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Abstract 

The late Cenozoic history of McQuesten map area is characterized by 

progressively less extensive glaciations and deteriorating interglacial climates. The 

glaciations, from oldest to youngest, are the pre-Reid (a minimum of two early to mid 

Pleistocene glaciations). Reid (>200 ka), and McConnell(Q9.6 ka BP). Pre-Reid 

interglacial reconstructions suggest a much warmer and more humid climate than 

today. The Koy-Yukon interglacial (200 ka) is considered to have a climate similar to 

a southern boreal forest and the first intact Diversion Creek paleosol. from this period. 

is documented in the McQuesten River vatley. The Stewart neosol (Holocene) is 

widespread and poorly developed in comparison to past interglacial soils. 

The distribution of surficial deposits. related to multiple glaciations. 

physiography. and fluvial order contrasts, may govern the distribution of placer gold 

occurrences in the study area. Placer deposits occur anomalously in area  outside the 

pre-Reid limit on Klondike Plateau, and on Stewart Plateau. Further exploration in 

McQuesten map area should reassess the placer potential of Klondike Plateau. within 

the pre-Reid ice limits. 
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CBAPTER 1 

INTRODUCTION 

The last glaciation, in the Canadian CordilIera, was often the most extensive, 

resulting in erosion and reworking of older surficial sediments. Consequently. 

reconstructing late Cenozoic environments is often limited to events that have 

occurred during the last 30,000 years. Deposits from earlier glaciations and 

interglaciations are identified in section, however, such windows offer a limited 

regional view of paleoenvironmental history. In McQuesten map area, central Yukon. 

late Cenozoic glaciations were progressively less extensive, allowing older giacial 

deposits to be preserved (Figure 1). This presents an opportunity to compare 

glaciations and the rnorphologicai characteristics of landforms of different ages. In 

addition, a record of post depositiond climatic weathering is preserved on the older 

surfaces, which offers insights concerning the nature of interglaciations (soil 

development) and glaciations (periglacial features) that followed. 

Bostock identified multiple @acid sutfaces in the McQuesten map area during 

bedrock mapping in the 1940s ( Bostock, 1966). His observations were confirmed by 

Hughes et al. (1969, 1972, 1983, and 1987). In cenual Yukon, these glaciations are 

now referred to as pre-Reid (oldest), Reid, and Mccome~ (youngest). Studies by 

Jackson (1989, 1990, 1994, and 1995) in the PeUy Mountains and Carmacks map area, 

and more recently by Duk-Rodkin and Barendregt (1997) and Froese et al. (1997) 

around Dawson. confirm an extensive Iate Cenozoic record for central Yukon. 
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Figure I : Physiography of Yukon Territory and location of McQuesten map area 



Numerous paleoso t investigations on Reid and pre-Reid suhces in McQuesten map 

area have provided details regarding intergIacial and @acid conditions. The paleosols 

are referred to as the Wounded Moose, Stirling Bend, and Diversion Creek paleosols 

and represent at least two interglacial periods (Foscolos st al. 1977; Rutter ef al. 

1978; Smith et al. 1986; and Tarnocai et al. 1985). Surficial geology investigations in 

McQuesten map area were initiated by Hughes and Duk-Rodkin in 1983. Their 

objectives were to describe glacial deposits and limits associated with mdtiple 

glaciations while mapping the surficial geology. Much of their mapping, however, was 

restricted to the Reid g l a d  limit. The pre-Reid glacial limit was intermittently 

mapped by Bomock (1 966) and Hughes (1969), however. the o v e d  extent of pre- 

Reid ice was not well documented. To filly document the late Cenozoic record in 

McQuesten map area. the composite stratigraphy of all Qlacid and interglacial units 

needs to be compiled, in addition to, the surlicial geology and glacial limits. 

This study has two objectives. Firstly, to document the late Cenozoic history 

contained in McQuesten map area (Figure 1). This will be approached through 

analysis of both the geomorphology and general sedimentology of each gIaciation and 

interglaciation represented in the study area. This is based on regional surlicial 

mapping and logging river and road cuts. The suficial mapping focuses on pre-Reid 

terrain. The second objective involves the application of gIacial geology to mineral 

exploration in study area Applications to both hard rock and placer gold exploration 

will be considered. 
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C r n R  2 

PREVIOUS RESEARCB 

In the summer of 190 1, R.G. McConnell examined the geology along the lower 

reaches of Stewart River and Tintina Trench where he focused on bedrock and placer 

geology. McConneil made the first glacial descriptions in the area, noting the late 

Wisconsinan moraine in Stewart River valley, later named the McConnelI glaciation. 

In 1936. Bostock studied Carmacks map sheet and included numerous 

observations about glaciation. Bostock noted older deposits beyond the McConnell 

limit, prowdins the first evidence for multiple PIeistocene glaciations in Yukon. In 

1948, while conducting geologic mapping in McQuesten map area, Bostock included 

evidence for at least two Pleistocene glaciations. Bostock (1948) also described the 

physiography ofthe Canadian Cordillera, referring to the Yukon Plateau, Stewart and 

Klondike plateaus, and Tintina valley. In 1966, Bostock defined limits for muitiple 

glaciations during the Pleistocene in central Yukon. The glaciations from oldest to 

youngest were named the Nansen, Klaza, Reid and McCo~eli. 

Hughes er d. (1969) compiled the glacial limits and flow patterns, south of 65" 

in Yukon. In this compilation, the Nansen and Klaza glaciations were grouped as the 

pre-Reid glaciations based on difficulties differentiating the older surfaces beyond the 

Reid limit. Hughes and Duk-Rodkin initiated s u r f i d  mapping of the McQuesten area 

in 1383; concentrating inside the Reid @acid limit. 

Geologic research continued in the 1960s and 1970s in surrounding map areas. 
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McTaggan (1960) compiled the geology of Keno and Galena Hills, the most 

important lode deposits in the temtory at the t i e ,  prospering in the development of 

silver, lead and zinc. A number of studies concerning the geology and geochemistry of 

the Keno Hill-Galena Hill areas were completed fiom the 1950s to the 1970s (Boyle 

1955, 1965; Boyle et af. 1955; Gleeson and Boyle 1976). SurEicial mapping was 

initiated in the Ogilvie Mountains during Operation OgiIvie (1961). when the Nash 

Creek, Lmon Creek and Dawson map sheets were investigate (Vernon and Hughes 

1966). Green ( 197 1 ) studied the Mayo Lake, Scougaie Creek, and McQuesten Lake 

map areas. 

Central Yukon, and specifically McQuesten map area, has been the focus of 

numerous pedological investigations aimed at differentiating glacial surfaces and 

understanding past climates (Rutter et a[. 1978, Tarnocai er a/. 1985; Smith er af. 

1986; Tarnocai and Smith 1989; Tarnocai 1990; Tarnocai and Schweger 199 1). Field 

excursions to central Yukon during the I.G.C. in 1972 and INQUA in 1987 included 

the McQuesten giacial surfaces and their associated paleosols. 

Recent Quaternary research has been carried out by Morison (1983) on the placer 

deposits at Clear Creek and Fuller (1994) on the Stewart River terraces. The surticial 

geology and stratigraphy of the Cannacks map sheet was studied by Klassen er al. 

1987, Ward ( L 989). and Jackson (1996). Jackson (1989) and Jackson er a[. ( 1  990 and 

1996) studied subglacial volcanic deposits and magnetostratigraphy at Fort Selkirk on 

the Yukon River (Figure 1). The Fort Selkirk paleomagnetic data and tephra samples, 
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separating pre-Reid sediments, provided the first dates on these older glaciations. The 

older pre-Reid gIaciation at Fort Selkirk occurred between 1-60 Ma and 1.07 Ma 

(Jackson et a/. 1996). The younger pre-Reid glaciation at Fort Selkirk occurred 

during the late Matuyama after 0.99 Ma (Jackson cr af. 1996). Ward (1  993) 

completed the Quaternary geology of Glenlyon map area and GiIes (1993) studied the 

Quaternary sedimentulogy and stratigraphy of McCo~ell  and Reid age sediments near 

Mayo. Jackson (1994) compiled the terrain inventory and Quaternary history ofthe 

Pelly River area, southeast of McQuesten map area. Duk-Rodkin (in preparation) 

completed the surficiat geology of the Dawson map area and is currently revising 

glacial limits for Yukon Territory. Froese zr a!. (1997) is currently nudying the 

stratigraphy and sedirnentology of high level terraces along the Uondike River near 

Dawson. 



CHAPTER 3 

REGIONAL FRAMEWORK 

Physiography 

McQuesten map area lies within the Yukon plateaus and consists mainly of three 

physiographic features: Stewart Plateau, Wondike Plateau, and Tintina Trench (Figure 

2; Bostock 1966). Stewart plateau is a rolling upland surfaces ranging From 1067 rn to 

1829 m a d .  and is dissected by northeast-southwest valleys (Figure 2). Valley 

bottoms are less than 157 m a.s.1. The topography of the Stewart Plateau rises north 

towards the Osjlvie Mountains. On Stewan plateau, non h oiMcQuesten River 

valley, locd uplands (Syenite Range, West Ridge, East Ridge, and Red Mountain) 

exceed 1676 rn and cirques are present at the headwaters of many drainages. Beyond 

the cirques, the drainages take on a V-shaped profile. Areas within recent gIacial 

limits have broader valleys, whereas older glaciated terrain have steeper slopes and 

narrower valleys. South of McQuesten River, the Stewart Plateau is more continuous 

and has gentler summits. Block faulting has also contributed to the physiography 

between McQuesten River and Stewart River. The broad valleys south of McQuesten 

River are Likely a product of tectonics, the late Tertiary paleodrainage, and glacial 

overdeepening. 

Klondike Pjateau, like Stewart plateau, represents an erosional surface that was 

raised and incised during the late Tertiary. The present surfice is a broad upland with 

elevations ranging from 762 rn to 1676 m. White Mountains, Willow HiUs, and Ice 
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Chest Mountain are the major uplands on Klondiie Plateau in McQuesten map area. 

The orientation of uplands and valleys is northwest-southeast. similar to the Tintina 

Trench. Valleys are broad and generally have low gradients. Drainages on Klondiie 

plateau are locally derived and generalIy are low order streams. 

Tintina Trench forms a broad valley between the Stewart and Klondike plateaus 

(Figure 2). The trench widens fiom 4 km in the southeast to 16 km in the northwest 

(Figure 2). This Pliocene graben formed dong an early Tertiary strike-slip fault, which 

has undergone 450 km of dextral displacement (Templeman-KIuit 1980). Tintina 

Trench is the lowest topographic region in the map area, with an average elevation of 

approximately 457 m. The trench captures much of the drainage on Stewart Plateau 

and acted as a major conduit for glacial ice. 

The chanse in physiography between Klondike and Stewart plateaus is shown on 

the topographic profile extending from Grand Valley Creek in the southwest to Red 

Mountain in the northeast (Figures 2 and 3). The Klondike Plateau is characterized by 

isolated highIands and deep, broad valleys with low gradients. In contrast, Stewart 

Plateau has steeper terrain with narrower drainages, hence greater relief 

Geography 

Climate 

Yukon is located in the Cordilleran climatic region and is broadly characterized by 

a sub-arctic continental climate, with long cold winters and short warm summers 
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(Wahl et al. 1987). Yukon climatic parameters have a high mean annual range of 

temperature, and the central Yukon basin is the most continental region in the 

territory. 

h Mayo, the highest temperature ever recorded was 36. I " Celsius and the lowest 

temperature recorded was -62.2" Celsius (Wahl el al. 1987). Temperature variation 

within a single month can also be highly variable. Mayo shows a February temperature 

range of more than 74" Celsius fiom 12.2" Celsius to -62.2" Celsius between years 

(Wahl el al. 1987). 

The primary source of nonns affecting Yukon is in the Gulf of Alaska. 

Most precipitation falls on the St. Elias-Coast Mountains causing a rain shadow in 

southern and central Yukon. Annual precipitation ranges between 300 mrn and 400 

mm in central Yukon with most falling in the summer (Wahl r t  al. 1987). Central 

Yukon is considered a semi-arid climate, however, relative precipitation can be hifly 

variable. In Mayo, July precipitation has ranged fiom 9 mm to 108 mm. 

Winds tend to be light with a high percentage of calm conditions in winter due to 

persistent anticyciones (Wahl et al. 1987). The mean annual wind speed at Mayo is 

5.8 km/hr, compared to Whitehorse which has a mean annual wind speed of 14.1 

km/hr. Anticyclones affect Yukon in the winter months and are most extreme above 

the deep Yukon vaIleys. The resulting inversions trap arctic air in low lying areas 

which maintains cold temperatures. At higher elevations, above the inversion. animals 

such as w i o u  and moose respond to this temperature difference and migrate to 
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higher elevations during extreme cold periods (Wahl ct ai. 1987). 

Drainage 

McQuesten map area is part of the Yukon River drainage basin. Stewart River 

flows through the middle of the study area and is the largest drainage incorporating 

85% of the area (Figure 2). The remaining 15% is Klondike River drainage to the 

north. Other important drainages include McQuesten River, Little South Klondike 

River and Lake Creek (Figure 2). Drainages on the Stewart plateau are part of major 

systems that drain the Selwyn and Ogilvie Mountains and are typically larger than 

drainages on the Klondike plateau. 

3 
The mean monthly discharge (m Isecond) of three major drainages in the map area 

is outlined in Table 1 : 

Table 1 

Stewart River (at Stewen Crossiu: 

Jan Feb Mar Apr May Jun July Aug Srpt Oct Nov Dec 
62.7 53 7 50.0 56.1 61.5 1720.0 914.0 601.0 489.0 260.0 121.0 84.8 
- m a n  yearly discharge of 4 1 5 mJlsecond 

&icOuesten R ~ v a  fat moutu: 

Jan Feb Mar Apr Mny Jun July Aug Sept Oct Nov Dec 
8.1 6.9 6.76 10.2 1 16.03107.0 49.4 37.3 39.2 29.0 16.5 10.4 
-mean ymly discharge of 35.9 m /second 

bale Quth Klondikr R i v c  

Jan Feb 1 Apr M y  Jun July Aug Sept Oct Nov Dec 
1.3 1.1 1.1 1.6 25.1 321.6 8.0 8.7 7.5 4.0 2.4 1.7 
- m a n  ymiy discharge of 7.04 m /second 

Inland Waters Directorate 1 99 1 



Maximum discharge in Stewart River is delayed to June and July because its drainage 

basin is larger, more distant, and includes terrain of higher elevation with snow in the 

Selwyn Mountains. Peak discharge occurs in May and June for the McQuesten and 

Little South Klondike drainages because the snow pack and ground ice, within these 

drainages. is susceptible to earlier melting than is much of the Stewart River drainage. 

River morphology in McQuesten map area includes transitions between scroll-like 

meanders and confined meanders. On Stewart River, within the Limit of the last 

glaciation, meanders appear confined between thick accumulations of glacigenic 

sediments. Beyond the McConnell limit, the floodplain is wider and the Stewart River 

takes on scroll or serpentine meanders. In Tintina Trench Stewan River appears to 

vary between confined and scroll meanders and becomes a confined meander 

system upon leaving the trench and entering Klondike plateau. Numerous drainage 

anomalies occur in the study area and include those redirected by former glaciers. 

Some of the more prominent anomdies include the diversion of Robbed Creek into the 

Pirate Creek drainage; the diversion of Reverse Creek into Moose Creek; the Stewart 

River diversion away from Tintina Trench and onto the Wondie Plateau and the 

diversion of Minto Creek into the Mayo River (Figure 2). 

P e r m a m  and Soils 

Yukon Territory spans the scattered widespread, and continuous permafrost zones 

(Figure 4; Brown, 1978). The regional distribution of pWma6.0s-t is largely controlled 

13 



(after Brown 1978) 

figure 4: Permafrost distribution in Yukon Territory 
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by latitude and climate. Whereas local pennafiost variations are controlled by surface 

sediments, soil moisture, aspect, and snow depth (Burn 1987). McQuesten map area 

lies within the limits of widespread or discontinuous perinaf?ost (Figure 4). 

Permafion is found on north-facing slopes, on highlands above 1372 rn a.s.1.. and in 

poorly drained mesic valley bottoms. Features such as sorted polygons and 

solifluction indicate permafrost conditions at high-elevations. Xeric south-facing 

slopes are generally permafrost-free up to 1371 m a.s.1. Outwash terraces along 

Stewart River and Tintina Trench are generally dry, well drained, and pennafiost-fiee. 

Fine grained deposits on outwash terraces, represented by organic deposits or 

fenlands, may contain permafrost. 

