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Preface

Abgut one-fifth of the land area of the earth
is underlain by perennially frozen ground, or
permafrost. It affects many humap activities,:
causing unique problems in the environment,
ecosystem, resource development and construc-
tipns in cold regions. Since permafrost is a
thermal condition, it is very sensitive to
changes in climate. Global warming could result
in permafrost degradation, causing resultant
ecological and sociceconomic consequences. Thus,
permafrost has become more and more important in
the development of polar and high altitude
regions which occupy key positions in the global
system. .

It is necessary to give scientists and
engineers an opportunity to meet regularly in
order to discuss the state of the art of science
and technology in their fields, and to gain the
impetus for further work, as well as to compare
permafrost conditions with other regions of the
world, particularly regions where only seasonal-
ly frozen soils currently exist. The Interna-
tional Conferences on Permafrost are organized
to serve this putrpose, '

The First International Conference on Perma- "'
frost was therefore held in the United States
at Purdue University, in 1963; the Second in
Yakutsk, Siberia, 1973:; the Third in Edmonton,
Canada, 1978; the Fourth in Fairbanks, Alaska,
1983; and the Fifth in Trondheim, Norway, 1988.°

The Sixth International Conference on
Permafrost was co-sponsored by several national
scientific and technical organizations, and was
held under the auspices of the Chinese Society
of Glaciology and Geocryology (CSGEG), which is
in the Adhering National Body of the Interna-
tional Permafrost Association (IPA), and was
organized by the Lanzhou Institute of Glaciology
and Geocryology (LIGG), Chinese Academy of
Sciences, with the collaboration of the State
Key Laboratory of Frozen Seil Engineering, LIGG.
The support and the guidance of the International
Permafrost Association were extremely important
for us in preparation for the conference.

A total of 189 contributed papers are included
in this first volume of the proceedings which
contains almost all the papers accepted for
presentation at ‘the paper sessions., A second
volume containing reports of Special Sessions,
additional contributed papers, poster papers,
etc, will be published at a later date. Many
scientific and engineering disciplines were
represented, including physics, chemistry and
mechanice c¢f frozen soil, peophysics, perigla-
cial geomorpi.ology, soil science, climatology,
hydrology, ecology, civil and mechanical
engineering. The high quality of the papers was
the result of hard work by the authors, as well
as from the assistance given by the Editorial
Committee of the International Permafrost
Association, snd by the numercus reviewers in
the member countries. . :

Finally, the Chinese Organizing Committee
wishes to acknowledge all of 'you that have

‘participated in the preparation for this
“conference:

the authors of the papers, the
reviewers, the sponsors, the publisher, and the

. staff of many institutions that have been
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wotrking to make it's successful conference.

Cheng Guodong

Chairman

Chinese Organizing Committee
Sixth International
Conference on Permafrost
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Review Procass

The review of abstracts and manuscripts for this
pre-Conference publication was conducted under

the supervision of the Chinese Organizing Com-.
Ap~— .

mittee and the IPA Editorial Committee.
proximately 450 abstracts were received from 24
countries. It was necegsary to limit, the num-
ber of papers from Russia and China. These
countries were asked to, invite a more limited
number of appropriate papers. A review form was
agreed to and each paper received two or more
reviews. Some. papers were rejected;
cases the authors simply .did not submit manu-
gseripts. Individuals without papers were en-
couraged to submit posters and have their ab-
stracts published in a post-Conference volume.
In order to save time and to employ native
languages in the reviews, all Chinese and Mongo-
lian papers were reviewed in China and all
Russian papers were reviewed in Russia, employ-
ing the standard review form. All Russian and
Chinese reviewed papers were available in
English in August 1992 when mémbers of the Edi~
torial Committee met in Washington, D.C., dur-
ing the IPA Council meeting. The papers and
review forms were examined and discussed at that
time, and members of the IPA Council were asked
to assist with additional reviews.

