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ABSTRA CT 

Tuktoyaktuk is s ituated on a par't o[ the Arctic Coastal Pluin that lies be low 701) [ eet in 
elpv ation and that has many lakes. Mean annual g)'o llnd temp('ratl.l re is SoC, permaII"ost 
renches a depth o[ 1200 [ee t on undi stw'bed sites, and the rlcti'llP layel" is [I' om .3 in ches lo 
s li g htly mOI' e than 40 inches in depth, 

1\fear Tltktoyaktuk, a diamicton (till and reworked till) overlies thick outwash, generally 
sand. Mas sive f1l"ound i ce commonly is found along th e contact hetwee n the two dppos it s, 
especiolly wh el"e the till is thicle Outwash is also exte nsive on the sw"(ace, Fine-pl"ained 
lacu s lrine sediments QI" C [ound in area s o[ till and r ew(w/ced till: cow'se - gl"ainer/ la custrin e 
sedim e nts ar'c pre se nt in Clreas o[ outwash. Peol occ urs on poorl y dl"oined (!I'eas, es pecially 
lacu s trine [lals. Interlidol sedim ents cap [ow al'errs that arr periodically inundateci by the 
sea ; beac h and spit depos its are common o[ong (' x poseel coas ts. E."(cess i cc is mo s t common 
in locu str'ine, interticia[, IJ nd or,cl onic deposits , and in th e llrpel' 2 to 5 [ ee t o[ pel"1na[l"os t 
in othe r deposits . 

Coas tal rptr'e ot is I"apiel wher e mass ivp grol1nel ir e 01" ice -I" ich sediments or'p neor sea 
[('vel ann vu[n erob[e to exposUl"e by wove pros ion. R e ll"pat pl' oceeds eUhf'I" throui1h ther
mal niching and slumping 01" thl"ough gr'ound-ire s lwnping, Spit s (we also moving rapidly 
landward ucross drained lakr basins , 

The Tuktayuktuk arl'O wos last glaciated in ('orly Wisconsin time. Fo[[owinq .l I 500 
B. P. th e c limate w armed, initiating extensive ther'mokw"., t artiv it y that ('ontinueel until 
o/)out 3600/3. P., ,,'hen thp clim ate aqnin dpteriol'nted and the t(, l"roin !' tohilize () e:'1'c('pt fr)/' 
minor ice slumping and e rosion along th e coa s t. Peat qrowth was pr'oiw/)[y qI'e flt est (Jf'tw('f'n 
11 500 and 3600 '3. P. fll1Li has d ecreas e d since . 

rare should be taken in th e TU/ctOyflktuk arpa to a voici sur[ace di s turhance that will 

leo() to thermokav'st. A[so , coastal er'osion will continue (rt Tuktoycrktuk unless mUll con
stru c ts protective st!'ttctw"es o[ong the cow;t which [onns it s >ve s tel"n edqe . 

RESUl'dE 

Tuktoyol(tuk eg t s itue sur une parties de la plain e coli er I' de l'ArctiquE' dont ['([Wtunc 
est d e mains ()p 100 pieds et qui rossede de nombreOltX lacs , La te l11reratuy'f' rrnnw?lle 
moyenne dll sol est el e - 8°C: Ie p el"g elisol aUeint un e pro(ondeur de 1200 pieds aux ennr'oits 
au [e sol 11'0 pas ete I"emue ella Ca liche ac live fl un c [or'fondeur de 3 pouces (I un Pf'll rillS 
d e -10 pouces, Prps de Tu/ctoyaktuk, un "diamidon" (till et till remonie ) reCOltV rC un 
epais depOt j1uviog[aciail"e, genera[cm (' nt compose dp sahle. On trouve communement d e 
10 glac r dons Ie sol SO liS form e massive [e long all contact pntl"f' [es eleux dep6ls, sre eiale
ment flUX endroit8 au le lill es t cpai s . Les depOts j1uviogla c iairps en sur[ace egl eqa[emenl 
con s iderobl e, Dans les l'egion8 de till et el (' till r enlClnie, on tr'ouve des sediments lacustn?" 
a g roin [in , pal" contY'e, dans le s I"egions dp d{>p6ts fluvinq[oriaire s I'on tr'ouve des s e di . 
me nls [aeuslres a grain gr'ossiel". On tr ou\Jc de 10 tour'b e dans [es I'cqion s ma[ epoutlees, 
specia[em(' nt sur les re p lats lncu s tres, Des sediments el e la zanf' de ba[ancem(~ nt d e s marees 
co[(vrpnt [es r'egions basses (jlti con s tituent l' es tran: II' S plage s et le s fli>chl's ne sont ras 
rar'e s Ie long des cote s decouvertes. Un c:x:ceelent ri e glace es t tres commun dans Ips depols 
laeu s lr'es , l es depots de la zone d'estran, les depots orgn.no!1enes et dans [e" 2 a .') pieds 
ciu sommet du pergelisol dan s les autres depOts. 

Le recul ele [a cote est I"apide la ou le s ter'l'ain s au s(' trOll\JC la qlace elan s Ie sol sont 
pres de niveau ele la mer e l peuvent [acil ement elr'e erodes par action des vaques . Le I"e . 
c ul est cau se par des niches d'ublotion glaciaire e t dps glissemenl s cause s par' I"ec hou((e 
ment, au por des glissements de terre e t de glace, L es j1e ehes s e cieplacent eqo[ement 
vers 10 lerre rapidem ent par Ie trover'se des hassins [acw,tI"es dl"aines. 

