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BACKGROUND

S urficial ge ological fie ld mapping w as comple te d for the  study are a at a scale  of 1:10 000 during the  sum m e rs of 2014 and 2015. R e mote
pre dictive  m apping w as comple te d using 1:40 000-scale  2002 digital m onochrom e  ae rial photographs w ith PurVie w/ArcGIS  softcopy vie w ing
softw are . LiDAR  data acquire d by Yukon Gove rnm e nt in 2014 for part of the  m ap are a w as also use d to cre ate  a one -m e tre  hillshade  for de taile d
m apping w he re  available . H istoric ge ologic fe ature s in the  map are a, many of w hich have  be e n subse que ntly obscure d by anthropoge nic
de ve lopm e nt in the  comm unity, w e re  mappe d from m onochrom e  and colour digital ae rial photographs dating from 1951 (~1:70 000 scale ), 1962
(1:40 000 scale ), 1973 (1:12 000 scale ) and 1988 (1:12 000 scale ). H istoric photos w e re  also vie w e d and mappe d using PurVie w/ArcGIS  softcopy
vie w ing softw are .
F ie ld che cking of units w as comple te d by docum e nting anthropoge nic and natural e xposure s of surficial m ate rials, and by digging soil pits (up to ~1
m de e p) in a broad range  of surface  se dim e nts and landforms. O the r ne w data incorporate d include s ge ophysical profile s of the  subsurface  (using
ground-pe ne trating radar (GPR ) and dire ct curre nt e le ctrical re sistivity (ER T )), and ne w shallow bore hole s. Pre viously acquire d subsurface
ge ological data w as m ade  available  from bore hole , te st pits, and w ate r w e ll logs provide d by EBA Engine e ring Consultants Ltd. (R . T rim ble , T e tra
T e ch EBA, pe rs. com m., 2010).

METHODS

S urficial ge ological mapping w as unde rtake n for the  comm unity of O ld Crow by the  Yukon Ge ological S urve y as part of the  O ld Crow Landscape
H azard Asse ssm e nt: Ge oscie nce  mapping for Climate  Change  Adaptation Planning proje ct. T his proje ct w as a partne rship be tw e e n Yukon
Ge ological S urve y and the  N orthe rn Climate  ExChange , Yukon R e se arch Ce ntre , Yukon Colle ge , and additional inform ation including m ore
de taile d de scriptions of surficial ge ology, can be  found as part of the  proje ct re port by Be nke rt ,et al., 2016.
Pre vious m apping of surficial ge ology in the  are a is limite d to re gional re connaissance  mapping at a scale  of 1:125 000 unde rtake n by the
Ge ological S urve y of Canada (H ughe set al., 1973), and site -spe cific studie s re late d to e ngine e ring and comm unity de ve lopm e nt issue s (e.g.EBA,
2012). U pdate d mapping pre se nte d he re  incorporate s re ce nt im age ry (sate llite  and LiDAR ) and re gional stratigraphic re lationships to pre se nt
ge ological inform ation at a scale  suitable  for comm unity de ve lopm e nt purpose s.
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S urficial mate rials are  non-lithifie d, unconsolidate d se dim e nts. T he y are  produce d by w e athe ring, se dim e nt de position, biological accum ulation, and
hum an and volcanic activity.  In ge ne ral, surficial m ate rials are  of re lative ly young ge ological age  and constitute  the  pare nt m ate rial of most (pe dological)
soils. N ote  that a single  polygon w ill be  coloure d only by the  dom inant surficial mate rial, but othe r mate rials may e xist in that unit.
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SURFICIAL GEOLOGY

OLD CROW, YUKON TERRITORY

kilom e tre s

0 0.5 1 2

a - apron: a w e dge -like , slope -toe  com ple x of late rally coale sce nt colluvial fans and blanke ts; longitudinal slope s are  ge ne rally le ss than 15° (26%)
from ape x to toe  w ith flat or ge ntly conve x/concave  profile s
b - blanke t: a laye r of unconsolidate d mate rial thick e nough (>1 m) to m ask minor irre gularitie s of the  surface  on the  unde rlying m ate rial, but still
conform s to the  ge ne ral unde rlying topography; outcrops of the  unde rlying unit are  rare
f - fan: se ctor of a cone  w ith a slope  gradie nt le ss than 15° (26%) from ape x to toe ; longtitudinal profile  is smooth and straight, or slightly
concave /conve x
h - hummock: ste e p-side d hillock(s) and hollow(s) with m ultidire ctional slope s dom inantly be tw e e n 15-35° (26-70%) if compose d of
unconsolidate d mate rials, whe re as be drock slope s may be  ste e pe r; local re lie f >1 m; in plan, an asse m blage  of non-line ar, ge ne rally chaotic forms
that are  rounde d or irre gular in cross profile ; commonly applie d to landslide  de bris.
p - plain:  a le ve l or ve ry ge ntly sloping, unidire ctional (planar) surface  w ith slope s 0-3° (0-5%); re lie f of local surface  irre gularitie s ge ne rally <1 m;
applie d to (glacio)fluvial floodplains, organic de posits, lacustrine  de posits and till plains
t - te rrace :  a single  or asse m blage  of ste p-like  form s w he re  e ach ste p-like  form consists of a scarp face  and a horizontal or ge ntly incline d surface
above  it; applie d to fluvial and lacustrine  te rrace s and ste ppe d be drock topography
v - ve ne e r:  a laye r of unconsolidate d mate rials too thin to mask the  minor irre gularitie s of the  surface  of the  unde rlying mate rial; 10 cm - 1 m thick;
com monly applie d to e olian/loe ss ve ne e rs and colluvial ve ne e rs
w - m antle  of variable  thickne ss: a laye r or discontinuous laye r of variable  thickne ss, typically 0 to 3 m, that fills or partly fills de pre ssions in an
irre gular substrate ; ge ne rally too thin to mask irre gularitie s in the  unde rlying m ate rial

