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INTRODUCTION 

This tour into northwestern Canada wlll focus on pedogenesis in the 

north with particular emphasis on permafrost and cryogenic pr'ocesses. 

The route will cross the northern Boreal, Subarctic and Low Al"ctic 

ecological regions where sites will include both mineral and organic 

soils. 

Pedological investigation in northern Canada goes back two 

or three decades. The investigations carried out by Tedrow (1964, 1968) 

and by Day (1962, 1964) are probably the most outstanding. Most of their 

investigations were site specific and widely separated but included a 

small amount of soil mapping. They provided pedological information in 

both the boreal and arctic areas of Canada. Pedological work has 

accelerated considerably since 1970 as a result of terrain studies 

carried out for the gas and oil development in northern Canada. In 

conjunction with these projects systematic surveys were conducted on 

large areas ln both the western and eastern Arctic and Boreal Regions. 

As a result, the amount of pedological information available increased 

rapidly and new concepts and approaches were developed, especially in 

relation to soil classification, soil genesis, and soil mapping. 

The evolution of concepts of pedological development in 

permafrost regions is therefore relatively recent in Canada. We have, 

however, had the advantage of the experience of scientists fr•om other 

regions -mainly Siberia (Ivanova 1963) and Alaska (Tedrow et al. 1958). 

Three years ago our soil classification was modified to recognize soils 

with permafrost close to the surface at the Order level (where cryogenic 

processes strongly affected soil development). 



We are very pleased to have the opportunity of conducting a 

group of people through a part of the permafrost region of Canada - to 

illustrate not only the natural features, but also our approach to the 

understanding and classification of the pedosphere. 

The authors. 
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GENERAL ITINERARY 

Tour 18 to northwestern Canada cover 9 days, from Wednesday June 28 to 

Thursday July 6 inclusive. It includes 3 days at Dawson City, Yukon 

Territory, 3 days at Inuvik, N.W.T. and 3 days travelling. It begins 

and ends at Edmonton (Fig. 1). Following is a brief daily itinerary. 

DAY 1- WEDNESDAY, JUNE 28. Edmonton to Dawson City. There will be a 

short stop and change of planes at Whitehorse. Following dinner there 

will be orientation talks to outline the Dawson City area program. 

DAY 2- THURSDAY, JUNE 29. Mineral and organic soils in the discontinuous 

permafrost zone. A bus trip 40 km east of Dawson City will examine three 

sites: northern and southern exposures, and a poorly drained organic 

soil. This is to be followed by an 80 km trip into the Ogilvie Mountains 

beyond tree line. 

0730 hrs: Breakfast. 

0830 hrs: 

1200 hrs: 

1800 hrs: 

1900 hrs: 

Bus leaves for day tour. 

lunch at Stop 2. 

Arrive back at Dawson City. 

Dinner. 

DAY 3- FRIDAY, JUNE 30. Subalpine-alpine ecotone and landforms on the 

unglaciated Yukon Plateau. An 80 km bus trip from Dawson City westward 

across the dissected Yukon Plateau to the Alaska border. 

0800 hrs: Breakfa 

0900 hrs: Bus leaves for trip to west. 



ALASKA 

PI\C/FIC 

OCEAN 

ARCTIC 

COI.UMBIA 

fiGURE 1. ROUTE MAP FOR TOUR 1 8 IN NORTHWESTERN CANADA 

llO" 

VICTORIA 

ISlAND 
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1300 hrs: Lunch at Stop 3. 

1600 hrs: Arrive back at Dawson City. 

1800 hrs: Dinner. 

DAY 4- SATURDAY, JULY 1. Sight-seeing in Dawson City and the surrounding 

gold fields. 

0800 hrs: Breakfast. 

0900 hrs: Bus leaves for a 7.5 km trip up to the Midnight Dome viewpoint. 

1200 hrs: Lunch in Dawson. 

The afternoon is free. An opportunity to make a 50 km trip to see a 

strongly weathered paleosol will be provided. 

1800 hrs: Dinner. 

2000 hrs: Gaslight Follies at the restored Palace Grand Theatre. 

DAY 5- SUNDAY, JULY 2. Dawson City to Inuvik via Old Crow. 

0800 hrs: Breakfast. 

0900 hrs: Bus leaves motel for the airport where the tour boards a 

charter flight to Inuvik. 

1800 hrs: Dinner. 

2000 hrs: Orientation talks at the Inuvik Research Laboratory. 

DAY 6- MONDAY, JULY 3. An examination of earth hutnmocks in the 

morning followed by a boat trip into the Delta in the afternoon. 

0730 hrs: Breakfast. 

0830 hrs: Bus leaves for morning tour. 

1200 hrs: Lunch at lodging. 

1300 hrs: Bus leaves for public docks. 



1800 hrs: Dinner. 

Evening is fr·ee. The Research La bora tory wi 11 be open and there wi 11 

be a film or discussion on i cs those who are interested. 

DAY 7- TUESDAY, 

permafrost zone 

4. neral organic soils in the continuous 

tic. The effect of parent material northern 

on soil development ll be highlighted comparing a Turbic Cryosol on 

medium textured till. a on glaciofluvial sands, and an Organic 

Cryosol on peat al. 

0730 hrs: Breakfast. 

0830 Bus eaves from in t of lodging. 

1200 hrs: Box lunch at Site N3. 

1600 hrs: Return to lodging. 

1800 nner. 

DAY 8- WEDNESDAY. JULY 5. Low Arctic environment at Tuktoyaktuk 125 km 

north of Inuvik on the coast. Included will be a flight over the 11 old'' 

delta, a look at cl system ngos, soils and landform genesis, and 

a visit to an eroding sea coast and massive ground ice exposures. 

0730 hrs: Breakfast: 

0830 hrs: Bus leaves for Inuvik airptJrtwhere the tour.will board a 

chartered plane for a 1 hour flight to Tuktoyaktuk. 

hrs: h. 

1500 hrs: F ight leaves Tu 

1900 hrs: Banquet. 

ktuk for to Inuvik. 
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DAY 9- THRUSDAY, JULY 6. Inuvik 

0800 hrs: Breakfast. 

Edmonton. 

1030 hrs: Bus leaves for Inuvik Airport. 

Arrive Edmonton International Airport. 
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ENVIRONMENT AND LAND USE 

Physiography and Geology 

Physiographically and geologically Canada is composed of two great parts: 

a core of old, massive Precambrian crystalline rocks forming the Shield, 

and a surrounding crescent of younger, mainly stratified, rocks forming 

the Borderlands. The Borderlands in particular can be readily subdivided 

into several regions and many smaller units. The two most obvious are a 

chain of lowlands and plains of generally flat-lying sedimentary rocks 

(Inter'ior Plains) and an area of discontinuous mountains and plateaus 

(Cordillera) in which the younger rocks are deformed (Fig. 2). 

The tour will see portions of these areas as well as the 

Mackenzie delta portion of the Arctic Coastal Plain but only fly over 

the extreme western edge of the Shield. 

Canadian Shield. 

The western part of the Shield, the Kazan Region (Bostock 1970), consists 

of great areas of massive rocks that form broad sloping uplands, plateaus 

and lowlands. It is rather expressionless with wide expanses of rolling, 

lake-spattered country, typical of so much of the Shield. The general 

elevation is less than 500 m with local relief rarely exceeding 75 m. 

Glacial scouring is evident everywhere and takes some responsibility for 

the subdued erosional topography and the deranged drainage with many 

lakes and ponds. 

The rocks, of Archaean and Proterozoic age, are composed 

mainly of granites and gneisses. These have been folded and metamor

phosed to varying degrees and intruded by younger magmatic material. 
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Zones of high mineralization associated with metamorphosed sediments 

and volcanics and areas of widespread faulting are of economic importance 

with concentrations of gold, lead-zinc, silver, uranium, and nickel 

presently being exploited. 

Interior Plains. 

This geologic Province, occupying the area between the Shield and the 

Cordillera to the west Bostock 1970), is underlain by flat-lying 

Paleozoic, Mesozoic and Tertiary strata which were deposited against 

the western flank of the Shield. It is composed of a series of plains 

and hills or plateaus which rise gradually from the Arctic coast south

ward, reaching elevations of 700 and 1,000 m respectively in central 

Alberta. 

The majority of the area is covered by glacial drift with 

some extensive glaciolacustrine deposits. The underlying bedrock is 

generally exposed only on steep scarps and along river valleys. Drainage 

is generally quite poor with a few large rivers r'ising in the Cordillera 

or ln the Shield and crossing the plains in deeply incised channels, the 

largest of these being the Mackenzie River. 

The surface materials are usually medium to fine textured 

and calcareous, reflecting their sedimentary origin. Sandy and gravelly 

fluvial deposits have a more limited distribution. 

Arctic Coastal Plain. 

This plain is comprised of a 50-100 km wide coastal strip along the 

shores of the Arctic Ocean from Meighen Island to Alaska (Bostock 1970). 

It is represented on the mainland by the Mackenzie Delta and the Yukon 

Coastal Plain. 
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The Mackenzie Delta includes not only the present-day delta, 

but also remnants of earlier deltas and some complex fluviatile-marine 

features. The delta plain is remarkable for its intricate pattern of 

channeis and lakes and for the many pingos which form the most outstanding 

features of the landscape. West of the mouth of the Mackenzie River lies 

the Yukon Coastal Plain. Near the Mackenzie Delta this plain is mainly 

an erosional surface cut in bedrock and mantled with a thin veneer of 

recent sediments. Toward the west, the plain decreases in elevation and 

it is characterized by lakes, lagoons, deltas and alluvial fans formed 

by streams flowing from the nearby molmtains. 

The Cordilleran Region. 

The Cordillera (Bostock 1970) can be divided .longitudinally into three 

main belts. The Eastern System is composed almost entirely of folded 

sedimentary strata (Richardson Mountains, Porcupine Plateau, and 

Mackenzie Mountains). The Inter>ior System is made up of folded sedimen

tary and volcanic strata, massive metamorphic rocks, all intruded by 

igneous rocks, with some flat lying volcanic rocks (British Mountains, 

Ogilvie Mountains, Yukon Plateau, and Selwyn Mountains). The Western 

System has a larger proportion of plutonic rocks and contains Canada's 

highest mountains, the St. Elias Range (Mt. Logan = 6050 m). The 

Cordillera is also divided transversely by several east-west belts of 

relatively low terrain (the Yukon and Porcupine plateaus) which separate 

the major mountain ranges (Fig. 2), The plateau areas commonly have 

remnants of old erosional surfaces. 

Particularly interesting is the fact that the northwestern 

Yukon is one of the few areas in Canada where normal subaerial erosional 
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processes have not been obliterated through glaciation (Fig. 2). Even 

the higher mountain ranges of the northern Cordillera were characterized 

by only local glaciation and the attendant glacial features are not as 

strongly expressed as in the southern and coastal areas. 

Another striking feature of the Cordillera is the presence 

of some great linear valleys such as the Tintina Trench. 

The suficial materials of the Cordillera are extremely 

variable depending on local bedrock and glacial history. 

Dawson City Area. 

Dawson is situated in the unglaciated Yukon Plateau (Hughes et al. 1972). 

This is a deeply dissected region developed mainly on metamorphic rocks: 

quartzite, quartz-mica schist, quartz-muscovite-chloPite schist and 

quartz-biotite gneiss with extensive areas of andesite basalt and minor 

shale, sandstone and conglomerate of Tertiary age. 

The drainage is dendritic but tends to radiate from low 

"domes" with local relief up to 800 m. The more important gold-bearing 

creeks flow from King Solomon Dome and the ridges which extend northwest 

from it. Bonanza, Hunker, and Allgold creeks drain northward into the 

Klondike while Quartz, Dominion, and Sulphur creeks drain southward into 

the Indian River. All of these, as well as the Yukon and its other 

major tributaries, flow in rather narrow inner valleys that are incised 

into much broader high level valleys which are in turn deeply eroded 

into the Yukon Plateau. There are, therefore, several levels of gold

bearing gravels. The lower levels in particular are covered by 1 to 

12 m of organic silts, locally called muck. 
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The plateau area has a general elevation of about 1300 m and 

is separated from the Ogilvie Mountains to the northeast by the large 

linear Tintina Trench. The Trench, where occupied the Klondike River, 

has an elevation of about 500 m and contains considF-rable depths of 

Tertiary and more recent sediments. The Ogilvie Mountains, composed of 

sedimentary strata with intrusions of granitic material, rise to eleva-

tions in excess of 2000 m. 

Precipitation is low .1.n the northwest and the Yukon Plateau 

apparently could not nurture and sustain the build-up of glacier lee 

during Pleistocene time. The Ogilvie Mountains supported mainly local 

alpine and valley glaciers that coalesced to form an ice sheet in the 

eastern part. However, there was enough scouring to form some large 

U-shaped valleys such as now occupied by the North Klondike River. 

Inuvik and Tuktoyaktuk Areas. 

These lie in the Mackenzie Delta and tbP Anderson Plain physio-

graphic ections (Mackay 1963a). 

The modern Mackenzie Delta area (Fig. J, I) is a maze of 

channel and lakes. Its north-south length is 210 km anrt its width about 

65 km. The area, including both land and water, is approximately 13000 km2. 

The i"lackenzie River is the longest river in Canada and one of the ten 

longest: _i_n the vJOrld. The discharge of the Mackenzie River may exceed 

8400 
3 ec. during the summer, w:i th a peak of over 14000 m I sec. at 

break-up in late and June. The suspended sedim~nt load of the 

Mackenzie water averages 150 mg/liter (1\srnocai and Kristof 1976). 

The PleistocenE' Coastland or old delta area (fig. 3, II), 

where Tuktoyaktuk is located, includes Richards Island, the Tuktoyaktuk 

Peninsula and the Eskimo Lakes region. Most of the area lies below an 
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altitude of 50 m (a.s.l.), with approximdtely 50% lying below 30m (a.s.l. ). 

The numerous lakes cover over 15% of the surface. Large tabular sheets 

of ground ice are widespread and, with minor exceptions, pingos are found 

throughout. 

The Caribou Hills (Fig. 3, III), where Inuvik is located, is 

a rolling to hilly area rising to a maximum of 260m (a.s.l.) and cut by 

broad melt-water channels. The Caribou Hills are composed of unconsoli

dated or poorly consolidated sands, silts and gravels, with a few seams 

of lignite. Lakes are few and cover less than 15% of the terrain, a 

strong contrast to the previous two units. A~though pingos are absent, 

ground lce is common. 

The Campbell Lake Hills (Fig. 3 IV) area is an upland where 

bedrock occurs either as outcrops or lies close to the surface. The 

rocky and hilly area ar'ound Dolomite Lake, near the Inuvik air'port, 

contains the oldest known rocks in the Mackenzie Delta area, possibly 

of Proter'ozo ic age, but more probably Camb:r'ian to Silurian. Devonian 

limestone is exposed near Campbell Lake and these bedrock hills rise 

90 to 120m (a.s.l.) above the surrounding area. Glacial drift of 

variable thickness is comprised mainly of moderately fine textured till 

with local areas of outwash and ice-contact (esker-kame) deposits. Peat 

deposits are commonly found in depressions. The area between Campbell 

and Sitidgi lakes is a lowland which is part of the old course of a 

Pleistocene river. The land on either side of this lowland rises 

gradually to heights of 120 to 250m (a.s.l.). Glacial deposits, 

including kames and recessional moraines, occur on both the lowland 

flats and the slopes. Perennially frozen peatlands are very common on 

the lowlands. There was probably no appreciable postglacial flow through 



the Campbell-Sitidgi Lake depression as the deposits show no evidence 

of recent erosion. 

Climate 

The climate is continental with long very cold winters and short cool to 

warm summers. To the north the summers become cooler and shorter but 

the winter temperatun~ does not change significantly. The warm summers 

of the Yukon interior and the Mackenzie Valley offer a marked contrast 

to comparable latitudes eastwards in Canada. The majority of the area 

is forested and falls within the humid microthermal (Dfc) of the Koppen 

System, with a ·tundra climate (ET) occurring beyond the tree line, in 

the interior and along the Beaufort Sea coastal area. 

Even within the forested area there are some significant 

changes in climatic parameters which are reflected in the vegetation 

associations as can be seen in a comparison of ecological regions 

(Table 1). In general the northern Boreal has mean annual temperatures 

warmer than -5°C, with the Subarctic between ~5°C and -10°C, and the Low 

Arctic below -10°C. Mean July temperatures range to greater than 15°C 

in the Boreal and southern Subarctic dropping to around 10°C beyond 

tree line (Fig. 4). Accumulated heat units (degree days) greater than 

5°C range from more than 900 in the Boreal to about 250 at Tuktoyaktuk 

ln the Low Arctic, with the subarctic forest area having between 500 and 

850 degree days. 

Moisture is quite variable although generally low, ranging 

from 200 to 350 mrn mean annual precipitation in the forested areas to 

about 130 in the low arctic tundra (Fig. 4). Of the total, between 40 

and 45% falls as rain duPing the summer season. There are more than 

200 days with a snow cover. 



Table 1. Climatic summary for selected stations in northwestern Canada1. 

Dawson 
City Mayo Old Crow 

Physiographic Region ----- -----Cordilleran--------------

Ecological Region Northern Boreal - Northern 
Boreal Subalpine Subarctic 

Elevation (a.s.l.) 325 m 495 m 245 m 

Mean Temperature (°C) 
- Annual - 4.7 .. 3.8 -10 
- January -28.6 -26.7 -31.7 
- July 15.5 14.7 14.4 

Average Frost-Free 
Period (1941-70) 92 66 <30 

Degree-days over 5°C 910 850 540 

Average Precipitation 
- Annua 1 (mm) 328 294 203 
- June-August (mm) 141 118 96 
- Snowfa 11 (em) 132 123 81 

1Burns 1973; Kendrew and Kerr 1955. 

Fort Good 
Hope Inuvik Tuktoyaktuk 

------ --------Interior Plains-------------

Southern Northern low 
Subarctic Subarctic Arctic 

53 m 60 m 18 m 

- 7.7 - 9.6 -10.7 
-31.0 -29.0 -27.2 
15.9 13.2 10.3 

66 45 55 
850 530 250 

284 260 130 
122 93 64 
124 174 56 

I 
....... 
-..,J 
i 



Table 2. ~leteorlogical data from six selected stations in nor·thwestern Canada. 

Station Jan Feb folar Apr May June · July Aug Sept Oct Nov Dec Year 

City 
Mean -213.6 -23.0 -14.1 - L!l 7 .a 13.9 15.5 12.7 6.4 - 3.2 -16.5 -25.3 - 4.7 
~1aximum -24.9 -17.9 - 7.1 5.2 14.7 2LO 22.2 19.0 11 0.2 .3 -21.6 0.7 

elevation m Minimum -32.7 -27.6 -?1.1 - 8.8 0.9 6.7 8.8 6.3 1.2 - 6.8 -19.8 -28.9 -10.1 

19 16 13 9 22 37 53 51 28 26 27 328 
19 16 13 7 2 - - T 2 20 26 27 132 

rlayo A C) c) 
-26.7 -19.6 -11 3 - 0.8 7.7 13.3 14.7 12.1 6.4 - 2.1 -15.7 -23.3 - 3.8 
-21.5 -13.4 - 3.9 5.7 14.4 20.6 21.9 16.8 12.3 2.3 -11.3 ~18.3 2.3 

elevation 495 m mnirnum -31.9 -25.8 -18.9 - 7.4 0.9 6.1 7.6 5.1 0.6 - 6.4 -20.2 -28.3 - 9.9 

22 15 10 8 19 32 44 42 29 25 25 23 294 
22 15 10 1 2 - - - 2.0 18 25 23 123 

Old Crow (OC) 
-31.7 -30 -23 3 -11.7 - 1.1 14.4 8.9 2.2 . 8.3 .7 

Maximum -27.8 -25.6 -17.8 - 5.6 3.9 11 21.1 15.0 6.1 - -17 -26 - 5.0 
elevmtion 244 m Minllll\lm -36.1 -34.4 -28.3 -l!q - 6.7 3.3 8.3 :u - 2.8 -12-il -26.1 -.33.9 -15.6 

Preci 
8 5 B 10 13 25 33 38 20 20 13 10 203 

Snow (em) 8 5 B 10 5 T T T 3 20 13 lO 81 

Fort Hope (oC) 
-31.0 -28.8 -20.5 - 9.4 3.8 13.2 15.9 12.7 5.1 - 5.4 -20.2 -27.3 - 7.1 

Maximum -26.9 -24.3 -14.4 - 2.6 9.8 19.6 22.3 !8.9 10.2 - 1.6 -15.11 -23.2 - .4 
elevation 53 Ill Minimum -34.9 -33.1 -26.6 -16.2 - 2.2 6.7 9.6 6.4 0.0 - 9.2 -24.1 -31.3 -12.9 

Precipitation 
Total (lfi11) 16 11 11 11 14 33 41 48 32 26 22 19 284 
Sno» (em) 16 11 11 9 7 .5 - T 6 23 22 19 124 . 

Inuvlk Temperature (°C) 
Mean -29.0 -29.2 -23.6 14.4 - 0.8 9.7 13.2 10.2 2.7 - 7.2 -20.4 -26.8 - 9.6 
t~aximum -24.1 -23.9 -17.7 - 7. 9 3.9 16.0 19.2 15.5 6.8 - 3.8 -16.5 -22.1 - 4.6 

elevation 60 m Minimum -34.5 -35.0 -30.0 -21.2 - 5.7 3.7 7.4 5.0 - 1. 3 -10.7 -24.7 -32.1 -14.9 
Precipitation 

Total (nJn) 20 10 17 14 18 13 34 46 21 34 15 19 260 
Snow (em) 22 12 18 15 14 2 T 4 11 35 19 22 174 

Tuktoyaktuk Temperature (°C) 
Mean -27.2 -29.2 -24.9 -16.9 - 4.6 - 4.7 10.3 8.7 2.3 - 6.9 -19.3 -25.2 -10.7 
Maximum -23.6 -25.6 -21.5 -12.7 - 1.1 9.1 14.9 12.2 4.6 - 4.5 -16.2 -21.8 - 7.2 

elevation 18 m Minimum -30.8 -32.7 -28.2 -21.1 - 8.2 0.2 5.8 5.2 0.0 - 9.4 -22.4 -28.5 -14.2 
Precipitation 

Total (mm) 5 5 4 5 7 13 22 29 14 13 5 8 130 
Snow (em) 5 5 4 5 4 3 T 0.5 4 12 5 8 56 
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Dawson City Area. 

The cold air of the winter is dissipated fahly quickly on the Yukon 

Plateau with mean May temperatures above 5°C (Kendrew and Ker•r 1955). 

Mean temperatures for June, July, and August are all above 10°C with 

mean maxima for ,June and greater than 20°C and extreme maxima up 

to 35°C. By October the mean temperature is again beloH 0°C. Temperature 

variation is quite extreme and frost may occur in any month. Temperature 

inversions are usual in the Hinter Hith the cold air tending to collect 

and be trapped by the surrounding mountains1 Dawson City, with a 

precipitation of about 140 mm during the short warm summer, has a moisture 

deficit. The deficit is probably not as acute in areas of higher elevation 

outside of the main valleys, 

Inuvik and Tuktoyaktuk Areas. 

Inuvik has a continental type climate but does not have the temperature 

extremes exhibited further inland (cf. Fort Good Hope). While the three 

0 summer months have mean temperatures near or above 10 C, the total heat 

accumulation is low and frost can occur in all months (Burns 1973). The 

extreme maximum and minimum temperatures recorded at Inuvik are 31°C and 

-57°C respectively. 

Tuktoyaktuk on the coast has a more maritime climate with 

slightly Harmer winter temperatures and a much cooler summer. Although, 

80 km beyond the tree line, the mean July temperature is about 10°C. 

The temperature extremes recorded at Tuktoyaktuk are 28°C and -50°C. 

Precipitation in the north is quite low (Tables 1 and 2). The Arctic 

1 The coldest recorded temperatures in Canada are from the Yukon Plateau 

(-63°C, Snag, Y.T., February 3, 1947). 
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islands receive even less than the 130 mm reported for Tuktoyaktuk 

although fogs are very common in coastal areas during the summer. 

Permafrost* 

Permafrost, or perennially frozen ground, is a thermal condition where 

temperatures below 0°C persist for a minimum of two consecutive winters 

and the intervening summer (Brown and Kupsch 1974). It may range from 

only a few centimeters to several hundred meters in thickness and may be 

several thousand years old. Permafrost does not increase in thickness 

indefinitely but only to a point of quasi-equilibrium whereby downward 

penetration of frozen ground is balanced by heat from the earth's 

interior. Above the permafrost is the 11 active layer" - the surface layer 

which ·thaws in summer and freezes in winter. 

About one-half of Canada lies in the permafrost region 

(Fig. 5). This region is divided into two zones- discontinuous in the 

south, and continuous in the north - based arbitrarily on a mean annual 

ground temperature of -5°C (Brown 1967). 

In the discontinuous zone, frozen and unfrozen layers occur 

together. In the southern fringe of this zone, where the mean annual 

air temperature is between -1°C and -4°C, permafrost occurs in scattered 

islands a few square metres to several hectares in size and is confined 

to certain types of terrain, mainly peatlands. Other occurrences are 

associated either with the north-facing slopes of east-west oriented 

valleys, or with isolated patches in forested stream banks, apparently 

in combination with increased shading from summer thawing and reduced 

*Taken mainly from Brown (1967, 1970). 
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snow cover. Northward, in the vicinity of the -4°C mean annual isotherm, 

the average difference of 3°C between ai:r and ground temperature produces 

a mean annual ground temperatur'e a fpact ion below 0°C in most types ('f 

terrain, and permafrost becomes increasingly wide::;pr•ead in a greater 

variety of terrain types. Permafrost varies in thickness from a few 

centimetres or metres at the southern limit to about 60 m at the boundary 

of the continuous zone, with unfrozen layers sometimes occurring between 

layers of permafrost. The depth to the permafrost table ranges from 

about 50 em to 300 em or more depending on local climatic and surface 

terrain conditions. The active layer does not always extend to the 

permafrost table. The temperature of the permafrost in the discontinuous 

zone at the level of zero annual amplitude generally ranges from a few 

tenths of a degree below 0°C at the southern limit to -5°C at the boundary 

of the continuous zone. 

The thickest permafrost recorded ln Canada is 500 rn at Winter 

Harbour on Melville Island, N.W.T. 

In the continuous zone, permafrost occurs everywhere except 

ln newly deposited unconsolidated sediments where the climate has just 

begun to impose its influence on the ground thermal regime. The 

thickness of permafrost is about 60 rn at the southern limit of the 

continuous zone increasing steadily to more than 300 m in the northern 

part of the zone. The active layer generally varies in thickness from 

about 50 to 100 ern and usually extends to the permafrost table. The 

temperature of the permafrost in this zone ranges from about -5°C in 

the south to about -15°C in the extr>eme nor'th. 



c 

Dctitlf.30I1 s in but widespread permafrost zone 

(F , 5), Per>mafrost conditions are difficult to predict here because 

are not re3tricted to of ter>rain and because of 

elevation and considerations. In , the vegetated valley 

which may extend to flats and all slopes have 

depths of 70 m, Permafros·t may also occur on south-facing slopes, but 

it is not as extensive or as deep as on the northern aspects. To the 

west and north of Dawson C 

above 1200 m, and cryogenic 

dated The 

permafroost becomes continuous at elevations 

are present in nearly all unconsoli

Yukon Plateau is deeply dissected 

and Js a well drained landform; consequently, ice contents are generally 

quite low for alluvial flats along the rivers and str>eams. In 

the Ogilvie Mountains there are some high lce content soils along the 

Dempster Highway, and ice wedge polygons are common ln gravelly ice

contact and outwash materials. 

In the discontinuous zone, active-layer thicknesses are 

extremely variable. On steep, moss covered, north-facing slopes the 

depth of thaw may be as little as 25 em while on the south-facing slopes 

the active layer may be 2 to 3m or more and permafrost, if present, is 

at a depth of 3 to LJ. m. The insulating properties of vegetation are 

very important here and when removed markedly alter the thermal regime. 

Inuvik and Areas. 

Permafrost is continuous in this area (Fig. 5) as regional climate 

becomes -the major control. Depths of permafrost range from about 100 m 

near Inuvik to about 1+00 m at Tuktoyaktuk. The character of the frozen 
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layer is also quite variable. The upland at Inuvik has low moistm"e 

content in the underlying bedrock, however', some of the finer textured 

surface deposits may contain up to 50% ice by volume, mainly as Thin 

veins. In the gravelly deposits ice concentrations commonly occur in 

the form of wedges, while the organic deposits often have both ice 

wedges and disseminated ice. At Tuktoyaktuk, in addition to the above 

features, there is the occurrence of massive ground ice in layers up to 

several meters thick. Also ice wedge polygons are much more common here 

than in the subarctic where they are confined to some organic and gravel 

deposits. 

Vegetation, aspect, and kind of material are not significant 

factors governing the presence or absence of permafrost, but are still 

very important in active layer considerations. Coarse-textured materials 

with little moss cover• will thaw to depths of 1-2 m in the Inuvik area, 

Even fine-textured soils will thaw to these depths :i.f the vegetation is 

removed, but under the normal subarctic vegetation the active layer is 

50 to 80 em thick. Mossy organic soils have very thin, about 30 em, 

active layers, but sedge wetlands with water on the surface may thaw to 

greater than 1 m. The trends are similar in Tuktoyaktuk but with less 

variation and thinner active layers. 

