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ABSTRACT

The main objective of this thesis was to offer explanations on the evolution of the plateau
surfaces in the northern Ruby Range, Yukon Territory. Specifically, to determine whether the
geological and geomorphological evidence from the plateau surfaces could support the belief that
these regions were subjected to glaciation, or does the evidence indicate other evolutionary processes.
The more traditional geological techniques of geochemical and heavy mineral compositional analyses
have been used previously in both geological and glacial related studies in the Canadian Shield and
other regions of Canada, and have aided in the description of environments. However these types of
analyses have had limited application in alpine environments with extensive plateau regions, such as
those experienced in the northern Ruby Range. The data also made it possible to delineate, in a
regional context, mineralized zones that have not yet been identified. This pursuit constituted an
ancillary objective in this thesis.

In pursuit of these objectives, two questions were posed: 1) Can the compositional trends
observed in the heavy mineral and geochemical data on the plateaus provide geological evidence
(lacking in previous descriptions of these regions) which can contribute to the solution to the question
of how the plateau landscape evolved? Specifically, depending upon the genesis of the plateau
sediments (ie. local, glacial, etc.), what processes were responsible for these dispersals (glaciation,
periglacial, aeolian, tectonic)? and 2) Are similar compositional trends observed in the valleys of the
Ruby Range, and what are the implications of these patterns?

It was determined that the average proportion of heavy minerals identified was similar for
both plateau and valley sediment samples. The range of the proportions was found to vary
considerably in most minerals. The significance of these comparisons were not clear, but probably
indicated that the sediments from both plateau and valley sites did not vary greatly in heavy mineral
species and proportions, but demonstrated a variable range. As well, there was no appreciable
difference in the heavy mineral assemblages between plateau and valley sediment samples, except for
the relative lack of allanite from plateaus, and goethite from valleys. The data did not support a
clear association between heavy mineral assemblages from plateau and valley sediments, and those
derived from bedrock within or outside the study area. However, the sediment assemblages may not
be exclusively related to local bedrock sources.

The provenance of orthopyroxene, goethite, and allanite may be attributed, in part, to
bedrock from outside the study area, voleanic ash, and meteoritic impacts, or a combination of these.
The occurrence of these minerals may also be associated with mineral alterations. Both the heavy
mineral and geochemical data indicated there were no discernable dispersal patterns in either an up-
valley or down-valley direction. The random dispersals of minerals and elements in the valleys can
be characterized as secondary, epigenetic dispersals, and can be further classified as resembling
clastic, hydromorphic, or biogenic patterns.
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Heavy mineral and element analyses performed on surficial sediments from the plateau
surfaces indicated that some of the material may not be of local origin, and discernable dispersal
trends were evident in certain heavy minerals and elements which were traced to known sources of
mineralizations. The most striking characteristics of these trends were their continuous form,
spanning many kilometres, and their patterns which extending over extensive plateau surfaces that
were dissected by numerous valleys. The following conclusions were made with respect to dispersal
patterns observed on plateau surfaces:

1) The north to northwest alignment of the Tracey Arm Terrane, and the northwest mineral and
element dispersal patterns are likely coincidental.

2) Some mineral and element dispersal patterns may be in part, attributed to local terrane
conditions.

3) Element dispersal trends cannot be exclusively related to element mobiiity on the platcau
surfaces.

4) Mass-wasting processes probably served to subsequently modify pre-existing dispersal

patterns on local scales.

3) The general northwest dispersal patterns observed on the plateau surfaces of the northern
Ruby Range were attributed to glaciation.

It is proposed in this study that the heavy mineral and element dispersal patterns observed on
the plateau regions of the northern Ruby Range may be the evidence lacking in previous studies
which can confirm that the plateau surfaces were glaciated. The glaciation (or glaciations) would, in
accordance to the reported glacial history of the area, represent pre-Nisling lce {(pre-Reid)
glaciation(s) (late Tertiary or early Pleistocene). Glaciation(s) in late Tertiary and/or early
Pleistocene could have preceded major stream incision, hence valleys may be post-glacial (i.e.,
formed after glaciation in late Tertiary and/or early Pleistocene). Significant uplift of plateau regions
may have occurred after late Tertiary and/or early Pleistocene glaciation(s) (i.e., during middle - late
Pleistocene). Whether uniform uplift rates were experienced throughout the entire Tracey Arm
Terrane is uncertain.

In summary, it is proposed that the northern Ruby Range (and surrounding regions) may have
been glaciated (perhaps several times) in late Tertiary and/or early Pleistocene, undergone uplift with
stream incision intensifying as uplift progressed, followed by middle - late Pleistocene glaciation(s)
which modified the valleys. The plateau surfaces would have experienced periglacial processes
(perhaps severe) continually throughout the Pleistocene rendering any glacigenic material residual.
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Chapter 1
INTRODUCTION

1.1 The Ruby Range

The Ruby Range, which exhibits a subdued relief with rounded to flat mountain tops and
plateaus at elevations between 1220 to 2200 meters above sea level (masl) and major valley systems
generally oriented east-west, has been the focus of various environment related studies (e.g.,Muller,
1967; Johnson, 1983; Johnson et al., 1984; Lemaitre, 1985; Smith, 1985; Schwartzburg, 1986;
Lagarec, 1986; Lacasse, 1987). With few exceptions (Bostock, 1966; Muller, 1967; Hughes et al.,
1969; Dewez, 1988), relatively little data are available on the glaciology of the Ruby Range.

Initial interest in the Ruby Range was stimulated by the complexity of glaciological conditions
reported in the literature. Most valleys take on a classical glaciated U-shape (Figure 1) with
evidence of glaciation of local (ice cap, cirque, and valley glaciers), and regional (ice sheet) origin in
the form of end and lateral moraines. It is reported that ice was not only channelled out from
cirques down existing valley systems, but most of the major valleys were affected by ice from an
external source, St. Elias and Coast Mountains (Muller, 1967; Hughes et al., 1969).

The plateau regions of the Ruby Range provoke even more curiosity. [nitial analysis of areal
photographs, and subsequent field observations, demonstrated that the relatively smooth, undulating
terrain of the plateaus was void of any conspicuous landforms except for a few tor-like structures
(Figure 1). This is in sharp contrast with the valleys which, apart from being occupied by swamps,
lakes and streams, contain various glacial landforms and in some locations, rock glaciers. Although
the evolution of the plateau regions have not been described in any great detail in the literature,
except for being referred to as an old, uplifted, erosional surface, accounts of glaciation in the Ruby
Range are accompanied by descriptions that identify the plateau regions as generally being an
unglaciated, weathered landscape of unknown age (Muller, 1967).

Specifically, the presence of tor-like structures and other periglacial features found on plateau
surfaces indicate that these regions are relatively *old’. It is aiso reported that there is an apparent
absence of any glacially related features or landforms on these surfaces. However, the presence of
tor-like structures and other periglacial features do not necessarily rule out the possibility of
glaciation (Sugden and Watt, 1977). In view of this, it is not surprising that any glacigenic sediment
or landforms (if in fact they did exist) would have long since been obliterated or zltered in this
environment,



Figure 1
TOPOGRAPHIC SETTING OF THE NORTHERN RUBY RANGE

Plateau regions exhibit a relatively smooth, undulating terrain,
virtually void of any conspicuous lariforms.



1.2 Objectives

The primary objective of this thesis is to offer explanations on the evolution of the plateau
surfaces in the northern Ruby Range, Yukon Territory. The techniques employed are an examination
of surficial deposits, with the use of heavy mineral and geochemical composition analysis, and other
provenance related studies (erratics) as well as geomorphological mapping and interpretation.
Specifically, this thesis will attempt to determine whether the geological and geomorphological
evidence from the plateau surfaces can support the belief that these regions were subjected to
glaciation, or does the evidence indicate other evolutionary processes.

The following research questions are posed:

i) Can the compositional trends observed in the heavy mineral and geochemical data on the
plateaus provide geological evidence (lacking in previous descriptions of these regions) which
can contribute to the solution to the question of how the plateau landscape evolved?
Specifically, depending upon the genesis of the plateau sediments (ie. local, glacial, etc.), what
processes were responsible for these dispersals (glaciation, periglacial, aeolian, tectonic)?

ii) Are similar compositional trends observed in the valleys of the Ruby Range, and what are the
implications of these patterns?

Geochemical and heavy mineral compositional analyses has been used to help determine
whether vast regions of the Canadian Shield and other regions of Canada were glaciated, and have
aided in the description of environments (Shiits 1973, 1976, 1980, 1982; Shilts et al., 1979;
Henderson 1983, 1985, 1989; Kaszycki et al., 1986; Kaszycki, 1987; Henderson et al., 1987).
However these types of analyses have yet to be used in alpine environments with extensive plateaus
that show evidence of converging Cordilleran and/or Continental ice.

Research on the Quaternary history of the Canadian Cordillera has produced many descriptive
accounts of glaciation (e.g., Beach, 1943; Bostock, 1948; Belyea, 1960; Roed, 1975; Luckman and
Osborne, 1979; Holloway et al., 1981; Kearney and Luckman, 1981; Kostaschuk and Smith, 1983).
Interpretations ranging from a few distinct glaciations to differing numbers of glacial advances within
similar time periods have been made. This implies that, hased on our current understanding, some
events cannot be correlated between adjacent valleys or ranges, or the evidence is lacking and/or
equivocal (Shaw, 1972; Luckman and Osborne, 1979). Further complications arise in convergence
zones between Cordilleran and/or Continental ice because the flow dynamics are said to have varied
spatially and temporally (Shilts 1982, 1984; Dyke et al., 1982; Prest, 1983; Clague, 1987).



Gaps exist in the literature concerning detailed glacial history of regions where there is
evidence of converging Cordilleran and/or Continental ice. Southern Yukon is one of these regions
and provides a unique environment in Quaternary studies with its rapid transition from currently
glaciated regions in the St. Elias Mountains to areas of central Yukon which were apparently not
glaciated throughout the Pleistocene and possibly the Tertiary.

Although the main focus of this thesis is to determine whether the geological and
geomorphological evidence {rom the plateau surfaces can support the belief that these regions were
subjected to glaciation, or other evolutionary processes, the data may also make it possible to
delineate, in a regional context, mineralized zones that have not yet been identified. This pursuit will
constitute an ancillary objective in this thesis. It is anticipated that this study will lead to a better
understanding of the evolution of the plateau regions of the northern Ruby Range. Specifically, can
the data support the possibility that the plateaus were glaciated at one time, or does the evidence
indicate other evolutionary alternatives?

1.3 Regionat Climate

The climate of Yukon is classified as sub-Arctic Continental due to large annual, daily, and
day to day ranges of temperature, low relative humidity and irregular, low moderate precipitation
(Wahl and Goos, 1987). Frequent intrusion of mild air from the Pacific Ocean results in a sub-
Arctic rather than Arctic climate. The main controls which influence the climate of southern Yukon
include latitudinal effects, proximity to the Pacific Ocean, and mountainous terrain.

Long term meteorological data are not available for the actual study area although short term
studies with reference to possible regional trends have been undertaken {Lemaitre, 1985). An
approximation of climatic conditions is provided by data from Beaver Creek, Burwash Landing,
Haines Junction and Kluane Lake and are summarized in Table 1. It is noted that the variability of
climatic conditions in alpine regions necessitates a very general acceptance of data and subsequent
trends from these reporting stations.

Environment Canada reports a mean winter temperature for the region of -20°C. Mean
spring temperatures are given as 10°C. The mean summer temperature is reported as 17°C.
Deviations from these data are expected, for example at Burwash in August 1981, a maximum
temperature of 29°C was recorded. On the other extreme, a record low temperature of -62°C was
recorded at Snag, north of the study area (Muller, 1967). August is generally cool with frost
common at higher elevations. Snow has been recorded in the Ruby Range in late July and August.
In some localities, snow patches persist throughout the summer months. Table 1 reports precipitation
for various stations around the study area. When Environment Canada data are compared with



“(emenQ jo Ausseann
"fydeBioos) jo 3eq) sarebe] 'q 4 Jo Aseinoo EiEp eYT JOTEMpEOH 1G6) ‘SUORBAIBSTO [EaIBC{0I0BIBUS EPBUED IUBLIUAIALS 1$8aN05

. . . JLELT STI9
sl got 9§ 91 sIt rer 19 1oz 6'6£7 B8 o7z €91 ayE] J91emprat]
. . L2801 .T19
- - - - TEE £l §9 661 Tee e g rsi 2y suenpl
. - . DELEL SP09
Ck g0t z9 il 58 €1 09 €02 992 e L1 L9l uonun[ SINTH
. . . . D06E1 1T19
gz s s el 9'eE €8 8T §El $'LL &8 81 091 Supuryysesing
. . . . L8001 £L19
4, ol ¥1 €6l wiL &1l 8 £® ris 96 &1 €Ll 30217 JsAe|
[(:07)) usaw  Cupy  CxeW . {rrus) ukal U e {ww) ural  Cuju xR
wormpdizany (W) ampndway vopmidizaig (D) aanjesadwag, vonendizand (DY) aminraduna}
uniny Kop sung

SNOILIANOD JILYWITD TYNOIDIH TVHIANIO
1 9lqel




precipitation data at Headwater Lake (Schwartzburg, 1986), differences in local and regional
conditions become evident. While the precipitation data reflects some regionality in storm systems, it
is evident that local variations do exist. For example, Headwater Lake station receives an average of
239.9 mm of precipitation for the month of June. By comparison, Beaver Creek, Burwash Landing,
Haines Junction, and Kluane Lake received 51.4 mm, 77.5 mm, 26.6 mm and 37.2 mm respectively.
This comparison clearly demonstrates the orographic effect of the Ruby Range.

1.4 Flora

The flora of southwest Yukon is as diverse and distinctive as the physiography of the region.
Although vegetational analysis does not constitute a major portion of this thesis, the recognition of
dominant or climax species and plant associations provides a useful tool for the analysis of
geomorphic environments. Vegetation is dependent on various environmental factors such as
climate, soils, slope characteristics, moisture content and migration, and parent material.

Forest cover in the study region is relatively sparse with an upper limit of approximately
1200 mas! (Muller, 1967; Terasmae, 1967). Because of the permafrost, trees develop a shallow,
horizontal matted system of roots which makes them susceptible to uprooting. The main species
encountered in the lower valleys are; Picea mariana (black spruce), glauca (white spruce) and
Populus balsamifera (balsam poplar). Also indigenous to the area are Populus tremuloides (aspen),
Betula papyrifera (white birch), Ablies lasiocarpa (alpine fir), Larix laricina (tamarack) (Muller,
1967; Terasmae, 1967). Some alders and willows are present above 1,200 m but are generally
isolated. Plant associations in poorly drained valley bottom areas include basically black spruce/moss
associations.

Of significance on some isolated plateau areas is the occurrence of peat. In relatively well
drained valleys and particularly on south facing slopes, the forest associations are dominated by
aspen, white birch and black spruce. Above tree line and particularly on relatively flat plateau
surfaces, shrubs, mosses, sedges and lichens dominate,

1.5 Permafrost

Many of the permafrost observations in the Yukon have been made by geologists involved
with mineral exploration operations. Although mapped by Brown (1978) as scattered discontinuous
and alpine permafrost, very little is known about permafrost conditions for this region of the Yukon.
Brown’s (1978) permafrost map incorporates data from only four boreholes for all of the Yukon.
The division between continuous and discontinuous permafrost is based on the -5°C mean annual
isoline which is derived from a minimum of data in the southwest Yukon. Several landforms



diagnostic of permafrost conditions occur within the study area. These include poorly sorted stone
circles and stripes, and in some localities beaded drainage patterns. On higher plateau regions, frost
or mud boils, and solifluction lobes are observed. Rock glaciers are also present at some cirque and
valley bottom locations and palsas in Gladstone Creek.

Although no detailed studies of active layer depths have been made for the study area, some
comparative observations from the Ruby Range and other regions are available. For example,
Rampton (1977) reports that permafrost may be absent under south-facing slopes at low clevations
throughout the Ruby Range. Price (1971) has recorded active layer depths of up to 150 cm for
upper elevations in the Ruby Range. North of the study area, in the Eagle Plains area, Pollard
(1983) recorded active layer depths of 60 to 100 cm. Elsewhere in the Ruby Range, Johnson (1981)
has documented active layer depths of between 20 to 100 cm. In the Aishihik Lake region,

Hughes (1990) reports active layer depths to be within 50 cm of the surface. in this study, active
layer depths have been observed to range between 20 to 100 cm.



Chapter 2
GEOLOGY OF SOUTHERN YUKON

2.1 Introduction

The following sections emphasize the geology of the southern Yukon, within the framework
of the Canadian Cordillera and set the stage for a more detailed description of the regional setting,
geology, and Quaternary history of the Ruby Range. The discussions include summaries of, i) the
structural setting of Yukon, ii) geological terranes, iii) Quaternary tectonic activity within, and in
proximity to the southwest Yukon, and iv) the pre-Quaternary landscape.

2.2 Structural Setting: Diastrophism

The Canadian Cordillera comprises part of the deformed western margin of the North
American craton and an assemblage of foreign crustal fragments and terranes which became accreted
to the craton due to the convergence of the North American and Pacific plates in Mesozoic and
Cenozoic time (Monger at al., 1982; Clague, 1991). The structure of the Canadian Cordillera in
Yukon (as throughout western Canada) is divided into the Columbia and Pacific Orogen zones. The
southwest Yukon constitutes the northern extension of the Pacific Orogen zone while the southeast
Yukon forms the northern extension of the Columbia Orogen zone (Figure 2) (Price et al., 1973).
The strong northwest - southeast structural grain of the Canadian Cordillera is a result of accretion
and related faulting. The Cordillera comprises five major northwest trending geological belts which
exhibit unique stratigraphy, plutonism, metamorphism, volcanism and structure (Monger and Berg,
1984; Clague, 1991).

The Columbian Orogen zone includes the Omineca Crystalline Belt and an eastern Foreland
Beit. The Pacific Orogen zone includes the Intermontane Belt, Coast Belt, and Insular Belt. Two
smaller structural units, the Northern Yukon Fold Complex and St. Elias Fold Belt have been
identified as parts of more extensive units projecting into Yukon from Alaska (Price, et al., 1972).
The Northern Yukon Fold Complex (in northern Yukon), forms the structural and stratigraphic link
between the structures of the Foreland Belt in central Yukon and those of northern Alaska. The St.
Elias Fold Belt (in the extreme southwest Yukon) is the youngest in the Canadian Cordillera. Much
of the structural character of this belt was probably developed as a result of mid-Jurassic and mid-
Cretaceous tectonism that also affected the regions of southeastern Alaska. Further deformation took
place in the Cenozoic related to the northwest underflow of the Pacific plate (Norris, 1971).
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Table 2
GEOLOGICAL BELTS

Omingca Crystalline Belt

Foreland Belt

Intermontans Belt

Coast Belt

Insular Belt

Straddlies the boundary between ancestral North America snd the
allochthonous {displaced over a considerable distance from thelr
origin) tarranes to the west. The balt s characterised by
deformation, regional matamarphism, and granttic plutonism. The
eastemn portion of the belt comprises of midde Proterozoic 1o
middle Paleczolc miogeodinal rocks. The westemn portion consists
of accrated Paleozolc and lower Mesozok volcanic and
sedmentary rocks. Granltic plutons are frequent throughout the
entra belt.

Borders un-deformed rocks of the Interor Platiorm to the east and
consists of middle Proterozole to Upper Jurrassic miogeociinal and
platform carbonatss and some craton derived clastics. The belt
exhibits numerous northwest trending folds.

This belt Is a composite o. three major forelgn terranes formed of
upper Paleozok to middle Mesozolc, allochthonous, marine
volcank: and sedimentary rocks. These rocks aro superposed by
attochthonous (In place) Jurassic and Cretacecus clastic wadges
and Tertiary volcanic and sedmentary rocks. The belt also
contains granttic intrusions which are comagmatic {common
source) with the volcanlcs.

Metamorphic and plutonic belt consisting of Jurasalc to Tertiary
granitic rocks and varied metamorphosed sedmentary and volcanic
strata ranging in age from Paleczolc to early Tertlary,

This is a composite allochthonous temane belt with Upper
Cambrian to Tertiary volcanic and sedimentary rocks, and soma
granitics.
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Clague (1991) assigns the Northern Yukon Fold Complex to the Foreland Beit. and the St.
Elias Fold Belt to the Insular Belt. A summary description of the five belts is given in Table 2. 1t is
of interest to note that potassium-argon dates of lavas associated with the White River tills and tillites
indicate that intermittent glaciation occurred in the St. Elias Fold Belt (Denton and Armstrong,
1969). Evidence suggests that many of the ancient glaciations occurred around 9 to 10 m.y. ago,
and even earlier. At least four intervals of major glacier expansion are tentatively dated at less than
2.7 m.y. and thus probably Pleistocene in age.

2.3 Geolopical Terranes

Geological terranes of the Canadian Cordillera are regions characterized by an assemblage (or
assemblages) of rocks whose paleogeographical relationships with those in bordering terranes are
unknown (Wheeler et al. 1988). Paleontological and paleomagnetic data suggest that some currently
juxtaposed terranes were originally separated by distances of thousands of kilometres. Terranecs are
generally bounded by fauits although in some places these may be concealed by cover rock or
intrusions. Terranes are categorized according to their relationship to ancestral North America.
Accreted terranes represent oceanic or island arc lithologies, generally of unknown paleogeographic
origin which are allochthonous with respect to miogeoclinal strata. Accreated terranes are grouped
into two superterranes, the Intermontane and Insular, based on their time of assembly and collision
with North America. Between these two lie the terranes of the Coast Belt (Figure 2).

Southern Yukon is further divided into three parts by two northwest trending strike-slip
faults, the Tintina and Denali faults (Figure 3). Terranes northeast of the Tintina Fault are also
present southwest of it, but the Denali Fault separates discrete terranes and probably follows a
fundamental suture in most of Yukon. Both faults localize narrow northwest oriented grabens which
are Pliocene physiographic trenches; the Tintina Trench along the Tintina Fault and the Shakwak
Trench along the Denali Fault.

The identification and delineation of geological terranes in southern Yukon have followed an
evolutionary process, combining previous interpretations and new information (e.g., Tempelman-
Kiuit, 1979, 1980; Campbell and Dodds, 1982, Monger and Berg, 1987; Wheeler and McFeely,
1987; Wheeler et al., 1988; Currie, 1992; Gareau, 1992). The characterization of terranes in
southern Yukon used in this thesis (Table 3) emulates the divisions identified by Tempelman-Kluit
(1979), Monger and Berg (1987), Wheeler et al., (1988), and Gareau (1992). Terranes northeast of
the Tintina Fault include the Mackenzie Platform, Selwyn Basin, Cassiar Platform and Slide
Mountain. Between the Tintina Fault and the Denali Fault (to the southwest) the terranes consists of
Yukon-Tanana, Tracey Arm, Stikinia, Slide Mountain, Cassiar Piatform, Quesnellia, and Cache
Creek. Southwest of the Denali Fault, the terrane includes Wrangellia, Alexander and Chugach.

11



Figure 3
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Detailed terrane descriptions for the southern Yukon and the entire Canadian Cordillera are
available from numerous sources (e.g., Price and Douglas, 1972; Campbell and Dodds, 1982;
Monger and Berg, 1987; Wheeler and McFeely, 1987; Wheeler et al., 1988). The terrane
descriptions provided in Table 3 are succinct syntheses of the terranes in southern Yukon. Hansen
(1989) describes the terranes northeast of the Tintina Fault (including the Cassiar Platform Terrane,
between the Tintina and Dinali Faults) as autochthonous (still in place of formation, have not been
displaced). These terranes constitute continental margin strata of ancestral North America and
include the Mackenzie Platform Terrane, Selwyn Basin Terrane, and Cassiar Platform Terrane.

Terranes southwest of the Tintina Fault (excluding the Cassiar Platform Terrane) are
described by Hansen (1989) as allochthonous (displaced over a considerable distance from their place
of formation). These include; Slide Mountain Terrane, Yukon-Tanana Terrane, Tracey Arm
Terrane, Stikinia Terrane, Quesnellia Terrane, Cache Creek Terrane, Wrangellia Terrane, Alexander
Terrane, and Chugach Terrane. Generally, terranes of southern Yukon are described (or implied) as
being aligned and trending predominately north to northwest (Cockfield, 1922, 1926, 1927, Bostock,
1948; Muller, 1967; Price et al., 1973; Green, 1972; Tempelman-Kluit, 1974, 1980; Monger and
Berg, 1987; Wheeler et al., 1988; Hughes, 1990; Gareau, 1992). The implications of this trend with
respect to element and heavy mineral dispersal patterns will be considered later in this thesis.

2.4 Quaternary Tectonic Activity

The following summary of Quaternary tectonic phenomenon affecting southwest Yukon will
focus on earthquakes and related fault movements, terrane uplift, and volcanic activity. The
summary will emphasize the affects of tectonic phenomena on terrane movements, overburden
disturbances, and sediment compositional changes brought about by volcanic ash-fall.

2.4.1 Earthquake Activity

Most Quaternary tectonic activity has been restricted to the Pacific - North American Plate
boundaries and along parts of the Denali Fault system, particularly in Alaska. Earthquakes up to
magnitude 8.6 have occurred at the plate boundary and Denali Fault respectively (Power, 1988).
Only parts of the Denali Fault in south-central Alaska are active, there has been little significant
movement along the fault in Yukon (Clague, 1979). However, Horner (1983) notes that the activity
along the Denali Fault in Alaska indicates some motion at a depth of approximately 15 km in either
an east-west or north-south direction, oblique to the trend of the fault. Similar motion along at least
some portions of the Denali Fault in Yukon is not ruled out.
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The Denali Fault is a major crustal break extending for more than 2000 km across south-
central and southwest Alaska, southwest Yukon, and northern British Columbia. The fault system,
which in part probably formed in the late Paleozoic or early Mesozoic, consists of many individual
faults which have different displacement histories (Clague, 1979). The fault system as a whole is
characterized by large Cenozoic displacements (dextral strike slip). In reviewing the displacement
history of the Denali Fault System, Lanphere (1978) conciuded that about 350 km of dextral
displacement occurred on the McKinley, Shakwak and Dalton segments between 38 - 55 Ma BP.

In southern Alaska, deformation of glacial deposits due to earthquake activity are well
documented {e.g., Hamilton et al., 1989; Kline and Bundtzen, 1989; Schmoll and Yehle, 1989,
Thorson, 1989). In southwest Yukon reported evidence of overburden displacement due to
earthquakes has been minimal, but some observations suggest that both vertical and lateral
displacement has occurred. For example, Power (1988), Morison (1987), and Campbell and Dodds
(1982) report that till and alluvial deposits dated as Pliocene and Pleistocene have undergone
localized displacement. The extent of the displacements appears to be of the order of a few hundred
meters. Clague (1981) has noted the association between the location of large rockslides of unknown
age and historic epicentres in the St. Elias Mountains. However, Hansen (1989) maintains that
major Quaternary displacements attributed to earthquakes have not been proven for the Denali Fault
system in Yukon.

2.4.2 Tectonic Uplift

Also associated with tectonic activity in southwestern Yukon are regional vertical tectonic
crustal movements. Data on crustal movements in Canada are limited. Vanicek and Nagy (1981)
present a partial map of contemporary vertical crustal movements in Canada which include both
uplift and subsidence. They note that it is not currently possible to distinguish vertical crustal
movements due to tectonic processes and those due to glacial unloading (Hicks and Shofnos, 1965,
Evans, 1991), Generally, the Cordillera is an area of uplift but the patterns of movement are
spatially variable within geological terranes. Field observation of uplift in Yukon has been reported
in a number of studies.

Evidence in central Yukon indicates that the aggradation of Pliocene and early Pleistocene
gravels along the Yukon River are due, in part, to tectonic tilting (Hughes et al., 1972; Naeser et al.,
1982). Tipper (1963), and Souther and Stanciu (1975) have observed Miocene lavas in the St. Elias
Mountains that have been tilted, fauited, and uplifted. Parrish (1981) concluded that there has been
sustained uplift of Mount Logan (St. Elias Mountains) averaging about 0.3 m/ka for the past 15 Ma.
Other studies indicate that parts of the St. Elias Mountains and northern Coast Mountains are
presently rising at the rate of a few centimetres per year (Clague, 1989). Vanicek and Nagy (1981)
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conclude that the maximum rate of uplift for southwest Yukon is currently 2.4 cm per year. Since
contemporary uplift is evident in other parts of the Cordillera, these movements are mainly attributed
to tectonic activity (Clague et al., 1982; Riddihough, 1982; Clague, 1991).

It may be of interest to note the relationship between uplift and denudation rates with
reference to the Cordillera. Slaymaker and McPherson (1977) have divided the Canadian Cordillera
into three major relief regions which, based on distinctive landform assemblages, exhibit different
rates of denudation. These are; i) high mountain areas, ii) plateau and foothills areas, and iii)
trenches, plains and low-lands. Denudation rates are measured in Bubnov units, where one Bubnov
(B) is equivalent to 1 mm denudation per 1000 yrs (Fischer, 1969).

Denudation rates for the three major relief regions are; i) 92 - 750 B in high mountain areas,
ii) 41 - 80 B in plateau and foothills, iii) 11 - 20 B in trenches, plains and low-lands (Slaymaker and
McPherson, 1977). Based on these figures, if we consider the denudation rates for the Ruby Range
study area of 41 - 80 B (which equates to 0.0041 - 0.0080 cm/yr, or an average of approximately
0.0060 cm/yr), and compare it to the tectonic uplift rate of 2.4 cm/yr for southwestern Yukon, it’s
clear that the areas of maximum denudation do not correspond to the areas of maximum uplift.
Hence, it can be concluded that there a considerable disparity between rates of regional denudation
and uplift in southwestern Yukon, Specifically, with reference to the Ruby Range study area, the
region has (likely throughout the Quaternary) experienced uplift at a faster rate than it has weathered
and eroded.

2.4.3 Volcanic Activity: White River Ash

Volcanism, which generated widespread basaltic lavas in the British Columbia interior
(including northwestern British Columbia), in the late Tertiary continued on a reduced scale during
the Quaternary. Volcanic activity within and in groximity to the study region is restricted to two
major volcanic belts. The Stikine volcanic belt occupies parts of northwestern British Columbia and
southeastern Alaska (Panhandle). This belt is located to the southeast of the study region and has
experienced periods of activity throughout the Quaternary. A lava flow was reported as occurring in
the Stikine volcanic belt at Aiyansh as early as 230 years BP (Sutherland Brown, 1969;

Evans, 1991).

The second major volcanic belt, the Wrangell, which extends through the St. Elias Mountains
and into Alaska, has also been active. Two recent eruptions in the Wrangell Mountains (in southeast
Alaska) gave rise to two distinct ash-fall deposits that are collectively known as the White River Ash
(Figure 4). A northern lobe was deposited approximately 1880 years BP, and a more extensive
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Figure 4
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eastern lobe, which covers much of southern Yukon, was deposited about 1230 years BP (Downes,
1985). Combined, the ash deposit covers an area of approximately 325,000 km? of southern Yukon
and eastern Alaska. In the Kluane Lake region, and specifically in the Ruby Range study area, the
thickness of ash has been measured from 2 - 7.5 cm (Downes, 1985; Lerbekmo and Campbell,
1968).

The White River Ash had been recognized in a number of early excursions in Yukon (e.g.,
Schwatka, 1883; Dawson, 1887), and has been described in various related environmental studies
(e.g., Lerbekmo, et al., 1973, 1975; Brazier, et al., 1983; Dewez, et al., 1984; Campbell, 1987).
Detailed mineralogical and chemical analyses of the ash have been reported in a number of studies
(e.g., Knopf, 1910; Lerbekmo and Campbell, 1969; Brazier et al., 1983; Downes, 1935; Westgate,
1987; McGimsey et al., 1992). The ash is composed of quartz, feldspar, hornblende, hypersthene,
and magnetite. Lerbekmo and Campbell (1969) report the mineral composition (Wt %) of the ash
as; quartz (23.2%), orthoclase (14.8%), albite (34.7%), anorthite (13.9%), hornblende (9.6%),
hypersthene (1.0%), ilmenite (0.9%), and magnetite (1.8%).

Since this thesis is attempting to address the question of how heavy mineral and geochemical
compositional trends in the Ruby Range were derived, it is important to determine to what extent
volcanic ash-fall minerals may have complicated (or altered) these patterns by incorporation into the
existing sediment. Because the heavy mineral separation procedures used in this thesis involves the
use of Methylene lodide (specific gravity 3.3) as the separation between heavy and light minerals,
any volcanic ash-fall minerals with a specific gravity of 3.3 or greater may have been incorporated
into the heavy fraction (depending on sample depth and comminution). The minerals in question
include, hornblende (sg 2.9 - 3.3), hypersthene (sg 3.1 - 3.5), ilmenite (sg 4.5 - 5.0), and magnetite
(sg 5.5 - 6.5). Dewez (1988) determined that ash-fall derived hornblende, hypersthene, ilmenite, and
magnetite could be differentiated on the basis of a pitted and glassy, perlitic texture. This thesis uses
the reported mineral composition of the ash as a basis for discussion. These concerns will be
addressed in subsequent discussions.

2.5 Pre-Quaternary Landscape: An Overview

Although it is difficult to ascertain the pre-Quaternary landscape in southern Yukon, some
generalizations can be made regarding the physiography of the Cordillera. Implications for the
southern Yukon can be made from these generalizations. Mathews (1989) states that the Cordilleran
landscape at the beginning of the Quaternary was dominated by mountainous terrain, dissected
plateaus, and alluvial plains, probably not unlike the present day landscape of northern Yukon. The
general distribution of mountains, plateaus and valleys was probably as it is currently, but almost
certainly the relief variations were much less. Mountainous regions were likely lower than their
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modern counterparts and their glacial modifications and features were probably much more restricted
than currently observed.

Valleys were not incised to the extent they are today, nor is it believed that giaciation
extensively modified them, although Pliocene glaciation was a certainty. Subaerial erosion
accompanying and following late Cenozoic uplift played an important role in developing major valley
systems. Fluvial incision could be expected to form V-shape valleys. Subsequent modification by
glaciers could then result in their widening and deepening. Mathews (1989) states that most
Cordilleran valleys were probably initiated by streams prior to glaciation (Quaternary) although some
exceptions have been noted {(Mackay and Mathews, 1973). The streams that occupied these valleys
may have differed in size and direction of flow from those now existing. Stream diversion and

reversals are reported to have frequently taken place during the Quaternary (Mathews, 1989;
Clague, 1989).

In the unglaciated central and northern regions of Yukon, Mathews (1989) states that streams
alone have been responsible for valley formation. However, Hughes et al., (1972), and Mathews
(1989) note that periodic glacial activity in eastern and southern Yukon could have influenced stream
behaviour in these unglaciated regions by contributing to the sediment load of some rivers.
Extensive plateau surfaces dominated (as they currently do) much of southern Yukon.

In particular, the Yukon Plateau has long been identified as an uplifted and dissected surface.
It isas been described by Cockfield (1926) as;

"...a broad geosyncline, which is higher at the margins then at the centre, sloping from both the
east and west towards an axis which coincides very closely with the position of the Yukon river
and its tributary, Lewes river. The summits of the plateau back from the main waterways form
a gently undulating plain which is broken only here and there by isolated mountain masses that
rise above the general level. Inio this upland surface the streams have cut broad valleys to

varying depths. "

The Ruby Range and areas tc the sou:h) in the Dezadeash region have been described by McConnell
(1905) as follows;

*They probably represimt erosion remnants of an old low level plain, since elevated some
thousands of feet and partly desirayed.”

Bostock (1948) states that affects of Quaternary glaciations serve to separate the Yukon
Plateau into two general areas of differing topography; glaciated and unglaciated. The implication
being that the general landscape and characteristics of the pre-glaciated areas would be similar to the
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currently observed unglaciated areas. On a regional scale, the Yukon Plateau and associated
geological terranes have, likely since their formation, trended in a general northwest direction. This
is exemplified by the dominant northwest flow of the Yukon River which has a drainage area of
about 275,000 km? in Yukon, most of which is comprised of the Yukon Plateau (Environment
Canada, 1972). Although diversions of the Yukon River likely did occur during pre-Quaternary as
well as Quaternary, there is no evidence to indicate that the historic northwest flow direction was
altered in a significant way (Hughes et al., 1972).

2.6 Regional Setting: Study Area

The study area falls within the Kluane Lake map area (sheets 115G, 11F Ei1/2), Yukon
Territory and is bounded by Talbot Creek to the north (approximately 61°35°N) and Gladstone Creek
to the south (approximately 61°20°N). The Talbot Arm serves as the approximate western boundary
(approximately 138°38'W) and the heads of Albert and Talbot Creeks serve as the eastern boundary
(approximately 138°5°W) (Figure 5). The physiography of the region, along with the identification
and description of various subdivisions have been fully described by Bostock (1948, 1952) and
summarized by Muller (1967), and Dewez (1988). The following synthesis draws upon these
descriptions.

The two major physiographic subdivisions that dominate this region are the Yukon Plateau
and St. Elias Mountains. They are separated by the Shakwak Trench which follows the Denali
Fault. The northwest aligned Shakwak Trench is 8 to 16 kilometres wide and is occupied at its
deepest part by Kluane Lake at an elevation of approximately 772 meters above sea level (masl),

The Kluane Ranges, which constitute the front ranges of the St. Elias Mountains, rise
abruptly from the western edge of the Shakwak Trench to elevations of approximately 2550 masl.
The Kluane Ranges are deeply incised by V-shaped transverse valleys. The courses of the Slims,
Duke, Donjek, Koidern and White Rivers have created major breaches in the Ranges. Bordering
west on the Kluane Ranges is the Duke Depression which is made up of a series of valleys and
plateau surfaces at elevations of about 1515 masl.

