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Preface 

This bulletin describes and synthesizes the geology of most of the region that Aho ( 1963) described as the 
McQuesten Mineral Belt. The economic promise of this region has been amply demonstrated since prospectors first 
arrived in the late 1880s. In 1898, placer gold was discovered in Duncan Creek. The initial discovery of lead and silver 
veins in the Elsa~Keno Hill camp was made in 1906, and silver, lead and zinc were produced almost continually between 
1921 and 1988. Systematic geological mapping of the area was started by H. S. Bostock of the Geological Survey of 
Canada between 1938 and 1941; between then and 1972, the Keno Hill/Galena Hill area was studied intensively and a 
broader regional framework established. As it has been more than 20 years since the last major comprehensive study of 
this important region, an update is warranted. 

The present study began in 1991 in conjunction with framework mapping of the Mayo map area by Dr. C. Roots of 
the Geological Survey of Canada, and continued between 1992 and 1995 as a separate field project. The \vork was fund, 
ed by the Canada/Yukon Cooperation Agreement on Mineral Resource Development. Logistical support was provided 
by the Canada/Yukon Geoscience Office, a jointly managed project with the Department of Indian Affairs and North~ 
ern Development as scientific authority and the Yukon Department of Economic Development as administering agency. 

This report includes a comprehensive description of the bedrock map units and the structural geology, and presents 
interpretations of the types of mineral occurrences found within this economically important part of Yukon. The 
findings resulting from this study with significant implications for mineral exploration are: 
1. Identification of a previously unrecognized Cambrian sequence, which is potentially equivalent to the Anvil Mine 

sequence. 
2. The Tombstone intrusions, with high potential for hosting low~grade, bulk tonnage gold deposits (Fort Knox,type), 

consistently have ages that fall within a very narrow range of 92±2 Ma. 
3. The identification of the \vide~prcad potential for gold deposits in structurally and stratigraphically controlled zones 

near plutons (Brewery Creek,type). 

Trevor Bremner 
Chief Geologist and Regional l\1anager 
Exploration and Geological Services Division 
Northern Affairs Program, DIAND 

Preface 

Roderic P. Hill 
Manager, Mineral Resources Program 
Yukon Department of Economic Development 

Le present bulletin decrit ct synthetise la geologie de la majeure partie de la region qu'Aho ( 1963) a denommee 
,<Ceinture minerale de McQuesten,,. Le caractefe prometteur de cette region a ere amplement mis en evidence depuis 
que des prospecteurs y sont arrives pour la premiere fois a la fin des annCes 1880. En 1898, on a decouvert de l'or 
placerien a Duncan Creek. La premiere decouverte de filons plombift'res et argentiferes au camp d'Elsa,Keno Hill 
remonte a 1906; de l'argent, du plomb et du zinc ant ere extraits presque sans interruption entre 1921 et 1988. H.S. 
Bostock, de la Commission geologiquc du Canada, a commence entre 1938 ct 1941 la cartographie geologique 
sysrematique de la region. Puis, jusqu'en 1972, la region de Keno Hill/Galena Hill a ere l'objet de nombreuses erudes qui 
ont permis de definir un cadre regional plus vaste. Comme la dernitrc etude approfondie de cette importante region 
date de plus de vingt ans, une actualisation des connaissances s'impose. 

L'erude dont il est rendu compte ici a debure en 1991 dans le cadre des travaux de cartographic generale de la 
region de Mayo diriges par C. Roots, de la Commission geologique du Canada; elle s'est poursuivie entre 1992 et 1995 a 
titre de projet distinct. Les rravaux ont ere finances par l'Entente de coopCration Canada/Yukon sur l'exploitation 
minerale. Le souticn logistique a ere fourni par le Bureau geoscientifique Canada/Yukon, projet gere conjointement avec 
le ministere des Affaires indiennes et du Nord canadien, qui agissait comme autorit.C scientifique, et avec le ministere du 
Developpement economique du Yukon, qui en assurait l'administration. 

Le present rapport comporte une description detaillCe des unites cartographiques du substratum rocheux et de la 
geologie structurale ct expose les diverses interpretations des types de gltes mineraux observes dans cette partie econo, 
miquement importante du Yukon. Cette erude a des implications importantes pour l'exploration minerale, notamment: 
1. l'identification d'une sequence cambrienne jusqu'ici non reconnue, qui pourrait etre correlative de la sequence 

d'Anvil Mine; 
2. une meilleure evaluation des intrusions de Tombstone, qui presentent des indices prometteurs de la presence de 

gisements auriferes a fort tonnage et a faible teneur (du type Fort~Knox) et dont les ages s'inscrivent 
systematiquement clans unintervalle tres etroit (92 ± 2 Ma); 

3. l'identification de nombreux indices favorables de la presence de gisements auriferes clans des zones a contr6le 
structural et stratigraphique a proximire des plutons (type Brewery~Creek). 

Trevor Bremner 
Geologue en chef et directeur regional 
Division des services geologiques et d'exploration 
Programme des affaircs du Nord, MAIN 

Roderic P. Hill 
Directeur, Programme des ressources minerales 
Minisrere du Developpement economique du Yukon 
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Abstract 

The McQuesten River region in the northern part of the McQuesten and Mayo map areas (scale 1:250000) is 
underlain by Up),er Proterozoic to Mississippian rocks that were deposited in an offshelf setting during the formation of the 
northern Cordilleran continental margin, deformed during the Mesozoic, and intruded by pre- and post-kinematic intru­
sions. The Selwyn Basin phase of evolution of the continental margin i.s represented by ten rock units that correlate with 
units defined in the ea.stern part of Selwyn Ba.sin, including the Yusezyu and Narchillaforrnations of the Upper Proterozoic­
Lower Cambrian Hyland Group; a carbonate member of the Narchilla Formation; four members of the Lower to Middle 
(?) Cambrian Gull Lake Formation; the Upper Cambrian to Lower Ordovician Rabbitkettle Formation; and the Duo Lake 
and Steel formations of the Ordovician to Devonian Road River Group. Dark elastic and rare felsic metavolcanic rocks of 
the Devonian-Mississippian Earn Grou)i unconforrnably overlie rocks of the Selwyn Ba.sin phase and are overlain conform­
ably by the Mississippian Keno Hill quartzite. Dark, fine-grained metaclastic rocks of unknown age locally overlie Keno 
Hill quartzite. 

Four episodes of plutonism can be distinguished in the area, the earliest probably Early Paleozoic in age, another almost 
certainly mid,Triassic in age, and two phases of Cretaceous granitic magmatism. Early Paleozoic bodies are typically metre, 
scale, fine-grained diahasic dykes and sills intruding rocks of the Hyland Grau),. Mid-Triassic diorite to gabbro occurs in 
discontinuous pods of 1various sizes, primaril), in the Tombstone Thrust sheet u-'here they intrude Devonian and Mississip­
pian rocks. The most 1.!0luminous and widespread granitic rocks are the early Late Cretaceous Tombstone intrusions (92 ± 
2 !via). T-ypical Tombstone intrusions are weakly J>or1)hyritic 1 medium-grained hornblende-hiotite granite to granodiorite, 
but they range from syenite to granodiorite and are locally peraluminous. The latest episode of granitic magmatism, the 65 
± 3 Ma McQuesten intrusions, is not yet fully delineated hut include.s five stocks of peraluminous potassium feldspar 
megacr)'Stic g,-anite. 

Paleozoic and Mesozoic structures occur in the region. The Sprague Creek Fault, a t>re-Late Cambrian normal fault, 
is inferred from stratigraphic relationships. A possibly Jurassic pha.se of shortening is represented by west-northwest· 
trending, south-vergent folds that pre-date Jura-Cretaceous structures. The most pervasive and important phase of defonna­
tion is Jura-Cretaceous in age and kinematically complex. The Robert Service and Tombstone thrusts and Tombstone Strain 
Zone formed between the Late Jurassic and early Late Cretaceous during northward and norrhwestward displacement of 
more southerly hanging wall rocks. 

The McQuesten River region has numerous mineral occurrences, a long histcrry of mining and mineral exploration, 
and good potential for further discove1ies. Known mineral deJJOsit tyJ>es include: I) syngenetic stratabound harite minerali­
zation in the Earn Group; 2) magmatic-hydrothermal q_.1eins; skarn replacement; country,rock-hosted 1)eins, breccias, 
structurally controlled alteration zones and Elsa-Keno Hill vein-faults thought to be genetically associated with the Tomb­
stone intrusions; 3) skarns, breccias and t1eins thought to be genetically associated with lv1cQuesten intrusions; and 4) 
breccias of unknown age and association. Additional occurrences of these types are possible throughout the area. Further­
more, this study newly documents rock units in the McQuesten Rit•er region that are knoivn to host syngenetic mineraliza­
tion in other parts of Selwyn Basin, thereby establishing the potential for these kinds of deposits in the McQuesten River 
region. The Gull Lake Formation correlates with the rock units that host the Anvil District .sedimentary exhalative deposits. 
The Duo Lake Formation hosts the Howards Pass sedimentary exhalative deposits of ea.stern Selwyn Basin. The felsic 
metavolcanic member of the Earn Grou/1 hosts the Marg volcanic-hosted ma.ssive sulphide deposit about 40 km northea.st of 
the map area. 



Geology of the lvlcQuesten River Region 2 

Resume 
La region de la rivit::'re McQuesten, clans la partie nord des regions cartographiques de i'v1cQuesten et de Mayo 

(echelle de 1/250 000) 1 repo.se sur des roches dont les 8.gcs s'echelonnent du Proterozo'ique superieur au 
Mississippien et qui se sont deposees clans un milieu oceanique au cours de la formation de la partie nord de la 
marge continentale de la CordillCrc; elles prescntent des deformations mesozo'iques et des intrusions 
antecinematiques et postcinematiques. La phase de l'evolution de la marge continentale qui est contcmporainc de 
la formation du bas.sin de Sehvyn est reprCscntCc par 10 unitCs lithostratigraphiques qui sont correlees avec des 
unites definies clans la partie orientale du has.sin de Selwyn, notamment les formations de Yusczyu et de Narchilla 
du Groupe de Hyland (Proterozo'ique supefieur~Cambrien inferieur); un membre carbonate de la Formation de 
Narchilla; quatre membres de la Formatinn de Gull Lakei qui s'echelonne du Cambrien infericur au Cambrien 
moycn(?); la Formation de Rabbitkettle (Cambrien superieur-Ordovicien inferieur); et les formations de Duo Lake 
et de Steel, du Groupe de Road River (Ordovicien~Devonien). Desroches clastiques sombres et de rares roches 
mCtavolcaniques felsiques du Groupe d'Eam (Devonien~l\Hssissippien), reposent en discordance sur des roches de 
la phase contemporainc de la formation du bass in de Sehvyn et sont recouverts en concordance par le quartzite 
mississippien de Keno Hill. Des roches metaclastiques sombres a grain fin ct d'8.gc indetermine recouvrent par 
endroits le quartzite de Keno Hill. 

On di.stinguc quatrc (pisodcs de plutonismc clans la region; le plus ancien date vraisemblahlement du 
Paleozo'ique precoce et l'autre, presque certainement du Trias moyen. Sui vent deux phases de magmatisme 
granitiquc cretace. Les corps du Paleozo'ique precoce sont generalement des dykes et filons~couches de diabase a 
grain fin d'echelle metrique recoupant des roches du Groupe de Hyland. Des rochcs de composition dioritique 3 
gabbro'ique du Trias moycn sc prCscntent en amas fusiformes discontinus de tailles variees, surtout clans la nappe de 
charriage de Tombstone, oll elles recoupent des roches devoniennes et mississippiennes. Les roches granitiques les 
plus volumineuses et les plus repandues sont les intrusions de Tombstone, qui datent du debut du CrCtacC tardif 
(92±Ma). Les intrusions de Tombstone sont constituCes le plus souvent de granites~granodiorites a hornblende~ 
biotite a grain moyen faihlement porphyriques; cependant, elles couvrent tout l'Cventail entre la syenite et le 
granodiorite et sont par endroits hyperalumineuses. Le dernier episode de magmatisme granitiquc, celui des 
intrusions de McQuesten (65±3 Ma) n'est pas encore tout a fait delimitf, mais il comprend cinq stocks de granite 
megacristallin a feldspath potassique hyperalumincux. 

On rencontre clans la region des structures palt'ozo'iques et m12sozo'iques. La prCsence de la faille de Sprague 
Creek, une faille normalc antlrieure au Cambrien tardif, est inferee a partir des donnees stratigraphiques. Une 
phase de raccourcissement, qui pourrait dater du Jurassique, est representee par des plis de direction ouest-nord­
ouest a vergence sud ant12rieurs aux structures du Jurassique-Cretace. La deformation la plus penetrative et la plus 
irnportante remonte au Jurassique~Cretace et est cint'matiquement complexc. Les ages des chevauchements de 
Robert Service et de Tombstone et ceux de la zone deformee de Tombstone se situent entre le Jurassique tardif et 
le debut du CretacC tardif, pfriode au cours de laquelle les rnches du compartiment soulevt:\ plus au sud, ont subi 
des deplacements ver.s le nord et le nord-oucst. 

La region de la riviere l\1cQuesten renferme de nombrcuses occurrences minetales. Elle est depuis longtemps 
le theatre de travaux d 1exploration et d'exploitation miniere, et rccele un potcntiel prometteur de futures 
decouvcrtes. Parmi les types de gltes mint'raux connus figurent : 1) une mineralisation de barytine strato'ide 
syngt'nftique dans le Groupe d'Earn; 2) des filons magmatiques~hydrothermaux, des zones de remplacement par du 
skarn, des filons inclus dans la rochc encaissante, des breches, des zones d'alteration contr6lt'es par la structure et 
les filons-failles d'Elsa~Keno Hill qu'on suppose genetiquemcnt apparentes aux intrusions de Tombstone; 3) des 
skarns, des breches et des filons auxquels on at.tribue une parentE genttiquc avec les intrusions de McQuesten; et 
4) des breches d'age ct de parente inconnus. D'autres occurrences de ces types de minCralisations pourraient se 
rencontrer dans la region. Ccttc etude fait en outre Ctat pour la premiere fois de la presence, dans la region de la 
riviere McQuesten, d'unites lithostratigraphiques dont on sait qu'elles renferment des mineralisations 
syngenetiques ailleurs clans le bas.sin de Selwyn; il s'ensuit que des gisements de ce type pourraient etrc prCscnts 
clans la region de la riviere lvkQuesten. La Formation de Gull Lake est corrClce avec les unites 
lithostratigraphiques contenant les gisemcnts exhalatifs sedimentaires du district d'Anvil. Les gisements exhalatifs 
sedimentaires de Hmvards Pass du bassin de Selwyn oriental sont inclus clans la Formation de Duo Lake. Enfin, le 
memhre mEtavolcanique fclsique du Groupe d'Eam renferme le gisement de sulfures massifs 8. roche encaissante 
volcanique de Marg, situe a une quarantaine de kilomCtres au nord~est de la region cartographique. 



Introduction 

The western part of Yukon\, Selwyn Basin* 
(Figure 1), centred on the McQuesten River water­
shed, is endowed \:vith a complex geological founda­
tion, an abundance and diversity of mineral occur­
rences, and high potential for the discovery of DC\V 

deposits. The area has been explored for minerals 
since the 1885 discovery of fine gold in gravel bars of 
the Stewart River below the mouth of the 
McQuesten River (Bostock, 1964 ). Placer gold and 
lode silver \Vere the early interests in the area follow­
ing discoveries of gold in the late 1800s and silver in 
1906. During the First and Second World Wars, 
tungsten was a strategic mineral and the area was 
explored for it, especially around felsic intrusions of 
knmvn or presumed mid-Cretaceous age. During a 
period of elevated tin and tungsten prices in the 
1970s and early 1980s, the area was re-examined for 
these minerals. Since the late 1980s, the same mid­
Cretaceous intrusions have again been the focus of 

3 

exploration, this time for low-grade, bulk-tonnage, 
gold deposits like Fort Knox near Fairbanks, Alaska. 
Most recently, the exploration focus has broadened to 
include structurally controlled replacement deposits 
(Carlin-like) peripheral to the intrusions (cf. Poulsen, 
1996). 

Unlike the eastern part of the basin, where a 
suhstantial amount of recent geological ,vork has been 
done (Gordey and Anderson, 1993; Cecile, 1982, 
1997; Abbotr, 1983; Cecile and Abbott, 1992; 
Abbott et al. 1986; Gordey et al. 1987) and where the 
geological framework is relatively well understood, 
little work has been done recently in the western part 
of the region and consequently neither the distribu­
tion, age, stnicture and evolution of geological units 
nor the geological setting of mineral occurrences of 
this region are understood in detail. The western part 
of Selwyn Basin was therefore selected for geological 
mapping and related studies to be conducted under 
the 1991-1996 Canada/Yukon Economic Develop­
ment Agreement (EDA). This report presents the 

*Selwyn Basin is used here in the geographical sense, comprising the area underlain by rocks that were deposited in an offshelf setting 
during the Late Proterozoic-mid-Paleozoic formation of the northern Cordilleran continental margh 
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Figure 1. Geological elements of the Yukon, showing the relationship of Selwyn Basin to other geological elements. 



Figure 2. Geological features of the western part of Selwyn Basin, showing locations of map areas. 
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results of four years of investigation of the area shown 
in Figure 2. Five new geological maps (scale 1 :50 000) 
accompany this report ( Geoscience Maps 1996-1 to 
1996-5, in pucker) and together supercede interim 
open-file maps and reports (Murphy and Roots, 1992; 
Murphy et al. 1993a, b; Hunt er al. 1993; Murphy and 
Heon, 1994a, b; 1995a, b). 

The field work for this report was done during the 
summers of 1991 to 1995. The 1991 field work in the 
Keno Hill (lOSM/14) and Mt. Haldane map areas 
( lOSM/13) was done in collaboration with Dr. 
Charlie Roots of the Geological Survey of Canada 
( GSC) as part of revision mapping of the Mayo map 
area (105M; scale 1:250 000). Subse4uent field work 
in Clear Creek, Sprague Creek and Seattle Creek 
map areas \\.'as done by Daniele Heon and myself, 
with assistance in the Clear Creek map area from 
Julie Hunt. The Mt. Haldane map (lOSM/13) is a 
compilation by Julie Hunt ofW. H. Poole's (GSC) 
1964 field work, Roots and my 1991 field work, and 
1992 field work by Hunt, Roots, Heon and myself. 

Acknowledgements 
Numerous people have played roles in my appre­
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Canada) report on the intrusions of the McQuesten 
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the region's felsic intrusions. Daniele HCon's 
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and staff at UBC's Geochronometry Laborarory, all of 
whose contributions arc greatly appreciated. 
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Lesage, Brian McPherson, Harman Keyser, and Dave 
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This report was greatly improved by the consci; 
entious and insightful editorial efforts of Charlie 
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Location and access 
The maps accompanying this report encompass 

about 2800 square kilometres (km) of the central part 
of the Yukon Territory, in the region north of Mayo 
and east-southeast of Dawson City (Figures 1. 2). The 
area includes parts of the watersheds of the 
McQuesten, Little South Klondike and Stewart 
rivers. The area has no full-time inhabitants, al­
though placer miners operate in several of the creeks 
during the summer. Much of the area is accessible by 
a network of summer roads built to service the 
numerous historical and currently operating placer 
and lode mines. Access to the western part of the 
region is by the Clear Creek road, which leaves the 
North Klondike Highway near Barlow Lake, about 70 
km northwest of Stewart Crossing. Roads branching 
off the Clear Creek road provide good access ro much 
of the Clear Creek map area (1 lSP/14). Some of 
these continue as rough 'cat' tracks into parts of the 
Sprague Creek map area (1 ISP/15). Road access to 
the Seattle Creek map area (115P/16) is via the 
Highet Creek and McQuesten River-Haggart Creek 
roads. The Highet Creek road leads to Sabbath and 
Johnson creeks, with branches to Scheelite Dome and 
Morrison and Seatrle creeks. The McQuesten River­
Haggart Creek road provides access to the South 
McQuesten River valley to the confluence with the 
North McQuesten River and leads to roads into Ross, 
Rodin, Goodman, and Secret creeks. The road to 
Elsa, the McQuesten River-Haggart Creek road and 
numerous side roads and 'cat' trails provide access 
-to the Mt. Haldane and Keno Hill map areas 
(lOSM/13, 14). 
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Figure 3. Locations of traverses along which the observations recorded in this report were made. 

In spite of relatively good road access, most of the 
region is only accessible by helicopter. During the 
project, most bedrock outcrops were reached by foot 
from camps placed by helicopter (Figure 3 )_ The 
closest base, although seasonal and subject to de~ 
mand, is in 1v1ayo. 

Physiography and glaciation 
The area lies in the northern part of the Stewart 

Plateau physiographic subdivision (Bostock, 1948a; 
Matthews, 1986)_ It is generally characterized by 
moderate elevations ( 2000 to over 6000 feet ( 610 to 
over 1829 metres) above sea level), moderate local 
relief, and little area above the 4000 to 5000 foot 
( 1219-1524 metre) treeline. The northern part of the 
subdivision has variable topography with the broad 
rounded uplands more typical of the southern part of 
the subdivision being punctuated by alpine uplands, 
such as the Syenite Range, the East and West ridges, 

Scheelite Dome, Mc Haldane and the Keno Hill­
Galena Hill~Gustavus Range massif (Geoscience 
Maps 1996-1 to 1996-5, in pocket), Upland areas 
generally coincide v,-'ith the resistant rock types: 1) 
felsic intrusions, 2) their associated hornfels zones, 
and 3) the Keno Hill quartzite. 

Three major rivers cross the region: the South 
l\.1cQuesten River crosses the southeast corner of the 
Sprague Creek map area and cuts diagonally from 
southwest to northeast across the Seattle Creek, Mt. 
Haldane and Keno Hill map areas; the North 
McQuesten River crosses the northern half of the 
Seattle Creek map area from north to south; and the 
Little South Klondike River crosses the northern part 
of the Clear Creek map area and the eastern part of 
the Sprague Creek map area. Bct\vccn the major 
drainages are networks of interconnected ridges 
dissected by second- and third-order drainages (e.g., 
East and West Ridge of the Sprague and Clear Creek 
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map areas). Drainage patterns reflect a bedrock 
structural control ,vith strong north~, northeast~, and 
northwest~trending grains in different parts of the 
region (Figure 4). The valley of the South 
l'vkQuesten River hosts a fault associated \Vith the 
McQuesten Antiform, one of the main structures 
controlling the distribution of rock units in the area. 

Rock exposure varies throughout the region ·with 
little outcrop continuity except along ridgetops above 
the treeline and along the edges of some valley 
bottoms. 1v1oderately well exposed areas with good 
continuous outcrop are the East and West ridges of 
the Clear Creek and Sprague Creek map areas, the 
Sycnite Range of the Clear Creek map area, the 
upper reaches of the Sprague Creek map area, 
Scheclite Dome and the area north of Red Creek in 
the Seattle Creek map area, Mt. Haldane in the Mt. 
Haldane map area, and Keno Hill, Mt. Hinton, 
Galena Hill, and other alpine to suhalpine areas of 
the Keno Hill map area. 

The area lies inside the western limit of conti~ 
nental glaciation. At least one generation of glacial 
and periglacial deposits are locally preserved at 
elev:1tinns above the modern valley floors (Bostock, 
1964; Morison, 1983a, b; 1985). Poorly consolidated 
sequences of sand, gravel, clay, and organic material 
are found in many of the creek valleys, some of which 
contain gold and various tin~ and tungsten~bearing 
minerals. 

Previous geological work 
Since 1906, the McQuesten River region has 

been the focus of numerous geological studies by the 
Geological Survey of Canada (GSC). Most of this 
work occurred in the northern part of Mayo and 
southern part of Nash Creek map areas near the Elsa­
Keno Hill silver camp and the Duncan and Haggart 

Figure 4. Topographic lineaments noted on air photos. 
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Creek placer gold camps. Early GSC reports and some 
maps are reprinted in Bostock (1957). The first 
systematic regional map (Upper McQuesten River, 1 
inch to 4 miles) was published in [943 (Bostock, 
194 3) and a preliminary map of Mayo map area soon 
followed (Bostock, 1947). Bostock (1948a) included 
some description of the physiography and glacial 
features of the northern Stewart Plateau. During the 
1950s and 1960s, the next generation of regional 
geological mapping was undertaken, and systematic 
geochemical surveys ,vere initiated. Mc Taggarr ( 19.50, 
1960) published a geological map of the Elsa-Keno 
Hill mining camp. Preliminary geological maps of 
Mayo Lake, Scougale Creek, and McQuesten Lake 
map areas (scale 1:50 000) were published by Green 
(1957, 1958a, b, c). Green and McTaggart (1960) 
published a paper on the structure of the area around 
the Keno Hill mines. Kindle (1955, 1962) published a 
1 inch to 1 mile geological map of Keno Hill map 
area. A comprehensive overview of the geology, 
geochemistry and mineralization of the Keno Hill~ 
Galena Hill area was presenred in Boyle (1965), 
synthesizing the large amount of infonnation found in 
preceding reports (Boyle, 1955a,b, 1956, 1957, 196[, 
1963, 1964; Boyle and Cragg, [957; Boyle and 
Jambor, 1963; Jambor and Boyle, 1962; Boyle et al. 
1955a, b, 1956). A report and sketch maps of Mt. 
Haldane and Dublin Gulch map areas were published 
by Poole (1965). Hughes et al. (1969) and Hughes 
(1982) reported on glaciation in the region. System~ 
atic characterization of the geochemical environment 
in the map areas around the Elsa-Keno Hill mines 
appeared in Gleeson (1965; l966a,b,c,d; 1967a,b,c,d, 
e; 1968a, b,c,d) and \Vas interpreted in Boyle and 
Gleeson (1972) and Gleeson and Boyle (1976, 1977, 
1978). Boyle et al. {1970a,b) and Tempelman-Kluit 
{1970b) discussed the sulphur isotope geochemistry 
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of Elsa-Keno Hill ore minerals. Little (1959) de­
scribed some of the tungsten occurrences in the 
:tvicQuesten River region. More recently, Tempelman­
Kluit (1970a) and Green (1971) presented inrerpreta­
tions of the geology of the northern part of Mayo map 
area hased on work in nearby areas. Systematic stream 
water and sediment geochemical surveys of Mayo and 
McQuestcn map areas were completed in 1988 
(Hornbrook and Friske, 1988; Friske and Hornbrook, 
1988). Roots and Murphy (1992a), an open-file map 
of Mayo map area; Roots and Murphy (1992b), a 
short summary teport; and Murphy and Roots (1992), 
a compilation of Keno Hill map area, arc the latest 
contributions hy the OSC in this area. 

Numerous topical reports, such as university 
theses and reports) anJ journal articles) have heen 
written on the Elsa-Keno Hill mine area. Johnston 
(1920), Smitheringale (1950), Johnston and 
Powelson (1951), Carmichael (1957), Aho (1963), 
Lemieux (1964), Franzen (1986), Watson (1986) and 
Lynch ( 1986, 1989a) reported on the geological and 
economic characteristics of the Elsa-Keno Hill 
mining area. Theses include: Kania (1926) on the 
silver-lead ores of the Mayo district, Bacon ( 1938) on 
glaciation in the Mayo district, Aho (1949) on the 
mineralogy of heavy minerals in the :tvkQuesten 
River area, Wright (1951) on the geology of the 
Besner Milosovich property, Blackadar (1951) and 
Read (1957) on the mafic intrusions of the Elsa-Keno 
Hill mining camp, Arnold (1953) on the rock types 
of Keno Hill, Zajac ( 1957) on the No. 6 vein, Jambor 
( 1957) on the ore mineralogy of the Calumet mine, 
Tempelman-Kluit (1964) on the geology around the 
Dublin Gulch and Haggart Creek silver and tungsten 
occurrences, Tessari (1979) on the lead isotopes an<l 
whole rock geochemistry of the Elsa-Keno Hill veins, 
and Lynch (1989b) on the hydrothermal zoning in 
the Elsa- Keno Hill camp. Thompson ( 1945) reported 
on cassiterite occurrences in the Dublin Gulch area. 
Sinclair et al. (1980) published K-Ar age 
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determinations on the Keno Hill veins. Unpublished 
student reports on the mineralogy of ores from 
mineral occurrences or heavy mineral concentrates 
were done hy Grove (1953 ), Coates ( l 960), 
Tempelman· Kluit ( 1962), and Armour· Brown 
(1963 ). 

In contrast to the volume of \Vork in and around 
the Elsa-Keno Hill an<l Haggart Creek mining areas, 
relatively little work has been done in neighbouring 
areas. A preliminary map of the neighbouring 
lvlcQucsten map area vvas produced hy Bostock 
( 1948b) and the full colour A-series map appeared in 
1964 (Bostock, 1964 ). Preliminary geological maps 
(scale 1:250 000) of Dawson, Larsen Creek and Nash 
Creek map areas were published by Green and 
Roddick (l 962) followed by A-series maps and a 
report in 1972 (Green, 1972). Topical studies of 
different aspects of the geology of McQuesten map 
area include Steffler (1980) and Kuran et al. (1982) 
on the geology and geochronometry of the Schee lite 
Dome mineral occurrences; Emond (1985, 1986), 
Potter (1987), and Emond and Lynch (1992) on 
various aspects of vein, brcccia) an<l skarn occurrences 
in the McQuesten River region; Abercrombie (1990) 
on the Zeta (Yukon MINFILE #llSP 47, lNAC, 
1995) silver-tin grcisen veins and the petrology, 
isotopic characteristics, and age of the Lost Horses 
syenite; and Emond ( 1992) on the igneous 
geochemistry and petrography of felsic intrusions in 
the McQuesten River region and relationship of 
igneous geochemistry to mineralization. Morison 
( 1981a,b; l 985) mapped and described the surficial 
geology and sediments in the Clear Creek drainage 
basin. Many mineral assessment reports include 
geological observations. Some of these are summa­
rized in Yukon MINFILE (INAC, 1995) and Yukon 
Exploration (e.g., INAC, 1989; 115P), periodically 
updated publications by Exploration and Geological 
Services, Yukon, Indian and Northern Affairs 
Canada. 
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Geological Framework 

Historical overview and current 
understanding 

Early representations of the bedrock geology of 
the McQuesten River region portrayed a lower 
regionally extensive tripartite sequence of deformed 
metasedimentary and metaigneous rocks and an upper 
succession of less highly defonned and lower grade 
sedimentary rnck units (Bosrock, 1943, 1947, 1948b, 
1964; Boyle, 1965; Table 1). The lower sequence 
consists of a lower carbonaceous schist and quartzite 
unit (Lower schist formation of Boyle, 1965 ), a 
massive grey quartzite unit (Central quartzite forma~ 
tion of Boyle, 1965), both intruded by mafic intru­
sions, and an upper schist, quartzite, and rare lime~ 
stone (Upper schist formation of Boyle, 1965). The 
occurrence of this simple stacking order over a large 
area led early workers to conclude that the lower 
sequence ,vas a normal upright homoclinal stratigra~ 
phic sequence. They correlated this sequence ·with 
the Precambrian Yukon Group of Cairnes (1916) 
based on its metamorphic character and apparent lack 
of fossils. The upper schist passes upward into a thick 

Table 1. Rock units shown in early maps of the McQuesten River region 
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sequence of quartzite, locally pebbly, and schist 
which, in McQuesten map area (115P), is overlain by 
lmver grade Ordovician (?) or earlier quartzite and 
slate with red, green and purple slate and limestone 
intervals (Bostock, 1948b, 1964 ). In Bostock's earlier 
work (1948b), he noted that the next overlying unit, 
a carbonate and phyllite unit (Unit 8), overlies 
different rock units in different places and he inferred 
an unconformity at the hase of Unit 8; this conclu~ 
sion was omitted from his more recent work (Bostock, 
1964 ). His youngest unit consists of a large thickness 
of slate, conglomerate, quartzite, and chert in which 
Paleozoic, possibly Ordovician) fossils were found. 

Nc\v interpretations arose (Table 2) from the 
increase in knmvledge obtained from the detailed 
mapping in the Keno Hill district and the develop­
ment of the regional geological framework by the 
GSC, industry, academia and Indian and Northern 
Affairs Canada. Mc Taggart (1960) and Green and 
Mc Taggart (1960) presented evidence for isoclinal 
folding and low-angle faulting in the rock units of the 
Elsa-Keno Hill camp. On the basis of fossil discover­
ies, Green and Roddick (1962) suggested a Late 
Paleozoic age for the Lower Schist and a Late 
Paleozoic age or Mesozoic age for the Central quartz~ 

r~f-;;;,ed age ! Rock types Mayo, McQuesten, Larsen Creek, 

~:~oc:: 19~~) I McQuesten 

(Bostock, 1964 I 

Paleozoic 

Precambrian 

Nash Creek (parts) 
(Boyle, 1965a) 

--·----------- ----------~--- - -- - ----------- --------------, 
Upper, less deformed succession 

Unit 11 ! 

Slate, chert, Unit 10 Unit 10 
conglomerate, sandstone Unit 9 Unit 9 

Unit 8 
----

Limestone Unit 8 

Quartzite, quartz-mica Unit 6 Unit7 Unit 7 
"schist", pebbly quartzite, Unit 5 Unit 6 Unit 6 
slate, limestone Unit4 Unit 5 Unit 4 

-------

Lower, more deformed succession 

-------------'"·-----------------~----

1 

Quartz-mica "schist", 

graphitic schist, quartzite, 
limestone 

Upper schist formation 

(Unit 3) 

t-----, -----+------

1----

Massive thick-"bedded" 
quartzite and graphitic 
"schist" 

Graphitic and quartz-mica 
"schist" 

Central quartzite formation 
(Unit2) 

Lower schist formation 
(Unit 1) 

Unit 4 Unrt3 

Unit3 Unit 2 

Unit 2 

-------

i -------.. ---·· ----------- ----------~----------------'----------~ 
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ite. Green and Roddick (1962), Tempelman-Kluit 
(1970a) and Green (1972) reported Jurassic fossils in 
shales that they correlated with shales beneath the 
Central quartzite ( which \Vas renamed the Keno Hill 
quartzite) in the Dmvson map area, a correlation 
substantiated by later fossil discoveries (Poulton and 
Tempelman-Kluit, 1982). These fossils ansl the in­
ferred stratigraphic contact \Vith the overlying Keno 
Hill quartzite led these authors to propose a Jurassic 
age for the Lmver Schist and a Cretaceous age for the 
Keno Hill quartzite. In contrast, Blusson (1978) 
proposed a Late Paleozoic age for the Lower Schist 
and Keno Hill quartzite haseJ on lithological similar~ 
ity to dated rocks at J\1acmillan Pass. The :-ige of at 
least part of the Keno Hill quartzite was established 
when :\1ississippian (Visean~Namurian) conodonts 
were recovered from samples of the formation in 
Dawson map area (Orchard, 1991; Mortensen and 
Thompson, 1990). Mortensen and Thompson (1990) 
reported a mid~ Triassic radiometric age for mafic sills 
intruding the Keno Hill y_uartzite in Dawson map 
area. Similar mafic intrusions occur throughout the 
Lower Schisr in rhe Elsa· Keno Hill mining camp 
indicating, according to Mortensen and Thompson 
(1990), that either 1) the Lower Schist is not every· 

10 

v,rherc Jurassic, as previously proposed; 2) contacts of 
the sills with the Lower Schist in rhe Elsa-Keno Hill 
mining camr are tectonic; or 3) sills of more than one 
age occur. Abbott ( l 990a,h) corre-latcd much of the 
Lower Schist with the Devonian and Mississippian 
Earn Group. Green (1971) thought the Upper Schist 
to be Precambrian and correlate1.1 the overlying 
sequence (1f locally pebbly quartzite and schist ("grit 
division')) with the Precambrian to Lmvcr Cambrian 
"Grit unit" ofGahrielse et al. (1973). The srrarigrn· 
phic significance of the Upper Schist vvas brought 
into question by Murphy and Roots ( 1992) and Roots 
and Murphy (1992a, b) who observed within the 
Upper Schist intimate interfoliation of highly foliated 
and lincated, gritty, metaclastic rocks identical to the 
grit division with equally deformed grey quartzite and 
phyllite considered to be Keno Hill quartzite. These 
authors re~interpreted the Upper Schist as a zone of 
infolding and imbrication of these two units. 
Tempelman-Kluit (1970a) and Green (1972) consid­
ered Bostock's youngest unit - the slate, chert, 
conglomerate and quartzite unit above the grit 
division - to be the Ordovician and Silurian Road 
River Group. 

Table 2. Evolution of stratigraphic and structural interpretations applicable to the McQuesten River region 
. 

Bostock's Green(1971, 1972) Mortensen and Abbott (1990a) Roots and 

map units Tempelman-Kluit (1970) Thompson Gordey (1990a) Murphy (1992) 

(1947); (1964) (1990) 
----

I 
! Inferred age Map unit Inferred age Map unit Map unit Map unit 

-- -- --

9,10;9, 10 Devonian Earn Group 
- ---- .... --

9; 9 Ordovician- Road River Ordovician- Road River 

Silurian Group Silurian Group 
----- -- -----

NIA. 8 
-------- ---- ---- ---

8; NIA Earn Group Earn Group* 
-----

5, 6, 7; 4, 6, 7 Grit unit 
---- . 

4;3 Precambrian Upper schist Precarnbriar1- Hyland Group Hyland Group 

Cambrian and Gull Lake 

I Formation 

Robert s ~rvice Thrust 

3;2 Cretaceous Keno Hill Mississippian Keno Hill quartzite Keno Hill quartzite Keno Hill quartzite 

quartzite 
Tombstone 
Thrust 

----- --

2; N/A Jurassic Lower schist Jurassic Jurassic Devonian Devonian 

and older Lower Schist Earn Group Earn Group 

Tombstone Thrust 
--

* in footwall of back-folded Robert Service Thrust 

i 
! 

I 



Geological Framework 

To account for the distribution of ages in the 
structural sequence) nvo thrust faults \.vere required. 
Green and Roddick (1962), and Tempelman-Kluit 
(1970a) observed the upper thrust (originally called 
the North Fork Thrust by Tempelman-Kluir (1970); 
name later changed by Tempelman-Kluit to Robert 
Service Thrust, R. I. Thompson, pers. comm. 1996) 
at the base of the "grit division)' in the Dmvson map 
area and extended it to the Keno Hill area. 
Tempelman-Kluit (1970a) inferred a zone of 
decollemenr at the base of the Keno Hill quartzite in 
the Dawson map area, but this zone \Vas not consid­
ered to indicate a major thrust fault until the Keno 
Hill quartzite was dated as 1'v1ississippian, which 
necessitated defining the Tombstone Thrust 
(Thompson et al. 1990; Anderson, 1987; Roots, 
1988). Mortensen and Thompson ( 1990) extended 
the Tombstone Thrust to the east at the base of the 
Keno Hill quartzite. Abbott (1990a, b) suggested that 
the Tombstone Thmst lies not at the base of the 
Keno Hill quartzite in the Keno Hill district but at a 
dramatic strain decrement within the Lower Schist, 
at the base of what is now referred to as the Tomb­
stone Strain Zone (Murphy and Heon, 1995a, b). 
Abbott (1990a, b) and Gordey ( 1990a, b) extended 
both the Robert Service and Tombstone thrusts to 

rhe western edge of Lansing map area and Murphy 
and Abbott (1995) speculated on their continuation 
east\vard into the N1acmillan Pass area. 

A modem stratigraphic and tectonic framework 
for the northern Cordillera was established by 1967 
(Gabrielsc, 1967) and the framework of the region 
northeast of the Tintina Trench \Vas subsequently 
updated by Tempelman-Kluir ( 1977a), Abbott et al. 
(1986), Gordey ct al. (1987), Tempelman-Kluit 
(1979), Gabrielse and Yorath (1991), and Gordey and 
Anderson ( 1993 ). In the current view, the northern 
Cordilleran region northeast of the Tintina Trench 
evolved from Proterozoic to Early Mesozoic extension 
or transtension, rifting and formation of the 
Cordilleran continental margin prism, to Mesozoic 
and Early Cenozoic compression or transpression at 
an obliquely convergent plate margin, finally to a 
transcurrent or transtensional phase in the Eocene 
(summarized in Gabrielsc and Yorath, 1991 ). The 
northern Cordilleran continental margin prism was 
deposited in three stages (summarized in Gordey and 
Anderson, 1993 ): 1) a Late Proterozoic to mid­
Devonian stage in which the margin consisted of a 
proximal platform or shelf (Ogilvie-Mackenzie 
Platform) that faced westward and southward (mod­
ern frame of reference) into a deeper water basin 
(Selwyn Basin) across a structurally controlled facies 
transition. During this stage, sedimentation was 
punctuated hy periods of uplift and erosion or 
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nondeposition) which were considered to be manifes~ 
rations of intermittent extension of the continental 
margin. In the Silurian and Devonian, Selwyn Basin 
passed westv.rard across a facies transition into shal­
lmv-water carbonate and elastic rocks of Cassiar 
Platform (Tempelman-Kluit, 1977a,b); 2) a mid­
Devonian to Early Mississippian stage of marine 
transgression across the pre-existing platform-basin 
transition, well into the continental interior. This 
period \Vas characterized by widespread deposition of 
basinal fine- and coarse-grained elastic rocks, chert 
and local centres of mafic) and more rarely felsic, 
volcanism) very coarse-grained elastic rocks, and 
sedimentary exhalative mineralization. Sedimenta­
tion in the region \Vas likely in a back arc setting 
relative to a Dcvono-:tdississippian arc that formed on 
the pericratonic terranes along the western margin of 
North America (Rubin et al. 1990) and in a foreland 
setting relative to the Ellesmerian fold and thrust belt 
oi Arctic Canada (Trettin, 1991 ); and 3) a mid­
Mississippian to Late (?)Jurassic srage during which 
the region returned to widespread marine shelf 
sedimentation. :tvfafic plutonism occurred in the 
western part of the region during the mid-Triassic. 
From Early JurasSic onward, the region may have been 
in a relatively passive back arc setting behind a 
deformation front associated ,vith obliquely conver­
gent margin tectonics; rocks in a similar outer conti­
nental margin setting in the southern Canadian 
Cordillera were deformed during that time (Murphy, 
van der Heyden et al. 1995). 

At some point in the Late Jurassic, the region 
succumbed to oblique convergence at the rlate 
margin, becoming broadly positive as a consequence 
oi folding, thrust and strike-slip faulting and associ­
ated ductile deformation, and felsic magmatism. 
Regional deformation) metamorphism and displace­
ment on large thrust faults, such as the Robert 
Service and Tombstone thrusts, occurred in the 
Selwyn Fold Belt between the deposition oi Upper 
Jurassic strata and the emplacement of 90-94 Ma 
felsic plutons (Tombstone intrusions). Displacement 
on thmst faults continued (episodically?) in the 
Mackenzie Fold Belt until after the deposition of 
Paleocene rocks (Aitken and Cook, 1974 ). Eocene 
and younger displacement in this part of the North· 
ern Cordillera appears to have heen confined to 
strike-slip and associated transtension on the Tintina 
Fault and discrete accommodation structures south­
east of the Tintina Trench (Newberry, Solie et al. 
1995 ). 

The Proterozoic to Mississippian stratified rocks 
described in this study belong to: l) the Upper 
Proterozoic to mid-Devonian Selwyn Basin tectonic 
element, 2) the mid-Devonian to Lower Mississippian 
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Earn Group, and 3) the lower part of the Mississip, 
pian to Jurassic shelf sequence. In the McQuestcn 
River region, these rocks are imbricated by the 
Tombstone and Robert Service thrusts (Figures 1, 2, 
5). The structurally highest Robert Service Thrust 
sheet in this region is composed of all the Cpper 
Proterozoic to Mississippian formathms of the Selwyn 
Basin. The underlying Tombstone Thrust sheet in 
this region comprises the Upper Devonian Earn 
Group (Abbott, 1990a, h), Mississippian Keno Hill 
quartzite, and mafic intrusions, some of \vhich are 
knov,.,n to be mid-Triassic (Mortensen and Thompson, 
1990). Regionally, the Tombstone Thrust sheet 
overlies an immediate foonvall ranging in age from 
Devonian(?) to Late Jurassic (Green and Roddick, 
1962; Tempelman-Kluit, 1970a; (ireen, 1971; 
Poulton and Tcmpelman-Kluit, 1982; Abbott, 1990a, 
b). Throughout the McQuesten River region, all of 
the rocks in the Tombstone and the lower part of the 
Robert Service Thrust sheets arc intensely foliated 
and lineated. This deformation zone, the Tombstone 
Strain Zone, is attributed to the partitioning of some 
of the displacement of the Tombstone Thrust sheet 
into strain in the lower part of the sheet (Murphy and 
Heon, 1995a, b). 
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The region is part of the Selwyn Magmatic 
Province (Murphy, Mortensen et al. 1995) owing to 
the presence of numerous unfoliated felsic to interme­
diate intrusions. Tvlo episodes of magmatic rocks have 
been identified, the Tombstone intrusions, consisting 
of metaluminous, locally alkalic bodies ranging in 
composition from granodioritc to syenite, and the 
hkQuesten intrusions, comprising peraluminous 
biotite-muscovite granite and quartz monzonite. The 
former episode is part of the Tombstonc-T ungsten 
Belt, a belt of coeval (broadly 92 ±2 Ma) intrusions 
that extends from the Tombstone Mountains east of 
Dav,:son eastv,.rard into the western Northwest Territo­
ries (Murphy, Mortensen et al. 1995). The latter set 
of intrusions, with 62~67 Ma U-Pb ages, has heen 
identified only in a relatively small region north of 
the McQucsten River. Both episodes arc post-kin~ 
cmatic with respect to the regional defonnation 
associated \Vith displacement on the Tombstone 
Thrust. The Tombstone intrusions have been trans­
ported on underlying Late Cretaceous and Early 
Tertiary thrusts that crop out in the Mackenzie Fold 
and Thrust Belt farther north and east; the 
McQuesren intrusions probably plug Late Cretaceous 
thrusts but might be transported on the youngest 
thrusts. 



Stratigraphic Units 

The stratigraphic sequence in the McQuesten 
River region is regionally folded, imbricatcd by thrust 
faults, metamorphosed, locally to lower greenschist 
facies, and bears to varying extents structural fabrics. 
Stratigraphic thicknesses cannot be measured in these 
rocks, primary sedimentological structures are rare, 
and fossils rare to nonexistent, so an exhaustive study 
of the individual rock units was not undertaken. Age, 
depositional environment and tectonic setting can 
only be considered by comparison with correlative 
rock units in areas \vhere there is little or no st.rue~ 
rural and metamorphic overprint. 

This study recognizes 16 nonfossiliferous and 
variably deformed and metamorphosed sedimentary 
and volcanic rock units (Figure 5), composing a total 
structural thickness of over 12 km. Of these rock 
units, 14 are distinguished using traditional 
stratigraphic criteria, e.g. 1 rock type, bedding style 
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and features, grain size and texture; these include the 
Yusezyu and Narchilla formations of the Hyland 
Group, a carbonate member of the N archilla Forma­
tion1 four map units of the Gull Lake Formation1 the 
Rabbitkettle Formation, the Duo Lake and Steel 
formations of the Road River Group, an undiffcrcnti~ 
ated unit of the Earn Group 1 a felsic metavolcanic 
member at the top of the Earn Group, the Keno Hill 
quartzite, and an unnamed unit overlying the Keno 
Hill quartzite in northern Keno Hill map area. Two 
units are thought to be stratigraphically equivalent to 
other units in the map area, but are distinguished by 
well developed curviplanar foliation and lineation 
because of their positions in the Tombstone Strain 
Zone. Unir PY is thought to pass gradationally 
dm.vnward into its more highly strained equivalent, 
unit l?vT, across the strain zone boundary that extends 
across the region from east to west. Unit DMEpT of 
the Tombstone Thrust sheet is correlated with the 
Earn Group of the Robert Service Thrust sheet. 

Figure 5. Stratigraphic units of the McQuesten River region and their relationship with regional structures and intrusive episodes. Unit 
designators are as shown on Geoscience Maps 1996-1 to 1996-5 (in pocket). Map units with the superscripted 'T' are those found within 
the Tombstone Strain Zone. See text for details. 
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A systematic description of formations in 
Nahanni map area was recently published (Gordey 
and An<lerson, 1993) providing a firm basis for 
correlation of offshclf Proterozoic and Paleozoic rocks 
of the northern Cordillera. Except for map units 
defined for their structural characteristics, almost all 
l)f the map units in the ?'vlcQuesten River rC'gion can 
be found in Nahanni map area. Although no fossils 
have heen foun<l in the map area to suhstantiate 
correlation with map units in Nahanni map area, the 
formal unit names used in Nahanni map area will be 
used throughout this report. 

Hyland Group 
Variably deformed gritty meraclastic rocks 

underlying most of the study area are assigned to the 
Hyland Group (Gordey and Anderson, 1993). Four 
mappable units of the Hyland Group arc recognized, 
two of ,vhich are distinguished on traditional 
lithostratigraphic grounds (Yusezyu Formation, Pv) 
Narchilla Formation, l?CN, and a carbonate member 
of the Narchilla Formation, PCNC). The third unit 
(PvT) is the highly deformed equivalent of the 
Yusezyu Form8tion in the Tombstone Strain Zone. 

Yusezyu Formation (map units Pv and PvT) 

The Yusezyu Formation is a monotonous succes, 
sion of variably deformed fine, to coarse,grained 
metaclastic rocks. It includes both well-bedded rocks, 
in the northern part of the map area, and 
compositionally similar but highly foliated and 
lineated metaclastic rocks, which lie structurally 
deeper to the south vvithin the Tombstone Strain 
Zone. The boundary zonc 1 \vhich has been traced 
over 90 km across the study area, is narrmv and 
considered to be gradational, although the high strain 
of the zone may mask an earlier discontinuity. All the 
characteristic rock types of the Yusczyu Formation 
outside the strain zone are represented within it) 
lending support to the interpretation that the tran,i, 
tion is continuous and that rocks within the strain 
zone belong to that formation. 

