IAT values are from Piercey (2001) and Piercey et al. (2004). L-IAT values are from Shinjo et al., 2000. 

BABB values are from Ewart et al. (1994) and CAB, from Stoltz et al. (1990). See text for discussion.
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resembles an EMORB composition, although generally 
more enriched in all the trace-elements (Fig. 7e). The 
Th/Nb >1 suite, as with one of the Harzburgite Peak – 
Eikland Mountain ophiolite suites, resembles compositions 
from modern arc settings (Fig. 7f).

discussion
The analytical data presented herein bear directly on the 
age, correlation, mineral potential and paleo-tectonic 
settings of the different subdivisions of ‘Windy-McKinley’ 
terrane. 

U-Pb crystallization ages for the White River formation 
and the gabbro bodies intruding the schist subdivision of 
‘Windy-McKinley’ terrane are identical to U-Pb age 
determinations for felsic metavolcanic rocks (Dusel-Bacon 
et al., 2006; Dashevsky et al., 2003) and gabbro 
(Dashevsky et al., 2003) in the Delta district in the eastern 

Alaska Range located along strike approximately 150 km 
west-northwest of the Yukon-Alaska border. The new data 
presented here lend substance to the correlation between 
the areas proposed by Murphy et al. (2008). The White 
River formation is coeval with the Drum unit of the Delta 
District which hosts several volcanogenic massive 
sulphide (VMS) deposits, hence our new age data are 
metallogenically significant. 

The new detrital zircon data forms the basis of a tentative 
stratigraphic interpretation and correlations for the schist 
subdivision of ‘Windy-McKinley’ terrane. The presence of 
a single Early Mississippian detrital zircon in the Scottie 
Creek formation implies an Early Mississippian or younger 
age. This single grain, although preliminary and in need of 
corroboration, suggests that the Scottie Creek formation 
stratigraphically overlies the Late Devonian White River 
formation. Furthermore, it invites correlation with the 
lithologically similar Tok River unit of the Delta district 
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Figure 7. Trace-element 

geochemical characteristics of 

late Middle Triassic gabbro. 

(a) A revised Winchester-Floyd 

composition diagram 

(Winchester and Floyd, 1977); 

(b) Zr/Y vs. Y diagram (Barrett 

and McLean, 1999). 

(c-h) Primitive mantle-

normalized trace-element 

plots: (c-e) two suites defined 

by trace-element plots; 

(f-h) two suites compared 

with basalts from modern 

tectonic settings. Primitive 

mantle values from Sun and 

McDonough (1989) and 

abbreviations as in Figure 6. 

See text for discussion.
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which overlies the Drum unit (Dashevsky et al., 2003). 
The lower grade of metamorphism and lower degree of 
deformation of the Mirror Creek formation relative to 
both the Scottie Creek or White River formations, and its 
detrital zircon modes younger than those of the Scottie 
Creek formation, suggest that the Mirror Creek formation 
is stratigraphically younger than the Scottie Creek 
formation. We tentatively correlate the Mirror Creek 
formation with the lithologically similar upper part of the 
Hayes Glacier belt of the Delta District, which overlies the 
Jarvis belt containing the Drum and Tok River units 
(Dashevsky et al., 2003). 

The rocks of the Delta District have traditionally been 
correlated westwardly with sequences in the Alaska 
Range. Nokleberg et al. (1992) correlated the Late 
Devonian felsic meta-volcanic-bearing rocks of the Jarvis 
belt with coeval rocks in the Bonnifield District in the 
northern Alaska Range and the Hayes Glacier belt, with 
similar rocks in the central Alaska Range south of the 
Hines Creek fault. Wilson et al. (1998) correlated rocks 
south of the Hines Creek fault with the Upper Devonian 
Yanert Fork sequence and the depositionally overlying 
Upper Triassic unit Trcs of the Healy quadrangle to the 
west (Csetjey et al., 1992; Pingston terrane of Jones et al., 
1982); all of these units are voluminously and extensively 
intruded by gabbro and diabase. Dusel-Bacon et al. 
(2006) correlated the rocks of the Delta District with the 
Bonnifield District and interpreted them both as being 
part of the para-autochthonous North American 
continental margin. 