The Duke Depression is bound to the west by the Icefield Ranges which form the backbone
of the St. Elias Mountains. Vast icefields, valley glaciers and rugged prominent peaks (e.g. Mount
Lucania 5196 masl; Mount Steele 5044 masl) dominate the landscape. The region northeast of the
Shakwak Trench, known as the Yukon Plateau, is in sharp contrast to the St. Elias Mountains to the
southwest. The divisions of the Yukon Plateau that are of concern include the Ruby Range and
Nisling Range, with the valleys of Talbot Creek and Tincup Creek considered as the dividing line
between the two Ranges. Various authors have described the general physiographic character of the
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Yukon Plateau or regions of it. For example, Cockfield (1922) described the plateau as;

*...an upland surface standing at an elevation of 5000 to 5500 feer. Into this surface the streams
have cut to depths ranging from 4000 feet, giving a very irregular topography. The summits of
the unreduced ridges lying between waierways are the remains of a gently rolling plain, which
is broken only here and there by isolated residuary masses that rise above the general level. The

surface is apparently an uplifted and dissected peneplain.”

Bostock (1948), and Tempelman-Kluit (1974) characterize the Ruby and Nisling Ranges as
remnants of an old uplifted erosion surface. Hughes (1990) emulates Bostock’s (1948) portrayal of
the Klondike Plateau (subdivision of the Yukon Plateau) in describing the Nisling Range and applies
it to the entire Yukon Plateau;

“The topography is a maze of deep, narrow valleys separated by long, smooth-topped ridges
whase elevations are very uniform and which are remnants of an old uplift erosion surface. This
surface shows gentle undulations rising here and there along converging ridges to culminate in

monadnocks that consist of dome-like eminences or groups of relatively smooth-sloped

mountains"”,

The northern Ruby Range study area exhibits a relatively subdued relief with undulating
plateau surfaces and rounded mountain tops at elevations of 2120 masl. A few peaks of just over
2120 masl are evident, flanked by cirques in some locations. Tors or castellated outcrops are
sparsely distributed between elevations of approximately 1675 and 2040 masl. The geomorphological
significance of tors will be reviewed in subsequent discussions. The region is cut by major east-west
oriented valleys (Gladstone, Rockslide, Raft, and Talbot Creeks) which are connected through a
system of low passes. Some valleys contain small lakes, swamps and slow flowing, meandering
streams where apparently little erosion or aggradation takes place. This is in sharp contrast with the
St. Elias Mountains where rejuvenation has been considerable in late and post Pleistocene time
(Muller 1967).

Cirques are evident in the area which attest to the former presence of local glaciation. Rock
glaciers are located in some cirques (notably in Alaskite Creek) and on some upper valley floors
(Rockslide and Gladstone Creeks). The presence of rock glaciers (which are well vegetated) suggest
that during the Holocene, the region did not experience local glaciation (Johnson per comm.).
Muller (1967) states that except for the disappearance of ice, the morphology of the Ruby Range has
changed relatively little since the Pleistocene. With few exceptions, slopes are generally well
vegetated with only isolated signs of mass movements (primarily at the heads of Rockslide, Talbot
and Alaskite Creeks where the bedrock consists of Alaskite), Slope disturbances have been active at



the heads of these same valleys where a mining road was forced through 1o locate and service core
drilling operations.

The Nisling Range exhibits an even more subdued relief with undulating plateau surfaces and
flat to rounded mountain tops at elevations ranging between 910 to 1820 masl. Major valleys such as
Tyrrell Creek, Dwarf Birch Creek and Onion Creek are generally oriented north-south with many
east-west tributary valleys. Oxbow lakes in alluvial floodplains along with smaller lakes and ponds
within regions of thermokarst alluvial sediments are common (Hughes, 1990).

2.7 General Geology: Introduction

The description of the general geology of the region, emphasizing lithology and mineralogy
(where available), is important to this thesis. Specifically, a review of the general geology of the
Kluane Lake, Aishihik Lake and Dezadeash map areas will set the stage for a discussion on
assemblages of heavy minerals in various terranes with reference to provenance implications. Most
of the geological descriptions of the Kluane Lake, Aishihik Lake and Dezadeash map areas are
comparable (Muller, 1967; Tempelman-Kluit, 1974; Kindle, 1953; respectively}). However, Dewez
(1988) pointed out that lithological divisions vary and hence the delineation of lithologies may not
correspond from region to region. The descriptions which follow are obtained from Muller (1967),
Tempelman-Kluit (1974), and Kindle (1953), and are complemented by summaries from Dodds
(1982), Campbell and Dodds (1978), Dewez (1988), and Hughes (1990).

2.7.1 Kluane Lake Region

The Kluane Lake region (of which the Ruby Range study area is part) is divided into two
distinct geological regions along the same lines as the physiographic subdivision described above; the
St. Elias Mountains, and Yukon Plateau. The St. Elias Mountains consist of a eugeosynclinal
assemblage of sedimentary, volcanic and intrusive rocks where fossils establish ages ranging from
Devonian to early Tertiary (Muller, 1967). The Yukon Plateau is generally underlain by granitic
rocks and associated migmatites and gneisses. Sedimentary rocks, where present, are
metamorphosed in the low to medium grade. The St. Elias Mountains generally form part of the
Alexander, Wrangellia, and Chugach Terranes. Muller (1967) has divided the St. Elias Mountains
into eleven generalized formations or groups (Table 4). Subsequent work under the Geological
Survey of Canada’s research project ‘Operation Saint Elias’ has furthered the description and
delineation of lithology and structure in this region (Campbel! and Dodds, 1978; Dodds, 1982).
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Table 5
FORMATIONS OF THE YUKON PLATEAU
(KLUANE LAKE REGION)

Unit1

Unit 2

Unit3

Unit 4

units

unit 6

Unit 7

Two belts of quarz-biotite schist and gnelss, some minor imestons. Contalning some
gamet; also feldspar, graphite, bictie and chiorits; magnathe, apatite and zircon are
accassory constituents.

Quartz-sericite schist: banded quartz mosalc with albite and some fine-grained graphite
interlayed with chlorite-sericite laminas; tourmaline s considered an accessory constituent.

Recrystallized limestone, mica schist and amphibolite; quartz, muscovite, chiorite, aiblte,
homblende, epidote; pyrits, magnetite and other opagues; minor rutle and garnet;

Andesitic and basaltic tuifs and breccias; plagioclass, homblende, magnetite; some alblte.

Ruby Range bathollth: Homblende-blctite granordiorite and quartz dorits are main
components; diorite and gabbro also occur; quartz, feldspar, homblands, amphiboie,
biotite, maln constituents; some epidote, augite; apatite, pyrite, sphene, ziroon dassified as
accessory minerals, constituting less than one per cent of rock.

Nisling Range granodiorite: Granediorite, quartz monzonkte, biotits-homblende
grancdiorite; quartz, plagiociase, orthoclase, hornblends, blotte; some amphibols,
pyroxene, chlorite, magnatite, pyrite and apatite.

Nisling Range alaskite: Alaskite, leucogranite or leuco-quartz monzonits; quarz,
orthoclase, plagiociase maln constituents; some biotite, pyrite and fluorite; may comtain
woltramita; genaral crumbly nature, less firmly bonded compared to granodiorite,

Units 1, 2 and 3 constitute part of the Yukon Complax (Muller, 1867).




The Yukon Plateau constitutes in part, the northern extension of the Coast Plutonic Complex.
Specifically, the Ruby Range is considered part of the Tracey Arm Terrane while the Nisling Range
is associated with both the Tracey Arm Terrane and Stikinia Terrane (Nisling sub-terrane). Muller
(1967) divides the formations of the Yukon Plateau in the Kluane Lake region into seven units or
sub-divisions. These are described in Tabl: 5. Tempelman-Kluit (1974) stated that most of the
northwest trending structural grain of the Yukon Plateau has been concealed by metamorphism and
modified by intrusions of various plutonic masses. Superimposed on these structural elements are the
northward trends related to intrusions of the granitic rocks. Because of the preponderance of the
structureless granitic and volcanic rocks, the Yukon Plateau appears as a somewhat homogeneous
structural entity.

2.7.2 Aishihik Lake Region

The Aishihik Lake region lies predominately within the Stikina and Tracy Arm Terranes.
The region consists primarily of northwest trending metamorphic rocks which are assigned to the
Yukon Complex. They include, for the most part, schists, granites and gneisses, along with some
volcanic and sedimentary rocks (Tempelman-Kluit, 1974; Erdmer, 1991). The metamorphic rocks
have been divided into a number of lithologic units, some of which may be metamorphic equivalents
(Tempelman-Kluit, 1974). The descriptions provided in Table 6 are a compilation of Tempelman-
Kluit’s (1974) original lithological narrative of the Aishihik Lake region and summaries of these
depictions by Dewez (1988), Johnson (1988), and Hughes (1990). Hughes (1990) assigns
Tempelman-Kluit’s (1974) Unit 2 (Marble), Unit 4 (Amphibolite), and Unit 11 (Nisling Range
alaskite) as part of Unit 1 (Biotite schist), and Unit 18 (Undifferentiated volcanics) as part of Units
16 and 17 (Laberge Group and Tantalus Formation, respectively).

2.7.3 Dezadeash Region

The Dezadeash region lies entirely within the Alexander, Tracy Arm, and Stikinia Terranes.
A description of the general geology of the Dezadeash region by Kindle (1952) was enhanced by
Eisbacher (1975), and Erdmer (1990, 1991). Kindle (1952) states that formations of the St. Elias
Mountains, the Coast Mountains, and the Yukon Plateau are all found in this region. Kindle has
divided the geological formations of the Dezadeash region into a number of units (Table 7).
Although the names of some units (or groups) may differ from those reported in the Kluane Lake
region (Muller, 1967) and Aishihik Lake region (Tempelman-Kluit, 1974), many lithological
descriptions of these units correspond. More recent studies (e.g., Erdmer, 1989), have served to
augmented Kindle's (1952) description and delineation of formations.
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Table 7

FORMATIONS OF THE DEZADEASH REGION

10

"

. Yukon Group:

. Kaskawulsh Group:

Mush Leke Group:

Dezadeash Group:

Pericolite and serpantine:

. Gabbro:

. Coast (granitic) intrusions:

. Granite porphyry, quariz porphyry:

. Conglomerats, sandstonas, shale:

. Soda Syasnite:

. Volcanics:

Cons'sis primarily of quartz-mica schists, gneiss, slate,
quartzhy, crystalline limestone; minor quartz-sericite-andalusite
schist, homblende schist, saricite-cordierits schist,
gametitarous schist and gneiss.

Crystalline [mestone with intercalated zones of slates,
quurizite and argliites; same chert, andesite and achist.

Thick assemblage of volcanic and sedimentary rocks;
andesite, basal, uifl, dacite, rhyolite, voicanic breccie;
crystalline fimestone, siate, graywacke, arglihe.

Sedimentary rocks comprias siate, greywacke, arglilite,
quarzite, chert, imastons, grit, conglomerate, tulfacecus
sandstone and bedded velcanic tutis; minor intrusive bodies of
peridotite, sarpentine, and granodiorite.

Finely crystaliine with gradations between dark peridotite and
green sarpentine; some crystals of chrome diopside with
olivine; constituents of magneths, kron, chromium.

Homblende gabbro with mapnatite and pyrite.

Grancdiorite, grante, diorite, porphyritic granite, augen-gnelss,
gabbro; quartz, andesine feldspar, orthoclase, blotite,
homblends, copper, 1sad, 2inc, magnatite, gold.

Appaar as dykes and stocks; contaln pyrite, blothe, gold.

Thick massive beds of conglomerate separated by layered
sandstona and shale; conglomeraies contaln granite, quartz,
greywacke, slate, quartzite, imastone, greenstone, red
aneslte, and schist; some coal.

Fine grained massive crystalline rock; quariz, orthodase,
oligociase.

Mountain cap rocks; volcanic breccia, tuff, rhyolite, dacite,
andesits, basalt and some sandstone; contaln lron, hematite,
limonlte.




2.8 Regional Geological Synopsis

There are two major physiographic and corresponding geologic subdivisions in southwestern
Yukon which are separated by the Shakwak Trench; the St. Elias Mountains and the Yukon Plateau.
The Kluane Lake, Aishihik Lake and Dezadeash regions constitute part of these subdivisions, The
St. Elias Mountains form part of the Alexander, Wrangellia, and Chugach Terranes, and consist of a
eugeosynclinal assemblage of sedimentary, volcanic and intrusive rocks which are subdivided into
eleven general formations or groups.

The Yukon Plateau constitutes in part, the northern extension of the Coast Plutonic Complex.
Specifically, in southwestern Yukon, the Ruby Range is considered part of the Tracey Arm Terrane
while the Nisling Range is associated with both the Tracey Arm and Stikinia Terranes (Nisling sub-
terrane). The Yukon Plateau is underlain primarily by granitic rocks and associated migmatites and
gneisses. Sedimentary rocks, where present, are metamorphosed in the low to medium grade.
Granitic rocks occupy about half the area of the Yukon Plateau. The Ruby Range batholith is the
largest granitic body in the region and underlies most of the study area. It consists primarily of
hornblende-biotite granodiorite and is considered the backbone of the plateau. Also found in some
locations in the Ruby Range are stocks of alaskite, and recrystallized limestone, mica schist and
amphibolite which occur as roof pendants.

The Nisling Range is characterized by smaller scale intrusions of granodiorite and alaskite.
The Nisling Range granodiorites differ from their Ruby Range counterparts in terms of grain size
and colouring. Nisling Range granodiorites are medium to coarse grained and darker in colour than
the Ruby Range equivalents, primarily due to a darker tone of feldspars and large biotite flakes.
Nisling Range alaskites are somewhat light coloured than the Ruby Range equivalents, and are
described as fine to coarse mineral grains which are less firmly bonded than the granodiorites. The
low percentage of biotite and hornblende attribute to the light colouring.
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Chapter 3
THE QUATERNARY IN SOUTHERN YUKON

3.1 Introduction

Since the effects of glaciation(s) (specifically, glacial erosion and deposition being possible
agents or processes responsible for the heavy mineral and geochemical compositional trends), are a
central theme to this thesis, current themes on the glacial history of the region need to be reviewed.
In this regard, it is important to establish the Quaternary framework from which observations and
assertions regarding the likelihood that dispersal patterns of elements and heavy minerals were
glacially derived can be made.

This discussion consists of a review of; i) the Quaternary framework of North America,
i) the Cordilleran Ice Sheet (glacier) concept, iii) the general glacial history of southern Yukon,
iv) glacial sequences in southwestern Yukon, and southeastern and central Alaska, v) Quaternary
correlations between regions in southern Yukon and southeastern/central Alaska, and vi) Pleistocene
glaciation in the Ruby Range.

3.2 Quaternary Framework

The Quaternary is the most recent major period of the geological record and extends up to,
and includes present day. The Quaternary includes two intervals of epoch status, the Pleistocene and
Holocene. It is generally recognized that the Pleistocene spanned a period of approximately 2
million years B.P. to 10,000 years B.P. (van Eysinga 1978; Berggren et al., 1980; Lowe and
Walker, 1984). The Holocene, which commenced approximately 10,000 years B.P. is still current
(INQUA 1969; van Eysinga 1978; Berggren et al. 1980; Fairbridge and Michel 1980). However, it
has been argued that the Holocene can be seen as part of the Pleistocene since it is a current warm
interval that is part of a long-term climatic cycle and is comparable to previous warm episodes of the
Quaternary (West, 1977). To most researchers, Quaternary and Pleistocene are used interchangeably
and have long been considered synonymous with widespread glaciation (Forbes 1846; Cooke 1972,
1984; Fullerton 1980; Clayton and Moran 1982; Lowe and Walker, 1984). This practice and
interpretation is adopted in this thesis,

The conventional division of the Quaternary is into glacials and interglacials, with further
subdivision into stadial and interstadial episodes. Glacials are generally considered to be lengthy cold
phases during which the major expansions of ice sheets and glaciers took place. Interglacials are
usually considered to be warm intervals during which temperatures at the thermal maximum were as
high or higher than those experienced during the Holocene. Stadials are regarded as shorter cold
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episodes in which local ice advances occurred. Interstadials are considered as relatively short-lived
periods of thermal improvement during a glacial phase (Lowe and Walker, 1984).

The classical scheme of glacials and interglacials was formulated on evidence found in central
North America. Chamberlain (1894), and Leverett (1896) have been credited with formulating the
original interpretation. The classification is based primarily on till sheets, the morphostratigraphy of
iandforms, and soil stratigraphic units. It was greatly influenced by the Alpine Model devised by
Penck (1882) for central Europe. Based on these criteria, the Quaternary (Pleistocene} is subdivided
into a series of glacial and interglacial periods (Flint, 1971). At least four major glaciations are
proposed for the Pleistocene with three intervening interglacial periods.

3.3 Concept of the Cordilleran Ice Sheet (Glacier)

Pleistocene studies in the Canadian Cordillera have produced many descriptive accounts of
glaciation (for example, Dawson, 1891; Kerr, 1936; Beach, 1943; Davis and Mathews, 1944,
Bostock, 1948; Mathews, 1955; Wilson et al., 1958; Belyea, 1960; Crandell, 1965; Lemke et al.,
1965; Fulton, 1967; Prest et al., 1968; Hughes et al., 1969; Flint, 1971; Roed, 1975; Luckman and
Osborne, 1979; Holloway et al., 1981; Kearney and Luckman, 1981; Kostaschuk and Smith, 1983;
Porter et al., 1983; Clague, 1989). It is not the purpose of this discussion to detail the Pleistocene
throughout the entire Cordillera, but rather to highlight some benchmark Quaternary contributions
and focus primarily on the southern Yukon region of the Canadian Cordiilera.

Repeatedly in late Tertiary time, during the Quaternary glaciers spawned and enveloped vast
regions of the Canadian Cordillera. Only certain regions of central and northern Yukon, the eastern
Mackenzie Mountains, and some peaks escaped glaciation (Clague, 1989). The first significant
studies of the Quaternary of the Canadian Cordillera were made by George M. Dawson (Geological
Survey of Canada) in the later part of the Nineteenth Century. In his many reports, Dawson (1877,
1881, 1889, 1891, among others) recognized that much of British Columbia and adjacent areas
(particularly Yukon) had at one time been glaciated on a very large scale. In his most
comprehensive paper on glacial geology, Dawson (1891) detailed his proposal of a Cordilleran
glacier of continental magnitude:

*“Though at first in doubt as 1o the probable origin of the traces met with of this first and most
general epoch of the glaciation of the Cordillera, much additional infurmation gained in later
years convinced me that it clearly indicated the former existence of a grear glacier-mass such as
that here described. Still more recent observations have proved the north-western movement of
the northern part of the great glacier, and after having thus ascertained its area, I venture to
designate it as the Cordilleran glacier.”

{Dawson, 1891; page 28)
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This glacier he argued, originated in the Coast Mountains of northwest British Columbia, expanded
and coalesced with other valley glaciers and local ice caps to form a continuous cover over plateaus
and coastal lowlands. Once fully established, the ice sheet had a dome-like central area in northern
British Columbia from which ice flowed primarily northwest and southeast:

*...when the Cordillera became completely buried, a general movement was initiated from a
region situated between the fifty-fifthand fifty-ninth parallels of north latitude, in a south-easterly
and north-westerly bearing. *

(Dawson, 1891; page 27)

Dawson was also first to suggest that the entire Cordillera from the 48th parallel to regions
near the 63rd parallel (in Yukon) were completely engulfed in a dome-like glacier, analogous to that
of Greenland. Tt extended off the west coast to Vancouver Island, approached the Queen Charlotte
Islands, and reached into Alaska. Subsequent investigations (e.g., Fulton, 1984) showed that
Vancouver Island and the Queen Charlotte Islands apparently developed their own ice caps early
during the last glaciation. However, Vancouver Island was later overrun by flow from the mainland
Cordilleran ice sheet whereas the Queen Charlotte Islands remained essentially independent of
mainland Cordilleran ice (Clague, 1981).

Sutherland Brown (1968) stated that ice originating from the Queen Charlotte Islands flowed
eastward where it coalesced with the mainland Cordilleran ice and was deflected north towards
Alaska, and south down the coast of British Columbia. Dawson (1891) maintained that the northwest
movement of the Cordilleran glacier into southern Yukon from the main source area in the Coast
Mountains in northwestern British Columbia was far less extensive than the corresponding southeast
movement. With reference to observations made in southern Yukon, Dawson states:

"...evidence was there obtained of its northward or north-westward direction of movement, and
this has been confirmed and added 1o by observations in surrounding regions...On the Lewes and
Pelly Rivers, branches of the great Yukon River, striated rock-surfaces, evidenily due to the
general Cordilleran glacier, were noted; in the case of the first mentioned river as far north as
latitude 61° 40’ on the Pelly to latitude 62° 30", longitude 135° 45"... Granting that the north-
western extremity of the Cordilleran Glacier reached the furthest point above assigned to it, we
Jfind that its extension from the central gathering ground {or from the approximate margin of this
gathering ground already given) was much shorter than that attained by the south-easterly
flowing part, the appraximate lengths being 350 and 600 miles respectively. ”

{Dawson, 1891; pages 29-30}

He attributed the variation of the northwest and southeast movements to greater relative topographic

controls in the northwestern part of the continent which would inhibit glacial movement, and/or a
reduced supply of precipitation in these regions,
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The remarkable insights of Dawson (e.g., 1877, 1881, 1889, 1891) lead the way for more
detailed study of Cordilleran Ice Sheet growth and decay. In a comprehensive summary of the
Quaternary Geology of the Canadian Cordillera, Clague (1989) advances a successional four-phase
mode! for the growth of the Cordilleran Ice Sheet:

Phase 1:  Alpine Phase of Glaciation: At the end of each major Pleistocene nonglacial period, glaciers
were restricted to high mountain locations of the Cordillera. As climate deteriorated during
the early part of each glaciation, small mountain ice fields grew and aipine glaciers advanced.

Phase 2: Intense Alpine Phase: With continued cooling and increased precipitation, glaciers expanded
and coalesced to form a more extensive cover of ice in mountain areas.

Phase 3: Mountain Ice Sheet Phase: During sustained cold periods, glaciers advanced across plateaus
and lowlands and eventually grew into large confluent masses covering much of British
Columbia and adjacent regions.

Phase 4: Continental Ice Sheet Phase: Ice thickened to such an extent that one or more domes with

surface flow radially away from their centres became established over the interior of British
Columbia.

Although the model provides a useful framework for conceptualizing the growth of the
Cordilleran Ice Sheet, the actual glacial development in the Canadian Cordillera during the
Pleistocene was likely more complex because ice did not build-up in a uniform or synchronous
manner. Periods of growth were certain to be interrupted by intervals during which glaciers
stabilized and/or receded. These fluctuations were controlled mainly by global climatic changes and,
to a lesser degree, by local and regional factors induced by glaciation such as eustatic sea level
lowering, ocean cooling, and changes in local atmospheric circulation brought about by glacier
expansion (Clague, 1989).

Wilson et al., (1958) estimated that when the Cordilleran Ice Sheet was fully formed, it was
upwards of 900 kilometres wide and 2000 to 3000 meters thick over much of the Stikine and Interior
plateaus in British Columbia. In southern Alaska, the ice sheet consisted of ice fields and large
valley and piedmont glaciers that flowed from their mountain source areas across the continental
shelf to the south and into the low regions drained by the Yukon River to the north (Hamilton and
Thorson, 1983; Clague, 1989).

Flint (1971) stated that ice was thicker and more extensive on the Pacific side as opposed to
the interior because of a greater supply of snowfall. Most of interior Alaska and central-northern
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Yukon were dry throughout the Quaternary and consequently remained unglaciated (Clague, 1989).
The main source areas of the Cordilleran Ice Sheet in southern Yukon was the Selwyn and Cassiar
Mountains with some supply from the St. Elias Mountains (Hughes et al., 1969). Each period of
deglaciation during the Quaternary was characterized by both complex frontal retreat in peripheral
glaciated areas and downwasting accompanied by widespread stagnation throughout much of the
interior regions (Rice, 1936; Fulton, 1967; Tipper, 1971; Clague, 1981; 1989). A four stage
process of deglaciation has been proposed for areas of low and moderate relief in the more interior
regions of the ice sheet in northwestern British Columbia (Fulton, 1967).

Stage 1.  Active Ice Phase: Regional flow continued but diminished as ice thinned.

Stage 2.  Transitional Upland Phase: Highest uplands appeared through the ice sheet but regional
flow continued in major valleys.

Stage 3.  Stagnant Ice Phase: Ice was confined to valleys but was still thick and extensive enough
to flow.

Stage 4. Dead Ice Phase: Valley tongues thinned to the point where plasticity was lost.

At the end of each glaciation the western periphery of the Cordilleran Ice Sheet became
unstable, likely because of eustatic rise in sea level (Clague, 1989). As a result, the British
Columbia continental shelf was rapidly deglaciated. Southern Yukon also experienced relatively
rapid frontal retreat. Active glaciers probably persisted in some mountain valleys. These glaciers
may also have coexisted with large remnant dead ice masses on some plateau regions. The decay of
the Cordilleran Ice at the end of each glacial cycle was interrupted repeatedly by stagnation and
readvances. Most of these fluctuations affected relatively small areas and were not necessarily
synchronous from one region to another, and hence are attributed to local factors as opposed to
global climatic changes (Shaw, 1972; Luckman and Osborne, 1979; Clague, 1989).

3.4 Glaciation in Southern Yukon: An Overview

Southern Yukon provides a unique environment for the study of Quaternary history. The
glacierized St. Elias Mountains are in sharp contrast to the south-central and northern Yukon which
were not glaciated during the Wisconsin and likely throughout the Pleistocene (Bostock, 1966;
Hughes et al., 1969; Fulton, 1984; Clague, 1989). Eastern Yukon shows signs of glaciation from
both Cordilleran and Continental ice sources. Evidence of pre-Quaternary Cordilleran glaciation has
been reported in the St. Elias Mountains, parts of the Yukon Plateau, and bordering regions of
Alaska,
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The earliest reports of glacial phenomena in southern Yukon were by geologists in the late
19th and early 20th Centuries, inspired in part by the discovery of the rich Klondike placer gold
fields in 1896 (e.g., Dawson, 1889; Hayes, 1892; Tyrrell, 1898; Brooks, 1900, 1906: McConnell,
1905, 1905; Camsell, 1906; Cairnes, 1907, 1915; Capps, 1910; Tarr and Martin, 1914; Cockfield,
1926). Although the recording of glacial phenomena was not a priori in the field. it was ofien
mentioned in the objectives of field work.

*The principal object of your exploration will be to obtain as much geological and general
information as possible... The glacia! and other superficial deposits will not escape your
attention as these are likely to have intimate relations 10 the occurrence of placer gold.”
(Tyrrell, 1889)

The impact of operations in far northern areas during and after World War 11 intensified
interest in the Yukon. Roads were built to ensure access to strategic northern regions, and oil
supplies. This resulted in increased geological reconnaissance for construction purposes, and
opened-up remote regions to geological exploration. However, observations relevant to the
Quaternary geology and history of most of southern Yukon were still made by geologists whose main
interests were related to bedrock geology and physiography (e.g., Sharp, 1943; Bostock, 1952;
Kindle, 1945, 1953; Wheeler, 1963). As a result, accounts of Pleistocene glaciation were somewhat
brief and fragmented.

For example, Sharp (1943) described and mapped the geology of the Wolf Creek area, St
Elias Mountains, and comments briefly on Quaternary deposits. Kindle (1945) described various
glacial phenomena while mapping the bedrock geology and describing the physiography along the
Canol Road in south-central Yukon. Similarly, Bostock (1948) in describing and delineating the
physiography of the Canadian Cordillera north of the fifty-fifth parallel, made summary comments
concerning glaciation in southern Yukon. In a report on the geology of the northwest Shakwak
Valley, Bostock (1952) commented on Pleistocene glaciation in the region and remarked on the
probability of multiple glaciations. The reconnaissance nature of Sharp’s (1943), Kindle’s (1945),
and Bostock’s (1948), (1952) observations are demonstrated in Table 8 where their comments
regarding Pleistocene glaciation are cited.

Bostock (1966) assembled an account of Pleistocene glaciation in the central Yukon from
previous reports and airphoto interpretation. This account was one of the first Geological Survey of
Canada publications that dealt exclusively with Pleistocene glaciation in southern and central Yukon
and is regarded a benchmark contribution to Yukon Quaternary studies (Morison and Smith, 1987).
Only during the last few decades have studies been undertaken to synthesize and correlate the
fragmented, glaciation related information of past decades, and to deal predominately with the
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Quaternary geology of southern Yukon (e.g., Rampton, 1971; Fulton et al., 1984; Fulion, 1984,
Hughes et al., 1969; Hughes et al., 1972; Hughes et al., 1989; Hughes, 1987; 19893; 1650; Rutter,
1984; Vincent, 1989; Ryder and Clague, 1989; Clague, 1989).

Our understanding, and the basis for the formulation of the Quaternary history in southern
Yukon has come primarily from the study of glacial sediments and landforms. Hughes et ai., (1969)

summarized the extent of glacial limits and flow patterns south of the 65th parallel in Yukon by
stating:

"The great range in age of the glacial features in the area is unique in Canada. In Southwestern
Yukon, ice fields and cirques of St Elias Mountains support numerous large valley glaciers and
uncounted smaller ones. The snouts of most of these are bordered by fresh, in part ice-cored,
moraines of Neoglacial age. Well-preserved moraines found northeast of St. Elias Mountains
mark the limits of an extensive late Wisconsin ice-advance; beyond these are subdued moraines
produced by a more extensive (probably) early Wisconsin advance. In central Yukon comparable
moraines mark the limits of presumed early and late Wisconsin advances of the main Cordillera
ice sheet, but beyond the subdued early Wisconsin moraines are remnants of the deposits of at
least two older glaciations (Bostock, 1966). The oldest of such depasits are probably of carly
Pleistocene age. Similarly, moraines indicate (probably) early and late Wisconsin advances aof
valley glaciers in the Ogilvie Mountains, with evidence of still older glaciation(s) beyond the
early Wisconsin moraines. Finally, in west-central Yukon a large unglaciated area lies beyond
the limits of the most extensive advances of the Cordilleran ice sheet, and of ice emanating from
St. Elias and Ogilvie Mountains. ”

During the Pleistocene, virtually all of southern Yukon was giaciated, and in some regions
glaciated several times. Glaciation in southwest Yukon was dominated by ice from the St. Elias
Mountains. Ice from the Coast Mountains in northwestern British Columbia, combined with St.
Elias ice to produce a large centre of Cordilleran flow in southwest Yukon (Figure 6). The general
direction of flow of this ice mass was north and northwest. Other minor regional flows were west
and east.

The main Cordilleran ice sheet in south-central and southeast Yukon had two major source
areas; one in the Selwyn and northern Logan Mountains, and the other in the Cassiar Mountains. Ice
from the Selwyn and Logan Mountains (Selwyn lobe), flowed mainly in a westerly direction
(Campbell, 1967; Jackson Ir., 1989). Ice from this source also flowed south and southeast across
the Liard Plain where confluence with the Continental ice sheet occurred in extreme southeast
Yukon. The main ice flow direction from the Cassiar Mountains (Cassiar lobe), was northwest
(Wheeler 1961). A zone of confluence between the St. Elias/Coast Mountains lobe and the Cassiar
lobe accurred east of Kluane Lake in the Aishihik - Sekulmun Lakes and valley regions (Hughes et
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al., 1969; Tempelman-Kluit 1974). Minor flows from the Cassiar lobe in a north and northeast
direction were presumably a result of topographic barriers.

The Pelly Mountains mark the zone of confluence between the Cassiar and Selwyn lobes.
Changes in flow (apparently non-synchronous), between these two lobes produced a zone of
confluence which fluctuated, creating complex patterns of flow directions and deglaciation related
landforms. Hughes et al., (1969) suggested that during deglaciation, the ice front of the Cassiar lobe
retreated more rapidly than that of Selwyn lobe in some regions, notably in northwest Pelly
Mountains. Ensuing advances of Selwyn ice may have completely inundated areas previously
glaciated by Cassiar ice,

The more central and northern regions of Yukon are described as experiencing limited
glaciation or escaping glaciation altogether. Non-glaciated central and northern Yukon include
diverse terrains ranging from lowlands, undulating plateaus to rugged mountains. The non-glaciated
regions of Yukon include parts of the Yukon Plateau, northern Ogilvie Mountains, the Porcupine
Plain and Basin, southern Richardson Mountains, and the Arctic Ranges. The most conspicuous
attribute of these regions is the apparent lack of glacial deposits (Hughes et al., 1989). These
regions, along with parts of Alaska, eastern Siberia and the intervening shelf areas, comprise the
Beringia refugia (Hopkins, 1967).

Refugia are important for a number of reasons; not only do they offer the possibility of a
relatively long and continuous geological record of non-glaciated environmental changes, but they
also provide centres for dispersal of flora and fauna following deglaciation (Youngman, 1975). The
Yukon portion of the Beringia refugia displays a unique periglacial landscape which is the result of
prolonged cold and aridity.

Many of the landforms (tors, cryoplanation surfaces, and felsenmeer) developed in response
to a climate more severe ihian the prese... (Pollard, 1983). Although the limits of the non-glaciated
regions of Yukon may be adjusted as more research is conducted, it is generally agreed that these
regions were not glaciated during the Wisconsin and probably throughout the entire Pleistocene
(Rutter, 1984; Hughes et al., 1989; Vincent, 1989).

3.5 Glacial Sequences in Southern Yukon and Southeast/Central Alaska

Pleistocene investigations in southern Yukon have produced many descriptive accounts of
glaciation (e.g., Dawson, 1889; McConnell, 1907; Bostock, 1948, 1952, 1966; Hughes et al., 1969,
1972; Muller, 1967; Tempelman-Kluit, 1974; Klassen, 1978; Fulton, 1984; Clague, 1989; Hughes et
al., 1989), Succinct summaries of these descriptions and interpretations are available in the literature
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(most notably; Dewez, 1988; Hamilton, 1989; Hughes et al., 1989; Hughes, 1990). Similarly,
Pleistocene and earlier glaciations in southeastern and central regions of Alaska have been
documented (e.g., Capps, 1915; Taliaferro, 1932; Miller, 1953, 1964; Péwé et al., 1933;
Wahrhaftig, 1958; Pewe, 1975; Denton, 1974; Fernald, 1965; Denton and Armstrong, 1969:
Thorson, 1986; Mann, 1986; Molnia, 1986; Weber, 1986; Nichols, 1986; Hughes, 1989).

Table 9 presents various interpretations of glaciai events for regions of southern Yukon.
Selective interpretations of glacial sequences in bordering regions of Alaska are shown in Table 10.
The interpretations in Tables 9 and 10 are by no means the only studies conducted in these regions,
but are some of the most often referred to in the literature. The discussion which follows
summarizes these interpretations, and reviews the regional correlations proposed to provide a
framework in which the Pleistocene of the Ruby Range can be addressed. The classification of
events (glacial and nonglacial) in Tables 9 and 10 into a Quaternary (and Tertiary) chronology is
based on reported or implied sequence(s) and is not intended for correlative purposes. The locations
of the areas under review, as well as the central positioning of the Ruby Range, are identified on
Figure 7.

3.5.1 Southern Yukon
Central Yukon

Bostock (1966) proposed a fourfold glacial sequence of the Cordilleran ice sheet in southern
and central Yukon, with each successive advance being less extensive than its predecessor. Bostock
did not attempt to assign the glacial advances to a Pleistocene chronology, but rather, to a sequential
order from oldest to youngest; Nansen, Klaza, Reid, and McConnell. However, Hughes (1989)
placed the Nansen and Klaza Glaciations as early Pleistocene, Reid Glaciation as middle Pleistocene,
and McConnell glaciation as middle - late Wisconsin. The maximum extent of the McConnell
advance is well marked by relatively fresh moraines and ice rontact features. The Reid advance can
also be identified by similar features. The maximum extent of the Klaza and Nansen advances,
though more extensive, are not well defined. Scattered glacier erratics, outwash gravels, and local
till deposits have been used to imply their limits, The development of soil on till, described as well
drained, truncated Brunisols with a thick B horizon, is considered diagnostic and is used as an
indicator of Klaza and Nansen limits in valleys (Foscolos et al., 1977; Hughes, 1989).
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Figure 7
I OTATIONS OF REPONRTED
GLACIER SEQUENCES IN YUKON AND ALASKA

1 LIARD PLAIN 12 SOUTHEAST ALASKA

2 CENTRAL YURON 13 NORTHEAST GULF OF ALASKA

3 EAST-CENTRAL YUKON 14 ST. ELIAS AND WRANGELL MTS.
4 YUKON PLATEAU 15 SOUTHEAST COPPER RIVER BASIN
5 AISHIHIK LAKE 16 WHITE RIVER VALLEY/NORTHERN ST, ELIAS MTS.
6 KLUANE LAKE 17 UPPER TANANA RIVER VALLEY

7 KLUANE NATIONAL PARK 18 ALASKA RANGE

8 ST, ELIAS MTS, 19 ALASKA RANGE

9 SNAG-KLUTLAN 20 NORTHERN NENANA VALLEY

0 SOUTHWEST YUKON 21 YUKON TANANA UPLAND

1

P——

BOUNDARY RANGES



Kluane Lake Map_ Area

Muller (1967) delineated Pleistocene glaciations in the Kluane Lake region. Three
progressively less extensive ice-sheets are described: i) pre-Wisconsin (Nisling lIce-Sheet), ii) early
Wisconsin (Ruby Ice-Sheet), and iii) late Wisconsin (St. Elias Ice-Sheet). The upper limit (elevation)
of each succeeding ice-sheet is recognized as being 300 to 450 m below that of the the preceding
one. (A detailed discussion of this area is available in the section titled, *The Pleistocene in The
Ruby Range’).

Aishihik Lake Map Area

A report on the surficial geology and geomorphology of Aishihik Lake map area is presented
by Hughes (1990). Evidence of only two glaciations have been found (McConneil and Reid
glaciations), and the lack of firm evidence for pre-Reid glaciation, either in stratigraphic section or at
the surface beyond the Reid limit, prohibits speculation on earlier glacial history. However, it is
unlikely that the entire area could have escaped earlier glaciation. Although there are no radiocarbon
dates from Aishihik Lake that relate to Reid glaciation, Hughes (1990) states that a date from near
the type Reid locality indicates retreat of ice from the area before 42,900 yr B.P.