Above the Tombstone Strain Zone, the Yusezyu 
Form8tion comprises foliated green,grey to medium 
grey phyllite \Vith laminations of metasiltstone; grey 
or brown to tan weathering, green,grey to grey,hrown 
medium, to coarse,grained quartzosc, subfeldspathic 
metasandstone and pebbly metasan<lstone (grit, 
Figure 6); similarly coloured met.aconglomerate 
(Figure 7); and grey, and less commonly black and 
brown, sandy marble (Figure 8). Chalky white feld­
spar and grey,blue quartz grains and granules are 
common and characteristic of the coarser elastic rocks 
of this unit; in pebbly metasandstone and conglomer, 
ate, dark shale claw, are common. The sparse expo, 
sure limits accurate estimates of the relative propor, 
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Figure 6. Yusezyu Formation: channel composed of graded 
pebbly sandstone cutting into underlying pelitic phy\lite. Trunca, 
tions of metasiltstone laminae in underlying unit visible in upper 
left. Bedding is upright. Photo taken immediately above the 
Tombstone Strain Zone upper boundary (115P/14, UTM 391694, 
7086882). 

tions of the different rock types, but phyllitc is likely 
most common, followed by metasandstone; 
metaconglomerate and calcareous rocks are least 
common. Marble is common at the top of the Yusezyu 
Formation. East of the North l'vkQuesten River in the 
Seattle Creek map area, on the northern limh of the 
Lost Horses Syncline, the uppermost coarse elastic 
heds of the Yusczyu Fon1iation are interbcddcd with 
grey and bnwln, locally sandy marble, the uppermost 
of which persist along strike for over seven km 
(Gcoscicncc Map 1996-3 ). 

Typically, the coarser elastic rocks are better 
exposed than other rock types, commonly forming 
isolated ledges or topographic benches (Figure 9). 
Grit or sandstone beds are typically massive to graded 
in the lmver part and grade upv,.rard to the finer 
grained laminJted upper part of the bed; more rarely 
the upper part will be crosslaminated. Basal contacts 

Figure 7. Yusezyu Formation: pebble conglomerate made up of 
pebbles of white quartz and chalky feldspar (11SP/16, UTM 
429375, 7094295). 
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Figure 8. Yusezyu Formation: grey sandy marble in upper part 
of the formation (115P/16, UTM 434300, 7090700). 

are typically sharp and locally shmv evidence of 
scouring. Upper contacts with shale beds are gener­
ally sharp, although in finer grained crosslaminated 
sandstones, transitional upper contacts occur locally. 
Coarser grained rocks are typically thicker bedded 
(metre-scale) and evidence of stacking of massive 
graded beds (amalgamation), such as lateral trunca­
tion of intervening thin shale beds, is common. 
1v1assive stacks of coarse-grained sandstone commonly 
contain shale clasts that \Vere likely formed by 
scouring of intervening shale during deposition of the 
sand. Stacks of thick-bedded sandstones arc not 
laternlly continuous for any great distance, suggesting 
a lenticular or channel-form shape. Lateral and 
vertical variations in grain size and bed thickness 
extending beyond a few metres were not noted 
because of the generally poor quality of the exposure. 

In areas of good exposure, elastic strata occur in 
finer-grained (shale or pbyllite) and coarser-grained 
(metasandstone tn metaconglomerate) intervals. Red 

Figure 9. View showing topographic grain following northeast­
dipping bedding in Hyland Group in the eastern part of the 
Sprague Creek and western part of the Seattle Creek map 
areas. View to west from UTM 430905, 7087650, (11 SP/16). 

Figure 10. Yusezyu Formation: Metre-scale overturned bed of 
pebble conglomerate on inverted limb of Lost Horses syncline. 
Base of bed is planar surface dipping to left (north). (115P/16, 
UTM 437600, 7095900) 
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thicknesses are variable, although thicker beds 
(grearer than 50 cm) arc more common where grain 
size is coarser ( Figure 10). No lateral or vertical trends 
\Vere deduced because of lack of continuous exposure. 
Abundant graded bedding, channel scours (Figures 6, 
11) and, more rarely, crossbedding, indicate that the 
section is upright on tbe southern limb of the Lost 
Horses Syncline and overturned to the south\vest on 
the northern limb. 

Within the Tombstone Strain Zone, the Yusezyu 
Formation ( unit Pv T) comprises prominently foliated 
and lineated quartzofeldspathic and micaccous 
psammite (protolith: sandstone, Figure 12) and 
muscovite-chlorite (-biotite) phyllitc (Figure 13), 
Less common, but locally important1 are gritty or 
pebbly psammite (protolith: coarse grained or pebbly 
sandstone), metamorphosed pebble conglomerate1 

foliared phyllitic or sandy marble, (Figure 14) and 
ca le-silicate rocks. Chalky white feldspar and grey-

Figure 11. Yusezyu Formation: Graded (upright) bed of pebbly 
grit overlain by 2 cm-thick bed of phyllite. Indistinct plane 
lamination is visible immediately below phyllite bed at bottom of 
exposure (115P/16, UTM 427590, 7093240). 
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Figure 12. Yusezyu Formation, Tombstone Strain Zone: 
coarsely foliated to massive siliceous psammite (105M/14, UTM 
483100, 7073300). 

blue quartz grains are common in psammite and 
metaconglomerate. Sediment.iry strnctures arc rare, 
although graded bedding and channel scours have 
been observed in bedded rocks in the urpcr part of 
the strain zone, generally indicating upright strati­
graphy. Strata that have hccn caught up in the Tomb, 
stone Strain Zone are compositionally transposed and 
do not show a simple alternation of laterally continu­
ous bedded rock types (Figure 15). Bedding has 
asymmetrical boudinage structure, with psammite 
(metasandstone) passing both laterally and vertically 
into phyllite. Compositional domains arc typically 
sigmoidal and bounded by zones of prominent folia­
tion deflection that are interpreted as shear bands 
(Figures 15 and 16, see under Structural Geology). 

The amounts of psammite, phyllitc, and rocks of 
carbonate or calc-silicate composition in unit PvT 
·vary throughout the area, but because of structural 
and possibly stratigraphic complexity, rnappahle units 
cannot be subdivided ar rhe l:50 000 scale. Neverthe, 

Figure 13. Yusezyu Formation. Tombstone Strain Zone: well 
foliated pelitic phyllite (115P/15, UTM 407410. 7072350). 
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Figure 14. Yusezyu Formation, Tombstone Strain Zone: folded 
tan, sandy marble in carbonate-rich lower part of Yusezyu 
Formation (115P/15, UTM 404500, 7074905). 

less, carbonate rocks are more common in the struc~ 
turally, and possibly stratigraphically, deeper southern 
part of the map area than else\vhere. This carbonate~ 
rich belt \Vithin the Yusczyu Formation extends from 
the Clear Creek map area in the west across Sprague 
Creek and into Seattle Creek map area) where it 
occurs just above the Rohen Service Thrust (Murphy 
and Heon, 1994a, b; 1995a, b; Murphy et al. 1993a, 
b). The belt continues to the cast into the Elsa-Keno 
Hill mining camp \Vhere numerous workers have 
noted the common occurrence of calcareous rocks in 
the Upper Schist unit above the Keno Hill quartzite 
(Bostock, 194 7; Kindle, 1962; Boyle, 1965 ). Reh· 
tively \Vcll preserved oncolites occur in boudins of 
sandy dnlomitc \vest of :tvfr. Hinton, across the head of 
Duncan Creek (Figure 17, Geosciencc Map 1996,5). 

Yusezyu Formatlon throughout the map area is in 
the lower greenschist facics of regional metamor­
phism, characterized hy the presence of fine-grained 
whire mica (muscovite) and chlnrite. ~v1etamorphic 

Figure 15. Yusezyu Formation, Tombstone Strain Zone: laterally 
discontinuous sigmoidal compositional domain typical of rocks 
caught up in the Tombstone Strain Zone (1 OSM/15, UTM 
495113, 7085875). 
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Figure 16. Yusezyu Formation, Tombstone Strain Zone: 
sigmoida/ compositional domains (1 OSM/14, UTM 491145. 
7079120). 

grade is sub-greenschist at higher .stratigraphic levels 
ahove the Tombstone Strain Zone. Near felsic intru­
sions, pelitic rocks are metamorphosed to cherry 
reddish to dark maroon biotite hornfels, and biotite, 
an<lalusite, sillimanite, cordierite, staurolite, and 
chloritoid occur locally \Vithin the thermal aureoles 
(Figures 18, 19). Rocks of calc-silicate composition 
become massive or banded quartz-actinolite-epidote­
diopside (±garnet, axinite) calc-silicate hornfels or 
skarn. 

The base of the Yusezyu Formation in the 
1\:kQuesten River region is structural. The formation 
overlies the t.,1ississippian Keno Hill quartzite along 
the Robert Service Thrusr. The conformable 
stratigraphic contact \Vith the overlying Narchilla 
Formation, crossed on traverses east of the North 
McQuesten River in the west-central part of Seattle 
Creek map area, is placed at the rop of the relatively 
thick, relatl"vely persistent limestone noted in that 
area, which coincides with the first appearance of the 

Figure 17. Yusezyu Formation, Tombstone Strain Zone: 
oncolites in dolomitic marble boudins in the lowest part of the 
Yusezyu Formation immediately above the Robert Service 
Thrust near Mt Hinton (105M/14, UTM 491675, 7080800). 

Figure 18. Yusezyu Formation, Tombstone Strain Zone: 
randomly oriented chloritoid porphyrob/asts developed in the 
hornfels zone around the Late Cretaceous Vancouver Creek 
stock (115P/14, UTM 400028, 7074557). 
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variegated phyllite of the Narchilla Formation. Else· 
where in the study area, on the southern upright limb 
of the Lost Horses Syncline, the Yusezyu Formation is 
overlain by a regionally persistent carbonate unit that 
has been correlated with the Upper Cambrian and 
Ordovician Rabbitkettle Formation (sec under 
Rabbitketde Formation). This contact is likelv an 
unconformity based on the observation that th.is same 
carbonate unit overlies different rocks in the core and 
northern limb of tbe Lost Horses Syncline. Tbe five 
stratigraphic units that overlie the Yusezyu Formation 
in the hinge and in the northern limb of the Lost 
Horses Syncline are missing where the Rabbitketde 
Formation lies on the Yusezyu Formation in the 
southern limb of the syncline. This is the same 
unconformity that Bostock (1948b) noted in his 
preliminary map of the i'vkQuesten map area. 

Figure 19. Yusezyu Formation, Tombstone Strain Zone: 
randomly oriented prismatic porphyroblasts (sillimanite?) 
developed in the hornfels zone around the Josephine stocks, 
along Josephine Creek (115P/14, UTM 399689, 7084576). 
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Local extent and thiclmt"ss 
The Yusezyu Formation un.Jerlies must of the 

southern part of the study area and extend~ out of the 
stud·y area to the \Vest, nortlnvest, south and e~1st. A 
stratigraphic thickness for the Yusezyu Formation hc1s 
not heen measured because of it" st:-ite of strain. A 
structural thickness of at least. seven km of Yusezyu 
Formation llccurs beneath the -:\"archllla Formation 
on the overt.urned northern limb of the Lost Horses 
.Syncline (section A~ B~C, CJeoscicnce 1v1ap l 996~) ), 
above the Tombstone Strain Zorn.'. On the southern 
limb of tbe Lust Horses Syncline, about one km of 
Yusezyu Formation occurs berween the Rahhitkettle 
Formation alll.J the top of the Tombswne Str8in Zone. 
At least 4 km of highly deformed Yusezyu Formation 
occurs within the Tombstone Strain Zone. 

Age 

There are no direct constraints nn the age of the 
Yusezyu Formation in the l'vkQucstcn River region. 
The formation is thought to be Upper Proternzoic on 
the basis of primitive trace fossils found in sections of 
the formation in Nahanni map area (Fritz et al. 1983; 
Gordey and Anderson, 1993; Fritz ct al. 1991 ). 

Narchilla Formation (?; map units PCN, PCNC) 
Part of the northern Sprague Creek map area 

(115P/15) and the northwestern part of the Seattle 
Creek map area (11 SP/l 6) arc underlain by a succes­
sion of mctaclastic rocb differing from the Yu:,czyu 
Formation tmly in that they are interhedded \Vith 
variegated phyllite. This unit, provisionally correlated 
with the Narchilla Formation of Gordey and Ander~ 
son ( 199'3 ), comprises medium- to thick-bedded 
quartzofeldspathic metasanJ5tone, green and green, 
grey phyllite, purple and maroon phyllite, pebbly 
meta.sandstone and metaomglomernte, and sandy 
limestone and limestone hreccia. Metasandstone and 
gritty mctasanJsttmc are identical to the mctasand~ 
stone of the underlying Yusezyu Formation (Figure 
20), locally character,zcd by grading and plane 
lamination and less commonly by cros.slamination. 
Syn.sedimentary shale clasts are common in coarser 
strata. Variegated phyllite units are made primarily of 
maroon phyllite ,vith lesser green phyllitc, both with 
buff to light green, centimetre~scale, fine sandstone 
and siltstone laminae. The siltstone laminae have 
light green to olive green selvages symmetrically 
disposed around them (Figures 21, 22). This pattern 
suggests that siltstone laminae hosted relativelv more 
reduced fluids than phyllite during or after diagcnesis. 

A member of sandy white~, g;ey~, and tan: 
\\leathering limestone (Figure 23), coarse limestone~ 
clast intraformational brcccia (Figure 24) and lesser 
sandstone and phyllite occurs in the middle of the 
Narchilla Formation (map unit PCNc). Sandstone of 
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Figure 20. Narchilla Formation: thick-bedded. massive, graded, 
coarse-grained sandstone and pebbly sandstone and lesser 
interbedded greenish pelitic phyllite with thin grey siltstone 
laminae. Red Mountain in background (115P/15. UTM 417350. 
7094550). 

this member consists of distinctive crosslaminated 
decimetre~scale beds of reddish \vhite calcan:(1us 
qumtz s:-tndstone (Figure 2.5). Variegate1._l phyllite is 
interbedded throughout. 

Except for variegated phyllite, most of the rnck 
types found in rhe Narchilla Fmmation are present in 
the underlying Yusezyu Formation (compare Figures 
10 and 20). For that reason, the base of the unit is 
located at the first appearance of variegated phyllite, 
which occurs just above the only relatively thick and 
persistent limestone beds in the monotonously 
interbedded coarse elastic rocks of the Yusczyu 
Formation. The contact ·with variegated rocks is not 
well exposed generally so it is nor known if it is 
marked by limestone elsewhere in the region. The 
formation is overlain CL)nform8hly ( ?) by mafic 
volcanic and volcaniclastic rocks of the Gull Lake 
Formation. The contact is well constrained in the 
first prominent saddle along the ridge south\vest of 

Figure 21. Narchilla Formation: light red, pelitic phyllite with 
millimetre- to centimetre-scale, pale green, siltstone laminae 
(115P/15, UTM 416720, 7094310). 
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Figure 22. Narchilla Formation: folded variegated phyllite 
(core). whitish calcareous sandstone and greenish grey, pre­
kinematic intermediate to mafic sill (left) (11 SP/16, UTM 432200, 
7090900). 

Red !v1ountain (nurth-central Sprague Creek map 
area, l lSP/15) and in Hobo Creek (northern bound­
ary of the Sprague Creek map area, Geoscience Map 
1996-2). 

Local extent and thickness 

Although the Y usezyu Formation occurs through­
out the McQuesten River region, the Narchilla 
Formation only occurs in this region in a fault block 
preserved beneath the unconformity thought to 
underlie the Rabbitkettle Formation ( see under 
Rabbitkettle Formation). On the southern limb of the 
Lost Horses Syncline, west of the study area, the unit 
re-emerges from beneath this unconformity where 
Bostock (1964) traced it almost to the Tintina Fault; 
its north,vard and northv,.restv,.rard continuation has 
yet to be defined. Poole (1965) described variegated 
phyllite north of the fast McQuesten River (part of 
his unit Qsl), about 25 km north of Mt. Haldane map 
area (lOSM/13 ). A structural thickness of over 3 km, 

Figure 23. Narchilla Formation: beige-weathering grey sandy 
stylolitic limestone of the central carbonate member of the 
formation (115P/15, UTM 422230, 7093000). 

Figure 24. Narchilla Formation: grey limestone-pebble 
intraformaHonal breccia in the carbonate member of the 
formation (115P/15, UTM 427555, 7093455). 

determined from cross-section, occurs in the 
McQuesten River region. 

Age 
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No fossils have been found in the Narchilla 
Formation unit in the McQuesten River region. At its 
type section, it is Late Proterozoic to Early Cambrian 
in age (Gordey and Anderson, 1993 ). Fritz et al. 
(1983) reported Upper Proterozoic trace fossils in the 
basal part of the Narchilla Formation, and the Lower 
Cambrian trace fossil Oldhamia has been reported 
from maroon shales thought to correlate with the 
Narchilla Formation (Hofmann and Cecile, 1981; 
Hofmann ct al. 1994; Mustard ct al. 1988; Gordey 
and Anderson, 1993; Abbott and Roots, 1993a, b). In 
the N iddery Lake map area, the formation is overlain 
by a conglomerate in which some clasts contain Early 
Cambrian archaeocyathids (Cecile and Abbott, 1992; 
Cecile, 1997). Fritz (1982) and Fritz et al. (1991) 
placed an upper age limit of early Early Cambrian 
(Placentian) for the Narchilla Formation on the basis 
of its direct correlation with the Vampire Formation 
(see under Northern Belt). 
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Figure 25. Narchilla Formation. carbonate member: decimetre­
scale whitish-red calcareous quartz sandstone beds with thinner 
interbedded reddish phyllite (115P/15, UTM 43831 O, 7097350). 

The Hyland Group in other areas 
Cpper Proterozoic to Lmver Cambrian gritty 

quartzose elastic wcks and maroon and green shales 
of the Hyland Clroup occur wtdely throughout Selwyn 
Basin, from the Tintina Fault in Dawson map area 
eastward and southward to the British Columbia~ 
Yukon border (Wheeler and Mcfeely, 1991), These 
strata occur in t\vo belts, a southern belt in the 
Robert Service Thrust sheet and a northern belt 
partly in the Dawson TI1rust sheet and partly north of 
the Dawson Thrust. The Hyland Croup in the Robert 
Service Thrust sheet extends in a continuous belt 
eastward fr~rn the southeastern part of Dawson map 
area, underlying large parts of Larsen Creek ( 116A), 
Nash Creek (106D), McQuesten (1 l SP), Mavo 
(105M), Lansing (105N), and smaller parts of 
Sheldon Lake ( 105)) and Nahanni ( 1051) map areas, 
The belt continues southeast\vard from Nahanni map 
area through Frances Lake ( 105H), Flat River (95E), 
and Coal River (95D). The northern belt extends 
east\vard from the Tintina Fault in Dawson map area 
to northern N iddery Lake map area and then north 
into Bonnet Plume (]06B) and Nadaleen (106C:) 
map areas. 

Lithologically similar rocks also occur in north­
ern Yukon and northeastern Alaska (Neroukpuk 
Formation, Lane et al. (1995), and in central Alaska 
north of Fairbanks (\Xlickcrsham unit, \Xleber et al. 
1992). Although the central Alaska occurrence is 
probably the \Vestward continuation of Sehvyn Basin 
offset along the Tintina Fault (Murphy and Abbott, 
1995), it will not be discussed here. 

Southern belt 
The Hyland Group1s type area is in the southe111 

outcrop belt, in N ahanni map area ( Gordey and 
Anderson, 1993 ). In that area, the Yusezyu Formation 
consists of over 3 km (base not observed) of monoto~ 
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nnusly interbedJcJ quartz sandstone, grit and shall: 
vvith less common quartz-pebble conglomernte and 
limestone. A rhin, disctmtinuous, limestone member 
occurs at the top of the formatil)n. SanJ.stnncs are 
generally massive, cumtnonly graded, locally paralld­
laminated at the top:, of beds and rnodermely \vell 
sorted. The Narchilla Format.ion at its type section is 
composed primarily of Oldhamia~bearing c_b.rk hlue­
grey and pale green laminated slate vvith a middle 
orangc-\veathering quartz sandstone member (Gordey 
and Anderson, 1993 ). To the southwest :::i.nd nnrth­
\VCSt of the type section, the formation exhibits its 
more 'typical' variegated maroon and green colours. 
In its type area, the Narchilla Formation pa:iscs 
laterally into the C(1eval siltstone and fine-grained 
4uartz sandstone of the Vampire Formation. The 
Vampire Formation is overlain by rocks containing 
the early Lower Cambrian fossil Parafallotaspis grata 
Fritz (Fritz, 1982 ). -

The Hyland Group continues as nvo distincr 
formations to the northwest across Sheldon Lake and 
Tay River map areas (Gordey and Irwin, 1987), The 
Karchilla Formation in these n:vo map areas includes 
beds of medium- to thick~heddeJ 4m.utz sandstone 
and quartz-pebble conglomerate. Further northwest in 
the southern belt, in the southeastern part of Lansing 
map area) the Hyland Group is somewhat different 
than in the type area. The limestone member at the 
top of the Yusezyu Formation is sufficiently thick and 
continuous to he elevated to formation status and, 
following Cecile (1997), Roots et al. (1995b) mapped 
it as the Algae Lake Formation. The underlying 
Yusezyu Formation generally consists of grit and 
metasandstone with interbeds of green or brown 
metasiltstone or phyllitic mudstone and less com­
monly limestone and maroon argillite (Roots and 
Brent, 1994a, b, c; Roots et al. 1995a, b). Locally, the 
unit is finer grained, more thinly bedded) and con­
tains chloritic siltstone and sandsrone and carbona­
ceous mudstone members. Roots et aL ( 1995a, b) 
noted that the Yusezyu Formation in the southeastern 
part of the Lansing map area becomes increasingly 
more highly strained ( in the Tombstone Strain 
Zone!) at deeper structural levels to the southvv'est; 
and the rocks ,:vere descrihed as quartz~muscovite 
schist \\rith minor chlorite schist and quartz-feldspar 
gritty schist. The Narchilla Formation in the south­
eastern part of Lansing map area also differs from the 
type area by being composed of a lmvcr member of 
grit and sandstone in fining~ and thinning-upv,,,ard 
sequences interbeddcd with three 10-m-thick beds of 
maroon argillire (Sennah Member, follmving Cecile, 
1997), and an upper member of maroon, bn_1\:vn, black 
and green argillite and siltstone with lesser laminated 
quartz sandstone (Arrowhead Lake Member, follow­
ing Cecile, 1997; Roots et al. 1995a, b), 
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Farther west in the southern belt, in lv1ayo map 
area, the Yusezyu Formation consists of metasand, 
stone, phyllite, gritty phyllite and less commonly 
limestone ( marb.le) and conglomerate; the formation 
also becomes more highly strained structurally 
dm-vmvarJ. to the north. A black slate memher occurs 
near the structural base of the formation across much 
of northern Mayo map area (Unit 1 b of Green, 1971; 
Roots and Murphy, 1992b; Roots, 1997) and chloritic 
siltstone occurs locally. In less highly strained sec, 
tionsi primary sedimentary structures, such as graded 
bedding, festoon and ripple crosslaminations, load 
casts, channel scours and mudstone rip,ups are 
common. The Narchilla Formation in this area is 
characterized by maroon argillite \~.rith lesser khaki 
and grey argillitc and quartz sandstone (Roots, 1997). 

Except for this study\ v,,,hich covers only a small 
part of the region, the Hyland Group at the western 
end of the southern outcrop belt has not been exam, 
incd in detail. Bostock (1964) mapped units of 
varicoloured slate (unit 7) and phyllite above 
sandstones and gritty sandstone ( unit 6, lower part). 
Green (1972) described maroon shale as part of hts 
grit unit ( unit 3) but did not map it as a separate unit. 

N art hem belt 
The Hyland Group in the northern outcrop helt 

was described by Green ( 1972, unit 3 ), Thompson et 
al. (1992), Thompson (1995), Roots et al. (1995a, b), 
Roots and Brent (1994a), Cecile and Abbott (1992) 
and Cecile ( 1997). ln the northeastern part of 
Niddery Lake map area, northv ... ·est of the group's type 
area, the Hyland Group consists of the same t\vo 
formations as in the type area, but additional mem, 
hers are also recognized. In this area, the Yusezyu 
Formation consists of sandstone, grit and shale; shale 
in the upper part is variegated and locally thick and 
continuous enough to map as a separate unit (unit 
Hrna of Cecile and Abbott, 1992). A thick, continu· 
ous limestone at the top of the Yusezyu Formation, 
which correlates with Gordey and Anderson's ( 1993) 
limestone member, ,vas mapped separately as the 
Algae Lake Formation (Cecile and Abbott, 1992; 
Cecile, 1997). The Narchilla Formation was subdi­
vided into nvo membcrs 1 the lm:ver Senoah Member 
composed mainly of grey,black shale, siltstone, 
quartzite and minor gritty qumtzite and limestone) 
and an upper Oldhamia-bearing Arrowhead Lake 
Member made up of maroon anJ green argillite 
(Cecile, 1997). 

The three prominent divisions of the Hyland 
Group, the lower sandstone and grit sequence, middle 
limestone and the upper variegated shale continue 
westward to the Tintina Fault. Cecile's (1997) Hyland 
Group subdivisions continue westward into the 
Surveys and Tasin ranges in northern Lansing map 
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area (Roots and Brent, 1994a, b; Roots ct al. 1995a, 
b). In this area, the top of the Narchilla Formation 
contains rnafic fluws. The Yusczyu Formation consists 
primarily of thin, to mcdlum,beclJed limy 
quartzarenitc \Vith wavy bedding or cross,strntifica, 

tion and inted,edded mudstone. Cirit is a relatively 
minor constituent in this area in contrast to the 
Hyland Croup in the southern outcrop belt in 
Lansing map area. In the Hart River area of Nash 
Creek map area, Abbott ( 1993) and Abbott and 
Roots (1992, 199h, b) described a basal unit of 
quart.zo,feldspathic grit, quartz sandstone and dark 
grey, maroon and green shale passing upward into an 
upper unit of Oldhamia,hearing maroon and green 
shale through a transition chat included at least nvo 
hands of brmvn,weathering sandy limestone) black 
fetid limestone and chert. In Dawson map area, 
Oldhamia,bearing maroon, green and grey argillite 
v,rith lesser chert, sandstone and grit overlies a gener, 
ally thin and discontinous but locally thick and 
continuous white,\veathering grey limestone at the 
top of over 1 km (base not observed) of sandstone, 
gritty sandstone, siltstone and shale (Thompson and 
Roots, 1982; Thompson ct al. 1992; Thompson, 
l 995). Within 100 m of the base of the limestone 
member the sequence becomes shale rich, and a 
distinctive unit of pale green chert occurs. 

Comparison with other areas 
The Hyland Group of the McQuestcn River 

region differs somewhat from other areas, so the 
formation assignments are tentative. The Karchilla 
Formation in the JvkQuesten River regllm resembles 
the type area in that variegated shale occurs above 
relatively thick, relatively continuous limestone 
bands in the Yusezyu Formation; however, it differs in 
that shale is not the predominant rock type. The 
variegated shale,bearing sequence in the McQuesten 
River region resembles the upper parts of the Yusezyu 
Formation in the Hart River area of Nash Creek map 
area, the northern part of Lansing, and N iddery Lake 
mar areas, which are locally characterized by con, 
tinuous limestone bands and variegated phyllite as 
well as sandstone and grit. The designation of the 
unit as the Narchilla Formation is preferred at this 
time, however, because it emphasizes the occurrence 
of variegated shale above the limestone,rich top of a 
unit of monotonously interhedded gritty sandstone 
and phyllite. Without biostratigraphic control, the 
exact correlation is impossible to determine. 

Depositional environment of the Hyland Group 
As noted by Gordey and Anderson (1993 ), the 

Yusezyu Formation sandstone) pehhly sandstone, and 
conglomerate were probably deposited from turbidity 
currents on a rapidly forming turbiditc fan. Interven, 
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ing shale beds vvere prLlbably dq,ositcd in c1n 
intcrchannel (overhank) setting. Thicker accumula­
tions of shale might reflect hasinal hackgrounJ 
sedimentation1 cilthough their rale gree~ish grey 
colour prnbahly reflects turbidite·sourceJ elastic input 
in the ,:vater column. Darker grey shale is less com­
mon and pdssihly reflects hasinal background sedi­
mentation less diluted by turbidite sou~ces. 

Like those of the underlying Yusezyu Ftlrmat.ion, 
the coarse elastic st.rat.a of t.hL: :\' archilla Fonnation 
arc inferred to be turbidit.es. A deep-\vat.er set.ting for 
the Narchilla Format.ion was suggested by Gordey and 
Anderson (1993) and Cecile (1997). In further 
support of rhis interpret.at.ion) Cecile (1997) cites the 
common occurrence tif Oldhamia radiata in strata 
considered to be of deep hc1sin::1l origin and the 
resemblance of this trace fossil to m~dern deep-water 
trace fossils. 

The paleoenvironmcntal significance, if any, of 
the variegated colour ofNarchilla shales is uncertain. 
In its type area, the Narchilla Formation pc1sses 
laterally from marol)n shale to dark blue-grey sbale 
(Gordey and Anderson, 1993). Ross and Murphy 
(1988) interpret a similar transition between a varie­
gated and a nonvaricgated, c~1rbonacenus fades in a 
marker unit of the Windermere Supergroup of cast~ 
central British Columbia as a record of a palcopycno­
cline separating oxidized and anoxic bottom \Vaters. 

The significance of the limestone member i~ 
unclear. All of the calcareous strata in this member 
are sandy and some are crnsslaminated and graded, 
indicating a elastic origin. Coarse~grained limestLme~ 
clast hreccias made up of angular clasts of sandv 
limestone iJentical to sandy limestone srrara f~unJ. 
vdthin the memher suggest deposition and re~sedi­
mcnt.ation in an unstahle slope environment. 

Gull Lake Formation(?, map units CGv, 
CGq, CGp, CGs, CGc) 

In the north~central part of the Sprague Creek 
map area ( 1 l SP/1 5 ), the Narchilb Formation is 
stratigraphically overlain by the (Jull Lake Formation, 
a map unit. with four members, a hasal mafic volcanic 
and volcaniclastic member (CGv), a quartzite and 
phyllite memhcr (CGq, CGp), a phyllite (CGs) 
member and a calcareous elastic member ( CGc). 

Mafic metavolcanic member (map unit CGv) 
Dc1rk~,veathering, dark green to grey, massive 

grcenstone (mafic metavolcanic rock), pebbly to 
bouldery conglomerare \Vith hornblende- or clinopy~ 
roxene~ and feldspar-phyric basaltic or andesitic rock 
fragments (fragmental mct.avolcaniclastic rocks, 
Figures 26-28) and lesser turbiditic sandstone (Figure 
29) and <lark grey phyllite are discontinuously ex, 
posed srratigraphically above the Narchilla Formation 

Figure 26. Gull Lake Formation, mafic metavolcanic member: 
large sedimentary lithic clast in mafic-volcanic-clast conglom­
erate. Boulder along Hobo Creek near headwaters, Sprague 
Creek map area. 
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in the Sprague Creek mar area (llSP/15). The rnn­
tact with the underlying Narchilla Fonn~~tion appears 
conformable, but the possihiliry of a disconformitv 
cannot be ruled out (see under The Ciull Lake Fo~ma, 
tion in other areas). The unit. is best exposed on a 
spur ridge trending southeastv,1ard off rhe main ridoe h 

southwest. of the summit of Red Nlountain \vherc a 
stratigraphically lower massive grccnsronc unit is 
overlain by int.erbedded graded medium- to coar:::.c­
grained volcaniclasric metasand-stonc and medium to 
Jark grey phyllite. Greenstone in this location is 
massive and structureless, possibl'--:,, due to its position 
\Vi thin the hornfels zone of the Red Mountain st.ock1 

and cur by serpentine veins. Coarse fragrnental rocks 
occur inrermittent.ly on strike from this exposure. The 
mafic volcanic and volc1niclastic unit has a structural 
thickness of 200 min cross~section (Sectitm B-B~, 
Gcoscience Map 1996-2). 

Quartzite and phyllite member (map units CGq, 
CGp) 

Overlying the mafic mctavolcanic memher with 
apparent conformiLy is a uniL ol grey quartzite (meta­
morphosed quart.zarcnite) and mediurn to dark grey 
phyllite. Quartzite \Vas not observed at the same 
stratigraphic position snuthwest of Red }.11ounrain, 
suggesting that the unit is either lenticular or erosion~ 
ally truncated beneath the overlying phyllite unit. 

On the ridge south\vest of Red Mountain, \vhere 
strata are on the inverted limb of rhe Lost Horses 
Syncline) the unit is mostly made up of two bands of 
massive light to dark grey quartzite and rare pebbly 
quartz etc separated by grey phvllite. The lower 
quartzite band nverlics (stratigraphically} a several­
metre-rhick unit of dark grey phyllire (map unit 
CGp), which strarigraphicallv overlies, and is inter, 
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Figure 27. Gull Lake Formation, mafic metavolcanic member: 
conglomerate made up of assorted mafic volcanic rock clasts in 
a sandy matrix. Boulder along Hobo Creek near headwaters, 
Sprague Creek map area. 

bedded with, graded volcanicla.stic .sandstone of the 
underlying mafic metavolcanic unit. Hornfels derived 
from quartzite and phyllite makes up the upper part of 
the steep, gossanous, south,facing slope cast of the 
Red Mountain stock. The unit has a maximum 
structural thickness of about 400 m, tapering down to 
zero southeast of Red Mountain. 

Shale (Phyllite) and chert member 
(map unit CGs) 

The quartzite unit is overlain and possibly in part 
laterally continuous with a monotonous sequence of 
drab greenish grey to medium grey phyllite, locally 
with millimetre,to,centimetre,scale, greenish grey, 
graded and laminated siltstone laminae and greenish, 
thin-bedded chert. Metre-scale beds of graded green­
ish grey calcareous sandstone and pebbly sandstone 
become increasingly more common \Vithin a fe\v tens 
of metres of the top of the unit (Figure 30). Several 
tens of metres of thinly bedded (centimetre- to 
decimetre,scale) chert and phyllitc occur west of 

Figure 28. Gull Lake Formation, mafic metavolcanic member: 
large intermediate to felsic volcanic rock fragment in 
conglomerate. Boulder along Hobo Creek near headwaters, 
Sprague Creek map area. 
------------------ ------
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Gem Creek at or near the same stratigraphic level as 
the quartzite bands described ahove. The lmver part of 
the steep, gossanous slopes south of Red N1ountain 
and the ridge southeast of the Red Mountain stock 
are underlain by pelitic hornfels of unit CGs. The 
best nonhornfcls exposure of the shale-rich part of 
this unit occurs in the floor of Hobo Creek where 
placer miners have excavated to bedrock. The only 
chert locality lies on the east side of a north,trending 
tributary into Sprague Creek west of Gem Creek. A 
structural thickness of about l. 5 km appears in cross~ 
section. 

Calcareous elastic member (map unit CGc) 

Conformably and transitionally above the shale 
(phyllite) and chert member is a unit of thinly bedded 
laminated and cross laminated calcareous siltstone and 
fine sandstone; massive1 shale~chip~bearing calcareous 
sandstone; calcareous rnudstone and limestone. 
Locally, calcareous mud.stone ,veathers tan to brown 
and is \.Vispy laminated and bioturbated, strongly 
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Figure 29. Gull Lake Formation, mafic metavolcanic member: 
graded mafic volcanic sandstone beds with lesser grey phyllite. 
Boulder along Hobo Creek near headwaters, Sprague Creek 
map area. 

resembling the distinctive rock types of the Steel 
Formation of the Road River Group (sec under Steel 
Formation), Near felsic intrusions, this unit is meta­
morphosed to a layered, locally cherty calc-silicatc 
hornfcls and sandy marble with relict elastic y_uartz 
grains. The unit has heen ohserved in out.crop along 
Hobo Creek in the north\vest corner of the Sprague 
Creek map area (115P/15) and the northeast corner 
of the Clear Creek map area (115 P /14) and traced 
discontinuously in outcrops to where it is thought to 
be truncated hy the Sprague Creek Fault. The contact 
with the underlying shale unit in Hobo Creek is tran­
sitional with increasing amounts of sandstone appear­
ing at the top of the shale unit. The contact \Vith the 
overlying Rabbitkettlc Formation in Hobo Creek 
appears conformahle. A structural thickness of about 
one km appears in cross-section (Section A-A', 
Geoscience Map 1996-2). 

Local extent and thickness of the Gull Lake 
Fonnation 

The succession of members has been traced from 
the northern boundary of the Sprague Creek map 
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Figure 30. Gull Lake Formation, shale/chert member: metre­
scale massive to graded pebble conglomerate and calcareous 
sandstone beds with lesser interbedded medium-grey, laminated 
phyllitic shale. Rocks in this location are on the northern inverted 
limb of the Lost Horses syncline: graded beds are upside-down 
and the prominent cleavage verges to the northeast. Beds are 
located near the top of the member, becoming more common 
but finer grained upward (11 SP/15, UTM 407300, 7097100}. 

area ( l 15P/1 5) southward around the Lost Horses 
Syncline and ends south of Sprague Creek \\'here 
rocks of the Yusezyu Formation underlie the Rabbit­
kettle Formation. The contact hetween the Yusezyu 
and the Gull Lake formations in this area is thought 
to be a normal fault that was active before the Jeposi­
tkm of the Rabbitkcttlc Formation: the Sprague 
Creek Fault. All members of the Gull Lake formation 
and the :'Jarchilla Formation me truncated to the 
south at the Sprague Creek Fault. The extent of the 
formation northv,.'est of the study area is not known. 
The stmctural thickness of the whole formation is 
ahout 3 km. 

Age 
No fossils have been recovered from this unit in 

the McQuesten River regiLm. The units in this 
sequence are considered to be Lower to 1'v1iddle 
Cambrian, based on correlations \Vith fossil-hearing 
sections elsewhere (sec next section). 

The Gull Lake Formation in other areas 
A Lower to Middle Cambrian shale-dominated 

unit is intermittently preserved throughout Selwyn 
Basin. The name "Gull Lake Form~1t.ion" was applied 
to this unit by Gordey and Anderson ( 1993) in the 
Nahanni map area. Fritz (1992), Gordey and 
Anderson (1993), Cecile and Abbott (1992), Roots 
and Murphy (1992b), Roots et al. (1995a, b), and 
Cecile (1997) show its extcntthroughout much of 
easrem and cenrral Selwyn Basin. The Gull Lake 
Formation in its type area consists of three members: 
a basal, thin, discontinuous archaeocyathid-clast-
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bearing limestone conglomerate, which sits directly 
on the Narchilla Formation; a middle orange,brmvn, 
to rust-brovvn-weathering, locally bioturhated slare, 
siltstone, and very fine-grained sandstone memberj 
and an upper, th1ck-hedded, locally wispy, lammated, 
bioturbated siltstone and mudstone member. 
1Y1udstone of this middle unit ranges from calcareous 
to noncalcareous and dolomitic. 

The age of the Gull Lake Formation in its type 
area is Early Cambrian to rossihly middle Late Cam­
brian, based on the occurrence of archaeocyathid­
clast-bearing, limestone conglomerate at the base of 
the unit and its posit,on beneath the Rabbitkettle 
Formation, ·which overlies a sub-Franconian (middle 
Late Cambrian) unconformity in much of Selwyn 
Basin. Gordey and Anderson ( 1993) consider the 
type Gull Lake Formation to be the basmal equiva­
lent of the Lmver Cambrian Sekwi Formarion. The 
transition bet\vecn the Gull Lake and Sekwi forma­
tions was described by Cecile (1997). 

Volcanic rocks do not occur in the type locality 
of the Gull Lake Formation, but arc dcscrihed in 
similar sequences in Niddery Lake map area, Lansing 
map area, and the Hart River area in the central part 
of Nash Creek map area. ln Niddery Lake map area 
(Cecile and Ahhorr, 1992; Cecile, 1997), mafic flows 
and tuffa occurring above the maroon and green 
phyllite of the Arrowhead Lake member of the 
Narchilla Formation are thick and extensive enough 
to be distinguished as the Old Cabin Formation. 
These arc locally archaeocyathid-bearing and there­
fore Early Cambrian. In its type locality, the Old 
Cabin Formation consists of up to 500 m of 
hyaloclastic breccias, massive and pillmved flows, 
lapilli ruffs, epiclastic rocks, sills and dykes (Hart, 
1986; Cecile, 1997). Mafic volcanic rocks in this area 
are intercalated with slate and siltstone of the Gull 
Lake Formation, vvhich also includes chert, 
quartzarenite, grit and limestone. 

In Sheldon Lake and Tay River map areas, the 
Gull Lake Formation consists of recessive) hrmvn­
weat.hering, noncalcareuus, dark grey Lo black slaLe 
and siltstone and metamorphic equivalents (Gordey 
and lrwin, 1987). The Anvil District massive sul­
phide deposits of Tay River map area occur in the 
transitional upper part of rhe I'vfr. Nlye format.ion, a 
metapelitic unit, v,rhich has been correlated \vith the 
(Jul! Lake Formation (Jennings and Jilson, 1986; 
Pigage, 1991 ). The Mt. Mye formation consists of 
noncalcareous, locally carbonaceous phyllite; marble 
and calc-silicate rock; minor psammite and meta­
basite. On the basis of lithological similarity and 
stratigraphic position, Jennings and Jilson (1986) 
correlated the Mt. Mye formation with drab Lower 
Cambrian shale mapped in the eastern part of Sehvyn 
Basin by Blusson (1966), Gabrielse et al. (1973) and 

Gordey (1978), which has since been formalized as 
the Gull Lake Formation ( Gordey and Anderson, 
1993 ). 

In the Lansing map area 1 the Gull Lake Fonna­
tion comprises green, brown and olive, laminated 
mudstone and silt.stone, dark brown, nodular shale 
and minor fine-grained sandstone and grit (Roots et 
al. 1995a, b). Mafic flows, tuffs and volcanic sand­
stone are found locally. 

ln the Hart River area of the Nash Creek map 
area (Abbott and Roots, 1992, 1993a, b; Abbott, 
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1993 ), maroon and green shale of the Narchilla 
Formarion are overlain by extensive one- to fifty­
metre-thick mafic flmvs and ruffs. These are suc­
ceeded by a unit of dark,,:veathering, grey and green­
ish grey phyllitc, sandstone and quartzarenite, \Vhich 
may in part laterally interfinger with the volcanic 
unit, as phyllite and sandstone locally directly overlie 
the Narchilla Formation. Overlying the phyllite and 
sandstone unit is a unit of drab, brown-\veathering, 
thinly laminated and locally intensely bioturbated 
shale and siltstone with a thin, distinctive elastic 
limestone marker at its base (Gull Lake Formation? of 
Abbott, 1993 ). The latter basal elastic limestone unit 
consists of yelll}Wish-brown-\veathering calcareous 
siltstone and sandstone, sandy limestone, dark grey­
hrnwn shale and limestone conglomerate. Upper 
Lower Cambrian Bonnia,Olcncllu.s zone trilobites were 
collected from the limestone conglomerate, support­
ing a correlation with the similar basal archaeo, 
cyathid-clast-bearing limestone conglomerate of the 
type section (Abbott, 1993 ). The occurrence of 
Bonnia-Olenellus trilobites (Abbott, 1993) near the 
base of the section implies a correlation \Vit.h the 
upper part of the Sekwi Formation. A bte Early 
Cambrian age for the base of the Gull Lake Fonna­
tion also suggests the possibility of a subtle intra­
Lmver Camhrian disconformity, where these rocks sit. 
directly on the Narchilla Formation (G. Abbott, pers. 
comm. 1994). 

Comparison with other areas 
The name 1'Gull Lake Formation" has been 

applied in the study area to the sequence of units 
between the Narchilla and Rabbirkettle formations. 
Although ~roadly similar to the succession of units in 
the same stratigraphic position elsewhere, there are 
differences. The mafic volcanic member probahly 
correlates with the Old Cabin Formation of the 
Niddery Lake map area and mafic volcanics overlying 
the Narchilla Formation ,n the Hart River area. The 
interfingering relationships between mafic volcanic 
rocks and the other rock types of the Gull Lake 
Formation observed in the Niddery Lake map area 
and possibly present in the Hart River area of the 
Nash Creek map area have not been observed in the 
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McQuesten River region. Other differences are the 
apparent lack in the srudy mea of the basal limestone 
conglomerate and the amount of comser calcareous 
elastic material at the top. 

Depositional environment 
Much of rhe Gull Lake Formation is dark, lami, 

nated shale suggesting depnsition in a basinal setting. 
Mafic volcanism and deposition of clean quartzite at 
the onset of hasinal sedimentation possibly reflect 
local rifting and uplift and erosion of first,cycle 
sediments deposited on the basin flanks. The arpear, 
ance up\\:ard of increasing amounts of calcareous 
elastic rocks might represent the outgrowth of plat, 
formal areas at the basin margin, shedding turbiditic 
debris into basinal regions. 

Rabbitkettle Formation (map unit COR) 
A prominent, laterally continuous, \Vhite, 

\Veathering carbonate marker unit (Figure 31) has 
been traced throughout the Clear Creek and Sprague 
Creek map are1s, overlying different rock units in 
different areas. This unit, Bostock's (1964) mar unit 
8, likely correlates \Vith the Rabbitkettle Formation 
that occurs extensively throughout Sehvyn Ras in 
(Gabriclse et al. 1973; Fritz et al. 1991; Abbott et al. 
I 986; Gordey and Anderson, 1993; Cecile, 1997). 

The Rahbitkettlc Formation in chis area is 
composed primarily of platy thin~ to medium,hcdded 
limestone (marble) (Figures 32, 33) and lesser yellow· 
ish white to light grey calcareous (locally dolomitic) 
phyllite (Figure 34). Limestonc~pebble mer.aconglo­
merate and nodular limestone occur locally (Figure 
35). The best exposures Li the unit are in the cliffs 
north of the Little South Klondike River, east of lts 

Figure 31. Rabbitkettle Formation: light-coloured cliff-forming 
limestone outcrops along the Little South Klondike River east 
of the confluence with Lost Horses Creek. The formation 
passes upward at the top of the cliffs into chert and shale of 
the overlying Duo Lake Formation. Higher ground in the back­
ground is underlain by phyllite and shale and coarser elastic 
rocks of the Earn Group. Clear Creek map area (115P/14). 
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Figure 32. Rabbitkettle Formation: millimetre-scale laminated 
and crosslaminated marble (11 SP/14, UTM 391957, 7090130). 

confluence with Lost Horses Creek (Geoscience Map 
I 996-1 ), on the ridge east uf Josephine Creek south of 
its junction with the Little South Klondike River 
(b"th sites visible in Figure 31), and in cliffs on the 
north side of a small tributary of Big Creek north of 
its confluence \Vith Granite Creek (Geoscience lv1ap 
1996,2). 

The Rabbitkettle Formation overlies the Hyland 
Group on the southern limb of the Lost Horses 
Syncline and the calcareous elastic member of the 
(Jull Lake Formation on the northern limb, suggest~ 
ing an unconformahlc relationship. On the northern 
limb of the Lost Horses Syncline, where calcareous 
rocks are juxtaposed, the basal contact of the Rabbit­
kettle Formation is placed above the last appearance 
of sandy limestone (marble). These tvw units locally 
occur together near felsic intrusions (Hobo Creek 
stock, Srraguc Creek stock) and both are metamor, 
phosed to cherty calc,silicate hornfels and gold- and 
tungsten,hearing garneh.hopside skmn; relict sand 
grains preserved in the unJerlying unit permit their 
differentiation. 

Figure 33. Rabbitkettle Formation: thin-bedded argillaceous 
marble and interbedded calcareous phyllite (115P/14, UTM 
391957, 7090130). 
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Local extent and thickness 
The Rahhitkettle Formation has been mapped 

from the \Vestern edge of the Clear Creek map area 
eastv,'<.Ud to the hinge of the Lost Horses Syncline in 
the Sprague Creek map area and then back 
northwestward to the northeast corner of the Clear 
Creek map area. Its north\vest\:vard continuation into 
the southen1 part of the Larsen Creek map area is not 
known. Bostock (1964) extends the unir westward 
nearly to the Tintina Trench from the western 
boundary of the Clear Creek map area. A structural 
thickness of 140 to 200 m occurs on the long upright 
limbs of map~scale parasitic folds on the lower upright 
limb nf the Lost Horses Syncline (Section A-A', 
Geoscience Map 1996-2). 

Age 

Fossils have not been found in the Rabbitkettle 
Formation in this region so it is not possible to 

determine its age directly. Bremner (pers. comm. 1996 
of conodont age determined by M. J. Orchard) and 
Thompson ct al. (1992) report Cambro-Ordovician 
fossils from a similar unit in the Robert Service 
Thrust sheet in the southeastern Dawson map area. If 
correct, the correlation with the Rabhitkettle Forma~ 
tion implies a Late Cambrian-Early (locally Middle; 
Gordey and Anderson, 1993) Ordovician age. 