Pennafiost conditions in lowlands are sometimes evident by the formation of 

pingos. Hughes ( 1  969a) identified over 460 open-system pingos in centraI Yukon in 

glaciated and un~laciated terrain. Most pingos developed in unglaciated terrain or on 

pre-Reid age surfaces. In McQuesten map area, sporadic open-system pingos occur 

within both the Reid and pre-Reid limits (Figure 5). 

A brunisolic soil. also referred to as the Stewart Neosol, is the dominant soil in the 

study area Solum thickness ranges tiom 37 to 49 cm; it contains limited pedogenic 

weathering and little to no illuviated clay or other soil structures (Tarnocai er al. 

1985). Soils on north facing slopes at high elevations. however, exhibit cryosolic 

characteristics (Tarnocai 1987). 



Figure 5: Collapsed open-system pingo near the North McQuesten River. Pingos 
are a good indicator of sround ice, but overall are infrequent on daciated 
terrain. The hydraulic flow that created the pingo is from a dope to the 
left of the photograph. A second pingo is present in the background. 



Vegetation 

McQuesten map area lies within the boreal northern Corditera and subalpine 

northern Cordillera ecoclimatic provinces and within the Klondike River, Pelly River, 

and Mayo Lake-Ross River ecoregions (Ecoregions Working Group 1989; Oswald 

and Senyk 1977). The region is dominated by a northern mixed deciduous and 

coniferous forest. Black spruce (Picea muriuna), sedges, and sphagnum tussocks 

are common on poorly drained sites in valley bottoms (Oswald and Senyk 1977). 

White spruce (Picwa glauca), aspen (Popltrs trerndoides), paper birch (Befula 

papyrifera), and less commonly lodgepole pine (Pjmts contorts) dominate well- 

drained areas in valley bottoms. Lodgepole pine and aspen are common on eolian 

deposits. A combination of aspen. grasses. and white spruce are common on south- 

facing slopes. Boreal species such as black spruce, white spruce and paper birch 

dominate north-facing slopes. Subalpine regions consist of willows, shrub birch, and 

alpine firs (Abirs lasiocrapa) at treeline (I372 m a.s.1.). Minor variations in treeline 

occur with aspect and suficial materials. Ericaceous shrubs, willows, shrub birch, 

lichens. and mosses are common in aIpine recjons. Feathermoss, willows, shrub birch, 

and ericaceous shrubs are common in the under story of coniferous stands. A 

sagewort grassland with several forbs are found in the under story of aspen stands on 

steep south-facing slopes (Oswdd and Senyk 1977). Nder ( A l m  sp.) and willows 

are locally common along drainages. Aspen, balsam poplar (Populus balsamifera), 

d o w .  and fireweed (Epilobium angrrslifolim) are associated with disturbed sites. 
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Bedrock and Tectonics 

The geology of the study area includes three main facies: North American strata, 

Yukon-Tanana Terrane, and post-accreted intrusive strata (Gabrielse et aI. 1977, 

Templeman-Kluit I979 and Wheeler and McFreely 1991; Figure 6). The Tintina 

Trench separates North American strata fiom Yukon-Tanana Terrane forming a 

prominent regional physiographic lineament (Figure 6). Tintina Trench is a Pliocene 

graben that formed along a mid to late Cretaceous strike-slip fault. Strata along 

Tintina fault are regionally offset by as much as 450 km (Templeman-Kluit 1979; 

Figure 6). More recent mapping (1:50,000) was undertaken in the northern part of 

the area in conjunction with geologic mapping (1:250,000) of the Mayo area to the 

east (Murphy er rrl. 1993; Murphy and Heon 1994, 1995; Roots and Murphy 1992). 

Emond ( 1985. 1 986. and 1992) investigated aspects of the geology, mineralogy. and 

geochemistry of tin and tungsten veins, breccias, and skams, in addition to felsic 

intrusions in the McQuesten River area. 

Nmh Americtrn Shara 

North American strata, northeast of Tintina fault, consist of sedimentary and 

volcanic rocks deposited along the margin of ancestral North America in the Selwyn 

Basin. Selwyn Basin developed through intennittent attenuation and rifting of 





transitional continental crust near the western margin of North America (Murphy and 

Heon 1993). Subsequent cfastic sedimentation into Selwyn Basin occurred tiom the 

Hadrynian to the Permian (Murphy and Heon 1993, Murphy et al. 1993, and Ward 

1993). These rocks were deformed, and in places metamorphosed, during subduction 

of the oceanic plate beneath the basin in the Jura-Cretaceous, producing the thrust 

faults and folds of the Selwyn Fold Belt. Rocks of North American affinity in 

McQuesten map area consist of Upper Proterozoic to Lower Cambrian Hyland Group 

psamrnite, phyllite. carbonate, and meta-clastic rocks, and clastic strata fiorn the 

Ordovician-Lower Devonian Road River Group and the Devonian to Eariy 

Mississippian Earn Group (Figure 6; Bostock 1964; Emond 1992; Murphy and Heon 

1993). 

Yukon- Tunanrr Terrane 

Yukon-Tanana Terrane can be divided into two components: TesI'i-Taylor 

Mountain terrane and Nisling terrane, separated on the basis of metamorphic cooling 

ages and apparent structural position (Hansen 1990). Teslin-Taylor Mountain temne 

is an accreted terrane that was emplaced upon Nisling terrane (metamorphosed North 

American continental crust) during an early Mesozoic subduction complex 

(Templeman-KIuit 1979; Hansen 1990). Teslin-Taylor Mountain rocks comprise the 

main assemblage within the Klondiie Plateau in McQuesten map area Yukon-Tanana 

terrane consists of metamorphosed and deformed sedimentary, volcanic, and plutonic 
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rocks that include Proterozoic ortho and paragneiss. schist, quartzite, and phyllite 

(Bostock 1964; Hansen 1990). 

Post-Accretion Strata 

Post-accretion strata include rocks emplaced following accretion of strata of 

oceanic and island arc &nities (exotic terranes). These are common throughout the 

map area and include mid-Cretaceous and Tertiary felsic intrusive rocks occurring as 

metre-scale dykes to stocks up to several km' (Figure 6) (Murphy and Heon 1993). 

Felsic intrusive rocks consist primarily of @te, monzonite, granodiorite, and 

syenite. (Bostock. 1964; Ward, 1993). 

Suficial Geology 

The distribution of suficial deposits in the study area is largely controlled by 

physiography. Deposits can be subdivided into three groups including: alluvium, 

till/rnoraine, and coIluvium. Alluvium includes both modern floodplains and relic 

alluvium or glaciofluvial terraces. Alluvium consists of stratified and crudely to well 

sorted sand and grave1 with minor silt and cobbles. Generally these deposits are 

confined to lowiands. Some of the more prominent locations include Stewart River 

valIey, Tintina Trench, McQuesten River valley, Lake Creek valley, and Willow Creek 

valley (Figure 7, see insert). The best preservation of glaciofluvial deposits occurs in 

lowlands unaffected by reworking by large modem streams (e.g. Willow and Lake 



Creeks; Figure 7). 

The distributim of tilVmoraines, l i e  alluvium, is predominantIy found in the 

lowlands (Figure 7). Moraines consist of unsorted clay, silt, sand. and gravel with 

minor cobbles and originate as deposits derived directly fiom glaciers. Till blankets 

(> lm thick) are found in the valley bottoms and lower valley sides, whereas till 

veneers (<I m thick) occur on valley sides and on the summits of uplands below 12.19 

m a.s.1. Till veneers often consist of sparsely distributed glacial erratics on a coIluviaI 

surfice. This is particularly common in the nonhern part of the map sheet where 

slopes are steeper causing more rapid mass movement. Ti1 biankets at higher 

elevations may be found on plateaus or in meltwater channels in drainage divides. 

Moraine and gIaciofluvial deposits of pre-Reid age in Tintina Trench and Lake Creek 

vaIley may be referred to as Drift deposits. This designation is assigned to deposits 

that resemble outwash or till, however, can not be differentiated due to limited surface 

expression related to erosion of the landforms (Figure 7). 

Colluvium is the most widespread surficial deposit in uplands of the Cordillera. 

Colluvium consists of weathered bedrock and or redeposited till. Penna6ost promotes 

geEflucsion, Frost creep, and mass movement of the surfice layer into colluvial 

deposits. Mass wasting or landslides are concentrated in the northern part of Stewart 

Plateau (Figure 7). 



Glacial and Interglacial Gtotogy 

Multiple glaciations have affkcted Yukon Territory during the Pleistocene. 

Icefields in the St. Elias, Pelly, Cassiar, and Selwyn mountains combined to flow onto 

the interior plateaus of central Yukon (Figure 1). 

Pre-Reid glaciations include undifferentiated advances of early to middle 

Pleistocene age (Figure 8). These contrast with well defined Reid and McConnell 

glaciations (the last two glaciations) in the central Yukon (Figure 9, 10, and 1 I). Soil 

development during pre-Reid interglaciations is recorded by the Wounded Moose 

paleosol (Tarnocai et a!.. 1985). The post Reid interglaciation (Koy-Yukon) is 

recorded by the Diversion Creek pdeosol. The Holocene soil is referred to as the 

Stewart neosol (Rutter et al., 1978). Each soil has characteristics that can be used as 

a relative age indicator. Pre-Reid glacigenic deposits cover about 60% of McQuesten 

map area, whereas Reid and McCo~ell  deposits cover about 38% and 2% of the map, 

respectively (Figure 1 1). 



Figure 8: Mew to the north of the Pre-Reid glaciation in centml Yukon. I'be Yukon plateaus were inundated by ice 
originating in the coast range, Pelly. Selwyn, and Ogilvie mountains. McQuesten map area was almost 
completely glaciated, except for nunataks along the western border o f  the map. The inset map show the 
area depicted in the block diagram. 

(Glacial limits by Bostock 1966; Duk-Rodkin in prep.; This study) 



Figure 9: Maw to the north of the Yukon plateaus during the Reid glaciation. The extent of ice is much less in 
central Yukon. Reid ice emanated into McQuesten map area from the east and southeast, and terminated 
in Tintina 'Trench. 

(Glacial limits by Bostock 1966; Duk-Rodkin in prep.; This study) 



Figure I 0: View of the McConndl glaciation in central Yukon. Notice the less extensive glaciers cast of McQuesten map 
area and also to the northwest in the Ogilvie Mountains. In the study area Reid and pre-Reid surfaces were 
preserved beyond the McConnell limit, 

(Glacial limits by Bostock 1966; Duk-Rodkin in prep.; This study) 



Figure 1 1 
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CaAPTER 4 

METHODOLOGY 

The methods employed in this study were surficial mapping, stratigraphy and 

sedimentology, and paieomagnetism. 

Surficial Geology 

The suificial geology of McQuesten map area is a continuation of a previous 

mapping project by Hughes and Duk-Rodkin in 1983. Approximately 50% of the 

mapping was completed in 1983 and 1988 with the majority of it restricted to the Reid 

glacial limit. This project focused on mapping outside the Reid glacial limit, compiled 

the legend. and prepared the map for final drafting. Digitizing and final drafting was 

completed by S.J. Hinds at the Geological Survey of Canada. 

The interpretation of the surficial geology was completed using air photographs. 

Ground truthing was limited to areas accessible by truck or foot and helicopter travel 

was limited to one trip fiom Mayo to the White Mountains in the southwest of the 

map. Numerous helicopter surveys were completed in the summer of 1995 with 

Kennecott Canada during their mining exploration program. Surveys in 1995 were 

concentrated on the Stewart Plateau and to the Stewart River valley N.E. of Tintina 

Trench. 

Sudcial mapping was completed in accordance with the Terrain Science 

Division. Geological Survey of Canada. The following is a list of map units that were 

employed. For a complete description of map units see appendix I and the map. 
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QUATERNARY 
Holocene 

Ogrtrtic Dzpos i~~  
Fenland 

A llwral Drparrrr 
Alluvrd plan. terrace. h. and complcx 

Colluvtd Depost~ 
Colluvium veneer. blanket. and ample.. 

Eolian Drposiu 
Eolian vmar. blanket. and ridges 

PLEISTOCENE 
Late Pkktocent (Late Wbronsinaa - McConneU Glrci.tion) 

Glaciajl~~ial Drpanan& 
Glnciotluvid plain. terrace. and complex 

Glucrul Deposats 
Mominc (Till) vcnm. blanket md complex 

Middle Pkismcene (Ulinobm - Reid Glaciation) 
Glacio/f~#ial Deposits 

GlPciotluvial plain. miice. and complex 

Glaciolaauairtr Drpanu 
Glnctolacustrine plain. and bl& 

Glacial Lkposr~s 
Mominc (Til) plain. vrnm. blanker and complex 

Pliocene - Early Pleirttmnt (?+Reid Chciatioo) 
Glocio/luviirl Depaflirr 

Glnciotluvial plain. tcmc. tmaw vmm. and complex 

G l a c i o k i ~ ~ ~ r n ~ ~ r  D e p m M ~  
Glacrolacustrinc blanket 

Glaciul D r p o m ~  
Moraine (Ti) plain. vmm. blanket. hummocky, and complex 

Ptioceot - Pleistocene UndiTCerenn'rred 
Culfuvicti Deprn-~ 

Mnss Wasting 
Cryophnation tcrnct 



Additional geoiogic features mapped included: Glacial hi ts ,  @acid erratics, cirques, 

moraine ridges, eskers. meltwater channels, dunes, tors, aligned landforms, and pingos. 

Stratigraphy and Sedimentology 

The stratigraphic and sedimentologic data was gathered by logging river and 

road sections. River sections are located on Stewart River and McQuesten River and 

road cuts were concentrated along the Klondiie highway. Stratigraphic 

interpretations at each section were completed by logging one or more vertical 

transects, depending on the complexity of the stratigraphy. At each section the total 

height was measured and flagging tape was placed every 2 - 5 rn along the transect. 

Sedimentologic descriptions for each unit included: 

Thickness 
Prominence 
Cohesiveness 
Colour and moisture state 
Style of contacts (e-g.. Abrupt; gradational; interfinsered) 
Texture 
Primary sedimentary structures (e.g.. Cross bedding) 
Secondary sedimentary structures (e.8.. Faults; weathering; soil development) 
Organic content 
Fabric analyses (only on diamictons) 
Macrofossil analyses of organics (completed at the GSC) 



Previous stratigraphic studies in the McQuesten map area were completed on the 

paleosols by Tamocai and Smith (1989), Smith (1986), and Rutter et al. (1978). 

These studies characterized the Wounded Moose, Diversion Creek, and Stewart 

Neosol soils, providing important climate data about past interglaciations and the 

present interglaciation. Pollen analyses on last interglacial deposits and pre-Reid 

organics was completed by Tamocai and Schweger (199 1) and Schweger and 

Matthews (I99 I). 

Paieomsgnet ism 

Paleornagnetism was the main dating technique employed on pre-Reid deposits. 

The application of paleomagnetics to Late Cenozoic sedimentary deposits is a useful 

tool to correlate and date glacial and nonglacid sequences. Few dating methods are 

available in the range of 1 to 3 Ma making paleomagetics an important alternative 

(Barendreg rt 01. 1996). The purpose of applying paleornagnetism is for stratigraphic 

differentiation and for correlating with the geomagnetic timescale. Differentiation of 

pre-Reid age sediments could provide insights into the number of glaciations 

represented in the stratigraphic record and would dso be useful for regional 

correlations with the M a c k e ~ e  Mountain and Fon Sellcirk magneto-stratigaphies 

(Jackson el al. 1 990, Barendregt et al. 1 996). 

Eight sites from Stirling Bend section and two sites fiom Flat Creek section 

were chosen for sampling. The fine grained sediments were sampled by Dr. R.W. 
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Barendregt using plastic cylinders that were pressed horizontaly into the Face of the 

cleaned exposure. A compass bearing of the cylinders orientation was then recorded. 

In total 92 samples were collected, 72 from Stirling Bend, and 20 @om Flat Creek 

section. Samples were processed and andyzed at the Pacific Geoscience Centre's 

Rock Magnetics laboratory. Magnetism was measured using an automated Schonstedt 

spinner magnetometer and stepwise alternating-field (AF) demagnetization was carried 

out using a Schonstedt GSD-5. Samples were demagnetized in 5 to 10 steps in peak 

fields reaching 100 mT. Thermal demagnetization was attempted on samples with 

incoherent ma~netic directions. Lab processing and analysis was completed by Dr. R. 

Enkin and J. Baker of the Pacific Geoscience Center, by Dr. RW.  Barendregt of the 

University of Lethbridge, and by the author. 



C m R  5 

LATE CENOZOIC GEOLOGY OF MCQUESTEN MAP AREA 

Pre-Glacial Drainage 

The Yukon Plateaus were originalIy an upland traversed by broad valleys. This 

peneplain was incised following uplift in the late Tertiary (Templeman-Kluit 1980). 

