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SURFICIAL GEOLOGY

SYMBOLS

h  - h ummock:  steep sided h illock(s) and h ollow (s) w ith  multidirectional slopes dominantly betw een 15-35° (26-70%) if composed of unconsolidated materials,
w h ereas bedrock slopes may be steeper; local relief >1 m; in plan, an assemblag e of non-linear, g enerally ch aotic forms th at are rounded or irreg ular in cross-
profile; commonly applied to knob-and-kettle g laciofluv ial terrain.
m - rolling :  elong ate h illock(s); slopes dominantly betw een 3-15° (5-26%); local relief >1 m; in plan, an assemblag e of parallel or sub-parallel linear forms w ith
subdued relief.
p - plain:  a lev el or v ery g ently sloping , unidirectional (planar) surface w ith  slopes 0-3° (0-5%); relief of local surface irreg ularities g enerally <1 m; applied to
(g lacio)fluv ial floodplains, org anic deposits, lacustrine deposits, and till plains.
r - ridg e:  elong ate h illock(s) w ith  slopes dominantly 15-35° (26-70%) if composed of unconsolidated materials; bedrock slopes may be steeper; local relief is
>1 m; in plan, an assemblag e of parallel or sub-parallel linear forms; commonly applied to drumlinized till plains, eskers, morainal ridg es, crev asse filling s, and
ridg ed bedrock.
t - terrace:  a sing le or assemblag e of step-like forms w h ere each  step-like form consists of a scarp face and a h orizontal or g ently inclined surface abov e it;
applied to fluv ial and lacustrine terraces and stepped bedrock topog raph y.
v  - v eneer:  a layer of unconsolidated materials too th in to mask th e minor irreg ularities of th e surface of th e underlying  material; 10 cm - 1 m in th ickness;
commonly applied to eolian/loess v eneers and colluv ial v eneers.
w  - mantle of v ariable th ickness:  a layer or discontinuous layer of surficial material of v ariable th ickness (0-3 m) th at fills or partly fills depressions in an irreg ular
substrate.
x - th in v eneer:  a v ery th in layer of unconsolidated material; 2-20 cm th ick.

Surface expression refers to th e form (assemblag e of slopes) and pattern of forms expressed by a surficial material at th e land surface.  T h is th ree-dimensional
sh ape of th e material is equiv alent to 'landform' used in a non-g enetic sense  (e.g., ridg es, plain,etc.).  Surface expression symbols also describe th e manner
in w h ich  unconsolidated surficial materials relate to th e underlying  substrate (e.g., v eneer).  Surface expression is indicated by up to th ree low er case letters,
placed immediately follow ing  th e surficial material desig nator, listed in order of decreasing  extent.

SURFACE EXPRESSION
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Geomorph olog ical  processes are natural mech anisms of w eath ering , erosion and deposition th at result in th e modification of th e surficial materials and
landforms at th e earth ’s surface.  U nless a qualifier (A (activ e) or I (inactiv e)) is used, all processes are assumed to be activ e, except for deg lacial processes.
P rocess is indicated by up to th ree upper case letters, listed in order of decreasing  importance, placed after th e surface expression symbol, and separated from
th e surface expression by a dash  (-).
Subclasses can be used to prov ide more specific information about a g eneral g eomoroph olog ical process, and are represented by low er case letter(s) placed
after th e related process desig nator.  U p to th ree subclasses can be attach ed to each  process.  P rocess subclasses used on th is map are defined w ith  th e
related process below .

GEOMORPHOLOGICAL PROCESSES

EROSIONAL PROCESSES

FLUVIAL PROCESSES

MASS MOVEMENT PROCESSES

DEGLACIAL PROCESSES

RECOMMENDED CITATION

B – braiding  ch annel: activ e ch annel zone is ch aracterized by many div erg ing  and conv erg ing  ch annels separated by unv eg etated bars.  Many ch annels are dry
at moderate and low  flow s, but during  major floods, th e entire ch annel zone may be occupied by flow ing  w ater

F – slow  mass mov ement: slow  dow nslope mov ement of masses of coh esiv e or non-coh esiv e surficial material and/or bedrock by creeping , flow ing  or sliding .
Subclasses: (g ) rock creep – slow  mov ement of ang ular debris under perig lacial conditions (e.g., rock g laciers)