The Rabbitkettle Formation in other areas 
The Rabhitkettle Formation occurs extensively 

throughout the eastern part of Seh~.'yn Basin (Gordey 
and Anderson, 1993; Cecile and Abbott, 1992; Fritz 
et al. 1991; Cecile, 1997). At irs type locality in the 
southern Schvyn Mountains, the formation consists of 
about 1200 m of thin-bedded, wavy handed lime­
stone, silty limestone and silt.stone (Gabriclse et al. 
1973). In the Misty Creek Embayment, the unit 

Figure 34. Rabbitkettle Formation: well foliated and lineated 
calcareous phyllite in upper part of formation. Pencil in centre of 
photograph for scale. Pencil lies just beneath and parallel to fold 
hinge (115P/14, UTM 397709, 7091458). 
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consists of thin~bedded, silty limestone, limestone, 
spectacular intraformational carbonate hreccias, shale 
and dolostone (Cecile, 1982). In the Nahanni map 
area, the Rahhitket.tle Formation consists of grey~ 
mange-weathering, blue~grey Lo black, fine crystal~ 
line, argillaceous limestone to silty limestone, grey~ 
\Veathering, grey, finely crystalline, nodular limestone 
and green-to orange~weathering, green volcanic tuff 
and tuffaceous shale (Gordey and Anderson, 1993). 
In the northeastern part of the Niddery Lake map 
area (Cecile, 1997), the Rabbitkettle Formation is 
mostly yello\v-weathering, argillaccous to silty, 
medium- to thick~hedded limestone with lesser black 
calcareous shale. Limestone is internally laminated 
and has abundant bedding-parallel feeding traces. 

Carbonate units correlative with the Rabbitkettle 
Formation have heen reported locally in the western 
part of Selwyn Basin. Gordey and Irwin (1987) 
correlate a unit of grey~ to buff~\veathering, laminated 
to thin-bedded, locally nodular, shaly limestone to 
calcareous phyllite and lesser massive to thin-bedded 
dark grey limestone v,:ith the Rabbitkettle Formation. 
The Vangorda formation of the Anvil District 
(Jennings and Jilson, 1986) consists of calcareous 
phyllite, mctabasite, carbonaceous phyllite, chloritic 
phyllite and minor marble. The Anvil District ore 
deposits occur in a stratigraphic transition zone 
between the Mt. Mye formation and the Vangorda 
formation. Although correlating the Vangorda 
formation with the Rabbitkettle Formation, Jennings 
and Jilson (1986) point out that the Vangorda 
formation is more argil1aceous than the Rabbitkettle 
and unlike many of the occurrences of the Rabbit~ 
kettle, there is no evidence for an unconformity at 
the base of the formation. Thompson ct al. ( 1992) 
and Thompson (1995) described carbonate breccia, 
thin-bedded limestone, and silty limestone above the 

Figure 35. Rabbitkettle Formation: well foliated intraformational 
limestone-pebble meta-conglomerate (115P/14, UTM 382946, 
7086806). 
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Hyland Group near Antimony Mountain in the 
southeastern part of the Dm:vson map area. Cambrian 
and Ordovician conoJonts have been obtained from 
this unit, implying a correlation \Vith the Rahhitkcttle 
Formation. Elsewhere in the Da\:vsou map area, 
discontinuous Early Ordovician conodont,bearing 
pods Ll white, or grey,weathcring limestone are 
interbedde<l \Vith pillow basalts, subaqueous 
pyrocla.stic breccias, debris flm:vs, and submarine ruffs 
(Roots, 1988). 

Comparison with other areas 
The proposed correlation of the carbonate unit in 

the study area with the Rabhitkettle Formation is 
based on its stratigraphic position, lithological 
similarity and its unconformable relationship with 
underlying rocks. Regionally\ the unit unconformably 
overlies older rock units (Fritz et al. 1991) although 
Fritz ct al. (1991) and Cecile (1997) documented 
areas where the lmver contact of the formation is 
transitional 1rvith underlying rocks. Mafic volcanic 
rocks intermittently associated \virh the Rabbitkettle 
Formation are absent in the McQuesten River region, 
but have been reported in a similar stratigraphic 
position at the Brewery Creek deposit in the south, 
eastern part of the Dawson map area (Diment, 1996). 

Depositional environment 
Because of Jeftnmation, recrystallization and 

poor preservation of primary features, it is not possible 
to determine a depositional environment for the 
Rabbitkertle Formation in the study area. Gordey and 
Anderson ( 1993) and Cecile ( 1997) inferred a quiet 
\i.·ater, offahelf setting from fine graln size, fine lami­
nation, lack of traction features and a position \:Vest of 
shallow-\vater Gtrbonate strata. Cecile ( 1982) re­
ported voluminuus intraformational breccias \Vithin 
the Rabbit kettle Formation of the Misty Creek 
Embayment, where the formation is likely in a 
transitionul slope setting b.etween the eastern shal­
low,\vater platform and the western basinal deposits. 

Road River Group 
The Rabbitkettle Formation is overlain in the 

Clear Creek and Sprague Creek map areas by dark, 
shaly rocks correlated with the Ordovician and 
Silurian Road River Croup. The use of the term 
"Road River Group" follmvs that of Gordey and 
Anderson (1993); the group comprises nvo units: the 
basal Duo Lake Formation (Cecile, 1982), and the 
Steel Formation (Gordey and Anderson, 1993 ). 

Duo Lake Formation (map unit OSoJ 
The Duo Lake Formation comprises grey to black 

to brown shale (phyllite), cherry shale (phyllite), 
chert, and rarely quartz,augen phyllite. Shale 
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(phyllite) is fissile and finely laminated with millime­
tre- to centimetre,scalc1 silvery brmvn, fine siltstone 
beds. Massive siliceous shale (phyllite) occurs locally 
in metre,scalc thicknesses. Weathered surfr1ces of 
chert arc matte grey to dark green ;:m<l fresh surfaces 
grey to black. The chert is recrystallized and generally 
bedded on a centimetre to decimetre scale (Figure 
_)6 ). Chert units of more than a fe\:v metres in thick, 
ness are rnre. I3rmvn,weathering, waxy, grey-green, 
fissLle phyllit.e with millimetre,scale grains of quartz 
and chalky feldspar occur rarely and are interpreted as 
fclsic tuff. 

The unit is generally recessive, alr.hLmgh chert 
members locally form cuesta.s as found two km north, 
east of the confluence of Lost Horses Creek and the 
Little South Klondike River in the Clear Creek map 
area. Good exposures of the Duo Lake Format.ion are 
found above the cliffs formed hy the Rabbitkcttle For­
mation along the Little South Klondike Rlver, cast of 
the confluence with Lost Hnrses Creek (Geoscience 
Map 1996-1, Figure 31 ) am! on the ridge east uf Jose­
phine Creek, southeast of its junction with the Little 
South Klondike River (Geoscience Map 1996-2). 

Figure 36. Duo Lakes Formation: centimetre-scale beds of grey 
chert and shale (115P/14, UTM 393251, 7095937). 
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The lower contact of the Duo Lake Formation 
with the Rabbitkettle Formation is apparently con, 
formablc. The unit is overbin either conformahly by 
the Steel Formation or unconformably by the Earn 
Group. As dark shale (phyllite) and chert also occur 
in the Ean1 Group, its 1.Hstinction from the Duo Lake 
Formation is difficult. 

Local extent and thickness 

The Duo Lake Formation t)ccurs in the northern 
Clear Creek and Sprague Creek map areas ( C:eo­
science Map 1996-1, 2). It has been traced around the 
hinge of the Lost Horses Syncline and on the syn­
cline's northern limb continues northwest of the map 
area into the southern Larsen Creek anJ Davvson map 
areas, where it was mapped by Green (1972, part of 
his unit 9). The Duo Lake Formation ranges from 100 
to 200 m thick on long upright limhs of the second­
order folds parasitic on the southern limb of the Lost 
Horses Syncline ( Section B-B,) Geo~cience Map 
1996-1, Section A-A-, Geuscience Map 1996-2). 

Age 

The age of the Duo Lake Formation in the 
lvkQuesten River region is not knmvn. Green (1972) 
found graptolites ranging in age from Early 
Ordovician to Middle Silurian north and northwest 
of the study area. Regionally, the unit is Early 
Ordovician to Silurian, based p~imarily on graptolite 
data (Gordey and Anderson, 1993; Cecile, 1997). 

Steel Formation (map unit SsJ 
The Steel Formation consists primarily of locally 

limy or dolomitic mudstone or phyllitic mudstone and 
siltstone, with lesser fine-grained, calcareous, quartz 
sandstone and thin, sandy Hmcstone. It '"''eathers a 
distinctive beige,orange colour, is generally massive, 
locally well bioturbated with relict burrows, locally 
well laminated, and less commonly ripple 
crosslaminated (Figures 37, 38). Dark grey chert 

Figure 37. Steel Formation: plane laminated tan- to orange-wea­
thering dolomitic mudstone (115P/14, UTM 398839, 7091373). 

Figure 38. Steel Formation: decimetre-scale (part of Canadian 
one-dollar coin visible in upper right) bed of crosslaminated 
weakly dolomitic siltstone or fine sandstone within dolomitic 
mudstone (115P/14, UTM 399095. 7092539). 
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(cryptocrysralline silica) in the form of lenses and 
crosscutting veins occur l(1cally. One such chert 
occurrence is in the Clear Creek map area northeast 
of the confluence of the Little South Klondike River 
and Lost Horses Creek (Figure 39, Geoscicnce Map 
1996-1 ). At this locality, chert lenses arc up to 2 cm 
thick and extend for more than a metre. 

The Steel Formation is well exrosed in cliffs 
northeast of the junction of Big and Hobo creeks 
where it structurally overlies Earn Group rocks along 
a south-vergent thrust (Geoscience Map 1996-2, 
Figure 40). It is also well exposed along the Little 
South Klondike River north of its confluence with 
Syenite Creek (Geoscience Map 1996-1 ). 

Local extent and thickness 

The Steel Formation occurs intermittently 
throughout the northern Clear Creek and Sprague 
Creek map areas on both the northern and southern 
limbs of the Lost Horses Syncline. Although not 
recognized by Green (1972), the unit continues to 

the northwest on hoth limbs of the syncline into the 
southern Larsen Creek and Dawson map areas. It was 
reported at the Brewery Creek mine in the southeast­
ern part of the Dawson map a.rea where it is locally 
silicified and mineralized (Diment, 1996; Poulsen, 
1996). 

The intermittent occurrence of the Steel Forma­
tion is in part due to the unconformable nature of the 
overlying Earn Group. The Steel Formation is com, 
plctely missing beneath this unconformity throughout 
much of the Sprague Creek and Clear Creek map 
areas, and the Duo Lake Formation is locally missing 
in the Clear Creek map area north of the Little South 
Klondike River where the Earn Group is thought to 
sit directly on the Rabhitkettle Formation. The 
structural thickness of the Steel Formation under the 
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Figure 39. Steel Formation: concordant lenses (just below lens 
cap) and discordant veins (filling cracks to left of lens cap) of 
dark grey jasperoidal silica cutting blocky weathering dolomitic 
mudstone (1 t 5P/14, UTM 399095, 7092539). 

base of the Earn Group ranges from zero to as much as 
3 50 m (Section B-B', Gcoscience Map 1996-1, 
Section A-A·, Geoscience Map 1996-2). 

Age 

The age of the Steel Formation in the 
1v1cQuesten River region is not knmvn. ln its type 
locality in the Nahanni map area) the unit contains 
early Late Silurian (lludlovian) graptulites, but a late 
Early Silurian (late 'v(lenlockian) t.o earliest Devonian 
age range is possible (GorJey and Anderson, 1993). 
In the Niddery Lake map area (Cecile, 1997), the 
Steel Formation ranges in age from Early Silurian to 
earliest Devonian. 

The Road River Group in other areas 
Dark, fine-grained basinal strarn of Ordovician to 

Devonian age occur extensively throughout the 
northern Cordillera (see Cecile and Norford (1993) 
for a recent summary). The Duo Lake Formation \Vas 
defined in the Bonnet Plume map area1 where it 
consists of a basal unit of thin-bedded limestone and 
graptolitic shale and an upper unit of graptolitic 
siliceous shale and minor chert (Cecile, 1982). The 
formation in Nahanni map area is similar to the type 
area1 though perhaps \Vith less limestone (Gordey and 
Anderson, 1993; Cecile, 1997). In the Niddery Lake 
map area1 the formation is composed of calcareous 
shale, shale1 siliceous shale) and minor dolomitic 
shale and chert (Cecile, 1997). The Duo Lake for­
mation in the northeastern part of the N iddcry Lake 
map area laterally intertongues \Vith mafic volcanic 
rocks of the Marmot Formation; as \.vell, it passes 
laterally to the southeast into a more carbonaceous 
and chert,rich facies - the Elmer Creek Formation 
- and is in part correlative v,.,irh the argillite of the 
Steel Formation (Cecile, 1997). In the Sheldon Lake 
and Tay River map areas, the Duo Lake Formation 
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Figure 40. Steel Formation: view of cliff face of massive, beige­
to orange-weathering mottled and bioturbated dolomitic 
mudstone. Outcrops are near confluence of Big and Hobo 
creeks, western Sprague Creek map area (115P/15). 

C\msists (i hlack chert and black grapttllitic :ihalc 
(Gordey and Irwin, 1987). In the Finlayson Lcke mar 
mea on the \Vcstcrn side of Selvv'yn Basin, the unit 
equivalent to the Duo Lake Formmion consists of 
Lmver to Upper Ordovician recessive, fissile, hlack 
graptolitic slate with lesser thin beds of medium, 
grained orthoquartzite, thin flllws of intermediate 
volcanic rocks) thin dolomitic mudst.one and lenses of 
crinoidal wackestone (Temrelman-Kluit et aL 1976). 

Orange,\veathering Siltlfirtn muJstone and 
siltstone similar to the Steel Formation also occur 
widely throughout the northern Cordillera (Gordey 
and Anderson, 1993; Cecile and Norford, 199'l ). The 
type locality of the Steel Formation is in the Nah~1nni 
map area, \vhere it consists of variably dolomitic 
yellmvish brown~, dull olive,grey-, or dark yellmvish 
hrmvn~\veathering) lighr to dark grey mudstone 
commonly with dark grey, wispy laminations. Argilla, 
ceous dolostone occurs locally. The characteristic 
weathering colour of the formation is due to dissemi~ 
nated pyrite. In the Niddery Lake map area, the Steel 
F(Jrmation consists of rusty~(1range,weathering green 
argillite \Vith a prominent hed of bright orange~ 
\Veathering grey dolostone and some shale v,iith wispy 
laminations (Cecile, 1997), 

The Steel Formation and similar units occur on 
the western side of Selwyn Basin in the Tay River) 
Sheldon Lake, and Finlayson Lake map areas, In the 
Tay River and Sheldon Lake map areas, the Steel 
Formation consists of orange,v.reathering, thin~ 
bedded1 burro\ved, dolomitic, grey,green mudstone 1 

siltstone and chert; black chert and rare black grapto­
litic shale (Gordey and Irwin, 1987), In the Finlayson 
Lake map area, Silurian orange,buff,weathering, 
resistant, medium grey, thin, to medium~bedded, 
finely laminated and crosslaminated, calcareous, 
quartz siltstone and sandstone with lesser brown slaty 
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phyllite and orthoquartzite overlies black graptolitic 
slate (Tempelman-Kluit, 1977b; Jennings and Jilson, 
1986) and likely correlates with the Steel Formation. 
This unit is viewed as transitional between the shale~ 
dominated Selwyn Basin and the carbonate~Jomi~ 
nated Cassiar Platform (Tempelman-Kluit et al. 
1976). 

Comparison with other areas 
The poor quality of exposure in the study area 

and the lack of fossils precludes ,Jirect correlation 
\Vith other sections but broad similarities an<l some 
differences are apparent. The Duo Lake Formation in 
the l'vkQuesten River region is broadly similar to the 
Duo Lake Formation of the Nahanni map area, alsn 
having less carbonate than in the type area. It also 
resembles the Elmer Creek Formation oi rhe N iddery 
Lake map area by comprising carbonaceous chert and 
shale. The Steel Formation in the lvkQucstcn River 
region is sandier and perhaps more limestone rich 
than in eastern Selwyn Basin. It is more reminiscent 
of the laminated and crosslaminateJ dolomitic 
siltstone unit on the eastern margin of Cassiar Plat~ 
form. Perhaps the coarser grain size of the Steel 
Formation in the McQuesten River region signals a 
\Vest\vard transition to a more platformal environ~ 
ment. 

Depositional environment 
The Road River Group is thought to have formed 

in a deer basinal environment that lay between the 
coeval shallow marine Ogilvie~Mackenzie and Cassiar 
platforms (Abbott et al. 1986; Fritz ct al. 1991; Cecile 
and Norford, 1993 ). The carbonaceous fine-grained 
and cherry nature of the Duo Lake Formation suggests 
that it was deposited in a clastic~sediment~starved, 
euxinic, marine basinal setting. Light~coloured 
mudstone of the Steel Formation in the study area is 
also likely to be a hasinal deposit ( Gordey and 
Anderson, 199.3 ). Its noncarbonaceous character and 
evidence of bcnthic infauna suggests oxygenated 
bottom V·mters. Crosslaminated siltstone, fine sand~ 
stone, and silty or sandy limestone are traction 
current deposits, indicating the sporadic presence of 
bottom currents. The formation in the JvkQuesten 
River region is coarser grained than at its type local­
ity, suggesting that it might represent a higher energy, 
possibly shallower environment than at the type 
locality. 
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Earn Group (units DME, DMEpT, DMEvT) 
The Earn Group comprises mostly dark grey to 

black shale (phyllite) wirh subordinate and variable 
amounts of chert, siltstone, sandstone, limestone, 
bedded barite, badtic limestone, chlorite-muscovite 
phyllite, and chert-pebble conglomerate. Sandstones 
are massive to graded \Vackes, thin~ tL) medium­
bedded, and light to dark brown on fresh and weath­
ered surfaces (Figure 41). Chert -pebble conglomerate 
is generally massive, although ubiquitous lichen 
makes it difficult to discern any ieatures (Figure 42). 
Clasts are mostly chert of different colours, but 
primarily brown, green and black. Shale or phyllite is 
medium to dark grey and locally striped Wlth siltstone 
laminae. Thin- to med,um-bedded chert is locally 
important, as along the hinge of the Lost Horses 
Syncline north of Black Canyon Creek ( Geoscience 
Map 1996-l ). Bedded harite, hantic lLmcstonc and 
grey shale (phyllite) at rhe Omega occurrence (Yukon 
MINFILE#llSP 45, INAC, 1995) are thin bedded 
and dark grey to black (Figure 43). In the Tombstone 
Thrust sheet, map unit DMEvr, a laterally persistent 
greenish white~weathering chlorite~muscovite 
phyllite member thought to be felsic metavolcanic 
rock, occurs at or near the top of the group beneath 
the Keno Hill quartzite. This metavolcanic unit has 
been traced over 120 km to the east into weakly 
foliated to massive quartz~feldspar meta~porphyry 
(Figure 44, Roots and Murphy, 1992a; Roots, 1997). 

The base of the Earn Group is inferred to be an 
unconformity. In the Clear Creek and Sprague Creek 
map areas, the Earn Group overlies JLfferent 
stratigraphic units in Jiffcrent places. Norrh of the 
Little South Klondike River and \vest of the junction 
with Lost Horses Creek, dark shale with coarse 
sandstone thought to be Earn Group directly overlies 
white-weathering marble oi the Rabbitkettle Forma­
tion. In the same area, but east of the confluence of 

Figure 41. Earn Group: tightly folded beds of graded, calcareous 
sandstone (lower limb is upright) and lesser grey phyllite. (105M/ 
14, UTM 477360, 7088460). 
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Figure 42. Earn Group: chert-pebble conglomerate characteris­
tic of unit. Clasts are up to about 1 cm in long dimension and are 
primarily light brown chert (115P/14, UTM 387496, 7087634). 

Lost Horses Creek, both format.ions of the Road River 
Group intervene bet\veen the Rabbitkettle Format.ion 
and the Earn Group. Between these two areas, the 
base of the Earn Group cuts dmvn c1crnss the Road 
River Group. Where the Steel Formation is cur out 
beneath the Earn Croup, the location of the base of 
the group is somewhat arbitrary because both units 
arc generally poorly exposed and consist primarily of 
dark shale or phyllite. There are no hiostrntigraphic 
data ·with which to locate the unconformity. 

The Earn Group is generally poorly exposed 
although chert-pebble conglomerarc members locally 
form prominent strike ridges and cuesrns (Figure 45). 
The lack of exposure and structural complexity both 
in the core of the Lost Horses Syncline and the 
Tombstone Strain Zone make further subdivision of 
the group difficult. The only regionally mappable unit 
is the chlorite-muscovite phyllite found near the top 
of the unit in the Tombstone Thrust sheet. 

Figure 43. Earn Group: folded thin-bedded barite, baritic 
carbonate, chert and grey phyllite, Omega occurrence (Yukon 
MINFILE #115P 045, (115P/14, UTM 393740, 7097159)). 
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Figure 44. Earn Group: weakly deformed porphyritic felsic 
metavolcanic rocks at top of Earn Group (unit DMEv1 ). Patterson 
Range. northern Mayo Lake map area. Mayo map area (105M/ 
15, UTM 516200, 7090575). 

Local extent and thickness 
The Earn Group occurs in two structurally and 

geographically disrinct parts of the region. It occurs in 
the western part of the region in the Lost Horses 
Syncline, at the highest part of the Robert Service 
Thrust sheet ( in the Clear Creek map area and the 
north\vestern part of the Sprague Creek map area). It 
occurs ar deeper structural levels in the east, underly­
ing the Keno Hill quartzite in the Tombstone Thrust 
sheet (Seattle Creek, Mt. HalJane, and Keno Hill 
map areas). In the Keno Hill map area, rocks of the 
Earn Group vvere recently traced in a belt to the east 
through Mt. Wesrman (106A/I; Abbott, 1990a, b) 
and Tiny Island Lake ( !OSM/16; Gordey, 1990a, b) 
map areas. The continuation of this ne\vly defined 
bdt to the southeast is uncertain, although it likely 
connects with occurrences of the group in the east 

Figure 45. Earn Group: typical exposure of Earn Group in 
McQuesten River region. The subtle ridge in the centre of the 
photograph that lies under the top of the high point and 
terminates at the gully consists of a band of more resistant chert­
pebble conglomerate. View is to the east from a point in the 
eastern part of Clear Creek map area (11 SP/14). 
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half of the Lansing map area (Roots et al. 1995a, b). 
West of the study area, chert~pebble conglomerate 
correlated \Vith the Earn Group occurs at the Brewery 
Creek mine (T. Bremner, pers. comm. 1993; Diment, 
1996 ), on strike with the Earn Group in the Lost 
Horses Syncline. Northeast of the study area, rocks 
that likely belong ro the Earn Group have heen 
mapped in a synformal keel in the Dublin Gulch map 
area (1060/4; Poole, 1965). Devonian-Carboniferous 
conodonts have been extracted from fetid limestone 
in this sequence (identification by T. L'yeno, CiSC, 
fossil report MP 15 TTU 72 to W. Poole). 

As neither the stratigraphic top in the Lost 
Horses Syncline nor the stratigraphic bottom in the 
Tombstone Thrust sheet are known, a stratigraphic 
thickness cannot be determined. Complex deforma~ 
tion has resulted in a structural sequence in the Keno 
Hill map area several km thick (Geoscience Map 
1996-5). 

Age 
No ncvv biochronological or geochronological 

data constraining the age of the Earn Group in this 
region are availahle. Poorly preserved fossil leaves 
were the only fossils found in the region but have not 
yet been analyzed. An imprecise Middle Devonian U~ 
Pb zircon age determination \Vas obtained from the 
quartz feldspar augen phyllite unit in the Mayo Lake 
map area east of Keno Hill (J. Mortensen and M. L. 
Bevier, pers. comm. 1993). 

At its type locality (see under Earn Group in 
Other Areas), strata of the Earn Group contain Lmver 
Mississippian and possible Pennsylvanian fossils 
(Campbell, 1967). Fossil collections from Earn Group 
strata in Nahanni and Niddery Lake map areas range 
in age from Early to Late Devonian. Rocks overlying 
the Earn Group in the Nahanni map area (Tsichu 
formation) and in the N iddery Lake map area (Tsichu 
Group) are as old as Early Mississippian. On the basis 
of available paleontological information, the possibil~ 
ity of the Earn Group in this area ranging into the 
earliest Mississippian cannot be ruled out (Gordey 
and Anderson, 1993). 

Earn Group in other areas 
Rocks of the Earn Group occur throughout much 

of the northern Canadian Cordillera northeast of the 
Tintina Fault (Abbott et al. 1986; Gordey et al. 1982; 
Gordey et al. 1991 ). The type locality of the Earn 
Group is in Glenlyon map area, where it consists of 
four map units (Campbell, 1967). The lower unit is 
dark grey, dull brownish grey or black chert and 
cherry argillite; grey or black quartzite and grit, and 
dark grey, finely crystalline limestone. The lower unit 
is overlain by the Crystal Peak Formation, which 
consists of thick-bedded and massive chert-pebble 
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conglomerate. The Crystal Peak Formation is 
overlain by the grey~ and bufrweathering, dark grey 
to black, fetid limestone of the Kalzas Formation. The 
uppermost unit of the type Earn Group includes 
chert, quartzite, argillite and minor limestone and 
chert conglomerate. Lower Mississippian fossils \\'ere 
collected above and below the Crysral Peak Forma­
tion and probable Pennsylvanian fossils were col~ 
leered from the unnamed upper unit. Although the 
type Earn Group includes four map units ranging in 
age from probably Devonian to Pennsylvanian, the 
more recent use of the name Earn Group \vould 
restrict its application to parts of the lower t\vo, dark, 
chert~hearing elastic units of the type area (Cordey et 
al. 1982; Cecile, 1997). 

The Earn Group in the Nahanni map area 
consists of two formations ( Gordey and Anderson, 
1993), the lower of which rests unconformably and 
diachronously on older rocks. The lower Portrait Lake 
Formation comprises a lower member of dark,brown, 
weathering silty shale and shale with minor siltstone 
and chert quartz sandstone, a middle member of 
black~weathering, massive, chert~pebble conglomer, 
ate, and an upper member of black, platy siltstone and 
rare, black, crystalline limestone. A regionally exten, 
sive barite horizon occurs near the top of the forma~ 
tion. The upper Prevost Formation consists of a basal 
member of mostly dark grey medium~ to coarse~ 
grained sandstone and rare chert~granule to pebble 
conglomerate, a middle memher of dark grey, thin­
bedded shale and siltstone, and an upper member of 
massive coarsc~graineJ chert sandstone and chert­
pebble conglomerate, which makes up most of the 
fr)rmation. 

Gordey and Irwin (1987) subdivided the Earn 
Group in the Sheldon Lake and Tay River map areas 
into five map units. The lowest unit is the Portrait 
Lake Formation, \vhich consists of hlack, gun~blue or 
silvery~white~weathering, thin~hedded, siliceous, 
black siltstone, slate, and chert. This unit is overlain 
by an unnamed unit of browtF\.Veathering, thin~ 
bedded, laminated blue-grey to black shale, siltstone 
and minor sandstone. The overlying Prevost Forma~ 
tion comprises recessive, brown-weathering, thin­
bedded, laminated, dark blue-grey to black slate and 
thinly to thickly interbedded fine- to medium-grained 
chert~quartzarenitc and wacke and chert-pebble 
conglomerate. This unit is overlain by resistant, dark, 
grey~weathering, massive chert-pebble conglomerate, 
chert quartz sandstone and minor shale of the Crystal 
Peak Formation. The upper Earn Group in this area is 
an unnamed unit of recessive, dark~brown-weather~ 
ing, thin~ to medium~bedded, calcareous, dark grey to 

brown siltstone, sandstone, shale, dark grey limestone 
and bioclastic limestone. 
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In the NiJdery Lake map area, the Earn Ciroup 
also consists of nvo formations, the lower 1\ilisfortune 
Formation c1nd the urper Thnr Hills Formation; rhe 
nvo formations together are thought to correlate with 
the Portrait Lake Formation of the Nah:c-1nni map srea 
(Cecile, 1997). The Misfortune F()rmati()ll consists of 
nvo members, a lmvcr, black shale mcmher and an 
upper, hlc1ck siliceous shale memher. The Thor Hills 
Form~ition consists ofbrmvn-vvcathering cbrk :-hales 
and coarse sandstone and conglomerate. 

Comparison with other areas 
The types nf rocks founLl in the Earn Group in 

the \vestern part of the study area arc generally the 
same as found else\vhere. Hmvever, poor exposure, 
structural and probably stratigrarhic complexity, and 
the lack of fossil data preclude subdivision ::md direct 
compmison and correlation with other areas. Fclsic 
volcanic rocks of Devonian or !vlississippian age an.· 
not common in the Upper Paleozuic sequences of 
ancestral North America; other occurrences in the 
Yubm include Devono-!v1ississippian alkalic volcanic 
rocks and subvolcanic intrusi(1ns in the Peli'y I'v1oun­
tains (Wheeler et al. 1960; Gordey, 1977; Mortensen, 
1979, 1982) and fdsic ruffs in the Tay River map area 
(S. P. Cordey, pers. comm. 1993 ). \X.'it"hout more 
precise age cnntrol 1 correlation with these other areas 
vvould be speculative. In contrast to the paucity of 
volcanic wcks in the Earn Group of ancestral North 
America, felsic volcanic and plutonic rocks of 
Devonian and :v1ississippian age arc common in the 
Yukon-Tanana Terrane (Mortensen, 1992 ). 

Depositional environment 
Structural complexity and poor exposure preclude 

any rigorous assessment of the depositional environ­
ment of the Earn Group in the study area. Its gener­
ally dark, fine-grained, locally chcrty nature suggest 
deposition in a deep marine hc.isinal environment. 
Coarse elastic rucks have sedimentary structures 
characteristic of turbiditcs. On the basis of informa­
tion from eastern Yukon, the Earn Group is inferred 
to have been deposited in a deep marine basin broken 
by tensional or transtensional rifts, which controlled 
deposition of coarse elastic detritus (Abl:iutt et al. 
1986; Gordey et al. 1987; Ahbott and Turner, 1990). 
The Earn Group basin ,voulJ have heen paleogeo­
graphically complex, lying in a fore land setting ,vith 
respect to the Ellesmcrian orogenic highlands in the 
Arctic region, and in a back arc setting relative to a 
Devonian-Mississippian arc preserved in the 
pericratonic Yukon-Tanana and Kootenay terranes, 
and possibly represented by fclsic volcanic rocks 
locally occurring in the Earn Group. 
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Keno Hill quartzite (map unit MKT) 
The Keno Hill quartzite in the study area com­

prises massive to well foliated and linc·ated, mc.::Jium 
to dark grey quartzite (Figure 46) and phyllitic quart· 
zite and medium to Jark grey, locally carb()nacedus 
phyllite (Figure 47). Quartzite is locally calcareous 
and quartz- and feldspar-pebble quartzite occurs rarely 
(Figure 48). Like other rock units within the Tomb­
stone Strain Zone, original bedding has been trans­
formed by isoclinal folding, foliation formation, and 
asymmetric:il houdin<1ge into sigmoicbl :ind lenticular 
compositional d(lmains. On the uutcrop scale, mas­
sive quartzite passes bterally, up-section and dmvn­
section into siliceous phyllite, \vhich may either have 
been thinner bedded quartzite or massive quartzite 
that has lost silica by pressure solution during the 
formation of the folimion. The relative amount of 
quartzite and grey phyllitc in the Keno Hill quartzite 
is highly variable, a feature that probably has as much 
to do with deformational processes as original strati­
grnphic diversity. Folded and planar \vhite quartz 
veins and pods commonly cut the quartzite, giving it 
a mutt.led ~1ppe;irance. 

Figure 46. Keno Hill quartzite: massive grey quartzite folded in 
antlform overturned northward. Near original portal of the Silver 
King mine, Galena Creek (105M/13. UTM 472025, 7085280). 
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Figure 47. Keno Hill quartzite: grey phyllite, siliceous phyllite 
and thin quartzite cut by en-echelon vein arrays, Galena Creek 
upstream of locality in Figure 46 (105M/13, UTM 472055. 
7084995). 

Near the top of the Keno Hill quartzite is a unit 
of light grey to green siliceous muscmrite-chlorite 
phyllite up to 200 m thick and locally including grey 
marble. This unit occurs south and ,.vest of 1v1t. 
Hinton in the Keno Hill map area (lOSM/14) and 
near rhc top of the ridge south of the Sourh McQues­
ten River between the Seattle and Ross creeks in the 
Seattle Creek map area (l lSP/16). Rare quartz 'eyes' 
in the phyllite suggest that it is of volcanic origin. A 
similar unit occurs near the top of the Keno Hill 
quartzite in the Patterson Range across the Keno 
Ladue River northeast of Keno Hill. This similar unir 
can be traced to the northeast to \vhcre it lies along 
trend ,vith strata hosting the Marg volcanugcnic 
massive sulphide deposit (Yukon MINFILE #l 06D 
009; INAC, 1995) in the southeastern corner of the 
Mt. Westman map area (106D/l). It is not known 
whether these occurrences arc infolds of the underly­
ing Earn Group felsic metavolcanic rocks or are 
younger metavolcanic rocks that were deposited as 
part of the Keno Hill quartzite. Limestone or marble 

Figure 48. Keno Hill quartzite: angular feldspar clasts in rare 
pebble conglomerate (105M/14, UTM 487825, 7091075}. 

is not knmvn to occur ·with the underlying Earn 
Ciroup felsic mctavolcanic unit, suggesting that the 
chloritic phyllite near the top of the Keno Hill 
quartzite is a younger unit. 

Local extent and thickness 
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The Keno Hill quartzite occurs in the eastern 
part of the ::,;tudy area, on both limhs of the McQues­
ten Antiform. The exposures of the Keno Hill quartz, 
ite in the Seattle Creek map area are on rhe southern 
limb of the antiform, forming the vvestern end of the 
belt of quartzite that extends easnvard across Mt. 
Haldane map area through the Elsa-Keno Hill mining 
camp, around the Mayo Lake Antiform into the 
northeastern corner of the Mayo map area ( Bostock, 
l 947; Murphy and Roots, 1992). The unit is trun­
cated at its western end by the fault in the valley of 
the South McQuesten River, but reappears north of 
the fault east of Haggart Creek, where it ex rends 
initially northward and then wesnvar<l in a nearly 
continuous belt into the Tombstone Mountains near 
Dawson (Tempelman-Kluir, 1970a; Green, 1972). 

Complex and intense deformation of the Keno 
Hill quartzite precludes the determination of its 
stratigraphic thickness. About two km of quartzite 
occurs bet\\.'een the top of the Earn Group and the 
Robert Service Thrust. 

Age 
No new biochronological or geochronological 

data are available with ,vhich to constrain the age of 
the Keno Hill quartzite in this area. Visean,Namuri, 
an conodonts were obtained from strata assigned to 
the Keno Hill quartzite in the Dawson map area 
(Mortensen and Thompson, 1990; Orchard, 1991). 
Imprecise Early Mississippian U-Pb ages have been 
obtained from felsic metavolcanic rocks hosting the 
Marg deposit (Abbott and Turner, 1990; J. 
Mortensen, pers. comm. 1993). 
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Keno Hill quartzite in other areas 
The Keno Hill quartzite of the study area extends 

laterally and continuously to the west to the Tomb­
stone River region \Vhcrc it \Vas described in detail hv 
Tempdman-Kluit ( 1970a). Between the two areas the 
unit p8sses out of the Tombstone Strain Zone an,J in 
the latter areai primary sedimentary femures are have 
been described. According to Tempclman-Kluit 
(1970a), the formation in the Tombstone River 
region comprises ''remarkably uniform, massive, greyi 
thick-bedded and fine-grained submat.ure ortho­
quartzites" \vith several horizons of black sbt.e and 
cherry slate and a member of sandy limestone in its 
upper part. Black slate makes up about one quarter of 
the formation. Burrows are locally apparent. as arc 
lamination, crossbcdding, slump structures and ripple 
marks. 

:tv1ississippian quartz-rich elastic rocks are also 
found in the Nahanni, Niddery Lake and Lansing 
map areas of the eastern part of Selwyn Basin. The 
Sehvyn Basin occurrences me the Tsichu formation of 
the Nahanni 1mip area (Gordey and Anderson, 1993) 
and the Tsichu Group of the Niddery Lake map area 
(Cecile, 1997). The Tsichu formation consists of 
quart.z,uenitc, shale and limestone. TI1e T,;;ichu Group 
consists of four formations, the lower of which, the 
Heritage Trail Formation, correlates ,vith the Ken(l 
HLll quartzite and the quartzite member of the Tsichu 
formation. The Heritage Trail Format.ion consists of 
massive to blocky, huff to grey-white quartzite ,vith 
rare, thin shale and calcareous quartzite. Like the 
Keno Hill quartzite, the Heritage Trail Formation is 
VisCan to Namurian in age. ln Lansing map area, the 
Keno Hill quartzite consists of grey-brown-weather­
ing, handed dark grey and black, fine-grained quartz­
ite and lesser hbck shale and siliceous argillit.c (Roots 
et al. 1995a, b). Quartzite occurring ,vit.h-in the type 
Earn Group of the Glenlyon map area (Campbell, 
196 7; map unit 1 3) could correlate with the Keno 
Hill quartzite. 

Comparison with other areas 
Prot.oliths for rock types of the Kenn Hill quartz­

ite include mature quartzarenite, carbonaceous shale, 
calcareous quarrzarenite, and fclsic mct.avolcanic rock 
(?). With the exception of fclsic metavolcanic rock, 
all of these rock types are found in other 1'v1ississippian 
quartzite units. The lack of primary stratigraphic 
information in the McQuesten River region precludes 
a more precise comparison. 

Depositional environment 
Intense deformation has overprinted the primary 

characteristics of the Keno Hill quartzite in the 
McQuesten River region. Tempelman-Kluit ( 1970a) 
infers a variably energetic shallmv marine setting for 
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much of the Keno Hill quartzite in the Tomhstnne 
River area, hased on the occurrence of Cruziana trace 
fossils. In this mea, the presence of plant fossils in the 
upper part might indicate a change up~scct.ion to a 
nonmarine setting. Gordey and Anderson ( 1993) 
inferred a shallow marine bar setting for quartz 
sandstone of the Tsichu format.ion in the Nahanni 
map area. Cecile (1997) inferred a complex palco­
gcography with shallnw-v ... 'at.er environments flanked 
hy Jeeper water. In this area, quartz-sandstone­
bearing strata pass laterally into coeval chert-hearing 
strata (Cecile and Ahbott, 1992). -

Map unit Pzu 
Dark phyllit.c, siltstone and quartzite overlying 

the Keno Hill quartzite on the southern flank of the 
Davidson Range have been placed in map unit Pzu 
(map unit 7 of Green, 1971; map unit 17 of C~reen, 
1972 ). This unit occurs only in the footwall oi the 
Tombstone Thrust, north of the :tv1cQuesten River in 
the northern part of the Keno Hill map area 
(Geoscience Map 1996-5). A detailed description 
cannot be presented here as exposures of this unit 
were not visited during this study. 

Age and correlation 
Neither the age nor correlation of this unit are 

knov,.:n. Noting the lithological similarities of this 
unit with the Lower Schist division undcrlvinu the 
Keno Hill quartzite, C,reen and McTaggart.(1960) 
and Oreen (1971, 1972) placed it in that unit and 
Green (1972) inferred that it was Jurassic in age. 
Green (1971) pointed out the differences between 
the rocks overlying the Keno Hill quartzite in the 
Davidson Range and those overlying the Keno Hill 
quartzite everyv ... ·hcre else (Upper Schist, now thought 
to be Upper Proterozoic Yusczyu Formation) alt.ho~gh 
no explanation of this discrepancy ,vas offered. 

The more recent information on the age and 
structure of units in the area adds nc,v constraint::; on 
the age and correlation of this unit, alt.hough none 
are unequivocal. Tv ... 'o possible scenarios exist: 
1) The sequence is isoclinally folded ,~.rith the Keno 

Hill quartzite in rhe core and, as previously 
interpreted, the rocks above and belmv the Keno 
Hill quartzite arc the same. In this case, unit Pzu 
would he Devonian. 

2) Unit Pzu depositionally overlies the Keno Hill 
quartzite and is therefore post;Mississippian and 
pre-mid-Triassic. Both possibilities explain the 
difference bet.ween the rocks that 'overlie' the 
Keno Hill quartzite in the Davidson Range and 
those in the same position elsewhere. The first 
possihilit.y requires a regional-scale isoclinal fold, 
for which little evidence exists - although with 
the degree of structural complexity in the region, 
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one cannot be ruled our. The second possibility 
implies a correlation of unit Pzu with Upper 
P;:ileozoic strata overlying the Keno Hill quartzite 
in the Upper Klondike River region 
(Tempelman~Kluit, 1970a; Green, 1972). How· 
ever, Upper P,1leozoic strata in this area are 
mottled maroon and green chert anJ shale with a 
thin section of dark shale and siltstone above. 
Another important difference is that these strata 
are not intrude1.l hy Triassic mafic sills as is unit 
Pzu in the Davidson Range. However, in spite of 
these differences, and for structural reasons 
discussed under Structural Geology, the last 
interpretation is preferred at the time of writing. 

Bostock's (1964) map unit 18 (Tertiary and 
Later Selkirk Group) 

Rocks mapped by Bostock (1964) as Tertiary or 
later volcanic rocks are exposed near the northen1 
edge of the map area, north of Hobo Creek. These 
rocks are enigmatic, composed of unsorted silt- to 
houlder,sized angular to subroundcd lithic clast.s and 
locally st.mined monocrystalline quartz fragments 
embedded in a felted greenish-grey matrix of unccr, 
t.ain origin. They are generally massive and unstruc, 
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tured, except for cryptic and rare clast,size sorting. 
Numerous suhcircular voids of various sizes occur in 
the rock, resembling vesicles. In thin section, the 
margins of the voids arc lined hy fine-grained green­
ish prismatic minerals (probably tourmaline) suggest, 
ing either a reaction relationship or open space 
filling. These might be vesicles or plucked lithic 
fragrnen ts. 

These rocks might. he of volcanic origin as 
proposed hy Bostock ( 1964) or, alternatively, not 
volcanic but brecciated and tourmalinized Hyland 
C:iroup. They occur near intensely fractured and 
quartz-injected Hyland Group grit and phyllite 
hornfels and mid-Cretaceous granitic rocks. The zone 
of fracturing ;ind quartz injection extends for several 
km along strike to the east-southeast. Near the mid­
Cretaceous stocki tourmaline and quartz with lesser 
arsenopyrit.e occur ubiquitously in fractures. In this 
area, the amount of tourmaline in both fractures and 
in the enigmatic rocks above is considerable. A felsite 
dyke cutting the enigmatic rocks has yielded an 
imprecise mid,Cretaceous age of around 92 Ma (see 
under Intrusive Rocks)) shmving that they are not 
Tertiary or later. 
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Intrusive Rocks 

Intrusive rocks in the McQucsten River region 
comprise volumetrically minor foliated interme,Jiate 
to mafic bodies anJ numerous widespread, locally 
sizable (up to 60 sq. km) unfoliated and ,hscordant 
felsic to intermediate bodies. Bostock ( l 94 7, l 964) 
mapped many of the larger of these intrusive bodies 
anJ noted the spatial coincidence of many of the lode 
occurrences in the region with felsic plutons. Blacka~ 
dar (1951) and Read (1957) investigated the mafic 
'sills' (grccnstones) of the Elsa~Keno Hill iriining area. 
Individual unfoliated felsic to intermediate intrusions 
were studied by Abercrombie ( 1990, Syenite Range 
stock), Steffler (1980) and Kuran ct al.(] 982; both 
on the Scheeltte D<Jme stock). Emond (1992) investi­
gated the petrology and geochemistry of the felsic and 
intermediate plutons in the lv1cQuestcn River area 
and the relationship of igneous geochemistry to 
associated mineralizati(m. 

In this study, the contacts of known bodies were 
mapped :J.t 1:50 000 scale, ne\v intrusions \Vere 
documented, whole rock geochemical data were 
collected, and high~precision U~Ph age determina~ 
tions were obtained for many of the intrusions in the 
region. These new age determinations \Vere performed 
by J. K. ML)rtensen at the GeL)chronomctry Lahora­
tory at the University of British Columbia. 

Foliated intrusions 
Two sets of deformed intermediate to mafic 

igneous rocks occur in the McQuesten River region, 
one set intrusive into the Hyland GrLmp and the 
other into Keno Hill quartzite and Earn Ciroup of the 
Tnmhstone Thrust sheet. Pre-kinematic intrusions 
into the Hyland Group comprise rare small foliated 
and folded bodies of fine- to meJium~grained, dull 
green, rarely porphyritic, quartz~felJspar-chloritc~ 
biotitc rocks (Figure 49). Above the Tombstone 

Figure 49. Pre-kinematic intrusive rocks of unknown age: 
foliated porphyritic felsic to intermediate meta-intrusion cutting 
Yusezyu Formation (115P/15, UTM 414175, 7082290). 
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Strain Zone, where primary stratification and struc~ 
tures arc still preserved, sills and dykes have hoth 
been observed, most commonly intruding the 
Narchilla Fonn:J.tion. Dykes are clearly discordant 
\Vith respect tu hedding, me locally finer grained at 
the margin (chilled?) m1d locally have a thin hiotitc 
pt)rphyroblast aureole extending a few cm into the 
\Vall rock. \Xii thin the Tom.hstone Strain Zone, pre~ 
kinematic metaigneous rocks arc discontinuous, 
foliation-conformable domains of foliated and 
lineated plagioclasc-actinolite-biotite~chlori te r,Kk. 
Although these bodies arc similar in composition to 

those outside the zone, it is not known if they are of 
the same episode of magmatism. Because of the 
degree of deformation \Vithin the zone, it is not even 
clear that these are intrusive rocks. 

The age(s) of these bodies is (are) not known. 
:tv1inerals appropriate for U~ Pb dating were not 
present in two samples. Such bodies have not been 
documented above the Narchilla Ftmnation, so they 
arc thought to be the feeders to the immediately 
overlying Ciull L::1.ke mafic mctavolcanic member. 

Lenses of foliated and lineated mafic metaigneous 
rocks are abundant within the Keno Hill quartzite 
and the underlying Earn Group (map unit Tc-F; 
Bostock, 1947; McTaggart, 1950, 1960; 13lackadar, 
1951; Read, 1957; Kindle, 1962; Boyle, 1965: Murphy 
and Roots, 1992). These bodies range from metre~ 
scale to hundred metre~scale in thickness (Figure 50) 
and can he traced from several tens of metres to 
several km. Typically they arc chloritic phyllite on 
their margins and massive to foliated hornhlenJe, 
plagiocbse diorite to gabhro intcrn:J.lly. 

The mafic lenses are thought to he remnants of 
once~continuous sills that \:Vere pulled apart in the 
Tombstone Strain Zone. Thick, latern.lly continuous 
mafic sills substantially inflate the stratigraphic 
thickness of the Keno Hill quartzite in the southern 
Ogilvie Mountains, outside the Tombstone Strain 

Figure 50. Triassic metadiorite sill: mega-boudin of meta-diorite 
outlined in snow in cliff at head of MacNeil Gulch, Keno Hill map 
area (105M/14). 
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Zone (Tcmpelman-Kluit, 1970; Mortensen and 
Thompson, 1990). The Ogilvie Mountain sills arc 
mid-Triassic in age (Mortensen and Thompson, 1990) 
and although there are no independent age data, it is 
thought that the lenses in the McQuesten River 
region are the same age. 

Unfoliated intrusions 
UnfoliateJ felsic to intermediate intn1sive rocks 

occur throughout the McQuesten River region, in 
bodies ranging from metre,scale dykes to stocks 
several square km in area. Emond (1992) noted in 
this area that three compositionally distinct sets of 
intrusions occur in two geographically distinct belts. 
The northern belt contains biotite,homblende quartz 
monzonite, granite and granodioritc and hornblende, 
biotitc syenite, quartz syenite, quartz monzonite and 
granite, associated \Vith tungsten and gold occur~ 
rences. A southern belt of intrusions comprises 
primarily biotite,muscovitc granite, associated with 
tin and silver occurrences. Fine, to coarsc,grained, 
generally porphyritic Jykes are ,videspread1 most 
commonly near the larger bodies. No volcanic rocks 
associated vvith either of the two sets of intrusions 
have been found. All intrusions and metamorphic 
minerals in hornfels zones cross,cut folds and 
foliations associated with all phases of regional 
deformation. The intrusions are cut by topographic 
lineaments of unknmvn age. 

The two sets of intrusions differ in age. The 
northern set of intrusions, here called the Tombstone 
intrusions, are mid,Crctaceous and part of the newly 
defined Tombstone-Tungsten Belt (TTB), which 
extends castv,mrd across the Yukon from the Tomb, 
stone River area cast of Dawson to the western 
Northwest Territories near Macmillan Pass 
(l'vlortensen et al. 1995). The southern peraluminous 
intrusions arc Late Cretaceous and make up the 
newly defined McQuesten intrusions, which so far are 
only known to occur, in Yukon, in the McQuesten 
River region. Both sets of intrusions also occur in 
Alaska across the Tintina Fault about 450 km to the 
northwest (Newberry, Layer et al. 1995; Newberry, 
McCoy et al. 1995; McCoy ct al. 1997). 

Historically1 intrusive bodies have acquired 
informal names, either after local geographic features 
or after the name of a nearby mineral occurrence. In 
this report, bodies are named (or renamed) primarily 
after geographic features; the names of associated 
mineral occurrences arc used only in the absence of 
local place names. 

Tombstone intrusions (map unit KTg) 

The Tombstone intrusions arc the most wide­
spread intrusions in the region and together with 
their homfels zones underlie the most prominent 
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topography in the region. The name "Tombstone 
Plutonic Suite" was initially applied to 
compositionally diverse, alkalic, undersaturated, and 
post,tectonic mid,Cretaceous intrusions in the 
Tombstone l\1ountains east of Dawson (Anderson, 
1987). More recently, Mortensen et al. (1995) 
extended the name "Tombstone Phutonic Suite" to 
all of the mid,Cretaceous undersaturated to saturated, 
metaluminous, and post,tectonic intrusions that 
extend eastward across central Yukon to the O'Grady 
Batholith in the Northwest Territories. 