SURFACE EXPRESSION
S urface  e xpre ssion re fe rs to the  form (asse m blage  of slope s) and patte rn of form s e xpre sse d by a surficial mate rial at the  land surface .  T his
thre e -dim e nsional shape  of the  mate rial is e quivale nt to 'landform' use d in a non-ge ne tic se nse  (e.g., ridge s or plain).  S urface  e xpre ssion sym bols
also de scribe  the  manne r in w hich unconsolidate d surficial m ate rials re late  to the  unde rlying substrate  (e.g., ve ne e r).  S urface  e xpre ssion is
indicate d by up to thre e  low e r case  le tte rs, place d im m e diate ly follow ing the  surficial mate rial de signator, and is liste d in orde r of de cre asing
e xte nt.

GEOMORPHOLOGICAL PROCESSES

PER IGLACIAL PR O CES S ES

M AS S  M O VEM EN T  PR O CES S ES

ER O S IO N AL PR O CES S ES

H YDR O LO GIC PR O CES S ES

Ge omorphological  proce sse s are  natural m e chanisms of w e athe ring, e rosion, and de position that re sult in the  modification of the  surficial
m ate rials and landform s at the  e arth’s surface .  All proce sse s are  assum e d to be  active  unle ss the  qualifie r "I" (inactive ) is use d. U p to thre e  uppe r
case  le tte rs may be  use d to indicate  proce sse s. T he se  are  liste d in orde r of de cre asing importance  and place d afte r the  surface  e xpre ssion
sym bol, follow ing a dash (-) symbol.
S ubclasse s are  use d to provide  more  spe cific information about a ge ne ral ge omorophological proce ss, and are  re pre se nte d by low e r case  le tte rs
place d afte r the  re late d proce ss de signator. U p to tw o subclasse s can be  associate d w ith e ach proce ss. Proce ss subclasse s use d on this map are
de fine d w ith the  re late d proce ss be low.

V - gully e rosion: running w ate r, mass move m e nt, and/or snow avalanching, re sulting in the  form ation of  paralle l and sub-paralle l, long, narrow
ravine s

L - m ass move m e nt at an unspe cifie d rate  including slow mass move m e nts (downslope  move m e nt of masse s of cohe sive  or non-cohe sive  surficial
m ate rial and/or be drock by cre e ping, flow ing or sliding) and rapid mass move m e nts (downslope  move m e nt by falling, rolling, sliding, or flow ing of
dry, m oist, or saturate d de bris de rive d from surficial mate rial and/or be drock).

C - cryoturbation:  m ove m e nt of surficial mate rials by he aving and/or churning due  to frost action (re pe ate d fre e zing and thaw ing)
S  - solifluction: slow gravitational downslope  move m e nt of saturate d non-froze n ove rburde n across a froze n or othe rw ise  impe rm e able  substrate
X - pe rm afrost proce sse s:  proce sse s controlle d by the  pre se nce  of pe rm afrost, and pe rm afrost aggradation or de gradation
Z -  ge ne ral pe riglacial proce sse s: solifluction, cryoturbation and nivation, possibly occuring in a single  polygon
S ubclasse s:  (t) the rm okarst  subside nce ; (r) patte rne d ground;
(s) she e tw ash; (w) ice -w e dge  polygons

U  - inundation: te rrain se asonally unde r standing w ate r for gre ate r than one  m onth pe r ye ar and re sulting from a high w ate rtable

L>P

F P

LEGEND

GR O U N D O BS ER VAT IO N  S IT ES :
ge ological fie ld station
pe rm afrost bore hole  (labe lle d w ith site  num be r)
GEO LO GICAL F EAT U R ES :
nivation te rrace
landslide  e scarpm e nt
dire ction of landslide  move m e nt
be drock or surficial line am e nt
GEO LO GICAL BO U N DAR IES :
de fine d
approximate
assum e d
lim it of m apping
T O PO GR APH IC F EAT U R ES :
contours
stre ams

D

!.

