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Buried organic materials were collected from under 26 earth hummocks in the 
arctic and subarctic regions of Canada. Radiocarbon dates were obtained from 50 
samples (peat, wood, and other organic material), both from the active layer and 
from the near-surface permafrost. Ages of the buried materials are not clearly 
related to depth of burial or to position under the hummocks. The burial was due 
to cryoturbation in most cases. Most materials are younger than 4,800 years. 
Cryoturbation is believed to have been intense during the early periods, beginning 
about 4,500 years ago simultaneously in all regions. Most hummocks were formed 
during the initial period between 4,500 and 2,500 years ago, but burial of surface 
material is continuing on a reduced scale to the present. 

AGE DES MATERIAUX ORGANIQUES CRYOTURBES QUI COMPOSENT LES THUFURS DE 
L1ARCTIQUE CANADIEN 

On a recuei 11 ides materiaux organiques profonds, que recouvraient 26 
thufurs dans les regions arctiques et subarctiques du Canada. On a effectue la 
datation au radiocarbone de 50 echantillons (tourbe, bois, et autres materiaux 
organiques), a la fois dans Ie moll isol et Ie pergelisol proches de la surface. 
On n1a pas pu etabl ir clairement de correlation entre 1 lage des materiaux enfouis 
et la profondeur ou la situation de ces materiaux au-dessous des thufurs. Dans la 
plupart des cas, c1est la cryoturbation qui a provoque 1 lenfouissement des materiaux, 
qui en general ont moins de 4 800 ans. On pense que les processus de cryoturbation 
ont ete intenses pendant leur phase initiale, qui a debute simultanement il y a 
environ 4 5.00 ans dans toutes les regions. La plupart des thufurs se sont formes 
pendant la periode initiale qui se situe entre 4 500 et 2 500 ans, mais llenfouis­
sement des materiaux de surface se poursuit actuellement a une echelle reduite. 

B03PACT OprAHWIECKMX OTJIO)!(EHI:I:fl: B 3EMJI5IHbIX KOqKAX B KAHA,LlCKO:fl: APKTMKE 

B apKTHqeCKHX H cy6apKTHqeCKHX pa~oHax KaHa~ H3 26 3eMnHH~X 
KOqeK 6~nH B3HT~ o6pa3U~ TIOrpe6eHH~x OpraHHqeCKHX OTno~eHH~. E~na 

TIpOH3Be~eHa ~aTHpOBKa pa~Hoyrnepo~H~ MeTO~OM 50 o6pa3uoB /Top~a, 
~peBeCH~X OCTaTKOB H ~pyrHx OpraHHqeCKHX oTno~eHH~/, B3HT~X KaK H3 
aKTHBHoro cnOH, TaK H H3 TIpHTIOBepXHOCTH~X cnoeB MHoroneTHeMep3noro 
rpYHTa. B03pacT TIOrpe6eHH~x OTno~eHH~ He HMeeT qeTKO-B~pa~eHHO~ CBH3H 
C rny6HHo~ TIOrpe6eHHH HnH HX paCTIOnO~eHHH TIO~ KOqKaMH. B 60nbWHHCTBe 
cnyqaeB TIOrpe6eHHe 6~no B~3BaHO KpHoTyp6aUHe~. EonbwaH qaCTb OTno~eHH~ 
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Ha3a~ O~HOBpeMeHHO BO Bcex pa~OHax 
HaqanbH~~ TIepHO~ 4500-2500 neT Ha3, FILE COPY I RETURN TO: 
no~eHH~ TIpo~On~aeTcH H B HacToH~ee 

PUBLICA nONS 
NORTHERN FORESTRY CENTRE 



326 .. 