La region rle Tu/ctoyakluk a connu so derniere g[oriation au debut de periori(' Wisconsin. 
Ensuile, en 11 500 B. P. Ie climat s'est r'echau[[e, ce qui 0 Py'ovoquc ries phenomenes ther 
mokarstique s considerab[es qui se sont pouY'suivi jusqu'a iI yo eviron 3600 B , P. (I/OI"S que 
Ie c limal s 'es t de nou\Jf'au r e[I'oicii et que Ie sol s 'e s t stabilise a [' esception de pelits glis
sements ele glaces et un action reduilp de l'erosion de long des co tes. La [ormation de 
tourbe a prohobl ement atleint son sommel entre 11 500 et 3600 R. P. et a diminue depuis. 

Dans celie region, il [audrait prendre soin d'evit er loule s p er'turbations du sol ce qui 
pourrait declencher ['action de phenomenf's th ermokOl"s tiques 2, De mellle, 1 'erosion d e la 
cOte se continuera a Tuktoyakluk a mains que ['homm e n 'eri gp des ouvrages proteetellr.') 
le long de la cote, 

v 



SURFICIAL GEOLOGY OF TUKTOYAKTUK, DISTRICT OF MACKENZIE 

INTRODUCTION 

The increased tendency of local peoples during 
the last 25 years to concentrate in settlements in the 
Arctic and recent developments in the petroleum indus
try h ave led to an expansion of Tuktoyaktuk. Further 
developments in the oil and transportation industries 
within the area point to continued expansion. It has 
become obvious that a description of the surficial g'eol
ogy neal' the hamlet is necessary for futur e planning'. 
This need has led to an investigation of the surficial 
geology of the area as described in this report. 

Tuktoyaktuk lies about 70 miles north-northeast of 
Inuvik on the southern shore of Kug'mallit Bay, which 
adjoins the Beaufort Sea (Fig. 1) , The hamlet is located 
on the west side of a deep-water inlet on the northwest 
coast of the northeast-trending Tuktoyaktuk Peninsula; 
although the water depth within much of the harbour 
ranges between 20 and 80 feet, boats ente ring the har
bour are limited by nearshore depths of 12 feet in 
Kugmallit Bay. 

Climate and Vegetation 

Tuktoyaktuk has an arctic climate and lies well 
north of the tree line. Althoug'h the mean daily temper
ature is 12. 80 F, extreme maximum temperatures in the 
summer exceed 800 F. Winter mean daily temperatures 
and extreme minimum temperatures (-580 F), are gen
erally higher than for nearby mp.teorolog'ical stations 
located farther inland. Precipitation is low (Fig'. 2), 
but up to 1. 16 inches of rain has been recorded during 
a 24- hour interval; fog is common (Mackay , 1963) . 
The prev ailing wind directions are northwest and east, 
with mean wind speed of about 10 mph throughout the 
year COep. of Transport; Mackay, 1963). 

Tuktoyaktuk lies in a zone where birch-heath tun
dra and sedge-cottongrass tundra are the predominant 
vegetation types. Birch-heath tundra, which generally 
includes Betula glandulosa l\1ichx., Ledum decumbens 
(Ail.) Lodd., Arctostaphylos alpina (L . ) Spreng., 
Empetrum hermaphroditulll Hag'erup, Vaccinium vitis
idaea L. val'. minus Lodd, V. uliginosum L., Robus 
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Figure 1. Index map. 
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Figure 2. Temperature and precipitation records for Tuktoyaktuk (Dep . of Transport). 

chamaemorus L. , Salix I"eticulata L., and occasionally 
Salix glacua L. (Ritchie, 1972; K. L. MacInnes, pel's. 
comm. , 1971), dominates most moderate to well-drained 
sites. The sedge-cottongrass community, which gen
era lly includes Eriophol"um vagina tum L. , E. angusti
folium Roth . and a variety of Carex sp., is present on 
moderate to poorly drained areas (Ritchie, 1972 ; K. L. 
MacInnes, pers. comm., 1971). More poorly drained 
areas and marshy areas generally are covered by sedge 
meadows, which typically include Carex sp ., Eriopho
rum Scheuchzeri Hoppe, ancl the mosses DI"epanoc ladus 
and Sphagnum. (K. L. MacInnes, pers. comm. 1972; 
Lambert, 1972.) 

The vegetation present is largely a function of sur
face drainage, which in turn depends not only on type 
of subsurface material, but also on the slope and thick
ness of the active layer. For example, because of the 
regionally thin active layer, flat areas of sand can be 
covered by vegetation types similar to those on lacus
trine clay and silt. 

Areas periodically flooded by saline water and 
abandoned beaches have unique plant associations. 
Periodically flooded areas are characterized by sedge 
and grass meadows; predominately Carex suppa thacia 
Wormskj., are common on those areas frequently 

2 

flooded whereas meadows domin ated by Dupontia Fis
chel"i R. Br. and Elymus are common on areas flooded 
les s frequently (K. L. MacInnes, pers. comm., 1961). 
The vegetation of abandoned beaches varies according 
to moisture conditions: AI"ctophila-Hippuris meadows 
are common where standing water is present; Carex 
stans Drej. meadows are common where the substrate 
is saturated. Mixed dwarf-willow-herb meadows are 
common on abandoned beaches. Alder-willow scrub 
(Alnus crispa (Ait. ) Pursh, Salix glauca L., Ledum 
decumbens (Ait. ) Lodd. ex Steud., Vaccinium vitis
idaea L. val' . minus Lodd . , Luzula paruif!ora (Ehrh. ) 
Desv. ) and tall willow scrub (Salix alexensis (Anderss. ) 
Cov., Betula glandulosa Michx., Salix reticulata L., 
Artemesia borealis Pall. ) are present on older, coarse
textured, abandoned beaches protected from the wind . 

