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CONTEMPORARY PINGOS: A DISCUSSION** 

Abstract 

The principal difference between open and closed system pingos is believed to be in the water source 
and growth site, rather than in the type of ice. There appears to be a continuum from tabular sheets of 
injection ice, which are, of course, not pingos, through pingos of intrusive to segregated ice, to flat areas 
underlain by segregated ice. Thus it is the mound form, rather than ice type, which cbaracterizes a pingo. 
The growth of open and closed system pingos can be explained by the capillary model which accounts for 
both tbe growth of ice and also for pore water expulsion which is associated with closed system pingos. 
When the capillary model of ice lensing is applied to pingos, the bending resistance of the superincumbent 
material must be taken into consideration in computing the total uplift resistance. 

Pingos are ice-cored hills, which are typically conical in shape and 
can only grow and persist where there is permafrost (Pl. 1). The Eskimo 
word pingo, meaning a conical hill, was used in 1929 by PoRSILD (1929), 
and his later suggestion (PoRSILD, 1938) that pingo be a technical term 
has been widely adopted. The extensive pingo literature has been summa­
rized in a number of publications (BR0WN and PEWE, 1973 ; BARR and 
SYR0TEUK, 1973; FLEMAL, 1976; JAHN, 1975; LUNDQVIST, 1969; MAARLE­
VELD, 1965; MACKAY and BLACK, 1973; PEWE, 1975; VTIURIN, 1975; 
WASRBURN, 1973). The purpose of this paper is to discuss contemporary 
pingos so that a clearer distinction can be drawn between pingos and other 
types of ice-cored mounds such as palsas. 

OPEN AND CLOSED SYSTEM PINGOS 

Pingos, in the English language literature, are usually ,classified into 
either open ( east Greenland) or closed (Mackenzie) types (LEFFINGWELL, 
1919; MÜLLER, 1959; PoRSILD, 1938) . .A.lthough pingo and bulgunniakh 
(of Yakutian origin) are probably synonymous (JAHN, 1975; SHUMSKIY, 
1959, 1964), a variety of other ice-cored and non-ice cored mounds in 
permafrost areas have been described (eg. FRENCH, 1971; GoRDEEV; 
1972; GRAVIS, 1971; HUSSEY and MICHELSON, 1966; LUNDQVIST, 1969; 
MACKAY, 1965; P0P0V, 1967, 1973; SEPPÄLÄ, 1972, SHARP, 1942; VTIURIN, 
1975). Open system pingos are fed by subpermafrost or intrapermafrost 
water from upslope, because of anhydraulic gradient (Fig. 1). Therefore, 
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PINGO TYPE 

OPEN 
SYSTEM 

CLOSED 
SYSTEM 

SOURCE OF POSITIVE PORE 
WATER PRESSURE 

HYDRAULIC / ARTESIAN 
HEAD 

PORE WATER EXPULSION 
.a + M - u > C 

ICE TYPE 

INTRUSIVE ICE 
u'> u > a + M 

LENSICE 
a+M-u<c 

CRYOGENETIC FORM 

SILL ICE (T ABULAR) 1 

PINGO (INTRUSIVE ICE) 1 

PINGO (INTRUSIVE / LENS ICE) j 

P.INGO (SEGREGA TED ICE) 1 

SEG-REGATED ICE 1 

Fig. 1. A sohematic diagram to show the inferred relationships between open and olosed system pingos 
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µ 1 is the pore water pressure required to rupture a pingo; µ is the pore water pressure beneath the freezing plane; a is the lithostatic pressure and M the bending resi­
stance of the superincumbent material above the freezi.ng plane; and C is a oonstant for a given soil 
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open system pingos usually grow in the bottoms of river valleys or lower 
hill slopes (ORUIKSH.ANK and Ü0LH0.UN, 1965; HOLMES and others, 1966, 
1968; HUGHES, 1969; HUGHES and others, 1972; PISS.ART, 1970; P0POV, 
1967; SHUMSKIY, 1959, 1964; W.ASHBURN, 1969; WILLIAMS, 1970; WILL­
IAMS and V.AN EVERDINGEN, 1973) favorable to an hydraulic gradient. 
In closed system pingos, the water is derived by permafrost aggradation 
in a closed or semi-closed system (Fig. 2b ). Both the water and water 
pressure probably result, in most cases, from pore water expelled in ad­
vance of an aggrading lower permafrost surface (M.ACK.AY, 1962, 1973; 
SHUMSKIY, 1959, 1964). Olosed system pingos occur preferentially in 
depressions, such as the bottom of a drained lake or an alas. Obviously, 
open system pingos are then more likely to occur in sloping areas of thin 
permafrost than closed system pingos, which require thick permafrost 
and/or impermeable beds to effect closure and positive pore water pres­
sures. Open system pingos have grown in a great variety of materials, 
including bedrock (B.ALKWILL and others, 1974; MÜLLER, 1959). Olosed 
system pingos seem to be more restrictive in their distribution, and grow 
primarily in medium to fine grained materials, such as sands and silts. 
They often occur in groups, as in the Mackenzie Deltaregion or may be 
isolated (OR.AIG, 1959; FYLES, 1963; M.ACK.A Y, 1966; T.ARN0C.AI and NETTER­
VILLE, 1976; W .ASHBURN, 1950). Heights of closed system pingos can range 
from several meters to more than 50 m; slopes rarely exceed 45 °. 