X - permafrost: processes controlled by th e presence of permafrost, and permafrost ag g radation or deg radation
Z – g eneral perig lacial processes: solifluction, cryoturbation and niv ation occurring  tog eth er w ith in a sing le terrain unit
Subclasses: (s) solifluction - slow  g rav itational dow nslope mov ement of saturated non-frozen ov erburden across a frozen or oth erw ise impermeable substrate

E - ch anneled by meltw ater: erosion and ch annel formation by meltw ater along side, beneath , or in front of a g lacier or ice sh eet
H  - kettled:  depressions in surficial materials resulting  from th e melting  of buried g lacier ice
T  - ice contact:  sediments deposited in contact w ith  g lacier ice

0 0.5 1 1.5 20.25
kilometres

T h is surficial g eolog y map w as classified using  th e T errain Classification System for British  Columbia (H ow es and Kenk, 1997), w ith  modification to meet
standards set by th e Yukon Geolog ical Surv ey. For example, w e h av e added permafrost process subclasses to furth er account for th e breadth  of permafrost
features on th e landscape. Linew ork for th e map w as produced from interpretations of 1:40 000 and 1:20 000-scale aerial ph otos (flow n from 1985 th roug h
1989). Subsequent field ch ecking  of th e map area w as completed in th e summer of 2012.

SURFICIAL GEOLOGY MAP

Surficial materials are non-lith ified, unconsolidated sediments. T h ey are produced by w eath ering , sediment deposition, biolog ical accumulation, h uman and
v olcanic activ ity.  In g eneral, surficial materials are of relativ ely young  g eolog ical ag e and th ey constitute th e parent material of most (pedolog ical) soils. O n th e
map, surficial materials form th e core of th e polyg on label. T h ey are symbolized w ith  a sing le upper case letter, w ith  texture w ritten to th e left, and surface
expression or g lacial qualifier to th e rig h t. T h e g lacial qualifier "G" is used to describe g lacially modified materials. If actual activ ity state is different th an th e
assumed activ ity state (indicated in brackets next to th e surficial material name below ), a qualifier A (activ e) or I (inactiv e) must be used as a superscript
follow ing  th e surficial material desig nator.  Note th at a sing le polyg on w ill be coloured only by th e dominant surficial material, but oth er materials may exist in
th at unit.

Colluv ium (activ e): Colluv ial deposits include materials th at h av e reach ed th eir present positions as a result of direct, g rav ity-induced
mov ement inv olv ing  no ag ent of transportation such  as w ater or ice (H ow es and Kenk, 1997). Colluv ial deposits in th e map area g enerally
consist of massiv e to moderately w ell-stratified, non-sorted to poorly-sorted sediments w ith  any rang e of particle sizes from clay to boulders.
Colluv ial deposits commonly form near th e bottom of moderate to steep-slopes, w h ere materials h av e been mov ed dow nslope due to g rav ity.
Colluv ial deposits in th e map area occur along  steep stream-cut escarpments, as w ell as along  th e steep to moderately sloping  flanks of th e
Kluane Rang e. Colluv ial deposits are g rav ity-modified v ersions of pre-existing  deposits, and as such , are reflectiv e of reg ional deposit types.
Colluv ial deposits along  stream-cut escarpments in th e map area are typically composed of mixed g lacial, g laciofluv ial and fluv ial materials
w h ile mountain front colluv ial deposits are commonly ch aracterized by mixed rock frag ments and g lacial diamict deposits. A small number of
rock g laciers occur in th e map area and are classified as colluv ial landforms. O n north  and east-facing  aspects colluv ial deposits are likely to
be affected by permafrost.
Eolian (inactiv e): Eolian deposits include materials transported and deposited by w ind. T h ese deposits g enerally consist of medium to fine
sand and coarse silt th at is w ell-sorted, non-compacted, and may contain internal structures such  as cross-bedding  or ripple laminae, or may
be massiv e (H ow es and Kenk, 1997). Much  of th e map area is cov ered w ith  a v eneer of w ind-deposited silt and fine sand, w ith  less extensiv e
areas of th ick eolian deposits. Activ e landforms such  as fluv ial ch annels or colluv ial fans are unlikely to h av e noticeable accumulations of
eolian deposits. Modern (activ e) eolian deposition is limited to isolated deposits of sand and silt along  th e sh ore of Kluane Lake. Inactiv e, silt-
rich  eolian deposits are commonly affected by permafrost and may be ice-rich .
Fluv ial (inactiv e): Fluv ial deposits are materials th at h av e been transported and deposited by streams and riv ers. Fluv ial sediments in th e map
area are predominantly th ose comprising  th e floodplains and fans of streams draining  th e Kluane Rang e. T h ese deposits g enerally consist of
stratified beds of g rav el and/or sand w ith  sand and/or silt and/or org anic materials (and rarely clay). Grav els are typically rounded and contain
interstitial sand. T h ese deposits are commonly moderately to w ell-sorted and display stratification. Silt, sand, and org anic deposits make up
th inly laminated or massiv e ov erbank deposits th at are commonly interbedded w ith  coarser g rav el deposits. Fine-g rained lenses and beds in
th ese fluv ial deposits may contain ice, alth oug h  it may be discontinuous ov er relativ ely small areas. Activ e fluv ial ch annels (discussed below )

