
)9-34 

GEOLOGICAL 

SURVEY 
OF 

CANADA 

DEPARTMENT OF ENERGY, 

MINES AND RESOURCES 

PAPER 69-34 

DISTRIBUTION OF OPEN-SYSTEM PINGOS IN 

CENTRAL YUKON TERRITORY WITH 

RESPECT TO GLACIAL LIMITS 

Price, $1.50 

(Report and 2 figures) 

O.l. Hughes 

I MANUSCRIPT AND 
c._ '".,..'"'~~ ... ~PHY 

I -- .. 

JJ\B 16 197~ 

SECTION 

1969 

will
Scanning stamp



CANADA 

GEOLOGICAL SURVEY 

OF CANADA 

PAPER 69-34 

DISTRIBUTION OF OPEN- SYSTEM PINGOS IN 

CENTRAL YUKON TERRITORY WITH 

RESPECT TO GLACIAL LIMITS 

0. L. Hughes 

DEPARTMENT OF ENERGY, MINES AND RESOURCES 

;-{ ·I 



© Crown Copyrights reserved 
Avail ab le by mail from the Queen's Pr inter, Ottawa, 

from the Geological Survey of Canada 
601 Booth St. , Ottawa 

and at 
Canadian Government bookshops in 

HALIFAX- 1735 narrington St r eet 
MONTREAL - 1182 St. Cathcr ine Stre et Wes t 
OTTAWA - Corner Mackenzie and Rid eau 
TOHONTO - 22 1 Yonge Street 
WINNIPEG - 409 Portage Avenue 
VANCOUVER- 6:>7 Granv ill e Street 

o r through yo ur bookseller 

Price : $1 . 50 Cata logue No. M44 - 69 - 34 

Price sullject lo change without notic e 

The Queen's Printe r 
Ottawa, Canada 

1969 



- iii -

CONTENTS 

Page 

Abstrac t . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . v 
Introduc tion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 
Pingo forms . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . 2 
Distribution and set ting . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 

Regional distribution . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 
Topographic distribution . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . 2 
Bedrock geo logy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 
Glacial geo lo gy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 

Acknowledgments . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . 7 
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 

Figure 1. 
2. 

Illustra tions 

Distribution of pingos in central Yukon Territory ....... . 
Slope orientation of the sites of 199 pingos in west -

cen tral Yukon Territo r y .. ....................... . .... . . 

vi 

3 





- V -

ABSTRACT 

Of 463 pingos identified in central Yukon Territory, 
460 are judged to be of the open-system type, the remainder 
closed- system. Th e open-system pingos a r e most abundant in 
unglaciated terrain and in areas of old glaciations. They 
are more sparsely distribu t ed in areas previously covered by 
the early Wisconsin or p r e - Wisconsin Reid i ce advance and 
rare within the limi ts of th e late-Wisconsin McConnell 
advance. The pingos t yp ically occur in smal l valleys with 
relatively narrow valley floors and in V-shaped valleys trib ­
utary to them . Such sites are abundant in unglaciated parts 
of Yukon Plateau and in areas of old glac iations. They are 
less common within the limits of Reid glacia tion and rela­
tively rare within the McConnell limit wh ere glacially 
rounded and smoothed surfaces predominate. Therefore, topog­
raphy, conditioned by th e extent and relative ages of former 
glaciations, is the major factor controlling distribution of 
open - sys tem pingos. Restri c t ed development of permafrost 
within the McConne ll limit i s a possible, but as yet unproved, 
secondar y control. 
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DISTRIBUTION OF OPEN-SYSTEM PINGOS IN 

CENTRAL YUKON TERRITORY WITH 

RESPECT TO GLACIAL LIMITS 

INTRODUCTION 

The first publi shed record of pingos i n central Yukon Territory \vas 
by Mackay (1965, p. 72) on the basis of incidental ground observations taken 
by the present au thor in 1960, during field studies of the surficial geology 
and by Ve rnon in 1961 (Vernon and Hughes , 1966). Figure 1 is the f irst 
attempt to provide a comprehensive distribution map of pingos in the area . 
Excep t for the two closed- system pingos in the valley of the Blackstone River 
(Vernon and Hughes, 1966, p . 4) all pingos reported here ~re identified ini­
tially from aerial photographs taken at about 33,000 feet. Out of a t otal of 
463 definite and probable pingos, only twelve have been observed on the ground. 
Abou t fif ty others have been observed at c los e range from helicopters by the 
writer and by A. Lissey, Inland Waters Branch, Department of Energy, Mines and 
Reso urces. In 1968, Lissey began a study of the hydrology of open- system pin­
gas as part of a broader study of hydrologv in a pe r maf r ost environment . 