Vegetation 

The vegetation of Canada reflects The influence of temperature and 

precipitation gradients. In the south, elements of the Carolinian 

forest, dominated by deciduous species, extend a short distance into 

Canada (Fig. 6). Further north in the humid eastern Canada, a mixture 

of deciduous southern hardwoods and conifers grow in a comp.lex pattern. 
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On the plains of west-central Canada, drier conditions result in a 

dominantly grassland vegetation. North of these vegetation regions is 

the boreal forest, characterized by conifers and northern deciduous 

trees. Farther north, growing under more severe climatic conditions, 

is the subarctic forest, composed mainly of open canopy coniferous 

forests. The far northern regions do not support tree growth. Here 

the vegetation is dominantly sedge and low shr'Ubs in the Low Arctic, 

but vegetation becomes discontinuous farther north with increasingly 

larger areas of bare ground in the mid and high ar,ctic regions. 

This vegetation zonation is true on a large, regional scale, 

but many local differences occur due to variations in soil, moisture, 

aspect, elevation, or history. This is nowhere better illustrated than 

in the mountainous regions of western Canada where mountain ranges 

intercept the precipitation, concentrating it in some areas and reducing 

it in others. Altitudinal differences compress the broad longitudinal 

changes into very short distances. Aspect, through a direct effect on 

soil and air temperatures, can greatly influence the vegetation. The 

effects of forest fires or other disturbances a.re superimposed on all 

physiographic features. To further complicate matters, the northward 

migration of some species after' glaciation may not be complete, as the 

8-10000 years may not be sufficient for the slowly spreading species. 

Dawson City Area. 

The valleys and low hills in the Yukon Plateau are covered with the 

conifers and northern hardwoods of the boreal forest. The dominant 

hardwood species are trembling aspen (Populus t;remuZoides), balsam 

poplar (P. balsamifera), and white birch (Betula papyrifera spp. hwniUs), 
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whi l.e the coni fern are r·epresented by wbi te spruce (Picea glauco) and 

black spruce (P. maviana). The northern character of the forest 1s 

reflected by the general absence of the common boreal species of 

tamarack (Lar•ix) and pine (Pinus). Disturbances and fires initially 

favour the hardwoods, but as these mature, spruce will invade and form 

a significant portion of the subsequent forest. 

At higher elevations poplars and white birch are absent. 

These subalpine sites are covered by open stands of white and black 

spr'uce, with dense shrub growth of dwarf birch (Betula glandulosa). 

The subalpine :for•cr3t::; may vary from nearly closed canopy spruce stands 

at loHer elevation;; on south facing slopes to a scattering of dwarfed, 

wind-sculptured trees at higher elevations. Fires are common 1n a 

dominantly shrub vegetation of dwarf birch, and it may take a long time 

before the conifer2 are re-established (Rowe and Scatter 1973). 

Above the tree line, the dominant vegetation is low shrubs 

of dwarf birch, Labrador tea (Ledum palustre spp. decumbens) and other 

ericaccous (heath) shrubs, along with lichens (Cetvavia spp. and Cladonia 

spp.), mosses (Polytr•ichwn sp.) and some herbs. On r'ocky areas the 

vegetation cover' is much r•educed, be_~ng confined mainly to sheltered 

spot~--;. On l•ouldel'i3 and rock outcl"Ops crm;tose lichens grow, with the 

species de:pendent on the kind of rock. Although the tundra vegetation 

in the Dawson City area is in an alpine setting, the species present 

are those of the arctic tundra. 

The influence of aspect on the vegetation 1s shown by the 

fluctuation of the tree line which occurs at higher elevations on south 

and west facing slopes. ConverseJy, typical subarctic forests cover some 

nor~h facing slopes at Low elevations. Here, the reduced insolation 
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results in an open, stunted black sprucB-lichen forest, growing on a 

thin active layer. 

Inuvik and Tuktoyaktuk Areas. 

Although the Inuvik area is within 60 km of the arctic tree line) the 

Mackenzie Delta presents an interesting contrast in the vegetation. A 

closed canopy forest of white spruce, with a continuous feather moss 

carpet, grows on the modern Delta. This association resembles the 

forests of the Boreal Region. Farther north on the Delta, the trees 

disappear and their place is taken by thickets of willow (SaUx spp.) 

and expanses of sedge meadows (Carex aquat-il·is) (Gill 1973). 

The uplands around Inuvik ~::;uppor·t Suba!"ctic forests of open, 

stunted stands of black spruce with some willow, and with lichen 

(Cladonia spp.) and moss ground cover. The black spruce, growing on 

severely cr'yoturbated soils, are usually til ted by frost heaving of the 

ground (Zoltai 1975a). After fires, and especially on south to west 

facing slopes, white birch forms the pioneer vegetation. Later both 

white and black spruce invade the birch stands. 

As a point of interest, tama.r·ack (Lm'ix lar1:(-n:na) reaches 

its northern limit at the Inuvik air-port, and the most northerly 

trembling aspen was seen on the rocky upland at Campbell Lake. 

Proceeding northward on the uplands, the subarctic forests 

gradually become restricted to small clumps of white or black spruce 

growing in sheltered locations in an increasingly dominant tundra 

setting. Forest fires in the tree line region kill the trees and it 

may be several hundred years before they are re-established (Nicols 1976). 

In this area it is common to find such fiPe.-induced tundras. 
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The tundra in the Tuktoyaktuk area consists of low shrub -

cottongrass - moss - lichen assemblages on the better drained areas. 

The poorly drained areas are characterized by sedges, mossess, and 

cottongrass (E'riphorum vag1:natum). As tundra fires are rare and cover 

relatively small areas, natural disturbances are mainly related to 

cryot llt'ba·t::i.on and thermal erosion. 

Soi'l s 

All soils of northern Canada are characterized by a cold soil climate 

and, in most cases, by the presence of permafrost. Cryosolic soils are 

dominant throughout the north and are associated with Brunisolic and 

Organic soils in the southern part of the area (Fig. 7). Some Luvisolic 

soils occur in the upper Mackenzie River-Liard River area and in the 

southern Yukon. 

In trJe extr·eme southern part of the discontinuous permafrost 

zone (northeril Boreal Region) Cryosols are mainly associated with peat 

deposits (Organic Cryosols). Organic soils (Mesisols)~ which are very 

common in this area, ar"e found mainly on fen-type peat deposits. The 

mineral soils are dominantly Brunisols with Eutv:ic Brunisols occurring 

in the west and Dystric Brunisols in the Canadian Shield area. 

In the rest of the discontinuous permafrost zone (Subarctic 

Region) Cryosols are the common soils on both mineral and organic 

materials. On medium- and fine-textur•ed materials permafrost is near 

the sur'face dnd the sn1J s are affected by c:ryotur'bation ( Turbic Cryosols). 

On flkiter• ls (.'::dncl:: and g1'<1Vt:ls) Eutr·:ic and Dye>tr1c 

::; :J't J ''CCI.lt', 
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The continuous permafrost zone (the Arctic and extreme 

norther'n Subarctic reg lone:) is dominated by Cryosolic soils. Some 

minor amounts of Br,uniscls may occur in coarse textured materials in the 

extreme southern of this area but, in the remainder, only Cryosolic 

soils are found. Cryosols are the dominant soils in fine-textured 

are assoc with strong cryoturbaticn and various 

types of Static Cryosols occur mainly on coarse-

textured materials throughout the Canadian Arctic while Organic Cryosols 

occur ma.i on the Arc ic mainland. 

Dawson 

The Yukon Since milCh of tl.Jis 

area was not stable upland surfaces often have soils 

with weathered horizons. Most of these paleo-

type of soil has developed. Because of the strongly dissected nature of 

the plateau there ar'e marked microclimatic variations depending on aspect. 

Steep, north- and open black spruce forest and have 

a gn.ificant depth of surface peat. Profile 

most of these soils represent Regosolic and 

above the treeline are dominated by Brunisolic 

., 
SOlJ_S of the soils are associated with well-developed 

patterned these feature:.; de' appear to be presently active 

and arc past. Thick organic accumulations 

are rare Hl the ~rea because of the well developed 

dr,ainage of the more recent floodplains, 

usually >l lluvial silts (muck). The common associated 

soils are Mes sol in the fens and Organic Cryosols in the peat plateaus. 
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In the Ogilvie Mountains to the north, Cryosolic soils are 

much more common and dominate in unconsolidated mineral deposits beyond 

the treeline. The only exceptions are well-drained gravelly materials 

which have a deep active layer and Brunisolic soils. Patterned ground 

features are present in nearly all soils. 

Inuvik and Tuktoyaktuk Areas. 

The dominant soils associated with the recent alluvial deposits of the 

modern Delta are Cumulic Regosols. On well vegetated ar'eas, especially 

those which are treed, Regosolic Sxatic Cryosols are found overlain by 

various thicknesses of surface peat. 

The Pleistocene Coastland and the Caribou and Campbell Lake 

hills are dominated by Turbic Cryosols with the Orthic and Gle.ysol Lc 

subgroups being the most common. The topography of these areas is 

undulating j_n the Inuvik area and gradualy becomes more level along the 

coast. The microrelief of the mineral terrain is dominated by earth 

hummocks which cover approximately 80% of the landscape south of the 

Arctic treeline and approximately ~.J5% north of the i:r•eeline (Zoltai and 

Tarnocai 1974). Most of the soils in the forested region are associated 

with various thicknesses of su:pface peat while in the arctic region 

surface peat is found mainly in the interhummock depressions. The 

mineral horizons are high in organic matter which occurs in these soils 

in a very dispersed form, or as organic smears and organic intrusions. 

Organic-rich mineral subsurface horizons or peaty subsurface layers 

commonly occur near the surface of the permafrost ·table, Some of these 

soils have a granular structured B horizon and most show evidence of 

gleying, even on better-drained positions. More information on these 
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soils may be found in the following works: Day and Rice 1964; Tarnocai 

1973; Zoltal and Tarnoca_i 1974; Pettapiece 1975; Pawluk and Brewer 1975; 

Brewer and Pawluk 1975. 

Brunisolic Static Crysols are associated with coarse-textured 

deposits, especially along the arctic coast. South of Inuvik, in the 

forested r-egion, some Eutric and Dystric Brunisols occur with the 

Brunisolic Static Cryosols in these materials. 

Mesic Organic Cryosols are the principal soils of the peat 

deposits. The most common peatland types associated with this soil are 

lowland polygons in the Arctic Region and polygonal peat plateaus and 

peat plateaus in tl1e Subarctic Region (Zoltai and Tarnocai 1975). Some 

unfrozen patterned fens are also pr'esent in the forested region south of 

Inuvik. The soils developed on these unfrozen peat materials are Mesisols. 

AgY'i culture 

The Northwest Territol'ies (N.W.T.) has possibly 1.75 million ha of arable 

land and the Yukon Terri tory ( Y. T.) 1!:.i0 000 ha, all of it south of the 

continuous permafrost z.one. The major limiting factor is climate. 

Farms developed in the Yukon as a result of the Klondike 

gold rush in 1898 with thousands of people settling in the vicinity of 

Whitehorse and Dawson City. Transportation at that time was neither 

rapid nor reliable, therefore, crops and livestock were a necessity. As 

the gold r•ush subsided the farms were gradually abandoned. In 1931, 

41 farms were recorded for the Yukon and by 1966 only 9 remained and of 

tho::;e onJy two could be: class:i fied as commercial (those wi tl1 gross sales 

over $7500). As populations have stabilized, there has been a renewed 

interest in commcPcial production. Emphasis is on storable vegetables 
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(potatoes, carrots, cabbage) and on hay production for horse feed. There 

is also interest m beef cattle rn'oduct:J.ou in C>Offif' ar·e.1~:. 

The experimental L:tr·m at MHc, 10JlJ, Y.T., (l'Jit.q·-1969) tested 

vegetables, fruits, cereals and forage crops as well as the productivity 

of beef cat-tle. It was found that productivity of field crops was 

generally 75 percent of that achieved at lower latitudes because of the 

shortened season. Agricultural lands in the Yukon are limited to flats 

and pockets, mainly along the river valleys. Therefore, farms that 

develop tend to be small and near centres of population. Techniques 

such as irrigation, mulching, >-rindshelters and heated greenhouses will 

be useful in overcoming climatic inadequacies (Harris et al. 1972). 

The fresh vegetables, fruit, and meat raised in the Yukon, when made 

available, help to make living conditions in the north more plnasant. 

Agriculture in the N.W.T. developed around church missions 

and fur trade forts. The early missions in such place::; as Ft. Smitb, 

Ft. Simpson, and Ft. Providence had farms attached where they raised 

vegetables and some livestock. In the 1930's the missionaries cooperated 

with the Experimental Farms Service to give the first plant adaptation 

and agricultural production figures. Reports indicate that production 

of everything, including potatoes, tomatoes, cabbage, cereal grains, and 

milk, varied from very good to poor deper1ding upon the available moisture. 

Some of the constraints mentioned were, biting flies, erasshoppers, crows, 

starlings, and prolonged periods of drought. fl<; tt'anspo:t'Ll'tl.on by road 

and air improved, the need to provide their own food diminished so live

stock raising has almost ceased and gardens have been reduced in size. 

There are large areas of land along the Slave, Macl<enzie and 

Liard rivers that are suitable for farming. There are also areas of 
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grazing land. HoYJever, the prevalence of flies and the very long Hinter 

feed period has discouraged commercial livestock production. At present 

t:hePe are small holdings growing Peadily saleable gaPden pPoduce close 

to population centPes, but thePe are no major farming operations in the 

N.W.T. 

As pressure for land and "living room" increases we will no 

doubt find more people wanting to settle on land in the Territories. 

Game Panching using bison, muskox and caribou may have a 

place in the use of our northern lands. So far the Peindeer herds in 

the Inuvik - Tuktoyaki:uk area have achieved some success. 

Forestry 

About 60 percent of nortl1west Canada, north of 60°N latitude and west 

of about 120°W longitude, contains forest species of which white spruce 

(Picea glauca), black spruce (P. mariana), lodgepole pine (Pinus contor•ta), 

jack pine (P. banl<siana), tamarack (Larix laricina), alpine fir (Abies 

lasiocm:•pa), tr'embling aspen (Populus tremuloides), balsam poplar (P. 

balswnifera), and white birch (Betula papyrifera) are primary constituents. 

Approximately 75 percent of the forested land consists of scrub possessing 

virtually no commercial value. Much of the remaining forest land, about 

15 percent of the 'total, possessing potentially commercial forests consists 

of immature stands resulting from fire. This leaves about 4 x 10
6 ha of 

merchantable stands. 

Initial forest harvesting occurred in association with land 

settlement and mining. Most early dwellings, including forts and 

commercial establishments, were made of logs and heating was provided 

entirely by cordwood. Perhaps the most dramatic logging incident occurr•ed 
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around Dawson City, Yukon Territory during the gold rush near the turn 

of the centruy. About 12 sawmills were in operation during this period 

to meet the demands of the boom town and of the mining industry (Berton 

1958) in addition to numerous permit~ issued fop cordwood for fuel, 

especially fur operating steamboats (Merr'ill 1961). 

Curr'ently, a few logging oper'ations are active in the southern 

portion of the area where the primary species utilized are white spruce 

and pine. Most logging is done on accessible alluvial plains supporting 

white spruce, and to a lesser extent on higher terraces supporting lodge-

pole and jack pine. Sufficient saw logs can be obtained to meet most 

local demands, as they exist today, for construction purposes and for 

mining timbers. However, a rapid increase in demands may necessitate 

importing processed material. Transportation costs limit exportation 

from remote areas. No facilities for producing or processing pulpwood 

have been developed, c1.Lthough pulpwood product ion may lJe feasible .in 

E.:;ome are<::ls .. 

Forest production is limited by shortness of growing season, 

moisture deficits during the gr'owing season, generally cool temperatures, 

and amount of solar radiation (Gairns 1968; Hirvonen 1968, 1975; Peaker 

1968). The highest productivity occurs on well drained alluvial terraces 

along the Liard and Mackenzie rivers. Volumes average about 250 m3/ha 

3 with mean annual increments (M!\I) of approximately 3.5 m'/ha. Prime 

3 sites, however, may attain volumes of over 800 m /ha and have t1AJ 's 

over 5 m3/ha. The productivity declines on higher alluvial terraces and 

on upland sites. 3 
Upland sites have avePage volumes of about 110 m /ha 

and MAI' s around 2 m3 /ha. A further gencr'al dc;cline occurs with 

increasing latitude and increasing relative elevation. for example, ~n 



the viciiJity of Dawson City, the volume on alluvial sites amounts to 

anout :12 
') 3 

m')/ha with fvl!\I 1 s of about 2m /ha, while on upland sites the 

volume is about 70 m3 and NAI 1 3 are less than 1 m /ha. 

Another factor influential in the allowable annual cut to 

maintain a sustained yield is the rotation period. A rotation of about 

160 years is requir•ed to obtain suitable sawtimber on alluvial sites. 

Since sawlogs are seldom attained on upland sites, ln part because of 

the frequency of fires, the rotation of pine can be shortened to about 

120 years to produce poles, cordwood and pulpwood. 

Mining 

The mining industry in Canada's northern territories is a vital element 

in ·their development but as yet rnakec; only a minor contr·ibution to the 

total miner·al pr'oduc·tion of Canada. In 1972, the Northwest Territories 

and the Yukon contributed 2.1% and 1.7% respectively to the total value 

of Canadian mineral production (Can. Min. Yearbook 1972). Despite the 

vast potential of this region, problems of isolation and adverse climate 

have restricted development of mineral resources to very large or high 

grade deposits, materials which are needed and used locally, or minerals 

whose sc<u'ci ty elseHhcre makes them profitable to extract under these 

adverse conditions. Recently however, the value of mineral production 

in the north has been increasing rapidly and at a rate greater than that 

for Canada as a whole (Anon. 1974). 

Hining has been one of the major catalysts in the opening of 

the north and continues to be of primary economic importance. In 1974, 

it contributed 70 million dollars to the economics of the Yukon and 

Northwest Terri toPies. In the Yukon it is the lar•gest single employer 
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and source of revenue. Numerous examples may be c it~:-;d of the influence 

of mining on the settlement and developmen L of ·the north. The famous 

Klondike gold rush led to the establishment of Dawson City and Whitehorse, 

and transportation networks to serve them. Prospectors travelling to the 

Klondike explored vast areas of the north and located mineral deposits of 

future significance. The first railway into the Northwest Territories 

was completed in 1964 to facilitate exploitation of the large lead-zinc 

deposit at Pine Point and to accelerate the exploration and development 

of adjacent territory. In the last few years, communities have been 

established at Clinton Creek and Faro in the Yukon, based on discoveries 

of large asbestos and lead- zinc or•e bodies respectively. The Pine Point 

(Slave Lake, N.W.T.) and Faro (Anvil Mine, Yukon) deposits repPesent some 

of the world's largest known reserves of lead and zinc. The Yukon and 

Northwest Territories are the two largest pl'oducers of these minerals in 

Canada with a combined, 1974, production of 396,073,000 lbs valued at 

81,987,000 dollars. Lead and zinc account for 78% of the total value of 

production in the N.W.T. and 61% in the Yukon. The Canada Tungsten Corp. 

mine in the Northwest Territories is Canada's only tungsten mine and 

supplies roughly 15% of the requirements of the Western World. The 

United Keno Hill mine has been the largest silver producing mine in 

Canada. The Yukon placers are currently exhausted but have yielded 

11 million ounces of gold valued in excess of 250 million dollars. The 

Eldorado mine at Port Radium N.W.T. is also exhausted, but in its time 

produced both silver and, during World War II, the uranium used in the 

world's first atomic bombs. 

The search for minerals continues in the north, with efforts 

divided between base metal, uranium, and silver and gold investigations. 



Due to the energy croi:sis, the most rapid increase in activity lately, 

has been in uroanium explor•ation. A listing of the major mines in the 

Yukon Territory 

Anvil t1ining 
northeast of Whitehorse. 
mined at a rate of 8,145 
been milled. 

Ltd. An open 
A product of 

tons per day. 

pit mine located 130 miles 
lead, zinc, silver and gold is 

A total of 2,925,359 tons have 

Cassiar Asbestos Corporation 
northwest of Dawson City. A 
rate of 5,314 tons per day. 

Ltd. An open-pit mine located 50 miles 
product of asbestos fibroe is mined at a 
A total of 1,457,237 tons have been milled. 

Canada Tungsten Mining Corporation Ltd. An undergroound mine located 
125 miles north of Hatson Lake. A product of tungsten-copper is mined 
at a rate of 465 tons per day. A total of 170,019 tons have been milled. 

United Keno Hill Mines Ltd. 
east of Mayo. A product of 
a rate of 297 tons per day. 

An underground mine located 31 miles noroth
silver, lead, zinc, and cadmium is mined at 
A total of 93,232 tons have been milled. 

Whitehorse tUnes Ltd. An underground mine located seven miles 
sout.h of Whi tehonse. A product of copper', silver and gold is mined at 
a rate of 1,919 tons per day. A total of 626,541 tons have been milled. 

Tantalus Butte Coal Co. An underground mine located at Carmacks. A 
product of coal is mined at a rate of 70 tons per> day. A total of 
17,027 tons have been milled. 

Northwest Territories 

Pine Point Mines Ltd. An open-pit mine located on the south shore of 
Great Slave Lake 50 miles east of Hay River, N.W.T. A product of zinc 
and lead is mined at a rate of 11,513 tons per day. A total of 
4,135,380 tons have been milled. 

Terroa Mining and Exploration Ltd. An underground mine located 10 miles 
south of Great Bear Lake. A product of silver-bismuth-copper is mined 
at a rate of 137 tons per day. A total of 46,234 tons have been milled. 

per ( includ 
A total of 328, 

Mines Ltds. An underground mine located 1.5 miles 
A product of is mined at a rate of 899 tons 

ore from Supercrest and Lalor properties). 
been milled. 

Con Mine (Cominco Ltd.). An underground mine located 1.5 miles south 
of Yellowknife. A product of gold is mined at a rate of 398 tons per 
day. A total of 14 ,205 tons have been milled. 
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Fur Trapping 

The exploration of western Canada was initiated in search of furs, 

mainly beaver. Fur traders entered the northwest via the Mackenzie 

River from 1804 through 1851. The posts established along the Mackenzie 

River route were Marten Lake, Fort Simpson, Fort Norman, Fort Good Hope 

and Fort McPherson (Peel River), in the Northwest Territories, LaPierre's 

House in the Yukon Territory, and Fort Yukon in Alaska. An early 

extension into the Yukon was up the Liard River (Forts Liard and Halkett 

to Fort Selbirt in the Yukon River drainage. 

Trapping and trading of furs have continued to be important 

to the local economy of northwestern Canada. In one recent season 

(1973-74), the value of wild furs taken in Canada was $32.7 million of 

which Alberta produced 13.5 percent, British Columbia 5.8 percent, the 

Northwest Territories 9. 5 percent and the Yukon Ter'ritory 1. 5 percent. 

In the past five seasons (1971-72 through 1975-76), the value of furs 

from the Yukon Territory averaged $31+8,208 and the Northwest Ter•ritories 

$2,166,832. Some furs are also used locally for clothing trim and 

handicrafts. The numbers and relative values of each type of fur sold 

in the Yukon and Northwest Territories during the 1975-76 trapping 

season are shown below. 

Fur harvest during the 1975-76 trapping season. 

Yukon Northwest Territories 

% of 
No. Pelts 

% of 
Total Value Total Value 

Species No. Pelts 

Bear, Polar 0 0.0 348 5.7 

Bear, Other 0 0.0 180 0. ~-l 

Beaver 690 1+, 7 2550 1.4 
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------·--~·~,-----~~-~----

Yukon Terr NorthHest Territories 

Species No. Pelts % of No. Pelts % of 
Total value Total value 

-----·--------

Coyote '79 2.1 21 0.0 

Fisher 1 0.0 32 0.0 

Fox, Blue 0 0.0 97 0.2 

Cr•oss '71.+ 2 ' • 0 404 1.0 

Red 125· 2.9 688 1.2 

Silver 13 0.2 167 0.2 

Arctic 4 0.1 23834 22.3 

Lynx 580 29.7 581 3.5 

Marten 1172 9.6 7711 4.7 

Mink :133 1.4 2488 2.0 

Muskrat 16883 30.4 18 3726 24.7 

Otter 30 0.3 102 0.1 

Squirt'el 5102 1.4 L~856 0.1 

Weasel 1'1'7 0.1 1455 0.0 

Wolf 105 5.6 602 2.6 

Wolverine 223 9.8 86 0.3 

Seal 0 0.0 34270 29.6 

The money received for the furs is paid directly to the 

trappers so that the 1677 active trappers in the Northwest Territories 

during the 1975-76 season received an average of $1,635.35 from trapping. 

However, the income J:rom trapping is quite variable as is shown below. 
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Distribution of tr•apping income. 

--------·-... ~---,----------------·--

Number of Trapper•[; 
·---·,, __________________ 

Region Total $400-1000 $1-2000 $2-4000 ;~4-8000 $8000+ 

N. Hackenzie 384 170 107 77 18 11 

s. Hackenzie 568 302 159 80 21 6 

(Hackenze total) (952) (472) (266) (157) ( 39) (17) 

Keewatin 213 99 69 37 8 1 

Baffin 512 270 159 69 14 0 

Total 1677 841 494 233 61 18 

In the Yukon Territory, 770 residents purchased licenses but 

it is estimated that less than 50% acutally trapped, giving an average 

yield of approximately $1040. 

Except for the arctic species (Arctic fox and seal) muskrat 

is the most important fur in both Territories. Although captured 

throughout the area, Old Crow Flats in the Yukon and the Hackenzie Delta 

in the Northwest Territories are the major producing areas for muskrat. 

Hackenzie River mink are the preferred wild mink but prices are suppressed 

by the preference for long-haired furs such as lynx, wolf and wolverine. 

The annual production of raw furs depends not only on the 

maintenance of habitat and abundance of furbearing animals but also on 

the current price and the number of trappers willing to live in isolation 

in the north. The latter is influenced by the availability of alternate 

wage employment, educational opportunities, and social amenities. 

Governments assist trappers with outfitting advances, with transport to 

the trapping area, by establishing and building outcamps, by encouraging 
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the establishment of trading posts in the fur area, with advances on 

harvest,"d pelts, and with help in marketing furs for the highest return. 

In the future, the fur industry is expected to increase its 

sales with an expansion of use in women's apparel and men's fashions. 

The industry is becoming more organized and cooperative and is expected 

to better pr~mote sales in foreign and domestic markets as well as 

encourage research and development of the use of fur as a complement 

to other fabr1cs. The cooperation of governments in aid and assistance 

to trappc.,rs and T'ecogni tion of the importance of the trapping and fur 

industry to individual citizens should assure the resource is more 

efficiently and adequately utilized and contributes more of its potential 

to the economy of nor•thwest:ern Canada. 



DAY 1: TO DAWSON CI 

Guides: W.W. Pettapiece, C. 

The flight from Edmonton to Whi 

physiographic regions. It 

i, S.C. Zoltai and E.T. Oswald 

crosses ogic and 

(a grove) section 

of the Interior Plains but is ly yi a xed wood boreal 

forest. As we drop down i the Peace River Lowlands at Grande Prairie 

we are again into a prai e ition area. The thinning of the 

forest in the "Peace11 country is a res t ne-textured soils with 

impeded drainage and saline parent materials as well as climatic 

considerations. From Fort St. John the flight crosses the Cordilleran 

region with its mountains, plateaus and deep valleys until arrival at 

Whitehorse on the Yukon River. 

~lany of the major va 11 eys in the Yukon are quite warm and 

dry with a moisture deficit d ng the summer period. The flight from 

Whitehorse to Dawson City follows one such vall ~ the Takhini -

Dezadeash, westward towards uane Lake and 

This mountain chain contains Mt. Logan which 

. Elias Mountains. 

6050 m is the highest 

peak in Canada. route then rns northwards across the deeply 

dissected Yukon Plateau Dawson Ci at the junction of the Klondike 

and kon rivers. 



Km* 
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DAY 2: IN INUOUS PERMAFROST ZONE 

i w.w. ieee and E.T. Oswald 

DEPART DAWSON CITY and Dempster Highway. From the 

bridge over the ondi 

River Valley across 

River, we eas al the ondike 

il ngs, past Bonanza k and the 

airport (Fig. 8). 

BEAR CREEK, the abandoned the Yukon Consolidated Gold 

Corporation. To north can be seen remains of a di and siphon 

system which carried water for lie ni to the south. 

Also note the difference in vegetation on the south-facing 

and north-facing slopes. ng on st Creek, the road swings 

northward as the Klondike River cuts Tintina Trench. a major 

fault zone. separating Yukon Pla u from the Ogilvie Mountains to 

the north. This portion 

from the north and the 

the trench was fed by piedmont glaciers 

ike River has cut down through at 

least 180m of glacial drift (Hughes et . 1972). 

The oodplain on i 

depth of organic silts (muck) 

topography and d mois 

cover and permafrost is 

places l to 2 m organic 

PEAT PLATEAU. On sou side 

the road is built has a va able 

ying the outwash gravels. The level 

ime s a lush vegetative 

except near the river. In many 

ated. 

the road is an organic deposit which 

has been rais slightly by permafrost. 

