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CHAPTER I 


THE STUDY AREA AND THE NATURE OF THE RESEARCH 

Nature and Scope of' the Investi~ation 

The main aims and purpose of the study are to 

explain the nature of' the soil cover of a limited part 

of' Southwest Devon Island, namely the peninsula between 

Gascoyne Inlet and Radstock Bay. The geochemical and 

mineralogical nature of some loose materials will be 

related to the area's bedrock or mode of geomorphic origin 

' and later development. It is assumed that any weathering 

sequence could be determined using pedological criteria 

and methods. The soil :forming process consists of fresh 

bedrock being either chemically weathered in situ or 

through physical processes the rock surface may be broken 

up into debris and loosened material. This material, 

through time, may be altered by pedogenesis in situ or 

transported by geomorphic processes to the lowland area. 

These materials are then redeposited where further 

pedogenic processes may act upon them. The resulting 

soils may thus be described 1·d. th respect to a) the 

morphology of the soil and b) the origin of the parent 

material as follows: 

a) Soils developed on hew parent materials (i.e., 
broken up in situ) 

1. 
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b ) 	 Soils developed on gravel ridges or other 
t ransported debris . 

The i n situ debri s and loosened material imply a t hird 

t ype of' material on which the soil may forrn which i s soil 

loca lly t ransport ed o r sorted on the same b edrock. Within 

the ped ogeni c areas prov ision wil l als o b e made for: 

mineral sorting (patterned ground ) 

the presence or l ack of' organic matter 

th.e presence, i:f any, of chemical mobilization 

o f various element s especially drainage seeps . 


d ) 	 ,·ret an.d dry sites and associated soil :features 
g rouped within soil associations or c atenas . 

Locat :i.021 an~ Des..9ription of the Study Are3: 

Devon Islan.d ( the sontheasternmost a:t1.d second l arges t 

o f the Queen Elizabeth Islan.ds ) consists of' an area of' 

approximately 25 , 800 square miles. The l andforms of Devon 

Island a:re the result of stream and marine processes, with 

l ocal modifications by gl~iation and frost· action with 

l andforms bearing evidence of uplift and depression of 

t he i sland with respect to sealevel since the Pleistocene . 

:More than half o f Devon Island is plateau 500 to 2000 _feet 

i n elevation and is characterized by a well-preserved , 

re l atively featureless inland surface and continuous coastal 

cliffs , indented by f':iord s and steep-walled b ays ( Roots , 

1963 ). This is also true of the study area located 

b et11een Gas coyne I nlet and Rad stock Bay in the southwestern 

sector of Devon Is l and. Here , two erosional remnants 

of the inland plateau remain: Cn swell To,-.rer and South 

http:Islan.ds


3. 


Plateau. These are separated by a low coastal plain 

known as Bear Valley (Figure 1). 

Geology 

The geologic history has been outlined by Fortier 

and Morley (1956). Sedimentation occurred over the 

Franklin Geosyncline from the Cambrian through to the 

Devonian Periodf;. The bedrock of the study area lies to 

the south of the Franklin Dome and is composed of the Read 

Bay Formation (limestone - and argillaceous limestone 

marine) which is Upper Silurian to lower Devonian in age 

(Roots, 1963 )$ Fossils collected during t he field season 

were identified by Dr. Westermann (personal communication) 

and these also reflected the above time period. 

Roots (1963), in a transect of t he mainland 

plateau north o f the study area found the lowes t exposed 

bed to be argillaceous limestone. Overlying this, he 

found approximately 250 feet of silty limestone with beds 
' 

of argillaceous limestone} and congiomerates and breccias 

formed the upper section of this bed. The uppermost 

270 feet were comp o sed of thicker bedded c r ineidal limestone . 

Stata of the area were within the regional homocline o f 

Devon Islan.d and had a gentle westerly dip. 

Rock samples coll ec ted by the author -on the South 

Plateau and in t he stream valley located on its eastern 

margin showed the following results. The uppermost bed 



FIGURE 1. Loca tion of the study area. 
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was c rino idal limestone containing gastropods , fo rams 

and ver y s mall pelecypods. The matrix ,vas compo sed o :f 

c arbonates, qua rtz , ~ lays , and shells whic h were fi lled 

wi t h sparry calc i t e . Underlying this was a bed o f medium 

to coarse-grained sparry calcite ( possibly recrystal l ized ). 

There was some c lay includ e d in the crystals. Beneath 

t his bed was a well banded limestone con taining 1-2% 

quart z and s ome micas . There were f ew fos si.ls. The 

t hic kness o f ' t he above beds c oul d not b e approximated 

since the samples were c ollected on the plateau surface and 

no lithologic structure could be found . The only outc rop 

visible was approximately JOO feet thick , u nderlying the 

above b eds and was c ompo sed o:f a rgillacious limestone . 

Pellets , sh.e ll fr agrnBnt s and forams were present .. It was 

well b anded with about 8% quartz local i zed in s ome b ands . 

About 2% clays ·were also present . No sulphi des were 

detec ted in any o f the samples . The b edrock of South 

Pla teau also showed a gentle westerly dip. 

Ge omorpholo gl':_ 

The character o f t he coastl ands is essent i ally 

that of' an upland plateau area truncated by cl iffs which 

were cut back e ither by marine p r ocesses or glaciation 

The plateau i s highest in the eas tern sector of Devon 

Island where , mostly buried under ice , .it i s transitional 

to the highland par t of' Baffin - El l esmere mountains of 

http:fossi.ls
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crystalline rocks ( Fortier, 1963). At the edge of the ice 

c ap the plateau surface is about 2 ,000 :feet above sea-

level and from there it slopes gentJ.y westward until , 

near the . ,-.rest coast , it is 500 to 800 f eet high. The 

plateau surface is smooth and rel atively :featureless 
I 

and has been preserved with very little modification 

Iro the very edge of the coastal cliffs or dissecting 

valleys ( Roots, 1963)0 

Opinion varies on the extent oE glaciation 

during the Pleistocene in the Queen Elizabeth Islands 

though consen sus is :for a series o:f loc al ic e caps 

(Craig and Fyles, 1960) which only modified the land­

scape in slight detail, the greatest o:f:fect being in 

terms of isostatic recovery. Roots (1963 ) found glacial 

striae Hi th a westerly trend on top o:f Deechy I slan.ct, 

about 8 miles to the we::.t o f the study area., Some 

erratics were noted on the surface of the Sonth Platcaup 

however no glacial depositional features wer e noted 

either t here or in the l o,vland areas. 

I sostatic recovery in the study area is very 

pronounced especially to the north of Camvell To ..rer 

and to the northeast of South Plateau where longshore 

drift, followed by isostatic recovery has resulted in 

raised strandlines 60-80 metres above sea level. There 

is lit tle information on the present rates of recovery. 
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Henoch (1964 ), fron1 archeological sites on Melville Isl and ~ 

:found the max:Lmum poss ible emergence to be 1.,8 me t res in 

the past 1500 years. Owens ' r esult s (1969 ) suggested 

c ontinuing emergence at the p resen t time although it is 

v ery slow. 

Root s (1963 ) states that most of the streams on 

Devon Isl and are in the l ate youth stage of their e ros ion 

c ycle and have developed ~liff-walled val leys , tape~ing 

headward to sharp ravines • . In their lower courses many 

o f the valleys have flat floors of fluvi a tile material 

some of which h as fo rmed from delt a s t hat gre,., progress i vely 

s ea,.-acd app arently as sea level r -eceded from a posi tion 

relatively highe r than it is today. The gorge-like 

valleys ( east and north sides of the South Plateau ) 

narrow u pstream to V - shaped r avines and end abruptly 

on the s rno oth _plateau, although many o f the stre ams can 

be traced headwar<ls, meandering without a well -defined 

valley usually over solifluction debris and fed by water 

from long stone stripes. The fjo rds and valleys along 

the southwest side are spaced at roughly equal intervals , 

and give the i mpression that they may have developed from 

short consequent streams on the scarpe or steep slope result ­

ing fro m the uplift of the land. 
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Climate 

Southwest Devon Island is subjected to a severe 

arctic climate . Only J months of the y ear have average 

temperatures above o0 c while 6 months h ave average 

temperatures l ess than ~20°c. Of the 5h1 degree days with 

mean daily temperatures above o0 c b etween 1951 and 1960 : 96 

occurred in June ,258 in July, 177 in August and 10 in 

September ( Thompson , 1967). Table l illustra tes the average 

number of days o:f precipitation for each of the four 

"summer" months . The average for last fro s t in Spring 

is July 9 while the average :for the :first :frost in Fall 

is J uly 25 ( Han.nell , 1969 unpublished ) . During the 1969 

field season between J uly 21 and August JO, there were 13 

days of rain and 3 o f' sno,\· whiJ_e 9 of th0se d ays had fog 

or low cloud. However, the p r ecipita tion occurred in the 

fir st 3 weeks ,dth August 12 though August 23 being 

precipitation-free~ 

TABLE I 

PRECIPITATION ( AVERAGE FIGURES FRON 1960 TO 1968 ) 

Nonth Rain No. of 
Da y s 

Sno,v No . of 
Days 

No. o i' Da y s 
Fog . 

--­
June 
J uly 
August 
September 

0.3 in. 
o. 8 II 

1.22 II 

0 . 13 II 

2 
8 
8 
2 

1.5 ins. 
O. l~ II 

1.1 II 

4.8 I! 

4 
1 
3 

10 

5 
8 
9 
5 

·-- ··---­ -­
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The unii'crm summer temperature (Table 2) is 


du̖ to the cooling effect of the cold sea which surrounds 

Devon Island and is largely ice-covered even in July. Warm 

air currents from the continent to the south are rapidly 

cooled when passing over the colder sea. The sea's cooling 

influence results in the formation of low cloud cover in 

July and August ,vhich prevails over most of' the Archipelago 

and absorbs a large part of the solar heat that other-,vise 

would have reached the surface. Thus Cormvallis Island, 

during August 1948, reported only 48 hours of sunshine out 

of a possible 66 2 hours ( Porsilcl, 196h) • 

TABLE 2 

TENPEHATURES ( °F MEASURED IN STEVENSON SCREEN). 

----··-· 
Month Mean Daily 

.Maximum 
Highest 

Recorded 
Mean Dai,ly 

Minimum 
Lowest 

Recorded 
--------· 

June 37.2 57 28.8 

July 45.1 61 35. 4- 28 

August 41.4 59 JJ.2 17 

September 27.6 48 20.6 0 

----

Review of Literature 

Within the high arctic, pedogenic weathering is 

reduced considerably. Any weathering takin{'; place is 

dominated by the mechanical disintegration of the parent 

material by frost action. Certain frost.processes are said 

to be constructive ̗1ile others are destructive wit L respect 
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to soil development (Tedrow , 1968a). The constructive 

processes are size reduction of soil parti~~s, arrang ement 

of' soil particles ancl the formation of structural aggregates. 

Destructive processes centre around physical displaceQent 

of the soil through frost action, frost-stirring and ice 

i:vedge grmvth. This lat ter proc.ess adversely affects 

pedogenesis such as formation and decomposition of' humus, 

leaching an.ct transloc'ati on oJ' mineral and organi c comp onents 

from one horizon to· another, soil acidity, and formation 

of structural units (Te drow , 1968a). 

One type of "soil" considered in t h is thesis is 

'	 polyg onally patterned ground and especial ly t h o se forms 

usually known as · stony earth circles . In general, most 

hypotheses of polygon formation are based on some fo:cm of 

- pressure generated by frost and caused by the e xpansion of 

volume on freezing and subsequent reduction of pressure 

on melting. Washburn (1956) believes the development of 

polygons to be a result of' many prqcesses acting together. 

He concludes that the t,·ro dominant processes are rnul ti ­

gelation (ejection of stones from fines ) ru.1.d cryostatic 

pressure. Howev~r, it is necessary to have heterogeneous 

particles for polyg ons to form. Corte ( 1962) h a s shoi:,m that 

vertical sortine by frost action can occur ,-Ti thin a soil. 

As a re sult of the migrat ing freezing plane, fine particles· 
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were shown to move downward and coarse particles upward 


within a soil profile c Feder·off ( 1966 ) on the o ther hand , 


describes the formation of polygons by differential 


sorting in which t he fine material is thrust to the 


/ surface . Corte 1 s ~ethods of vertica l sorting c an occur 

as long as t he material is saturated with water since 

he found the de&ree of sorting to decreas e as the amount 

o f moisture decreases ( Corte 1963). 

Ugolini (1966 ) f ound that when c ryogenic proces ses 

have ceased to act b e c ause of chang es in c limate or 

moisture regime, then that particular type of patterned 

ground becom8s relict. This then allo,vs pedogenic processes 

to progress undisturbed. Ugolini (1966 ) illustratoE an 

i nactive net with four types of arctic soils forme d with~ 

in it. However , renewal o f frost action may c ancel any 

incipient soil development. Svatkov (1958) noted that 

t he humus horizon of polygona l soils is thin or often 

missing. 