Remnants of the peneplain now occur as  isolated highlands surrounded by valleys that 

have been eroded during successive Pleistocene glacial and interglacial periods 

(Templeman-Kluit 1980; Fuller 1994). The earlier Miocene to Pliocene drainage 

system flowed south into the Gulf of Alaska prior to glaciation (Templema-Kluit 

1980). On Yukon Plateau, Templeman-Kluit (1980) identified misfit streams and 

underfit valleys recording a dendritic preglacial drainage to the south (Figure 12). In 

McQuesten map area Templeman-Kluit ( 1980) proposed a paleo-Stewart River 

draining through Ethel Lake valley (Nogold Creek) and south through Willow Creek 

(Figure 13). This reconstruction is supported by the present configuration of the 

lower Stewart River. The Stewart River. where it flows out of Tintina Trench, 

appears underfit suggesting that the valley has recently been occupied by the Stewart 

River (Templeman-KIuit 1980). Recent drainage reconstructions for the Yukon River 

support a south flowing Stewart River. The main channel of the palm-Yukon River 

may have drained through McQuesten map area and south through Willow Creek 

(Figure 13; Duk-Rodkin 1997). ff the Yukon River flows within its ancestral channel 

then it is difficult to explain why the present channel flows anomalously across the 
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Figure 12: Generalized pre-glacial drainage for southern Yukon (overthickened line). 
Note the south tlowing drainage and its course through McQuesten map 
area (after Templeman-Kluit 1980; Duk-Rodkin 1997 ). 
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Figure 13: Pre-glacial drainage of McQuesten map area. Note the Stcwan River 
flowing further to the south and Mayo River contained within 

the modem Stewart River valley. Klondike River flows within the 
lintina Trench before meting the Yukon River above Stewart Crossing. 
The south flowing Yukon exits the map sheet via Willow Creek valley 
and flows towards Pelly Crossing. 



north dope of the Dawson Range, paralleling the contours of the range. PregIacial 

fluvial deposits were not identitied in the McQuesten map area, however, White 

Channel-like gravel lying on bedrock in the vicinity of Clear Creek are considered to 

be of preglacial origin (Bostock 1966). 

Uplift of the Coast Mountains in the late Miocene or early Ptiocene, recorded 

fiom dates on the basinal Wrangell lava now suspended on high peaks in the St. Elias 

Mountains, would have initiated local ice build up in the coast mountains (Souther and 

Stanciou 1976, Templman-Kluit 1980). The preglacial drainage likely remained intact 

during initial stages of uplift, incising through the mountain range, until the onset of 

the first glaciations (late Pliocene), which triggered the Yukon River drainage reversal 

to the northwest across the Yukon Plateau (Tempieman-Kluit 1980). The Yukon 

River was also affected by the Cordilleran ice in the Yukon interior that diverted the 

river hrther to the west across Dawson Range and away torn the Tintina Trench 

physiographic low. 

Glacial and [nterglacial Record 

The paleoenvironmental record in Yukon represents one of the most complete 

late Cenozoic records in North America. The onglaciated terrain bordering numerous 

former icefields has preserved many sites that record late Cenozoic glacial and 

inter_Placial history. The distribution and character of last glacial sediments in Yukon 

indicate ice advancing from St. Elias, Peily, Cassiar, and Selwyn mountains to the 
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central plateaus. Limits of the last glaciation are easily identified and have been 

mapped throughout most of the territory. Beyond the McConnell lit, glacial 

landforms change tiom being well preserved to being more subdued and intermittent. 

Armentrout (1983) suggested that progressive decrease in ice limits was related to 

uplift of the St. Elias and Alaska ranges, which progressively impeded the entry of 

winter precipitation into the interior. In central Yukon three glacial periods are 

generally identified and include the McConnell or last daciation. the Reid or 

penultimate glaciation, and the pre-Reid (constituting multiple glaciations prior to the 

Reid). Older glaciated surfaces also provide sites recording nonglacial and glacial 

events that followed. Evidence of nonglacial conditions is derived from paleosols and 

organic deposits. whereas ice and sand wedge casts and ventifacts are remnant of 

glacial climates. The preservation of this record has also been aided by discontinuous 

and continuous permaf?ost. Preserved deposits inchde: loess, organic deposits, 

volcanic ash, and Pleistocene vertebrate and invertebrate faunal remains. 

Re- Reid GIacintions 

Pre-Reid accumulation zones were probably similar to younger Cordilleran ice 

sheets and was directed by the topography of the Stewart plateau, Klondike plateau, 

and Tintina Trench. Ice flowing Fiom the east and south inundated Stewart River, 

McQuenen River, Tintina Trench, and Willow Creek. The advancing ice sheet 

breached the Willow Hills and the flanks of the White Mountains upon flowing west 



into the lowlands of Grandvalley creek and Rosebud Creek in the southwestern comer 

of the map sheet (Figure 14). The main ice stream continued northwest following 

Tintina Trench until its terminus in Dawson map area. Summits remained unglaciated 

in the White Mountains and on uplands bordering Tintina Trench in the nonhwest part 

of the study area (Figure 7 and 14). Characteristic landforms of unglaciated terrain or 

terrain near the upper h i t  of pre-Reid glaciation include cryoptanation terraces and 

tors (Figure 15 and 16). The most extensive pre-Reid ice sheet extended into Stewart 

map area, west of McQuesten map area. Surficial mapping indicates possible evidence 

for younger. less extensive pre-Reid glaciations, that terminated in the study area on 

Klondike Plateau. Moraines flank the west slope of the White Mountains and occur 

sporadicaIly on Ice Chest Mountain and toward the west edge of the map sheet 

(Figure 7 and 17). Despite multiple pre-Reid moraines on the Klondike plateau, they 

are too discontinuous to trace and hence cannot be ascribed to separate glaciations. 

McQuesten area stratigraphy. rather than geomorphology, is used to describe the 

number of pre-Reid glaciations. 

Pre-Reid ice sheets attained thicknesses well above later ice sheets: a minimum 

thickness of S5O m at Scheelite Dome. on the eastern boundary of the map sheet, 

6 10 m on the White Mountains, west of Lake Creek, and 6 10 rn in the northwest 

comer of the map sheet adjacent to Tintina Trench. Local cirque glaciers developed 

on Syenite Rage. and on East and West Ridge (Figure 7). Minimum pre-Reid glacial 

elevations in upland regions are marked by subdued meltwater channels and resistant 
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Figure I4 
Pre-Reid Glacial Limit and Ice Flow Patterns in 

McQuesten map area 

Pre-Reid Glacial Limit 
I Willow Lakc Channel 

3 
Unglacierd 

- Lake Creek 

3 Pirate Creek 
Ice flow Direction 

4 Stewart River Diversion 

5 Interfluve Channels 



Figure 15: Cryoplanation terraces and blockfields on the White Mountains in 
unglaciated terrain. The terrace landforms develop by nivation 
processes. 



Figure 16: Ton on the Willow Hills near the upper limit of pre-Reid glaciation. 
The tors are approximately 15 m in height. 



Figure 17: Pre-Reid lateral moraine ridges in Tintina Trench (see arrow 1. Note the 
subtle discontinuous surface texture of landforms of this age. 



diorite erratics. 

Regional ice flow east of the trench was directed by the Stewart, McQuesten, 

and Little South Klondike valIeys (Figure 7). Pre-Reid moraines are uncommon on 

the Stewart Plateau where dopes are steeper and susceptible to mass wasting. Glacial 

flow patterns are, therefore, dependant on more stable erosional features such as 

meltwater channets. The physiography of the plateau is characterized by the above 

valleys. which decrease in size to the north. A series of north trending channels 

suggest meltwater breached inteduves of the major drainages (Figure 14 and 18). 

This suggests a northward flow of ice possibly fiom Tintina Trench ice blocking the 

flow of Stewart Plateau valley glaciers. Prominent terrace complexes of pre-Reid and 

possibly Reid ase on Clear Creek and Little South Klondike River may consist of 

glaciofluvial sediment deposited fiom these adjoining systems (Figure 7). 

Regional ice flow west of Tintina Trench was directed by the north trending 

White Mountains and Willow Hills. Ice flowing in Tintina Trench and Lake Creek 

valley surrounded Willow Hills, breaching the upland at Willow Lake valley (Figure 

14, 19, and 20). This may have been enhanced by confined ice flow near the 

confluence of Stewart River valley and Tintina Trench causing ice to build up in 

Wiilow Creek valley and flow across the Willow Hills. This is supported by the 

elevation of channels on the White Mountains that indicates ice was above the Willow 

HiIls. Tors on the summit of Wfflow hills suggest that either the ice sheet was thin and 

did not activeIy scour the summits or the time since glaciation has been long enough to 
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Figure 18: A pre-Rcid meltwater c b e l  between the headwaters of Fony Mils 
Cnsk and Little South KIondike River. The c h e l  marks tht: 
breaching of m intrrfluve by the northward flow o i  meltwater across 
Stewm Plateau. 



Figure 19: View to the east of the pre-Reid meltwater channel dissecting the 
Willow Hills on Klondike PIateau. 



Figure 20: Willow Lake valley. a pre-Reid meltwater channel dissecting the 
Willow Hills. The channel was later reoccuppied by g l a d  
meltwater from the Reid ice sheet that terminated along the eastern 
slcpes of the hills. 



permit the development of these landforms (Figure 16). Ice in Lake Creek valley 

glaciated the eastern slopes of the White Mountains, reaching elevations of 14 17 m 

(Figure 14). Till blankets are common on the east and west flvlks of the White 

Mountains. Where till is undifferentiated from glacioff uvial deposits the term "drift 

deposit" is applied. Two passes on the south flank of White Mountains permitted 

meltwater to drain into Rosebud Creek, and ice on the north flank breached the 

interfluve into Pirate Creek (Figure 14). Pirate Creek represents an ice marginal 

channel in Lake Creek valley that captured and redirected drainage off the north slope 

of the White Mountains to the west. Lake Creek ice continued west into Stewart 

River valley where it converged with a lobe of Tintina Trench ice flowing south 

(Figure 14). The modem Stewart River valley may have developed when Tintina 

Trench ice converged with Lake Creek ice and eroded a channel to the west. When 

ice in Stewart River valley and Tintina Trench receded the Stewart River valley. had 

been downcut below the level of Tintina Trench, resulting in the diversion of Stewart 

River into the Klondike Plateau. This reconstruction is largely based on the underfit 

Stewart River valley near the point of diversion from Tintina Trench. Ice in Stewart 

River valley near the terminus of the pre-Reid glaciations contributed to hrther 

downcutting of the valley and likely, the diversion of Stewart River. Pre-Reid 

deglaciations deposited glaciofluvial plains in the valleys of Stewart River and Tintina 

Trench. Tintina Trench contains more than 100 m of pre-Reid gravel, the thickest 

accumulation in the map area, and forms the highest tenace along the Stewart River 
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(Figure 21). Rosebud Creek also contains significant Qlaciofluvial tenaces (Figure 7). 

Local montane pre-Reid glaciers developed in the northern part of McQueaen 

map area. Cirque glaciers developed in Syenite Range and radiated into Little South 

Klondike river, impinging on intervening highlands north of Barfow Dome. Gfaciers 

fiom the Ogilvie and Wernecke Mountains in Klondike valley may have restricted ice 

flow fiom Little South Klondike River, forcing ice into these highlands. Bostock 

(1966) recognized "rotten boulders, mainly of the distinctive rocks of the Syenite 

Range" in Glacier Creek drainage, west of Syenite Range. AIso, moraines containing 

similar material on the nonheast side of Glacier Creek (Bostock 1966). Bostock 

recognized this as possibly two pre-Reid advances originating from the Syenite Range. 

Cirque glaciers also developed on East and West Ridge, contributing sediment into the 

Clear Creek drainage and upper Little South Klondike drainage (Figure 19). The 

extent of ice fiom these sources is uncertain during pre-Reid glaciations. 

R e -  Reid Itaterglacintons 

Sediments assigned to the early to middle Pleistocene pre-Reid interglaciations 

are regionally preserved on moraine and outwash sufices beyond the Reid glacial 

limit. These sediments are named the Wounded Moose Paleosol. Pre-Reid interglacial 

organics are also preserved in section at Stirling Bend on the Stewart River. 

Numerous pedologicai investigations have characterized the Wounded Moose 

paleosol, contrasting it with contemporary soils and deducing its paleoclimatic 



Figure 2 1 : Four phases of floodplain development at the codluence of Clear 
Creek and Stewart River in Tintina Trench. Glaciofluvial plains 
from the pre-Reid. Reid. and McComzll glaciations. in addition to a 
modern dluvial plain are represented (glaciofluvial plains arr: 
differentiated by the superscript abbreviation). 



Figure 22: Cirque on West Ridge that was carved during the pre-Reid and 
Reid glaciations. 



conditions (Tarnocai and Smith t989, Smith 1986, and Rutter ef al. 1978). The 

Wounded Moose paleosol is a luvisolic soil characterized by a strongly weathered, 

rubific, and a thick textural pdeo Bt horizon to a depth of 190+ cm (Figure 23) 

(Tamocai and Smith 1989, Smith 1986, and Rutter et d- 1978). Moraine and 

gIaciofluvia1 outwash, which constitute the parent material, contain sandy and loamy 

sand textures unlike the clay loam and sandy clay textures recorded from the paleosol 

(Smith r f  a!. 1986). This suggests that the clay-sized material formed in situ through 

the alteration of ferromagnesian and feldspathic minerals (Smith er al. 1986). 

Rubification and strongly altered clam in the Bt horizon. in addition to authigenic 

production of clay sized material, is inferred to take place under temperate climatic 

conditions with a mean annual temperature of 7 C or greater and a total annual 

precipitation of at least 500 mrn (Tarnocai and Schweger I99 1). In the Dawson area 

today the mean annual temperature is -5.1 C and a total precipitation is 306 mm 

(Atmospheric Environment Senrice, 1982b). Hence. the paleosol required a climate 

warmer than today (Tarnocai and Schweger 1991). Previous research had suggested a 

temperate and humid climate was responsible for development of the Wounded Moose 

soil. and even suggested an initial evolution fiom a warm and subhumid climate 

(Rutter rf al. 1978). These climatic predictions were based on the presence of 

montmorillonite in the soil, which susgests a warn and subhumid climate. 

Degradation of montmorillonite to kaolinite suggested a temperate and humid climate 

(Rutter el al. 1978). The timing of the Wounded Moose interglaciation is uncertain, 
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Figure 23: A sand wedge cast in the Wounded Moose 
paleosol near Clear Creek crossing. Formation 
of the sand wedge may have formed by a relatively 
recent pre-Reid glaciation or fmrn Reid glaciation. 



and it is also uncertain how many interglacial and glacial climates contributed to the 

paleosols overall development. 

Reid Glaciation 

Development of a colder climate foUowing a middle Pleistocene pre-Reid 

interglacial is preserved in the Wounded Moose paleosol by sand wedge cracks formed 

during Reid and younger climates (Figure 23). Deflation of the Ae horizon on the 

Wounded Moose soil also occurred, exposing the Bt horizon to frost shattering and 

fhrther deflation. The morphology of Reid Iandforms is distinct and limits are easily 

traced in major valleys parallel to regional ice flow. Valleys transverse to regional ice 

flow contain indistinct marken of ice Iimits. VaIley orientation likely inhibited ice 

scouring and limited sediment deposition. Ice Iirnits are therefore extrapolated fiom 

adjoining valleys and depend on remnant ice marginal channels, kame terraces, or 

erratics to infer minimum ice limits. 

The Reid ice sheet advanced into the study area fiom the east and southeast, 

occupying the major valleys within the Stewart Plateau, Tintina Trench and Willow 

Creek valley (Figure 24). Ice attained thicknesses of 5 18 m at Scheelite Dome and 

steadily declined upon intersecting Tintina Trench until reaching its terminus near Reid 

Lakes and the mouth of the McQuesten River valIey (Figure 24 and 25). Channels cut 

during pre-Reid glaciations were reoccupied during the Reid glaciation, which 

suggests similar ice flow patterns between Reid and pre-Reid glaciations. Willow 
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Figure 24 

Reid Glacial Ice Flow Patterns. McQuesten Map Area 

Reid Glacial Limit 

Pre-Reid Glacial Limit 





Lake valley is a good example of a pre-Reid channel that was reused bridly during the 

Reid glaciation (Figure 20). 