SURFICIAL MATERIAL
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TEXTURE

Specific clastic textures:
a - blocks: ang ular particles >256 mm in size
b - boulders: rounded particles >256 mm in size
k - cobbles: rounded particles betw een 64 and 256 mm in size
p - pebbles: rounded particles betw een 2 and 64 mm in size
s - sand: particles betw een 0.0625 and 2 mm in size
z - silt: particles betw een 2 µm and 0.0625 mm in size
c - clay: particles <2 µm in size
Common clastic textural g rouping s:
d - mixed frag ments:  a mixture of rounded and ang ular particles  >2 mm in size
x - ang ular frag ments: a mixture of ang ular frag ments >2 mm in size (i.e., a mixture of blocks and rubble)
g  - g rav el: a mixture of tw o or more size rang es of rounded particles >2 mm in size (eg., a mixture of boulders,
cobbles and pebbles); may include interstitial sand
r - rubble: ang ular particles betw een 2 and 256 mm; may include interstitial sand
m - mud: a mixture of silt and clay; may also contain a minor fraction of fine sand
y - sh ells: a sediment consisting  dominantly of sh ells and/or sh ell frag ments
O rg anic terms:
o - org anic: unclassified org anic materials
e - fibric: th e least decomposed of all org anic materials; it contains amounts of w ell-preserv ed fibre (40% or more) th at can be identified as to botanical orig in
upon rubbing
u - mesic: org anic material at a stag e of decomposition intermediate betw een fibric and h umic
h  - h umic: org anic material at an adv anced stag e of decomposition; it h as th e low est amount of fibre, th e h ig h est bulk density, and th e low est saturated w ater-
h olding  capacity of th e org anic materials; fibres th at remain after rubbing  constitute less th an 10% of th e v olume of th e material

T exture refers to th e size, sh ape and sorting  of particles in clastic sediments, and th e proportion and deg ree of decomposition of plant fibre in org anic material.
U p to th ree textural terms can be used to describe th e texture of surficial material; w h ere tw o or th ree symbols are used, th ey are listed in rev erse order of
importance so th at th e symbolog y may be easily v erbalized.

3rd terrain unit2nd terrain unit
30-49% of map unit 10-29% of map unit

g eomorph olog ical process(es) (permafrost - X)
                             subclass(es) (sh eetflow  - s)