There is also evidence that indicates a minimum date of retreat following Reid glaciation of
about 80,000 yr B.P. (Hamilton and Bischoff, 1984). Retreat of the McConnell glaciation probably
began before 9,660 yr B.P. Hughes (1990) assigned the Reid glaciation to the early Wisconsin, and
the McConnell glaciation to the late Wisconsin.

The eastern portion of the region was glaciated by the Cassiar lobe of the Cordilleran Ice
Sheet which flowed to the northwest. The central and southern parts were invaded by ice from the
Coast and St. Elias Mountains that followed pathways through the mountain plateau areas.

Kluane National Park

Rampton (1981) described the surficial deposits and landforms of Kluane National Park. The
Park was subjected to glaciation throughout the Quaternary, and in all probability, the Tertiary as
well. In the St. Clare Creek area, west of Kiutlan Glacier, glacial drift has been identified as being
Tertiary or early Pleistocene. Although similar evidence has not been found within Kluane Park
boundary, the same events undoubtedly affected the Park.

As well as hypothesizing glaciation in early Pleistocene and/or Tertiary, Rampton (1981)
identified three glaciations and two nonglacial intervals during the mid and late Pleistocene. These
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are: i) > 100,000 yr B.P. middle - early Pleistocene, Shakwak Glaciation; ii) early - middle
Pleistocene, Silver Nonglacial; iii) Illinoian - early Wisconsin, Icefield Glaciation; iv) ending about
30,000 yr B.P. late Wisconsin, Boutillier Nonglacial; v) beginning about 30,000 yr B.P., and ending
about 12,500 yr B.P. late Wisconsin, Kluane Glaciation.

Southeastern St. Elias Mountains

Working in the southeastern St. Elias Mountains, Denton and Stuiver (1967) identified four
late Pleistocene glaciations separated by three nonglacial intervals. The chronology is as follows: i)
Shakwak glaciation, > 49,000 yr B.P.; ii) Silver nonglacial interval, > 49,000 yr B.P.; iii) Icefield
glaciation began >49,000 yr B.P. and ended approx. 37,700 yr B.P.; iv) Boutellier nonglacial
interval began about 37,700 yr B.P. and ended <30,100 yr B.P.; v) Kluane Glaciation started
<30,100 yr B.P. and ended between 12,500 - 9,780 yr B.P.; vi) Slims nonglacial interval began
approx. 12,500 yr B.P. and ended about 2,640 yr B.P.; vii) Neoglaciation began about 2,640 yr B.P,
and is current.

Snag-Klutlan Area

Rampton (1971) reported on the Quaternary history of the Snag-Klutlan area. Although
vegetational and climatic interpretations of the paleobotanical record were the main focus, Rampton
presented some observations on glaciation, Glacial features, which are plentiful except on the upland
areas, are used to identify two glaciations; a late Pleistocene, Mirror Creek Glaciation, and a
Wisconsin maximum (beginning at >40,000 yr B.P., and ending at about 13,500 yr B.P.), Macauley
Glaciation. [t is hypothesized however, that the region was glaciated several times during the
Pleistocene.

Southwest Yukon: Wellesley Basin

Moraine sequence in southwestern Yukon (centring on the Wellesley Basin, north of St. Elias
Mountains), have been described by Krinsley (1965). Four major, successively less extensive
glaciations, originating from St. Elias Mountains, are identified. These are: i) a pre-Illinoian/middle
- early Pleistocene, Nisling glaciation; ii) an Illinoian/middle - late Pleistocene, Donjek glaciation;
iii) a pre-classical Wisconsin/early Wisconsin, Snag glaciation; and iv) a classical Wisconsin/middle -
late Wisconsin, Tchawsahmon glaciation. An attempt was also made to correlate glacial sequences in
southwest Yukon and Cook Inlet, Alaska.
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Southeastern Yukon: Liard Plain

At least four major Quaternary glaciations separated by three nongiacial intervals were
identified by Klassen (1978, 1987) in the Liard Plains, southeastern Yukon. These events are based
on a Tertiary - Quaternary stratigraphic succession that consists of (from bottom to top); i) early
Pleistocene till, ii) early Pleistocene, nonglacial silt and sand, iii} middle - late Pleistocene till,

iv) middle - late Pleistocene, nonglacial fossiliferous ciay, v) early Wisconsin till, vi) middle
Wisconsin, nonglacial silt, gravel and clay, and vii) late Wisconsin till.

East-Central Yukon

Surficial geology and Quaternary stratigraphy in east-central Yukon were the basis of
interpretation of three glaciations: i) pre-Wisconsin, Pre-Reid Glaciation; ii) early - middle
Wisconsin, Reid Glaciation; iii) middle - late Wisconsin, McConnell Glaciation (Jackson, 1989).
Glaciation was from the Selwyn lobe of the Cordilleran Ice Sheet. Former ice-flow directions are

gvident on plateau surfaces and along valley sides in the form of whaleback ridges and crag-and-tail
features.

Dawson, Larson Creek, and Nash Creek Map Areas

Vernon and Hughes (1966) identified at least three glaciations with intervening periods of
nonglaciation in the region. The glaciaiions are referred to as Old, Intermediate, and Last. Limits
of the Intermediate and Last Glaciations are marked by moraines. Evidence of the extent of the Old
Glaciation is in the form of erratics beyond the limits of the later glaciations. There is also a
possibility of multiple Old Glaciations.

The Last Glaciation is tentatively correlated with glaciation in the Alaska Range which
culminated about 10,000 yr B.P. The lack of data prevents speculation as to the age of the
Intermediate and Old Glaciation(s). However, subsequent investigations have lead Hughes (1989) to
assign the Intermediate Glaciation to the middle Pleistocene, and Old Glaciation(s) to the early
Pleistocene or Tertiary.

3.5.2 Southeastern and Central Alaska

The landmark study of the Quaternary in Alaska is probably that of Péwé (1975) where a
summary of glaciation throughout the Cenozoic was presented. Although Taliaferro (1932) first
recognized that glacial deposits in southern Alaska were Pliocene in age, it wasn’t until the 1960’s
that evidence of glacial sediments of Pliocene and Miocene time was found at higher elevations
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(Péwé, 1975). Mountain glaciation probably began in late Tertiary (about 10 to 13 Ma B.P.) in the
St. Elias Mountains and other ranges along the Gulf of Alaska, including the Boundary Ranges,
Wrangell Mountains, and Chugach Mountains.

Southeastern and central regions of Alaska were subjected to repeated glaciation throughout
the Pleistocene. However, Péwé (1975) pointed out that because of the extremely rugged and
tectonically active terrain in southeastern Alaska, the ranges would present a prominent topographic
barrier to moisture-bearing winds from the south before the Pleistocene began. Hence, different or
delayed (non-synchronous) Pleistocene glacially related responses would be expected in southeastern
and central parts of Alaska. The discussion which follows summarizes a selection of glacial
sequences reported for southeastern/central regions of Alaska (Table 10).

Boun Ran

Miller (1964) investigated the morphogenetic classification of Pleistocene glaciations in the
Boundary Range. Four glaciations were identified, determined on the basis of maximum extent.
These are: i) A pre-wisconsin, Intermontane Icecaps Glaciation covering all summits with flow from
local centres generally in a north and south direction; ii) An early - middle Wisconsin, Mountain Ice-
Sheet Glaciation typified by local centres of flow with many nunataks. Extent was generally
restricted to the mountain ranges; iii) A late Wisconsin, Extended Icefield Glaciation confined
entirely within the mountain ranges. Several local centres of outflow produced extensive valley
glacier systems; and iv) A Holocene, Retracted Icefield Glaciation restricted to intermediate and high
alpine regions.

Southeastern Alaska: Guif of Alaska

The northeast Guif of Alaska region, including parts of the St. Elias Mountains, have been
subjected to repeated glaciation since at least late Tertiary (Molnia, 1986). He identified Pleistocene
glaciations and at least three late Tertiary glaciations. Late Tertiary glaciations (Pliocene) have been
determined by data derived from deposits of glacial and marine sequences and are identified as
occurring as follows: i) Glaciation 1 (from 6.3 to 6.0 Ma B.P.); Glaciation 2 (from 6.0 to 5.4 Ma
B.P.); Glaciation 3 (from 5.4 to 3.2 Ma B.P.); Glaciation 4 (from 3.2 to 1.8 Ma B.P.). Pleistocene
glaciations were identified primarily from glacially derived sediments on the continental shelf and are
described as: Glaciation 5 (early Pleistocene); Glaciation 6 (middle Pleistocene); Glaciation 7 (late
Pleistocene). Neoglacial maximum occurred about 2,000 yr B.P.
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Southeastern Alaska

Mann (1986) outlined the Wisconsin glacial history of southeastern Alaska and commented on
probable pre-Wisconsin glaciations but points out that because evidence of these is at higher altitudes,
there has been rapid tectonic uplift, so assessment of their relative magnitudes is difficult. At least
two advances are identified as pre-Wisconsin and/or early-Wisconsin. A middle-Wisconsin advance
is dated at about 27,000 yr B.P., followed by a late-Wisconsin advance between 14,000 - 16,000 yr
B.P. A subsequent late-Wisconsin or early Holocene advance at about 10,000 yr B.P. is also
recognized. A Holocene advance at approximately 6,000 yr B.P. is said to have occurred only in
some regions and there is speculation that this could be Neoglacial.

Alaska Range

Three Pleistocene glaciations and one Holocene glaciation were identified by Péwé (1975,
1987) in the Alaska Range: i) an early - middle Pleistocene, Darling Creek Glaciation; ii) a middle -
late Pleistocene, Delta Glaciation; iii) a Wisconsin, Donnelly Glaciation; and iv) a Holocene,
Summit Lake Glaciation. The placing of Donnelly Glaciation within the Wisconsin is not attempted,
however it is aplied to be Wisconsin maximum. Hughes’s (1989) summary of Quaternary
glaciations in the Alaska Range identifies three major glaciations: i) an early Pleistocene, Darling
Creek Glaciation; ii) a middle Pleistocene, Delta Glaciation; and iii) a late Wisconsin, Donnelly
Glaciation.

Copper River Basin

The stratigraphy of till sheets in the Copper River basin of southeastern Alaska has been
interpreted as the result of five major Pleistocene glaciations (Nichols, 1986). Although the ages of
the youngest and oldest glaciations has been established at about 9,400 yr B.P. (Holocene), and
200,000 yr B.P. (middle Pleistocene) respectively, the three interceding glaciations are described
only as being older than 40,000 yr B.P. The following glacial sequence is implied: i) middle
Pleistocene (about 200,000 yr B.P.), Glaciation 1; ii) middle Pleistocene - early Wisconsin,
Glaciation 2; iii) early Wisconsin, Glaciation 3; iv) middle Wisconsin (>40,000 yr B.P.),
Glaciation 4; v) late Wisconsin - Holocene (about 9,400 yr B.P.), Glaciation 5.

Yukon-Tanana Uplands

Six glacial episodes have been identified by Weber (1986) in the Yukon-Tanana Uplands
region of east-central Alaska. The glacial record consists of: i) a Tertiary, Oldest Drift;
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i) an early(?) Pleistocene, Charley River Glacial; iii) a middle(?) Pleistocene, Mount Harper Glacial,
iv) an early(?) Wisconsin, Eagle Glacial; v) a late Wisconsin, Salcha Glacial; and vi) a Holocene,
Ramshorn | & It Glacials.

St. Elias and Wrangell Mountaing

Denton and Armstong (1969) examined tillites of Tertiary age in numerous localities in the
St. Elias, Chugach, and Wrangell Mountains of southeastern Alaska and concluded that their
widespread occurrence indicates major glaciation beginning in late Tertiary. Overlying the tillites are
at least four Pleistocene till sheets. During the past 10 ma, the region has experienced at least
sixteen (16) major glacial expansions; twelve of these recorded by tillites and four by till sheets. The
evidence suggested that many of the more ancient glaciations occurred 9 to 10 Ma B.P. (Miocene),
and several may be older. At least one glaciation occurred about 3.6 Ma B.P. (Pliocene), and at
least two occurred between 8.8 to 2.7 Ma B.P, (Miocene - Pliocene). Four additional glaciations are
said to have taken place during the past 1.6 Ma (Pleistocene).

Northern Nenana_Valley

Seven distinct late Cenozoic glaciations in southeast-central Alaska, in the vicinity of the
northern Nenana Valley and northern slopes of the Alaska Range, were identified by Thorson
(1986). Evidence supports the possibly of: i) two late Tertiary glaciations (Nenana Gravel Glacial
and Teklanika River Glacial); ii) three pre-Wisconsin glaciations (Browne Glacial, early - middle
Pleistocene; Bear Creek Glacial, middle Pleistocene; and Lignite Creek Glacial, middle - late
Pleistocene), iii) an early-Wisconsin, Healy Glacial, and iv) a late Wisconsin, Riley Creek Glacial.

White River Valley, Northern St. Elias Mountains

Denton (1974) stated that the White River Valley, northern St, Elias Mountains, and adjacent
regions were subjected to repeated glaciation throughout the Quaternary and late Tertiary. The most
recent Pleistocene glaciation, the Macauley, began about 37,000 yr B.P., reached it’s maximum
14,000 yr B.P., and rapidly disintegrated within 1,500 to 2,700 years. As many as five pre-
Macauley glaciations are said to have occurred during the Quaternary, along with a long succession
of glaciations during the late Tertiary.

Upper Tanana River Valley

In the Nabesna River region (Upper Tanana River Valley), Fernald (1965) found evidence for
two major glaciations in moraines; an Illinoian, Black Hills Glaciation, and a Wisconsin, Jatahmund
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Lake Glaciation. The assignment of ages of these two glaciations was based on topographic
modifications of the moraines, radiocarbon dated nonglacial deposits, and the sequential analogy with
other regions of Alaska.

3.6 Quaternary Correlations: Southern Yukon and Southeast/Central Alaska

As an introduction to the correlation of Quaternary events proposed for regions in southern
Yukon and southeastern and central Alaska, basis and limitations of these correlations will be
discussed. Areas in southern Yukon and southeastern and central Alaska constitute parts of the
western Cordillera that were repeatedly glaciated during the Pleistocene (and Tertiary), or escaped
glaciation altogether. Since the Quaternary history of these regions has been mainly inferred from
glacial stratigraphic and geomorphic evidence, the Quaternary reconstruction emphasizes glacial and
nonglacial events.

Péwé (1975) stated that radiometric dates, significant stratigraphic relations with marine
sediments and other interglacial deposits, and an improved understanding of the nature and rates of
weathering and denudation have made it possible to make correlations with considerable confidence
within single mountain ranges, and with somewhat less confidence between ranges. The most
reliable correlations are based on the tracing of moraines from one area to another, on radiocarbon
dating, and on similar stratigraphic relations. However, placing these events in a Quaternary
framework has proven troublesome. Jackson et al., (1989) stated:

“The paucity of relevant absolute age determinations has made it extremely difficult to date these
events, and the lack of continuity of individual drift sheets from one drainage basin to the next
and from one mountain range to another has made regional correlations inferential and tentative
at best. Even in a single basin, stratigraphic relationships may not be straightforward, and
consequently different conclusions as to the sequence of glacial events have been reached by
different workers.”

Fulton (1984) explained that local Quaternary stratigraphic correlations within regions are
relatively straight forward, but correlations between regions are speculative, especially for deposits
beyond the radiocarbon dating limit. Correlation of late Wisconsin and middle Wisconsin events are
generally based upon radiocarbon dates; correlations of older events are based largely on counting
downwards and the matching of glacial and nonglacial units (Fulton et al., 1986).

Radiocarbon dating has itself been the subject of discussion with regard to reliability.
Brigham-Grette (1989) stated that accurate dating is essential for piecing together the Quaternary
history of any area, and for correlating glacial and nonglacial sequences between regions. For
example, Carter (1989) reported seven different ages ranging from about 13 to 30 Ka on different
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size fractions of an organic deposit from Alaska. Denton and Struiver (1969) stated that the temporal
relations of events can cause regional correlations to be misleading and that only sequences idenufied
with detailed, controlled C'* dates can be adequately correlated. The reliability of datable material
and the need for more accurate methods provide the greatest obstacle to determining and correlating
Quaternary (latz Cenozoic) events. In this regard, Brigham-Grette (1989) argued that:

“Problems in correlation will remain unsolved until distinctions can be made betrween the real
gaps in the preserved record and disagreements caused by inadequate age control.  Direct
matching of series of glacial and nonglacial events may mislead us into false correlations unless

they can be supparted by adequate age control.”

Local Quaternary chronologies for southern Yukon and southeastern and central Alaska have
been evolving over the past decades. Although regional correlations have been presented by many
individuals, the first cooperative attempt at correlating Yukon and Alaska events was the result of a
joint Canadian and American workshop held in Calgary in 1984 (Heginbottom and Vincent, 1986;
Hughes, 1986). The workshop produced a first approximation of a correlation of Quaternary
deposits and events in the area adjacent to the Beaufort Sea which focused primarily on northern and
central regions of Yukon and Alaska. As well, other individual contributions outlining regional
correlations within and between Yukon and Alaska were presented (e.g., Hughes, 1986).

Tables 11 and 12 present some correlations of Quaternary events proposed by various
researchers for regions in southern Yukon, and southeastern and central Alaska. Quaternary
correlations in southern Yukon aiong with regions in Alaska appearing in Table 11 are essentially the
result of the efforts of the joint Canadian and American workshop (Heginbottom and Vincent, 1986;
Hughes, 1986). Quaternary correlations in southeastern and central Alaska along with regions in
Yukon appearing in Table 12 I ¢ been tabulated for the most part by Péwé (1975), and Hamilton
(1986).

In making these correlations, attempts were made to use the major event, ie. glaciation,
nonglacial. However, these units have not been established for all regions in Yukon and Alaska,
hence the degree of precision of these units is not the same in all areas, or for all intervals of the
Quaternary (Fulton et al., 1984). In addition, it is generally agreed that these events are time-
transgressive (lacking synchroniety), so that, although they are identified as distinct events, they may
not necessarily fit exactly into the divisions identified on the tables. This accounts for the somewhat
broad divisions of the Quaternary in the tables. As well, there is relatively little chronological
control on events predating early Wisconsin. Much of the older Quaternary record in parts of
southwestern Yukon, and southeastern and central Alaska has been destroyed or obscured by
tectonism and widespread Wisconsin glaciation. Because of the lack of adequate chronological
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control, the number of pre-Wisconsin glaciations in many regions is uncertain. For this reason,
events are often grouped into broad divisions (e.g., pre-Wisconsin, middle Pleistoczne, early

Pleistocene or Tertiary), and are derived by counting downwards and matching glacial and nonglacial
units.

As a result, correlative interpretations ranging from a few distinct glaciations to differing
numbers of glaciations within similar time periods have been made. For example, Table 9 shows
that during pre-Wisconsin, regions in Yukon experienced one to three glaciations. Similarly,

Table 10 indicates that during middle to early Pleistocene, regions in Alaska experienced from one to
more than twelve glaciations. This implies that events cannot be readily correlated between regions
because the evidence is often equivocal and/or lacking (Jackson et al., 1989; Brigham-Grette, 1989).
It is emphasized that most regional Quaternary correlations are in developmental stages, and should
be viewed accordingly. The age relationships of the events in Tables 11 and 12 are uncertain and
therefore the correlations between regions are tentative, and will no doubt be modified as new
information becomes available (Heginbottom and Vincent, 1986).

3.7 Pleistocene Glaciation in the Ruby Range

The most detailed account of Pleistocene glaciation in the Ruby Range is provided by Muller
(196" (Kluane Lake region). The most often referred to interpretations of glacial chronology
relating to the Ruby Range have been by Bostock (1966) and Hughes (1989) (Yukon Plateau/central
Yukon). Additional descriptions that have relevance to the Ruby Range are presented by Rampton
(1971) (Snag-Klutlan); and Denton and Stuiver (1967) (Silver Lake). Since these descriptions have
already been reviewed in the two previous sections, only summary conunents with regard to the
similarities of these interpretations will be reviewed. A more detailed description of Muller’s (1967)
observations with respect to glaciation in the Ruby Range will also be provided.

Table 13 presents a tentative correlation of glaciations and nonglacials during the Quaternary
for the Yukon Plateau, Snag-Klutlan, Silver Creek, and Kluane Lake regions. During the Wisconsin,
all regions experienced one glaciation, are nonglacial. The McConnell Glaciation, Macauley
Glaciation, Kluane Glaciation, and Ruby Ice Sheet (and perhaps the St. Elias Advance) are all
correlated as probable Wisconsin maximum. The Reid/McConnell Nonglacial, Macauley/Mirror
Creek Nonglacial, Boutellier Nonglacial, and presumably an unnamed nonglacial in the Kluane Lake
region are also correlated as early Wisconsin. During the middle Pleistocene, all regions
experienced glaciation, but in only two regions was evidence found for a nonglacial. The Reid
Glaciaiion, Mirror Creek Glaciation, Icefield Glaciation, and Nisling Ice Sheet are described as
middle Pleistocene. A middle Pleistocene Klaza/Reid Nonglacial and Silver Nonglacial have been
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identified in the Yukon Plateau and Silver Creek regions respectively, however similar nonglacials
have not been inferred in the Srag-Klutlan and Kiuane Lake regions.

The remainder of the pre-Wisconsin correlations are even more fragmented. Two early
Pleistocene glaciations are identified in the Yukon Plateau (Klaza Glaciation and Nansen Glaciation),
separated by the Nansen/Klaza Nonglacial. The Shakwak Glaciation is described as probably
persisting throughout the early Pleistocene in the Silver Creek region. Events in the Snag-Klutlan
and Kluane Lake regions during these times are uncertain. Bostock’s (1966) original account of a
fourfold glacial sequence of the Cordilleran ice sheet affecting southern and central Yukon, and
Hughes’s (1989) subsequent reiteration, has been described in a prior section and forms the basis of
interpretation for this thesis. Four Pleistocene glaciations are identified, each being progressively
less extensive. These are:

i) Nansen Glaciation (late Tertiary - early Pleistccene),
ii) Klaza Glaciation (early - middle Pleistocenc),

iii) Reid Glaciation (early - middle Wisconsin),

iv) McConnell Glaciation {middle - late Wisconsin).

Muller’s (1967) description of Pleistocene glaciation in the Kluane lake region includes three
progiessively less extensive ice-sheets:

i) Nisling Ice-Sheet (pre-Wisconsin),
ii) Ruby Ice-Sheet (early Wisconsin),
iii) St. Elias Advance (late(?) Wisconsin).

The upper limit (elevation) of each succeeding ice-shzei is described as being 300 to 450 meters
below that of the preceding one. The Nisling Ice Sheet correlates to Bostock’s (1966) Reid
Glaciation, whereas the Ruby Ice Sheet and probably the St. Elias Advance, are equivalent to the
McJonnell Glaciation. The identity and extent of the Nisling Ice-Sheet is apparent from traces of
glaciation above the level and beyond the extent of the Ruby Ice-Sheet. Specifically, erratic material
such as pebbles and granite boulders are scattered on many plateau surfaces. As well, marginal
channels, notches, and flat-domed hills attest to the former Nisling Ice-Sheet.

Nisling ice covered much of the present plateau surfaces of the Ruby Range, leaving many
nunatak areas. The average ice elevation was about 1800 masl in the northeast part of the St. Elias
Mountains and 1500 masi over Yukon Plateau. The main flow of the ice-sheet was northwest,
except in the St. Elias Mountains, Major ice flow occurred through the Shakwak Valley, Duke
Depression, the depression between Ruby and Nisling Ranges, and other northwest trending valleys.
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Muller (1967) suggested that many of the northwest trending valleys may have been excavated
mainly after retreat of Nisling ice by streams, and subsequent glaciation.

The occurrence of large erratic boulders on plateau surfaces at about 1500 masl throughout
the region appear to be associated with Nisling glaciation. It is interesting to note that in the Alaska
Range, the Browne Glaciation (early - middle Pleistocene) is also characterized by large erratic
boulders at high elevations. The best defined remains of the Ruby Ice-Sheet are found in the Ruby
Range. Glaciated valleys are the most common expression of this glaciation. Based on the
occurrence of lateral moraines, it is estimated that Ruby ice reached a maximum elevation 150 - 300
meters below that of Nisling ice. Hughes et al., (1969) stated that during Ruby glaciation, some
small independent ice-caps were sustained in areas of the Ruby and Kluane Ranges at elevations
above 1950 m.

Ruby ice covered the Icefield Ranges in the form of a mountain ice-sheet, similar to that
which currently exists, but at higher elevations. In the valleys of the Icefields Ranges ice reached up
to 2250 masl. Shakwak Valley contained a major icefield which reached elevations of about 1500
masl in the southeast and 1200 masl in the northwest. A northwesterly ice flow is indicated by this
ice-gradient and by the alignment of drumlins in Shakwak Valley. On the northeast side of the
valley, ice flowed north through the gaps of Talbot and Brooks Arms, Kluane and Donjek Rivers,
and other gaps through the lower end of Ruby Range.

In the Ruby Range, the invasion of ice from Shakwak Valley combined with local ice centres,
and reached an elevation of about 1,500 masl in the southeast, and 1,200 masl in the northwest.
From the Ruby Range, the ice entered a network of interconnecting valleys in the Nisling Range,
terminating at elevations of about 900 masl. After retreat of Ruby ice, deep stream canyons were
incised in many valleys of St. Elias Mountains. However, similar valley incision did not occur in
Ruby Range. Valley glaciation associated with the St. Elias glacial advance was generally confined
to St. Elias Mountains, and have association with restricted cirque glaciation in Nisling, Ruby, and
Kluane Ranges. The upper limit of the cirques in Nisling Range is about 1,650 masl, and
approximately 1,800 mas! in Ruby and Kluane Ranges.

The regional patterns of glacial flow and limits in the Ruby Range and bordering areas have
been described by Bostock (1966), Muller (1967), Denton and Stuiver (1967), Rampton (1971),
Hughes (1989) and others. For the most part, these descriptions have focused on the interpretation
of glacial landforms with relation to glacial limits. However, since the Ruby Range lies within a
region that includes currently glaciated areas in the St. Elias Mountains to the west, areas to the
south and southeast that underwent repeated glaciation during the Pleistocene, and regions to the
north and northeast that escaped glaciation altogether, it is not surprising that the Ruby Range has
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presented problems for interpretation. Specifically, although evidence of former glaciation in valleys
is abundant, to date, no evidence of major glaciation affecting the plateau regions of the northern
Ruby Range has been presented. To demonstrate the uncertainty that has evolved with regard to the
question of glaciation of the plateau regions, Table 14 presents interpretations of glacial limits in the
Ruby Range and surrounding areas offered by various researchers.

Johnson (1983) stated that the :ource of complete regional ice cover of the Ruby Range was
primarily from the St. Elias Mountains and that the flow of this ice would be determined by ice
thickness in relation to the altitudinal range of the underlying topography. Since the maximum extent
of glaciation (or limits) are shown to lie just to the north and northeast of the area, the ice thickness
could not have been excessively large compared to the altitudinal extent of the Ruby Range, and thus
the flow patterns of the ice would be dominated by topography.

Ice moving into the Ruby Range would initially conform to the major valleys (Raft Creek,
Gladstone Creek and Cuitus Creek), with subsequent overtopping of the plateau surface as ice build-
up in the Kluane Lake basin progressed. Since some plateau surfaces are in excess of 2150 masl,
and Kluane Lake surface is at 900 masl (with considerable depth), the ice build-up in the Shakwak
Trench would have to be at least 1500 m thick before the Ruby Range could be inundated.
Therefore, ice build-up in the Kluane Lake basin was crucial to the complete regional glaciation of
the Ruby Range. Johnson (1983) speculated that the occurrence of this regional glaciation must have
been early Pleistocene.

Other researchers have portrayed major regional ice flow direction in the Ruby Range and
surrounding areas as being north, northeast, and/or northwest (Table 14). This situation is not
necessarily in conflict with Johnson’s (1983) scenario as confluence between ice originating from the
St. Elias Mountains and the Coast Mountains likely followed, producing a large centre of Cordilleran
flow in southwest Yukon. However, these portrayals are generalized, and as indicated on Table 14
(Incomplete 7), do not necessarily imply complete inundation of the Ruby Range.
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Table 14

MAXIMUM ALTITUDE ATTAINED
BY PLEISTOCENE GLACIATION(S) IN THE RUBY RANGE

Maximum
Author Referenca Elevation {m) Comments

McConnell {1905) 1,560

Bostock {1952) 1,545 Most summit areas escaped glaciation entrely.

Denton and Stulver {1967) 1,560

Muller (1967) 1,800 Upper limits determined from lateral moralnes on
valley sides.

Prest &t al,, (1867) Incomplate ? MaxImum extent of pre-Wisconsin glaclation east of
Ruby Range In Nisling Range. Malin Ice flow north,

Hughes et al,, {1969) 1,800 Maximum extent of pre-Reid glaciation ls uncertain
and tentatively placed just ezst of Ruby Ranga In
Nisling Flange. Maln ice flow north and northeast,

Tempelman-Klult, (1974) Incomplete 7 Maximum extent of glacial limits In Alshihlk and
Sekulman lakes region.

Dyke and Preat {1986} Incomplate ? Maximum extent of lata Wisconsin glaclation shown
as being In the Ruby Range.

Hughes (1989) incomplete ? Maximum limits of pre-Reid and Reid glaciations
uncertaln. Teratively placed east of Ruby Range in
the Aishihik and Seku!man lakes region.

Morrison (1989) Incomplete ? Reld and McConnell glacial limits placed in the
Alshihik and Sekuiman lakes region. No pre-Reid
lirnits [cdantfied [n this area.

Jackson (1989) Incomplete ? Pre-Aeld and Reld glacial limits uncartaln, tentatively
placed In Alshthik and Sekulman lakes region. Maln
ice flow direction shown as north.

Clagua (1989) Incomplete ? Maximum extent of Plelstocens ice just east of Ruby

Ranga. Maln ice flow direction narth, northeast and
northwesl.




Chapter 4
METHODS AND TECHNIQUES

4.1 Introduction

There have been a number of approaches to the interpretation of the Pleistocene
history of regions. The Pleistocene history of a region is recorded in the stratigraphy,
sediment compositional trends, striations and landforms preserved in the terrain. This study,
of an area affected repeatedly by regional glaciation with contemporaneous up-valley and
down-valley ice movement, the extent of which is under debate, utilizes a combination of
methods and techniques. The research methodology is based on the premise that evidence of
glaciation in areas now denuded of glacial landforms and identifiable daposits may be prasent
in the residual deposits in the form of erratics, and heavy mineral and geochemical
compositional trends. The data acquisition and analysis consists of; i) aerial photography
analysis, including mapping and interpretation of landforms and deposits', ii) sampling of
residual surficial deposits, iii) laboratory analytical methods, and iv) computational and plotting
methods. Procedures utilized to secure data and enable analysis is demonstrated on Figure 8
in a flow-chart format.

4.2 Aerial Photography Analysis: Mapping and Interpretation

In describing the Pleistocene history of regions, geomorphologists have traditionally
adopted a mapping program which includes extensive aerial photography interpretation,
supported by field verifications. This methad has proven invaluable in identifying and
interpreting landform evolution {e.g., Muller, 1967; Prest et al., 1967;: Ford, 1981; Geddes,
1981; St. Onge, 1984).

The mapping approach used in this thesis consists of two components. The first was
the interpretation of aerial photographs; landforms were identified and delineated on
photographs. The second was the field mapping of landforms that necessitated verification in
the field and/or were not discernable from the aerial photographs. The mapping was based
primarily upon the interpretations of Muller (1967}, Rampton (1977), Johnson et al., (1984),
and Dewez (1988). (Aerial photographs used for interpretation were 1979 Department of
Energy, Mines and Resources, Government of Canada prints at a scale of 1:31,680; A25193,
Lines 46-W, 47-E, 48-W, 49-W.}). Detailed mapping of morphology was completed on a scale
of 1:31,680. The map sheets used were issued as preliminary guide sheets for mineral claims
by the Department of Indian Affairs and Northern Development. The identification of
landforms enabled a more precise understanding of the gecmorphological characteristics of
the study area.
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4.3 Sampling

Three suramer field seasons, each of approximately 60 days duration were carried out
between 1982 and 1984. Initial reconnaissance and mapping of the field area was conducted
during 1982 fieldwork. Extensive traverses of plateau regions and interconnecting valley

systems enabled a better appraciation of bedrock variations as well as the nature and extent
of landforms.

A sampling program was initiated during the first field season. Target areas were also
identified for detailed study in the following field season. The targeting of the areas involved
the delineation of regions which included extensive plateau and valley regions which were
readily accessible. Activity during the third field season {1984} centred around sampling in
specific areas that were found to present gaps in the 1983 sampling network (ie. missing
samples), and/or were insufficient in sample size to allow for laboratory analyses. Samples
were taken as sub-surface grabs, below any noticeable soil development and ash deposits.
Sampling of rock types, surface and sub-surface, was also carried out during sediment
sampling.

Soils in the area consist of Cryosols and Regosols. Horizon development is poor to non
existent, and organic layers, where encountered, do not exceed 20 cm. Where permafrost
was encountered, samples were collected at the permafrost/active layer boundary. As with
the sampling of sediments at the bedrock/sediment interface, sampling at the
permafrost/active layer boundary is where the most significant concentration of heavy
minerals would be found (Boniwsll and Dujardin, 1964; McAnerney, 1967; Coope. 1268;
Shilts, 1973; Levinson, 1980; Ridler and Shilts 1974; Shilts et al., 1979; Hendarson per
comm.; Paré per comm.). Samples were approximately 400 to 1000 grams to allow for
laboratory splitting (so that original samples could be utilized later if needed).

Daugherty {1974) stated that the essence of sampling lies in the fact that a large
number of items or locations may, within specific limits of acceptance, be represented by a
smaller group of samples selected from a larger group. 1If sampling is carried out effectively, a
limited number of samples will be sufficient for making generalizations. The key to success in
sampling lies in adopting a procedure which permits satisfactory conclusions to be drawn
about a parent unit from a sample of minimal size (Peltier, 1962; Chorley, 1966; Kershaw,
1973; Dixon and Leach, 1977).

Three basic considerations were addressed before the sampling procedure was
adopted:
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1) The size and extent of what was being sampled was determined.

2) The most appropriate sampling procedure was adopted taking into account time
constraints and field conditions.

3) The minimal size of sample both in number and volume for reliable representation of
the feature was considered.

Numerous texts have been written solely on the subject of sampling in the environment
{e.g., Watterson and Thecbold, 1979; Green, 1979; Gy, 1979; Sanders et al., 1983; Keith,
1988; Horowitz, 1991). The design of a sampling program should ideally be predicated on
what the researcher is trying to discover (Horowitz, 1991}, In attempting to solve most
geochemical and mineralogical field problems (Klassen and Shilts, 1977; Bolviken and
Gieeson, 1979; Levinson, 1980; Henderson 1985, 1989), and geclogical problems (Milner,
1976; Jaeger, 1979; Mathewson, 1981), researchers have conventionally collected as many
samples as time and laboratory facilities permit and to spot sample localities as evenly as
possible over the study area. A sampling design of this nature implies some rather restrictive
assumptions about the variability of mineral composition of the rock and/or sampling medium.
it assumes that the material sampled is fairly uniform on a local scale as exemplified by the
taking of only one sample per locality, and that a more important variation in compaosition is
exhibited on a regional scale as samples from many parts of the parent unit are needed.

Sampling used in terrain analysis or surveys are generally collected at or near the
surface to cover a specific area (e.g., map areas). Samples are usually collected on a grid
pattern or a linear pattern (DiLabio, 1989). For example, in sampling sediment in Keewatin,
Northwast Territories, Shilts et al., (1979) adopted a systematic sampling approach whereby,
on an areal basis, even coverage was desired. Likewise, while sampling long continuous
eskers, Shilts {1973) systematically sampled at predetermined intervals of 125 m. On a larger
scale, Kaszycki (1986) adopted a grid sampling procedure where an area of approximately
1,600 km? was being studied for regional distributions of background mineral values in till.

Any decision as to the number of samples needed or distribution of sampling locations
can only be based on knowledge of the natural variability in composition of the sampling
medium. Visual assessment and interpretation of unit mineralogical composition and physical
features are stressed as being essential before any sampling program can be undertaken
{Mathewson, 1981). The sampling approach used in this study was designed on the basis of
information gathered from the reconnaissance field season. The terrain of the study area
varied greatly in the presence and/or ahsence of glacial landforms and, more importantly, the
type and extent of sediment cover. On plateau surfaces, where sediment cover was generally
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sparse and discontinuous, the sampling procedure adopted was a systematic random approach
(Dixon and Leach, 1977). This facilitated the sampling of those areas on plateaus where
sediment did exhibit a somewhat uniform areal extent, generally not exceeding 0.5 km?, and
also those areas where sediment was sparse.

In valley locations, where sediment cover was generally widespread and recognized as
till, a systematic random sampling approach was also followed. The reasons for this were
two fold. Firstly, although sediment cover is widespread, it varies greatly in thickness within
and between valleys, hence where sediment was thickest, it was deemed necessary to take a
number of samples from that immediate unit. Secondly, on lateral and end moraines,
systematic sampling of these features was often interrupted by rock slides or debris flows
which overrode and in some cases completely obliterated the moraines. Hence random
sampling of these linear features was necessary.

The procedure for identifying "erra*ic” boulders and smaller rocks consisted of two
methods. Firstly, during sampling of sediment throughout the study area, rock samples were
collected; this was done randomly. However, special consideration was given to the inclusion
of rocks that did not appear to be of local origin. This procedure was adhered to in both
plateau and valley locations. Secondly, sampling of rocks was carried out during traverses
across the study area. The traverses were designed on the basis of areal coverage and
accessibility, hence both the collection of rocks samples and the identification of erratic
boulders were done so on a random basis, All sampled locations were plotted on aerial
photographs.