Review of the 100 non-Chinese or -Russian papers

in other

i

the Chair, IPA Editorial Committee, in consul-

;tation with members of the Committee. Below isg

a list of all individuals who provided these
reviews. The IPA Editorial Committee and the
Chinese Organizing Committee express their ap-
preciationto all those who devoted their valua-
ble time and expertise to this process. Deserv-
ing particular thanks for their assistance in
selecting reviewers and following up with many
of them are Alan Heginbottom, Geological Survey
of Canada; Nikolai Grave and Valery Volgina,
Russian Academy of Sciences; Eugene Marvin,
Celd Regions Research and Engineering Labora-
tory, representing the American Society of
Civil Engineers; and John Zarling, University
of Alagka, representing the American Society of
Mechanical Engineers. The Cold Regions Research
and Englneering Laboratory is gratefully ac~
knowledged for furnishing instructions, sam-
ples and layout sheets for preparation of final
camera copy for the proceedings volumes. Mem-—
bers of the IPA Editorial Committee are:

Jerry Brown, Chair, USA
H.M. French, Canada
N.A. Grave, Russia

Cheng Guodong, China
L. King, Germany

E.A. Koster, The Netherlands
involved reviewers from many of the IPA member T.L. Péwé, BEx Officio, IPA Executive
countries. This review process was conducted by Committee
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PLASTIC FROZEN (SALINE) SOIL AS BASES

& " V. I. aksenov and A. V. Bruskov ' ’

Industrial and Research Instltute for Eng;neering Investigations of Construction, 18, Okruznoy, Moscow,

Rugsia

The paper presents the wiéeugopplex of original information on saline frozen soil,
methods of testing, properties, experience of construction.

The frozen soils frequently met in the North
of Russia and their mechanical properties should .
be thoroughly investigated when determining their
boundaries. The saline frozen soils (8FS) are
known to have lower strength and higher defor-
mobility compared with nongaline séils. They also
have a lower temperature of freezlng. In addi-
tion, the SFS are in a plastic frozen atate in a
large range of sub-zero tenpératures. Therefore;
the information on SFS ogccurr@nce is very topical
when solving the problems of“eéngineering
geocryological survey and. design. !

The major part of cryolithozone along the
Arctic coast is characterized by SFS and cool
gediments containing layers of saline water below
04C and highly mineraljized ground water with sub-
zero temperature. Although the solutions in those
soils, chemically and in concentration, are not
homogeneous, they are stable for large ter-
ritories and are connected with the formation con-
ditions and perennial freezing (cooling) of the
sediments causes the occurrence of two main types
of salinization: marine and continental.

The main type of salinization mostly occurs
in the soils of cryogenic thickness of Northern
territories -: along the Arctic coast and on the
islands. For instance, on the Yamal Peninsula,
SFS occur everywhere to the North of the latitude
of the settlement of Novii Port and considerably.
increase northward. The changing of dominatxng .
ion salt composition of soils is observed in the '
same direction from sulfate- hydtocnrbonate—sodlum
to chloride-sodium. The maximum salinization )
(average 1.1%) occurs in the sedi@entl on the
Northern and Western coast of Yamal. )

The soils are saline in the rggion‘of the set-
tlements of Amderma, Dikson and Tikai. The frozen
soils on the Cape Schmidt and on_ the Chukotka
Peninsula contain salts. The uallnization of the
soils on the Arctic coast totals 0.1-1,5% rarely
2% (1) and with depth the aalinlzatlon increases
from 0.2~0.3% (at a depth of 1-2 m) to 1. 5% (in
the depth of 10-15 m and below).

The Northern region .of the Centre Russxa as
well as the Magadan Region and Yakutia are fre-.
quently characterized by hydrocarbonic n;neralxza~
tion of soils referring to the cont;ngntal type
of salinization, The. increased lalinlzatlon of |
goils is characteristic of the Yakutia terrxtory
and it is observed in the valleys of the rivers.
Lena, Vilyuya and_other Accordlng to Carpunina

(1974) over 10% of the territory of Central
Yakutiya is presented by the saline soils,

One can observe the similarity:of cation com-
position in the atmospheric water, ground water
and soils. The soil and ground water in the con-
tinental regions determine the degree and charac-
ter of saline soils., Based on the data of en-
gineering survey obtained by Dubikov and Ivanova
(1990) published the boundaries of :SFS on the ter-
ritory of Russia have been mapped in the acale
1:10.000.000, and the salinization map of the
Yamal Peninsula on the scale of 1:500 000 has
been made.