The Tombstone intrusions in the McQuesten 
River region include two compositional and textural 
types. The first type, represented solely by the biotite­
hornblcnde-pyroxene syenite and quartz syenitc of 
the zoned Syenite Range stock, is quartz~absent to 
quartz-poor, massive and coarse,graine<l. This type 
corresponds to Emond's ( 1992) hornblende-biottte 
syenite, quartz syenite, quartz monzonite, and granite 
group. The remainder of the Tombstone intrusions in 
the region are quartz~bearing, weakly porphyritic, 
medium- to coarse,grained granite and granodiorite. 
These intrusions correspond to Emond's ( 1992) 
biotite-hornblende quartz monzonite, gra.nite, and 
granodioritc group. 

Tombstone intrusions occur at all stratigraphic 
and structural levels in the map area and the lack of 
textural variability suggests that most intrusions 
crystallized at a similar shallow crustal level. Peli tic 
metamorphic minerals in thermal aureoles are lmv 
pressure assemhlages and include andalusite, 
sillimanite, cordicrite, pyrrhotite, and hiotite; garnet 
occurs in placer concentrates from streams draining 
aureoles, but has not heen observed in metapelite. 
Calc,silicatc minerals include diopsi<le, actinolite, 
garnet1 and sulfides. Miarolitic cavities occur locally 
(Figure 51). Contacts are sharp (Figure 52). 

lvlany of the intrusions are associated with 
aeromagnetically prominent metamorphic aureoles 

Figure 51. Tombstone intrusions: miarolitic cavities and quartz 
veins developed in the Scheelite Dome stock, Seattle Creek 
map area (115P/16, UTM 437200, 7073710). 
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Figure 52. Tombstone intrusions: sharp discordant contact 
between foliated marble rocks of the Yusezyu Formation and 
unfoliated quartz monzonite of the Sprague Creek (Mahtin) 
stock. The intrusion is dark and blocky; the marble, to the right. 
is liQht-coloured. The marble's foliation and layering dip from 
right to left into the contact (11 SP/15, UTM 412505, 7089245). 

ranging from un<ler 100 m to several km \vidc. The 
aeromagnetic signature of hornfels zone~ is most 
apparent where carhonaceous rocks are intruded, such 
as the Earn Group (e.g., Syenitc Range stock) and 
locally within the Yusezyu (e.g., Pukdman stock) and 
Gull Lake formations (Red Mounrain stock). The 
intrusions themselves arc variably magnetic. 

Qiwrtz~ahsent to quartz~J)oor type: Sycnite Range stock 

The Sycnite Range stock (Lost Horses batholith 
of Ahcrcrombie, I 990; Lost Horses srock of Murrhy 
et al. 1993a, b) is a subcircular, concentrically zoned 
mafic alkaline body intruding Earn Croup north of 
the Little South Klondike River in rhe Clear Creek 
map area (Gcoscience Map 1996-1). It and its 
hornfels zone make up the majority of the Syenite 
Range, one of the more prominent massifs in the 
region. More than three-quarters of the stock is 
composed of an outer phase of massive coarse­
grained, locally mcgacrystic, hiotitc-hornblende­
pyroxenc (both clinopyroxcne and orthopyroxene) 
alkali feldspar syenite (Figure 53). The outer phase 
passes transitionally inward vvith increasing quartz 
content into coarse-grained, locally megacrystic, 
biotite-hornhlendc-pyroxene quartz syenite and then 
into a coarse-graine<l granite (Abercrombie, 1990). 
The contact between sycnite and quartz syenitc is 
located at the first appearance of visible quartz. The 
transitional quartz syenite-granitc contact was not 
systematically mapped. A small body of muscovite­
bearing orbicular tourmaline granite occurs vvith 
sharp contact within the granite; common slicken­
sided surfaces with tourmaline striae suggest that 
intrusion occurred when the body \Vas semicrystal­
lizcd. Fine-grained, locally porphyritic dykes of 
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Figure 53. Tombstone intrusions: weakly aligned, crowded 
potassium feldspar crystals in coarse-grained hornblende-biotite­
clinopyroxene syenite, Syenite Range stock (115P/14. UTM 
391093, 7092871 ). 

granitic and syenitic cumposition cut hoth the 
intrusion and the metamorphosed Earn Gruup 
country rock. The stock is prominently jointed with 
strong e~1st~west and northeast ~southwest trends 
visible on aerial photographs. 

The Sycnitc Range stock contains the Zeta 
(Yukon MINFlLE #I ISP 045, !NAC, 1995) silver-tin 
greisen. Mineralization of this type differs from the 
more typical gold~tungsten~molybdenum-bismuth­
silver-arsenic~antimony mineralization of other 
Tombstone intrusions. Weakly to strongly anomalous 
antimony, arsenic, molybdenum, and weak gold 
values occur in sediments in streams draini~g the 
\vestern side of the intrusion. 

Detailed information on the modal composition, 
textures, igneous geochemistry, and associated min~ 
eral occurrences of the Syenite Range stock is found 
in Abercrombie (1990). 
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Quartz-bearing type: all others 

Quartz,bearing Tombstone intrusions include the 
West Ridge intrusions (Josephine, Pukelman, 
Rhosgobel, Big Creek, and Barney stocks) in the 
Clear Creek map area ( Geoscience Map 1996- l ); the 
Sprague Creek, Red Mountain, Ballard Creek west, 
and Bos stocks of the Sprague Creek map area 
(Gcosciencc Map 1996-2); the Scheelite Dome, 
Morrison Creek and lvlinton Creek stocks of the 
Seattle Creek map area (Geoscience Map 1996-3); 
and numerous smaller dykes and sills occurring in and 
around all the map areas. These inrrusiuns are broadly 
similar mineralogically to the Syenite Range stock, 
but with different modal proportions. They consi-;c 
primarily of massive, s~1lt<md,pepper grey, biotlte 
(±hornblende) granite, granodiorite, and less com, 
monly quartz sycnire with one, to three,cm,size,J 
potassium feldspar (rarely quartz and plagioclase) 
phenocrysts in a medium,grained matrix of quartz
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plagioclase, potassium feldspar, biotite and lesser 
hornblende (Figures 54 and 55). Aegerine,augite or 
augite is a ubiquitous minor compunent, commonly 
partly replaced hy hornblende. Titanite (sphene) is 
also ubiquitous and locally coarse,grained (2,4 mm in 
size). lndividual stocks are apparently compositionally 
and texturally homogeneous, although sufficient data 
were not collected to subdivide intrusions at the 
1 :50 000 scale. Decimetre, to metre-scale porphyritic 
and aplitic dykes cut both intrusions and host rocks 
(Figures 56 and 57). 

Quartz,bcaring Tombstone intrusions locally 
exhibit quartz± potassium feldspar± scheelite,sulfide 
veins that are commonly anomalous in gold, silver, 
bismuth, arsenic, tungsten, molybdenum and anti­
mony. Veins range from cryptic 'dry' hairline cracks 
(Figure 58) to veins up to 5 cm in width (Figure 59) 
and are locally thick, extensive and dense enough to 
be considered as candidates fur hulk tonnage gold 

Figure 54. Tombstone intrusions: potassium feldspar porphyritic 
quartz monzonite, Pukelman stock, Clear Creek map area 
(115P/14, UTM 398300, 7083810). 
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Figure 55. Tombstone intrusions: uncommon fine-grained mafic 
inclusions, Rhosgobel stock (115P/14, UTM 398206, 7080239). 

deposits. Sulfides include arsenopyrite, molybdenite, 
pyrite, and chalcopyrite. Tourmaline occurs locally. 
Sheeted veins are most common, although stocb 
works have been observed (e.g., Saddle Zone of small 
stock northwest of rhe Pukelman stock, Figure 60). 

Tombstone intrusions are locally cut hy rare, pun, 
ky, light grey-\veathering, calcareous, bruwn, biotite, 
rich "lamprophyre" dykes (Figure 61). Ultramafic 
xenoliths have been observed \vi thin these dykes 
(Figure 62). Their spatial coincidence wirh Tomb­
stone intrusions and preliminary age data suggest that 
these mafic dykes are part of the intrusive suite. 

Alteration 

Intrusions of the Tombstone Suite are commonly 
weakly and locally strongly altered. White mica 
occurs as a shreddy alteration product of potassium 
feldspar in most of the thin sections examined, and 
some calcite and cpidote alteration of plagioclase 
feldspar has been observed. Biotite, hornblende and 
locally clinopyroxene are locally chloritized. The 
extent of the alteration within individual plutons is 
nor known; many of the intrusions, however, have 
topographically recessive portions, suggesting the 
potentictl for extensive zones of strong alteration. 

Geochemistry 

Geochemical analyses were part of studies by 
Steffler ( 1980) on the Schee lite Dome stock, by 
Abercrombie (1990) on rhe Syenite Range stock, and 
by Emond (1992) on many of the intrusions in the 
McQuesten River region. Steffler ( 1980) and 
Abercrombie (1990) showed that the Syenite Range 
and Scheelite Dome stocks are characterized by high 
initial strontium (Sr8i/Sr66

) ratios, indicating a magma 
derived in large part from the melting of old sialic 
crust. Abercrombie (1990) also studied neodymium 
(Nd) and lead (Pb) isotopes from the Syenite Range 
stock, which affirmed a crustal magmatic source. 
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Figure 56. Tombstone intrusions: late felsic dyke (beneath 
pencil) cutting early quartz (with some potassium feldspar) vein 
within the Scheelite Dome stock. Uncommon, rounded, fine­
grained mafic inclusion below dyke. Seattle Creek map area 
(115P/16, UTM 437250, 7073700). 

Neodymium d:::ita suggest rhat up to 30°10 of the melt 
was formed from rhe melting of crustal material. 
Emond ( 1 992) characterized those intrusions here 
recognized as Tombstone intrusions as felsic, poorly 
evolved, clinopyroxene to nepheline and corundum 
norm~1tivc, suhalkaline, and pcraluminous. Emond 
(1992) further concluded that trace clement patterns 
from these intrusions supported the conclusions of 
Stcifler (1980) and Abercrombie (1990) of a sial1c 
crustal source for the melt feeding these intrusions. 

Eighteen ncvv v-.:hole rock geochemical analyses of 
major! minor and trace element composition ,:vere 
ohtained from 12 of the larger knmvn or suspected 
(based on proximity to dated intrusions) Tomhstone 
intrusions (Appendix 1 ). Eight new analyses of dykes 
were also obtained. Data from the larger dated bodies 
were combined \Vith similar data from Abercrombie 
(1990), Emond (1992), and Steffler (1980) and 
plotted in Figure 63. These data show that the 
Tomhstone intrusions are felsic to intermediate (55 to 
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Figure 57. Tombstone intrusions: dyke-vein relationship in the 
Scheelite Dome stock opposite to that in Figure 56 with quartz 
veins cutting felsic dykes. Relationships illustrated in Figures 56 
and 57 permit a late magmatic interpretation for intrusion-hosted 
gold-bearing quartz veins in the Tombstone intrusions (11SP/16. 
UTM 438020, 7073200). 

74%1 Si0:
1 

with most 6.5 w 70'?{)), predominantly 
mctalumi~nous, and e:.ilcic to calc-alkalic in composi­
tion. >-Jormativc plots show that Tombstone intru­
sions range in composition from syenite to granodio­
rite, hut are predominantly monzogranite; this same 
range is rd1ected in modal mineral cmnro~itions 
cstimmeJ. from thin sections. Harker diagrams (Figure 
64) :shmv typical major element trends \Vith Al_{\, 
CaO, MgO, FeO'', MnO, TiO,, and P,O, decrc;1sing 
with increasing SiO, conrent. ~K,,O and Na,O do nut 
vary \Vith SiO :. - - " 

Age of the Tomhstone intrusions 

High-precision U-Pb age determinations have 
been obtained for 15 Tombstone intrusions in and 
near the map area, revealing a very narrow rnnge of 
ages between 90 and 94 Ma (Table 'l; Figure 65; 
Appendix 2). The age assignments are hascd on 

Figure 58. Tombstone intrusions: narrow quartz vein cutting 
potassium feldspar megacryst, Sprague Creek stock. Note thin 
alteration selvage extending about a centimetre into host rock 
(115P/15, UTM 410910, 7086350). 
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Figure 59. Tombstone intrusions: parallel sheeted quartz­
potassium-feldspar (scheelite, gold, tourmaline) veins cutting the 
Pukelman stock (t 15P/14, UTM 398206, 7080239). 
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Figure 60. Tombstone intrusions: 'stockwork' of gold-bearing 
quartz veins, Saddle Zone, unnamed stock northwest of the 
Pukelman stock. Prominent vein in centre of photograph is about 
3 cm wide. Larger veins form a sheeted array; later, smaller 
veins are more irregular and randomly oriented. Clear Creek 
map area (115P/14, UTM 396996. 7085700). 

analyses of zircon, titanitc, and baddeleyitc. Age 
determinations based on zircon data vary in precision 
because of the combined effects of an inherited lead 
component an<l post-crystallization lead loss. Hmv­
evcr, vvith judicious sample tre:1tment (selection for 
clearest, most prismatic crystals, ahrasion, use of rips) 
and analysis of titanite and haddeleyite, high-preci­
sion concordant analyses were obtaine<l for most 
samples. 

Table 3. New U-Pb age determinations on Tombstone intrusions of the McOuesten River region 

Intrusion U/Pb date (Ma) Minerals 

Syenite Range stock 
marginal phase 92.1±0.2 zircon, baddeleyite 

orbicular granite 90.6±0.3 zircon 

Pukelman stock 91.5±0.6 titanite, zircon 

Rhosgobel stock 91.4±0.3 zircon, 

Sprague Creek stock 91.0±0.2 zircon 

Red Mountain stock 92.3±0.8 titanite, zircon 

Red Mountain dyke 91.6±0.6 zircon 

Unnamed dyke near Hobo Creek ca. 92 zircon 

Bos stock 92.9±0.3 zircon 

Scheelite Dome stock 91.2±0.9 titanite, zircon 

Morrison Creek stock 92.5±2.5 titanite, zircon 

Black Hill stock 92.3±0.3 zircon 

Unnamed dyke near Secret Creek 91.0±0.3 zircon 

Minton Creek stock 92.2±0.3 zircon 

Dublin Gulch stock 92.8±0.5 titanite, zircon 
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Figure 61. An almost 2-m-wide recessive, calcareous, punky 
grey, biotite-rich lamprophyre cutting an unnamed stock 
northwest of the Pukelman stock (same stock as in Figure 60). 
Differentially weathered inclusions visible between the legs of 
the geologist on the left. Clear Creek map area (11 SP/14, UTM 
396996, 7085705). 

McQuesten intrusions ( map unit KMg) 

The McQuesten intrusions that are presently 
knmvn include the Tv,·o Sisters hatholith and the 
Vancouver Creek Boulder Creek, Sunshine Creek 
and Oliver Ridge stocks. These bodies define a short 
east-northeast-trending belt betv/ecn the Tintina 
Trench and Sunshine Creek. McQuesten intrusions 
generally comrrise medium- to coarse-grained, 
potassium-feldspar-mcgacrystic, biotite ± muscovite 
granite and quartz monzonite. The only exception is 
the small Oliver Ridge stock) which is fine grained 
and porphyritic (quartz and potassium feldspar 
phenocrysts). In contrast to the topographically 
prominent Tombstone intmsions, the McQuesten 
intrusions commonlv underlie lmv-lying groun1.1 and 
are dissected by som~ of the major drainage features. 
The metamorphic aureoles of the ivkQuesten intru­
sions are narrmver than those associated with the 
Tombstone intrusions and are aeromagnetically 
indistinct. The lack of aeromagnctic signature is 
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Figure 62. Ultramafic xenoliths in biotite-rich lamprophyre near 
location in Figure 61, Clear Creek map area (115P/14). 

likely due ro the noncarbonaceous nature of the 
Hyland Grnup country rock; all 1v1cQuesten intru­
sions intrude noncarbonaccous siliciclastic rocks. 

Typical L'vkQuesten intrusiLms ;:ire composed of 
coarse pnt;-1ssium feldspar or oligoclase phenocrysts 
(tahuL-1r megacrysts up to severa.l cm across, locally 
glorneroporphyritic clusters of borh feldspars) in a 
medium- to coarse-grained matrix Li quartz, plagio­
clase and potassium feldspar and hiotite (Figure 66). 
~v1uscovitc is a common but not ubiquitous igneous 
component. Rounded smoky grey quartz phcnocrysts 
and glomerophenocrysts occur l(1cally . .tvlonazite is a 
ubiquitous accessory mineral. Composite clots of 
tourmaline crystals up to several cm acros::, are com­
mon in the Two Sisters batholith and the Vc.mu1uver 
Creek stock. 

:tvkQuesten intrusions arc spatially associated 
with silver-tin hreccia zonL·s (Bix (Sunshine), #l l5P 
03 I and Oliver, #llSP 023; IN/\C, 1995). Galena­
quartz veins occur near the Vancouver Creek stock. 

Geochemistr)' 

Whole rock geochemical analyses of major, minor 
and trace clement composition were obtained from 
six knmvn or suspected (based on proximity to a 
dated intrusion) McQuesten intrusions ranging in size 
from large stocks to metre-scak dykes (Appendix l ). 
These data and data from Emond ( 1992), plotted in 
Figure 67, shmv that the larger McQuesten intmsions 
arc predominantly felsic (60 to 75% Si0

2 
with most 

70 to 75?/ci), peraluminous, and calcic in composition. 
Kormative plots show that the McQuesten intrusions 
arc compositionally more restricted than the Tomb­
stone intrusions, ranging from monzogranite to grano­
diorite, but that they are predominantly monzogra­
nitc. Harker plots (Figure 68) of major and minor 
dement variation with respect to Si0

7 
are typicc1l. 

The peraluminous character of th~ McQuesten 
intrusions suggest that they too were the result of 
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sialic crustal melting. This conclusion is supported hy 
the ubiquitous presence of inherited lead in zircons 
analyzed for age determination. 

Age of the McQuesten Intrusions 

Five new high-precision U,Pb age determinations 
\Vere obtained for the McQuesten intrusions. These 

fall in a narrow range from 64 to 67 Ma (Table 4, 
Figure 69, Appendix 2). As with the Tombstone 
intrusions, the pattern of discordance reflects the 
presence of lead inherited from the presumably sialic 
crustal source. Precise ages were determined using 
monazite analyses. 

Table 4. New U-Pb age determinations on McQuesten intrusions of the McQuesten River region 

Intrusion U-Pb date (Ma) minerals 

Two Sisters batholith 64.0±0.8 monazite, zircon 

Vancouver Creek stock 66.8±0.5 monazite, zircon 

Sunshine Creek stock 64.8±1.0 monazite, zircon 

Boulder Creek stock (south of McQuesten River) 65.1±1.1 monazite 

Oliver Ridge stock 64.6±0.1 zircon 
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Figure 66. McQuesten intrusions: potassium feldspar megacrys­
tic granite. Vancouver Creek stock (115P/15, UTM 403446, 
7070989). 

Distinguishing Tombstone and McQuesten 
intrusions 

The two sets of intrusions are difficult to distin­
guish in the field because the grains of the diagnostic 
hornblende or muscovite are not ahvays coarse 
enough to be recognized. Both sets contain promi­
nent, locally megacrystic potassium feldspars. How­
ever, the crystal size distribution of the McQuestcn 
intrusions is generally more distinctly bimodal. 
McQuesten intrusions usually cxhibir large, smoky 
quartz phenocrysts and milky equidimensional 
feldspars. In contrast, feldspars in the Tombstone 
intrusions are generally glassier and more tabular. 
Tombstone intrusions generally have a bluish grey 
cast on fresh surfaces. 

Geological setting of the Tombstone and 
McQuesten intrusions 

The Tombstone-Tungsten Belt (TTB), of which 
the Tombstone intrusions are part 1 is one of the most 
laterally extensive and economically important of the 
mid-Cretaceous plutonic belts in the northern 
Cordillera. Made up of some of the intrusions belong­
ing to the Selwyn and Tombstone Plutonic suites of 
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Anderson (1982, 1983, 1987, 1988), the TTB ex­
tends over 600 km \Vest\vard from the ·western !\JOrth­
\VCSt Terri tori es near Ivlacmillan Pass to near Dawson 
City, Yukon, \vhere it is truncated by the Tintina 
Fault. lt reappears on the southv1:est side of the 
Tintina Fault, over 400 km to the northwest in east­
central Alaska, and continues \VeSt\vard into and 
beyond the Fairbanks mining Jistrict (McCoy et al. 
1997 ). Intrusions in the helt range in size from metre­
scale dykes to small batholiths over 250 square km in 
area and are generally homogeneous, although 
composite and zoned varieties are not uncommon. 

The TTB in Yukon is composed Li t\\.'O partly 
overlapping compositional suites. Extending from the 
Tintina Faulr east to the O'Grady Batholith in the 
\:Vestern Northwest Territories are the metaluminous 
intrusions of the Tombstone suite, including those of 
rhe McQuesten River region. The Tombstone suite is 
primarily composed of medium- to coarse-grained, 
weakly porphyritic biotite>>hornblendc monzogra­
nite but ranges from mafic syenite to grano<liorite. 
Overlapping the eastern end of the Tombstone suite 
and extending to the eastern end of the belt is the 
peraluminous Tungsten suite. The Tungsten suite is 
primarily composed of biotite and biotite~muscovite 
granodiorite, quartz monzonite, and granite (Gordey 
and Anderson, 1993 ). 

Isotopic age determinations show that the TTB 
intruded over a narrmv time interval. Eighteen high­
precision U-Pb age determinations from the western 
end of the Tombstone suite (Ft. Knox, Brewery 
Creek, several intrusions in the McQuesten River 
region) are between 90 and 94 Ma (Figure 70). Most 
K-Ar, Rb-Sr and U-Pb age determinations from the 
Tombstone and Tungsten intrusions at the eastern 
end of the belt are in this age range (Gordey and 
Anderson, 1993). The presence of inherited lead in 
zircons, the radiogenic nature oflead and strontium 
isotopes, and neodymium isotopic characteristics all 
indicate that the parent magmas of the TTB were 
derived in large part from the melting of continental 
crust. The eastward change to more peraluminous 
compositions might reflect increasing amounts of 
crustal melting associated with the eastward change 
from "transitional" crust underlying Selwyn Basin to 
continental crust underlying Jv1ackenzie Platform. 

The Tombstone-Tungsten Belt formed during the 
early stages in the evolution of the northern 
Cordillera fold-and-thrust belt. All intrusions are 
unfoliated and cross-cut country rock foliations 
formed during complex (both orogen-normal and 
dextral orogcn-parallel) Early Cretaceous displace­
ment on the Tombstone Thrust anJ associated faults 
(Murphy, Mortensen and Bevier, 1995). Subsequent 
Late Cretaceous and Early Tertiary orogen-normal 
shorrening in the foreland regions of the fold-and-
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thrust belt transported the plutonic belt northeast­
ward from its crustal source area. 

The geodynamic setting of the TTB is unclear. 
The belt is the innermost and youngest of three Early 
and mid-Cretaceous magmatic belts that are superim­
posed on the deforme1J Early Cretaceous continental 
margin (Mortensen et al. 1995). The relative impor­
tance of melt produced by suhJuction-related proc­
esses and melt produced by structural thickening and 
heating during crustal shortening is not known. 
Anderson ( 1988) and Woodsworth et al. ( 1991) 
proposed that the peraluminous intrusions of the 
Selwyn Plutonic Suite (Le., the Tungsten intrusions) 
formed by crustal anatexis due to structural thicken­
ing during convergent tectonics and that the 
metaluminous an<l alkalic Tombstone Plutonic Suite 
(i.e.

1 
the alkalic Tombstone intrusions) resulted from 

subsequent extension, possibly in a strike-slip setting. 
Such an explanation may be valid, although as the 
Tombstone and Tungsten intrusions are coeval) these 
t\VO tectonic settings must be active simultaneously 

and side by side. Recently and alternativcl)-\ 
Newberry and Sol,e (1995), Newberry, McCoy et al. 
( 1995) and McCoy et al. ( 1997) presented primarily 
geochemical evidence in support of a continental 
magmatic arc orLgin for mid,Cretaceous intrusions of 
the northern Cordillera, including trace element 
discrimination plots (Pearce et al. 1984 ). Although 
this question cannot be resolved with current data, 
the influence of crustal loading might he reflected in 
the spatial coincidence of the TTB and the trace of 
the Tomhstone Thrust and related faults. 

The geological setting of the :tvicQuesten intru­
sions is unclear. Only five intrusions of this age have 
been documented, all in the McQuesten River region. 
Similar age rocks occur in east-central Alaska, offset 
from the McQuesten River region along the Tintina 
Fault (McCoy et al. 1997). Their radiogenic, 
reraluminous nature suggests melting of old crustal 
source material; the geodynamic setting of melting at 
this time is essentially unconstrained. 
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Structural Geology 

Rocks of the McQuesten River region exhibit a 
wide variety of structural features. On the outcrop­
:icale, rocks are uhiquitously foliated, variably 
lineated, and commonly shnw evidence of polyphase 
deformation. Map-scale structures include faults, 
strain zones, folds, and some of the larger vein-faults 
that arc mined in the Elsa-Keno Hill district. The 
overall structure of the region is that of a broad, 
warped and faulted, southwest-trending arch of 
previously formed thrust sheets anJ associated struc­
tural fabrics, here ca1led the McQuesten Antiform 
(McQuesten anticline of Bostock 1964 ). Because of 
the antiform's moderate southwest plunge, the surface 
view portrays an oblique cross-section of the 
antiform. Deeper structural levels are exposed in the 
core of the McQuesten Antiform at the northeast end 
of the region and progressively shallmver structural 
levels appear Jownplunge to the soutlnvest. Further­
more, a fault along much of tbe antiform's axial­
surface trace has uplifted deeper levels on its south 
side. 

The oblique cross-sectional view displays critical 
relation:ships from which the region's structural 
history can be reconstructed. At the top of the 
structural stack on the northern limb of the 
McQuesten Antiform are the youngest, least de­
formed rocks in the region. The spatial relationships 
between the Rabbitkettle, Gul1 Lake, Narchilla and 
Yusezyu formations :suggest a pre-Late Cambrian 
normal fault. Also at this level, rhese and younger 
formations are folded by \Vest-northwest-trending, 
regional-scale folds that verge to the south-southv,1est 
(Lost Horses Syncline and related structures). Passing 
dmvnsection, these structures are overprinted by the 
east-northeast-trending Tombstone Strain Zone, with 
structures and fabrics that, although cumplex, suggest 
early northeast\vard, subsequent northwestward, and 
late northeastward displacement of shallow structural 
levels with respect to deeper levels. Tombstone Strain 
Zone structures and fabrics alsu deform the Robert 
Service Thrust, along \vhich the Hyland Group has 
been thrust over the Keno Hill quartzite. At the 
deepest structural levels, Devonian Earn Group strata 
with Tombstone Strain Zone fabrics overlie less 
highly deformed rocks of probable Devon,an and 
younger age; this strain decrement is the Tombstone 
Thrust (Abbott, 1990a,b). Structures associated wirh 
displacement on the Tombstone Thrust arc folded by 
open, regional-scale folds such as the McQuesten 
Antiform, intruded by Tombstone and McQuesten 
intrusions and cut by faults and fracture arrays, some 
of \vhich arc associated with the intrusions. 
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Paleozoic structures 

Early to Middle Cambrian faulting: 
Sprague Creek Fault 

A pre-Late Cambrian normal fault is inferred in 
the Sprague Creek map area ( Geoscic-nce Mar 1996-
2) on the basis of geometrical considerations and 
depositional relationships. The J',.;archilla and Gull 
Lake formations on the northern limb of the Lost 
Horses Syncline (sec below) extend to the south and 
west around the hinge of the syncline and then trend 
directly into, and are truncated by, the Yusezyu 
Formation. Space limitations require the contact 
betv,:cen these various rock units to be a discontinu­
ity, here called the Sprague Creek Fault. On the 
northern limh of the syncline, the Rabbitkettle 
Formation is deposited on the calcareous elastic 
member of the Gull Lake Formation, while on the 
southern limh, the Rabbitkcttle is deposited directly 
on top of the Yusezyu Formation, and the Narchilla 
and Gull Lake formations are missing. These relation­
ships are best explained by a south-side-up normal 
fault, active before the deposition of rhe Rabbitkettlc 
Formation (Figure 71 ). The location of the Sprague 
Creek Fault is inferred, based uron juxtaposed units, 
from its termination against the Rabhitkettle Forma­
tion east-southeastward to the south side of Sprague 
Creek where it intersects the Tombstone Strain Zone. 

Mesozoic structures 

South,southwest-vergent folding 
Hyland Group and younger strata in the northern 

part of the region are folded into a regional syncline. 
This structure, the Lost Horses Syncline, is a compos­
ite, tight to isoclinal, south-southv ... 'eSt\vard over­
turned syncline outlined by the mirror-image repeti­
tion of the rock sequence and the appropriate change 
in vergence of parasitic folds and cleavage-bedding 
relationships. North of its axial-surface trace, 
stratigraphic sequence and facing criteria indicate 
that the sequence is overturned to the south; parasitic 
folds and cleavage-bedding relationships on this limb 
verge to the northeast (see Figure 10). Parasitic folds 
and cleavage-bedding relationships on the upright 
southern limh of the syncline verge to the south­
sourhv,1est (Figures 72, 7.3 ). The southv.1est-vergent 
anticline-syncline pair outlined by the stratigra­
phically upright Rabbitkcttle Formation southeast of 
rhe Syenite Range stock ( Geoscience Map 1996-1) is 
a second-order structure parasitic on the lower limb of 
the Lost Horses Syncline. The axial-surface cleavage 
is characterized by parallel orientation of the long 
axes of grains in meta.elastic rocks, stylolites and other 
pressure-solution seams in metacarbonates and 
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Figure 71. The stratigraphic relationships around the Lost Horses syncline used to infer the presence of the pre-Late Cambrian Sprague 
Creek Fault. 

metapelitic rocks, and long axes of fine-grained synki­
nematic \vhite mica in metapelitic rocks. A west­
northwest-trending lineation defined by the intersec­
tion of bedding and cleavage occurs on bedding and 
cleavage surfaces. 

Apart from being overturned to the south­
southwest, the Lost Horses Syncline is half of a south-

Figure 72. Southwest-vergent cleavage-bedding relationship 
developed in phyllite and meta-siltstone, Earn Group (11 SP/14, 
UTM 378009, 7087431). 

southv,'est-vergent fold pair. The complementary 
anticline is inferred to the north on the basis of 
known upright stratigraphy (Green, 1972). The 
interpretation of south-southwest vergence for the 
anticline-syncline pair is hased on the vergence of 
second-order folds and cleavage-bedding relationships 
on upright fold limbs, 

Figure 73. Southwest-directed thrust fault folded by open south­
west-vergent fold developed in thin-bedded limestone and calca­
reous phyllite, Rabbitkettle Formation (115P/14, UTM 391957, 
7090136). 
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The age of south-southv ... 'est-vcrgcnt deformation 
is broadlv bracketed. The youngest rocks folded by 
the Lost ·Horses Syncline arc Devoni:::m; the axial­
surface trace of the syncline is intruded by the 
92.1±0.2 lv1a Syenite Rcmge stock. 

Robert Service Thrust 
First recognized in the southern Ogilvie Moun­

tains cast of Dawson City \vhere the Upper Protero­
zoic to Lmver Camhrian Hyland Group is thrust over 
Palet)Zt)ic and lvfesozoic rocks (Tempdman-Kluit, 
1970a), the Robert Service Thrust has been traced 
eastward across the Larsen Creek map area, across the 
soutlnvestcrn corner of the Nash Creek map area, 
across the northeastern corner of the iv1cQuesten map 
area and the northern part of the Mayo map area 
(Tempelman-Klmt, 1970a; Green, 1972; Roots and 
Murphy, 1992", h; Figure 1). In the McQuesten River 
region, the conract between the Hyland Group and 
th~ Keno Hill quartzite is the Robert Service Tbrust. 

The Robert Service Thrust is a discrete near­
planar fault surface along most of its trace. ln the 
!v1ayo map area, hmvever, it is deformed ,vithin the 
Tombstone Strain Zone) the hanging \V811 shear zone 
of the underlying Tombstone Thrust. On a traverse 
southwest of Mt. Hinton in the Keno Hill map area 
(Geoscience Map 1996-5), the trace of the Robert 
Service Thrust was crossed several times, implying 
either fault imbrication or folding of the thrust 
surface. As the Keno Hill quartzite and underlying 
Earn Group are folded into tight-to-isoclinal north­
east-vergent folds in this same area, the repetition of 
the trace of the Robert Service Thrust is inferred to 
be due to the same type of folding. 

Neither the displacement direction nor the 
relationship of the Robert Service Thrust to other 
structural features has been determined. 

The arre of the Rohert Service Thrust is Jura­
Cretaceou;, bracketed hy the Late Jurassic ( Oxfordian 
(Green and Roddick, 1962; Poulton and Tempelman­
Kluit, 1982)) age of rocks in the fault's immediate 
foot,~.rall near the Dempster Highv,ray cast of Dawson 
Citv and a 142±6 l'vfa K-Ar age on muscovite in the 
cro~s-cutting Tombstone Strain Zone (J. Mortensen 
and D. Murphy, unpublished data). The fault is cross­
cut by post-kinematic intrusions as old as the 
93.0±0.6 Ma Roop Lake stock (Roots, 1997). 

Tombstone Thrust and Tombstone Strain Zone 
Like the Robert Service Thrust, the Tombstone 

Thrust is one of the more prominent structural 
features in central Yukon, extending eastward for over 
200 km from ,vhere it was initially recognized in the 
North Klondike River region (Thompson et al. 1990; 
Figure 1 ). At its western end in the North Klondike 
River region, the thrust has a north-northeast strike 
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and juxtaposes a stack of imbricated Mississippian to 
Jurassic rocks ~1g:Jinst Upper Jurassic footwall rocks. 
Across the southern Larsen Creek map area, the fault 
is east~striking, juxtaposes progressively older rocks in 
hoth h;1nf!:inr, cmd foot ,valls, and a high-strain zone 
appears in the hanging wall. The thrust fault gener­
ally lies north of the McQuesten River region until 
the Keno Hill map area where it is inferred to under~ 
lie the Keno Ladue River valley (Roots and Murphy, 
1992a; Geoscience Map 1996-5). The fault is inferred 
to track northeastward into lv1t. Westman map area of 
the southeastern part of the Nash Creek map area 
where Abbott (1990a, b) mapped it at a dramatic 
strain decrement where highly deformed dark phyllite 
of the Earn Group in the hanging wall overlies \Veakly 
deformed dark phyllite uf unknown but pre-Triassic 
age. The nature and trend of the Tombstone Thrust 
e;st of the Ivlt. \'i'./estman map area are unclear; the 
thrust prohably links into \\'est-northwest-striking 
dextral strike-slip faults of the Macmillan Pass area 
(Murphy and Abbott, 1995; Abbott and Turner, 
1990; Roots et al. 1995a, b). 

The Tombstone Strain Zone refers to a thick and 
areally extensive volume of highly deformed rock in 
the hanging wall of the Tombstone Thrust. Rock in 
the Tombstone Strain Zone is characterized by 
prominent foliations and lineations) a lenticular 
rather than bedded character, asymmetric homlinagc, 
isoclinal similar folding, and generally slightly higher 
regional metamorphic -grade than rocks outside the 
zone. The zone is several km thick1 extending upward 
from the Tombstone Thrust through the Tombstone 
Thrust sheet into the lmvcr part of the overlying 
Rohert Service Thrust sheet. The Earn Group and 
Keno Hill quartzite of the Tombstone Thrust sheet 
and the lm.ver part of the Yusezyu Formation of the 
Robert Service Thrust sheet are deformed in the 
Tombstone Strain Zone. 

Less intensely deformed rocks abmre the Tomb­
stone Strain Zone pass gra<lationally dmvnward into 
the zone across a thin ( <200 m thick) transition. This 
upper boundary, which has been traced eastward 
across the McQuesten River region for over 60 km, is 
not a physical discontinuity in this area hut a narrow 
transition zone. The rock types of the Yusezyu Forma­
tion \Vi thin the strain zone are the same as those 
above it, only more highly strained.Just ahove the 
boundary, the axial surfaces of south-southwest 
vergent folds on the southern limb of the Lost Horses 
Syncline are coaxially folded into north-northeast­
vergent folds. Across the transition zone, bedding is 
gradually modified into laterally discontinuous, 
sigmoidal, mica-rich (phyllite) and mica-poor, 
quartzofcldspathic (psammitc) compositional do­
mains. A foliation defined primarily by the parallel 
orientation of fine-grained micas and secondarily by 
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the shape fabric of strained elastic grains in psammite 
lies subparalld to the boundaries of compositional 
domains (Sp; Figure 74). Northwest-vergent folds of 
compositional layering me common, with ::m ;wial­
planar foliation similar to the foliation it folds 
(gleitbrett folds of Green and Mc Taggart, 1960; 
McTaggart, 1960; Green, 1971; Figures 74, 75, 76). 
The sigmoidal shape of the compositional domains is 
imparted by systematic dmvn-to-the-northwcst 
deflection and thinning of compositional 1.l)mains 
and foliation across discrL·tely spaced, nortlnvest-, 
southwest- or \VL:st-dipping axial surfaces (Sp1

). These 
axial surfaces are discontinuous, merging both up-
and dmvn-dip into the main foliation (Figures 77, 
78). Deeper into the strain znne, both Sp and S1i' are 
folded by gently inclined, neutral to south-vergent, 
open to tight crenulations (Fe). The intensity of 
folding of Sr and Sp' increases with depth and to the 
south to the extent that an axial-planar solution 
cleavage, Sc, develops anJ becomes the most promi­
nent planar fabric (Figure 79). At the deepest ob­
served structural levels in the Robert Service Thrust 
sheet, Sc is itself folded by gently inclined, tight, 
neutral to south-vcrgent folds (Fe+). At this level, it is 
impossible to ,h,;tinguish different phases of folding 
and foliation development (Figures 80, 81). At all 
structural levels, Sp, Sr, c1.nd S,, contain Lr,, a promi­
nent west-northwest-trenJing elongation, quartz 
fibre, and mineral-streaking lineation (Figures 82, 
8.3 ). Lp is sub-perpendicular to tension cracks and the 
long axes of boudins. Where Sc and later folds are 
prominent, hinge line and intersection lineations oc­
cur, trending slightly hut consistently more \vestward 
than the \Vest-northwest-trcnJing Lr (Figure 84). 

Figure 74. Tombstone Strain Zone: strongly foliated and tightly 
folded carbonate and phyllite in Keno Hill quartzite. Note boudi­
nage of quartz vein at top of photo and asymmetric boudins at 
left of centre and beneath large boudin at top. Asymmetric 
boudin beneath the larger boudin at top is bounded by top-to­
the-northwest shear band (Sp'). Boudins at left of centre are 
bounded by foliation surfaces that are axial planar to the 
prominent northwest-vergent fold of foliation (here Sp) and 
compositional layering at bottom. View is to the southwest 
(105M/14, UTM 491890, 7082675). 
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The lmver part of the Tombstone Strain Zone, 
including the lower part of the Rohert Service Thrust 
sheet and all of the Tombstone Thrust sheet, is cha­
racterized by most of the structur:::il features described 
above, with some differences. South-vcrgcnt Fe and 
later folds ,vere not observed in this domain. Instead, 
map~scalc northeast-vergent folds (Mc Taggart, 19.50, 
1960; Green and Mc Taggart, 1960) of planar struc­
tural elements (Sr, Sr') and rare northeast-vergent. 
shear zones occur. lv1c Taggart ( 19.50, 1960) inferred 
that these folds, with south- to southeast-plunging 
hinges, are responsible for the laterally discontinuous 
outcrop pattern of the Keno Hill quartzite on KenL) 
Hill. An alternative theory ,vas proposed by Boyle 
(1957, 1965), who inferred that the lateral disconti­
nuity of the quartzite reflected st.ratigr~1phic fades 
changes. The present mapping (Ruots and Murphy, 
1992b; Geoscience Map 1996-5) shows that the base 
of the quartzite on Keno Hill is folded around the 
hinge of at least one southeast-trending and plunging, 
northeast-overturned isoclinal antiform. The structur-

Figure 75. Tombstone Strain Zone: isoclinal northwest-vergent 
folds of quartz vein cutting strongly foliated calcareous psammite 
in the lower Yusezyu Formation. View is to the southwest (1 DSM/ 
14, UTM 490705, 7078990). 
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Figure 76. Tombstone Strain Zone: isoclinal northwest-vergent 
folds of quartz veins and Sp in the Yusezyu Formation a few tens 
of metres above the Robert Service Thrust (115P/16, UTM 
445560, 7074650). 

ally inverted limh nf the antiform is char~icterized by 
southeast-trending and plunging, southwcst-vcrgent 
folds ranging in scale from decimetre-sc1le to 

1:50 000 scale (Figure 85). The inverted limh trends 
back toward Keno Hill where ir is folded back to the 
southeast by a closure mapped by Mc Taggart ( 1960) 
east of Wernecke. The base of the quartzite passes 
through a secund antifonn-synform pair before it re­
emerges into a long, structurally urright limb that 
strikes northeast\vard into the Patterson Range in the 
northeastern part of the Mayo map area. 

"Northeast-vergent folds or shear zones ~ire 
responsihle for the curvilinear trace of the Robert 
Service Thrust ,.vest of l'vfr. Hinron (Geoscience 1v1ap 
1996-5; Roots anJ Murphy, 1992a, h). In this area, 

Figure 77. Tombstone Strain Zone: intensely foliated carbonate 
and phyllite unit within the Keno Hill quartzite. A lower lighter­
coloured domain characterized by sigmoidally boudinaged 
quartz veins between down-to-the-northwest shear bands (Sp) is 
overlain by a domain of planar boudins lying within "S" foliation 
planes bounded by "C" planes {dark domain at top). Both classic 
structures indicate top-to-the-northwest shear parallel to the 
northwest-trending streaking and elongation lineation contained 
within all foliations (105M/14, UTM 490705, 7078990). 
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Figure 78. Tombstone Strain Zone: metre-scale, down-to-the­
northwest shear band-bounded sigmoidal domain in the Yusezyu 
Formation about 150 m above the Robert Service Thrust (115P/ 
16, UTM 441495, 7080400). 

the trace of the Robert Service Thrust is repeated, 
either by folding or imhrication along thrust faults or 
shear zones. As continuous folds of the base of the 
Keno Hill quartzite arc documented a few km mvay to 
the northeast, folding is preferred as the mechanism 
by v.rhich the trace of the Rohert Service Thrust was 
repeated in this area. 

The structural fabrics of the Tombstone Strain 
Zone and their sequence of development arc typical 
of those documented in \vell studied shear zones 
clsevhere and can be used to infer a sense of displace­
ment across the zone (Figure 86). Sr1 planes arc 
morphologically identical to shear bands or exten­
sional crcnulation cleavages. The relationship of Lr 
tn hou1.1inagc, tension cracks, and shear bands suggests 
that it is parallel to the direction of finite extension 
and is therefore likely to closely arproximate the 
sense of displacement across the shear zone. The 
sense of inclination of Sp1 to Sp consistently indicates 
top-to-the-northwest displacement parallel to Lr 
(Mc Taggart, 1960; Abbott, 1990a, Roots and Murphy, 
1992b). This sense of displacement is further sup­
ported by the sense of truncation of Lp fibres on Sl', 
the vergence of asymmetric folds of compositional 
layering, the sense of subtle obliquity of tension 
cracks to Lp, the geometry of rare sigmoidal tension 
gash arrays, and difference in style of deformation of 
differently oriented pre-and syn-kinematic veins. 

The northeastward vergence of folds in the upper 
transition into the zone and in the lower part of the 
zone and the southvv'ard vergence of Fe and Fe+ folds 
at intermediate levels do not easily fit into a model of 
northwest-directed displacement. Perbaps the upper 
set of northeast-vergent folds reflects early northe:::ist­
directed (craton\vard) displacement that is progres­
sively overprinted hy later northwest-directed fabrics 
and the lower set of northeast-vergcnt folds reflects 
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Figure 79. Tombstone Strain Zone: asymmetric south-vergent Fe 
folds of Sp with spaced Sc cleavage developed on short limbs. 
Sc is sub-parallel to Sp on long limbs making it difficult to 
distinguish the two fabrics where hinges are absent. View is to 
the west. Yusezyu Formation just above the Robert Service 
Thrust (105M/14. UTM 491675, 7080800). 

re-establishment of craton\vard vergcncc. The south­
ward vergence of Fe and E:+ might rct1cct lateral 
ramping within the zone resulting in the formation 
and subsequent strain of ohli4uely inclined fabrics. 

The age of displacement on the Tombstone 
Thrust and Tmnbstone Strain Zone is Jura-Creta­
ceous, constrained by the Late Jurassic age of the 
youngest rocks in the immediate footwall of the 
thrust near the Dempster Highway east of Dawson 
City (Oxfordian (Green and Roddick, 1962; Poulton 
and Temrelman-Kluit, 1982)) and the 93.0±0.6 Ma 
age of the Roop Lakes stock, the oldest unfoliatcJ 
intrusion to cut fabrics of the Tombstone Strain Zone 
(Murphy, Mortensen and Bevier, 1995). Muscovite in 
the Tombstone Strain Zone yielded a 142±6 Ma K-Ar 
age (J. Mortensen and D. Murphy, unpublished data). 
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Figure 80. Tombstone Strain Zone: Fe+, folds of Sc in the lower 
Yusezyu Formation. Prominent fabric being folded is a domainal 
crenulation cleavage formed by the folding of Sp (see Figure 81; 
115P/15, UTM 404750, 7079780) 

McQuesten Antiform 
The McQuesten Antiform is a broad, faulted, 

\Vest-south\l,'est-plunging arch of older planar features 
including bedding, the Robert Service and Tomb· 
stone thrusts, and foliations of the Tomb.stone Strain 
Zone. North of the axial-surface trace, planm ele­
ments dip predominantly to the north-northwest, and 
south of the axial-surface trace, planar elements dip 
predominantly to the south-southeast (Figure 87). 
The antiform's axial-surface trace lies in the South 
McQuesten River valley betv ... ,een a point north of 
Elsa and the confluence of the North and South Mc· 
Questen rivers (Geosciencc Maps 1996-1 to 1996-5 ). 
Southwest of the confluence, the axial-surface trace 
trends northwestwardly out of the valley an(l after a 
few kilometres, returns to its southwesnvard strike. 
The axial-surface trace has been mapped along this 
trend to the southvlest corner of the Sprague Creek 

Figure 81. Tombstone Strain Zone: closer view of portion of 
Figure 80 showing that the prominent fabric being folded is Sc. 
Sp is visible between spaced Sc cleavage about 2 cm just above 
the fingertip at the bottom of the photo (115P/15, UTM 404750, 
7079780). 
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Figure 62. Tombstone Strain Zone: prominent mineral-streaking 
lineation (Lp) on Sp foliation surface. Note subtle cracks normal 
to the lineation and open Fe fold of Sp beneath eraser. Hinge of 
Fe told is inclined at about 40 degrees to Lp (115P/15, UTM 
404750, 7079780). 

map area, \vhere it loses definitilm in a region of 
suhhorizontal orientations. 

The axiaL;urface trace of the )'v1cQuesten Anti­
form is inferred to he faultL:d by a south-side-ur 
reverse fault along much of its trace in the Keno Hill, 
Mt. H~1ldane and Seattle Creek map areas (Bostock, 
194 7; Tempelman-Kluit, 1970; Green, 1971 ). As a 
simple cylindrical fold cannot completely account for 
the distribution uf Keno Hill quartzite on both side:, 
of the rvkQuesten River and there is no evidence of a 
more· complex fold style, the frmlt interpretation is 
accepted here. If present, l1nwever, the fault extends 
only as far as the confluence of the North and South 
1'v1cQuesten rivers because there is no evidence of a 
fault \vherc the axial-surface trace is exposed \Vest of 
the North McQucsten River. 

The :tvkQuesten Antiforrn and associated fault 
are considered to be out-of-sequence structures 
splaying off the Tombstone Thrust. The antiform is 
inferred to be a fault-propagation fold associated with 
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Figure 63. Tombstone Strain Zone: clast-elongation lineation 
(Lp) in Sp foliation. Elongate light-coloured domains are feldspar 
clasts in pebble metaconglomerate, Yusezyu Formation (115P/ 
16, UTM 441690. 7080560). 

anJ breached by the fault. The fault is inferred to 
branch off the Tombstone Thrust near the divide 
bcnveen the N1cQuesten and Keno Ladue rivers in 
the Keno Hill map area. It is inferred to lose displace­
ment to the snutlnvest, ultimately dying in the 
continuous closure tl the :tvkQuesten Antift)rm. 