The distribution of Reid sediments is more easily defined than pre-Reid 

deposits. Moraine blankets and veneers are confined to the lower slopes on Stewart 

Plateau. A plain of hummocky till is present at Reid Lakes near Tintina Trench 

(Figure 25). Glaciofluvial outwash plains were deposited in major valleys and are 

preserved as glaciofluvial plains and terraces on the order of 60 m + above the present 

water (evels on Stewart Plateau and in Tintina Trench (Figure 2 1 and 26). Outwash 

streams from the Stewart Plateau drained into the Stewan River and eventually into 

the Yukon River. Reid ice also dammed drainages transverse to regional flow (Rodin 

Creek Red Creek Highet Creek, and Moose Creek) developing proglacial lakes now 

marked by glaciolacustrine and deltaic sands. During the final stages of glaciation 

katabatic winds deflated outwash surfaces and mobilized silts and clays, depositing a 

layer of loess over valley bottom sediments. Dune fields were probably common in the 

valleys of Titina Trench, WUow Creek, upper Moose Creek, and Reverse Creek 

where thick sand accumulations are still present (Figure 27). 

Koy- YK kon I n  tergIaciation 

The last interglacial, or Koy-Yukon interglaciation, has been extensively studied 

in northern Yukon and Alaska (Matthews a/., 1990b). The term Koy-Yukon is 

named after warming intervals recognized around Fairbanks and western Alaska. 
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Figure 26: Prominent Reid terrace in the McQuesten River valley. Terraces 
are approximately 80 m above river level. 



PEASE NOTE 



It is used in preference to Sangarnonian interglaciation because periods of maximum 

warmth in northern latitudes may not correspond to those in the south (Matthews er 

al.. 1990b). The Koy-Yukon interglaciation is responsible for a Brunisolic soil 

preserved on loess, till. and glaciofluvial sediments of Reid age (Runer et ai. 1978). 

The interglacial had begun by at least 200 Ka based on the age of the Sheep Creek 

tephra found near Fairbanks and at Ash Bend on Stewart River (Berger 1994). The 

interglacial soil, referred to as the Diversion Creek soil, is best displayed at Vancouver 

Creek section (Figure 25). It contains weakly developed void and grain argillans in 

moderately well developed B horizons (Tamocai and Smith 1989). At most localities 

Reid loess, including much of the Diversion Creek paleosol, was eroded by deflation 

during the McCo~el l  glaciation. Remaining horizons are preserved in more resistant 

parent materials like glaciofluvid outwash. 

Climatic comparisons suggest present day temperatures and moisture regimes 

are insufficient to explain the formation of clays at depths of 93 cm in the Diversion 

Creek paleosol (Rutter el ai. 1978). This suggests that a cool subhumid climate 

prevailed in central Yukon during the Koy-Yukon (Rutter et a'. 1978). A Iuvisolic 

profile obtained from the Reid terminal moraine (Reid Lakes) suggests climate 

conditions analogous to those at a mid to southern boreal forest (warmer and wetter 

than present; Smith rt al. 1986). 



Figure 28: The p a l e d  at Vancouver Creek section. 
Identified as a complete Diversion Creek 
paleosol from the Koy-Yukon interglaciation. 
The paleosol is developed in Reid loess and 
outwash. 



McConnell Glaciation 

The McConnell glaciation began prior to 29.6 Ka BP based on a "C date and 

paleoenvironrnental interpretations of detrital organics below McConnelI ti11 near 

Mayo (Matthews rt al. 1990). Ice-kee conditions persisted near Ross River, 

southeast of the study area, at 26.3 Ka BP, and glacial maximum probably did not 

occur in McQuesten map area until sometime after 18 Ka BP (Jackson and Harington 

199 1 ; Froese personal communication 1995). These dates suggests a Late 

Wisconsinan age for the McConnell glaciation. The onset of a colder climate following 

the Koy-Yukon Thermal event is preserved in the Diversion Creek paleosol by sand 

wedge casts, ventifacts. and truncated horizons. McComell katabatic winds deflated 

Reid loess deposits and in doing so truncated the A and parts of the B horizon of the 

Diversion Creek paleosol. Ventifacts formed at the interface between McConnell 

loess and the B horizon of the Diversion Creek soil. Loess accumulation likely began 

when the surface was stabilized by vegetation at the beginning of the Holocene. 

The McConnelI glaciation reached the eastern edge of McQoesten map area 

terminating approximateIy 20 krn upstream from Stewart Crossing and extended into 

Tintina Trench in the southeast (Figure 29). A terminal moraine was deposited in 

Stewart River valley in addition to Qiacioflutial ounvash in Stmart River vafley, 

McQuesten River valley and Tintina Trench (Figure 30.3 1. and 32). The termind 

moraine can be traced dong the north edge of the valley to where it loops across the 

valley and intersects the Stewart River reforming along the south side of the va!ley. 
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Figure 30: The McConnell end moraine (Mr) in Stewart River valley. 
This site is the type section for the McConnell glaciation in 
central Yukon. The exposure used to describe McComeiI 

glacial maximum can be seen along the Stewart River, east 
of the moraine. Note the well defined morphology of 
McConneIl landforms. 



Figure 3 1 :  A McConnelI glaciofluvial terrace in Stewart River valley. The 
terrace is approximately I5  m above river level. Photograph was 
taken near the McConnell end moraine. 



Figure 32: A McConnell gIaciofluvia1 terrace in the South McQuesten River vailey. 
north of Scheelite Dome. Note the remnant chamel scars of a braided 
river on the surface of the terrace and how they contrast the modem 
meandering system. 



The moraine represents the type locality of the McConnell glaciation in Yukon 

Temtory (Tarnocai 1987). McConnell outwash was deposited in Stewart River vaIley 

and in the South McQuesten vdley (Figure 32) . Dunes developed on glaciofluviat 

outwash of McConnell age and in some instances Reid deposits were reactivated 

(Figure 27). Loess derived tkom McConnell outwash was redeposited as a veneer 

over the truncated Diversion Creek palmsol and on pre-kid surfaces in lowlands. 

Holocene 

The transition to an intergIacial re@me following the McConnell glaciation 

marked the development of the Stewart neosoI (modem soil) on McConnell loess. 

Deglaciation had begun by at [east I L460 5 80 Ka BP (TO-4875) according to a date 

on ground squine! bones (S'rmophilru pnyii)  from Stirling Bend, which suggest an 

environment suitable enough for rodents and vegetation (Figure 33). Shortly after 

retreat of McConnell ice the climate became warmer and more humid than today, 

similar to a subarctic-subhumid type of climate (Zoltai and Tarnocai 1974). 

The period of wannest cIiate during the Holocene was between 1 1 and 7 Ka 

BP (Rampton 1973; Rampton 1983,; Cwynar 1982; Bum et al. 1986; Cwynar 1988) . 

At Hanging Lake, northern Yukon, Betrrla pollen increased between 13.6 and 1 1.1 Ka 

BP together with an increase in the total pollen influx and organic content in lakes 

(Cwynar 1982). Vegetation cover not only increased but also diversified. From 1 I .  1 

to 8.9 Ka BP poplar, Typha larifolia, and ib&ricagalr were more abundant than at 





any subsequent time in the core (Cwynar 1982). These species support a warmer and 

wetter climate during the late Pleistocene to early Holocene (Cwynar 1982). Similar 

results were obtained &om Kettlehole Pond in southwestern Yukon (Cwynar 1988). 

From 1 1 Ka to 9.2 Ka BP summer warmth was probably greater than that of the 

modem climate (Cwynar 1988). Similar evidence was suggested from ice-rich 

glaciolacustrine sediments near Mayo where Bun rt a/. (1986) identified a thaw 

unconformity corresponding with maximum active layer thickness. A date of8.9 Ka 

BP from the organics surrounding the unconformity provides an age for this warm 

period, which coincides with dates fiom nonhem and southem Yukon (Burn ri al. 

1986). The modem subarctic-semiarid climate found today in Yukon developed after 

6.0 Ka BP and may not have been e-stablished until 4.0 Ka BP (Cwynar 1988; Wang 

and Geurts 199 1 ). 



CHAPTER 6 

STRATIGRAPHY 

The stratigraphic record in McQuesten map area is derived tiom sections along 

Tintina Trench, Stewart River, and McQuesten River. Six sections are discussed and 

include deposits which span fiom the Pre-Reid to the Holocene. The sections will be 

described beginning at Flat Creek section, followed by Stirling Bend, Ash Bend, New 

Crossing, and Vancouver Creek section, and Mccomell end moraine section. 

Fht Creek Section 

Flat Creek section is located 24 km northwest of McQuesten map area (Figure 

34). The overall sequence consists of 20.75 m of gravel overlain by 2 m of lacustrine 

and debris flow sediments (F.C. 1 and 3), and capped by 1.5 rn of gravel (F.C. 4). The 

section is capped by I m of loess (F.C. 5). At the top of F.C. I there is a deep 

weathering horizon (F.C. 2). 

Unit F.C. 1 

F.C. 1 consists of moderately stratified oxidized gravels containing large pebble 

and cobbles with lenses of sand (Figure 35 and 36; see Appendix tI for a description of 

symbols used in lithostratigraphic logs). Clasts are subrounded to rounded and 

strongly imbricated to the southeast, indicating a paleoflow to the northwest in 

alignment with Tintina Trench. This unit is interpreted as a distal braided river or 
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Flat Creek Section 

Figure 34: Location of Flat Creek Section 



- 
F.C. 5 - silt  loess^ 

F.C. 4 - come  gnvel. planar bedding 

m- stratified diarnict and sills. dropstones - - volcanic ash. ice wedge cast 

F.C. 2 - truncated soil horizon 
- deeply wr~thrrrd 
- 5Y R 518 near upper contact 
- 7.SYR 616 in lower oan of the honzon 
- clay skins on voids and c lms 

F.C. I - oxidized gnvel 
- large pebbles and cobbles. intirquent sand 
- open-worked structures in cobble beds 
- sandy matrix in pebble b& 
- planar tabular cmssbedding 
- trough crossbedding 
- thick weathering rinds on c'lasts 

lenses 

Figure 35: Flat Creek section stratigraphy and sedimentology. Tintina Trench 





glaciofluvial gravel. 

Eight samples for paleomagnetic analyses were obtained 6om a fine sand lense 

9 m above the base ofthe gravel pit. Results show an old noma1 magnetization with 

reverse and normal overprinting (Figure 37). The orthogonal plot in figure 37 

indicates an initial Bruhnes overprint. Further demagnetization revealed a reversed 

overprint fkom the Matuyama Chron. The primary magnetic fibric (paleomagnetism at 

time of deposition) is not represented at the current level of demagnetization; 

however, the inclination (vector on the left in the orthogonal plot) must return to the 

origin upon full demagnetization. Fitting the vector back through the origin indicates 

that the primary magnetic fabric was nonnd. To better understand the configuration 

of a reversely magnetized deposit an example is shown fiom the Dawson City area 

(Figure 38). The Bruhnes normal overprint is evident in the inclination (the trend on 

the right side of the orthogonal plot) by a vector extending down to the right. The 

reverse underprint is evident by a return back to the origin. The difference between 

this sample and the sample from F.C. 1 is the Dawson City sample has a reversed 

primary paleomagnetism and F.C. 1 trends away from the origin suggesting a normal 

primary paleomagnetism. F.C. 1 was deposited either during a normal subchron within 

the Matuyama reverse chon (X.984 Ma) or within the Gauss normal chon ( X . 6  Ma; 

Figure 39). 









Unit F.C. 2 

At the top of F.C. 1, is a weathered horizon resembling the Wounded Moose 

Luvisol (Figure 35 and 36). A summary of soil morphologies Eom the Wounded 

Moose paleosol in outwash and till is presented in Table 2. 

Table 2 

The dominant colour hue in F.C. 2 was 7.5YR 616 in the lower part of the soil 

Wounded Moose Pdeosol 

horizon and 5YR 518 near the upper contact with F.C. 3. The horizon is inferred to 

represent the Wounded Moose paleosol based on similar mbification and the presence 

Parent Matrnd 

Ounvash 

Till 

of clay skins in the uppermost and lower IIB horizon. 

(&a Tmocai and Smith 1989) 

IIB horizon with 

~ I a y  skins 9.. 

100 

LOO 

Unit F.C. 3 

.%Ium h c b e s s  

(cm) 

109 (5a-20j) 

91 (50-113) 

Soils wi~h Sand 

W C ~ ~ C S  (' b )  

34 

75 
+ 

Overlying F.C. 1 is a stratified diamict and lacustrine sequence (Figure 35 and 

36). The diamict is matrix supported by mottled clayey silt and interspersed pebbles. 

Dominant Colour Hue 

It forms an erosional contact with the underlying gavel and abrupt contact with the 

uppa W 

~ Y R  

73YR 

adjacent lacustrine sequence. An unidentified volcanic ash is present within the 

lower IIB 

7.5YR 

7.5YR 

diamict and ice wedge cast that extend into F.C. 1 and 2. This facie- is interpreted as 



a debris flow deposit. Overlying and adjacent to the debris flow sediments are massive 

cohesive silty sand. with a minor clay content near the upper contact 36). 

Infrequent dropstones are incorporated in the silts. An erosional contact marks the 

upper boundary of the lacustrine sequence with a second rnatriv supported pebble unit, 

similar to the previous debris flow sediments. This facies is interpreted as being 

glaciolacustrine. 

Twelve samples for paleornagnetism were obtained from the glaciolacustrine 

facies in F.C. 3. Paleomagnetic diagrams were not obtained fiom this unit, however. 

lab results suggest a good normal primary magnetic fabric. F.C. 3 was deposited 

during the Bruhnes normal Chron (Figure 39). 

Unit F.C. 4 

A gravel sequence (F.C. 4) forms an erosional contact with F.C. 3 (Figure 35 

and 36). All clam are subrounded to rounded and bedding is planar. The position of 

the gravel is well above modem drainages on the Rat Creek beds suggesting a 

glaciofluvial origin. Furthermore, the amount of water necessary to mobilize the 

gravels in F.C. 4 is currently unavailable in local drainages. F.C. 4 was likely 

deposited by outrvash fiom ice in Timina Trench. A period of weathering is evident 

from the brownish yellow (10YR 616) tone to the gravel (possibly a BC horizon of a 

luvisol). Very little of the soil is preserved, however, it may record multiple periods OF 

pre-Reid soil development. Fractured clam, in the upper 20 cm of the outwash. 
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indicate penglacial conditions after deposition 

Stirling Bend Section 

Stirling Bend section is the hrthest downstream of three that are located on 

Stewart River within Tintina Trench (Figure 40). Stirling Bend is located within the 

Reid end moraine complex (Reid Lakes). The composite stratigraphy of Stirling Bend 

consists of a pre-Reid diamict and silt on bedrock (S.B. 1 and 2) overlain by pre-Reid 

gravel. which is overlain by sands and organics (S.B. 3,4, 5, and 6). Reid gravel and a 

diamict unconfomably overlie the pre-Reid sediments (S.B. 7 and 8). A truncated 

Koy-Yukon paleosol Diversion Creek paleosol) and sand wedge casts occur on the 

Reid gravel that are subsequently overlain by McConnell loess and the Stewart neosol 

(S.B. 9 and 10). 

Stirling Bend section is the most complex in the study area. To map the 

contacts, both laterally and vertically, I I vertical transect were run that included 

information on the style of contacts and their sedimentology. The architecture of the 

section is shown in figure 4 1. 

Unit S.B. 1 

S.B. I is a diamict that overlies granite at the base of the downstream end of the 

section (Figure 4 1. 42, and 43). The diamict is 2.5 m thick and composed of highly 

oxidized cohesive stratified sand (70%) and pebbles (20%) with some small cobbles 
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Figure 40: Location of sections studied in McQuenen map area. 





- Intermittent cobble beds 
- moderately sorted 
- horizontal suatlficauon 
- Thin weathering rinds 

. f. . 

S.B.  3 - highly oxidized cohesive gnvel 
- pebbles to small cobbles 
- Planar tabular cross-bedding 
- Trough cross-bedding 
- Beds dip to northwest 

3 k weathering nnds on clrtsts 

t i  - - S B. 2 - oxidized sllt 
S . B  I - h~ghly oxidized cohes~ve diarnlct 

- 70% medium to course sand 
- 20% pebbles 
- 10% cobbles and s ~ l t  lenses 

o - suatified 
- contains codified wood kqmenrs 

Figure 32: Stirling Bend stratigraphy and sedimentology at 740 m (740 m from 
the upstream end of the section). 



