MARGINAL NOTES

The map area occupies a northwest-trending valley in a broad physiographic region known as the Shakwak Trench. The Shakwak Trench
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During the Kluane Glaciation, ice flowed out of the valleys of the St. Elias Mountains and extended northwest along the Shakwak Trench
and into the Ruby Range (Figure 3; Duk-Rodkin, 1999). Most of the uplands in the Ruby Range remained ice-free during this glaciation,
although glacial features in the southern part of the range suggest it did support cirque glaciers and local ice caps.

1o During the waning stages of the Kluane Glaciation, valley glaciers may have been out of synch with glaciers in main tributary valleys,
) R impounding lakes and forming large glaciofluvial complexes in alpine valleys. Major glacial lakes likely also formed within the Shakwak
R Trench (Rampton, 1981), although little evidence of their existence is preserved.
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szEv\;dM}p;-x VN 8Ob-ZdMb/sgRE-X™ | The immediately post-glacial period in the map area was marked by widespread landslide activity and loess deposition. Glacially over-
SZEv.c2SCv.UOb-X AN \ | secasowll  StePpened slopes and abundant glacial material deposited along valley sides could be readily mobilized into the valley bottom where
= ) . e \ i\ sparse vegetation cover and local katabatic winds would have created favourable conditions for loess deposition.
S | N e \1 \\ AN Neoglacial advances have occurred numerous times in the past ~2800 years in the Kluane Icefields. The most recent neoglacial advance
% [ NN \ \ { ) likely took place ~450 years ago and was responsible for an advance of the Kaskawulsh Glacier that led to a high stand of Kluane Lake
'\ ,’ \ zsdCb\zdMb-Zs e < yd (Rampton, 1981). Repeated variations in the level of Kluane Lake throughout the neoglacial period have been attributed to changes in
/: r~ \ g : base level in the Slims and Kaskawulsh valleys (Bostock, 1969; Clague, 1981).
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: // AN e AN y AN \;</ Debris flows and debris slides are the most common types of mass movements in the Shakwak Valley (Clague, 1981; Huscroft et al.,
N g AN y AN // AN 2004) and are generally triggered by intense rainfall events on steep to moderate colluvial or till-covered slopes.
e~ \ \ // \ y \\ b In a study of debris fans along the Alaska Highway corridor, Koch et al. (in press) demonstrate that fans in the study area were largely
S = \ \\ e AN y \ active during and immediately after deglaciation. Small debris flow and flood events were recorded; however, none were significant on
g- N\ . yd . //\\ h AN lower fan surfaces (where infrastructure is located). Furthermore, the authors conclude the axial streams of all the fans in the study area
3 N yd \ e N \ have been modified to such a degree by large-diameter culverts, levees and berms (e.g. Figure 4) that any future debris flows will likely be
AN yd AN yd AN b AN ° restricted to present stream crossings of the Alaska Highway corridor (Koch et al., in press).
L yd N\ y \ Py \ § Paleoseismic results from a site near Burwash Landing suggest that at least three large magnitude surface faulting earthquakes have
= N — \\ y \\ y \ © occurred along the Yukon section of the Denali Fault in the past 3800 years, with an average recurrence interval of approximately 1000
S / N e N e \ e years (Seitz et al., 2008). Activity on this fault can include significant ground ruptures (3-4 m displacements) and deformation of surface
B . e . e PN sediments. Surface offsets of nearby geomorphic features suggest a late Pleistocene-Holocene slip rate of 2-4 mm/yr along this portion of
p N N\ e P 3 the Denali Fault (Seitz et al., 2008).