AGE OF CRYOTURBATED ORGANIC ~1ATERIALS IN EARTH HUMMOCKS 
FROM THE CANADIAN ARCTIC 

S.C. Zoltai 1
, C. Tarnocai 2 and W.W.Pettapiece 3 

1 Canadian Forestry Service, Environment Canada, Northern Forest Research Centre, Edmonton T6H 3S5, Alberta 
2 Canada Soil Survey, Agriculture Canada, University of Manitoba, Winnipeg R3T 2N2, Manitoba 

3 Canada Soil Survey, Agriculture Canada, University of Alberta, Edmonton T6H 2E3, Alberta 

INTRODUCTION 

Earth hummocks are a type of Ilonsorted circle or 
net (Washburn 1973). They are hemispherical in 
shape, about 40-50 cm high and have a diameter of 
1-2 m, but tend to be elongated along slopes 
IZoltai and Tarnocai 1974). They invariably occur 
on fine-grained soils of clay to clay loam texture 
and can be found on permafrost terrain throughout 
the Subarctic and Arctic regions of Canada wherever 
the soil texture and moisture conditions are favor­
able for their formation. Earth hummocks were 
found on nonpermafrost terrain in the southern 
Mackenzie Valley, but were regarded as relict fea­
tures on the basis of well-developed soil profiles 
(Zoltai and Tarnocai 1974). On permafrost areas 
they are almost always underlain by a layer of pure 
ice or high ice content material up to 1 m thick. 
Very frequently they contain buried organic mate­
rial in amorphous or somewhat decomposed form. 

Buried organic matter was noted in many soils in 
northern Alaska and Canada (Tedrow 1963, Tedrow 
and Douglas 1958, Hopkins and Sigafoos 1951, 
Mackay 1958). The organic material generally 
occurred a few centimetres below the top of perma­
frost either in continuous layers or in stringers. 
Organic material was also commonly found in the 
active layer in the form of continuous layers, 
intrusions, or involutions. The burial of the 
organic material has been attributed to cryoturba­
tion (Hopkins and Sigafoos lY5l), to gradual down­
hill movement of earth hummocks (Mackay 1958), or 
to decomposition during a warmer climatic period 
(Tedrow 1963). 

The presence of incorporated organic matter offers 
a unique opportunity to study the effect of cryo­
genic processes on soil development and also to 
consider it in regional and zonal contexts. In 
the course of studies on terrain-vegetation-perma­
frost relationships in the Canadian Subarctic and 
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Fig. Climatic-vegetation regions of Canada and location of sampling sites. 
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Vegetation Regions modified from The National Atlas of Canada (1973). 



.. Arctic regions (Zoltai and Pettapiece 1973, 
Zoltai and Tarnocai 1974, Tarnocai 1973, Tarnocai 
et al. 1976) about 150 earth hummocks were exca­
vated and examined in detail. Many of these con­
tained buried organic materials in layers, involu­
tions, smears, or pockets within the active 
layer or in the near-surface permafrost. Organic 
material was collected from 25 earth hummocks and 
50 radiocarbon dates were determined. 

The purpose of this paper is to examine the ages 
of cryoturbated organic material in the Subarctic 
and Arctic environments of northern Canada and to 
discuss their local and regional implications, 
with particular reference to soil stability and 
cl imate. 

METHODS 

In the western Arctic of Canada, earth hummocks 
were studied in the Low Arctic and Subarctic cli­
matic-vegetation regions (Fig. 1). In the central 
Arctic most work was carried out in the Mid-Arctic 
region, but some hummocks were investigated in the 
High Arctic and Low Arcitc areas as well. In all 
cases well-formed hummocks were selected in areas 
where slope was less than 4%. Excavations were 
made at least 50 cm into the permafrost. The per­
mafrost was distinguised from seasonal frost early 
in the season by the high ice content of the per­
mafrost. The soil profiles were described and 
sampled, and the samples were later analyzed. The 
disposition of buried organic material was care­
fully noted in relation to the permafrost table 
and to hummock morphology. 

Table 1. Radiocarbon dates from earth hummocks. 

Location 
Sample Lat. Long. 

no. N W 

la 73°37' 94°50' 
lb 

2a 72°58' 94°57' 
2b 

3a 71°31' 94°10' 
3b 
3c 

4a 68°30' 92°52' 
4b 

5 71°29' 94°52' 

6 69°57' 93°30' 

7 69°48' 93°22' 

8a 71°03' 95°20' 
8b 

9a 68°27' 132°27' 
9b 

Sample depth & 
position 

Centre Trough 
\ cm) (em) 

55 
35 

72 
53 

65 
110 

42 

62 
34 

30 

59 

80 

31 
31 

110 
100 

Depth to 
permafr. 

