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ABSTRACT

Ross Mackay’s main scientific accomplishments were as a permafrost scientist working in the Western Canadian Arctic.
Starting in 1951, he would spend approximately 3 months in the field each year for more than 40 years. He described
many geographical features including the closed-system pingos of the Mackenzie Delta. In 1968, when the PCSP
Western Arctic logistics base moved to Tuktoyaktuk, he commenced long-term permafrost studies in the delta region.
His research added significantly to our general understanding of permafrost terrain, the nature of ground ice, the controls
over permafrost distribution, the dynamics of the active layer and the effects of natural and man-induced disturbances to
the tundra and arctic ecosystems.

RESUME

Les principaux accomplissements scientifiques de Ross Mackay ont été en tant que chercheur du pergélisol travaillant
dans 'Arctique de I'Ouest Canadian. Dés 1951, il passa environ 3 mois par an sur le terrain durant plus de 40 ans. Il
décrivit de nombreuses formes géomorphologiques dont les pingos de systeme fermé du Delta du Mackenzie. En 1968,
lorsque la base logistique d’Arctique de I'Ouest du PPCP fut déménagée a Tuktoyaktuk, il commenca des études a long
terme sur le pergélisol dans la région du delta. Ses travaux ont contribué de facon majeure a notre compréhension
générale des terrains de pergélisol, de la nature de la glace de sol, des facteurs contrélant la distribution du pergélisol,
de la dynamique de la couche active et des effets des perturbations naturelles et anthropiques sur la toundra et les
écosystemes arctiques.

1 INTRODUCTION

Ross Mackay graduated as a physical geographer in 1949
and first visited the Canadian Arctic in 1951 and again in
1952 (Figure 1). Subsequently, he spent over 4 decades
conducting field research in the Mackenzie Delta region of
the Western Canadian Arctic. His research reflected the
emergence in the 1950s of a quantitative terrain science '
led by individuals such as A. N. Strahler, L. B. Leopold ,
R. J. Chorley and A. Rapp that emphasized the study of
geomorphic  processes. Mackay's first seminal
contributions to permafrost science and  periglacial
geomorphology were regional physical geography
monographs on the Anderson River, NWT and the
Mackenzie Delta, NWT, both published by the
Geographical Branch (Mackay, 1958; 1963a).

Beginning in the mid 1960s, Mackay commenced
long-term studies of permafrost and related processes in
the delta region of the Mackenzie River. He established a
field station on Garry Island in the outer part of the delta
and used the PCSP station at Tuktoyaktuk as his base.
By the late 1980s, Mackay had completed more than 35
field seasons in the Western Arctic and had become the
foremost authority on permafrost in Canada, and probably
the world. He continued field research for at least another
decade and research papers were to appear for 20 more

years, the last being in 2005. Others may appear . i
posthumously. Figure 1. JRM about to depart for the field at Resolute,

Cornwallis Island, 1952. (Photo supplied by JRM, 1999)




2 THE AGGRADATION OF PERMAFROST

The pingos of the Pleistocene Mackenzie Delta attracted
Mackay's interest not only because of their striking
appearance but also because they reflected the
aggradation (growth) of permafrost. This was to become a
central theme of Mackay’s permafrost research.

Mackay documented the growth of pingos mainly
through the precise and repeated survey of growing
pingos, aerial photographs, the drilling of pingos and the
stratigraphic and crystallographic analyses of their internal
structures. For example, he was able to show that the
birth of a small pingo (‘Porsild Pingo’) took place between
1920 and 1930 (Mackay, 1988). Another, named
Aklisuktuk (‘Growing Fast’), was found to be subsiding
and Mackay speculated that its name, dating back 200
years, probably resulted from early rapid growth due to
the accumulation of a large sub-pingo water lens (Mackay
1981a). A third example is provided by a section he was
permitted to excavate through a pingo in July 1986 that
illustrated the annual growth bands in the ice that typically
comprise the core of a hydrostatic pingo (Figure 2)
(Mackay 1990a). A monograph-length paper summarizes
Mackay's 40 years of pingo research (Mackay 1998).