Porsild (1938) was the first to recognize that there are two dis­
tinct gene tic types of pingos , and it \vas he who formulated the curren tlv 
accepted hypotheses on th e origin of the two types . These are : 

~ 
Pingos formed by hvd r aulic pressure - always found on s l oping ground, in 
sandy soil, or in o ther kinds of pervious soil (Porsild, 1938 , p. 47). 

~ 
Pingos formed by basal upheaval due to expansion following the progressive 
dmvmvard freez ing of a body or l ens of \va ter, or of semi - flu i d mud or silt, 
enclosed between bedrock and the frozen surface soil. Th i s process is 
similar to the way in which the cork of a bott l e fi lled with water is 
pushed up by th e expansion of the water during f r eezing (Porsild, 1938 , 
p . 55) . Pingos of this type are always found in level country , in or near 
the bo r der of a lake, or in the basin of a former lake . 

Porsild 's origina l hypotheses 1vere cons i derably elabo r a t ed by c!uller 
(1959) and by Mackay (1963). Muller applied the terms "East Gr een land" or 
" open- system" pingo to Porsild ' s Type 1, and " rlackenz ie" or "closed-svs tern" to 
Type 2 . Th~ NUller terms have been ~Vi dely adopted . 

In this study , diffe r entiation of th e tiVo types was based pr i marily 
on the topographic setting of the individual pingos. Closed- system pingos 
t ypically occur i n shall oiV depressions in areas of loiV relief (P ors i ld, 1938; 
Stager , 1956; MUller , 1959; r!ackay , 1963) . Open-s ys t em pingos tvpically occu r 
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on gentle to moderate slopes within or bordering areas of moderate to high 
relief (Porsild, 1938; Huller, 1959; Holmes et al. , 1955, 1968). Of the 463 
pingos identified to date in the central Yukon, three are judged to be closed­
system types. These include the two previously reported by Vernon and Hughes 
(1966) from Blackstone River in the Ogilvie Mountains and one other north of 
Aishihik Lake. All three are si tu a ted in marshy, shallmv depressions under­
lain by alluvium, and located in broad valleys. The remaining 460 definite 
and probable pingos, are judged to be open - sys tem pingos. The follmving com­
ments refer to open- system pingos only. 

PINGO FORMS 

The mos t common form of open- sys tem pingo, and the one most readily 
identified from aerial photographs, is a truncated cone with a circular, 
elliptical or irregular base and with a crater at the apex. The pingos range 
in height f r om 20 to 75 feet, rarely reaching 100 feet. Base diameters vary 
f r om 150 fee t to 1,000 feet. The crater rim commonly e n closes a pond but in 
many examples the rim is breached and the crate r has been drained. At one 
extreme, the crater cons ists of a small, steep- sided depression at the apex of 
the cone; at the other ex treme, a large crater is contained within a low, rel­
ative l y narrow rim. 

I n many pingos craters are completely lacking, making their recogni­
tion from aerial photos less certain than for the cratered types. Most of the 
151 pingos classified as ' p robable' rather than definite are classified as 
such because the diagnostic craters are lacking. The greatest number of such 
pingos appear on the photographs to have rounded summits. However, since most 
pingos have tree and shrub cover, examination on the ground may reveal micro­
relief similar to that described by Holmes et al . (1968) for Alaskan examples. 

The open - system pingos of East Greenland are commonly surrounded by 
smaller subordinate pingos, either as appendages or as independent structures 
(HUller, 1959, p. 68). In Alaska also, such "second-generation pingos are not 
uncommon, and some shmv three or more generations of mounds" (Holmes et al., 
1968, p. H28). Only t\vo such compound pingos have been noted in central Yukon 
Territory: one in a small valley, tributary to Sixtymile River (63059'N, 
140040'H), has two distinct craters near its apex; the other, on Marian Creek 
(63 Dl5'N, 140o 22'W), consists of an incomplete cone lying against a steep 
slope, and a much smaller cone with a breached cra ter, lying immediately 
upslope. Ground studies of all the pingos may reveal many more compound forms. 