The moderme plunge of the l'vkQuesten 
Antiform is sotnc\vhat steeper than that typical for a 
fault--propagarion fold in a fold-and-rhrust helt 
setting. One explanation is that thL: plunge increased 
during displacement on younger, structurally ,kcper 
thrusts. In such a scenario, ramps and other variations 
in the share of underlying thrust surfaces ,1r varia­
tions in the thickness of the unJcrlying thrust sheet 
induce distortion in higher thrust sheets as t.hl)se 
sheets mould to the shape of the underlying rocks. 
The latter situation may apply in the case of the 
McQuesten Antiform. In rhe Davi,1son Range along 

Figure 84. Tombstone Strain Zone: view of top of Sp foliation 
surface exhibiting Lp (arrow with NW at head) and Lpxc, the 
lineation defined by the intersection of Sc and Sp, systematically 
inclined about 35c counterclockwise from Lp, similar to Fe hinge 
line in Figure 82 (115P/16, UTM 438760, 7071150). 
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Figure 85. Tombstone Strain Zone: southwest-vergent fold on 
overturned limb of larger northeast-vergent fold of Keno Hill 
quartzite, deep structural levels of the Tombstone Strain Zone. 
View is to the south of cliff-face on south side of major tributary 
of Glacier Creek, sharing a drainage divide with Allen Creek, 
east side of the Keno Hill map area (105M/14). 

the trend of the McQuestcn Antiform, the footwall of 
the Tombstone Thrust is thicker than elsev,rhere he­
cause of the unusual occurrence of a thick, isoclinally 
folded (northwest-vergcnt, Green and McTaggarti 
1960) section of Keno Hill quartzite in the thrust's 
foonvall. This thicker section would have caused the 
overlying thn1st sheet to arch as it moved on underly­
ing thrusts, increasing the plunge of any structure on 
the flanks of the arch. The McQuesten Antiform and 
Mayo Lake Antiform (Bostock, 194 7; Roots. 1997) 
both plunge moderately and radially away from the 
Davidson Range) further attesting to rhe influence of 
this structurally thickened section on the develop­
ment of these structures. 

cracks 
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The age of the McQuesten Antiform and associ­
ated fault is broadly Jura-Cretaceous. It is bracketed 
loosely by the 142±6 Ma age of Tombstone Strain 
Zone fabrics folded by the antiform and the 92.9±0.3 
1v1a age of the cross-cutting Bos stock in the Sprague 
Creek map area. The age of the McQucsten Antiform 
plunge development is not knmvn, but if associated 
\Vith displacement on younger thrusts below the 
Tombstone Thrust, it could have formed at any time 
benveen the formation of the McQuesten Antiform 
and the Early Tertiary cessation of thrusting in the 
fold-and-thrust belt. 

Other folds of Tombstone Strain Zone fabrics 
In addition to the McQuestcn Antiform, smaller, 

somewhat disharmonic, long-wavelength) lmv­
amplitude folds deform Tombstone Strain Zone 
foliations. The strike of Tombstone Strain Zone 
foliations changes continuously from east-west to 
northeast~south\vest, to northwest-southeast across 
the study area, on both limbs of the McQuesten 
Antiform (Figure 87). Dip domain boundaries are 
narrow and sharp and strike predominantly north hut 
range from northeast to northv,.'est. Dip domain 
boundaries locally branch along their traces suggest­
ing a box-fold shape. Neither their age nor their 
relationship) if any, to the McQuesten Antiform are 
known. 

Steeply dipping crenulations of Tombstone Strain 
Zone foliations are ubiquitous in the study area. The 
variety of orientations preclude simple relationships 
of these small structures to regional-scale changes in 
orientation of Tombstone Strain Zone foliations. 

Figure 86. Summary diagram illustrating outcrop-scale 
structures in rocks of the Tombstone Strain Zone. The sense 
of asymmetry of these features indicates a top-to-the-west 
or -northwest sense of displacement for the strain zone. 
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Figure 87. Equal-area stereoplots of measured orientations of the prominent foliation (Sp) and lineation (Lp) characterizing the 
Tombstone Strain Zone. The north to south change from north-dipping to south-dipping foliations in the McQuesten River region defines 
the McQuesten Antiform. East to west variations in orientation of Sp also occur, defining late warps of the Tombstone Strain Zone. 
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Structures associated with emplacement of 
Tombstone intrusions 

Various structures within and near the Tomb~ 
stone intrusions are thought to be coeval with intru­
sion. These include mineralized ( quartz ± arseno­
pyrite, pyrite, chalcopyrite1 molybdenite, scheelite, 
stibnite, potassium feldspar) late-magmatic veins 
within intrusions and dyke-filled fractures, veins, 
breccia zones, faults and fracture zones around intru­
sions. Intra-intrusion veins range in \vidth from 'dry' 
fractures to decimetre~scale and are variably spaced. 
Potassium fcldspar~rich alteration envelopes occur 
around some veins. Sheeted systems (Figure 59) are 
more common than stockworks (Figure 60); sheeted 
systems have a \vide range of orientations although 
east-southeast trends seem most common (Figure 88). 
A late~magmatic relative age for veins is inferred from 
their mineralogy and mutual cross-cutting relation~ 
ships with dykes (see Figures 56, 57). 

Dykes up to about three m thick occur around 
the Tombstone intrusions. Individual dykes are mo.st 
common but clusters have been noted east of the 
Sprague Creek and Rhosgobel stocks. Dyke orienta­
tions are variable but, like syn~intrusive veins, east­
southeast trends seem most common (Figure 88). 

Faulting, intense fracturing, brecciation and 
quartz veining in the host rock are found around 
several stocks. The western and northern contacts of 
the Sprague Creek stock in the central Sprague Creek 
map area are northeast- to east~striking north-side­
down normal faults (Geosciencc Map 1996-2). These 
faults cannot be traced beyond the immediate area of 
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the stock and might have heen formed to accommo~ 
date emplacement of the stock. Small dvkes around 
the Pukelman and Rhosgobel stocks ,n ;he Clear 
Creek map area are surrounded by quartz-vein~ 
,njected Hyland Group (Figures 89, 90). Quartz­
injected country rock is found locally around the 
Morrison Creek stock in the Seattle Creek map area. 
Southeast of a small unnamed stock north of Hobo 
Creek (BX claims) in the Sprague Creek map area is a 
zone about 2 km wide of fracturing, oxidation and 
quartz veining in the Narchilla Formation. Tourrna~ 
line veining is common nearer the intrusion; perva­
sively t.ourmalinized and brecciated country rock 
occurs just northeast of the intrusion (sec under 
Stratigraphic Units, section on Bostock's (1964) map 
unit 18). Brecciation1 tourmalinization and faulting 
also occur in the northern part of the Seattle Creek 
map area peripheral to an unnamed stock in the 
southern Larsen Creek map area (Black Hill occur­
rence). These occurrences are discussed in more 
detail under Mineral Occurrences. 

The most extensive area of deformation yet 
identified around the Tombstone intrusions is around 
the Scheelite Dome stock in the southeast corner of 
the Seattle Creek map area. Hyland Group rocks 
around the stock are cut by a zone of fracturing and 
alteration locally containing quartz-arsenopyritc 
mineralization. The deformation zone encompassing 
brittle features around the Scheelite Dome stock 
strlkes approximately east~west, is several km wide 
and extends at least as far as the width of the Seattle 
Creek map area. Veins, vein~faults, and fractures 

Figure 88. Equal-area stereop/ots of measured orientations of Tombstone intrusion-hosted quartz veins and Tombstone dykes intruding 
metasedimentary host rocks. 
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Figure 89. Quartz vein arrays cutting coarse sandstone. grit and 
pebble-conglomerate of the Yusezyu Formation northwest of 
Pukelman stock (115P/14, UTM 391694. 7086882). 

within the zone occur in a variety of orientations. 
The Hawthorne vein-fault(#[ [ 5P 001, INAC, 1995) 
is a northwest-striking, nnrtheast-<lipping normal 
fault; smaller veins in the zone strib: west-southwest 
and range from shallow to steeply northwest dipping 
(SC claims benveen Bennett and Highet creeks, 
Highet occurrence,# 11 5P 033, INAC, 1995). Vein 
geochemistry is similar to the geochunistry of veins 
in the Schcelite Dome stock. 

Veins in the britrle Jefonnation zone around the 
Scheelire Dome stock are cut hy an array of north- to 
northwest-striking faults marked by pronounced 
topographic lineaments. These faults have slicken­
lines and other features in gouge zones indicating 
normal down-to-the-west displacement (Figures 91, 
92). Quartz-arsenopyrite mineralization locally occurs 
in the gouge zones and for that reason, these faults are 
tentatively thought to he part of the array of struc­
tures assoCLated \Vit.h the Tombstone intrusions. 
Alternatively, this mineralization may have been 
remobilized from earlier veins hy post-Tomhst.one 
intrusion faulting (see last section before Mineral 
Occurrences). 

Faulting in the Elsa-Keno Hill mining camp 
Silver-lead-zinc mineralization in the Elsa-Keno 

Hill mining camp (Keno Hill and Mt. Haldane map 
areas) occurs in north-northeast.- to east-northeast.­
striking, steeply southeast-<lipping vein-faults lying 
within a 2.3-km-long, six-km-\vide, northeast-striking 
belt. Mineralized vein-faulrs (Figure 93) cut Earn 
Group, Keno Hill quartzite and Triassic meta-diorites 
on the south~dipping limh of the McQuesten Anti­
form; the richest deposits are found in vein-faults 
cutting the Keno Hill quartzite. Boyle (1965) docu­
mented the productive vein-faults known at that 
time; much of the following description is derived 
from his classic \Vork. 

Figure 90. Quartz veins cutting lineated grit of the Yusezyu 
Formation (115P/16, UTM 445570, 7074650). 
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Vein-faults in the Elsa-Keno Hill camp are brittle 
displacement zones that exhibit complex variations in 
style along their length. Along the vein-fault struc­
ture, narrow discrete planar fault segments pass into 
zones of tensional veining or zones of comminute<l 
and shattered rock, brecciat.ion, an<l stockwork 
veining. Early-formed vein minerals are commonlv 
deforme<l and recemented by subsequent minerali;a­
tion, attesting to contemporaneous mineralization 
and faulting. Northeast.~striking "longitudinal" vein~ 
faults arc commonly netv/orks of discontinuous 
structures and displacement is thought to transfer to 
other "longitudinaP' vein-faults via more north­
striking extensional transfer zones Jcfined hy "trans­
verse" veins and vein-faults. Vein-faults are com­
monly ornamented by more north-striking laterally 
tapering apophyses (hanging\vall and footv,1all breaks, 
M. Phillips, pers. comm. 1995) containing a gold­
bearing quartz-pyrite-arsenopyrite mineral assemblage 
rather than the typical siderite-quartz-galena~ 
sphalerite assemblage of the vein-faults. Boyle (1965) 
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Figure 91. North-striking down-to-the-west normal fault and 
associated fracture array offsetting quartz-arsenopyrite veins, 
DH showing on Ben occurrence near Highet Creek (115P/16, 
UTM 444218, 7071667). 

determined that, on the scale of the entire camp, the 
gold-bearing veins formed early in the mineralization 
sequence\ pre-dating the main silver-lead-zinc veins. 
Vein-faults also commonly splay into south-dipping 
foliation planes. 

A number of features indicate that the vein-faults 
result from sinistral displacement \Vith an oblique 
normal component (Mc Taggart, 1960). Longitudinal 
vein-faults are left-stepping through transverse vein 
and vein-fault arrays; an oft-quoted example is the 
transfer between the Nlain Fault and No. 6 deposits 
through the No. 9 vein and vein-fault array on Keno 
Hill (Lynch, 1989a and references therein). Slicken· 
lines on exposed transverse vein-faults of the No. 9 
array indicate normal, dmvn-dip displacement. Longi­
tudinal vein-faults have prominent gently northeast­
plunging slickenlines on steep southeast-dipping 
footwalls; fibre truncations indicate that the south 
side moved northeasnvard and downv,rard. As \vell, 
hanging wall and footwall quartz-pyritc-arsenopyrite 
veins can be interpre_ted as early en echelon tension 

Figure 92. Down-to-the-west normal fault in highly fractured 
Yusezyu Formation near the Scheelite Dome (115P/16, UTM 
439450, 7072670). 

gashes that slightly pre-dated the main vein-faults; 
their orientation is compatible vvith sinistral-oblique 
normal displacement. 
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The variarion in style of deformdtion ·within the 
vein-fault structures is readily explained hy an initial 
anastamosing trace. Right-stepping bends will be 
deformed in a sinistral system by compressional 
structures: g,)uge, comminuti<m, shattering, thrust 
faulting, development of strike-slip duplexes. At left­
stepping benJs, dilation \vill occur and normal faults 
and tensional veins \Vould be expected to form. 

Other structures that are probably coeval \Vith 
vein-faulting in the Elsa-Keno Hill camp include the 
north-striking fault inferred to underlie the valley of 
Mud and Haldane creeks and the similarly oriented 
fault hosting the silver-lead-zinc mineralization in 
Bighorn Creek west of :t,...-1t. Haldane (Geoscience Map 
1996-4). The sinistral and dextral apparent offsets 
along these structures can be explained by dmvn-to-

Figure 93. Steeply southeast-dipping Keno-Hill-style vein-fault, 
115 pit, Galena Hill. View is along strike to west-southwest. 
Massive Keno Hill quartzite above and below vein-fault, which 
lies in dark rubbly zone in centre of photo (105M/14). 
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the~east and down~to~thc~\vest normal faults, isolat, 
ing the Mt. Haldane massif as a horst. :s.lormal fault­
ing on north,striking faults is compatihlc \Vith the 
overall sinistral nature of the Keno Hill zone. 

Pu::-.vmineralization faulting occurs ,vi thin the 

Elsa~Keno Hill mining camp, on hoth the mineralized 
vein~faults and on two sets of nonmineralized faults. 
Cross,faults strike west,northv.'est to north,northwest; 
vein~faults are offset in such a \vay as to indicate 
normal and dextral senses of displacement. Post~ 
mineralization displacement on "bedding" - prob~ 
ahly foliation surfaces - is also described 
(Mc Taggart, 1960; Boyle, 1965; Watson, 1986; Lynch, 
1989a). 

The age of the Keno Hill vein~fault system and 
possible relationship to plutonism is an important 
unresolved question. Germane to this issue are the 
following geological rel:Jtionships: 1) vein~faults cut 
and therefore post~date Tombstone Strain Zone 
fabrics; 2) vein~faults cut across dip domain hounda~ 
ries formed during late \Varping of Tombstone Strain 
Zone fabrics; 3) vein-faults likely post-date the 
McQuesten Antiform as they occur on both limbs 
with similar orientations and structural characteris, 
tics; the veins could pre,date the plunge of the 
McQuesten Antiform, hovvevcr (see under Ivfineral 
Occurrences); 4) vein-faults cut variablv altered 
porphyritic intrusions that arc locally as.sociated with 
gold mineralization (e.g., \Vayne occurrence, #10_5~.1 
029, INAC, 1995), and although undated are likelv 
to be Tombstone intrusinns approximately 92 :tvfa i~ 
age; 5) K,Ar \vhole rock dates on wall rock adjacent 
to vein-faults arc 85-90 Ma (Sinclair et al. 1980); and 
6) the evolution from early gold,bcaring quartz, 
pyrite,arsenopyrite tension gashes to silver,lead,zinc, 
bearing, siJerite,galena,sphalerite,quartz veins is 
similar to that observed at the ne::uby Dublin Gulch 
intrusive,hosted gold deposit where early Au, Bi,As, 
W,bearing quartz veins are overprinted by sericitic 
8lteration and associated lcad,zinc veins (H. Smit, 
pers. comm. 1995). These factors together suggest 
tl1at the Elsa-Keno Hill vcin,foults formed during the 
cooling of the Tombstone intrusions, after the intru­
sion of at least some Tombstone dykes and emplace, 
ment of higher temperature gold,bearing fluids into 
en echelon tension gash arrays. 

If the Elsa-Keno Hill vein-faults formed dunng 
cooling of the Tombstone intrusions, the regional 
state of stress must have changed from that present 
during the emplacement of the Tombstone intrusions. 
Syn,intrusive veins and dykes consistently hover 
around east,west strikes, parnllel to the overall 
orientation of the TTB, implying regional north, 
south dilation. In contrast, sinistral displacement on 
the northeast,srriking Elsa,Keno Hill vein,faults 
implies a north,trending, moderately north-plunging 

66 

principal compressive stress, nearly perpendicular to 
the principal compressive stress necessary to cause the 
north,south dilation. A north,trending principal 
compressive stress \vould be compatible with north, 
ward displacement on younger thrust faults th3t 
outcrop in the fold-and,tbrust helt to the north and 
northeast. 

Structures associated with emplacement of 
McQuesten intrusions 

East,northeast~striking silver, :Jnd tin,rnineralized 
breccia zones are sratially associated with the 
1\.1cQuestcn intrusions in the Sprague Creek map area 
(Emond and Lynch, 1992; Emond, 1985). Silver-tin­
hearing qu8rt.z,tourm:Jline,chlorite veins and breccias 
cut the Yusezyu Formation and granite \Vi thin a 2,km, 
v.riJc, east,northeast~striking zone of intense fractur, 
ing along the north\\.'estcrn margin of the Sunshine 
Creek stock (Bix (Sunshine) brcccia occurrences, 
#l l 5P 031, INAC, 1995). Fractures are sreeply 
dipping and arc not ornamented by slickcnlines, 
suggesting an origin in which hydrothermal fluids 
filled dil:Jtational fractures of purely tensional origin. 
Similar breccias occur peripheral to the Boulder 
Creek stock southeast of the South McQuesten River 
(Figure 94; Oliver, 4115P 030, INAC, 1995; Emond, 
1985; Emond and Lynch, 1992). 

Structures of unknown age post-dating 
McQuesten intrusions 

The youngest set of structures in the McQuesten 
River region me undated faults and topngraphic 
lineament S\Varms. ~orth,trending linear stream 
segments and topographic features occur throughout 
the Clear Creek, Sprague Creek and Seartle Creek 
map areas (Figure 4). Linear femures range from 
northeast, to northwest~striking and vary in spacing. 
The closest spacing occurs in the western part of the 

Figure 94. Quartz-cemented breccia made up of clasts of 
Yusezyu Formation country rock and vein quartz, West Zone 
trench, Oliver occurrence (115P 030: 115P/15, UTM 424571, 
7070856). 
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Sprague Creek and the eastern part of the Clear 
Creek map areas, along and in a north-northwest­
striking zone straddling the Josephine Creek Fault 
and linking segments of the fault. T\vo discontinuous 
segments of the fault have been mapped, both having 
an apparent offset of ahout 2 km. The segment in 
Josephine Creek offsets stratigraphic contacts and rhe 
segment in Forty Mile Creek offsets the axial-surface 
trace of the NlcQuesten Antiform. Between these nvo 
segments is a north- to northwTst-striking, en echelon 
array of closely spaced topographic linear features 
inferred to be an extensional transfer zone. These 
linear features coincide on the ground with vuggy, 
rusty, silicified breccias locally anomalous in gold (see 
under l\.1ineral Occurrences). Linear features occur­
ring outside of the zone straddling the Josephine 
Creek Fault are less closely spaced and do not seem to 
be associated with a master structure. 
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The age of these features is unknown. The 
Sunshine Creek and Boulder Creek stocks are cut by 
prominent northwest-trending lineaments showing 
that at least some of the lineaments :Jre younger than 
about 65 Ma. No younger age bracket exists. 

As previously discussed, the age of the north­
striking faults and topographic lineaments around the 
Scheelite Dome stock in the southeastern part of the 
Seattle Creek map area is not known. They are 
tentatively thought to be associated \Vith the Tomb­
stone intrusions because mineralization along them 
shares a common geochemical signature \Vith intru­
sion-hosted mineralization. However, it is equally 
plausible that faulting post-dates the Tombstone-age 
mineralization and remobilized the earlier mineraliza­
tion. Until these structures are dated, their age and 
relationship with other lineaments in the region is 
speculative. 
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Mineral Occurrences 

A great number and vmiery of mineral occur~ 
rcnces have been Jiscovned in the l'vkQuesten River 
region (Figure 95, Table 5) since the late 1800s and 
early 1900s. Ano (1963) recognized the extent and 
variety of mineralb-1rion anJ the great potential of 
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this region, calling it the lvkQuesten Mineral Belt. 
Of the 195 tornl rnineral occurrences recorded in 
Yukon MINFILE for the entire Mayo and McQuesten 
map areas (INAC, 1995; l l 1P, 105M; including the 
.51 occuncnccs under the United Keno Hill Mines 
holdings), 1 52 arc from the five map :ihcets of the 
McQucsten River region Jcscribed in th.is study. 

35 57,1 56_./ 
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Figure 95. Mineral occurrences in the McQuesten River region as enumerated in Yukon MIN FILE (INAC, 1995) and Table 5. 
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Table 5. Mineral occurrences and descriptions according to Minfile numbers 

No. Name Brief description (modified from INAC, 1995) 

Clear Creek map area (115P/14) 

11 Josephine Gold occurs with arsenopyrite in east-west striking veins and shears which cuts medium to coarse grained 

12 

13 

23 

29 

34 

35 

40 

45 

47 

55 
60 

Rhosgobel 

Pukelman 

Lewis 

Thoroughfare 

Barney 

Clement 

Fiona 

Omega 

Zeta 

Left 

Lost Horses 

porphyritic granite of the mid- Cretaceous Josephine stock (Tombstone plutonic suite), and hornfelsed 

quartzite and argillite of the Yusezyu Formation in the upper part of the Tombstone Strain Zone. 

Scheelite and gold-bearing arsenopyrite in quartz veins in and around mid-Cretaceous Rhosgobel stock 

(Tombstone plutonic suite) as well as in diopside skarns along the margins of the stock. 

Sheeted quartz-K-feldspar veins with scheelite, molybdenite and pyrite in the mid-Cretaceous Pukelman 

stock {Tombstone plutonic suite), which intrudes Yusezyu Fm. within Tombstone Strain Zone. Au-bearing 

arsenopyrite, galena and scheelite occur in sheeted quartz veins and argillically-altered stockwork zones 

peripheral to the stock. 

Claims cover semi-massive pyrite-sericite mineralization on both sides of a steeply dipping, east-striking 

gouge-filled fault. Gold values of 9.22 git over 1.0 m and 18.41 git over 0.49 m have been reported. Fault 

cuts Yusezyu Formation in Tombstone Strain Zone west of mid-Cretaceous Rhosgobel stock (Tombstone 

plutonic suite). 

Claims underlain by the Two Sisters batholith (McOuesten plutonic suite) and thick Pliocene stream 

gravels. 

Iron-stained quartz-muscovite greissen veins and breccias with minor cassiterite in Yusezyu Fm. schist 

and phyllite in the Tombstone Strain Zone. Near Barney stock (Tombstone plutonic suite). 

Claims underlain by post-glacial stream deposits and micaceous schist of the Yusezyu Formation in 

Tombstone Strain Zone. 

Claims cover dark Earn Group metaclastic rocks and Rabbitkettle Fm. marble that are intruded by the mid­

Cretaceous Syenite Range stock (Tombstone plutonic suite) and younger dykes. 

Two bedded barite occurrences in dark Earn Group metaclastic rocks. Occurrences are overlain by black 

graphitic argillite and underlain by a thin bedded mixture of barite, limestone and Witherite. 

Argentiferous galena veins straddle the contact between Earn Group metaclastic rocks and the mid­

Cretaceous Syenite Range stock (Tombstone plutonic suite). Main zone straddling the contact contains 

tourmaline quartz greisen veins with varying amounts of pyrite, arsenopyrite, cassiterite, sphalerite, 

jamesonite, conellite. chalcocite and stannite. Second zone lies in the hornfels and mineralization is much 

more erratic. 

Claims underlain by Yusezyu Fm. metaclastic rocks in Tombstone Strain Zone 

Claims underlain by Yusezyu Fm metaclastic rocks and marble about 3 km north of the Late Cretaceous 

Two Sisters batholith (McQuesten plutonic suite) .. 

Sprague Creek map area (115P/15) 
6 Hobo Minor arsenopyrite, molybdenite and chalcopyrite occur as disseminations and along dry fractures within 

the mid-Cretaceous Red Mountain stock (Tombstone plutonic suite). Au-Ag-bearing quartz-arsenopyrite 

veins occur in hornfels zone. 

7 Sprague (Mahtin) Diopside, quartz, chalcopyrite, arsenopyrite, pyrite and pyrrhotite with minor silver skam and hornfels 

zones are developed in Rabbitkettle Fm. marble, adjacent to the Sprague Creek granitic stock (Tombstone 

plutonic suite) and related dykes. The stock is also cut by sheeted veins and quartz-carbonate-galena­

8 East Ridge 

9 Lugdush 

10 Ridge (Sterling) 

24 Boulder 

arsenopyrite veins. 

Claims underlain by psammite, phyllite, grit and marble of Yusezyu Formation in Tombstone Strain Zone 

and three granodiorite and quartz monzonite stocks and related dacite dykes. Both mid- (Tombstone 

plutonic suite) and Late Cretaceous {McQuesten plutonic suite) intrusions are present. Mineralization 

consists of 1) cassiterite in topaz and tourmaline-rich breccia zones; 2) argentiferous tourmaline­

arsenopyrite veins; 3) brecciated quartz veins with argentiferous galena, sphalerite and chalcopyrite; and, 

4) skarn containing sphalerite wtih lesser chalcopyrite, pyrrhotite and cassiterite. 

Pyroxene-quartz-calcite, garnet-epidote, pyroxene-garnet and wollastonite-quartz-calcite skarn assem­

blages within a calc-silicate hornfels zone near the Late Cretaceous Vancouver Creek stock (McQuesten 

plutonic suite). The garnet-bearing varieties contain little or no tungsten. Galena-bearing quartz veins 

occur near stock. 

Galena and sphalerite occur with pyrite and tourmaline in quartz veins cutting Yusezyu Formation 

psammite, phyllite, grit and marble in the Tombstone Strain Zone. 

Claim underlain byYusezyu Formation psammite, phyllite, grit and marble near both the Late Cretaceous 

Boulder Creek stock (McQuesten plutonic suite) and the mid-Cretaceous Bos stock (Tombstone plutonic 

suite). Mineralization is related to the intrusive rocks and consists of veins, breccias and stockworks of tin­

tungsten, gold·silver-lead-zinc vein and silver-lead-antimony, as well as disseminations of base and 

precious metals within skarn zones. 
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25 Toth 

30 Oliver 

31 Bix 

(Sunshine Creek) 

32 Mozi 

36 Bander 

43 Cartin 

46 Weiz 

51 Jabberwock 

55 Lett 

56 May Creek 

57 Quest 

Claim underlain by Yusezyu Formation psammite, phyllite, grit and marble near the margin of the Late 

Cretaceous Sunshine Creek stock (McOuesten plutonic suite). 

Claims cover the Late Cretaceous Boulder Creek stock (McQuesten plutonic suite) that intrudes Yusezyu 

Formation metaclastic rocks and marble in the Tombstone Strain Zone. Mineralization occurs as cassiterite 

and sphalerite with silver values in chlorite-tourmaline matrix breccias in quartzite and schist. Ag and Sn 

mineralization is also hosted by actinolite-pyrrhotite-chlorite skarn. 

Quartz-1\monite breccia zones cutting Yusezyu Fm. contain tourmaline, pyrite, tin and silver minerali­

zation. Breccia associated with a quartz-feldspar dyke also contains silver values. Near margin of Late 

Cretaceous Sunshine Creek biotite-muscovite granite (McQuesten plutonic suite). 

Vuggy, rusty breccias near quartz-feldspar porphyry dykes (probably mid-Cretaceous) intruding Road River 

and Earn groups. Soils anomalous in Mo, Zn, Ag and Cu. 

Claims underlain by Yusezyu Formation phyllite, grit, psammite and marble near the margin of the mid­

Cretaceous Bos stock (Tombstone plutonic suite). Quartz-carbonate veins locally contain galena and 

arsenopyrite; soils are moderately anomalous in silver, arsenic and zinc. 

Claims cover Yusezyu Formation metaclastic rocks in the Tombstone Strain Zone east of mid-Cretaceous 

Big Creek stock (Tombstone plutonic suite). 

Claims are underlain by calcareous metasandstone and phyllite of the upper member of the Gull Lake 

Formation. 

Claims are underlain by Yusezyu Formation in the Tombstone Strain Zone north of the Late Cretaceous 

Vancouver Creek stock (McQuesten plutonic suite). Black cassiterite occurs in dry fractures or veinlets 

while the most common tin-bearing structures are vuggy quartz veinlets with iron oxide coatings and 

euhedral, dark brown to translucent cassiterite crystals and traces of chalcopyrite. Individual veins are up 

to 15 cm wide and specimens have assayed up to 8.8% Sn and 64 ppm Ag. 

Greisen veined and brecciated Yusezyu Formation psammite near margin of mid-Cretaceous Barney stock 

(Tombstone p\utonic suite) contain anomalous levels of Au, As and Sb. 

Northeast-striking vein-fault cutting Yusezyu Formation metaclastic rocks and marble in the Tombstone 

Strain Zone contains irregular lenses of manganese stained quartz with galena, anglesite, pyrite, limonite 

and minor chalcopyrite. On southern margin of mid-Cretaceous Bos stock. 

Veins cutting Yusezyu Formation metaclastic rocks and marble in the Tombstone Strain Zone contain 

lenses of galena, pyrite, sphalerite, arsenopyrite, chalcopyrite and tetrahedrite in a quartz-siderite gangue. 

Also oxidized limonite-galena-siderite veins. On southern margin of mid-Cretaceous Bos stock. 

Seattle Creek map area (115P/16) 
1 Jaybee Claims underlain by metaclastic rocks and marble of the Yusezyu Formation in the Tombstone Strain Zone 

near the Robert Service Thrust. Galena float was found in the area but the source was not located. 
2 

3 

4 

5 

26 
28 

33 

Seattle 

Hawthorne 

Scheelite Dome 

Rodin 

Ortell 

Secret 

Highet 

Claims underlain by Keno Hill quartzite near the Robert Service Thrust. Galena float assaying 40.3% Pb 

and 1556.5 g/t Ag was found in the area; bulldozing uncovered a poorly mineralized northeast-trending 

vein-fault. 

Stibnite, arsenopyrite and minor galena occurs in irregular, lensoidal, northwest-trending quartz veins 

cutting Yusezyu Formation in the Tombstone Strain Zone near the mid-Cretaceous Scheelite Dome stock 

(Tombstone plutonic suite). The veins are cut by a later quartz-stibnite breccia. Veins are anomalous in Au, 

Sb, Ag, and As with sporadic high-grade values. 

Gold, tin and tungsten occur in skarn formed at the contact between Yusezyu Formation marble and 

amphibolite and a high level biotite-quartz monzonite stock of mid-Cretaceous age (Scheelite Dome stock, 

Tombstone plutonic suite). The stock is porphyritic, with feldspar megacrysts up to 5 cm long. Skarn 

mineralization consists of disseminated pyrrhotite, scheelite and cha\copyrite in a wollastinite-quartz­

tremolite gangue developed in an amphibolitic horizon in massive marble. The stock is also cut by 0.5 to 5 

cm-wide quartz-feldspar veins striking north-south and east-west and with traces of arsenopyrite. 

molybdenite and scheelite along their edges. These are variably anomalous in Au, As, Bi, and Sb. 

Claims underlain by Yusezyu Formation metaclastic rocks with limy sections in the Tombstone Strain Zone. 

Claim underlain by Yusezyu Formation metaclastic rocks above the Tombstone Strain Zone. 

Claims underlain by a sequence of schist, phyllite and psammite of the Yusezyu Formation near the upper 

boundary of the Tombstone Strain Zone. Geochemical survey outlined a number of tungsten, silver, tin and 

gold anomalies. 

Claims underlain by oxidized, veined and fractured Yusezyu Formation phyllite, psammite and grit cut by 

probably mid-Cretaceous porphyry dykes (Tombstone plutonic suite). Veining, fracturing and oxidation 

occurs in a several kilometre-wide zone extending at least across the width of the Seattle Creek map area. 

Mineralization consists of at least two sets of sheeted quartz-arsenopyrite veins that are variably anoma­

lous in Au, Bi, As, and Sb. Veins are offset by younger north-striking, down-to-the-west normal faults that 

locally remobilize(?) quartz-arsenopyrite mineralization. Limy sections of the Yusezyu Formation are locally 

replaced by arsenopyrite. 
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48 Potter 

53 Castnor 

58 Paw 
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Claims underlain by psammite, grit and phyllite of the Yusezyu Formation within the Tombstone Strain 
Zone near the northern margin of the mid-Cretaceous Minton Creek stock (Tombstone p!utonic suite). Tin­

bearing skarn is reported from the claims, as are unconfirmed reports of high-grade gold veins. 
Claims underlain by psammite, phyllite, marble and grit of Yusezyu Formation in the Tombstone Strain 

Zone. 
Claims underlain by psammite, grit, marble and phyllite ofYusezyu Formation in the Tombstone Strain 

Zone. 

Mt. Haldane map area (105M/13) 
26 Gerlitzki A strong transverse-type (north-northeast-striking) vein-fault which cuts the Keno Hill quartzite and is 

weakly mineralized with galena, sphalerite and minor tetrahedrite. 
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Titan 
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Wayne 
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(Joumbira) 

Mt. Haldane 

(Lookout) 

Laysier 

Chance 

Sundown 

Halfway 

Newry 

Corkery 

Weasel 

Beley 

Claims underlain by Keno Hill quartzite which is structurally overlain by phyUite and psammite of the 

Yusezyu Formation, both in the Tombstone Strain Zone on the north limb of the McOuesten Antiform. 
Evidence of at least one strong vein includes vein breccla and siderite gangue float in overburden and one 

bedrock exposure 1.8 m wide. 
Transverse (north-northeast-striking) branching vein-fault cutting Hyland schist and Keno Hill quartzite on 

north side of McQuesten Antiform. Mineralization consists of considerable sphalerite and discontinuous 

lenses of galena and tetrahedrite. 
Branching, north-striking vein(-fault?) cutting Yusezyu Formation and Keno Hill quartzite mineralized with 

galena, sphalerite and tetrahedrite in a carbonate gangue. Also on the property are stratiform gold­
tungsten-bearing skarn and replacement bodies, and gold-bearing pyritic zones in felsic intrusions. 

Transported limonite gossan with high geochemical values in zinc were found, leading to trenching of three 

unmineralized veins cutting Keno Hill quartzite(?). 
Mineralized quartz veins are associated with a 30.5 m-thick rhyodacite porphyry dyke (86 Ma K-Ar 
age suggests that the dyke is part of the Tombstone plutonic suite) which cuts the Mississippian Keno Hill 

quartzite. Mineralization consists of galena stringers, quartz-pyrrhotite-arsenopyrite veins, tin and tungsten 

veins, tourmaline veinlets containing cassiterite with minor fluorite and quartz-muscovite veins containing 

tourmaline, sphalerite, arsenopyrite and galena. 
Three main mineralized zones along branches of a north-trending transverse vein-fault system which 

cuts the Mississippian Keno Hill quartzite. Best mineralized Middlecoff zone contains erratic lenses of 

galena, sphalerite and minor tetrahedrite. 
Brecciated vein float containing galena on northeast-striking topographic lineament which cuts schist and 
phyllite of the Yusezyu Formation. Two vein-faults are inferred. 

Stibnite is reported to be present in a narrow quartz vein which cuts phyllite and psammite of the Yusezyu 

Formation. 
Area underlain by phyllite and psammite of the Yusezyu Formation which structurally overlies Keno Hill 
quartzite of Mississippian age along the Robert Service Thrust about a kilometre to the north. Chloritized 

and sericitized porphyry dyke cut by tourmaline veins and hosting disseminated arsenopyrite is anomalous 

in Ag, Pb, Wand Sn. 

Although covered by extensive glacial drift, claims probably underlain by Yusezyu Formation phyllite and 
psammite cut by north-striking fault. Zones of anomalous scheelite and gold were identified through 
overburden drilling. A mercury soil anomaly has also been outlined coincident with east-striking structures 

identified with a MaxMin survey. 
Property underlain by Yusezyu Formation phyllite, psammite, grit and marble. Carbonate bodies locally 
host diopside-actinolite-scapolite-quartz-carbonate-plagioclase-epidote skarn with scheelite, arsenopyrite 
and minor pyrite, pyrrhotite and chalcopyrite. These are variably anomalous in Au, As, W, Bi, Cu, Pb and 

Zn. 
Claims underlain by Yusezyu Formation phyllite and psammite. 
Claims underlain by Keno Hill quartzite which is intruded by a small Cretaceous stock and overlain by 

graphitic schist, minor quartzite and limestone of the Hyland Group. 
Drilling in the overburden-covered McQuesten River valley intersected graphitic schist, bedded quartzite, 

graphitic phyllite, argillite and schist of the Earn Group and massive Keno Hill quartzite. These units are 
intruded by gabbroic or dioritic sills and lamprophyre dykes of Triassic age and small Cretaceous granite to 

quartz monzonite stocks. Sphalerite-bearing vein-faults intersected in the drilling assayed 6.0%Zn, 18.2 

ppm Ag and 0.1% Pb. 
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Keno Hill map area (105M/14) 
1 United Keno Hill United Keno Hill refers to over 50 individual mineral deposits and prospects (indicated individually on 

Geoscience Map 1996-5). Ag-Pb-Zn-Cd-Au mineralization occurs in vein-faults 0.3 to 30 m wide mainly in 

the Keno Hill quartzite. Mineralization occurs in both longitudinal (east-northeast-striking, sinistral) vein­

faults and transverse (north-northeast-striking, normal or tensional fissures) vein-faults. Ore minerals 

comprise argentiferous galena, freibergite (argentiferous tetrahedrite), and pyrargyrite (ruby silver) along 

with sphalerite, pyrite and minor polybasite, stephanite, argentite and native silver. The silver to lead ratio 

varies from 3: 1 to 11: 1 depending on the tetrahedrite content. Side rite is the main gangue mineral. Two 

stages of veining are recognized. The earlier stage deposited quartz, pyrite, some arsenopyrite. 

sulphosalts and a trace of gold prior to movement on the vein faults. After the movement on the faults, 

siderite, galena, sphalerite, pyrite. freibergite and pyrargyrite were deposited. [see Boyle (1965), Watson 

(1986), Franzen (1986), Lynch {1988), INAC (1995) and Roots (1997) for more detailed information on 

2 Faith 

3 Duncan 

4 Gold Queen 

5 Silver Basin 

6 Nabob 

7 Monument 

(Ladue Fraction) 

8 Comstock 

9 Apex 

10 Vanguard 

11 Homestake 

12 Christine 

13 Mo 

14 Mayburn 

15 Hogan 

16 Runer 

17 Wernecke 

18 Fermo 

19 Nomad 

20 Paddy 

21 Eagle 

these and other deposits] 

Minor amounts of galena and secondary lead minerals are present in a transverse vein{-fault?) cutting 

Keno Hill quartzite and phyllite. 

Galena and tetrahedrite occur in siderite gangue on the dumps. The vein cuts Keno Hill quartzite and 

phyllite and is transverse between longitudinal vein(-faults). 

Typical longitudinal vein-fault cutting Keno Hill quartzite believed to be an extension of the Porcupine vein 

with only minor galena and tetrahedrite. 

Minor galena and tetrahedrite occur with arsenopyrite in quartz-siderite gangue in a typical longitudinal 

vein system cutting Keno Hill quartzite and phyllite. Notable for Au values. 

Three transverse veins mineralized with galena and tetrahedrite in a siderite gangue cut Earn Group 

metavolcanics and greenstone beneath the Keno Hill quartzite. Notable for Au values. 

Galena, sphalerite, tetrahedrite and arsenopyrite occur in quartz-siderite gangue within the 

Nabob-Main vein longitudinal vein-fault system cutting Earn Group carbonaceous and felsic 

rnetavolcanic phyllites and Triassic greenstone. 

Mineralization consists of galena. tetrahedrite and sphalerite plus considerable oxide material in two 

showings on the Porcupine vein which cuts Triassic greenstone and Earn Group schist overlying the Keno 

Hill quartzite on the inverted limb of an isoclinal fold. 

Galena, sphalerite and arsenopyrite occur erratically in a longitudinal-type quartz vein the is probably part 
of the Comstock vein system. 

Mineralization consists of galena and tetrahedrite in a carbonate gangue. Vein is a transverse vein-fault 

cutting the Keno Hill quartzite. 

Erratic lenses of arsenopyrite and galena in a quartz carbonate gangue in a longitudinal vein-fault and 

tetrahedrite and galena in a transverse vein with carbonate gangue. Both cut Keno Hill quartzite. 

Erratic lenses of galena in a longitudinal vein-fault cutting Keno Hill quartzite. 

Two weak transverse veins cutting Yusezyu Formation near the Robert Service Thrust contain minor 

galena and tetrahedrite. 

An extension of the Bellekeno transverse vein system. Galena, tetrahedrite and sphalerite occur with 

siderite gangue in erratic lenses within a vein that cuts Keno Hill quartzite. 

Galena and tetrahedrite occur in a narrow transverse-type vein cutting Keno Hill quartzite. Mineralization 

occurs in erratic lenses. 

Galena, tetrahedrite and sphalerite occur with pyrite in siderite gangue within a transverse vein cutting 

Keno Hill quartzite. 

Weakly mineralized galena and tetrahedrite transverse veins in schists (probably Earn Group felsic 

metavolcanic unit) and greenstone below Keno Hill quartzite. 

Erratic narrow lenses of galena, sphalerite and minor tetrahedrite occur in carbonate gangue within a 

typical narrow, north-trending, transverse veins cutting Earn Group carbonaceous phyllite and Triassic 

greenstone beneath the Keno Hill quartzite. 

Anomalous tin, tungsten and molybdenum values in overburden where intrusive stocks are suspected to 

occur. 

Multi-branching, transverse vein zone cuts Earn Group carbonaceous phyllite and Triassic greenstone 

beneath the Keno Hill quartzite. Arsenopyrite with lesser pyrite, galena and sphalerite in a quartz gangue 

occurs in some veins, locally with good Au values. Siderite veins containing narrow, discontinuous lenses 

of galena, tetrahedrite and sphalerite also occur, also with good Au values in addition to Ag, Pb and Zn. 

A strong transverse vein-fault cutting Keno Hill quartzite near the Robert Service Thrust contact with 

Yusezyu Formation. Vein-fault mineralized with erratic lenses of galena, tetrahedrite and sphalerite. 

22 Fisher Float of vein material containing galena and tetrahedrite on Yusezyu Formation bedrock. 

23 Parent Anomalous heavy metal content in stream silts. 

24 Cream and Jean Erratic lenses of galena and sphalerite. with lesser amounts of tetrahedrite and chalcopyrite, occur in 

carbonate gangue within a transverse vein that cuts Triassic greenstone sills. 
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A typical narrow traverse-type vein-fault cutting Earn Group carbonaceous phyllite and Triassic greenstone 
underlying Keno Hill quartzite. 

A longitudinal type vein cutting Triassic greenstone and Earn Group carbonaceous phyllite. Mineralization 
comprises arsenopyrite in quartz gangue with minor galena. Fragments of galena and sphalerite in a 
carbonate gangue also noted. 

Claims underlain by Earn Group carbonaceous phyllite. Several quartz veins with weak galena mineraliza­

tion were located. 

Thirty five northeast-striking veins mineralized with arsenopyrite, galena, jamesonite, pyrite, sphalerite, 
siderite and gold in quartz gangue occur mainly at contacts between Keno Hill quartzite and Triassic 

greenstone sills and in footwall bedding faults marked by graphitic schist. Notable Au values. 

Narrow vein containing minor argentiferous galena cuts Keno Hill quartzite(?) and phyllite. Some pyrrhotite 
vein mineralization. 

Minor amounts of argentiferous galena occur in a narrow vein cutting the Keno Hill quartzite. 
West end of east-trending longitudinal No. 6 vein cutting Earn Group felsic metavolcanic unit and mineral­
ized with galena, sphalerite, tetrahedrite, arsenopyrite and pyrite in a siderite-quartz gangue. 

Longitudinal and transverse vein-types mineralized with minor galena, tetrahedrite and sphalerite. Located 
in Earn Group felsic metavolcanic rock and carbonaceous phyllite. 

A narrow transverse-type vein cutting Keno Hill quartzite is poorly mineralized with galena, tetrahedrite and 

sphalerite in a pyrite-siderite gangue. 
Claims underlain by psammite and phyllite of the Hyland Group. 

Longitudinal vein (northern extension of the Shamrock vein?) cutting Keno Hill quartzite and mineralized 

with pyrite, arsenopyrite, galena, sphalerite and freibergite in quartz-siderite gangue. 
150 m-long galena(+?) vein parallel to the foliation in the enclosing Keno Hill quartzite. 

Three veins cut the Keno Hill quartzite. Two are minor quartz stockworks with disseminated galena and the 
third is a quartz vein containing minor disseminated arsenopyrite. Notable gold values. 

Claims underlain by psammite and phyllite of the Yusezyu Formation. 
Claims underlain by dark phyllite thought to be part of the Earn Group. 

In the 1880s, prospectors followed up placer gold 
in sand and grnvel bars along the lower Stc\:vart River 
(Mayo Historical Society, 1990). Placer gold is still 
mined in Clear, Arizona, Haggart, Higher, Johnson, 
Seattle, and Duncan creeks and tributaries. The 1906 
discovery of rich silver,heming veins in the Elsa,Keno 
Hill camp led to numerous mines and \videspread 
prospecting throughout the region (see Boyle (1965) 
for details on the pre-1965 and Watson (1986) for the 
1965-1986 periods as well as the Mayo Historical 
Society (1990) for further details on the mining his­
tory of the Keno Hill district). Tin and tungsten were 
the focus of exploration at various times 1 primarily 
around fclsic intrusions. Lode gold is currently of 
considerable interest in the region 1 stimulated by the 
recent discovery and development of intrusion,hosted 
gold at Fort Knox, Alaska (Bakke, 1996 and refer­
ences therein) and intrusion,related, Carlin,like 
(Poulsen, 1996, Poulsen et al. 1997) gold at Brewery 
Creek, Yukon (Diment, 1996) both in geological set­
tings likely to exist in the McQuesten River region. 

matic,hydrothermal veins; skarns/rcplacemcnts; 
country,rock,hosted veins, breccias, structurally 
controlled alteration zones and Elsa-Keno Hill vein­
faults); skarns, breccias and veins associated \Vith 
lvkQucsten intrusions; and breccias of unknmvn age 
and association. Most of the mineral occurrences in 
the area are thought to be related to the Tombstone 
intrusions. This conclusion is based on spatial coinci­
dence, cross,cutting relationships 1 inferences from 
ne\"v isotopic information, and consideration of the 
geochemical evolution of hydrothermal systems. 

With the evolution of geological understanding 
of mineral occurrences clsc\vhcrc in Selwyn Basin has 
come the recognition that certain types of mineral 
deposits are associated \Vith particular rock units. 
Several rock units associated \:Vith certain types of 
mineral occurrences in other parts of Selwyn Basin 
are now known to occur in the McQuesten River 
region as a result of this study. Thus, the region has 
geologically indicated potential for types of minerali­
zation that are currently not known there. 

Knmvn lode mineral occurrences in the 
McQuesten River region can be divided into at least 
four categories based on type and age: syngenetic 
stratabound barite mineralization in Earn Group 
strata; mineral occurrences associated ·with Tomb, 
stone intrusions (including intrusion,hosted, mag, 

The numerous placer deposits of the region will 
not be considered in this report. They are summarized 
by Kreft (1993), LeBarge (1996), and periodic re­
views of Yukon's placer mining industry published by 
Indian and Northern Affairs Canada. 
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Syngenetic barite occurrences in the Earn 
Group 

Three, bedded harite showings, two on the 
Omega occurrence (MINFILE # 11 SP 045) and one 
on the nearby Zeta occurtencc (#))SP 047), are 
known from the l\1cQuesten River region. The 
Omega occurs in folded and faulted E~rn Group strata 
in the northern part of the Clear Creek map area, 
about six km northwest of the confluence of Lost 
Horses Creek and the Little South Klondike River 
(Gcoscience Map 1996-1 ). The main showing, tested 
hy six drill holes, consists of a 4.9 to 38.0 m thick, 
finely laminated barite bed with minor araillite 
interbeds. It is overlain hy black carbona~:ous 
argillitc and underlain bv thin-bedded barite lime· 
stone and \Vitherite. A s~cond shmving, 3 b~ down, 
stream, consists of a single bed of barite and baritic 
carbonate. The bed is approximatelv 10 m thick 
\vhcrc penetrated by a single drill h~le and is anoma, 
lous in Ba, Ag, and Zn. Ba.rite on the Zeta occurrence 
occurs in Earn Group interlaminated \Vith chert and 
is associated with a Cu, Zn and Ag stream,sedimcnt 
anomaly. 

The complexity of deformation and the poor 
exposure in this area limits the assessment of the 
stratigraphic level of baritic horizons \Vithin the Earn 
Group, their sedimentary facies) presence or absence 
of controlling structures, or any association vdth 
volcanic rocks. Nevertheless, the known harite occurs 
nearly along strike from the pre-Late Camhrian 
Sprague Creek Fault. Although significant re,activa, 
tion of the fault in the Devonian seems unlikely, 
given the continuity of the Rahbitkettle Formation 
across the fault trace, the sub,Earn Group 
unconformity cuts most deeply dmvn into the under, 
lying stratigraphy along strike from the fault, perhaps 
implying some level of influence. In this area, the 
Earn Group rests directly on the Rahbitkettle Forma­
tion; to both the north and south, the Earn CJrnup sits 
on the Steel Formation. TI1is erosional 'channel' is 
exposed in only t\vo dimensions, so it is not possible 
to determine its orientation. The coincidence nf this 
locus of downcutting and barite mineralization along 
strike from the Sprague Creek Fault, hmvever, sug­
gests a possible relationship to the fault or some 
hasement \\/eakness. 

Mineral occurrences associated with the 
Tombstone intrusions 

Intrusion-hosted magmatic-hydrothermal veins 
Tombstone intrusions throughout the region host 

quartz veins and 'dry' fractures anomalous in various 
combinations of Au, W, Bi, As, Ag, Pb, Zn) }v1o, Sn, 
Sb, Cu and Te (Table 6). Intrusion-hosted vein 
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ncnvorks at most occurrences are parallel, sheeted 
systems (Figures 58, .59) although stncb:vorks occur 
locally (e.g., Saddle zone at Josephine, Figure 60). 
Shear zones that cut both intrusion and host rock 
have been described at the Josephine and Scheelite 
Dome occurrences, but have not been noted else­
where. Individual planar structures range in thickness 
from relatively common 'drv' fractures vvith 11(1 

appreciable vein filling, to l~ss common cm,scale 
veins, and occur with variable spacing. Quartz is the 
principal vein mineral, occurring with one or more of 
potassium feldspar, tourmaline, chlorite, arsenopyrite, 
scheclite, molybdenite, stibnite, pyrite, calcite, 
sericite, chalcopyrite, bismuthinite and pyrrhotite. 
Narrow potassic alteration selvages occur locally 
around veins. Veins \Vithin intrusions are likelv to be 
late-magmatic, based on their igneous mineral~)gy and 
cross,cutting relationships with felsic dykes (Figures 
56, 57). 