Unfortunately p little research has been undertaken 

to investigate pedogenic weathering in t he Canadian high 

arctic. Thus it is necessary to t ake into a cc ount 

observations fr om other arc tic areas . Neinardus (1930­

dited i n King ) i n a study of the effects of pedoganic 

weatherine in Spitzbergen foun d that the chemical processes 

involving the solution of c arbonates were prominent. 



Drew and Tedrow· (1957) in an investigat ion of an Arctic 

Brown Soil near Point Barrow, Al aska , showed that there 

was a slight transl.ocation of iron, aluminum, and magnes ium 

in the profile together with the leaching of dolomit e 

from the upper horizons. 

Solution and l eaching of c arbonates from surface 

horizons has also b een reported from Polar Desert Soils 

on Prince Patr ick I s land ( Tedrow, 1968b )but removal wa s 

n eve r c omplete as r eprecip:Ltation took place on the 

under s ide s o f stoneso Svatkov (1958 ) believed tha t 

salination o f arctic soil i s c ause d both by tra ns p ort ont o 

l and o:f oce an spray and by chemical solution o f parent 

rocks e Douglas ( 1961 cited in Tedr o~-, , 196&'1. ) has sbo,vn 

that solution of c arbonates i n cert a in Tundra Soil profiles 

in Alaska has been followed by reprecip itation as clay-

sized par ticles at depth. Although evidence of chemical 

weathering in these soils was abundant, Doug las did not 

ob serve mineral alteration in situ. The only in situ 

clay mineral alteration found by Doug las was the chlori­

tization of montmorillonite. HydroJ.ys is , wh ich is as­

sociated with clay min eral :formation in soils appears to 

be poorly e xpress e d in the arctic environment ( Hill a nd 

Tedro,v, 1961) • Their c onc lusion was t ha t most o f the 

cl t~ in t he profile was a llogeni c in orig in. Simi l ar ly 

Tedro,v ancl Ca..'1.t l on ( 1958 ) concluded that soil t exture 

appeared to be a r ef l e ction of tho grain si ze of t he rock. 
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Day (1 961+ ) found that soil pro:f:i.les located over argilli te 

I' 
and dolomite o:f the Devonian Age , had high cJay contents. 

This would also imply that particle size i s controlled 

by bedrock. 

9rganic - Matter Decomposition 

As a result of low soil temperatures and a re­

latively short growing season, processes of organi c matter 

synthesis are slow (Douglas and Tedro,v, J_959). The 

presence of permafrost at shallow depth i mpedes draina.ge 

of the soil and near-surface horizons are satu r ated with 

water throughout much of' the summer. This tends to 

prevent decomposition of organic matter caus ing peaty 

material to accumulate on the surface. The slown~ss of 

orgainc decomposition is illustrated by a radiocarbon age 

of 2000 + 150 years B.P. for surface organfc matter from 

an Arctic Brown Soil, Alaska (Douglas and Tedrow, 1959)0 

An i mportant effect of t he progres·sive accumulation of 

peat over permafrost is its insulating effect. Thus 

the permafrost t able rises and incorporates the organic 

material inhibiting or reducing further dec omposition . 

Many investigators have foun buried org anic 

layers at varying depths in the soil profile. Tedrow (1 963 ) 

found a permanently frozen organic layer in Arctic Alaska 

with a a g e of 8150 to 10,600 years · B.P. but its genes i s c14 

http:draina.ge
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was not established . Tedrow et. 81 (1958 ) found c14 

dates for b·rn buried organic l ayers in tundra soils of 

Alaska to range from 5300 to 10 , 900 years B. P. Tedrow 

( ~965) found a c1h age of 2300 +. 110 years B.P. for 

organic matter in northern Alaska, Tedrow (1963 ) believes 

that the buried organic matter coincides 1vi th a warming 

I 
/rend during l ate Wisconsin time , However, Hackay (1 958) 

believes tha t the organic layers r esulted fr om progressive 

burial of t he organic tongues that extend downward in 

depressions between hununocks. He furthe r notes that this 

process is continuous 9 further suggesting tha t C 1L,. date s 

should be considered c ritic ally . 

Gleization 

The pree- e n ce of permafrost results i n t he water..:. 

logging of tho se horizons immed iately above· the p ermafrost 

creating an anaerobic environment ,vbere i n the free access 

of oxygen is impeded and the r e duction of v arious com­

pounds take s place. 

Svatkov (1958 ) notes that depending on locality, 

thickness of snow cover and extent of s oil moisture~ the 

basic arctic tyi')OS o f soil formation may t ake on a more 

or l ess de f inite c har acteri st ic of waterlogging with the 

resul t tha t various arctic gleyed soils a re formed . 

According to Tedro1·1 (1968b) a mottled appearance i n g l eyed 

soils in t he high arctic is commonly lacking : on Prince 
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Patrick Island the waterlogged mineral soils are not 

gleyed or mottled. But gleization is present in all 

Tundra Soils o f northern Alaska (Douglas , 1961) and it 

would appear t hat a pedogenic gradient exists poleward in 

which the effects of gleization are progressively lessened 

(Tedrow, 1968a ). 

Translocat~ 

Chemical data f'rom the Polar Desert Soils 0.11 

Prince Patrick Islan.d showed no trends in the amount of 

reducible iron. This was attributed to the effects of 

frost action ( Tedrow , 1968b). In some profiles, there 

also appeared to be no trend in particle size distribution 

,d th depth and :i. t was considered by Tedrow that any 

reduction in pa~ticle size, within the surface horizons 

by pedogenic processes 1 would probably be obscured by 

strong wind action. 

The tra11slocation of ·water-soluble salts in the 

profiles of high arct ic soils has long been recognized. 

Saline and alkaline soil conditions have been reported 

from Greenland (Ugolini, 1966), Ellesmere Island ( Day , 

196l4- ) anci Prince Patrick Island ( Tedrow , 1968b). At Lake 

Hazen, on Ellesmere Is1 a nct, saline and alkaline soils 

cover saline lacustrine deposits ( Day , 196h). According 
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to Tedrow (1968b ) salt c rus t s b egin t o form on P r i n c e 

-
Patrick Island a ft er 2 or J days of r a in- fr ee , win dy 

c onditions . It woul d a ppear t hat surfa ce efflorescences 

a re t he r .esul t o :f precipitation fol lowing t he rise of 
I 

~7 p ill a ry moi s ture . 

King (1969 ) in hi s work on Nor th Devon I s l and , 

I
f r u n d t h at the ma jor ped ogenic pro c e sses contri butinG t o 

the morphology o f the soils were r estricted to t he d e­

c omposition of organic ma tter a n d gleiza tion . He also 

c onclud e d t hat t h e l a ck o f struc tur e i n t h e mineral por t ion 

o f t he p r ofi le was clue to t he l arge mo i stu re c ontent ~ 

Da y ( 196 t,.) f ound t hat t he morpho l ogic al an.d chemic al 

c harac teris t i cs of t he s oils i nd i c a t ed that there was n o 

significant deve l opment o :f gen etic hori z ons and henc e a ll 

p r o f iles were classed as Rhegosols. 

Arc t ic Soil Class i f ication- . 

A class i f ica t i on of a r c t ic s o i l s has been dev ised 

b y Tedrow and Cru.1.tlon ( 1 958 ) and Doug l as and Tedrow ( 1960) 

a s follows : Lithosols ( Dougl as and Te drow , 1 960 ) are 

mai nly an assembl a g e o f cobbl es and pebbl es with small 

amounts o f fjnes . The morphology o f these soils i s c l o sely 

rela t ed t o the nature o f the underlying bedrock . Barren 

cond i tions are c ommon with a v ascular p l ant c over not 

exc eeding J%. Rhegosols ( Doug las and Tedrow , 1 960 ) i nclude 
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those soils found on recent alluv ium, on wa t e r-wor ked 

glac.ial d epo s its, and those wh ich h a ve b e en kept i mmature 

by cryopedog enic proces s es and g elifluction phenomena. 

Vascular cover from .o - JO% is fo u nd on their surfa ces. 

Tedrow an d Cantlon (1958) classified the Tundra 

Soils a s intruzonal and furth e r divided t h e m into Me a dow 

and Upland Tundra Soils. The Upland Tundra is poorly 

drained while the Meadow Tundra is very poorly drained. 

The Meadow Tundra Soils are found in low relief areas 

where very poorly drained conditions exist. They are 

generally associ a t e d with sedges and mos se s with only 

·, restricted are as showing tussock-forming veg etation. Up­

land Tundra Soils occupy g entle slop es o r fl a t a r eas 

underlain by clayey nubstrata. Some profiles show a dis­

tinc-:t zone of mottling with yellowish·-brown stre aks. 

Tedroi·r and Cantlon (1958) also clas sified Soils 

of' gelifluction slopes and soils associated with patterned 

ground features as Tundra Variant Soils. The soils of 

gelifluction slope s reflect burial and overturning pro­

cesses. Buried org anic layers, abru pt chang es in texture 

and lo b es of int ruding material indicate the disruption 

of' normal soil morphology. The prominent chara cteristic 

of' the soils associ a ted with pattern ed ground features 

is the mas s iveness of the soil and t h e presence of voids 

in the form of' vesicles or alveoli. 



18. 

Douglas and Tedrow (1960) classified a s 

Protoranke r Soils, those soils which have a 11 cushion 11 

shape and that are found in the ~nner edges of the stony 

borders of sorted nets and circles. These soils consist 

of' loose organic material in whic h mosses are the major . 

constituents. The soil is so .shallo,v that it cannot be 

separated into horizons. Their Tundra Ranker Soils were 

those soils found on bedrock ledges, benches and in bed­

rock niches. 

The 7th Approximation (1960) would classi:fy arctic 

~oils as Inceptisols or Entisols. The Entisols replace 

'soils previously called Rego sols and Tundra Soils. The 

Inceptisols include the soils that have previously been 

called Tundra Soils L i thosols, and Regosols. Three suborders 

of Entisols a~ply to arctic soils: 

Ustents and the Udents while two suborders apply to arctic 

Inceptosols:. the Aque.pts and the Umbl"epts. These suborders 

are further subdivided into great gr_oup s which are 

designated by prefixes added to the subord er name. The 

following are the great group prefixes that apply to 

arctic soils: 

Cry 
Psarnm !cold) 

sand texture) 
Hapl minimum horizon) 
Hydr (presence of water) 
Ochr (presence of ochric epipedon) 
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The National Soil Survey Committee of' Canada 

(1968) classes arctic soils pertinent to the study ,area 

under the Rhegosol Great Group. The subgroups which 

apply to arctic soils. are: Saline Rhegosol I Cryic Rhegosol 

and Lithic Rhe g osol. The Saline Rhegosol is a soil having 

salinity exceeding h mmhos /cm2 within 2L~ inches of' the 

surface. The Cryic Rhegosol includes those soils with 

-permanently frozen layers in which the temperature is o0 c 

or lower two months after the summer solstice. The Lithic 

Rhegosol is a soil that has a lithic contact at a depth 

greater than 4 inches but less than 20 inches. Classification 

~f the soils from the Southwest Devon area will be that 

of' the Canadian Soil Survey above. 
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CHAPTER II 

-- PHYSICAL AND CHENICAL _ WEATHERING 
PROCESSES IN THE APBA 

The nature a-z:i-9_ :fo_r __ms of_ ~~ys..:\c~_!_____ and chemic al 

.. 1rnathering of the bedrock and loose d eposits in the area - ---~- ---------- - ·- ----­

are i mportant to the study of the soils o:f Southwest Devon 

since most of these soils are still too innnature to 

illustrate their own di stinctive weathering or profile 

sequenceso :Many of these soiJ.. s are Rheg osols or Li thosols 

which imp ly that their formation is clo s ely linked to the 

rather than the result of marked pedog enesisa Thus 

some con s id0ration must be given to the :fo rms o:f nechnnic a l 

weathering , the t ype-s o:f g eomorph ic s e diment tran spo r t a tion , 

and t he moveme nt o f ma terial in drainage ru1d s u b s urface 

moi s ture d e rive d through initial chemic a l we a t h e r ing . 

Forms of' Ne chani c a l Weatheri ng and Transpo r t a:t; ion 

One must a s sume .tb.e, t__the d .9n1:j,__1}nPJ me ch anical 

proces s e s in the di sintegration of b e d r ock a r e thos e re­

l ated to :fro s t-heav e and f ros t s h a tt c :i; s inc e the sur f a ce 

debris is ex t r emely angula r ( Plate 1). The ab s e n c e of 

consolidated b e d rocl~ on t h e s u r f a c e exc ep t i n t h e ~ tream 

v a lleys , would a l s o i mply t h a t d i s integration of mat e r i a l 

20. 



PLATE 1. Initial breakup of argillaceous bedrock 

on the North Plateau. 
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b y frost processes i s presento Once break-up of the 

b edrock occurs , one may assume that th i s debris i s even­

tua lly t ransported to the lowlands b y one of three ma jor 

processes a ) movement t o t he b ase o f t he t a l us where 

_JD11:gshore dri f' t by mari ne _p ro c esses occurs , b ) fluvi a l 

_t _r ansportation , an.ct c_) _solif'luction . Soliflu6tion will b e 

omitted from f urther di s cussion since R. L. Cox (1969) has 

adequately discussed this a spe c t. 

a) Ta lus and Beach Proces s es 

Since t a l us and marine moveme n t are not reJ.ated 


t o t he soils , t hes e processes will be omitted from this 


-di scussion . Suffi ce it t o say tha t i n the past a c om­

bination of l ongshore drift and i sostatic recovery since 

the Pl eistocene have been responsible f o r the deposition 

of t he rhegoso l ic mate:i'.'ial comprising the coastal lowlm1cls. 