Physiography 

The Tuktoyaktuk Peninsula lies within the Arctic 
Coastal Plain of Bostock (1970). Mackay (196 3, p. 136) 
has called the Tuktoyaktuk Peninsula and adjacent sim
ilar areas the "Pleistocene coastlands" and described 
them as follows: "most of the area lies below an alti
tude of 200 feet, with about 50 per cent below 100 feet . .. 
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numerous lakes cover over 15 per cen t of the 
s urface. With minor exceptions, pingos are found 
throughout the entire area." The hamlet of Tuktoyaktuk 
lies in an area which is nearly half covered by lakes 
(Mackay, 1963). Near the coast many former lake ba
sins and most inlets now are inundated with saline 
water. 

Most of the map-area lies within Mackay's "undif
ferentiated coastlands" and "involuted hills" subdivi
sions. The former consists of flat to gently rolling 
terrain, with relief rarely being' more than 50 feet ex
cept where large pingos are present. The margins of 
the map-area lie within the involuted hills, which "re
semble on air photographs, the wrinkled skin of a well
dried prune. The wrinkles are curving branching 
ridges, ranging up to several hundred yards in length, 
several scores wide, and 20 feet in height. When seen 
from a lower altitude ... some involuted slopes appear 
to rise in a succession of terraces." (Mackay, 1963.) 
Near Tuktoyaktuk relief in the involuted hills ranges 
from 50 to 120 feet with the edges of the hills generally 
having steep slopes. 

Permafrost 

The mean annual ground temperature at Tuktoyaktuk 
is near -80 C (Mackay, 1974) , and the depth of perma
frost is probably in excess of 1200 feet in areas tha t 
recently have not been covered by lake waters or whose 
surface has not had a mean annual ground temperature 
of above -80 C in the recent past the base of permafrost 
is 1200 feet in a well at the south end of Richards Island 
(Jessop, 1970). 

The average thickness of the active layer is about 
23 inches, and exceeds 40 inches only where coarse
grained materials are bare of vegetation (R. J. Barnett, 
pel's. comm., 1972). The ac tive layer is thinnest in 
peat (3-6 inches) and in poorly drained, fine-grained 
deposits covered by peat. 

General Geology 

Stratigraphy 

Thick sands probably of a glaCiofluvial origin 
underlie most surface units throughout the area (Figs. 
3 and 4). The sands are generally fine to medium 
grained, although beds of coarse and pebbly sand, and 
silty beds are present (Appendix A). A few crossbeds 
within the sand are pebbly. The upper parts of the 
glaciofl uvial sands commonly are oxidized. Occasion
a lly the sands may be contorted, with faults and recum
bent folds at shallow depths. At Peninsula Point a 10-
foot - thick bed of fine brown sand within the unit (Fig. 5) 
may be the equivalent of a sand unit, present to the 
eas t and west of Tuktoyaktuk, that is thought to be part 
of a delta built into the sea (Mackay, 1963 ; Rampton, 
1971). The fine brown sand however could not be iden
tified in drillholes near Tuktoyaktuk (Wyder et a!., 1972) 
or in the sands exposed at Ibyuk Pingo. Although drill
holes in the immediate vicinity have not completely pen
etrated the above sands, a sequence of interbedded 

sand and marine clay that is exposed in surroundin g 
areas (Fyles et 01., 1972; Rampton, 1971) probably 
underlies them . 

In most places the glaCiofluvial sands are overlain 
by clayey diamicton consisting of till or colluvium 
derived from till. In the central part of the map-area 
this diamicton is generally less than 5 feet thick, whereas 
in peripheral areas it ranges up to 25 feet thick . 
Elsewhere younger glaciofluvial gravel and sand or 
lacustrine sediments directly overlie the glaciofluvial 
sands. Commonly lacustrine sediments form a veneer 
on the clayey diamicton. Materials in depressions and 
on poorly drained flat areas generally are covered by 
peat. In areas periodically inundated by the sea , all 
of the above deposits may be covered by intertidal 
sediments. 

Ground Ice 

Massive segreg-ated ice bodies, sediments containing 
an abundance of excess ice in the form of ice lenses, 
vein ice and pore ice, pingo ice and associated tens ion
crack ice, and ice-wedge ice are common within the 
mapped area (ground ice classification afte r Mackay, 
1972a). Nearly all types of ground ice are exposed in 
the ice cellars and tunnels in the hamlet of Tuktoyaktuk 
(Rampton and Mackay, 1971). The abundance and for
mer abundance of ground ice is also shown by the pres
ence of patterned ground, which reflects underlying 
ice wedges, and the numerou s depressions caused by 
thermokarst. 

In general the massive seg-regated ice bodies are 
locali zed between thick clayey diamicton and glacio flu -
vial sand. A drillhole on the east s ide of Tuktoyaktuk 
Harbour encountered a typical sequence of abou t 18 
feet of lacustrine sediment and clayey diamicton over 
some 15 feet of massive segregated ice, in turn over 
glaCiofluvial sands (Fig. 3). In a coastal exposure 3.5 
miles southwest of Tuktoyaktuk, 15 to 20 feet of clayey 
diamicton overlie massive ice (Fig. 6), which is prob
ab ly more than 50 feet thick (Rampton and Mackay, 1971); 
if the stratigTaphic sequence under this involuted hill 
is similar to that beneath a recently drilled involuted hill 
about 8 miles east of Tuktoyaktuk, sand directly under
lies the massive ice. Massive segregated ice or numer
ous thick ice lenses also occur within sands, but are 
uncommon except in sand underlying massive ice 
bodies. For example, the hamlet's ice cellar shows a 
thi ck sequence of wide ice lenses in sand that has been 
folded as a unit subsequent to formation (Ramp ton and 
Mackay, 1971 and Fig. 7). 

Ice lenses and vein and pore ice are present in fine 
materials and organic deposits and to a les ser degree 
in coarse materials. A zone abounding in ice lense s 
and veins commonly occurs near the base of the active 
layer; this is a result of a recent thinning of the active 
layer due to climatic cooling. As the active layer thins, 
ice lenses forming along its base during the annual 
freeze-back are incorporated into the permafrost. 
Mackay (1972a) calls this type of ice aggradational. 