The complete data on the: properties of frozen
s0ils are required to carry out the foundation
analyses when degigning. The values of design
pressure on the frozen soil R (normal shear
strength .of frozen soil) and Rat (shear strength
of frozen soil on the adfreezing surface with the
foundation) are usuilly used and are determined
in the laboratory ian uniaxial compression tests .
or presaing in a ball stamp and shear tests using
special equipment. The available methods of tests
do not apply to SFS. The experimental work with -
frozen soils enabled us to determine the test
peculiarities of saline frozen aoils.

The method of soil testing by means of the
ball stamp applies to various SFS with massive,
fine-grained, thin-layer cryogenic texture in the
range of temperatures from T=Tbf+(-1°C) to T=~
10°c, It does not apply to large-sized clods of
s0il and large-sized sand and soil with ice con-
tent Lb»0.2 or with cryogenic texture in which
the visible particles of ice are commensurable
with the diameter of ball stamp.

The analysis of experimental data when test-
ing SFS by means of the ball stamp makes it pos-
sible to recommend for testing the stamp diameter
of 2.6 cm or more, N

The dependence of adequate cohesion upon the
amount of load enables us to recommend for SFS
the conditions of its selection within the range
of settlements for clayey soils depending on the-
stamp diameter e. g. for 8 hours 8«(0.02-0.04)d.

For practical analysis of long cohesion
value, according to 8 hours test, Gne gan use the
transition factor; for‘the saline sands 0.34-0.4
and clayey soils 0.55-0.7. In order to determine
long cohesions, the duration of the test can be
15-40 days and more.

The method of un,axial compreaslon tﬂat of



frozen soils at fixed load is the direct method
of normal pressure determination under the base
of foundation and applies to SFS teats with any
cryogenic texture as in the case of uniform dis-
tribution of ice streaks in the sample in the
same range of subzero temperaturea as the bhall
stamp.

The relationship between short and 1ong—term
strength which is typical of SFS8 is considerébly
lower than for frozen nonsaline soils and makes
it up 5=-20 with salinization of 0.2% and 20-40
with higher salinization.

When the duration of teats on the samples of
SF5 is under 3 days the approximate parameters of
long-term strength formulas and deformation ‘for-
mula by Vyalov may differ from the values deter-
mined during long-term tests. Therefore, it is
recommended to make tests for 3-10 days.

According to Velli (1973), the SF5 are distin-
guished by high plastic flow under load. However,
the main regularities of deformation and deforma-
tion characteristics of SFS of different geologi-
cal types have been .insufficiently studied.

The soil investigation carried out at
uniaxial compression tests with different loading
history showed that. the SFS have the same fea-
tyres as the deformat;on of usual frozen, aoxls.
Howaver, there are eqsentlal dxfferencesimqn—
tioned beiow. .

Ap a rule,’ thg frozen soil has three deforma-
txon atages- dnmplng creep, flow At conatant rate
‘and the flow at increasing rate. The method of
soil viscosity factor is based on the property of
frozen soils with ice content to flow approximate-
ly at constant rates and used when designing the
structure stability. The peculiarity of saline
frozen dispersive soils is damping creep at high
loads. The typical curves of creep for supes* and
suglinck** are given in Figure 1, 2. The deforma-
tion reaches, the values of 20%, agq more without

qticeable stabilization of flc
1oad. This peculiarity of defo:natxon of saline’
frozen soils is not typical and not always ob-
sarved for slightly salted soils and sands.