Owing to the notable absence of bodies of gabbro in the 
Bonnifield District, we favour a correlation of the schist-
gabbro assemblages of the Delta District and the ‘Windy-
McKinley’ terrane with the Yanert Fork sequence and unit 
Trcs in the central Alaska Range south of the Hines Creek 
fault, rather than with the para-autochthonous North 
American continental margin rocks of the Bonnifield 
District. This correlation defines a belt of rocks that 
superficially resembles both the allochthonous Yukon-
Tanana terrane and the rocks of the para-autochthonous 
North American continental margin, but differs in key 
ways. The presence of voluminous late Middle Triassic 
gabbro distinguishes the ‘Windy-McKinley’ belt 
lithologically from nearby parts of Yukon-Tanana terrane 
and implies an Early Mesozoic history distinct from the 
Yukon-Tanana terrane. Detrital zircon age spectra from 
the Scottie Creek and Mirror Creek formations differ from 
both nearby Yukon-Tanana terrane and para-
autochthonous North American margin spectra in their 

large populations of 1.0 to 1.6 Ga zircons, and in the case 
of the Mirror Creek formation, significant Neoproterozoic, 
Cambrian and Silurian zircon populations (Nelson and 
Gehrels, 2007; Bradley et al., 2007, 2008; Dusel-Bacon, 
pers. comm., 2008; Fig. 5). These latter ages are common 
in rocks of the Insular terranes (Bradley et al., 2007; 
Colpron and Nelson, in press), suggesting that they may 
be a possible source for the Mirror Creek formation. 

Lithological and detrital zircon differences 
notwithstanding, the ‘Windy-McKinley’ belt could still be 
of Laurentian affinity, or in part, a post-amalgamation 
sequence overlapping terranes of the Laurentian and 
Insular realms. Late Middle Triassic gabbro sills intrude 
para-autochthonous North American rocks of the 
Tombstone thrust sheet in western Yukon (Tempelman-
Kluit, 1970; Thompson et al., 1992; Mortensen and 
Thompson, 1990), as well as the correlative Beaver Creek 
thrust sheet in Alaska, north of Fairbanks (Weber et al., 
1992; Tempelman-Kluit, 1984; Gabrielse et al., 2006; 
Mortensen, unpublished data). Relatively minor 
populations of 1.0 to 1.6 Ga zircons occur locally in 
Yukon-Tanana terrane, as well as in autochthonous and 
para-autochthonous rocks of the North American 
continental margin (Wickersham grit of Alaska and 
correlative Hyland Group of Yukon, Ross et al., 2005; 
Bradley et al., 2007, 2008). The source of these zircons is 
not known. Basement rocks of this age are not exposed in 
the northern Cordillera, but they have been inferred to be 
in the subsurface based on occurrences of clasts 
containing zircons of that age found in diatremes 
(Jefferson and Parrish, 1989; Milidragovic, 2008). 
Neoproterozoic, Cambrian and Silurian zircons in the 
Mirror Creek formation were likely derived from the 
non-Laurentian Insular terranes, which make up most of 
northern, western and southern Alaska, and southwestern 
Yukon (Bradley et al., 2007); some of these terranes were 
sutured to northwestern Laurentia as early as Middle 
Devonian (Lane, 2007; Colpron and Nelson, in press). Till 
et al. (2007) and Csetjey et al. (1992) documented 
depositional contacts of unit Trcs with the para-
autochthonous continental margin sequence in the 
Kantishna Hills west of the Bonnifield District, and with 
the Yanert Fork sequence between the Hines Creek and 
McKinley strands of the Denali fault. In the westernmost 
part of the area between the Hines Creek and McKinley 
strands, unit Trcs is located near, but in unknown 
relationship with, the Farewell terrane. The Yanert Fork 
sequence and unit Trcs also occur south of the McKinley 
strand, near the northernmost exposures of the Insular 
superterrane. The Mirror Creek formation and westwardly 



Yukon Exploration and GEoloGY 2008 205

Murphy et al.– new beaRinG on ‘windY-MckinleY’ TeRRane

correlative Upper Triassic clastic rocks of unit Trcs could 
therefore be an overlap sequence onto rocks of both 
Laurentian (Yukon-Tanana terrane and para-
autochthonous North American margin rocks of Yukon-
Tanana upland) and non-Laurentian origin.