4.3.1 Heavy Mineral and Geochemical Considerations

Major programs of sediment sampling for anomalous minerals were first undertaken by
the Geological Survey of Finland (Wennervirta, 1973; Kauranne, 1976; Stigzeleus, 1977).
The program, upon its completion in 1975, had enabled a total of 100,000 samples to be
collected (program was initiated in 1971). This experience brought to light the recognition of
various problems associated with sampling, as well as new approaches to sampling methods
{Boniwell and Dujardin, 1964).

Similar sampling programs in Canada were underway in the late 1850's (Ermengen,
1957). In the 1960°s and 1970's, the development of more efficient drilling techniques
enabled sampling at greater depths on the Canadian Shield where thick sediment cover was
encountered (Van Tassel, 1969; Gleeson and Cormier, 1971; Sopuck and Lehto, 1978;
Veillette and Nixon, 1980). The majority of the sampling programs wera initiated to explore
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for ore deposits and the geomorphological implications of mineral dispersal patterns have often
been ignored.

Relatively little is known about the applicability, limitations and potential for successful
analysis of heavy minerals in areas of permafrost {continuous and discontinuous). In
continuous permafrost zones in Canada, only a few detailed studies have been undertaken in
this regard (e.g., Allan and Hornbrook, 1970, 1971; and Allan et at., 1972 in the Coppermine
River area: Shilts, 1973; and Shilts et al., 1979 in the Keewatin District).

Numerous mineralogical and geochemical surveys, primarily by mining companies, are
also known to have been completed. Studies in discontinuous permafrost zones include areas
of Yukon such as the Keno Hills (Boyle, 1965), Casino (Archer and Main, 1971}, Whitehorse
(Smith, 1971), the Northwest Territories {Paré, 1982), areas in Manitoba (Kaszycki, 1986},
Hudson Bay and James Bay (Henderson, 1988). Some studies have also been conducted in
Alaska (e.g., Brosge and Reiser, 1972). Fundamental work has also been conducted in the
Soviet Union {lvanov, 1966; Pitulko, 1968; Shvartsev, 1972}). In most studies, the active
layer is referred to as being a preferred sampling medium.

During the process of cryoturbation, material and moisture in the active layer will move
or migrate in a circular fashion above the permafrost. The features associated with this
process have been identified as mud boils (Shilts, 1973). They are also known as nonsorted
circles (Washburn, 1969), or as clay boils, tundra circles and medzllion patches in the Soviet
literature (Shvartsev, 1972). For the purpose of this thesis, these features will be referred to
as mud boils.

Shilts (1973) suggested that mud boils develop primarily on poorly sorted silt and/or
clay rich deposits. They may also form on fine grain marine sediments. They are
characterized by a segregation of clays and silts in the centre of the boils and coarser
materials including stones around the sides. Allan and Hornbrook {1970) sampled the centres
of mud boils and found that at or near the surface, the churning action associated with the
boils formation results in a representative sample of mineralization from within the active layer
and from the top of the permafrost. Similar conclusions were made by Shilts (1973).

4.4 Laboratory Analytical Methods

Shilts {(1973) defined four class sizes with significantly different compositional
characteristics to adequately describe sediment composition:

i) Gravel-size clasts (> 2 mm) are composed primarily of rock fragments.
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ii) Fine sand fraction N.063 to 0.25 mm)} is comprised primarily of mineral grains which
include feldspar, calcite, quartz, and the bulk of the heavy mineral assemblage.

iii) The silt fraction {0.002 to 0.",63 mm} constituting mainly quartz, calcite, feldspar, and
minor proportion of heavy minerals.

iv) The clay fraction {<0.002 mm) consisting of mainly clay and other micaceous minerals
as well as minor amounts of quartz, feldspar, calcite, and aggregates of clay-size iron
and other oxides

Laboratory procedures centred upon the analyses of sediment samples, including heavy
mineral analysis of the fine sand fraction, geochemical analysis of the silt and clay fractions,
and carbonate determination of the greater than 2 mm size fraction. Various bedrock samples
were also analyzed for constituent mirerals. The techniques adopted for laboratory
procedures are standard in that they are well documented in most sedimentary petrology
textbooks and are adhered to by most laboratories conducting mineral and sediment related
studies (Folk, 1968; Hough, 1958; Pettijohn, 1957; Milner, 1962; Parfenoff et al., 1970;
Bowles, 1971; Carver, 1971; Geological Survey of Canada, Terrain Sciences Bivision;
Bondar-Clegg Company Ltd., Ottawa). The techniques differ from most heavy mineral studies
of sediments in that the > 3.3 specific gravity (sg) fraction is analyzed rather than the >2.8
sg fraction, and a stereoscopic (binocular) microscope is used to count the grains instead of a
petrographic microscope. These technical variations will be referred to in the appropriate
sections.

4.4.1 Sample Preparation

Laboratory analyses of samples required an initial splitting of each sample so that
approximately 200 to 500 grams of sample svere processed (wet or damp weight). Splitting
the samples was done manually (original samples were 400 to 1000 grams). Where the
origina! sample weighed less than 400 grams, the entire sample was utilized. Each sample
was placed in a numbered beaker. Dissaggregation and dispersion was then instigated to
separate individual grains in the sample. This was accomplished by adding a solution of
sodium hexametaphosphate (100 mi of 0.5N) to the sample. It should be noted that a variety
of dispersants were tested to see which was most efficient. Tested were ammonium
hydroxide, sodium carbonate, sodium oxalate, and sodium hexametaphosphate. It was found
that sodium hexametaphosphate was the most effective dispersant and posed few health
risks. If organic material was present, 10 ml of hydrogen peroxide (30%) was added to the
sample solution. The samples were then left to sit overnight. If, after this procedure,
dissaggregation was not complete, the sample solution was placed in a sonic bath.
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The sample was then wet-sieved by placing a 60 mesh sieve (250 micron) on top of a
230 mesh sieve (63 micron) (Wentworth 1922, McDonald and Kelly, 1968). Three fractions
waere then separated and collected; i} > 250 micron, ii) <250 micron and > 63 micron,
iil <63 micron. After drying overnight in an oven at moderate temperature, the fine sand
fraction (< 250 micron and > 63 micron) was dry-sieved to ensure that the separation was
complete. The less than 63 micron fraction was dried and powdered. The greater than 250
micron fraction was dried and later separated with a 2 mm (10 mesh) sieve to produce two
fractions; > 2 mm, and <2 mm.

4.4.2 Carbonate Analysis: Gravel-Size Clasts

Carbonate determination was carried out on the greater than 2 mm fractions.
Generally, the maximum size of grains analyzed did not exceed 3 cm. Samples were spread
out in a plastic weigh boat and a solution of hydrochloric acid (1N HCL} was dropped on them.
If a reaction with the acid occurred with any number of grains, the sample number was
racorded.

4.4.3 Heavy Mineral Separations: Fine Sand Fraction

Heavy mineral separation procedures used in this study are described by in a number of
texts and studies {e.g., Krumbein and Pettijohn, 1938; Milner, 1940; Twenhofel and
Tyler, 1941; Krumbein and Sloss, 1951; Berry and Mason, 1959; McDonald and Kelly, 1968;
Paré, 1982; Peuraniemi, 1990). Depending on the separating liquid, the specific gravity at
which heavy and light minerals are separated will vary. For example, bromoform has a
specific gravity of 2.89, acetyne tetrabromide has a specific gravity of 2.96, methylene iodide
has a specific gravity of 3.3. The separating liquid will determine at which specific gravity
heavy minerals are separated from the light minerals. Therefore, this decision necessitated
consideration as to whether or not certain minerals whose specific gravity ranges between
2.89 and 3.3 are to be included as heavy or light minerals.

Complicating this concern is the problem of maintaining the separating liquid at the
required specific gravity. Dilution with acetone or alcohol {rinsing agents) and impurities in the
liquid (fine grain particles, dust) can lower the specific gravity of the separating liquid. In
order to avoid inclusion of unwanted minerals in the heavy fraction, primarily quartz (sg 2.65)
and feldspar (sg 2.66), the separating liquid used was methylene iodide. Hence the specific
gravity of 3.3 was chosen as the separation between heavy and light minerals.

In this regard, it was decided that the use of bromoform might pose problems with
respect to unwanted minerals being included in the heavy mineral fraction. As well, as with
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all heavy liguids, there are difficulties in ensuring a constant specific gravity. For exampla, if
the specific gravity of bromoform was to be inadvertently reduced from 2.89 to 2.65, then
various minerals such as quartz (sg 2.65), feldspar (sg 2.66), calcite (sg 2.71) and dolomite
{(sg 2.85) could be included in the heavy mineral fraction.

Because the geology of the study area is primarily made up of granodiorite, the possible
inclusion of quartz and feldspars in the heavy fraction would give the heavy fraction an
abnormally high weight percentage compared to the light mineral fraction and these mingrals
would not serve as suitable indicators. Various authors discuss the importance of keeping
separating liquids at their required specific gravity to ensure the exclusion of quartz, feldspars,
calcite, and dolomite in the heavy mineral fraction (Feo-Codecido, 1956; Berry and Mason,
1959; Luepke 1985). Heavy minerals are separated from the fine sand fraction {63 microns
to 250 microns) by gravity settling in glass separatory funnels (Figure 9).

Approximately 100 ml of methylene iodide is added to a 500 m! separatory funnel,
sample is then added to the separating liquid. Usually not more than 100 g of sample are
added. If the total sample is larger than 100 g then either more methylene iodide is added or
another separatory funnel is used. After approximately 10 minutes of settling the sample is
stirred. After another 10 minutes, with vacuum on, the separatory funnel is drained into a
funnel and flask containing a #1 Whatman filter paper. Heavy minerais and an amount of
methylene iodide is released. After the pure methylene iodide has been drained from the
heavy minerals, the filter with the minerals is placed on a washings flask and cleaned with
acetone. A second #1 Whatman filter paper is placed on the flask containing the pure
Methylene lodide. The light minerals are released in the same manner as were the heavy
minerals. The acetone washing procedure is repeated for the light minerals. Both heavy and
light minerals are then placed in the oven at low setting to dry overnight.

The heavy and light mineral fractions are then weighed. The magnetic fraction is then
separated. The heavy minerals are spread over a piece of craft or similar smooth paper. A
hand controlled release magnet is then passed over the minerals collecting the magnetic
fraction. These are released over a second piece of paper. This procedure is repeatad several
times on each sample. The weight of the magnetic fraction is recorded. The magnetic
minerals are then returned to the heavy fraction. The procedures associated with the
preparation of grain slides are treated by Krumbein and Pettijohn {1938}). The process is
straight forward and does not require detail discussion. Heavy minerals were mounted in
Araldite 502 (n=1.56) on slides using a representative split where sufficient fraction was
available.
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Figure 9
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4.4.4 Geochemical Analysis: Silt and Clay Fraction

The distribution of elements can be related to the provenance of the material and be
utilized in determining dispersal patterns in sediments, which can be traced back to a source
area (Speidal and Agnew, 1982; Peuraniemi, 1990; Saarnisto, 1990). The clay-size fraction
(< 2 micron} is the best fraction to use when analysing for many elements because it is more
metal-rich than other fractions. The clay-size material is also more chemically reactive
because of the larger surface area which also increases the ability of certain minerals to
adsorb mobile elements {DiLabio, 1989; Henderson, 1989},

This fraction is composed of detrital material produced from the weathering and
erosion of bedrock and other coarser sediment. Transport by fluvial, glacial, aeolian, and
other means results in a terrigenous material which is subsequently modified by diagenetic
processes {Henderson, 1989). If there is an insufficient amount of clay-size fraction to
conduct analysis (as was the case in this thesis), the <63 micron fraction can be utilized
{DiLabio, 1989; Saarnisto, 1990; Horowitz, 19391).

The oven-dried <62 micron fraction is placed in a mortar and ground by pestle until
the sample has the appearance of talcum powder. The sample is then removed with a teflon
spatula and placed in a vial. Analysis was contracted to Bondar-Clegg and Company Ltd. of
Ottawa. The elements analyzed were part of a suit offered by Bondar-Ciegg. The trace
element analysis consisted of a quantitative multi-element analysis where the sample is
digested with aqua-regia. The sample is then diluted with deionized water and measured on
the atomic absorption unit. The following elements were analyzed; Copper {Cu), Lead {Pb},
Molybdenum (Mo), Cobalt {Co}, Nickel {Ni), Chromium (Cr}, Manganese (Mn}, Cadmium (Cd),
Silver {Ag), Bismuth (Bi}, Iron (Fe), Arsenic {As), Zinc (Zn}, Vanadium (V), Tellurium {Te),
Uranium (U), Tungsten (W), Antimony (Sb}, Selenium (Se), Tin (Sn), and Gold (Au}.

Gold {Au) is analyzed by fire assay where a pre-concentration is accomplished by
fusing 10 grams of finely pulverized sampie with a flux of litharge, borax and soda ash. The
precious metal is collected in a resulting lead button. The lead is evolved by cupellation and
the resulting precious metal is dissolved in aqua-regia. The final measurement is by atomic
absorption. Detection limits range from 0.5 ppm for Cadmium to 10 ppm for Uranium. The
detection limit for most other elements is 1 ppm.
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4.4.5 Heavy Mineral |dentification

Heavy minerals were identified and counted under a stereoscopic binocular microscope
using reflected light following procedures described by Paré (1982), and Henderson (1988}
There is on going discussion as to what counting technique provides best results. There are
few papers dealing with the statistical aspects of the counting technique for example;
Smithson, 1930; Dryden, 1931; Berthois, 1947; Imbrie and van Andel, 1964; Galloway,
1972: all of which appear in Luepke’s (1985), Benchmark Papers in Geology Series.

Van Der Plas (1962) contends that the results of line and point counting analyses lead
to results that are biased by the sampling technigue. For a line counting technique, the
probability of a particle being crossed by a line is proportional to the diameter of the visible
surface normal to the line. For a point counting technique, the probability of a particle being
touched by the cross lines is proportional to the area of the visible surface. Hence, Van Der
Pias (1962) suggests that a ribbon technique be used. This method of sampling may be
regarded as stratified random as the sampled grains are determined by a systematic shifting of
an area over the surface of the slide. All grains within the ribbon area are identified.

Henderson (1989) advocates the use of a point counting technique for identifying
minerals and asserts that if a sufficient number of grains are counted (200-300), the random
nature of minerals being counted eliminates any sampling bias. Paint counting techniques,
with various technical modifications, have traditionally been used by researchers studying
grain slides as well as thin sections (Paré, 1982).

It is generally agreed that the more grains identified the more representative or reliable
the results will be (Dryden, 1931; Paré, 1982; Henderson, per comm.}. The assumption must
first be made that the heavy mineral grain slide is an average or representative sample of that
fraction. Many researchers state that a count of 500 to 1,000 grains would allow an accurate
statement of mineral composition. However, it is also stressed that the law of diminishing
returns probably will make us content to count only a few hundred grains, depending on the
statistical degree of accuracy required.

In various studies, it was shown that a 200 grain count is required for an accuracy of
about 5%, almost 4,500 grains would be required for an accuracy of 1% (Dryden, 1931;
Paré, per comm.). In this study, the vast majority of slides had 200 grains identified, on
twelve slides 209 to 300 grains were counted, and on three slides 122 to 184 grains were
identified. The number of grains counted was based on abundance of grains, and the
counting technique; a Swift mechanical stage and automatic counter (Paré, 1982; Henderson,
1989).
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4.5 Computational and Plotting Methods

Graphically illustrating variations of heavy minerals and geochemical compaosition in
sediments from the northern Ruby Range is made difficult because of field and laboratory
related factors such as; i) inequities in sample density, ii) relatively small sample size, and ii)
random fluctuations in specific values. Henderson {1989) experienced similar problems while
attempting to illustrate variations in compositional trends in Hudson Bay. Such restraints can
lead to extensive extrapolation between sample sites, therefore introduce biases in plotting.
In order to minimize this concern, both computer assisted and manual plotting techniques
were employed.

The plotting of the heavy mineral and geochemical compositional trends was facilitated
by the use of Synagraphic Computer Mapping adapted to the University of Ottawa |.B.M.
360/65 computer. The output consisted of an isopleth map where the isolines shown on the
map are for specific values and the values are assumed to smoothly vary over the interval
between any two adjacent isolines forming a continuous surface. This technique is widely
utilized in heavy mineral and geochemical plotting programs {Agterberg and Chung, 1975;

Henderson, 1989: Paré per comm.) and produces similar results as the Appmap programs
{Ellwood, 1981).

Since the primary purpase of the heavy mineral and geochemical data analysis was to
establish anomalous values and dispersal trends, it was felt that relying solely on the
computer generated ;i7ts may minimize the effects of local concentrations, and mask
anomalous values. Therefore, the computer generated plots were used for initial assessment
of regional trends, and later complemented with manual plotting to ensure that isoline
intervals indicated general trends, and identified local anomalies.
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Chapter 5
ANALYSES AND INTERPRETATION

5.1 Aerial Photographic Analysis: Mapping and Interpretation

The mapping of the geomorphology in the study area (Figure 10) was accomplished by
analyzing aerial photographs, incorporating previous interpretations (e.g., Muller, 1967; Rampton,
1977; Johnson et al., 1984; Dewez, 1988) and by field verifications,

In the study of alpine glaciations, both curren and past, researchers have for the most part
been confronted with relatively simple glaciological problems. For example, most glaciers find their
source in cirques and/or icefields of various sizes. The resultant glacier flow is generally controlled
by topography, hence down valley or down slope flow results.

Areas peripheral to centres of alp:ne glaciation such as the northern Ruby Range provide
unique environments for Quaternary studies by posing numerous problems with respect to mapping
and interpretation. The implications of multiple glaciations throughout the Pleistocene, ice movement
up and down valleys contemporaneously from various directions, changes from total ice cover to
remnant ice activity, as well as consideration of areas that either escaped glaciation entirely, or the
glacial history is unceriain, must all be considered.

Probably the biggest problem is the difficulty of dating all the events identified in the field
and hence the presentation of a chronology. Late Pleistocene dating has generally depended upon the
occurrence of mawzrial which can be processed by the Carbon 14 technique. Material suitable for
this technique has not been found in the northern Ruby Range and therefore absolute dates are not
available.

5.2 Plateau Regions

The plateau regions in the study area present a challenge with regard to geomorphological
interpretation. Initial analysis of aerial photographs, and subsequent field observations, demonstrated
that the relatively smooth, undulating terrain of the plateaus was void of any conspicuous landforms
except for a few tor-like structures along with felsenmeer, and generally resembled a periglacial
landscape. The felsenmeer grade into a system of massive pattern ground formations which, from
the lichen cover, appear to have been inactive for a very long period of time (Johnson et al., 1984).
Denuded kame and kettle topography is evident at some lower plateau elevations occupying col-like
positions (not mapped).
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Figure 10
GENERAL GEOMORPHOLOGY OF THE NORTHERN RUBY RANGE



The plateau surfaces have been characterized as an old erosion surface of the Yukon Plateau
which has been uplifted and subsequently incised by streams, resulting in narrow valleys which were
later modified by glacial activity (Cockfield, 1922; Bostock, 1948; Price, 1973; Tempelman-Kluit,
1974; Hughes, 1990). It is of interest to note that Rampton (1982) provided a similar description of
the Yukon Coastal Plain. Although no detailed evolutionary geomorphological scenario is available
for the Ruby Range, inferences may be drawn from Rampton’s (1977) description of the Burwash
Uplands which is identified as sharing similar physiographic characteristics:

*The plateau-like surface forming the Burwash Uplands appears to be part of an erosion surface
or pediment that formed between Paleocene or Eocene time and Pliocene or early Pleistocene
time. Late Cenozoic tectonism and stream dissection have resulted in this surface being elevated
above present stream levels.”

'The glaciological implications of this description are two-fold; i) glaciation in late Tertiary
and/or early Pleistocene could have preceded major stream incision, hence valleys may be post-
glacial (i.e., formed after glaciation in late Tertiary and/or early Pleistocene), and ii) significant
uplift of plateau regions may have occurred after the late Tertiary and/or early Pleistocene
glaciation(s) (i.., during middle - late Pleistocene).

Vanicek and Nagy (1981) concluded that the maximum rate of current uplift for southwest
Yukon is about 2.4 cm/yr. There is no reported data on uplift in this region for the late Tertiary -
early/late Pleistocene. However, if the rate of uplift is assumed to have been relatively constant
from the later period of early glaciation(s) in late Tertiary - early Pleistocene (approx. 340 Ma), to
the middle - late Pleistocene glaciation(s) (approx. 200 Ma) which subsequently modified the valleys,
uplift during this 140 Ma period would total about 3,360 m. When denudation rates are taken into
account (estimated by Slaymaker and McPherson (1977) to be upwards of 0.008 cm/yr for this
region), and assumed to be relatively constant over the same 140 Ma period, net uplift would be
about 3,348 m. If however, uplift was not constant during this period (which was likely the case),
and to account for this, an uplift rate of 1.2 cm/yr (one-half of the 2.4 cm/yr as reported by Vanicek
and Nagy, 1981) is assumed to have occurred, then even with a denudation rate of 0.008 cm/yr, net
uplift would be 1,668 m. The existing data therefore suggest a considerable disparity between
current rates of denudation and uplift. However, an unknown amount of uplift may be attributed to
glacial unloading affects (Evans, 1989).

1t is evident that uplift in the Ruby Range and surrounding regions occurred throughout the
Pleistocene (Hughes et al., 1972; Vanicek and Nagy, 1981; Parrish, 1981; Naeser et al., 1982;
Clague, 1989), but since current elevations in the Ruby Range reach a maximum of about 2200 masl,
it is inconceivable that the region could have experienced uplift of 3,348 m during this period, even
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in consideration of a lower sea level. Conceptually, it would seem more likely that net uplift during
this period was considerably less, perhaps on the order of 1,668 m as stated above. Furthermore,

Muller (1967) contemplated that it was unlikely that denudation rates were much higher during this
period:

"Except for the disappearance of the ice, the morphology of this region has changed little since
Pleistocene times. The valleys are mostly filled with lakes, swamps, and sluggish streams, and
little erosion or aggradation takes place. *

The glaciological implications regarding net uplift bring to light considerations which
were previously not accounted for in discussions of complete regional ice cover of the Ruby

Range. Johnson (1983) proposed a scenario of ice conditions necessary for regional ice cover of
the Ruby Range whereby:

"During this situation the flow of ice in the Ruby Range would be determined by the ice thickness
in relation to the altitudinal range of the underlying topography. As the glaciated region
boundary is hypothesised to lie just 1o the north of the area one can postulate that the thickness
of the ice was not large compared to the topographical range and that the stress patterns within
the ice, and thus the flow of the ice, would be dominated by topography with convergent and
divergent siress conditions. The ice moving into the Ruby Range would initially conform to the
valleys of Raft Creek, Gladstone Creek and Cultus Creek with overtapping af the plateau surface
as ice build up in the Kluane Lake basin continued. The Plateau surfaces lie at up to 2,200 m.,
10 km. from Kluane Lake whose surface lies at about 900 m and the lake itself is of considerable
depth. Thus the ice build up in the Shakwak Trench would have to be at least 1,500 m thick
before the Ruby Plateau could be overtopped. Ice build up in the Kluane Lake besin is therefore
crucial to the glaciation of the Ruby Range. Ice with an elevation of over 2,200 m would also
imply total coverage of the Donjek and Kluane Ranges on the east side of the St. Elias
Mountains. The occurrence of this total coverage must have been early in the Pleistocene...”

However, since the altitudinal extent of the Ruby Range was considerably less in early
Pleistocene than what is currently observed, in order to glaciate the Ruby Range, the thickness of ice
build up in the Kluane Lake basin may not have had to be as extensive, and therefore not have been
as crucial to the glaciation of the Ruby Range as previously thought. Furthermore, the Kluane Lake
basin must owe much of its’ current altitudinal extent to the affects of glaciation, therefore the basin
may also have exhibited less altitudinal range, relative to surrounding areas.

In summary, it is thus conceivable that the northern Ruby Range (and surrounding regions}
may have been glaciated (perhaps several times) in late Tertiary and/or early Pleistocene, undergone
uplift with stream incision intensifying as uplift progressed, followed by middle - late Pleistocene
glaciation(s) which modified the valleys. The plateau surfaces would have experienced periglacial
processes continually throughout the Pleistocene, rendering any glacigenic material residual.
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5.2.1 Tors

In the present discussion, in order to emphasize the uncertainty with regard to identifying
"tors” as such in the northern Ruby Range, the term "tor-like structures” is used.

Rampton (1977) has described the Kiuane Plateau (including the Ruby Range) as an
environment which:

*During the Pleistocene, periglacial processes continually have affected the terrain, especially
at high elevation. Tors and altiplanation terraces on ridges at high elevations are confined
mainly to unglaciated parts of the Kiuane Plateau... The area has been subjected to a number
of late Pleistocene glaciations with high parts standing as nunataks above the ice.”

However, although the presence of tors and other periglacial features do not necessarily rule out the
possibility of glaciation (ives, 1974, 1975; Sugden and Watts, 1977), they do present difficulties to

interpretation especially in the northern Ruby Range where they occur in close proximity to valleys

which exhibit an array of glacially related landforms and deposits.

The geomorphological significance of tors has been an on going debate among researchers
(Worth, 1930; Pullan, 1959; Demek, 1964; King, 1958, Price, 1971, 1972; Hughes, 1972, 1990;
Sugden and Watts, 1977; Washburn, 1979). The term tor was defined by Pullan (1959) as:

"An exposure of rock in situ, upstanding on all sides from the surrounding slopes and it is
formed by the differential weathering of the rock bed and the removal of the debris by mass
movement. ™

They are generally regarded as periglacial features, yet from a review of literature (e.g.,
Z=mbleton and King, 1968; Washburn, 1979; Hughes, 1990), it is evident that there is
considerable diversity of opinion as to the mechanisms of formation, and the climatic conditions
under which they form. There are a number of hypotheses relating to the formation of tors
which Hughes (1990) characterized as usually involving; i) a single stage in which there is
concurrent differential weathering and removal of material, leaving more resistant rock exposed,
or ii) a two stage development where deep differential weathering during a warm preglacial or
interglacial interval is followed by a stage of exhumation under periglacial conditions.

Tor-like structures on the plateau surfaces of the northern Ruby Range have been
observed at elevations over 1600 masl. They are hence above the limit attained by the Ruby Ice-
Sheet (McConnell Glaciation), and some within the limit of the Nisling Ice-Sheet (Reid
Glaciation). As well, according to Muller’s (1967) glacial map, some cirques (attributed to the
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St. Elias Glacial Advance and Ruby Ice Sheet), are at higher elevations than many tor-like
structures. In other parts of the Ruby Range, Howse (per. comm.) has observed comparable tor-
like structures above and below 1600 masl which would clearly place at least some within the
limits of the McConnell Glaciation. Hughes (1990) on the other hand, has commented on
presumably similar structures suggesting that they commonly appear on steep valley walls and
distinguishes them from tors by calling them "castellated outcrops”, "tumps”, or "outcrops”.

It has been the general belief of many geomorphologists that tors were much too fragile to
survive glaciation and were therefore indicators of unglaciated areas (e.g., Linton, 1950;
Dyke, 1976). However, Sugden and Watts (1977) stated that tors need not necessarily be
diagnostic of areas that escaped glaciation. They have documented evidence of tors, felsenmeer,
and glacial erratics at the same site and suggest that tors could have protrnded above the surface
prior to glaciation, and along with the felsenmeer, survived inundation by an ice sheet. Similar
observations have been reported in regions of Norway (Dahl, 1963), Scotland (Sugden, 1968),
and Baffin Island and Labrador (Ives, 1974, 1975).

Hughes et al., (1989) stated that some tors in southern and central Yukon may have
formed by cryoplanation of larger rock masses. However, many tors are at lower elevations than
these terraces, and even occur in some glaciated areas where there are no terraces, implying a
different origin for these tors. One possible formative mechanism suggested by Hughes et al.,
(1989) is downwasting by solifluction whereby the tors would be left upstanding where the
bedrock is more resistant to weathering and erosion.

Large boulders have been found at the same elevations as tor-like structures on the
plateau surfaces of the northern Ruby Range and appear to be fresher in appearance than the
structures, even though they are of the same rock type (granodiorite). These boulders may be
attributed to ice moving up-valley, and overtopping plateau surfaces in isolated cases. Hughes
(1990) has also identified glacial erratics at the base of a tor in the Duke Depression at just over
1500 masl and states that tors may have formed during periglacial or interglacial intervals and
survived glaciation as roche moutonnée forms, and later undergone modification.

No new evidence is offered on the origin or age of tor-like structures in the northern
Ruby Range. However, it is evident from the literature that the presence of tors, or tor-like
structures, does not necessarily rule out glaciation (Dahl, 1963; Sugden, 1968; Ives, 1974, 1975;
Sugden and Watt, 1977; Hughes, 1990). The possibility of selective glacial erosion and/or
non-eroding (perhaps cold base) ice may have occurred throughout the late Tertiary and early
Pleistocene, which could have resulted in minimal modification to the structures.
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5.2.2 Other Periglacial Considerations

Most, if not all of the plateau area is underlain by permafrost. Active layer depths have
been observed to be at about 40 cm. Although not shown on Figure 10, several features
diagnostic of periglacial conditions are evident on these surfaces and include poorly sorted stone
circles and stripes, mud boils, and solifluction lobes. Hughes (1990) identified a series of
extensive cryoplanation terraces just east of the study area in the Aishihik Lake region, but
similar features were not observed in the northern Ruby Range.

Interest in the periglacial landscape focuses on processes which take place in the surficial
material left in the zone of seasonal freezing and thawing. This concern will be reviewed in a
later section dealing with heavy mineral and geochemical compositional trends.

5.2.3 Erratics

The use of erratic materials as a criterion for determining whether plateau regions
experienced glaciation in this study was complicated in part, by the logistical problems of
investigating vast plateau areas, determining what constitutes erratic material based upon the
current understanding of the local geology, and on the extent of weathering and periglacial
activity in the area which may have altered or destroyed material which was erratic.

The problems associated with the covering of vast areas of the plateaus is self-evident.
Logistically, not all regions can be examined in detail. Therefore, where erratics were not
identified means that either they; i) have not yet been found, ii) have been altered or destroyed,
or iii) do not exist. The geological mapping (Muller, 1969:; Goodall, 1972) of the Ruby Range
was on a large scale and hence is of limited assistance in determining the provenance of ‘erratic’
boulders on the plateau surfaces. Based on the current knowledge of the local geology, large,
relatively fresh appearing ‘erratic’ boulders identified on the plateau surfaces are probably of
local valley origin (granodiorite). Smaller rock fragments also appear to be of local origin.

Much of the erratic material may have been altered or destroyed in the periglacial
environment, making identification extremely difficult. Remnant boulder blocks, some
continuations of tors demonstrate that the landscape has evolved through the phase of tor
formation to an almost completely denuded condition. It is therefore not surprising that erratic
material, in the form of boulders or rock fragments are difficult or impossible to find (Johnson et
al., 1984).
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5.3 Valley Locations

Most valleys in the northern Ruby Range contain an array of glacially related landforms
and deposits, while others exhibit little or no evidence of glaciation, a situation which may be
attributed to glacier surging. Also evident in some upper valley locations are mass-wasting
forms. The most common geomorphological expressions are glacially derived and are manifested
in the form of U-shaped valleys, cirques, moraines, and till. Common in Talbot, Rockslide and
Gladstone Creeks, and particularly in the down-valley sections, are glacio-lacustrine and glacial-
fluvial deposits,

5.3.1 Glacier Surging: Geomorphological Implications

Although there is no apparent evidence for the former occurrence of glacier surging in the
northern Ruby Range, the currently observed phenomena in the St. Elias Mountains suggests the
possibility of prior occurrences in bordering regions (Johnson et al., 1984). However, though
not mapped on Figure 10, it was observed in the field that some smaller U-shaped valleys
appeared to be lacking or void of glacially related deposits, while neighbouring valleys (some less
than 1 km away), exhibit numerous signs of former glaciation.

Surging glaciers can affect existing glacier deposits in a number of ways. Surging may
obliterate morainal evidence of former ice marginal positions, construct new moraines, or
incorporate various materials which may have been attributed to a combination of previous glacial
events into a single new moraine. It is evident that the geomorphology of a valley that has
experienced surging will contrast dramatically with a valley that has not. In the fossil landscape,
the implications may be that sequences of glacial events will not necessarily be registered in
neighbouring valleys, or even regionally. The occurrence of the surge phenomena in the St.
Elias Mountains during the Holocene most certainly indicates similar occurrences throughout the
Pleistocene in other regions; surely glacier surging is not an exclusive Holocene and St. Elias
Mountain phenomena.

This prompts the question as to why surging occurs, and perhaps more important,
whether glaciers in any given region register the same response to climatic events (synchronous
and non-synchronous activity). Furthermore, since it is evident that the Holocene exhibits
variable fluctuations with respect to climatic events, then similar fluctuations must undoubtedly
have occurred throughout the Pleistocene, indicating time-transgressive responses.
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5.3.2 U-Shaped Valleys

Without exception, all valleys in the northern Ruby Range exhibit a glacially modified
U-shape. The evolution of these valleys has already been reviewed in a prior discussion and
therefore only warrants a brief summary. Although no definitive explanation is offered with
regard to valley evolution, it does seem likely that much of the glacial activity responsible for
their form occurred during middle - late Pleistocene which corresponds to Muller’s (1967);
Nisling Ice Sheet, Ruby Ice Sheet and St. Elias Advance, or Bostock's (1966) and Hughes's
(1989) equivalent; Reid Glaciation and McConnell Glaciation.

The largest valleys (Figure 10) are oriented east-west and include Gladstone, Rockslide,
Raft, and Talbot Creeks, all of which are connected through a system of low passes. These
valleys are widest at the junctures of the Talbot Arm and Kluane Lake, and narrow as the upper
valley sections are approached. It is apparent from the dimensions of these valleys along with
morainal evidence, that they were glaciated repeatedly from both up-valley and down-valley
directions. Other, less extensive valleys (not formally named), generally oriented north-south,
also take on a glaciated U-shape, but not all contain glacia! depositional features.

5.3.3 Cirques and Associated Moraines

The cirques identified on Figure 10 have been attributed by Muller (1967) to the Ruby ice
Sheet and the St. Elias Advance (or, the McConnell Glaciation; Bostock (1966); Hughes (1989)).
Cirques are most numerous in Raft, Talbot and Alaskite Creeks. Moraines marking the down
valley extension of former cirque glaciers are generaily well defined but not easily discernable
from aerial photographs. There are no cirques in the northern Ruby Range assigned to the
Nisling Ice Sheet (Reid Glaciation), although some are identified in the Nisling Range
(Muller, 1967).

The Ruby Ice Sheet in the study area is described as having two main sources; i) local ice
centres on plateau surfaces above the present 1800 masl interval which produced valley glaciers
many kilometres long, and ii) cirques at between the present 1500 to 1800 masl interval that gave
rise to alpine glaciers only a few kilometres long at most (Muller, 1967). Cirques associated
with the St. Elias Advance are also located at elevations between 1500 to 1800 masl but are
described as differing from their Ruby Ice Sheet counterparts by exhibiting well defined ground
and end moraines, craggy walls, and in some instances tarns. Conversely, Muller (1967)
observed that cirques lacking these features have been modified by relatively long subaerial
erosion and are roughly contemporaneous with the Ruby Ice Sheet.
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5.3.4 Moraines and Till

Lateral and end moraines in the valleys of the northern Ruby Range along with till
deposits were attributed by Muller (1967) to the Ruby Ice Sheet and the St. Elias Advance. The
most apparent and continuous moraines are found in the more extensive east-west oriented valleys
which include Gladstone, Raft, Rockslide and Talbot Creeks (Dewez, 1988 provides a detailed
morphological description of Gladstone Creek which constitutes the approximate southern limit of
this study area). Lateral moraines of Ruby Ice Sheet origin are located at elevations between
1200 to 1350 masl. They are often overridden by talus and scree deposits, especially in the
upper valley sections, making their delineation difficult.

The lateral and end moraines in the lower valley sections and some upper sections are
primarily associated with regional up-valley ice penetration from Kiuane Lake. Similarly, lateral
and end moraines in the upper valley sections are attributed to local ice centres originating on the
plateau surfaces which, probably contemporaneous with up-valley flow, produced valley glaciers
many kilometres long. These are particularly evident in Talbot and Alaskite Creeks. In some
instances, lateral moraines (of both up-valley and down-valley origin) in the larger valleys appear
to have obstructed or blocked some of the smaller tributary valley glaciers {cirque) that are of
Ruby Ice Sheet and/or St. Elias Advance origin. This has resulted in some relatively extensive
debris buildup at these confluences.

Two rather extensive end moraines, from up-valley flow, are located in the upper reaches
of Talbot and Rockslide Creeks, which judging from the dimensions of these moraines, are
insufficient to produce major dams to drainage east or west. However, Johnson et al., (1984)
identify a lake dammed in Talbot Creek between the moraine and the confluence of Alaskite
Creek which drained to the north through Tyrell Creek, and is likely associated with the Ruby
Ice Sheet. In the Gladstone Lake system, Dewez (1988) has documented evidence of the
existence of ponding of meltwater and has proposed a model for glaciation and deglaciation in the
area.

As described above, cirque glaciers, tentatively associated with the St. Elias Advance,
exhibit relatively well defined end moraines, and generally, due to their relatively short distance
of expansion, did not develop extensive lateral moraines. Based upon the positioning of end
moraines, the maximum extent of many of these smaller cirque glaciers is typically not more than
0.5 km. It is of interest to note that in one valley (dubbed Moraine Valley), just to the north of
the Gladstone Lakes (see Figure 10), thirteen recessional moraines have been identified, along
with an end moraine at the confluence of Gladstone Creek. Although similar recessional moraine
sequences have been observed in other valleys, they commonly have not numbered more than
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two or three. This indicates that glacial responses, with respect to retreat and re-advance are not
necessarily synchronous from valley to valley or regionally, or if they are, the same response
may not be registered throughout the region.