The earliest theory for pingos in N orth .America was proposed by the 
explorer RICH.ARDS0N in 1828; he considered them to be formed by drif­
ting sand (FR.ANKLIN, 1828). Since then numerous other theories have been 
proposed for the origin of pingos. The forcing mechanism of an hydraulic 
gradient, for open system pingos, has long been recognized (LEFFING­
WELL, 1919). With respect to closed system pingos, the forcing mechanism 
was initially attributed to expansion freezing, whereby water was squeezed 
to the site of pingo growth. However, the mechanism in closed system 
pingos is, in reality, the prevention of expansion (i.e. heave) by the litho­
static pressure and bending resistance of the superincumbent material 
above the freezing plane with the result that water - and perhaps a 
slurry - is forced from adjacent areas to the site of pingo growth. In 
other words, it is "expulsion" not "expansion" which forces water and/or 
slurry to the freezing plane. 

In addition to the preceding, many other theories have been proposed 
for the origin of pingos. Gussow (1954, 1962) has explained pingos by 
glacier ice piercement domes and B0STROM (1967) by water expulsion in 
a region of subsidence (sedimentation). Both theories can be disregarded, 
because of the obvious lack of correspondence between pingos and either 
glaciation or subsidence (M.ACK.AY, 1962, 1968). SCHEIDEGGER (1970), 
B0B0V (1969), and RYCKB0RST (1975) suggest that pingo ice melts at the 
top of the ice core and freezes at the bottom, but there is abundant field 
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evidence from drill holes and exposures to show that melting at the top 
of the ice core only occurs during the thermokarst stage, when excessive 
rupture of the pingo overburden exposes ice to thaw. In addition, RYCK­
B0RST's theory (RYCKB0RST, 1975, p. 303, 310 -311) requires: unsaturated 
sand beneath the freezing plane; a freezing plane at a shallow depth 
(examples given of 0.5 m and 1.0 m) below ground level; and a freezing 
plane above the ground water table, all of which are in_ disagreement with 
field evidence. BLEICH (197 4, p. 60) suggests that "Pingo formation has 
been a process offreezing (usually after the postglacial thermal maximum) 
in the thaw basin of lakes with shallow water, where an ice-core was formed 
at the margin of the permafrost zone, with water supply from the lake 
through contraction-cracks". BLEICH's lake flat contraction-cracks are 
ice-wedge cracks, and clearly, such cracks do not supply water to pingos. 

ICE CORES 

Pingo ice cores can show every possible gradation between pure intru­
sive ice (PI. 3), through segregated ice (PI. 4), to ice rich soil. The pure 
ice cores result from the freezing of bulk water (i.e. intrusive of injected 
ice) whereas lens ice (segregated ice) results from freezing of water and 
soil (MARTIN, 1959; ZHESTKOVA, 1966). The growth of pingo ice cores can 
be explained by the capillary model of ice growth (e.g. EVERETT, 1961; 
EVERETT and HAYNES, 1965; PENNER, 1958, 1959; MACKAY, 1971, 1972a, 
1972b, 1973; WILLIAMS, -1967). 

SEGREGATED ICE 

Ice lenses tend to grow with the upward movement of water to the 
freezing plane when: 

(1) 

where ai is the pressure in the ice 
µ is the pore water pressure 
aiw is the surface tension of the ice-water interface 
r is an equivalent soil pore radius 

When large ice lenses grow subparallel to a horizontal freezing plane 
inequality 1 can be expressed as: 

(2) r1 - µ < 0 ( 0 = 
2:iw) 

or 

(3) µ>a-0 
wnere a is the lithostatic pressure at the freezing plane 

0 is a soil constant, which varies from soil to soil (WILLIAMS, 1967). 