T

TERRAIN CLASSIFICATION SYSTEM
T his surficial ge ology map w as classifie d using the  T e rrain Classification S yste m for British Colum bia (H ow e s and Ke nk, 1997), with minor modification to
m e e t standards se t by the  Yukon Ge ological S urve y. F or e xample , w e  have  adde d som e  pe rm afrost proce ss subclasse s to accom odate  the  w ide r varie ty of
pe rm afrost fe ature s found in Yukon. W e  have  also adde d an age  classification to distinguish mate rials de posite d during diffe re nt Ple istoce ne  glaciations.
A sample  map unit labe l is shown be low to illustrate  the  te rrain classification syste m. S urficial m ate rials form the  core  of the  polygon m ap unit labe ls and are
symbolize d w ith a single  uppe r case  le tte r. Low e r case  te xture s are  writte n to the  le ft of the  surficial mate rial, and low e r case  surface  e xpre ssions are  writte n
to the  right. An uppe r case  activity qualifie r (A = active ; I = inactive ) may be  shown imm e diate ly follow ing the  surficial m ate rial de signator. T he  glacial
qualifie r "G" m ay alte rnative ly be  writte n imm e diate ly follow ing the  surficial mate rial to indicate  glacially m odifie d m ate rials. Age  is indicate d by a capital le tte r
that follows the  surface  e xpre ssion but pre ce de s the  proce ss m odifie rs. Ge omorphological proce sse s (capital le tte rs) and subclasse s (low e r case  le tte rs)
alw ays follow a dash symbol ("-").

CO M PO S IT E S Y M BO L DELIM IT ER S :
Due  to scale  limitations, up to 4 te rrain units may be  include d in a single  m ap unit labe l (e.g., sgF GptM .dsm M bM /xsCv\zcLGpM -XsV). Each compone nt is
se parate d by a de lim ite r that indicate s re lative  proportions be tw e e n the  compone nts (".", "/", "//") or a stratigraphic re lationship "\").
"." - te rrain units on e ithe r side  of the  sym bol are  of approxim ate ly e qual proportion
"/" - te rrain unit(s) be fore  the  sym bol is more  e xte nsive  than the  one (s) follow ing
"//" - te rrain unit(s) be fore  the  symbol is conside rably m ore  e xte nsive  than the  one (s) follow ing
"\" - te rrain unit(s) be fore  the  "\" symbol stratigraphically ove rlie s the  one (s) follow ing

GEO M O R PH O LO GICAL PR O CES S (ES ) (-X = pe rm afrost)
                                       S U BCLAS S (ES ) (s = she e tw ash)

QU ALIF IER  (G = glacial; A = active ; or I = inactive )
S U R F ICIAL M AT ER IAL (F  = fluvial)
T EX T U R E (sg = sand, grave l)

sgFGptM-Xs

$

$

$ $ $

S U R F ACE EXPR ES S IO N  (pt = plain, te rrace )

$

AGE (M  = M cConne ll)

1st te rrain unit 3rd te rrain unit2nd te rrain unit
>50% of m ap unit 30-49% of map unit 10-29% of map unit

U nde rlying te rrain unit

TEXTURE
T e xture  re fe rs to the  size , shape  and sorting of particle s in clastic se dim e nts, and the  proportion and de gre e  of de composition of plant fibre  in organic
se dim e nts. T e xture  is indicate d by up to thre e  low e r case  le tte rs, place d imm e diate ly be fore  the  surficial mate rial de signator, liste d in orde r of de cre asing
abundance .
Specific clastic textures
a - blocks: angular particle s >256 mm in size
b - boulde rs: rounde d particle s >256 mm in size
k - cobble s: rounde d particle s >64-256 m m in size
p - pe bble s: rounde d particle s >2-64 mm in size
s - sand: particle s >0.0625-2 mm in size
z - silt: particle s 2 µm-0.0625 m m in size
c - clay: particle s ≤2 µm in size
Common clastic textural groupings
d - mixe d fragm e nts: a mixture  of rounde d and angular particle s  >2 mm in size
x - angular fragm e nts: a mixture  of angular fragm e nts >2 mm in size  (i.e., a m ixture  of blocks and rubble )
g - grave l: a mixture  of tw o or m ore  size  range s of rounde d particle s >2 mm in size  (e.g., a mixture  of boulde rs, cobble s and pe bble s); may include
inte rstitial sand
r - rubble : angular particle s be tw e e n 2 and 256 mm; m ay include  inte rstitial sand
m - m ud: a mixture  of silt and clay; may also contain a minor fraction of fine  sand
y - she lls: a se dim e nt consisting dominantly of she lls and/or she ll fragm e nts
Organic terms
e  - fibric: the  le ast de com pose d of all organic mate rials; it contains am ounts of w e ll-pre se rve d fibre  (40% or more ) that can be  ide ntifie d as to botanical
origin upon rubbing
u - m e sic: organic m ate rial at a stage  of de com position inte rm e diate  be tw e e n fibric and hum ic
h - hum ic: organic mate rial at an advance d stage  of de composition; it has the  low e st amount of fibre , the  highe st bulk de nsity, and the  low e st saturate d
w ate r-holding capacity of the  organic mate rials; fibre s that re m ain afte r rubbing constitute  le ss than 10% of the  volum e  of the  mate rial