F o r further information of the marine processes one is 

r eferred to t he paper by Hc Cann and Owens ( 1969 ). 

b) F l uvial Processes 

Although only s ilt and cl ay was observed to move 

i n t he streams during t he period o f f i e l d study, it is 

believed that a bedlo ad movement of gravel and stones was 

i n op?rat ion . 

Fine material may orig inally be :fed into the stream 

s ysten1s either through the stone s t ripes· or tho downslope 

slud ge-like movement of material between on the upper 
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surface of' South Plateau. Fines were observed adhering 

to the scalloped surfaces on the undersides of' some snow 

bridges covering the stream bed while others a short 

distance downslope we~e completely sediment-free. This 

may be caused by the supply of' fines from the talus slopes 

on either side of the stream~ From here, the fines 

gradually penetrate through the sn01·,r until they are exposed 

on the undersi<les of' the sno·w tunnels. As melting proceeds, 

these fines would be supplied to the stream. 

The stream-beds showed characteristics of braiding 

and meanderi!l.g especially in their lower reaches. The 

' stream material was light gray in colour as compared to 

the brown colour of the more weathered surrounding materials 

suggesting that this process of' braiding and meandering 

is active. However no braiding or channel changes were 

observed during the study period. It is thus concluded 

that any channel changes and boulder movement are likely 

to occur in spring when maximum sno,vpel t would supply a 

volume of water great enough to transport particles of 

gravel size and larger$ 

Chemical Weathering and Transportation in Solution 

The coastal lmvland is composed of beach sediments 

deposited by former marine action. The large variety of 

surface patterns found in this area would tend to indicat~ 
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that chan[;'OS in weathering by solution. may be prcse:1.t e 


In order to study this phenoraen;n more fully it was pro­

pos ed that ,vater samples b e collected fro m these various 


--features . · Rain1ia-ter arid sno1·1 samples uer e collected to 
I 

determine if ther e ·was any external supply of' ions to 
I 

the area . Water sampl es were a l so t aken f'rom lakes , 

I 
s r r e ams ' a11.cl clrainago seeps in order to ob serve any changes 

i h t he ion content at different locations ~ 


Drainage samples ·were coll e cted fro m the b as e of 


the t a l us surrounding South Plateau. Water sample s were 


al so collec ted f'rom snow, rainwater , lakes and strear:1S . 


_Hater sample s 1,rere taken --frora -the -Surface of a 11Ieae1ow· 

Tundra Soil ( see chapter IV for profil e description ) at 

two -clay i n torval s over a :;_:)er i od of' ten days. Sa.nples 

-from t he talus , -lal-s:es a nd strear.is ,-rere stored in g l a~:;s 

bo ttles ( Fisher Laboratory Supplie s it em number J - J78 ) 

or glass vials ( Fisher Laboratory Su pplies item number 14­

207) 1vhi l e the other drainage samples were stored i n 6 

ounc e polyethylene b o ttles ( Canlab. Lab orat ory Equipr.ien t 

i tern number 753l~ -6 ). These uore then analyzed i'or 

chloride , c a lcium, magnes ium and nitrat e ions and pH~ 

Unfortunate l y , c onditions i n the field did not warrant 

http:strear.is


FIGURE 2, Locations of w ater samples wit hin 
-the s-tudy area, 
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u sing the Orion Specif'ic ion Metre ( M~del l~07 ) resulting 

i n the samples b eing analyzed in the Pedology Laboratory at 

NcNaster . X - ray diffraction of clay minerals 1·ras u ndertaken 

to d etermine i f t here was . any chemical a l teration of' t hese 

cla y s . The me t h o d u sed ,vas t hat outl i ned by R . Vemuri (1967). 

PreciE_itation Samole r: 
. ---.-..-.....-------- - - ­

Several samples of sno1v, neve 
/ 

, and rain,·,ater were 

colle c ted at the beginning of the study period in o:rder 

to de termine t he ion concentra tions o f t he p r e c i?i t ati on 

and its i nfluence on the dra i n a g e waters . The locations 

o :f t hese samples are sho,m i n ·f i gur e 2 . ,.,i th their 

a nal ytical resul ts liste 

TABLE J 

PRECIPITATION SA?-IPLES 

S ampl e p H Ca ++ 

( ppm ) 
Hg++ 

(ppm ) 
Cl 

( ppm ) 
NO J 

( ppm ) 
·­--· 

Sn ow de l t l 7. L~O 60 5 .67 12 z 6. 2 
Sn ow Nelt 2 7.25 40 7.10 l J <6 . 2 
Snow Melt J 6 .95 l ~O 7.57 1 8 ·<6 . 2 

Neve 7. 65 L~O 2 . 69 2 <6.2 
Ice ·under · Neve 6 . 70 40 1 .08 . J <6 . 2 
Ra i n water 6.70 L~O 2 .07 13 < 6 . 2 
-­--­· ---­·-----­

These results illustrate that the measured ions 

i n t he precipitation are at extremely low levels . 

Al thoug h the ion c onc entrations are low there is some 
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indication t ha t the sea has som~ influence in supp lying 

these ions possibly by winds carrying spray <inshore. 

This mechanism of sea spray entry into the air appears to 

lie in the bursting of small bubbles at the sea surface 

(Gorham, 1955). Upon col l apse, these bubbles form jets 

which eject minute droplets of' sea water into the air 

where if sufficiently small, they may be carr:ied a way by 

the wind. Go r ham (1958) noted that most of the chlorid e 

in rainwater comes from sea spray. No average fi gures 

for the pH of rainwater in arctic areas could be found 

on which to compare the pH fi gures in this study. Ho,v­

', ever, assuming that the rainwater of this area has absorbed 

its capacity of co2 , the pH should be between 5 and 6. 

Since the above pH values show a near neutral pH, it is 

possible tha t the sea spray has some influence in supplying 

ions to the surrounding area. 

Drainag e Samples Surrounding South Plateau 

1,.,0 sets of samples were col'lected from the s eepage 

along stone stripes at the foot of the scarp bounding 

the South Plateau~ These were sampled at an interval 

of approximately one week and the intention was to as­

certain whether or not such seepage samples cont a ined high 

ctrnourYt.S of dissolved ions. The weather conditions during 

the first period were rainy and before the second period 



28. 


were dry and sunny. Hence the possibility of different 

contents of dissolved ions under different weather 

condi tions could be assessed. The first set of samples 

was collected during a very wet period (August 9) and 

it was believed that these samples were i n fact pre­

cipitation or late snow melt and would not truly represent 

the chemic al weathering of the plateau. Thus after a dry 

period of 10 days, drainage sites were resa.n1pled (August 

18) between the stream on the east side of' South Plateau 

and the stream emerging from the northwest sector of' 

South plateau. 

Samples Tl to Tll .·,ere located at the b ase of the 

scarp to the ·west of the stream flowing north~vest from 

the South Plateau. Samples T6J to T6 8 were collected 

from· seeps south of the stream flowing eastward from 

South Plateauo No s amples were collected from these seeps 

during the second set of sampling. As a result these will 

be omitted from further discussion~ 

Samples Tl2 to T22 were collected from seeps fed 

by a large snowbanl<. Sarnples T23 to T25 were from gentle 

flowing seeps to the east o:f the above snowbank, These 

were extremely silty and h ad large quantities of algae. 

Samples T26 to T28 were fed from a smaller snowbank. 

Samples T29 to T33 were located at t he northeast section 
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at the base of' the plateau around a large solifluction 

_l.obe which seems to be stationary< Samples TJli to T37 

were from seeps with very little flow. Grass cover was 

- -present in all these s eeps with seeps TJI+ and T3 5 being 

completely grass-coveredo Sample TJ8 was fed by melt­

water :from a small snowban1c. Samples T39 to T45 were 

f rom seeps surrounding a talus cone. Samples T46 to 

T49 were fed by snowmelt from a snowpatch between the 

above talus co.ne and another to the south. Samples TSO 

to T52 were :fed from the base of this second talus cone 

while samples TSJ to T57 were fed by a snowpatch bet1vcen 

±he second co_ne and a -third t a lus cone to the south . Sample 

T58 was collec ted from a deep rill to the south of the 

third t·· lus cone. S2.mple T59 ·was :fed by a sma l l snowba.i1.k 

to the south of' the talus cone while s amples_ T60 al!d T61 

were collected from stone stripes near the east flowing 

stream :from South P lateau. Sample T62 was t aken from the 

raised bea ch material near the scarp to the north of the 

east-flowing stream. For a more exact location of the 

above three talus co.nes one is ref'erred to terrain unit 9a 

in the terrain map of chapter III . The analytical results 

of these samples are presente d in Table J a nd their general 

locations are displayed in figure 2. s 

The nitra te ion concentra tions of . the sc a rp seeps 

were too low to be d e t e r mine d u s ing the s p e cific ion me tre . 
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Thus this aspect has b een omitted :from further d i s cuss ion. 

During the second set o:f sampling many of' t he seep s n ot 

derived :from snowbanks po ssessed no surfac e flow . 

TABLE 4 

ANALYTICAL RESULTS OF T I-IE SCARP DRAI NAGE SEEPS 

Sample pH ++Ca ppm. 
++

Mg ppm. Cl ­ppm. 

No. Set Set Set Se t Set Se t Se t Set 
l 2 1 2 1 2 1 2 

Tl 7.95 56 6.04 15 

T2 8.oo 52 8.78 17 
' T3 a 8. 20 l.J­8 2.,73 7 

T3b 8.10 40 2.72 6 

T4 8. 20 48 9e05 12 

T5 8. 25 52 9.93 l.J 

T6 8. 1 5 44 4.J6 10 

T7 8.20 40 5.08 5 
T8 8.05 52 8.11. 9 

T9 8.10 52 7.77 7 
TlO 8.05 56 6.51 5 
Tll 8. 10 52 5.68 6 

Tl2 8.10 6.95 44 60 3.28 9.36 5 8 

TlJ 8.15 7.20 40 48 4.58 7.95 5 6 

T14 8.15 6.90 48 44 4.56 6.62 6 8 

Tl5 s.20 7.25 4l~ 40 4.95 7.76 6 5 
Tl6 8.05 7.10 48 40 6.72 6.35 8 10 

Tl7 8.15 7. 40 48 40 5.71 5.94 8 4 

T18 7.90 7.55 44 40 3.93 6.27 4 4 

Tl9 s.05 6.90 48 44 6.69 7.06 9 10 

T20 8 . 05 7.15 48 36 5.95 J.Jl 6 7 



TABLE 4 (contd .) 

S ample 
p H ca++ Mg ++ Cl 

No. Set Set Set Set Set Set Set Set 
1 2 1 2 1 2 1 2 

-----­
T21 7.95 7. z:.o 44 44 L~. 60 7.61 6 9 
T22 7.95 G.90 40 52 3.66 8.67 6 10 

T23 7. 85 7.30 l.J.o 52 3.59 8.86 7 10 

T2l~ 8.05 7~35 40 52 J.9 7 7.61 8 11 

T25 8.oo 7.15 40 52 4.02 7.60 15 7 
T26 7.85 7.45 48 56 5.02 9.07 9 8 

T27 8.05 7.15 48 48 6.67 8 .J5 6 7 
T28 7 .95 6. 80 48 40 6.17 L~. O5 5 6 

T29 8 .00 6.95 52 52 5.82 6.20 6 8 

T30 7.95 7.15 52 56 5.35 7.59 6 7 
T31 7. 85 7.25 52 76 2.87 8.J9 4 15 

T32 7.90 7 • L~ 5 4L1. 72 5.58 9.52 5 12 

T33 · 8.05 6.95 48 48 · 5. 86 5 • 9L~ 8 8 · 

TJ L~ 7.95 7.85 48 40 L~. 58 5.59 6 6 

TJ5 7.95 8 .oo 52 L~ 8 5.90 8.74 9 10 

TJ6 8.15 7.35 52 48 6.67 7.66 8 10 

TJ7 7.9 5 7.40 52 56 6 .lJ 8 .59 8 9 
T38 8.05 7.60 L~ 8 l~8 6.JJ 7. 64 7 9 
TJ9 8 .05 7.65 L~4 48 7.5 9 9.58 8 14 
T40 7.95 7.40 52 68 6. 1-~6 10.29 8 8 

T41 7.95 7.95 48 76 7.79 10.21 8 9 
Tli2 7.95 7.75 L}8 60 7.12 7.37 8 10 

T4J· 7.95 6.90 52 52 7.25 7.95 8 12 

T44 8.10 7.ho l~ 8 52 6.50 8 . 66 8 12 
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TABLE l~ (contd. ) 

. ... . 