Figure 2. The JRM Pingo #20, August 1988. The ice core
consists of intrusive ice associated with the freezing of a
sub-pingo water lens. Seasonal growth bands, consisting
of alternating clear and bubble-rich layers, can be seen in
the ice. Photo: H. M. French

The widespread nature of thermal-contraction-crack
polygons in the Mackenzie Delta also attracted Mackay’'s
attention. He was able to demonstrate the thermal
conditions under which cracking occurred and the
frequency, magnitude, speed and sound of the process. It
became clear that thermal-contraction cracking was
intimately associated with the formation and growth of
permafrost. He was also able to explain the distinctive
nature of the many low-centred (‘fortress’) polygons by
demonstrating that the enclosing ramparts reflected the
lateral, thermally-induced movement of the active layer.
Previously, it had been widely assumed that the ridges on
either side of the crack reflected the growth of the

underlying ice wedge. A second monograph-length paper
summarizes his field observations (Mackay, 2000).

Perhaps his most elegant, but simple, attempt to
understand the formation of permafrost was the lllisarvik
experiment. This involved the artificial drainage of a
tundra lake in the summer of 1979 and the subsequent
monitoring of the growth of permafrost on the drained
lake-basin floor (Mackay 1997). In 2002, the first 20 years
of active-layer development and ice-wedge growth were
summarized (Mackay and Burn, 2002a; 2002b). After the
initial years, it appears that the growth of tundra
vegetation on the lake basin floor trapped snow, the
thickness of the active layer increased and the rate at
which permafrost formed slowed. At the same time, the
formation of thermal-contraction cracking on the drained
lake-basin floor was monitored (Figure 3). By 2002, no
sign of an embryonic pingo could be detected.

Figure 3. Thermal-contraction cracks developed upon the
lllisarvik drained lake floor, July 1985. JRM is talking with
J. A. Heginbottom. Photo: H. M. French.

3. THE NATURE OF GROUND ICE

The nature and origin of ground ice is primarily the
concern of geocryology. In the late 1950s, Russian
scientists such as P.A. Shumskii and A. |I. Popov were
world leaders in this field. Ground ice allows inferences to
be made as to the Quaternary history of permafrost. In
addition, the thaw of ice-rich permafrost gives rise to the
complex of processes generally termed ‘thermokarst'.
Ground ice also presents many geotechnical and
engineering problems.

Mackay was intensely interested in the origin of the
massive ground-ice bodies that were exposed in coastal
sections in the immediate vicinity of Tuktoyaktuk. He
utilized the Russian literature and took advantage of the
knowledge of visiting Russian scientists such as N. N.
Romanovskii, V. N. Konishchev and V. |. Solomatin. He
simplified the complex Russian classifications of ground
ice and proposed seven mutually-exclusive ground ice
types based upon the source of water prior to freezing
and the principal transfer process by which water moves
to the freezing plane (Mackay 1972a). Initially, he
concluded that the massive ground ice near Tuktoyaktuk



consisted of bodies of segregated-injection ice (Mackay,
1971) (Figure 4).

Figure 4. Massive ground ice exposed in summer 1973 at
Peninsula Point, near Tuktoyaktuk. A. W. Gell (then a
PhD student of JRM) and J. Veillette inspect the ice
exposure. Photo: H. M. French.

In subsequent years, as massive icy bodies were
described from elsewhere in the Western Arctic and
Western Siberia, he referred to the Tuktoyaktuk ice
bodies as being ‘intrasedimental’ in nature (Mackay and
Dallimore, 1992). Others preferred to interpret their
stratigraphy, ice crystallography and internal deformation
as reflecting glaciotectonics and the icy bodies
themselves as basal glacier ice. During this time, Mackay
identified field criteria useful for differentiating between
massive icy bodies of segregation-injection or buried-
glacier-ice origin (Mackay, 1989). He was also one of the
first to use oxygen isotopes to characterize ground ice of
different types (1983a).

4. THE DYNAMICS OF THE ACTIVE LAYER

Mackay developed many innovative techniques to study
movements within the active layer. Many were perfected
at his field station on Garry Island (Figure 5).