SURFICIAL MATERIAL AGE
T IM E PER IO D
<M : Postglacial
P - Ple istoce ne  undiffe re ntiate d
>P - pre -Ple istoce ne

APPR O XIM AT E AGE
<15 000 ye ars ago
15 000 to ~2.6 million ye ars ago
>2.6 m illion ye ars ago
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LiDAR
footprint

H O LO CEN E 

Anthropogenic (A): S urficial mate rials modifie d by hum an activitie s such that the ir original physical prope rtie s have  be e n significantly 
alte re d. Applie d to are as within the  m ap containing significant quantitie s of quarrie d rock on the  surface  (i.e., se w age  lagoon, building 
pads).   

Organic (O): M ate rial de rive d from de composition of organic matte r and consists of pe at with fibric to m e sic de composition. In this cool 
part of the  Yukon, organic mate rials accum ulate  on top of m any surficial de posits including colluvial slope s, e olian de posits, and fluvial 
te rrace s and floodplains.   
Organic blankets: Accum ulations of ve ge tative  m atte r thicke r than 1 m are  som e tim e s found on floodplains in old m e ande r scars and 
the rmokarst hollows, in shade d pocke ts on cool north-facing slope s, and on som e  poorly draine d landforms of various mate rial type s. 
N e ar-surface  pe rm afrost is usually pre se nt. 
Organic veneers: Ve ne e rs of organic mate rial (20 to 100 cm) thick are  wide spre ad and are  usually associate d with ne ar-surface  
pe rm afrost. O rganic ve ne e rs are  pre se nt on almost all surface s and have  not be e n m appe d.   
 
Lacustrine (L<M): M ode rn se dim e nts that have  se ttle d from suspe nsion in bodie s of standing wate r are  lim ite d to thin de posits in small 
bodie s of standing wate r on the  floodplain of the  Porcupine  R ive r. S e dim e nts consist of stratifie d fine  sand, silt and clay de posite d on the  
lake  be d from suspe nsion.  

Eolian (E): S e dim e nt transporte d and de posite d by wind. T he  dom inant e olian se dim e nt in the  m ap are a is loe ss, which is pre dom inantly 
silty in te xture  with a sm alle r fraction of fine  sand. Eolian silt de posits are  found on both upland and lowland surface s in the  study are a, but 
occur most commonly along the  e dge  of the  bluff above  town (cliff-top loe ss de posits). In cryoturbate d and colluviate d are as, which are  
e xte nsive  in the  m ap are a, loe ss is re worke d into the  soil profile  and mixe d with unde rlying se dim e nts. Loe ss is not e xte nsive  in the  m ap 
are a, and is indicate d by the  "z" te xtural sym bol within othe r ge ological mate rial type s.  

H O LO CEN E AN D PLEIS T O CEN E 

Colluvium (C): M ate rial transporte d and de posite d by down-slope , gravity-drive n proce sse s such as cre e p, solifluction, landslide s and 
snow avalanche s. Colluvium is the  dom inant surficial mate rial above  e le vations of ~260 m a.s.l. in the  m ap are a. It commonly has a 
stratifie d structure  with a highly variable  te xture  and composition controlle d by the  pare nt m ate rial, transport m e chanism, and trave l 
distance . Colluvium on uplands and shallow pe dim e nt slope s is ge ne rally de rive d from w e athe re d be drock with minor contributions of 
loe ss, re sulting in a silt-rich diam icton containing angular, local be drock clasts. Colluviation on ge ntle  upland slope s is dom inate d by slow 
colluvial proce sse s such as she e tw ash, solifluction and cre e p, and is characte rize d by gre ate r accum ulations of ne ar-surface  pe rm afrost. 
O n ste e pe r slope s on the  valle y side , colluvium is ge ne rally coarse r graine d, as it has incorporate d pre-Ple istoce ne  fluvial mate rials and 
has be e n de posite d by rapid mass wasting proce sse s such as de bris falls, slumps, and thaw-de tachm e nt slide s. Colluvial aprons found on 
the  low e r slope s of the  e scarpm e nt and the  uphill side  of the  floodplain te rrace  commonly contain ice -rich pe rm afrost and are  prim arily 
compose d of re se dim e nte d slope  m ate rials.  