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SURFICIAL GEOLOGY MAP Fluvial (active): Fluvial deposits are materials that have been transported and deposited by streams and rivers. Active fluvial sediments in the h - hummock: steep sided hillock(s) and hollow(s) with multidirectional slopes dominantly between 15-35° (26-70%) if composed of unconsolidated materials, TEXTURE ACKNOWLEDGEMENTS
FA map area are predominantly those associated with floodplains and channels of streams draining the Kluane Range. These deposits generally whereas bedrock slopes may be steeper; local relief >1 m; in plan, an assemblage of non-linear, generally chaotic forms that are rounded or irregular in cross- f . . f . . . . . f . f fibre i : : . . . ] S ] ] )
This surficial geology map was classified using the Terrain Classification System for British Columbia (Howes and Kenk, 1997), with modification to meet consist of stratified beds of gravel and/or sand with sand and/or silt and/or organic materials (and rarely clay). Gravels are typically rounded profile; commonly applied to knob-and-kettle glaciofluvial terrain. Texture refers to the size, shape and sorting o pgrtlcles in clastic sedlmgnts, and_the proportion and degree of decomposition of plant _|bre in organic material. The author is grateful to the residents of Burwash Landing and Destruction Bay for providing information about the region's geology and natural history. Kluane
standards set by the Yukon Geological Survey. For example, we have added permafrost process subclasses to further account for the breadth of permafrost and contain interstitial sand. These deposits are commonly moderately to well-sorted and display stratification. Silt, sand, and organic deposits Up to three textural terms can be used to describe the texture of surficial material; where two or three symbols are used, they are listed in reverse order of First Nation is thanked for sharing data and providing input into regional development priorities.
features on the landscape. Linework for the map was produced from interpretations of 1:40 000 and 1:20 000-scale aerial photos (flown from 1985 through make up thinly laminated or massive overbank deposits that are rarely interbedded with coarser gravel deposits in active fluvial environments. m - rolling: elongate hillock(s); slopes dominantly between 3-15° (5-26%); local relief >1 m; in plan, an assemblage of parallel or sub-parallel linear forms with importance so that the symbology may be easily verbalized. . o . . . . . o o .
1989). Subsequent field checking of the map area was completed in the summer of 2012. Active fluvial channels migrate widely over alluvial fans in the southern part of the map area, reactivating previously abandoned channels and subdued relief. Specific clastic textures: Permafroslt |nve§tlgatlons led py Antoni Leyvkowmz arjd Dgnlel Fortier were invaluable for descriptions of permafrost conditions in the community. Able and
. P . p - plain: a level or very gently sloping, unidirectional (planar) surface with slopes 0-3° (0-5%); relief of local surface irregularities generally <1 m; applied to b - bouIdeIrS' rounded particles >256 mm in size . . . . . ] ]
Terrain Classification Glaciofluvial (inactive): Glaciofluvial deposits include materials that have been deposited by glacial meltwater either directly in front of, or in (glacio)fluvial floodplains, organic deposits, lacustrine deposits, and till plains. K - cobbles: rounded pgrticles between 64 and 256 mm in size Funding for this project was provided by the Northern Climate Exchange (NCE), Yukon Research Centre, Yukon College, through the Indian and Northern Affairs
. . . . . . FG contact with, glacier ice (Howes and Kenk, 1997). Glaciofluvial materials typically range from non-sorted and non-bedded gravel made up of a b - pebbles.: rounded particles between 2 and 64 mm in size Canada (INAC) Climate Change Adaptation Program. The author would also like to acknowledge excellent project management by Bronwyn Benkert at the NCE.
lgﬁgg/ﬂ?m un'.tt / 320n4<g0/te¥ram L!tn't// 3rd toerraln un't wide range of particle sizes, associated with very rapid aggradation at an ice front, to moderately to well-sorted, stratified gravel. Slump r - ridge: elongate hillock(s) with slopes dominantly 15-35° (26-70%) if composed of unconsolidated materials; bedrock slopes may be steeper; local relief is s - sand: particles between 0.0625 and 2 mm in size
-100% of map uni -49% of map uni 10-29% of map unit structures such as hummocky or irregular terrain are indicative of collapse of the material due to melting of supporting ice. Glaciofluvial >1 m; in plan, an assemblage of parallel or sub-parallel linear forms; commonly applied to drumlinized till plains, eskers, morainal ridges, crevasse fillings, and z - silt: particles between 2 um and 0.0625 mm in size RECOMMENDED CITATION
Overlying terrain unit \ Underlying terrain unit materlals are present in .the map area, but Inot abundant. Glaciofluvial materials are commonly interbedded and deposn_ed adjacent to glac_:lal ridged bedrock. ¢ - clay: particles <2 ym in size . ] ) )
50-100% of map unit diamict deposits at the ice front. They typically form kettled and hummocky plain surfaces, but are also present as ridged and undulating ) o Kennedy, K.E., 2013. Surficial geology of Burwash Landing and Destruction Bay (parts of NTS 115G/2, 6 and 7), Yukon. 1: 20 000-scale. Yukon Geological
/ ° P landforms when deposited along a glacier margin. Glaciofluvial deposits may be affected by permafrost but in most cases are ice-poor. t - terrace: a single or assemblage of step-like forms where each step-like form consists of a scarp face and a horizontal or gently inclined surface above it; C(j:onr:]ri?(gg ?rl:;:fetft);t.uflrgi;cﬁgn(%sr'ounded and angular particles >2 mm in size Survey, Open File 2013-14; see also Northern Climate Exchange, 2013. Burwash Landing and Destruction Bay Landscape Hazards: Geological mapping for
discontinuous covering of material/2nd terrain unit applied to fluvial and lacustrine terraces and stepped bedrock topography. - . 4 b X - climate change adaptation planning. Yukon Research Centre, Yukon College, 111 p. and 2 maps.