pH ca++ Mg++ Cl
Sample ·- --- ­No. Set Set Set Set Set Set Set Set 

1 2 l 2 1 2 l 2 

TL~5 7.95 7. 85 52 60 8. 6lt- 9.24 9 12 
TL~6 8.10 7.30 52 52 8 .96 9.12 9 11 

T47 8.05 7.70 L~ 8 48 8.89 8. L~9 9 8 
T48 8.05 7 .45 52 56 9.43 9. 61 10 12 

T49 7.95 7.55 L~8 · .L~O 6.64 7.08 7 6 

T50 7.80 7. 55 44 40 8 . 15 8. 27 7 6 

T51 7.90 7. 65 48 40 8.15 3 .1+7 8 4 

T52 8.05 7.30 48 L~4 9.60 9.52 9 11 

T5J s .05 7. 15 48 48 9. 4.5 10. 36 9 11 

TSLi- 8.05 7.75 1+8 L~8 9.32 9 .95 10 10 

T55 8.10 7.55 L~4 48 8 .. 52 10.02 10 9 

T56 8.05 7.65 44 4l~ 9.68 9.67 1 1 10 

T57 s .oo 7~70 L~L~ 41.i. 7.78 s .35 8 6 

T58 7.95 7.70 44 40 8 . 61 7 · 9L~ 10 5 
T59 s .oo 7.65 48 4lt- 9.37 8.90 11 10 

T60 7. 95 7.90 52 4L~ 10 006 9 .79 13 15 
T61 8.15 7 . 90 52 48 8.44 7.78 12 9 
T62 s.05 7.65 52 48 7.63 8.26 12 11 

T63 7 . 95 64 9.61 31 
T64 7.75 76 10.53 46 

T65 7. 85 68 7.06 13 
T66 7.75 56 7. 92 16 

T67 7.75 64 9. 16 26 

T68 7. 95 56 8.J6 18 

http:4lt-9.37
http:TSLi-8.05
http:6lt-9.24
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However, it was no ted that there was still some mo i sture 

- movement at depth . 

The se scarp samples h ave be e n grouped into J classes : 

a) thos e seeps fed by sno,vme l t b ) tho se samp les supplied 

with moisture from the talus a.11.d c) those seeps percolating 

through organic matter o r that h ave algae i n the water~ 

Table 5 shows t he mean values of the t,,,ro sets of readings 

for e a ch of these classes . 

TABLE 5 . 

MEAN RESULTS FOR THE THREE CLASSES OF SEEPS 

pH Ca++ ( ppm . ) ++ ( )Ng ppm. Cl -( ppme ) 
-----­·-· ---­--­Set Set Set Set Set Set Set Set 

1 2 1 2 1 2 1 2 

Talus · Source 7.97 7 . L~9 li9. 05 5J. 89· 7. 2h 8 . 21 8.26 9. 89 
Sno,v Bank 8.04 7 . Jl 46.50 Li6 .• 1 7 6.56 7. 86 7. 46 8 .08 
Organic Hat ter 7. 99 7.h9 46.29 49 .71 lJ.. 98 7 . 81 7. 29 9 .00 

The average s o f t he three classes show t ha t generally 

there is an increase in the ion conc entration and a 

decre ase in pH in the second set of samples. The talus 

a nd organic matte r sample s showed the greatest fluctuation 

whiJ.e t he samples f ed by snowme J_ t sho~-, the l eas t al though 

the p H of the latter showed the great e st decrease . This 
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would indicate that the snowba.11.k moisture al though dec­

r easing in amount b e cause o:f the decreased volume o:f the 

remaining sn01,.r , i s still t he dominant supply to these seeps . 

The greater incre ase in ion concentrations of tho se 

s amples from t he organic matter s e eps and the talus seeps 

would i ndicate that their supply during the fi rst set of 

s ample collection was derived fro m precipitation runoff 

fro m the South. Plate au. The moisture su?pl ietl to the s e 

two clas ses of seeps during the second set of s ampling 

ma y h ave derived from permafrost melt either within the 

t a lus o r in t h.e subsurface of South Plateau and from 

precipitat ion which had been retained i n t he soi l material. • 

Samples from Streams and Lakes 

Wate:c samples were also colle c ted :from so ri1e of t he 

streams a...'1.d l a J.rn s in t he a r ea to deterllline -any significant 

concentration or v ar i ability o f ions. Figure 2 shows 

the loc at ion of t hese s amples while Table 6 l ists t heir 

analytic a l re s ults. 

The re s ults il lustrate a 101·1 nitrate content . 

Th is i s mos t like l y c a u sed by low water t empGratures 

which prevent the growt h of organi c matter and the l a ck 

of' mic r oorganic decomposition to produce nitrate and 

nit rogen in limni c materials. Samples S l to S 3 show a 
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TABLE 6 

RESULTS OF THE STREAM AND LAKE SAMPLES 

Ca ++ Mg++ Cl NOJ Date o f' Sample PH (ppm ) ( ppm ) ( ppm ) ( ppm) Sampling 

· --Sl -·7. 70 72 7 .57 20 -4> .2 - August 13 

52 7. 85 64 7.14 ll Augus t lJ" 
IISJ 7.75 56 6.59 11 Augus t 13 
IIsL~ 6 .75 56 7.76 6 Augus t 26 

SS 7. Lio 52 7. 6lt 6 August 26" 
IIs6 7. 45 lt8 6.32 6 August 26 
11s7 7.30 52 7.67 5 August 26 
IIS8 7.55 56 ' 7 .96 6 Augus t 26 
IIL1 7. 90 48 6.lJ 14 Augus t 17 
II2 7.80 52 7.47 13 August 17 
II3 7.75 68 9.28 16 August 17 
IIL~ 7. 90 6lt 7.79 15 Augus t 17 

. ++ ++d e crease i n Ca , Mg , and Cl ups t r eam r:-oss i b l y caus ed 

b y t he a dd ition of ions derived :from the le a c h ing of 

water from the Mead ow Tundra Soil in t he area ad j acent 

to 52 . Samples s4 to S8 show no appreciable differences 

thus illustrat ing t hat mobilisation o f' Ca++ and }:Ig ++ 

must h ave occured before the water entered the streams . 

The 101·1 pH o :f S li may be due to human contamination since 

the b ase c amp was loc ated on the north bank of this stream . 



-----

FOUR OF THE WATER SAMPLING LOCATIONS 

...,. 
.··.: :·..· . . . .... ... .. . . .·· ... . 

: 
.·... . . . . . ...······· : .... . . 

:. ·. ...··· ...· .. ..· .: 
• • • : e-,;;,.._........;.-'l:9,~.· . 

PLATE 2 . 	 Meadow Tundra site showing 4 of the water 
sampling locati ons and beach ridge i n 

background. The Vertical and Lateral Trenches 
are to the left out of the photograph. 
(Location shown in Figure 2)~ 
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Very similar conclusions may be drawn from the analyses 

of lake waters although the chloride ion concentrations 

are generally hi gher. No conclusive results can b e derived . 

from the above results since the order of magnitude of 

difference involved in the samp les is very low. Nore 

samp les a r e needed to prove tha t the above hypotheses are 

valid. 

Drainage Samp,le.s from a Heado,v Tundra Soil 

In orde r to determine whether there is i mmobili ­

zation of ions in the more well-developed arctic soils in 

the area, a site consisting of Neadmv Tundra Soil was 

chosen since it was b e lieved that surface water would be 

present throughout the study period. Another reason :for 

choosing this site was that the soil displ ayed a typical 

soil profile (organic surface layer underlain by mineral 

material) at its downslope end ( Plc1.te 2). 

Upslope there 1vas an. interj acence from Me ado,., 

Tundra Soil to patterened ground rl{egosol with less or­

ganic matter. It was thought that this transition ·would 

be reflected in the change of .ion concentrations or that 

soluble material removed from the u p slope rheg osol would ' 

travel through the downslope tundra along ,vi th l a terally 

seeping soil water. Samp les were collected from 9 stations 
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1 · 

I 

J S. 

( Ji'i gure J) at 2-day int e r vals ove r a period of ten days. 

The results f'or e a ch day are illustrated in Table 7. 

A c anonical tre nd surface pro gram was applied to 

the data. The canonical trend surface chos en ( Lee, 1968) 

is a summarization of' area variations of a set o f variabl es 

from a sing le population ( See Appendix ) . Using this 

type o f trend, it is pos s ible to rove al the underlying 

pat tern of loc a tional variations common to a s et of 

geochemi c a l variables, The locational c oordinates X and Y 

and their various powers and cro ss-products const itute 

one set of variates (V) and the~ - ge o chemic c l v a riates 

(u ) constitute the second set. The function of c a nonical 

trend analysis i s to find one linear combinat ion for 

t he (X, Y) coor din ates a n d one for U such tha t the s e t wo 

line~'. r combinations have a maximum corr<>lation . 

The c anon ical trend sur face will show t h e n a ture 

of' variations o f any number or any type of geochemic a l 

variate i f they c an be amal eamated into a l inear function. 

If' the result shows a low c anonic a l c orrelation it is 

po ssible tha t c orrelation s do not exist between the 

v ariates no matter what types of l inear combina tions arc 

used ( Lee, 1969). Lee is c onvinc e d t hat the c anon ical 

trend analys 'is is an ad e quate technique to evaluate a 

trend co mmon to a set of variates in preliminary anr 
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TABLE 7 


ANALYTICAL RESULTS OF T HE NINE SA[v!PLE 
SITES OF THE MEADOW TUNDRA SOIL 

Samp le + ,j- ­
Site 

pH Ca ppn-, . Mg tt 
ppn,. Cl ppm. NOJ p prr,. 

D c:iy 1 

1 7.45 84 8.04 40 38.4 
2 7.65 56 6.18 lJ 21.7 

3 7.40 52 7.06 20 6.8 
4 7.75 68 8.09 19 .c6.2 


II
5 8.05 6l~ 7.56 20 

6 6.95 52 6 .4.9 11 
 " 

' 
II
7 7,30 48 6.58 12 

II
8 7.00 40 4.66 8 

II
9 6.66 40 6.23 13 


Day 2 

l 7.15 60 9.18 17 <:6 . 2 

II
2 7. J_O 64 7.39 11 

II
3 6.90 64 7.86 21 


4 7.15 76 9.18 20 6.8 . 
5 7.15 76 8 .Jl 21 .c::6.2 

6 7.10 64 6.77 16 15.5 

7 6.95 60 9.23 ll~ 9.3 
8 6.90 80 5.61 12 68.2 

9 7.65 60 7.31 20 9.9 

Day 3 

l 7.15 80 9.29 19 < 6. 2 


II
2 7.10 68 6. 9L~ 13 

II
3 6.95 88 9. 48 17 

II
4 6.95 120 9.95 +9 
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TABLE 7 (c ontd. ) 

Sample + t" ­pH Ca Mg H Cl NOJSite 

Day J 
5 7.55 104 8.51 22 <6.2 

6 6.90 76 7. 90 23 II 

7 7. 1+5 84 9.42 16 6.8 

8 6.JO 80 6 .72 16 .c::6. 2 

9 6.85 76 7. 99 18 fl 

Day 4 

1 6.90 88 8.72 21 .cG.2 

2 7.00 76 6.88 16 " 
J 7.70 72 7.57 ]_9 II 

4 6.95 88 9.14 20 II 

5 7.70 84 8.08 23 <= 6 .2 

6 7 ,,JS 72 7.78 22 II 

7 7. 20 J.60 10.10 17 fl 

8 7.55 100 6.52 18 II 

9 7~05 lOLt 9;01 22 

Day 5 
1 7.05 108 8. 67 25 L.6 .2 

2 7.15 76 8. l~J 17 II 

J 7.35 108 8.68 20 II 

4 7.30 140 10.18 22 24 . 2 

5 7. 65 108 8 .07 25 6 . 8 

6 6.75 88 8.J8 22 L6.2 

7 7.10 1 68 10.Jl 26 ti 

8 . 7.10 208 7.14 20 II 

9 7.90 96 7.65 22 fl 
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concept-formation stages or research as part of a data 


reduction scheme . 


It was believed tha t applying the above t rend 


surface program to t .he analyses o f the sets o f d a t a 


for e a ch day (Table 7) would show any chang e in t he 


supply. o f free ions by changing the resulting trend. 


As illustrated in the t able , the parameters were : 


A) chloride ion (ppm ) 

B) calcium ·ion (ppm) 

c) pH 

d) NOJ . (ppm ) 

E) Magnesium (ppm) 


The computer output gives several canonical roots 

·, 	 which represent the probability o f' a signific ant as­

sociation between the two sets o f v ariables. Only the 

first two roo ts are considered since t he s maller canonical 

roots show different linea r funct i ons of the variates 

and as such are contrad ictory to the first two (Lee, 

1968). The first two roots have a higher probability 

of appr oximating real trends whereas the interpretation · 

of smaller canonical roo ts may b e confuse d by local 

variations . 