Holocene Fluvial (F<M): S e dim e nts transporte d and de posite d by mode rn stre ams and rive rs, found in floodplains, fans and te rrace s. 
F luvial de posits typically consist of w e ll-sorte d stratifie d sand and grave l comprising sub-angular to rounde d clasts. F luvial fans, fan-
shape d landforms or comple xe s of fluvial and colluvial fan-shape  landforms usually consist of silt, sand and grave l de rive d from colluvial 
mate rial. F lat-lying fluvial de posits such as floodplain and te rrace  de posits can be  w e ll draine d to poorly draine d de pe nding on the  amount 
of coarse  or fine  se dim e nts that m ake  up the  landform. F ine-graine d fluvial de posits are  commonly ice  rich and contain massive  ice . 
F loodplain and te rrace  de posits may be  subje ct to flooding accompanie d by sudde n stre am migration and inundation.  
Active fluvial (FA<M): S andy and grave lly mate rials subje ct to re gular flooding.  
 
PLEIS T O CEN E AN D O LDER  

Fluvial (FP): S andy pe bble  and cobble  grave l de posite d by stre ams having a fluvial source  grade d to a form e r base  le ve l of the  Porcupine  
R ive r (possibly at ~280 m a.s.l.). Ple istoce ne  and olde r fluvial de posits in the  m ap are a range  from ~10-20 m thick, and are  characte rize d 
by w e ll-rounde d, pe bble -cobble  grave l with late rally and ve rtically discontinuous be ds of m assive , planar and ripple  cross-be dde d sand. 
Grave l units range  from cobble  to pe bble -dom inate d and can have  both ope n-work and matrix-supporte d facie s. Discontinuous sand units 
are  usually 2-3 m thick and poorly e xpose d. 

Lacustrine (LP): S tratifie d fine  silt, clay and sand de posite d on the  be d of a lake  that e xiste d prior to Ple istoce ne  change s in re gional 
drainage . N e oge ne  and olde r lacustrine  se dim e nts are  found in the  low e rmost half of the  stratigraphy e xpose d on the  ste e p bluff above  
the  floodplain of the  Porcupine  R ive r. T he  top of the  lacustrine  unit is at ~280 m a.s.l., and whe re  visible  on the  Crow R ive r, ove rlie s 
be drock ne ar rive r le ve l at ~250 m a.s.l. S e dime nts are  fine ly lam inate d, w e ll indurate d and comprise d pre dom inantly of silt. N e oge ne  and 
olde r lacustrine  se dim e nts form a barrie r to surface  wate r drainage  and may be  ice  rich the m se lve s. T his unit is prone  to active-laye r thaw 
de tachm e nt slide s whe re  it is e xpose d along the  bluff above  town. 

Weathered Bedrock (D): T he  uplands surrounding and making up Be rry H ill are  uniformly mappe d as ‘w e athe re d be drock’. W e athe re d 
be drock fre que ntly contains silt in a matrix of blocks and boulde rs cre ate d through frost shatte ring, colluviation, and che m ical w e athe ring 
proce sse s. W e athe re d be drock typically contains a compone nt of loe ss-de rive d silt and is subje ct to sorting and mixing from cryoturbation 
and othe r pe riglacial proce sse s. Pe rm afrost is pre se nt in both be drock and w e athe re d be drock in the  m ap are a.  

Bedrock (R):  Be drock in the  m ap are a consists of clastic and carbonace ous se dim e ntary rocks. T he  uppe r N e oprote rozoic Kathe rine  
F orm ation in the  m ap are a is a mature , ve ry fine  graine d, thin to thick-be dde d, brown, gre e nish gre y and white  orthoquartzitic sandstone  
with minor re ce ssive  inte rvals of shale . Comprising Be rry H ill and the  ge ntle  slope s be low it, this distinctive ly white  rock is the  prim ary 
source  for crush, rip-rap and othe r aggre gate  ne e ds for the  comm unity of O ld Crow. Lying unconform ably be low this unit is the  dark gre y 
siltstone  and shale  of the  Jurassic-age d Porcupine  R ive r m e m be r of the  H usky F orm ation which outcrops on the  w e st bank of the  low e r 
Crow R ive r just above  the  comm unity of O ld Crow.  

LANDSCAPE EVOLUTION 
S e dim e ntation into the  O ld Crow Basin during the  N e oge ne  (~23-2.6 M ya) was dom inate d by shallow rive rs and lake s that fille d the  basin with silt, 
sand and grave l. Lacustrine  and fluvial se dim e nts have  be e n e xpose d by late  Ple istoce ne  fluvial incision along the  Porcupine  and Crow rive rs and 
re cord basin se dim e ntation that was like ly controlle d by continue d uplift in the  surrounding mountains 
and re lative  de pre ssion of the  O ld Crow basin. T e phra from som e  of the  olde st lake  se dim e nts is 
thought to be e n de posite d more  than 1.2 M ya, how e ve r, fossil wood, cone s and polle n from the se  
e xposure s all sugge st the  se dim e nts could be  conside rably olde r, and pote ntially e xte nd into the  
e arly N e oge ne  (e.g. S chw e ge r, 1989). Late  N e oge ne  fluvial se dim ents grade  to conside rably highe r 
base  le ve ls than e xist today and are  thought to have  be e n part of the  pale o-M acke nzie  R ive r 
drainage  prior to glacial m e ltw ate r dive rsions in the  late  Ple istoce ne  (Duk-R odkin and H ughe s, 
1995). 
 