9 Lacustrine (inactive): Sediments that have settled from suspension and underwater gravity flows, such as turbidity currents, in bodies of X- angula.r fragments: a mixture of angular fragments >2 mm in size (i.e., a mixture of blocks and rubble)
sgFGpt-Xs «—— L standing fresh water, or sediments that have accumulated at their margins through the action of waves. Lacustrine materials in the map area v - veneer: a layer of unconsolidated materials too thin to mask the minor irregularities of the surface of the underlying material; 10 cm - 1 m in thickness; g - gravel: a mixture (_’f two or more size ranges of rounded particles >2 mm in size (eg., a mixture of boulders,
geomorphological process(es) (permafrost - X) are limited to deposits along the shore of Kluane Lake. Lakeshore lacustrine deposits are characterized by well-rounded and sorted gravel commonly applied to eolian/loess veneers and colluvial veneers. cobbles ‘?”d pebbles); may include interstitial sand _ , , o SELECTED REEERENCES
T subclass(es) (sheetflow - s) and sand with minor quantities of silt and rarely clay. Lakeshore lacustrine deposits are commonly affected by eolian processes and can be r- rubb(lje. a”gut'ar pa]crtlgzlltes t()jet\llveen 2 a”? 256 "t"" may mcl:cjdet[ntersfhft.lal san%
interbedded with eolian sand and silt deposits. Lacustrine beach deposits are rarely affected by permafrost. w - mantle of variable thickness: a layer or discontinuous layer of surficial material of variable thickness (0-3 m) that fills or partly fills depressions in an irregular m - mud. a mixture o silt and clay, may also contain a minor fraction ot fine san i i i i
surface expression (plain, terrace) P P ’ yP substrate. g Y ( ) partly P 9 y - shells: a sediment consisting dominantly of shells and/or shell fragments Bostock, H.S., 1969. Kluane Lake, Yukon Territory, Its drainage and allied problems. Geological Survey of Canada, Paper 69-28.
qualifier (glacial, active) Moraine (inactive): Moraine deposits include materials that have been deposited directly by a glacier or ice sheet without modification by any Organic terms: Clague, J. J., 1981. Landslides at the south end of Kluane Lake, Yukon Territory. Canadian Journal of Earth Sciences, vol. 18, p. 959-971.
surficial material (fluvial) - other agent of transportation. Moraine deposits are typically highly variable and depend upon both the source of material incorporated by the x - thin veneer: a very thin layer of unconsolidated material; 2-20 cm thick. o - organic: unclassified organic materials
texture (sand, gravel) gtlacierI and the rrtwge Oftd?pIOISitiISn (H?wtgfs a?d Ken(lj(, 19$t37.)..Morari1net deposits in the; ;nap afrea ?relz characterizerlj by poorli/-.sor}ed, v(\;ea!(lly- tg GEOMORPHOLOGICAL PROCESSES e- fibri%:btlhe least decomposed of all organic materials; it contains amounts of well-preserved fibre (40% or more) that can be identified as to botanical origin Denton, G. H. and Stuiver, M., 1967. Late Pleistocene glacial stratigraphy and chronology, northeastern Saint Elias Mountains, Canada. Geological Society of
strongly-compacted material lacking stratification and containing a heterogeneous mixture of particle sizes, usually in a matrix of sand, silt an upon rubbing America Bulletin, vol. 78, p. 485-510.