qualifier (g lacial, activ e)
surficial material (fluv ial)
texture (sand, g rav el)
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Fluv ial (activ e): Fluv ial deposits are materials th at h av e been transported and deposited by streams and riv ers. Activ e fluv ial sediments in th e
map area are predominantly th ose associated w ith  floodplains and ch annels of streams draining  th e Kluane Rang e. T h ese deposits g enerally
consist of stratified beds of g rav el and/or sand w ith  sand and/or silt and/or org anic materials (and rarely clay). Grav els are typically rounded
and contain interstitial sand. T h ese deposits are commonly moderately to w ell-sorted and display stratification. Silt, sand, and org anic deposits
make up th inly laminated or massiv e ov erbank deposits th at are rarely interbedded w ith  coarser g rav el deposits in activ e fluv ial env ironments.
Activ e fluv ial ch annels mig rate w idely ov er alluv ial fans in th e south ern part of th e map area, reactiv ating  prev iously abandoned ch annels and
incising  new  ch annels. P ermafrost is uncommon in activ e fluv ial deposits.
Glaciofluv ial (inactiv e): Glaciofluv ial deposits include materials th at h av e been deposited by g lacial meltw ater eith er directly in front of, or in
contact w ith , g lacier ice (H ow es and Kenk, 1997). Glaciofluv ial materials typically rang e from non-sorted and non-bedded g rav el made up of a
w ide rang e of particle sizes, associated w ith  v ery rapid ag g radation at an ice front, to moderately to w ell-sorted, stratified g rav el. Slump
structures such  as h ummocky or irreg ular terrain are indicativ e of collapse of th e material due to melting  of supporting  ice. Glaciofluv ial
materials are present in th e map area, but not abundant. Glaciofluv ial materials are commonly interbedded and deposited adjacent to g lacial
diamict deposits at th e ice front. T h ey typically form kettled and h ummocky plain surfaces, but are also present as ridg ed and undulating
landforms w h en deposited along  a g lacier marg in. Glaciofluv ial deposits may be affected by permafrost but in most cases are ice-poor.
Lacustrine (inactiv e): Sediments th at h av e settled from suspension and underw ater g rav ity flow s, such  as turbidity currents, in bodies of
standing  fresh  w ater, or sediments th at h av e accumulated at th eir marg ins th roug h  th e action of w av es. Lacustrine materials in th e map area
are limited to deposits along  th e sh ore of Kluane Lake. Lakesh ore lacustrine deposits are ch aracterized by w ell-rounded and sorted g rav el
and sand w ith  minor quantities of silt and rarely clay. Lakesh ore lacustrine deposits are commonly affected by eolian processes and can be
interbedded w ith  eolian sand and silt deposits. Lacustrine beach  deposits are rarely affected by permafrost.
Moraine (inactiv e): Moraine deposits include materials th at h av e been deposited directly by a g lacier or ice sh eet w ith out modification by any
oth er ag ent of transportation. Moraine deposits are typically h ig h ly v ariable and depend upon both  th e source of material incorporated by th e
g lacier and th e mode of deposition (H ow es and Kenk, 1997). Moraine deposits in th e map area are ch aracterized by poorly-sorted, w eakly- to
strong ly-compacted material lacking  stratification and containing  a h eterog eneous mixture of particle sizes, usually in a matrix of sand, silt and
clay. Moraine deposits in th e map area are typically found as ridg ed or flat-lying  moraine blankets and plains. T h ese moraine landforms are
likely deposited at th e base of a g lacier, are strong ly-compacted, and are more likely to be found close to th e mountain front. T h e middle of th e
v alley moraine is more likely to be mixed w ith  g laciofluv ial materials, h av e less silt and clay, and be w eakly-compacted. It possible th at basal
moraine deposits similar to th ose found along  th e mountain front are buried at depth  in th e centre of th e v alley. Moraine deposits are
commonly affected by permafrost and some moraine deposits may be ice-rich .
O rg anic (activ e): O rg anic materials in th e map area are commonly found in low -lying  areas w h ere w et g round conditions h av e facilitated a
th ick accumulation of v eg etativ e matter. O rg anic deposits contain at least 30% org anic matter by w eig h t, are commonly saturated w ith  w ater
and consist of th e accumulated remains of mosses, sedg es, or oth er h ydroph ytic v eg etation (H ow es and Kenk, 1997). In th e map area,
org anic deposits form blankets (>1 m) and v eneers (<1 m) ov er inorg anic materials th at commonly h av e poor drainag e capacity due to a h ig h
percentag e of silt and clay. In particular, th e troug h s found in ridg ed and rolling  moraine deposits in th e map area are prone to th e
accumulation of org anic material because of th e combination of poor drainag e and impermeable surface materials. Ice-rich  permafrost
conditions are common in th ese deposits.
Bedrock: Bedrock outcrops in th e map area are limited to h ig h er elev ation slopes along  th e mountain front of th e Kluane Rang e. Bedrock is
commonly sculpted by ice and ov erlain by th in deposits of g lacial moraine and colluv ial materials th at th icken tow ard th e v alley bottom.