Figure 43- Unit 1, a mudflow deposit overiain by 
a consolidated loess sequence (unit 2), 
Stirling Bend. 



and lenses of silty sand (Figure 43). An angular boulder (100 cm by 25 cm) of local 

lithology also occurs in the deposit (Figure 43). Partially coalified non-coniferous 

wood is incorporated into the finer sediments. Preliminary petrographic analysis of the 

wood indicated 0.14% lignite, suggesting it is late Tertiary (Goodani 1994). The 

intact nature of the samples suggests caalification occurred in siru. If the wood 

fragments represent reworked material then the depositional process, also involved in 

transporting boulders, would have shattered the codified portion. S.B. 1 is interpreted 

to be a debris flow deposit. Whether the diamict was deposited in conjunction with 

glacial or nonglacial conditions is currendy unknown. 

Unit S.B. 2 

S.B. 2 consists of highly oxidized consoIidated siit and forms an erosional 

contact with S.B. I (Figure 4 t,42, and 43). S.B. 2 is interpreted as a loess deposit. It 

is currently uncertain whether S,B. 1 and 2 are contemporaneous. Samples for 

paleomagnetic analyses were obtained &om the loess by chiseling two blocks fiom the 

face of the exposure. Orientations were drawn on the blocks upon removal and 8 

samples were drilled from the blocks in the lab. Figure 44 shows an example of the 

quality of data from S.B. 2. In both the onhogonai plot and the stereographic 

projection (Direction of Magnetization diagram) it is apparent there are no trends or 

clustering to suggest a clear primar-I magnetic fibric. No pdeomagnetic directions can 

be derived from the current samples and hrther sampling will be required before 
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Sample 194 Stirling Bend - Unit 2 

Normalized Intensities OriJ~c~gtmal IJlot Direcdon of Mlcgneudon 

Figure 44: Representalive paleomagnetic diagrams from unit 2 at Stirling Bend. Notice the incoherent vector 
trends in the orthogonal plot and poor clustering in the Direction of Magnetization diagram. 
The paleornagnetism for this unit is  indeterminable. 



correlations are made with the geomagnetic timescale. 

Unit S.B. 3 

S.B. 3 overlies S.B. 2 at the downstream end of the section and consists of 16.4 

m of cohesive oxidized gravel (Figure 41, 42, and 45). Clasts have a subrounded to 

rounded appearance and the angIe of crossbedding is between 8 and 22" (Figure 45). 

The bedding is normal and reversely graded. All clam are highly oxidized and many 

have weathering rinds that penetrate the clast core. S.B. 3 is interpreted as a 

glaciofluvial deposit characteristic of a distal braided river regime @onjek type, Miall 

1978). Nine pdeomagnetic samples were taken tiom S.B. 3 in sandy sit about 3 m 

above bedrock. Results, similar to S.B. 2, were incoherent, suggesting oxidization has 

scattered the paleomagnetic signal. 

Unit S.B. 4 

S.B. 4 consists of 26 m of semicohesive to cohesive gravel (Figure 41.46, and 

47). Clam are subround to rounded throughout and contacts are abrupt or erosional. 

An unsorted cobble bed near the base of the unit is also present (Figure 47). S.B. 4 is 

interpreted as a pre-Reid glaciofluvial outwash. Ten samples were collected for 

paleornagnetism from a lense of clayey siIt 22.5 m above the river level, immediately 

below the contact with younger recessive gravels. Results indicate a normal 

magnetization, however, upon complete demagnetization it is unclear if the 
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Figure 45. Unit 3, highly oxidized glaciofluvid graveis, 
Stirling Bend. 



- S . B .  10 - lwss 

S.B. 8 - massive sandy silt diamicton 

- contorted lenses o f  pebbles and sand 
- sand wedge casts 

recessive gnvcls 
rxbbles llnd medium come 

h - int rn i t tent  cobble be& 
rnodentely sorted 
horizontal stratiticari - - thin weilthrring rinds 

- n o m l  gnding 

and 

! S.B. 4 - semicohesive-cohesive gravels 
- pebbles wilh interspersed cobbles 
- poorly to rnodentely sorted 
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- ersoional contacts (common, 
- horizontal bedding 
- planar tabular crossbeds 
- trough crossbrds 

Figure 36: Stirling Bend suatigraphy and sedimentology at 40 rn 



Figure 47: Unit 4, unsorted boulder and cobble facies near 
water level. The overall normal grading within the 
unit suggests a retreatal glaciofluvial outwash 
environment. 



magnetization moves to a normal underprint or a reversed underprint. En the 

orthogonal plot (Figure 48) demagnetization resembles a normal trend but is not 

heading towards the origin. This suggests their may be an underprint yet exposed in 

the demagnetization process. which would take the trend back to the origin. Other 

samples resembled good n o n a b  but the majority had to be forced through origin. 

S.B. 4 is interpreted as having crude normal primary magnetism (Figure 39). 

Unit S.B. 5 

S.B. 5 extends 500 m along the base of Stirling Bend section and is up to 8 m 

thick Figure 4 I and 49). S.B. 5 is separated From S.B. 3 by an ice wedge cast and 

stratigraphicaIly overlies S.B. 4. The deposit consists of semiccohesive stratified silty 

sand. Lenses of stratified medium to course sand and clay are present in finer 

fractions. Contorted diamict lenses interspersed with lenses of fine sand are present 

near the base ofthe unit. The sand is tight gray (5Y7/1), and tight olive brown 

(2.5YY4) where oxidation has occurred. Secondary tilting and huIting has occurred. 

At the downstream end bedding exceeds 45". which may indicate glaciotectonism 

from surfice loading or sediment dewatering. No organic material is visible in the 

unit. S B 5 is interpreted as a deltaic sequence in a glacial lake. The origin of the lake 

was likely proglacial or the result of a sediment dam in Tintina Trench. An ice 

marginal environment would explain the high angle bedding tiom the collapse of sand 

over melting glacier ice at depth. Twenty samples were collected for 

90 





5 . 6 .  I0 - lwss 

S.B. 8 - massive sandy silt diamicton 
- cohesive 
- conconrd lenses of pebbles d s d  
- sand weds casts 

S.B. 7 - remssivr: ,wvcIs 
- pebbles md medium to coarse sand 
- interrnirteni cobble brds 
- rn&ntely sorted 
- horizontal smtitic;ltion 
- hin wenrhcriq rinds 

- 
S.B. 5 - silty sand 
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- massive and planar bedding 
- crossisbcdding md ripples in coarse sand 
- contorted diamict lenses 31 base 
- secondary tilting and faulting 

Corar*Q - bedding exceeds UQ 

Figure 49: Stirling Bend stratigraphy and sedimentology at 240 rn 



paleomagnetic analyses f h m  three locations in S.B. 5. Two sites were chosen near 

the base of the section and a third was chosen near the top. In the two lower sites the 

deposit was convoluted with interbedded oxidized cross-bedded sand. The upper 

locality consists of bedded sand with silty-clay sand. Iron oxidation is present in the 

coarser components. The principal magnetization fiom two of the groups was normal 

and, like S.B. 4, appear to have an underprint that may move to a normal or reversed 

polarity. The third sample site returned a nonal  paleornagnetism (Barendreg, written 

communication i995). S.B. 5 is interpreted to be of Bruhnes age (Figure 39). 

Unit S.B. 6 

S.B. 6 occurs 5-7 m above the river and consists of organic-silt in a wale 

incised into S.8. 5 (Figure 41, 50 and 5 1). The deposit contains a compressed unit of 

peat. wood, and mixed organics in silt. Hughes rr af. (1987) and Tamocai and 

Schweger (1991) described a paleosol below the deposit and named it the Stirling 

Bend pdeosot. The paleosol was covered by colluvium during field investigations in 

1994. The Stirling Bend paleosol displayed CryosoIic soil development of pre-Reid 

age similar to soil characteristics in the Canadian Arctic and Subarctic today (Tarnocai 

and Schweger 199 1). Pollen analysis fiom the soil indicate Cyperaceae pollen and 

other herbaceous tax% which is overlain by horizons dominated by Benila pollen and 

minor quantities of Cyperaceae (Tamocai and Schweger 1991). Pollen analysis of the 

overlying organic-silt with logs indicate an assemblage dominated by Picea, Brrrila, 
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- S . B .  I0 - loess 
S.B. 8 - massive sandy silt diamicton - - cohesive 

- contorted lenses of pebbles md c a d  
- sand wedge casts 

S.B. 7 - recessive gavels 
- pebbles and medium to i o w  s;md 
- intermittent cobble beds 
- midetely  sorted 
- horizontal stratification 
- thin weathering rinds 

S.B. 6 - orsanic s i l ~  
- peat and compressed wood 
- organics are capped by oxidized grm 

Figure 50: Stirling Bend stratigraphy and sedimentoto~ at 630 m. 



Figure 5 1:  Stirling Bend organics (unit 6). The deposit consists of 
interbedded organics with silt and fine sand. The organics 
indicate a pre-Reid interglacial climate that was milder than 
today, based on macrofossil analyses. Paleomagnetic 
sample cylinders are evident in the photo. 



Cjperaceae, and small amounts of AIms pollen (Tarnocai and Schweger 199 1). The 

environment reconstructed from the pollen analyses suggests a transition fiom sedge 

tundra to birch shrub tundra and into a spruce forest vegetation in a wetland 

environment (Hughes ef a/. 1987). Macrofossil analysis &om the organic-silt is 

outlined in Table 3. 

Table 3 

brevicornis kirby, coieoprera 

I).Iacrofossils from Stirling Bend Unit 6 

Plant Macrofossils 

Rlrb~rs idreus 

kirby 

Insect MacrofossiIs 

Pronoturn: Pterostichts (Cryobirts) 

Oxyria digym 

Hipprris v111garis 

Curex I Pronotum: Morydms sp. 
I 

Head: Lrpidophoms lineacoliis kirby, 

Pronotum: Lepidophonis lineacoifis 

spruce needles I Stufoblmt Cristateila 
1 

Rumttrclrltrs 

Lycopr~s 
r 

I (cmstacea) 
I 

Statobiart Cristatellu mtrcedo 

3 heads: Pterom'chrts (Cryo birts) 

Alisma 

Potetrtiiia 

1 I Llytisciah (water beetIe) 
(identification by J. Matthews, written communication 1994 

Elytra: Lepidophorus iineacollis kirby 

egg cases: Ephippia of cladocera 



Plant and insect macrofossils suggest S.B. 6 was likely a wetland, streambank, or 

lakeshore in a spruce boreal forest. This is supported by the presence of bedded silty 

sand with peat and spruce logs. Preliminary macrofossil analysis complies with a 

spruce forest vegetation, and the presence of L y c o p  and Alisma. species not found in 

the Yukon today, may suggest a climate warmer than present. This supports the 

pedologic data that warmer conditions have persisted in central Yukon during the 

early to mid Pleistocene (Rutter et. a!. 1978). 

S.B. 6 was sampled for paleomagnetics at two locations. Seventeen cylinders of 

sediment were collected approximately 5 - 6 m above river level. At each locality the 

sediment consisted of sandy-silt with organics. Organics varied and sampling was 

confined to areas with a high mineral content. The primary magnetic fabric is 

interpreted as a normal polarity. A representative stereoplot fiom S.B. 6 (F&pre 52) 

shows clustering in the northern hemisphere of the stereographic projection. The 

vector component diagram indicates a consistent normal magnetization trending 

toward the origin. S.B. 6 was deposited during the Bruhnes normal Chron. 

Unit S.B. 7 

S.B. 7 is the most extensive unit at Stiriig Bend and overiies d pre-Reid 

sediments in the section (Figure 4 1 and 50). Differentiation of Reid and pre-Reid 

deposits within the section is based on the degree of weathering of clam. Oxidation 

of Reid clam is restricted to surface alteration, such as manganese staining, whereas 
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Sample 153 Stirling Bend - Unit  6 

Normalized Intensities Or~hopnal I'lot Dirccr~on oiMayneiizat~on 

Figure 52: Representative paleomagnetic diagrams from unit 6 at Stirling Bend section. Both vectors in the 
othogo~~al plot trend to the origin, indicative of normal magnetization of Bruhnes age. The 
direction of magnetization diagram shows clustering in the northern hemisphere, consistent for a 
deposit of Bruhnes age. 



pre-Reid clasts are often oxidized to the core. Pre-Reid gravel are also more cohesive 

in comparison to the recessive Reid gravel (Figure 53). S.B. 7 consists of moderately 

sorted pebbles and sand with minor cobbles (Figure 46 and 53). The upper 3 m 

consists of stratified sand and pebbles. A gravel sequence consisting of large cobbles 

and boulders of up to 1 rn by 1 m overlies S.B. 4 at the upstream end of the section 

(Figure 53). 

Secondary accumulation of manganese and iron oxides has occurred in the 

lower half of the Reid gravel. Initially an oxidized layer at the base of S.B. 7 was 

interpreted as a pre-Reid gravel. Closer examination indicated that oxidation was 

confined to the surface of the clasts. The build up of manganese and iron oxide in 

subsurface gravel is related to the leaching of soluble oxides From ferromagnesian 

minerals, typically of volcanic origin (Hausenbuiller 1985). The red and bluish black 

residue that remains in the gravel is the actual iron and manganese-oxide precipitate. 

Iron oxide will often oxidize to hematite upon aeration of the sediments when the 

water table drops (Hausenbuiller, 1985). As the Stewart River downcut into the Reid 

end moraine complex the precipitate was left on the sufice of the clasts. 

Stirling Bend is an exposed outwash plain near the limit of the Reid glaciation. 

Lrnit S.B. 7 structurdIy controls the morphology of the sections and plain and is 

therefore interpreted as a Reid glaciofluvial gravel. The sediientological data also 

supports this conclusion. 



Figure 53: Unit 4, oxidized pre-Reid gIaciofluvial gravels at 
Stirling Bend. Recessive Reid gfaciofluvi d 5 v e  
overlie the pre-Reid sediments. 



Unit S.B. 8 

S.B. 8 is a massive sandy silt diarnicton overlying all of S.B. 7 F~gu re  4 1 and 

50). The unit intermittently cuts out along the top of the section and crosscuts itself 

McConnell sand wedge casts dissect the diamict. S.B. 8 is interpreted as a mudflow. 

The upper 2 m of S.B. 7 coarsen upward fiom a stratified pebbly sand to an 

openworked gravel below the diamict (Figures 49 and 50). The increase in grain size 

at the top of S.B. 7 and the deposition of S.B. 8 may have formed when a lake. within 

the hummocky moraine. was suddenly drained. 

Unit S.B. 9 

S.B. 9 is a truncated horizon similar to the Diversion Creek pafeosol described 

on the Reid terminal moraine near Reid Lakes (Smith et al., 1986). Reid and pre- 

Reid surfaces in McQuesten map area commoniy have an incomplete Diversion Creek 

soil profile - only the Bm, BC, and Ck horizons of the Eutric Brunisol were preserved 

following McConneIl glaciation (Rutter, 1978). Erosion of the pdeo A and B horizon 

occurred when McConnelI katabatic wind deflated the upper horizons that had formed 

in Reid loess. S.B. 9 is interpreted as a truncated Diversion Creek paleosol. 

Unit S.B. 10 

S.B. 10 consists of 20-30 cm of silt that is interpreted as McConnelI loess. 

Associated with the loess are sand wedge casts that formed under McConnell 
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periglacial conditions. Ground Squirrel (Spmnnophilt~sparryii) bones, collected from 

a sand wedge at Stirling Bend, were dated to 1 1460 80 BP (Figure 33). This age 

suggests that penglacial conditions, imposed by the McCo~ell  daciation, had 

ameliorated in the McQuesten area by 11.5 Ka BP enabling ground squirrels to subsist. 

Ash Bend Section 

Ash Bend section is located on the Stewarc River upstream from Stirling Bend 

section (Figure 40). Ash Bend. like Stirling Bend, is an exposure of a Reid 

glaciofluvial plain. The section consists of 26 m of partially covered gravel (A.B. 1). 8 

m of diamict (AB. 1). 23 rn gravel, which is capped by 2.2 m of diamict (A.B. 3 and 

4). A truncated paleosol is weathered into A.B. 3 (AS. 5). Also cut into the gravels. 

at the top of the section, is a swale containing organic-silt and the tephra (A.B. 6). 

Unit A.B. 1 

AB. I consists of planar stratified and clast supported strata (Figure 54 and 

55). Clast size range between 2-4 cm and 12-20 cm; the dominant clast shape is 

subanplar to subrounded. Open worked structures are more common towards the 

contact with the diamicton, including more disorganized bedding (Figure 54). A.B. 1 

is interpreted as an Reid glaciofluvial gravel based on its position within a Reid 

glaciofluvial complex. 