T he  mode rn course  of the  Porcupine  R ive r is thought to have  be e n e stablishe d during the  late  
Ple istoce ne  whe n glacial lake s ove rflow e d into the  O ld Crow Basin and cut a ne w w e ste rn outle t to 
the  Yukon R ive r (H ughe s, 1972). Prior to this dive rsion, re gional stre ams draine d e astw ard into the  
pale o-M acke nzie  R ive r. W he n the  most e xte nsive  advance  of the  Laure ntide Ice  S he e t occurre d in 
the  late  Ple istoce ne , it blocke d drainage  through the  R ichardson M ountains and impounde d a large  
glacial lake  in the  O ld Crow, Be ll, Driftwood and Blue fish basins (Zazula et al., 2004). S trandline s to 
at le ast 360 m a.s.l. in the  O ld Crow Basin mark the  high stand of glacial Lake  O ld Crow ~15,000 to 
20,000 ye ars ago, be fore  incision of the  R am parts of the  Porcupine  R ive r draine d the  lake  and 
e stablishe d the  mode rn course  of the  Porcupine  R ive r and its tributarie s (Ke nne dy et al., 2010; 
T hornson and Dixon, 1983). De position in the  study are a during the  Ple istoce ne  was dom inate d by 
colluvial and fluvial proce sse s. Change s to the  landscape  during this tim e  include  the  de position of 
fluvial te rrace s along the  Porcupine  R ive r, and blanke ts, aprons and fans of colluvium. S low 
pe riglacial wasting m e chanisms (solifluction, slope w ash) have  like ly dom inate d colluvial proce sse s 
throughout the  Ple istoce ne  and into the  mode rn e ra. 
  
H oloce ne  landscape  e volution in the  study are a was conditione d by the  am e lioration of pe riglacial 
conditions and a gradual infilling of the  Porcupine  R ive r valle y m argins. Valle y-side  colluvial de posits 
and abandonm e nt of the  high te rrace s along the  Porcupine  R ive r re sulte d in the  mode rn broad, poorly 
draine d valle y floor. Landscape  e volution of the  O ld Crow map are a continue s in historic tim e s as the  
re sult of comm unity de ve lopm e nt on the  floodplain te rrace  of the  Porcupine  R ive r and the  hillslope  
above . 

 STRATIGRAPHY 
A wate r w e ll drille d be ne ath O ld Crow e ncounte rs be drock ne arly 40 m be low whe re  it occurs on the  Crow R ive r in the  m ap are a, and re cords 
e vide nce  of a fault ~80 m be low rive r le ve l. Both obse rvations support the  inte rpre tation of a rapidly de sce nding be drock surface  cause d by e ithe r a 
fault-droppe d block, or a change  in rock compe te nce  cause d by faulting that allow e d for pre fe re ntial e rosion in the  Porcupine  R ive r valle y. Lacustrine  
se dim e nts are  inte rpre te d to comprise  at le ast 25 m of se dim e nts burie d be ne ath the  mode rn channe l of the  Porcupine  R ive r. T he se  lake  de posits 
are  also pre se rve d above  the  mode rn rive r along the  e scarpm e nt above  O ld Crow whe re  the y occur to ~280 m a.s.l. Lacustrine  sedim e nts are  
ove rlain by up to 20 m of fluvial sand and grave l de posits. T he se  units w e re  like ly all in place  be fore  the  late  Ple istoce ne  dive rsion of the  Porcupine 
R ive r that incise d its mode rn channe l ~50 m low e r than the  form e r rive r channe l. S ince  the  ne w channe l was e stablishe d, de position has be e n in the  
form of colluvial blanke ts (both on the  shallow upland pe dim e nt and along the  ste e p flank of the  e scarpm e nt), and fluvial plains and te rrace s. T he  
comm unity of O ld Crow is built upon a fluvial te rrace  that has large ly be e n abandone d by the  mode rn course  of the  Porcupine  R ive r.  
 