*Numbers in kets to kilometres on ike Highway. 
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Site Yl: Terrie Mesic Organic Cryosol* 

This site, at stop 1, is located just south of the highway past the 

Dempster Junction. It overlooks a small peatland complex (Fig. 9). 

To its left is a black spruce (Picea mariana) - moss association. 

Permafrost has invaded this area, a 11 peat plateau 11
, raising it somewhat 

and improving the drainage. To the right is a very wet 11 fen 11 fed by 

nutrient rich seepage waters. It supports mainly sedges and shrubs 

and contains no permafrost. The depth of peat is about 80 em in the 

plateau and 140 em in the fen. The soil on the peat plateau is a Terrie 

Mesic Organic Cryosol (Appendix B-Y1) while the one in the fen is a 

Terrie Mesisol. 

&~~Alluvium 

High Ice Alluvium 

5x vertical exaggeration 

5 10 15 
METERS 

Organic 

Frozen Organic 

fen 

FIGURE 9. DIAGRAMMATIC CROSS-SECTION OF THE BOG-FEN COMPLEX AT SITE Yl 
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In the discontinuous zone ~he wet fens are not 

affected by permafrost, as the peat is satur>atc:c.1 w th water 

and thus conducts heat As the fen matures and ccumulates, 

small cushions of Sphagnwn may become estahlished on the fen. 

especially S. fuscwn and S. rubellum, ar'e excellent insula1~ors, particu-

larly when dr>y in the summer. The seasonal frost under cu:::~hions 

persists late into the summer>, and may eventually remain into the fall, 

becoming permafr>ost. As the water fr•eezes in the , it expands, 

fen. The raising the small peat mound farther above the level of t 

improved drainage permits the growth of black spruce. small trees 

will shade the ground in the ummer and the snow cover thin in the 

winter. The combined effect of 1-ree initiate and 

preserve the permafrost in the peat. The small frozen mound, a peat 

plateau, will expand further into the ftm a and trees invade 

the fen. Disturbances such as forest fires tend to destroy the 

insulat cover often 

the peat plateaus. 

From s 

STOP 2. TOO 

" ng Solomons 

it offers a good 

(Fig. ). 

1, 

ing the thaw 

rou 

was y 

sou 

i to 1 ook at di 

al 

only s 

of 

valley. 

radiating from 

gold. However, 

in soils to 

There are several fea of opment ich are 

rather unique First, been a long wea ing his in 

this area which was glaci , at least ing Wisconsin time. Also 

the predominantly metamorphic rocks are easily bro down. 
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LEGEND 

9 Birch, 9 Aspen 

~ Block Spruce 

Y Willow, Alder 

j:::/:\:·,j Unconsolidated Colluvium 

D Schistose Bedrock 

Frozen 

Y2,Y3-I.S.S.S. Stop 

Photograph by S. C. Zoltai 

FIGURE l 0. SITE CHARACTERISTICS Of SITES Y2 AND Y3 
a) Schematic cross section of the volley 
b) Vegetation on the north-facing slope 
c) Vegetation on the south-facing slope 
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Therefore there is commonly a weathering profile up to 1 m or more in 

depth in the more stable landscape positions. However, there are several 

complicating factors which result in a wide variety of profile and material 

types. Foremost is the instability of the landforms with their steep 

slopes and active cryogenic phenomena, particularly at the higher eleva

tions, which results in a good deal of colluvial activity and profile 

disruption. Another factor is the occurrence of post-glacial loess which 

varies up to 30 or 40 em in thickness in the most favourable locations 

and in which modern profiles have formed. The dry, cool climate results 

in slow pedogenic activity and the modern profiles are not strongly 

developed. 

Site Y2: Orthic Oystric Brunisol, S.E. Aspect 

This site is on the warm, freely-drained, south-facing slope. It is 

classified as anOrthic Oystric Brunisol, lithic phase (Appendix B-Y2). 

The vegetation consists of a white birch forest with minor white spruce 

and aspen and scattered shrub and herb layers. The south-facing slopes 

are significantly warmer than the northern aspects but they are also 

drier. The main pedological process is oxidation of the material 

associated with some hydrolysis and release of iron. Organic matter 

accumulation is very low for two reasons, the light ground cover and 

the relatively high mineralization potential of the site. Colluviation 

is obviously a factor, but where the slopes are less steep and the 

material more stable, eluvial (Ae) horizons may be seen over the brown 

Bm horizons. The eluviation is quite weak and in no instances have Bt 

(Argillic) horizons been identified in the modern profiles. 
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SHe Y3: ic Cryosol, N.W. Aspect 

This site is on the cool, moist, north-facing slope. The soil has 

permafrost within 30 em of the surface and is classified as a Regosolic 

Turbic Cryosol (Appe ix B-Y3). 

The vegetation is a typical subarctic community consisting 

of an open black spruce forest th a continuous moss-lichen ground 

cover. This is in marked contrast to Site Y2 and indicates a much 

cooler, moisture microclimate, including the soil c"limate. In fact, 

permafrost is very close to the surface (within 30-40 em) and helps 

maintain a very cool, wet climate in the rooting zone, which in turn 

favours the development of a thick insulating moss cover. A possible 

distribution of permafrost at this stop is presented in Fig. 10. In 

such a setti pedogenic activity is very slow and it is further 

disrupted by the active mass wasting (colluviation) which results in 

continual burial and xing of surface material. This is clearly shown 

in the exposed soil profile. The other major process at this site is 

the accumulation of rather raw organic materials, mainly from the decay 

of the thick moss and lichen cover. 

Across the Klondike Valley, to the north, can be seen the 

Ogilvie Mountains. The next part of the route will retrace the Klondike 

Highway for about 4 km and then turn north on the Dempster Highway 

following the North Klondike River up into the mountains. 

The Dempster Highway was recently completed to Inuvik, a 

distance of some 550 km (350 miles), essentially all over permafrost 

terrain. There are three major bridges and two ferry crossings. Much 

of the road in the Ogilvie and Richardson mountains is above the tree 

line, mainly following the old winter dog sled route of the RCMP mail 



-53-

Km* service to Fort McPherson. Vegetation changes are apparent with the 

tree line occurring at about 1200 m in this locality. The elevation at 

the Dempster Highway junction is about 450 m and in the next 80 km the 

route will climb to about 1250 mat North Fork Pass. 

30 A TYPICAL SUBARCTIC BLACK SPRUCE-LICHEN FOREST. Permafrost is quite 

shallow in these hummocky permafrost soils. Note the leaning or tilted 

trees. 

67.5 STOP 3. STABILIZED ROCK GLACIER. On the right (east) side after crossing 

the North Klondike River. There are active rock glaciers in cirques of 

many of the Yukon mountains. 

75.5 STOP 4. NORTH FORK PASS is a viewpoint overlooking the North Klondike 

Valley (Syenite intrusions) of the Tombstone Range. The irregular 

hummocky moraine on the valley floor marks the 1 irnit of the last 

glaciation. Note the "icing11 or 11 aufeis 11
• These w·inter accumulations 

of ice can be several meters thick and are a definite hazard to road 

construction and maintenance. 

Site Y4: Orthic Turbic Cryosol, Nonsorted Nets 

74.0 This site at stop 5 is on cryoturbated material just beyond the tree 

line (Fig. 12). The soil is classified as anOrthic Turbic Cryosol 

(Appendix B-Y4). The patterned ground ·is of the nonsorted circle or 

net type (Washburn 1956) although some weak sorting and step formation 

may be seen on the slopes. The flat tops and open centres are typical 

*From Km 0 at junction of Klondike and Dempster Highway. 



of many of the cryo ted ium-textured materials beyond the tree 

line. The vegetation is variable th low shrubs, dominated by Betula 

sions and small ericaceous shrubs , and mosses in the 

and lichens on the tops. The soil profiles are also quite variable as 

one might expect in strongly cryoturbated material. The detailed 

description and analyses given in the Appendix are for a typical profile 

in the area and may not be identical with the one seen here. However, 

the main features and characteristics are valid. 

The most apparent process is cryoturbation and its attendant 

horizontal as well as vertical differentiation. There is organic 

accumulation in the more humid and sheltered depressions and movement 

of organic material into the mineral portion of the pedon. Brownish 

colour may be imparted through the presence of organic matter, the 

oxidation of iron. or both. Those horizons which also have some 

structure are Cdlled Bm or Bmy horizons depending on the degree of 

cryoturbation. Those horizons with amorphous structure, but often 

brownish mottled colours, are called BC (or BCy) horizons and are often 

unstable, as discussed below. Some chemical characteristics which are 

typical of these soils are also related to pH and organic matter content. 

The Bmy2 horizon, for example, has 26% clay, nearly 3% organic C and a 

CEC of 18.6 at pH 7. However, the neutral salt exchange, which measures 

the CEC at eld pH, in this case 4.4 {CaCl 2), is only 6.7 indicating a 

high pH dependent exchange capacity of nearly 12 me/100 g. This is also 

common r other high fulvic acicJ content horizons such as podzolic B 

horizons. A comparison of dithionite and pyrophosphate extractable Fe 

and Al indicates relatively high levels of Fe and low Al with nearly all 

the Al and about 25% of the Fe associated with the organic fraction. In 



-55-

this respect it more closely resembles a poorly drained horizon than a 

podzolic B horizon. 

Unstabl.e Horizons and the Question of Thixotropy 

The BCy horizons are often very unstable with a tendency to "[low" when 

disturbed. There are references in the literature to thixotr'opy. in 

northern soils (eg. Liverovskaya-Kosheleva 1964) and, unfortunately, the 

term has at times been applied rather indiscriminately to all unstable 

materials. True thixotropy is a colloidal phenomenon involving sol-gel 

interchange and requires a fairly high content of expanding clay material 

and/ or hydroxides of iron and aluminum (Ibid.). Also, thixotropic 

structures have not been found in soils developed on Ca-rich parent 

materials. 

In the Canadian northwest most of the unstable horizon::,; dl'e 

associated with medium- to moderately fine--textured material in acid 

sola from near or beyond the tree line. These horizons always have an 

amorphous structure, are usually quite densc with bulk densities in 

excess of 1.5 g/cc, and have a often rubbery, consistence. These 

soils have a significant amorphous content and undoubtedly thixotropy 

does a role. In addition these soils commonly have a fine vesicular 

porosity resulting from cryogenic activity. 

The coarser-textured arctic soils of the Shield a.nd the 

calcareous or saline soils of the High Arctic also have unstable horizons. 

They are commonly associated with silty and material in nonsortcd 

cil'cles (Washburn 1973) or "mud boils" (Shilts 1974). Shilts relates 

the instability to low liquid limits and small plasticity indices. He 

suggests that, 11 slight increases in pore--water pressure due to loading, 
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small amounts of precipitation, cryostatic pressures created during 

freeze-up, or moisture increases during spring-summer thaw could all be 

causes of temporary liquefaction". The results of this instability can 

vary from "flowing" when disturbed to natural "mud-boiling". Washburn 

(1973) also suggests that mass displacement of mineral soils can be 

caused by 11 cryostatic pressure, changes in density and intergranular 

pressure, and artesian pressure". All of these conditions require the 

presence of confined waters at or near the liquid limit of the material. 

They are not dependent on colloidal phenomena as defined by thixotropy. 

The soils commonly have prominent vesicular porosity particularly in 

the surface horizons (Fig. 11). 

FIGURE ll. VESICULAR MACROSTRUCTURE OF SOl1E UNSTABLE CBYOTURBATED 
MATERIAL. THIS IS NOT A THIXOTROPIC SITUATION. 
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Km DEPART STOP 5, proceeding northward onto the small valley moraine in the 

North Fork Pass. 

82 THE DIVIDE between the Pacific water of the Klondike system and the 

Arctic-flowing waters the Blackstone River is formed by the moraine 

the route is now crossing. 

Site Y5*: Orthic Dystric Brunisol, Cryic Phase 

89.5 This site at stop 6 is on an exposed gravelly kame (Fig. 12) with a deep 

active layer. The soil is classi ed as anOrthic Eutric Brunisol. 

cryic phase (Appendix B-Y5). There appears to be very little frost 

activity in the coarse ice-contact material. There is, however, a large 

ice-wedge pattern polygons are quite apparent where road construction 

has removed some of the surface material causing melting of the ice

wedges. The mean annual air temperature i.n this area is about -8°C or 

-9°C but the active layer is greater than 1m and there is little, if 

any, surface cryoturbation. Permafrost has apparently not affected the 

genesis of this soil to the extent that it would be considered a cryo

solic soil. However, the cation exchange and extractable sesquioxide 

chemistry ·is similar in trend to that at Site Y4. Soils of this type 

have been called c Brown by Tedrow (Tedrow et al. 1958). They 

cover only a very small proportion of the landscapes beyond the tree 

line but are quite important the wildlife of the area. For example, 

these dry, rela 
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d Photograph by S.C. Zoltai 

FIGURE 12. SITE CHARACTERISTICS AT SElECTED STOPS IN THE YUKON 
a) Site Y 1-note the bog-fen association 

b) Site Y 4-Y 4 located in an end moraine. Note 
ice accumulation along the north Klondike River 

c) Site 

d) Site Yukon Plateau 
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Km A TOR. so is an a 11 erosional 
53 

remnant). We our return. see examples 

of these on s i p. 

Tors ana on) (Fi9. 13) 

occur dely in on v (Hughes et 

al. 1972). are nly on ·j tes, but 

examples occur on 1 t a iments. Devel-

opment of y preglacial 

although tors are 0 aci s 1. 

anation terraces are cons product of 

parallel retreat in a acial en vi (Demek 1969). 

Some tors doubtless are in larger 

masses that ve been ana on. , the common 

occurrence tors i associ a on anation 

terraces, the occurrence in western of tors at a 

mean elevation some m lower the • and their 

occurr·ence in glacia areas le are lacking, 

suggests a different or tors. A e process 

is that of ti 

V\10 d be left was more res is ng. Some rows 

of tors on sl to i ou of resi 

quartzite. Indivi roc masses i j ng is more 

widely spaced in s roc or rock s locally more 

resistant by reason al e silicifi on. 

107 STOP 2. PERI IC g"ladal 

geomorphic features common in aci ion can observed 
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Photograph by S. C. Zoltai 

Photograph by S.C. Zoltai 

Photograph by W. W. Pettapiece 

fiGURE 13. PERIGlACIAl fEATURES ON THE YUKON PlATEAU 

a) Tor at kilometer 53 

b) Cryoplanation terraces at 
kilometer 107 (Stop 2) 

c) Terrace scarp at Stop 2. 
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this stop, 1.5 km east of Little Gold Creek Custom House. The main 

process has been the development of a series of cryoplanation terraces 

(Fig. 13). The road runs sou rd across an upper terrace for 1 kmt 

then diagonally down a stabilized ven scarp. Superimposed on 

the upper terrace is strong frost sorting which has resulted in a field 

of sorted nets (stone polygons). discussions of patterned ground 

phenomena can in Was 's work (1956, 1973). Note, for 

example, how many of the roc 

position of least resistance to 

nets are standing on edge. a 

t heaving. It would appear that 

these periglacial processes are now inactive judging from the lichen 

growth on exposed rock surfaces. In the areas where the fines have been 

concentrated, however, cryogenic processes are quite active. 

Site Y7: Orthic Turbic Cryosol, Sorted Net 

This site is situated within a sorted net (stone polygon) on the upper 

cryoplanation terrace. 

Cryosol (Appendix B-Y7). 

The soil is assified as an Orthic Turbic 

The profile here is comparable to the one at 

Site Y4 even though the geologic and geomorphic settings are quite 

different. This suggests that the surface profiles are governed mainly 

by prevailing climate and vegetation considerations and are essentially 

post-glacial. This appears to be particularly applicable where there 

was strong cryogenic activity. Radiocarbon data from a variety of 

situations (Zoltai et al. In Press) also supports this hypothesis. 

Again, of interest here is the occurrence of unstable, 

amorphous structured (BCy) horizons ich de op in the cryoturbated 

zones. 

The route is now retraced s Dawson City. 
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Km STOP 3. SOLIFLUCTION LOBES AND SOIL STRIPES. In the lower alpine and 
102 

subalpine, soli uction lobes are generally limited to sites with 

1) a moderately fine matrix 

2) excess moisture due to seepage 

and 3) slopes greater than 20%. 

Stripes occur on lower slope gradients and are not dependent on excess 

moisture conditions. The alpine vegetation on the north-facing slope 

has a high proportion of mosses and ericaceous shrubs with some sedges 

and herbs. The soils are Turbic Cryosols with permafrost quite near 

the surface. 

57 STOP 4. TOR. A point of interest. Note that the sides of the individual 

towers of the tor are clearly controlled by joint sets in the quartzite. 

From here the route continues east to Dawson City with another 

brief stop at Km 8 overlooking the ''city" at the confluence of the 

Klondike and Yukon rivers. 



4: CI 

STOP 1. MIDNIGHT DOME VIEWPOI From this vantage most of the geo-

morphic features of the ondike district can be seen (Fig. 14). 

Features of special interest include (Hughes et al. 1972): 

the general aspect of the Klondike Plateau, th deeply entrenched 

streams and intervening dges radiating from ''domes" that surmount 

the plateau level. 

the upper surface of luvial fill, and a broad, sloping intermediate 

terrace up the Yukon River. 

the bedrock terrace (Lousetown Bench) and the upper surface of 

alluvial fill to the south across the Klondike River. 

the bedrock terrace, White Channel grave1s and Klondike gravels in 

Jackson cut, and the massive fan of tailings derived from the cut. 

the bedrock terraces (forming the floors of abandoned hydraulic 

workings) and overlying White Channel gravels, extending up Bonanza 

creek. 

the highly irregular pattern of dredge tailings in the Klondike Valley, 

governed, in part at least. 

the floodplain. 

sporadic distribution of permafrost on 

the high terrace ing downstream along the Yukon River. 

to the north is a good view of the Ogilvie Mountains. 

on the recent alluvial of the kon River just upstream from 

Dawson City can seen some clea ings. remnants of the hay fields 

cleared to feed the horses the Klondike days. 

Above alluvial fill level (on whi the Dawson City 

cemetery is situated), the road to Mi ight Dome is constructed on 
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a 

b 

fiGURE 14. GEOMORPHIC fEATURES IN THE DAWSON CITY AREA 
a) An overview of the Yukon Plateau River to the right) 

b) View of Bonanza Creek south from Dome 
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deeply weathered bedrock. The active layer on this sou facing slope 

is deep and well-drained. Vegetation consists of immature white spruce, 

aspen, and white birch, with open patches of grasses and juniper. 

From Stop 1, the route is retraced to Dawson City, out the 

Klondike Highway and then along the Bonanza Creek Road. The road is 

constructed on ridged dredge tailings and fans of tailings from bench 

workings. More recent bulldozer workings are visible at several points. 

STOP 2. YUKON CONSOLIDATED GOLD CORPORATION DREDGE NO. 4. This dredge. 

electrically powered, with 0.44 m3 (16 ft 3) buckets, and the largest to 

operate in the Klondike District, was last operated in 1959. 

GRANDFORKS. From Stop 2 the route continues to Grand Forks, at the 

confluence of Bonanza and Eldorado creeks. Only a few cabins remain 

from a settlement which contained about 4000 people in 1900. 

We then return to Dawson City with several 11 point of interesC 

stops along the way. 



DAY 5 : DAWSON CITY TO I NUV I K 

OGILVIE MOUNTAINS. T~e first ~o on of the flight is over the Ogilvie 

Mountains into the Old Crow i11. This is a large lacustrine basin 

which received glacial meltwaters from east of the Richardson Mountains, 

the western limit of conti glaciation (Hughes 1972). Note~he 

rectangular shaped lakes and the many stages of polygonal development on 

old lake bottoms. The shapes of the lakes ~nd their constant shifting 

is likely due to thermal decay and erosional phenomena, ,governed largely 

by prevailing winds. 

OLD CROW. Note the settlement of Old Crow at the confluence of the Old 

Crow and Porcupine rivers. This native settlement is largely dependent 

on trapping and the hunting ch accompanies the caribou migration which 

passes through the area in the spring and fall. 

RICHARDSON MOUNTAINS AND ~,1ACKENZIE DELTA. From md Crow the flight turns 

eastwards across the Richardson Mountains and the Mackenzie Delta. The 

modern delta (see Fig. 3) with its multitude of channels and lakes covers 

13000 km2 and is a major fur trapping area, mainly muskrat. The southern 

two-th·irds of the delta is treed but the northern third supports only a 

shrub tundra. 

INUVIK, meaning in Eskimo the I! ace of man 11
, is situated on the upland 

bordering the east channel of the Mackenzie River. Although Alexander 

Mackenzie paddled by the site of Inuvik in 1789, the area was seldom 

visited until 1954 when a decision was made to relocate and enlarge the 
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school, hospital. airport, and administration facilities of Aklavik. 

After an extensive reconnaissance of the entire delta area for a town 

site, an engineering team recommended the Inuvik site. Then, in a period 

of busy activity and construction lasting from 1955 to 1961, a modern 

arctic town emerged. Beneath Inuvik the soils are perennially frozen 

to a depth of about 330m. This permafrost required the utilization of 

many special building techniques, including the elevation of buildings 

on piles and the "utilidor 11 system for servicing. Inuvik, with a 

population of 3000 in 1974, is the main government administrative center 

and distribution point for the Mackenzie Delta settlements and the 

Western Arctic. It is also the major base for petroleum exploration 

activities in the western portion of the Canadian Arctic. 
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DAY 6: EARTH THE MACKENZIE DELTA 

C. Tarnocai and R.W. Hill 

ILDING ON PERMAFROST: will start with a bus trip around the 

of Inuvik duri ich some of engineering considerations of 

building on permafrost will be pointed out. The tour will then proceed 

to the northwest to the edge of the 1968 burn and Site Nl (Fig. 15). 

Earth Hummocks and Associated Soils 

Earth huw~ocks, which belong to the category of nonsorted circles or 

nets in the classification of patterned ground by Washburn (1973), are 

widely distributed in the western Arctic (Zoltai and Tarnocai 1974). 

Earth hummocks have developed on fine- to medium-textured 

( cldy ·to Sll t: loam) mate:r•ials. On level ground they arc nearly circular 

but on slopes they tend to he elongated. Their diameters vary from 1 to 

2 m and their• aver·age height is 50 em, ranging from 20 to 60 ern. This 

height is determined by measuring the distance from the mineral soil 

surface in the interhurnrnock trough (or frost surface in case of deeper 

peats) to the mineral soil surface on top of the hummock. In a few areas 

of the Hackenzie Valley, some extremely large hummocks were found with 

diameters of 2 to 3 rn and heights up to 80 ern. 

Within the hummock, the irregular permafrost table separates 

·tbe active layer• from the permafrost. It is characteristic that the 

pE::rwdfrost table is a mirx'or image of the surface, being deepest under 

the top of the hummock and shallowest under the interhurnrnock depr•ession. 

The depth of the act~ve layer (measured at the top of the hummock) is 

usual 1 rn or more in the upper Mackenzie Valley, 60 ern in the lower 
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Mackenzie Valley and the North Slope of Yukon, and 40 ern in the High 

Arctic islands. Forest fires in the S'Jbarc"cic can l'esul t in increases 

in the depth of the active layer of approximately t<w--fold. 

Earth hummocks are formed as a result of cryogenic pror::esses 

which are only periodically active. This activity coincides mainly with 

higher than normal summer temperatures and rainfall which combine to 

produce a deeper active layer with a higher moisture content and, thus, 

a greater deal of frost heaving (Zoltai 1975a). There has been relatively 

little activity in the last few decades as reflected in minimal cryostatic 

pl~essure development (Mackay 1976) and minimal ground movement as registered 

by the ring structure of trees growing on these hummocks (Zoltai 1975a). 

The fact that the hummocks at this site are now in a dormant period is 

also indicated by the fact that areas which were bulldozed during the 

1968 forest fire have shown little or no sign of hummock regenerai:ion 

since that time. 

In forested regions soils associated with hummocks are 

generally characterized by a continuous peaty surface layer, while in 

arctic regions the peat layer is discontinuous and occurs mainly in the 

interhummock depressions. The granular structured surface mineral horizon 

is thickest at the top of the hummock and tapers in thickness down the 

side of the hummock. This granular mineral horizon is only present where 

well to moderately well drained conditions exist. The underlying horizons 

are discontinuous or disrupted with intrusions of organic materials being 

present. lm organic-rich or peaty subsurface horizon is common near the 

permafrost table. High ice content horizons near the surface of the 

permafrost table or pure ice layers are almost always present in soils 

which have not been recently affected by forest fire or other disturbance. 
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No clay movement was found in the B horizons of hummocks in 

the central and northern part of the MackAnzie Valley. Soma soils, 

however, show minor textural variation within different portions of the 

hummock. Soil from the interhummock trough often contains slightly 

higher amounts of sand and silt while tha.t from the center portion of 

the hummock has slightly more clay. 

The moisture content (measured on a volume basis) of thA 

active layer varies greatly. In general, the surface soil at the top 

of hummocks is driest and the moisture conhmt increases both Ly depth 

(to L+O percent or hir;her) and laterally to t:he interhummock depression 

(to approxi.ma·tely 70 percent). The mater i. LL below thP pcrmatr•ost tal1lc 

contains large amounts of ice in the form of vein ice or ice lensec~ with 

various thicknesses of pure ice occm"ring commonly. 

Site Nl: Brunisolic Turbic Cryosol, Earth Hummocks 

This site is located on strongly cryoturbated fine-textured, colluvium 

material at the edge of the 1968 forest fire. The soil is classified 

as a Brunisolic Turbic Cryosol (Appendix 8-Nl). The vegetation is 

mainly sedges and cottongrass, but in the adjacent unburned area there 

is a typical black spruce-lichen subarctic forest. The earth hummocks 

here are much larger than average but, because of the deep active layer 

resulting from the burn, it is a good situation for illustrative purposes. 

Note in particular the intrusions of peaty materials and the subsurface 

organic horizon (Ohy) near the frost table. 

There is no evidence of sorting with a uniform particle 

size distribution throughout. There are, however, marked differences in 

structure and bulk density which are characteristic of soils associated 



Vi su horizon (Bm) has a loose granular 

lmv bulk ( 0. 3 g/cm ), while the transition 

ve i bulk densities (1.46 g/cm3 and 

1. tively) and a massive structure. 

Bm rizon, situated at the top of the hummock, is always 

better drai during the warm part of the year than are the other hor-

i zons. Dur-j freeze-up, water migration takes place into this surface 

layer as the freezi plane moves downwards. Probably the combination of 

drying during the summet' and cryogenic activities in the fall and winter 

are responsib e the development of the characteristic granular (shotty), 

loosely eked structure. Horizons in the central portion of the earth 

hummock have a much higher moisture content during the summer than in the 

winter. In the 11 and winter moisture is drawn out of them by the two 

freezing fr·onts, one at the surface above and the other at the perrna frost 

below (Mackay and Mackay 1976). During the freezing period, when conditions 

are favourable. these central horizons are probably under a considerable 

amount of cryostatic pressure created by the two freezing fronts. As a 

result of dessication and cryostatic pressure, high bulk densities and 

massive, structureless and closely-packed microstructures develop. 

The soil is extremely acid and contains very small amounts 

of exc n ble calcium magnesium. The pyrophosphate-extractable 

r'on nd a 1 num, on the other hand, are high, especially in those 

horizons i are associated th higher organic 

matter content. total organic carbon is high in all horizons. Most 

of the organic carbon is mixed in the mineral horizons as a result of 

cryoturbation, often as an accumulation near the permafrost tabl~ forming 

an ic horizon (Ohy). Some has undoubtedly moved as mobile organic 
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acids (Karevayeva et al. 1965; Pettapiece 1975). The subsurface organic 

horizon is comprised of porous mineral and organic material in alternating 

but distorted layers. The large amounts of pore space are likely the 

result of ice lensing. Radiocarbon dating of material from the Ohy 

horizon yielded a date of 1660 ~ 90 years B.P. (BGS 321) indicating that 

this is a relatively young material. Organic matter fractionation 

indicates that fluvic acid is the major soluble component, although over 

50% of the total organic carbon was found to be insoluble, residual, 

humin material (Table 10). Qualitative clay mineral analysis indicates 

the presence of all major species of phyllosilicates but, as a general 

statement, mica, kaolinite, and vermiculite tend to dominate. There is 

usually some degradation of mica in very acid surface horizons and often 

some increase in expanding layer types of clays, but this has not been 

studied in detail. 

BOAT TRIP INTO THE MACKENZIE DELTA. The boat trip leaves from the public 

docks and will proceed along the delta channels, providing an opportunity 

to see some of the physical and biological features of the Mackenzie Delta 

environment. The following article will give you information concerning 

the ecology of the delta. 

Ecology of the Mackenzie Delta 

" The 13000 kmL Mackenzie Delta has been forn1ed by the postglacial deposi-

tion of sediments in a large estuary between the Richardson Mountains 

to the west and the Caribou Hills to the east (fig. 3). Most of the 

alluvium forming the delta is transported by the spring snowmelt flood 

which peaks in early June. 
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The delta can be divided into vegetation zones that grade 

from south to north without distinct boundaries: southern forest, 

central forest-shrub, and northern tundrd. 