, A.B. 5 - palro-weathering surface 

A.B. 4 - massive sandy silt damicton - - uohrsivc 
-contorted tenses af prbbtrs mi sand 
- sand w d p  casts 

A.B. 3 - Rrcessivr pebbly gnvrl 
- come sand and grit matrix 
- p l m  stratification 
- ciast dominant 
- normal _erading (crudt r 

- - c ~ k s i v e  diamicr 
- matrix iupported 
- clmt size = 1 - 20 cm 
- aligned clasw 

7 / 

A.B. 1 - plmu su~t~tied pebbles md wbblzs 
- upen wmk structures near upper c.unt;lc.t 
- crude wwsr grdinp in upper 2 m 

Figure 511: Ash Bend stratigraphy with ti11 fabric 



Figure 55: Ash Bend section on Stewart River near the terminus of the Reid glaciation. 
The cohesive till, unit 2, separates advance and retreatal outwash, units 
1 and 3. 



Unit A.B. 2 

A.B. 2 is a cohesive diamict deposit, that forms a prominent layer across the 

middle of the section (Figure 54 and 55). The diamict consists of clast ranging fiom 

2-20 cm in a matrix of silty sand and clay. Fabric analysis indicates alignment from 

southwest to nonheast, and dip to the northeast (Figure 54). The upper and lower 

contacts are erosional. From the fabric analyses, structure, and position of the diarnict 

within the Reid end moraine complex, A.B. 2 is interpreted to be a Reid till. 

Unit A.B. 3 

A.B. 3 consists of clast supparted gravel with minor sand and cobbles (Figure 

54 and 55). Planar stratification and imbrication are the primary sedimentary 

structures. The gavels are moderately to well sorted. A.B. 3 is interpreted to be a 

Reid retread glaciofluvial gravel. This is supported by the geomorphology and its 

stratigraphic position over the Reid till. A Mammoth tusk (kIammu~hzrsprimigrnit~s) 

was discovered at the toe of a colluvial apron at the contact between kB. 2 and A.B. 

3 (Figure 56). The tusk has eroded fiom A.B. 3 approximately 45 - 50 m above river 

level and became wedged at the base of the fan on the resistant tU layer. A 

conventional 14C date fiom internal ivory indicated an age of >33 000 Ka BP (SRC - 

3606). This supports a pre-McConnell age for the deposit. 



Figure 56: Mammoth (Mammurhus primagenius) tusk from Reid outwash 
at Ash Bend section (unit 3). Internal ivory was dated at 
>33 OOOka BP. 



Unit A.B. 4 

AB. 4 is a massive diamicton, containing interspersed pebbles in a matrix of 

silty fine sand (Figure 55). AS. 3 becomes openworked near the contact with the 

diamicton and is similar to S.B. 8 at Stirling Bend. AB. 4 is interpreted as a mudflow 

that was deposited fiom a sudden influx of meltwater across the giaciofluvial plain, 

possibly fiom a drained lake. 

Unit A.B. 5 

AS. 5 is a truncated horizon at the top of the section. The weatherins 

characteristics are similar to the truncated horizon documented tiom Stirling Bend 

(S.B. 9). The horizon is interpreted to be the lower horizons of the Diversion Creek 

paleosol that developed during the Koy-Yukon interglaciation. 

Unit A.B. 6 

A.B. 6 consists of an organic male incised 10 -5 m into the Reid outwash 

(Figure 57). The deposit consists mainly of interbedded organics and silt with minor 

day. Sheep Creek tephra and vertebrate fossils were identified previously within the 

unit (Hughes rf a!. 1987; Figure 57). The post-Reid or Koy-Yukon interglaciation 

dates to 200 Ka according to a date on the Sheep Creek tephra near Fairbanks 

(Berger 1994). Preliminary poUen and macrofossil analyses indicate a transition fiom 

a bored forest below the tephra to arid tundra above it (Hughes ef al. 1987). This 
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Figure 57: Sheep Creek tephra within the Ash Bend organic deposit. The 
tephra is dated at 200 Ka and provides a minimum date for the 
Koy-Yukon interglaciation (Berger, 1994). 



may record the onset of the McConnefl gtaciation. This site has also produced 

numerous vertebrate fossils, consisting mody of Bison (Bison sp.), Mammoth 

(Mammuthus). and Moose (Aces). Interestingly, many Bison bones have been found 

1 m below the Sheep Creek Tephra (Hughes er al., 1987). This deposit may contain 

the most detailed record of bioclimatic conditions during the last interglacial in central 

Yukon. Systematic analyses of pollen and macrofossils tiom A.B. 6 is necessary to 

reconstruct the last intergIacial climate in central Yukon. 

New Crossing Section 

New Crossing section is located upstream from Ash Bend section on the 

Stewart River (Figure 37). New Crossing section consists of 3.5 m of glacial diamict 

at the base of the section overlain by 50 m of gravel (N.C. 1 and 2) and 1-3 m of 

gravelly diamict cap the gravel W.C. 3). A truncated soil horizon is present at the top 

0fN.C. 3 (N.C. 4). The section iscapped byasilt unit (N.C. 5). 

Unit N.C. I 

N.C. 1 is a cohesive, matrix dominant diamicton consisting of 50% silty fine 

sand, 35% pebbles. and 15% cobbles (Figure 58 and 59). The diamict has a pale olive 

(5Y 6/3) colour. Fabric analysis indicates alignment fiom southeast to northwest with 

class dipping to the northwest (Figure 59). N.C. I is interpreted as Reid till based on 

its location, strati-graphic position, and sedimentologic characteristics. 
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. N.C. 4 - loess 
N.C. 3 - truncated soil horizon 

- yellowish brown ( IOYR 514) 
- frost shattered c ls ts  near conuct 
- sand wedge cats 

with loess 

N.C. 1 - coarse sand and infrequent cobbles from tH rn - 35 rn 
- pimar t;~hulru crossbedding in sands 
- infrequent diamict lenses near lower contacf 
- luge pebbles and cobbles from 25 m tcl  JO rn 
- well sorted sand with interspcrscd cobblc k d s  from 
40 rn - 68.5 rn 

- mudmtely sorted gravels from 6Y.j rn - 70.5 rn 
- thin weathering rinds on clasts 

- cohesive diamict 
- matrix supported 
- s l u t  size = 2 - 20 cm 

,I - aligned cluts 
. . - - . .  . -- ,-... 

N.C. I 

.. . 
--.2- . '-__-. . . .-.._.- _ 
. . . . . .  

Figure 58: New Crossing section stratigraphy and sedimcntology. Strwm River 
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Figure 59: New Crossing section on the Stewart River, upstream fiom Ash Bend. 
The cohesive till unit ( 1 )  observed in figure 55 rests at the base of the 
section below a thicker unit (2) of retreat outwash. 



Unit N.C. 2 

N.C. 2 can be divided into 4 ficies. The lowest consists of 17 m of horizontally 

bedded coarse sand (Figure 58). Planar tabular crossbedded sands, dipping north at 

20 degrees, and imbricated clam, were also noted. A lense of diamict was 

incorporated into the sequence and likely represents rafted till fiom N.C. 1. The 

second facies change at the mid portion of N.C. 2 is characterized by cobbles between 

3 and 6 cm with a larger pebble hction. Stratification is well developed with strata 

dipping 5 degrees to the north This portion of the unit is more recessive than the 

lower previous facies. The facie change in the upper 19 m is characterized by an 

increase in sand in all strata (Figure 58). OveraIl grain size decreases to the top, while 

sediments become better sorted. The find facies change consists of 2-3 m of 

imbricated, crudely to moderately sorted p v e l  (Figure 58). Mike  the underlying 

gravelly sand this facie is clan- dominated, indicating higher velocity. Clasts are 

aligned vertically where sand wedge casts penetrate this facies. N.C. 2 is interpreted 

as a Reid glaciofluvial gravel, correlative with A.B. 3. The increased flow at the top 

of the unit is a similar pattern observed at Ash Bmd and Stirling Bend. 

Unit N.C. 3 

A truncated soil horizon is present at the top of N.C. 2, immediately below a 

silt deposit. Features include a yellowish brown (IOYR Y4) horizon, calcification, and 

fiost shattered clasts at the contact with the overlying silt. The soil horizon is 

t 12 



interpreted to be the Diversion Creek soil (Bm horizon). 

Unit N.C. 4 

N.C. 4 is silt deposit interpreted to be Mccomell loess (Figure 58). Sand 

wedge casts ( I  rn across and I .5 m deep) cut into N.C. 2 fiom the base of this unit. 

Vancouver Creek Section 

Vancouver Creek section is a Reid terrace located at the confluence of 

Vancouver Creek and McQuesten River (Figure 40). The section consists of 75 m of 

gravel with lacustrine sediments (V.C. 1). The section is capped by a truncated 

paleosol and a silt (V.C. 3 and 4). A thicker silt sequence and a complete paleosol is 

also preserved in a swde on the terrace (V.C. 2 and 3). 

Unit V.C. 1 

V.C. 1 consists of a sequence of gravel and lacustrine beds. From river level to 

33 m the section is composed of poorly exposed pebble dominated gravel that appear 

to fine upward to sandier beds around 32 m. The structure was not documented 

because of poor exposure. 4.5 m of convoluted, cohesive silt overlie the gravel at 33 

m. Lenses of pebbly sand and dropstones are also present in the silt. Bedding was 

noted within the silt, ahhough grain size variation was minimal. Structurally the silt is 

highly indurated, possibly the result of sediment dewatering and or surface loading. 
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The silt is pale yellow (25Y 714) and is interpreted to be glaciolacustrine. Overlying 

the silt beds (37.5 rn) is a second sequence of gravel consisting of pebbles and cobbles 

in a sand matrix. Bedding is moderately sorted and planar. From 5 1 m to 53 rn the 

gravel is combined with silt blocks, similar in texture to the silt sequence previously 

discussed. A second silt sequence extends fiom 53 m to 61 rn. This facies also 

contains dropstones and bedded silt, similar to the previous silt facies. Overlying the 

second silt facies is a third gravel sequence that extends to the top of the section and is 

poorly exposed. Large cobbles and boulders with frequent sandy beds comprise the 

upper gravel (Figure 60). Numerous fractured clasts (frost shattering), sand wedge 

casts, and ventifacts were observed at the upper contact. V.C. 1 is interpreted to be 

Reid ~laciofluvial gravel with glaciolacustrine silt. The exposure is of a Reid 

glaciofluvial terrace. which also defines the genesis of the sediment. The lacustrine 

sequence is likely attributed to blockage of the McQuesten valley by Reid ice in 

Tintina Trench. 

Unit V.C. 2 

V.C. 2 is a massive silt deposit preserved in a wale at the top of the terrace 

(Figure 28). The silt is interpreted to be Reid loess because if its structure and 

position on the Reid terrace. Its age and genesis is also supported by the origin of a 

paleosol that overprints the silt (V.C. 3). 



Figure 60: Cobble sequence containing a large boulder at the top of Vancouver 
Creek section. A boulder this size was likely transported by 
glacial outwas h (see arrow). 



Unit V.C. 3 

V.C. 3 is a pdeosol that is preserved as a truncated horizon across much of the 

terrace and an intact paleosol in the swale containing V.C. 2 (Figure 28). The swale 

may have formed when melting glacier ice at depth caused the gravels to collapse. A 

minor organic horizon is also preserved in the paleosol (Figure 28). Paleo-animal 

burrows are also evident. Table 4 compares the colour hues of the paleosot at 

Vancouver Creek section to the Diversion Creek paleosol. 

Table 4 

V.C. 3 is interpreted to be a complete Diversion Creek paleosol from the Koy-Yukon 

Horizon 

X 

Bm I and 2 

BC 

Ck - 

interglaciation. The Vancouver Creek site represents the most complete example of 

the Diversion Creek soil in central Yukon. 

Pakosol at Vancouver Cmk 

Dnrk Bmwn - IOYR 313 

Yellowish Brown - lOYR 5R 

Olive Yellow - 1.5Y 616 
L. Yellowish Bmtvn 2.5Y 616 

Overlyiq the palmsol is sand, grit. and silt that have infilled the depression. 

Diversion Creck Pule~~ol 

Yellowish Brown - lOYR 3 4  

Light Olive Brown - 2.5YR 514 

Light Olive Brown - l . 5 Y  514 

There is four intervals of accurnutation, marked by varying scdiient size and thermal 

contraction cracks emanating 6om each layer. This sequence may have accumulated 

as gravity flow sediments at the onset of the McConnell glaciation- 



Unit V.C. 4 

A silt layer uncodormably overlies the Reid gravel along the top of the section. 

The silt has no structure and is interpreted to be McConneU Loess. The ~ravity flow 

deposit overlying the Diversion Creek paleosol is also fiom the McComeU glaciation, 

based on its position over the last interglacial paleosol. A periglacial climate during 

deposition of the loess is evident from sand wedge casts cutting into the QtaciofluviaI 

gravel (V.C. I) ,  and from tiost shattered clasts and ventifacts at the interface between 

the loess and the gravel. Soil formation in the loess represents the Stewart Neosol. 

Recent accumuIation of stratified aeolian sediment and organic matter over top of the 

buried Stewart Neosol, is the result of modem river processes exposing the fine 

grained sediments in V.C. 1 to the rising air currents off the exposure. The silts are 

subsequently eroded fiom the cliff face and deposited along the top edge of the terrxe 

as cliff top dunes (Figure 60). 

McConnell End Moraine Section 

The McCo~el l  end moraine section is located 20 km upstream fiom Stewart 

Crossing, Stewart River (Figure 40) and was deposited at the terminus of the last 

glaciation. The end moraine was identified as the type section for the last glaciation in 

central Yukon (Figure 30; Tamocai 1987). The section consists of 44 rn of gravel, 3.5 

m of diamict, and 3.0 m of gavel (M.E.M. 1.2, and 3). The section is capped by a 

veneer of silt and a soil (M.E.M. 4 and 5). 
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Unit M.E.M. 1 

M.E.M. I is a coarsening upward sequence of interstratified sand and gravel 

(Figure 6 1). The gravel is in conformable contact with an overlying diamicton (Figure 

62). The lower part of the unit consists of cross and planar bedded medium to fine 

grained sand with intermittent layers oFgravel (Figure 5 1). The upper part of the unit 

coarsens and consists of subrounded gravel, with interstratified lenses of sand (Figure 

6 1). Imbrication suggests a flow fiom the northeast. Near the upper contact the 

gravel becomes openworked with cobbles with minor pebbles. Cobbles in contact 

with the diamict are fractured, likely fiom surhce loading. M.E.M. 1 is interpreted to 

be advance McConneIl outwash. 

Unit M.E.M. 2 

M.E.M. 2 consists of 3.5 m o f  cohesive diarnict that is in erosive contact with 

the underlying gravels (Figure 61 and 62). The diarnict is pale yellow (2.5Y 714) and 

has an equal composition of clasts to matrix. 100 class were measured for fabric and 

indicate a flow to the southwest, parallel to the vdey (Figure 6 1). M.E.M. 2 is 

interpreted to be McConneU tiI1. 

Unit LM.E.IM. 3 

M.E.M. 3 consists of 3 m of poorly sorted, matrix dominant gravel. The unit 

fines upward and is poorly exposed because of its recessive nature. No sedimentary 
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- - ME.M 4 - silt (loess) 

M.E.M. 3 - poorly sonrd gnvrls. normal gnding. 

\ ' .--. - -' ---. 
- cohesive diamict 
- erosive lower contact 
- qua1 proportion of clsts to matrix 

Xl.E.S1. I - smd and grwel 
- rrversc: gnding 
- planar tabular crassbedding and 
horizontal brddinp from 10 - 263 rn 

- ripples 
- moderntely sorted and horizontally 
stntitird gnvels trorn 35.5 - 43.5 m 

- imbric3ted 
- smd lenses in gravels 
- shattered cl;lsts at cuntact w~th diamict 

rcessive 

Figure 61: McConncll end moraine stratigraphy and sedimentology with till fabric 
d i a m  
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Figure 62: McConneIl age advance outwash (unit 1) capped by till (unit 2) at the 
terminus of the McConnell glaciation in Stewart River valley. 



structures were identified. The stratigraphic position of M.E.M 3 to the undertying 

units suggests an outwash origin for this unit. M.E.M. 3 is interpreted to be retreat 

McConnell outwash. 

Unit M.E.M. 4 

M.E.M. 1 is a thin silt layer with no strucrural features. M.E.M. 4 is interpreted 

to be loess that was deposited by katabatic winds from the McCo~etI  outwash plain 

(Figure 62). Katabatic winds are the result of pressure differences created by the ice 

sheet. Cold, dense air. flows off the ice sheet and mobilizes silt and sand on outwash 

plains; draping the vdley bottom with a veneer of silt. Entrenchment by early 

postglacial streams into thick valley fill sequences is also important as it exposes 

sediments susceptible to wind erosion (Eyles and Paul 1983). 