The trend for the data of the first day h a d a 

canonical r oot of • 9939 ( 1 % probability t h a t the re sulting 

trend is due t o chanc~) with associated c anonic a l 

varia tes of: 
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U :::: - .322Cl + .930 Ca ++ - .079pH + .150 N03 

a n d V = .6543 X - .7652y 

Sinc e th.e sec ond c anonical root (. 5152) was too low to be 

Tignificant, it was disc arded . The first c anonical roo t 

e xpl ained variations of' the c al c :i.um and chlorid e ions 

I .
/( Fig. 4) 

I The resulting trend o f the data for t he second day 

had a c anonical root of 1.00 ( 0% probability that the re­

sul ting trend was due to chanc e ) with the f ollo1ving equation: 

U = - .305Cl + .531Ca++ - .017pH - .OJ1N0 3 

+ .790 Ng
++ 

and v - - .0190 x - 5995oy + .0051x 2 x .03 76 XY + .0902Y2 

This c anonical t rend explained variations of the c alcium 9 

chlorid e and ..iagnosiu'11 ions ( Fig~ 5). Since the second 

c anonical root was a l so loOOO, Dacey ' s test f or con­

tiguity ( Dacey , 1 968 ) was applied to t he residual maps 

for the two canonical root s . The first c anonical root 

was significant but the second ivas not significant and 

was not considered. 

The trend for the data of day J had a c anonical 

root of 1.000 ( zero% prob abil ity that the resulting 

trend was due to chance ). Its associ ated equa tions were: 

D = . 420Cl- + . 599Ca++ + .020pH - .40JNOJ­

+ 0550 Mg++ 



FIGURE 4, Trend Surface pattern of the data for day 1 (canon ica.l 
root o~ . 9939 - distorted sca le). 
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FIGURE 5. Tre nd surface of the da ta for day 2 h aving a c a nonical 
root of 1.000. 

._____ __.I - 1. 13 3 ~§ .030 


[:> ::: ::! - 901 
 - · .262 

~=o 0: ~ :ooJ - .668 rn1 111 111 11111m1 -49 5 

~_U11 11:1 1rn - .436 iE@_§i .728 

E-~-?i ·- .203 - .9 6 0 



and V :.::: - - e 5971X + • 7 9L1-J Y + .OJ27X2 + .OJ20XY - .1020Y2 • 

The v ari a tions of al l the variabl es but p H were expl ain ed 

by ' this c anonic a l root ( Fig . 6). Sin c e the second c anoni c al 

root was 1.000 9 Dacey ' s t est was a gain applied to t he 
! 

r els i d u a l s o :f b o t h c anon i c a l roo ts ~ Th e t es t a l s o showe d 

tha t t he first canonic a l r o o t 1vas s i gnif i c ant but t he 

I 

s r cond was not . 

I The d ay 4 trend illus t rated a c anonical r o ot of 

1.000 (0% prob ability that the r esul ting trend vas d ue 

to c hanc e ). It s equations ·were: 

u = -.589c1 4 +++ • '95Ca - .J59pH - 6 -.o ONO ~ ~-+ - .525Ng
.) 

2and v = .osz+Li-x + . 993oy + .0057x - .oh88XY - .067oy?. 

The c anoni c al root o f t he second t rend 1vas also 1.,0000 

Dacey ' s t est for c ontii:;ui ty showed that this v, as not signi­

fic ant . The trend of the f i rst ca.11.onical rqot uas ex­

plained by the variates Ca ,Cl, Mg and pH ( Fig . 7) . 

The results for Day 5 a l s o had t·wo cax1onical roots 

of 1.00 0. Dac ey ' s test illu strated that only the second 

c ariouical root 1vas s i gnific ant . I ts equ a t ions Here : 

U = .26L1.c1- + .71L~Ca++ + .52 0 pH + .J70NOJ- + .llOllg++ 

and v = - .6942x - .7096Y + .o499x2 + .0302xy + .105oy2 

I ts trend ( Fig. 8 ) was explained by the variates Ca , pE 

and No3 • Little was contributed to the trend by CJ. and 

Ng • 



FIGURE 6, Trend surface of the data for day 3 (canonical root - 1.000 ). 
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FIGURE s. Resultj_ng­ trend surface for the data of day 5 (root - 1.000)• 
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Before d i scussing the results further , the v a lidity 

of t he results s hould be ment i oned . Loe (1 967) notes 

that too few s amp l es in t he trend could produce unre li­

able re sults. Canonical roots of 1&000 indicate either 

perfect corre l at ions or too f ew sample points. In this 

particular c as e the canonical roots might i mpJ.y too fe,v 

samples for t he trend . Thus Dacey ' s test fo r contiguity 

was a ppl i ed , as mentioned above to the residua l maps to 

determine the significance of t he trends . Although the 

above trends are significant, · t he small number of sampl es 

(9) has influenced the results by producing trendA with 

p e rfect c anonical roots. Thus only relative compari sons 

of the trends c an be made. 

The only c ontributing variate common to all 

the trends was c a lcium. This i s most likely a r esult of 

the l arger var i at ion of' the c alcium ion than the variations 

in the o ther variates. The f a ct tha t the NO J ion does 

not contribut e to t he t rends of day J and day 4 i s a 

r esult o f the a l most constant value of t he nitra t e i on 

on these days . 

The trend of day 1 sho,vs a very low area in the 

uppe r l eft sector ,vhich increases diag onally to a maximum 

in t he lower right hand sector ( Fig. 4 ). The day 2 t r end 

shows a translocat i on of this low area t o the c entre l e ft 



o f the trend. The maxi mum high area in the lowe r ri ght 


h as been totally removed from t -he trend ,vi th a new 


maximum beginn ing in the upp e r ri r;ht sect.o r . The trend 


- h as n ow c hang ed from a diagonal to a semici r c le in the 

l eft of the trend ( Fig . 5).
I 

The t rend o f day J no11 i llustrates tha t t he low 

I7rea has be e n moved down a n d t o the right from the trend 


o f day 2 . The high val ue in the u pper right o f t~ccnd 2 


h as now moved d own a nd t o the r i ght . A ne-w hi gh has 


a ppeared in t he left cent r e s e c tor wi th ano the r l ow 


b eginning to appear i n t he u pper c entre of t he trenc1., 


The r esulting pat t ern s hows a "saddle 11 shap e ( F i g . 6). 

The d a y L:. trend shows a shift of t :.1.e sadd l e t o ­

,1ards the 101-,er right of t h e trend. Th e hi c-h in the left 

_ s e c tor o:f the day J trend h a s now move d t oHards the cent re 

with the low value in the upper c entre of the trend for 

d ay J now shifted do1·,mvard and to t he right . A new l ow 

i s beginning to a p pear i n the l ower l eft sector ( Fig. 7). 

The trend f o r day 5 shows a l ateral movement 


a c ross the study are a . The l ow value whi c h started t o 


appear in the lowe r left sector of the trend f o r clay 4 


i s now in the c entre of the trend. The hi gh value has 


moved across so that it o ccup ies the u : pe r ri ght sector 


i n the t rend for day 5 ( Fi c ure 8 ) . 
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The results of the above trends would indicate 

that the movement of ions is from the upper left of the 

study area (sample site 9) to the bottom right (sample site 

1) although the trencT for day 5 shows a lateral movement. 

Assuming the drainage waters derive from snowmelt upslope , 

their chemical weathering c apac ity is relatively low and 

their rate of' movement over and through the Meadow Tundra 

Soil may be too rapid to allow a maximum exchange of ions 

for their weathering capacity. This would explain in 

part why t he Meadow Tundra Soil does not show an increase 

of free ions downslope in each trend. Since most of this 

drainage is on the surface the orgcmi c matter may also 

prevent the interaction of the soil mineral material cmd 

the ·water . The above results at least serve to show that 

++ ·. . . -"'C a in ioni c £orm, is liberated from up s lop e mineral sur­

faces and a wave of' leaching passes laterally through 

dmmslope organic materials to the stream. 

Clay Minerals 

X ray diff'raction of clay minerals ·was employed as 

a method of detection of' any further chemical weathering. 

The method u sed was a semi-quantitative analysis of clay 

minerals by =<;-ray diffraction (vernuri , 1967). Six Samples 

were used in the analysis: two were from t h e · a rgillace6us 
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b edrock c ontaining 10~ quartz and clays: two samples 

were from the silty ma t e rial within two drainag e seeps 

(T2 and T2J noted in the earlier section of this ch_apter ) 

at -the base of the South Plateau scarp and two samples 

were fro m the soil-like material on t he plain to . the 

left o f' the Meado,v Tundra area ( see terrain unit J and 

fi gure 7 in Chapter III ). 

TI1e argillaceous limestone samples c ontained the 

cl ay mineral s chlorite, kaolinite , illite , l71ica and 

quartz . .An extremely high peak o f c·alc i tc was also 

pre s ent but this resulted from t he inadequacy o f' ac e ti c 

acid in removing a l arge amount of c a l cite. from the 

s a mple. The same cl ay minerals in approximat e ly tho same 

pioportions were pr e sent in the s ilty ma terial £rpm the 

- drainag e seeps and the silt p l ain soil as well but n o 

o ther minerals were observed. No c alcite was present 


ift t he l atter two sets of samples since it h a d b e en 


removed by a c etic acid . 


The above results would i ndi c ate tha t t here is 

no observable c.l ay mineral alteration or weathering 

during any o f the trans portation processes in t his area . 

However the amount of quartz in t hese samples ( appro­

xima tely JO%) poses an int e resting asp 8ct of the nature 

o f chemical weatherine in the a rea. The arg illa ceous 
• C1!..

limestone bedrock c ontains 8~ q·u a rtz and 2;,o c lays . 
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In. order to produce the amount of clay in the soils 

( see Chapt er IV f'or the % clay in the soil profil~s) a 

large amount of' chemical weathering of the limestone 

bedrock and from the surface debris must have taken 

place by the well-known mechanisms shO'wn in the following 

chemical equations: 

CaCOJ + H2 0 + co2 · - Ca(Hco3 ) 2 

Ca(Hco3 ) 2 Ca+++ 2HCOJ 

Hence solution over a long period of time is necessary. 

Carbonic acid is f'ormed in precipitation by its absorption 

of carbon dioxid e. The source of a large volume of C02 

is not present since there is v ery little vegetation. 

Thus in order to obtain this l arge amount of clay and 

quartz from the bedro ck and loose surface material a 

long· time interval is needed. To support this view a 

large number of limestone pebbles on the terrain surface 

illustrated the chemical solution of carbonates on 

their exposed surfaces with redepo$ition of calcareous 

efflorescences on their undersides. 

If weathering of the chlori te· clay 1·1as present, 


the chloride in the water samples could be a result 


of this weathering. However, since there is no evidence 


· of chlorite weathering, the chloride present in the 

water samples mus t originate from sea spray. To 
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f'urther substantiate this, two sea-water samples were 

analyzed for chloride. One showed a Cl content of 

8800 ppm. ,vhile the other sample contained 9L~OO pmm. 

chloride. 

Conclusions 

Chemical weathering in the study area is low 

with Ca++ being the only ion to sho,..,. significant solution 

weathering. The drainage seeps which are dominantly 

supplied by snowmelt at the base of the South Plateau scarp 

show almost constant concentrations of the measured ions. 

The drainage seeps supplied by moisture fro m the talus 

and these s e ep:3 containing org anic matter show an increase 

of ions after a one-week interval of no precipitation 

indicating that the moisture supply ma y be derived from 

permafrost melt and retained rain,;rater after the pre­

cipitation has ceased. 

Water samples collected at various locations from 

one stream system show that there is no observable in­

crease in ion concentrations downstream indicating that the 

mobilization of calcium and magnesuim ions occurred 

before the water entered the streams. The study of a 

Meadow Tundra area showed that Ca++ ions were liberated 

from upslope mineral surfaces and passed laterally through 

the organic matter to the stream downslope . Samples · 
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collected from this stream showed an increase in ion 

at and d_ownstream from this Meado,,r Tundra area. 

Bedrock and transported sediment show no differen ces 

i n either the kind or the amount of their clay mineral 

c ontents indic at ing tha t the chemi c al weathering of these 

c lays is extre;:iely low o In order to p r oduce the l a rger a­

mount of quartz in the transported clay than in the sour c e 

bedrock, a large amount of c alcite must h ave b e en removed 

either from the bedroc k o r from the transport .ed sediment. 

From sea water and precipitation sample results 

it is concluded tha t there is some supply of ions (parti ­

~ular ly chloride ions ) from the sea possibly in t he form 

o f air-born sea spray . 

http:transport.ed


CHAPTER III 

THE TERRAIN J\fAP OF THE STUDY AREA 

The terrain map ( Figure 7) serves as a method of' 

I 
portraying the positions of the terrain units with_;_n the 

I 

study area as wel l as an i ntroduction to their prof'ile des­

c ~iptions and analytical results. 