Southern Forested Zone. 

This zone is dominated by white spruce (Picea gZauca) which often forms 

closed-crown stands. Because wildfires are absent, tr'ees attain great 

longevity, individuals reaching 500 years and more. During such a time 

period, a considerable thickness of alluvium is deposited on the delta, 

and the rising ground surface is followed by a corresponding rice in the 

permafrosttable. In adjusting to the rising permafrost, long-lived 

species such as white spruce send out adventitious roots from the buried 

stem section into the new alluvium. Such spruce stems with their ladder

like horizontal root extensions are exposed by erosion along many cut 

banks. 

Balsam poplar (Populus balsamifera) is the only other 

significant tree species in the delta. Its best growth occurs on coarse 

(therefore comparatively drier and warmer) point bar deposits where it 

forms pure stands, or stands succeeding to white spruce. 

Willow (Salix spp.) and alder (Alnus crispa) are the dominant 

shrubs throughout the delta, and form an understory in most spruce stands. 

The ground flora consists principally of low ericoid shrubs such as 

Arctostaphylos rubra, perennial herbs such a.s Pyr>ola gl'andij'Zora, and a 

variable cover of mosses. 

Many lakes occupy the inter-levee depressions, and those 

that are connected to distributaries annl!ally receive flood water and 

sediment. Shallow shorelines that receive alluvium are dominat0d by 



less sedbnent is deposited, 

ses (especially Arctophila 

) dominate. are normally bordered by 

willav1 and alder communi t 

Lakes that are not connected to distributar'ies receive little 

sediment and are thus net turbid, a of 

sunli These lakes contain substantial populations of submerged and 

tion, the genera Potamogeton, Myriophyllum, 

, a.nd , and thus large concentrations of staging 

and nesting waterfow 

Centra 1 Forest-

Th zone floristically similar to the southern delta, but the levees 

are lower and thus more subject to flooding and sedimentation (Fig. 16). 

Channel shift is more active, and the accelerated erosion along one 

bank is balanced by sediment deposition along the other, which annually 

creates new the initiation of primary plant succession, The 

succession along the slipoff s of shifting 

channels, where the assocjation functions as the pioneer 

a. Equisetum 

mos p species ln the delta. It is 

shade intolerant and withstands and rates of sedimentation 

and thus teri exposed lower sl where it forms 

pul'e commun~t s. 

c:ommun:i nt and often sole shrub is thE:; feltleaf willow 
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FIGURE 16. PHOTOGRAPHS OF THE HACKENZIE DELTA 
a) Overview of the Mackenzie Delta 
b) A typical sequence of vegetative communities in the 

centr'al Delta. Included are the Equisetum, Salix-Alnus, 
and Picea associations. 



(Salix aZaxensi,s), which espec 1e of adventitious 

roots, an adaptation necessary for colon z ng sites that alluviate 

rapidly. The herb layer is also dominated one plant, EquZ:setwn 

arvense, another species capable of withstanding extended flooding and 

sedimentation. 

The Salix-Alnus association is normally the third sere 

in this sequence, and becomes established just above average flood level 

(this is visible by the thick band of driftvrood that is usually lodged 

at the foot of this association). Reduced flooding and sedimentation 

enables a proliferation of shrub growth, with several species of willow 

(Salix arbusculoides, S. gZauca, S. bax•clayi) and alder becoming 

established. 

d. The Picea association, represent the delta's climax 

stage, normally suceeds willow-alder within one century. Spruce stands 

invariably occupy the uppermost: levee surfaces Hhich rarely experience 

flooding and sedimentation. The floristic makeup is similar to that 

described for the southern delta. 

Northern Tundra Zone. 

North of the tree line, the distal !JOrtion of the del·ta occupies loH 

alluvial flats. Large depressed areas are dominated by wet meadoHs of 

sedges (especially Carex aquatilis), grasses (Ar•ctophila fluva, Dupontia 

fisherii), or rushes (Juncus arcticus). Better-drained locations support 

low growths of willow ( Sa and S. glauca) and 

some alder interspersed with Equisetum and Carex. 
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DAY 7: SOILS IN THE CONTINUOUS PERMAFROST ZONE 

Guides: C. Tarnocai and S.C. Zoltai 

Km INUVIK RESEARCH LABORATORY. From Inuvik the route goes east on the 
0 

airport road (Fig. 15). You will notice the high proportion of birch on 

these well drained slopes. The materials are moderately fine-textured, 

however, and the soils are Orthic Turbic Cryoso1s with an earth hummock 

surface expression. It is felt that fire history plays a major role in 

the distribution of tree species. 

11 JUNCTION of the airport road and the Dempster Highway. The Inuvik airport 

(on the right) is located on bedrock with crushed rock being used as a 

foundation. The Dempster Highway follows a ridge around the north side 

of the airport. Depressions along the road contain organic deposits with 

polygonal patterns. We will stop at one of these peatlands on the way 

back. 

20 DEVONIAN LIMESTONE OUCROPS on the northwest side of Campbell lake. 

23 PORTAGE ROUTE. The Campbell-Sitidgi Lake lowland has long been used as 

a portage route to the Eskimo Lakes. Although the portage trail is nearly 

overgrown by vegetation, there are stretches with cross logs still pre-

served, laid like a corduroy road, over which heavy whale boats and canoes 

used to be dragged. The route was frequently used to reach Anderson River. 

in preference to the more exposed coastal route. From here the route 

proceeds south to km 46.7. 
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Km form of ice lenses and vein ice. The BCy horizon is again typical of 

those affected by cryoturbation. As at Site Nl, it has the highest 

bulk density (1.68 g/cm3 at this site) with very little void space and 

irregular dis on 0 c ma als (Fig. ' J • sesquioxide, 

organic matter, and clay neral racteristics are also similar to 

those discussed at Site Nl. 

The ac ve layer these soils is cally acid in reaction. 

perennially frozen material may, however, be mildly alkaline and 

weakly calcareous. This lends support to the argument that, under certain 

circumstances, earth hummocks may be maintained on a permafrost surface 

with little interchange of material with the underlying deposits (Mackay 

1958; Pettapiece 1975). 

From this site the route proceeds south for 1.5 km to 

Site N3. 

48.2 Site N3: Eluviated Dystric Brunisol, Cryic Phase (Sandy Material) 

This site at stop 2 is located on a dged, sandy glaciofluvial deposit. 

The soil is classified as an Eluviated Dystric Brunisol, cryic phase 

(Appendix B-N3). The vegetation is an open black spruce-white birch 

fares t wi a thi lichen ground cover composed dominantly of CZadonia 

species (Fig. 17). Soil development here correlates quite well with 

that in the boreal forests to the so where permafrost is not a factor. 

The well developed Ae horizon and reddish Bm horizon suggest 

a weak podzolic s. indi ons of podzolization include a 

strongly acid solum a of the exchange si occupied by Al 

and a small increase in amorphous Fe a Al associa on organic 

matter (Pyrophosphate-extractable). The increase in clay content in the 
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Photograph W. W. Pottapieoe b Photograph lly S. C. Zoltai 

c Photograph by S.C. Zoltai 

fiGURE 17. SITE CHARACTERISTICS AT SElECTED STOPS IN THE INUVIK AREA 
a) Block of the northern sub-arctic on medium 

b) 
c) 

and fine textured materials Site N2 
forest on well drained materials · Site N3 

in the subarctic Site N4 
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Km Bm and BC horizons could have some illuvial component. but is more likely 

derived from the shale fragments present in these horizons. The marked 

contrasts in characteristics of the soils at site N2 and N3 are obvious 

and illustrate the problem of explaining pedogenesis in terms of regional 

atmospheric climate without specifying other attributes such as material. 

If one wished to talk about climatic conditions. soil climate is much 

more applicable, particularly in tension areas, where slight changes in 

the rooting zone characteristics can result in marked vegetational shifts. 

Site N3, for example, has a warmer, drier solum than Site N2. 

15 

The route is now retraced to km 15 and Site N4. 

STOP 3. ORGANIC SOILS are of major importance in the Mackenzie Valley. 

The following summary will provide information concerning the character

istics of these soils. 

Organic Soils in the M.ackenzie Valley 

Organic soils developed from peat materials represent one of the major 

soils in the Boreal and Subarctic regions (including the !1ackenzie Valley) 

and are also common in the Low Arctic region of Canada. The term "organic 

soils" refers to all soils which have more ·than 40 em of peat; they may 

be classified in the Organic Order or as Organic Cryosols, depending on 

the absence or presence of a perennially frozen condition within 1 m of 

the surface. 

Organic soils belonging to the Organic Order occur dominantly 

in the Boreal and lower Subarctic regions (upper and central Mackenzie 

Valley). They are mainly Mesisols associated with a fen type of peat

land. These soils are developed dominantly from sedge and moss .. materials 
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~rrhich are moderately decomposed and medium to slightly acid in reaction. 

These soils are very poorly drained and are saturated with water to the 

surface for mos·t :lf the year. 

Soils belonging to the Organic Crysols are perennially frozen 

and are the most common organic soils in the Mackenzie Valley, particularly 

in the norther"n part. On the southern region they are associated with 

peat plateau and palsa types of peatlands and have developed mainly from 

mode:r'ately decomposed forest peat or forest peat underlain by fen peat 

01esic Or>ganic Cr•yosols) and from undecomposed sphagnum peat (Fibric 

Organic Cr>yosols). The chemical properties of these soils depend mainly 

on the peat mater>ials from which they have developed. In general, soils 

developed from forest peat~ materials are strongly to medium acid while 

those developed from sphagnum peat materials are very strongly to 

extremely acid. 

In the central and northern part of the Mackenzie Valley, as 

far north as the arctic tree line, Organic Cryosols also occur in polygonal 

peat plateaus. In the area north of the arctic tr'ee line Organic Cryosols 

are found only in association with lowland polygons, both high- and low

centered for•ms. Soils associated with polygonal peat plateaus and 

lowland polygons are composed mainly of fen peat and some sphagnum peat. 

They are generally moderately decomposed and are strongly to medium acid. 

All Organic Cryosols are associated with high ice content 

peat materials. The ice is found in the form of ice crystals, ice 

lenses, and various sizes of ice wedges. Their ice content is generally 

between 60 and 95% on a volume basis and, due to the ice buildup, they 

are elevated 1 m or more above the unfrozen state. The active layer of 

the soil usually has a low moisture content (25% or less on a volume 
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basis), due ~ainly to the fact that these soils are all elevated and, 

therefore, have good dr'ainage .. 

The chemical composition of the frozen peat may differ from 

that of the unfrozen peat in the same soil. In general, the unfrozen 

peat has lower pH and exchangeable calcium and higher exchangeable 

hydrogen than similar peat material from the frozen layer. The larger 

amount of calcium in the frozen layer results from, amoung other factors, 

water migration along the ther'mal gradient, as has been explained by 

Tarnocai (1972, 1973). 

Site N4: Mesic Organic Cryosol. (Polygonal Peat Plateau) 

This site is located in a polygonal peat plateau. It has developed from 

fen and sphagnum peat and is classified as a Mesic Organic Cryosol 

(Appendix B-N4). The vegetation on the peatland consists mainly of 

lichens, mosses, and ericaceous shrubs (Fig. 17) with some stunted black 

spruce, shrub birch and alder near the edge of the peatland. The central 

part of the peatland, where Site N4 is located, is virtually treeless 

except for some occasional stunted black spruce. 

This soil has developed dominantly from moderately decomposed 

fen peat ranging in rubbed fiber content from 20 to 40%. A thin sphagnum 

peat layer is present in the profile, but it is found only adjacent to 

the polygonal trench (Fig. 31). The somewhat moister environment in the 

polygonal trench provides a favorable condition for sphagnum peat 

development. 

The fen peat material in this soil has a pH between 4.8 and 

5.6. Its exchangeable calcium and magnesium levels are relatively high, 

which is characteristic of fen peat deposited in a minerotrophic 
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envi the organic material is insol e humin, 

with fulvic acids domina soluble frac on. The diagrammatic 

tion of site (Fig. 31) allows one to reconstruct 

history ( is) is soil. 

other c soils associated with polygonal peat 

plateaus, no basal mixing of ic and mineral soil is suggested, 

indicati t the peat was deposited in a permafrost-free environment 

(Zoltai 1 1975). In • the peat layers are often contorted 

near the ice ges showi that the ice wedges developed after the peat 

was ited. The floristic compos1 on of the peat also indicates the 

ition. , both the internal structure the 

fl stic composition suggest that these organic soils first developed 

in a perma free environment (Typic Mesisol) and later. as the 

climate deteriorated. became frozen and elevated into peat ateaus with 

subsequent ice wedge development and the development of the Mesic Organic 

Cryosol we see here. 

The route is now retraced to Inuvik. 
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DAY 8: LOW ARCTIC ENVIRONMENTS AT TUKTOYAKTUK 

Guides: c. Tarnocai and S.C. Zoltai 

THE FLIGHT crosses the tree line a miles north of Inuvik and then 

passes over an upland tundra 1 typical of the Low Arctic in this 

area. To the west is the Mackenzie ta and Richardson Mountains 

(Fig. 3). About half an hour after we 11 leave the relatively 

well-drained uplands and enter the lake country of the "old" delta. The 

geomorphic modifications and the present landform expression result from 

thermokarst processes. This is the land of ground ice and 11 pingO:S 11
• 

You should be able to see pingos from here to Tuktoyaktuk, particularly 

along the coast. 

Ice-cored Topography and Thermokarst in the Tuktoyaktuk Area 

Most of the central Tuktoyaktuk Peninsula ;-Jear• the hamlet of Tuktoyaktuk 

has hummocky moraine-like topography; local r·el varies between 20 and 

50 metres with nume:t•ous lakes. However·, d it'ect obse.rvd tions, shot hole 

logs, and gravity investigations indicate that most positive areas are 

underlain by massive ice 0'lackay 1972, Rampton and !1ackay 1971, Rampton 

and Walcott 197'+). Indeed, indications are that elevation is generally 

related to the thickness of underlying ground ice. Subtle differences 

in the topographic grain ar'e usually due to the na·ture of the ice-rich 

surficial deposits and their characteristics upon thawing. Clayey 

sediments over massive ice form long gentle slopes because of the 

fluidity of saturated clays upon thawing. Sand or gravel, on the other 

hand, drain rapidly and retain steeper slopes (Rampton 1973b). 
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s lc relationships within depressions indicate that 

most of the landscape was originally underlain by massive ice. Rampton 

(1973b) believes that most of the ice formed shortly before and after 

the last glac on ( e-:irly 1-/isconsin) of the Tuktoyaktuk area. The 

ons 

Wiscomd.n 

formed, 

Lit ion. 

thermokarst, subsequent to the early 

In the area surr•ounding Tuktoyaktuk most of the terrain lS 

underlain by sands mixed origin capped by variable thicknesses of till 

(Rampton and Bouchard 1975). Ground ice can occur at any point within 

the sequence, but is most common near the base of the till (Rampton and 

Mackay 1 CJ71). Thermokarst basins generally show a sequence of sands 

capped by clayey djamicton containing wood and lenses of peat that grades 

up into lacustrine ~;ediments and peats. This indicates that thermokars·t 

ha.s not through the melting of gr•ound ice with the 

su.bs of the ovePlying ground surface, but has also involved the 

development of a retrogressive-thaw flow-slide, or more simply, ice 

slumps, at the edge of an expanding lake. 

This process involves the exposure of massive ice or icy 

sediments on a steep slope. During the summer the ice and overlying 

material thaw and slide down the steep frozen scarp to form a soupy 

mixture at its base. This fluid mixture flows a short distance away 

fx-•om the :t:'etreating slope. Shrubs, turf, and peat from the crest of 

the slope become mixed in with the mud-flow debris. Generally this 

ited in the edge of a lake at the base of the slope or 

is shm'tly covered by lake waters following further thermokarst subsidence. 

Continued s.lump.ing ai•ound the edges of the lake supplies fine-grained 

sediments to be deposited over• the basal mud-flow debris. When a lake 
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is drained, peat usually accumula·tes on the bottom of the poorly drained 

depression. 

Numerous basal d from therrnok.arst ions have 

been dated and indicate that most thermokarc::t ions formed between 

10,000 and 9,000 years B.P. during a warming trend ill the climate, 

although isolated depressions were forming as early as 23,000 years B.P. 

(Rampton 1973a, b). Expansion of thermokarst basins is minimal at present 

because of the deterioration of climate and thickening of the active layer 

that followed 5,000 years B.P. (Ritchie and Hare 1971). 

TUKTOYAKTUK is an Inuit (Eskimo) settlement with a population in 1974 of 

671. Dr. John Richardson of the Franklin Expedition visited this area 

in 1826. Tuktoyaktuk, however, did not appear as a settlement until 

1934 with the transfer of the Hudson's Bay Company supply point from 

Herschel Island. The present economic base is composed of trapping, 

handicrafts, and employment at the D.E.W. line site. Also, the Northern 

Transportation Company uses Tuktoyaktuk as its transhipping operation 

from river to ocean vessels in the summer. 

STOP 1. POLYGONS. The first stop is located just off the northeast 

corner of the runway. At this site are low-centre and high-centre 

polygons in the lowlands and earth hummocks on the mineral uplands 

(Fig. 18). 

Site N5a: Brunisolic Turbic Cryosol (Upland-Earth Hummock) 

is site is located in the medium-textured till upland. The soil is 

classified as an Brunisolic Turbic Cryosol (Appendix B~N5a). The 
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a 

b 

FIGURE 18. PHOTOGRAPHS OF THE TUKTOYAKTUK AREA 
a) view with the pingo at right centre. Tuktoyaktuk 

the distance 

b) the relationship of mineral (N5a) and 
both lowcentre and highcentre (N5b) 
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vegetation is a shrub tundra consisting dominantly of Salix sp .• Betula 

glandulosa, ericaceous shrubs, mosses. lichens and grasses. 

This soil is typical of Turbic Cryosols associated with earth 

hummocks in the Low Arctic region. There is a thick peaty surface horizon 

in the interhummock depression part of the soil pedon, and a continuous 

thin peat cover on the apex of the k. In many cases in this region, 

however, the apex of the hummock is bare. The active layer of the soil 

is moderately moist and there is a large amount of ice in the form of ice 

crystals, ice lenses, and vein ice in the Ohy and Cz horizons. The micro

structure resulting from the vein ice in these horizons is shown in 

Fig. 33. The soil is uniform in texture {loam), although there is a 

slight increase of clay in the Bm and BCgy horizons, particularly in the 

fine clay fraction. 

The active layer of the soil is strongly acid while the 

perennially frozen material ismildly alkaline and weakly calcareous. 

All mineral horizons contain some organic matter. This shows in the 

macromorphology (e.g. contorted organic layers) and in the micromorphology 

(Fig. 33). Radiocarbon dating of material from the Ohy horizon yielded a 

date of 3030 + 90 years B.P. (BGS 317) while material from the Ohyz and 

the top of the Cz horizons gave dates of 6280 ~ 100 years B.P. (BGS 316) 

and 5950 + 100 years B.P. (BGS 318) respectively. The two old dates 

(BGS 316 and 318) and the morphology of the material suggests that the 

Ohyz horizon is an old deposition rather than having been buried by 

cryoturbation. This horizon (Ohyz), however, lies within the active 

layer and is strongly affected by cryoturbation. 
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( and-High Centre Polygon) 

centre, lowland polygon area. The 

y decomposed moss (DrepanocZadus) fen 

t. soil is classified as a ic Organic Cryosol ( ix B-N5b). 

at Site is soil has a hi ice content in the form of crystals, 

, this soil differs from the one at 

Firstly, there is little, if any, 

lenses, ayers, wedges. 

Site N4 in several important 

t accumulation at the present time. In fact, most of the tops of the 

tre polygons are in an eroding state and are very poorly 

The l materia 1 is well decomposed and the surface gives 

a of 3520 + 90 years B.P. (BGS 319). Secondly, peat 

materia s in these l s, in contrast to soils associated with polygonal 

peat plateaus, have been deposited in a permafrost environment (Zo lta i 

i 1975). The i l structure of perennially frozen organic 

soils associ th lowland polygons indicates that mixing of peat and 

mineral ma ials and the on of tongues and intrusions of different 

mate als occurred at the organic-mineral interface. Since this mixing 

process is a common phenomenon in the active layer above the permafrost 

table and since permafrost now underlies all components of the lowland 

ygons, observa ons suggest that this mixing occurred while 

organic soils were devel 

The first stage 

low-centre 

whi is ac ve 

ice 

ite wet and the depth 

depending on stage of devel 

development can be seen in the adjacent 

have created enclosed depressions in 

ation taki place. These areas are 

ic material is often less 50 em, 
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PINGOS. From here a bus tour of the area to the east and south will 

allow observation of examples of different geomorphic stages in landscape 

evolution. Note the Ibyuk pingo (48 m high), the largest pingo to the 

south (Fig. 17a). There are over 1400 pingos in the Mackenzie Delta 

(Mackay 1962) and they are fo in all stages of development. Approxi-

mately 50 or more pingos are now ng along the coast (Mackay 1973). 

The route is retraced to the airstrip and then through the 

village (Fig. 19). 

STOP 2. BOAT TOUR to visit an eroding sea cliff with exposures of massive 

ground ice. Massive ice bodies underlie extensive areas of the Arctic. 

They are generally 10 to m or ter in thickness. The massive ice 

bodies are so large that, at rst, a buried origin was suggested. Ice 

fabrics, geochemistry and stratigraphic relationships. however, indicate 

that most ice is segregated in origin as is shown by Mackay (1971, 1972, 

1973). The overlyi materials are variable in composition, but those 

underlying the ice are very uniform, being sand and gravel. The sand 

and gravel play a or role in the localization growth of the ice. 

They have been the aquifers through which water has moved in large 

quantities to feed the growing ice bodies. The mechanism. as suggested 

by Mackay ( 1, 19 73), is ice segregation where freezing of sands 

and gravels ides excess water the growing ice bodies, a process 

identical to pingo growth. 

Following is an article explaining in more detail the 

processes involved in pingo and ground ice formation. 
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FIGURE 19. PHYSIOGRAPHIC AND CUlTURAl FEATURES OF THE TUKTOYAKTUK AREA 
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Pingo Formation 

The Inuits (Eskimos) applied the word 1pingo' to conical mounds cownon 

to the Mackenzie Delta area. The Russian word "bulgunniakh11 is synony-

mous with pingo. Both refer to large conical mounds having an ice core. 

There are between 1300 and 1400 pingos in the Mackenzie Delta area, in a 

coastal zone of some 320 km long and 80 km wide (Mackay 1962). In 

addition, a large number of submarine pingos were discovered in the 

shallow coastal waters of the adjoining Beaufort Sea, where a survey of 

2 a 5000 km area revealed 78 pingos (Shearer et al. 1971). 

The pingos range from 3 to 45 m ln height and from about 30 

to 600 m in diameter, but the average diameter of the highest pingos is 

about 150 to 200m (Mackay 1962). Nearly all pingos in the area are close 

to the center of a depression which contains a shallow lake or the r'emains 

of one (Mackay 1963b). 

All pingos in the Mackenzie Delta area have developed on 

deltaic sands and silts but, because most pingos have grown in lake 

depressions, a layer of organic mat-ter interbedded with fine grained lake 

sediments may cover them. The core of the pingos may consist of pure ice 

or the ice may contain bubbles and enclosures of thin seams of sand 

(Rampton and Mackay 1971). 

Pingos have originated from the arching of an impervious 

sheet of perennially frozen ground forced up by the intrusion of water 

unde1o pressure and the subsequent freezing of the wat:er. The source of 

the water leads to the recognition of two distinct types of pingo genesis. 

In open-system pingos a hydraulic head, developed in unfrozen layers 

beneath permafrost, creates a water pressure (Mackay 1963b). As the 

water, under pressure, approaches the surface, it freezes. Continued 
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supply of water results in the development of a subsurface mass of ice 

which domes the surface upward (Price 1972). In the closed-system 

pingos, hydrostatic pressure is a result of the expulsion of excess pore 

water from the freezing of a confined body of saturated soil. Such 

conditions exist primarily under drained shallow lakes. All pingos of 

the Mackenzie Delta are of the closed-system type. 

The development of the closed-system pingos (Fig. 20) requires 

the sudden drainage or shoaling of lakes. These lakes maintain an unfrozen 

zone (talik) beneath them, but permafrost will develop in the sediments 

exposed by the drainage of the lakes. In addition, permafrost will encroach 

on this unfrozen zone from the sides. As the water in the lake sediments 

freezes, it expands in volume by 9%. If the water is free to escape, about 

9% of the pore water will be expelled in advance of the freezing plane to 

relieve the pressure. When permafrost aggrades in an exposed lake bottom, 

pore water is expelled upward, beneath the lower permafrost surface. The 

expelled water eventually freezes, forming the core of the pingo (Mackay 

1973). 

A 

fiGURE 20. STAGES Of PINGO DEVELOPMENT 

A. Pressure (indicated by arrows) caused by an advancing freezing plane initiates 

ice lensing at the freezing plane where the permafrost is the thinnest. 

B. As the permafrost thickens, the excess pore water continues to segregate into 

the ice lens at the freezing plane, forcing the surface upward. 

C. The ice lens ceases to grow as the freezing plane penetrates deeply into the soil. 

Ice segregation in sediments at depth results in slow pingo growth. 
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The main stages of ringo development on a drained lake bed 

are illustrated in Fig. 20 (after Mackay 1973). Diagram A shows the 

initiation of a pingo as permafrost develops in the sediments of a 

drained pond. Diagram B shows a pingo with the freezing plane at the 

bottom of the ice core.. The ice core is being nourished by pore water 

expelled from the freezing sediments. At the stage shown in Diagram C, 

the ice core no longer receives expelled water, but the pingo can continue 

to grow from ice segregation and the freezing of pore water in a confined 

system. 

The development of the pingos J.s r>apid in the beginning, but 

it slows down as the freezing plane penett•ates deeper into the gpound. A 

growth rate of 16 to 20 cm/yr was measured in pingos developing on a lake 

bed drained 22 years previously, while on the more developed pingos the 

growth rate was 0.5 to 8 cm/yr (Mackay 1973). The summit of Ibyuk pingo 

near Tuktoyaktuk shows a mean annual growth of 2.8 cm/yr (Mackay 1976). 

The ages of 11 pingos were calculated on the basis of their 

measured rate of growth (Mackay 1973). This study showed that some 

pingos are as old as 1100 years, but most are in the range of 27 to 

310 years. The age of the Ibyuk pingo was estimated at about 1000 years 

by the same method (Mackay 1976). 

STOP 3. THE PINGO ICEHOUSE is approximately 11 m under the surface, 2 m 

high, 4 m wide and extends about 15m into the perennially frozen ground. 

It illustrates some of the internal features of these ice-cored hills. 

Note that, although a few pingo ice-cores are composed of pure ice, in 

th·is case the ice-core is composed of ice with thin soil inter-layers. 

The tour then returns to Inuvik via air. 
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9: I IK TO EDMONTON 



-101-

REFERENCES 

ANON. North of 60, Mines and Minerals, Activities 1974, Mining Section, 

Oil and Minerals Dvision, Northern Natural Resources and 

Environment Branch, Department of Indian Affairs and Northern 

Development. Information Canada, Ottawa, 1975 Catalogue 

#R?l-5/1974. 

ANON. Canadian Minerals Yearbook 1972, G.H. Meldrum ed., Energy Mines 

and Resources Canada, Information Canada, Ottawa, 1973 

Catalogue #M38-5/22. 

ANON. Field Guide, Field Tour Eal (The Canadian Northwest) 22 International 

Geographical Congress, Canada - organizers W.C. Wonders, D. 

Gill, J.R. Mackay. J.K. Stager. 

BERTON, P. 1958. Klondike. McClelland and Stewart ltd., Toronto. 

BOSTOCK, H.S. 1970. Physiographic subdivisions of Canada. In Geology 

and Economic Minerals of Canada, Report No. 1, Chapter II, 

pp. 10-30. Geological Survey of Canada, Dept. of Energy, 

Mines and Resources Canada. 

BREWER, R. and PAWLUK, S. 1975. Investigations of some soils developed 

in hummocks of the Canadian Sub-Arctic and Southern-Arctic 

regions. 1. Morphology and micromorphology. Can. J. Soil 

Sci. 55:301-319. 

BROWN, R.J.E. 1967. Permafrost in Canada. Geol. Surv. Canada, Map 

1246A 1st Ed. 

BROWN, R.J.E. 1970. Permafrost in Canada. Univ. Toronto Press. 234 pp. 

BROWN, R.J.E. and KUPSCH, W.O. 1974. Permafrost Terminology. Nat. Res. 

Coun. of Can. Technical Memorandum No. 111. 62 pp. 



-102-

BURNS, B.M. 1973. The climate of the Mackenzie Valley - Beaufort Sea. 

Vol. I Environment Canada, Climatological Studies No. 24. 227 pp. 

DAY, J.H. 1962. Pedogenic studies on soil containing permafrost in the 

Mackenzie River basin. Proc. First Can. Conf. on Permafrost:37-42. 

DAY, J.H. and RICE, H.M. 1964. The characteristics of some peramfrost soils 

in the Mackenzie Valley, N.W.T. Arctic 17:223-236. 