Unit M.E.M. 5 

M.E.M. 4 is a soil borizon formed in the McConnell loess. The soil is shallow 

and was interpreted to be the Stewart neosol. The Stewart neosol is a weakly 

developed Orthic Eutric Brunisol, characterized by a shallow solurn and tack of clay 

accumulation in the D m  horizon (Tarnocai 1987a). The type locality for this soil is 

on the McConnell end moraine in Stewart River valley (Tarnocai 1987a). 



CHAPTER 7 

DISCUSSION/SUMhMY 

The Plio-Pleistocene record of central Yukon includes a multiple glacial and 

interglacial history. Preservation of this record is likely related to uplift of the St. Elias 

Mountains, which has progressively reduced the influence of Pacific air masses in 

Yukon (Armentrout 1983). The result has been progressively less extensive 

glaciations, and interglaciations that have become more arid and cooler. The central 

Yukon. at the limit of these giaciations. best records this evolution. In McQuesten 

map area a minimum of two pre-Reid gIaciations and interglaciations are preserved. 

The middle Pleistocene Reid daciation terminated in the map area providing the type 

section Cbr this event. The Diversion Creek paleosol (Koy-Yukon interglaciation) is 

preserved on Reid surfaces and the type section for the late Pleistocene McCo~ei l  

glaciation is also in the study area. 

The oldest surfkid deposit was identified at Stirring Bend as a late Tertiary 

debris flow deposit (S.B. 1; Figure 63). It is uncertain if the deposit originated fiom a 

glacial or interghcial environment and further paleomapetic and pdynologic analyses 

are required to better understand its age and genesis. Additional paleornagnetic 

sampling fiom the overlying silt unit (S.B. 2) may provide a minimum age for the 

debris flow. 

The pre-Reid daciations covered the study area, leaving nunataks in the White 

Mountains and ridges adjacent to Tmtina Trench. Ice entered the study area from the 
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south, southeast, and east, and was directed by the topography of the Klondike and 

Stewart plateaus (Figure 64). Ice-flow on the Klondike Plateau was directed by 

topography and likely forced to the west by ice flowing off the Stewart Plateau. Ice 

confined to the Klondike plateau terminated at the mouth of the Stewart River. 

approximately 70 km west of the McQuesten map area @uk-Rodkin in prep.). Ice- 

flow on Stewart Plateau was to the southwest and became redirected to the northwest 

upon entering Tintina Trench (Figure 64). Stewan Plateau ice breached interfluves 

between major drainages, which established a flow of ice to the northwest. This may 

have been caused by confined ice-flow at the intersection of Tintina Trench and 

Stewart Plateau. Deposits tiom the pre-Reid glaciations are preserved in Tintina 

Trench and on Klondike plateau, beyond the Reid glacial limit. The Flat Creek beds. 

in Tintina Trench, may contain the most complete record of pre-Reid glaciations in 

central Yukon. Unfortunately no exposures substantially penetrate the deposit in the 

study area. Recent stratigraphic studies and surficial mapping by Duk-Rodkin (1997) 

in the Tintina Trench, north of Dawson, and Froese st al. (1997) on the IUondike 

River terraces has revealed a multiple pre-Reid glacial and interglacial history. 

The oldest pre-Reid glacial sediments in the study area are found at Flat Creek 

section. The paleomagnetic signal for the Flat Creek outwash (F.C. 1) is a normal- 

reverse-normal succession, indicating an age N.984 Ma. It is possible that F.C. 1 was 

deposited during the Olduvai subchron or Gauss chron. Preliminary results from the 

KIondike terraces near Dawson suggest the oldest pre-Reid outwash, overlying the 



Figure 64: The glacial limits for central Yukon and McQuesten map area. 
Approximate ice flow directions are plotted in the study area. 
Note the contrasting ice flow directions between the Klondike 
and Stewart Plateaus. 



White Channel gravels of Miocene age, are time continuous in that the whole 

sequence registers a normal polarity. most certaidy of late Tertiary or Gauss age 

(Froese 1997). A lateral correlation of the mat Creek gravels with the Klondike 

outwash is not certain, however, a correlative braid plain between Fiat Creek section 

and the Klondike has been suggested (Froese ct a/. 1997). 

At least three pre-Reid units can be placed into the earty Bruhnes Chron. This 

includes the upper units at Flat Creek (F.C. 3 and 4) and Stirling Bend units 4, 5, and 6 

(Figure 63). The upper Flat Creek units include the lacustrine-diamict deposit and the 

overlying glacial gavels. The diamict unit has a good normal polarity with no 

overprinting, which susgests a Bruhnes age for F.C. 4 (Figure 63). Preliminary results 

tiom units 4 and 5 at Stirling Bend suggest normal polarities with no apparent 

overprinting. It is possible that unit 4 may have an unreadable reverse underprint, and 

therefore, fbnher sampling is necessary to clarify the paleornagnetism. The origin of 

unit 4 is glaciofluvial and unit 5 appears to be glacio-deltaic. 

Pre-Reid interglacial units are found at both Flat Creek (F.C. 2) and Stirling 

Bend (S.B. 6). F.C. 2 is dissected by an ice-wedge cast containing a tephra fiom the 

overlying diarnict unit. The tephra is currentIy being dated by fission track analyses 

and will provide a minimum date for the Wounded Moose climatic event. Position of 

the tephra within the normally magnetized diamict suggest that it shouId date within 

the early Bruhnes Chran, and therefore. the pdeosol would date to at least this age. 

The Wounded Moose luvisd suggests a warm and more humid climate than today in 
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centraI Yukon (Runer ri a!. 1977). Two paleosols with Wounded Moose 

characteristics were documented in the study area and include the paleosol observed at 

the surface of the Flat Creek beds and in the subsurface at Flat Creek section. Similar 

pre-Reid soils have been documented in the Mackenzie Mountains (Duk-Rodkin 

1996). At Stirling Bend, the pre-Reid organic deposit (S.B. 6) also suggests a climate 

rniIder than today based on the presence of two species of plants currently not found in 

Yukon Lycop~rs and Alisma. S.B. 6 has a normal polarity (Figure 63). 

Preliminary stratigraphic and paleomagnetic analyses of pre-Reid deposits in 

McQuesten map area suggest a minimum of two and a maximum of five Qlaciations 

(Figure 63). The paleomagnetic record at Flat Creek section clearly changes from an 

older normal in unit I to a Brubes normal for units 3 and 4. Likewise for units 4 and 

5 at Stirting Bend a Bruhnes norrnai magnetization seems most likely. This clearly 

separates two ages of Qlacid deposits. Correlating Flat Creek section with Stirling 

Bend is currently not possible and therefore it is uncertain if more than two glaciations 

are recorded in the stratigraphy. In total, 5 deposits have been identified as pre-Reid 

glacial deposits (F.C. 1, F.C. 4, S.B. 3, and S.B. 4 and 5) and an additional 3 deposits 

have unidentified origins. A minimum of two and maximum of 5 pre-Reid glaciations 

are recorded in the stratigraphy of McQuesten map area Further sedimentolo@c and 

paleomagnetic sampling is necessary to determine the origin and age of Stirring Bend 

units 1.2, and 3 in relation to the cenuaI Yukon stratigraphy. The results of this work 

have identified and mapped numerous pre-Reid deposits, which confirm our 
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understanding of the multiple glacial theory during the early Pleistocene. Additional 

paleomagnetic dating may clarify the stratigraphy and provide an imponant link 

between the Plio-Pleistocene records of Fort Selkirk and Dawson. 

Additional areas, in the Yukon and Mackenzie Mountains. have produced a 

multiple pre-Reid glacial and interglacial records (Figure 65). In the Liard Lowland 

Klassen (1987) identified a till older than 760 Ka and in the Mackenzie Mountains 

Duk-Rodkin ( 1  996) has identified four glacial deposits that precede what possibly 

equates to the Reid glaciation. At Fort Selkirk, in central Yukon. Jackson (1996) 

identified two pre-Reid glaciations, the older being Qreater than I .  19 Ma. A similar 

stratigraphy was also noted in the St. Elias Mountains. OgiIvie Mountains, and Old 

Crow Basin. In each of these areas an older glaciation predates the middle Pleistocene 

glaciation(s) (Figure 65). Pre-Reid interglacial units most similar to the McQuesten 

map area are found in the Mackenzie Mountain stratigraphy. In comparison to the rest 

of the Yukon. the Mackenzie Mountain stratigraphy appears most sirniIar to the 

McQuesten record. The two pre-Reid glaciations in the study area may correlate with 

two of the four pre-Loretta QIaciations in the Mackende Mountains (Figure 62). 

The Reid glaciation covered much of Stewart Plateau in McQuesten map area, south 

of the McQuesten River. The ice remained confined by valleys through the study area 

and upper parts of plateaus remained unglaciated. Ice terminated upon reaching 

Tintina Trench near Reid Lakes (l3gure 64). Glacial landforms from the Reid 

glaciation are well preserved in the main valleys. Reid outwash deposits parallel the 
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McQuesten River and Stewart River within the Tintina Trench. Broad outwash 

deposits are found in WiIlow Creek valley and Tintina Trench, southeast of Stewart 

River valley (Figure 7). The type area for the Reid glaciatios Reid Lakes. is 

geomorphically well preserved. The glacial stratigraphy is also well preserved along 

the Stewart River in Tintina Trench at Ash Bend and New Crossing sections. These 

sections include a full glacial stratigraphy consisting of advance outwash till, and 

retreatal outwash (Figure 63). 

The Reid glaciation occurred prior to 200 Ka, according to dates on the Sheep 

Creek tephra that overlies Reid outwash. Elsewhere in Yukon and Mackenzie 

Mountains glacial deposits of a similar stratigraphic age are present (Figure 65). It 

appears that throughout the Yukon a prominent middle Pleistocene glaciation 

occurred. In the Mackende Mountains the Loretta glaciation stratigraphicaily 

coincides with the Reid glaciation From central Yukon. Isotopically, the Reid 

glaciation occurred at or prior to stage 7, if the 200 Ka date on the Sheep Creek 

tephra is accurate. The Reid glaciation has traditionally been correlated with the 

penultimate advance immediately prior to the Sangamon (Koy-Yukon interglaciation). 

It is possible that the penultimate advance was less extensive than the McComeil 

glaciation in central Yukon and is, therefore, not represented in the geomorphic 

record. The Reid glaciation may represent a middle Pleistocene advance prior to the 

penultimate glaciation and may correlate with the Little Keele or Rouge Mountain 

formations fiom the Mackenie Mountains (Figure 65). The Nome River Qlaciation in 



Alaska, not represented in Figure 65, was dated at 0.470 Ma by Ar-Ar methods and 

may correIate with the Reid glaciation (Hamilton 1994). Dates bracketing the Reid, 

Icefield, Till C, and Intermediate Qlaciations are necessary to fully understand the 

middle Pleistocene record (Figure 65). 

The Koy-Yukon interglaciation is well represented in McQuesten map area by 

paleosol development and organic deposits (Figure 63). The most complete Diversion 

Creek paleosol known in central Yukon was discovered at Vancouver Creek. At this 

site cryoturbated lenses of organic are preserved and is considered to be the first 

documented Diversion Creek A-horizon. lMicroanalysis of last interglacial soils 

developed in central Yukon and Mackende Mountains (Little Bear pdeosol 5; Figure 

65), show similarities in clay development and may suggest regional climatic 

similarities within the interglacial (Tarnocai and Smith 1989). At Ash Bend section an 

organic silt deposit is preserved in a swale on the Reid outwash surface. Previous 

research identified the Sheep Creek tephra within the organics, which suggests an age 

of 200 Ka for the deposit (Berger 1994). The organics represent the largest intact 

deposit of Koy-Yukon polIen and macrofossil material in central Yukon. Future 

environmenta1 studies in this area should focus on compiling this record for a better 

understanding of the climate and vegetation history of central Yukon during the last 

interglaciation. 

The hiccomell glaciation or last glaciation in Yukon terminated in Stewart 

River valIey approximately 20 km upstream fiom Stewart Crossing and Tintina 
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Trench. The end moraine complex, and section exposed by the Stewart River, 

constitutes the type section of the McConnell glaciation in central Yukon. The end 

moraine section consists of outwash, till, outwash, and loess (Figure 63). Deposits 

fiom the McConnell glaciation consist of sandy moraines within the QlaciaI limits and 

outwash terraces beyond the glacial limit. Katabatic winds off the ice sheet deposited 

loess across lowland areas in Stewart River valley, Tintina Trench. and McQuesten 

River valley. Beyond the McComell glacial limit, on Reid and pre-Reid surfaces, sand 

wedge casts developed. Comparison of sand wedge casts between the Reid and 

McComell gIaciation reveafed no characteristics that would differentiate them. 

Previous research by Rutter et al. (1978) proposed a difference between Reid and 

McConnell sand wedge casts. Reid casts were said to be much larger. characteristic of 

the intensity or duration of glaciation. Whereas the McConnelI casts were 

substantially smaller. This was found to be true on pre-Reid surfaces in Tintina 

Trench, however. McConnell casts on Reid surfaces were equally as large as Reid 

casts on pre-Reid surfaces. In other words, it seems problematic to infer a climate 

based on the size of a sand wedge cast. When comparing Reid and McConnell sand 

wedges on a pre-Reid surface in Tintina Trench it would be expected that the Reid 

casts are larger because the Reid glaciation terminated closer to the Flat Creek beds. 

Using sand wedge casts as a method to infer climate or designate an age seems 

difticuh and dependant on factors related to site conditions and location to glacial 

limits. 



Advance of the McComell glaciation into the area occurred aAer 29.6 Ka BP 

according to an AVS date on seeds fiorn the Mayo area (Matthews et al. 1990). Ice 

free conditions persisted near Ross River at 26.3 Ka BP, and therefore, glacial 

maximum occurred after this time in McQuesten map area (Jackson and Harington 

199 1). These dates suggest a Late Wsconsinan age for the McConnell glaciation. 

The McCo~el1 daciation correlates well throughout Yukon and in the Mackende 

Mountains (Figure 65). 

The present interglacial or Holocene interglacial began following the retreat of 

McConnell ice from the Cordillera The early Holocene was marked by a warm period 

that developed a soil indicative of a subarctic-subhwnid cIirnate and was followed by 

the present cooler climate that developed a soil indicative of a subarctic-semiarid 

climate (Zoltai and Tarnocai, 1974). A similar trend was noted in southern Yukon. In 

McQuesten map area ground squirrel bones were found in a sand wedge cast of 

McConnell age at Stiriing Bend section. An AMS date of 11.5 Ka suggests that the 

climate had moderated enough by this t i e  to support borrowing animals. The 

modem subarctic-semiarid climate found today in Yukon probably did not develop 

until after 6.0 Ka and may not have been present until 4.0 Ka (Cwynar 1988; Wang 

and Geurts 199 1). 



CBAPTER 8 

APPLICATIONS 

Mining Exploration 

Both placer and bedrock exploration programs can benefit fiom applied 

Quaternary research and suficial geology. In conducting geochemical surveys it is 

important to understand the characteristics and genesis of terrain deposits. Surficial 

geology maps provide a usefbl guide to assessing terrain deposits and soil 

characteristics. For instance. active slope processes such as solifluction and 

colluviation, particularly above tree-lie, displace Quaternary sediments and must be 

accounted for when interpreting geochemical anomalies. Terrain hazards such as 

slumping and rock falls within a watershed contribute an anomalous quantity of 

sediment to a stream and may adversely affect the geochemical results. Excessive 

sedimentation may mask a sediment anomaly or may enhance an anomaly. If masking 

occurred then measures should be taken to continue the sampling program upstream 

fiom the anomalous sedimentation source. 

Understanding terrain deposits and the history of their deposition is also 

beneficial when conducting stream sampling in a mountainous environment such as 

Stewart Plateau. Samples obtained above the confluence of two creeks may not 

provide representative assays from their respective drainages. When a tributary stream 

enters the main valley it begins to incorporate sediment derived from the main valley, 
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diluting the minerals from the original tributary valley. To avoid this, samples from the 

tributary stream should be obtained fiom the confines of its own drainage. 

Surficial geology maps also provide information regarding the composition of 

terrain deposits. This information is important for soil sampling programs because it 

provides information regarding the proximity of Quaternary sediments to their bedrock 

source. For example, a basal till is composed of sediment derived fiom a proximal 

source, and if the ice movement history is understood then it is possible to predict 

where the anomaly originated. Glaciofluvial outwash or meltout till, on the other 

hand, consist of supraglacial and englacial sediments (fir traveled debris) and provide 

less concise information about sediment origins. 