clay. Moraine deposits in the map area are typically found as ridged or flat-lying moraine blankets and plains. These moraine landforms are G : : - . o . P, - ; u - mesic: organic material at a stage of decomposition intermediate between fibric and humic
: . ; ; . . eomorphological processes are natural mechanisms of weathering, erosion and deposition that result in the modification of the surficial materials and ) ) ‘ N i ) )
SURFICIAL MATERIAL likely deposited at the base of a glacier, are strongly-compacted, and are more likely to be found close to the mountain front. The middle of the landforms at the earth’s surface. Unless a qualifier (A (active) or | (inactive)) is used, all processes are assumed to be active, except for deglacial processes. h - humic: organic material at an advanced stage of decomposition; it has the lowest amount of fibre, the highest bulk density, and the lowest saturated water- Duk-Rodkin, A., 1999. Glacial Limits Map of Yukon, Yukon Geological Survey, Geoscience Map, 1999-2, (also know as GSC Open File 3694).
valley moraine is more likely to be mixed with glaciofluvial materials, have less silt and clay, and be weakly-compacted. It possible that basal o 9 ( -( ; ) ( ) R b . P 9 P holding capacity of the organic materials; fibres that remain after rubbing constitute less than 10% of the volume of the material
Surficial materials are non-lithified, unconsolidated sediments. They are produced by weathering, sediment deposition, biological accumulation, human and moraine deposits similar to those found along the mountain front, are buried at depth ir; the centre of the valley -Moraine deposits are Process is lndlcateq by up to three upper case letters, listed in order of decreasing importance, placed after the surface expression symbol, and separated from g capacity g ; g () . . o . . . . .
volcanic activity. In general, surficial materials are of relatively young geological age and they constitute the parent material of most (pedological) soils. On the commonly affected b frost and ine d i be ice-rich : the surface expression by a dash (-). Huscroft, C. A., Lipovsky, P. S. and Bond, J. D., 2004. A regional characterization of landslides in the Alaska Highway corridor, Yukon. Yukon Geological Survey,
e . . , : , . y affected by permafrost and some moraine deposits may be ice-rich. Open File 2004-18, 65 p., report and CD-ROM.
map, surficial materials form the core of the polygon label. They are symbolized with a single upper case letter, with texture written to the left, and surface S . i _ _ ©) SYMBOLS
expression or glacial qualifier to the right. The glacial qualifier "G" is used to describe glacially modified materials. If actual activity state is different than the : R , e - i i, o ubclasses can be used to provide more specific information about a general geomorophological process, and are represented by lower case letter(s) placed , o -~ _ _ _ o o _
assumed activity state (indicated in brackets next to the surficial material name below), a qualifier A (active) or | (inactive) must be used as a superscript Organic (active): Organic malerials I the map area are commonly found 2 Jow-lying areas where twet ground conditions have faciitatec 2 after the related process designator. Up to three subclasses can be attached to each process. Process subclasses used on this map are defined with the Howes, D.E. and Kenk, E., 1997. Terrain Classification System for British Columbia (Version 2). Recreational Fisheries Branch, Ministry of Environment and
i o i i i i i i i : st i O : getalive matler. Lurganic deposits contain at least SUve organic matier by weight, are commonly saturated with water related process below. Surveys and Resource Mapping Branch, Ministry of Crown Lands, Province of British Columbia, Victoria, BC, 102 p.
following the surficial material designator. Note that a single polygon will be coloured only by the dominant surficial material, but other materials may exist in and consist of the accumulated remains of mosses, sedges, or other hydrophytic vegetation (Howes and Kenk, 1997). In the map area p EROSIONAL PROCESSES
that unit. . . ’ o . ) L o ]
organic deposits form blankets (>1 m) and veneers (<1 m) over inorganic materials that commonly have poor drainage capacity due to a high . . . A : : Koch, J., Clague, J. J. and Blais-Stevens, A., in press. Debris flow chronology and potential hazard along the Alaska Highway in southwest Yukon Territory.