 

  
 
 

     
GEOLOGIC HAZARDS 
Landslides 
Landslide s in the  O ld Crow map are a have  be e n m appe d through obse rvations of m ass move m e nt on the  ground (i.e., slumpe d m ate rial, landslide  
de bris, te nsion cracks, split tre e s and stre tche d roots), from historic and mode rn im age ry of the  m ap are a (i.e., ae rial photographs and sate llite  
im age s), and from digital e le vation mode ls of the  e arth’s surface . T he  bulk of de taile d m apping was made  possible  by the  acquisition of a one  m e tre  
or be tte r re solution e le vation surface  cre ate d with a LiDAR  datase t colle cte d in 2014.  M ore  than 100 landslide  he ad scarp fe ature s w e re  m appe d 
across the  ~6 km-long e scarpm e nt above  O ld Crow. T he se  fe ature s re pre se nt both ancie nt and re ce nt m ass wasting e ve nts. 
 

  
Landslide s initiate d above  ~300 m a.s.l. have  cre sce nt-shape d he ad scarps and sm all de bris cone s close  to the  base  of the  slope . T he se  landslide s 
are  inte rpre te d as de bris falls and are  re lative ly sm all and active  fe ature s that re le ase m ate rial as pe rm afrost m e lts in the  e xpose d face  of the  slope . 
De bris-fall landslide s also occur whe re  slope s are  be ing unde rcut by rive r e rosion, by mass wasting in low e r stratigraphic units, or by othe r natural 
and anthropoge nic modifications that re move  m ate rial from the  base  of the  slope . De bris-fall landslide s are  inte rpre te d to occur in pe rm afrost-
affe cte d fluvial and colluvial m ate rials, and as such, are  se nsitive  to clim atic factors such as he at and pre cipitation which dim inish pe rm afrost and 
m ay contribute  to instability on the se  slope s.  
 
 

      
Landslide s initiate d be low ~280 m a.s.l. are  characte rize d by shallow translational slide s, also known as active  laye r de tachm e nt or thaw-flow slide s. 
T he se  slide s are  characte ristic of a type  of fast pe riglacial m ass wasting that occurs whe re  the  thaw e d or thaw ing portion of the  active  laye r de tache s 

Figure 2. Cro ss-valley 
p rofile of sedimen ts in  
the Porcup in e River 
valley at Old Crow. 
 

Figure 3. Pleistocen e 
or older fluvial 
sedimen ts o verlain  b y 
colluvial diamict at the 
to p  o f the escarp men t 
in  Old Crow. 
 

Figure 4. Lamin ated 
lacustrin e sedimen ts 
occurrin g up  to  30 m 
ab o ve river level. 
 

Figure 5. Distrib utio n  
o f lan dslide head 
scarp s (red lin es), 
terrain  b lan keted with 
lan dslide dep o sits 
(cro ss-hatched 
p attern ), an d terrain  
with the p o ten tial for 
lan dslide activity 
(stip p led p attern ) in  
Old Crow. 
 

Figure 7. 
Ten sio n  cracks 
that sp read the 
gro un d’s 
surface are 
ab un dan t o n  
the b luff ab o ve 
Old Crow. 
 

Figure 6. A large 
lan dslide gen erated 
after heavy rain fall in  
August, 2011, had two 
distin ct so urce areas 
an d a run -o ut zo n e 
that cro ssed a n earb y 
road. 
 

Figure 1. T he  maxim um w e ste rn advance  
of the  Laure ntide  Ice  S he e t is thought to 
have  impounde d e aste rly-flowing rive rs in 
northe rn Yukon and form e d a large  
proglacial lake  in the  Bonne t Plum e , Be ll, Blue fish, and O ld Crow Basins. 
 
 

from the  unde rlying froze n mate rial and move s downslope  through sliding and som e tim e s flowing of the  thaw e d de bris. Eve nts that cause  rapid 
thicke ning of the  active  laye r com bine d with high pore  wate r pre ssure , such as fore st fire s and hot and/or w e t w e athe r, commonly trigge r active -laye r 
de tachm e nts. T he se  landslide s are  like ly to have  he ad scarps characte rize d by line ar cracks which may propagate  into undisturbe d m ate rials 
upslope  of the  he ad scarp (i.e., te nsion cracks). Active  laye r de tachm e nt slide s occur whe n sufficie nt wate r colle cts at the  base  of the  active  laye r to 
allow ove rlying saturate d se dim e nts to slide  on a thin laye r of wate r, ice , and/or mud (Le wkowicz, 2007). As a re sult, the se  thaw de tachm e nts are  
most common in fine -graine d soils on slope s unde rlain by ice -rich pe rm afrost and in association with are as of surface  wate r conve rge nce  such as 
wate r tracks (Koke lj and Joe rge nson, 2013). 
 