(cm) 

68 
20 

53 
15 

55 
55 
32 

54 
30 

45 

50 

63 

44 
35 

80 
45 
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The sampled organic material was immediately en­
closed in an airtight container, often in a frozen 
state. The composition of the dated material was 
determined as peat, which is fibrous or slightly 
decomposed moss or litter; organic material, which 
is moderately to well decomposed, amorphous organ­
ic matter with high mineral soil content; or wood. 

Most radiocarbon determinations were made by the 
Radiocarbon Laboratory of Brock University (BGS) 
and a few by the Geological Survey of Canada (GSC). 
In the laboratory the samples received standard 
treatment, including washing with distilled water, 
removal of organic acids with NaOH, and removal of 
carbonates with HC1, as required. The ages are 
uncorrected and are given as years B.P. 

RESULTS 

The radiocarbon dates (Table 1) range from 11200 
to 500 years B.P., but most ages are younger than 
5000 years B.P. The number of radiocarbon dates 
occurring during 500-year periods was plotted in 
bar diagrams (Fig. 2). In this analysis only two 
of the seven dates (BGS-204 and 209) obtained 
from Hummock 16 in the Subarctic region were used 
to avoid overrepresentation from this detailed 
site. The diagram (Fig. 2A) shows that the number 
of buried organic samples is fairly even from 5000 
to 500 years B.P., with a peak in the 3000- to 
3500-year range. The number of samples older than 
5000 years, distributed from 5000 to 11500 years, 
ts too low to show a pattern. The diagram of 
samples from different climatic-vegetation 

Sample from 
Permafr. or 
active layer 

Material 
dated 

Age 
(yr B. P.) Lab. no. Region 

A Peat 3340±140 BGS-331 High Arctic 
P Peat 525± 80 tlGS-330 High Arctic 

P Peat 3000± 90 BGS-335 Mi d-Arcti c 
P Peat 2710±110 BGS-336 Mid-Arctic 

P Peat 3l40± 90 BGS-249 Mid-Arctic 
P Peat 6420±100 BGS-248 Mid-Arctic 
P Peat 4260± 90 BGS-250 Mid-Arctic 

P Peat 2860± 90 BGS-246 Low Arctic 
P Peat 1210± 80 BGS-247 Low Arctic 

A Org. 2440± 90 BGS-243 Mid-Arctic 

P Org. 4810±100 BGS-245 Mid-Arctic 

P Org. 3430± 80 BGS-244 Mid-Arctic 

A Peat 2060± 80 BGS-242 Mid-Arctic 
A Org. 1240± 90 BGS-241 Mid-Arctic 

P Peat 2270± 80 BGS-190 Subarctic 
P Peat 3980± 90 BGS-191 Subarctic 
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Table l. (Continued) 

lOa 68°08 ' 135 °49 ' 80 45 P Peat 3850± 90 BGS-192 Low Arctic 
lOb 98 70 P Org. 3770± 90 tlGS-193 Low Arctic 

11a 69 °25 ' 139 °59' 47 25 P Peat 6240± 11 0 BGS-194 Low Arctic 
11b 52 50 P Peat 5750±100 BGS-195 Low Arctic 

12a 67 °58 ' 132 °43 ' 65 55 P Org. 4280± 90 BGS-198 Subarctic 
12b 45 27 P Peat 311 O± 90 BGS-199 Subarctic 

13a 69 °33 ' 131 °35 ' 62 45 P Org. 8160± 11 0 BGS-200 Low ,Arcti.c 
13b 62 55 P Org. 8780±130 BGS-201 Low Arctic 

14a 69 °16' 132 °20' 52 42 P Peat 2400± 80 BGS-202 Low Arctic 
14b 44 43 P Peat 1210± 80 BGS-203 Low Arctic 

15 69 °16' 132 °20' 90 65 P Wood 4670± 90 BGS-213 Low Arctic 

16a 65 °10' 12r27 ' 49 84 A Peat 2000± 80 BGS-204 Subarctic 
16b 65 85 A Peat 2060± 80 BGS-205 Subarctic 
16c 65 80 A Wood 1020± 80 BGS-206 Subarctic 
16d 65 80 A Peat 880± 80 BGS-207 Subarctic 
16e 58 60 A Wood 580± 80 BGS-208 Subarctic 
16f 47 34 A Wood 710± 85 BGS-209 Subarctic 
169 47 44 P Peat 11 OO± 100 BGS-210 Subarctic 