Ice wedges are ubiquitous in the area. Their vol 
ume and geometry, however, largely depend upon the 
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Figure 5. 

Lower, pebbly glaciofluvial sand and 
possible fine-grained deltaic sand ex
posed at Peninsula Point. Contact is at 
head of mattock. (GSC photo 159010). 

Figure 6. 

Scarp at head of ice slump found south
west of Tuktoyaktuk. Note the exposed 
ice wedges in the debris flow overlying 
the massive ice, and the partly stabilized 
debris flow in foreground. (GSC photo 
159012). 

Figure 7. 

Folded ice and sand in ice cellar in 
hamlet ; dark bands are ice, light bands 
are sand. (GSC photo 158963). 



Figure 8. 

Airphoto showing typical 
patterned ground on morainal 
de posits (d M1<), fine-grained 
lacustrine deposit CfLp ) , and 
organic deposits - low-centred 
(LE) and high-centred (HC) 
peat polygons. (EMR airphoto 
A-22535-145 ). 

enclos ing sediment type. As can be seen in Figure 8, 
the polyg'onal ground indicates that they a re closer 
together in organic deposits than in fine-gr ained lacus 
trine deposits or in clayey diamicton. Ice wedges are 
not always reflected on the surface by troug'hs, for 
downslope movement can prevent troughs from devel 
oping. Ice wedges are rare in surface sand and grave l. 

Ice forms the core of every pingo. The depth of 
the ice core varies; for example , the ice cores of Ibyuk 
Ping'o (Muller, 1962) and the tunnelled-out pingo at 
Tuktoya ktuk (Ram pton and Mackay, 1971) are at shal
low depths , whereas the ice core of the pingo at Penin 
sula Point is deeper. Also a 60-foot-deep borehole in 
another pingo near the haml e t did not reach ice. Tension 
crack ice traverses most pingos in the area ; occasion
ally it is exposed in fresh faces of the dissected pingo 
at Peninsula Point. 

Ice wedges and ground ice in all cases are younger 
than the material they are contained within. Thus, 
the outer part of ice wedges developed in morainal de-
posits will b e older than those developed in most lacus
trine deposits; those developed in lacustrine te rrace 
deposits will be older than those developed in recently 
drained lacustrine basins. 

SURFICIAL DEPOSITS 

The surficial d eposits as indicated on Map 5-1974 
are described in chronological order from oldest to 
youngest. 

Morain al Deposits 

In the v icinity of Tuktoyaktuk two types of morainal 
deposits have been mapped. according to thei r relief: 
(I) l\'lorain al deposit s modified by tIlermokarst - gen
era lly steep-sided hills with ice slump scars comm on 
[l long' their flanks. Low x'idg'es superimposed on the 
hills give nn involuted appearance fro m the air. (2) 
Morain a l deposits wit h g'en tly rolling' topography. The 
moraina l deposit s modified by thermol,ars t are generally 
13 to 25 feet thi ck, whereas the gen tly rolling morainal 
depos its are commonly less than 5 feet thie!<; and never 
exceed 10 feet in thickness. The dia micton tha t form s 
the morai n al deposits is similar in both subdivisions: 
it cont:lins 5 to 15 per cent clast s greater than 2 mm 
in d iame tel"; the remainder is 12 to 24 per cent sanci, 
30 to 40 per cent silt, and 40 to 50 per cen t clay 
(Fig. 9 and Appenuix B). 

The term diamic ton has been used to d escribe the 
above material b ecause its complex origin a t many lo
calities precludes u se of a g enetic term. In some loca l
ities it is til! th at has not been suhjected to mas s move
ment since deposition; 0lsew here, it h as been subjected 
to mass movement and geneti cally would be classified 
as muclflow deb ri s or colluvium. In areas of thick di a 
mi cton , as in the involuted hills, th e lower part of the 
unit is ulldoubted ly Ill!; how ever. the upper part of 
th p. thick diamicton i.n the involuted hills and possib ly 
the complete thi ckness in are as of thinner morainal de
posits h ave been reworked throu g h debri s - flow activ ity. 
so lifluction, or some other fo rm of downslope creep. 
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Figure 9. Gravel, sand, clay and silt ratios of 
samples collected in map-Rrea. 

The formation of mudflow debris can be seen at 
the ice slump 3.5 miles southwest of Tuktoyaktuk, where 
till and associated sediments along with the underlying 
ground ice have been exposed by wave erosion. The 
removal of the vegetation covering these materials has 
caused them to thaw rapidly during the summer. The 
till and associated sediments that thaw then slide down 
the scarp, mix with water from the ice at the base of 
the scarp, and move farther downslope as a mudflow 
until the mixture loses enough water to stabilize. The 
redeposited till resembles the original material; occa
sional alluvial bedding structures, formed by water 
flowing from the area, and incorporated loose peat in 
the redeposited material are the only clues to its origin 
(c. f. Fig. 13 in Rampton and Mackay, 1971). 

In relatively thin diamicton, pebbles oriented par
allel to the slope indicate that solifluction or creep has 
affected much of the material. Also the diamicton con
sistently is thicker in depressions than on hills. Beds 
and lenses of sandy, stony, diamicton occasionally oc
cur within this unit where it abuts against or is under
lain by gravel. In fact, some of the poorly sorted out
wash shown in Figure 9 may have been incorporated 
by an overriding glacier, and as such should be con
sidered as till. 