  
F igure  7 illustrate s stratigraphic controls on landslide  ge ne ration in the  study are a. N e oge ne  and older lacustrine  se dim e nts (zcLb>Q) are  susce ptible  
to thaw-de tachm e nt slide s be cause  the y are  fine  graine d (prim arily silt), ice  rich, and are  cove re d in blanke ts of silty colluvium that can be com e  
mobilize d whe n saturate d. Ice  le nse s at the  base  of the  active  laye r are  common in this unit, and whe n this laye r thaws rapidly it can re le ase  wate r 
into alre ady w e t soils and trigge r sliding in the  thaw e d part of the  slope . Alte rnative ly, ove rlying sand (sF b), grave l (sgF b), and diam ict (dzCpbv) 
mate rials are  more  like ly to be  affe cte d by de bris fall mass wasting be cause  the y maintain ste e pe r slope s, are  w e ll draine d, and are  le ss ice  rich than 
lacustrine  units. S urface  wate r from Be rry H ill drains e asily through the  thaw e d compone nts of high-le ve l sand and grave l de posits be fore  saturating 
the  poorly draine d active  laye r soils of the  lacustrine  and colluvial de posits on the  low e r slope s of the  e scarpm e nt. Additional wate r adde d to the se  
m ate rials through he avy rain, or thawing of ice  le nse s at the  base  of the  active laye r, can cause  rapid incre ase s in pore  wate r pre ssure  that trigge rs 
de tachm e nt slide s. 

Slow periglacial wasting 
Pe riglacial wasting is a ge ne ral te rm that de scribe s cold-clim ate  colluvial proce sse s that are  m e diate d by 
fre e ze -thaw and pe rm afrost conditions. Pe riglacial wasting include s both slow proce sse s such as solifluction, 
slope w ash, solution, nivation, and rapid proce sse s such as active  laye r de tachm e nts. S lope wash (also known 
as she e tw ash), is difficult to quantify, but is a significant modifie r of the  landscape  in the  m ap are a, particularly 
on the  pe dim e nt slope  be low Be rry H ill. S lope wash is characte rize d by unconce ntrate d surface  wash whe re  
particle s are  carrie d downslope  in an ove rland flow and de posite d as fine , unconsolidate d se dim e nt, typically 
at the  foot of slope s as a re sult of the  continual pe rcolation of wate r downslope . W hile  unlike ly to cause  
catastrophic e ve nts, slow pe riglacial wasting can be  a significant hazard to infrastructure  built upon, or at the  
base  of, landforms that are  e xpe rie ncing gradual downslope  move m e nt. Example s of slow pe riglacial 
proce sse s in the  m ap are a include  the  ‘tre e s with kne e s’ (F ig. 8), abundant te nsion cracks, hillslope  te rrace s, 
and slumps that are  all e vide nce  of the  slow downward move m e nt of the  e scarpme nt slope . It is uncle ar how 
slow pe riglacial proce sse s contribute  to rapid mass wasting proce sse s, but e vide nce  of slow slope  move m e nt 
m ay be  a sign of incre asing slope  instability le ading to large r mass wasting e ve nts.   

Permafrost 
Pe rm afrost m ay be  found within any of the  m ate rials de scribe d on the  accompanying map. Ice-rich 
pe rm afrost is common and may be  pre se nt on all aspe cts and in mode rate ly to w e ll draine d m ate rials as w e ll 
as poorly draine d m ate rials. N e ar surface  pe rm afrost within one  m e tre  of the  surface  is e ncounte re d on most 
slope s, as w e ll as on more  le ve l valle y-bottom site s whe re  the re  is an insulating cove r of organic mate rial 
and or fine r te xture d soils. H igh ice  conte nts are  common e spe cially whe re  the re  is, or has be e n, subsurface  
or wate r flow associate d with large r rive rs as w e ll as surface  or smalle r drainage s and fans. Pe rm afrost influe nce s slope  stability by strongly affe cting 
drainage  (which is re stricte d by the  pe rm afrost table ), soil moisture  (which may incre ase  in re sponse  to rapid thaw of ground ice ), and stre ngth 
(through bonding of froze n soil particle s). Disturbance  or cle aring of the  organic cove r, and/or change s in surface  or subsurface  drainage , can cause  
change s to the  soil the rm al re gim e  and re sult in the rmokarst, thaw subside nce , and te rrain de stabilization. T he rmokarst de pre ssions re sult from the  
thaw of ground ice  and subse que nt se ttle m e nt of the  ground surface . F ine-graine d, ice -rich se dim e nts are  most susce ptible  to the rmokarst collapse  
following som e  kind of surface  disturbance  which e xpose s ground ice . T he rmokarst de pre ssions may grow in size  for de cade s until the  supply of 
ground ice  is e xhauste d.  
 
 

Figure 8. Idealized 
cro ss-valley p rofile of 
the map  area with un it 
textures an d lan dform 
descrip tio n s that 
corresp o n d with the 
surficial geology map  
legen d. Surface water 
drain age an d 
hyp o thesized failure 
surfaces are in dicated. 
 

Figure 9. Examp le of a tree 
b en t b y slow p eriglacial mass 
wastin g o n  a slo p e ab o ve the 
flo o dp lain  in  Old Crow. 
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