17a 67 °27 ' 133 °50' 76 50 P Peat 2780± 90 BGS-211 Subarctic 
17b 54 70 P Peat 311 O± 90 BGS-212 Subarctic 

18 66°05' 136 °13' 50 90 A Org. 1540± 70 BGS-150 Subarctic 

19 68°08' 133 °27' 85 75 P Org. 4690±100 BGS-320 Subarctic 

20 68°22' 133°45' 100 130 A Org. 1660± 90 BGS-321 Subarctic 

21a 69°26' 133°01' 70 60 P Org. 5950±\00 BGS-318 Low Arctic 
21b 30 60 A Org. 3030± 90 BGS-317 Low Arctic 

22 66°10' 136°21 ' 105 65 I' Wood 500±180 GSC-2037 Subarctic 

23a 66°05' 136°17' 20 50 A Org. 32l0± 50 GSC-1861 Subarctic 
23b 55 50 P Org. 3920± 50 GSC-2006 Subarctic 
23c 62 50 P Org. 11200± 100 GSC-2018 Subarctic 

24 66°50' 135°23' 85 70 P Peat 1960± 60 GSC-1804 Subarctic 

Z5a 73°46' 95°02' 82 55 P Peat 9020±120 BGS-332 High Arctic 
25b 67 32 P Peat 9480±190 BGS-333 High Arctic 
25c 99 55 p Peat 8070±110 BGS-334 High Arctic 

26 67°32' 94°03' 74 51 P Peat 490± 80 BGS-403 Low Arctic 

regions (Fig. 2B) also shows the peak in the 3000- few centimetres of the permafrost table, near the 
i nterhummock trough, is the {ounges t (16e and f). to 3500-year range, with an equal peak in the Sub- From here, moving downward ( 6g) and toward the 

arctic region in the 1500- to 2000-year range. center part of the hummock, the dates generally 
Most dates in the Low Arctic region are in the 200~ become older (16a and b). young and old dates can 
to 4000-year range. occur together in the center part. Sampl es l6c 

Most hummocks showed more than one layer or 
and d have different ages, in spite of the fact 
that Sample l6c, a piece of wood, was enclosed in 

intrusion of buried organic material. In order to the peat of Sample l6d. 
determine whether a pattern existed in the age 
distribution of these materials, two or more sam- When ages of buried organic materials from under 
ples were taken for dating from many hummocks. the interhummock trough and under the center of 
The most detailed sampling was done from an earth the hummock are compared, no definite pattern 
hummock (No. 16) in the Subarctic region where emerges. In some cases the material from the cen-
seven age determinations were made (Fig. 3). The ter is older than the m~terial under the trough, 
dates show that the material occurring within a but often the reverse is true. In 15 hummocks 



.. 
329 

A 

0-,5 .5-1 1-1.5 1.5-2 2-2.5 2.5-3 3-3.5 3.5-.4 4-4.5 4.5-5 5-5.5 5.5-6 6-6.5 6.5-7 7-Z5 7.5·8 8-8.5 8.5-9 9-9.5 9.5-'0 lo-ll5 05-11 11-11.5 

'000 YR 6.~ 

o 
w .. 
o 

B 
I High and Mid-Arctic 

a Low Arctic 

1 1 0 Subarctic 

0-.5 .5-1 1-1.5 1.5-2 2-2.5 2.5-3 3-3.5 3.5-.4 4-4.5 4.5-5 5-5.5 5.5-6 6-6.5 65-7 7-7.5 7.5-8 6-85 8.5-9 9-9.5 95-10 XHO . .'} Kl5-11 lHl5 

'000 YR B.P. 

Fig. 2. A - Total number of dates in 500-year periods. 
B - Number of dates by climatic-vegetation regions in 500-year periods. 

where the age of the materials from the center and 
trough positions can be compared, 8 had older 
materials in the center and 7 under the trough. 

Old and young materials can occur indiscrimin­
ately and, in two hummocks, were even found side by 
side. Hummock 23, located in an unglaciated part 
of the Yukon, yielded two dates in the 3000- to 
4000-year range and a much older date only 7 cm 
deeper (Fig. 4). In another hummock (No.3), the 
lower part of an apparently continuous layer gave a 
date far older than the upper part of the same 
layer. 