PI. l. Ibyuk Pingo, near Tuktoyaktuk, N. W. T., Canada 

Tb.a top rises 4 7 m above the flats in the foreground. The overburden, above the ice core, is 15 m thick. The underlying sediments are medium 
grained sands. Growth increases towards the top. From 1973 -1975, the highest peak grew 2.8 cm yr- 1 
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Biuletyn Peryglacjalny, No. 27 

Pl. 2. A tabular sheet (sill) of injection ice at least 1.2 m thick. Melting of 
the ice has resulted in nu,merous thaw ponds. Brock River Delta, N.W.T., 

Canada 

Pl. 3. Pingo ice-core of injection ice exposed by coastal erosion. The ori­
ginal size of the pingo is estimated at 90 m long and 7 to 8 m high. The ice 

is overlain by lacustrine sands. McKinley Bay, N.W.T., Canada 

XX 



Biuletyn Peryglacjalny, No. 27 XXI 

Pl. 4. Wave eroded pingo of segregated ice near Tuktoyaktuk, N.W.T., Canada. 
The ice is segregated ice as shown by soil laminae and petrofabric analyses 

PI. 5. Massive segregated ice near Tuktoyaktuk, N.W.T., Canada. The exposed 
ice is up to 5 m thick 



Biuletyn Peryglacjalny, No. 27 

Pl. 6. Collapsed pingo, Tuktoyaktuk Peninsula, N.W.T., Canada 
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The lithostatic pressure (cr) depends upon the combined weight of the 
overburden of thickness 0 and · ice core of thickness I at the freezing 
plane (Fig. 2) : 

(4) <1 = Yo0-=-Y1l 

where y is the bulk density of the overburden 
y1 is the bulk density of the ice core 
0 is the thickness of the overburden 

I is the thickness of the ice core 
When a pingo grows, however, the resisting force is not hust the litho~­

static pressure ( lJ) because uplift must exceed the beriding resistance (M) 
of the superincumbent material (see JOHNSON, 1970, pp.· 60-68 for a 
comparison with laccoliths). The conditions for · ice lensing then become„ 
for a given soil: 

(5) a-;-M -µ < 0 

where M is the bending resistance of the superincumbent material 

(6) µ > a-;-M -0 

(7) y00+y1 I+M-µ<O 

PORE WATER EXPULSION 

The freezing plane moves downward and the 9 percent volume ex­
pansion of water to ice is relieved not by heave, but by pore water expulsion 
provided drainage exists: 

assuming, as before 

(9) <3-µ>0 

(10) µ< lJ-O 

In the case of growing pingos, the resistance to bending (M) must 
be included with the lithostatic pressure so inequalities 9 and 10 become: 

(11) b±M-µ> 0 

(12) µ<b±M-O 

Inequality 9 expresses the well known fact that a load can prevent 
heaving (e.g. BESKOW, 1935; PENNER, 1958) provided drainage exists. 
When heaving is prevented in the laboratory by loading a soil specimen 
or in the field by lithostatic pressure at the freezing plane, pore water 
becomes expelled. If, however, drainage is prevented, then the pore water 
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pressure (µ) will rise and approach that of the lithostatic pressure ( C,). 
The transition pressure from ice segregation to no heaving is known as 
the "shut-off" pressure in permafrost engineering and the left hand side 
of inequality 9 is the effective stress of soil mechanics. The validity of 
inequality 9 has been verified in the laboratory (e.g. BALDUZZI, 1959; 
CASTRO, 1969; JANSON, 1964; McROBERTS and MORGENSTERN, 1975; 
TAKASHI and MASUDA, 1971; TAKASHI and others, 1974) with pore water 
expulsion occurring in sands, silts, and even in silty clays. Pore water 
expulsion has also been observed in the field (KHA.KIMOR, 1957; TSYTOVICH, 
1975, p. 59) and is a common water source for injection ice of all types 
(e.g. PoPov, 1967, 1973) . .Artesian pressures have frequently been encoun­
tered in drill holes in association with closed system pingos in both the 
U.S.S.R. and Oanada. Thus, closed system pingos derive their pore water 
pressures from water expulsion whereas open system pingos derive their 
pressure from an hydraulic head (Fig. 1). However, as the growing 
pingos do not "know" where their water comes from, the growth mecha­
nisms are the same. 