Till is found throughout the study area on the valley floors but based on field
observations, it was evident that textural characteristics were clearly diagnostic of glacier extent.
Specifically, till attributed to the more extensive up-valley and down-valley regional flow
associated with the Ruby Ice Sheet contains a large amount of sand and pebbles, along with rock
fragments, boulders and finer fractions. Cirque glacier derived till attributed to the Ruby lce
Sheet and the St. Elias Advance is dominated by larger fragments of rocks and boulders, with
lesser amounts of finer materials. Ruby Ice Sheet and St. Elias Advance cirque glacier derived
till can be differentiated as well on the basis of the relatively fresh appearance of the more recent
St. Elias Advance deposits. In much of the till found throughout the area, a "popcorn" like
characteristic of the coarse sand tu granule fraction is evident, and is attributed to the rclatively
easily erodible granodiorite and stocks of alaskite.

5.3.5 Mass-Wasting Processes and Forms

There are a number of mass-wasting processes and forms evident in the valleys of the
northern Ruby Range including, various types of avalanching, siushflows along stream courses,
thaw slumping on steeper slopes, taluses, and rock glaciers. Since it is beyond the scope of this
study to detail all these processes and related forms, this discussion will focus on talus and rock
glaciers which can be addressed with respect to geomorphological and evolutionary significance.

The most common, currently active mass-wasting process contributing debris to, and
modifying existing valley features, are talus. As well, widespread evidence debris form
stabilized or inactive talus occur throughout the area with an established vegetation cover
(indicating relatively little activity in recent time), Currently active talus are most pronounced in
the upper valley sections of Talbot, Alaskite, Rockslide, and Raft Creeks, and in other smaller
valley locations where bedrock is exposed at a cliff face (These locations correspond to the
sudden break in slope where plateau surfaces are dissected by valleys). Since vegetation at, and
immediately on top of the cliff faces is scarce, the breaking of rock from the face is primarily a
result of frost weathering (expansion and contraction of joints),

Rates of cliff recession in the study area are not well known, but most certainly are
related to bedrock structure and lithology. In the upper valley sections of Talbot, Rockslide and
Alaskite Creeks, where the dominant bedrock type is alaskite, the talus contributes to slopes that
are composed primarily of smaller rock fragments and a "popcorn-like” granule which is
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characteristic of alaskite when it weathers; a detailed description of alaskite and granodiorite is
presented ir a following section. The debris constituting the slopes in these regions appear to be
supplied on a somewhat continuous basis. Specifically, there seems to be a regular supply of
cliff face material which is likely related to the relatively easy weathering of alaskite.

In areas dominated by granodiorite, the slopes are comprised of fractured boulders, rocks,
and relatively fewer finer materials. In some instances, extremely large boulders measuring 4 m
have broken from the adjoining cliff faces. In contrast to the alaskite bedrock regions, the
granodiorite cliff face areas have been observed to be quite catastrophic in the manner in which
debris is supplied.

Rates of talus derived debris movement are difficult to measure, however movement is
discontinuous and is commonly regarded as occurring by subsidence, creep, rolling or gliding of
rock(s), small talus slides, or a combination of these. Talus movements in the study area were
not determined, however Rampton and Dugal (1974) have reported talus movements of about
2.5 cr/yr in the northern Yukon. Most of the movement is said to take place within about a half
metre of the surface. In some of the smaller valleys, talus derived debris has crossed the valley
floor and abutted against the opposite valley side. In the larger east-west oriented valleys, talus
debris is generally restricted close to valley sides. However, there are some instances where the
debris, perhaps aided by spring and early summer melt, has washed from the valley side and
extended past the midpoint of the valley floor. Such is the case in Rockslide Creeck where the
talus debris has impeded local drainage in the valley, redirecting flow around the debris.

Evident in areas of currently active and fossil talus locations, is the inundation of lateral
moraines, especially in the upper sections of Rockslide, Talbot, and Alaskite Creeks. In the
upper valley extremity of Rockslide Creek, a series of talus derived cones, extending
approximately 1 km down valley, have completely inundated a lateral moraine which is traceable
on either sides of the forms. Although no age determination of the talus derived cones was
undertaken (and non reported in the literature for the area), most of the fossil cones in the study
area are thought to have developed in the Holocene with some possibly active during the Ruby
Ice Sheet and St. Elias Advance in late Wisconsin.

There are a number of rock glaciers located in the study area, most are relatively small
and occupy either valley sides or the side walls of cirques. The largest concentration of rock
glaciers is in the upper valley sections of Talbot, Rockslide and Alaskite Creeks. Vegetation on
the rock glaciers is generally restricted to mosses, grasses and sedges. Vegetation at the base of
the structures commonly include a variety of flowers and small willows (Campbell, 1985).
Except for a few isolated signs of disturbances, the rock glaciers show no evidence of recent
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major movements, Although the exact age of the rock glaciers in the northern Ruby Range is
unknown, they may span the period from the late Wisconsin to Holocene and may be
contemporaneous with fossil talus derived forms.

Muller (1967) stated that except for the disappearance of ice, the morphology of the Ruby
Range has changed little since Pleistocene time. However, the widespread occurrence of talus
activity (currently active and fossil), and to a lesser extent, rock glaciers, indicates that mass-
wasting processes have been fairly active since at least late Wisconsin time. Although only
speculations can be made with respect to the formation of rock glaciers, it appears that they
evolved as a result of debris supplied from adjoining cliff faces onto late Wisconsin ice or
perhaps permanent Holocene snow patches; a scenario which is supported by the widespread
occurrence of fossil talus derived cones.

5.4 Carbonate Determination

Roof pendants, partly of carbonate metamorphic rocks (primarily limestone), in various
stages of migmatization, occur in the northern Ruby Range study area just north of Raft Creek,
along the Talbot Arm. The carbonate rocks commonly occur as lenses in the granitic rocks.
Although their extents are rather restricted (approximately 10 km?), they have been mapped by
Muller (1967) as occupying plateau regions at elevations ranging from about 1600 to 2100 masl.
The carbonate rocks become more abundant west of the Talbot Arm, and are the dominate
bedrock type of the Ruby Range west of the Brooks Valley. As well, occurring both to the north
(Nisling Range), and south of the study area (south of Gladstone Creek) are two belts of quartz-
biotite schist and gneiss, with some minor limestone (see Table 5, Formations of the Yukon
Plateau). The most extensive occurrences of carbonate rocks are located west and south of
Kluane Lake in the Kluane Ranges, Duke Depression and other regions of the St. Elias
Mountains (see Table 4, Formations of the St. Elias Mountains).

Results from the carbonate analysis on the greater than 2 mm size fraction indicated that
no carbonate material was present in any of the samples (plateaus or valleys). However, the
presence or absence of carbonate material as a criterion for the definition of glaciation or non-
glaciation presents a number of difficulties. As with the problems associated with the use of
erratic materials as a criterion for determining whether plateau regions experienced glaciation,
there were problems related to the investigation of vast regions, which resulted in a sampling
design being based, in part, on the logistical realities in the field. This resulted in some regions
not being sampled because of the relative inaccessibility. As well, the extent of weathering and
periglacial activity may have altered or destroyed much of the carbonate material, if in fact it was
present in the sediment. Furthermore, the carbonate material may have been deposited in such a
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way or form ihat has not yet been identified. Therefore, the results of this analysis are viewed as
somewhat inconclusive, as carbonate material in the sediment samples taken in this study from
the northern Ruby Range either; i) has not yet been found, or ii) has been altered or destroyed.
However, it is worth noting that Dewez (1988) found carbonate in the Gladstone Lakes region.

5.5 Bedrock Compositional Analysis

The general geology of the Ruby Range has been mapped by Muller (1967) and is
summarized on Figure 11. In order to gain 2 more detailed understanding of local bedrock
composition, thin sections of alaskite and grancdiorite core samples were prepared following the
standard procedures set forth by Dickson (1966).

5.5.1 Granodiorite

The most widespread granitic rock in the study area is granodiorite. Table 15 presents
the point count of constituent minerals in three separate granodiorite thin sections. Granodiorite
is a medium to coarse grain rock and exhibits a dark colour. This colour is partly due to the
amount of feldspar in the rock. Plagioclase is generally light green and orthoclase dark grey or
reddish. Their abundance in thin section is between 15% to 20%. Hexagonal biotite flakes, up
to about 5 mm in diameter are very common. Some thin sections are visibly heterogeneous and
contain megascopic green patches of hornblende, biotite, chlorite and plagioclase within a matrix
of pinkish plagioclase, orthoclase, quartz and minor hornblende and biotite.

Under microscopic examination, subhedral plagioclase from 2 mm to 8 mm in length are
observed. It is commonly semicitized, the indicated composition being near 50% anorthite.
Hornblende in many places with augite nuclei, occurs in clusters with biotite, chlorite, magnetite
and some minor apatite. Anhedral orthoclase and quartz, in places as granophyre, fill the spaces
between plagioclase and opaque minerals. Embayments of quartz and to a lesser extent
orthoclase, penetrate plagioclase or appear to have replaced that mineral entirely, leaving odd
shaped fragments of plagioclase in a surrounding of quartz.

5.5.2 Alaskite
Alaskite was subdivided on the basis of initial field observations into a relative
classification based on visual assessment of grain size which included fine, medium and coarse.

This was accomplished on the basis of relative mineral sizes. Table 15 presents the results of the
microscopic point count on the alaskite.
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Figure 11
GENERAL GEQLOGY OF THE NORTHERN RUBY RANGE
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The fine grain alaskite exhibits a varied grain size. Large composite quartz phenocrysts
containing crystals up to 2 mm in diameter are contained in a matrix of weathered feldspars,
quartz and some minor biotite averaging approximately 0.3 mm in diameter. Quartz exhibits
large variation in crystal size. Quartz occur primarily as fractured anhedral crystais showing
some alterations along fractures.

K-feldspar is highly altered and predominantly in the matrix of the rock as small anhedral
grains approximately 0.3 mm in diameter. Large K-feldspar crystals are also present exhibiting
perthitic texture. Plagioclase feldspar occurs as elongate subhedral highly altered grains showing
twinning and some zoning. All specimens of fine grain alaskite exhibit a reddish-brown staining
which has been attributed to secondary hematite. The hematite staining is considered to be a
diagnostic characteristic of the fine grain alaskite.

Medium grain alaskite consists of crystalline quartz and K-feldspar measuring
approximately 2 mm to 3 mm in diameter with a finer crystalline matrix of quartz and K-feldspar
averaging 0.3 mm to 0.5 mm in diameter. This section appears to be more altered than the fine
grain alaskite. Quartz generally occurs as fractured anhedral crystals although several
orthorhombic quartz euhedra (high temperature) are present. Boundaries of these crystals are
somewhat diffuse due to alteration by K-feldspar.

K-feldspar is highly altered and occurs as medium subhedral tabular crystals (some exhib-
iting perthitic texture) and smaller altered anhedral in the matrix. Plagioclase feldspar occurs as
elongate subhedral highly altered grains showing twinning and some zoning. Biotite is more
common in the medium thin section (5%). It tends to occur as elongate to tabular crystals with
ragged edges measuring approximately 1 mm in length.

The coarse grain alaskite exhibits, relative to the other sections, less alteration of
feldspars. The section is dominated by very large elongate K-feldspar crystals measuring
approximately 1.5 cm in length, in a matrix of primarily quartz and plagioclase averaging 1.5
mm in diameter. Perithic texture is observed in the large K-feldspars.

Biotite occurs as elongate to tabular crystals measuring aporoximately 1 mm in length.
The abundance of biotite in this section is greater than that observed in the fine and medium
grain alaskites, Chlorite is present as ragged, tabular crystals, 0.8 mm to 1.0 mm in length, and
tends to be associated with biotite. The presence of chlorite is unique to this section and can be
described as a diagnostic feature of coarse grain alaskite. The high proportion of K-feldspars is
due to the large crystal size of the mineral which tends to dominate the mineralogical appearance
of this section.
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5.5.3 Summary

For comparative purposes, Table 15 shows modes of some granitic rocks of the Ruby
Range batholith and Nisling Range reported by Muller (1967) in neighbouring regions. The
average granodiorite composition of the three sections examined in this study show approximately
25% quartz, 15% K-feldspar, 45% plagioclase, 10% biotite, <5% hornblende, and
<5% pyroxene. The average of Muller’s (1967) two granodiorite sections are quite similar with
about 25% quartz, 15% K-feldspar, 50% plagioclase, 10% biotite, 1% hornblende, and 0.2%
others.

The composition of fine and medium grain alaskites appears to be relatively similar except
for the amount of plagioclase; 10% in fine grain, <5% in medium grain. Coarse grain alaskite
exhibits a relatively low amount of quartz (15%) compared to the fine and medium grain alaskites
(50%), and a higher percentage of K-feldspar; 70% for coarse grain, 40% for fine and medium
grain. Biotite is also more abundant in the coarse grain alaskite (5%). Chlorite is found in the
coarse grain alaskite but not in the fine and medium grain alaskites. Comparatively, Muller’s
(1967) analysis of the two alaskite sections are similar to each other, but differ from the three
sections examined in this study. This is interpreted as indicating that although alaskite exhibits a
somewhat uniform mineralogical composition, the relative amounts of some minerals vary
significantly.

Of particular interest to this study are the occurrences of heavy minerals in the local
bedrock. The compositional analysis of granodiorite and alaskite indicates that locally derived
heavy minerals include hornblende, pyroxene (diopside and augite), and minerals under the
"other" category which may consist of epidote, zircon and pyrite. As well, although not
identified by Muller as occurring in samples from the immediate study area, the occurrence of
rutile and garnet in other areas of the Ruby Range batholith without doubt indicate similar
occurrences in the study area.

Regional geology of the Kluane Lake, Aishihik Lake and Dezadeash map areas were
mapped by Muller (1967), Tempelman-Kluit (1974), and Kindle (1953) respectively, with
supplementary descriptions made by Campbell and Dodds (1978), Gabrielse et al., (1980),
Dodds (1982), Dewez (1988), and Hughes (1990). However, the relative large scale of much of
the regional mapping has resulted in a highly generalized description of bedrock variations and
composition, especially in the study area. For example, out of sixty-seven bedrock sites sampled
and described by Muller (1967), twenty-three were taken from the Ruby Range batholith, and of
these, only two were from the study area,
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Therefore, detailed analysis of variation in bedrock composition and mineralization on a
local scale (i.e., within the study area), are not well known, and it is possible that mineral
occurrences, such as the tungsten, molybdenum, copper, and fluorite reported from near the hend
of Alaskite Creek, and fluorite from the head of Rockslide Creek (Muller, 1967) occur
elsewhere. These concerns naturally invoke consideration of heavy mineral compositional modes
in bordering regions, which will be examined in the following section.

5.6 Fine Sand Fraction: Heavy Mineral Composition, Assemblage,
Provenance and Dispersal Trends

5.6.1 Introduction

The composition of the surficial sediment was analysed to identify and count mineral
species, determine sources (bedrock and others), and to assess the nature of sediment transport.
In the northern Ruby Range study area, and surrounding regions, the geology has been mapped at
a scale which adequately portrays bedrock patterns on a regional basis, but generally lacks the
detailed lithological descriptions necessary to determine mineral associations. This is particularly
true of heavy mineral compositions. However, within the bounds imposed by the available
geological descriptions, coupled with heavy mineral suites common to rock types encountered in
the study area and bordering regions (Pettijohn, 1957; Hubert, 1971; Paré, 1982), as well as
bedrock analysis carried out in this study, some broad goupings of cetain mineral associations
have been recognized in the sediment that may be related to bedrock sources, or other origins
such as volcanic ash and meteorites.

Henderson (1989) stated that the degree to which sediment composition reflects the
bedrock source from which it was derived depends on the erosion process(es) and the extent of
sediment modification during transport, deposition, and diagenesis. For example, in glaciated
terranes sediments are generally composites of the bedrock traversed during glacier flow. In
fluvial or marine environments, sediments are generally sorted aggregates derived from
previously deposited debris. Sediments derived in situ will generally reflect the underlying
bedrock characteristics. Through erosion and comminution, material is distributed within the
sediment in various size fractions, which is primarily dependent upon the nature of the bedrock
source. The relationship between sediment texture and composition has been reviewed in
numerous studies (e.g., Dreimanis and Vagners, 1971; Shilts, 1973). Of particular interest in
this study are characteristics common to igneous and metamorphic rocks. Haldorson (1977)
determined that these rocks produce a matrix mode in the very fine to fine sand range, which
also corresponds to the heavy mineral fraction, and forms the basis for the ensuing discussions,
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5.6.2 Heavy Mineral Composition

Heavy mineral identification and counts were perfomed on a total of 143 mineral grain
slides. The data derived from this analysis was arranged on the basis of sample location, ie.,
plateau data and valley data (Table 16). Table 16 shows that of 97 plateau sediment samples
collected, 7 were insufficient in fine-sand fraction to extract heavy minerals, and 7 others were
inadvertently destroyed during slide preparation, leaving 83 plateau mineral grain slides for
examination. Likewise for the valley samples, 4 were insufficient in the fine-sand fraction to
extract heavy minerals, and 13 were accidentally destroyed, leaving 65 slides to examine.

The average proportion (% by weight) of heavy minerals comprising the fine-sand
fraction for plateau regions is 1.68%, and 1.93% for valleys. The maximum and minimum
percentiles for these proportions are 12.35 to 0.24% for plateau regions, and 31.93 to 0.03% for
valley locations. Although no definitive statement can be made with respect to differences
between plateau and valley heavy mineral proportions in the fine-sand fraction, the data indicates
an overall similar average heavy mineral content in both plateau and valley samples, but a more
variable range in this content in valley samples.

Heavy mineral identification was performed on the basis of mineral familiarity and an
appreciation of the reported lithology of the study area and bordering regions (see section on
General Geology). However, by no means does this suggest that other species of heavy minerals
are not present in the sediment samples, but rather, if they were encountered, and identification
was not possible due to mineral alterations or unfamiliarity, they were included in the "other”
category. Based upon initial identification of the "other” minerals, along with collaborating
opinion (Paré, per. comm.), minerals comprising part of this category may include diopside,
staurolite, anatase, monozite, siderite, ilmenite, and kyanite. Due to the uncertainty with respect
to identification of these minerals, comments pertaining to provenance would be highly
speculative, and therefore does not constitute part of the discussion.

In the vast majority of slides, 200 mineral grains were identified. Six individual heavy
minerals were identified along with groupings of minerals classified as garnet, orthopyroxene,
and opaque. The individual minerals include: i) four silicates, epidote, allanite, hornblende,
zircon; ii) one hydroxide, goethite; and iii) one oxide, hematite. The mineral groupings include:
i) garnet (silicates); pyrope, almandine, spessartine, grossular, andradite, and uvarivite;

ii) orthopyroxene (silicates); enstatite, and hypersthene; and iii) opaques; magnetite (oxide},
pyrite, molybdenite, chalcopyrite, pyrrholite, and bornite (sulphides) (both hematite and goethite
are opaque minerals but were identified individually). Detailed descriptions of these minerals are
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available from a number of texts (e.g., Williams et al., 1954; Kerr, 1959 Berry and Mason,
1959; Deer et al., 1982; Edwards and Atkinson, 1986: Blackburn and Dennen, 1988). Table 17
presents a compilation of some of some of the more distinguishable mineral characteristics.

A summary of the relative proportions of heavy minerals for both plateau and valley data
shows the following comparisons:

PLATEAU SAMPLES VALLEY SAMPLES
Average Average
Proportion Range Proportion Range
{%) (%) (%) (36}
Orthopyroxene 7.2 55.5 6.3 30.3
Garnet 0.8 6.5 0.8 9.5
Epidote 7.7 33.5 9.3 46.5
Allanite 4.1 28.3 6.0 52.0
Hematite 1.0 5.3 0.% 15.8
Goethite 0.2 75.0 39 29.5
Hornblende 22.6 96.5 19.4 95.3
Zircon 2.7 25.5 3.0 18.0
Opagues 41.1 96.0 42.9 93.0
Other 33 24.0 3.7 21.0

The average proportion of the heavy minerals identified in this study is almost the same
for both plateau and valley sediment samples. However, the range of the proportions
(i.e. difference between minimum and maximum) varies considerably in most minerals.
Specifically, the range of orthopyroxene (55 .5%), goethite (75.0%), and zircon (25.5%) for
plateau samples is considerably higher than the valley samples (30.3%, 29.5%, and 18.0%
respectively). On the other hand, the range in valley samples for epidote (46.5%), allanite

(52.0%), and hematite (15.8%) is greater than that occurring in plateau samples (33.5%, 28.3%,
and 5.3% respectively).

The significance of these comparisons is not clear, however, preliminary indications are
that the sediments from both plateau and valley sites do not vary greatly in heavy mineral specics
and proportions, but do exhibit a variable range. This leads to the question of what was the
origin of much of the sediment that covers the plateaus and valleys; was it locally or externaily
derived, and more specifically can the data obtained from the heavy mineral analysis help

determine this origin? To help answer this question it is necessary to consider and contrast heavy
mineral occurrences in bordering regions.
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5.6.3 Heavy Mineral Assemblages

Individual heavy minerals in sediment are rarely diagnostic of provenance
(Henderson, 1989). However, the presence of the mineral(s) in the sediment of regions where
they are either not known to occur, or are in such minute quantities in the underlying bedrock,
have been important in determining source areas (Paré, 1982). The most successful application
of heavy mineral analysis (with respect to provenance related studies), lies in identifying certain
suites of heavy minerals which are charateristic of specific bedrock lithologies. Such knowledge
can aid in the identification of the source region (Pettijohn, 1975). A comparative listing of
mineral suites characteristic of source rock types is presented in Table 18.

The observed presence or absence of minerals in sediments is also related to mineral
stability. Pettijohn (1975) stated that mineral stability is primarily associated with resistance to
solution and decomposition. The presence, absence or relative amount of heavy mineral content
in sediment deposits of different ages (such as the plateau and valley samples in this study), may
be the result of selective loss of certain minerals after deposition rather than a different
provenance, Table 19 presents a listing of the relative stability of heavy minerals as reported by
various authors (modified from Pettijohn, 1975). As well, a list based on the relative order of
mineral persistence is provided in this table. The order of persistance was based on a collection
of minerals in sediments from various locations and ages. Pettijohn (1975) described the list as
being derived by considering the frequency of occurrence of minerals in recent (presumably
Holocene) sediments, and the average frequency of occurrence in ancient sediments (pre-
Holocene?). The ratio of these two frequencies is regarded as the survival ability of the
minerals.

Because of the large area covered by the samples (plateau and valley), along with the
sampling density, and the sketchy geological information available for much of the study area and
surrounding regions, discussions of the results of mineral assembiages are limited to regional
patterns. Although a general modal analysis of Ruby Range bedrock was reported by Muller
(1967), a detailed heavy mineral assemblage has yet to be collated. Based upon the descriptions
from Table 5 (Formations of the Yukon Plateau), the mineral assemblages provided in Table 18,
and analysis of bedrock conducted in this study, a heavy mineral assemblage for the Ruby Range
(study area) has been compiled (Table 20). As well, an attempt was made at compiling similar
assemblages for bordering regions, based on the descriptions of formations in the Dezadeash
(south of study area), Aishihik Lake (east of study area), Yukon Plateau (north of study area),
and St. Elias regions (west of study area) (Tables 7, 6, 5, and 4 respectively). However, due to
the fragmented and generalized lithological descriptions in many of these regions, it is not
currently possible to identify the major heavy mineral constituents.
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Table 18
SOME HEAVY MINERAL SUITES

IN VARIOUS SOURCE ROCKS
Rock Source Pettijohn Hubert Paré Thotdeifson Berry & Mason
{1975) (1971) {1982) {1989) (1959)
Low-Grade Spesgsarite
Matamorphic Garnst
High-Grade Garnet Actinolite Garnet Garnet Orthopyroxene
Mstamorphic Hornblende Apatite Epidote Epidote Almandite
Staurolite Almandine Titanite llmenite Pyrope
Epidote Garnet Zircon Pyrite Diopside
Zoisite Epidote Orthopyroxeng Augita
Magnetite Clinozoisite limenite Hornblende
Hornblande
IImenite
Kyanite
Magnetita
Staurclite
Tremolite
Zircon
Acid-lgnaous Hornblende Hornblende | Undifferentiated | Undiiferentiated | Zircon
Monazite limanite Igneous: lgneous: Caorundum
Sphene Monazite Garnet Garnet Sphene
Zircon Rutile Epidote Epidote
Magnetite Sphene Titanite Iimenita
Zircon Zircon Pyrita
limenite
Basic-lgnecus | Analase Augite Orthopyroxene Olivine
Augite Epidote Orthopyroxene
Hypersthene | Hornblende Augite
limenite Hypersthene Hornblende
Magnetite limenite limenite
Chromite Magnetite Magnetite
Leucoxene Olivine Pyrite
Olivine Pyrope Pyrrhotite
Rutile Garnet
Pegmalite Garnat Apatite Columbita
Monazile Garnet Tantalite
Tonaz Monazite '"Nolframite
Rutile

. Minaral suits identified by Paré (1982), and Thorleifson (1989) are from specific suits in Quaternary deposits.
These were also reported by Henderson (1989).
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Table 18

RELATIVE STABILITY AND PERSISTENCE
OF SPECIFIC HEAVY MINERALS

STABILITY OF SELECTIVE HEAVY MINERALS

{(IN DECREASING ORDER)
Pettijohn Smithson Sindowski Goldrich Dryden
(1941) (1941) {1949) (1938) (1946)
Rutile
Zircon Zircon Zircon Zircon
Monazite Monazite Monazite
Garnet Garnet
Staurolite Slaurolite Stavrolite
Kyanite Kyanite Kyanite Kyanite
Hornblende Hornblende Hornblende | Hornblende
Garnet Garnel
Augite Augite Augite
Olivine Olivine Qlivine

- Modilied from Potlljehn (1975). Spacing reflecis similarities between sorles. Stobiliy listed in
decreasing ordar.

ORDER OF PERSISTENCE OF SELECTIVE HEAVY MINERALS

(IN DECREASING ORDER)

1- Anatase
2- Rutile
3- Zircon

4- Monazite

5- Garnet
6- Apatite

7- limenite

8- Magnetite

g- Staurolite
10- Kyanite
11- Epidote

12- Hornblende

13- Topaz
14- Sphene
15- Zoisite
16- Augits

17- Hypersthene
18- Diopside

19- Actinolite
20- Olivine

- Moditied from Patlijohn (1975). Persistence [s in decreasing numerical order,
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Table 20
HEAVY MINERAL ASSEMBLAGES
FOR THE RUBY RANGE STUDY AREA AND BORDERING REGIONS

Rock Typa Ruby Range East of South of Waest of North of
Study Area Study Area Study Area Study Area Study Area
Undifferentiated Epidote Garnet Hornblende Epidote Epidote
Metamarphic Rocks | Hornblande Grossularite | Actinolite Hornblenda Hornblande
Garnat Idocrase Garnet Garnet Garnat
Pyrite Epidote Magnetite Rutile Rutile
Rutile Staurolite Apatita Magnaetite Magnaetite
Magnetite Zircon
Staurolite
Undifferentiated Apalita Hornblende Magnetits Tremolite Apatite
Ignaous Rocks Hornblande Sphene Hornblende Epidote Pytite
Sphene Pyrite Zircon Hornblende Zircon
Pyrite Pyrrhotite Pyrite Magnstite Hornblende
Zircon Hematite Pyrite Sphene
Epidote Sphene
Magnetite Hematile
Augite
Non-metamorphed Epidote Chalcocite Epidote Hornblende
Volcanic and Chalcopyrita | Malachite Magnetite Magnetite
Sedimentary Rocks Augite Bornite Pyrite
Hematite Hematite
Limonite Pyroxane
Apatite
Known Molybdenite Chalcopyrite | Gold Gold
Mineralizations Wolframite Scheaslite Pyrite Bornite
Chalcopyrite Molybdenite | Chalcocite Epidote
Pyrrhotite Magnetite Chalcopyrite | Copper
Pyrite Epidote Galena Platinum
Goeld Garnet Barnile Nickel
ldocrase Chromite Cobalt
Pyrrhotite Copper Molybdenite
Malachite Wolframite
Pyrite Pyrite
Sphalerite Chalcopyrite
Hematite

- Inthe Ruby Range Study Area, the underined minerals represant the malor constituants of the heavy mineral fraction as reported

by Muflar (1967), Smith (1871} and In this study. The other minerals are regarded &s minor constituents. Due to the fragmented
and generalized lithologleat descriptions in clher reglans, i is nol possiila at this time to simllarly identlly major consituents In

thase regions.

Sources of data Include; Kindle, 1545, 1853; Muller, 1967; Smilh, 1971; Tempelman-Klult, 1974; Hughas, 1590; end this siudy,
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Opinions differ as to what percentage of a mineral in the heavy fraction of sediment
constitutes a significant amount. Henderson (1983) considered the regional distribution of the
> 10% portion as being meaningful, whereas Paré (1982) regarded the >35% level as significant.
In reality, knowing the natural abundance of a mineral in the source area wouid heip establish
this level, However, the presence of a few grains of particular mineral in sediment found far
from any known source areas may be notable; the implications of which will be addressed later.
For the purposes of this study, the >5% proportion is considered meaningful. Therefore, based
on the analysis performed earlier to determine the relative proportions of heavy minerals for both
plateau and valley data, the abundance of minerals from piateau regions considered significant
are; orthopyroxene (7.2%), epidote (7.7%), goethite (6.2%), hornblende (22.6%), and opaques
(41.1%). Similarly, the proportion of minerals from valley sites considered significant are;
orthopyroxene (6.3 %), epidote (9.3%), allanite (6.0%), hornblende (19.4%), and opaques
(42.9%).

The lack of detailed geological information for the study area and surrounding regions,
does not allow for definitive conclusions to be made with respect to the relationship between
mineral assemblages for sediment samples and rock types. However, observation of a
provisional nature can be presented. The major heavy mineral constituents of all the bedrock
comprising the Ruby Range study area are tentatively described as including epidote, hornblende,
garnet, apatite, pyrite, sphene, and opaques. The assemblage associated with the undifferentiated
metamorphic rock (which is confined to one small outcrop in the northwestern extremity of the
study area), consists of epidote, hornblende, garnet, and pyrite. The minera! assemblage
identified with the undifferentiated igneous rocks (which dominates the study area), consists of
apatite, hornblende, and sphene. As well, assembledges associated with known zones of
mineralization, occurring within the dominant rock type, consist of molybdenite, wolframite, and
chalcopyrite (all opaque).

The heavy mineral assemblage derived from plateau sediments consists of epidote,
orthopyroxene, goethite, hornblende, and opaques; the valley sediment assemblage includes
epidote, orthopyroxene, allanite, hornblende, and opaques. Apart from the relative lack of
allanite on plateaus and goethite in vaileys, the assemblages are similar. Although it is evident
that epidote, hornblende, and opaques also constitute part of local bedrock mineral assemblages,
the source(s) of orthopyroxene, allanite, and goethite in sediment are less clear. (This issue will
be addressed in a later discussion).

The data do not support a clear, or exclusive association between lieavy 1iineral
assembleges derived from sediments (plateau and valley samples), and those derived from
bedrock sources within or outside the study area. However, the assemblages for both plateau and
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valley samples may not be exclusively related to local bedrock sources. These assemblages
appear to demonstrate varying affinities to most bedrock heavy mineral assemblages outside the
study area. As well, although the sediment assemblages do not show an overwhelming
preference to any particular rock source identified in Table 18, they certainly do not resemble
assemblages reported by Hubert (1971) for low-grade metamorphic rocks. This is significant
since most of the undifferentiated metamorphic rock in the study area is described as low-grade
metamorphic (Muller, 1967; Gabrielse et al., 1980). In fact, there is a more striking
correspondence of the heavy minerals identified in this study (orthopyroxene, garnet, epidote,
allanite, hematite, goethite, hornblende, zircon, and opagues), with those identified on Table 18
under the high-grade metamorphic, and combined igneous categories.

5.6.4 Provenance Implications of Selected Minerals

As alluded to in the previous discussion, the source of some amounts of minerals
identified from the sediment samples of both plateau and valley sites is uncertain, and may be
attributed to an external source. Based upon the reported geology of the region, and analysis
preformed on bedrock thin sections in this study, evidence will be presented to support the belief
that at least some amount of the heavy minerals may be of non-local origin. The minerals in
question consist of orthopyroxene, goethite, and allanite. Provenance related discussion will
focus primarily on unidentified local bedrock sources, and bedrock outside the study area. As
well, other sources such as meteorite fall-out, and volcanic ash will be evaluated.

Berry and Mason (1959) identified orthopyroxene (enstatite and hypersthene) as being
associated with basic-igneous rocks and high-grade metamorphic rocks (Table 18). Paré (1982)
included orthopyroxene in the heavy mineral assemblage of undifferentiated igneous rocks, while
both Hubert (1971), and Pettijohn (1975) described hypersthene as being included in the
assemblage of basic-igneous rocks along with augite (pyroxene). As well, both entastite and
hypersthene are found in stony meteorites (Blackburn and Dennen, 1988). The bedrock thin
section anaylsis conducted for this study indicated there were no occurrences of orthopyroxene in
the study area. In addition, Muller (1967) was unequivocal in stating that no hypersthene or
enstatite was noted in the modal analyses of the northern Ruby Range.

Furthermore, the occurrence of orthopyroxene is described as being associated with

olivine (Blackburn and Dennen, 1988). Berry and Mason (1959) considered this association
essential (see mineral assemblages in Table 18). The only reported occurrence of olivine in the
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immediate vicinity of the study area is in a small intrusive mass of dunite located approximately
50 km northwest of the Talbot Arm (Muller, 1967). It is imperative to note that based on;

i} Muller’s (1967) modal analysis on bedrock, ii) Smith's (1970) description of bedrock
constituent minerals, and iii) this study’s analysis on bedrock, not a single olivine mineral grain
was identified in the northern Ruby Range study area. Moreover, the identification and point
count of heavy minerals for both plateau and valley sediment has not yielded a single olivine
mineral count. Until evidence is presented to the contrary, the heavy mineral assemblage of
bedrock within the study area does not include orthopyroxene. A more detailed analysis of
bedrock throughout the area would substantiate this claim.

Since it is well documented that enstatite and hypersthene are identified with high-grade
metamorphic rocks, basic rocks (e.g., basalt, dolerite, gabbro), and ultrabasic rocks (e.g.,
peridotites, dunites), it follows that regions exhibiting these rock types may serve as possible
source areas for these minerals. Tempelman-Kluit (1974) identified biotite-schist in southeastern
Snag and northwestern Aishihik Lake map-areas, which are located north, and southeast of the
northern Ruby Range study area respectively. These rocks are equivalent to Muller’s (1967)
quartz-biotite schist (Unit 1, Table 5), which can be generally described as high-grade
metamorphic rocks. They also correspond to the Yukon Group which occurs south of the study
area in the Dezadeash map region (Kindle, 1953). Although Table 20 does not specifically
identify orthopyroxene as constituting part of the bedrock heavy mineral assemblages in these
regions, minor undifferentiated pyroxenes are present.

Based on current geological reports, the most prolific sources of orthopyroxenes are the
basic and ultabasic rocks that border the northern Ruby Range (see Tables 4 and 5). South of the
study area (Dezadeash region), Kindle (1952), and Gabrielse et al., {1980) have reported on the
occurrence of peridotite, dunite, basalt and gabbro, all rich in olivine and orthopyroxene. West
of the study area (St. Elias Mountains), Muller (1967) has identified basalt (part of St. Clare and
Mush Lake groups), some gabbro, and peridotite. Although orthopyroxene was not specifically
noted in the basalt, Muller stated that the gabbros did not include enstatite and hypersthene. The
peridotites were reported to contain about 10 - 60% undifferentiated pyroxene. To the east of the
study area (Aishihik Lake), basalt is identified as occurring in the following units; Little Ridge
Volcanics, Carmacks Group, and Massive Green Volcanics (Tempelman-Kluit, 1974; Hughes,
1990). However, no indication of the presence of orthopyroxene is provided.

The possibility that some of the orthopyroxene is of meteorite origin is quite plausible
since the occurrence of this phenomenon is ongoing, although isolated. However, olivine is also
a common mineral in meteorites, but unlike orthopyroxene, none was identified in the sediment
samples. The absence of olivine in sediment samples may be attributed to the fact that the
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mineral weathers readily and alters to goethite and hematite (Deer et al., 1982), both of which
have been observed in the study area. Still, meteorite impact is generally regarded as an isolated
phenomena both temporally and spatially. Thus, although a meteoritic origin of at least some of
the orthopyroxene cannot be dismissed, it is unlikely that the widespread occurrence of the
mineral throughout the study area can be attributed to this phenomena.

Another source of orthopyroxene (hypersthene) may be attributed to the White River Ash
that inundated southwestern Yukon about 1,230 yrs BP (Downes, 1985). The heavy minerals
that comprised part of the deposit included, hornblende, hypersthene, ilmenite, and magnetite.
Lerbekmo and Campbell (1969) reported the mineral composition (Wt %) of the ash as; quartz
(23.2%), orthoclase (14.8%), albite (34.7%), anorthite (13.9%), hornblende (9.6%), hypersthene
(1.0%), ilmenite (0.9%), and magnetite (1.8%). The heavy mineral proportion of the
composition is 13.3%.