The above-said should be taken into account
when making test method by.incremental loading;
it turns out that the value of failure load
dependas upon the load value on the lncrements (1f

».'_As

z&o zso T

Figure 1. Greep curves of frozen sand at aalxnlzatio
and temperature. -2°Ct 1-0.4;. 2-0.3; 3-0.25;.4-0.2;
5-0,1%; 6-0.1 MPa

50 100 150 200 t.h

Figqure 2. OGreep curves of  frozen suglinok af
salinization and temperature.  -6°C: 1-0.5; 2-0.6
3-0.7; 4-0,9; 5-1,0;6+1.15 7~ 1 2, 8-1.4; 9-1.6 MP:

deformation value 20% or mo is taken for the
failure critéerion) incredible; ©

In order to predict deformation there is
necesgery to make approximation of deformation
proceds’ based on the formulas of experimental
creep curves. The known formulas by Vyalov have
been used:

5 = E._t-a‘, " A

were d"d load; t - txme, 't --deformation; &, a;
m - parameters. Por descri?tion of failure:

6, = £
Lp
RB
where db - failure 1oad, tp = failure time; 8 and
B = parameter.

It turned out when processing- the teut dnta,
the approximation of the obtained curves of creep
and long-term strength is quite satisfactory,
with a correlation factor about 0.9. However,
that may be possible on condition that the creep
curves are divided into two parts, the inde-
pendent approximation being on each of the parts.
:* The procesi of ueformation and destruction of
‘saline frozen soils is influenced by the: density,
ice content;, c¢ryogenic structure etc. The :ine;
crease of ice content of saline soil at high:.gub-
zero temperatures causes the increase ofxstrength
and decrease of deformation (Fig. 3).: i

The mechanical properties of saline: frozanl_
anils are influenced by the aalt composition ms
well, 'The soils of chloride~sodium salinjzation
type are characterized by the least strength and
that:may be explained from the point.

Special -attention . was paid to the research. of
shear resistance on the freezing surface of SFS
with the foundation material - concrete and
steel, Thatiis very significant for designing the

-stability of pile foundations. widely spread in

the North and Siberia. Previoualy, such experimen-
tal work was carried out at the Amderma per-
mafrost station headed by Velli-in. order to ob~
tain some necessary data for practical recommenda-
tions for the construction on permafrost (SNiP
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Figure 3. Dependence of uniaxial compression
strength (P) and surface adfreezing shear with
concrete of frozen saline (1-0.5%; 2-1%) suglinok
at temperature of -3°C upon humidity.

Building Norms and Regqulations 11-18-76)., It was
worked out that SFS of the Arctic coast {where
chloride-sodium, marine type of salinization is
observed) have much lower shear resistance charac-
teristics than average ones for saline soils,
Some attempts have been made to study the in-
fluence of some factors on adfreezing strength:
normal pressure, adfreezing temperature of sample
‘and material, ice content etc. Some data are
given in Table 1. The research has been carried
out only with some types of solls at definite
temperature and salinization. Therefore, under
some other conditions, the influence of the above-
mentioned factors on the shear strength on the
adfreezing surface may be completely different.

In order to ensure reliable construction on
the SF3 and provide grounds for the prediction of
foundation stability, much attention should be
given not only to the mechanical properties of
soils, but also to the salt diffusion at possible
temperature changea due to the construction and
maintenance of engineering structures. The tests
have been made for about a year, at temperature
gradient about 0.05-0.1 C/cm with the samples at
salinization 0.5%. The experiments have bean con-
ducted in the underground laboratory of the Amder-
ma permafrost station ensures long and reliable
obgervance of experimental conditions. The mois-
ture and salt distribution according to the ex-
periment is presented in Table 2. Thus, for the
conditions which are characteristic of the frozen
saline thickness the salt diffusion under the
temperature gradient proved to be- practical.

We suggest that we use the relative tempera-
ture as a common parameter reflecting the state
of 5F§. The temperature is equal to the relation-
ship of actual soil temperature (7T) and tempera-
ture of freezing at the very beginning (Tb. fr.).
Thus, for example, one can assume T/Tb.fr.=5 for
the division frozen state of saline suglinok with
salinization of chloride type.