The upper part of the diamicton of both map-units 
contains much peat and organic silt because of frost 
action, solifluction, and downslope creep. It also con
tains, typically, much more ice than the lower part. 
The moisture content in any peat present is generally 
40 to 500 per cent of the dry weight of the peat. Where 
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the upper part does not contain organic material, it 
generally contains 10 to 25 per cent excess ice by total 
volume. Patches of pond silt and clay are common, and 
generally contain 25 to 40 per cent excess ice by volume. 
The lower part of the diamicton is generally free of ex
cess ice. 

Glaciofluvial Deposits 

Glaciofluvial deposits near Tuktoyaktuk have dis
tributions indicating deposition as outwash fans and 
valley trains. Depressions within them are probably 
the result of thel'mokarst. The surface of the unit is 
generally flat, but where depressions are common, it 
has a rolling or hummocky topography . 

Gravel in this unit ranges from well sorted to dirty, 
with crude stratification. Generally, silt and clay are 
present (see Fig. 9). Where gravel is the surface 
material it is usually 4 or 5 feet thick, but ranges from 
2 to 8 feet in thickness. Gravel beds 1 to 5 feet thick 
occur within the upper 10 feet of predominantly sandy 
units. Most of the glaCiofluvial sand is medium to 
coarse grained, crossbedded, contains rare pockets 
and lenses of fragmented coal and driftwood and a few 
silty and gravelly beds. 

In general the sand contains 5 to 20 per cent excess 
ice by volume, but in places excess ice is absent. 
Though the gravel is generally free of excess ice some 
of it contains up to 20 per cent excess ice by volume. 

A thin layer of fine material, presumably a lacus
trine or a pond deposit, locally overlies glaciofluvial 
materials. This is common on the peninsula terminating 
at Kiktoreak Point, where the lacustrine deposit covering 
the glaciofluvial materials averages 2 feet, but can 
reach 6 feet, in thickness. 

Lacustrine Deposits 

Most lacustrine deposits in the Tuktoyaktuk area 
occupy basins that initially developed through thermo
karst subsidence and that subsequently drained. In 
some areas ground ice has regrown in the drained 
depression and heaved the surface. Locally this has 
caused topographic reversal, with the lacustrine 
deposits standing above the surface of adjacent deposits; 
these areas are mapped as lake terraces. A good 
example of this is found between Mayogiak Inlet and 
Tuktoyaktuk Harbour, where Imperial Oil has its 
stag'ing area. Local melting of ice under terraces there 
has formed younger lacustrine basins within this unit 
(Fig. 10). 

Lacustrine deposits in areas of moraine, or sur
rounded by morainal deposits, are typically fine, be
cause the morainal deposits supplied fine material to 
the expanding thermokarst basins. The lacustrine de
posits are generally thinly bedded clay, silt, and fine 
sand and commonly are high in organic content (Fyles 
et aI., 1972). In many places their base grades into 
colluvium and contains a large number of stones and 
frag'ments of wood and peat. Of course, the shore 
zones generally have a concentration of stones, although 
well-sorted gravel beaches are the exception. The more 



Figure 10. 

Airphoto showing thermokarst lacus 
trine basins (fLp) that have been incised 
into a lacustrine terrace (fLt) under
lain by massive ground ice. Stabilized 
ice slumps are present along the shore 
in the southwest corner. Tracks on 
the lacustrine terrace are due to vehicle 
travel. (EMR airphoto A22535-12). 
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stony beaches can be recognized by the willow (Salix 
Alexans is) shrubbery on them (I< . MacInnes, pel's. 
comm., 1971). 

Lacustrine deposits generally contain 10 to 20 per 
cent excess ice by volume, but commonly they contain 
up to 80 per cent in the upper 3 feet and negligible 
amounts at greater depth. At the tunnelled-out pingo 
in Tuktoyaktuk, most of the lacust rine silts run 15 to 
30 per cent excess ice, but some contain 45 per cent 
(Ram pton and Mackay, 1971). With the exception of 
lacustrine terraces and ice cores of pingos, which are 
always located in former lake basins, massive segre
gated ice is rare under lacustrine deposits. 

Coarse lacustrine deposits are common in areas of 
glaciofluvial deposits. Their ice content resembles the 
ice content of glaCiofluvial deposits, although the oc
casional silt bed may induce ice lensing. Beaches in 
these areas are better sorted than in other areas because 
of the nature of the parent material. 

The vegetation on some abandoned lacustrine basins 
indicates that they were drained within the last 200 
years. Undoubtedly, whereas unfrozen zones exist 
within 100 feet of the surface in many of these depres
sions, permafrost may have closed in under some of 

600 
I 

the smaller depressions. For example, drillholes in a 
drained lake basin immediately east of the map-area 
showed the base of the permafrost to be within 150 feet 
of the surface; vegetation indicates that this depression 
drained more than 100 years ago (Mackay, 197 3a). The 
water below the permafrost under these lakes is generally 
under artesian pressure. 

Colluvial Deposits 

( . 
~ .. . , 

Colluvial deposits veneer most slopes, but they 
have been mapped only where they constitute stabilized 
or partially stabilized mudflows associated with ice slumps 
that can be identified on airphotos or in the field . The 
material in the debris flows resulting from the ice slumps 
is almost identical in texture to the morainal materials, 
as most ice slumps develop in morainal deposits. The 
colluvial deposits in the debris flows vary in thickness 
from a few feet to more than 10 feet and are often under
lain by massive ice, although they are generally free 
of excess ice themselves . 

The surfaces of the ice slumps are generally sloping, 
often with a series of concentric ridges or steps parallel 
to the lower edges of the slumps (see Fig. 6). 

Marine Deposits 

Two types of marine deposits are common in the 
Tuktoyaktuk area: fine -grained intertidal deposits and 
coarse-grained beach and spit deposits. 