The orientations of intrusion,hosted veins in the 
McQuesten River region occurrences vary between 
steep northeast,striking to steep southeast,striking, 
\:Vith an east-southeast strike locally dominant (Figure 
88). Veins have the same general orientation as d;,kes 
and associated breccia zones in the surrounding 
country rock, so they probably reflect the influence of 
a reginnal stress on a mostly frozen intrusive mass. 

Most Tombstone intrusions in the area are aolJ­
mineralized, despite differences in composition,

0 

texrure and nature of host rock. The intrusions 
hosting gold mineralization (Josephine, Pukclman, 
Rhosgobel, Big Creek, Red Mountain, Sprague Creek, 
and Scheelite Dome stocks) are all metaluminous, 
calcic, mediurn,grained 1 and weakly porphyritic 
biotitc± hornblende monzogranite to granodiorite. 
They are typically associated ,vith aeromagnetically 
prominent aureoles. Intrusion~hosted vein systems 
throughout the belt have similar compositions, styles 
and orientations. The general parallelism of mineral­
ized structures with the overall cast,west strike of the 
belt of Tombstone intrusions in the Tombstone, 
Tungsten Belt (see under Intrusive Rocks) suggests a 
regional structural control, perhaps reflecting pre, 
existing basement structure. 

Tombstone intrusions are generallv associated 
with gold mineralization, having a styl~ as descrihed 
above. One exception is the Syenite Range stock, 
which hosts the Zeta silver-tin-bearing greisen vein 
system ( veins associated with muscovite~tourmaline­
topaz~fluorite alteration) along its northern border. 
As described by Abercrombie (1990), steep, north­
east, to eash'.itriking quartz-sulphide,tourmaline, 
chlorite~limonite-kaolinite greiscn veins cut the outer 
syenite phase of the composite zoned stock. Some 
veins arc sulphide-rich and tourmaline,poor1 others 
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Table 6. Mineral occurrences associated with the Tombstone intrusions of the McQuesten River region 

Intrusion-hosted 
- ------ ------ ---- --- - --- --- ---

Occurrence MINFILE# Map area Intrusion 

Scheelite Dome 115P004 115P/16 Scheelite Dome stock 
Hobo (includes BX) 115P006 115P/15 Red Mountain stock, 

Unnamed at BX 

Sprague (Mahtin) 115P007 115P/15 Sprague Creek stock 
Josephine 115P011 115P/14 Josephine stocks 
Rhosgobel 115P012 115P/14 Rhosgobel stock 
Pukelman 115P013 115P/14 Pukelman stock 
Big 115P061 115P/15 Big Creek stock 
Wayne 105M 029 105M/13 Unnamed dyke 

Skarn 

Occurrence MIN FILE# Map area Associated intrusion Host strata Metals 
-------- ---------

Rhosgobel 115P 010 115P/14 Rhosgobel stock Yusezyu Fm. w 
Sprague (Mahtin) 115P 007 115P/15 Sprague Creek stock Gull Lake and Sn, W, Au 

Rabbitkettle fms. 
East Ridge 115P008 115P/15 Bos stock Yusezyu Fm. Sn, W, Au, Zn, Cu, Ag 

Scheelite Dome 115P 004 115P/16 Scheelite Dome stock Yusezyu Fm. W,Au 
Newry 105M 067 105M/13 Not exposed Yusezyu Fm. Au, W 

Wayne 105M 029 105M/13 Unnamed dyke (?) Yusezyu Fm. W,Au 

Vein and breccia 
--- ---------

Occurrence MINFILE # Map area Associated intrusion Anomalous metals 

Hawthorne 115P003 115P/16 Scheelite Dome stock Au, Ag,Sb, Pb 
Hobo 115P006 115P/15 Red Mountain stock Au, Ag, Cu, Sn, Pb, Sb, Te 

Lewis 115P023 115P/14 Rhosgobel or Pukelman Au 
stocks 

Highet 115P033 115P/16 Scheelite Dome? Au 
Bander 115P036 115P/15 Bos stock 
Big 115P061 115P/15 Big Creek 
Mt. Hinton 105M 052 105M/14 Roop Lakes? 

are sulphide,poor and tourmaline,rich. Textures 
indicative of open,space filling such as comb,textured 
quartz, tourmaline rosettes and colliform tourmaline 
occur in both types. Kaolinite,sericite,chlorite, 
tourmaline,limonite alteration selvages extend 
outward for distances up to ten times the vein width. 
Veins are inferred to be genetically associated with 
the core phase of the stock, a biotite,muscovite 
orbicular tourmaline granite \Vith rare fluorite. Drill, 
indicated reserves of 98 248 t grading 5 5 7 g/t Ag 
occur in the Main zone of the Zeta occurrence 
(INAC, 1995). 

The silver,tin mineralization of the Syenite 
Range stock is more typical of McQuesten intrusions. 
However, the orbicular tourmaline granite thought to 
be associated \vith the mineralization is the same age 
as the Tombstone intrusions (see under Intrusive 
Rocks), K-Ar dates on borh the mincralizarion and 
the granite phase of the stock are nearly identical, 
and Ph isotope data from jamesonite are similar to 
those oi the host inrrusion (Abercrombie, 1990). 

Pb (Ag) 

Au, Ag, Pb, W 
Au,Ag, Pb,Zn,Cu, Sb 

Nevertheless, more recent Pb isotope data from Zeta 
ore minerals are closer to those of:tvkQuesten intru, 
sion mineralization than other mineralization associ­
ated with the Tombstone intrusions (J. Mortensen, 
pers. comm. 1995). A buried McQuesren intrusion 
possibly lies beneath the Zeta occurrence, but more 
work is necessary to test this hypothesis. 

If the Zeta silver-tin mineralization and the 
Syenite Range stock are coeval, the mineralization 
might he a consequence of the stock's degree of 
differentiation. Tin mineralization is typicatly associ, 
ated with more highly evolved peraluminous granites, 
such as the 1v1cQuesten intrusions. The peraluminous 
orbicular tourmaline biotite,muscovitc± fluorite 
granite in the core of the Syenite Range stock is the 
most differentiated Tombstone intrusion in this part 
of the TTB and the silver-tin mineralization might 
reflect this degree of differentiation. 
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Country rock-hosted veins, breccias, alteration 
zones, and vein-faults 

Two settings are distinguished for this discussion: 
1) gold~hearing veins, hreccias, an<l alteration zones 
(Table 6); and 2) Ag-Pb-Zn-hearing vein-faults of the 
Elsa~Kcno Hill mining camp. Veins, breccias and 
structurally controlled alteration zones arc structures 
that are primarily Jilatiunal in origin, and space thus 
created is filled \Vith vein minerals or host~rock 
fragments. Structurally controlled alteration zones are 
hundreds of metres to km in size, with abundant veins 
and alteration selvages. Country rock can be exten~ 
sively altered where veins arc closely spaced and vein 
selvages coalesce. Vein~foults are essentially faults 
with curviplanar surfaces; vein minerals or host~rnck 
fragments are deposited in dilational jogs caused by 
irregularities in the fault surface. 

Gold-bearing veins, breccias and alteration zones 
ThL:sc occurrences typically consist of centime­

tre~ to metrL:-scale veins and/or breccias and structur­
ally controlled alteration zones anomalous in gold and 
a numhcr of other clements, including Ag, ... '\//1 Bi, 1v1o, 
Te, As1 Sb, Cu, Pb1 Sn, and Zn. Quartz is the princi~ 
pal vein mineral; accessory minernls include 
arsenopyrite, pyrite, chalcoryrite 1 gakna, stibnitc, 
cassiterite, orthoclase, tourmaline, scheelite, chlorite 
and sphalcrite. Vein margins are variably altered, 
locally shmving significant amounts of alteration, 
including oxidation and phyllic and sericitic altera­
tion. If vein density is sufficiently high, alteration 
selvages can coalesce and large volumes of country 
rock can be affected. Breccias alsn consist of vein 
minerals, hut country-rock fragments make up a 
significant proportion of the fracture-filling material. 

Breccias associated with the Tombstone intru, 
sions are the crystalline matrix type of Emond and 
Lynch (1992). They are commonly characterized hy 
high limonitc content (1-22% Fe); variable amounts 
of porosity; fragments of angular to rounded vein 
quartz or locally hematized, clay-altered, tourmalini~ 
zed or limonite~ an<l/or manganese-coated metasedi, 
mentary rock; and local cockscomb,textured quartz. 

Veins and breccias commonly occur together and 
reflect multiple episodes of mineral deposition and 
fracturing. Vein quartz fragments are locally cnmmon 
in breccias, and tourmaline and euhedral smoky 
quartz locally cements breccia fragments. Veins and 
breccias generally shmv evidence of a purely dilation­
al origin1 including the lack of offset across the 
structures and het\veen fragmentsi and coxscomb­
textured quartz in vugs. Evidence of shear offsets is 
generally lacking. Breccias of this type occur com­
monly in tourmaline-rich hornfels zones and com­
monly envelope felsic dykes. Veins and breccias 

mostly strike from northeast to southeast, similar to 
the orientation of int.rusion-hosred systems. 
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Veins and hreccias locally cluster into structurally 
controlled systems of mappable extent. Hyland Group 
rocks in an cast~\vest striking brittle deformation wne 
centred on the Scheelite lJmne stock in the suuthcast 
corner of the Seattle Creek map area (SC claim~ on 
Highet, #] ]SP OD) are commonly rusty, punky, and 
cut by an array of quartz-arsenopyrite veins, vein lets, 
vein,faults anJ brL:ccias locally containing gold 
mineralization. Structures defining the zone occur in 
a variety oi or,cntations: the Hawthorne (#l l 5P 003) 
vein on the southeast flank of Schee lite Dome b a 
n<mnal,displacement vein,fault striking nt)rthwest 
and dipping steeply northeast; .smaller veins and 
veinlets on the SC claims bet.ween Bennett and 
Higher creeks strike \vest-sout.hv-.:est and dip gently to 
.steeply north~northwest. These are cut by later north~ 
striking, \Vest-side-down normal faults that form 
prorninent topographic lineaments. Although gouge 
along these faults contains quartz and arsenopyrite 
and is locally anomalous in gold, it is unclear whether 
this mineralization occurred during the north-striking 
foul ting or if the earlier vein mineralization was 
remobilized into the younger faults (see unJer Struc­
tural Geology). The brittle deformation zone defined 
by these features is more than 3 km \vide and extends 
at least as far as the width of the Seattle Creek map 
area. The geochemistry of veins in this zone is similar 
to that of veins in the Scheelit.e Dome stock, suggest~ 
ing that the stock was the source of the fluids. 

On the BX claims north of the Red Mnuntain 
stock (Hobo,#] ]SP 006), a 2-krn-wide zone oi 
fracturing, alteration and dense quartz veining 
extends southeast. from a small Tombstone intrusion. 
Rock underlying about one square kiloml'.trc north, 
east of the intrusion is vuggy, fragmental, :ind punky 
and was originally mapped as Tertiary or younger 
volcanic rock (Bostock, 1964; Murphy and Heon, 
1994a, b; see under Stratigraphic Units). These rocks 
are now viewed as a highly altered and tourmalinized 
hydrothermal hreccia associate<l \Vith the intrusion. 
Parr of the intrusion is locally highly altered. Gold 
occurs sporadically throughout this zone; the controls 
on its distribution are, as yet, unknm.vn. 

The Black Hill occurrence oi Murphy and Heon 
( 1995a, h) at the northern edge of the Seattle Creek 
map area is made up of an extensively tourmalinized 
hornfcls around a small Tombstone intrusion) v,1hich 
crops out in the southern part of the Larsen Creek 
map area (Bostock, 1948b). Numerous veinlets and 
small faults with breccias occur in the hornfels zone, 
some of which are anomalous in Au, Bi1 As and Sb 
(e.g., sample 94DH-89b, Appendix 3 ). Tourmalinized 
rocks1 and calc,silicate and pelitic hornfels arc also 
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found west of the >Jorth 1v1cQuestcn River1 opposite 
the Black Hill occurrence. 

Silver-lead-zinc-bearing vein-faults of the 
Elsa-Keno Hill mining camp 

Between 1913 and 1989, over 6600 t of silver, 
35 000 t of lead, and 21 000 r of zinc were extracted 
from the extensive and numernus vein-faults of the 
Elsa-Keno Hill mining camp (M. Phillips, United 
Keno Hill Mines, pets. comm. 1995). A detailed 
description of the chmactcristics of most of the 
productive systems was provided by Boyle (1965). 
Ore minerals \Vere deposited in dilational sites 
generated during sinistral displacement along irregu­
lar fracture surfaces and networks) primarily in the 
Keno Hill quartzite. Silver ore minerals arc 
argentiferous galena, argentiferous tetrahedrite 
(freibcrgite)i native silver, polybasite, stcphanite and 
pyrargyrite; galena is the most important lead mineral 
and sphalerite, the most important. zinc mineral. 
Cadmium and gold (1800 t and 100 kg, respectively) 
were also recovered after about 1960. Ore minerals 
are contained in a gangue of manganiferous sidcrite 
and lesser quartz and calcite. Some of the deposits c1re 
oxidized, locally to depths of over 150 m. 

Two stages of mineralized veins or vein-faults 
were recognized in the camp (Boyle, 1965). Early en 
echelon and stochvork quartz-arsenopyrite­
sulphosalt-sphalcrite-chalcopyrite veins formed before 
the main silver-bearing vein-faults. Early veins arc 
similar to veins peripheral to the Tombstone intru­
sions (higher temperature than silver-bearing veins?) 
and locally anomalous in gold. They represent the 
first tapping of hydrothermal fluids as the Keno Hill 
qumtzite undenvent. brittle dilation in response to 
applied stress and initial displacement. Subsequent 
displacement of the quartzite is marked by complete 
failure along major fractures and the development of 
extensive porosity and permeahiliry. The rich Ag-Pb­
Zn mineralization \Vas precipitated during this stage 
and succeeding ruptures. 

Various geochemical and mineralogical criteria 
have been used to suggest that the widely dispersed 
veins of the Elsa-Keno Hill camp formed in different 
parts of a zoned hydrothermal system. Franzen (1986) 
used production metal ratios projected into a cross­
section to suggest that the hydrothermal system was 
zoned from deep structural levels in the east to 
shallow levels in the west and formed by upwelling 
hvdrothermal fluids. Lvnch (1986, 1989a, b) noted 
r~gional variations in ~'ein mineralogy and composi­
tion of t.etrahedrire to show that the deposits are 
zoned from high temperature deposits in the east to 
distal lower temperature deposits in the west. Lynch 
interpreted the zoning pattern in terms of lateral fluid 
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flow seismically pumped m:vay from a heat source 
through zones of enhanced permeability. The pattern 
of zoning is used to support the hypothesis that the 
Mayo Lake Batholith (Roop Lake stock of current 
terminology; 93.0± 0.6 Ma, Roots, 1997) was the heat 
engine driving hydrothermal circulation. 

Both of these interpretations arc fraught with 
uncertaintv. The metal-ratio-depth profiles of Franzen 
(1986) do ~ot support his depth zoning hypothesis. 
~-1etal ratios do not change simply \\.'ith restored 
depth (sec Figures 7 -10 of Franzen, 1986): deposits 
that restore to the shallowest levels, either structural 
or stratigraphic, have similar production met.al ratios 
as those inferred to be at the deepest levels. Similarly, 
when the data are plotted in map view, no pattern is 
apparent. The mineralogical zoning model of Lynch 
( 1986, 1989a, b) is hampered by the unknown ages of 
the veins beyond the mining area and relative age 
control on veins \Vithin the mining camp. 

The best case for a zoned hydrothermal system is 
the continuous systematic change in tetrahedrite 
composition from high Ag/Cu and Fe/Zn in the west, 
to lower values in the east (Lynch, 1989a, h). But are 
these data sufficient to support the conclusion of an 
original laterally zoned, laterally flowing hydrother­
mal svst.em? An alternative explanation is that the 
systc~1 formed before the development of the plunge 
of the :tvfcQucsten Antiforrn and the original zonarion 
was subsequently tilted as the plunge of the antiform 
developed. In such a scenario, the eastward end of the 
camp would have been deeper and more proximal to 
the heat source than the western end, as suggested by 
Franzen (1986). The zoning apparent in Lynch's 
tetrahedrite chemistry would then be a product of 
upward-flowing as well as laterally ounvard-flowing 
fluids. 

Lynch's (1989a, b) implication oi the Roop Lakes 
stock in vein-fault mineralization in the Elsa-Keno 
Hill camp \:vould require a hydrothermal circulation 
svstcm extending over 35 km from the exposed 
~argin of the pl~ton. As Roop Lakes is one of the 
l;irger stocks in the region, perhaps a hydrothermal 
net.work of this magnitude is reasonable. Alterna­
tivclv, the stock might have an apophysis that ex­
tend; closer to the camp, or a completely different 
stock might underlie the camp. Given the somewhat 
tenuous connect.ion between vein-fault mineraliza­
tion and the Tombstone intrusions, it is possible that 
any hidden stock may not even be a Tombstone 
intrusion. Murphy and Heon (1994a) suggested a 
possible (now considered unlikely) relationship 
between the Sunshine Creek breccia zone associated 
with the McQuesten intrusions and Elsa-Keno Hill 
vein-fault mineralization. 
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Skarn and replacement occurrences 
Skarn and calc-silicate hornfels arc developed in 

the region wherever carbonate-bearing rocks have 
felsic intrusions. Carbonate-hearing protoliths occur 
in the Yusczyu Formation (especially in the lower 
part), the Narchilla Formation, and the Gull Lake, 
Rabbitkettle and Steel formations. The Duo Lake 
Formation and Earn Group contain rare limestone. 

Skarn (garnet-pyroxene calc-silicatc hornfels) or 
carbonate replacement occurrences make up about 
5% of the total numher of mineral occurrences in the 
McQuesten River region (Tables 6 and 7 ). Most of 
these occurrences \Vere descrihed and interpreted by 
Emond and Lynch(] 992) and Yukon MINFILE 
(INAC, 1995). Additional sbrns around the Tomb­
stone intrusions \Vere identified 1) in the Rabbit kettle 
Formation south of the Syenite Range stock (Geo­
sciencc t..,fap 1996-1 ); 2) in the carhonate memher of 
the Narchilla Formarion along the soutlw,'estern con­
tact of the Ballard Creek west stock ( Geosciencc Map 
1996-2); 3) in the Rahbitkettle Formation on the 
eastern contact of the Hoho Creek stock (Geoscience 
Map 1996-2); and 4) in Yusezyu Formation carbonate 
west of the small unnamed intrusion west of tbe Bos 
stock (Geosciencc Map 1996-2, Murphy and Heon, 
1994a, h). Prominent gossans occur at the localities 
near the Sycnite Range and Ballard Creek \vest 
stocks, but no mineralization was detected. Anoma­
lous values of Zn, Ph and Ag were obtained from 
sphalerite-bearing c;amples of skarn west of the Bos 
stock (sample 93DM-310b, Appendix 3). Skarn sam-
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plcs around the Tombstone intrusions in the McQues­
ten River region arc usually anomalous in one or 
more of'$/, Au, As and lesser Sn (Emond and Lynch, 
1992; Murphy and Heon, 1994a, b; Appendix 3). Ph, 
Zn, Ag, Bi and Cu are variably anomalous. 

Mineralization associated with the 
McQuesten intrusions 

Far fewer mineral occurrences are known within 
or adjacent to the McQuesten intrusions (Tahle 7). 
Two occurrences lie within intrusinns; others are 
skarn and breccias or veins. The recently discovered 
Cobble (#ll 5P 062) occurrence in the Boulder Creek 
stock includes malachite-stained, fine- to medium­
grained granite cut by fractures coated with quartz, 
calcite and whltc mica. A grab sample of stained and 
fractured granite at this showing is \vcaklv anomalous 
in Au, Ag, Cu, Pb and Zn (sarnr,le 93DH.-19, Appen­
dix 3). A limonitic breccia \Vith quartz and sulfide­
coated fractures in the Sunshine Creek stock (part of 
Bix (Sunshine Creek), #)!SP 0}1, sec below) is 
weakly anomalous in Ag, Cu) Pb, Zn, As, Sb, Mo, Bi 
and Cd (sample 93DH-26d, Appendix 3 ). Skarn 
occurs v,rhere the Vancouver Creek (Lugdush), Sun­
shine Creek (reported m Emond and Lynch (1992), 
but not named) and Boulder Creek (Boulder and 
Oliver) stocks cut calcareous metaclastic rocks and 
marble in the Hyland Group. Mineralized skarns are 
anomalous in W, Sn, Ag, Zn, Cu, and rarely Au. 
Lugdush is classified as a W skarn, and Oliver and 
Boulder, as Sn skarns (Emond and Lynch, 1992). 

Table 7. Mineral occurrences associated with the McOuesten intrusions, McQuesten River region 

Intrusion-hosted 

Occurrence MIN FILE# Map area Intrusion 

Bix 115P031 115P/15 Sunshine Creek stock 

Cobble 115P062 115P/15 Boulder Creek stock 

Skarn 

Occurrence MINFILE # Map area Associated intrusion Host strata Metals 
- ---

Lugdush 115P009 115P/14 Vancouver Creek stock Yusezyu Formation w 
Boulder 115P 024 115P/15 Boulder Creek stock Yusezyu Formation Sn 

Oliver 115P030 115P/15 Boulder Creek stock Yusezyu Formation Sn, Ag, Au 

Vein and breccia - ---

Occurrence MINFILE # Map area Associated Intrusion Anomalous metals 

East Ridge 115P 008 115P/15 Boulder Creek stock Ag, Sn, Pb. Zn, Au 

Lugdush 115P009 115P/15 Vancouver Creek stock Ag, Pb 

Boulder 115P024 115P/15 Boulder Creek stock Ag, Sn, W, Au, Pb, Zn, Sb 

Oliver 115P030 115P/15 Boulder Creek stock Ag, Sn, W, Zn, Cu 

Bix 115P031 115P/15 Sunshine Creek stock Sn, Ag 

Jabberwock 115P051 115P/15 Vancouver Creek stock Ag, Sn 

Veins and breccias of unknown association 

Van 115P063 115P/15 ? Au, Ag, Cu, Pb, Zn, W 

Chance 105M 054 105M/13 ? Sb 
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The Bix (Sunshine Creek, #l!SP 031) and 
Oliver(#) )5P 030) breccias are spatially associated 
with the Sunshine Creek (former) and Boulder Creek 
(former and latter) stocks. At the Bix occurrence, 
q uartz-o rthoclase- tou rma 1 ine-p yr i te-cass i teri t e-
l im on it e-cem en teJ breccias and veins occur within a 
2-km-\vide, northeast-striking corridor of closely 
spaced northeast-striking fracturing and brecciation 
and associated tourmaline alteration and veinlets. 
The breccias contain tin and .silver mineralization 
and are locally anomalous in Sb, Pb, Zn, As, Au, Cu, 
Bi, and W (Emond and Lynch, 1992; INAC, 1995). 
The south\vest\vcud extension of this zone of fractur­
ing encompasses the Tee vein (East Ridge, # 115P 
008) and Boulder (#ll5P 024) vein and breccia 
systems, \vhich have similar silver and tin mineraliza­
tion and polymetallic anomalies. 

The Oliver occurrence lies southeast of the 
1'v1cQuesten River on the southeast side of the Boul­
der Creek stock. Silver-tin mineralization occurs in 
breccias in an cast-northeast-striking, steep south­
dipping fault gouge and breccia zone within and just 
outside the stock's hornfels zone (Emond, 1985; 
Emond and Lynch, 1992). Chlorire is the dominant 
matrix material in silver-tin-bearing breccias, \\'ith 
lesser tourmaline, rutile, biotite, muscovite, sphalc:r­
ite, chalcopyrite, pyrite, pyrrhotite and native silver. 
The chloritc matrix encompasses clasts of metaclastic 
country rock, vein quartz, vein tourmaline, vein 
chlorite, and cassiterite. Breccias cemented by tour­
maline, quartz, biotite, muscovite, kaolinite and 
calcite also occur but are less important in terms of 
their metal content (Figure 94 ). Stockwork veins 
with similar mineralogical characteristics to the brec­
cias are very dense immediately outside the breccia 
zones, but have lower metal values. Country-rock 
alteration is intense within the stockwork zone. 

The Jabberwock (#] [SP 051) occurrence con­
sists of a series of steep mineralized northeast-striking 
fractures locally anomalous in Sn, Ag, Au, Pb, Zn, Bi 
and W. Although equidistant from both Tombstone 
(Big Creek stock) and McQuesten (Vancouver Creek 
stock) intrusions, the silver- and tin~rich nature of 
the mineralization has more in common with the 
McQuesten intrusions. Furthermore, the occurrence 
is on the west side of the fracture array accommodat­
ing about 2 km of displacement along the Josephine 
Creek Fault; restoration of this displacement places 
this showing nearly on strike from the Bix (Sunshine 
Creek) breccia zone associated with the Sunshine 
Creek stock. 

Mineral occurrences of unknown age 
The common north- and northwest-striking 

topographic lineaments in the Sprague Creek map 
area (Figure 4) are locally marked by limonitic, vuggy 
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quartz-cemented breccias. A sample from one breccia, 
the Van occurrence in the \Vestern part of the 
Sprague Creek map area, is anomalous in Au, Ag, As, 
Pb and Zn (sample 93DM-200a, Appendix 3 ). The 
age of these breccias is not known; topographic linea­
ments near the occurrence cut the Boulder Creek and 
Sunshine Creek stocks, indicating that they are 
younger than 65 Ma. 

North-striking topographic lineaments in the 
Seattle Creek map area are marked by west-side down 
normal faults. Gouge locally contains arsenopyrite 
and is anomalous in Au. As previously discussed, it is 
not clear whether gold mineralization in gouge is 
associated \~.rith faulting or is remobilized from earlier 
gold~mineralizc:d west-southwest-striking veins. 
North-striking topographic lineaments cut the 
Schee lite Dome stock and arc therefore younger than 
92 Ma. No spatial or temporal relationship of these 
lineaments to lineaments in the Sprague Creek map 
area is apparent. 

Regional context, geological controls on 
mineralization and implications 

Syngenetic mineralization 
Lmver Paleozoic rocks of Selwyn Basin and 

Devonian rocks of the Earn Group form an extensive 
province for sedimentary exhalative-type syngenetic 
Zn-Pb-Ba (-Ag) massive sulphide mineralization 
(Abbott et al. 1986). Cambrian strata near the 
western transition of Selwyn Basin into Cassiar 
Platform host a cluster of important deposits in the 
Anvil camp. Ordovician rocks host some of the 
showings in the Gataga camp in northeastern British 
Columbia. Silurian strata host the large Howards Pass 
deposit in the eastern part of Sehvyn Basin and 
shmvings in the Gataga camp. Earn Group strata host 
the important Macmillan Pass deposits in eastern 
Yukon, the larger deposits in the Gataga camp, and 
the Clear Lake deposit in central Yukon. Smaller 
massive sulphide and barite shmvings are common 
throughout these strata. 

The largest Sehvyn Basin deposits occur in dark, 
fine-grained, deep hasinal elastic rocks thought to 
have been deposited during attenuation and early 
rifting of the Cordilleran margin (Abbott et al. 1986). 
The Anvil Pb-Zn-Ag deposits (Jennings and jilson, 
1986; Pigage, 1991) occur in a polydeformed succes­
sion of graphitic and calcareous phyllites metamor~ 
phased to amphibolite grade. They are associated 
with a carbonaceous fades straddling the contact 
between the lower Mt. Mye formation (graphitic 
phyllite) and overlying calcareous phyllite of the 
Vangorda formation (Jennings and Jilson, 1986). 
Metabasite occurs throughout the sequence, but has 
been interpreted as feeder dykes to younger Menzie 
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Creek volcanics (Pigage, 1991). The two ore-hosting 
formations correlate with the Gull Lake (Mt. Mye) 
and Rabbitkettle (Vangorda) formations of Sehvyn 
Basin and the Kechika Group of Cassiar Platform 
(Tempelman,Klu1r. 1972; Jennings and Jilson. 1986). 
Although the structural and metamorphic overprint 
obscures primary relationships, in particular the 
presence of a feeder zone, the deposit is thought to 

have formed by synsedimentary precipitation from 
hot metalliferous brines exhaled along basin-forming 
faults into reduced bottom waters during Ivhddlc or 
Late Cambrian rifting (Jennings and Jilson, 1986). 
The Howards Pass deposits are hosted by Early 
Silurian black carbonaceous chert.y mud.stone and 
lesser argillaceous limestone of the Duo Lake Forma­
tion of the Road River Grnup (Gordey and Anderson, 
1993 ). Although direct evidence for active Early 
Silurian rifting is sparse, the deposits are thought to 
have formed in a rift setting similar tL) that of the 
Anvil deposits. Characteristics seemingly unique to 
Hmvards Pass are lack of harite and lmv temperature 
of formation; as \Vith the Anvil camp, a feeder zone 
has yet to be identified (Goodfellow and Jonasson, 
1986). Howards Pass deposits arc thought to have 
formed from lmv-temperature sulphur,poor brines 
emanating into sulphidic bottom waters of a stratified 
water column (Goodfellow and Jonasson, 1986). 

In contrast to the relatively quiescent deep 
marine environments of both the Anvil and Howards 
Pass deposits, deposits hosted by the Earn Group arc 
associated with synsedimentary faults) coarse,grained 
and poorly sorted dehris flmv deposits derived from 
fault scarps, soft-sediment deformation structures, 
rapidly changing sedimentary facies and, locally, 
basaltic volcanism. At Macmillan Pass, according to 
Abbott and Turner ( 1990, p. 99), "Variations in 
thickness, internal stratigraphy, and external 
stratigraphic relations in the Earn Group record a 
complex history of repeated uplift and subsidence that 
indirectly suggest Devonian extension, rifting and 
wrench faulting ... !>, The Tom and Jason deposits are 
thought to have formed from high temperature 
hydrothennal fluids emanating from a vent complex 
developed along an active fault, which also controlled 
local intrusion and extrusion of basaltic magma. 
Basaltic volcanic rocks occur at the Boundary Creek 
deposit and the latest flows are thought to have 
coincided with mineralization (Abbott and Turner) 
1990). With the exception of the local association 
\Vith basaltic volcanic rocks, the Earn,Group-hosted 
deposits in the Gataga district of northeastern British 
Columbia share many of the features of the :tvlacmil­
lan Pass deposits and a similar setting is inferred. 

Except for the Boundary Creek deposit, syn­
genetic deposits of the Earn Group lack an associa, 
tion \Vith volcanic rocks. Another exception is the 

Marg volcanogenic massive sulphide deposit in the 
southeastern part of the Nash Creek map area 
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(#I06D 009). The deposit occurs in complexly folded, 
possibly faulted, and highly strained Keno Hill 
qm1rtzitf' :rnt1 rocks thought to be Earn Group (Turner 
and Abbott, 1990). A locally coarse-grained quartz­
feldspar augen phyllite thought to be felsic metavol­
canic rock occurs near the top of the Earn Group; 
another muscovite-chlorite unit with millimetre-scale 
quartz and feldspar 'eyes' occurs with carbonate in an 
ambiguous, structurally higher position sandwiched 
between bands of Keno Hill quartzite. The Marg 
deposit occurs \Vithin the latter band. Turner and 
Abbott (1990) inferred that the upper meravolcanic 
unit \Vas an infold or thrust repetition of the underly­
ing metavolcanic unit. However, carbonate has yet to 
be found within the lower fe lsic horizon, and the 
upper horizon has heen intermittently observed at the 
same relative position within the Keno Hill quartzite 
southwest of Mt. Hinton in the Keno Hill cmd Seattle 
Creek map areas. These ohservations suggest rhe 
possibility that the Marg horizon is stratigraphically 
part of the Keno Hill quartzite rather rhan the Earn 
Group. 

lf the interpretation that the Earn Group lay in a 
complex hack-arc position behind a magmatic arc on 
the \VCStern edge of North America (Rubin et al. 
1990) is tenable, then volcanic rocks and perhaps 
volcanogenic massive sulphide deposits would be 
expected to he more common in the western part of 
the basin. Alkalic volcanic rocks occur Ill the Pelly 
Mountains where Earn Group strata on lapped Cassiar 
Platform ( Gordey, 1977, 1981; Mortensen, 1979, 
1982) and w1luminous coeval intrusions and volcanic 
rocks occur throughout the pericratonic Yukon­
Tanana terrane (Mortensen, 1992 and references 
therein). Volcanic-hosted massive sulphide minerali­
zation is found in the Pclly Mountain volcanic rocks 
(e.g., MM; INAC, 1995) and throughout the Yukon­
Tanana Terrane of Yukon, British Columbia and 
Alaska (Johnston and Mortensen, 1994; Mortensen, 
1992, Newberry et al. 1997). 

The above considerations have the follmving 
implications for the McQuesten River region: 
1. Regionally, syngenetic massive sulphide deposits 

are associated with Lmver to mid-Paleozoic 
stratigraphic units that occur in the lv1cQuesten 
River region. The Gull Lake and Rabbitketrle 
formations correlate with the Anvil mine 
stratigraphy. The Duo Lake Formation, which 
hosts the Howards Pass deposit, and the Earn 
Group, which hosts numerous deposits in Yukon 
and British Columbia, occur in the McQuesten 
River region. Hence, the region has favourable 
stratigraphy for sedimentary cxhalative-type 
(scdex) deposits. 
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2. As is evident in the foregoing discussion, synsedi­
mentary faults with sufficient displacement to 

form sedimentarv basins and to localize heat flow 
and volcanism a;e kev characteristics of the 
geological set.ting of 1~orthcrn Cordilleran sedex 
deposits (Abbott et al. 1994). In the McQuesten 
River region, the Narchilla and Gull Lake 
formations arc preserved in the down<lropped 
block of the Sprague Creek Fault, which was 
active before the deposition of the Rabbitkettle 
formation. The lower member of the Gull Lake 
Formation is a coarsely fragmented basaltic 
metavolcanic unit. Alt.hough displacement on 
the Sprague Creek Fault cannot be proven to be 
synscdimentary or synvolcanic, perhaps the 
combination of faulting and volcanism indicates 
the sort of setting favorable for sedex deposits. As 
discussed in the previous section, the Sprague 
Creek Fault might have influenced sedimentation 
and syngcnetic mineralization in the Earn Group, 
thus highlighting its potential importance as a 
basin-forming feature. 

3. Basin-forming or -bounding faults are key features 
in genetic models of sedex deposits. In addition 
to the Anvil deposits, numerous small sedex 
deposits occur in the southwestern part of Selwyn 
Basin along or near the transition to Cassiar 
Platform (Abbott et al. 1986), implying that this 
transition is structurnlly controlled and affirming 
its potential to host more deposits of this type. 
The lithological characteristics of some of the 
stratigraphic units in the McQuesten River 
region suggest they were deposited near this 
promising southern or \\.'estern edge of the basin. 
The Rabbit.kettle Formation is a more massive 
and continuous carbonate unit and has a more 
platformal aspect than is described in the Mayo 
map area (Roots, 1997) to the east. The Steel 
Formation is coarser grained and more carhonate­
rich than in its type area and resembles coeval 
units of Cassiar Platform. These stratigraphic 
characteristics combined with the evidence of 
Early to Middle Paleozoic structure presented 
above highlights the potential for sedex deposits 
in the western part of Selwyn Basin. 

4. Because of the occurrence of felsic metavolcanic 
rocks and associated volcanogenic massive 
sulphide mineralization in the Earn Group and 
possibly in the Keno Hill quartzite (Marg), the 
part of the McQuesten River region underlain by 
these rock units should be considered favourable 
for more deposits of this type (Abbott et al. 
1994). 

Mineralization associated with Tombstone 
intrusions 
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In the Tombstone-Tungsten Belt (TTB), 
metaluminous intrusions of the Tombstone suite 
extend from the (type' area in the Tombstone Ri vcr 
region east of Da\vson City, Yukon, as far east as the 
O'Grady Batholith in the \vestern Northv,,1est Territo­
ries (Gordey and Anderson, 1993 ). Before displace­
ment on the Tintina Fault1 the belt extended south­
westward from the Tomhstone River region; its offset 
continuation is the belt of mid-Cretaceous intrusions 
in cast-central Alaska, extending southwest from the 
Tintina Fault at least as far southwest as the Fairbanks 
district (Newberry, McCoy ct al. 1995; McCoy et al. 
1997). The eastern end of the TTB, trending sourh 
and east from the O'Grady Batholith to around 
Tungsten, NWT, is dominated by the peraluminous 
Tungsten intrusions. 

The Tombstone intrusions within the TTB 
exhibit a diversity of styles of intrusion-hosted 
mineralization. At the type locality of the Tombstone 
intrusions in the Tombstone Mountains east of 
Dawson City, composite, predominantly syenitic 
stocks host uranium mineralization in diverse settings: 
1) disseminated in a feldspathoidal syenite (tinguaite; 
vvith fluorite, molybdenite, galena, sphaleritc and 
dark brown, Fe-rich biotite, (Anderson, 1988)); 2) in 
shear zones in the tinguaite (Olade and Gnodfellow, 
1978), and in veins cross-cutting the tinguaite and 
probably associated \Vith the subsequent intrusion of 
the 'younger' sphene- and fluorite~bearing alkali 
feldspar syenitc (Anderson, 1987). Miarolitic cavities 
with arscnopyrite and chalcopyrite occur in syenite 
near the contact with the tinguaite (Tempelman­
Kluit, 1969; Anderson, 1987) and narrow Au- and 
Ag-bearing quartz± arsenopyritc, pyrite, chalcopyrite, 
sulphosalt veins cut the syenite adjacent to the 
tinguaite (Tombstone #l16B 151, INAC, 1995). 
Scheelite is locally disseminated in late monzonite; 
minor fluorite, molybdenite and chalcopyrite occur in 
late trachyte dykes; and pyrite and chalcopyrite occur 
in late oxidized shear zones (Anderson, 1988). 

Most of the gold mineralization at Brewery 
Creek (#ll6B 160, 18.2 Mt at 1.55 g/t, Diment, 
1996), 76 km east of Dawson City, is hosted by 
altered and fractured high-level Tombstone intrusions 
(ahout 91.5 Ma, J. Mortensen, pers. comm. 1995; 
Diment, 1996). Intrusions occur as gently dipping, 
sill-like bodies, less commonly as more steeply dip­
ping bodies along steep shear zones, and as larger 
stocks. The highest gold grades occur in fine-grained 
pyrite and arsenopyrite with quartz in highly fractured 
and phyllically altered intrusive rocks. Intrusion and 
mineralization are thought to be controlled by thrust 
faults and kinematically related steep, possibly 
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wrench, faults (T. Bremner, unpublished mapping; 
Diment, 1996). 

The syn~intrusive nature of gold mineralization is 
possibly most clearly expressed in the syenitic Erner~ 
aid Lake stock in the N iddcry Lake mar area near rhe 
eastern end of the TTB (Smit, 1984; Smit et al. 
1985). Au·Ag-Bi-Te-W-Mo mineralization occurs in 
miarolitic cavities as well as in sheeted veins. Cavities 
are decimctre,scale to mctre,scale and appear to pass 
laterally upv.iard into sheeted veins (J. Mortensen1 

pers. comm. 1995). 
Tomhstone~intrusion~hustcd gold deposits arc 

currently being developed at Dublin Gulch (otl06D 
025; Hitchins and Orssich, 1996; Smit et al. 1996) 
and mined at Fort Knox, Alaska (Bakke, 1996). 
Dublin Gulch, just north of the Mt. Haldane map 
area, is a large, low-grade gold deposit ( inferred and 
potential resource of98.6 Mt at 1.19 g/t Au, Smit ct 
al. 1996) currently under development. At Dublin 
Gulch, golJ~bcaring veins consist of milky ·white to 
grey quartz ,vith uhiquitous sericite and potassium 
feldspar and less commonly schcclite as accessories. 
The veins are sheeted, striking from 065° to 080° and 
dipping steerly to the southeast, and are not clustered 
in distinct shear zones. Gold mineralization at Fort 
Knox (158.3 Mt at 0.83 g/t Au, Bakke, 1996) is 
hosted in three different types of quartz veins: 
pegmatitic quartz± potassium feldspar1 biotite and 
hornblende veins that pass upward and out.ward into 
grey quartz veins; milky whire stockwork veins; and 
granulated v,.,hite qumtz veins in shear zones. 
Pegmatitic and grey quartz veins are east~\vest~striking 
and vertical to steeply south~dipping. :tv1ilky white 
veins are predominantly east~v,,rcst,striking with no 
consistent dip pattern. Normal~displaccmenr quartz­
filled shear zones strike northwest~southeast and have 
moderate southwest dips. At both Dublin Gulch and 
Fort Knox, accessory sulphides occur in only a small 
percentage of the veins. \V~Au skarns are found at 
both Dublin Gulch and Fort Knox. 

The intrusion~hosted occurrences in the 
McQuesten River region are most similar to the 
Dublin Gulch-Fort Knox deposits. Host intrusions 
are similar in age (Fort Knox: 92. 5 ± 0.5 Ma, J. K. 
Mortensen, pers. comm. 1994; Dublin Gulch: 92.8 ± 
0.5 1vb, see under lnrrusive Rocks), texture ( weakly 
to strongly porphyritic, medium~ to fine~grained) and 
composition (biotite± hornblende granite, 
granodiorite, quartz monzonite) to tbe }..,kQucsten 
River region intrusions. lntrusion~hosted sheeted vein 
systems of the McQuestcn River region resemble 
those of Dublin Gulch and Fort Knox in style and 
orientation. Hmvever, sulphide~poor vein systems arc 
uncommon. 

lntrusion~related occurrences peripheral to the 
Tombstone intrusions throughout the remainder of 
the TTB comprise many of the same type of occur~ 
rences as found in the study area, including skarns 
and replacements anJ vein~ anJ breccias. Sume 
variants on these types of occurrences are as follows 
(summarized from INAC, 1995): 
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The Peso and Rex (# 1060 021) vein-fault 
sysrems, located about 2.5 km \vcst-soudw,,'est of the 
Dublin Gulch stock in the southwestern part of the 
::,..Jash Creek map area (1060), consist of sheared and 
oxidized Ag-, Ph-, Sb- and locally Au-bearing quartz­
siderite~pyrite,jamesonite~arsenopyrite-galcna, 
tetrabedrite veins. Tbe veins arc northeast~trending, 
southeast~dipping, similar to the orientation of 
intrusion-hosted veins in the Dublin Gulch stock. 
Proven and probable reserves total 139 400 t grading 
716 g/t Ag and 3.7% Pb. Gold is erratically distrib­
uted in these veins and in other veins closer to the 
Dublin Gulch stock (INAC, 1995; Hitchins and 
Orssich, 1996 ). 

At Brewery Creek, in addition to that hosted by 
intrusions, about l SCJ-f) of the gold mineralization 
occurs in sedimentary host rocks (Diment, 1996). 
Mineralization in the Blue, Pacific and Moosehead 
zones is hosted by brecciated, silica-flooded and 
veined sandstone, sbale and greywacke of the Earn 
Group. Dolomitic siltstone of the Steel Formation is 
locally silicified, with modest gold grades (Poulsen, 
1996). Gold mineralization is marked hy anomalous 
As and Sb. 

As in the fvkQuesten River region, several small 
Cretaceous stocks north, east and northeast of 
Brewery Creek and their hornfels zones are cut by 
east-striking gold-, silver-, and copper-hearing, quartz­
arsenopyrite ± carbonate, pyrrhotite, chalcopyrite, 
pyrite veins, breccias and vein-faults (Ida, #ll6A 
027; Aussie, otl16A 031; Bear, #l l6A OTl; Index, 
otl 16B 001; O'Brien, otl 16B 094; Hamilton otl 16A 
012 and Philp,#) 16A 021). West-northwest-striking 
silver,, lead~, and zinc~bear~ing quartz~carbonate, 
pyrite~pyrrhntitP~arsenopyrite-galena~sphaleritc~ 
jamesonite~chalcopyrite veins and gold~bearing 
quartz~sulphide lenses in a silicified and carbonatized 
shear zone occur at Rimrock (#l l6A 013). 

The Neve (1ccurrence in the Niddery Lake map 
area (sel050 032) shows some similarity to Brewery 
Creek. Here, gold, silver and antimony mineraliza~ 
tion occurs in quartz~realgar-stibnite ± pyrite veins in 
a quartz~porphyry dyke cutting shale and siltstone of 
the Earn Group. Other mineralization on the prop~ 
erty is in fractured and bleached carbonaceous shale 
and clay-altered, silicified, sericitizcd, and bleached 
zones associated with faults cutting both the Earn 
Group and porphyritic quartz monzonite. 
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At the Ida occurrence (#J [6A 027; INAC, 1995; 
Poulsen et al. 1997), silicified and bleached rocks of 
the Road River Group near a Cretaceous stock, host 
disseminated gold. The best gold grades correlate with 
the highest degree of silicification and Sb and Hg 
anomalies. 

At the Marn occurrence in the southern Ogilvie 
Mountains (#I l6B 147; INAC, 1995), Cu-Au-Ag-Bi 
skam mineralization is developed. The skarn deposit 
occurs beneath sills along the north side of the Mt. 
Brenner monzonite stock where it is in contact with 
limestone of the Permian Takhandit Formation 
(Tempelman-Kluit, 1981). Massive sulphides con­
tained \Vi thin a 30-m-thick band of pyroxene shun 
consist primarily of pyrrhotite and chalcopyrite with 
lesser sphalcrite, arsenopyrite, pyrite and trace 
cubanite and pentlandite. Veinlets of clectrum, 
native bismuth, bismuthinite, bismuth telluride and 
silver minerals cut the sulphides. Drilling has outlined 
275 000 to 330 000 t grading 8.6 g/t Au, 1 % Cu, 
0.1 % Wand 17 g/t Ag (INAC, 1995). 

Although late quartz and quartzAourmaline veins 
are described from several Tungsten intrusions, no 
significant intrusion-hosted mineralization has been 
reported. Tungsten intrusions are, however, associated 
with W-Cu (Mo, Zn) skarns, forming the Selwyn 
Tungsten Belt of Cathro (1969). World-class W Jepo· 
sits occur at Cantung and !'vlactung ,vhere peralumi­
nous Tungsten intrusions intersect Cambrian-lime­
stone-bearing units. 

Geological controls on mineralization associated 
with Tombstone intrusions 

Newberry et al. (1990), Newberry and Solie 
(1995), Newberry, Layer et al. (1995), Newberry, 
McCoy ct al. (1995) and McCoy et al. (1997) re· 
cently summarized and synthesized voluminous data 
from Alaskan gold deposits mostly hosted by or 
related to mid-Cretaceous intrusions thought to be 
the offset extension of the Tombstone-Tungsten Belt. 
Data from Ar40-Ar39 geochronological, petrographic, 
geochemical, stable isotopic, and fluid inclusion 
analyses \Vere used to show that gold-bearing intru­
sions are mostly 89-93 Ma, commonly ilmenite series, 
alkalic to calc-alkalic, porphyritic granite, grano­
diorite and quartz monzonite ·with lmv primary iron 
oxide and I-type trace element and lead isotopic 
signatures. Although strongly radiogenic and likely 
highly contaminated by old continental crust, melts 
have subduction-related geochemistry. Gold is 
thought to have heen transported in bisulfide com­
plexes in CO,-rich fluids fractionated from the most 
differentiated- magmas. Temperature anJ pressure 
estimates from fluid inclusion studies suggest intru­
sion and mineralization at 0.5 to 1.5 kb. 
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Gold-associated Tombstone intrusions in the 
McQuesten River region and throughout the TTB in 
Yukon share many of the characteristics described 
above, highlighting the importance of petrogenetic 
considerations in fonning of mineralizing fluids. 
Another primary control is structural. With the 
exception of skarn deposits, most gold-bearing 
intrusion-hosted and country-rock-hosted vein 
systems in Yukon hover around cast-west strikes, 
parallel to the regional east-west strike of the Tomb­
stone intrusions within the TTB, implying the 
influence of a regional structural control. Mineraliza­
tion is hosted by primarily dilational features (veins) 
and the steep, sharp contacts, lack of inclusions, lack 
of doming, lack of deformation of the intrusions all 
imply that they filled space created in a broadly 
extensional realm. There is little evidence of dis­
placement parallel to the boundaries of the belt. 
Perhaps both the intrusions and associated minerali­
zation are a manifestation of dilation over re-acti­
vated, pre-existing basement structures. 

The kinematics of the Elsa-Keno Hill vein-faults 
imply a different dynamic regime during their forma­
tion than would produce dilation in the TTB. Sinis­
tral (with minor normal) displacement of the north­
east-striking, steep southeast-dipping vein faults 
implies a north-trending 1 moderately north-plunging 
principal compressive stress, which is nearly perpen­
dicular to the orientation of the compressive stress 
necessary to open up the east-west-striking cracks of 
the intrusion-related systems. Perhaps, as suggested 
earlier, the Elsa-Keno Hill vein-faults reflect changes 
in the kinematic regime of the fold-and-thrust belt 
during the cooling of the Tombstone intrusions. 