DISTRIBUTION AND SETTING 

Regional Distribution 

As anticipated by Holmes et al. (1968, p. H8), pingo distribution 
extends from eastern Alaska into the adjacent Yukon Plateau. T\vo pingos have 
been identified in Shakwak Trench that lies immediately southwest of Yukon 
Plateau; three additional pingos occur in Tintina Trench where it forms the 
northeast border of the plateau. Seven other pingos have been noted along the 
southwest flank of the Ogilvie Mountains. Except for one pingo, not plotted 
on Figure 1, located at 65 056 'W on the Yukon-Alaska boundary (141000'W), the 
known pingos lie between 6l030'N and 6S000'N and between 136000'W and 141000'W. 

Topographic Distribution 

Open-system pingos generally occur in small valleys with relatively 
narrmv valley floors, and in V-shaped valleys tributary to them. In the trib­
utary valleys, they lie close to or astride the valley axis. In the larger 
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Figure 2. Slope orientation of the sites of 199 pingos in west- central Yukon 
Territory. Direction of slope determined immediately upslop e f rom 
the ping os, from maps at scale 1:50,000 \vi th lOO- foot contours. 

valleys, their preferred position is near the break-in-slope bet\veen the val­
ley wall and the floor. No pingos have been identified on the flood plains of 
Yukon River and its main tributaries, but two lie at the foot of the valley 
wall a few feet above the flood plain of Klondike River near Dmvson, and 
another lies in a similar position with respect to the flood plain of the 
Stewart River near Mayo. 

Slopes immediately above the pingos, as determined from maps at 
scale 1:50,000 with 100- foot contours, range from 2 degrees to 26 degrees, 
with a preference for slopes of about 18 degrees facing east and southeast 
(Fig. 2). The preferred orientation is similar to that recorded in Alaska 
(Holmes et al~, 1968, p. Hl2, Fig. 6). 

Bedrock Geology 

Except for the Aishihik (115H*) and Snag (115J and 115K (E 1/2)*) 
llllDap- areas, becllrm:k geo]_ogy llllDaps are available for the entire area of pingo 
distrilmtion (llkl>s1tm:lk, ]_9]6, 1942, 1964; Cockfield, 1921; Green and Roddic:k, 
1962; ~]_]_er. ]_961) bn1t l!lll[]) quantitative study has been made of the distribu­
tion of Jll>:ii.Jmgos fum. tt:llne ~ llrith respect to bedrock geology. In Yukon Plateau, 

;~, l!!llatiiiD!Illal 'lrOJil>l[])graJil>lln:ii_cc :siy.s;tt:ellll! !Daps 1:250,000, Department of Energy, Mines and 
Jllesi[J)llJI][«:es, IID1t1tawa. ~-
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pingos occur in areas underlain by gneiss, quartzite, schist and slate of the 
Yukon Group, sericite and ch lorite schist of the Klondike Schist, gneissic 
granite of Precambrian or later age, and granite and granodiorite of Jurassic 
or later age. Only on Carmacks and Selkirk volcanic rocks are they notably 
lacking. 

1-Ji thin Tintina Trench , the one defini te and t'vo probable pingos 
identified are associated with folded, faul t ed, weakly consolidated Eocene 
sediments. In the Ogilvie Mountains, the pingos are found in areas underlain 
by diverse sedimentary and volcanic rocks but not within units consisting pre­
dominantly of limestone or dolomite. 

Pingos do not occur in areas of actual bedrock outcrop but on slopes 
mantled by severa l tens of feet of slope- wash sediments and colluvial rock 
detritus, commonly with abundant organic layers . 1-Jhere they occur within 
areas that have been glaciated, the mantle presumably a l so includes glacial 
depos i ts, a lthough this has not been confirmed by field observation. 

Bedroek geo logy could influence the distribution of pingos: 

- b y controlling such topographic developments as density of drainage, mag­
ni tude of relief and aspec t of slopes, and hence influencing the avail­
ability of sites sui table for pin go development. 

- by governing, through permeability differences and degree of fractur ing 
and faulting, the movement of sub-permafrost water and, hence, pingo 
development. 

Glacial Geology 

Bostock (1965) recognized four advances of the Cordilleran ice sheet 
in central Yukon Territory: Nansen (oldest), Klaza, Reid, and McConnell 
(youngest). The limits of the late-Wisconsin McConnell a dvance and the early­
Wisconsin or pre- Wisconsin Reid advan ce have been correlated in the Yukon 
south of 650N Lat. by Hughes et al . (1969). Al though the extreme outer l i mit 
of all glaciati ons has been determined only in part, it has long been recog­
nized that the northwestern section of the Yukon Plateau is unglaciated . 