The amount of detail which can be presented i n a 

terrain map depends largely on the scal e of mapping . Vertical. 

aerial p1oto graphs {scale l: lJ,000) adequately suited to 

i nclude all det a ils necessary to provide a b asis for the 

expl anation and descr i ption of the soils of the area are 

availablee Mappin& was accomplished in the field directly 

onto the photographs c The soils and the boundaries of t he 

pcdomorphic units were then transferred to a base nap 

drawn from the air photographs which is not corrected :for 

the vertical distortion inherent in these aerial photographs c 

This base map was then reduced to a scale of 1:18 ,750. In 

the c ourse of soil mappinc , representative soil profiles 

o:f the various terrain uriits were collected , d escribed and 

an.alyzed g 

The study area is divided into three ma jor terrain 

sectors : a ) t he Coastal Lowland; b) the South Plateau, and 

57. 
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c ) Caswe l l Tower . 

The :foll owine; are t he terrain u n i ts d e l imited i n 

the lowl and a rea : 

1) Present Be a ch a r ea : Th i s i s an active beach zone com­

pri s ing a narrow b and stre tch i ng fo r 5 to lO me t r es in­

l and a nd s urrounding t he peninsul a. 

2 ) Rai sed Beaches : The rai sed b each z one i s ad j a c e n t to 

the a c t i ve beach area . Thi s terrain unit i s 20 t o 5 0 metres 

i n h eigh t and 200 t o J OO metres i n bre adth . Howev er t h e 

no r t hern sec to r o :f t he study a r e a is a l mo st entire l y rai sed 

b eac h mat erial . This terrain u n it has , i n some c ases , 

b een divi ded into a ) rai sed b eac hes with p o lyg onal ~ormat i ons 

and b ) rai sed beaches with stone stri pes . The po l ygonal 

t ype is found on f'latlying areas with very l i tt.le s l ope 

( l~ -6°) whereas the stone stripe var i ety is l o c ated on 

steepe r s l opes ( 7° ) . 

J ) Silt Plain : This t errain uni t may be classed pro­

vi s ionally as an Arc tic Br01vn Soil . Buried peat i s present 

a t 10 11 d epth with permafrost j ust beneath thi s layer . 

4 ) Meado,v Tundra Soi l : The Nead ow Tundra terra in unit has 

a surfac e organic l ayer 5 t o 8 centime tres thick . I t i s 

lo c a ted in low-lying areas with v ery poor dra inage . Narine 

she ll p articles are c ommon throughou t the mineral mat erial 

u nderlyin:1; the organic l ayer . 
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5) Palsa Peat : Palsa peat occurs only in t,vo locations in 

the area. These are c haracterized b y a 10 inch layer of 

peat overlying ice l enses ar,d have diameters of 7 fee t 

with vertical heights o :f _2. 5 .to 3 feet . 

6) Discontinuous Gravels Over Fines : Thi s terra in u n it 

consists o f grave l s overlying silt o r f ines. Although this 

was no t sampled, it t ended to h avo similar surfa ce c harac­

t eristics to t hat o f t errain unit J. 

7) Stone Stripes With Fines: Stone stripes with fines 

are J_oc atcd along the b ase of - South Plateau on moder2.te 

slopes . These bear some similarity to th0 second sub­

type o f terrain u ni t 2. 

8) OtheJ: Forms o :f Patterned Ground: Patterned ground i s 

l ocated in low areas with poor drainac;e . Th e se feat i.:..res 

r ange fr om sorted c ircles and nets to pa l ygonso The::.:r. 

surfaces shoH 1.c:.rge variations in the awount o f.' organ ic 

cover ... Some are c or.rplete l y void of organic cover 1vhile 

o thers have stone borders almost compl etely cove red with 

vege tation rang ing fro m mos ses to c arcx grfasses and Papaver 

Radicatum . 

9) Talus: Talus slopes are located at t he base o f the cliffs 

surrounding South Plate au and Cas,·,ell Tower as well as on 

t he s i des o f river v alleys. A variation of this -talus cones 

( 9a ) a r e l ocated d i rectly beneath rock funnels cu t back 

along joints i n the bedrock. 

http:moder2.te
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lO) Coarse li'luvial Debris: This ma t erial i s loc a ted in all 

the stream bedse The mat erial frequently sho,vs f'orms of 

braiding and meandering in the study area. 

11) Solifluction Lobes: These are located on Cape Ricketts 

and the northeast sector o:f the South Plateau. 

The following are the decriptions of the terrain 

unit s of the South Plateau ( the prefix K is used to dis­

tinguish these t errain types from tho s e of' the co as tal 

lowla nd . 

Kl ) Angular Grav el with Non-sorted Hummocky Re lief: This 

is loc a ted a t the Plateau margin and h as a n angular grav e l 

surface with no vegetation. No patt erned ground sorting 

is ob servable but there is a hummocky relief. 

K2 ) ·s mall Stone Nets : These c ons ist of small stone nets 

and hummccks with rounded gravels . The ir matrix is co..1­

po sed of moist Silt. 

KJ ) Stone Stripes : Th i s terrain unit is comp o sed of ' stone 

stripes with gravelly silt lo am between the stripes. Some 

o rganic matter 1·1as present on the stone stripes . 

K4 ) Dry Lcose Gravel : The dry loose g rave l surfa ce con-· 

tains dominantly fine ~rave l and co arse s and pale yellow 

in c olour. Th is is slightly hummo cky and h as nu merous calcit e 

concretions on the underside s of some of the surfa c e gravels. 
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K5 ) Coarse Stone Nets and Rock Debris : This terrain unit 

i s essentially coars e stone nets and rock debr is with san.dy 

loam matrices. The :fine gravel and stones are angular in 

shape . The profile depth is approx i mate ly JO c m. 

K6) Sorted Gravels Tending to Stone Stripes : Thi s consists 

o f stone s tripes with little veg etation i n contrast with 

terrain unit E:J . 

K7) Polygonal Pat t erned Ground : These are polyg ona l fe ature s 

with coarse stone c entres . 

K8) Lenticular Gravel Ridges : This terrain u n i t c onsists 

of lenticular gravel ridges wi th silt c overed depress ion s . 

The terrain u n its of Caswell Tower h ave very little 

differentiation i n their surf ace fe atures . The main c riteri a 

for designating t he three separate terrain units are 

-t e.xture, colour , and depth to bedrock .• One profile showed 

a marked horizon c}1ange ( CTl - see profile descrip tion in 

Chapter IV for further details ) possibly due to v ariations 

i n moisture content b etween t he d ifferent horizons . 

Conclusions 

A contras t exists in types of soil ancl surx~a c e 

f eatures b et,veen South Pl a teau and the coastal lo1vJ_and . 

1-lhereas t he coastal lo1vl and i s characterize d by an extremely 

comp.lex assemblag e o f surfa ce conditions , t h e plateau is 

some,vhat more uniform ,,;i th soilf' derived i'rom shattered 
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bed~ock or localJ_y transported debris ( Plate J). This is 


partly a refl e ction of the geomorphic evc,.lution of the pre­

sent day landscape. The coastal lowla.11.ds are mantled by 


material with a well-differentiated range of textures such 


as so1ifluction, scree, and beach gravels, the silt plain 


material, and patterned ground • . Obviously the plateau has 


not been affected by marine processes. Instead, the wide­

spread influence of frost a ct ion and patterned ground has 


left marked topographic irregularities and differences in 


textural composition of the surface material ( Plate 4). 


The almost complete absence of vascul a r plants resulted in 


- , the domina.11.ce of mineral soils associated with patterned 

ground. Within the coastal lowland , the influence of con­

tinuous permafrost and numerous depressions resulted in a 

predominance of poor dra inag e and accumulation o f orga.11.ic 

matter. 

The distribution of well -drained soils is largely 

determined by the texture of the substrata , particularly in 

the raised gravel beaches . Plant cover i s very sparse, 

occurring only in major depressions and around the small 

lakes located on the marine grav e ls. The finer products 

o f surfa c e weathering are either blown from the surface where 

they are not held by vege tation or translocated on or ne a r 

to the surface by snowmelt and precipitation. 

http:orga.11.ic
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PLATE J. View of the coastal lowland lookine north 
toward Caswell Tower . 
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PLATE 4. · 	 View of South Platea·u looking west toward 
Gascoyne Inlet and beyond. Terrain unit k6 
is in the immediate right foreground . The 
boundary of k5 is in the lower l eft of the 
photograph. (See Figure 7 for location ). 



Frost- induced soil instability is not as marked on 

the rai sed beaches as it is in the saturated soil . How­

ever there doc s appear to b e a movement of material fro m 

t he rai sed be a ches to the lower elevat ions on t he wes tern 

side o f the beach ridg es a long Radsto c k Bay ( terrain unit 

6) • 



CHAPTER IV 


P EDOGENIC PHOC ESSES AND PIWFILE DESCRI PTIONS 

OF THE T ERRAIN UNITS 


The terra in map has shoHn a variety of terrain 

units a ssociated with t he study area . This chapter ,-Ti ll 

describ e the se t errain 'Lmits in greater detai l as uell as 

the ir physic al a...ri.d in some c ases , their chemical properties. 

These soils wi ll be classified using the classific a tion 

proposed b y tho .National Soil Surveys Commi ttee of Canada 

( 1 968 ) . In addition to t he above · observations , t h e pedogenic 

p r oce sses i mpli ed by the analytical data will a l so b e 

mentioned. 

Methods 

Samples coll e cted in the fi eld fr o r:1 the ab ov0 ter­

r ain u ni ts ,,rere plac ed i n air-ti ght polyethylene b ags . I n 

t he l ab oratory , these samples ,,rere anal yzed fo r Hater con­

tent, org anic matt er, texturey bulk density , liquid limi t, 

pH, electrical conduc tivity, c ation exc hane-e c apacity , c alcium , 

arid a l l;: a l ini ty. Dr y and moist soil colours were al so 

determined i n t he l n.borat ory in mos t c ases . 

The source for the methods out1inec1 above 1;ras 1 [ethods 

of Soil Analysis ( Black et al. ·1 965 ) exc ept where mentioned. 

66 . 



Water content of the soil samples was determined gravimet­

rically by oven-drying t h e soil at 105° c. The organic mat-

t er method was that using hydrogen peroxide and a lN 

-s olftion of Mg C1 2 • Texture was determined using the B. S 

sieves wiih sizes decreasing to t h e 200 micron screen dia­

meter. To determine the silt and c lay fractions , a pipette 

apparatus ( M.&L. Testing Equipment Co. Model ) was used . 

The textural divisions are as follows: 

gravel 7 2 mm. 

co arse sand 2 mm.-. 5 mm. 

medium sand . 5 mm.- . 2 mm . 

fine sand . 2 mm- .05 mm . 

c oarse silt . 05 mm- . 02 mm . 

mediurn silt . 02 mm .- . 005 mm . 

fine silt . 005 mm . - . 002 mm . 

c lay .::. 002 mm . 


The soil pH was determined using a s o i l: water rati o o f 

1: 2 . 5 and a Fisher Accumet pH meter . Bulk density ( gms. 

/c ~c.) was derived using the Clod Method. Liquid limit 

{one of the consistency limits ) was determined usint; a 

me c hanical liquid limit device . Elfctrical conductivity 

( mmhos / c.c .) , calcium ( p . p . m.) and alkalinity {p . p . m.) ,-,ere 

determined from the soil leachate ( soil : water ratio o f 

1: 5 ). A c onductivity bridge ( YelloH Springs Instrument 

Co . Model 31 , 1968) was used t o determine the e l ectrical 

conductivity ( mrnhos/cc at 25°c). The c alcium and alka~ 

l inity methods used are those outlined in the U . S . G. s. 

Water Supply Paper 1454 ( Rainwater and Thatcher, 1968) . 
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The cation exchange capacity ( meq/100 gms ) was determined 

using the Ammonium Acetate Saturation Method . 

A representative group of profiles from the plateau 

and lowland areas wer~ sampled for total sesquioxides. 

Results indicate that no sesqui oxides are present in these 

soils. Neither f eJ;'r ic nor ferrous minerals were present in 

the area's bedrock ( Chapter I: Geology) ,vhi ch would support 

the above analytical results. 

Description and Ori~ in of the Soil Units 

Description and orig in of p olyg onal pat terned ground 

_, ( terrain types 2a and 8) have been omitted from this chapter 

since the number of samples collected from these features 

and their treatment warrant a separate chapter (Chapter v). 

The discussion of the terrain units has b een divided into 

three groups: a) Soils of the coas tal lowland b) Soils 

of the South Plateau and c) Soils of' Caswell Tower. 

A) Soils of the Lowland Area 

Peat Samples 

Peat samples from the r-1ead01·1 Tundra, Palsa and Silt 

Plain terrain units were treated differently from the mineral 

sampl es . Thus these samp le results have been placed in 

Table 8 and ,vill be referred to in the text unde r their 

respective profile descriptions. 
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TABLE 8 

PHYSI CAL PIW PJ~RTIES OJ:<"' THE P EAT SAMPLES 

Satu- BulkField Hi s tic r at edDr y Noi s - Den- F ibr e Sub -Nois-Sample Co l our ture sity % o r d e r 
tu.re 

A) NeadoH Tundra lOYit6/J 1 48 J 8 5 . 175 69 I-Jemie 

B) Pal s a Peat SYRJ/1 66 387 .288 2 2 Sapric 

c) Sil t P l ain 25-J O c m 5YR4/ 2 47 525 . 1 80 78 Eei:Jic-F i bric 

D) S i l t P l ain L~3-5J c m l OYR5 / J L~9 3 9$ cl2 5 48 Hemic 

------··-----­
Source : Bunting and Hathout , 1 970 . 