Quaternary history can provide valuable information regarding ice movement 

and the depositional history of Quaternary deposits. Plotting glacial ice flow patterns, 

based on certain landforms and a regional understanding of glacial history, is necessary 

to follow up on soil geochemical anomdies. In the McQuesten area the glacial history 

is complicated by its location at the terminus of multiple glaciations. Understanding 

the nature and distribution of these older deposits, as portrayed in the surficial geology 

map, can provide valuable information concerning soil and stream sediment 

characteristics. This information, combined with an understanding of physiographic 

characteristics, can provide interesting placer exploration data. 



Pfacer Explonrtron 

The geomorp hology of the study area can be characterized by the nature of the 

physiography and glacial history. Displacement of the Yukon plateau, by Tintina fault, 

has offset two physiographic plateaus that have regional topographic and fluvia1 order 

differences. These factors are important in the location of current placers in 

McQuesten map area. Presently, placer mining is confined to the Highet Creek, Clear 

Creek, and Stewan River areas. Little to no placer exploration is currently present on 

the Klondike plateau. 

Stewart Plateau has steeper slopes and consistently higher terrain in comparison 

to the KIondike plateau (Figure 3). These differences have influenced the thickness 

and distribution of the surfid materials in the area. Stewart Plateau, because of its 

morphology, confined glacial deposition to valley bottoms and the lower flanks of 

valleys. Sur f id  sediments on Klondike plateau, on the other hand, are more evenly 

distributed. meaning glacial deposits are likely to be found at higher elevations. In 

addition, Klondike Plateau was closer to the terminus of pre-Reid glaciations than 

Stewart Plateau. Terminal areas generally have thicker accumulations of glacial 

sediments. The flow of pre-Reid ice into McQuesten map sheet from the south was 

enhanced by the northwest trending Dawson Range and redirected ice flow into the 

lowlands of Lake Creek, Grand Valley, and Willow Creek. This concentration of flow 

contributed to excessive glacial sedimentation on Klondiie Plateau in McQuesten map 

area, potentially masking placer deposits. 
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Fluvia1 systems are aIso different between the Stewart a ~ d  Klondike Plateaus. 

Major drainages on the Stewart plateau have headwaters in the Selwyn Mountains, 

which emit larger rivers across the plateau. Higher order river systems and more 

vertical relief accounts for greater erosion and redistribution of surfkial sediments, 

especially of pre-Reid sediments. In contrast, Klondiie Plateau contains only local 

drainages. such as Lake Creek and Grand Valley Creek, which have proximal 

headwaters and consequently low order discharges and low capacity for erosion and 

exposure of placer deposits. 

Placer gold occurrences in McQuesten and surrounding map areas are generally 

confined to ungaciated environments. areas of sparse glacial sediments. or high relief 

drainages (gulch-like placer accumulations). These attributes have no doubt been 

soveming factors in the location of past and current placer mines in central Yukon. It 

is probable. based on the presence of placer gold in surrounding regions, that Klondike 

Plateau in McQuesten map area has potentially significant placer gold occurrences. 

Exploration has likely been Limited to glacial deposits that do not actually reflect the 

true quantity placer gold in the drainage. In other words, low energy streams have yet 

to downcut through a placer deposit, hence, a fictor of topography, fluvial setting, and 

excessive glacial fill hindering placer exploration. Streams on the Stewart plateau, in 

contrast, have undergone base level adjustment following glaciation, which caused 

downcutting of streams through glacial sediments and exposure of auriferous 

interglacial gavel. 



Finally, reconcentration of placer gold in a glaciofluvial deposit should not be 

overlooked. Large volumes of outwash have scoured and redistributed interglacial 

pay units and could. potentially, act as an environment for placer accumulation. The 

main draw back is thick overburden hampering exploration efforts. Application of 

in geophysics and drilling, in addition to extensive field sampling and understanding of 

preglacial environments and glacial processes, could overcome this problem. 

Natural Hazards 

Natural hazards include slope processes such as slumping, rock falls, or debris 

slides. that pose a potential hazard to human occupation. Most slope activity in 

McQuesten map area is confined to the northern part of Stewart Plateau where the 

terrain is steeper. Few active slide faces were observed, however, sporadic stabilized 

slumps were mapped (Figure 66). Reactivation of old landslides is likely if the 

permafrost is reexposed to the surface in these areas. Fine grain deposits that are 

mapped as giaciolacustrine units potentially provide unstable surfaces for construction 

(Figure 7). 

Granular Deposits 

Granular material for road construction is not in short supply in the McQuesten 

region. Extensive glaciofluvial plains and terraces, and drift plains in Stewart River 

valley, Willow Creek valley, and Tintina Trench provide ample construction material 
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Figure 66: Stabilized slumps on Stewart Plateau near Scheelite Dome 



for the Klondike Rghway and Silver Trail. Future mining trails. especially in the 

southwest portion of the map sheet, will benefit tiom the location of glaciofluvial 

terraces and plains in the valIeys of Grandvalley Creek, Rosebud Creek, and Lake 

Creek figure 7 j. 



Chapter 9 

Conclusions 

The Quaternary record in McQuesten map area provides stratigraphic evidence 

of at least four glaciations and three interglaciations. Evidence for at least two pre- 

Reid glaciations was documented with a good possibility of three additional pre-Reid 

glaciations represented. A complete Diversion Creek paleosol, fiorn the Koy-Yukon 

interglaciation, was documented. Type sections for the Reid and Mccomeil 

glaciations were also logged. Applications of surficial geology and glacial history to 

placer research indicated possible undiscovered gold deposits on the Wondike Plateau. 

inside the pre-Reid glacial limit. 

A fate Teniary debris flow deposit marks the oldest documented surficial 

deposit in McQuesten map area. The oldest glaciation, dated by paleomqnetism, is 

older than 0.984 Ma. Two pre-Reid interglacial units were described, including the 

Wounded Moose paleosol and the Stirling Bend organics. The Stirling Bend organics 

were deposited during the Bruhnes normal Chron and contain Lycoprrs and AIisma 

seeds, plants that sugest a pre-Reid climate warmer than today in central Yukon. In 

addition. the Wounded Moose paleosol was observed at two stratigraphic levels, 

which suggests two pre-Reid interglacial climates warm enough to devdop luvisolic 

soils. The best preserved middle Pleistocene glaciation in McQuesten map area is the 

Reid glaciation. The timing of the Reid glaciation remains unresolved following this 

study, however, previous research suggests that it occurred at or prior to isotope stage 



7. A full glacial stratigraphy for the Reid glaciation was documented at Ash Bend and 

New Crossing sections. The Koy-Yukon interglaciation was dated to at least 200 Ka 

according to Berger ( 1  994). An intact Diversion Creek paleosol from this period was 

documented at Vancouver Creek section and marks the first fblly intact paleosol of its 

kind in central Yukon. The late Wisconsinan glaciation or McConnell glaciation 

reached McQuesten map area after 26.3 Ka and terminated in Stewart River valley and 

Tintina Trench (Jackson and Harington, 1991). A hi1 last glacial stratigraphy was 

documented along the Stewart River near the end moraine complex. Penglacial 

conditions had ameliorated in McQuesten map area by 1 1.5 Ka and by 9.3 Ka BP the 

climate of Yukon warmed to temperatures above present day norms (Cwynar 1988). 

The modem semi-arid climate in southern Yukon began at approximately 4 100 BP 

(Cwynar 1988). 

SurficiaI mapping and field investigations descnied the character of surficial 

sediments and their distribution. Glacial deposits are more widespread on Klondike 

Plateau because of physiography, low order drainages, and proximity to the terminus 

of the pre-Reid glaciations. In contrast, slacial deposits on Stewart Plateau are 

confined to lower slopes and valley bottoms of the main drainages. Tintina Trench 

contains a thick Pleistocene record of glatioflwial outwash and drift plains. 

The contrasting geomorphic setting in the study area may govern the 

distribution of known placers. Most placer sold exploration and development has 

occurred on Stewart Plateau, as opposed to Klondike Plateau. The distribution of 
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surficial sediments and physiographic diierences between tht two plateaus may be 

responsible for the concentration of work on Stewart Plateau. Future placer 

exploration in McQuesten map area should focus outside the Reid glacial limits in the 

north part of Stewart Plateau and on Klondie Plateau near the White Mountains. 
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APPENDIX I 

SURFICIAL CEO LOGY 

Class~ficatio~r of ~71rjkial geology 

The geological materials portrayed in the enclosed map (Figure 7) may be divided into 

two categories: ( I )  bedrock of prelate Cenozoic age and (2) unconsolidated materials 

or  late Cenozoic sediments. The following descriptions will focus on the surticial 

geology. mapped in accordance with the T emin Sciences Division at the Geological 

Survey of Canada The terrain inventory of the Pdy River area (Jackson 1994) was used 

as a guide in these descriptions. 

Description of map units 

Organic deposits CfO) 

Consist of accurnulations of peat. woody material, and minor mineral deposits. Fen 

organics have a uniform surface appearance and mask the morphoIogy of the underlying 

sediments. Appear as bogs and fenlands on poorly drained lowlands. Numerous organic 

deposits were left unmapped at this scale. 

Colluvial veneer (Cv) and ColIuvial blanket (Cb) 

Consist of gravel, diamicton, shattered bedrock, and lenses of sand and silt. Colluvial 

veneers (<I m) form on slopes through processes of physicid and chemical weathering 

of bedrock and in-situ @acid sediments. Transport of the dislodged debris occurs as 
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surface creep. solifluction, or debris flows. Colluvial blankets (> 1 m) form a slope-toe 

complex where an apron of sediment collects at the base of a slope. Colluvial veneers 

typically grade into a blanket deposit. The sediment composition of colluvium reflects 

the source material on the slope. 

Coliuviizi complex (Gc) 

Consists of gravel, diarnicton, shattered bedrock, and lenses of sand and silt. 

Comprises two or more colluvial components. Typically groups colluvial vefieers, 

blankets, and minor mass wasting processes under one heading where differentiation is 

limited. 

A h  vial plain sediments (Ap) 

Represent floodplain sediments of modem fluvial systems. Consist of stratified gravel 

and sand more than I m thick with minor silt and clay lenses. Backswamp areas, 

typical in meandering streams, consist ofsilt, clay, and organic deposits, with minor 

sand and gravel lenses. Alluvial plains are flat with remnant channel scan and levees. 

Alluvial plains host a variety of plant species on the variable topography created by 

meandering channel systems. 

AlIuviai terrace (At') 

Represent flat-lying benches of a former floodplain surfkce. Composed of stratified 
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gravel and sand more than 1 rn thick with minor silt and clay lenses. Alluvial terraces 

may cut across bedrock bearing a veneer of fluvial sediment over bedrock. Relatively 

higher terraces represent older floodplains that may have developed at the beginning of 

the Holocene and contain coarser sediment. 

Alluvial fan (Afl 

A fluvial deposit consisting of cobbles, gravel, sand, and diamicton. The sediment 

composition varies with the source material and position on the fan. Alluvial fans form 

when a stream leaves its confined upland drainage and deposits its load in a valley or 

basin. The apex of the fan receives courser material, which grades into finer sediments 

at the toe of the fan. Debris fans form in mountainous areas under fluvial and colluvial 

processes. They typically exceed IS degrees and grade into alluvial fans. Where 

debris fans coalesce they are mapped as colluvial blankets, otherwise they are part of 

the alluvial fan designation. 

Alluvial complm (A) 

Consists of gravel, sand, diamicton, and minor silt and clay. An alluvial complex is 

two or more dluvid processes that combine to produce one deposit. Sediments are 

stratified with interfingered depositional phases. Alluvial complexes are common in 

narrow vaiIeys where alluvial fans blend with the alluvial plain and alluvial terraces. 



Eolian ridges (Er) 

Medium to fine grained sand and silt transported and deposited by wind. Eolian ridges 

are represented by inactive dunes in McQuesten map area. Dunes vary between 2 m 

and 75 m in height and contain infrequent blowsut areas. Eolian ridges represent a 

period of strong winds and sparse vegetation during the last glaciation and or 

Holocene. The sediment is possibly Reid age and was reactivated during the last 

gIaciation. 

Eolian blanket (Eb), Eolian veneer (Ev), and Eolian ridges (Er) 

Medium to fine grained sand and siIt transported and deposited by wind. Eolian 

blankets are > 1 rn thick and veneers are < 1 m thick. Blankets and veneers have little 

surface texture on air photographs and frequently border eolian ridges. 

Ghciofluvirrl pittin (Gp) 

Coarse gravel. sand, and minor silt deposited in a former glacial stream. Structures 

include massive and planar bedded grave[ with sand. Glacioffuvial plains form beyond 

the ice margins typically as braided and wandering gravel bed river. Thicknesses vary 

fiorn veneers to valley fills several tens of meters thick. 



GIaciojluvial terrace (Gt) 

Coarse gravel. sand. and diamicton appear as benches of former glaciofluvial 

floodplain surfaces. Glaciofluvial terraces may form ice marginally as isolated terraces 

in upland environments or form as flights of terraces cut into valley fills. Stewart 

River valley in Tintina Trench and Klondike Plateau, contain numerous flights of 

terraces cut fiom glaciofluvial plains and drift surfices, marking the separate 

glaciations. Flights of terraces at Clear Creek indicate multiple glacial stages or the 

waning stages from the same glaciation. Glaciofluvid terraces vary from being several 

meters thick (Gt) to a veneer cut into bedrock (Gtv). 

GIaciojluvial cuntp Ier (a) 

Deposits of gravel. sand, and diamicton that include variations of plains, terraces, 

eskers, and deltaic sediments. Textures are variable and include coarse gravel deposits 

to flat-lying and ripple bedded sands and pIanar stratified gravels separated by till. 

Glaciofluvial complex incorporates numerous mechanisms of glaciofluvial deposition 

and minor deposition associated with ice contact environments such as debris flow 

diamicts. 

GIaciolacusirine pkah sediments 0 

Glaciolacustrine sediments consist of bedded fine sand, silt, and clay more than 5 m 

thick. Appears as a flat to gently rolling surface. Bedding is complicated by slumping 
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tiom dewatering and melting of in-situ ice lenses. KettIe features mark the surface 

where ice has melted out. 

Glaciolacustrine b lanket (2 b) 

Glaciolacustrine sediments consisting of silt, fine sand, and clay 1 - 5 m thick. 

Deposits conform to the underlying valley form and are locally disrupted by gullying 

and colluviation. 

Till blanket (Mb) and tiff veneer (Mu) 

Till blankets occupy valley bottoms and the lower slopes of valleys and grade into till 

veneers upslope. Till blankets are also common near the limits of pre-Reid, Reid, and 

McCo~ell  glaciations. Erosion of till increases with slope angle and exposure. 

Subdued moraines are common on most slopes particularly on the older pre-Reid 

surfaces. Erosion by surface runoff is more common on south facing slopes. which 

have less permafrost and vegetation to secure surface sediments. 

7TlI complex (Mc) 

A combination of moraine blankets, veneers. hummocky terrain, and minor 

glaciofluvial deposits. Till complexes occur at or near ice margins. 



Tirr plain Fip) 

Low relief till deposited as a plain beneath the ice sheet. Commoniy found in broad 

valleys bottoms. 

Ell hummocks 0 

Hummocky or rolling moraine found near terminal moraines where ice stagnation 

occurred. ReIief is between 5 rn and 20 m depending on the age of the surface. 

Drifl plain (Dp) 

Consist of undivided till and glaciofluvial sediments of pre-Reid age that are > 5 rn 

thick. Drift plains have flat to gently sloping forms, with little surfhe texture. 

Mass W d n g  (C;) 

Consists of a variable sediment composition depending on the source materid. 

Includes slumping of @acid deposits and bedrock, rockfalls, and debris sIides of 

glacial sediments and bedrock. In the northern part of the map sheet, where mass 

wasting is most prevalent. deposits consist of boulder accumulations with a minor 

diamia component. 

Cryoplanarion terrace (ClJ 

A bedrock terrace covered by felsenmeer of variable thickness developed by frost 
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shattering, nivation, and gelifluction in unglaciated areas or areas proximal to the 

upper Limit of pre-Reid glaciations. 

Bebock (R) 

Includes bedrock on summits, ridgetops, and slopes. The Syenite Range, East and 

West Ridge, Red Mountain, Scheelite Dome, and White Mountains have relatively 

signiticant exposures of bedrock in McQuesten map area 
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LEGEND FOR VERTICAL LfrHOSTRATlGRAPHlC LOGS 
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Openwork gravels 

I / r e  or Sand redge 
I 

x Radiocarbon date 

CI Clay 

Si Silt 

Sa Sand 

C Granules 

kd Trough cross-stratification 

1 Planar cross-stratification 

Sediment gravity flow 
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