GROWTH OF SEGREGATED ICE 

The growth of permafrost is a newly exposed area, such as a drained 
lake bottom, or the growth of the summit of a pingo can, with certain simpli­
fying assumptions, be expressed by Stefan's equation (e.g. KUDRYAVTSEV, 
1974; 1\'IACKAY, 1971, 1973; MELAMED, 1970): 

(13) z = bVt 
where z is the depth of permafrost 

b is a parameter dependent upon soil and temperatute conditions 
t is time 

The growth rate in finite form is: 

Liz b 
-

Llt 2yt 
(14) 

From equations 13 and 14: 

zLlt 
t=--

2Llz 
(15) 

(16) b =,. /2z·Llz 
JI Llt 

Under similar thermal conditions, the parameter b for the freezing of 
ice is about one half to one third that for sands and silts (BR0WN, 1964; 
MACKAY, 1973). Therefore, when permafrost aggrades in saturated sands 
and silts, where the maximum value of O in inequality 1 is of the order 
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of 0.15 kg cm - 2 (WILLIAMS, 1967), the "shut-off" pressure { <S +M - µ = 0) 
will usually be exceeded within a depth of several meters and pore water 
will be expelled, provided subpermafrost drainage exists. Therefore, if 
the surface temperature of a pingo and the surrounding terrain are iden­
tical, the down ward rate of permafrost growth around · the pingo will 
exceed the upward rate of growth of the pingo. If a closed system exists, 
pore water expulsion below thick permafrost (Fig. 2b, site 3, ~ + M - µ > 0) 
will then raise the water pressure beneath the pingo (Fig. 2b, site 1) and 

a 

b SEGREGATED ICE 

~ 1 1 1 
2 a + M - u ,.._, C 

G)a+M-u>c 

c INTRUSIVE ICE 

m~~!'l"'I"'~..,.,'"""" -10°C 

1 • 

u>a+M ? ' !lliH~.t! · 0°c 

Fig. 2. Diagrams of pingo growth 
a: a drained lake bottom with a residual pond, the typical growth site for a closed system pingo; b: segre­
gated ice core of a closed system pingo with pore water, expelled from site 3, moving to the freezing plane 
at site 1; c: a water lens which freezes to give intrusive ice; rupture often occurs at the spring site 
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thus facilitate ice segregation. Pore water expulsion then serves as both 
underground reservoir to provide a constant water sou.rce to the growing 
pingo and as an hydraulic pump to create artesian pressu.res and favor 
ice segregation. lt should be stressed that pore water expulsion and ice 
lensing occu.r at different but hydraulically interconnected sites. 

Detailed field surveys on 12 growing pingos, in Tuktoyaktuk Penin­
sula, N.W.T., Canada, for 1969- 75 show that equations 7 to 12 are 
generally valid (MACKAY, 1972a, 1973, 1975a, 1976a, 1976b ). If a pingo 
has a pure ice core, z is equal to the combined thickness (0 + I) of the ice 
core and overburden (Fig. 2b}. Liz can be measu.red by precise levelling. 
b can be estimated when the age of the pingo and either z or Liz is known. 
The field measurements show: 1) the maximum diameters of the pingos 
tend to become established in early youth; 2) the growths of the pingos 
tend to increase from the periphery to the summit (Fig. 3); 3) as pingos 
grow older, growth ceases first on the lower slopes; 4) erratic but increasing 
growth indicates freezing of both ice and soil; 5) up-and-down growth and 
episodic spring flow result from the presence of a free water lens; 6) in 
general, the heights of growing pingos vary as the square root of time; 
7) at sites where permafrost is aggrading on a drained lake bottom adjacent 
to a growing pingo, and where surface temperatu.res do not vary greatly, 
the permafrost depth may be two to three times that of the pingo height. 