The importance of structural controls is espe­
cially evident at the scale of the Elsa-Keno Hill camp. 
The interpretation of the various structures of the 
Elsa-Keno Hill vein-fault system presented in Struc­
tural Geology provides a basis for explaining what is 
known about the distribution of gold in the Keno Hill 
camp. In the context of the evolution of faults or 
brittle-ductile sh.ear :ones (e.g., Ramsay and Huber, 
1987), the early en echelon and stockwork vein arrays 
represent the nucleation and propagation of a brittle­
ductile shear zone before concentration of displace­
ment on the main fault break. Furthermore, as faults 
generally lose displacement in the direction of 
displacement, the main vein-faults would be expected 
to pass laterally into a brittle-ductile shear zone 
occupied primarily by the low-displacement structures 
;1ssociated \Vith the nucleation and propagation of the 
fault, i.e. en echelon and stockwork vein arrays. As 
displacement decreases laterally on one fault, compat­
ibility with neighbouring regionti would be main­
tained by transfer of displacement to other parallel 
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structures via extensional or compressional transfer 
zones. In extensional transfer Zlmes, permeability 
could be very high as much nf the displacement c::m 
be accommoJated there. Hence, as the early 
stockworks and en echelon arrays in the camp arc 
gold-beming quartz-arsenopyri te-sulphosalt veins, in 
this model, Ag-Ph-Zn vein-faults should pass laterally 
into areas with a potential for concentrations of gold. 
Second, latera 1 transfer zones, because they have 
accommodated much of the displacement history in a 
relatively small area, would shmv the full suite of 
mineralization and might also be areas of concen­
trated gold mincralizatinn. Both of these implications 
are reflected to a certain extent in ,.vhat is knmvn 
about the distribution of gold in the camp. High gold 
grades have been reporte1.1 from Silver King cmd 
Husky SV/./ at the western end Li the knmvn camp. At 
the Silver King concentrations of gold and silver 
occur at the intersections of hangingwall and foon:vall 
'breaks' (M. Phillips, pets. comm. 1995), which in 
this interpretation represent the precursor en echelon 
arrays that formed before the breakthrough of the 
main vein-fault. Gold has also been reported frorn the 
mines developed on the :'Jo. 9 transverse vein array 
connecting the :tvfain Fault-Nabob and No. 6 longitu­
dinal vein-faults (INAC, 1995). 
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Another controlling factor in the formation of 
gold deposits peripheral to the Tombstone intrusions 
is favourable stratigraphy for the formation of skarn 
and carbonate replacement deposits. It \Vas pointed 
out earlier that Glfhonale-bearlng stratigraphy con­
ducive to the formation of skarn deposits occurs 
throughout the stratigraphic column in the 0vkQucs­
tcn River region. In addition, Poulsen(] 996) -
using a broad definition of Carlin-type deposits as 
''irregular bodies of disseminate1J pyrite and micron­
sized gold particles in 1.le-cakified sedimentary rocks 
that were once carbonate-bearing" and an intrusion­
related model of ore genesis - has pointed out the 
potential for Carlin~type deposits in the miogeoclinal 
portion of the northern Cordillera where overprinted 
by Cretaceous granitic intrusions. Poulsen notes many 
striking similmiries in stratigraphic units, structure 
and structural evolution and intrusive rocks of the 
\Vestern portion df the Tomhstone~ Tungsten Belt and 
the Carlin district nf Nevada and points to parts of 
the Brewery Creek deposit as 'Carlin-like'. Other 
deposits with Carlin-like characteristics are Ida and 
Neve (H. Poulsen, pers. comm. 1995). 



Geological Evolution of the 
McQuesten River Region 

New geological data collected during the course 
of this study suggest that the hedrock geology of the 
region evolved through the following stages: 
1. Deposition of UJJper Proterozoic through Det•onian 

gritty quartzose elastic rocks, carbonate rocks, dark 
shale , chert, and uncommon mafic ·volcanic rocks 
during the Schvyn Basin phase of evolution of 
the northern Cordilleran continental margin. 
Intermittent periods of normal faulting) uplift and 
erosion during this phase of the continental mar~ 
gin are indicated hy stratigraphic relationships in 
the McQucsten River region. :tv1afic volcanic 
rocks in the Cambrian part of the sequence 
suggest that vigorous extension and local rifting 
might have been a characteristic of that time. 

2. Regional uplift, erosion and deposition of dark shale, 
coarse-grained elastic rocks and, locally, barite and 
meta volcanic rocks of the Earn Group. The con­
tinental margin's Sehvyn Basin phase of evolu~ 
tion came to a close in rv1iddlc ( ?) Devonian time 
\Vith regional uplift, gentle warping and erosion, 
follovved by subsidence of the continental margin 
and an eastward transgression of basinal marine 
facies. This transition is manifested in the 
McQuesten River region by the sub-Earn Group 
unconformity, deposition of chert~pehhle con~ 
glomeratc and barite and the local extrusion of 
felsic metavolcanic rocks and formation of 
massive sulphide deposits. The tectonics of the 
region at this time probably reflected its location 
in a broadly foreland setting with respect to the 
Ellesmerian orogeny to the north and a broadly 
back arc setting \virh respect to magmatism 
occurring in pericratonic terranes to the \vest. 

3. Deposition of Mississippian Keno Hill quartzite. The 
Mississippian Keno Hill quartzite is the only 
record of this time in the ~vkQuesten River 
region, comprising primarily quartz-rich elastic 
rocks intercalated \Vith carbonaceous shale and a 
small amount of carbonate and felsic metavol~ 
canic rock. Intense Mesozoic deformation in the 
region precludes any rigorous assessment of its 
depositional environment. The Upper Paleozoic 
record else,:vhere in the Sehvyn Basin region is 
fragmentary. Post-Earn Group deposits occur 
sporadically throughout the region and are 
inferred to represent a return to relativelv stable 
continental margin sedimentation after the 
Devonian instability as represented hy the Earn 
Group (Gordey and Anderson, 1993). 

4. Intrusion of late Middle Triassic mafic silk A volu­
minous amount of Middle Triassic mafic magma 
intmded rocks of the Tombstone Thrust sheet 
between the Klondike River region and the 

85 

western part of the Lansing map area and part 
of the Da\vson Thrust sheet in the southern part 
of the Nash Creek map area. Triassic mafic 
magmatism in rocks of ancestral .North American 
affinity is unique to this part of the northern Cor~ 
<lilleran miogeocline (Mortensen and Thompson, 
1990). Nearby coeval sedimentary rocks arc 
variably carbonaceous and calcareous siltstone, 
sandstone and limestone, apparently reflecting 
quicti shallow~marine shelf deposition. 

5. Jura-Cretaceous deformation of the western part of 
Selwyn Basin. At some point in the Jurassic or 
Early Cretaceous, deformation of the western part 
of Schvyn Basin started, first by shortening 
accommodated hy south-vergent folding, then by 
Jura-Cretaceous displacement, direction un­
known, along the Robert Service Thrust, then hv 
complex Early Cretaceous displacement along the 
Tombstone Thn1st and Strain Zone. The Tomb, 
st.one displacement included hanging wall dis, 
placement initially to the north~northeast, sub~ 
sequent main phase displacement to the north­
\VCSt and final displacement to the north~north, 
east. Subsequent deformation of the area was 
relatively minor \\/arping. 

6. Mid,Cretaceous intrusion of Tombstcmc-TunRsten 
Belt. At around 92 1'1a, an extensive, comPosi­
tionally diverse episode of magmatism occurred 
in the Sehvyn Basin region and equivalent 
regions in Alaska across the Tintina Fault. 
lv1etaluminous, felsic to intermediate, calcic, 
calc-alkalic and alkalic plutons of the Tombstone 
suite intruded in an east~\vest belt across the 
western part of Selwvn Basin. These intrusions 
have geochemical characteristics that indicate 
mixing of crustal and mantle sources. Thcv are 
associated \Vith most of the gold-bearing cW-As~ 
Sb~Bi~Cu~Te) mineral occurrences in the region 
and have been suggested as the source for th-e rich 
silver lodes of the Elsa-Keno Hill camp. The 
tectonic setting of magmatism is difficult to 
characterize uniquely, but intrusion of the Tomb­
stone suite is broadly synkinematic with respect 
to shortening of the continental margin and 
might represent a mixture of mantle-derived (arc) 
sensu stricto) magmas and crustally derived melts 
induced by structural thickening. 

7. Late Cretaceous intrusion of the McQuesten Intru­
sions. At around 65 Ma, granitic melts again in­
truded the western part of Selwyn Basin. The 
McQuesten intrusions include (so far) five plu, 
tons in a short northeast-striking bdt centred on 
the McQuesten River. McQuesten intrusions are 
metallogenically distinct from Tombstone intru­
sions, being associated with northeast,striking 
silver~tin~bearing breccia zones. The tectonic 
setting of lvkQuesten magmatism is unclear. 
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A~~endix 1. Whole-rock QeQQhemical anall:'.ses Qf unfoliated intrusiQOS in the MQQuesten Biver regiQn 

TOMBSTONE INTRUSIONS (92±2 Ma) 
B1g Creek Barney Josephine Rhosgobel Lost Horses Quartz Syenite Sprague Cr. 

92DH-47 92DH-173 92J11-2 92DM-36 94DM-270 92DM-176 92DM-185 92DM-200 93DM-41a 

Si02 66.50 58.70 58.00 72.20 65.15 58.30 67.10 66.20 65.33 

Ti02 0.49 0.88 0.86 0.24 0.53 0.64 0.38 0.35 0.49 

Al203 16.10 15.50 15.80 14.50 14.98 14.80 14.90 16.00 15.45 

FeO* 3.96 7 56 7.55 2.13 4.59 5.70 2.68 3.27 3.40 

MgO 1.43 3.63 3.60 0.64 1.50 1.92 0.92 0.69 1.15 

MnO 0.07 0.14 0.14 0.05 0.11 0.11 0.09 0.10 0.06 

CaO 3.80 6.34 6.44 2.73 3.86 4.12 2.39 0.98 3.23 

Na20 2.57 1.98 2.14 2.15 2.60 1.94 3.12 2.48 3.12 

K20 3.83 3.23 3.40 5.57 5.18 7.58 5.92 7.27 5.90 

P205 0.17 0.25 0.27 0.11 0.21 0.30 0.17 0.14 0.19 

LOI 0.75 1.60 0.90 1.10 0.79 3.90 2.15 2.35 2.05 

Total 99.67 99.81 99.10 101.42 98.71 99.31 99.82 99.83 100.37 

Trace elements (ppm) 
Ag 0.55 0.55 0.64 0.58 0.50 4.29 2.81 3.03 0.96 

Ba 2714.30 2225.65 2183.49 2094.90 1540.50 2888.54 1547.43 2096.67 1763.57 

Be 4.04 1.94 0.65 3.32 5.50 5.93 5.86 7.81 5.27 

Bi 0.05 0.16 0.17 0.29 0.36 0.56 0.12 2.92 

Co 5.64 14.97 14.67 255 6.90 9.83 4.37 3.92 5.87 

Cr 20749 200.06 211.92 173.82 33.00 138.26 163.63 122.14 32.34 

Cs 11.32 13.04 10.97 4.35 11.00 11.72 6.33 9.57 26.65 

Cu 4.59 16.09 14.79 23.53 1.50 13.99 23.69 5.46 19.45 

F 1400.00 

Hf 2.07 1.02 1.53 2.42 5.40 8.92 4.84 7.28 5.78 

Li 71.23 25.71 32.52 25.66 59.38 22.08 46.47 68.53 

Mo 5.22 3.19 3.37 5.20 2.00 3.28 6.02 5.33 1.64 

Nb 17.35 14.43 15.15 20.64 23.00 24.82 23.45 22.93 27.69 

Ni 5.27 8.53 6.35 3.23 5.00 11.07 6.54 7.40 8.18 
p 709.58 963.96 1151.43 445.30 1259.45 644.08 517.35 562.97 

Pb 36.62 31.46 33.66 19.73 64.00 39.91 49.59 28.88 48.42 

Rb 147.29 119.94 125.57 136.77 247.00 261.82 249.19 260.43 224.15 

Sb 0.34 2.64 2.26 0.43 1.00 1.06 0.95 3.62 3.68 

Sc 8.57 23.14 24.07 4.94 9.00 11.85 5.46 6.34 6.40 

Sn 2.28 2.29 2.59 1.73 5.00 4.25 3.69 2.46 7.84 

Sr 571.53 536.93 610.41 561.88 629.90 970.88 807.94 826.26 785.07 

Ta 1.09 0.93 0.96 1.40 2.00 1.43 1.26 1.33 1.70 

Th 21.04 15.28 16.92 17.70 18.70 32.06 21.93 38.62 26.33 

Ti 2978.14 5104.31 5294.08 1558.82 3762.67 2187.29 2060.65 2303.99 

Tl 1.38 103 1.12 0.81 2.30 3.02 2.03 2.40 2.42 

u 3.80 5.23 5.55 6.96 8.20 8.79 10.19 8.43 10.89 

V 37.52 134.92 137.29 16.88 53.00 96.29 42.88 37.10 50.79 

w 0.72 2.27 3.15 1.07 1.53 3.28 727 7.57 
y 13.76 21.23 23.44 13.63 21.70 30.00 16.53 27.92 17.30 

Zn 84.99 109.27 117.58 41.85 76.90 47.41 54.21 72.54 49.24 

Zr 56.26 23.85 41.72 60.92 181.90 325.28 159.28 240.30 188.42 

La 53.05 38.64 44.06 37.25 50.80 84.94 45.33 93.42 59.94 

Ce 100.05 77.35 88.27 71.73 93.20 169.61 86.53 168.36 114.32 

Pr 11.60 9.46 10.74 8.24 9.40 20.11 9.79 19.39 12.84 

Nd 36.12 32.45 36.16 26.93 35.00 65.88 32.11 60.20 40.74 

Sm 6.15 6.45 7.17 5.05 6.00 12.37 5.78 10 58 7.17 

Eu 1.46 1.48 1.56 1.39 1.77 2.90 1.43 2.46 1.84 

Gd 4.96 6.05 6.53 4.23 5.60 10.32 4.80 8.67 6.04 

Tb 0.56 0.77 0.82 0.52 0.80 1.25 0.58 1 06 0.72 

Dy 2.95 4.56 4.88 2.94 3.80 6.90 3.33 6.00 3.86 

Ho 0.51 0.86 0.91 0.50 0.78 1.15 0.60 1.06 0.66 

Er 1.43 2.37 2.56 1.39 2.20 3.05 1.74 2.89 1.80 

Tm 0.20 0.33 0.36 0.20 0.30 0.41 0.26 0.40 0.27 

Yb 1.13 2.05 2.19 1.34 1.50 2.56 1.74 2.57 1.59 

Lu 0.17 0.31 0.34 0.19 0.30 0.40 0.27 0.39 0.24 

Notes: 92 samples: majors and minors analyzed by XRF at X-ray Assay Labs, Toronto, Ontario: 
traces by ICP-MS at the University of Saskatchewan. 93 samples: majors and minors analyzed by XRF 
at Activation Labs, Ancaster, Ontario; traces by JCP-MS at the University of Saskatchewan. 
94 samples: majors and minors analyzed by XRF; traces by ICP-MS, all at Activation Labs, Ancaster, Ontario 
FeO*, total iron; -, not analyzed; <, not detected. 



81:u1endix 1. WhQle-rQQ~ geQchemicill ilnill:,ses Qf 1mfQliilled intrusiQns in tbe McQuesten River regiQn 
TOMBSTONE INTRUSIONS (92±2 Ma) 

Sprague Cr. Red ML Hobo Creek Bos stock Black Hill Minton r. Scheelite D. 

93DM-42a 93DM-47a 93DM-98/99 93DM-151 93DM-298 93DM-306f 94DM-169 94DM-192 94DM-240 

Si02 69.25 61.19 64.03 65.03 66.33 73.72 65.33 66.79 65.76 

Ti02 0.33 0.52 0.62 0.48 0.51 0.19 0.57 0.58 0.56 

Al203 15.30 14.85 15.00 15.29 1583 13.33 15.25 15.06 15.32 

FeO* 250 5.58 5.36 3.74 4.42 1.08 4.64 4.49 4.42 

MgO 0.67 2.76 2.00 1.69 1.74 0.52 :2.34 UJ~ 1.94 

MnO 0.06 0.11 0.16 0.07 0.07 0.01 0.07 0.08 0.08 

CaO 2.05 4.09 3.89 3.34 4.08 1.47 3.59 3.97 3.91 

Na20 3.41 2.37 2.83 2.79 2.52 1.95 2.41 2.42 2.48 

K20 5.50 4.20 4.21 4.63 4.16 5.98 4.19 3.83 4.78 

P205 0.13 0.25 0.20 0.19 0.20 0.06 0.18 0.18 0.25 

LOI 1.78 3.69 0.74 1.59 0.90 0.60 2.20 1.28 1.18 

Total 100.98 99.61 99.04 98.84 100.76 98.91 100.77 100.60 99.50 

Trace elem 
Ag 0.71 0.96 0.53 0.39 0.25 0.23 0.30 < 0.50 

Ba 1376.15 1813.98 2566.33 2594.56 2270.52 1410.08 1680.20 2341.90 2053.60 

Be 7.11 4.92 3.38 4.61 3.65 1.93 2.00 4.00 4.00 

Bi 51.06 048 0.18 0.25 0.09 0.06 

Co 2.62 10.59 6.28 6.61 5.60 1.73 10.80 5.90 6.60 

Cr 21.97 133.16 67.05 59.23 59.54 17.53 89.00 141.00 74.00 

Cs 14.75 5.39 10.36 9.16 13.01 5.32 4.00 13.00 14.00 

Cu 15.72 10.59 20.14 8.44 2.84 3.72 5.50 1.90 2 50 

F 1300.00 720.00 1200.00 

Hf 4.42 3.68 2.25 2.92 2.10 2.25 5.30 5.80 5.80 

Li 71.95 58.87 55.56 56.40 47.24 20.74 

Mo 3.10 0.62 0.96 0.44 0.20 0.24 9.90 2.70 1.60 

Nb 25.31 16.59 19.39 21.20 19.05 7.50 17.00 17.00 16.00 

Ni 4.90 10.70 15.26 12.89 7.28 6.17 14.00 26600 6.00 
p 383.20 742.47 562.20 672.75 556.50 211.00 

Pb 47.29 76.02 59.94 48.68 27.04 49.47 38.00 52.00 38.00 

Rb 282.08 164.32 15533 210.40 184.88 185.07 126.00 184.00 210.00 

Sb 2.50 3.01 2.06 2.54 0.61 0.27 5.00 < 1.00 

Sc 4.24 13.56 10.00 9.58 12.76 5.67 9.00 12.60 12.00 

Sn 8.25 1.86 2.02 2.88 4.13 3.17 1.00 2.00 3.00 

Sr 604.62 599.20 714.77 774.00 644.57 257.87 478.00 596.30 648.00 

Ta 1.54 1.23 1.22 1.61 1 .14 0.70 1.00 1.00 1.00 

Th 26.63 16.62 17.79 28.64 19.95 20.20 21.80 15.50 18.00 

Ti 1545.17 2653.57 2268.78 2553.92 2238.40 962.41 

Tl 3.00 1.56 1.51 1.91 1.53 1.33 1.10 2.20 

u 10.13 5.57 4.22 8.21 6.02 3.99 7.40 7.50 7.90 

V 29.07 88.17 58.93 52.43 69.39 17.16 50.00 54.30 67.00 

w 17.75 4.68 3.05 6.11 11.67 < 
y 14.76 20.54 15.83 17.87 18.55 14.96 16.80 23.30 22.20 

Zn 37.64 120.07 127.22 79.83 70.10 15.50 67.60 102.90 65.60 

Zr 135.20 119.12 69.45 76.59 52.67 55.74 169.90 199.70 187.80 

La 51.15 42.54 45.93 63.05 45.24 33.87 51.20 48.10 47.40 

Ce 98.40 84.55 87.99 126.49 90.84 68.67 87.90 88.10 83.60 

Pr 10.86 9.91 9.91 13.60 10.23 7.87 8.90 9.60 9.20 

Nd 34.16 32.06 31.12 41.81 33.44 24.36 33.60 34.70 35.70 

Sm 6.07 6.03 5.56 7.34 6.57 4.38 5.40 6.40 6.40 

Eu 1.38 1.50 1.58 1.66 1.63 0.90 1.42 2 01 1 99 

Gd 4.96 5.63 4.54 5.67 5.32 3.42 4.20 5.60 5 50 

Tb 0.59 0.69 0.59 0.67 0.66 0.44 0.60 0.80 0 70 

Dy 3.31 4.17 3.30 3.77 3.82 2.88 3.10 390 4 00 

Ho 0.56 0.76 0.62 0.71 0.68 0.56 0.62 0.76 0 76 

Er 1.53 2.15 1.66 1.89 1.91 1.71 1.60 2.20 2 10 

Tm 0.21 0.33 0.24 0.26 0.29 0.26 0.30 0.30 Cl 40 

Yb 1.44 2.08 1.54 1.76 1.77 1.77 1.40 2 10 I 60 

Lu 0.21 0.31 0.23 0.26 0.25 0.27 0.21 0.30 0.30 



Appendix 1. Whole-rock geochemical analyses of unfoliated intrusions in the McQuesten River region 
TOMBSTONE INTRUSIONS (92±2 Ma) 

Miscellaneous dykes 
92DM-6 92DM-22 92DM-77 93DM-9 930M-13a 93DM-115a 93DM-302 94DM-120 

Si02 64.10 72.20 65.70 62.38 54.87 62.80 60.61 61.15 
Ti02 0.508 0.341 0.47 0.29 0.74 0.62 0.57 0.64 
Al203 15.70 14.30 15. "IQ 14.25 14.71 15.00 14.23 14.75 
FeO* 3.98 2.36 4.42 5.29 7.10 5.09 5.29 5.58 
MgO 1.4 7 0.47 1.56 3.25 3.16 2.09 2.89 3.52 
MnO 0.08 0.07 0.13 0.09 0.13 0.12 0.10 0.10 

CaO 3.0 1.34 3.53 3.65 5.06 3.03 4.10 5.03 
Na20 3.16 3.32 2.87 2.00 1.74 2.06 2.18 1.88 

K20 3.58 5.07 5.20 4.51 7.05 5.75 5.28 3.45 

P205 0.16 0.16 0.20 029 0.43 0.35 0.31 0.19 

LOI 3.70 0.55 0.85 4.25 5.13 3.11 4.51 2.95 

Total 96.44 100.18 100.03 100.25 100.12 100.02 100.07 99.24 

Trace elem 
Ag 1.41 1.26 1.73 0.54 1.22 1.60 0.54 0.30 
Ba 3679.85 633.02 148601 1843.66 3073.09 3009.36 4168.67 2116.00 

Be 1.97 4.81 5.93 3.96 4.17 5.07 4.56 2.00 

Bi 0.27 0.38 0.99 0.13 0.15 0.15 0.09 
Co 5.24 232 10.31 13.22 13.59 5.91 11.88 14.90 

Cr 100.94 198.19 249.67 211.06 82.06 53.91 114.76 143.00 

Cs 8.83 16.92 16.31 9.08 8.65 21.69 14.23 18.00 

Cu 6.31 3.67 18.27 12 07 31.79 11.06 20.05 9.40 

F 1000.00 

Hf 3.48 3.51 3.97 3.79 7.09 5.95 3.11 4.70 

Li 46.86 163.84 54.50 75.45 59.99 59.07 45.40 
Mo 1.94 5.24 5 93 0.59 1.17 1.26 1.84 1.70 

Nb 13.68 43.02 30.25 14.46 21.51 26.24 17.31 13.00 

Ni 4.29 2.37 14.70 14.67 17.17 7.65 19.47 15.00 
p 696.25 587.23 881.41 944.64 1519.20 885.72 1084.67 
Pb 45.39 32.13 44.64 32.05 30.56 110.45 31.81 15.00 

Rb 124.22 355.98 239.95 190.51 274.09 243.30 244.29 146.00 

Sb 0.51 0.14 0.82 2.55 3.90 5.55 0.74 2.00 

Sc 9.05 5.11 889 15.59 17.85 11.97 16.17 18.00 

Sn 1.60 7.65 392 2.41 3.10 2.69 1.21 7.00 

Sr 601.67 122.91 693.66 480.96 1131.59 682.26 661.20 405.10 

Ta 0.85 4.48 1.92 1.19 1.24 1.68 1.07 1.00 

Th 16.55 31.06 16.03 16.26 29.69 28.65 17.25 14.90 

Ti 3064.08 1939.17 2880.87 3390.47 3627.87 2786.15 3160.14 

Tl 1 .41 3.08 2.48 1.66 2.05 2.38 1.94 2.30 

u 5.01 6.05 7.14 7.03 7.21 10.23 4.61 7.30 

V 39.42 14.74 57.06 111.09 129.75 71.70 113.62 109.00 

w 1.50 2.14 5.44 5.82 5.54 9.89 7.09 
y 1325 18.8 19.40 19.07 28.66 24.56 17.74 20.30 

Zn 96.47 49.85 90.75 82.67 78.40 136.92 85.89 105.90 

Zr 100.96 102.67 118.03 115.50 264.14 192.98 88.23 150.80 

La 44 02 58.18 39.73 35.65 83.16 63.93 45.99 40.70 

Ce 74.70 117.75 76.36 69.05 167.87 123.61 92.59 75.30 
Pr 8.93 13.31 9.17 8.47 20.06 14.48 10.90 7.90 
Nd 29.42 40.53 29.90 28.42 65.62 47.09 34.53 30.70 
Sm 5.20 7.18 6.00 5.52 12.75 8.20 6.34 6.00 

Eu 1.37 066 1.63 1.28 3.10 1.93 1.45 1.57 

Gd 4.25 5.63 5.30 5.25 10.07 7.18 5.67 4.70 

Tb 0.47 0.74 0.68 0.63 1.18 0.85 0.67 0.80 

Dy 2.66 4.24 3.94 3.94 6.39 5.08 3.91 3.60 

Ho 0.46 0.71 0.71 0.72 1.10 0.91 0.71 0 82 

Er 1.27 1.94 2.05 1.99 2.85 2.54 1.94 2.20 

Tm 0.17 0.29 0.30 0.29 0.40 0.38 0.27 0.40 

Yb 1.17 1.90 2.01 1.81 2.52 2.44 1.74 2.10 

Lu 0.16 0.26 0.28 0.30 0.39 0.37 0.24 0.28 



Appendix 1. Whole-rock geochemical analyses of unfoliated intrusions in the McOuesten River region 

MCQUESTEN INTRUSIONS (65+2 Ma) 
Two Sisters Oliver Ridge Miscellaneous dykes 

92DM-22 92DH-166 94DM-248 92DM-6 92DH-59b 

Si02 72.20 73.40 61.91 64.10 62.70 

Ti02 0.341 0.354 0.58 0.508 0.766 

Al203 14.30 13.40 14.62 15.70 15.80 

FeO* 2.36 2.42 4.99 3.98 5.88 

MnO 007 007 0.12 0.08 0.13 

MgO 0.47 0.49 2.98 1.47 2.45 

CaO 1.34 1.3 3.53 3.0 5.3 

Na20 3.32 3.33 3.01 3.16 2.53 

K20 5.07 4.42 3.20 3.58 2.74 

P205 0.16 0.15 0.18 0.16 0.21 

LOI 0.55 0.80 4.78 3.70 1.50 

Total 100.18 100.13 99.90 96.44 100.01 

Trace elements (ppm) 
Ag 1.26 1.45 0.50 1.41 0.59 

Ba 633.02 565.68 3065.50 3679.85 2431.14 

Be 4.81 7.47 2.00 1.97 4.32 

Bi 0.38 0.21 < 0.27 0.28 

Co 2.32 2.18 7.90 5.24 8.02 

Cr 198.19 163.25 162.00 100.94 209.16 

Cs 16.92 25.25 3.00 8.83 5.22 

Cu 3.67 3.90 6.30 6.31 7.59 

F 900.00 

Hf 3.51 3.63 4.60 3.48 2.16 

Li 163.84 176.13 46.86 28.60 

Mo 5.24 4.63 1.00 1.94 4.90 

Nb 43.02 45.67 14.00 13.68 13.84 

Ni 2.37 2.09 13.00 4.29 6.18 

p 587.23 533.00 696.25 867.23 

Pb 32.13 28.10 107.00 45.39 16.20 

Rb 355.98 347.13 117.00 124.22 108.45 

Sb 0.14 0.22 2.00 0.51 0.20 

Sc 5.11 5.18 15.00 9.05 15.01 

Sn 7.65 1 i .49 1.00 1.60 9.31 

Sr 122.91 115.23 462.60 601.67 614.08 

Ta 4.48 4.76 1.00 0.85 0.95 

Th 31.06 35.06 21.60 16.55 14.33 

Ti 1939.17 2021.16 3064.08 4525.77 

Tl 3.08 3.07 1.70 1.41 1.13 

u 6.05 5.52 5.30 5.01 4.50 

V 14.74 15.79 97.00 39.42 84.05 

w 2.14 3.41 3.00 1.50 0.23 

y 18.8 20.55 19.70 13.25 17.68 

Zn 49.85 59.92 152.60 96.47 119.74 

Zr 102.67 103.61 152.80 100.96 59.09 

La 58.18 60.61 50.40 44.02 37.97 

Ce 117.75 121.89 90.80 74.70 73.42 

Pr 13.31 13.80 9.30 8.93 8.66 

Nd 40.53 42.79 33.40 29.42 29.40 

Sm 7.18 7.64 6.60 5.20 5.48 

Eu 0.66 0.60 1.64 1.37 1.36 

Gd 5.63 5.95 4.50 4.25 5.00 

Tb 0.74 0.81 0.70 0.47 0.61 

Dy 4.24 4.41 3.70 2.66 3.74 

Ho 0.71 0.75 0.76 0.46 0.70 

Er 1.94 2.19 1.90 1.27 1.86 

Tm 0.29 0.33 0.30 0.17 0.26 

Yb 1.90 2.12 1.80 1.17 1.69 

Lu 0.26 0.28 0.30 0.16 0.25 



Appendix 2. U-Pb isotopic data, unfoliated intrusions, McOuesten River region. 

Fraction Wt" u Pb" 206Pb Pb' 208Pb 206Pb 207Pb 207Pb Apparent Age (Ma) 

mg ppm ppm 204Pb pg % 238U 235U 206Pb 206/238 207/206 

TOMBSTONE INTRUSIONS 

SYENITE RANGE STOCK, outer syenite phase (92DM-199; 388947E, 7091482N**) 

A 0.126 3936 53 1995 219 5.0 0.014285±.33% 0.09426± .36% 0.04786±.13% 91.4 92.2+6.2/-6.2 

B 0.148 3856 52 8443 59 3.6 0.014386±.13% 0.09493±.13% 0.04786± .05% 92.1 92.1 +2.3/-2.3 

CA 0.279 1087 19 962 289 25.5 0.014173±.17% 0.09584±.25% 0.04905±.15% 90.7 150.1+ 7.1 /-7.2 

CB 0.234 1220 21 2733 90 25.6 0.014271±.15% 0.09469±.21% 0.04812:::.12% 91.3 1 05.3+ 5.9/-5.9 

D 0.271 3033 54 5739 127 29.5 0.013977±.12% 0.09218±.14% 0.04783=.05% 89.5 91.1+2.4/-2.4 

F 0.077 4094 60 2953 86 18.1 0.013268±.07% 0.08750±.14% 0.04783±.11% 85.0 91.0+ 5.2/-5.2 

SYENITE RANGE STOCK, orbicular tourmaline biotite-muscovite granite (92DM-209; 386666E, 7096491 N) 

A 0.126 838 12 1675 57 8.7 0.01417±.14% 0.0934±.19% 0.04783±.11% 90.7 90.9+5.1/-5.1 

B 0.093 744 11 2820 22 10.4 0.01415±.10% 0.0933±.23% 0.04783±.16% 90.6 90.6+ 7.5/-7.5 

RHOSGOBEL STOCK (94DM-270; 398870E. 7079400N) 

A 0.060 970 19 3558 19 76 0.019635± .08% 0.20149:t..11% 0.07443::!:.07% 125.3 1053 1 +2.8/-2.8 

B 0.052 1495 20 3267 20 4.9 0.014264±.07% 0.09409::!:.13% 0.04784±.10% 91.3 91.5+4.6/-4.6 

C 0.064 1391 19 1132 72 4.7 0.014340±.21% 0.09459±.27% 0.04784::!:.13% 91.8 91.3~6.4/-6.4 

D 0.104 1796 24 2218 75 5.0 0.014110±.09% 0.09371 ±.13% 0.04817±.07% 90.3 1075+3.5/-3.5 

PUKELMAN STOCK (92DH-151; 398630E, 7083636N) 

A 0.181 2807 37 14681 31 33 0.014306±.14% 0.09467±.15% 0.04800± .04% 91.6 99.1 +2.1/-2.1 

B 0.236 1829 27 10917 38 3.8 0.015506±.43% 0.11308±.43% 0.05289±.04% 99.2 324.1+1.7/-t.7 

C 0.201 2256 31 10394 40 3.6 0.014654±.37% 0.10193±.37% 0.05045± .04% 93.8 215.7+1.7/-1.7 

D 0.182 1671 23 4828 59 3.9 0.014864± .33% 0.10226::!: .33% 0.04990± .05% 95.1 190.2+2.4/-2.4 

AA 0.750 158 2 83 1720 16.5 0.01423.::::.09% 0.0942±.65% 0.04798±.59% 91.1 98.3 +27.7/-28.1 

BB 0.640 169 3 73 1849 16.4 0.01433=.16% 0.0974±1.8% 0.04931±1.6% 91.7 162.8 + 75.2/-78.9 

Unnamed stock, BX claims (93DM-135A; 415850E. 7097200N) 

A 0.076 1984 27 101 1703 4.8 0.014529:t..68% 0.09855±2.3% 0.04919± 1.9% 93.0 157.1 +87.6/-92.5 

B 0.072 1176 15 1470 49 3.5 0.013533±.58% 0.10133±.63% 0.05430±.33% 86.7 383. 7 + 14.7/-14.8 

C 0.061 2300 31 5550 23 3.5 0.014630±.72% 0.09899±.72% 0.04907±.24% 93.6 151.4+11.2/-11.3 

RED MOUNTAIN STOCK (93DM-98/99; 414750E, 7093550N) 

A 0.156 1730 23 1970 122 4.1 0.014283±.69% 0.09393±.74% 0.04769±.21% 91.4 84.1 + 10.2/-10.2 

B 0.105 1910 26 3405 53 4.3 0.014256±.14% 0.09503±.24% 0.04835±.13% 91.2 116.3+6.2/-6.2 

C 0.065 1857 26 3988 28 3.8 0.014778±.11% 0.10154:t..20% 0.04984±.12% 94.6 187.4 + 5.4/-5.4 

D 0.076 866 12 81 950 5.3 0.014601±.61% 0.10428±2.4% 0.05180:t.2.0% 93.4 276.6+89.5/-94.7 

AA 0.600 72 38 2197 11.8 0.01439::r::.33% 0.1006±5.0% 0.05068±4. 7% 92.1 226.4 +203.2/-232.2 

BB 0.660 77 32 3635 12.3 0.01444±.38% 0.1051±6.5% 0.05278±6.2% 92.4 319.4 +257.7/-306.7 

RED MOUNTAIN DYKE (93DM-105/106; 417300E. 7092865N) 

A 0.069 957 29 9591 13 5.2 0.030536±.10% 0.33485±.18% 0.07953±.09% 193.9 1185.4+3.7/-3.7 

BA 0.062 1440 21 3042 29 3.8 0.015601 ± .09% 0.10809±.21% 0.05025±.12% 99.8 206.7+5.8/-5.8 

BB 0.082 1818 25 7326 18 3.4 0.014639::!:.11% 0.09815±.20% 0.04863±.11% 93.7 129.9+5.1/-5.1 

C 0.070 1175 17 62 1749 8.2 0.014845±1.1% 0.10188±4.7% 0.04977~4.0% 95.0 184.5+ 178.4/-200.3 

DA 0.066 1784 24 7082 15 4.1 0.014474±.10% 0.09597±.19% 0.04809±.10% 92.6 103.8+4.9/-4.9 

DB 0.129 1835 23 10628 19 4.1 0.013626±.17% 0.09078::!:.24% 0.04832±.11% 87.2 114.9+5.3/-5.3 

SPRAGUE CREEK STOCK (93DM-71; 410575E, 7088325N) 

A 0.083 693 9 2600 20 4.3 0.014224±.12% 0.09394±.25% 0.04790±.18% 91.0 94.4 + 8.4/-8.4 

B 0.058 860 14 2849 18 8.7 0.016564±.11% 0.12919± .22% 0.05657±.13% !05.9 474.7+5.7/-5.7 

C 0.141 1286 17 4829 33 5.3 0.014257 ± .21 % 0.09429±.28% 0.04797±.13% 91.3 97.7+6.0/-6.0 

BOS STOCK (93DM-307; 415530E. 7072050N) 

A 0.125 1830 25 9703 21 3.3 0.014534±.14% 0.09604::!:.15% 0.04792±.04% 93.0 95.5+2.1/-2.1 

B 0.130 1578 21 8880 20 3.8 0.014391 ±.06% 0.09520±.07% 0.04798::!:.04% 92.1 98.1+2.0/-2.0 

C 0.087 1511 25 3970 36 5.3 0.017069±.13% 0.12533± .22% 0.05325::!:.11% 109.1 339.5+5.1/-5.2 

D 0.121 1821 25 4418 45 4.3 0.014367±.16% 0.09519±.24% 0.04805±.12% 92.0 101.8+5.5/-5.5 

Errors are one standard error of mean in% except 207/206 age errors which are two standard errors in Ma;* = Radiogenic Pb; a-= Includes 

sample weight error of :";0.001 mg in concentration uncertainty; c = Total Common Pb in analysis;** = Locations are given in UTM coordinates. 

NAO 27. 



Appendix 2. U-Pb isotopic data, unfoliated intrusions, McOuesten River region. 

Fraction Wt' u Pb' 206Pb Pb' 208Pb 206Pb 207Pb 207Pb Apparent Age (Ma) 

mg ppm ppm 204Pb pg % 238U 235U 206Pb 206/238 207/206 

Unnamed stock at BLACK HILL occurrence (94DM-169; 440675E, 7097225N) 

B 0.185 1166 16 3613 55 6.2 0.014422±.19% 0.09519±.19% 0.04787±.05% 92.3 92.8 + 2 5/,2.5 

C 0.178 1230 17 2794 70 6.5 0.014405±.10% 0.09507±.14% 0.04787±.11% 92.2 92.6 +5.1/-5.1 

A 0.124 1600 22 10812 17 3.1 0.014459:::.15°;0 0.09580±.21% 0.04805±.12% 92.5 101.9 +5.6/-5.6 

Unnamed dyke, northeast corner Seattle Creek map area (940H-148; 4505DOE, 70971 SON) 

A 0.162 1574 21 4554 51 2.4 0.014471±.17% 0.09692±.18% 0.04858± .04% 92.6 127.4+1.7/-1.7 

B 0.162 1295 17 1035 186 3.5 o.014211:1:.1s~,o 0.09377± .21 % 0.04784±.13% 91.0 91.1 +61/-6.2 

C 0.167 1798 24 889 307 4.4 0.014217±.09% 0.09379± .21 % 0.04785±.17% 91.0 91 6+8 01-8.1 

SCHEELITE DOME STOCK (94DM-240; 438550E, 7073525N) 

A 0.117 1159 16 3081 41 4.7 0.014730±.08% 0.09919±.13':'0 0.04884±.08% 94.3 140.1+3.7/-3.7 

C 0.174 1971 26 7907 38 4.2 0.014137±.14%, 0.09462±.22% 0.04854±:.11% 90.5 125.8+5.1/-5.2 

A 0.124 1600 22 10812 17 3.1 0.01446=.15% 0.0958±-.21 % 0.04805±.12% 92.5 101.9 +5.6/-5.6 

AA 1.010 192 3 135 1550 15.0 0.01430..:..34% 0.0943±102% 0.04782±.94% 91.5 90.5 +44.2/-45.4 

BB 1.120 180 3 118 1867 14.5 0.01415=.18% 0.0947±1.2% 0.04854±1.0% 90.6 125.5 +48.0/-49.5 

MINTON CREEK STOCK (94DM-192; 436920E, 7069650N) 

A 0.154 1428 19 7923 25 3.0 0.014403±:.16% 0.09505± .23% 0.04786±:.10% 92.2 92.5+4.9/-4.9 

B 0.055 1451 19 3420 21 2.5 0.014505±.14% 0.09716±:.23% 0.04858±:.13% 92.8 127.6+6.2/-6.3 

C 0.118 1709 23 9173 19 3.9 0.014180±.13% 0.09382±:.20% 0.04799± .10% 90.8 98 5+4.91-4.9 

MORRISON CREEK STOCK (VR-7852; approximately 443300E, 7076750N) 

E 0.795 182 3 66 2817 5.7 0.014487=1.1% 0.09841 ±3.5% 0.04927±2.9% 92.7160.6+128.7/-139.8 

F 0.750 165 2 61 2692 6.1 0.014554cc1.3% 0.10170±:3.9% 0.05068±:3.1 % 93.1 226.3+138.1/-150.9 

A 0.075 1315 18 2982 30 3.4 0.014626±:.09% 0.09977±:.14% 0.04947±: .09% 93.6 170.3+4.4/-4.4 

B 0.054 1562 22 4980 16 3.5 0.015100± .08% 0.10299±.11% 0.04947±: .06% 966 170.2+2.8/-2.9 

C 0.164 1970 26 5044 57 3.6 0.014159±:.16% 0.09381i-.17% 0.04805± .05% 90.6 101.8+2.3/-2.3 

DUBLIN GULCH STOCK (92DM-DG; approximately 460150E. 7099825N) 

A 0.120 1096 15 1486 83 58 0.014541±:.06% 0.09601±:.15% 0.04788±.12% 93.1 93.5+5.8/-5.8 

B 0.186 826 12 5121 28 5.8 0.014672±.07% 0.09710±.10% 0.04800±: .05% 93.9 99.2+2.5/-2.5 

C 0.231 886 13 4150 47 6.1 0.014819±:.07% 0.09881±:.10% 0.04836±: .06% 94.8 116.8+2.7/-2.7 

D 0.172 1004 14 5901 27 6.1 0.014615±.10% 0.09709± .12% 0.04818±:.07% 93.5 108.2+3.2/-3.2 

AA 0.530 139 2 93 938 12.9 0.01446±.14% 0.0960±: 1.4% 0.04813±:1.3% 92.6 105.5 +58 9/-61.0 

BB 0.420 110 2 93 589 11.2 0.01452±:.15% 0.0968±: 1.4% 0.04834±1.3% 93.0 115.9 +58.6/-60.7 

MCQUESTEN INTRUSIONS 

TWO SISTERS STOCK (92DM-22; 381197E, 7075774N) 

A 0.135 1526 15 5261 26 4.1 0.010674±.32% 0.07941 ±.33% 0.05396±:.08% 68.4 369.4+3.5/-3.5 

B 0.282 1534 17 5300 56 7.2 0.011061 ±:.55% 0.08798±:.56% 0.05768±.07% 70.9 517.8+3.3/-3.3 

C 0.325 2687 25 3071 168 3.9 0.009742±.42% 0.06351 ±.44% 0.04729±:.11% 62.5 63.7+5.3/·5.3 

E 0.115 1203 74 671 137 85.0 0.010193±:.33% 0.06489±:.45% 0.04617±.25% 65.4 6.6+11.9/-12.0 

F 0.049 3954 233 570 227 84.3 0.010175±:.26% 0.06537 ± .40% 0.04660±:.27% 65.3 28.7+13.1/-13.2 

VANCOUVER CREEK STOCK (92DH-55; 399825E, 7073534N) 

A 0.160 3202 32 8842 39 4.0 0.010553±.07% 0.06938±.11% 0.04768±:.05% 67.7 83.4+2.5/-2.5 

B 0.083 606 7 1286 26 13.1 0.010441±:.07% 0.06820±.19% 0.04737±.15% 67.0 68.1 + 6 9/-6.9 

C 0.142 1069 11 1062 97 7.8 0.010495±.16% 0.06851±.26% 0.04734±.16% 67.3 66.5+ 7.5/-7.5 

D 0.052 1280 13 2246 19 6.2 0.010430±.06% 0.06858± .16% 0.04769±.13% 66.9 84.0+6.1/-6.1 

E 0.066 3060 172 3109 45 83.0 0.010522±:.13% 0.06811±:.23% 0.04695±.13% 67.5 46. 7 + 6.4/ -6.4 

F 0.053 3881 160 3861 36 77.1 0.010425±:.14% 0.06780±.23% 0.04717±:.13% 66.9 57.8,62/62 

OLIVER RIDGE STOCK (94DM-248; 424950E, 7069800N) 

A 0.124 1500 14 2853 41 5.9 0.010069±:.10% 0.06568±:.13% 0.04730±.09% 64.6 64 6+ 4 2/-42 

B 0.144 1763 17 2012 80 5.2 0.009918± .07% 0.06468±.18% 0.04730±:.09% 63.6 64.5 + 4.5/-4 5 

C 0.134 1656 16 1429 97 5.9 0.010003±.08% 0.06523±.19% 0.04730±:.16% 64.2 642 t 7 8/ 7 9 

Errors are one standard error of mean in% except 207/206 age errors which are two standard errors in Ma;* = Radiogenlc Pb: a--= Includes 

sample weight error of .:t0.001 mg in concentration uncertainty; c = Total Common Pb in analysis;** = Locations are given in UTM coord1n.ates, 

NAD27. 



Appendix 2. U-Pb isotopic data, unfoliated intrusions, McQuesten River region. 

Fraction Wt' u Pb• 206Pb Pb' 208Pb 206Pb 207Pb 207Pb Apparent Age (Ma) 
mg ppm ppm 204Pb pg % 238U 235U 206Pb 206/238 207/206 

BOULDER CREEK STOCK (94DM-258; 423325E, 7071550N) 
DD 0.038 3328 185 255 341 83.3 0.01024±.28% 0.0662±.84% 0.04689±.66% 65.7 43.4 +31.4/-32.0 
cc 0.015 2871 226 468 80 84.7 0.01032±.13% 0.0666±.48% 0.04678=.37% 66.2 38.1 +17.7/-17.9 
BB 0.050 1656 157 1363 68 83.3 0.010095±.21% 0.06537±.33% 0.04696± .19% 64.7 47.4 +9.2/-9.2 

SUNSHINE CREEK STOCK (93DH-28; 420550E, 7078350N) 

B 0.109 967 9 3939 17 6.8 0.010146:::.10% 0.06618±.21% 0.04731±.13% 65.1 64.9+6.1/-6.1 
C 0.108 1228 12 3626 24 5.5 0.010371 ±.13% 0.06780±.22% 0.04741 ±.13% 66.5 69.9+6.3/·6.3 
A 0066 2163 20 886 103 3.4 0.009827 ± .15% 0.06031 ± .38% 0.04451 ± .28% 63.0 82.3+ 13.6/-13.7 
BB 0.030 1957 134 1822 21 86.5 0.010189±.13% 0.06569±.27% 0.04676±.19% 65.4 36.8+9.0/-9.1 
cc 0.062 2000 140 402 206 86.7 0.010220±.54% 0.06660±.30% 0.04726±1.0% 65.5 62.6+48.0/-49.5 

AA 0.035 2157 150 992 48 87.1 0.009961±.16% 0.06355±.35% 0.04627 ± .24% 63.9 11.9+11.6/-11.6 

Errors are one standard error of mean in% except 207/206 age errors which are two standard errors in Ma;* = Radiogenic Pb; a= Includes 

sample weight error of .!"0.001 mg in concentration uncertainty; c = Total Common Pb in analysis; ** = Locations are given in UTM coordinates. 
NAO 27. 