DEMEK, J. 1969. Cryogenic processes and the development of cryoplanation 

terraces. Biul. Peryglacjalny 18:115-125. 

GAIRNS, C.H. 1968. The Yukon economy, its potential for growth and 

continuity. Vol. VIII. Reference Study on Forest Resources. 

Industrial Forestry Service Ltd., Prince George. 

GILL, D. 1973. Floristics of plant succession sequence in the Mackenzie 

Delta, Northwest Territories. Polarforschung, 43:55-65. 

HARRIS, R.E.; CARDER, A.C.; PRINGLE, W.L.; HOYT, P.B.; FARIS, D.G.; and 

PANKIW, P. 1972. Farming potential of the Canadian Northwest. 

Agriculture Canada Publ. 1466. Canada Department of 

Agriculture. Ottawa, 28 pp. 

HIRVONEN, R.P. 1968. Report on the forest conditions in the Nisultin 

River area, Yukon Territory. North. Surv. Rept. No. 5. 

For. Manag. Inst. Ottawa. 11 pp. 

HIRVONEN, R.P. 1975. Forest Resources of the Mackenzie River Valley. 

Infor. Rept. FMR-X-71. For. Manag. Inst. Ottawa. 42 pp. 

HUGHES, O.L. 1972. Surficial geology of northern Yukon Territory and 

northwestern District of Mackenzie, Northwest Territories. 

Geol. Surv. Canada, Paper 69-36, 11 pp. 

HUGHES, O.L.; RAMPTON, V.N.; and RUTTER, N.W. 1972. XXIV International 

Geologica1 Congress Guidebook for excursion All: Quarternary 

geology and geomorphology, southern and central Yukon. 59 pp. 



-103-

IVANOVA, E.N. (editor) 1963. Soils of eastern Siberia. r3d. Akad. 

Nauk SSSR. Translated by Prof A. Gourevitch. 1969. I.P.S.T. 

#5505. 223 pp. 

KARAVAYEVA, N.A.; SOKOLOV, I.A.: SOKOLOVA, T.A.; and TARGUL 1 YAN, V.O. 

1965. Peculiarities of soil formation in the tundra - taiga 

frozen regions of eastern Siberia and the Far East. Soviet 

Soil Sci. (Pochv. Transl.) 7:756-766. 

KENDREW, W.G. and KERR, D. 1955. The climate of British Columbia and 

the Yukon Territory. Meteorological Division, Dept. of 

Transport, Queen•s Printer, Ottawa. 222 pp. 

LITTLE, H.W. 1970. Economic minerals of Western Canada; in geology 

and economic minerals of Canada. R.J.W. Douglas ed., Energy, 

Mines and Resources Canada, Queen 1 s Printer for Canada, 

Ottawa, 1970. Catalogue #M43-l/1969. 

LIVEROVSKAYA-KOSHELEVA, I.T. 1964. The problem of thixotropy of soils 

in the tundra zone. Problems of the north, No. 8:241-255. 

A translation of Problemy Severa by Translations Sections, 

Nat. Res. Council, Ottawa. 1965. 

MACKAY, J.R. 1958. A subsurface organic layer associated with permafrost 

in the western Arctic. Canada, Department of Mines and 

Technical Surveys, Geographical Paper no. 18. 21 pp. 

MACKAY, J.R. 1962. Pingos of the Pleistocene Mackenzie Delta area. 

Geographical Bulletin No. 18:21-63. 

MACKAY, J.R. 1963a. The Mackenzie Delta area, N.W.T. Memoir 8, 

Geographic Branch, Mines and Technical Surveys, Ottawa. 

202 pp. 

MACKAY, J.R. 1963b. Pingos in Canada. Proc. First Int. Permafrost 

Conf:71-76. 



-104-

, J. R. 1. origin of massive icy bands in the western 

tic coast, Canada. Can. J. Earth Sci. 8:397-422. 

MP1CKAY, J R. 1972. The world of underground ice. Anna 1 s of the Assoc. 

Am. Geographers 22. 

MACKAY, J.R. 1 3. The g of pingos, western Arctic coast, Canada. 

Can. J. Earth Sci. 10:979-1004. 

MACKAY, J.R. 1976. The age of Ibyuk Pingo, Tuktoyaktuk Peninsula, 

District of Mackenzie. Geol. Surv. Can., Paper 76-18:59-60. 

MACKAY, J.R. and BLACK, R.F. 19 Origin, composition, and structure 

of perennially frozen ground and ground ice: A review. 

Permafrost: The North American Contribution to the Second 

Int. Conference. Nat. Academy of Sciences. Washington, D.C. 

~1ACKAY, J.R. and MACKAY, O.K. 1976. Cryostatic pressu·res in nonsorted 

circles (mud hummocks), Inuvik, Northwest Territories. Can. 

J. of Earth Sci. 13:889-897. 

MERRILL, Ll.F. 1961. Lumberi in the Yukon Territory. Dept. North. 

Affairs and Natural Resources, Whitehorse. 

NICHOLS, H. 1976. Historical aspects of the northern Canadian treeline. 

Arctic 29:38-47. 

PAWLUK, S. and BREWER, R. 1975. Investigations of some soils developed 

in hummocks of the Canadian Sub-Arctic and Southern-Arctic 

regions. 2. Analytical characteristics, genesis and 

classification. Can. J. Soil. Sci. 55:321-330. 

PEAKER, J.P. 1968. Report on the forest conditions in the Upper Liard 

River area. Yukon tory. North. Sur. Rept. No. 6, For. 

n a~~ . I s t . dWi.l. 9 



-105-

PETTAPIECE, W.W. 1974. A hummocky permafrost soil from the subarctic 

of northwestern Canada and some influence of fire. Can. J. 

Soil Sci. 54:343-355. 

PETTAPIECE, W.W. 1975. Soils of the subarctic in the lower Mackenzie 

Basin. Arctic 28(1}:35-53. 

PRICE, L.W. 1972. The periglacial environment, permafrost, and man. 

Assoc. Am. Geogr., Commiss. Coll. Geogr. Publ ., Resource 

Pap. Ser. No. 14. 99 pp. 

RAMPTON, V.N. 1973a. The history of thermokarst in the Mackenzie

Beaufort region, Northwest Territories, Canada. Internatl. 

Union for Quat. Res. (INQUA), 9th Congr. (Christchurch, 

New Zealand), Abstr., p. 299. 

RAMPTON, V.N. 1973b. The influence of ground ice and thermokarst upon 

the geomorphology of the Mackenzie-Beaufort region; Proceedings 

3rd Guelph Symposium on Geomorphology, 1973. p. 43-59. 

RAMPTON, V.N. and BOUCHARD, M. 1975. Surficial geology of Tuktoyaktuk, 

District of Mackenzie. Geol. Surv. Canada. Paper 74-53. 

17 pp. 

RAMPTON, V.N. and MACKAY, J.R. 1971. Massive ice and icy sediments 

throughout the Tuktoyaktuk Peninsula, Richards Island, and 

nearby areas, District of Mackenzie. Geol. Surv. Can. 

Paper 71-21. 16 pp. 

RAMPTON, V.N. and WALCOTT, R.I. 1974. Gravity profiles across ice-

cored topography. Can. J. Earth Sci. 81:110-122. 

RITCHIE, J.C. and HARE, F.K. 1971. Late-Quaternary vegetation and 

climate near the Arctic tree-line of northwestern North 

America. Quat. Res. 1:331-342. 



E, J.S. 72. ions of Canada. Department of Environment, 

Canadian Forestry Service Publication No. 1300. 172 pp. 

1 map. 

ROWE, J.S. and SCOTTER, G.W. 1973. Fire in the Boreal Forest. J. 

Quaternary Res. 3:444-464. 

SHEARER, J.M.; MACNAB, R.F.; PELLETIER, B.R.; and SMITH, T.B. 1971. 

Submarine pingos in the Beaufort Sea. Science 194:816-818. 

SHILTS, W.W. 1974. Physical and chemical properties of unconsolidated 

sediments in permanently frozen terrain, District of Keewatin. 

Geol. Surv. Can. Paper 74-1A:229-235. 

TARNOCAI, C. 1972. Some characteristics of cryic organic soils in 

northern Manitoba. Can. J. Soil Sci. 52:485-496. 

TARNOCAI, C. 1973. Soils of the Mackenzie River area. Environmental 

Social Program, Northern Pipelines, Report No. 73-26. 136 pp. 

TARNOCAI, C. and KRISTOF, S.J. 1976. Computer-aided classification of 

land and water bodies using LANDSAT data, Mackenzie Delta 

area, N.W.T., Canada. Arctic and Alpine Res. 8:151-159. 

TEDROW, J.C.F.; BRUGGEMANN, P.F.; and WALTON, G.F. 1968. Soils of 

Prince Patrick Island. The Arctic Inst. of North America. 

82 pp. 

TEDROW, J.C.F. and DOUGLAS, L.A. 1964. Soil investigations on Banks 

Island. Soil Sci. 98:53-65. 

TEDROW, J.C.F.; DREW, J.V.; HILL, D.E.; and DOUGLAS, L.A. 

genetic soils of the Arctic Slope of Alaska. 

9(1):33-45. 

1958. Major 

J. Soil Sci. 

WASHBURN, A.L. 1956. Classification of patterned ground and review of 

suggested origins. Bull. Geol. Soc. Amer. 67:823-866. 



-107-

WASHBURN, A.L. 1973. Periglacial processes and environments. Edward 

Arnold Publ. Ltd., London, England. 320 pp. 

ZOLTAI, S.C. 1975a. Tree ng record of soil movements on permafrost. 

Arctic and Alp ne . 7·331-340. 

ZOLTAI, S.C. 1975b. Structure of Subarc c fares 

frost terra n in tern Canada. 

5: 9. 

on hummocky perma

Can. J. For. Res. 

ZOL TAl, S.C. and TARNOCAI, C. 1974. Soi 1 s and vegetation of hummocky 

terrain. Environmental-Social Program, Northern Pipelines, 

Report No. 5. 86 pp. 

ZOLTAI, S.C. and TARNOCAI, C. 1975. Perennially frozen peatlands in 

the Western Arctic and Subarctic of Canada. Can. J. Earth 

Sci . 12: 28-43. 

ZOLTAI, S.C.; TARNOCAI, C.; and PETTAPIECE, W.W. In press. Age of 

cryoturbated organic materials in earth hummocks from the 

Canadian Arctic. To be published in: Proc. 3rd Int. Conf. 

on Permafrost, Edmonton, Alberta 1978. 



IX A: THE CANADI OF SOIL IFICATION 

are 

in 

the horizons 
d to humid 

groups 
(Ah) and 
Ah horizon 

zon and is 
Ah horizon and 

sslands; they have a well-developed 
zon (Ah). The four great groups 
izon whi reflects soil climate: 

zone, whi includes about 
of either neral or organic 

(1 2m). There are three 
mineral soils, as 

Static Cryosol - mineral 
ic Cryosol - organic 

nent mottling or other 
or permanent high water table and 

depressions and level areas that either 

in 
1 oca 
a l i 
i so 1 -

d 

di areas. There are three 
neral-organic surface 

izon; Luvic Gleysol -
accumulation. 

ons, in which leaching 
clay from A to the B 
eluvial horizon (Ae). The 

so 1 climate and forest 
soil climate wi usually 

ic materials (more 
s (60 em for 

ups are: Fi sol 
decomposed than 
isol - composed 



-109-

Podzolic Order - Acid soils developed under forest and heath; they have 
a B horizon enriched in humified organic matter and Al and Fe weathering 
products, usually underlying a light gray, weathered Ae horizon. Great 
groups are: Humic Podzol - B horizon depleted of Fe; Ferro-Humic Podzol -
B horizon rich in organic matter combined with Al and Fe; Humo-Ferric 
Podzol - B horizon contains less organic matter than Ferro-Humic Podzol. 

Regosolic Order- Development of genetic horizons is absent or very 
weakly expressed. Great groups are: Humic Regosol - has a dark, 
mineral-organic surface horizon (Ah); Regosol -either lacks or has 
a thin Ah horizon. 

So1onetzic Order - ls associated with saline materials and having 
prismatic or columnar structured» Na-rich, B horizons that are hard 
when dry and nearly impermeable when wet. They occur mainly in the 
grasslands associated with Chernozemic soils. Great groups are: 
Solonetz - lacks a well-developed eluvial Ae horizon; Solodized-Solonetz -
has a well-developed Ae horizon; Solod - has an Ae horizon and an AB 
horizon in which the structure of the former B horizon has disintegrated. 

Subgroups are formed by subdivisions of great groups according 
to kind and arrangement of horizons indicating conformity to the central 
concept of the great group, intergrading to other orders, or additional 
special horizons. Families are differentiated from subgroups on the 
basis of parent material characteristics, soil climate factors and soil 
reaction. Series are differentiated from families on the basis of 
detailed soil features. 

Table 3. Correlation of Canadian, U.S .• and F.A.O. Soil Classifications. 

Canadian 

Brunisolic 
Chernozemic 
Cryosolic 
Gleysolic 
Luvisolic 
Podzolic 
Organic 
Regosolic 
Solonetzic 

u.s. 

Inceptisol 
Mollisol 
Pergelic subgroups 
Aqu suborders 
Alfisol 
Spodosol 
Histosol 
Entisol 
Natric great groups 

F.A.O. 

Cambisol 
Kastanozem, Chernozem. Rendzina 
Gelic subgroups 
Gleysol, Planosol 
Luvisol 
Podzol 
Histosol 
Regosol, Fluvisol 
So1onetz 
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APPENDIX B 

DETAILED SITE, PEDON, AND 

VEGETATION DESCRIPTIONS 



-111-

. 
Soil descriptions - follow the standard conventions outlined in the Canadian System 

of Soil Classification'. 

Analytical methods - are described in the Manual on Soil Sampling and r~ethads of 
Analysis 2 • 

Genera 1 procedures are as fo 11 ows: 

pH: saturated paste (H 20) and neutral salt (0.01 M CaC1 2 ) 

Total C: induction furnace method 
CaCO, equiv: calcimeter method 
Total N: semi-micro Kjeldahl 
Exchangeable cations: 

a. neutral salt- extracting with 2N NaC1 
b. pH7 - buffered ammonium acetate 

Iron and aluminum: 
a. dithionite - citrate -
b. acid ommonium oxalate 
C. SOdium OVl"OO>ilO'SOh 

Water soluble salts: 
Available nutrients: 

a. N - modified Pl 
b. P - modified Pl 
c. K - almlOni 
d. S - 0.1 M CaCl 

saturated extracts. 

) extract 
) extract 

Organic matter: classical extractions 
Mineralogy: x-ray diffraction JJm soil fraction 
Fibre content: syringe method for fibres retained on 100 mesh sieve 
Bulk density: sanm-coated od method 
Water holding capacity: pressure plate method 
Atterberg limits standard procedure 

Micromorphological analysis -were conducted on thin-sections prepared from polyster ~ 
styrene lmp1·egnated samples. 

Descriptions use the following legend for frequency of pedological features: 

cutans - frequency >5%, common ~2%: occasional (0) 2-0.5%; 
rare (R) but easily ocated and very rue (VR) <0.5% and 
hard to 1 ocate. 

Nodules - (F) >20%; (C) 10-20%; (R) 2-5%; (VR) <2%. 
Fabrics are classified after: 

1 - Brewer' 
2 - Brewer and Pawluk' 

Vegetation descriptions are given by physiognomic group: 

Grasses includes all graminoids, mosses includes liverworts. 

'Canada Soil Survey Committee. 1976. Canadian Syste!ll of Soil Classification. 
Agriculture Canada, Ottawa. Interim copy. 

2 Canada Soil Survey Committee. 1976. Soil 
by J.A. McKeague, Soi Rese.·rch 

and Methods of Analysis. Edited 
Ottawa. 212 pp. mimeograph 

3Brewer, R. 1964. 
York. 

Fabric and mineral analysis of soils. 
470 pp. 

John Wiley and Sons, New 

'Brewer, R. and Pawluk, S. 1975. Investigations of some soils developed in hummocks 
of the Canadian Sub-Arctic and Southern-Arctic regions. 1. Morphology 
and micromorphology. Can. J. So'il Sci. 55:301-319. 



Site Yl' 

location: 63°59'N Lat., 138°46'W Long. 
Elevation: 410 m (a.s.l.). 
Landform: Peat plateau. 
Slope: level . 
Drainage: Poorly drained. 
Vegetation: Subarctic forest of black spruce-moss. 
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Soil Temperature: June 13, 1975; 10 em 2.2oc, 50 em= ooc, 100 em= -0.40C, 
Parent material: Mesic woody fen peat over fine silty alluvium. 
Soil Classification: Can. - Terrie Mesic Organic Cryosol 

Horizon Depth (em) 

U.S.A.- Pergelic Cryohemist 
F.A.O. - Gelic Histosol. 

Description 

Of D-24 Reddish brown to yellowish red (SYR 4/4-5/6w), fibric sphagnum peat; loose; abundant 
,shrub roots; extremely acid; abrupt; wavy boundary: 

25 

Ofz 24-31 

Omzl 31-62 

Omz2 62-80 

I!Cz B0-120+ 

20 15 10 

g'<3] Alluvium 

Reddish brown (SYR 4/4w), fibric sphagnum peat, some ice crystals; extremely acid: 

Dark reddish brown (SYR 215/2w), mesic moss peat; matted; sedge, small twig and root 
remains visible; some ice crystals; strongly acid: 

Dark brown (7.5YR 3/2w), mesic, woody fen peat; matted; moss, wood fragments and 
twigs are common; some ice crystals; strongly acid: 

Dark gray (lOYR-SY 4/lw) silt loam; amorphous; 50% segregated ice, medium acid. 

5 0 5 10 
METERS 

15 

L~]Organic 

fen 

E 
u 

Ba High Ice Alluvium E£:::)3 Frozen Organic 

5x vertical exaggeration 

Diagrammatic cross-section of the bog-fen complex at Site Yl. 



Table 4. Ana lyt i ca 1 data for 

Total 
Horizon H20 Cacl 2 ex 

Of 3.6 3. 1 43.9 
Ofz 3. 7 3.2 45.6 
Omzl 5.3 4.8 42.9 
Omz2 5.4 4.8 37.8 
!lCz 5.8 5. 1 4.1 

-11 

the Terrie Mesic Organic Cryoso I at Site Yl. 

~== ·- - ...:·= 

--~--_lx_c~!lJlNbj_e _ _s;_ati_o.D~ieL lQ!)gl_ --------

Total 
N'.t 

0.36 
0.95 
1.65 
1. 15 
0.25 

Horizon 

Of 
Ofz 
Omzl 
Omz2 
!ICz 

__ Ne ut r_a_ !2_a_lt__E x t r a c t_~<).!l_ 

C/N K Ca 

122 2.5 9. 3 
48 L2 12.8 
26 31.9 
33 0.2 31 
16 0.1 

Phys ica 1 

Fibre Content 

Unrub t Rub% 

94 
90 
92 
66 

138 
60 
38 
26 

Mg 

7.0 
14.2 
30.7 
21.6 
4.0 

Ash 

6.4 
3.9 
3.2 

10.0 
67.5 

AI Total 

0.7 19.5 
29.4 

0 62.9 
0 53.7 

26.4 

Total Ca Mg Na K 

-~----

132 12.5 9.4 0.4 1.8 
113 11.9 14.9 tr 1.0 
109 <13.1 33.5 0 0.2 
98.2 34.5 26.2 .! 0.1 
19.0 9.5 4.3 tr 0.1 
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Figure 21. Micromorphological features of the Terrie Mesic Organic Cryosol at 
Site Yl. 

a.plane light b.plane light c. p 1 ane 1 i g ht 

Ofz This horizon consists entirely of very loosely packed organic material, 
most (90%) of which is pale yellowish brown (mosses) (Fig. 2la) with the 

rest dark brown to black. The pale material (300-2000pm -- cross sections 300-600~m 
and elongated cross sections <2000pm) is intact and the cell structure is usually well 
preserved. The darker material (200-3000pm) is usually fragmented, moderately to 
well humified, with its cell structure not usually discernible. Some fungal hyphae 
are present. 
-2- phytogranic 

Omzl This horizon consists entirely of organic material (80-5000~ with most 400-
1500~m) that is moderately to well humified and dark brown to black in 

colour. This material forms loosely packed porous poorly defined aggregates (3-lOmm) 
in which the finer well humified material adheres to the larger fragments. In some 
areas it appears as a loosely packed porous mass of organic material (Fig. 21b). 
Some of the organic material is strongly birefringent. There is a little pale yel
lowish material (moss). 
-1- phytogranic//phyto-humigranoidic 

Omz2 This horizon consists mainly of organic material with a little mineral mat-
erial (<5%). The mineral component is mostly silt and it adheres to the 

organic fragments. Large organic fragments (3-lOmm) with cell structure well pre
served are common. Otherwise this horizon is a loosely packed porous mass of organic 
material (100-3000~m) most of which is moderately humified (Fig. 2lc). 
-1- phytogranic/phyto-humigranoidic 



-115-

le 5. on i ion for Site Yl. 

Peat Pla 

70%* 
100 Picea mar~ana 

11 shrubs 10% 
Betula glandulosa 
Betula occidentalis 
Salix glauca 

s 20% 
Ledum palustre 

ssp. groenlandicum 
Vaccinium uliginosum 

10 Ledum palustre 
ssp. decumbens 

10 ealyculata 
5 fruticosa 

Dwarf shru 
70 
20 
4 
4 
1 
1 

Herbs 
40 
20 P1:nguicuta 
20 Ped1:cular·is labradorica 
20 Valeriana capitata 

Grasses+ 50% 
40 Eriophorwn vaginatum 
40 Cm•ex Bigelowii 
10 Carex lugens 
5 Carex concinna 
5 Luzula rufescens 

ses - 1-i s 20% 
Sphagnum fuscum 
Pleurozium sehr•eberi 

15 Aulacorrrnium turg1:dum 
15 Tomenthypnum nitens 
5 Dicranwn undulatum 
:::1 Cladina mitis 
5 Cladina rangiferina 
5 Cladonia uncialis 
4 Sphagnum rubellum 
3 Cladonia grucUis 
3 IcmadophUa ericetm•wn 

Fen 

Trees 0 

Ta 11 shrubs 10% 
90 Betula glandu 

5 Betula occidcntalis 
5 Sa Ux g laue a 

Low shrubs 30% 
60 Chamaedaphne calyculata 

Ledum palustre 
ssp. groenlar~icum 

10 Ledum palust1•e 
spp. decumbens 

10 Vaccinium uliginosum 

Dwarf shrubs 6% 
80 Vaccinium vitis-idaea 
20 Rubus chamaemorus 

Herbs 
35 
25 
25 
10 

5 

5% 
Potentilla palustris 
Fed icu lar•is labradorica 
Equisetum fluviatile 
Drosera rotundifo Ua 
Menyanthus trifoliata 
+ Grasses 30% 

40 Eriophorurn angustifoUum 
ssp. suhaY'cticwn 

30 Er•iophorum brachyanthePum 
20 E~iophorum vaginatum 
10 Carex lugens 

Mosses - lichenst 30% 
40 Sphagnum subseczmdum 
20 Sphagnum rube Uwn 

Tomenthypnum nitens 
Aulacomnium turgidum 

5 Sphagnum girgensonii 
5 DY'epanoctadus uncinatus 

nd cover iognomic up. Estimated species abundance within 
group is given in rcentages. 

+ t Incl s I liverworts. 



Locl!tion: 63057' Lat. 
Elevation: 615 m (~.s. 

•w Long. 
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Landforrp: Dissected :teilU. 
Slope: 45·; to southeast: s te lor,Jted on upper portion. 
Drainage: Well drained. 
Vegetation: 80rca lorest of aspen, while 
Parent materiol Mloceous col urn over 
Soli C1Jssif1catlon: Can - Orthit Dv~ 

birch, and white spruce. 
ic bedrock. 
, lithic phase. 

Horizon Do.pth (em) 

F-H 1-0 

Aej 0-2 

Bml 2-10 

8m2 10-27 

!IBm 27-50 t 

U.S.A. • lithic 
F.A.O. - Dystr:c 

Very dark 
fine and 

Description 

{lOYR 3/l d) leaf and needle remains; partially decomvosed; common, 
horizonal roots; very strongly acid; clear, smcoth boundary: 

to dark brown (lOYR 4/3 m), ight yellowish brown (lOYR 6.5/4 d) silt loam; 
to moderate, fine granular; friable; plentiful, fine random and medium 
roots; about 10~ coarse fragments; medium acid; clear, wavy to broken 

boundary; 0 to 3 em thick: 

Brown to dark brown {7.5YR 4/4 m), light brown (7.5YR 5.5/4 d) gravelly silt loam 
{micaceous); moderate to weak, fine granular; friable; plentiful fine random, few 
medium roots; some silt and clay coatings on upper surface of es; about 30% 
coarse fragments; medium acid; gradual, wavy boundary; 2 to em thick: 

Brown to dark brown (lOYR 4/4 m), light brown (lOYR 6/4 d) gravelly silt loam 
(micaceous); moderate to weak, fine granular; friable; plentiful, fine random, few 
medium roots; silt and clay coatings on upper surface of coarse fragtllents; about 
30% co~rse fragments; strongly acid; clear, smooth boundary; 10 to 20 em thick: 

m) shty to cobbly sandy loam; weak, fine granular to amorphous; 
random roots; coatings on upper surface of coarse fragments; 

of wei.lthered micaceou5 bedrock; medium acid. 
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Table 6. Analytical data for the Orthic Dystric Bruni sol, lithic phase at Site Y2. 

--·~~=l;;:'o;,-===~'--=-=·-

~-- Total Total Neutral 

florlzon "zo ex N% C/N !( Ca Mg Al Total Total Ca Mg Na K 

F-H 6.8 5.7 '9 .4 1.39 21 1.9 3\U 12.1 44.6 88.8 39.4 13.2 tr 2.2 
Aej 6.0 4.8 2.0 0.11 18 0.3 6.2 3.2 0.6 10.3 5 5.8 3.4 0 0.3 
l!ml 5.6 4.5 1.5 0.08 18 0.2 5.6 !.9 1.7 9.4 i5 .1 5.9 1.9 tr 0.2 
8m2 5.5 4.5 0.7 0.04 17 0.1 5.6 1.9 Ll 8.6 !4.5 5.3 J.6 tr 0.1 
l!Bm 5.9 4.9 0.2 0.0! 22 0.1 5.6 !.7 0 7.4 6.6 5.9 1.4 0.1 0.1 

Oithlonite oxalate P,tro~flllS. 

Horizon Fe A1 Mn Fe Al Fe Al 

F-H 
Aej 1.00 0.10 0.25 0.02 0.11 0.06 
Bml 1.42 0.09 0.40 0.02 0.23 0.24 
Bm2 1.13 0.10 0.48 0.01 0.07 0.02 
I!Bm 1.05 o.u 0.01 0.32 0 

Available Nutrients {211m) Organic l'!a_!ter 

Extracted FA HA 
Horizon N P-Bray I( s %C %N Cha/Cfa E4/E6 E4/E6 Mica Chlor. Kaolin Venn. Quartz 

I'·H 86 HiS 22 31 1.4 5.9 4.7 
Aej 
Bml 0 1 70 2 51 42 0.89 6.4 1.3 tr tr tr 
Bm2 0 0 44 2 tr tr 
!IBm 1 1 31 2 1 tr tr 

% Part Size Dist · % <2 mm Moisture % Classification 

Horizon >2 mm Sand Si Clay F-Clay 1!3 attn 15 atm Unified USDA 

F-H 6 
19 28 61 11 3 S!l 
32 29 59 12 5 26 Sil 

Bm2 34 35 55 10 4 S1l 
l!Bm 50 i'!i 21 4 2 SL 

1A.munt estimated from x-ray dHfractograms: tr = trace, 1 • 2-20%, 2 • 20·40%, 3 a 40-60%, 4 • 60·60%, 5 • 80·100%. 
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Figure 22. Micromorphological features of the Orthic Dystric Brunisol at Site Y2. 

a.plane light ~ ane light c.plane light 

FH The top part consists of very loosely packed organic material consisting 
mainly of plant material (l00-4000~m) with some humified fragments (20-

200~m) that occasionally form small aggregates (<500~m) with some silt. This grades 
to (Fig. 22a) loosely packed coarse organic fragments (1-lOmm) and moderately porous 
slightly elongated aggregates (0.5-4mm) that contain well humified organic material 
(<lmm) and silt. The coarse organic fragments and elongated aggregates are gener
ally aligned parallel to the surface. Fungal hyphae are present occasionally. There 
is a sharp boundary to the next horizon. 
-1- granular grading to agglomeroplasmic aggregates 

mull-phytogranic//phytogranic-humi-mullgranoidic 

Bml This horizon consists of medium grayish brown material with (C) rock frag-
ments (gneiss, schist, quartzite, siltstone and sandstone) as coarse sand 

and gravel, and (C) channels, skew planes and (0) vughs to give an overall moderate 
porosity. The s-matrix has a dense appearance being composed of medium to fine sand, 
silt and moderately to well humified organic material that occurs as l00-l50~m frag
ments. Micaceous minerals and minerals with an elongated prismatic to bladed habit 
are very abundant (40%) as sand and silt. Thick (250~m) matrans (Fig. 22b) occur on 
the top of the gravel and coarse sand while thin (20-40~m) dark brown sepic matrans 
occasionally occur on the sides and bottom. Ferruginous nodules (0.5-l.Smm) are 
(VR). 
-1- silasepic porphyroskelic 

Bm2 This horizon consists of medium to dark grayish brown material with a s-
matrix similar to the Bml. Rock fragments are (C) as sand and gravel and 

show weathering in the form of included iron oxides and coatings. (C) root chan
nels, (C) joint planes resulting in weak banded fabric (type A) (Fig. 22c), and (O) 
vughs make this horizon slightly more porous than above but still with an overall 
moderate porosity. Thick (lmm) matrans occur on some of the gravel with thin (l0-
50~m) sepic matrans along the bottom. Partial matrans (20-200~m) are (0) on the 
coarse sand. Brown diffuse ferruginous nodules (100-SOO~m) are (R) and brownish-red 
iron rich clay nodules (20-lOO~m with a few up to 500~m) are (R-0) and generally 
occur in clusters. 
-1- silasepic porphyroskelic with weak banded fabric (type A) 

banded metamatrigranoidic 
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Table 7. Vegetation descriptions for Site Y2. 