The geochemical data from the late Middle Triassic 
gabbro and the Harzburgite Peak – Eikland Mountain 
ophiolite provide some insight into the paleo-tectonic 
setting(s) of the magmatic episode(s). When compared 
with modern basaltic rocks from well constrained tectonic 
settings, the trace-element geochemical character of both 
the late Middle Triassic gabbro and, in particular, the 
ophiolite, is most like the geochemical character of rocks 
from suprasubduction zone settings (e.g., Shervais and 
Metcalf, 2003). Each episode has one suite that resembles 
either NMORB or EMORB compositions, but is overall 
more enriched across the spectrum of rare-earth 
elements. Another suite having Th/Nb >1 resembles 
LREE-enriched island arc tholeiites and back-arc basin 
basalts. When plotted on a Th/Yb versus Nb/Yb diagram 
(Pearce and Peate, 1995), the Triassic gabbro samples plot 
in a cluster around the EMORB composition, but offset 
from the mantle enrichment array in the direction of 
subduction zone enrichment (Fig. 8). Similarly, the 
ophiolite samples plot in a cluster around the primitive 
mantle and NMORB compositions, but are also offset in 
the direction of subduction zone enrichment. The 
exceptions are the three samples of andesitic composition 
from the supracrustal levels of the ophiolite which plot 
with upper continental crust values; this composition may 
reflect crustal contamination. Although not conclusive, all 
of these characteristics suggest a suprasubduction zone 
setting for both the Triassic gabbro and the ophiolite.

The geochemical data from the ophiolite provides some 
support for its correlation with parts of the Chulitna 
terrane (Jones et al., 1982; Clautice et al., 2001), a 
suprasubduction zone ophiolite located in the southern 
Alaska Range south of the Denali fault (Murphy, 2007). 
Doubt was shed on this correlation by Murphy et al. 
(2008) on the basis of the non-arc-like geochemical 
characteristics of a small set of samples from the ophiolite; 
our more comprehensive sampling has revealed a more 
arc-like character, thereby permitting a correlation with 
the Chulitna terrane. If correlative, the Harzburgite 
Peak – Eikland Mountain ophiolite would then be 
Devonian to Permian in age and therefore older than the 
Triassic gabbro intruding the schist subdivision, further 
implying that the Harzburgite Peak – Eikland Mountain 
ophiolite and Triassic gabbros formed above different 

subduction zones. Geochronological data from the 
ophiolite are necessary to establish the age of the 
ophiolite before its correlation and relationship with the 
Triassic gabbro can be further evaluated.

conclusions
1. New ages from the felsic metavolcanic rocks and 

gabbro of ‘Windy-McKinley’ terrane substantiate the 
proposed correlation of these rocks with the rocks of 
the Delta District, Alaska. This correlation makes the 
‘Windy-McKinley’ terrane prospective for volcanogenic 
massive sulphide deposits.

2. Detrital zircon data from the different formations of the 
schist-gabbro subdivision, and the difference in degree 
of deformation and metamorphism between the Mirror 
Creek and other formations of the subdivision, suggest 
that the Late Devonian White River formation is 
overlain by the Scottie Creek formation followed by the 
Mirror Creek formation. This stratigraphic succession is 
similar to that of the Delta District, further supporting 
the proposed correlation.
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3. The correlation of the Delta District can be extended 
westward to include rocks between the Hines Creek 
and McKinley strands of the Denali fault, the Yanert 
Fork sequence and Pingston terrane. This belt of 
‘Windy-McKinley’-like rocks is distinguished from rocks 
of the para-autochthonous part of Yukon-Tanana terrane 
to the north with which they were originally correlated, 
on the basis of voluminous late Middle Triassic mafic 
magmatism and differences in detrital zircon 
characteristics.

4. The trace-element geochemical character of Triassic 
gabbro of the schist-gabbro subdivision and mafic rocks 
of the Harzburgite Peak – Eikland Mountain ophiolite 
suggest a suprasubduction zone setting for both. 