Intertidal Deposits 

The fine-grained intertidal deposits are found in 
(1) former lacustrine basins that have been inundated, 
and still are periodically inundated , by marine water 
and in (2) beaches that adjoin areas of fine-textured 
material and are protected from intense wave action. 
Intertidal deposits are generally high in organic 
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Figul'e 12, 

Exfoliated boulder in the inter'tidal zone 
near Tuktoyak tuk, (GSC photo 15898 2), 
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Figure 11. 

Airphoto showing types of patterned ground 
developed in organic deposits: low-centred peat 
polygons (LE) hig'h-centred peat polygons (He), 
and "pitted" peat (PIT), (EMR airphoto A2253-53), 



Figure 13 . 
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Airphoto mosaic showing position of shoreline in 1935, 1950, 1969, and 1971 ir. vicinity of Tuktoyaktuk 
based on comparison of airphotos by Mrs. G. Mizerovsky . (EMR airphotos A21019-40. 46). Plot is on 
1969 photos . 
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content, and the nearshore facies contain sand, gravel 
lenses, isolated stones, and fragments of driftwood. 
In some bays, driftwood has covered large areas, which 
are outlined on the map. 1\10st fine-grained marine de
posits probably contain much ground ice; presumably 
the permafrost table rose as sediment accumulated - a 
condition favourable for ice lensing. At one drillhole in 
the intertidal zone, excess ice contents of greater than 
50 per cent were common in the marine sediments; how
ever the bottom of the sampled interval may have incl uded 
lacustrine sediments. Intertidal deposits are generally 
less than 5 feet thick. 

Beach and Spit Deposits 

Long., narrow spits form a protective barrier along 
much of the coastline; where they are absent, coastal 
bluffs are present. The beach materials generally ran ge 
between 4 and 8 feet in thickness, but as they are com
monly underlain by glaciofluvial sand it is not always 
easy to define their base. Where the spits are migrating 
across intertidal silts, which are resist ant to wave 
erosion because of their veg'etation cover, the gravels 
are 3 to 5 feet thick. In Tuktoyaktuk Harbour itself 
the beach deposits are generally only 2 to 3 feet thick. 
The ground under beaches probably thaws to depths 
of 4 to 5 feet in the summer (Mackay, 1970). 

Gravel and sand in the spits along the coast accu
mulated through the erosion of till and glaciofluvial 
deposits as the sea advanced. Very little of the sand 
and gravel could have been brought in by longshore 
drift, because of the nature of the coast with its many 
inlets that act as sediment traps. 

Organic Deposits 

Most organic deposits are located on lacustrine and 
pond deposits, and in small areas of poor drainage on 
morainal and glaciofluvial deposits. Most areas mapped 
as organic deposits have peat thicknesses of between 
3 and 6 feet, with the base grading into the underlying 
material. Although many boundaries of organic areas 
are sharp, others are not and peat less than 3 feet in 
thickness occurs outside the mapped organic areas. It 
is especially common in areas of lacustrine and inter
tidal deposits. 

Most organic deposits in the Tuktoyaktuk area 
have a surface pattern: the most common pattern is 
high-centre peat polygons; less common are low -centre 
polygons. High-centre peat polygons generally have 
smaller diameters than low-centre polygons, 35 feet 
on the average as compared to 60 feet or more. Where
as high-centre peat polygons only have standing' water 
in the trenches outlining the polygons, low -centre 
peat polygons commonly contain water in the central 
depressions. 

An oddity of the Tuktoyaktuk area is found in the 
intertidal zone (Fig. 11), where holes 4 to 5 feet deep 
and 5 to 10 feet in diameter give the ground a pitted 
aspect. It is unclear whether these features result from 
the thawing of ice in peat that is inundated by brackish 
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water or whether they develop on peat that is building 
up in intertidal flats in permafrost areas that periodically 
are inundated . 

Peat has a high ice content and commonly will yield 
up to 60 per cent free water when thawed in an uncom
pressed state. The amou nt of free water (excess ice) 
is determined by the number and thickness of ice len ses 
that the peat contains - sampled profiles tend to be consis 
tent in ice content. Peat g'enerally has ice contents that 
rang'e between 200 and 500 per cent of the dry weight 
of the peat, but occasionally exceeds 2000 per cent. 

DYNAMIC PROCESSES 

Frost-related Processes 

Permafrost-related processes, such as solifluction 
and soil creep, ice-wedge formation , frost shattering 
of boulders (Fig. 12), pin go formation and the heaving 
of areas formerly covered by water bodies, have a 
major effect upon the landscape. Mackay and his asso
ciates have carried out studies on the rate at which such 
processes act in the surrounding region. For example, 
Kerfoot and Mackay (1972) found that solifluction is 
proceeding at an average rate of one centimetre per 
year at Garry Island - this is probably a maximum rate 
for the Tuktoyaktuk area, as solifluction lobes are few 
and deep snow acc umulates only on sheltered slopes. 
Mackay (l972b) found that between 15 and 40 per cent 
of the ice wedges cracked up to 2 centimetres in width 
each year but that the annual gTowth of ice wedges is as 
little as one order of magnitude less. Mackay (1973a) 
also found tha t pingos initially may grow in height at 
a rate of 1. 5 metres per year, but that the rate decreases 
with time. The rate of heave of former lake bottoms is 
smaller, but it is spread over a broader area. 

An obvious feature related directly to permafrost 
is the ice slump (or retrogressive-thaw flow slide). 
Ice slumps generally occur along coasts or along shores 
of large lakes where wave erosion either bares massive 
ground ice directly or causes the ground to fail and 
expose massive ground ice. Once exposed, the ice and 
sediment overlying' the ice tend to thaw rapidly. 
Supersaturated debris flows out from the base of the 
newly exposed face until loss of water causes it to sta
bilize at a low angle of repose. The process continues 
until the s lope in front of the retreating face or scarp 
intercepts the surface above the scarp. If the mudflow 
debris is then removed from the base of the debris flow, 
ice may be re-exposed and a new cycle of melting and 
scarp retreat may ensue; this has occurred at the ice 
slump 3.5 miles southwest of Tuktoyaktuk. Active 
scarp faces generally retreat between 5 and 15 feet per 
year (Mack ay, 1966). Active ice slumps and their 
scars are common on the east side of Tuktoyaktuk Har
boul', south of the Imperial Oil storage area, and at 
the northern edge of th e map-area. 