Trees 
90 

5 
5 

90% 
Populus tremuloides 
Picea glauca 
Betula papyrifera 

ssp. hwnilis 

Ta 11 shrubs 15% 
65 Salix glauca 
20 Rosa acicularis 
5 Shepherdia canadensis 
5 Viburnum edule 
5 Salix depressa 

ssp. rostrata 

Low shrubs 5% 
100 Ledum palustre 

spp. groenlandicum 

Dwarf shrubs 5% 
70 Vaccinium vitis-idaea 
20 Arctostaphylos uva-ursi 
5 Linnaea borealis 
5 Arctostaphylos rubra 

Herbs 5% 
30 Arnica covdifolia 
10 CoraUorhiza trifida 
10 Epilobium angustifolium 
10 Equisetum arvense 
10 Mertensia paniculata 
10 Geocaulon lividum 
10 Polemonium pulcherrimum 
10 Moehringia lateriflora 

Mosses - lichens 10% 
30 Peltigera aphthosa 
20 Plew'ozium schreberi 
10 Cladina mitis 
10 Cladonia ssp. 
10 Hylocomium splendens 

5 Polytrichum juniperinum 
5 Polytrichum pil?:feY'Lan 
5 Dicranum fuscescens 
5 Drepanocladus uncinatus 
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location: 63°56'30"N Lat., 138°43'W Long. 
Elevation: 650 m (a.s.l.). 
Landform: Ois5ected plateau. 
Slope: lO't to northwest; site is on lower slope. 
Drainage: Poorly drained. 
Vegetation: Suoarcti£ forest of blacl< ~pruce-moss. 
Soil Temperature: June 7, 1975; frozer at 11 em. 
Part~nt Materiel. Coilrse loamy call uvL-'r'. 
Soil Classification: Can. - Regosol ic Turbic Cryosol 

U.S.A. - Pergel ic Cryofluvent 
F.A.O. - Gelic Regosol. 

Horizon 

Om 

Czl 

Ahbz 

Cz2 

Depth (em) Description 

11-0 Very dark brown (lOYR 2/2 m) moderately decomposed moss; few, fine horizontal roots; 
very strongly acid; abrupt, smooth boundary: 

0-28 Dark gray (lOYR 4/l m) sandy loam; amorphous; slightly sticky, friable; about 20% 
coarse fragments; strongly acid; gradual, irregular boundary: 

28-47 Very dark gray (lOYR 3/1 m) sandy loam; amorphous; slightly sticky, friable; about 
15% coarse fragments; medium acid; clear, irregular boundary: 

47-80+ Dark gray (lOYR 4/1 m) gravelly sandy loam; amorphous; friable; about 30% coarse 
fragments; medium acid. 
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Table 8. Analytical data for the Regosolic Turbic Cryosol at Site Y3. 

Exchan9eable Cations (meLlOOg) 

EH Total Total Buffered NH.OAc {pH7) 
Horizon H

2
0 CaC1 2 C% N% C/N Total Ca Mg Na K 

Omz 4.6 3.9 44.9 1.51 30 108.3 27.3 5.4 tr 1.5 
Czl 5.3 4.4 1.8 0.10 18 11.3 4.4 1.0 tr 0.1 
Ahbz 5.6 4.8 2.1 0.12 18 12.3 6.7 0.9 tr 0.1 
Cz2 5.9 5.1 1.2 0.07 l1 8.3 5.8 0.8 tr 0.1 

Available Organic Matter Mineralogy <2~ cla~' 
Nutrients ( El?.!!ll Extracted FA HI\ 

Horizon N P-Bray K s %C %N Cha/Cfa E4/Eii E4/E6 Mica Chlor. Kaolin Smect. Verm. Quartz Felds. 

Or,•z 21 99 5 tr tr tr tr tr 
Czl 2 31 2 
Ahbz 58 59 0.87 8.9 4.5 
Cz2 

% % Part Size Oist - % <2 mm Classification 
Horizon Ash >2 li\lll Sand snt Clay F-Clay Unified USDA 

Omz 8.0 
Czl 26.8 47 47 6 :z l-
Ahbz 15.6 47 47 6 2 L· 
Cz2 35.6 46 49 5 2 L· 

1Amount estimated from x-ray d1ffractograms: tr • trace, 1 • 2-20%, 2 • 20-401, 3 • 40-60%. 4 • 60·80%, 5 • 80-100~. 
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Table 9. Vegetation descriptions for Site Y3. 

Trees 
80 
20 

20% 
mariana 
papyrifera 

ssp. lis 

Tall shrubs 
40 A crispa 

ssp . cr'ispa 
20 Sali-x glauca 
20 Betu gZ.andulosa 
20 Betula ooci'.deni;alis 

low shrubs 30% 
70 Ledwn palustJ'C 

ssp. groenlandicvJn 
20 Vacc{ni.wn uligirws;Arri 
10 Ledwn palustre 

ssp. decwnhens 

Dwarf shrubs 30% 
80 Vaccini·um vitis-idaea 
15 Oxycoccus micr'ocarpus 
5 Rubus chamaernorus 

Herbs 2% 
100 Pedicularis [abradorica 

Grasses 40% 
50 Eriophorwn brachyantherwn 
30 Carex Bigelowii 
20 CaY'ex Zugens 

Mosses - lichens 50% 
20 Sphagnum g{rgensonii 
20 Spr~agnwn fuscwn 
20 Pleuroz1:wn schreberi 
10 Sphagnum rubellwn 
5 Sphagnum subser!undwn 
5 Sphagnum rnagellanicum 
5 Aulacomniwn turgidum 
5 Tomenthypnum nitens 
2 Nephroma arcticum 
2 Stereocaulon tomentosum 
1 Dicranum undulatum 
1 Jamesoniella autumnalis 
1 Ptilidi~rn ciliare 
1 PeltigeY'a aphthosa 
1 Icmadophila eY'icetorum 
1 Cladonia ssp. 
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Location: 64o31'N Lat., 138°15'W Long. 
Elevation: 1280 m (a.s.l.). 
Landform: Rolling end moraine. 
Slope: 2• to south, site location on upper slope. 
Drainage: Internal-moderately well to poor; external-moderately well. 
Vegetation: Arctic- alpine tundra dominated by shrubs. 
Soil Temperature: June 11, 1975; frozen at 50 em under centre of unit. 
Parent material: Loamy-skeletal till. 
Patterned ground: Non sorted to poorly sorted nets and steps, flat topped; average diameter - 200 em, average 

height - 30 em. 
So11 Classification: Can. - Orthic Turbic Cryosol 

U.S.A. - Pergelic Ruptic Cryaquept 
F.A.O. - Gelic Cambisol. 

Horizon 

L-H 

Om 

Bm 

Bmy1 

Ahy 

Bmy2 

BCyl 

BCy2 

Cz 

Depth (em) Description 

2-0 Dark brown (7.5YR 3/3 m) roots, moss and lichen remains; abrupt, broken boundary, 
discontinuous, 0 to 4 em thick: 

10-0 Dark reddish brown (SYR 3/3 m), moderately decomposed moss material; matted; abundant, 
fine and medium horizontal roots; extremely acid; abrupt, broken boundary; discontinuous, 
0 to 20 em thick-mainly in the depression: 

0-5 Dark brown (10YR 3/3 m) loam to gravelly loam; moderate, fine granular; friable; 
plentiful, fine random and medium horizontal roots; variable coarse fragment content 
up to 30%; very strongly acid; clear, wavy boundary; discontinuous, 0 to 5 em thick: 

5-20 Brown to dark brown (10YR 4/3 m) silt loam; weak, medium granular; friable; variable 
root content, plentiful near edge of unit, very few near centre; about 20% coarse 
fragments; strongly acid; clear to gradual, irregular boundary; discontinuous, 0 to' 
40 em thick: 

20-50 

Very dark gray (10YR 3/1 m) loam; moderate, medium granular; friable; plentiful, fine 
random roots; clear, broken boundary; 0 to 3 em thick: 

Dark yel101;ish bro>m (lOYR 4/4 m) loam to gravelly loam; moderate, medium granular; 
friable to firm; few fine random roots; variable coarse fragments content <~veraging 
about 40%; strongly acid; clear to gradual, irregular boundary; discontinuous, 0 to 
40 em thick: 

Dark yellowish brown (lOYR 4/4 m), dark grayish brown (2.5Y 4/2 m) and dark gray 
(5Y 4/1 m) silt loam; amorphous with some ice planes; firm, but flows when disturbed; 
common, fine vesicular pores; about 20% coarse fragments; strongly acid; clear to 
gradual, wavy boundary; discontinuous, 0 to 40 em thick: 

Dark grayish brown (lOYR 4/2 m), loam to gravelly loam; amorphous; firm; many, medium 
vesicular pores; about 30% coarse fragments; slightly acid; gradual, smooth boundary; 
0 to 50 em thick: 

Very dark grayish brown (2.5Y 3/2 m), very gravelly loam; frozen; about 80% coarse 
fragments; slightly acid. 

l-H 
Om 

1' Bmyl 0~-..:-..:-----
-- - cP p \ ,.' ... , BCyl ----<=-,(- 1 \ / \ 

Ahy.../ ' \ I \ I ,_ 

B 2 \ / I I BCy2 .... - - - - - A] 
my I I ' --- J.t_.P 

~ (
1

BCy2 ',. \ Bmy2 _...-_::--

20L 
10 

0 10 20 @ __ @---~! ____ _;_ ' -----'----p 
tZP c:L:Z2J 

Cz 

FIGURE 23. DIAGRAMMATIC CROSS-SECTION Of THE PEDON AT SITE Y4 
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Table 10. Analytical data for the Orthic Turbic Cryoso1 at Site Y4. 

Ex c_h~e~tJ.l.!' __ ~<!_tj_O_n2_~L)~l_Q!l.) ____________ 

~--- Total Total Neutra 1 SJ 1t Extraction --~.!!.f!._~_!lH, OAc J.EtQJ __ -----
Horizon H20 CaC1 2 C% 1'4"' C/N K Ca Mg Al Total Total Ca Mg Na I( 

Om 3.9 3.4 40.9 1.28 32 2.9 Hi.4 4.9 0.8 2S .0 !08 30.8 3.8 tr 3.2 
Bm 4.9 4. l 4.2 0.26 16 0.3 3.4 l.l 2.1 6.9 20.1 3.5 0.8 tr 0.3 
Bmyl 5.4 4.5 0.7 0.05 13 tr 2.3 0.6 0.3 3.3 8.0 2.4 0.3 tr 0.1 
Bmy2 5.3 4.4 2.9 0.14 21 0 4.5 0.8 1.4 6.7 18.6 4.9 0.7 0.1 0.1 
BCyl 5.5 4.6 0.5 0.04 14 tr 1.9 0.6 0.2 2.7 6.6 2.3 0.2 tr 0.1 
8Cy2 6.1 5.3 0.7 0.03 23 0.1 4.5 l.l 0 5.7 6.3 4.6 0.8 tr 0.1 
Cz 6.1 5.5 0.5 0.04 14 0.2 6.9 1.3 0 8.4 8.8 7. 1 1.0 tr 0.1 

Sesguloxides (%) 
Oithionite Oxalate P~roehos. 

Horizon Fe Ill Mn Fe AI Fe Al 

Om 
Bm 1.56 0.19 0.04 0.84 0.10 0.39 0.11 
Bmy1 1.17 0.10 0.03 0.56 0.02 0.20 0.06 
Bmy2 1.71 0.22 0.04 0.79 0.06 0.47 0.21 
BCy1 1.13 0.07 0.03 0.60 0.01 0.18 0.05 
SCy2 1.55 0.05 0.08 0.43 0.02 0.07 0.01 
Cz 

Available Organlc Matter Mlnera1og~ <2v clay' 
Nutrients (eem) E;xtracted FA HA 

florizon N P-Bray K s %C %N Cha/Cfa E4/E6 E4/E6 Mica Chlor. Kaolin Venn. Quartz Felds. 

Om 1 12 146 6 22 ll 0.10 6.9 7.0 
Bm 1 1 85 4 61 50 0.24 9.0 5.7 tr tr 2 tr 
Bmyl 0 0 32 1 
Bmy2 0 0 26 1 tr tr 2 tr 
BCyl 1 0 21 1 1 tr 2 
BCy2 2 tr tr 2 tr 
Cz 

Ph sical 

% Part Size Oist - % <2 mm Bulk IJ. Moisture % Classification 

Horizon >2 mm Sand Silt Clay F-Clay g/cc 1/3 atm 15 atm Unified USDA 

Om 
!lm 26 37 44 19 5 0.00 31 15 L 
Bmyl 22 30 59 11 3 1.56 Sll 
Bmyl 46 30 44 26 7 33 15 L 
llCyl 28 37 54 9 2 1.62 18 6.4 Sil 
BCy2 31 45 43 12 3 1.89 L 
Cz 46 41 33 26 9 L 

1Amount estimated from x-ray diffractograms: tr = trace, 1 • 2-20%, 2 • 20-40%, J • 40-60%, 4 • 60-80%, 5 • B0-100%. 
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Figure 24. Micromorphological features of the Orthic Turbic Cryosol at Site Y4. 

a.plane light b.plane light c.plane light 

Bm This horizon consists of dense medium grayish brown to brown material with 
(0-C) irregular metavughs, (0) channels, and (R) thin (10-40pm) short joint 

planes. Rock fragments (sandstone, siltstone, and shale) are (C) and occur as gra
vel and coarse to medium sand. The colour of the s-matrix varies somewhat and this 
appears to result from the amount of iron oxides and clay in each area. There are 
more dark than light areas. Fresh heavy minerals (horneblende, biotite, epidote, 
pyroxene) occur as fine sand and silt. Brown to black moderately humified organic 
material is (0). Pedological features include (R) sharp. equant ferruginous nodules 
(200-500pm), (R) diffuse to sharp silty-clay nodules (100-600pm), and (R) partial 
ferruginous sepic embedded grain matrans (10-SOpm). 
-1- argillasepic porphyroskelic 

Bm-Bmy This horizon is very dense pale to medium grayish brown material (Fig. 24a) 
in which the colour variation is quite noticeable with more dark than light 

areas. Metavughs (250-2000pm) are (0) and rock fragments are (C) as gravel and 
coarse to medium sand. Organic material (80-2000pm) is common and consists of 
moderately to well humified brown to black material that is embedded in the matrix 
(1 in Fig. 24a). Ferruginous nodules (100-SOOpm) are (VR) and mostly sharp. 
-1- argillasepic porphyroskelic 

BCyl This horizon consists of very dense pale grayish-brown material (Fig. 24b) 
with (0) metavughs (250-l500pm), (R) channels, and (C) rock fragments as 

gravel and coarse to medium sand. Matrix colour variation is evident but not as 
prominent with more light than dark areas. Slightly humified brown organic material 
is (R-0), matrans (100-300pm) capping gravel fragments are (VR), and sharp equant 
ferruginous nodules (200-500pm) are (R). 
-1- silasepic porphyroskelic 

BCy2 This horizon is dense pale to medium grayish brown material (Fig. 24c) with 
(C) equant vesicles (l in Fig. 24c) and (F) rock fragments as gravel and 

coarse to medium sand. The colour variation is due to the different rock fragments. 
There are (R-0) skew planes and channels and organic material is (VR). There are 
some gray brown isotropic partial matrans (30-200pm) on top of some of the gravel 
fragments. Diffuse to sharp ferruginous nodules are (VR). 
-1- vesicular silasepic porphyroskelic 
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Table 11. Vegetation description for Site Y4. 

Trees 0 

Tall shrubs 0 

Low shrubs 20% 
70 Betula glandulosa 
25 Ledum lustre 

ssp. decumbens 
5 Vacciniwn uUginoswn 

Dwarf shrubs 13% 
75 Vaccinium vitis-idaea 
10 Salix arctica 

3 Rhododendron lapponicum 
4 Arctostaphy rubra 
4 Empetrum nigrwn 
3 Dryas octapetala 
1 Rubus c:hamaemorus 

Herbs 5% 
50 Po lla villosa 
30 Antennaria stolonifera 
10 triG-uspidata 
5 Langsdorfii 
5 Petasites frigidus 

Grasses 2% 
60 Hierochloe alpina 
40 Festuca altaica 

Mosses - lichens 40% 
30 Cladina alpestris 
20 Alectoria ochroleuca 
20 Alectoria americana 

rangiferina 
5 Rhacomitrium Zanuginosum 
5 
2 
2 
2 
2 
2 

niva 
Cetrar1:a richardsonii 
Thamnolia vermicularis 
Polytrichum piliferum 
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Location: 640J7'N lat., l38°22'W Long. 
Elevation: 1160 m (a s .l.). 
landform: Hunmocky glaciofluvial (kame) deposits. 
Slope: 7% to south, site on upper slope. 
Drainage: Well drained. 
Vegetation. Sparse Arctic - alpine tundra. 
Parent material: Skeletal glaciofluvial material. 
Pattern ground: large polygonal network which is more visible where surface has been removed. 
Soil Classification: Can. - Orthic Oystric Bruni sol, cryic phase 

Horizon 

Ah 

Bm 

c 

U.S.A. - Pergelic Cryochrept 
F.A.O. - Gelic Cambisol. 

Depth (em) Description 

0-6 Very dart grayish brown (lOYR 3/2 m), gravelly sandy loam; weak, fine granular; 
very friable; abundant, fine vertical and few, medium random roots; about 40% 
fragments; strongly acid; clear, smooth boundary; 2 to 10 em thick: 

6-22 Dark grayish brown (lOYR 4/2 m), very gravelly sandy loam; single grained; loose; 
plentiful fine vertical roots; about 701 coarse fragments; strongly acid; gradual, 
smooth to wavy boundary; 6 to 16 em thick: 

22-60+ Very dark gray (lOYR 3/1 m), gravel, single grained; loose; few fine vertical roots 
to 50 an; about 90% coarse fragments; slightly acid. 



Table 12. Analytical data for the Or·thic Dystric Brunlsol, Cryic phase at Site Y5 

i1H Total Total 14eutra 1_ Sa 1t Extraction Buffered tiH,OI\c (pH7) 

Horizon H20 Cac1 2 C% N% C/N K Co ""n ~ Al Total Total Ca Mg Na K 
,_,__. __________ 

1\h 5.4 4.5 2.9 0.21 H 0.3 2.1 0.8 0.4 3.5 ll. 3 2.4 0.6 tr 0.2 
Sm 5.5 4.7 0 9 !l.08 ll 0.2 .3 0.4 0.2 2.1 5.0 1.7 0.~ tr 0.1 
c 6.2 5.3 0.4 (l.02 0~2 2.8 0.5 0 3.5 4.2 3.3 0.3 tr 0.1 

Dlthionite Oxalate P:tro2hos. 

Horizon Fe 1\1 Mil Fe Al Fe Al 

All 1.82 0.43 0.35 0.77 0.31 0.32 0.48 
Bm .93 0.34 0.12 0.48 0.05 0.20 0.20 
c l. 75 0.08 0.12 0.37 0.02 0.04 0.02 

Available 
_____ ___Q!]anlc Matter Mineralog~ <2~ clax 1 

Nutrients (22!1!) ~ted FA HA 
Horizon N P-Bray K 5 %C :I:N Cha/Cfa E4/E6 E4/E6 Mica Ch1or. Kaolin Quartz 

Ah 1 4 84 z 62 53 0.07 6.7 6.2 tr tr tr 1 
Bm 2 5 24 0 63 37 0.07 5.8 2.7 tr tr tr 1 
c tr tr 1 

Ph s1ca1 

% Part Sile Dist - % <2 mm Bulk 0. Moisture % Class Hi cat ion 

Horizon >2 mm Saoo Silt Clay F~Clay glee 1/3 atm 15 atm Unified USDA 

Ah 50.5 79 13 8 2 l.l4 13 9.3 Sl 
am 66.7 79 Hi 5 1.30 10 5.2 SL 
c 66.5 85 4 0 lS 

11\mount estimated from x-ray dlffractograms: tr Q tNce, 1 • 2·20%, 2 ~ 20-40%, 3 • 40-60%, 4 • 60·80%, 5 • 80-100%. 
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Table 13. Vegetation description for Site Y5. 

Top & south aspect 

Trees 0 

Tall shrubs 0 

Low shrubs 10% 
80 Betula glandulosa 
10 Sa z.ix g lauca 
10 Potentilla fruticosa 

Dwarf shrubs 20% 
75 Vace1:niwn vitis-idaea 
15 Empetrwn nigrwn 
10 Dryas octapetala 

Herbs 20% 
20 Potentilla villosa 
15 Parrya nudicaulis 

ssp. interior 
15 Epilobiwn angustifoliwn 
10 Draba nivalis 
10 Minuartia rubella 
10 Senecio resedifolius 
10 Mertensia paniculata 
10 Selaginella sibirica 

Grasses 5% 
30 Pestuca altaica 
30 Calamagvostis lappanica 
20 Agrostis scabva 
20 Cavex obtusata 

Mosses - lichens 30% 
40 Ster>eocaulon tomentoswn 
10 Cetravia cucullata 
5 Alectoria ochroleuca 
5 Alector>ia amevicaf1.a 
5 Cetraria nivalis 
5 Cetraria richardsonii 
5 Cladina rangiferina 
5 Cladina mitis 
5 Polytrichum piliferum 
5 Rhacomitrium lanuginosum 
4 Dicranum acutifolium 
3 Rhytid1:um rugosum 
3 Ptilidium ciliare 

North aspect 

Trees 0 

Ta 11 shrubs 0 

Low shrubs 70% 
100 BetuLa gZandulosa 

Dwarf shrubs 10% 
60 VaccinilAJll vitis-1:daea 
30 Empetrum nigrum 
10 Cassiope tetragona 

Herbs 0 

Grasses 10% 
60 Carex Bigelowii 
40 Festuca altaica 

Mosses - lichens 70% 
15 Cetraria cucuUata 
10 Cetvaria nivalis 
10 Cetraria islandica 
10 Dactylina arctica 
10 Nephroma arcticum 
5 Alectoria ochroleuca 
5 Alectovia amevicana 
5 Thamnolia vermicularis 
5 CoPnicularia muricata 
5 Cladonia gracilis 
2 Polytrichum piliferum 
2 Rr~comitrium lanuginosum 
2 Stereooaulan tomentosum 
2 Cetraria Pich.ardsom>1: 
2 Icmadophila er>icetorum 
2 Au lac omnium turgidum 
2 Pleurozium schr>eberi 
2 Dicranum aeutifoLium 
2 Dicranum fLagellare 
2 Pti'Udium ciZ.iare 
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loc~tion: 64°09'N lat., w Long. 
Elevation: .s 
LMtd form: p li!teau. 

slope to southwest, site on upper convex slope. 
dr~ined 

~uba1 forest with and scattered white spruce. 
Parent materid l: schistose bedrock. 
Sol Classification: Can. • Orthic ithic and cryic phase 

Horizon Depth (ern) 

F 3-0 

Ae 0-4 

Bml 4-15 

Bm2 15-25 

Bm3 25-40 

Bm4 40-60 

Bm5 60+ 

u.s 
f.A.O. ·Lithic 

!liescription 

Dark brown (7 5YR moss and lichen remains with many 
horizontal roots; 

Pale brown (lOYR 6/3 m), gravelly, coarse silt loam; weak platy to a~~rphous; very 
friable; plentiful, fine roots; dar~ staining on lower side of pebbles; about 
40% c~rse fragments; acid; abrupt, broken boundary; 0 to 5 em thick: 

lowish brown (lOYR 4.5/4 m), gravelly, fine sandy loam; weak platy to 
fine random roots; about 40~ coarse fragments; very strongly acid; 

gradual, wavy boundary; 10 to 15 em thick: 

Yellowish brown (lOYR 5/4 m), to pale browP (lOYR 6/3 m), gravelly, coarse silt loam; 
weak granular to amorphous; friable; plentiful to few, fine random roots; about 40% 
coarse fragments; strongly acid; clear, wavy boundary: 

brown (lOYR 5/4 m), very gravelly, coarse silt loam; some iron staining on 
; weak granular; fridble; few, fine vertical roots; common fine vesicular pores; 

on upper surface of pebbles; about 70% coarse fragments; strongly acid; 

Yellowish brown to 1lght yellowish brown lOYR 5/4-6/4 m), very gravelly, coarse silt 
black ~nd dark reddhh to bro>m Z.S/1 and 3/3 m) staining on the pebbles; 

frlabl~; fine vertical roots; silt capplngs on the pebbles range up to 
about coarse fragments; strongly acid; clear, wavy boundary: 

lowish trown (lOfR 
; stainings and 

m) cobbles with not enough fines to fill the 
cappings not as strongly developed as in Bm3. 

The 1ast four horizons are suspected to be paleo-horizons from a previous weathering 
cycle. 
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Table 14. Analytical data for the Orthic Oystric Brunisol, Cryic and Lithic phase at Site V6. 

EH Total Total Neutra 1 Salt Extraction _ _§_uffered NH.~].l__ 

Horizon H20 CaC1 2 C% N% C/N K Ca Mg A1 To:al Total Ca Mg Na K 

F 4.0 3.6 31.8 1.10 29 1.3 s.s 2.0 2.5 14.5 59.2 7.6 2~1 0.2 1.1 
Ae 4.1 3.4 2.3 0.11 21 0.2 1.2 0.4 3.8 5.6 10.3 0.7 0.3 tr 0.1 
Bml 4.9 4.1 0.6 0.04 14 0.1 0.5 0. l 1.4 2 ! 5.7 0.3 0.1 0.1 0.1 
Bm2 5 .l 4.2 0.4 0.03 13 0.1 0.5 0.2 1.5 2.2 6.7 0.4 0.1 0.1 0.1 
Bm3 5.3 4.3 0.3 0.03 11 0.1 0.8 0.4 1.1 2.4 6.1 0.8 0.3 tr 0.1 
Bm4 5.4 4.6 O.l 0.01 7 0.1 1.6 0.7 0.4 2.8 4.4 1.5 0.8 0.1 0.1 
Sm5 5.4 4.6 0 0.1 1.3 0.6 0.2 2.:0 3.4 1.4 0.6 tr 0.1 

% Part She D!st - % /2 m::: __ 

Horizon >2 1!111 Sand Slit Clay F-Clay 

f 
Ae 47 44 51 5 2 
Bml 38 46 48 6 2 
8m2 43 35 56 9 2 
8m3 72 37 54 9 2 
Bm4 88 42 52 6 2 
Bm5 96 44 5J 3 1 
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Table 15. Vegetation description for Site Y6. 

Tree ages: glauca - 77 yr 

Trees 

Tall 

LOir/ 

20/ 
'0 

57 yr 
- 40 yr 

Dwarf shrubs lOX 

Herbs 1% 

Mosses - lichens 45% 
D-ieranwn fuscescens 

sehl'eber•i 
eomrnune 
junipcr•inwn 

unc:inat:us 
eueul ta 
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Figure 25. Micromorphological features of the Orthic Dystric Brunisol at Site Y6. 

a.partly X b.plane light c.plane light d.plane light 

LF This horizon is very loosely packed material consisting mainly of organic 
material (Fig 25a) v1ith (O) gravel and (R-0) mineral aggregates (<lmm). 