Pingos are most abundant in this unglaciated area of the plateau, 
be tween 63000' and 64000'N, and decrease in number both north and south. The 
distribution extends into areas of pre-Reid glaciation without any sharp 
decrease in density at the glacial limit, 433 definite and probable pingos 
having been identified outside the Reid limit. Density of occurrence i s mark­
edly lower in areas that were last glaciate d during the Reid advance. Here, 
only 22 pingos have been identified. 

Only two definite and two probable pingos have been identified 
within the limits of the McConne ll advance as mapped to date. One definite 
pingo lies against the foot of the valley wal l on the south side of Stewart 
Rive r, three and one-half miles east-southeast of Mayo. The McConnell limit 
lies abou t 1,100 feet higher up the valley wall. Another definite pingo lies 
in the bottom of a small valley on the north side of Nogold Plateau, abo ut an 
esti mated 600 feet belmv the McConnell limit. A probable pin go on the north 
side of Francis Plateau lies about an estimated 500 fee t below the McConnell 
limit, and another, on the northeast side of Ga tes Ridge west of White River 
in the Snag map - area, lies about 500 feet horizontally within the approximate 
McConne l l limit as mapped by Rampton (Bughes et al ., 1969). Ano ther probable 
pingo l i es on the mapped McConnell limit, one and one-half miles northeast of 
Sanpete Hill, wes t of White River. 

Within t he l imits of the McConnell advance, especially where ice 
tongues terminated i n maj or valleys, the re are extensive areas of hummocky 
terminal and lat eral moraine in ,.;rhich pingos lacking the distinc tive cratered 
form could pass unno t iced. However, much of the terrain cons i sts of g l acially 
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smoothed slopes on lvhich either cratered or un c ratered fo rms should be distin­
guishable. Hence, th e lmv incidence of pingos IVi thin th e '!cConne ll limit is 
probably real and si gnificant. 

There are at least two possible hvpotheses which might explain th e 
l ow incidence of pingos IVithin the limit of the McConne ll advanc e : 

(l) that most of th e pingos developed unde r c limatic conditions pr evail in ? 
at some time prior to the McConnell advance but not occurring since, 
and that pre-existing pingos IVithin th e McConnell limit IVere destroyed 
and only a feiV have developed since. 

(2) that IVithin thi s area of relat ively r ecent glaciat ion, th e i deal com­
bination of such factors as suitable topographic s ites, critica l 
thickness and distribution of permafrost and, possibly, the character 
of surficial materials, is lacking -mainly becaus e the present sur­
face is relatively yo ung . 

From consideration of radiocarbon dates that limit th e ages of ce r ­
tain Alaskan pingos , and from comparison of soil profiles on pingos with s oil 
profi l e s for which there are limiting dates, Holmes et al . (1968, p. H33) con­
cluded that p robably none of the Alaskan pingos are over 7,000 years old. The 
pingos of Alaska and of th e Yukon Territory belong, broadly speaking , to a 
s ingle large gr oup, and hence the Yukon examples are probably of comparable 
age. As the ice retreat following the McConnell advance took place 10,000 to 
12,000 years ago (Hughes et al ., 1969) and virtual ly all the surface glacia ted 
during the advance has been uncovered for more than 7,000 years, the first 
hypothesis is untenable. Further, the fou r pingos that lie clearly within the 
McConnell limit do not, as a gro up, appear to be significantly different from 
thos e outside this limit. 

The second hypothesis involves s ite , thickness and distribution of 
permafrost, and character of s urfi cial ma t erials , none of lvhich have been 
eval tllited critically IVith respect to their control on the occurre nce of open­
sys tern pingos. Hmvever, some very genera l and very tentative comments are 
possib le on the relationship between these fac tors, the distribution of pingos, 
and the limit of McConne ll gl aciation. As noted earlier, the preferred si t es 
are narrow valleys with restricted floors, and the V- shaped valleys o r gulleys 
tributary to them. Such sites are abundant in the unglaciated part of th e 
dee ply dissec ted Yukon Plateau. In the areas of pre - Reid glaciation, eros ion 
subsequent to glaciat ion has r es tored the topo graphy to close to that of the 
unglaciated area . Wi thin the limits of the Re id advance, major valleys havE' 
bee n broadened and straightene d by glacial erosion, inte rvening uplands are 
consp icuously smoother and streams less sharply incised than in th e border i ng 
are a. Sites similar to those favoured by pingos in the ungla ciated area are 
markedly fewer, accounting, at least in part, for the sparsity of pingos. 
Glacial smoothing is even more pronounced within the McConnell limit, yet 
there remain many sites that, superficially, appear suited to pingo develop ­
ment . Thus, topo graphic control alone seems inadequate to explain the loiVe r 
incidence of these forms . 