DISCUSSION 

Local Implications 

The mechanism for the formation of earth hummocks 
is not known (Mackay and MacKay 1976). Because 
earth hummocks are associated with permafrost ter­
rain (except for fossil forms), it is generally 
believed that pressures generated during the annual 
freezing of the active layer cause the materials to 
be displaced. Tree ring studies have shown 

~ MOSS & PEAT 

[El ~UARi€~A~RGANIC 
a;m ICE 

EITJ CRYOTURBATED SOil o WEAKLY CRYOTURBATED SOIL 

~ NON-CRVOTURBATED SOil 

PERENNIALLY fROZEN 

Fig. 3. Cross section of Hummock 16, with location 
of radiocarbon dated samples. 

(Zoltai 1975) that trees growing on hummocks are 
subject to periodic, sudden earth movements. Very 
frequently, soil horizons that should be near the 
surface are found buried by soil parent material, 
or horizons and horizon boundaries are disrupted 
by frost-churning (Tarnocai 1973, Zoltai and 
Tarnocai 1974, Pettapiece 1974, 1975). Similarly, 
buried organic material often appears in swirls of 
smeared streaks in the soil, suggesting movements 
in a viscous mass. This process is thought to be 
cryoturbation, a churning, mixing movement result­
ing in uneven displacement of soil materials in 
the active layer. 

cryoturbation mixes and blends the materials in 
the active layer; therefore, ages obtained from 
such material must be treated with caution. The 
juxtaposition of materials of different ages, as 
Samples l6c and d, illustrates this difficulty. 
Careful sampling may alleviate the problem but 
will not eliminate it. The analysis of several 
samples from the same earth hummock may further 
increase confidence in the ages obtained. 

The origin of the buried organic material may be 
polygenetic, but cryoturbation appears to be the 
main mechanism for the burial. Organic material in 
the interhummock troughs may become buried by mate­
rial heaved or extruded from the hummock. In some 
cases a hummock may move downslope by a slow roll-

IOOem 

Fig. 4. Cross Section of Hummock 23, with loca­
tion of radiocarbon dated samples. 
Legend as in Fig. 3. 



ing motion which buries organic materials (Mackay 
1958). Later extrusions or downhill movements will 
increase the thickness of soil over the buried or­
ganic material, increasing its relative position in 
the active layer, and raising the permafrost table 
in relation to the organic material. Eventually 
this process may result in placing the buried mate­
rial within the permafrost, as shown by the deep 
burial of a relatively recent \500-year) material 
at Hummock 22 (Table 1). 

A temporary increase in the thickness of the 
active layer may also account for the occurrence of 
buried organic materials in the permafrost. In the 
Subarctic areas forest fires cause a twofold 
increase in the thickness of the active layer, 
which may remain as long as 100 years after the 
fire (Pettapiece 1974). Although the ground is 
initially stable during the recovery stage, cryo­
turbation begins to be active some 70 years after 
the fire (Zoltai 1975). A change in climate to 
warmer conditions than at present may also result 
in a thicker active layer in all climatic regions, 
allowing a deeper burial of cryoturbated materials. 

Some organic materials were buried by geological 
processes other than cryoturbation. The old date 
in Hummock 23 (11200 years) is probably from mate­
rial buried under loess of an old, unglaciated sur­
face. The dates at this hummock show that in the 
active layer materials can be moved by cryoturba­
tion without disturbing the underlying old mate­
rials. Similarly, the materials in Hummock 25 are 
believed to have been deposited during a sedimen­
tary process in a bay formed by the receding marine 
limit following the deglaciation of the area. The 
material, however, was shifted by cryoturbation, as 
shown by the younger age of the deeper material 
(Sample 25c: 8070 years) and the older age of the 
material overlying it (Sample 25a: 9020 years). 
The other old dates (e.g. Hummocks 3, 11, 13, and 
21) probably resulted from the burial of old sur­
face organic material or peat that accumulated on 
the surface before cryoturbation became active. 