Coastal Hctreat 

Coastal retreat is occurring as headland erosion 
and landward movemen t of spits and bars, which lie 



Fig'ure 15. 

Beach, looking north from the Tuktoyaktuk 
curling rink. (GSC photo 202580). 

either offshore or between headlands, occurs. For 
example, Flagpole Point, one of the most exposed head 
lands, retreated about 450 feet between 1935 and 1971 
(Fig. 13) or an average of 12 .5 feet per year; the sea
ward side of Tuktoyaktuk Isl a nd has retreated a similar 
distance. At the ice sl ump near Peninsula Point the 
coast re treated 800 feet between 1935 and 1967, or an 
average of 25 feet per year. Variation from the mean 
yearly retreat is large; for example, airphotos taken 
in 1966 and 1969 of the Tu]doyaktuk area show that 
negligible coastal retreat occurred during that interval. 
However, during a particularly intense storm on 
September 14, 1970 when winds gusted to over 70 miles 
per hour, the coastal bluff near fl agpole Point retreated 
45 feet in one day (Department of Public Works, 1971) . 
Obviously. major erosion of coastal bluffs requires a 
certain critical wind velocity and height of water. 
Wind velocity and water height. however. do not have 
to reach the magnitudes of the 1970 storm at Tuktoyaktuk 
because in excess of 100 feet of erosion occurred at 
Flagpole Point and Tuktoyaktuk Island between 1950 
and 1969, even though the only storm that approached 
the intensity of the 1970 storm occurred previous to 
1950. in 1944. (Father Lemeur, pers. comm., 1971.) 
These retreating coastlines have ice-rich sediments or 
massive ice at a level that is exposed when waves wash 
the colluvium from the face of a scarp. Erosion then 
may proceed rapidly through thermal niching' and block 
slumping. or through ice slumping. 

Generally. spits are the next most rapidly changing 
part of the coastline (Fi g'. 14), especially where they 
cross former lacustrine basins inundated by the sea or 
where they are attached to a r apidly retreating coastal 
scarp. Rapidly moving spits are present at Beluga 
Point, where much of the spit moved landward between 
180 and 450 feet in the years from 1950 to 1971 (9 to 21 
feet per year). and southwest of the airstrip towards 
Peninsula Point where some spits advanced inland as 
much as 1600 feet between 1950 and 1971 (48 feet per 
year). The tips of many spits are also extending 

rapidly; e. g., the spit forming Topkak Point has ex
tended 250 feet between 1950 and 1971 (12 feet per year : 
and the spit at the eas tern side of the ice slump 3. 5 
miles southwest of Tuktoyaktuk has extended 550 feet 
in the same period (26 feet per year). Other spits 
have remained fairly stable. 

Coastal retreat is slower where beaches abut 
against small scarps, against scarps containing sedi
ments with low ice contents. or against land with a 
gentle seaward slope. In these situations the seaward 
beach profiles may steepen during storms and allow 
some erosion of underlying material or material in the 
coastal scarp behind it. but the rates of erosion do not 
approach those described above. Also in areas where 
the sea abuts against ground with a gentle seaward 
slope. such as near the curling rink (Fig. 15). the 
beach may gTaduaIly aggrade inland during storms . 
Between 1950 and 1971 coastal retreat near the curling 
rink was only 50 feet (2.4 feet per year) as compared 
with up to 200 feet at Flagpole Point (9. 5 feet per year). 

Protected scarps, such as those in Tuktoyaktuk 
Harbour. and the edges of intertidal flats are generally 
fairly stable, althoug'h isolated occurrences of erosion 
occur through wave erosion or ice slumping. 

QUATERNARY J-IlSTORY 

The lower glaciofluvial sand is the oldest deposit 
exposed at Tuktoyaktuk. If, as Mackay et al. (1972) 
claim, the only till on this part of the Tuktoyaktuk 
Peninsula is early Wisconsin or pre-Wisconsin in age. 
this unit would be at least ear ly Wisconsin in age as it 
is older than the till. The age of these materials was 
determined not only from regional stratigraphic rela
tionships (Mackay el a/. , 1972). but also from attempts 
to obtain radiocarbon dates on wood from the sand at 
Ibyuk Pingo (Fyles et al.. 1972); the wood was beyond 
the range of radiocarbon dating. The regional extent 
of this sand or similar sand unit s indicates that much 
of the area was a large outwash plain during their 
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deposition. If the sandy deltaic unit found in sur
rounding' areas is missing at Tuktoyaktuk beca us e of 
nondeposition or erosion, .the lower glaciofluvial sand 
may represent two phases of outwash deposition. 

The till seems to represent an early Wisconsin gla
ciation. Radioca rbon dates in the area indicate tha t it, 
too, predates the middle Wisconsin (JVIackay et a!., 1972). 
The lack of any thick peat beyond the range of radio
carbon dating or of weathering zones on the till indicates 
that the till has not been subjected to interglaci a l 
climatic conditions, and that it postdates Sang'amon 
time . The upper glaciofluvial deposits were formed 
during the same glaCial interval as the tilL The gravel 
and sand underlying the till would have been deposited 
in front of an adv a ncing glacier, whereas the surface 
gravels would have been deposited in front of th e 
retreating g·lacier. 