Urifortunately, the construction experience on
8FS despite their frequent occurrence on the
Arctic coast is not sufficient enough and is
caused by comparatively minor consrtuction under
such conditions. The Arctic¢ settlement of Amderma

Taple 1. Adfreezing with concrete of saline
frogen goils from different.sites of Yamal.

Y% adfree- Rncomgende
. salini iTemperatur
ouy Selimsmitemeietic | 2t g, wgrcn
R, kg/em ,, 19 16
sSand - 0.0% T0.60 1.50
(r.Ero- 0.20 -2 0,14 0.80
:i:ga) 0.03 0.03 0.50
0.15 -6 1.10 1.60
supes (1 0. 78 0.46 0.90
Se-Yacha)  g.50 © 0.3 0:60_
0.50  -3,8 0.60 1.20
Suglinok 0.50 0.23 0.50
{(lake g,75 -2 0.13 0.45
Tibei-To) 4,00 0.04 040
0.60 2.20 1.10"""
1.00 -6 0.90 1.00"""
1,20 0.60 -
YeE Le-4°C

Table 2. Meiature distribution and salinization
in the sample four years after the beginning of
the experiment (on the left temperature =-2°C, on
the right -3°C sample aspace about 1.3 cm)

Layer 1 2 3 4 5 6 7 8
number
W, % 37.5 40.5% 15.1 30.4 38.5 38,2 37.6 35.5 "

Dsol, % 0.48 0.50 0.46 0.67 049 0.37 0.47 -

located on the Yugov Peninsula is the zone of
typical thickness saline marine. There are 268
buildings in Amderma and about 40% of them (108
buildings) have been deformed (deflections,
cracks, settlements) which exceeds the standards
established in SNiP (Construction Norms and
Regulations), 12% of the buildings are in emergen.
¢y service. The stone buildings turn out to be
deformed frequently (32 buildings of 66 i.e. 20%
in emergency service which partially accounts for
conaiderable loading on the foundation and less
permissible deformations). Of 19 boiler and
diesel power stations, 2 have small deformations
and 10 have impermissible ones which lead to col-
lapse. Moat of the deformed buildings were built
5-7 years ago.

Thus, neither design analysis nor construction
conditions and maintenance on the Arctic coast
might be evaluated satisfactory. The recent re-
search results considered in the present report
make it possible to recommend some certain test
techniques of SFS and establish some
peculiarities of their behavior under mechanical
loads. The authors hope that the research work
done will contribute to the improvement of con-
struction along the Arctic coast, .

® 8ilty sand with some clay, sandy silty
loam; contains 3 to 10% of clay by weight with
particles less than 0.005 me, 0,005 heing the
dividing line between clay and silt in the Soviet
Boil clasaification (Russian-English Glossary of
Permafrost Terms, prepared by V.N. Poppe Canada
Institute for Sclentific and Technical Informa-
tion National Research Council of cCanada, Techni-
cal Memorandum No. 117, Ottawa, April, 1976)

»* Clayed silt with some sand, clayey silty
loam; contains 10 to 30% clay by weight with par-



ticles less than 0.005 mm, 0.005 being the divid-
ing }ine between clay and silt in the Soviet soil
classification (see above).
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In Nunavik (Northern Québec), permafrost knowledge has increaséed considerably
over the last five years thanks to a joint government-university task force set
up to carry out a comprehensive research program within the framework of air-
port construction in 12 villages. Patterned ground types and geocryological
facies are closely related to the various types of surficial deposits laid by
the Wisconsinan glaciation and, subsequently, by the post-glacial marine inun-
dation and emergence on the coastal fringe of the Peninsula. Tundra polygons
and low-center mudboils are the dominant periglacial features on glacial land- .
forms such as moraines and drumlins, on glaciofluvial outwash plains and