5. A suprasubduction zone setting for the Harzburgite 
Peak – Eikland Mountain ophiolite permits a proposed 
correlation with disrupted ophiolitic rocks of the 
Chulitna terrane. If correlative, the Harzburgite 
Peak – Eikland Mountain ophiolite would be mid-
Paleozoic in age. The Triassic gabbro would therefore 
have formed above a younger subduction zone.

acknoWlEdGEMEnts
Jeff Bond continued to raise the bar for exceptionally high 
quality camp experiences, working tirelessly to overcome 
logistical, organizational and bureaucratic challenges, all 
while juggling responsibilities for surficial geological 
mapping and sampling and camp entertainment. It was a 
pleasure to work with you Jeff, as well as with all the YGS 
surficial crew, Panya Lipovsky, Syd van Loon and Leslie 
Dampier. Our Tincup Wilderness Lodge hosts José 
Jantzen, Larry Nagy (owners) and Louise Levesque 
couldn’t have been more welcoming, generous and 
conscious of our specialized needs and concern for safety. 

The authors would like to thank YGS colleagues Maurice 
Colpron, Grant Abbott and Carolyn Relf for their 
contributions to the mapping and peat studies. Catherine 
van der Lely and Mauricio Guillot provided excellent 
assistance, both in the field, and in the office. Rosie 
Cobbett’s assistance with digitizing maps and field notes, 
as well as reworking of figures was timely and essential. 
Maurice Colpron continues to generously share his digital 
data capture skills and is a major influence on the 
progression of ideas and understanding of northern 
Cordilleran geology. Janet Gabites and Rich Friedman of 
the University of British Columbia contributed to the 
collection and analysis of the U/Pb geochronological data 

reported here. Steve Israel reviewed and improved the 
first draft of this paper.

This project, and the airborne geophysical surveys to be 
released in 2009, are jointly funded by the Yukon 
Geological Survey and Indian and Northern Affairs 
Canada, through the Strategic Investments in Northern 
Economic Development (SINED) program; and the 
Geological Survey of Canada, through the Geo-Mapping 
for Energy and Minerals (GEM) program.

rEfErEncEs
Barrett, T.J. and McLean, W.H., 1999. Volcanic sequences, 

lithogeochemistry, and hydrothermal alteration in some 
bimodal volcanic-associated massive sulphide systems. 
In: C.T. Barrie and M.D. Hannington (eds.), Volcanic-
Associated Massive Sulphide Deposits: Processes and 
Examples in Modern and Ancient Environments. Society 
of Economic Geologists, Reviews in Economic Geology, 
vol. 8, p. 101-131.

Bradley, D.C., McClelland, W.C., Wooden, J.L., Till, A.B., 
Roeske, S.M., Miller, M.L., Karl, S.M. and Abbott, J.G., 
2007. Detrital zircon geochronology of some 
Neoproterozoic to Triassic rocks in interior Alaska. 
In: Tectonic Growth of a Collisional Continental Margin: 
Crustal Evolution of Southern Alaska, K.D. Ridgway, 
J.M. Trop, J.M.G. Glen and J.M. O’Neill (eds.), 
Geological Society of America Special Paper 431, 
p. 155-189.

Bradley, D.C., O’Sullivan, P., Friedman, R.M., Miller, M.L., 
Till, A.B., Dumoulin, J. and Blodgett, R.B., 2008. Detrital 
Zircon Geochronology of Proterozoic to Devonian 
Rocks in Interior Alaska. Extended Abstract, Alaska 
Geological Society Newsletter, January, 2008.

Canil, D. and Johnston, S.T., 2003. Harzburgite Peak: A 
large mantle tectonite massif in ophiolite from 
southwest Yukon. In: Yukon Exploration and Geology 
2002, D.S. Emond and L.L. Lewis (eds.), Exploration and 
Geological Services Division, Yukon Region, Indian and 
Northern Affairs Canada, p. 77-84.

Clautice, K.H., Newberry, R.J., Blodgett, R.B., 
Buntzen, T.K., Gage, B.G., Harris, E.E., Liss, S.A., 
Miller, M.L., Reifenstuhl, R.R., Clough, J.G. and 
Pinney, D.S., 2001. Bedrock geologic map of the 
Chulitna region, south-central Alaska. Alaska Division of 
Geological and Geophysical Surveys, Report of 
Investigations 2001-1A, 31 p.



Yukon Exploration and GEoloGY 2008 207

Murphy et al.– new beaRinG on ‘windY-MckinleY’ TeRRane

Colpron, M. and Nelson, J.L., in press. The Northwest 
Passage: Incursion of Baltican and Siberian crustal 
fragments into eastern Panthalassa, and the mid-
Paleozoic to early Mesozoic evolution of the 
Cordilleran margin of western North America. 
In: Accretionary Orogens, P. Cawood and A. Kroner 
(eds.), Geological Society of London Special Publication.