The organic material is mainly brown semidecomposed fragments (<6mm) and the rest is 
moderately humified brown porous aggregates (<500wm with most 150-300pm). Other 
organic material is (R-0) mycorrhiza mantles, (R) fungal hyphae, and (O) sclerotia. 
The gravel (<20mm) is quartz-mica schist fragments. The mineral aggregates are quite 
porous and consist mainly of micaceous minerals (<100\lm). Very fine quartz and 
micaceous grains adhering to the organic fragments are (0). 
-2- ortho-phytogranic 

Ae The above material grades to loosely packed aggregates (<Zmm) with (C) 
black organic material and (C) gravel. The aggregates consist mainly of 

micaceous minerals (<100Jlm) with some quartz (<250wm) and volcanic ash. The ash is 
hard to quantify because of its small grain size. The organic material is dominantly 
black moderately humified fragments ( <lmm) that occur within the aggregates and in 
the interaggregate spaces. With increasing depth the organic content decreases to 
(0), and the aggregates are poorly defined and significantly less abundant. There is 
a weak horizontal alignment (Fig. 25b) of some of the elongated aggregates. Most of 
this horizon is loosely packed granular with some areas having a porous mass appear
ance. Micaceous minerals are still dominant but slightly larger (<200wm) and there 
are more and larger sand grains which are derived from the breakdown of the (C-F) 
gravel. Partial silty matrans (<800pm) are (0) on the sand and gravel and sesquio
xidi c nodules ( <500wm) are (VR). 
-1- granular with intertextic areas 
-2- matri-orthogranic 

Bml This horizon is light coloured material consisting mainly of moderately to 
loosely packed mineral grains and (C) gravel. The majority of this horizon 

is granular in appearance and the rest has a weakly fused aggregate appearance. The 
aggregates are irregular, diffuse, range up to about 3mm, and appear as accumulations 
of very fine matrix material. The mineralogy and grain size are similar to that in 
the bottom of the Ae horizon. There are thick silty matrans (<lOOOwm) capping all 
gravel and thinner ones (<500pm) on most large sand grains. There are (R) partial 
matrans on the underside of the gravel and sand. Organic material is (R-0) as semi
decomposed root sections and sesquioxidic nodules (<1.5mm) are (VR). 
-1- granular with intertextic areas 
-2- matrigranoidic-orthogranic 

Bm2 The sample is a quartz-mica schist rock fragment that is oval in shape and 
has a top surface coating (Fig. 25c) that is Zmm thick at its maximum and 

tapers to nil at the extremities. The coating is grayish brown in colour and is dark 
in the inner part and pale in the outer part. The outer part is dense, consists of 
micaceous minerals (<l50wm but with a high proportion <50wm) and quartz (most <lOOwm), 
contains a few vughs, and has one thin (<40wm) weakly oriented argillan and a few 
clay nodules (<200pm). Closest to the rock the coating is very dense, contains the 
very finest material, and the grains are aligned with their long axis parallel to 
the rock surface. There is a thin (<l50um) discontinuous silty layer on top of this 
coating. 

Bm3 This sample has a thick (<lOmm) irregular coating on top that is generally 
similar to that in the Bm2 horizon. The outer part is moderately to loosely 

packed with slightly larger mineral grains. Throughout the coating there are numerous 
metavughs (2 in Fig. 25d), a few weakly oriented argillans (<40wm), and (0-C) clay 
noaules (l in Fig. 25d) that are generally in the 200-300wm range. 



64°04'111 L~t , 
1250 m (a.s.l 

landform: Altiplanation terrace. 
Slope: level 
Drainage: Internal-well to poor; external-imperfect to poor. 
Vegetation: low shrub tundra. 
SoH Temperature: September JOC. 
Parent material 
Patterned 
Soil 

Horizon Depth (em) 

Bm 0-5 

BCgyl 5-35 

BCgy2 35-60+ 

brO>m 
to firm; 

clear, wavy 

very gravelly silt loam; moderate, coarse 
, fine random roots; 60: coarse fragments; 

broken ooundary; 0 tc 7 em 

man.y, prominent very dark 
m) ; amorphous, but 

roots; variable coarse fragment content 
irregular and b~~en boundary; 0 tc 40 em 

silt loam; 111/Mly, medium distinct 
amorphous, but flo~ when 

¥~''""'"'"'~'; strongly ac:1d. 
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Table 16. Analytical data for the Orthlc Turbic Cryosol at Site Y7. 

(!H Total Total _tl.~utral Salt Extraction Suffered NH,OAc (pKl) 

Horizon H20 CaC1 2 C% Nl C/N I( ca Mg Al Total Totdl (d Mg Na K 

Bm 5.4 4.4 1.6 0.08 20 0.2 1.9 0.4 0.3 ".7 B.! 2.0 0.5 0.1 0.1 
BCgyl 5.4 4.2 1.0 0.05 19 O.l 1.0 0.2 0.6 1.8 6.1 0.7 0.2 0.1 0.1 
BCgy2 5.3 4.3 1.5 0.07 21 0.1 0.6 0.1 0.7 1.4 6.4 0.3 0.0 0*1 tr 

Phxs ical 

% Part Size Dist - % <2 l111l Atterberg Classification 

Horizon >2 rMl Sand Silt Clay F-Clay PL lL Unified USDA 

Bm 61 21 69 10 3 24 28 Sil 
BCgyl 45 24 70 6 3 22 23 Sll 
BCgy2 64 32 61 7 2 22 26 Sil 

--·-----------------
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1e tion descri ion for Site Y7. 

Trees 0 

Ta 11 s 

Low 

dec:wnbens 

Herbs 5% 

ssp. plum:::;swrr 

Artemisia ssp. aretica 

Mosses- lichens (soil) 60% 
Rhacomitriwn 

tidiwn 
Tetraplodon 

el-ongatwn 
Aleetoria nitidu 
Cetraria cueu lata 
Cetraria land-ica 

r"ieha:rdsanii 
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location: 68°23'N Lat., 133°44'W Long. 
Elevation: 25m (a.s.l.). 
landform: Undulating morainal plain. 
Slope: Less than z·;. 
Drainage: Internal-moderately well to poor; external-poor. 
Vegetation: Subarctic forest, burned: cotton grass, unburned: black spruce-lichen. 
Soil Temperature: September 14, 1975; 10 em goc, 50 em= 3°C, 100 em= JOC. 
Parent material: Clayey colluvial material. 
Patterned ground: Earth hummocks; average diameter - 205 em, average height - 50 em. 
Soil Classification: Can. - Brunisolic Turbic Cryosol 

Horizon 

Om 

Bm 

BCyl 

BCy2 

Ohy 

Cg 

Cz 

U.S.A. - Pergelic Ruptic Cryaquept 
F.A.O. - Gelic Cambiso1. 

Depth (em) Description 

0-10 Black (5YR 2.5/1 m), moderately decomposed moss peat; abundant, medium to large 
horizontal roots; abrupt, irregular boundary; found only in the interhummock 
depression, 0 to 19 em thick: 

0-20 

20-70 

70-100 

100-110 

ll0-130 

130+ 

Dark brown (lOYR 4/3 m) clay; strong, medium to fine granular; sticky and plastic; 
friable; abundant, fine to very fine random and few, medium horizontal roots; 
extremely acid; gradual, irregular boundary; 0 to 20 em thick: 

Dark brown (lOYR 4/3 m) clay; structureless, massive; sticky and plastic; firm; 
plentiful, fine vertical roots to 60 em and few, fine vertical roots between 60 and 
70 em; some inclusions of Ohy material; extremely acid; gradual, irregular boundary; 
discontinuous, 20 to 80 em thick: 

Dark grayish brown (10YR 4/2 m), to dark brown (lOYR 4/3 m) clay; structureless, 
massive; sticky and plastic; firm; few fine vertical roots; extremely acid; abru~t, 
wavy boundary; 30 to 70 em thick: 

Dark reddish brown (SYR 3/2 and 2.5/2 m) to black (SYR 2.5/1 m) humic peat; somewhat 
layered; friable; plentiful roots close to surface; extremely acid; clear to abrupt, 
smooth boundary; discontinuous, 0 to 10 em thick: 

Dark gray (lOYR 4/1 m) clay; few to many, medium, distinct reddish brown and yellowish 
red (5YR 4/4-5/6 m) mottles; structureless to weak granular; very sticky, very plastic; 
firm; extremely acid; abrupt, smooth boundary: 

Dark gray (10YR 4/1 m) frozen clay; structureless, massive; sticky and plastic; firm; 
some ice crystals. 

/ 
'-'::: / 

\ I 
Bm 

,.....---_, ........ __ _ 
\om/ 

''-.. "'-<. 
\ \ I, I 

I 

1 
BCyl 

" \ / \j _.... \ Oh'Y;y II; \ zo~ I I 
\ BCyl I \ 

\ I ' / 
\ I I / em I I 
\ I 1:1Cy2 \ / 
\~; '-....- ..--1 

20L 
10 

10 20cm 

Cg 

----- -------------m-
Cz 

FIGURE 26. DIAGRAMMATIC CROSS-SECTION OF 

THE PEDON AT SITE Nl 
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T~ble 18. Analytical da~ for the Bruni sol ic Turbic Cryosol at Site Nl 

eH Total Total Neutral 

Horizon H2o cac1 2 C% N% C!N K Ca Mg Al Total Total Ca l'lg Na K 

am 4.3 3.8 2.0 0.17 12 0.5 0.1 0.2 8.0 8. 7 26.9 . 0.1 0.2 0.1 0.3 
BCyl 4.2 3.7 .2 13 0.5 0.2 7.0 7.9 25.4 0.2 0.3 0.1 0.5 
BCy2 4.2 3.7 2.3 0. 13 0.5 7 0.3 6.1 7.6 26.9 0.6 0.5 0.1 0.6 
Ohy 4.4 4.1 17.4 0.76 23 0.7 3.4 1.2 5.7 10.9 78.0 2.4 1.3 0.2 0.5 
Cg 3.8 3.7 2. 7 0.26 ll 0.9 7.0 3.2 2.2 13.2 25.7 6.8 3.8 1.2 0.7 

Ditllioni te Oxalate ~hos._ 

Horizon fe Al Mn Fe Al Fe Al 

lim 3.15 0.30 0 L67 0.27 0.74 0.29 
OCyl 3.17 0.34 0 1.156 0.29 0.66 0.26 
OCyZ 3.06 0.27 0 1.58 0.29 0.72 0.27 
Ohy 1.93 0.64 0 1.84 0.45 1.46 0.56 
Cg 2..76 0.14 0.01 0.91 0.07 0.29 0.11 

Or9!nic Mlltter 

Extracted FA HA 
Horizon N P-Bray K s tc %1\1 Cha/Cfa E4/E6 E4/E6 Mlca Ch1or. Kaolln Smect. Venn. Quartz Felds. 

Bm 0 101 41 33 53 0.43 3.6 tr tr tr 2 tr 
BCyl 0 138 50 41 41 0.14 3.4 1 tr tr 1 4 tr 
BCy2 1 tr 1 2 
Ohy 
Cg tr 'tr 4 tr 

Fibre Content Part Size Dist - % <2 1001 Moisture % Atterberg Classffication 

Horizon Unrub % Rub % Sand Silt Clay f·Clay 1/3 atm 15 atm Pl LL Unified USDA 

Bm 3 49 48 17 35 24 c 
BCyl 2 45 !i3 20 28 44 c 
BCy2 3 47 50 17 29 43 C· 
Ohy 50 
Cg z 48 50 14 c 

1Amount estimated from x-ray diffractograms: tr z trace, 1 = 2·20%, 2 • 20-40%, 3 • 40·60%, 4 = 60.80%, 5 • 80-100%. 
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Figure 28. Micromorphol ical features the Brunisolic Turbic Cryosol at Site Nl. 

a.plane light plane light c.plane light d.plane light 

Bm This horizon consi mainly of loosely packed fine grained brown peds (200-
5000~m with most around 2mm) that are sharp, dense, equant and rounded. 

Pale, often diffuse, irregular aggregates are (C), often enclose some of the small 
dark peds (Fig. 8a), are ve fine grained and exhibit little birefringence. Sharp 
to diffuse nodules (<800 with most 200-300~m) are (0-C) with weakly oriented clay 
nodules dominant over ferruginous. Organic material is (C) wi raw fragments (<2mm) 
between the aggregates and fine (<200~m) well humified material within the aggre
gates. 
-1- skel-insepic porphyroskelic aggregates 

phyto-matrigranic 

BCyl This horizon is dense brown fine grained material with (0-C) irregular vughs 
and (R) channels and skew planes. Diffuse to sharp nodules (<lmm with most 

200-300~m) are (C) (Fig. 8b) with weakly to moderately oriented clay nodules domin
ant over ferruginous. Organic material is (0) with some raw fragments (<lmm) in 
the channels and some small black well humified material in the s-matrix. 
-1- skel-mosepic porphyroskelic 

BCy2 This horizon is similar to the BCyl except that brown to black organic mat-
al is (F) and occurs as fragments, most of which are rod-like in shape 

and about 250~m long (Fig. 8c). 
-1- skel-mosepic porphyroskelic 

Ohy s horizon is light brown extremely porous material that consists of 
alternating discontinuous layers of mineral and organic material (Fig. Sd). 

The mineral content is greater the organic. The mineral areas are generally 
large diffuse areas containing varying amounts of organic material and appear to 
result from ion of (1 ) There are (0) rounded aggregates 
(400-2000~m) and (0) el agg (<3mm). The organic areas consist of 
brown and black fragments (<Smm with most lmm) which are mi wi minor amounts 

silt and have the large igned subhorizontally. There are (O) iso-
tropic rod-like and hacky ins. 

matri-phytogranic//phyto-matrigranoidic 
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Table 19. Vegetation description for Site N1. 

A) Area burned in 1968 

a) Hummock tops 

Low shrubs 5% 
100 Spirea Beauverdiana 

Dwarf shrubs 5% 
95 Vaccinium vitis-idaea 

5 Rubus chamaemorus 

Herbs 1% 
100 Epilobium angustifolium 

Grasses 25% 
100 Calamagrostis canadensis 

ssp. canadensis 

Mosses - lichens 15% 
90 Ceratodon purpureus 
10 Stereocaulon sp. 

Bare 60% 

b) Interhummock troughs 

Trees (dead) 10% 
100 Picea mariana 

Low shrubs 20% 
65 Ledum palustre 

ssp. decumbens 
30 Betula glandulosa 
5 Spirea Beauverdiar~ 

Herbs 1% 
100 Epilobium angustifolium 

Grasses 70% 
75 Calamagrostis canadensis 

ssp. canadensis 
25 Eriophorum russeolum 

Mosses- lichens 20% 
75 Ceratodon purpureus 
25 Polytrichum commune 

B) Area unburned (Black spruce- lichen forest) 

a) Hummock tops 

Tall shrubs 2% 
100 Betula glandulosa 

Low shrubs 10% 
60 Ledum palustre 

ssp. decumbens 
30 Spirea Beauverdiana 
10 Betula glandulosa 

Dwarf shrubs 35% 
100 Vaccinium vitis-idaea 

Grasses 15% 
100 Calamagrostis canadens1:s 

ssp. canadensis 

Mosses- lichens 40% 
60 Stereocaulon sp. 
30 Cladina mitis 
7 Cetruria nivalis 
3 Ceratodon purpureus 

b) Interhummock troughs 

Trees 20% 
100 Picea mariana 

Tall shrubs 10% 
90 Alnus crispa 

ssp. crispa 
10 Betula glandulosa 

Low shrubs 40% 
70 Ledum palustre 

ssp. decumbens 
25 Betula gZandulosa 
5 Spirea Beauverdiana 

Dwarf shrubs 40% 
100 Vaccinium vitis-idaea 

Grasses 30% 
80 Calamagrostis canadensis 

ssp. canadensis 
20 Eriophorum sp. 

Mosses- lichens 40% 
65 Ceratodon purpureus 
30 Polytrichum juniperinum 

5 Sphagnum s p. 
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Location: 68DQ8'N lat., 133D27'W long. 
Elevation: 30m (a.s.l.). 
Landform: Undulating morainal plain. 
Slope: 3% to the south west, site is mid-slope. 
Drainage: Internal-moderately well to poor; external-imperfect to poor. 
Vegetation: Subarctic forest of black spruce-lichen. 
Soil Temperature: September 13, 1975: 10 em = 2oc, 50 em = o0c, 100 em~ -lDC, 
Parent material: Fine silty till. 
Patterned ground: Earth hummocks; average diameter - 135 em, average height - 45 em. 
Soil classification: Can. - Orthic Turbic Cryosol, peaty phase 

Hori zan 

Of 

Oh 

Bm 

Bmy 

BCy 

Ahyz 

Cyz 

Depth (em) 

6-3 

3-0 

0-10 

10-35 

35-65 

up to 5 

65-110+ 

U.S.A. - Pergelic Ruptic Cryaquept 
F.A.O. - Gelic Cambisol. 

Description 

Very dusty red (2.5YR 2.5/2 m), fibric feathermoss forest peat; loose to matted; 
abundant, medium to large horizontal roots, extremely acid; clear, wavy boundary; 
found mainly in interhummock depression, 0 to 20 em thick: 

Black (SYR 2.5/1 m), moderately well decomposed, feathermoss forest peat; matted; 
plentiful, medium to fine random roots, few medium horizontal roots; slightly acid; 
clear, wavy boundary; 2 to 10 em thick: 

Dark brown (10YR 4/3 m), silt loam; strong, fine to medium granular; sticky and 
plastic; friable; plentiful, fine random roots, few medium horizontal roots; very 
strongly acid; clear, wavy boundary; found on apex of hummock, 0 to 10 em thick: 

Very dark grayish brown (lOYR 3/2 m) silt loam; moderate, fine to medium granular; 
sticky and plastic; friable; few, fine random roots; slightly acid; gradual, wavy 
boundary; discontinuous, 0 to 30 em thick: 

Dark brown to very dark gray (10YR 3/3 to 3/1 m) silty clay; strongly cyroturbated 
with intru~ions of organic matter; structureless, massive; sticky and plastic; 
firm; very fev1, fine vertical roots; stones up to 10 em in diameter in interhummock 
dpression; neutral; abrupt, wavy boundary; discontinuous, 0 to 3 em thick: 

Black (2.5Y 2.5/0), frozen well decomposed organic matter; neutral ice lenses up to 
5 mm thick; 0 to 5 em thick: 

Dark grayish brown (2.5Y 4/2), frozen silty clay; 65% segregated ice crystals and 
ice lenses up to 10 mm thick; intrusions of organic matter; structureless, massive; 
mildly alkaline. 

Bm _ ---
Bmy 

om 

20L 
10 "" 

0 10 20cm 

.................... ________ ,.,..._._/ 

I) 

Bey cxAI -
'- Ah/'- ~ -- -- - -

<.::"--.. ............ ___ .. -- ,. 

'1" < ..::.;; - -~.;:-- "'""< y 
Aliyz~- Ahyz 

4690 ± l 00 yrs.BP 
Cyz 

FIGURE 29. DIAGRAMMATIC CROSS-SECTION OF THE PEDON 

AT SITE N2 
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Table 20. AnalyticJ] d-Jta for the Orthic Turblc Cryosol dt Site N2. 

-= ... -==:..~==··-:..:-~.:;-_::.....-====..:: 
E~_c_b_ang_P~)~ .f:.0!ci Oni~c/ !OQlll_ ____ 

______2)1 __ 
Total CdC03 Totd1 ~utra 1 SaJ.!.Jc<_trc1c_t_i_Q11__ __ _ ___I! u f f J!"~-N_I:l.,_O~H 7) 

Hor1 zon H20 cac1 2 XC Equ.% '~"' . C/N I( Ca Mg Al Total Total Ca Mg Na K 

Of 4.4 4. 43.0 1.98 22 2.2 41.6 10.9 0.! 54.8 163.8 56.4 12.8 0.1 !.2 
Oh 6.1 5. 7 35.9 2.06 17 0. 7 92.3 20.0 0 112.9 178.8 120.1 23. g 0.2 0.6 
Bm 5.0 4.6 3.0 0.20 15 0.4 12.8 4.9 2.4 20.4 35.4 13.3 5.9 0 .1 0.2 
Bmy 6.2 6.1 .8 0.14 13 o. 3 15.3 5.3 0 20.9 26.9 16.8 6.7 0.1 0.2 
BCy 6.9 6.5 2 .• 7 0.19 l4 0.5 20.8 5.2 0 26.4 32.8 23.9 6.7 0. 0.2 
Ahyz 6.8 9.5 0.52 18 66.4 61.6 10.5 0.1 0.2 
Cyz 7.5 7.1 5 3.3 0.09 16 0.4 11.6 2.0 0 14.0 

...Jh_thioni te __ _!)xalate J'.:trophoj_,_ 
Horizon Fe Al Mn fe Al Fe 1\1 

Of 
On 
Bm 2.17 0.18 0.04 0.71 0.11 0.36 0.10 
Bmy 1.79 0.07 0.03 0.57 0.07 0.17 0.02 
!lCy l. 78 0.07 0.04 o. 74 0.12 0.20 0.02 
Ahyz 
Cyz 1.64 0.05 0.03 0.39 0.02 0.05 0.02 

Available __ .Q.I:ganic Matter Mineralogy <2~ cla~ 1 

Nutrient:_s_~~ Extrac.!_<:Q_ FA HA 
Horizon N P-8ra_y K s %C %14 Cha/Cfa E4/E6 £4/£6 Mica Chlor. Kaolin Smect. Verm. Quartz Felds. 

Of 1 3 72 3 
Oh 8 2 32 3 30 37 0.15 5.7 5.4 
Bm 0 0 57 2 48 69 0.30 7.3 4.3 tr tr tr 2 2 
Bmy l 0 85 1 tr tr tr 1 1 
BCy 1 0 92 4 2 tr tr tr 1 
Ahyz 
Cyz 2 tr tr tr 

Fibre Content % % Part Size Oist - % <2 mm ---- Bulk D. Moisture % f_l~ficativn 

Horizon Unrub % Rub Ash >2 mm Sand Silt Clay f-C 1 ay g/cc 1/3 atm 15 atm Unified USDA 

Of 90 50 5.6 
Oh 65 5 29.1 0.29 
Bm 5 20 52 28 12 !.12 30 15 Sil-SiCl 
Bmy 5 16 58 26 12 1.53 Sil 
BCy 4 19 53 28 13 1.68 Sil-SiCL 
Ahyz 21 
Cyz 14 20 55 25 Sil 

1Amount esti~ated from x-ray diffractograms: tr • trace, l 2-20%, 2 20-40%, 3 = 40-60%, 4 • 60-80%, 5 • 80-100%. 
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Figure cromorphological features of the Orthic Turbic Cryosol at Site N2. 

a. plane light b.plane light c. plane light 

Bm This horizon is dark brown material consisting mainly of loosely packed ir-
regular organa-mineral aggregates (40-400~m) (Fig. 30a) with moderately 

humified organic fragments (50-5000~m) and well humified organic material (<50~m) 
in the aggregates and also in the interaggregate spaces. In most areas the aggre
gates are fused forming very porous larger aggregates. Rock fragments (sandstone, 
igneous, and siltstone) are (0). 
-1- intertextic 

- phyto-matrigranic//matrigranoidic 

Bmy This horizon is medium grayish brown material consisting of granular peds 
(200-2000~m) that are generally strongly fused (Fig. 30b). There are areas 

loose granules and areas almost dense but with (C) vughs and channels. The 
overall porosity is moderate. Organic material is (C-F) with the large (100-4000~m 

th most 250-600~m) moderately humified and the small fragments (<50~m) well mixed 
th the matrix. Complete sepic matrans occur on the (0) rock fragments (silt-

' sandstone, shale) that occur as gravel and coarse to medium sand. Diffuse 
rruginous nodules (l00-600~m) are (R). 

-1- skel-insepic porphyroskelic aggregates 
matrigranoidic with minor matrigranic and matrigranoidic porphyroskelic areas 

This horizon is moderately packed grayish brown material containing varying 
amounts of organic material. The bulk of the organic material occurs as 

moderately humified dark brown to black material (<4mm with most <200~m). In most 
areas minor amounts are well mixed with the s-matrix. In some areas the organic 

rial is dominant over silty-mineral material (Fig. 30c). Carbonates are (0) 
occur mainly as silt size primary grains with some sand size. rruginous and 

sesq die nodules (80-1700~m) are (R). 
-1- s 1-insepic porphyroskelic 

g die porphyroskelic 
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Table 21. Vegetation description for Site N2. 

Tree ages, Picea mar&ana - 232 yr 
129 yr 
108 yr 

59 yr 
50 yr 

A) On hummock tops 

Trees 5% 
100 Picea mar&ana 

Tall shrubs 20% 
80 Alnus crispa 

ssp. cr&spa 
20 Salix alaxensis 

Low shrubs 35% 
60 Vaccinium ulig1:noswn 
30 Ledum palustre 

ssp. groenlandicum 
10 Ledum palustre 

ssp. decumbens 

Dwarf shrubs 35% 
55 Vaccin,ium vitis-1:daea 
40 !tr>ctostaphyZ.os rouhra 

5 Empetrum nigx'UJ71 

Herbs 1% 
100 Saussurea angustifolia 

Grasses 1% 
100 Arctagrostis Zatifolia 

Mosses- lichens 90% 
45 Clad1:na mitis 
30 Cladina alpestris 
10 Cladina rangiferina 
5 Cladonia amaurocrea 
5 Cetraria nivalis 

B) In ·i nterhummock troughs 

Trees 2mb 
100 Picea mariana 

Tall shrubs 30% 
75 SaZ1:x alaxensis 
25 Alnus cr1:spa 

ssp. crispa 

Low shrubs 40% 
40 Ledum palustre 

ssp. groenlandicum 
35 Vaccinium uliginosum 
25 Ledum palustre 

ssp. decumbens 

Dwarf shrubs 45% 
50 Vac(~inium vi t'ie-idaea 
2 5 E'mre trum m:grJAm 
25 Aretostaphylos rubra 

Herbs 1% 
100 Equisetum scirpoides 

Grasses 5% 
80 Ar•ctagrostis latifolia 
20 Carex lugens 

Mosses - lichens 80% 
25 Dicranum fuscescens 
25 Hypnum crista-castrensis 
20 Cladina mitis 
20 Dicranum acutifolium 
10 Ptilidi.-um cUiare 



location: Lat., l3J0 26'W long. 
Elevation: .s. 
Landform: i a 1 . 
Slope: Site on of asker. 
Drainage: lnternal-wel ; e~ternal-wel . 
Vegetation: Subarct1c forest of black 
Soil Temperature: Sept 13, 1975; 10 em • 1oc, !00 em= ooc. 

Hor1xon 

Bm1 

Ae 

8m2 

BC 

c 

I!C 

materia 1: Coarse 
Can 
lJ.S.I\. 
F.IUl. -

, cryic p~ase 

Depth (em) G!lstrlption 

1-0 Black 2.5/l m) forest litter; matted; abundant, medium random and horizontal 
roots; very strongly acid; abrupt, smooth but broken boundary; 0 to 2 em thick: 

0-2 ful medium, horizontal roots; 

5-32 

32-65 

65-85 

85-120 

, loose, soft; very strongly acid; 

brown (7 .5YR 6/4 m) few fine, plentiful medium, horizontal roots; 
nonsticky, nonplastic; loose, soft; very to moderately 

strongly acid; clear, irregular 4 to 18 em thick: 

4/8 m) sandy loam; few, fine random roots; structureless, single 
nonplastlc, loose, soft; strongly acid; gradual, smooth boundary; 

Darlt !;wQ"<In lOYR 4/3 
11011sticky, nonpldstk, 

4.2VR 4/4 m) sandy loam; very few, fine vertical roots; 
nonsticky, nonplastic, loose, soft; strongly acid; 
to 35 em thick: 

m) sandy loam; structureless, single grain; 
strongly acid; clear, smooth boundary: 

loa~ S~Pd; stratifled; structureless, single grain; 
strongly add. 
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Table 22. Analytlcal data for the Eluviated Dystrlc Orunsiol, cryic phase at Site N3. 

hclldngeable Cations (me(lOOg) 

2t! Total Total Neutral Salt Exch~- Buffered N11,0Ac ( pH7) 

Horizon H20 CaC1 2 C% N~ C/N I( Ca Hg AI Total Total Ca Mg Na K 

l-f 5.0 4.6 15.7 o.so 20 1.6 s.a 2.0 2.2 11.9 79.3 8.3 3.5 0.1 2.7 
Sml 4.6 3.9 1.3 0.09 15 0.1 1.8 0.4 1.9 4.1 19.8 '1.8 0.6 tr 0.1 
Ae 4.7 3.9 0.6 0.04 16 tr 0.3 0.2 Ll 1.6 10.7 0.5 0.4 0.1 0.1 
Bm2 5.2 4.1 0.3 0.03 9 0.1 0.2 0.7 2.5 3.6 6.6 0.2 O.B tr 0.1 
BC 5.1 4.1 0.2 0.03 7 0.2 0.7 1.1 3.3 5.3 9.8 0.6 1.1 0.1 0.1 
c 5.2 4.4 0.3 0.03 10 0.1 1.4 1.1 0.4 3.1 10.1 1.6 1.4 tr 0.1 
!IC 5.5 4.7 0.1 0.02 0.1 0.9 0.6 0 1.6 7.9 1.0 0.8 0 0.1 

Ses~loxides (%) 
D1thloni te Oxalate Pz:roj!l!os. 

Horizon fe Al Mn Fe Al Fe Al 

l-f 
Bml 1.91 0.06 0.09 0.46 0.06 0.11 0.08 
Ae 1.64 0.06 0.03 0.40 0.07 0.10 0.01 
8m2 2.81 0.29 0.04 0.73 0.21 0.17 0.14 
8C 2.44 0.20 0.03 0.86 0.15 0.11 0.11 
c 2.91 0.16 0.01 1.08 0.17 0.11 0.08 
IIC 0.57 0 0.01 O.ll 0.03 0.02 0.01 

Available Or9!!nic Matter H1neraloSl <2M cla 1 

Nutrients (22m) Extracted FA HA 
Horizon N P-Bray K s %C Ul Cha/Cfa E4/E6 E4/E6 Mica Chlor. Kaolin Smect. Verm. Quartz Felds. 