eskers, on fluvial terraces and.on raised beaches. Both soil wedges and ice :
wedges can be found beneath the. edges of the polygonal structures. Interstitial
ice dominates in these coarse, .gravelly and sandy, sediments, The dominant
periglaclal features on post-glacial marine silty clays are cryogenic mounds
and fields of high-center mudboils. In these fine-grained sediments, segregated
ice 13 abundant in warm permafrost (0°C to -2°C) in the first few meters below
permafrost table. Massive icy beds over 11 m thick occur in cold permafrost
(-5°C) in the northernmost part of the territory, Other features.such as palsas
in bogs, frost blisters, icings, bedrock heaved features and aggrading per-
mafrost under tidal marshes are also significant in the region.

INTRODUCTION

Most of Nunavik, the Inuit territory of
northern Quebec, is underlain by permafrost
(Figure 1) . The state of knowledge of per-
mafrost distribution and characteristics in
this region was presented and discussed by
Allard and Seguin (1987a); a new map of the
permafrost zones, guite different from the
previous ones by Brown (1979) and Ives (1979),
was then proposed. Since that time, extensive
new research has been carried out in the
region, thanks to the setting up of a compre-
hensive, university-government, joint research
program conducted within the framework of con-
struction of airstrips in twelve ceastal Inuit
villages. The aims of the research project
were to gain new regional knowledge on per-
mafrost characteristics, to test existing and
new tools for permafrost surveys and to devel-
op a sultable methodology for terrain assess-
ment prior to constructlion activities.

In the vicinity of each village where air-

ports were to be built, periglacial landforms
and patterned ground features were o¢bserved in
the field after identificatioen on alr pho-
tographs. Test pits were dug with hand shov-
els, back-~hoes and large mechanical shovels,
Frozen cores were recovered with two types of
portable drills; thermistor cables were
installed vertically in drill-holés in bedrock
and also in all major soil types preésent in
the surroundings. Four geophysical methods
were tested: (1) vertical electrical resistiv-
ity profiles using the Schlumberger array,

{2) bi~dimensional electrical resistivity,

Figure 1., Permafrost map of Nunavik.
A) Continuous permafrost. B) discontinucus and
widespread (more than 50% of the land area)
permafrost. Sub-zone Bl is a major coneentta-
tion area of cryocgenic mounds in marine ;silts.
Sub-zone Bll is a concentration area of palsas
over marine silts, C) Discontinuous and scat-
tered permafrost, Subzone C' has abundant pal-
sas D) Sporadic permafrost {less than 2% of~
territory) mainly in bogs and under high .-
hills. The dotted line is the northern limit
of palsas. V,) Areas of active ice wedges;
V) Areas of lnactive ice wedges, Modified from
Allard and Seguin (1987a). i



{3) induced polarization profiling in the
dipole~dipole configuration and (4) ground
probing radar (GPR) profiling {(Allard et al.,
1991; Seguin and Lévesgue, 1990; Seguin et al.
1988) .

The results were twofold: 1- The gathered
observations and thermal data lead to the
establishment of a terrain evaluation key
relating Quaternary geology, landforms, pat-
terned ground and permafrost cryofacies, 2~ an
assessment of the applicability of geophysical
tools to preliminary ground evaluation sur-
veys. The latter lead to GPR belng chosen as
the most useful technique for probing the near
surface soll layers on which structures 'dare to
be built. This paper summarlzes the permafrost
conditions in Nunavik in the light of the
recent findings.

PERMAFROST DISTRIBUTION AND TEMPERATURE

The permafrost map of Nunavik has not
changed since 1987, because most of the new
research was done within the continuous zone.
On this map (Figure 1), however, permafrost
distribution in Nunavik appears very different-
ly than on previously published maps of eastern
North America (e.g:. A.G.C.R., 1988). For one
thing, the continuous zone extends much further
southward aleong the Hudson Bay coast south of
Inukjuak and southwest of Ungava Bay, between
Tasiujaq and Kuujjuag. Since a strong relation-
ship has been observed between forest cover,
snow cover thickness and permafrost absence
over many years of field work (Allard and
Seguin, 1987b; Thom, 1969), the southern limit
of the discontinuous zone is believed to follow
the forest limits gquite closely.