If the pingo core is composed of segregated ice, the shape will be 
plano-convex, like the above ground pingo shape. The two resisting 
terms (15 +M) to uplift (inequality 11) will then vary from the center of 
the freezing plane outwards to the periphery at any given time and also 
for the growth period of the pingo. The shut-off pressu.re then varies 
spatially and temporally. To illustrate, let us compare the freezing of one 
meter of segregated ice at the center and periphery of a plano-convex 
ice core. The addition of one meter of ice in the center will merely dome 
the pingo top an equivalent amount. However, at the periphery of an 
ice core where the pingo-ice wedges out completely, a one meter addition 
of ice must then be accompanied by shear failure in the frozen overburden . 
.Alternatively, the uplift pressu.re could result in tensile fractu.ring and 
an outward increase in the basal diameter of the freezing plane but in 
many pingos this would require tensile failu.re in permafrost, because the 
bottom of the surrounding permafrost is at a greater depth than the 
freezing plane (Fig. 2b ). Thus, the shut-off pressure at the periphery will 
generally exceed that in the center, so ice lens growth for any given pore 
water pressure (µ) will cease first at the periphery. This appears tobe the 
explanation for the growth pattern observed in the Tuktoyaktuk area 
pingos - and presumably in many others - where growth ceases first, 
on the lower slopes. 

There is overwhelming field evidence from exposu.re and drilling to 
show that segregated ice, often intermixed with injection ice, occurs in 
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Fig. 3. The three year (1972- 75) growth of a closed system pingo, Tuktoyaktuk 
Penninsula, N.W.T., Canada 

The growth has been measured yearly by precise levelling to bench marks installed into permafrost. Note 
that the growth increases with the pingo height 

both open and closed system pingos (BAULIN and others, 1973; BoBov, 

1960; 1969; FOTIEV and others, 197 4; FRASER, 1956; FRENCH, 1975, 
1976; GRIGOR'YEV 1966; HOLMES and others, 1968; KATASONOV and 
SOLOVYEV, 1969; KRIVULIN, 1972; MACKAY, 1962, 1973, 1975a; MACKAY 

and STAGER, 1966; MULLER, 1959; PISSART, 1967; POPOV, 1967, 1973; 
RAMPTON, 1973; RAMPTON and MACKAY, 1971; ROZENBAUM, 1965; SHUM-
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SKIY, 1959, 1964; SoLOVYEV, 1952, 1972, 1973b). A tabulation of the 
available ice core data for 17 closed system pingos of the Tuktoyaktuk 
area, N. W. T. show: 2 pingos with ice cores of high ice content soil; 5 with 
segregated ice and soil; 4 with a mixture of segregated and intrusive 
ice; and 6 with only intrusive ice. lt should be noted that the exposures 
with intrusive ice are only for the upper part of the ice cores. 

INTRUSIVE ICE 

If a pingo grows by the freezing of bulk water, then the pore water 
pressure (µ) must exceed the combined resistance of the lithostatio pressure 
( o) and the bending resistance (M) of the frozen overburden and · ice core: 

(17) µ > o+M 
The lithostatic pressure (o) will increase approximately as t 112 (equation 

13) and the bending resistance of a layer, such as the pingo overburden, 
increases rapidly with thickness (JOHNSON, 1970). Therefore, the right. 
hand resisting term of inequality 17 increases with pingo size and should 
be the greatest when a pingo has reached full growth. 

Rupture with spring flow occurs when: 

(18) µ > µ 1 > o+M 
where µ 1 is the pore water pressure required to rupture the pingo and give 
spring flow. 

Abundant field evidence, particularly from the U.S.S.R., shows that 
the subpingo water of a growing pingo site tends tobe under pressure and 
the water may escape through or around pingos as springs (HOLMES and 
others, 1963, 1968; MACKAY, 1973, 1975a, 1975b; MACKAY and STAGER~ 
1966; MÜLLER, 1959, PoPov, 1967; SHUMSKIY, 1959, 1964; S0L0VYEV, 
1952, 1973a, 1973b; STRUGOV, 1953; WILLIAMS, 1970). The pore water 
pressure (µ 1 ) required to rupture two 12 m high pingos, in the Tuktoyaktuk 
area, N.W.T., has been estimated from field measurements at about 2 to 
3 kg cm-2• 

In summarizing the evidence for intrusive ice, in both open and closed 
system pingos: (1) the pore water pressure (µ) is derived from source 
areas external to the pingos; (2) the rate of freezing decreases with pingo 
height; and (3) the resistance to uplift ( o + M) increases with pingo height. 
If follows, therefore, that intrusive ice should occur preferentially at the 
top of an ice core, with segregated ice at the bottom. 