The occurrence of organic material several thou­
sands of years old within the active layer illus­
trates the slow rate of decomposition in arctic and 
subarctic soils. At Hummock 23, material over 
3000 years old was found within 20 cm of the sur­
face of this imperfectly drained soil. This mate­
rial may have remained undecomposed for a few thou­
sand years, but it is entirely possible that the 
material was moved close to the surface by cryotur­
bation during relatively recent times. 
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Some of the dates reflect the age of the hummocks, 
as well as the age of the cryoturbated materials, 
Hummock 15 occurred on a stablized surface of a 
thermokarst mudf10w. Wood approximately 10 cm in 
diameter occurring in the underlying material at 
the 220-cm depth was dated at 5500±100 years lBGS-
214), and woody peat from a cryoturbated organic 
layer beneath a hummock yielded a date of 4670 
years (Hummock 15, Table 1). This shows that the 
slumped surface became stabilized and hummocks were 
formed in a space of about 1000 years. 

Regional Implications 

The radiocarbon dates (Table 1) indicate that 
most buried materials are less than 4800 years 
old. The age of the buried material, however, 
does not indicate the time of its burial, it gives 
only a minimum date of the burial. As the young­
est buried material was dated at 490 years, one 
might assume that most surface materials were sev­
eral hundred years old at the time of their burial. 
It is therefore estimated that the ages of buried 
materials dated at 4800 years and younger indi­
cate the beginning of intense cryoturbation some 
4500 years ago. This process continues to the 
present. 

The preponderance of dates from the 3000- to 
4000-year range (Fig 2A) suggests a severe rate 
of cryoturbation in the initial period. Had the 
rate of cryoturbation remained the same, one would 
expect to find more younger dates. It is possible 
that after the earth hummocks were formed some 
2500-4500 years ago, as shown by the large num­
ber of samples in the 3000- to 5000-year range, 
they attained a state of equilibrium with the 
environment and became relatively stable. Studies 
of hummocks in the western Arctic and Subarctic of 
Canada noted that earth hummocks are relatively 
stable features (Mackay and Mackay 1976, Pettapiece 
1975). Tree ring studies indicate an average of 
only one ground movement every 20 years during the 
last 200 years \Zoltai 1975). 

Analysis of dates on an east-west gradient shows 
little difference in the ages of cryoturbated or­
ganic matter. The average age of 14 determina­
tions (excluding ages over 5000 years) in the 
eastern part of the study area is 2537 years, while 
the average age of 21 samples in the western Arctic 
is 2796 years. Similarly, there is only a small 
difference in ages on a north-south gradient, 
arranged within present climatic-vegetation re­
gions. The average age in the Mid- and High 
Arctic regions is 2814 years (11 samples), in the 
Low Arctic region 2610 years (9 samples), and in 
the Subarctic region 2562 years (15 samples). 

Materials older than 5000 years recovered from 
the Low and Mid-Arctic regions were probably pre­
served in a permafrost environment. The lack of 
old materials from the glaciated Subarctic region 
suggests that permafrost was absent from the soils 
before 4500 years ago, or if present, it was 
associated with deep active layers where cryotur­
bation did not occur. 

The onset of intense cryoturbation on previously 
stable surfaces throughout the Canadian north 
about 4500 years ago can be interpreted as a 
result of a climatic change. Cryoturbation is 
associated with high soil moisture levels and low 
temperatures. It is possible that the climatic 
change was toward colder and moister conditions. 
This assessment is supported by pollen studies in 
northern Canada where a cooling of the climate, 
beginning at 4800 years ago, is indicated (Nichols 
1975). Studies of peat deposits in the Mackenzie 



l' Va11ey (Zoltai and Tarnocai 1975) indicated that 
peat in the Subarctic region was deposited in a 
permafrost-free environment and permafrost began to 
develop in them about 4000 years ago. 

CONCLUSIONS 

1. Cryoturbation buries organic matter within the 
active layer. Some of this material may 
become part of the permafrost as cryoturbation 
causes it to be buried deeply. 
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2. No clear-cut pattern exists in the position of 
cryoturbated organic material: the deepest is 
not necessarily the oldest, and material at the 
edge of hummocks is not necessarily the youngest. 

3. Some material was buried by sedimentary or 
aeolian process, but was also subject to cryo­
turbation. 

4. Cryoturbation became active throughout northern 
Canada about 4500 years ago. 

5. Climatic conditions became more severe in 
northern Canada some 4500 years ago. Permafrost 
conditions may have persisted in the Arctic 
areas before this time, but were probably 
absent from the present-day Subarctic areas. 
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