The massive, segregated ice under the till formed 
subsequent to glaCiation, for indications are tha t it is 
not of glacial origin (Mackay, pel's. comm., 1973; 
Rampton, in press). For ice to form in the base of the 
till or under it , the underlying porous sediments must 
have b ee n unfrozen so that water could flow to the 
advancing permafrost table. Rampton (in press) has 
proposed that much of the gTound undel'lying the glacier 
indeed was not fro ze n during the g'lacial maximum, and 
that the hydra ulic gradient due to the weight of the 
overlying glacier forced water to an ag-grading perma
frost zone near the glacial terminus where till was being 
deposited. 

During a postg'lacial warm period starting about 
11 500 B. P. (Ritchie and Hare, 1971) when spruce 
forest spread north of the present treeline, extensive 
thermokarst development led to the deposition of col
luvial and lacustrine materials in thermokarst basins. 
Most datab le ma terials from the base of those basins are 
between 11 500 and 8000 B. P. Dates of 8160 :±. 140 B. P. 
(CSC - 1676) on peat in a lacustrine beach complex and 
9460 :!: 140 B. P . (GSC - 1458) on lacustrine silts in th e 
tunnelled pingo (Rampton and Mackay, 1971) are typical 
of deposits in thermolwrst depressions. A date of 
12800 :!: 180 (GSC - 1214) at the base of clayey diamic ' 
ton on Peninsula Point and dates of 14 130 :!: 440 
(GSC - 485) and 17 860 :!: 260 (GSC - 481) from peat 
near the base of a clayey diamicton at Ibyuk Pingo 
(Fyles et aI., 1972) indicate earlier thermokarst devel
opment. 

A deterioration in the climate at about 3600 B. P. 
(Hitchie and Hare, 1971) caused most slopes to stabi
lize and allowed the erosion of lake outlets to proceed 
without hindra nce from ice slumping and solifluction. 
Once the lakes were drained, permafrost began to ag
grade in the l ac ustrine sediments, segregated ground 
ice and ice wedges formed, and ping-os developed. 

Development of thicl" organic deposits has been 
confined to the last 12 000 years. As org'ani c deposits 
develop mainly in poorly drained depressions and lake 
plains , in ma ny cases they are related to thermokarst 
actiVity. Peat growth is probably low at present in 
comparison to the relatively warm period between 11 000 
and 3600 B , P. 
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Surface and near surface rna rine deposits near 
Tuktoyaktuk are all youthful. The beaches and spits 
are reworked almost every year and new sediment is 
added to the intertidal areas annually. The high parts 
of all areas, however, may only be affected during 
exceptionally high storm tides, which apparently occur 
about every twenty years. 

ENGINEERING AND ENVIRONMENTAL 
CONSIDERATIONS 

Tuktoyaktuk, being in an area of ice-rich perrna
frost , is v ulnerable to (1) thermokars t subsidence and 
erosion caused by surface disturbance and (2) coastal 
retreat hastened by th e presence of icy sediments. 
Eithe" stripping- of the s urface vegetation or l'elfloval of 
the underlying substrata generally is undesirahle, for 
this leads to thawing of the undel'lying material, furth er 
lowering of the surface, and in some cases ponding of 
water. EventuRlly suffici.ent material accumulates in 
the depression to preven t further permafrost degradR . 
tion. Permafrost degTRda tion is a serious possibility 
in all ice - rich sediments and in deposits with shallow 
p;round ice (usually aggrada tional). In general most 
m'1rine beaches and g'laciofluvial gl'avels, some glacio 
fluvial sand, and rare morAinic deposits will not have 
high, near-surface, ground ice content. 

Stripping on slopes whel'e the underlying material 
has much ice is unwise, for running water may remove 
the incoherent thawed material to induce further melting 
with l'esultant deepening of the trench. If a massive 
icy body under lies the s lope, the result can be even 
more disastrous , for a ground-ice slump will develop 
and alter the landscap,e significantly. Such massive 
ice bodies generally are restricted to morainal deposits 
altered by thermok arst and in terraced lacustrine 
deposits. 

Because of these hazards all structures should be 
placed on piles, a gTavel pad, or some other structure 
to prevent a thickening of the active layer. Roads 
should be built without sig'nificantly altering drainage 
as damming of water can cause significant thermokarst 
activity. The presence of ground ice, specifically 
massive ice, will cause major subsidence if the ground 
thaws to any depth; any object that would act as a heat 
source should not be buried where massive ice is present. 

Unless man intervenes, coastal retreat at Flag'pole 
Point and on the seaward side of Tuktoy aktuk Island 
undoubtedly will continue at an average rate of 12. 5 
feet per year, even though yearly rates may vary from 
o to more than 45 feet. Other parts of the coast probably 
will retreat at rates similar to those between the years 
1950 and 1971 (Figs. 13 and 14). Undoubtedly some 
areas will be more sta ble and others less stable than 
they were during th at period due to changes in coastal 
configuration and the type of sediment eroded as the 
coastline retreats. 

Removal of sand and gravel from spits will speed 
coastal retreat, for removal of material from a spit 
reduces the energy required to move it landward. 
Adjacent areas probab ly will be a ffected only inasmuch 



as irl'eg'ulal'ities in the coastline tend to be removed by 
erosion , thus, if a spit moves rapidly inland, adjac ent 
headlands will be subjected to slightly increased ero
sion until the coastline is brought back to a form of near 
equilibrium. The numer0US indenta tions along the 
coa st appear to impede the interch ange of material from 
spit to spit, a nd therefore removal of material from one 
s pit system will not necessarily affect the sand and 
gravel supply of adj acent spit and beac h systems seri
ously. Ylining of the spits and beaches likely should 
terminate as soon as a road to the south is constructed , 
for more than adequate supplies of aggregate are avail
able abou t 15 miles south of Tuktoyaktuk . 
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