Dewez (1988) determined that the heavy minerals minerals could be differentiated on the
basis of a pitted and glassy, perlitic texture. With this textural feature in mind, care was taken to
record such occurrences during the identification and counting of heavy minerals. With respect
to hypersthene, no grains were identified with these textural traits. This may be attributed to a
number of factors:

i) Dewez (1988) used bromoform (S.G. 2.89) to separate the heavy mineral fraction; in this
study, methylene iodide (S.G. 3.3) was utilized. Since the specific gravity of hypersthene
varies between 3.1 - 3.9 (depending on Fe content), only hypersthene >3.3 S5.G. was
identified in this study. Therefore, a portion of the hypersthene derived from volcanic ash,
S.G. <3.3, was not encountered. It may be that much of this volcanic derived hypersthene
was of lower specific gravity, although there is no data to substantiate this speculation.

ii) In order to avoid contamination of samples with volcanic ash, care was taken to sample
below any noticable ash layer. However, although this may have eliminated much of the
ash, natural mixing and migratory processes would certainly result in some of the deposit
being incorporated into the samples.

iii) The textural traits, particularly glassy, perlitic texture, may be on such an infinitesimal scale
that it was not evident under examination with a stereoscopic binocular microscope.
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Goethite

Goethite accounts for 6.2% of the heavy mineral fraction from plateau sediments, and
3.9% from valley sediments. Goethite usually results from the weathering of iron mincrals such

as siderite, pyrite, magnetite, etc., under oxidizing conditions. It is also an alteration product of
olivine,

Andrews-Jones (1968) has empirically estimated the relative chemical mobilities of
elements in the secondary environment which has application to the Ruby Range. The classifica-
tion is based on environmental conditions which include oxidizing potential (Eh), and acid to
alkaline (pH). The Eh of a solution is a measure of the oxidizing or reducing tendency, or the
potential of a system (Cloke, 1966; Hem, 1970). Since oxidation and reduction involve the
transfer of electrons, it is basicaily an electrical property which can be measured in volts.
Measurements are referred to the standard hydrogen electrode, the potential of which is taken as
zero at pH 7 and a pressure of 1 atmosphere. The more positive the potential, the more
oxidizing it is relative to the hydrogen half cell.

At virtually all sample locations, and in particular at valley sites, a hematite staining was
observed on the undersides of numerous rocks and boulders. The staining is a good indication of
strong oxidation. Barakso (1970), after taking numerous readings of pH and Eh of streams in the
Talbot\Rockslide Creeks area, noted that the environmental conditions were extremely acid and
rich in oxidizing material (average pH 2.5, Eh 0.8). Evidence of oxidation was noticed on
plateaus, but not to the same extent as in the valleys. This is likely due to restricted drainage
and the presence of permafrost. Reducing conditions are noted to be more predominant on the
plateau regions (Pollard per. comm.).

The greater proportion of goethite in plateau samples as compared to valley samples, is
probably related to the occurrence of pyrite which constitutes part of the mineral assemblage of
bedrock within the study area, and specifically may be related to the reported mineralizations on
the plateaus. It is also possible that pyrite (and perhaps other minerals which alter to form
goethite), may have been more abundant in plateau sediment which could have resulted in more
goethite formation, even though the oxidizing environment is less severe on plateaus. In addition
to local bedrock sources, other source areas may include regions to the south where the bedrock
mineral assemblages include limonite (goethite), pyrite, and magnetite. As well, significant iron
content in some peridorite and dunite bodies were reported by Kindle (1952). Similar
occurrences were reported in regions of the St. Elias Mountains (Muller, 1967).
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Since goethite is related to the weathering of siderite, pyrite, magnetite, etc., it is possible
that the occurrence of some goethite can be attributed to the weathering of volcanic ash derived
magnetite (which constituted 1.8% of the White River ash deposit). The proportion of magnetite
in the ash deposit appears to be far greater than any reported proportion in the bedrock mineral
assemblages for the study area and surrounding regions (except for some areas in the Burwash
Uplands where combined magnetite and pyrite proportions were reported at 2.0 - 2.8% by
Muller, 1967). Meteoritic olivine may also constitute a source for goethite in the study area.

Allanite

Allanite constitutes 4.1% of plateau, and 6.0% of valley sediment heavy mineral fraction.
Muller (1967) reported some minor epidote (0.1%) in the modal analysis of Ruby Range
batholith rocks, but did not distinquish allanite from other epidotes. Furthermore, of the 23 rock
specimens Muller examined (none of which were taken from the study area), only 2 specimens
contained epidote. Minerals of the epidote group characteristically occur in metamorphic rocks
except for allanite, Although small amounts of allanite are found in granitic rocks, it is more
abundant in granite pegmatites (vein-like bodies distinguished by unusually coarse-grained texture
of the mineral aggregates; Berry and Mason, 1959), and syenites. There are no known
occurrences of these in the study area (Muller, 1967; Smith, 1971).

Since the proportion of allanite in the plateau and valley sediment heavy mineral fraction
appears to be considerably higher than in any known local bedrock occurrence, the provenance of
much of the allanite may be attributed to an external source. Kindle (1959) reported numerous
granitic pegmatites associated with the Yukon Group, in the Dezadeash Lake region (south of the
northern Ruby Range study area), as well as syenite rock. Although pegmatites and syenites
have not been separately mapped in other regions of the St. Elias Mountains, they must certainly
occur (Kindle, 1953; Muller, 1967; Gabrielse et al., 1980). The association of allanite with the
White River volcanic ash (Lerbekmo and Campbell, 1969), and meteoritic sources have not been
reported (Berry and Mason, 1959; Whitten, 1982).

5.6.5 Heavy Mineral Composition, Assemblages and Provenance: An Overview

The average proportion of heavy minerals (% wt) comprising the fine-sand fraction for
plateau regions is 1.68%, and 1.93% for valleys. Tne maximum and minimum percentiles for
these proportions are 12.35% to 0.24% for plateau regions, and 31.93% to 0.03% for valley
locations. Although Muller (1967) presented bedrock modes based on 500 point counts, some
general observations pertaining to these proportions can be made. The average proportion of
heavy minerals constituting the mineral assemblage of 23 granitic rocks sampled by Muller from
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the Ruby Range batholith is 6.6%. The maximum and minimum percentiles are 38.6% to 0%.
The minerals included in Muller’s heavy mineral group (S8.G. 3.3) are; amphibole
(undifferentiated), pyroxene (undifferentiated), epidote, apatite, magnetite, pyrite, sphene and
zircon. Although Muller does not differentiate the amphiboles (8.G. 2.9 - 3.6), and the

pyroxenes (S.G. 3.1 - 3.9), it is clear from his report that hornblende is the major amphibole,
and diopside and augite are the main pyroxenes.

Muller (1967) identified amphibole (hornblende) as the predominant mineral, generally
comprising about 80% of the heavy mineral portion of the bedrock assemblage. This
corresponds to about 5.3% of the average total heavy mineral component (6.6%) in the rock
samples. By contrast, Muller (1967) showed that, on average, the heavy minerals constituting
the mineral assemblage of 10 alaskite rocks was 0.18%. The proportional range of the heavy
mineral content was reported as 0% to 0.6%. The only heavy minerals suites constituting the
assemblage of these rock samples were magnetite, pyrite, and in one sample, zircon.

Another interesting comparison concerns the proportion of opaques. The opaques
identified in plateau and valley sediment samples included; magnetite, pyrite, molybdenite,
chalcopyrite, pyrrholite, and bornite. By comparison, Muller’s opaques include magnetite and
pyrite. The average opaque portion of the heavy mineral fraction from plateau and valley
sediment samples is virtually identical; 41,1% for plateaus, and 42.9% for valleys. By contrast,
Muller (1967) reported the average opaque portion of the heavy mineral content for the 23
granitic rocks (6.6%) of the Ruby Range as 0.17%. For alaskite, the average opaque portion of
the heavy mineral content {(1.8%) was also 0.17%. The huge difference between the average
opaque content of sediment samples and bedrack is likely the result of local mineralizations (that
are known to be abundant in opaques), from which Muller did not analyse for constituent
minerals. Apart from the known zones of mineralizations, it is probable that other
mineralizations occur which have not yet been identified (Discussion pertaining to this will be
addressed in a later section). These zones may be responsible for many of the opaques found in
the sediment samples from plateaus and valleys.

The sketchy nature of the geological information within and outside the study area
prohibits any definitive statements with respect to the relationship between heavy mineral
assemblages for sediment samples and rock types. However, based upon the available geological
data, along with the analyses conducted in this study, some tentative observations are presented.

i)  There does not appear to be an appreciable difference in the heavy mineral assemblages
between plateau and valley sediment samples, except for the relative lack of allanite from
plateaus, and goethite from valleys.
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ii)  The data do not support a clear association between heavy mineral assemblages from
plateau and valley sediments, and those derived from bedrock within or outside the study
area. However, the sediment assemblages may not be exclusively related to local bedrock
sources.

iii) The provenance of orthopyroxene, goethite, and allanite may be attributed, in part, to
bedrock from outside the study area, volcanic ash, and meteoritic impacts, or a combination
of these. The occurrence of some amounts of these minerals may also be associated with
mineral alterations.

5.6.6 Heavy Mineral Dispersal Trends
5.6.6.1 Introduction

The discussion on heavy minerals to this point has dealt with composition, counts,
assemblages, and provenance implications. To gain an appreciation of the distribution of the
heavy minerals in the sediment, it is advantageous to graphically illustrate the variations in
composition. The analysis of dispersal trends, together with the preceding discussion on
composition, assemblages, and provenance will facilitate discussion on the extent, nature and
direction of sediment transport and deposition.

Mineral dispersals trends were graphically illustrated for plateau sediments data only.
The extensive nature of the plateau surfaces, along with the sampling procedure facilitated
interpolation between sample sites. Conversely, in valley locations, the rather restricted confines,
and sampling of linear features (lateral moraines) was not conducive to interpolation. Therefore,
discussion on heavy mineral dispersals in valleys will focus on the compositional data presented
in the previous section.

5.6.6.2 Background Values and Anomalies

Being confronted with the general lack of reported detailed lithological descriptions in the
study area and surrounding regions (particularly with respect to heavy mineral composition),
along with the knowledge that some minerals are of volcanic origin (ash-fall), and the possibility
that others may be of meteoritic origin, and simply not being able to establish the genesis of
much of the surficial sediment (particularly on plateaus), it was decided that a somewhat
unorthodox approach to interpreting the empirical data was necessary to help account for these
"unknowns". In consideration of the above mentioned complexities, it was determined that one
way to account for the "unknowns" was to consider that the heavy minerals are associated with
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normal background values, which in turn may aid in the detection of anomalies; analogous to
geochemical distributions (to be discussed in a following section).

By establishing background values, the presence of unusually high values will be revealed
by anomalous values. The background value is usually taken as the median value for the data
distribution (Levinson, 1980). The median is defined as the value for which one half the values
in the distribution are less and one half are greater. The background value is naturally likely to
vary since the distribution is rarely uniform. Hence background values should be viewed as
estimates which fall within a range for any given area.

There is no universally accepted rule for what constitutes an anomaly. However, for ail
practical purposes, anomalies are characterized only by abnormally high concentrations. For
example, Boyle (1974) suggested that samples which contain amounts double the background or
greater should be considered anomalous. Other researchers consider anything over background
to be anomalous (Barakso and Tarnocai, 1970; Levinson, 1980). Hawkes and Webb (1962)
describe two methods of determining anomaties. They claim the background may be considered
as the mean plus twice the standard deviation, which is generally equivalent to 1 in 40 samples
exceeding the background. Alternatively, one of the most commonly used method is to consider
the median value to be the background and only deem about the highest 2.5% of values above
background as being anomalous. It is this latter method of approximation that is used in this

study. (The determination of background and anomaly values is the same for the geochemical
data).

The background and anomaly values for heavy minerals in the surficial sediments from
plateaus and valleys are as follows:

PLATEAU DATA VALLEY DATA
Background Anomaly Background Anomaly

(%} (%) (%) {%)
Orthopyroxens 5.0 29.3 4.0 29.0
Garnet 0.0 4.3 0.0 8.5
Epidote 4.5 29.5 6.5 40.5
Allanite 2.5 i6.5 3.0 37.0
Hematits 0.0 4.5 0.0 4.0
Goathite 2.0 S0.5 2.0 15.4
Hornblande 12.0 85.% 7.5 85.5
Zircon 1.0 14.0 2.5 9.0
Opaques 29.5 92.0 46,5 92.5

A review of various texts reveals that there is not a commonly practiced method for
determining at what measure background and anomaly values between areas (such as plateau and
valley samples in this study) constitutes a meaningful difference (e.g., Hawkes and Webb, 1962;
Krumbein and Graybill, 1965; Levinson, 1980; Mathewson, 1984). However, it has often been
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advocated that a qualitative appraisal of these differences produces the most meaningful results
(Hawkes and Webb, 1962; McCammon, 1974; Shilts per. comm.). Specifically, since background
values are considered estimates which fall within a range for any given area, the qualitative approach
to determining what constitutes a meaningful difference in values is acceptable. In this respect, it
was decided that if the variation in background or anomaly value of a mineral was twice as much
between the plateau and valley sites, it constituted a meaningful difference.

Under these guidelines, except for minor differences, the background values for most heavy
minerals in both plateau and valley samples are quite similar; the exception being zircon, 1.0% for
plateaus, 2.5% for valleys. The anomaly values are also relatively similar for most minerals (ie.
orthopyroxene, garnet, epidote, hematite, hornblende, zircon, and opaques), but vary for allanite
(16.5% for plateaus, compared to 37.0% for valleys), and goethite (50.5% for plateaus, compared to
15.4% for valleys). These values indicate there is a relatively uniform concentration of minerals in
the sediment from both plateaus and valleys, as exemplified by background values, but because of the
differences in some anomaly values, demonstrate a somewhat varying dispersal pattern. This finding
is similar to that presented in the discussion on heavy mineral composition where, the average
proportion of heavy minerals were found to be similar in both plateau and valley sediment samples,
but a significant range in some values was observed, particularly with respect to epidote, allanite,
and goethite for valley samples.

5.6.6.3 Valley Dispersal Trends

As stated earlier, due to the rather restricted confines, and sampling of linear features
(moraines) in the valleys, it was not possible to graphically portray dispersal trends of minerals.
Therefore, discussion on mineral dispersals will focus on compositional data presented in the
previous section. Table 21 provides a listing of heavy mineral concentrations in the valleys in the
northern Ruby Range which include; Talbot Creek, Alaskite Creek, Rockslide Creek, and informally
named valleys which include, Ice Valley, Pass Creek, Moraine Valley, Gladstone North, Caribou
Creek and Camp Creek (see Figure 12). The data in Table 21 is arranged from an upper to lower
valley order. The interpretations made with respect to mineral dispersals in valleys in this discussion
are based in many instances on a limited number of samples, and therefore should be viewed as
provisional. In order to avoid confusion with respect to the discussion on mineral trends, the reader
is reminded that glacier deposits were sampled in valleys.
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Talbot Creek

In Talbot Creek, sample sites extended from the head of the valley to the Alaskite Creek confluence.
Orthopyroxene, garnet, epidote, allanite, hematite, hornblende, zircon and opaques do not exhibit an
increasing or decreasing tendency in either an up-valley or down-valley direction. Goethite displays
a slight decreasing concentration down-valley. In only three minerals are anomalies found. These
include; orthopyroxene and goethite in the upper reaches of the valley; allanite and hematite in the
middle and lower parts of the valley.

laskite Creek
Sampling in Alaskite Creek extended down the entire valley to the junction of Talbot Creek. The
conentration of orthopyroxene, allanite, hematite, goethite and hornblende exhibit no obvious trends.
Garnet is virtually absent altogether, while epidote and zircon increase slightly in the down-valley
direction. Opaques show a decrease in tendency down-valley. Only two minerals display anomaly
values; epidote in a lower-valley sample, and hornblende in a middle-valley location.

Rockslide Creek

In Rockslide Creek, samples were taken from the head of the valley to just before the Raft Creek
confluence. There are no discernable dispersal trends associated with orthopyroxene, epidote,
allanite, hematite, goethite, hornblende and opaques. Garnet is generally absent. Zircon may be
interpreted as demonstrating a slight increase in the down-valley direction. An anomaly value is
detected for zircon in the two lower-valley sample sites, and opaques in an upper-valley site.

P reek

In Pass Creek, virtually all the minerals show no preferred dispersal trends. Hematite is virtually
absent, whereas goethite increases down-valley. However, because of the limited number of samples
(3) from this valley, these observations are highly speculative. Anomaly values are recorded for
hematite and zircon in upper-valley locations, garnet in mid-valley, and goethite in a lower-valley
sample site.

Ice Valley
Samples in Ice Valley were collected from the upper reaches of the valley to just east of the Raft

Creek junction. There do not appear to be discernable dispersal trends associated with any of the
minerals analysed for. Garnet and hematite do not constitute part of any sample. Two minerals
exhibit anomaly values; epidote in a mid-valley site, and orthopyroxene in a lower-valley location.
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Moraine Valley
Dispersal trends in Moraine Valley do not demonstrate an up-valley or down-valley preference.

Hematite is not present in any sample, and garnet is scarce. No anomaly values are recorded for any
of the minerals.

Gladstone North
No interpretation,

aribou Creek
There are no decernable trends in the mineral dispersals. Hematite and zircon were found to be

absent, while garnet only appeared in one sample. An anomaly for opaques is located in a lower-
valley location.

Camp Creek

All the minerals analysed for, with the exception of hematite which is absent entirely, exhibit no
trends in dispersal. Allanite was identified in one sample. Garnet displays an anomaly in a lower-
valley sample site.

Although these observations may be somewhat tentative, the data as a whole indicates that
there is no evidence to suggest minerals demonstate an overwhelming dispersal trend in either an up-
valley or down-valley direction. As well, mineral anomaly values only occur occasionally, and are
not concentrated in a preferred valley location (i.e., in upper, middle, or lower valley sites). These
findings are however not unexpected. Valleys in the northern Ruby Range exhibit a classical
glaciated U-shape with evidence of glaciation on a local scale (small ice cap, cirque, and valley
glaciers) with down-valley ice movement, and regional ice penetrating the area in an up-valley
direction. Since these glaciological conditions were ongoing since at least the middle Pleistocene
(Nisling Ice Sheet; Muller, 1967), and even simultaneously during the Ruby Ice Sheet advance, much
of the glacial sediments in the valleys must have been reworked numerous times by up-vailey and
down-valley glacier flows.

Based upon the heavy mineral data pertaining to composition, assemblages, background, and
anomalies, it is evident that at least in the heavy mineral fraction of plateau and valley sediments,
similarities do exist. Specifically, the data indicate that:

i)  The average proportion of heavy minerals identified in the sediment from plateau and valley

locations were similar. Therefore, the sediment from both plateau and valley sites do not vary
greatly in heavy mineral species and proportions.
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ii) The heavy mineral assemblages derived from plateau and valleys sediments were alike.

iii) Except for minor differences, the background values for most heavy minerals in both plateau
and valley samples are quite similar. As well, the anomaly values are also relatively
comparable for most minerals.

Furthermore, in comparing the heavy mineral assemblage for the bedrock found within and
outside the study area with that of the surficial sediments (plateau and valleys), it was determined
that the data do not support a clear, exclusive association between heavy mineral assembleges derived
from sediments (plateau and valley samples), and those derived from bedrock sources within or
outside the study area. However, assemblages for both plateau and valley samples were not
exclusively related to local bedrock sources. Therefore, since sediment from the plateaus and valleys
share similar heavy mineral compositional attributes, which are not exclusively related to local
bedrock, it follows that at least some of the glacial sediment sampled in the valleys is of similar
origin as the surficial sediment on plateau surfaces. Whether in fact the plateau sediments are
glaciogenic will be addressed in later discussion.

5.6.6.4 Plateau Dispersal Trends

The plotting of the heavy mineral compositional trends was facilitated by the use of
Synagraphic Computer Mapping. The output consisted of an isopleth map where the isolines shown
on the map are for specific values and the values are assumed to smoothly vary over the interval
between any two adjacent isolines forming a continuous surface. However, since this may h~ve
resulted in minimizing the effects of local concentrations, and masking anomalies, manual plotting
was also used to ensure that isolines indicated local anomalies.

There is also another disadvantage associated with this plotting method which is associated
with the "fitting" and "closing” of isolines. Specifically, in areas where two or more values are in
close proximity, and if the required number of isolines representing the surface between the points
cannot fit between them, the plot tends to exaggerate the isolines beyond the limits set by the points.
Since there is however, a compositional trend in these regions, it is emphasized that the trends
depicted on the plots where this occurs is somewhat a false representation, and will be identified as
such accordingly. As well, in plotting, all isolines are closed even if data points are not located in
these areas.

The ensuing observations are made with reference to the individual heavy mineral
compositional trends illustrated by plots, and arrived at with the prior knowledge of the "false” or
"exaggerated” patterns that the computer mapping generates. The inferred direction of the
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predominant trends are described with reference to "head and tail" portions of the dispersals. The
"head" refers to the shorter, steep part of the trend, up to the defined area of highest concentration,
whereas the "tail" includes the less steep area from the highest concentration to the limit of the plot.
Lines characterizing the broad, general dispersal trends appear on the plots. As well, reference is be
made to three known mineralizations occurring in the study area, identified at the heads of Alaskite
Creek, Rockslide Creek, and on the ridge that divides Rockslide and Talbot Creeks (Muller, 1967,
Smith, 1971). (The topographic transparent overlay, provided in the back pocket, should be aligned
with the registration points on the individual dispersal plots.)

Orthopyroxene

Figure 13 shows a northern and possibly a western dispersal of orthopyroxene. There are three
centres of high concentration (> 16%); neither are associated with known mineralization. The
northern dispersal trend {tail) from the main centre of highest concentration {> 16%), located
between Talbot and Alaskite creeks, to the 2% concentration interval is over 16 km. The head of
this trend over the same concentration range is less than 2 km. A possible west and northwest

dispersal pattern is also evident from the plot but does not appear to be as pronounced as the
northern trend.

Garnet

The dispersal trend for garnet (Figure 14) has an area of highest concentration (>4%) in a region
which is not associated with known mineralization. The prevailing northwest dispersal trend (tail) is
mapped from the area of high concentration to the 0.1% interval, a distance of about 12 km. The
head of the trend over the same concentration range is less than 4 km. However, due to the lack of
sample sites, much of the head portion is exaggerated.

Epidote

Figure 15 displays the epidote dispersal trend. Two centres of highest concentration (>25%) are
evident; one is located on the ridge between Alaskite and Talbot creeks, the second centre is about 8
km to the west of the first. The centres are not associated with known mineralizations. The overall
trend of the dispersal appears to be in a northwest direction, centred on the area of high
concentration located on the ridge between Alaskite and Talbot creeks. The approximate distance of
dispersal of the tail portion is approximately 14 km. The head dispersal is about 6 km, but is largely
exaggerated because of lack of sample sites in this area. The second area of high concentration
exhibits a western dispersal trend.
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Allanite

The dispersal trend for allanite is shown on Figure 16. Two areas of high concentration (> 6%) are
shown in close proximity to one another. They are both located in the vicinity of a zone of known
mineralization at the head of Alaskite Creek. A dominant northwest dispersal has been plotted to the
0.1% interval over approximately 14 km (iail). The head portion of this dispersal over the same
concentration range is less than 4 km.

Hematite

The dispersal pattern for hematite (Figure 17) identifies four centres of high concentration in excess
of 5%. One centre occurs in the vicinity of the mineralization found at the head of Alaskite Creek.
A second centre occupies an area in the vicinity of known mineralization along the ridge that
separates Rockslide and Talbot creeks. A third centre is located in the area of mineralization at the
head of Rockslide Creek. The general direction of dispersal is difficult to discern but appears to be
north to northwest. The tail portion of the dispersal is approximately 20 km. The head dispersal
distance is about 4 km.

Goethite

The general direction of the dispersal of goethite (Figure 18) is north and northwest. The two
centres of high concentration (>42%) are not associated with known mineralizations. The tail
portion of the dispersal from the most easterly centre of high concentration, which is shown as a
northwestern trend, is approximately 12 km. The distance of the head portion appears as about

A km, but has been exaggerated. The northeast bulging of this trend is attributed to an exaggeration
due to computer interpolation. Also apparent from the second centre of high concentration is a north
and northwest dispersal trend.

Hornblende

The dispersal pattern of hornblende show two areas of high concentration of more than 69%

(Figure 19). One of these, at the head of Alaskite Creek, is i the proximity to the mineralization at
the head of Alaskite Creek, The other area, to the west, is not associated with known

mineralization. The general north to northwest dispersal of the tail portion from the greater than
69% concentration area in Alaskite Creek to the 1% interval is over 12 km. The head portion of this
dispersal is about 4 km,

Zircon

The dispersal of zircon (Figure 20) is difficult to discern but does seem to have a northwest to west
trend. Two centres of high concentration (> 17 %) are identified, none of which are associated with
known mineralizations. The tail portion of the dispersal from the eastern centre of high
concentration to the 1% interval is approximately 12 km. The head portion is about 5 km.
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Opaques

A northwest dispersal trend in opaques evident from Figure 21. The area of highest opaque
concentration (> 87%) in the southeast portion of the dispersal pattern and corresponds to an area of
known mineralization at the head of Rockslide Creek. The dispersal distance of the tail portion from
this area to the 7% interval is approximately 16 km. The head portion distance over the same

concentration range is less than 6 km. The second centre of high concentration is not associated with
known mineralization.

As mentioned previously, the descriptions provided above were made with reference to the
mineral plots, but were done so with a view to compensate for computer generated "false” patterns.
The following is a synopsis of the heavy mineral dispersal trends.

DISPERSAL TREND DISPERSAL DISTANCE PROXIMITY TO KNOWN
DIRECTION HEAD TAIL MINERALIZATIONS
Orthopyroxene North and West 2 km 16 km Nane
Garnet Northwest 4 km 12 km None
Epidote Northwest 6 km 14 km None
Allanite Northwest 4 km 14 km Alaskite Creek
Hematite Northwest and North 4 km 20 km 1) Alaskite Creek

2) Rockslide Creek/
Talbot Creek Ridge
3) Rockslide Creek

Goethite Northwest and North 4 km 12 km None
Horublende Northwest and North 4 km 12 km Alaskite Creek
Zircon Northwest and West 5 km 12 km None

Opaques Northwest 6 km 16 km Rockslide Creek

Since it was not the intent of this analysis to detail minor variations in dispersal trends, but
rather to interpret regional patterns within the study area, it can guardedly be stated that there is a
preferred northwest dispersal trend with respect to heavy mineral concentration in the plateau
surficial sediments. Futhermore, these trends are continuous, and have been mapped over extensive
plateau surfaces that are dissected by numerous valleys. The regional implications of these trends
will be further discussed with reference to sediment transport in a later section.
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Figure 13
DISPERSAL PATTERN OF ORTHORYROXENE
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Figure 14
DISPERSAL PATTERN OF GARNET

0.5

0.1
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Figure 15
DISPERSAL PATTERN OF EPIDOTE
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Figure 16
DISPERSAL PATTERN OF ALLANITE <
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Eigure 17
DISPERSAL PATTERN OF HEMATITE <

0.1
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Figure 18
DISPERSAL PATTERN OF GOETHITE
>
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Figure 19
DISPERSAL PATTERN OF HORNBLENDE




Figure 20
DISPERSAL PATTERN OF ZIRCON
>
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Fiqure 21
DISPERSAL PATTERN OF OPAQUES *
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5.7 Silt and Clay Fraction: Geochemical Analysis

As with the heavy mineral analysis, the multi-element data are reported separately under
plateau and valley sample sites. A total of 94 plateau, and 53 valley silt and clay fraction samples
were submitted for analysis. The trace elements analysed for included: copper (Cu), lead (Pb),
melybdenum (Mo), cobalt (Co), nickel (Ni), chromium (Cr), manganese {(Mn). cadmium (Cd), silver
(Ag), bismuth (Bi), iron (Fe), arsenic (As), zinc (Zn), vanadium (V), tellurium (Te), uranium (U),
tungsten (W), antimony (Sb), selenium (Se), tin (Sn), and gold (Au). Table 22 present the results of
the multi-element analysis for plateaus and valleys respectively. All values are in ppm except for Fe
(%), and Au (ppb). Background and anomaly levels were calculated in the manner described
previously (detailed by Hawkes and Webb, 1962).

In order to set the stage for the ensuing discussion on these values, it is again emphasised that
since background values are considered estimates which fall within a range for any given area, if
variations in background or anomaly values of a mineral was twice as much between the plateau and
valley sites, it constituted a meaningful difference. For comparative purposes, the average
abundance of elements in granodiorite are also reported.

The background values for sixteen of the twenty-one elements analysed in both plateau and
valley sites are relatively similar. These include: Cu, Pb, Mo, Ni, Cr, Mn, Bi, Fe, Zn, V, Te, W,
Sb, Se, Sn, and Au. The remaining five elements (Co, Cd, Ag, As, and U), exhibit a distinct
difference in background values. In most cases, except for Co, background values for these elements
in valleys are reported as zero.

A somewhat different pattern emerges from the anomaly data. Twelve elements (Co, Ni, Cr,
Mn, Fe, Zn, V, Te, U, Sb, Se, and Sn) do not show an appreciable difference in anomaly levels.
However, nine elements (Cu, Pb, Mo, Cd, Ag, Bi, As, W, and Au) demonstrate considerable
differences, with plateau anomaly values in all cases being at least twice the corresponding valley
levels. The relatively similar background values for the majority of elements in the sediments from
plateau and valley sites probably indicates that there is a relatively uniform concentration of
elements, but because of profound differences in nine element anomaly values, clearly, distribution
of these elements is far from uniform.
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Table 22
MULTI-ELEMENT ANALYSIS
(PLATEAU SAMPLE SITES)
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5.7.1 Valley Dispersal Trends

The same restrictions which prohibited the plotting of mineral dispersal trends in valleys
applies also applies to the geochemical data. Table 23 provides a listing of element concentrations in

the valleys of the northern Ruby Range. The data in Table 23 is arranged from an upper to lower
valley order.

Talbot Creek

None of the element dispersal concentrations in Talbot Creek demonstrate a distinct preference for
increasing or decreasing in either an up-valley or down-valley direction, Three elements, Bi, Te,
and Se are not detected in any of the samples. Gold is only detected in an upper valley location.
The highest concentration of Cu, Pb, Cd, Ag, As, and U are also detected in upper valley locations.

The only elements to record concentrations equalling or exceeding anomaly levels are Pb, As, V, U,
W, and Sb; all occurring in upper valley locstions.

Alaskite Creek

Most of the elements analysed for show no preferred concentration trend. The only element that
appears to be demonstrating a trend is gold, which is increasing in concentration down-valley.
Concentrations for Ag, Bi, Te, and Sb were not detected in any samples. Anomaly levels for Mo,

Mn, Sn, and Au are observed in down-valley locations; anomaly leveis for zinc occur in both upper
and lower-valley locations.

Rockslide Creek
Samples in Rockslide Creek demonstrate no concentration trends in either a down or up-valley
direction. Bismuth (Bi) has not been detected in any sample. Anomaly values are detected for Cu,

Ni, Cd, Ag, As, Te, and W. All of these occurrences are generally located midway down the
valley.

Pass Creek

There are insufficient data to demonstrate preferred concentration trends. Anomaly levels are
recorded for Cd and Sn in an upper-valley location.

Ice Valley

None of the element dispersal concentrations in Ice Valley demonstrate a distinct preference for
increasing or decreasing in either an up-valley or down-valley direction. Five elements (Cd, Ag, Bi,
As, and Te) are not detected in any of the samples. Gold (Au) exhibits a consistent concentration
down the entire valley (10 ppb). An anomaly for Cu is detected in an upper-valley site, and
anomalous values for Pb, Cr, and Fe are observed in middle-valley locations.
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Moraing Valley

There are no prominent element dispersal trends in either an up or down-valley direction. Ag and Sb
are only detected in one middle-valley sample. No values were detected for Bi, Te, U, W, and Se.
Anomaly levels for Cu and Co are found in upper-valley locations. An anomalous value for Au is
found in a middle-valley sample site, and Ni exhibits an anomaly in a lower-valley location.

Gladstong North

There are insufficient data to demonstrate preferred concentration trends. There are no element
anomaly levels detected.

Caribou Cregk
There are insufficient data to demonstrate preferred concentration trends. Three elements exhibit
anomaly levels; Co and V in a lower-valley location, and Se in a middle-valley site.

mp Creek
The element data do not demonstrate a favoured up-valley or down-valley dirsction. Five elements
(Cd, Ag, Bi, As, and Te) are not detected in any sample. Anomaly values for Cr, Mn and Se are
detected in lower-valley locations.

The general observations made with respect to mineral dispersal trends apply to patterns
observed with element dispersals as well. The data as a whole indicates there are no overwhelming
dispersal trends in either an up-valley or down-valley direction. As well, element anomaly values
only occur occasionally, and are not concentrated in a preferred valley location (i.e., upper, middle,
or lower valley sites). These findings would be consistent with valley regions that experienced
glaciation on a local scale (small ice cap, cirque, and valley glaciers) with down-valley ice
movement, and regional ice penetrating the area in an up-valley direction, resulting in much of the
glacial sediments in the valleys being reworked numerous times by this up-valley and down-valley
flow, and subsequently modified by processes acting in the post-glacial alpine environment.

5.7.2 Plateau Dispersal Trends

The procedures and explanations for plotting the element concentration trends are analogous
to those described in the plotting of mineral trends in plateau regions. As with the heavy mineral
trends, the ensuing observations are made with reference to the individual element compositional
trends illustrated by piots, and arrived at with the prior knowledge of the “false" or "exaggerated”
patterns that the computer plots generate. (The topographic i...nsparent overlay, provided in the back
pocket, sheuid be aligned with the registration points on the individual dispersal plots.)
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Of the twenty-one elements analyzed for in the silt and clay fraction of the plateau surficial
sediment, eight elements exhibited prominent dispersal trends that facilitated plotting, and provides
the basis for the the ensuing descriptions. These include; lead (pb), molybdenum (Mo), chromium
(Cr), cadmium (Cd), silver (Ag), arsenic (As), uranium (U), and tin (Sn). (The plotting of element
concentration trends followed the same procedure outlined in the plotting of heavy mineral trends).
The dispersal patterns of the remaining eleven elements; copper (Cu), cobalt (Co), nickel (Ni),
manganese (Mn), bismuth (Bi), iron (Fe), zinc (Zn}, vanadium (V), tellurium (Te), tungsten (W),
antimony (Sb), selenium (Se), and gold (Au), displayed a random trend which did not facilitate
plotting. In many of the silt and clay fraction piateau samples, some of these elements were not
detected at all, or there was insufficient sample to make a determination.

Lead

There are two distinct dispersal patterns shown on Figure 22, The dispersal associated with the area
of high concentration (4970 ppm) on the southern plateau ridge at the head of Rockslide Creek is
associated with a zone of known mineralization. This dispersal demonstrates a preferred northwest
to west trend, with the tail of the pattern traced for about 8 km. The head portion of the trend
extends less than 2 km. The second pattern is centred on the ridge that separates Talbot and Alaskite
creeks, and is associated with an anomaly area of greater than 10610 ppm. This centre is not
identified with any known zone of mineralization. The trend exhibits a northwest to north dispersal
trend, with the tail portion of the dispersal traced for over 12 km. The head of this trend extends
less than 2 km, however, much of this is attributed to computer "fitting".

Molybdenum

The dispersal of Molybdenum on plateaus is shown on Figure 23. The area of highest concentration
(> 1300 ppm) corresponds to an area of known mineralization on the southern plateau ridge at the
head of Rockslide Creek. The general dispersal trend of the tail portion from the area of highest
concentration (> 1300 ppm) in a northwest direction is mapped over a distance of about 8 km to a
concentration of 173 ppm. The head portion of this trend is less than 2 km, and much of this it
auwributed to computer "fitting".

Chromium

Chromium displays a northwest to north dispersal trend, with the area of highest concentration
located on the plateau surface between the upper-valley reaches of Ice Valley, Alaskite Creek, and
Rockslide Creek (Figure 24). This centre is in the vicinity of known mineralization at the head of
Alaskite Creek. The tail portion of the dispersal trend, from the area of highest concentration to the
129 ppm interval in the northwest or north direction is approximately 12 to 16 km. The tail portion
over the same concentration range is less than 1 km.
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Cadmium

Figure 25 shows a rather complex dispersal pattern with a general northwest trend, along with some

north to northeast patterns emerging. The centre of highest concentration (an anomaly of >57 ppm)
is located in an area of known mineralization at the head of Rockslide Creek. The tail of the general
northwest dispersal pattern extends about 10 km, while the head portion is traced for less than 2 km,
The widening of the dispersal trend in a northeast to north direction may be attributed to; the lack of
plateau sample sites in these locations, unknown mineralizations, or secondary dispersals.

Silver

The dispersal trend of Silver is shown on Figure 26. Two centres of high concentration are evident,
each with a northwest to north dispersal trend. The centre (>31 ppm) on the plateau ridge
separating Rockslide, Talbot and Alaskite creeks is located in an area of known mineralization. It is
difficult to discern whether the main dispersal trend (tail) is in a northwest or north direction. In all
cases, the tail portions would extend at least 4 km. The head portions would corresponingly extend
up to about 2 km. The second dispersal pattern is centred in the vicinity of another known zone of
mineralization at the head of Alaskite Creek. The tail portion of this trend is tracable for at least 10
km in a northwesterly direction. The head portion appears to extend for about 4 km, but is strongly
compromised by the plotting technique.

Arsenic

Arsenic demonstrates a distinct northwest dispersal trend (Figure 26) with the area of highest
concentration (anomaly > 1636 ppm) not associated with any known zone of mineralization. The tail
portion of the trend is mapped for over 18 km while the head was traced for less than 1 km. What
appears to be a northern dispersal pattern is attributed to computer interpretation, since no plateau
samples are located in this area.