Our coldest site 1ls Salluit, at the extreme
north of the region; at the depth of zero
annual temperature (ca. 20 m), the temperature
is -6.5°C. Minimum soil surface temperature is
about -26.5° at the southern limit of the dis-
continuous zone, permafrost temperature at
depth is between -1°C and 0°C (lévesque et al.,
1990) . In the discontinuous zone, permafrost
in Quaternary sediments reaches maximum thick~
nesses of between 15 and 30 m. This is cur-
rently the case in tills under drumlins and
under ctryogenic mounds in silty clays
(Lévesque et al., 1988a, 1988b, Fortier et
al., 1991). In bedrock, depths to 120 m have
been measured under snow-free, windswept
ridges in Schefferville (Thom, .1969) and to
180 m near Kuujjuaraapik (Poitevin and Gray,
1982). In the continuous zone, permafrost
depths can reach over 500 m (Segumn 1878;
Taylor-and Judge, 1879},

QUATERNARY GEQLOGY AND PERMAFROST CONDITIONS
The ameount and type of ground ice in per-
mafrost was found to be closely related to the

type of Quaternary sediments into which the
permafrost has aggraded. Deglaciation of the
region started by about 10,000 years BP along
the Hudson Strait coast and the whole Québec-
Labrador peninsula was ice-free by 6500 BP
(Dyvke and Prest, 1987), Permafrost aggraded in
the region as new territory was gradually
uncovered from glacier ice and exposed to
periglacial climate., It is also possible that
permafrost already existed under cold glacier
ice in the central part of the Ungava peninsu-
la during the Wisconsin; however, climatic
reconstruction by thermal modelling leaves
this question open (Taylor and Judge, 1979).

Although the climate above the actual tree
line was certainly cold enough to generate
permafrost shortly after deglaciation, many
Holocene climatic reconstructions suggest that
permafrost was less abundant during the
Hypsithermal and expanded during the
Neoglacial period starting at about 3000 B.P.
(dllard and Seguin, 1987bj.

Since a marine transgression immediately
followed deglaciation in the coastal regions,
it was only after emergence that exposure to
the cold atmosphere allowed permafrost aggra-
dation on the fringes. of Nunavik peninsula. As
post-glacial uplift took place gradually dur-
ing the Holocene, permafrost progressively
invaded the newly emerged land, a process
still taking place at present along the
coastal areas.

Bedrock {(mostly granitic) outcrops over a
very large portion of the land surface. In
some reglons, the cover of morainic sediments
is elther sparse or consists of a veneer a few
meters thick. In the region above the marine
limit, till is the dominant surficial deposirt.
This generally sandy and bouldery material is
found in such types of landforms as Roggen and
De Geer moraines as well as in vast drumlin
fields. Glaciofluvial sediments are also abun-~
dant in the form of sandurs and eskers. Below
the marine limit, there are coarse,gravelly
and sandy sediments in raised beach ridges and
fluvial terraces. In permafrost within all
these coarse sediments, pore ice dominates and
excess ice 1ls very scarce.

Thick fine, clayey and silty sediments
extend in valley bottoms that were formerly
marine basins (Figure 2). Around Ungava Bay,
large tidal ranges during the postglacial
marine episode were responsible for strong
currents and wide intertidal zones; this
resulted in a variety of sedimentary facies
including intertidal bouldery muds now forming
diamictic soils with a fine matrix, sand
veneers over deep deposited clays and raised
boulder flats and boulder barricades. As the
fine sediments are prone to ice segregation,
these geclogical variations lead to numerous
lateral and stratigraphic changes in cryofa-
cies, Since all the existing Inuit villages
are located along the coast, the need for pre-
cise permafrost surveys and improved construc-
tien project design is greatest where the dis-
tribution and stratigraphy of the soil materi-
als is the most complex in the region.