L-F 24 142 2 17 52 0.13 5.4 5.0 
Bml 
Ae 0 1 33 1 tr tr tr 2 2 
8m2 1 0 52 0 32 39 0.78 4.1 3.3 2 tr tr 2 1 
BC 
c 2 tr tr 2 
!IC 

Ph s1cal 

Fibre Content % Part Size Dist -% <2 mm Moisture % Classification 
Horizon Unrub % Rub % >2 111111 Sand Silt Clay F-Clay l/3 atm 15 atm Unified USDA 

l-F 75 40 
Bml 8.4 68 Z9 3 l SL 
Ae 7.3 64 31 5 1 13 6.2 SL 
Bm2 4.6 65 22 13 5 8.9 3.6 Sl 
BC 3.2 64 22 14 5 SL 
c 2.9 78 13 9 J Sl 
l!C 89 7 4 1 LS 

1Amount estimated from x-ray dHfractograms: tr• trace, 1 • 2-20%, 2 • 20-401~, 3 • 40-60%, 4 s 60-80%, 5 • 80·100%. 
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Figure 31. Micromorphological features of the Eluviated Dystric Brunisol at Si N3. 

c.plane light 

Ae This horizon is loosely packed grayish brown material consisting of sand 
with some gravel and fine matrix material occurring as loose to almost com

plete intergranular fillings, partial matrans (<lOO~m), bridges between grains, and 
as aggregates (200-2000~m) (Fig. 3la), with and without fusion. Yellowish brown to 
black organic material (100-2000~m) is (C) and the fine material (<50~m) is mixed 
with the fine matrix material. Rock fragments are (0) as sand and gravel and con
sist of sandstones and siltstones. 
-1- intertextic 
-2- ortho-matrigranic//matrigefuric//matrigranoidic 

Bm This horizon is loosely packed pale material consisting of medium to coarse 
sand and some gravel with matrans (10-l20~m with most about 50~m) (Fig. 31b). 

There is weak bridging between many (50%) grains and little intergranular material. 
The matrans are mostly complete (80%) and consist mainly of moderately oriented 
clay. The sand is mainly (70%) rock fragments, mostly sandstone with some shale. 
-1- granular with sepic matrans 

skelsepic matrichlamydic 

BC This horizon consists of loosely packed sand with (R) clusters of silt. 
Most of the sand grains have sepic matrans (<80~m with most <20~m) and al

most all are partial (Fig. 3lc). About 30% of the sand is shale and sandstone frag
ments. 
-1- granular with thin partial sepic matrans 
-2- skelsepic matrichlamydic 
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Table 23. Vegetation description for Site N3. 

Age of trees: 160 yr 
169 yr 
119 yr 
83 yr 

Trees 30% 
95 Picea mariana 

5 Betula papyrifera 

Tall shrubs 20% 

Highest tree: 15 m, 25 em DBH 

100 Picea mariana (reproduction by layering) 

Low shrubs 2% 
99 Picea mariana (reproduction by layering) 

1 Salix sp. 

Dwarf shrubs 35% 
85 Vaccinium vitis-idaea 
10 Empetrum nigrum 
4 Ledu~ palustre ssp. groenlandic&un 
1 Rosa acicularis 

Herbs 1% 
100 Lycopodium abscurum 

Grasses 1% 
100 Arctagrostis latifolia 

Lichens -mosses 80% 
50 Cladina mitis 
25 Cladina alpestris 
15 Cetraria nivalis 

3 Cetraria cucullata 
2 Cladina rangiferina 
2 Cladonia amaurocrea 
2 Peltigera aphthosa 
1 Pt1:lidium ci liare 
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Location: 68°19 1 N lat., l33°25 1 W long. 
Ele~ation: 100m (a.s.l.). 
landform: Polygonal peat plateau. 
Slope: Level. 
Drainage: Poor to imperfect in the rooting zone. 
Vegetation: Tundra of dwarf shrubs, 1 ichens and mosses. 
Soil Temperature: September 14, 1975: 10 em= 4°C, 50 em • ooc, 100 em= -1oc. 
Parent material: Mesic fen peat. 
Patterned ground: Large polygonal pattern; 3pproximate diameter- 10m, up to 50 em relief along trenches. 
Soil Classification: Can. - Mesic Organic Cryosol 

Horizon Depth (em) 

Om D-35 

Ofz 35-39 

Omzl 59-110 

Omz2 110-175 

Omz3 175-240 

Omz4 240-265 

UAhz 265-300 

fiGURE 32. 

U.S.A. - Pergel ic Cryohemist 
F.A.O.- Gelic Histosol. 

Description 

Black (2.5YR 2.5 m), moderately decomposed, woody fen peat; composed dominantly of 
sedges, birch and brown mosses; loose, friable; very strongly acid; smooth boundary: 

Dark brown (7.5YR 4/4 m), frozen, undecomposed, sphagnum moss peat; composed 
dominantly of sphagnum mosses, minor amounts of birch branches; segregated ice 
crystals; very strongly acid: 

Dark reddish brown (5YR 3/3 m), frozen, moderately decomposed, woody-moss fen peat; 
composed dominantly of sedges, brown mosses and woody remains; segregated ice 
crystals; strongly acid; 

Dark reddish brown (5YR 2.5/2 m), frozen, moderately decomposed, moss fen peat; 
composed dominantly of brown mosses and sedges; segregated ice crystals; medium 
acid: 

Black (lOYR 2/1 m), frozen, woody fen peat; composed dominantly of sedges, woody 
remains and mosses; segregated ice crystals; very strongly acid: 

Black (lOYR 2/1 m), frozen aquatic peat; charcoal particles; segregated ice crystals 
and ice lenses; very strongly acid: 

Frozen silt loam; segregated ice crystals and ice lenses; extremely acid. 
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DIAGRAMMATIC CROSS-SECTION OF THE POLYGONAL PEAT 
PLATEAU AT SITE N4. THE SOIL PROFILE AND ANALYSIS 
CORRESPOND TO AUGER HOLE N4B ON THE CROSS-SECTION. 
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Table 24. Analytical data for the ~ic Organic Cryosoi at Site N4. 

Exchanoeable Cations tme(!OOg) 
EH Tot.a 1 Total Neutral Salt Extraction Buffered NH > OAc ( !!Hl.L_ 

Horizon H2o CaC1 2 ex M C/N I( Ca 149 Al Total Total Ca l4g Na I( 

Om 4.8 4.2 47.1 1.90 25 0.2 67.0 12.3 0.3 79.8 176.8 74.2 13.8 0.7 0 .l 
Ofz 4.9 4.7 36.0 1.10 33 
Omzl 5.3 5.0 45.3 2.52 18 0.7 55.8 10.2 0 67.4 128.3 63.4 12.3 0.1 0.6 
Omz2 5.6 5.3 42.9 1.98 22 0.5 69.5 12.3 0 82.3 150.4 83.1 13.8 0.4 0.5 
Omz3 4.9 4.9 41.4 2.43 l7 0.3 78.3 11.4 0.3 90.3 134.2 78.8 12.6 1.4 0.3 
Ohz 4.5 4.5 25.3 1.85 14 85.7 60.2 9.5 1.8 0.3 
I!Ahz 4 .l 4.1 18.8 1.50 13 0.3 56.8 6.9 0.7 64.6 64.2 43.4 8.3 0.3 0.3 

Available Organic Mater 
Nutrients \22ml Extracted FA HA 

llori zon N P-l:lray I( s ~c $N Cha/Cfa E4/E6 E4/E6 

Om 0 9 14 28 0.27 7.0 6.2 
Ofz 
Omzl 

4.6 Omz2 26 14 0.30 6.9 
Omz3 
Ohz 
I!Ahz 

Phlsical 

Fibre Content % 
Horizon Unrub % Rub % Ash 

Om 80 20 6.7 
Ofz 90 80 7.5 
Omzl 80 32 13.1 
Omz2 70 34 8.9 
Omz3 70 20 14.3 
Ohz 49.0 
liAhz 
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Table on description for Site N4. 

a tral rt b) In polygon trough 

5% 
chamaemorus 

s 
sses 50% 
100 Eriophor~ sp. 

Mosses- lichens 70% 
Dwa 70 Sphagnum fuscum 

30 Hylocomium splendens 

Herbs 1% 
Ua 

Grasses 10% 
100 Ar•etagr•ostil3 t: z:folia 
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Location: 69°26'N Lat., 133°0l'W Long. 
£1evatlon: 3m (a.s 1.) 
Landform: Undulating morainal plain. 
Slope: 6% to the west; site is mid-slope. 
Drainage: Internal-moderately well to poor; external-imperfect. 
Vegetation: Shrub tundra of ':x sp. and Bdula c~Lm.Iuloaa. 
Soil Temperature: September 16, 1975: 10 em: 4°C, 50 em: 0°C. 
Parent material: Fine loamy till. 
Patterned ground: Earth hummocks; average diameter - 115 em, average height - 32 em. 
Soil Classification: Can. - Brunisolic Turbic Cryosol 

Horizon 

Om 

Bm 

BCgyl 

BCgy2 

Ohy 

Ohyz 

Cz 

U.S.A. - Pergelic Ruptic Cryaquept 
F.A.O. - Gelic Cambisol. 

Depth (em) Description 

3-0 Dark reddish-brown (SYR 3/2 m), moderately decomposed peat; matted; abundant, 
medium horizontal roots; medium acid; abrupt, wavy boundary; 3 to 20 em thick in 
depression: 

0-20 Dark brown (lOYR 4/3 m) loam; strong, fine to medium granular; sticky and plastic; 
friable; abundant, fine random and plentiful, fine vertical roots; very strongly 
acid; clear, wavy boundary; discontinuous, 0 to 20 em thick: 

20-40 Dark yellowish-brown (lOYR 4/4 m) loam; common, medium, distinct yellowish brown 
and dark gray mottles (lOYR 5/6 and SY 4/1 m); plentiful, very fine random roots; 
gray coating along roots; very strong acid; gradual, wavy boundary; discontinuous 
0 to 20 em thick: 

40-60 Very dark gray to very dark grayish brown (lOYR 3/1 to lOYR 3/2 m) loam; common, 
medium, distinct yellowish red to strong brown mottles (5YR 4/6 and 7.5YR 4/6 m); 
structureless, massive; sticky and plastic; plentiful, very fine random roots; 
some coarse fragments; firm; medium acid; clear, wavy boundary; discontinuous 0 to 
20 em thick: 

60-65 Black (2.5Y 2/0 m), moderately well decomposed peat; structureiess; few to plentiful, 
fine random roots; approximately 5% coarse fragments; slightly acid; clear, wavy 
boundary; 5 to 40 em thick: 

65-70 Black (2.5Y 2/0 m), frozen, moderately well decomposed peat; structureless; approxi
mately 5% coarse fragments; segregated ice lenses; clear, wavy boundary: 

70 Dark gray (lOYR 4/1 w), t· dark grayish-brown (2.5Y 4/2 w) frozen loam; structureless, 
massive; sticky and plastic; friable; segregated ice lenses up to 5 mm; ice content 
50%; approximately 50% coarse fragments; mildly alkaline. 

--------. --!\ Om 
-- _ _ BCgy! J - '-'>S:gyl 

- ' " / ' BCgy2 \ ,; '_ ~ - ,./ ®3030± 90 yrs, BP 
- /,_.Oh 

5950± 100 y~~~:::::--~==-~~y_i""~~--
/ Cz frost toble 

Cm 

20L 
10 

0 10 20 Cm 

6280± 100 yrs. BP 

fiGURE 33. DIAGRAMMATIC CROSS-SECTION Of THE PEDON AT 

SITE N5A 
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Table 26. Analytical data for the Brunisolic Turbic Cryosol at Slte N5a 

E xchd_l19~af'-1_e_(<U~m_eLJ()O_gj_ _______ _ 

pH Tota 1 CaC03 Tot a 1 
Horizon H20 CaC1 2 ''C Equ.% '%N C/N 

_ _Neutra 1 Sa.l!_fxtra_0_i_<J_n_ _jlufft~:eE__N~Q!\-~J.plQL __ 

I( Ca Mg Al Total Total Ca Mg Na K 

Om 5.9 4.9 36.9 1.82 20 1.7 38.9 17.9 0.1 58.6 127.4 37.4 20.2 6.7 2.1 
Bm 4.6 4.3 1.6 0.11 15 0.2 4.2 2.3 2.8 9.5 15.0 4.6 2.7 0.7 0.2 
BCgyl 5.0 4.5 1.4 0.2 5.9 2.7 0.3 9. 1 20.7 6.9 3.2 0.6 0.2 
BCgy2 5.8 5.3 2.7 0.3 10.8 3.5 14.6 25.4 13.0 4.3 0.7 0.3 
Ohy 7.1 6. 3 16.5 0.3 34.5 13.0 47.6 94.3 46.3 14.3 2.9 0.3 
Cz 7.4 7.0 4.2 0.4 8.2 2.5 11.1 14.2 18.2 4.1 0.1 0.3 

Sesguioxides (%) 
Oithionite Oxali!te ~~ 

Horizon Fe Al Mn fe Al Fe Al 

Om 
Bm 1.90 0.11 0.02 1.08 0.08 0.50 0.!0 
BCgy1 1.94 0.09 0.01 1.13 0.08 0.46 0.09 
8Cgy2 1.60 0.08 0.01 l.Ol 0.12 0.32 0.09 
Ohy 0.82 0.15 0.02 0.85 0.19 0.59 0.24 
Cz 1.54 0.04 0.02 0.57 0.05 0.08 0.03 

Avallable Organic Matter Mi nera 1 ogy_~d!L. .. 
Nutrients (Q~m) Extracted FA HA 

Horizon N P-Bray %C %N Cha/Cfa E4/Eii £4/EIS Mica Chlor. Kaolin Smect. Verm. Quartz Felds. 

Om 1 9 !01 9 15 18 0.07 l.i.O 5.4 
Bm 0 0 71 2 47 28 0.57 6.0 4.4 tr tr tr 2 
BCgy1 1 0 68 4 1 tr tr tr 2 
BCgy2 1 tr tr tr 2 
Ohy 3 44 10 
Cz tr tr tr 

Ph sical 

Fibre Content % % Part Size Dist - % <2 mm Bulk D. Moisture X Classification 

Horizon Unrub % Rub % Ash >2 mm Sand Silt Clay F-Clay g(cc 1/3 atm 15 atm Unified USDA 

Om 80 25 28.5 
Sm 1.8 29 47 24 12 1.32 23 11 L 
BCgy1 2.3 28 47 25 13 1.55 L. 
BCgy2 2.8 27 47 26 13 l 
Ohy 45 0.54 
Cz 5.6 35 46 19 

'Amount estimated from x-ray diffractogr~ms: tr = trace, 1 • 2-20%, 2 , 20-401, 3 = 40-60%, 4 60-80%, 5 = 80-100%. 
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Figure 34. Micromorphological features of the Brunisolic Turbic Cryosol at Site N5a. 

a.plane light b. partly X c.plane light 

Bm This horizon consists of grayish brown material in which two fabrics are 
prominent. The dominant one is dense material with (C) root channels, (0-C) 

vughs (l00-1500~m with most 250pm) and (R) skew planes. The other is moderately 
packed aggregates (200-3000~m) most of which are strongly fused (Fig. 34a). Mod
erately to well humified brown to black organic matter (50-2000~m) is (C). Ferru
ginous nodules (l00-500~m) most of which are sharp, are (R). There is a large 
cluster (3mm) of fecal pellets. 
-1- skel-insepic porphyroskelic 
-2- phyto-matrigranic-matrigranoidic//matrigranoidic porphyroskelic 

BCgyl This horizon is dense to moderately 
channels and vughs (1 in Fig. 34b). 

most of which are diffuse, are (C). Brown to 
organic material is (0-C). 
-1- skel-insepic porphyroskelic 

packed medium brown material with (C) 
Sesquioxidic nodules (150-15000wm), 

black, moderately to well humified 

Ohy This horizon consists of gray (through brown) to dark brown material with 
many different fabrics. The major area consists of moderately to loosely 

packed, well humified organic aggregates (.25-lmm) that are either elongated and 
separated by weak to well defined joint planes (Fig. 34c) or strongly fused. These 
aggregates contain little silt. Another major area consists of moderately packed 
silt grains and minor amounts of small well humified organic material (<500~m). 
Minor areas consist of intergrades between the previous two fabrics. Large organic 
fragments (<5mm) are (C) and sclerotia are (R). 
-1- intertextic agglomeroplasmic intergrade 

- phyto-orthogranic//humigranic-mullgranoidic 



e 27. on descri ion Site N5a, 

Ages tall shrubs: Salix sp. - 46 yr 

Tall shrubs 
100 lax ens is 

50% 
palustre s 
glandulosa 

aZ"pina 
latifolia 

42 yr 
27 
14 



157 

location: 69°26'N Lat., 133°0l'W Long. 
Elevation: 2.5 m (a.s.l.). 
landform: High-centre polygon. 
Slope: leve 1. 
Drainage: Internal-well to poor; external-moderately well. 
Vegetation: Dwarf shrub tundra. 
Soil Temperature: September, 1975; frozen at 33 em. 
Parent material: Mesic fen peat. 
Patterned ground: High-centre polygon: average diameter - 9.25 m; average height - 80 em. 
Sell Classification: Can. - Mesic Organic Cryosol 

Horizon 

Oh 

Ohz 

Omz1 

Omz2 

Wz 

UCz 

U.S.A. - Pergelic Cryohemist 
F.A.O.- Gelic Histosol. 

Depth (em) Description 

0-30 Dark reddish-brown (5YR 2.5/2 m) well decomposed, fen peat; soft and loose; some 
remains of birch leaves and bark; extremely acid; abrupt, smooth boundary: 

30-40 Dark reddish-brown {5YR 2.5/2 w), frozen, moderately well decomposed, sedge fen 
peat; some wood particles; ice crystals; extremely acid; gradual, wavy boundary: 

40-150 Dark brown (7.5YR 3/2 w), frozen, moderately decomposed, brown moss fen peat; ice 
crystals; extremely acid; gradual, wavy boundary: 

150-215 Dark brown (7.5YR 3/2 m), frozen, moderately, decomposed brown moss fen peat; ice 
crystals and ice lenses up to 1 em thick, high ice content; strongly acid; abrupt, 
smooth boundary: 

215-268 Pure ice. 

268-288 Gray, high organic silt; many shells; ice crystals, ice layers and lenses 3 to 4 em 
thick, high ice content; mildly alkaline. 

FIGURE 35. DIAGRAMMATIC CROSS-SECTION 

OF THE HIGH-CENTRE POLYGON 

AT SITE N5B 



Table 28. Analytical data for the Mesic Organic Cryosol a.t Site NSb. 

~-- Total Total 
Horizon H

2
0 C% N% C/1'1 Total c~ ~ Na K 

Oh 3.9 3.4 36.9 1.4 26 133.6 13.1 3.2 9.8 0.4 
Ohz 3.8 3.5 .3 1.5 32 176.8 35.0 7.9 13.5 0.4 
Omzl 4.3 3.9 37.8 J 22 134.2 26.9 9.2 2.7 0.3 
Omz2 4.4 4.0 45.1 1.8 26 134.2 36.7 11.0 1.3 0.2 
IICz 7.5 7.0 

Fibre Content % Bulk 0. 
Horizon IJm'l.!b 1> Rub 'l Ash g/cc 

Oil 60 15 23.6 0.42 
Ohz 52 8 l 7.6 0.15 
Omzl 78 40 3 11.3 0.07 
Omz2 76 40 J 9.7 0.05 
UCz 
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Table 29. Vegetation description for Site N5b. 

A) High center polygon (central part) 

Low shrubs 5% 
80 Betula glandulosa 
20 Salix sp. 

Dwarf shrubs 15% 
60 Rubus chamaemorus 
25 Arctostaphylos rubra 
15 Empetrv~ nigrum 

Grasses 3% 
60 Hierochloe alpina 
40 Poa sp. 

Lichens 20% 
60 Cetraria cucullata 
30 Cetraria nivalis 
10 Alectoria sp. 

Bare 10% 

B) Low center polygon 

Central part 

Low shrubs 1% 
100 Salix s p. 

Grasses 50% 
100 Carex rari flora 

Herb 1% 
100 Polygonum viviparum 

Mosses 50% 
100 Drepanucladus uncinatus 

Shoulder 

Low shrubs 3% 
60 Betula glandulosa 
40 Salix sp. 

Dwarf shrubs 5% 
100 Empetrum nigrwn 

Grasses 90% 
80 Poa alpina 
20 Carex sp. 

Lichens 5% 
100 Cetr•aria cueuUata 
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SCIENTIFIC COMMON NAMES OF PLANT SPECIES 

TREES 

Betul-a 
ssp. 

Picea gl-auea 
Picea mariana 

rsh. 
) H t. 

) Voss 
11.) B.S.P. 

Populus t.remuloides chx. 

TALL SHRUBS 

Alnus crispa t.) Pursh 
Betul-a glandul-osa Hook. 
Betula occidental-is Hook. 
Rosa acicul-aris Li 1. 
Salix alaxensis (Anderss.) Cov. 
Sal-ix depr-essa L.. 

ssp. rostrata (Anderss.) 
Hi i 

Sa Z-ix g laue a L. 
Salix g L. 

ssp. lia (Hook.) Hult. 

White birch 

i spruce 
ack spruce 

Trembling aspen 

Green alder 
Shrub birch 
Hybrid birch 
Wild rose 
Alaska llow 

beaked wi 11 0\1/ 

Wi 11 ow 
Willow 

ISSS Site 

Yl. y 3, N3 

Y2, Y6 
Yl, , Y6. Nl. N2 

N3 
Y2 

Y3, Nl, N2, N4 
Yl, Y3, Y6, Nl, N4 
Yl, Y3, Y6 
Y2 
N2, N5a 
Y2 

Yl, Y2, Y3 
Y6 

Salix puZchra . llow Y1 
Shepherdia canadensis (L.) Nutt. 
VibuM~um edule (Michx.) Raf. 

Soapberry Y2 
gh bush cranberry Y2 

LOW SHRUBS 

Betula glandulosa Hook. 

Chamaedaphne calyculata (L.) 
Moench. 

Shrub birch 

Cassandra 

Ledum lustre l. tea 
ssp. decv~bens it.) Hult. 

Ledum lustre L. Labrador tea 
ssp. groenlandicum {Oeder) Hult. 

Potentilla fruticosa L. Shrubby cinquefoil 
Salix glauca L. Willow 
Salix phlebophylla Anderss. Willow 
Spiraea Beauverdiana Schneid. Alaska spiraea 
Vaccinium uliginosum L. Blueberry 

DWARF SHRUBS 

Andromeda polifolia L. 
Arctostaphylos alpina ( L.) Spreng. 
Arctostaphylos rubra (Redh. & Bearberry 

Wilson) Fern. 

Y4, Y5, Y7, Nl, N5a, 
N5b 

Yl, N4 

Yl, Y3, Y4, Y6~ Y7 
Nl, N2, N5a 

Yl, Y2, Y3, N2, N4 

Y1, Y5 
Y5 
Y7 
Nl 
Yl, Y3, Y4, Y6, Y7, 

N2, N4 

Yl, N4 
Y6, Y7 
Yl, Y2, Y4, N2, 

N5a, N5b 



Sci en Name ISSS Site ----
f! \ Ki nnick Y2 \ L. I 

D. cassiope Y5, Y7, N5a 
avens Y4, Y5 Y7 

Y4, Y5, Y6, N2, N3, 
N5a, N5b 

tea N3 
lt. 

Y2 
V. Y7 

Yl, Y3 
Y4 

N3 
Y1 

e Yl, Y3, Y4, Nl, N4, 
N5a, N5b 

llow Y4 
Yl, Y2, Y3, Y4, Y5, 

Y6, Nl, N2, N3, 
, N5a 

Y7 
s. Pussytoe Y4 

Y2 
Worrrrwood 

a in l root Y2 
Y5 

Sundew Yl 
Y2, Y5, Nl 
Y2 

Ehrh. Yl 
N2 

Fern. flax Yl, Y2 
, N5a 

s 
1t 

s 
Yl 
Y2 
Y7 

Y5 
Grove sa Y2 

Y5 

usewort Y7 
Yl, Y3, Y6 
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Scientific Name 

Petasites frigidus (L.) Franch. 
Petasites hyperboreus Rydb. 
Pinguicula villosa L. 
Polemonium pulcherrimum Hook. 
Potentilla palustris (L.) Scop. 
Potentilla villosa Pall. 
Polygonum bistorta L. 

spp. plumosum (Small) Hult. 
Polygonum viviparwn L. 
Saussurea angustifolia (Willd.) DC 

Common Name 

Sweet coltsfoot 
Coltsfoot 
Butterwort 
Jacob's ladder 
f•1arsh fivefinger 

Bistort 

Saxifraga tricuspidata Rottb. Prickly saxifrage 
Selaginella sibirica (Milde.) Hieron. Spike moss 
Senecio resedifolius Less. Ragwort 
Tofieldia pusilla (Michx.) Pers. False asphodel 
Valeriana capitata Pall. Valerian 

GRASSES (Graminoids) 

Agrostis scabra Willd. 
Arctagrostis latifolia (R.Br.) 

Griseb. 
Calamagrostis canadensis (Michx.) 

Beauv. ssp. canadensis 
Calamagrostis lapponica (Wahlenb.) 

Hartm. 
Carex Bigelowii Torr. 
Carex concinna R. Br. 
Carex lugens Holm 
Carex obtusata Lilj. 
Eriophorum angustifolium Honck. 

spp. subarcticum (Vassilijev) 
Hul t. 

Eriophor•um brachyantherum Trautv. 
& Mey. 

Eriophorum russeolum E. Fries 
Eriophorum vaginatum L. 
Festuca altaica Trin. 
Hierochloe alpina (Sw.) Roem. & 

Schult. 
Luzula ~Afescens Fisch. 

MOSSES 

Bentgrass 
Polar grass 

Bluejoint 

Sedge 
Sedge 
Sedge 
Sedge 
Cottongrass 

Cottongrass 

Cottongrass 
Cottongrass 
Fescue grass 
Holy grass 

Wood rush 

Aulacomnium turgidum (Wahlenb.) Schwaeger 
Calliergon giganteum (Schimp.) Kindb. 
Ceratodon purpureus Brid. 
Diacranum acutifolium (lindb. & Arn.) C. Jens. 
Dicranum elongatum Schleich. 
Dicranum flagellare Hedw. 
Dicranum fuscescens Turn. 
Dicranum undulatum Brid. 
DPepanocladus uncinatus (Hedw.) Warnst. 

ISSS Site 

Y4 
N5a 
Yl 
Y2 
Yl 
Y4, Y5 
Y7 

N5b 
N2 
Y4 
Y5 
Y5 
N4 
Yl 

Y5 
N2 ~ N3, N4, N5a 

Nl 

Y5 

Yl, Y3 
Yl 
Yl, Y3, N2, N5a 
Y5 
Yl 

Yl, Y3 

Nl 
Yl 
Y4, Y5 
Y4, N5a, N5b 

Yl 

Yl, Y5 
N5a 
Nl 
Y5, N2 
Y7 
Y5 
Y2, Y6, N2 
Yl, Y3 
Yl, Y2, Y6, N5b 
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Scienti 

sp (Hedw.) B.S.G. 
licatulum (Lindb.) Jaeg. & Sauerb. 
l autumnalis (DC) Steph. 

Pleurozium schreberi {Brid.) Schwaegr. 
Polytrichum commune Hedw. 
Po trichum juniperinum Hedw. 
Polytrichwn piliferum Hedw. 
Rhacomitriwn 7~nuginosum (Hedw.) Brid. 

{ . ) 
. ) r. 

Eur. 

LIV 

Ptil ciliare (l.) Hampe 

LI 

W. Culb. 

Name 

Reindeer moss 

Schaer. 

ISSS Site 

Y2, N2, N4 
N5a 
Y3 
Yl, Y2, Y3, Y5, Y6 
Y6, Nl 
Y2, Y6, Nl 
Y2, Y4, Y5 
Y4, Y5, Y7 
Y5, Y7 
Yl, Y3, 
Yl, Y3 
Y3 
Y1, Y3 
Yl, Y3 
Y7 
Yl, Y3 

Y3, Y5, N2, N3 

Y 4, Y5 
Y7 
Y7 
Y 4, Y5 
Y4, Y5, Y6, Y7, N3, 

N5a, N5b 
Y7 
Y4, Y5, Y6, Y7 
Y4, Y5, Y6, tH, N2, 

N3, N4, N5b 
Y4, Y5, Y6, Y7 
Y4, Y6, N2, N3, N4 
Yl, Y2, Y5, Y6, Y7, 

Nl, N2, N3 
Yl, Y4, Y5, Y6, Y7, 

N2, N3, N4 
N2, N3 
Y6 

Yl, , Y6 
Yl, 
Y5 

Deadman's finger Y5 
b. Yl, Y3, Y5 

Y3, Y5, Y7 
Y6 
Y7 
Y2, Y3, N3, N5a 
Y7 
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Scientific Name 

Stereocaulon tomentosum Fr. 
ThamnoZia vermicularis (Sw.) Ach. 
umbiZicaria hyperborea (Ach.) Ach. 

Common Name ISSS Site 

Y3, Y5 
Y4, Y5, Y7 
Y7 





t 