CRATERED SUMMITS 

The growth of the pingo ice core is usually accompanied by radial 
tension (dilation) cracks. Such cratered summits are often assumed to be 
sings of degradation, which at times may be correct, but rupturing is 
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a neoessary oonsequence of pingo growth. Let us assume that a symmetrical 
pingo of basal radius R has grown in flat terrain. Then: 

(19) 
2R-L L 

8 =-2-R-=l--2R-

where s is the strain (stretch) of the overburden 
L is the arc ( surface) length of the pingo, for any vertical cross 

section through the summit 
R is the radius of the :pingo base, assuming it to be circular 

The arc length (L) of most pingos can be approximated by a simple 
geometric curve, such as the arc of a circle, parabola, ellipse, or sine curve. 
For example, the stretching of a pingo 50 m high and of basal radius 75 
m would amount to about 30 m, a separation comparable to the diameter 
of a crater summit in a pingo of that height. It is interesting to note that 
the stretching is relieved almost entirely at the summit of a pingo, and 
not uniformly along the surface. This should be expected, because the 
greatest growth is at the summit. Otherwise, if pingos grew simultaneously 
both higher and wider, with concentric growth increments like layers 
of a sectioned onion, dilation failure should then be distributed over the 
entire overburden, and not locallized at the summit. Dilation at the pingo 
top causes mechanically induced vertical tension cracks which can open 
anytime during the year, unlike winter ice-wedge cracks When surface 
water enters the cracks and freezes, a distinctive ice type is formed (GELL, 
1975, 1976; MACKAY, 1972a, 1972b, 1973). 

FMLURE PATTERNS 

Vertical and horizontal pingo cross sections show that the pingo ice 
and overburden may undergo considerable deformation during the growth 
process. For laccoliths, which grow by the intrusion of magma and over­
burden stretching, shear failure tends to occur at the periphery, where 
the bending strain and differential stress is greatest (JOHNSON, 1970; 
POLL.ARD and JOHNSON, 1973). Peripherical faulting has been observed 
in vertical and horizontal pingo cross sections (eg. MACKA Y and ST.AGER, 
1966; R.AMPTON and M.ACK.AY, 1971; SOLOVYEV, 1973a, 1973b) and it 
can be seen in some pingo photos (e.g. MÜLLER, 1959, Plate II; W .ASH­
BURN, 1973, Fig. 4.62). In view of the center growth of pingos (Fig. 3), 
considerable deformation should be present and tilted beds have been 
seen in pingo sections (FRENCH, 1975; PISS.ART, 1967; POPOV, 1973). 

ANNULAR RIDGES 

When the ice cores of pingos thaw in a permafrost environment, annu­
lar ridges usually remain around central depressions, which may contain 
ponds (Pl. 6). In the Tuktoyaktuk Peninsula area, N.W.T., about 8 percent 
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of the 1400 pingos have collapsed and left annular ridges (STAGER, 1956). 
As the ridges may still contain appreciable amounts of excess ice, complete 
thaw would reduce the heights of the ridges although some topographic 
relief would probably remain. If pingos grew merely by uplift of the super­
incumbent load, collapse would return much of the material to the original 
position. Therefore, as annular ridges do occur in collapsed pingos in perma­
frost areas, and also in fossil forms (BASTIN and others, 197 4; FLEMAL, 1976; 
SVENSS0N, 1964b, 1969; WATS0N, 1971) some outward displacement of 
material must occur. As mentioned earlier, precise surveys of many growing 
pingos in Tuktoyaktuk Peninsula, N.W.T., show no lateral (outward) 
thrusting of material. However, frozen ground is known to creep under 
a sustained load and natural permafrost slopes may undergo appreciable 
crey (MCROBERTS, 1975; TSYT0VICH, 1975, p. 134). Consequently, it should 
not be surprising if the frozen overburden and ice cores of large pingos 
moved slowly downslope since TSYT0VICH (1975, p. 135 -136) points out 
"flows become especially hazardous when the temperature of the frozen 
.soil rises close to 0°0, when the viscosities of the soils decrease substan­
tially and there is danger of the rapid development of progressive flow". 
The writer has been able to compare pictures of a 15 m high pingo taken 
by the explorer V. STEFANSSON in about 1910 with the pingo as it was 
examined in the field in 197 4. The cratered summit had been lowered a 
few decimeters by erosion and mass wasting, whereas the periphery 
appeared slightly higher. Therefore the annular ridges, observed so fre­
quently in fossil pingos, may owe much of their size to outward displa­
cement by permafrost creep, active layer creep, mass movement, and 
surface wash from the top. 