Uranium

Uranium exhibits an apparent multitude of dispersal trends from northwest, north, to northeast
(Figure 28). However it appears, albeit not distinct, that a northwest trend predominates. The two
areas of highest concentration (> 59 ppm) are located in the vicinity of known mineralization on the
plateau ridge at the head of Rockslide Creek. The tail portions of these trends can be traced
approximately 6 to 10 km in a northwest direction. The corresponding heads of these trends extend
less than 2 km. A third centre of high uranium concentration (>37 ppm) is located on the plateau
surface near the upper-valley portion of Ice Valley and is not associated with a zone of known
mineralization. A weak northwest to north dispersal trend (tail) is trace for approximately 8 km.
The head portion of this trend extends for less than 2 km.
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Tin

The main dispersal pattern of tin (Figure 29) is difficult to determine but appears to be in a northwest
to north direction with the area of highest concentration (> 206 ppm) being located in the vicinity of
a zone of known mineralization on the plateau ridge that separates Talbot, Rockslide, and Alaskite
creeks. The tail portion of the dispersal pattern extending northwest is about 14 km; the tail portion
for a northern trend extends about 12 km. In both instances, the head portion of the dispersals
extend to about 2 km. Because of the greater abundance of plateau sample sites in the northwestern
portion of this pattern, as compared with fewer sites in the northern portion of the dispersal pattern,
the northwest trend probably respresents the main direction of dispersal.

As was the case with the heavy mineral descriptions, the dispersal patterns described above
were made with reference to the element concentration plots, but were done so with a view to

compensate for computer generated "false" patterns. The following is a summary of element
dispersal trends.

DISPERSAL TREND DISPERSAL DISTANCE PROXIMITY TO KNOWN
DIRECTION HEAD TAIL MINERALIZATIONS
Lead Northwest and West 2 km 8 km Fockslide Creek
Northwest and North 2 km 8 km None
Molybdenum Northwest 2 km 8 km Rockslide Creek
Chromium Northwest and North 1 km 16 km Alaskite Creek
Cadmium Northwest, North,
and Northeast 2 km 10 km Rockslide Creek
Silver Northwest and North 2 km 4 km Rockslide Creek/
Talbot Creek Ridge
Northwest and North 4 km 10 km Alaskite Creek
Arsenic Northwest 1 km 18 km None
Uranium Northwest, North,
and Northeast 2 km 10 km Rockslide Creek
Northwest and North 2 km 8 km None
Tin Northwest and North 2 km 14 km Rockslide Creek/

Talbat Creek Ridge

Although as indicated above, and illustrated in the individual element plots, the dispersal
trends may be interpreted as being in more than one direction, it is evident that there is a regionally
preferred northwest dispersal trend. Other directional trends may be attributed to a number of
factors including; i) inadequate sampling density on some plateau regions, i) plotting technique, iii)
processes affecting dispersals on a local scale, iv) dispersals atiributed to unknown mineralizations,
and v) multiple regional trends of varying extent, some possibly relic.

Futhermore, the northwest trends are generally more continuous, and have been mapped over
extensive plateau surfaces that are dissected by numerous valleys. The other directional trends are
generally less extensive, and are not observed to span extensive plateau surfaces dissected by valleys,
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Figure 22
DISPERSAL PATTERN OF LEAD >
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Figure 23
DISPERSAL PATTERN OF MOLYBDENUM >
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Figure 24
DISPERSAL PATTERN OF CHROMIUM
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Figure 25
DISPERSAL PATTERN OF CADMIUM x
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Figure 26
DISPERSAL PATTERN OF SILVER
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Figure 27
DISFERSAL PATTERN QF ARSENIC
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Figure 28
DISPERSAL PATTERN COF URANIUM
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Figure 29
DISPERSAL PATTERN OF TIN
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5.7.3 Element Mobility in the Secondary Environment:
Implications for Valley and Plateau Dispersal Patterns

Element mobility in the secondary environment has already been briefly referred to in
previous discussions relating to provenance implications of selected minerals. Since this topic has
important implications to element dispersal trends, a more detailed discription will follow. There are
numerous texts relating to the circulation and movement of material within and between the primary
and secondary environment (e.g., Rankama and Sahama 1950; Goldschmidt, 1954; Bear 1964,
Mitchell, 1964, 1972; Garrels and Christ, 1965; Krauskopf, 1967, Saxby, 1969; Loughnan, 1969;
Hunt, 1972; Levinson, 1980). Although it is beyond the scope of this discussion to detail these
aspects, some relative degrees of mobility of elements in the northern Ruby Range environment will
be addressed.

The secondary environment comprises the surficial processes of weathering, soil formation
and sedimentation on the bedrock surface (Hawkes 1957; Hawkes and Webb 1962). Therefore, the
secondary environment includes all unconsolidated material on the bedrock surface along with
associated processes of weathering. It is characterized by relatively lower temperatures and pressures
(as compared to those of the deep seated processes of igneous differentiation and metamorphism),
abundant free oxygen and other gases, and the relatively free flow of fluids (Hawkes and
Webb 1962: Levinson 1980). The distribution of elements in the secondary environment is
dependent upon chemical and physical weathering acting simultaneously. Chemical weathering
involves the breakdown of rocks and minerals and dispersion of the released elements, usually by
water. Hence, abundant water, carbon dioxide, and oxygen are essential in this type of weathering.
Physical weathering includes those processes of rock disintegration which do not employ chemical
reactions or mineralogical changes. This process is generally most effective in cold environments,
and alpine regions.

The distribution of elements can be attributed to chemical and physical mobility. Mobility is
defined as the ease with which an element can be dispersed within a specific environment.
Determining the mobility of elements in the secondary environment requires an appreciation of many
factors, for example:

1) The nature of the medium; mobility in groundwater will vary from that in surface water flow,
and water migration within and through sediment.

2) Variations of rock types in surficial sediment; certain heavy metals form acid water precipitates
when the water is neutralized by contact with carbonates.
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3) The presence and affects of micru-arganisms which can reduce sulfate to sulfides.

4) The presence of dissolved gases such as CO, which contro! the solubility of certrin compounds.
(These and other factors are summarized by Levinson, 1980).

As was previously mentioned, Andrews-Jones (1968) empirically estimated the relative
chemical mobilities of elements in the secondary environment which has application to the northern
Ruby Range study area. His classification is based on environmental conditions which include an
oxidizing and reducing tendency. Table 24 summarizes the relative mobility of elements under
various environmental conditions. The relative mobilities and environmental conditions are adapted
from Andrews-Jones (1968). Eh values of elements are given in the oxidizing column.

At virtually all sample locations, and in particular in valley sampled sites, a hematite staining
was noticed on many rocks and boulders. The staining is a good indication of strong oxidation.
Barakso (1970) after taking numerous readings of the pH and Eh of streams in the Talbot Creck and
Rockslide Creek areas noted that the environmental conditions were extremely acid and rich in
oxidizing material (average pH 2.5, Eh 0.8). In addition to abundant oxygen, the free drainage in
valleys makes oxidation a significant process of element dispersal. Similarly, but to a much lesser
extent, oxidation was noticed to occur on plateaus. As discussed in the provenance implications of
selected minerals section, the intensity is not as great as that in the valleys because of restricted free

draina~e and the presence of permafrost. Reducing conditions were noted to be more predominant
or. the plateau surfaces.

From Table 24, it is evident that under oxidizing conditions the following elements exhibit
medium to high mobilities; Zn, Mo, V, U, Se, Cu, Co, Ni, Ag, As, Au, and Cd. No elements
analysed for are identified under the medium, high, or very high relative mobility column in reducing
conditions. In fact, most elements are identified as being relatively immobile. Under acid
conditions, Mo, V, U, Se, Zn, Cu, Co, Ni, Ag, Au, As, and Cd exhibit medium to high mobilities.
Since the valleys of the study area are environmentally acidic and oxidizing, most of the elements
analyzed for would be expected to be widely dispersed. This was in fact observed in the dispersal
patterns of elements in valleys, where it was concluded that the data as a whole indicated there were
no discernable dispersal trends in either an up-valley or down-valley direction, but rather a scattered
or random pattern.

On plateau surfaces, where reducing conditions dominate, virtually all elements are identified

as exhibiting very low to immobile mobilities (Table 24). In this study, eight of the twenty-one
elements analyzed demonstrated discernable dispersal trends, and of the remaining eleven elements,
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Table 24

RELATIVE MOBILITY OF ELEMENTS
IN THE SECONDARY ENVIRONMENT

ENVIRONMENTAL CONDITIONS

RELATIVE MOBILITIES Oxidizing Reducing Acid Neutral/Alkaline
Very High Mo, Se, U, V
High Zn, Se, Mo, Mo, Au, Ag,
V.U Se, Zn, Cu,
Co, Ni, U, V
Medium Cu, Co, Ni, As, Cd As, Cd
Ag, Au, As,
Cd
Low Bi, pb, Sb Fe, Mn Bi, pb, Sb, Bi, pb, Fe, Mn
Fe, Mn
Very Low to Immobile Fe, Sn, Mn, Sn, Sb, Te, Sn, Cr, Te, W Sn, Au, Te, Cr, Zn,
Te, Cr, W Cr, 8Bi, Mo, Cu, Co, Ni, Ag, W
Se, pb, Zn,
Co, Cu, Ni,
Ag, Au, As,
Cd, U, V., W

Madified from Andrews-Jones {1968}
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in many of the silt and clay fraction plateau samples, some elements were not detected &t ali, or there
was insufficient sample to make a determination (these included, Bi, Te, W, Sb, Se, and Au).
Therefore, over half of the elements for which continuous data was available, demonstrated
discernable dispersal trends on the plateau surfaces, which cannot be exclusively related to element
mobility in this environment.

5.7.4 Dispersal Models: Distance Decay Analysis

To facilitate discussion on the nature of sediment transport, it is useful to characterize mineral
and element dispersal trends on plateau surfaces with respect to distance decay curves (Figure 30),
which represent the decrease in concentration with distance (Taylor, 1975; Harries, 1982). The
slope and dimensions of the curves are determined by the physical characteristics of the components
being dispersed, and by the inferred mode of transport.

The dispersal trends of heavy minerals and elemeras plotted on the plateau surfaces are
described with reference to dispersal curves. A straight line was drawn through the dispersal plots,
which is taken to represent the main directional trend. Aithcugh in most cases this line spans the
furthest extent of the dispersal plots, it is recognized that in some instances alternative lines
representing the main directional trend may be inferred. However, for the purposes of this analysis,
it was decided not to pursue this aspect further. A profile view of the actual dispersal of elements
was plotted so that the X axis represents distance, the Y axis represent concentration. (Graphs are not
shown.)

The procedure was carried out twice for ea.n dispersal trend. The first operation represented
the actual concentration over distance of the computer generated plots so that the intersections of the
isolines with the line representing the dispersal directions were taken as data points. The second
operation utilized the actual sample sites as data points with relation to the line representing dispersal
direction. This was accomplished by joining concentration values represented by sample sites
perpendicular to the line of dispersal. The rational for using isoline values and actual sample site
cor. entration values was to see what, if any affect computer smoothing had on the dispersal trends.

The isolines for the dispersal trends are for specific concentrations and the values are

assumed to vary smoothly over the intervals between any two isulines such that midway between any
two isolines, the concentration will be half the difference of the two isolines,
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Figure 30
DISTANCE DECAY CURVES
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Table 25
HEAVY MINERAL DISTANCE DECAY ANALYSIC

SQUARE ROOT
EXPONENTIAL NORMAL EXPONENTIAL LOG NORMAL PARETO
HEAVY MINERAL MODEL MODEL MODEL MODEL MODEL
ALLANITE
Isoline Data 614 685 549 .563 482
Actual Data .259 347 234 .198 J63
GOETHITE
Isoline Data .957 .8486 .886 .929 961
Actual Data .a08 673 977 .808 940
EPIDOTE
Isoline Data 695 738 667 607 81
Actual Data .263 .148 442 179 299
ZIRCON
tsoline Data 915 .839 929 .798 .929
Actual Data 626 508 656 551 617
HORNBLENDE
Isoline Data .932 748 914 913 .979
Actual Data 862 .679 .892 .867 .954
ORTHOPYROXENE
Isoline Data 807 814 810 763 .65
Actual Data 741 627 723 673 717
HEMATITE
Isoline Data .8903 975 .B01 .B47 695
Actual Data .138 071 268 .07 72
GARNET
Isoline Data 726 273 648 .643 565
Actual Data .682 .653 .612 .662 5561
OPAQUES
Isoline Data 727 885 .651 .688 .564
Actual Data 745 .892 535 727 .549

isoline and Actual Data values are correlation coefficients.
Best fit correlation coefficients are underlined.

156



Table 26
ELEMENT DISTANCE DECAY ANALYSIS

SQARE ROOT
EXPONENTIAL NORMAL EXPONENTIAL LOG NORMAL PARETOQ
ELEMENTS MODEL MODEL MODEL MODEL MODEL
CHROMIUM
Isoline Data 802 797 797 774 791
Actual Data 463 451 416 443 457
ARSENIC
Isoline Data 91 877 926 882 .938
Actual Data 772 .782 746 798 697
SILVER (1}
Isoline Data 94 8N 964 .875 .974
Actual Data 205 2256 .206 211 .187
SILVER {2)
Isoline Data .865 .768 .897 810 910
Actual Data 0N 010 .038 .012 049
CADMIUM
{soline Data .954 891 972 914 973
Actual Data 744 785 714 750 .670
LEAD (1)
Isoline Data 973 986 956 975 929
Actual Data 871 .790 890 .853 .888
LEAD {2)
Isoline Data .948 .B71 957 231 .936
Actual Data .844 .782 .864 827 867
MOLYBDENUM
Isoline Data .208 .942 .889 917 857
Actual Data .840 .845 .817 .853 775
URANIUM (1)
Isoline Data .862 901 .837 869 .812
Actual Data .396 385 .395 430 .382
URANIUM (2]
Isoline Data 954 .800 976 .890 .994
Actual Data 829 .968 .889 .959 .830
TN
Isoline Data 920 .807 957 .885 971
Actual Data .389 288 441 .360 478

Isoline and Actual Data values are correlation coefficients.
Best fit correlation coeflicients are underlined.
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In order to facilitate the adaptation of these curves to the distance decay curves, the data are
transformed so that it has a linear pattern. Then a simple linear regression line is fitted to the
transformed data. On all the plots, the logarithm of the concentration is plotted against various
transformations of the distance to achieve the desired model. These transformations are;

i) Normal Model, distance squared (d?%),

ii) Exponential Model, distance untransformed (d),

iii) Square Root Exponential Model, square root of distance /d),
iv) Log-Normal Model, logarithm of distance squared ({log d)%),
v) Pareto Model, logarithm of distance (log d).

A comparison of correlation coefficients should reveal the affects of smoothing, as well as
indicate which distance decay curve best fits the dispersal trends. Tables 25 and 26 present the
heavy mineral and element distance decay correlation coefficient (best fit) data respectively. Initial
examination of the dispersal graphs of heavy minerals and elements shows that computer smoothing
has had an affect on the distance decay curves representing dispersal trends. This is demonstrated in
the correlation coefficients representing both isoline and actual data. Generally, the heavy mineral
distance decay curves appear to be best represented by the normal, and square root exponential
models. The element distance decay curves seem to favour the normal, and pareto models.

5.7.5 Heavy Mineral and Geochemical Analysis: An Overview

The use of element and heavy mineral occurrences for determining composition, provenance
and dispersal trends have for the most part been exploratory. The technique has mainly been applied
in Canada to those areas affected by the Laurentide Ice Sheet which because of its extent included
areas of varied terrain (Shilts et al., 1979; Klassen, 1982). It has also been utilized in Finland
(e.g., Virkkala, 1971; Perttunen, 1977; Taipale et al., 1986) and Sweden (e.g., Linden, 1975). The
technique has in the past proven invaluable in determining compositional variations in rock types,
provenance of mineral suits, and processes and rates of erosion (Flint, 1957; Dreimanis, 1971; Shilts
et al., 1979; Klassen, 1982, 1984; Paré, 1982; Henderson, 1989).

Although this technique has been shown to apply both theoretically and practically to alpine
valley situations, its adaptation to alpine and sub-alpine regions with extensive plateaus and deeply
incised glaciated valleys such as those in the northern Ruby Range have not been attempted
(Bradshaw et al., 1975; Bradshaw, 1975; Levinson, 1980).
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A number of observations and interpretations have been made concerning the heavy mineral
fraction (fine sand), relating to composition, assemblages, and dispersal trends. Similarly, analysis
of the silt and clay fraction has generated geochemical data with respect to background and anomaly
values, as well as dispersal trends, The purpose of this section is to succinctly summarize these
observations and conclusions in order to set the stage for a discussion on the nature of sediment
transport.

Fine Sand Fraction; Heavy Mineral Analysis

i)  The average proportion of heavy minerals identified in the sediment from plateau and valley
locations were similar. Therfore, the sediment from both plateau and valley sites do not vary
greatly in heavy mineral species and proportions.

i)  Except for minor differences, the background values for most heavy minerals in both plateau
and valley samples are quite similar. As well, the anomaly values are also relatively
comparable for most minerals.

fii) ‘The heavy mineral assemblages derived from plateau and valleys sediments were alike.

iv) The data do not support a clear association between heavy mineral assemblages from plateau
and valley sediments, and those derived from bedrock within or outside the study area.
However, the mineral assemblages do not appear to be exclusively related to local bedrock
sources.

v)  The provenance of orthopyroxene, goethite, and allanite may be attributed to bedrock from
outside the study area, volcanic ash, and meteoritic impacts, or a combination of these. Tie
occurrence of some of these minerals may also be associated with mineral alterations.

vi) Heavy mineral dispersals in valleys do not demonstrate an overwhelming trend in either an up-
valley or down-valley direction.

vii) Heavy mineral dispersals on the plateaus display a preferred northwest trend. Futhermore,
these trends are continuous, spanning many kilometres, and have been mapped over extensive

plateau surfaces dissected by numerous valleys.

viii) The heavy mineral distance decay curves (tail portion of the dispersals) appear to be best
represented by the normal, and square root exponential models.
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Silt and Clay Fraction; Geochemical Analysi

iii)

vi)

Similar background values for the majority of elements in the sediments from plateau and vatley
sites indicate; that there is a relatively uniform concentration of elements, but because of

profound differences in nine element anomaly values, the distribution of these elements is far
from uniform.

There are no clear dispersal trends in either an up-valley or down-valley direction.

Although some element dispersal trends on plateaus may be interpreted as being in more than
one direction, it is evident that there is a regionally preferred northwest dispersal trend. The
northwest trends are generally more continuous, spanning many kilometres, and have been
mapped over extensive plateau surfaces that are dissected by numerous valleys. The

other directional trends are generally less extensive, and are not observed to span extensive
plateau surfaces dissected by valleys.

Since the valleys of the study area are environmentally acidic and oxidizing, most of the
elements analyzed for would be expected to be widely dispersed, which was observed.

On plateau surfaces where reducing conditions dominate, element mobility is very low to

immobile. Over half of the elements for which continuous data was available demonstrated

discernable dispersal trends which cannot be exclusively related to element mobility in this
environment.

Element distance decay curves seem to favour the Normal, and Pareto models.
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Chapter 6
A DISCUSSION ON THE EVOLUTION OF
THE PLATEAU SURFACES OF THE NORTHERN RUBY RANGE

6.1 Introduction

The primary objective of this thesis was to offer explanations on the evolution of the plateau
surfaces in the northern Ruby Range, Yukon Territory. In addressing this objective two research
questions were posed:

i) Can the compositional trends observed in the heavy mineral and geochemical data on the plateaus
provide geological evidence (lacking in previous descriptions of these regions) which can
contribute to the solution to the question of how the plateau landscape evolved? Specifically,
depending upon the genesis of the plateau sediments (i.e., local, glacial, etc.), what processes
were responsible for these dispersals {(glaciation, periglacial, aeolian, tectonic)? and,

i) Are similar compositional trends observed in the valleys of the Ruby Range, and what are the
implications of these patterns?

Based on the observations and interpretations derived from data accrued from the examination
of surficial deposits from valleys and plateaus, specifically with the use of heavy mineral and
geochemical composition analysis, a discussion on whether the geological and geomorphological
evidence from the study area can support the belief that piateau regions were subjected to giaciation,
or other evolutionary processes, can ensue.

6.2 Mineral and Geochemical Primary and Secondary Dispersal Patterns

The general environmental (geological) classification of dispersals are grouped into primary
and secondary. Primary dispersal is characterized by deep-seated conditions of relatively high
pressure and temperature. The products of primary dispersal are the mineralogical and geochemical
patterns that are preserved in rocks that later, due to uplift and erosion, become exposed at the
surface. The penetic classification of primary dispersals patterns include syngenetic and epigenetic
patterns. Syngenetic patterns are formed at the same time as the enclosing rock, whereas epigenetic
patterns are formed by material introduced in some way into a pre-existing matrix (Hawkes and
Webb, 1962).

Secondary dispersal prevails at the surface under conditions of relatively low pressure and
temperature and involves the disintegration of rocks by weathering, which are made available for
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further erosion and deposition away from the place of origin (Hawkes and Webb, 1962; Kauranne,
1976). During the course of transportation, selective deposition or sedimentation often results in the
redistribution of the dispersed products. The dispersal pattern or trends, is regulated by chemical
and physical properties of the various dispersed constituents, and of the mode of transportation.
These dispersal patterns are a direct consequence of dispersal processes. As was the case with
primary dispersal, the dispersal patterns are classified according to when they formed, relative to the
sediment they are in, and how they formed. On this basis, patterns formed contemporaneously with
the sediment deposit are called syngenetic. Patterns that formed after sediment deposition are called
epigenetic. Patterns are further classified as; i) clastic, where the dispersal is mainly by movement
of solid particles, ii) hydromorphic, aqueous solutions, and iii) biogenic, where the patterns are the
result of biological activity (Hawkes and Webb, 1962).

6.3 Valley Implications

Since the implications of mineral and element compositional trends found in till samples {rom
the valleys of' the northern Ruby Range have been addressed in the previous chapter, only a brief
summary of these implications will be presented here with reference to plateaus.

i) The average proportion of the heavy minerals is similar for both plateau and valley sediment
samples. However, the range of the proportions (jie. difference between minimum and
maximum) varies considerably in most minerals. This indicates that the sediment from both
plateau and valley sites do not vary greatly in heavy mineral species and proportions, but do
exhibit a variable range. This may imply more reworking of sediment in the valleys.

ii) Apart from the relative lack of allanite on plateaus and goethite in valleys, the heavy mineral
assemblages derived from valley and plateau sediments are similar. The data do not support a
clear association between the heavy mineral assemblage derived from valley sediments (as well
as plateau sediments) and those derived from bedrock sources within or outside the study area.

Clearly, the heavy mineral assemblage for valley samples is not exclusively related to local
bedrock sources.

iiiy Except for minor differences, the background values for most heavy minerals in both plateau and
valley samples are quite similar; anomaly values are also relatively similar with some minor
variations. This indicates there is a relatively uniform concentration of minerals in the sediment
from both plateaus and valleys, as exemplified by background values, but because of the
differences in some anomaly values, demonstrate a varying dispersal pattern.
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iv) An examination of heavy mineral concentration patterns in the valleys in the northern Ruby
Range which include; Talbot Creek, Alaskite Creek, Rockslide Creek, Ice Valley, Pass Creek,
Moraine Valley, Gladstone North, Caribou Creek and Camp Creek, indicated that there is no
evidence to suggest minerals demonstrate an overwheiming dispersai trend in either an up-valley
or down-valley direction. These conditions were not unexpected since valleys in the northern
Ruby Range exhibit a classical glaciated U-shape with evidence of glaciation on a local scale
(small ice cap, cirque, and valley glaciers) with down-valley ice movement, and regional ice
penetrating the area in an up-valley direction. Therefore, much of the glacial sediments in the
valleys must have been reworked numerous times by up-valley and down-valley glacier flows.

v) The background values for sixteen of the twenty-one elements analyzed in both plateau and
valley sites are relatively similar. A somewhat different pattern emerges from the anomaly data.
Twelve elements do not show an appreciable difference in anomaly levels. However, nine
elements demonstrate considerable differences, with plateau anomaly values in all cases being at
least twice the corresponding valley levels. The similar background values for the majority of
elements in the sediments from plateau and valley sites indicates that there is a uniform
concentration of elements, but because of profound differences in some element anomaly values,
the distribution of these elements is variable.

vi) The geochemical data indicates there are no discernable dispersal patterns in either an up-valley
or down-valley direction. This may be attributed to the mobility of elements in this environment
which is acidic and oxidizing.

Based on the analysis of the fine sand fraction (heavy minerals}, and the silt and clay fraction
(geochemical analysis) found in till from the valleys of the northern Ruby Range, and the surficial
sediments from plateau samples, it is concluded that in both valley and plateau sediments, heavy
mineral composition and assemblages are similar, and the geochemical nature of the silt and clay
fractions are comparable. Therefore, it would seem likely that some of the glacial sediment in the
valleys may be of similar origin as the surficial sediment on plateau surfaces, as well as being
derived from plateau sediment.

Since both the heavy mineral and geochemical data show no discernable up-valley or down-
valley increase or decrease in concentration, and because the valleys were subjected to a number of
up and down valley glacial flows, as well as being affected by other processes, the random dispersals
of minerals and elements would be best described as secondary, epigenetic dispersals. The dispersals
could aiso be classified as clastic, hydromorphic, and biogenic patterns.
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6.4 Plai=au Evolution

There have been few environment related studies focusing on the Ruby Range, and even
fewer research endeavours pertaining to glaciation. The plateau regions of the northern Ruby Range
have, for the most part, only been referred to in vague generalities as an old, uplifted, unglaciated,
erosional surface of unknown age. The presence of tor-like structures and other periglacial features,
along with the apparent absence of any glacially related features indeed does promote this portrayal.
Analyses performed on surficial sediments taken from the plateau surfaces indicate that at least some
of this material may not be of local origin, and discernable dispersal trends are evident in certain
heavy minerals and elements which can be traced to known sources of mineralizations. As well,
other trends have been mapped which may be associated with mineralizations which have rot yet
been delineated. The most striking characteristics of these trends are demonstrated by their
continuous form, spanning many kilometres, and their patterns extending over extensive plateau
surfaces that are dissected by numerous valleys.

In order to account for these findings and observations, the central research question which
must be addressed is; "can the compositional trends observed in the heavy mineral and geochemical
data on the plateaus provide geological evidence (lacking in previous descriptions of these regions)
which can contribute to the solution to the question of how the plateau landscape evolved?
Specifically, depending upon the genesis of the plateau sediments (ie. local, glacial, etc.), what
processes were responsible for these dispersals (glaciation, periglacial, aeolian, tectonic)?"

6.4.1 Geological Terrane Considerations

The Geological terranes in southwest Yukon are described as allochthonous, that is, displaced
over a considerable distance from their place of formation. Generally, terranes of southwestern
Yukon are aligned and trending predominately north to northwest. The Ruby Range is part of the
Coast Belt which is described as a metamorphic and plutonic belt, consisting of Jurassic to Tertiary
granitic rocks and varied metamorphosed sedimentary and volcanic strafa ranging in age from
Paleozoic to early Tertiary (Clague, 1991). Specifically, the northern Ruby Range constitutes part of
the Tracey Arm Terrane which consist of schist, paragneiss, amphibolite, marble, serpentine, and
other metamorphosed sedimentary and igneous rocks of probable pre-early Triassic age
(Gareau, 1992).

The Tracey Arm Terrane (northern Ruby Range), and indeed all terranes comprising
southwestern Yukon have been subjected to uplift, but the patterns of movement are spatially variable
within different terranes. Vanicek and Nagy (1981) conclude that the maximum rate of uplift for
southwest Yukon is currently about 2.4 cm/yr, but it is not currently possible to distinguish vertical
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crustal movements due to tectonic processes and those due to glacial unloading (Hicks and Shofnos,
1965; Evans, 1991). However, since contemporary uplift is evident in other parts of the Cordillera,
these movements are mainly attributed to tectonic activity (Clague et al., 1982; Riddihough, 1982;
Clague, 1991).

The question which arises from the consideration of the geological features associated with
the Tracey Arm Terrane is, what are the implications with respect to heavy mineral and element
dispersal patterns? Specifically, are the geological and structural characteristics of the Tracey Arm
Terrane responsible for the heavy mineral and element dispersal patterns observed in the surficial
sediment on the plateau surfaces? In order to pursue this theme, it would seem reasonable (if not
essential), to consider the surficial sediment on the plateau surfaces as a product of a progressive
disintegration and decomposition of rock material in situ.

Primary dispersal has been described previously as being characterized by deep-seated
conditions of relatively high pressure and temperature. The products of primary dispersal are the
mineralogical and geochemical patterns that are preserved in rocks that later, due to uplift and
erosion, become exposed at the surface. However, when the rocks and minerals typical of the
deeper zone are exposed at or near the surface, they are brought into a vastly different environment
which is characterized by lower temperatures and pressure, and high concentrations of water, free
oxygen, and carbon dioxide. Most minerals that are formed under the deep-seated conditions are not
stable in the surface environment, and therefore tend to be reconstituted to new forms that are stable
with the environment. This is particularly true of igneous and metamorphic rocks (Hawkes and
Webb, 1962). The product of this process is a mixture of resistant primary minerals with a suite of
new mineral constituents that are stable in the surface environment, collectively forming the regolith.
The regolith will therefore reflect, to a certain extent, the mineralogical and geochemical patterns of
the underlying rock, and would be indicative of epigenetic patterns.

Attempts have been made to characterize various types of primary dispersal patterns which
have ultimately been exposed to the surface environment, and which find expression in epigenetic
patterns in the regolith. Two such epigenetic patterns have been identified as being generated by
hydrothermal activity, and pressure-temperature effects (e.g., Hawkes and Webb, 1962;

Kauranne, 1976). The complex processes involved in hydrothermal activity, and pressure-
temperature effects with respect to heavy mineral and geochemical zonation are reported in a number
of texts. The concern with hydrothermal activity and pressure-temperature effects in this study
relates specifically to the form of dispersal patterns associated with these processes in regions of
mineralizations.
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In all genetic classifications of hydrothermal and pressure-temperature generated mineral and
geochemical dispersals, the patterns are described as either resembling aureoles, halos, systernatic
variation with distance, or concentric isotherms (Hawkes and Webb, 1962). In a "static regolith
environment”, the mineral and geochemical patterns would "fingerprint” the patterns associated with
the mineralization in the underlying rock. Hence, depending on the extent of the mineralization, the
dispersal patterns would constitute an outward, decreasing trend. However, since "static regolith
environment" is somewhat of an oxymoron, it is not likely that these patterns would appear in the
regolith as such. The patterns in the regolith would not only reflect mineralization, but local
fracturing, etc. Add to this any secondary dispersal patterns resulting from the subsequent
weathering of the regolith, mineral and geochemical dispersal trends may vary from those described
above.

Therefore, the fact that the heavy mineral and geochemical dispersal trends mapped on
plateau surfaces resemble fan-like patterns and not aureoles, halos, systematic variations with
distance, or concentric isotherms, does not entirely rule out an exclusive association with the
underlying geology. As well, since the current geological descriptions of the northern Ruby Range
are somewhat generalized, the identification and delineation of mineralizations in the region is
incomplete, and hence the dimensions of patterns cannot be accurately estimated.

With respect to regional geological and structural concerns, whether the overall north to
northwest alignment of the Tracey Arm Terrane, and the more restricted but relatively well defined
northwest mineral and element dispersal trends are directly related is uncertain, but are more likely
coincidental. Although reported evidence of overburden displacement due to earthquakes has been
minimal, some observations suggest that both vertical and lateral displacement has occurred
throughout the Quaternary. However, the displacements appear to be very localized, of the order of
only a few hundred meters, and would probably not account for the mineral and element dispersal
trends.

To imply that the general geological and structural characteristics of the Tracey Arm Terrane
are entirely responsible for the heavy mineral and element dispersal trends observed on plateau
surfaces would be speculative. If terrane attributes did play a major role in these dispersals it is
more probable that they are related to varying terrane conditions on a local as opposed to a macro
scale. Moreover, the plateau surfaces of the Ruby Range (and entire Yukon Plateau) have been
characterized as remnants of an old, uplifted erosion surface, which has experienced uplift
throughout the Quaternary and probably earlier (Bostock, 1948; Tempelman-Kluit, 1974;

Hughes, 1990). If one is to assume the surficial sediments on the plateau surfaces are exclusively a
product of a progressive disintegration and decomposition of rock material in situ, then surely over
the span the last 2 Ma this material must have been subjected to secondary dispersal processes.

166



6.4.2 Secondary Dispersal Patterns

A general introduction to secondary dispersals has been presented in the beginning of this
chapter. What follows is a discussion on principal transporting agents and subsequent dispersal
patterns. Secondary dispersal is controlled by chemical (including biochemical) and mechanical
factors. The products of weathering are partitioned between the relatively immobile solid phase that
constitutes overburden, and the mobile fluid phase. The solid phase is comprised of the insoluble
products of weathering (clastic fragments), which are transported and dispersed by mechanical
processes, whereas the fluid phase consists of weathering products that are either soluble, or that
occur in forms that can be readily suspended and transported in water (Hawkes and Webb, 1962).

6.4.2.1 Chemical Factors

Discussion on some aspects of chemical factors has been previously presented with reference
to element mobility in the secondary environment. The following is a summary of that discussion:

i) 'The distribution of elements were attributed to chemical and physical mobility. Mobility was
defined as the ease with which an element can be dispersed within a specific environment.

ii} The mobility of elements in the secondary environment is dependent upon:

- The nature of the medium; mobility in groundwater will vary from that in surface water flow,
and water migration within and through sediment.

- Variations of rock types in surficial sediment; certain heavy metals form acid water pre-
cipitate when the water is neutralized by contact with carbonates.

- The presence and affects of micro-organisms which can reduce sulfate to sulfides.

- The presence of dissolved gases such as C0, which control the solubility of certain
compounds. (These and other factors are summarized by Levinson, 1980).

iii) On plateau surfaces, limited oxidation was noticed to occur because of restricted drainage and

the presence of permafrost. Reducing conditions were noted to be more predominant on these
surfaces.
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iv) Virally all elements on plateau surfaces were identified as exhibiting very low to no mobility.
Over half of the elements for which continuous data was available, demonstrated discernable

dispersal trends on the platean surfaces, which cannot be exclusively related to element mobility
in this environment.

The principal transporting agents of elements in solution are ground water, and surface water.
Element dispersal patterns associated with ground water transport often manifest themselves in the
form of fans. Patterns associated with surface water transport produce ribbon-like or lateral patterns.
In both cases, the dispersal patterns would be generally confined in extent by drainage conditions.
Since element dispersal patterns observed on plateau surfaces are relatively continuous, spanning
many kilometres, and extending over extensive plateau surfaces dissected by numerous valleys, it is
unlikely they are the resuit of ground or surface water transport. A possible scenario that would
account for such extensive patterns would involve the plateau surfaces of the northern Ruby Range,
prior to stream incision, sloping in a preferred northwest direction, with established ground and
surface water drainage in a similar direction.

6.4.2.2 Mechanical Factors

There are a number of mechanical transporting agents that have been described in the
literature as redistributing regolith and other surficial sediment, as well as eroding and transporting
bedrock, which result in various mineral dispersal patterns (Mackie, 1923: Hawkes and Webb, 1962,
Washburn, 1980; Harris, 1986; Makarov, 1988; Bennett and French, 1988). Residual soil,
coliuvium, alluvial sediments, and till are the most common media for dispersal patterns. The degree
to which sediment composition reflects the bedrock source from which it was eroded depends on the
erosion process, and the extent of sediment modification during transportation, deposition,' and
diagenesis (Henderson, 1989). Ultimately dispersal patterns will reflect these conditions. Although
this discussion centres primarily on clastic fragments (and in particular heavy minerals), geochemical
connotations are also inferred. The principal transporting agents include wind, surface water,
gravity, and glaciers.

Wind

Erosion and transport by wind is most effective in environments where there is little
vegetative cover to protect the sediment. There is a certain proportion of acolian material in all
superficial deposits, but generally the material does not constitute an appreciable amount, and no
discernable dispersal patterns are associated with it. The only exception to this is with regard to the
deposition of volcanic ash. As was reported earlier, two volcanic eruptions in southeastern Alaska
gave rise to two distinct ash-fall deposits (White River Ash). In the Ruby Range, the thickness of
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ash was measured at 2 - 7.5 cm (Lerbekmo and Campbell, 1968; Downes, 1985). However, with
eruptions of this magnitude, coupled with the distance from the source and prevailing winds, the
dispersal patterns of the ash-fall material would probably take the form of a relatively uniform
blanket dispersal. Local variations in volcanic ash dispersal patterns could be influenced by
topography, and local wind patterns.

Detectable aeolian dispersals of minerals derived from known mineralizations exposed at the
surface have rarely been reported. However, Hawkes and Webb (1962) speculated that the probable
form of dispersal pattern would be fan-like. The aeolian dispersal patterns would likely be limited in
extent, and unlike the mineral and element dispersal patterns observed on plateau surfaces, would
likely not be continuously traceable over such distances.

Surface Water

The dispersal of minerals by surface water takes place under three main conditions; runoff or
sheetwash, stream channels, and bogs or other standing bodies of water. Although there is little
evidence to attest to the recent significance of these three conditions, their effect with respect to
mineral dispersals in earlier times may have been significant. In the case of runoff or sheetwash,
dispersal patterns would tend to be fan-like, In stream channels, the form of dispersal pattern would
be ribbon-like. Dispersal patterns in bogs or other standing water would take on a delta fan form.
In both sheetwash and stream channel dispersals, the patterns would be limited by the slope of the
surface. Dispersal patterns in bogs or other standing water would be confined to the extent of the
features.

It is inconceivable that sheetwash and bog (or other standing water) dispersals could account
for the patterns observed on the plateau surface unless, i) plateau surfaces of the northern Ruby
Range, prior to stream incision, sloped in a northwest direction so as to not inhibit regional-scale
sheetwash, or ii) on the plateau surface of the northern Ruby Range, prior to stream incision, a body
of water lay in a basin that roughly corresponds to the extremities of the mapped dispersal patterns;
at best, highly speculative,

ravi

Under the influence of gravity, the overburden tends to move downslope either by slow
creep, or by more rapid landsliding. Even on more moderate slopes, there is a continual flow of
material downslope. Alternate freezing and thawing, or wetting and drying of the overburden tend to
facilitate the down-slope movement of materials. In the periglacial environment (both current and
relic), numerous mass-wasting processes have been described (e.g., French, 1976;
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Washburn, 1980). Mass-wasting is described as "the movement of regolith downslope by gravity
without the aid of a stream, a glacier, or wind” (Washburn, 1980). The most common mass-wasting
processes occurring in periglacial environments include avalanching, slumping, frost creep, and
gelifluction. Price (1973) measured the rates of mass-wasting in the northern Ruby Range at about

1 - 3 cm/year. The data was derived from large solifluction terraces with complete vegetation cover.