Colpron, M., Nelson, J.L. and Murphy, D.C., 2006. A 
tectonostratigraphic framework for the pericratonic 
terranes of the northern Canadian Cordillera. In: 
Paleozoic evolution and metallogeny of pericratonic 
terranes at the ancient Pacific margin of North America, 
Canadian and Alaskan Cordillera, M. Colpron, 
J.L. Nelson and R.I. Thompson (eds.), Geological 
Association of Canada Special Paper 45, p. 1-23.

Csejtey, B., Mullen, M.W., Cox, D.P. and Stricker, G.D., 
1992. Geology and geochronology of the Healy 
Quadrangle, south-central Alaska. U.S. Geological 
Survey Miscellaneous Investigations Series, Map I-1961.

Dashevsky, S.S., Schaefer, C.F. and Hunter, E.N., 2003. 
Bedrock geologic map of the Delta Mineral Belt, Tok 
Mining District, Alaska. Alaska Division of Geological 
and Geophysical Surveys, Professional Report 122, 
2 maps and text, 128 p. 

Dusel-Bacon, C., Hopkins, M.J., Mortensen, J.K., 
Dashevsky, S.S., Bressler, J.R. and Day, W.C., 2006. 
Paleozoic tectonic and metallogenic evolution of the 
pericratonic rocks of east-central Alaska and adjacent 
Yukon. In: Paleozoic Evolution and Metallogeny of 
Pericratonic Terranes at the Ancient Pacific Margin of 
North America, Canadian and Alaskan Cordillera, 
M. Colpron and J.L. Nelson (eds.), Geological 
Association of Canada, Special Paper 45, p. 25-74.

Ewart, A., Hergt, J.M. and Hawkins, J.W., 1994. Major 
element, trace element, and isotope (Pb, Sr and Nd) 
geochemistry of site 839 basalts and basaltic andesites: 
implications for arc volcanism. In: Proceedings of the 
Ocean Drilling Program: Scientific Results, J.W. Hawkins, 
L.M. Parson and J. Allan, (eds.), vol. 135, p. 519-531.

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

Gordey, S.P. and Makepeace, A.J. (compilers), 2001. 
Bedrock Geology, Yukon Territory. Geological Survey of 
Canada, Open File 3754; Exploration and Geological 
Services Division, Yukon Region, Indian and Northern 
Affairs Canada, Open File 2001-1, scale 1:1 000 000.

Jefferson, C.W. and Parrish, R.R., 1989. Late Proterozoic 
stratigraphy, U-Pb zircon ages and rift tectonics, 
Mackenzie Mountains, northwestern Canada. Canadian 
Journal of Earth Sciences, vol. 26, p. 1784-1801.

Jones, D.L., Silberling, N.J., Gilbert, W. and Coney, P., 
1982. Character, distribution, and tectonic significance 
of accretionary terranes in the central Alaska Range. 
Journal of Geophysical Research, vol. 87, no. B5, 
p. 3709-3717.

Lane, L.S., 2007. Devonian-Carboniferous paleogeography 
and orogenesis, northern Yukon and adjacent Arctic 
Alaska. Canadian Journal of Earth Sciences, vol. 44, 
p. 679-694.

Milidragovic, D., 2008. Quartet Mountain lamprophyres 
and crustal xenoliths: new insights into the 
Mesoproterozoic metamorphic history of northwestern 
Laurentia. Unpublished MSc thesis, Simon Fraser 
University, British Columbia, 128 p.

Monger, J.W.H., Wheeler, J.O., Tipper, H.W., Gabrielse, H., 
Harms, T., Struik, L.C., Campbell, R.B., Dodds, C.J., 
Gehrels, G.E. and O’Brien, J., 1991. Part B. Cordilleran 
terranes. In: Upper Devonian to Middle Jurassic 
assemblages, Chapter 8 of Geology of the Cordilleran 
Orogen in Canada, H. Gabrielse and C.J. Yorath (eds.), 
Geological Survey of Canada, Geology of Canada, 
no. 4, p. 281-327 (also Geological Society of America, 
The Geology of North America, vol. G-2). 