To study the frequency, speed and direction of frost
cracking, he initially used simple breaking cables and
telescoping hoops. In later years he progressed to
electronic devices (see Figure 5). At some sites he used
snow fences to Influence ground temperature and hence
to reduce the frequency of cracking. In association with D.
K. Mackay, he studied the ameliorating effect of snow
upon the ground thermal regime (Mackay and MacKay,
1974) and concluded that in areas such as the modern
Mackenzie Delta, the effect of snow upon permafrost
distribution can be considerable

As regards frost heaving, Mackay developed a frost
tube to measure freezing levels. He also undertook
laboratory experiments to demonstrate the upfreezing of
frost-susceptible stones (Mackay, 1984). He was able to
demonstrate the two-sided nature of freezing in the active
layer and the downward movement of water into frozen
ground (Mackay, 1983b). This allowed him to minimize

Figure 5. JRM and typical frost-crack instrumentation,
Garry Island, 1985. The black tubes with white caps
contain free-floating electromagnetic sensors to measure
crack separation. Photo: H. M. French

the widely-assumed role of the cryostatic pressure
thought to develop in the active layer during freezing.
Instead, he highlighted its desiccated nature. This enabled
Mackay to develop his ‘equilibrium’ theory of hummock
(non-sorted circle) formation (Mackay, 1980) (Figure 6).
Closely related was his understanding of slope
movement in the active layer. On Garry Island, where
hummocks occur on sloping terrain, semi-flexible plastic
tubes had indicated that movement was by plug-like flow
in late summer. Mackay (1981b) attributed this movement
to creep associated with the thaw of the ice-rich layer that
typically forms at the active layer-permafrost interface and
caused by the migration of unfrozen water upwards (in
winter) and downwards (in summer).This mechanism of
solifluction movement was at variance with the more
traditional laminar flow mechanisms suggested by others.
Mackay (1999a) also described the structures that
develop in the active layer by studying a number of
shallow lakes that drained rapidly in the early 1950s.
These sites were visited at intervals between 1969 and
1997 and provided a unique opportunity to understand the
development of certain periglacial features. Not only did
ice-wedge growth cease within several decades following
lake drainage but the troughs associated with reactivated



Figure 6. Hummocks in the northern boreal forest south
of Inuvik, August 1972. Hummocks (non-sorted circles)
are the most common form of patterned ground in many
arctic and subarctic regions. Photo: H. M. French

ice-wedge polygons became ridges and experienced frost
heave and cryoturbation. Collapse pits and cavities
formed due to differential heave between silts and sands.
These field observations mirror similar structures that can
be produced under laboratory conditions. Mackay
concluded that the origins of the structures he observed
would be extremely difficult to interpret if he had
commenced field observations in 2000, approximately 40-
50 years after drainage. His observations may help
explain the many problematic structures reported in the
Pleistocene literature.

5. WEATHERING, AZONAL PROCESSES AND COLD-
CLIMATE LANDSCAPE EVOLUTION

Although permafrost became Mackay's central research
interest, he never lost interest in the manner by which
landscape is fashioned by cold-climate processes.

In the early years of his research career, Mackay
travelled each spring by motorized canoe down the
Mackenzie River from Great Slave Lake to the Beaufort
Sea, a distance of over 1500 km. The 1950s and early
1960s was a time when fluvial process studies began to
dominant English-speaking geomorphology. It was not
unexpected, therefore, that Mackay observed, from first-
hand experience, the distinctive cold-climate
characteristics of an extremely large river, notably its
freeze-up and break-up regimes, the characteristic ice-
push features and the mixing of waters at its confluence
with major tributaries (Mackay 1961; 1963b; 1970b,
1972b; Mackay and MacKay, 1977). These observations
contrasted with the many small and medium scale
catchment studies that were being undertaken in mid-
latitudes by American and British geomorphologists.
Later, Mackay adopted a more traditional fluvial and
geomorphic approach when he described the role of
fluvial processes in permafrost landscape evolution and
the breakthrough of the Horton River (Mackay and
Slaymaker, 1989).