Appendix 3: Assay results for mineralized samples collected in the McOuesten River region 
Au Ag Cu Pb Zn As Sb Mo Bi Cd Co Ni Ba UTM UTM 

ppb ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm 
Del.Lim. 5 0.1 1 2 1 5 5 1 2 0.1 1 1 2 

~9;,2;;oc,.H;::_;,.7a"---~~~=39=3~3=3~1~~7=0~8=5=3~12~~~9"'5~--"'-'<~~2=0~~--;:8~~6=0~~~9"'5~~1;,.0~~2~--'<'---~"<"---~15~~1=3- 389 

easting northing 

92DH-7b 398831 7085312 250 0.4 22 5 65 245 7 6 < < 18 14 328 
92DH-16 399778 7085651 110 1.3 14 7 5 225 68 ? < < 2 6 343 
92DH-28 395673 7087713 < 0.7 19 19 14 10 10 6 < < < 8 142 
92DH-43 396486 7083580 7 0.8 43 65 263 103 6 3 < 13.9 4 6 278 
92DH-57 400096 7074054 < 7.8 182 1207 494 32 10 5 4 0.9 3 16 53 
92DH-59a 400189 7074213 30 0.4 70 17 81 < 8 2 25 0.3 6 10 37 
92DH-62a 391140 7093179 5 0.4 11 18 88 15 8 11 < < 11 12 173 
92DH-75 387174 7096878 9 0.6 26 12 69 < 10 2 < 0.0 14 11 127 
92DH-76b 387347 7097190 70 96.8 918 4276 149 37675 1118 56 < 16.2 6 11 < 
92DH-77 387834 7097549 < 1.2 15 73 46 215 16 2 < < < 3 120 
92DH-79a 387555 7096428 < 0.3 8 16 46 51 16 3 < < 13 12 163 
92DH-79b 387651 7096642 < 0.4 16 8 17 48 41 6 < < 7 14 37 
92DH-79c 388097 7097919 11 112.3 93 19064 98 15836 6620 5 < 11.2 2 5 319 
92DH-79d 387002 7097133 30 19.2 1114 223 116 60408 953 16 16 0.7 60 22 < 
92DH-79e 386514 7096631 < 0.7 11 130 42 470 30 12 < < 7 4 48 
92DH-79f 388097 7097919 < 0.7 11 81 121 122 36 5 < < 7 6 13 
92DH-79h 388097 7097919 < 0.3 3 31 4 29 13 < < < < 4 12 
92DH-80 388192 7097964 < 0.4 6 10 45 1113 10 4 < 0.2 4 4 29 
92DH-90 389583 7098585 < 0.3 6 58 7 23 < 2 < < < 4 632 
92DH-119/20 384150 7091175 < 0.5 37 7 64 7 6 2 < 0.3 6 6 143 
92DH-145 398108 7083822 12 < 2 7 54 49 < 35 < < 10 11 239 
92DH-146 398219 7083864 150 0.4 10 11 37 3466 < 4 < < 9 8 187 
92DH-147 398684 7083969 8 0.7 31 12 68 136 < 6 < < 7 13 126 
92DH-148 398430 7083578 46 0.2 13 7 55 847 < 2 < < 10 8 255 
92DH-149 398411 7083491 148 0.2 6 6 42 390 < 5 < < 9 10 174 
92DH-150 398606 7083661 351 0.2 6 7 37 466 < 4 < < 8 8 142 
92DH-151 398630 7083636 960 0.3 6 8 37 1291 < 5 < < 8 9 135 
92DH-152 399040 7084326 106 0.2 13 < 52 71 < < < < 16 29 157 
92DH-153 399045 7084494 37 0.2 12 < 15 24 < 4 < < 6 14 84 
92DH-154 398401 7080566 2330 5.8 3 10 < < 7 < 66 < < 4 5 
92DH-155 398396 7080562 49 0.9 6 15 22 6 < 4 3 < 4 8 43 
92DH-156 398398 7080564 72 0.5 8 66 136 777 < 2 < 2.4 4 12 12 
92DH-157 398277 7080752 51 18.7 7 124 6 77 9 25 89 < 2 9 36 
92DH-158 398088 7080839 2330 0.4 13 11 25 53 < 10 26 < 6 10 91 
92DH-159 397895 7081020 17 0.5 5 57 67 272 < 3 < < 6 8 69 
92DH-160 397880 7081069 13 1.7 3 15 4 19 < 4 9 < < 8 12 
92DH-161 397824 7081181 < 0.2 3 12 5 19 < 5 4 < < 9 26 
92DH-162 397781 7081270 < 0.2 43 3 19 62 6 2 < < 3 15 27 
92DH-163 397791 7081333 < 0.4 11 7 27 < < 6 < < 5 15 48 
92DH-164 398433 7080531 7200 0.5 17 7 10 32 < 8 155 < 4 11 21 
92DH-165 398428 7080480 14500 1.4 9 5 2 10 7 42 318 < 5 6 6 
92DH-174a 389009 7080157 13 0.2 5 3 8 63 7 8 < < < 12 10 
92DH-174/5 389078 7080360 9 < 18 31 180 28 < 3 < < 20 11 34 
92DH-176 389211 7080778 < < 9 7 44 < < 4 < < 14 15 474 
92DH-177 389384 7080724 < 0.6 24 29 68 35 < 4 7 0.4 12 18 53 
92DM-35 400511 7084736 159 0.4 2 9 12 521 < < < < 2 5 17 
92DM-35c 400504 7084791 21 < 5 49 16 79 < 4 < < 2 8 17 
92DM-35/6 400266 7084855 < 0.1 8 6 34 53 < < < < 7 7 476 
92DM-37a 399675 7084632 16 0.1 63 5 21 245 < < < < 14 15 165 
92DM-37b 399675 7084632 5040 0.7 5 9 < 80776 58 9 392 < 29 16 0 
92DM-123 398032 7080150 5 0.3 33 5 19 168 < < < < 6 11 53 
92DM-168 392124 7091746 10 0.5 24 6 10 222 < 5 < < 12 12 67 
92DM-176 391033 7092650 < 0.2 23 12 55 78 < < < < 14 14 307 
92DM-177 390848 7091980 < 1.7 36 18 54 31 < 3 < < 12 18 172 
92DM-179 390622 7092758 < 0.2 25 3 60 10 < < < < 13 8 111 
92DM-183 391025 7091030 10 0.3 47 6 34 197 < 5 < < 11 12 66 
92DM-185 390522 7091202 < 0.6 23 31 60 68 < 2 < 0.2 7 9 31 
92DM-205 389234 7096022 < 0.3 < 8 14 12 6 < < < < 4 42 
92DM-239 400664 7091638 < 0.4 32 6 230 6 < 11 < 2 0 23 63 1377 
92J1-3 394778 7095703 < 0.2 29 9 49 < 6 3 < < 3 8 1026 
92J4-5 382217 7094523 < 0.1 11 < 14 7 8 5 < < 2 14 71 
92J4-6 381695 7094194 < 0.1 5 8 2 < 8 < < < < 5 155 
93DM-5 404238 7089432 6 0.2 253 10 333 10 < 8 < 0.6 4 31 171 
93DM-8a 403634 7088445 8 < 151 9 82 < 7 16 < < 2 23 163 
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Appendix 3: Assay results for mineralized samples collected in the McQuesten River region 

Det. Lim. 
93DM-39a 
93DM-39b 
93DM-53a 
93DM-53b 
93DM-54b 
93DM-58a 
93DM-59a 
93DM-59b 
93DM-60a 
93DM-61a 
93DM-61b 
93DM-66 
93DM-68 
93DM-69a 
93DM-69b 
93DM-69c 
93DM-70b 
93DM-70c 
93DM-77a 
93DM-77b 
93DM-84c 
93DM-90a 
93DM-91a 
93DM-91b 
93DM-93a 
93DM-93b 
93DM-94 
93DM-95 
93DM-95a 
93DM-95b 
93DM-98a 
93DM-98b 
93DM-98c 
93DM-98d 
93DM-98e 
93DM-98f 
93DM-98g 
93DM-99a 
93DM-99b 
93DM-99c 
93DM-99d 
93DM-114 
93DM-115 
93DM-123a 
93DM-134 
93DM-146 
93DM-182 
930M-191a 
93DM-191b 
93DM-191c 
93DM-192 
93DM-194 
93DM-194a 
93DM-198 
93DM-200a 
93DM-209 
93DM-212 
93DM-212a 
93DM-212b 
93DM-214 
93DM-227 
93DM-228 
93DM-229 
93DM-234 
93DM-237 

UTM UTM Au Ag Cu Pb Zn As Sb Mo Bi 
easting northing ppb ppm ppm ppm ppm ppm ppm ppm ppm 

410548 
410548 
412760 
412760 
412356 
410959 
411221 
411772 
411847 
412217 
412217 
411041 
411507 
411659 
411685 
411704 
411845 
411890 
415243 
415277 
422761 
416065 
415950 
415950 
415777 
415777 
415694 
415537 
415537 
415537 
414730 
414730 
414612 
414612 
414390 
414208 
414204 
413884 
413884 
413884 
413884 
414173 
413935 
419231 
417183 
406825 
422417 
420902 
420902 
420902 
421301 
421229 
421229 
407422 
406118 
403730 
402980 
402980 
402980 
401788 
402678 
402811 
402899 
404040 
403446 

7087636 
7087636 
7087108 
7087198 
7087275 
7090423 
7090399 
7090168 
7090305 
7089844 
7089844 
7088729 
7088549 
7088485 
7088543 
7088388 
7088404 
7088384 
7093385 
7093402 
7090527 
7093911 
7093882 
7093882 
7093794 
7093794 
7093721 
7093517 
7093517 
7093517 
7093546 
7093546 
7093641 
7093641 
7093738 
7093752 
7093765 
7093916 
7093916 
7093916 
7093916 
7094750 
7095456 
7093371 
7097429 
7091822 
7090961 
7094287 
7094287 
7094287 
7094584 
7094787 
7094787 
7076541 
7076747 
7075402 
7075897 
7075897 
7075897 
7076307 
7073654 
7073767 
7074136 
7070730 
7070989 

5 0.1 1 2 1 5 5 1 2 
34 < 71 13 31 135 < 5 < 

18 < 65 
51 < 25 
17 < 73 
16 < 94 
10 < 40 
13 < 27 
13 < 32 
8 < 52 
7 < 8 

44 < 13 
490 55.0 183 
266 1.5 306 
195 
166 
332 

35 
118 
45 

< 99 
32.5 6927 
15.0 1377 

< 65 
< 34 

1.4 1245 
750 2.2 240 

25 < 34 
2300 3.6 825 

155 0.6 172 
750 0.6 147 

2890 1.8 157 
950 14.8 59 

35 0.4 16 
9250 21 .4 2350 
5330 1.2 25 

95 0.6 61 
100 0.2 25 
210 0.6 105 
170 0.6 125 
335 0.4 39 
205 0.2 124 
220 0.6 65 
25 0.8 113 

390 1.0 574 
150 1.0 134 
360 0.4 53 
65 0.8 327 

527 7.1 163 
23 2.0 76 
27 < 23 
12 < 47 
12 < 22 
8 < 8 

20 < 35 
14 < 27 
28 < 96 
13 < 36 
23 < 21 
11 < 18 
3 0.2 14 

118 8.7 173 
689 316.6 76 

15 0.4 13 
7 0.5 43 

153 83.8 63 
30 1.2 50 

198 1.1 638 
24 < 174 
12 2.2 670 

6 < 114 
18 < 12 

14 
8 

14 
7 

21 
18 
23 
62 
26 
13 

1955 
25 
17 
8 

21 
8 

53 
12 
22 

164 
52 
14 
38 

712 
134 
30 

>10000 
90 

414 
36 
32 
22 
20 
18 
52 
56 
30 
40 
14 
16 
29 

471 
7 

29 
69 
41 
10 
16 
13 
17 
10 
36 
11 

3882 
573 

13 
11 

7415 
48 
40 
22 
14 

8 
69 

34 54 
20 6 
36 17 
22 387 
21 25 
35 13 
20 < 

62 < 

57 19 
64 < 

5 98% 
49 563 
17 7.3% 
47 2.2% 
20 5.9% 

5 658 
12 757 
80 64 
24 6730 
56 48 
14 >10000 
20 1800 
10 820 
8 962 
6 484 
2 152 

190 >10000 
8 570 

14 1060 
94 28 
78 114 
82 622 
96 20 

114 128 
100 62 
100 126 
76 572 

128 166 
18 982 
34 230 

6 1.0% 
208 574 

21 142 
72 95 

144 103 
42 23 
38 < 

23 21 
19 17 
44 73 
37 33 
36 70 

6 17 
2211 382 

35 21330 
19 6367 

104 508 
383 28952 

18 2182 
18 148 
47 19 
17 8 
14 < 

152 19 

< 
< 

< 

< 

< 

< 

< 

< 

< 

6 
1081 

9 
70 

101 
206 

26 
1.4% 

< 
< 

< 

14 
86 
28 

136 
60 

< 

3250 
8 

44 
< 

< 

< 
< 

< 

< 

< 
< 

< 
< 

< 

207 
510 

47 
33 
13 
6 
< 

< 

< 
< 

< 

< 
< 

17 
33 

< 
< 

19 
< 

< 

< 
< 
< 

< 

4 < 

5 3 
5 < 

4 6 
3 < 

4 < 
3 < 

4 < 

2 < 

4 < 

77 700 
4 37 
5 59 
7 48 
5 285 
2 < 

5 5 
13 < 

5 8 
< < 
4 24 

< 

< 16 
< 32 
< 8 
2 < 

12 542 
2 < 

< 6 
< < 
4 < 
2 < 

< < 
31 < 

1 < 
7 < 

3 6 
1 < 

2 < 

< 

4 5 
6 < 

3 < 
4 < 

5 < 

4 < 
3 < 

3 < 

4 < 

6 < 
4 < 

3 < 

6 7 
11 < 

4 951 
2 8 
4 7 
4 186 
6 < 

5 11 
3 6 
4 < 

5 < 
2 < 

Cd Co 
ppm ppm 

0.1 1 
< 8 
< 10 
< 

0.4 
< 

< 

< 

< 

0.5 
3.0 
2.0 

< 

02 
< 

< 

0.3 
< 

0.5 
1.0 
0.5 

< 
< 

< 

< 
< 

< 

< 

23.0 
< 

< 

0.5 
05 

< 

0.5 
< 

1.5 
0.5 
1.5 
1.0 

< 

0.5 
0.3 

< 
< 

< 

1.7 
< 
< 

< 

< 
< 

< 

0.2 
< 

< 

1.5 
< 

1.0 
10.3 

1.1 
0.2 
0.4 

< 

< 

0.7 

3 
48 
14 
16 
18 

5 
7 
7 
6 

30 
10 
40 
34 
30 

2 
3 
7 
5 

25 
43 

< 

< 
< 

< 
< 

91 
12 

< 

6 
6 
8 
7 
7 
6 
7 

10 
6 
< 

2 
2 
8 
< 

3 
11 

3 
16 
12 
16 

8 
21 
11 

2 
7 
3 
9 

45 
5 
2 

19 
7 
6 
2 
3 

Ni 
ppm 

1 
12 
10 

7 

84 
8 

27 
18 
12 
11 
12 
10 
10 
10 
13 
12 
13 

3 
7 

13 
8 

28 
7 
3 
4 
2 

25 
3 

33 
20 

6 
12 
12 
11 
12 
15 
14 
16 
14 
13 

7 
7 
3 

18 
6 
9 

14 
8 

35 
23 
11 
12 
52 
15 
6 

20 
5 
5 

12 
7 
3 
9 

13 
7 
5 
3 

Ba 
ppm 

2 
184 
146 
30 
23 

207 
108 
164 
113 
69 

910 
591 

< 

211 
< 

21 
< 

31 
40 
30 
20 
30 

160 
40 
20 
20 
30 
40 
40 
80 
10 

330 
320 
360 
510 
560 
490 
340 
330 
410 

90 
BO 
24 
19 

8 
13 

414 
28 
55 
60 

< 

225 
13 

336 
17 
32 
39 
16 
71 

< 

186 
9 
9 

14 
20 
64 



W Cr 
ppm ppm 

5 1 
< 118 
< 103 
< 146 
< 144 
< 83 
< 73 
< 98 
< 114 
< 100 
< 31 
< 37 
< 67 
< 90 

36 94 
270 88 

18 68 
< 79 
< 149 
< 236 
6 289 
< 101 

12 194 
< 96 
< 336 
7 203 

37 419 
< 245 
< 185 

18 130 
< 427 
< 116 
6 212 
8 132 
7 143 

19 150 
7 147 
< 134 
< 134 
6 108 
< 357 
< 202 
< 114 
< 138 
< 109 
< 89 
< 137 
< 122 
< 82 
< 120 
< 73 
< 85 
< 89 
< 91 
< 180 

11 25 
< 87 
< 65 
< 137 
< 86 
< 55 
< 140 
< 78 

37 105 
< 150 
< 58 

V 
ppm 

2 
61 
49 
10 
14 
82 
28 
82 
19 
6 

20 
23 

9 
48 
57 
35 
10 
4 
4 
6 
4 
7 
< 

6 
5 
3 
4 
< 

6 
4 
3 

41 
32 
39 
41 
53 
35 
44 
27 
36 
20 
21 

4 
8 
3 
5 

65 
7 

33 
45 
11 
21 
26 
26 

< 

40 
3 
< 

< 

5 
< 

11 
12 
27 
14 
12 

Mn 
ppm 

1 
268 
333 
114 

93 
157 
46 

192 
177 
219 
275 
540 

31 
223 
143 
93 
33 
40 

141 
90 
40 
85 
15 
10 
20 
10 
20 
15 
15 

130 
20 

325 
300 
345 
345 
390 
460 
410 
365 
395 

75 
135 

25 
288 

39 
53 

386 
95 

356 
186 
378 
236 
236 
172 
286 

63 
63 
61 

675 
87 
18 
80 

177 
94 

138 
235 

La Sr 
ppm ppm 

2 1 
28 44 
34 25 
4 23 
8 6 

17 34 
10 186 
6 134 
3 49 
7 103 

19 295 
14 57 

4 88 
33 33 
23 26 
22 14 

9 15 
24 8 

5 17 
30 3 
10 3 

< 14 
20 20 

< 4 
10 3 

< < 

10 < 

20 4 
< 6 

40 6 
< 5 

30 26 
30 33 
40 39 
40 41 
30 31 
30 40 
30 25 
90 55 
40 46 

< 7 

10 3 
18 3 
6 4 
3 2 
9 6 

29 71 
4 9 

10 25 
18 183 
26 141 
39 58 
10 13 
21 68 

4 32 
7 18 
3 38 

13 38 
24 5 

< 51 
22 8 

8 53 
19 125 
10 62 
10 32 
37 7 

Zr Sc Ti 
ppm ppm % 

1 1 0.01 
3 7 0.15 
2 5 0.14 
< < 0.02 
4 < < 

14 9 0.19 
5 3 0.09 
3 5 0.24 
4 < 0.07 
5 < 0.06 
3 5 0.02 
3 
3 

4 
< 

< 

< 

< < 0.18 
2 4 0.06 
3 3 0.08 
6 
4 

< 

< 

3 

< 

< 
< 

< 

< 

< 
< 

< 
< 

< 

Al 

% 
0.01 
1.13 
0.89 
0.79 
0.92 
1.99 
4.35 
2.74 
0.91 
0.97 
1.37 

Ca 
% 

O.Q1 
1.18 
0.75 
0.27 
0.05 
0.31 
2.29 
1.69 
0.54 
2.36 

17.61 
0.37 19.38 
0.11 0.69 
1.09 0.82 
0.99 0.31 
0.78 0.24 
0.17 0.11 
0.23 0.19 
0.10 0.59 
0.39 0.12 
0.38 < 
1.04 < 

0.37 < 
0.44 < 

0.34 < 

0.23 < 

< 

< 

< 

< 
< 

< 
< 

< 

< 
< 

< 
< 

< 

< 
< 

< 

< 

< 

< 

< 

< 

< 
< 

< 

< 

4 
2 
2 
3 
2 
4 
3 
5 
7 
3 
8 
2 
4 
5 

< 

< 

< 
< 

< 
< 

< 
< 

< 

3 

< 0.23 
< 0.38 
< 0.38 

< 
< 

< 

< 
< 

< 

3 

< < 

< < 

3 0.19 
3 0.15 
6 0.14 
3 0.20 
4 0.24 
3 0.14 
3 0.13 
3 0.06 
2 0.18 
2 < 

0.48 
0.23 
1.43 
1.37 
1.47 
1.41 
1.57 
1.35 
1.21 
1.02 
1.25 
0.89 

2 
< 
< 

< 1.26 
< 0.09 
< 0.20 

< < 

< < 

4 0.21 
< < 

6 0.02 
5 0.11 
< 0.06 
4 0.05 
5 0.03 
2 0.15 
< < 

0.12 
0.21 
1.81 
0.19 
2.55 
3.76 
5.69 
1.22 
2.41 
1.23 
0.09 

2 
< 

< 
< 

< 0.46 
< 0.09 
< 0.23 
< 0.13 

2 < < 0.06 
27 < < 0.48 

< 2% 0.03 2.81 
< < 0.06 4.23 
< 
< 

5 

3 0.11 
2 0.05 
< 0.03 

2.13 
0.72 
0.72 

0.39 
0.35 
0.95 
0.38 
0.40 
0.35 
0.46 
0.89 
0.50 
0.04 

< 

0.06 
0.11 

< 

0.02 
0.72 
0.05 
0.19 
1.80 
3.52 
1.03 
0.05 
0.62 
2.29 

< 

0.02 
0.09 
0.05 
0.07 

< 

1.48 
2.56 
0.40 
0.19 
0.32 

Fe 
% 

0.01 
2.71 
2.35 
1.81 
2.25 
4.10 
2.81 
3.39 
1.21 
1.08 
1.95 
2.35 
9.77 
1.84 
8.34 
5.31 
7.39 
0.40 
1.38 
0.85 
1.87 
6.65 
2.12 
7.42 
3.30 
2.75 

Mg 
% 

0.01 
1.17 
0.79 
0.34 
0.49 
1.35 
0.75 
1.18 
0.37 
0.21 
0.50 
0.34 
0.02 
0.73 
0.96 
0.55 
0.06 
0.04 
0.18 
0.07 
0.02 
0.30 
0.02 

< 
< 

< 

1.68 0.02 
0.59 0.03 
8.82 < 

0.41 0.02 
1.30 < 

2.08 0.81 
2.46 0.69 
2.57 0.87 
2.32 0.76 
3.25 1.03 
2.42 0.74 
2.18 0.67 
2.08 0.59 
2.22 0.68 
1.86 0.40 
2.43 0.59 
3.37 < 
7.67 < 

3.47 < 

6.41 < 

2.68 1.07 
2.43 0.06 
3.67 0.97 
2.33 0.80 
6.96 0.09 
2.33 0.86 
4.60 0.83 
1.30 0.68 
0.60 0.03 

22.43 < 

3.70 < 

1.13 0.03 
0.64 < 

8.23 < 

1.81 < 

3.00 0.21 
2.16 0.10 
7.23 0.76 
1.61 0.37 
1.84 0.23 

K 
% 

0.01 
0.86 
0.35 
0.16 
0.12 
0.60 
0.39 
0.42 
0.08 
0.04 
0.16 
0.02 
0.07 
059 
0.29 
0.28 
0.13 
0.12 
0.06 
0.10 
0.13 
0.10 
0.09 
0.10 
0.10 
O.Q? 
0.09 
0.17 
0.12 
0.16 
0.05 
0.68 
0.68 
0.69 
0.84 
0.98 
0.40 
0.52 
0.23 
O.R3 
0.19 
0.19 
O.Q3 
0.02 

< 

0.04 
0.70 
0.06 
0.46 
0.42 
0.03 
0.28 
0.22 
0.43 
0.07 
0.08 
0.05 
0.06 
0.07 
0.04 
0.25 
O.Q3 
0.09 
0.08 
0.04 
0.17 

Na 
% 

0.01 
O.Q? 
0.04 
0.04 

< 

0.06 
0.30 
0.16 
0.05 
0.08 
0.06 

< 
< 

0.06 
0.03 
0.03 

< 

< 

< 

< 

< 
< 

< 

< 
< 

< 
< 

< 
< 

0.02 
0.02 
0.07 
0.09 
O.Q? 
0.10 
0.09 
O.Q? 
0.07 
0.08 
0.09 

< 

O.Q2 
< 
< 

< 
< 

0.11 
< 

0.08 
0.39 
0.15 
0.05 
0.04 
0.12 
0.02 

< 

< 

0.06 
< 

< 

0.02 
0.13 
0.48 
0.15 
O.Q? 
0.03 

p 

% 
0.01 
0.09 
0.09 

< 

O.Q2 
0.08 
0.05 
0.10 
O.Q? 
0.02 
0.14 
0.05 
0.02 
0.10 
0.07 
0.08 
0.06 
0.04 

< 

< 

< 

0.02 
0.02 
0.03 
0.02 
0.02 

< 

< 

0.12 
0.04 

< 

0.07 
0.06 
0.07 
O.Q? 
0.08 
0.07 
0.10 
0.08 
0.08 
0.16 
0.13 

< 

0.03 
0.02 
0.08 
0.10 
0.02 
0.02 
0.03 
O.Q? 
0.06 

< 

0.07 
< 

0.02 
< 

< 

0.02 
0.02 

< 

< 
< 

< 

0.02 
0.05 

Sn Te Y 
ppm ppm ppm 

10 
< 

< 
< 
< 

< 

< 
< 

< 

< 

< 

< 

88 
< 

< 

18 
28 

< 

< 

< 

< 5.5 
< 

< 12 
< 0.8 
< 1.1 
< 1.5 
< 1.3 
< 0.1 

20 6.6 
< 0.4 
< 0.1 
< 0.1 
< < 
< 0.1 
< < 

< 0.1 
< < 

< < 

< < 
< < 

< 0.2 
< < 
< 

< 
< 

< 
< 

< 
< 
< 

< 

< 

< 

< 

< 

< 

37 
< 

< 

< 

< 

< 
< 

< 

< 

< 



Appendix 3: Assay results for mineralized samples collected in the McQuesten River region 

Det. Lim. 
93DM-237a 
93DM-239a 
93DM-279 
93DM-287 
93DM-289a 
93DM-297 
93DM-299 
93DM-300 
93DM-307a 
93DM-307g 
93DM-310a 
93DM-310b 
93DM-310c 
93DM-312c 
93DM-313 
93DM-316a 
93DM-316b 
93DM-336a 
93DM-336b 
93DM-352a 
93DM-359a 
93DH-8 
93DH-8a 
93DH-9 
93DH-10 
93DH-11 
93DH-12a 
93DH-13 
93DH-13a 
93DH-14 
93DH-17 
93DH-17a 
93DH-19 
93DH-20 
93DH-21a 
93DH-26c 
93DH-26d 
93DH-29b 
93DH-35 
94DH-17 
94DH-22b 
94DH-34e 
94DH-84a 
94DH-87a 
94DH-8718 
94DH-89a 
94DH-89b 
94DH·89c 
94DH-91 
94DH-96a 
94DH-100a 
94DH-101 
94DH-102 
94DH-104a 
94DH-104b 
94DH-104c 
94DH-104d 
94DH-125a 
94DH-125b 
94DH-125c 
94DH-125d 
94DH-125e 
94DH-131 
94DH-133 
94DH-140 

UTM UTM Au Ag Cu Pb Zn As Sb Mo Bi Cd Co 
easting northing ppb ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm 

403446 
404116 
412608 
414575 
418294 
416326 
416030 
415795 
415452 
453170 
415142 
415142 
415414 
416083 
416845 
417574 
417574 
418365 
418365 
421981 
420465 
401397 
401397 
401098 
401404 
401506 
401668 
401718 
401718 
402131 
403213 
403213 
422090 
421890 
421890 
421314 
421314 
420549 
423950 
438811 
448527 
437535 
439757 
441376 
441439 
441535 
441676 
441856 
442338 
432181 
445082 
445724 
444688 
444218 
444128 
444129 
444299 
425973 
425973 
425973 
425973 
425973 
427500 
427438 
446259 

7070989 
7071349 
7076356 
7073531 
7070887 
7072097 
7072981 
7073103 
7071954 
7072170 
7074427 
7074427 
7074524 
7074920 
7074694 
7074361 
7074361 
7078628 
7078628 
7080598 
7080884 
7080712 
7080712 
7080249 
7079902 
7080089 
7080100 
7079212 
7079212 
7079684 
7079797 
7079797 
7074065 
7074051 
7074051 
7077752 
7077752 
7078143 
7079663 
7074256 
7079841 
7078133 
7095829 
7096970 
7096856 
7097252 
7097282 
7097206 
7097106 
7095259 
7072022 
7071646 
7072169 
7071667 
7071730 
7071729 
7071713 
7076459 
7076459 
7076459 
7076459 
7076459 
7078374 
7078652 
7097463 

5 0.1 1 2 1 5 5 1 2 0.1 1 
< < 5 40 82 10 < 2 < < 4 
< 70.2 14 2.5% 253 19 36 22 40 402.0 < 

36 0.2 12 3 10 402 6 4 < 0.2 < 

5 100 169 3559 3816 225 8 6 < 34.8 6 
7 44.7 746 8652 2138 56 48 8 < 2.6 4 

29 48.2 1911 4567 22483 575 < 10 14 19.9 7 
19 1.7 10 2101 93 293 < 4 3 < 12 
13 < 4 870 87 45 < 7 < < 10 

< 2.0 43 3046 68 18 < 4 < < 14 
< < 33 35 191 27 < 4 < 0.3 13 

12 3.0 9 383 1749 130 < 9 3 14.6 12 
58 27.5 55 1438 2.9% 297 7 14 36 300.0 21 

9 < 49 72 289 < < 5 3 2.4 11 
16 < 38 47 125 227 < 3 < 0.7 15 
11 < 5 49 90 771 < 3 < 0.4 8 
40 < 6 44 243 353 < 2 < 1.9 11 
76 < 14 36 104 16 < 5 < 0.2 11 
6 1.5 41 30 77 461 < 4 5 1.8 3 

25 8.2 194 166 139 632 19 5 12 4.7 < 

< < 25 20 291 11 < 4 < 1.8 7 
26 4.8 559 2378 62 3620 17 6 136 0.4 3 
20 < 45 42 92 789 62 6 < < 8 

377 < 9 24 64 25 < 4 < < 10 
19 < 3 14 12 9 < 5 < < < 

26 < 14 8 17 7 < 3 < < 3 
11 < 4 25 82 13 < 4 < < 13 
19 < 7 19 59 19 < 4 < < 9 

435 15.3 15 242 7 88 < 4 72 < 3 
10 24.0 2 6 9 179 < 5 < < 2 
27 0.5 15 472 1608 484 < 8 < 17.2 17 
17 < 7 14 34 16 < 4 < < 2 
40 < 52 10 91 78 < 3 < < 9 

185 3.5 295 137 669 6 < 3 < 1.2 2 
18 < 7 34 111 < < 4 < < 3 

7 9.5 5 109 74 82 < 5 52 < < 

< 2.0 11 34 97 24 < 5 46 0.2 < 

28 
11 

8 
2930 

25 
< 

< 

6 
41 

< 

170 
7 
< 

8 
10 
33 

< 

< 

70 
3715 
5618 

31 
17 

9 
8 
8 
< 

< 

6 

48.0 
< 

1.1 
< 

< 

< 
< 

1.5 
< 
< 

1.1 
< 

< 

< 
< 

< 

< 

< 

< 

6.2 
2.8 

11.9 
0.4 

< 

< 

< 
< 

6.6 
< 

727 
191 
93 

457 
12 
25 

7 
21 
33 
9 

142 
77 

130 
8 

23 
7 
5 

14 
113 
43 
50 
45 
26 
32 
19 
39 

5 
50 
20 

2.1% 
125 
123 
19 

5 
38 

5 
205 
799 
93 

192 
208 
104 
22 
10 

7 
5 

11 
23 

237 
79 

166 
154 

8 
5 
4 
5 

107 
416 

2408 
94 
63 
37 

9 
33 

6 
2 

13 
3 
2 

7879 
43 
29 

6837 
44 

< 

7 
4497 
8399 

144 
5688 

39 1010 
74 220 
39 13 
24 391 
18 87 

7 40 
36 196 
66 2553 
12 >10000 
9 >10000 

44 520 
59 137 
45 96 
37 < 

32 < 

24 43 
710 429 

28 < 

16 
< 
< 

< 

< 
< 

< 

206 
149 
61 

136 
91 

1096 
13 

7 
< 

< 
< 

< 

113 
246 

< 

< 
< 

< 

< 

< 

17 
28 

11 
2 
6 
< 

< 

8 
6 
2 

10 
3 
2 
7 
2 
2 

13 
2 
< 

9 
< 

< 

8 
5 
2 
9 
3 
< 

12 
4 
< 

47 
< 

< 

68 
< 

< 
< 

32 
18 

< 

31 
< 

65 
< 

< 

< 

< 

< 
< 

48 
82 
22 

< 
< 

< 

< 

< 
< 

< 

24.3 
< 

1.3 
< 

< 

< 
< 
< 

< 
< 

< 
< 

< 

< 

< 

< 

< 

< 
< 

< 

< 

< 

< 
< 

< 

< 
< 

< 

< 

5 
38 
15 
38 

5 
2 
< 
< 

< 
< 

4 
< 

< 

< 

5 
4 
2 
7 
4 
3 

15 
< 

2 
6 
3 
3 
< 

4 
< 

Ni 
ppm 

1 
3 
2 
4 
5 

20 
11 
11 
10 
12 
12 
11 
6 
8 

10 
8 

16 
7 
3 
4 

15 
8 

19 
5 
3 
9 

11 
5 
8 
7 

76 
7 

33 
4 
2 
2 
4 
9 

80 
33 
18 
19 

7 
6 

10 
2 
3 

14 
< 

4 
11 

8 
9 

10 
23 
19 
7 

15 
5 

14 
12 

5 
10 
4 
8 
8 

Ba 
ppm 

2 
84 

7 
7 

47 
< 

10 
554 
572 
239 
731 
116 
48 

100 
251 
184 
58 
58 
19 
15 
27 
51 
53 

687 
8 

37 
720 
596 

32 
69 
48 
28 
19 
17 

269 
37 
11 
52 
50 
44 
31 
20 
18 

3 
10 

125 
14 

133 
333 
22 
18 

8 
54 
32 

101 
50 
23 
16 
16 
11 

120 
7 
8 

13 
31 
13 



W Cr V 
ppm ppm ppm 

5 1 2 
< 54 
< 137 
6 151 

15 147 
10 92 

112 99 
< 97 
< 143 
< 130 
6 133 
8 114 

114 151 
< 109 
< 97 
8 87 

22 61 
< 86 
< 140 
< 147 
< 76 
< 98 
< 42 
6 91 
< 200 
< 110 
< 121 

13 99 
303 197 

21 161 
84 73 
16 143 
8 59 
8 82 
8 74 

536 81 
136 140 

90 96 
< 46 

12 60 
598 122 

< 199 
< 176 
< 271 
< 229 
< 224 
< 160 
< 247 
< 210 
< 204 
< 223 
< 267 
< 160 
< 211 
< 220 
< 187 
< 175 

79 212 
< 211 
< 282 
< 227 
< 175 
< 197 
< 231 
< 203 
< 189 

17 
< 

< 

< 

14 
6 

56 
56 
69 
74 
40 
12 
60 
45 
36 
13 
58 

< 
< 

13 
13 
21 
30 

< 

5 
68 
25 

3 
4 

35 
6 

10 
5 

23 
< 

4 
58 
91 
47 
22 

3 
8 
2 
< 

< 

4 
< 

11 
3 
< 

2 
4 
3 

12 
15 

< 

< 

< 

2 
21 

5 
3 
< 

6 
2 

Mn La Sr Zr Sc Ti Al Ca 

% 
0.01 

Fe 
% 

0.01 

Mg 
% 

0.01 
ppm ppm ppm ppm 

1 2 1 1 
206 

43 
27 

10980 
2197 
1651 

330 
380 
341 
474 

1.5% 
4610 

373 
260 
247 
380 
349 

36 
143 

1208 
36 

107 
478 

39 
182 
386 
480 

90 
883 
534 
458 
152 
517 
421 
447 
168 
758 
162 
76 
60 

772 
120 

27 
27 
25 
17 
23 
21 
53 
48 

209 
388 

35 
268 
398 
65 
33 

105 
60 

174 
604 
464 

35 
122 

94 

33 8 
< 17 
9 3 

12 5 
10 < 
6 < 

30 90 
42 81 
28 102 
35 91 

9 18 
3 4 

23 144 
29 107 
20 107 
11 194 
25 134 
18 < 

14 2 
16 < 

18 4 
14 6 
29 91 

< 2 

3 33 
14 127 
30 53 

< 4 

7 23 
12 3 
7 5 
4 6 

17 14 
35 31 
11 3 

< < 

21 6 
9 308 

11 155 
18 69 
3 63 

12 4 
< < 

21 2 
5 22 
< 5 

13 5 
43 136 

7 13 
20 2 

2 7 
17 4 
14 4 
18 13 
25 26 

4 7 
7 26 
2 < 

< 2 
15 9 
10 107 
7 161 

10 4 
4 < 

4 7 

7 
< 
< 

< 

< 
< 

< 

< 

18 
3 
8 
2 
4 
2 
2 
< 

8 
3 
2 
< 

< 

2 
2 
< 
< 

4 
3 
< 
< 

< 
< 

< 

4 
19 
4 
< 

3 
< 

3 

ppm 
1 
2 

% % 
0.01 0.01 

0.34 1.65 
< 

O.Q7 0.88 
< 0.06 < 0.47 

0.31 
< 

< < 0.20 
< < 0.21 
< < 0.99 
< < 0.95 
3 0.17 1.82 
4 0.20 1.82 
5 0.19 2.64 
5 0.25 2.59 
5 < 2.47 
2 < 0.77 
4 0.14 3.39 
3 0.17 
3 0.09 
< 0.05 
5 0.14 
< < 

2 
2.14 
2.77 
3.05 
0.05 

< < 0.09 

4 < 0.43 
< < 0.14 
< < 0.36 
7 0.20 2.29 
< < 0.05 
< < 0.73 
5 0.22 
5 0.17 
< < 

< < 

3.36 
1.69 
0.09 
0.22 

2 < 0.42 
< < 0.17 
< < 0.19 
2 < 0.53 
4 < 2.03 
3 < 0.31 
< < 0.11 
3 < 0.38 
4 0.11 4.78 
< 0.10 2.16 

1.96 
0.15 
0.64 
0.09 
0.10 
0.07 
0.08 
0.13 

< 

0.02 
< 

O.D4 
0.73 
0.67 
1.00 
1.21 
0. 11 
0.05 
1.50 
0.87 
0.92 
2.92 
1.42 

< 

< 

< 

< 

O.Q3 
0.77 
0.02 
0.44 
1.46 
0.72 
0.13 
2.08 
0.05 

< 

< 

0.57 
2.69 
0.22 
0.06 
0.11 
2.26 
1.42 
1.26 
1.41 
0.02 

< 

< 
< 

< 
< 

0.65 0.08 
0.24 < 

0.27 0.03 
0.10 < 

0.39 0.02 
0.24 0.03 
1.05 0.17 
1.54 0.03 
0.11 < 

0.12 < 

0.17 0.02 
0.09 0.02 
1.39 0.05 
0.61 0.94 
0.67 1.61 
0.07 < 

0.21 < 
0.25 < 

1.00 
2.23 
7.48 
2.65 
2.27 
2.47 
2.81 
2.79 
8.35 
4.08 
3.07 
2.45 
1.90 
0.98 
3.20 
0.44 
1.94 
4.47 

10.52 
8.93 
3.04 
0.32 
0.87 
2.86 
2.60 
1.15 
0.98 

15.15 
1.39 
7.03 
1.27 
1.98 
0.80 
1.12 
5.55 
3.89 
2.71 
3.53 
0.52 
1.65 
0.67 
0.62 
2.48 
1.10 
0.82 

< 

< 

0.12 
0.50 
0.84 
0.88 
1.31 
1.31 
0.68 
0.22 
1.06 
0.70 
0.58 
0.24 
1.22 

< 

< 

0.03 
< 

0.03 
0.78 

< 

0.18 
1.29 
0.68 
0.03 
0.11 

< 
< 

< 

0.09 
0.31 

< 
< 

0.02 
1.70 
0.27 
0.45 
0.12 
0.22 

< 

< 
< 

< 

< 
5.14 < 

5.87 < 

0.51 0.03 
1.11 < 

1.23 0.04 
0.48 < 

1.74 0.41 
3.99 0.96 
3.14 < 

5.15 0.02 
0.54 < 

0.79 0.05 
2.24 0.69 
1.06 0.06 
0.96 0.12 
0.51 < 

2.88 0.02 
4.73 < 

K 
% 

0.01 
0.26 

< 

0.03 
0.19 
0.07 
0.09 
0.65 
0.75 
0.44 
0.78 
0.10 
0.03 
0.42 
0.61 
0.35 
0.09 
0.29 
0.05 
0.03 
0.18 
0.02 
0.13 
0.94 
0.02 
0.04 
1.08 
0.85 
0.03 
0.12 
0.14 
0.04 
0.04 
0.16 
0.99 
0.18 
0.05 
0.07 
0.44 
O.Q7 

Na 
% 

0.01 
O.Q3 

< 
< 

< 

< 
< 

0.15 
0.14 
0.20 
0.16 
0.02 

< 

0.32 
0.18 
0.21 
0.21 
0.31 

< 
< 

< 

< 

0.02 
0.16 

< 

0.03 
0.18 
0.10 

< 

0.02 
< 
< 

< 

0.03 
0.25 

< 
< 
< 

0.29 
0.27 

P Sn Te Y 
% ppm ppm ppm 

0.01 10 
0.06 

< 

< 

< 

< < 

< 29 
< < 
< 15 

0.08 < 

0.08 < 

0.07 < 

0.08 10 
0.04 < 
0.02 < 

0.08 < 

0.08 < 

0.07 < 

0.06 < 

0.10 < 

< < 

< 13 
O.Q3 < 

0.04 135 
0.07 < 

0.07 < 
< < 

0.07 < 

0.09 < 

0.06 < 
< < 
< < 

0.12 < 
< < 

0.03 < 

0.03 < 

0.08 < 

0.04 < 
< < 

0.08 200 
0.17 < 

0.28 < 

4 
2 
< 

< 

2 
2 
< 

< 

3 
< 

2 
< 

2 
< 

6 
5 
< 

< 

3 
< 

3 
3 
3 
< 

2 
< 



Appendix 3: Assay results for mineralized samples collected in the McOuesten River region 

Det. Lim. 
94DH-148b 
94DH-149a 
94DH-149b 
94DH-155a 
94DH-155b 
94DH-155c 
94DH-159a 
94DH-159b 
94DH-159c 
94DH-159d 
940H-159e 
94DH-159f 
94DH-160 
94DH-165a 
94DH-165b 
94DM-6b 
94DM-25b 
94DM-45a 
94DM-48a 
94DM-54b 
94DM-54c 
94DM-54d 
94DM-54e 
94DM-54f 
94DM-549 
94DM-54h 
94DM-56 
94DM-57 
94DM-58a 
94DM-58b 
94DM-131a 
94DM-131b 
94DM-151 
94DM-165 
94DM-166 
94DM-167 
94DM-168 
94DM-168a 
94DM-192 
94DM-252 
94DM-253 
94DM-268 
94DM-269a 
94DM-269b 

UTM UTM Au Ag Cu Pb Zn As Sb Mo Bi 
easting northing ppb ppm ppm ppm ppm ppm ppm ppm ppm 

450353 
447567 
447598 
440081 
440081 
440081 
425264 
425264 
425264 
425264 
425264 
425264 
425343 
446041 
446053 
439343 
434294 
445865 
445302 
443276 
443276 
443276 
443276 
443276 
443276 
443276 
443772 
443820 
443975 
443975 
429511 
429213 
436894 
440316 
440326 
441231 
441381 
441381 
436880 
424584 
424571 
444532 
444493 
444493 

7097082 
7097106 
7097040 
7072582 
7072582 
7072582 
7071195 
7071195 
7071195 
7071195 
7071195 
7071195 
7071449 
7071201 
7071241 
7073304 
7075149 
7078977 
7079739 
7076073 
7076073 
7076073 
7076073 
7076073 
7076073 
7076073 
7075327 
7075199 
7074809 
7074809 
7088433 
7088254 
7091713 
7097312 
7097508 
7098119 
7090871 
7090871 
7069634 
7070788 
7070856 
7071846 
7071675 
7071675 

5 0.1 1 2 1 5 5 1 2 
< < 21 832 239 306 233 2 < 

< < 12 89 112 < 6 4 < 
< 

1582 
30 
82 

< 

< 

< 
< 

< 

< 

1630 
175 
134 
486 

8 
< 
< 

10 
< 

< 

6 
< 
< 

< 
< 

< 

< 
< 

10 
6 
< 

< 

< 

28 
17 
6 

21 
< 

11 
6 
< 

30 

< 23 
< 6 
< 5 
< 9 
< 48 

2.1 46 
0.5 48 

< 39 
1.9 423 

< 152 
34.9 2685 

< 12 
0.6 68 

< 32 
< 8 

60.7 147 
< 4 
< 3 
< 4 

< 3 
< 29 
< 10 
< 5 
< 14 
< < 
< 26 
< 18 
< 16 
< 30 
< 11 
< 4 
< 76 
< 10 
< 77 
< 36 

0.2 3 
< 96 

5.1 220 
8.8 46 

< 8 
< 82 
< 37 

594 
13 

7 
8 

68 
8 

79 
13 

663 
49 

168 
10 
14 

9 
9 

1.63% 
154 
149 

76 
24 
16 
14 
10 

7 
14 
9 

109 
70 

377 
193 

8 
15 

8 
329 
127 
41 
16 

187 
262 

11 
10 
8 

1141 < 

14 4657 
11 486 
17 1325 

173 18 
18 < 

49 < 

55 6 
3951 < 
2409 < 

739 < 

20 700 
20 >10000 
25 575 
37 44 

1249 6 
73 10 
71 < 

84 < 
80 < 

461 < 

52 < 
21 < 

7 14 
69 < 

125 14 
139 440 
123 131 

10 306 
5 1775 

16 < 
24 7 
9 128 

16 2608 
20 3925 

2 42 
22 3568 

518 < 

193 375 
17 129 
64 7650 
26 3350 

14 
< 

< 

7 
< 

< 

< 

< 
< 

< 
< 

< 
< 

< 

< 

11 
< 

< 
< 

< 

< 
< 
< 

< 
< 

< 

< 
< 

78 
43 

< 
< 

26 
270 
793 

11 
< 

< 

< 

< 
< 

2 

< < 
9 < 

3 < 
< < 

12 < 

4 13 
2 < 

10 < 

4 < 
< < 
< 366 
< < 
< 20 

19 8 
< < 

4 62 
5 < 

< < 
< < 
7 < 

< < 
< < 

16 < 
2 < 

2 < 
12 < 

< < 
2 < 

3 < 

9 < 

6 < 
3 < 

13 < 
< < 
2 < 

14 < 
< < 
< < 

12 15 
< < 
< < 
< < 

Cd Co 
ppm ppm 
0.1 1 

< 
< 

2 
2 

< < 
< 2 
< 3 
< 3 

4.5 3 
< 2 
< < 
< 2 

10,5 < 

18.7 < 
< 303 
< 4 
< 6 
< 4 
< < 
< 3 
< 4 
< 4 
< 4 
< 4 

3.5 3 
< 5 
< 2 
< 2 
< 3 
< 9 
< 8 
< 7 
< < 
< < 
< < 
< 2 
< < 
< < 
< < 
< < 
< 6 
< 2 

3.9 2 
< 2 
< 5 
< 

Ni 
ppm 

1 
5 
6 
3 
5 
7 

11 
6 
5 

11 
4 
7 
6 

21 
10 

7 
6 
8 

10 
6 
9 
7 
7 

10 
7 
7 

12 
7 
9 

14 
8 
3 
2 
3 

11 
3 
4 
5 
4 

20 
8 
8 

10 
14 
4 

Note: Au analyses: fire assay + atomic absorption finish; all others !CP. 92DH and 920M samples analyzed at iPL, Vancouver, BC. 
930M and 93DH samples: Au analyzed at Northern Analytical Laboratories, Whitehorse, YT, others at iPL, Vancouver, BC 

940M and 940H samples analyzed at Bondar-Clegg, Vancouver, BC. 

Ba 
ppm 

2 
74 

8 
22 
53 
52 
66 
36 
17 
15 
18 

115 
49 

8 
60 
80 
42 
76 
41 

275 
277 
484 
527 

55 
178 

8 
16 

456 
127 
251 
301 
175 
94 
12 
33 
17 
44 

200 
18 
66 
34 
42 
67 
70 
60 



w Cr V Mn La Sr Zr Sc Ti Al Ca Fe Mg K Na p Sn Te y 
ppm ppm ppm ppm ppm ppm ppm ppm % % % % % % % % ppm ppm ppm 

5 1 2 1 2 1 1 1 0.01 0.01 0.01 0.01 0.01 0.01 0.01 O.Q1 10 
< 90 24 51 30 22 0.62 0.02 4.71 0.02 3 
< 210 2 118 7 3 0.17 < 1.48 < < 
< 167 2 2293 7 5 0.43 < 5.86 < < 
< 182 < 57 17 40 0.31 0.02 1.09 O.Q3 2 
< 180 2 87 17 3 0.28 O.Q2 0.71 0.03 2 
< 163 < 71 18 7 0.33 < 0.96 0.03 2 
< 230 3 96 9 3 0.38 0.02 0.81 0.08 < 
< 214 3 83 2 < 0.22 < 0.54 0.05 < 
< 225 2 135 2 < 0.24 < 0.70 0.03 < 
< 213 4 111 < 3 0.46 0.04 0.76 0.09 < 
< 167 36 1499 13 15 2.46 0.17 5.42 0.54 3 
< 117 11 528 9 19 0.65 0.83 3.63 0.20 3 

80 157 < 3721 9 8 4.15 0.06 7.23 1.02 3 
< 103 4 235 10 3 0.27 0.02 1.10 0.06 < 

230 134 16 220 10 14 1.16 0.04 3.94 0.68 < 
226 290 19 184 9 6 0.31 0.15 0.77 0.21 3 

< 172 5 37 7 4 0.21 < 1.32 < < 
< 184 9 632 10 5 0.76 < 2.45 0.18 < 
< 143 31 468 42 71 1.03 2.33 1.60 0.55 12 
< 131 32 493 41 76 1.06 2.49 1.65 0.57 12 
< 156 42 452 39 44 1.53 0.50 1.91 0.74 12 
< 180 48 435 43 61 1.64 0.69 2.04 0.80 13 
< 135 31 558 43 34 1.56 1.15 2.28 0.78 12 
< 131 29 461 39 17 1.00 0.51 1.92 0.58 13 
< 281 4 125 3 3 0.14 0.02 0.70 0.05 < 
< 214 3 203 5 < 0.10 < 0.81 < < 
< 149 42 366 35 52 1.52 0.51 1.78 0.69 10 
< 213 7 513 23 7 0.51 0.19 1.47 0.08 9 
< 173 21 466 41 12 0.87 0.20 1.76 0.43 14 
< 164 28 445 35 25 1.05 0.49 1.79 0.53 13 
< 137 2 19 27 11 0.26 < 1.04 0.02 4 
< 175 < 21 55 6 0.11 < 1.26 < 3 
< 99 8 206 9 461 0.10 +10.00 0.57 0.12 < 
< 206 12 95 14 5 0.71 0.04 1.48 0.41 4 
< 236 < 26 12 2 0.15 0.02 0.90 < < 
< 168 12 27 6 32 0.15 0.02 4.97 < 2 
< 186 12 21 38 294 0.45 0.03 4.62 < 5 
< 260 2 23 12 7 0.12 < 0.35 < < 
< 190 2 181 21 17 0.78 0.21 2.46 0.20 11 
< 159 13 925 16 6 1.42 0.03 3.51 0.26 2 
< 207 2 471 13 2 0.43 0.05 0.64 0.10 2 
< 140 2 41 21 5 0.31 < 0.82 0.02 < 
< 41 16 280 20 19 < 2.23 < 3.65 0.97 
< 194 9 140 < 10 < 0.7 < 2.6 0.19 
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