Mortensen, J.K., 2009 (this volume). U-Pb age and 
geochemical studies of Mississippian and Cretaceous 
plutonic rocks in south-central McQuesten map area, 
Yukon. In: Yukon Exploration and Geology 2008, 
L.H. Weston, L.R. Blackburn and L.L. Lewis (eds.), 
Yukon Geological Survey, p. 187-194.

Mortensen, J.K. and Israel, S., 2006. Is the Windy-
McKinley terrane a displaced fragment of Wrangellia? 
Evidence from new geological, geochemical and 
geochronological studies in western Yukon. Geological 
Society of America, Abstracts with Programs, vol. 38, 
No. 5, Abstract 43-10.



208 Yukon Exploration and GEoloGY 2008

Yukon GeoloGical ReseaRch

Mortensen, J.K. and Thompson, R.I., 1990. A U-Pb zircon-
baddeleyite age for a differentiated mafic sill in the 
Ogilvie Mountains, west-central Yukon Territory. 
In: Radiogenic Age and Isotopic Studies, Report 3: 
Geological Survey of Canada, Paper 89-2, p. 23-28.

Murphy, D.C., 2007. The three ‘Windy-McKinley’ terranes 
of Stevenson Ridge area (115JK), western Yukon. 
In: Yukon Exploration and Geology 2006, D.S. Emond, 
L.L. Lewis and L.H. Weston (eds.), Yukon Geological 
Survey, p. 223-236.

Murphy, D.C., van Staal, C. and Mortensen, J.K., 2007. 
Preliminary bedrock geology of part of Stevenson Ridge 
area, Yukon (NTS 115J/3, 4, 5, 6, 7, 8, part of 11 and 12; 
115K/1, 2, 7, 8, 9, 10, part of 15 and 16) (1:125 000 
scale). Yukon Geological Survey, Open File 2007-9.

Murphy, D.C., van Staal, C. and Mortensen, J.K., 2008. 
‘Windy-McKinley’ terrane, Stevenson Ridge area (115JK), 
western Yukon: composition and proposed correlations, 
with implications for mineral potential. In: Yukon 
Exploration and Geology 2007, D.S. Emond, 
L.R. Blackburn, R.P. Hill and L.H. Weston (eds.), Yukon 
Geological Survey, p. 225-235.

Nelson, J. and Gehrels, G., 2007. Detrital zircon 
geochronology and provenance of the southeastern 
Yukon-Tanana terrane. Canadian Journal of Earth 
Sciences, vol. 44, p. 297-316.

Nokleberg, W.J., Aleinikoff, J.N., Lange, I.M., Silva, S.R., 
Miyaoka, R.T., Schwab, C.E. and Zehner, R.E., 1992. 
Preliminary geologic map of the Mount Hayes 
quadrangle, eastern Alaska Range, Alaska. U.S. 
Geological Survey, Open-File Report 92-594, scale 
1:250 000.

Pearce, J.A. and Peate, D.W., 1995. Tectonic implications 
of the composition of volcanic arc magmas. Annual 
Reviews of Earth and Planetary Science, vol. 23, 
p. 251-285.

Piercey, S.J., 2001. Petrology and tectonic setting of mafic 
and felsic volcanic and intrusive rocks in the Finlayson 
Lake volcanic-hosted massive sulphide (VHMS) district, 
Yukon, Canada: a record of mid-Paleozoic arc and 
back-arc magmatism and metallogeny. Unpublished 
PhD thesis, University of British Columbia, Vancouver, 
British Columbia, 305 p.

Piercey, S.J., Murphy, D.C., Mortensen, J.K. and 
Creaser, R.A., 2004. The mid-Paleozoic initiation of the 
northern Cordilleran back-arc basin: Geological, 
geochemical and neodymium isotopic evidence from 
the oldest mafic magmatic rocks in Yukon-Tanana 
terrane, Finlayson Lake district, southeast Yukon, 
Canada. Geological Society of America Bulletin, vol. 32, 
p. 1087-1106.

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

Ross, G.M., Friedman, R. and Mortensen, J.K., 2005. 
Detrital zircon and monazite from the Hyland Group 
northern Canadian Cordillera and Alaska: Evidence for 
intracordilleran “Grenville” basement. Geological 
Society of America, Abstracts with Programs, vol. 37, 
no. 4, p. 56.