Evaluation of the influence of the distribution and thickness of 
permafrost in controliing pingo distribution is highly specul ative because 
critical limits are unknmvn. Current hypotheses on the origin of open- system 
pingos demand that pingos be restricted to areas of discontinuous permafrost . 
There must be elevated permafrost-free areas for the ingress of me t eo ri c water, 
lvith permafrost in th e slopes belcH, beneath which the water can be confined . 

In a genera l way, distribution of th e pingos (Fig. l) conforms as 
expe cted to knmvn dist ribution of permafrost (brmvn, 1967). Th ey decrease in 
density northward toHard the limit of continuous permafrost, and none has been 
identified north of that limit. They also decrease in density southHard, s 
that only a feiV are found in the "southern fringe of permafrost" region. 
Although permafrost distribution accounts for decreasing density of pingos 
tm.;ard both the northe rn and southern limits of t hei r range , it does not 
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account for their nearly total absence in the eastern part of the study area 
(Fig. 1) that lies within the limit of McConnell glaciation and within the 
zone of discontinuous permafrost. If, as suggested earlier, glacial modifica­
tion of topography - and, possibly, of s urfi cial materials - would partly 
account for the low incidence of pingos within the limit, the additional con­
trolling factor may be that the permafrost \vi thin the limit is thinner and 
less widespread than that in immediately adjacent areas, the difference being 
related to the relatively short time since deglaciation. This suggestion 
assumes two possible conditions: first, that \vhen glacial retreat began 10,000 
to 12,000 years ago, the Cordilleran ice sheet, together with confluent gla­
ciers from St. Elias Mountains and nonconfluent glaciers in the Ogilvie 
Mo untains, were 'temperate' glaciers without underlying permafrost; and sec­
ondly, that permafrost within the McConnell limit has not yet attained the 
thickness and continuity prevailing immediately outside the limit. Critical 
analysis of either of these conditions >vi thin the study- area is beyond both 
present knowledge and the scope of this paper. 

Calculations suggest that permafrost should be in equilibrium with 
climate after 10,000 to 12,000 years, hence there should be no abrupt discon­
tinuity in thickness and distribution of permafrost at the McConnell limit. 
However at least two factors may have acted to delay development of permafrost 
and es tablishment of an equilibrium: 

(1) At most sites in the area deve lopment and retention of permafrost 
depends on the presence of vegetation cover and/or accumulated 
organic deposits. In preparation of sites for placer mining, vegeta­
tion and peaty cover are removed from the permanently frozen ground; 
thawing by solar heat extends to 15 feet or more in one or two years, 
and apparently con tinues to unknown depth at an exponentially decreas­
ing rate . There is no published record or convincing hearsay evi­
dence of permanent refreezing of tailings from the placer mining 
operations. From this evidence, it is inferred that even at optimum 
sites, permafrost development may have been long delayed until suit ­
able cover of vegetation and organic deposits developed. (Note that 
in this region of discontinuous permafrost there remain sites where 
the closely interrelated factors of parent material, drainage, vege­
tation cover, and direction and magnitude of slope have prohibited 
permafrost formations to this day.) 

(2) Permafrost development may have been slowed or inhibited during post­
glacial periods when climate was >varmer than at present. Pollen pro­
files from Yukon Territory do not demonstrate the postglacial thermal 
maximum Hidely recorded else1vhere in North America (Hansen, 1953, 
p. 540; Rampton, 1969, p. 177). However, radiocarbon dating of fossil 
trees from above timberline in south.ves tern Yukon Territory suggest 
that climate Has Harmer about 5,350, 3,250, and 1,220 years ago than 
it is at present (Rampton, 1969, pp. 181-186). 
Whether there is, in fact, an 'unconformity' in permafrost thickness 

and distribution at the McConnell limit, and ho.v, if present, this 'unconform­
ity' restricts pingo distribution, are problems that remain to be resolved. 
The p.·esent paper is only intended to suggest that .vhereas the sparsity of 
pingos in areas of Reid glaciation can be attributed to glacial modification 
of the topography and surficial materials, the additional factor necessary to 
explain their nearly total absence 1vi thin the NcConnell limit may be the dif­
ferences in extent and thickness of permafrost resulting from the glacial and 
postglacial history of the area. 
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