BOTTOM OF THE ICE CORE 

Insofar as is known, most pingos tend to grow at the sites of small 
ponds, on gentle slopes, and in flattish areas (Fig. 2). If Pis the depth of 
the pond, then the bottom of a pure ice core will lie at a depth of O + P 
beneath the ground surface. If there was no pond, P would be zero; if 
there were a pre-existing mound, P would be negative. The thickness of 
the overburden ( 0) in full grown pingos with a pure ice core increases 
in general with the pingo height. A survey of the literature, when combined 
with field exposures, suggests an overburden thickness of about 20 to 
50 percent of the pingo height (e.g. HYVARIVEN and RICHTIE, 1975; MAC­
KAY, 1962, 1963, 1966, 1973; MÜLLER, 1959; PIHLAINEN and others, 
1956; RAMPT0N and MACKAY, 1971; SHUMSKIY, 1959, 1964; S0L0VYEV, 
1952, 1973a, 1973b ). For example, Ibyuk Pingo, near Tuktoyaktuk 
N.W.T. (Pl. 1) is 50 m high and the overburden is about 15 m (MÜLLER, 
1969, 1972; FYLES and others, 1972; RAMPT0N and W ALC0TT, 197 4). 
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Ibyuk Pingo has lake sediments at the top and it grew in a residual pond. 
If the core were of pure ice, the bottom would lie at a minimum depth 
of about 15 m below ground level. If Ibyuk Pingo had a thin overburden, 
for example 2 m, it seems extremely unlikely that the pingo could have 
grown to a height of 50 m, because rupturing of the thin overburden would 
have occurred in early youth to expose the top of the ice core to prolonged 
degradation. 

Some pingos, without discrete ice cores, have no "bottoms" to the ice 
"cores" (e.g. KATASONOV and SOLOVYEV, 1969; MA.OKAY and STAGER, 
1966; ROZENBAUM, 1965; SOLOVYEV, 1952, 1973a, 1973b ), as drilling and 
exposed cross sections show. In such pingos, the bottom of the "ice core" 
lies at the depth where the sum of all of the excess ice produced the necessa­
ry differential uplift to grow the pingo. Consequently, the location of the 
bottom of a pingo ice core may often be impossible to equate with the 
depths of ponds left in fossil pingos. If the thickness of any collapsed 
overburden is allowed for, the position of the bottom of the ice core rnay 
also be uncertain if there has been net movement of mineral soil into or out 
of the pingo system during the freezing pro~ess. The extent to which such 
displacement has occurred is unknown, but the process ru:.,s been sug­
gested (BIK, 1969; MATHEWS, 1963). 

PINGOS AND P ALSAS 

The distinction between pingos and palsas may be difficult to make, 
because both are ice cored mou.nds in permafrost. Some criteria which 
may be helpful in separating the two mou.nd types are suggested below, 
with the realization that the criteria are open to debate. 

Relation to permafrost 

Pingos tend to occur either in areas of continuous permafrost, with 
a mean annual ground temperature of -5°0 or lower, or else in disconti­
nuous permafrost where the surrounding terrain is underlain by perma­
frost. Palsas tend to occur where mean annual ground temperatures are 
closer to 0°0, with palsas often existing as permafrost islands surrounded 
by non-permafrost terrain (BROWN, 1973; BROWN and PEWE, 1973; 
JAHN, 1975; LINDQVIST and MATTSSON, 1965; RAILTON and SPARLING, 
1973; SVENSSON, 1961; TARNOCAI, 1970; ZoLTAI, 1971). Consequently, 
the growth and thaw of palsas are more responsive to smaller climatic 
changes ( e.g. ±1 °0) than pingos. 

Size 

Pingos may exceed a height of 50 m and a basal diameter of 500 m, 
whereas palsas rarely exceed a height of 10 m and a basa;l diameter of 50 m. 

10 - .Biuletyn peryglac;Jalny, 2'1 
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Shape 

The typical pingo is domed or conical in shape, the outline is smooth 
and the summit is cratered. Palsas are more commonly flat-topped, the 
outlines irregular, and the summits lack the characteristic star-shaped 
radial tension cracks of many pingos. 