1 and 2 ge c <_::nt Beach and Raised _Beac h Terra i n Uni t s 

Sampl es we re n o t collected fr om present be a c h. mater ial 

( Terrain Uni t 1 ) s i n c e the probability of h avi ng a s o il 

profi l e t ypical of a b eac h i s nil . Th is resul ts f rom havi ng 

differen t sorting processe s ac t i ng a t d ifferent p oin t s up the 

beach fr om the · 1-12L ters edge. Al so the water woul c.1 make excava­

tion ancJ sampling yir~ua] ly impossible . F o r a more thorouc;i1. 

d iscussion of this t errain unit, one is referred to the 

papQr of He Can:1. and Owens ( 1969 ) o 

Tl1e raised or fossil marine beach ( Terrain Unit 2) 

cons i sts of gravel rid ges 200 to J OO metres in b readth and 

u p to 60 metres i n height. Cne c an see from the terrain map 

( figure 9 ) that the areal distribution of the rais e d beache s 

i s very extensive. It s profile description f o llows : 
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Horizon Depth 

l 0-5 cm. light gray when dry ( 2 .5Y7/ 2 ) becoming 
brown (lOYR5/3) when wet, g r avelly 
loamy sand 1-ri th granular structure, 
no roots and no distinct boundary to: 

2 5-10 cm. · light gray (2.5Y7/2) when dry and 
b r o'im. ( 10YR5/J) when moist , sorne gravel 
with . a sandy loam matrix, indistinct 
boundary to: 

3 10-20 cm. same as 
merging 

above with 
to: 

a granular str'ucture, 

4 20~30 cm. same as 
merging 

above with 
to: 

no structure 

5 30-50 cm. same colour as 
gravelly sand . 

above, structureless 

Table 9 illustrates the analytical r esults o :f the 

horizons from the raised beach profile. There is an increase 

in finer material from 5 to 20 centimetres in depth with an 

increase in coars e material. Moisture content is also 

greater at the 5-20 centimetre depth than el .se,-;here in the 

profile., 

The origin of this beach material is from the cliffs 

of' the South Plateau . Longshore drift followe d by isostatic 

uplift have resulted in this feature being formed. Since 

t his material has no observable pedogenic processes and has 

not resulted from the in situ weathering o f b edrock , it is 

classed as a Cr yic Rheg osol. 

Stone stripes and polygons have developed in some 

areas of the raised bea ch especially where a l arg e amount 

of' moisture is present in hollows , at cha n g es of slop e or on 
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TABLE 9 

PHYSICAL PROPEI:.TIES OF TERRAIN UNIT ·2 RAISED BEACH 
I 

T e x t u r e 

Sam­
pl e 
No. 

Depth 
Cm. 

% 
Nois . 

.a!. 
. ?J 
O.M . 

Grav­
e J. 

c. 
Sand 

H. 
Sand 

F . 
Sand 

c . H. 
Silt Sil t 

F . 
Silt Clay 

1 o~s 2 .,9 o.o 67. 7 L~7.L1. 27 ._6 1 2 . Lt. 5 . 1 1. l~ o.s 5. 6 
2 5 - 10 () q 

.,,.· ..,,. o. o JO• Z4. 16 .J 1 9 .7 21. 1 16 . 2 12.8 7.S 6.2 

J J.0 -,20 8 . 2 o . o 55.5 35. 2 2J. 8 lJ. 9 8 . 9 6.8 6.1 5.6 

4 20-JO J . l:­ o.o 72. l~ J0.2 J0. 6 15.J 5.8 5 . J 5 . 1 7 .7 

5 J 0-50 J . 7 o . o 5 6 .0 55 .J 21.9 10.4 4 .('';) 2 . 6 1 . 8 J . l 

6 50-70 5 ...,<; o.o 58 .J 41.9 2J.4 12.8 6 . 5 5. 4 4 . 6 5 . Z4. 

Sampl e Bulk Liquid 
p H 

No. Density Limit 

1 1. 80 1 6. 7 7. 95 
2 l. J6 17. 5 8 . 10 

J 1 .21 1 6 . 4 7. 45 
L~ 1 .94 12 . 8 7 . 95 

5 1 .32 10 . 8 8.65 

6 1.97 1 6 . 0 8.65 

------·-­
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c ontact areas between two beach ridco s o f differing age 0 

The polygon :features are discussed in Chapter v. Where 

there is a g radation to a slope on the raised beaches , the 

p olygons tend to form stone stripes. A profi le des c ription 

t aken in t he centre of the material between these stone 

stripes .follows~ 

Horizon Depth 

l 0 -10 cm. 	 l ight gray (2 . 5Y7/ 2 ) ,,;hen dry and 
l ight brownish gray (10YR6/ 2 ) 
when mo i st , l oam with littl e gravel, 
massive c ompac t structure merging 
to: 

2 l0-25 cm . 	 l ight gray ( 2 . 5Y7/2 ) '\'hen d ry 
and pal e b r own ( 10YR6/ J ) when 
moi s t, structureless io am merging 
to: 

J 25-50 c m. s ame as a b ove with some fine 
g r ave l and massive s tructure . 

Table 10 illustrates the physical properties o :f 

the s tone stripe profile . The gravel content is much lot,er 

than in the unsort ed raised beach material as a result of' 

:fro s t action and c;ravi tational processes. ·The pH and liquid 

limit increase with depth . Moisture and clay content and 

bulk "density are gre ater in the area of 10-2 5 cm. dep th 

than in the surface and lowe r horizons • 

.3 Silt 	Plain 

The silt Plain showed a very marke d dif.f2ronce from 

the other terrain types 	by it s finer texture. Its sur:face 
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TABLE 10 

PHYSICAL 	 PROPERTIES OF STONE STRIPE 
RAISED BEACH MATERIAL · 

Sam ­
ple 
No. 

-·-·-

Depth % 
Cm . Mois . 

·---------­

% 
Oo N. 

Grav­
el 

T e x 

c. Ho 
Sand Sand 

t u r e 
--­· 

F . c . 
Sand Silt 

M. li'- . 
Silt Silt Clay 

1 0-10 19. ~- o.o 1.9 12.3 _lJ .1 15.5 1L~. 3 15~9 l.1. 1! 17.5 

2 10-25 52 .5 o.o 2.1 7.6 9.5 14. 8 14.9 1 8 . l: J_ l~ . 2 20 .G 

3 25-50 20.J o.o 2.7 15.3 11.4 15. h l7.7 ]_L~. 2 11.1 J.L~. 9 

---- ­ ---· 

Bulk 	 LiquidSampl e 	 pHDensity 	 Limit 

1 	 1.68 30.9 8.35 

2 	 1.93 JJ.• 7 8 .25 

3 	 1.41 32.1 8.05 
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is composed of ice-·wed e;e polyg ons approximately 10 metres 

in b re a dth. The areal ext ent and the numb e r of occurrences 

of this terra in unit in the study a rea is fairly small. 

(Plates 5, 8, 9 , and ,10). Veg etation cover was mosses , 

grasses , .and P a paver Radicatum with arctic willow in de­

pressions . This terrain unit was sampled in the central 

section of a polyg on between the ic e wedges . Its profile 

description follows: 

Horizon Depth 

0-5 c m. light gray ( 2 .5Y7/2 ) when dry and 
v ery dark grayi s h b.rown (2.5YJ/J) 
when ,vet, loam , c oarse angular 
blocky u nits , some plant roots , 
undulating distinct bound~ry to: 

5-8 c m. l ight g ray ( 2 .5Y7/2) wh en. d r y and 
very dark grayish brown (2. SYJ/ 2) 
when wet, g r avelly cla y loam, 
fine platy and medium suban gular 
blocky units, wavy bound a ry , 
merging t o : 

8-2L~ c m. f ibrous _peaty material , dark 
brown (5YRL~ / 2 ) when dry merg ing 
to: 

24-JO c m. pale yelldw ( 2 . 5Y7/ L~ ) wh en dry 
and v e ry dark g rayish brown ( 2 .5­
YJ/2 ) wh en mo i st , lo a m, coarse, 
subangular blocky wh en dry , c om­
p a ct and mas sive whe n moi s t , weak 
fine crumb to granul a r structures 
along n,a i n cham1els , fine roots and 
round to elong a te p eaty channel 
l ining s , undulatin~ b oundary to : 

JO-J8 cm. light bro,vnish Gray ( 2 . 5Y6/ 2 ) Hhen 
dry and very d a rk g r ayish brown 
( 2 .5YJ/2) when wet , lo a m, crumb 
structure, undulat ing to: 



bv,1e.c\ 

... ·· pea.-\­
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PLATE 5. 	 Profile of the Silt Pla i n showing the buried 
peat layer and permafrost. 
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38-l+S c m. 	 h emic peat , brown (10YR5/J) whenc26 
dry di stinc t bound a ry to: 

l1- 5-50 c m. s ame as Cll some root s undulatingc12 
boundary to: 

50-55 c m . same as Cll structurele ss , i nd i stinctc13 
boundary to: 

56-60 c m . same as ClJ wi tb. sligh t mottl ingc1L~ 
( 2 .5Y6/ 2 ) bro1·m. to olive yellow 
distinct boundary to: 

60- 61 cin . 	 t hin fibro us pe ~ t . 

same colour as C11 Ail t lo am , no 
structure , no ro ots i ndistin c t 
boundary to: 

65 c m. 	 ligh t g ray ( 2.5Y7/2) when dry and 
dark grayish b r01·,n ( 2 . 5yl1/2) \vhen 
moist , lo am ( perJ,1a:frost) no 
structure 

Table Jl illus trat es the ·chemical and physi c a l 

properties of the silt plain soil. Permafrost Has l ocate d 

at a depth of J2 e n . ,-,hen first exc avated , The cJ e 11th o f 

t he tha,,,ed mater ial wn s g radually deepened enough to en­

able the profile to be describ e d and analyzed to a depth of 

65 c entimetres. Gravel was found only in the A22 horizon. 

~iquid limit values are very hi g h as a result of' t he e x­

t remely fine texture. Dulk d ensity i s low in the surfa ce 

horizons increas ing with depth. The pH is acid in the 

horizons i mmed iately overlyinc; the buri e d peat l ayers where­

as in t he other horizors it i s b as ic. ~lectric~~1 con ­

ductivity and cation exchange c apacity a l s o illustrate Em 

incre ase i n value in the horizons i n1mediatcly overlying 

the buried-peat l ayers . Although sesquioxides were not 
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TABLE ll 

PHYSICAL AND CH:8NICAL PROPERTI ES OF THE 
SILT PLAIN PROFILE 

T e x t u r e 

Sam- Depth % % Grav- c. M. F. c. M. F. Clayple Mois. O.N. el Sand Sand Sand Silt Silt Silt 

0-5 51.4 2.6 5~1 8.8 19.4 21 ;8 13.8 10.4 15.7A21 
5-8 96.3 3.4 23.6 3.9 8.7 13.8 16.0 16.5 13.8 27.3A22 
8-24 Se e Table 7 M016 

2L~-30 35.6 1.0 7.9 12.3 16.1 16.8 15.6 l2.2 19.1Ac 
30-38 32.5 1. 1.i. 12. L~ 15.3 20.1 16.1 16.4 9.9 9.8c11 
30-45 See Table 7q26 
45-50 36.9 0.9 5.3 8.6 18. L1. 18.8 17.8 11.5 19.6- 012

' 
50-55 38.6 o.o 17.6 12.0 6.6 8.6 16.3 15.2 23.7c13 
55-60 45.0 1.3 17.2 13.0 6.o 11.2 18.8 13.l 20.7014 
61-65 53.1 1.5 6.8 6. l~ 12.4 20.3 20.2 11.8 23.1015 

;,, 65 33.7 4.1 7.1 7.8 17.2 25.8 9.9 9.6 12.6c2:r 

Bulk LiquidSample pH E.C. Ca++ H2co3 CEC Densi t y Limit 

1.03 58.9 7.65 1.6 162.5 303.7 15.2.A.21 1.02 01.J 6.75 14.6 352.5 452.5 18.2A22 0.18 7.JO 26.3 ~9.0 11.0016 l~41. 5 16.6Ac 1.4~ 51.6 7.35 9.6 227.5 
1.9 50.9 6.90 8.6 187.5 J03.5 19.8011 0.125 6.10 19.0 56.0 16.00 26 1.28 48.9 7.35 5.8 92.5 99.9 19. L~012 1.8J 48.8 7.60 7.4 182.5 2 l~ 3. 9 13.4c13 1.32 52.l 7.30 7.2 182.5 23L~. l 23.4c14 
1.53 59.7 7.30 5.6 127.5 211.6 9.2015 1.67 J4.7 7.95 7.6 167.5 20L~. 8 6.2c2f 
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detected in this profile, pH, electrical conductivity and 

cation exchange c apac ity values indicate that t his may be 

compared to an incipient form of Arc tic Bro"ivn Soil (Tedrow 

and Cp.11tlon, 1958 ). Its p a rent material i s r hegosolic 

however the processes leading to its deposition are u nknown. 