Colluvium (active): Colluvial deposits include materials that have reached their present positions as a result of direct, gravity-induced percentage of silt and clay. In particular, the troughs found in ridged and rolling moraine deposits in the map area are prone to the V - gully erosion: running water, mass movement, and/or snow avalanching, resulting in the formation of parallel and sub-parallel long, narrow ravines ~—~_— water courses Environmentagl and Engineering Geoscience. Subrp:ﬂtted February 4, 2013. ¥ P ° M !
- move;ment involying no agent of transportellt.ion such as water or ice (Howes aqd Kenk, _1 997). Colluvial dep_osits _in the map area generally accumulation of organig material becguse of the combination of poor drainage and impermeable surface materials. Ice-rich permafrost FLUVIAL PROCESSES _—~___~ roads . . . . Yukon Geological Survey
consist of massive to moderately well-stratified, non-sorted to poorly-sorted sediments with any range of particle sizes from clay to boulders. conditions are common in these deposits. L] site location (with station number) Rampton, V. N., 1969. Pleistocene geology of the Snag-Klutan area, southwestern Yukon, Canada. Ph. D. thesis, University of Minnesota, Duluth, Minnesota. E Mi dR
Colluvial deposits commonly form near the bottom of moderate to steep-slopes, where materials have been moved downslope due to gravity. B — braiding channel: active chann.el zone is characterized.by many diverging and converging chann_els separated by unvegetated bars. Many channels are dry elevation contours (feet a.s.l.) nergy, Mines an esources
Kluane Range. Colluvial deposits are gravity-modified versions of pre-existing deposits, and as such, are reflective of regional deposit types. R commonly sculpted by ice and overlain by thin deposits of glacial moraine and colluvial materials that thicken toward the valley bottom. MASS MOVEMENT PROCESSES « s~ Moraine ridge gravel pit
Colluvial deposits along stream-cut escarpments in the map area are typically composed of mixed glacial, glaciofluvial and fluvial materials Rampton, V. N., 1980b. Surficial geology and geomorphology, Congdon Creek, Yukon Territory. Geological Survey of Canada, Preliminary map 8-1978.
while mountain front colluvial deposits are commonly characterized by mixed rock fragments and glacial diamict deposits. A small number of SURFACE EXPRESSION F — slow mass movement: slow downslope movement of masses of cohesive or non-cohesive surficial material and/or bedrock by creeping, flowing or sliding. meltwater channel (direction indicated) ® kettle .
rock glaciers occur in the map area and are classified as colluvial landforms. On north and east-facing aspects colluvial deposits are likely to Subclasses: (g) rock creep — slow movement of angular debris under periglacial conditions (e.g., rock glaciers) Rampton, V. N., 1981. Surficial materials and landforms, Kluane National Park, Yukon Territory. Geological Survey of Canada, Paper 79-24, 37 p. (includes maps Open File 2013-14
be affected by permafrost. Surface expression refers to the form (assemblage of slopes) and pattern of forms expressed by a surficial material at the land surface. This three-dimensional escarpment Geological Boundaries 13-1979 and 14-1979).