MARGINAL NOTES
T h e map area occupies a north w est-trending  v alley in a broad ph ysiog raph ic reg ion know n as th e Sh akw ak T rench . T h e Sh akw ak T rench
is a structurally controlled long itudinal v alley and represents th e surface expression of th e Denali Fault, w h ich  runs from H aines, Alaska,
to th e south  end of Kluane Lake to eastern Alaska. It separates th e tectonically activ e rug g ed mountains to th e w est (th e Kluane Rang e)
from th e low er mountains and broad v alleys east of th e fault (th e Ruby Rang e). T h e Kluane Rang e, w h ich  form part of th e St. Elias
Mountains, rise steeply abov e th e Sh akw ak T rench  as a narrow  band of g laciated peaks. T opog raph ic relief in th e Kluane Rang e is in
excess of 1600 m and th e mountain front to th e w est of th e study area h as an av erag e slope of about 30-40 deg rees. Drainag e in th e
south ern Sh akw ak T rench  is south w est to th e Alsek Riv er and P acific O cean, w h ile drainag e in th e north ern part of th e trench  (w h ere th is
map area is located) is north  tow ard th e Yukon Riv er and ultimately th e Bering  Sea. P ermafrost is w idespread in th e Sh akw ak T rench
north w est of Kluane Lake.

Glacial H istory:
Sev eral periods of g laciation occurred in th e reg ion during  th e Q uaternary P eriod (~2 My-10 ka BP ), th e latest being  th e late-W isconsin
(ca. 22 ka BP ) Kluane Glaciation (Denton and Stuiv er, 1967). W h ile early and middle P leistocene g lacial and interg lacial periods are
believ ed to be preserv ed in some sediment records in th e reg ion (Rampton, 1981), only ev idence of th e most recent Kluane Glaciation is
w ell-preserv ed in th e study area. Ice flow  during  th e Kluane Glaciation w as g enerally out of ice centres in h ig h er mountainous areas, such
as th e St. Elias, Coast, and Cassiar mountains, and along  major structural trench es and v alleys.
During  th e Kluane Glaciation, ice flow ed out of th e v alleys of th e St. Elias Mountains and extended north w est along  th e Sh akw ak T rench
and into th e Ruby Rang e (Fig ure 3; Duk-Rodkin, 1999). Most of th e uplands in th e Ruby Rang e remained ice-free during  th is g laciation,
alth oug h  g lacial features in th e south ern part of th e rang e sug g est it did support cirque g laciers and local ice caps.
During  th e w aning  stag es of th e Kluane Glaciation, v alley g laciers may h av e been out of synch  w ith  g laciers in main tributary v alleys,
impounding  lakes and forming  larg e g laciofluv ial complexes in alpine v alleys. Major g lacial lakes likely also formed w ith in th e Sh akw ak
T rench  (Rampton, 1981), alth oug h  little ev idence of th eir existence is preserv ed.
T h e immediately post-g lacial period in th e map area w as marked by w idespread landslide activ ity and loess deposition. Glacially ov er-
steppened slopes and abundant g lacial material deposited along  v alley sides could be readily mobilized into th e v alley bottom w h ere
sparse v eg etation cov er and local katabatic w inds w ould h av e created fav ourable conditions for loess deposition.
Neog lacial adv ances h av e occurred numerous times in th e past ~2800 years in th e Kluane Icefields. T h e most recent neog lacial adv ance
likely took place ~450 years ag o and w as responsible for an adv ance of th e Kaskaw ulsh  Glacier th at led to a h ig h  stand of Kluane Lake
(Rampton, 1981). Repeated v ariations in th e lev el of Kluane Lake th roug h out th e neog lacial period h av e been attributed to ch ang es in
base lev el in th e Slims and Kaskaw ulsh  v alleys (Bostock, 1969; Clag ue, 1981).