· Material 

Palsas, by definition, are restricted by most authors to peat mounds 
in bogs e.g. BR0WN, 1973; BROWN and PEWE, 1973; FRIEDMAN and others, 
1971; HAMELIN and CAILLEUX, 1969; JAHN, 1975; LUNDQVIST, 1969; 
PoPow, 1973; RAILT0N and SPARLING, 1973; SEPPÄLÄ, 1972; SPOLANSKAYA 
and EVSEYEV, 1973; SVENSS0N, 1961, 1964a; TARN0CAI, 1970; WASH­
BURN, 1973; Z0LTAI, 1971; Z0LTAI and TARN0CAI, 1971). Pingos may 
have peat in the overburden, but otherwise gTOw in a wide range of 
material from sand to bedrock. 

Ice Oore 

The ice core of a pingo may show every gradation from intrusive to 
segregated ice, whereas palsas are composed of ice lenses in peat and/ör 
mineral soil. The top of the ice core in an unruptured pingo usu.ally lies 
well below the active layer (e.g. 3 m) whereas the top of the ice core of a 
palsa tends to lie at the bottom of the active layer. 

Growth pattern 

Palsas, unlike pingos, may increase in diameter during growth, and 
decrease in diameter du.ring degradation - in other words, the size can 
fluctuate in response to the thermal regime. 

CONCLUSION 

(1) Pingos are ice cored mounds in permafrost. The ice core may be 
composed entirely of intrusive ice, formed from the freezing of bulk water, 
or of ice lenses interlayered with soil, or of any gradation between the 
two ice types. 

(2) Pingos can be divided into two main types. Open system pingos 
derive their water somce and water pressure from an hydraulic gradient 
established from upslope conditions; closed system pingos derive their 
water somce and water pressure from pore water expulsion beneath aggra­
ding permafrost. Obviously, the preferred specific site conditions (e.g. 
river valley and hill slopes for open system pingos and lake bottoms 
for closed system pingos) will differ for the two types. However, there 
is no essential difference jn the growth mechanisms. The two types cannot, 
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be separated according to ice type (intrusive, segregated, or a mixture) 
although the abundance of an ice type doubtless varies from open to closed 
system pingos and from one area to another. 

(3) Genetically speaking, there appears to be a continuum from: 
flat ground with intrusive ice -+ a pingo with intrusive ice -+ a pingo 
with intrusive and segregated ice -+ a pingo with segregated ice -+ a pingo 
with high ice content -+ flat ground with segregated ice -+ flat ground 
with high ice content soil. lt is the discrete and identifiable mound form 
which identifies a pingo, not the ice type. 

(4) The pore water, beneath a growing pingo, is usually under a pore 
water pressure greater than hydrostatic. 

(5) The conditions which govern pingo growth can be gene:ralized in 
terms of two concepts: the resistance offered by the pingo to uplift and 
bending; and freezing at the bottom of the ice core. The generalized se­
quence from pingo rupture to pore ice is: 

(a) µ > µ 1 > <1 +M 
(b) µ 1 > µ > a+M 
(c) µ 1 >µ ~a+M-0 
(d) µ1 >µ <a+M-0 

pingo ruptures 
intrusive ice 
segregated ice 
pore water expulsion as pingo growth 
ceases and the freezing plane penetrates 
downward 

In inequality (b} and (c), above, a, M, and O are positive, so that for 
any given pingo, segregated ice might continue to grow when intrusive 
ice cannot. Therefore, the distinction between intrusive and segregated 
ice is gradational, and the last ice to freeze at the bottom of an ice core 
should generally be segregated ice. 

(6) Olosed syste m pingos probably require thicker permafrost than 
open system pingos, because thick permafrost helps to ensure the necessary 
permafrost closure an d water expulsion around the talik. 

(7) Insofar as is known, closed system pingos usually attain their 
maximum diameters in youth, after which time they grow higher but not 
wider. This may not be true of open system pingos, espeoially those gro­
wing on slopes. 

(8) Pingos can grow in a great variety of material, even bedrock. How­
ever, a controlling factor seems to be a reasonable permeability. Pingos 
are rare or absent in highly impermeable materials such as clay. 

(9) The annular ridges, smrounding thawed pingos, are probably 
formed by a combination of some outward displacement during growth, 
permafrost creep, active layer creep, mass wasting, and surface wash. 
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(10) Since pingos - or at least those closed system pingos under 
survey - tend to grow in height, and not in basal diameter, considerable 
internal deformation appears inevitable in the ice core. 

(11) The peripheries of growing pingos are often out by faults, some 
cylindrical. Springs may issue along fault lines. 

(12) The depth of a fossil pingo basin might reflect the bottom of an 
ice core, if the core were of pure foe, but not that of a pingo with consider­
able segregated ice. 
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