Shervais, J.W. and Metcalf, R.V., 2008. Suprasubduction-
zone ophiolites: Is there really an ophiolite conundrum? 
In: Ophiolites, Arcs, Batholiths: A tribute to Cliff 
Hopson, J.E. Wright and J.W. Shervais (eds.), Geological 
Society of America Special Paper 438, p. 191-222.

Shinjo, R., Woodhead, J.D. and Hergt, J.M., 2000. 
Geochemical variation within the northern Ryukyu arc: 
magma source compositions and geodynamic 
implications. Contributions to Mineralogy and Petrology, 
vol. 140, p. 263-282.

Silberling, N.J., Jones, D.D., Monger, J.W.H. and 
Coney, P.J., 1992. Lithotectonic terrane map of the 
North American Cordillera, United States Geological 
Survey, Miscellaneous Investigations Series, Map I-2176, 
scale 1:5 000 000, 2 sheets.

Stoltz, A.J., Varne, R., Davies, G.R., Wheller, G.E. and 
Foden, J.D., 1990. Magma source components in an 
arc-continent collision zone: The Flores-Lembata sector, 
Sunda Arc, Indonesia. Contributions to Mineralogy and 
Petrology, vol. 105, p. 585-601.



Yukon Exploration and GEoloGY 2008 209

Murphy et al.– new beaRinG on ‘windY-MckinleY’ TeRRane

Sun, S.-S. and McDonough, W.F., 1989. Chemical and 
isotopic systematics of oceanic basalts: implications for 
mantle composition and processes. In: Magmatism in 
the Oceanic Basins, A.D. Saunders and M.J. Norry, 
(eds.), Geological Society of London, Special 
Publication 42, p. 313-345.

Tempelman-Kluit, D.J., 1970. Stratigraphy and structure of 
the Keno Hill Quartzite in Tombstone River-Upper 
Klondike River map areas, Yukon Territory (116B/7, 8). 
Geological Survey of Canada, Bulletin 180.

Tempelman-Kluit, D.J., 1974. Reconnaissance geology of 
Aishihik Lake, Snag and part of Stewart River map-areas, 
west-central Yukon. Geological Survey of Canada, 
Paper 73-41.

Tempelman-Kluit, D.J., 1984. Counterparts of Alaska’s 
terranes in Yukon. In: Symposium Cordilleran Geology 
and Mineral Exploration Status and Future Trends, 
Vancouver, British Columbia, Canada, Cordilleran 
Section, Geological Association of Canada Abstracts 
with Programs, p. 41-44.

Thompson, R.I., Roots, C.F. and Mustard, P.S., 1992. 
Geology of Dawson map area (116B,C, northwest of 
Tintina Trench). Geological Survey of Canada, Open-
File 2849, scale 1:50 000.

Till, A.B., Harris, A.G., Wardlaw, B.R. and Mullen, M., 2007. 
Upper Triassic continental margin strata of the central 
Alaska Range: Implications for paleogeographic 
reconstruction. In: Tectonic Growth of a Collisional 
Continental Margin: Crustal Evolution of Southern 
Alaska, K.D. Ridgway, J.M. Trop, J.M.G. Glen and 
J.M. O’Neill (eds.), Geological Society of America 
Special Paper 431, p. 191-205.

Weber, F.R., Wheeler, K.L., Rinehart, C.D., Chapman, R.M. 
and Blodgett, R.B., 1992. Geologic map of the 
Livengood Quadrangle, Alaska. United States 
Geological Survey, Open-File Report 92-562, 
scale 1:250 000.

Wheeler, J.O. and McFeeley, P. (compilers), 1991. Tectonic 
assemblage map of the Canadian Cordillera and 
adjacent parts of the United States of America, 
Geological Survey of Canada, Map 1712A, 
scale 1:2 000 000.

Wilson, F.H., Dover, Y.H., Bradley, D.C., Weber, F.R., 
Bundtzen, T.K. and Haeussler, P.J., 1998. Geologic map 
of central (interior) Alaska. U.S. Geological Survey, 
Open-File Report OF 98-0133-A, scale 1:500 000, 
3 sheets, and text, 63 p. 

Winchester, J.A. and Floyd, P.A., 1977. Geochemical 
discrimination of different magma series and their 
differentiation products using immobile elements. 
Chemical Geology, vol. 20, p. 325-343.



210 Yukon Exploration and GEoloGY 2008

Yukon GeoloGical ReseaRch