. . . ) o ) ) . . . . i shape of the material is equivalent to 'landform' used in a non-genetic sense (e.g., ridges, plain, etc.). Surface expression symbols also describe the manner PERIGLACIAL PROCESSES
Eolian (inactive): Eolian deposits include materials transported and deposited by wind. These deposits generally consist of medium to fine in which unconsolidated surficial materials relate to the underlying substrate (e.g., veneer). Surface expression is indicated by up to three lower case letters, e g K K directi . Seitz, G.J., Haeussler, P.J., Crone, A.J., Lipovsky, P., and Schwartz, D.P., 2008. Eastern Denali Fault slip rate and paleoseismic history, Kluane Lake area, Yukon Surficial G | fB h L di dD : B
E sand and coarse silt that is well-sorted, non-compacted, and may contain internal structures such as cross-bedding or ripple laminae, or may placed immediately following the surficial material designator, listed in order of decreasing extent. X - permafrost: processes controlled by the presence of permafrost, and permafrost aggradation or degradation w7 " w7 esker (unknown direction) -~ defined boundary Territory, Canada. AGU Fall Meeting, San Francisco, CA, December 15-19, 2008, poster T53B-1947. urticla eology o urwas anding an estruction ay
be massive (Howes and Kenk, 1997). Much of the map area is covered with a veneer of wind-deposited silt and fine sand, with less extensive Z — general periglacial processes: solifluction, cryoturbation and nivation occurring together within a single terrain unit ( artS Of NTS 1156/2 6 an d 7) YU kO n
areas of thick eolian deposits. Active landforms such as fluvial channels or colluvial fans are unlikely to have noticeable accumulations of a - apron: a wedge-like slope-toe complex of laterally coalescent colluvial fans and blankets. Longitudinal slopes are generally less than 15° (26%) from apex to Subclasses: (s) solifluction - slow gravitational downslope movement of saturated non-frozen overburden across a frozen or otherwise impermeable substrate AT strandline _—~___~  approximate boundary p )
eolian deposits. Modern (active) eolian deposition is limited to isolated deposits of sand and silt along the shore of Kluane Lake. Inactive, silt- toe with flat or gently convex/concave profiles. - © faultor I ) imat (1 20 OOO'ScaI e)
rich eolian deposits are commonly affected by permatfrost and may be ice-rich. b - blanket: a | f lidated material thick h(>1 m)t K minor i larit £ th o fth derlvi terial. but still ‘ to th DEGLACIAL PROCESSES 7 =" ault or linement (approximate) assumed boundary Digital cartoglrapfrl]y and dralf:;ingh bykKristen Kenfnedy ;\/ith the Yukon Geological itfjrvey usingbAcmAap. Maplpir;]g basedhor; digital air Ehotohinterpretagon using ’ b
- blanket: a layer of unconsolidated material thick enoug m) to mask minor irregularities of the surface of the underlying material, but still conforms to the fault or li t d 1:40 000-scale photos. Field checking was performed in summer 2012. Linework for map is based on aerial photography from 1985 through 1989 and may not
Fluvial (inactive): Fluvial deposits are materials that have been transported and deposited by streams and rivers. Fluvial sediments in the map general underlying topography; outcrops of the underlying unit are rare. E - channeled by meltwater: erosion and channel formation by meltwater alongside, beneath, or in front of a glacier or ice sheet aultor linement (assumed) match basedata (contours, streams) derived from 1:50 000-scale topographic maps. y
F area are predominantly those comprising the floodplains and fans of streams draining the Kluane Range. These deposits generally consist of H - kettled: depressions in surficial materials resulting from the melting of buried glacier ice ~~~—" limit of geological mapping Kristen E. K d
stratified beds of gravel and/or sand with sand and/or silt and/or organic materials (and rarely clay). Gravels are typically rounded and contain | - delta: landform created at the mouth of a river or stream where it flows into a body of water. Deltas have gently sloping surfaces between 0-3° (0-5%), and T - ice contact: sediments deposited in contact with glacier ice Any revisions or additional geological information known to the user would be welcomed by the Yukon Geological Survey. risten . Rennedy on
interstitial sand. These deposits are commonly moderately to well-sorted and display stratification. Silt, sand, and organic deposits make up moderate to steeply sloping fronts between 16-35° (27-70%). Glaciofluvial deltas in the map area are typically coarse-grained with steep sides and gently Energy, Mines and Resources
thinly laminated or massive overbank deposits that are commonly interbedded with coarser gravel deposits. Fine-grained lenses and beds in inclined kettled or channeled surfaces. HYDROLOGIC PROCESSES Paper copies of this map may be purchased from Geoscience Information and Sales, c/o Yukon Geological Survey, Energy, Mines and Resources, Yukon

these fluvial deposits may contain ice, although it may be discontinuous over relatively small areas. Active fluvial channels (discussed below) U — inundation: terrain seasonally under standing water which results from high water table Government, Room 102 - 300 Main St., Whitehorse, Yukon, Y1A 2B5. Ph. 867-667-3207, Fx. 867-667-3198, Email geosales@gov.yk.ca.

f - fan: sector of a cone with a slope gradient less than 15° (26%) from apex to toe; longtitudinal profile is smooth and straight, or slightly concave/convex.