Gravity movement generally takes place near the surface but can include all material above
bedrock. Displacement by creep may occur on any slope. Its magnitude is influenced by factors
such as moisture, freeze-thaw cycles and relative permeable material. As the angle of slope
increases, accelerated rates of movements are likely, resulting in debris flows, avalanche, slumping,
landslides, etc. In general, the rate of gravity movement on slopes decreases from the surface with
depth to bedrock. This results in elements and minerals on the surface being displaced farther from
the source of mineralization than those closer to the bedrock. Where slumping, debris flows or
landslides occur, dispersal patterns are disrupted as weli as displaced {a feawre particularly evident in
alpine environments). It is possible that a residual dispersal pattern may develop on top of a slump
anomaly which in turn may be buried by further slumping.

There is growing research, particularly in the Soviet Union, devoted to the cryogenetic
weathering and dispersal of minerals and elements in permafrost regions (Shumilov and
Sukhoroslov, 1969; Yarg, 1974; Christotinov and Shur, 1980; Shumilov, 1981, 1983). The
occurrence of mineralizations in the permafrost zone represents a virtually unexplored field from the
point of view of mineral deposits and dispersal patterns. Currently available information only refer
to the formation of unproductive deposits largely due to the multitude of variables encountered in the
determination of dispersal patterns. It has become apparent that dispersals of minerals and elements
in the permafrost zone proceeds from the earliest stages of weathering simultaneously at three levels;

1) crude dispersal into particles of crushed stone, gravel size and larger,
2) fine dispersal up to the sand fraction, and
3) chemical extraction of elements from minerals.

Within the layer of secular and seasonal temperature fluctuations, cryogenetic weathering
dominates which produces pronounced physical dispersal of fragments. Dispersal proceeds most
strongly in the active layer where minerals and elements are liberated and dispersed. The elements
and minerals are then usually moved downslope by some mass-wasting process where dispersal
patterns are formed (Shumilov, 1983). The most common form of dispersal pattern associated with
mass-wasting processes are fans. However, due to the gravity driven nature of mass-wasting
processes, associated dispersal patterns would be confined to down-slope extents, and therefore be
relatively restricted.
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Therefore, the question posed is, can mass-wasting processes account for the general
northwest trending dispersal patterns mapped on the plateau surfaces of the northern Ruby Range?
The answer to this question is a qualified yes, if the plateau surfaces, prior to stream incision, sloped
in a prevailing northwest directivn, and if mass-wasting processes in that environment could have
been relatively uninterrupted over the distances covered by the dispersals. It is more likely that
mass-wasting processes served to subsequently modify pre-existing dispersal patterns on local scales,
which may account for some of the overprinting of other minor dispersal directions.

In glaciated terranes, sediments are, in part, a composite of the bedrack traversed, preglacial
regolith, preceding weathered glacial deposits, and alluvial material. Therefore, at any given site,
glacially derived sediment is not an in situ weathering product, but a lithological summation of
source units "up-ice” from the site. It has been concluded in many studies on the transport distance
of various size fractions, that the fine-sand fraction represent material from much wider areas than
the coarser fractions. This has been demonstrated in Finland by Virkkala (1971), Perttunen (1977),
and Taipale et al., (1986), in Sweden by Linden (1975), and in Canada by Harrison (1960),
Dreimanis and Vagners (1971), and Shilts (1971, 1973). Debris from any size of source unit is
dispersed down-ice to produce a ribbon-shaped or fan-shaped dispersal pattern (DiLabio, 1989 calls
the fan-shaped dispersal pattern flame-shaped). Glaciofluvial dispersal patterns are more ribbon-
shaped or irregular, wiiereas patterns in till are fan-shaped.

Shilts (1976) has shown that a plot of the abundance of glacially dispersed debris versus the
distance down-ice approximates a negative exponential curve (Figure 31). The highest concentration
of a component reaches a peak near the source, and then declines exponentionally down-ice. By
analogy, the negative exponential curve proposed by Shilts (1976) can be described in terms of
distance decay curves described earlier which represent the decrease of concentration with distance
(Taylor 1975, Harries 1982).

Glacially derived dispersal patterns have also been described as having abrupt lateral edges,
with a sharp contrast over a short distance between low concentrations outside the dispersal and high
concentrations inside (DiLabio, 1989), not unlike those observed in the mineral and element
dispersals in this study. The blending, or overriding of patterns derived from up-ice sources
produces the mixed lithology which is described as a normal feature of till. The size and shape of a
glacially derived dispersal pattern are controlled by the orientation of the source relative to the ice
flow, by the size and erodibility of the source, and by the topography of the source and dispersal
areas, which can result in broken patterns in rough terrain.
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Figure 31
NEGATIVE EXPONENTIAL CURVE
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and tail of the negative exponential curve,

172



In areas of known mineralization, such as those identified in the study area, the dispersal
patterns of minerals and elements identified from the source would be such that the greatest
concentration is closest to the mineralization, and decreases down-ice. Hence, the direction of
glacial flow can be inferred (Levinson, 1980; Shilts, 1976; Bolviken and Gleeson, 1979). Evidence
of glacial dispersal from such zones would include;

i) fan-like dispersal patterns as described above,

ii} a very high concentration of minerals or elements associated with the mineralization directly
down-ice from the zone,

ili) low concentration of minerals or elements associated with the mineralization directly up-ice
from the zone,

iv) a sharp contrast over a short distance between low concentrations outside the dispersal and
high concentrations inside, and

v) overriding of patterns derived from up-ice sources.

In this study, some mineral and element dispersal patterns were reported to be emanating
from known zones of mineralization, and furthermore, these minerals and elements were known to be
associated with the zones. Other mineral and element dispersals that demonstrate discernable fan-like
dispersal patterns may also be associated with currently unknown zones of mineralization. These
aspects will be further addressed in the next chapter. Although other mineral and element dispersals
did not demonstrate discernable fan-like patterns, this does not necessarily mean they were not
glacially derived. As was stated earlier, the blending, or overriding of patterns derived from up-ice
sources produces a mixed lithology which is described as a normal feature of glacial dispersal.

Is it possible that glaciation was responsible for the observed mineral and element dispersal
patterns observed on the plateau surfaces of the northern Ruby Range? Based on the data presented
in this study, and on other studies (case-study and conceptual) reported in the literature
(e.g., Levinson, 1980; Shilts, 1976; Bolviken and Gleeson, 1979; DiLabio, 1989), there is some
evidence to support the contention that the plateau surfaces of the northern Ruby Range experienced
glaciation.
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Chapter 7
MINERALIZATION IN THE NORTHERN RUBY RANGE

7.1 Introduction

Although the main focus of this thesis was to determine if the geological evidence from the
plateau surfaces could support the belief that these regions were subjected to glaciation and/or other
evolutionary processes, the data also made it possible to address an ancillary objective. Specifically,
an opporturity at attempting preliminary identification and delineation of mineralized zones that have
not yet been identified. Before commencing with this discussion, it is important to again emphasize
that detailed geology descriptions of the northern Ruby Range are not currently available. Therefore,
the comments and interpretations presented here should be viewed as tentative. Notwithstanding, the
observations presented here may add to the geological knowledge of the area.

7.2 Zones of Known Mineralizations

Alaskite has been described by Muller (1967), and further subdivided on the basis of mineral
grain size (this study). The alaskite is a major intrusive and has been tentatively dated by Muller as
early Tertiary. All of the known mineralizations in the northern Ruby Range study area are
associated with alaskite, or in contacts between granitic rocks of the Ruby Range Batholith, and the
alaskite.

Location #1 (Figure 32)

At the head of Alaskite Creek, near the divide that separates Rockslide Creek, Muller has identified
mineralization that includes tungsten, molybdenite, copper, and fluorite.

Also identified in the vicinity is chalcopyrite and pyrrhotite (Smith, 1972).

Location #2 (Figure 32)

The plateau region that separates Rockslide and Talbot Creek is identified as an alaskite porphyry. It
is generally finer grained than the surrounding rock. The porphyry area constitutes a zone of
mineralization which has been identified by Smith (1972) as including pyrite, chalcopyrite,
molybdenite and bornite.

Location #3 (Figure 32)
On the southern plateau surface at the head of Rockslide Creek, at or near the contact between
alaskite and granitic rocks associated with the Ruby Range Batholith, Muller has identified the

occurrence of fluorite. Also associated with the mineralization are chalcopyrite, molybdenite and
bornite.

174






7.3 Geochemical Exploration

In the broad geological sense, geochemical analysis is the practical application of theoretical
mineralogical and geochemical principles of exploration. The specific aim is to identify, delineate,
and to some extent, attempt to quantify deposits of metals and non-metals (or alternatively, to
identify specific types of deposits, map the extent, and estimate the abundance). It is advantageous
to have information on local rock types, and associated element occurrences before any interpretation
of mineralizations can proceed. These aspects are covered in detail in the literature (e.g.,
Goldschmidt, 1937, 1954; Warren and Deavault, 1956; Hawkes, 1957; Hawkes and Webb, 1962,
Mason, 1966; Krauskopf, 1967; Andrews-Jones, 1968; Saxby, 1969; Holland, 1972), and will not be
addressed in any detail. However, a summary of rock types, and associated elements, as well as
various pathfinders used to detect mineralizations that are permane to this study area will be
presented. The following list presents selected rocks types or occurrences, and element associations

{modified from Andrews-Jones, 1968; Levinson, 1980).

ROCK TYPE OR OCCURRENCE

Plutonic

Ultramafic

Mafic

Alkaline

Granitic

Pegmatites

Hydrothermal Sulfide Cres
Porphyry Copper Depasits
Complex Sulfides

Low Temperatura Sulfides
Base Maetal Deposits
Precious Metals

ELEMENT ASSOCIATIONS

Cr, Co, Ni, Cu

Ti, V, Sc¢

Ti, b, Ta, Zr, RE, F, P

Ba, Li, W, Mo, Sn, Zr, Hf, U, Th, Ti

Li, Rb, Cs, Ba, RE, Nb, Ta, U, Th, Zr, Hf, Sc

Cu, Mo, Re

Hg, As, Sb, Se, Ag, Zn, Cd, pb
Bi, Sb, As

Pb, 2n, Cd, Ba

Au, Ag, Cu, Co, As, Te, Hg

An extension of these associations is the use of pathfinders or indicators to detect
mineralizations. A number of studies have been conducted to associate various element indicators to
types of mineral deposits (e.g., Warren and Delavault, 1953, 1956, Ovchinnikov and
Grigorvan, 1971; Learned and Boissen, 1973; Coope 1973). The listing below identifies various
element indicators and associated types of mineral deposits (modified from Levinson, 1980).

TRACE ELEMENT!{S)
As

As

Mo

Mn

Mo, Te, Au

pb, Cr, Cu, Ni, Co
Zn

Zn, Cu

TYPE OF MINERAL DEPOSIT

Au, Ag; Vein Depaosits

Au, Ag, Cu, Co, Zn; Complax Sulfide Ores
W, Sn; Contact Metamorphic Depasits
Ba, Ag; Vein Deposits; Porphyry Coppor
Porphyry Copper

Platinum in Ultremafic Rocks

Ag, pb, Zn; Sulfide Daposits

Cu, pb, Zn; Sulfide Deposits

With the aid of the geochemical dispersal patterns, it was possible to identify areas that
exhibited pronounced anomalous values (Figure 32). Only three element dispersal patterns were
shown to exhibit anomalous values. The dispersal pattern for cadmium identifies the area of highest
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concentration (anomaly of > 57 ppm) as being associated with an area of known mineralization at
location #3. The dispersal patterns for arsenic and lead show anomaly values (> 1636 ppm, and

> 10610 respectively) occurring in an area not identified with known mineralization at location # 4
on Figure 32, The importance of these anomalies with respect to being able to associate rock types
or occurrences is inconsequential. However, the occurrence of anomalous arsenic values in the
dispersal pattern may indicate an Au, Ag vein deposit, or Au, Ag, Cu, Co, Zn complex sulfide ore
deposit in the general vicinity of the anomaly. If all geochemical dispersal patterns are interpreted in
a similar manner, regardless of whether the areas of highest concentrations are associated with
anomalous values (as demonstrated below), relationships with respect to rock types or mineral
deposits are still negligible (Figure 32).

LOCATION ON FIGURE 32 ELEMENTIS)
Location #1 Ag

Location #2 Ag

Location #3 Cd, U, Mo
Location #4 As, pb
Location #5 Sn

Location #7 Cr

Therefore, based on the geochemical concerns addressed in this section, the only conclusion
that can be made is with regard to the occurrence of anomalous arsenic values in the dispersal
pattern, which may indicate an Au, Ag vein deposit, or Au, Ag, Cu, Co, Zn complex sulfide ore
deposit in the general vicinity of the ridge that separates Alaskite and Talbot Creeks.

7.4 Heavy Mineral Considerations

Anomalous values displayed in the heavy mineral dispersal trends were also identified
(Figure 32) and are as follows:

LOCATION ON FIGURE 32 HEAVY MINERAL{S)
Location #2 Hamatite

Location #3 Hamatita, Opaquas
Location #5 Hematite

Location #6 Opsques

Location #8 Zircon

Location #9 Zircon

Locatian #10 Garnet, Hamatite

In only two instances mineral dispersal patterns demonstrate more than one anomaly in the same
vicinity, Location #3 and #9. The occurrence of anomalous hematite and opaques at Location #3 is
not unexpected since it is a zone of known mineralization. Although mineralization is not reported at
Location #9 where anomalous occurrences of garnet and hematite are evident, the anomalies may be
indicative of mineralization.
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If all mineral dispersal patterns are considered, regardless of whether the areas of highest
concentrations are associated with anomalous values or not, numerous multiple-mineral centres of
highest concentration are evident. These are shown on Figure 32, and are detailed as follows:

LOCATION ON FIGURE 32 HEAVY MINERAL(S}
Location #1 Gosthita, Hornblende
Locatior: #2 Hemastite

Location #3 Hematite, Opaques
Location #4 Goethite

Location #5 Hematite, Orthopytoxene
Locetion #6 Opaquas

Location #7 Allanite

Location #8 Zircon, Orthopyroxane
Location #39 Zircon, Hornblende
Location #10 Garnst, Hematite, Epidote

7.5 Conclusions

All of the reported mineralizations (Location #’s 1, 2, and 3) are associated with alaskite, or
in contacts between granitic rocks of the Ruby Range Batholith, and alaskite. The ridge that
separates Rockslide and Talbot Creek (Location #2) is identified as an alaskite porphyry, and it is
likely that the porphyry extends further north to include Location #'s 5, 10, and 4. The textural
characteristics of the alaskite in these area are similar, consisting of fine- grained material.

The area of contact between granitic rocks of the Ruby Range Batholith, and alaskite on the
south plateau surface at the head of Rockslide Creek (Location #3) has not been clearly defined.
Location #6 is probably situated in the vicinity of a similar contact. Based in part on the reported
mineralization in the area of Location #3 (chalcopyrite, molybdenite and bornite), and on the
occurrence of what appeared to be isolated areas of oxidation on some exposed rock surfaces, a few
small gossans may be located in the area.

The extremely gossan-rich area in the vicinity of Location #1 at the head of Alaskite Creek
may be indicative of other gossan areas in the environs of Location #'s 7, 8, and 9. Hand specimens
from Location #1 displayed mineralization on a sheared surface, which may be indicative of the
mineralization in this area.

Although it is highly specuiative to make conclusions with respect to other mineralizations
based on the inconclusive evidence regarding element and mineral dispersals reported in this chapter,
apart from the three known zones of mineralization, there is a possibility that all location: identified
(Location #’s 1 - 10) may be indicative of mineralized areas. In the context of this discussion, this
evaluation should therefore be viewed as preliminary, with the intent of delineating areas that may
warrant more rigorous geological study.
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Chapter 8
SYNOPSES AND CONCLUSIONS

8.1 Introduction

The main objective of this thesis was to offer explanations on the evolution of the plateau
surfaces in the northern Ruby Range, Yukon Territory. Specifically, to determine whether the
geological and geomorphological evidence from the plateau surfaces could support the belief that
these regions were subjected to glaciation, or did the evidence indicate other evolutionary processes.
The techniques employed consisted of an examination of surficial deposits, with the use of heavy
mineral and geochemical composition analysis, and other provenance related studies (erratics) as well
as geomorphological mapping and interpretation.

The more traditional geological techniques of geochemical and heavy mineral compositional
analyses have been used previously in both geological and glacial related studies in the Canadian
Shield and other regions of Canada, and have aided in the description of environments. However
these types of analyses have had limited application in alpine environments with extensive plateau
regions, such as those experienced in the northern Ruby Range.

In pursuit of the thesis objective, the following research questions were posed:

i) Can the compositional trends observed in the heavy mineral and geochemical data on the
plateaus provide geological evidence (lacking in previous descriptions of these regions) which
can contribute to the solution to the question of how the plateau landscape evolved?
Specifically, depending upon the genesis of the plateau sediments (ie. local, glacial, etc.), what
processes were responsible for these dispersals (glaciation, periglacial, aeolian, tectonic)?

ii) Are similar compositional trends observed in the valleys of the Ruby Range, and what are the
implications of these patterns?

Although the main focus of this thesis was to cetermine whether the geological and
geomorphological evidence from the plateau surfaces could support the belief that these regions were
subjected to glaciation, or other evolutionary processes, the data also afforded the opportunity to
address mineralizations within the study area. This theme constituted an ancillary objective in this
thesis.
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8.2 Geomorphology

The geomorphology of the study area is quite diverse, and is demonstrated by the variation in
terrains between valleys and plateaus. The most common geomorphological expressions in valleys
are glacially derived, and are manifested in the form of U-shaped valleys, cirques, moraines, and till.
However, although most valleys contain an array of glacially related landforms and deposits, others
exhibit little evidence of glaciation, a situation which may be attributed to glacier surging. The
major valleys in the stud ' area are oriented east-west, and include Gladstone, Rockslide, Raft, and
Talbot creeks, all of which are connected through a system of low passes. It is apparent from the
dimensions of these valleys along with morainal evidence, that they were glaciated repeatedly from
both up-valley and down-valley directions. Other, less extensive valleys, generally oriented north-
south, aiso take on a glaciated U-shape, but not all contain glacial depositional features. Also
conspicuous in some upper valley locations are mass-wasting processes and forms, both fossil and
current,

The plateau regions have generally been regarded as an old erosion surface of the Yukon
Plateau which has been uplifted and incised by streams, resulting in narrow valleys which were later
modified by glacial activity. Although the evolution of the plateau regions have not been described
in any great detail in the literature, accounts of glaciation in the Ruby Range are accompanied by
descriptions that identify the plateaus as generally being an unglaciated, weathered landscape of
unknown age. The terrain features of the plateau regions are in sharp contrast to those in valleys,
The plateaus are characterized by relatively smooth, undulating surfaces, void of any conspicuous
landforms except for a few tor-like structures along with felsenmeer, and generally resemble a
periglacial landscape. Felsenmeer grades into a system of massive pattern ground formations which,
from the lichen cover, appear to have been inactive for a very long period of time. Some denuded
kame and kettle topography is evident at lower plateau elevations occupying col-like positions.

The fact that uplift has occurred throughout the region is beyond doubt. However, the net
amount of uplift, and the sustainable nature of the uplift during the Pleistocene can only be inferred.
The existing data suggest a considerable disparity between current rates of denudation and uplift.
Clearly, uplift exceeded denudation in the Ruby Range, and it was suggested that net uplift during
the Pleistocene may have been on the order of 1,668 m. As well, it was noted that an unknown
amount of uplift, throughout the Pleistocene, was likely attributed to glacial unloading affects.

Glaciological implications with regard to uplift brought to light considerations which were
previously not accounted for in discussions of complete regional ice cover of the Ruby Range.
Specifically, since the altitudinal extent of the Ruby Range was considerably less in early Pleistocene
than what is currently observed, in order to giaciate the Ruby Range, the thickness of ice build up in
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the Kluane Lake basin may not have had to be as extensive as previously estimated, and therefore not
have been as crucial to the glaciation of the Ruby Range. In view of these considerations, an
evolutionary scenario was suggested whereby the northern Ruby Range (and surrounding regions)
may have been glaciated (perhaps several times) in late Tertiary and/or early Pleistocene, undergone
uplift with stream incision intensifying as uplift progressed, followed by middle - late Pleistocene
glaciation(s) which modified the valleys. The plateau surfaces would have experienced periglacial
processes continually throughout the Pleistocene, rendering any glacigenic material residual.

8.3 Heavy Mineral Analysis: Composition

Heavy mineral analysis of the fine-sand fraction was performed to identify and count mineral
species, determine sources (bedrock and others), and to assess the nature of sediment transport. The
geology of the study area and surrounding regions has been mapped at a scale which generally lacks
the detailed lithological descriptions necessary to determine mineral associations, and in particular
heavy mineral compositions. Within the bounds imposed by the available geological descriptions,
coupled with heavy mineral suites common to rock types encountered in the study area and bordering
regions, as well as bedrock analysis carried out in this study, some broad groupings of heavy mineral
associations were recognized in the surficial sediment that may have association with bedrock sources
from within and outside the study area, or from other origins such as volcanic ash and meteorites.
Heavy mineral identification was performed on the basis of mineral familiarity and an appreciation of
the reported lithology of the study area and bordering regions. They included; groupings of minerals
classified as garnet, orthopyroxene and opaque, as well as epidote, allanite, hornblende, zircon,
goethite, and hematite.

Because of the sketchy nature of the geological information within and outside the study area,
conclusions with respect to the relationship between heavy mineral assemblages in sediment samples,
and rock types were somewhat qualified. Clearly, a more thorough geological evaluation of the
northern Ruby Range and surrounding regions would serve to substantiate or refute the findings
presented here. These are:

i) The average proportion of heavy minerals identified was similar for both plateau and
valley sediment samples. The range of the proportions was found to vary considerably in
most minerals. The significance of these comparisons were not clear, but probably
indicated that the sediments from both plateau and valley sites did not vary greatly in
heavy mineral species and proportions, but demonstrated a variable range.
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ii) There was no appreciable difference in the heavy mineral assemblages between plateau
and valley sediment samples, except for the relative lack of allanite from plateaus, and
goethite from valleys. The presence of goethite on the plateaus and absence in the valleys
may be related to the altered bedrock.

iii) The data did not support a clear association between heavy mineral assemblages from
plateau and valley sediments, and those derived from bedrock within or outside the study
area. However, the sediment assemblages may not be exclusively related to local bedrock
sources. Heavy mineral input from outside the study area has been demonstrated by
Dewez (1988)

iv) The provenance of orthopyroxene, goethite, and allanite rﬁay be attributed, in part, to
bedrock from outside the study area, volcanic ash, and meteoritic impacts, or a
combination of these. The occurrence of these minerals may also be associated with
mineral alterations.

v) It is certain that mineralizations occur within the study area that have not yet been
identified.

8.3.1 Dispersal Trends

Background and anomaly values were determined for heavy minerals. Except for minor
differences, the background values for most heavy minerals in both plateau and valley samples were
generally similar. The anomaly values were also relatively similar for most minerals. These values
were taken to indicate a relatively uniform concentration of minerals in the sediment from both
plateaus and valleys, as exemplified by background values, and somewhat varying dispersal patterns
as demonstrated ty the differences in some anomaly values.

The data as a whole showed no evidence to suggest minerals demonstrate an overwhelming
dispersal trend in either an up-valley or down-valley direction. As well, mineral anomaly values
only occurred accasionally, and were not concentrated in a preferred valley location (i.e., in upper,
middie, or lower valley sites). These findings were attributed to glaciation on both a local scale
(small ice-caps, cirque, and valley glaciers) with down-valley ice movement, and regional ice
penetrating the area in an up-valley direction. Since these glaciological conditions were ongoing
since at least the middle Pleistocene (Nisling Ice Sheet), and even simultaneously during the Ruby Ice
Sheet advance, much of the glacial sediments in the valleys must have been reworked numerous
times by up-valley and down-valley glacier flows.
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Heavy mineral compositional trends were plotted with the aid of Synagraphic Computer
Mapping. Computer generated false, or exaggerated patterns were noted and accounted for. The
trends were described with reference to "head and tail” portions of the dispersals. Directional lines
described as characterizing the broad, general dispersal trends were drawn on the plots. The
purpose of this analysis was to interpret regional dispersal patterns within the study area. Overall,
the heavy minerals demonstrated a preferred northwest dispersal trend. The areas of highest
concentration of four mineral dispersals (allanite, hematite, hornblende, and opaques) were associated
with known zones of mineralization. The dispersal patterns were mapped from 12 to 20 km over
extensive, undulating plateau surfaces that were dissected by numerous valleys from their areas of
highest concentration.

8.4 Geochemical Analysis: Dispersal Trends

Geochemical examination of the silt and clay fraction consisted of a multi-element analysis of
twenty-one elements. Background values for sixteen of the elements analyzed in both plateau and
valley sites were relatively similar, Anomaly values for twelve elements did not show an appreciable
difference. Nine elements demonstrated considerable differences, with plateau anomaly values in all
cases being at least twice the corresponding valley levels. The relatively similar background values
for the majority of elements in the sediments from plateau and valley sites was interpreted as
indicating a relatively uniform concentration of elements, but because of differences in nine element
anomaly values, distribution of these elements was not uniform. The data indicated there were no
discernable disnersal trends in either an up-valley or down-valley direction. Element anomalies only
occurred occasionally in valley sites, and were not concentrated in preferred valley location (i.e.,
upper, middle, or lower valley sites).

Eight elements exhibited prominent dispersal trends on plateau surfaces that facilitated
plotting. These include; lead (pb), molybdenum (Mo), chromium (Cr), cadmium (Cd), silver (Ag),
arsenic (As), uranium (U), and tin (Sn). The dispersal patterns of the remaining elements, copper
{Cu), cobalt (Co), nickel (Ni), manganese (Mn), bismuth (Bi), iron (Fe), zinc (Zn), vanadium (V),
tellurium (Te), tungsten (W), antimony (Sb), selenium (Se), and gold (Au), displayed a random
trend. In many of the silt and clay fraction plateau samples, some elements were not detected at all,
or were of insufficient sample to make a determination. The dispersal trends were interpreted as
demonstrating a regionally preferred northwest direction, however, other directional trends were
noted and were attributed to a number of factors including; i) inadequate sampling density on some
platean regions, ii) plotting technique, iii) processes affecting dispersals on a local scale,

iv) dispersals attributed to unknown mineralizations, and v) multiple regional trends of varying
extent, some possibiy relic.
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8.5 Dispersal Processes

The discussion on dispersal processes addressed the central research question posed in the
introduction to this thesis; "Can the compositional trends observed in the heavy mineral and
geochemical data on the plateaus provide geological evidence (lacking in previous descriptions of
these regions) which can contribute to the solution to the question of how the plateau landscape
evolved? Specifically, depending upon the genesis of the plateau sediments (ie. local, glacial, etc.),
what processes were responsible for these dispersals (glaciation, periglacial, aeolian, tectonic)? In
addressing this question, a number of processes were examined in association with dispersal forms.
Included were considerations of processes relating to; geological terranes, chemical mobilities, wind,
surface water, gravity, and glaciation.

Both the heavy mineral and geochemical data indicated there were no discernable dispersal
patterns in either an up-vailey or down-valley direction. This may be attributed to two factors;

i) mobility of elements in the acidic and oxidizing valley environment, and
ii) the up-valley and down-valley glacial flows that occurred throughout the Pleistocene.

The random dispersals of minerals and elements in the valleys can be characterized as secondary,
epigenetic dispersals, and can be further classified as resembling clastic, hydromorphic, or biogenic
patterns.

Heavy mineral and element analyses performed on surficial sediments from the plateau
surfaces indicated that some of the material may not be of local origin, and discernable dispersal
trends were evident in certain heavy minerals and elements which were traced to known sources of
mineralizations. The most striking characteristics of these trends were their continuous form,
spanning many kilometres, and their patterns which extending over extensive plateau surfaces that
were dissected by numerous valleys. The following is an summary of the discussicn on forms of
dispersals pertaining to processes.

i) The fact that the north to northwest alignment of the Tracey Arm Terrane, and the more
restricted, but relatively well defined northwest mineral and element dispersal patterns are
similar in trend, is likely coincidental.

ii) It is doubtful that the overall terrane attributes played a major role in mineral and element
dispersal patterns. It is more probable that the paiterns are related to varying terrane
conditions on a local (bedrock related) as opposed to a macro scale.
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iii)

iv)

vi)

Virtually all elements on plateau surfaces were identified as exhibiting very low to
immobile mobilities. Over half of the elements for which continuous data was available,
demonstrated discernable dispersal trends on the plateau surfaces, which cannot be
exclusively related to element mobility in this environment.

The probable form of local wind induced dispersal patterns would be fan-like. However,
the aeolian dispersal patterns would likely be limited in extent, and unlike the mineral and
element dispersals observed on plateau surfaces, may not be continuously traceable over
such large distances.

Mass-wasting processes could account for the general northwest trending dispersal patterns
mapped on the plateau surfaces, if the surfaces, prior to stieam incision, sloped in a
prevailing northwest direction, and if mass-wasting processes in that environment were
relatively uninterrupted over the distances covered by the dispersals. However, it is more
likely that mass-wasting processes served to subsequentiy modify pre-existing dispersal
patterns on local scales, which may account for some of the overprinting of other minor
dispersal directions.

Based on the data presented in this study, and from other studies (case-study and
conceptual), there is evidence to support the contention that the general northwest

dispersal patterns observed on the plateau surfaces of the northern Ruby Range may have
been glacially derived.

8.6 Probable Mode of Dispersals

mode.

After carefully appraising the prevalent dispersal forms indicative of various dispersal agents
or processes, as well as considering the environmental (geological terrane) context in which the
heavy mineral and element patterns were observed, it is concluded that the regional patterns could be
attributed to local terrane characteristics, and glaciation, with glaciation being the main dispersal

Terrane Characteristics

It has been reiterated throughout this thesis that the relative large scale mapping of the
geology has resulted in a highly generalized description of bedrock variations and composition,
especially in the study area. Therefore, detailed analysis of variation in bedrock composition and
mineralization on a local scale (ie. within the study area), are not well known. The discussion in this
thesis relating to mineralizations helped to illustrate this point by identifying potential zones of
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mineralization. The lack of detailed geological information in the study area and surrounding
regions, did not allow for definitive conclusions to be made with respect to the relationship between
mineral assemblages for sediment samples and rock types. Observation of a provisional nature were
made which included a listing of major heavy mineral constituents in various bedrock, and sediment
samples. The source of some minerals identified from the sediment samples of both plateau and
valley sites was uncertain, and were described as possibly being attributed to external sources. The
minerals in question consisted of orthopyroxene, goethite, and allanite. Although evidence was
presented to support the belief that at least some amount of these heavy minerals may be of non-local
origin, alternative evidence was also put forth to dispute this contention,

If the observed mineral and element dispersal patterns on the plateau surfaces were derived
from in situ weathering of bedrock, then clearly, the form of dispersal patterns would generally
reflect superjacent patterns. Any subsequent secondary epigenetic processes would eventually alter
these patterns. The question is, what process(es) were involved that resulted in such extensive
patterns? There are possibilities, but as pointed out in earlier discussions, they would likely involve
certain conditions. For example, gravity mass-wasting processes could account for the general
northwest trending dispersal patterns, if the surfaces, prior to stream incision, sloped in a prevailing
northwest direction, and if mass-wasting processes in that environment were relatively uninterrupted
over the distances covered by the dispersals. However, it was also pointed out that it was more
likely that gravity induced mass-wasting processes served to subsequently modify pre-existing
dispersal patterns on local scales. Could the dispersal patterns be an exclusive reflection of
mineralizations? Although there are, without doubt, other mineralized zones in the study area, the
ones that are known, have been delineated, and it does not seem feasible their extent could account
for the fan-like dispersals.

Clearly, a more detailed geological understanding of the northern Ruby Range would serve to
substantiate many of the assertions made with respect to dispersal trends, specifically with regard to
mineralizations, and would provide the data necessary to verify the heavy mineral assemblages
collated for rock types in the region.

The purpose for plotting mineral and element concentrations from the surficial sediment on
plateau surfaces was to interpret regional dispersal patterns. Although minor variations in dispersal
direction were apparent in some patterns, it was evident that most of these patterns showed a
northwest dispersal trend. The most striking characteristics of these trends are their continuous
form, spanning many kilometres, and patterns extending over extensive plateau surfaces that are
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dissected by numerous valleys. After careful consideration of various modes of dispersion, it was
concluded that glaciation was the most likely process that would account for these patterns.

Part of the rational for this conclusion is that in areas of known mineralization (as those
identified in the study area), the dispersal patterns of minerals and elements identified from the
source would be such that the greatest concentration is closest to the mineralization, and decreases
down-ice. Evidence of glacial dispersal from such zones would include;

i) fan-like dispersal patterns,

ii) a very high concentration of minerals or elements associated with the mineralization
directly down-ice from the zone,

iii) low concentration of minerals or elements associated with the mineralization directly up-
ice from the zone,

iv) a sharp contrast over a short distance between low concentrations outside the dispersal and
high concentrations inside, and

v) possible overriding of patterns derived from up-ice sources.

The dispersal patterns of some minerals and elements in this study emanated from known zones of
mineralization. As well, other mineral and element dispersals demonstrate discernable fan-like
patterns and may be associated with unmapped zones of mineralization. Although other minerai and
element dispersals did not demonstrate discernable fan-like patterns, this did not necessarily mean
they were not glacially derived. The blending, or overriding of patterns derived from up-ice sources
produces a mixed lithology which is described as a normal feature of glacial dispersal. The minor
variations in dispersal trends may also be attributed to any one of a number of processes which
served to subsequently modify dispersal patterns on local scales.

There are two major ramifications with respect to these assertions:
i) The surficial sediment on the plateau surfaces is comprised of locally and externally

derived material, with at least some of the externally derived material being glacigenic.
Other externally derived deposits are aeolian, and perhaps meteoritic.

ii) Regional glaciation of the plateau surfaces of the northern Ruby Range occurred at some
time,
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The statement with regard to the glaciogenic origin of at least some of the surficial sediment on
plateau surfaces is naturally based on the premise that the area was glaciated, and as such, stands by
itself. However, suggesting regional glaciation of the plateau surfaces of the northern Ruby Range
requires further consideration.

The current depiction of the evolution of the plateau regicns of the Ruby Range is one of an
old, uplifted, weathered landscape of unknown age. The plateaus of the northern Ruby Range have
also been depicted as unglaciated. The glacial history of the area has been described by Bostock
(1966), and Muller {1967). Bostock (1966) identified four glaciations, each being progressively less
extensive:

i) Nansen Glaciation (late Tertiary - early Pleistocene),
ii) Klaza Glaciation (early - middle Pleistocene),

iii) Reid Glaciation (early - middle Wisconsin),

iv) McConnell Glaciation (middle - late Wisconsin).

Muller’s (1967) described three progressively less extensive ice-sheets during the Pleistocene in the
Kluane lake region:

i) Nisling Ice-Sheet (pre-Wisconsin),
ii) Ruby Ice-Sheet (early Wisconsin),
iii) St. Elias Advance (late(?) Wisconsin).

The Nisling Ice Sheet correlates to Bostock’s (1966) Reid Glaciation, whereas the Ruby Ice Sheet
and probably the St. Elias Advance, are equivalent to the McConnell Glaciation. The extent of the
Nisling Ice-Sheet is apparent from traces of glaciation above the level and beyond the extent of the
Ruby Ice-Sheet. The regional patterns of glacial flow and limits in the Ruby Range and bordering
areas have already been reported. However, although evidence of former glaciation in valleys is
abundant, to date, no evidence of major, regional glaciation affecting the plateau regions of the
northern Ruby Range has been presented.

It is proposed in this study that the heavy mineral and element dispersal patterns observed on
the plateau regions of the northern Ruby Range may be the evidence lacking in previous studies
which can confirm that the plateau surfaces were glaciated. The glaciation (or glaciations) would, in
accordance to the reported glacial history of the area, represent pre-Nisling Ice (pre-Reid)
glaciation(s) (late Tertiary or early Pleistocene). Glaciation(s) in late Tertiary and/or early
Pleistocene could have preceded major stream incision, hence valleys may be post-glacial (i.e.,
formed after glaciation in late Tertiary and/or early Pleistocene). Significant uplift of plateau regions
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may have occurred after the late Tertiary and/or early Pleistocene glaciation(s) (i.e., during middle -

late Pleistocene). Whether uniform uplift rates were experienced throughout the entire Tracey Arm
t

Terrane is uncertain.

In summary, it is conceivable that the northern Ruby Range (and surrounding regions) may
have been glaciated (perhaps several times) in late Tertiary and/or early Pleistocene, undergone uplift
with stream incision intensifying as uplift progressed, followed by middle - late Pleistecene
glaciation(s) which modified the valleys. The plateau surfaces would have experienced periglacial
processes (perhaps severe) continually throughout the Pleistocene rendering any glacigenic material
residual.

Alternatively, if the dispersal patterns are attributed to some small independent ice-caps which
were sustained on plateau areas of the Ruby Range during the Ruby glaciation as Hughes
et zl., (1969) have identified, then it may be that these ice caps were much more extensive than
originally reported. However, if this was plausible, the plateau surfaces would have had to
experience extreme periglacial conditions during the later part of the Wisconsin, and it is uncertain if
these conditions, over such a short time period, would have been sufficient to account for the
periglacial terrain.
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