The manner in which slopes evolve was never a
central concern of Mackay. Yet his recognition of anti-

syngenetic ice wedges (Mackay, 1990b) (Figure 7) and
the manner in which hilltop epigenetic wedges evolve into
hillslope anti-syngenetic wedges by prolonged slope
denudation (Mackay, 1995a) has yet to be fully
appreciated by the wider periglacial community. He
concluded that anti-syngenetic wedges, many of which
are reactivated Late Wisconsinan wedges, are probably
more abundant in the hilly topography of the Western
Arctic than either epigenetic or syngenetic wedges. The
widespread slope denudation that this implies suggests
that permafrost landscapes are uniquely dynamic and
continually evolving.

Figure 7. An anti-syngenetic ice-wedge polygon on a
steep 25° slope, Horton River area, NWT. (Photo supplied
by JRM in 1993)

Another early process study, initiated in 1951, involved
the photography of wind-abraded rocks (ventifacts) that
occur near Paulatuk, a small settlement in the Darnley
Bay area of the NWT. The same rocks were re-examined
in 1968 and again in 2003 (Figure 7). The conclusion was
that wind abrasion was negligible over the 50 year period
of study (Mackay and Burn, 2005b), This is possibly the
longest time period over which the rate of wind abrasion in
cold regions has been observed.

Figure 8. Wind-abraded JRM rock #2 at Paulatuk,
photographed in 1951 (left) and 2003 (right). (Photos
supplied by JRM in 1995 and 2006 respectively).

Equally revealing of Mackay’s long-term approach and
attention to detail was his 1974 to 1993 study of the
weathering of 200 glacial erratics that lay on the exposed
bottom of a drained Arctic lake (Mackay, 1999b). During



the 19 year period of study, he observed that only
approximately 5% of rocks shattered. The majority were
those that facilitated the entry of water thus leading to ice
segregation. In contrast, impervious granitic rocks
hydrofractured from the freezing of water in semi-closed
systems and dolomitic rocks shattered either explosively
or from thermal shock. These simple observations confirm
not only the well-known importance of lithology in rock
weathering but also summarize the complexity of frost-
shattering and of cold-climate weathering.

6. NATURAL AND MAN-INDUCED DISTURBANCES TO
THE FOREST-TUNDRA AND TUNDRA ECOSYSTEMS

Mackay was always aware of the many geotechnical and
terrain problems presented by the increasing pace of
economic development in the Western Arctic and by
changing climate. For example, he noted how the
northern (boreal) tree line and the forest and tundra
ecosystems had changed over the years in which he had
worked in the Western Arctic (Figure 8).

He also appreciated the thermal impact of natural
climate variability and anthropogenic disturbance to
permafrost terrain. He served on many advisory panels
and committees and acted as an unpaid consultant to oil
companies prospecting in the delta region in the 1970s
and early 1980s. He was one of the first to describe the
effects of surface disturbances to tundra terrain and
clearly explained the nature of thermokarst subsidence
(Mackay 1970b). Following the forest-tundra fire near
Inuvik in 1968, he monitored active layer changes for 25
years (Mackay 1995b).

7. CONCLUSIONS

By the mid 1980s, Mackay had completed over 35 years
of fieldwork in the Western Arctic. In addition to spending
2-3 months in the field during the summer, he had made
numerous visits to his field sites in the winter months. His
experimental studies and monitoring programs were
largely in place and ongoing

Around this time, and following his retirement from
UBC in 1981, he began to contemplate his scientific end
game. In1985, he invited Alan Heginbottom (GSC) and
the writer to tour his many sites. He asked if we were
interested in taking over a number of his projects. For
different reasons, we both declined. He fully understood.
He continued with his fieldwork for another 15 years,
started to collaborate with C. R. Burn in the early 1990s,
and systematically began preparation of the appropriate
summary publications, all cited in this paper.

Mackay’s contribution to our understanding of the
terrain conditions of the Western Arctic, and of permafrost
in general, cannot be over-stated
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Figure 9. Vegetation changes near tree line, Reindeer
Hills, east side of Mackenzie Delta, 1954-2006. Note the
increase in spruce on the ridges. Tundra vegetation is on
the hilltop. (Photos supplied by JRM in 2007).
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