DOMINANT PERMAFROST LANDFORMS, RATTERN.GROUND
AND _CRYQFACIES

Tundra pelygons are the most widespread
periglacial features assoclated with the
coarse grained materials. Qver till and other
diamicts, frosthoils are also abundant and
they often pit the interior of the polygons
{(Jetchick and Allard, 1990).

The polygons, with four to .eight sides, are
from 10 to 30 m in diameter. In the southern
part of the widespread discontinuous per-
mafrost zone (Figure 1), the polygonal cells
are either flat or only slightly domed; the
sides are marked by shallow linear furrows
that contain active layer soil wedges. As yet;
no ice wedges have been found underneath the
sides of these extensively distributed fea-
tures. In the continuous permafrost zone,
active layer soll wedge polygons are also
found at a few dry sites; however, most frost
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Figure 2- Geographiéal extension of the post-
glaclal marine transgressions,

cracks and polygon sides contain ice wedges.
The ice wedge polygons are found mainly on
flat terraces and most of them are low cen-
tered due to the formation of double ridges
over recently grown wedges. Two areas of
active frost cracking were recently document-
ed: Salluit (Kasper, 1992; Moisan, 1988) and
Deception Bay (Seppdld et al,, 1992). Both
sites are at the extreme northern tip of the
Ungava peninsula where mean annual alr temper-
ature is in the order of -10°C.

Ice wedges were also found at four localti-
ties during airstrip construction work, while
ditching and by drilling, The top of these ice
wedges was found to coincide with permafrost
table according to thermal measurements but
the absence of actual ice veins and open
cracks in the active layer indicate that they
are eitheyr inactive or rarely activée under the
present climatic conditions (Mackay, 1992).
They very likely formed during a Holocene
“-interval colder than the present., Many ice
‘wedges were imaged with ground probing radar

(Figure 3).

Other patterned ground features over coarse
or diamictic soills comprise frostbolls, soil
stripes and turf hummocks. Most of the frost-
boils on tills and on raised, coarse tidal
sediments are low center, being rimmed by turf
banks. Vast expanses of terrain dominated by
these pattern types can be seen on alr pho-
tographs; they are clear indicators of per-
mafrost containing both pore ice and a very
small amount of segregated ice in a soll mate-
rial that has a slight silt content. The soil

stripes on slopes appear to be the equivalent
of the low center, turf sided, frost bolils
found on the same soil types. on flat terrains.
The turf hummocks, from‘30 cm +to 1-m high and
about 1.5 m in diameter, ‘dccur in poorly
drained lowlands over the same types of soils.

Pore ice domindtes in sandy and gravelly
materials of glacial, glaciofluvial, fluvial
or beach origin., When the matrix of the till
contains a fraction of silt (variable up to
10%), very fine, halr thin segregation ice can
be seen in very fresh samples.

In the discontinuous permafrost zone, ice
segregation in the fine marine. sediments has
provoked the heaving of cryogenic mounds. The
sediments consist in average of 65% silt, 23%
clay and 12% sand; their unfrozen plasticity
index is about 13%. Laboratory and site mea-
surements revealed that their thaw settlement
coefflcient, 25-30%, is comparable to.other
similar soils as studied by McRoberts et:

1.(1978). The mounds vary in size from a few
meters to over 100 m in diameter. Their height
varies from 2-3 m to 10 m. Each cone contains a
permafrost nucleus that may reach depths down
to 30 m; the average depth, as measured by
electrical resistivity soundings (Lévesque et
al., 1988a and b) and thermistor cables (e.g.
Allard et al., 1988; Fortler et al., 1991) is
about. 20 m. Core extraction revealed very high
ice contents, thick ice lenses (Lerouell et
al., 1991} and also large reticulated or
erratic cryostructures. In most cases, the
temperatures fluctuate widely over one year in
the near-surface ice-rich layer while it
varies very little in the lower part of the
profile, at temperatures warmer than -2°C, due
to the th