Geolog ic H azards:
Debris flow s and debris slides are th e most common types of mass mov ements in th e Sh akw ak V alley (Clag ue, 1981; H uscroftet al.,
2004) and are g enerally trig g ered by intense rainfall ev ents on steep to moderate colluv ial or till-cov ered slopes.
In a study of debris fans along  th e Alaska H ig h w ay corridor, Koch et al. (in press) demonstrate th at fans in th e study area w ere larg ely
activ e during  and immediately after deg laciation. Small debris flow  and flood ev ents w ere recorded; h ow ev er, none w ere sig nificant on
low er fan surfaces (w h ere infrastructure is located). Furth ermore, th e auth ors conclude th e axial streams of all th e fans in th e study area
h av e been modified to such  a deg ree by larg e-diameter culv erts, lev ees and berms (e.g. Fig ure 4) th at any future debris flow s w ill likely be
restricted to present stream crossing s of th e Alaska H ig h w ay corridor (Koch et al., in press).
P aleoseismic results from a site near Burw ash  Landing  sug g est th at at least th ree larg e mag nitude surface faulting  earth quakes h av e
occurred along  th e Yukon section of th e Denali Fault in th e past 3800 years, w ith  an av erag e recurrence interv al of approximately 1000
years (Seitzet al., 2008). Activ ity on th is fault can include sig nificant g round ruptures (3-4 m displacements) and deformation of surface
sediments. Surface offsets of nearby g eomorph ic features sug g est a late P leistocene-H olocene slip rate of 2-4 mm/yr along  th is portion of
th e Denali Fault (Seitzet al., 2008).

Surficial materials:
T h e Sh akw ak V alley comprises a g ently undulating  and g lacially fluted floor underlain by th ick deposits of till, lacustrine silts and outw ash
from a number of g laciations, as w ell as H olocene alluv ium and loess (Denton and Stuiv er, 1967; Rampton, 1969). Along  th e base of th e
mountain front of th e Kluane and Ruby Rang es, colluv ial aprons and fans g rade into broad alluv ial fans and aprons (Fig ures 1 and 2).
Surficial materials in th e study area are deriv ed from g lacial, fluv ial, lacustrine, colluv ial, eolian and org anic processes. Each  process, or
combination of processes, forms distinct materials th at can be ch aracterized based on th e g rain size, sorting , structure, and g eneral
distribution of th e material. Detailed descriptions of th e surficial materials found in th e study area are located in th e map leg end.

Fig ure 3. P urple sh ading  outlines th e extent of th e late-P leistocene Kluane Glaciation in th e map area. Green arrow s indicate g eneral reg ional ice flow  directions.

Fig ure 2. Simplified cross-v alley profile of th e map area.

Kennedy, K.E., 2013.  Surficial g eolog y of Burw ash  Landing  and Destruction Bay (parts of NT S 115G/2, 6 and 7), Yukon. 1: 20 000-scale. Yukon Geolog ical
Surv ey, O pen File 2013-14; see also North ern Climate Exch ang e, 2013. Burw ash  Landing  and Destruction Bay Landscape H azards: Geolog ical mapping  for
climate ch ang e adaptation planning . Yukon Research  Centre, Yukon Colleg e, 111 p. and 2 maps.

a - apron: a w edg e-like slope-toe complex of laterally coalescent colluv ial fans and blankets. Long itudinal slopes are g enerally less th an 15° (26%) from apex to
toe w ith  flat or g ently conv ex/concav e profiles.
b - blanket: a layer of unconsolidated material th ick enoug h  (>1 m) to mask minor irreg ularities of th e surface of th e underlying  material, but still conforms to th e
g eneral underlying  topog raph y; outcrops of th e underlying  unit are rare.
l - delta: landform created at th e mouth  of a riv er or stream w h ere it flow s into a body of w ater. Deltas h av e g ently sloping  surfaces betw een 0-3° (0-5%), and
moderate to steeply sloping  fronts betw een 16-35° (27-70%). Glaciofluv ial deltas in th e map area are typically coarse-g rained w ith  steep sides and g ently
inclined kettled or ch anneled surfaces.
f - fan: sector of a cone w ith  a slope g radient less th an 15° (26%) from apex to toe; long titudinal profile is smooth  and straig h t, or slig h tly concav e/conv ex.

Fig ure 4. An example of berms on Bock's Creek th at serv e to mitig ate
potential debris floods and flow s.

Fig ure 1. Alluv ial fans built out of th e Kluane Rang e onto th e Sh akw ak V alley floor are a sig nificant feature of th e map area.
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