One would assmae that the pro_c e sses of transportation are 

either loessic or fluvial. In any case the orig in of this 

fine material .is the l ocal argillaceous limes tone ( see 

Chapter II: X ray diffraction of the clay minerals ). 

Electrical conductivity values would indicate that this 

•is a Saline Rhegoso l. 

4 Meado1v Tundra Soil 

Thi s terrain unit is predomin~1.t in the very poorly 

drained section of the lowland area (Plate 2). The pro­

file described below corresponds to site 4 .of the Meadow 

Tundra draina ge investigation in Chapter II. Its surface 

is almost completely covered with organic mat t er comp osed 

of mo s ses, some spe cies of grass and saxifrage. Papave r 

Radic atum are associated with the dr i er surfa ce areas. 

Its profil e description follows: 

Horizon Depth 

0-7 cm. very corr.pact black (10YR2/1) when 
wet, f~bro us peat with an un­
dulating boundary to: 
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7 -12 cm. 	 very dark·grayish brown ( 2 . 5YJ/2 ) 
when dry and very dark brown (lOYl~l~/2 ) 
when mo ist, lo am , blocky structure, 
some f'ine roots , wavy boundary to: 

1 2-2l~ c m. 	 lie;htbrownishgray ( 2.5Y6/ 2 ) when 
dry and dark g rayish b r own (10YR4/2) 
when moist , loam, no structure some 
fi ne roots, merging to: 

same as C11 wi tn undulating permafrost 
bo"..lndary 1;0 : 

c 
F 

40-l.J.5 cm. 	 light brownish e;ray (2.5Y6/2) w~1en 
dry and grayish brmvn (1 0YR5/ 2) when 
wet , silt lo am with ic e lense s , no 
roots, permafrost. 

Table 12 illustrates the analytic a l Tesul ts o:f 

the Me ad o w 'l'unc.Jra profile . The pH inc reases with depth 

to the permafrost l ayer then it decreases . Calcium, a lka ­

linity, · and cation exchange c apacity are high9st in the 

Al horizon and decrease to the Cl horizon. Delo,·, the Cl 

hori zon the c a tion exchange c apacity· continue s to d e crease , 

while the calcium and a l kalinity v a lues increas e . The 

t· 	 c ontent o f t he fines ( silt ancl cl ay ) incre ases to the C2 

hori zon a11.d then de c rease . :No organic mat erial ot11er 

than fin e roots is found in t he nineral mat erial u n erlying 

t he surface oreanic l a y er . 

Th i s soil i s a Nen.dow Tundra Soi l ( I'edrow and Can-0lon , 

1958 ) and i s charact e ri zed by it s poor drainage c It s 

p arent mater i al , o riginating from loc al b edro ck, was de­

po sited b y lonGshore drift throughout the l owlands in the 

study area~ 
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TABLE 12 

PHYSIC.AL 	 AND C}lliMICAL PROPERTIES OF 
MEADOW TUNDRA. SOIL 

T e x t u r e 

Sam- Depth % % Grav- c. N . F. c. M. F . ple 	 Claycm Mois. O.N. el Sand Sand Sand Silt Silt SiltNo. 

Fl 0 - 7 See Table 7 

Al 7-1 2 162 . 9 9 . 8 22 .9 20 .7 15.9 11. 8 10.5 lJ.6 ' lJ.8 lJ.7 

cl 12-24 20.9 o.o 49.5 12.5 11.6 11.5 9.J 14.6 19.8 20 .9 

c2 2L~-40 21.1 o.o 28.2 lJ.2 lJ.4 11.J 10. l~ 15.4 16.6 1 9 .7 

-GF 40-45 JJ.1 o.o lJ.8 9.0 9.J 14.h 17.5 26. 0 1 1 .2 1 2 .6 

Sample · Bulk Liquid 	 E . ++ .pH 	 . Ca CE . C.No. Dens i ty Limit 	 Cond 

Fl 

Al 1.23 4l~. 7 5.85 . .76 192.-5 3 ho .2 JO.O 

c1 1.61 h7.9 7.85 2.5 37.5 172.1 16. 6 

c2 1.52 36. L~ s.oo 1.70 102 .5 2L~6 . 8 1 4 . 8 

CF 1 • L~L~ JJ.8 7.70 1.38 157.5 202 .0 lJ. 2 

http:PHYSIC.AL
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5 Palsa Pe at 

The palsa consisted of a circular shape approxi­

mately 7 feet in di ame ter and J.5 feet in h e i gh t . It con­

sisted of a l ayer of peat J2 centimetres · in. thickness over­

lying an ice l ens. The ana l ytical results o:f the peat. . 
layer are list e d in Table 7. 

Originally this consist e d of a peat overlying a 

mineral layer. Its formation is the s a me as tha t for a 

ping o: essentially water und e r hyd r ostatic pressure forces 

its way up thr ough a weakness in the perma frost wh ere it 

breaks out beneath the org anic matter. Alth ough t h e . tern­

' perature of tl1.e water is below freezing , the hydrost a tic 

pre s sure is gre a t enough to maintain the moisture in a 

liquid state. When it brecJ<. s through the permafro s t 

layer the sud d e n decrease in pressure enables this ,-1ater 

to · free z e immediately (Palmer, 1967). 

6 Discontinuous Gra vels Ove r Fine s 

This unit occurs wherever gravel-sized material 

from the adjacent higher g ravel beaches has 'moved and been 

deposited over the und erlying finer material. Since this 

finer material is similar to tha t of the silt plain terrain 

unit, no profile description or physic a l properties of this 

terrain unit are given. Also its thix otropi·c natur e made 

it difficult for undisturb e d s amples to be coll e c t e d. 
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Essenti a lly this materi a l i R cons i der ed to b e a 

ma rine d eposit and as suc h c an be classifi e d as a Cryi c 

Rh 8go s ol. It i s p o ssible t hat pattern ed eround may even~ 

t ually f o rm on t his mate r ial j udging by i ts unstable n a t ure 

as a r esul t of excess noisture • No further observ at i ons 
. 

c an be presented here exc ept that its surf~ce d i splayed 

e noue;h c ontrast fr orn the other t errain types to warrant 

a sep arate terrai n unit . 

This terrain u n it wa s mo st preval ,'.!nt at the base 

o f the talus surrounding S outh P l a t eau 2..nd it displayed 

a more gent l e grad i ent than the t a lus slopes above . Vege­

t a t i on ,·ras c o m,non on the stone stripes ,vho r eas th0 f'iner 

material separating the s t one s tripes had no vegetation. 

No s o.mplinc- was 1.u1dertaken f'or tLis terrain unit 

sin c e the ICJ and K6 terr a i n uni ts oi' the South Platee1.u 

showe d s i milar features ( see the South Plateau Terrain 

Units in the following section). T:.1e only dif.fe:i-.~entiation 

bet,veen this terrain unit a..Ylcl tho se of KJ and K6 i s th0 

d i s tine ti.on between l01·11and and plate::tu. sites . This material 

mc1..y have undergone some marine mo rer:1011.t. Houevur i t:::; 

source is essentially from the talus and South Plate a u bed­

rock. The incre ased a!:1ount of fines i n t h is w2..terial nio_y 

have been washed from the talus. It is c lassified as a 

Cryic Rhegosol. 
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e _Poly/?;_~mal Pat t erned Ground 

As was the case for terrain unit 2a ) this profile 

and its description is discussed i n Chapter Vin the sec ­

tions under Lateral Trench , and the Tre:nd Surface A.i1.alysis 

o f Two Po l y g ons. This i s clas sed as a Cryic Rhe e osol 

since its p arent ma terial was deposited by marine pro­

c esses. Ve g et a tion , in most c ases , cov e rs t h e s tone marg ins 

o :f the Poly 1:;ons . 

9 _T_a_-1._u_s _ i.~e.t e ri a l 

This t e rr a in unit is ass o cia t e d ,d. th t he clif f' s 

o :f South Pl a t eau and Caswel l To wer. Since the proce s ses 

and description o f t h is terrain u nit are geomcrphic r a ther 

than pedog enic the se will be o mit ted from discu.. si ono 

Although this i s not a soil unit , its areal extent 

and i mp o r t anc e in e :xplain inc- movement :from t he South 

Plate a u to the coas tal lo,·rland neces s ita t es it s inclusion 

in the terra in cl ass ific a tione Th is is u n consolid ated 

rock d ebr i s and i s clac:s i f ied as a Cry ic P.Ji8c;o s ol. How 

eve r, sinc e t he r e a re proce s ses ,vh ich are st ill very a c t i ve 

in so r tine and adding material to t h is terrain u n it t h e 

above c.lass i i' ic a ti on r.1ay b e too r efi ned . 

1 0 F luv i a l Deb ris 

Fluvia l d ebr is is present :i.n al l the str eams in 

t he a rea ~ The material varie s in size f r o rn b oulders l metre 
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i n di ame ter to silt and clay-sized particles . Eec;;1.use of 

t he variations i n p art icle size ancl the -.rarying c arrying 

c apacity of t he water no profile represe:.:itative o f this 

t errain unit could be pre sented . 

The origin of this mnterial depends on the he ad-

water s of the respective stream. Clearl y material in 

stre arr1s whose headvrn.ters are loc ated in the South. Pl ateau 

originat ed directly fro m the S outh P l ateau . Streams which 

are fed :from the coastal lowland transport material pre­

vious l y deposited by marine proc esses. This mater i al is 

c lassified as an Al luvial Rhe g osol. 

1 1 Solifluc t ion Lobe s 

The soli~luction l obes'were not sampl ed or des­

c ribe d e From par:t re searc h ( Cox, 1969 , Brown, 1962 ) these 

features t end to have buried organic matter and 1:iany in­

volu t ions- the size of which may be governed by ti1.e size 

of the solifluction lobe. For further d escription and 

rese arch on the features in the ~tudy area , one i s referrred 

to t he study by n~ L. Cox (1 969 ). 

B) Soils of _the_South _Plateau 

Kl Hummocky_Non-Sort e d G::-ound 

This terrain unit was loce1.ted on the plateau marg in. 

It consisted of an an~ular grave l surI a ce (,. 2 cm~) with 



fr equent stones l arger t han 10 centimetres. It '\'las 

virtually void o f' organic cover and non-sorted . I ts sur­

fac e ,vas oft en irregularly stepped down on hard rock b ands 

or altiplanation terraces on upper thick limestone b ands . 

So me small dessication cracks were present as we l l a s straight 

runnels wi th no humus . The following is its profil e: 

d escription. 

Hori zon Depth 

1 0 --6 cm.· 	 continuous c over of' stones and 
gravel, coherent, s ticky , hen wet , 
sandy lo am , grayish brown ( 2~5Y5/ 2 ) 
matrix , no roots , no distinct 
boundary to: 

2 6 --15 c m. 	 weak, co a rse granular s ru1.dy loam 
with fine grave l ·saoe colour a s 
~bove~ - ~ oderately friable , indis­
tinct boundary to : 

J J.. 5 - 3 0 c ;n • same as 2, v ery grave l ly merging to : 

"? JO c m. very compact sandy lo an grayisb 
b ro ,·rn ( 2 .5Y5/ 2 ) matrix , rotmded 
g r avel prese::nt. 

Tabl~ lJ illustrates the l aboratory results o f this 

profile. There is. a clecre2,.se in moisture content 11ith 

depth. Bulk density decreases uith depth while liquid limit 

i ncre as ese No p r.:: do c;enic proc e s s es '10l' (J p r es ent ~ The p e r~ 

ma:fros t table wa s located at 60 c entime tres Jepth. 

This is es sentially uncon solid a ted bedrock weather e d 

in situ . It is clc.s sifie d as a Li thic Rhe e:osol. 

http:clecre2,.se
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T ABLE lJ 

P HYSICAL PROPERT I E S OF JIU}il'-IOCKY NO~T- S ORT ED GROUND 
/ 

Sam-
ple 
No . 

1 

2 

Depth 

0 '76 

6-15 

% 
Hoist. 

9 .0 

6 . J_ 

T e x 

% G:1:av­ c. N. 
O. M. el Sand Sand 

·--·­
o. o LW . 7 J4.2 2-2 .1 

o.o 49 .1 42 . 2 19. L~ 

t u r 

F. 
S:.i.ncl 

--­
8 , 7 

1 0 . 6 

e 

c . H. F . 
Silt Si l t Silt Clay 

----­-· 
6 . 8 11. q. 9.5 7.3 

J. 6 9 . J 8 . 8 6.1 

J 15-JO 3. 8 o.o 73 ~6 28 . 8 20. 8 13 . 7 L~. 3 0 "!
l.J • I l. O. 8 7 . 1+ 

4 - JO J .6 o.o 5l~ . 6 27.5 4 l~ . L~ 19. l ~ 6.8 8 . 0 6 .J 7. 6 

~------

Sampl e 
No. 

l 

2 

3 

L~ 

pH 

8 . 20 

8 . 25 

s . 20 

8 . 25 

Bulk 
Density 

----­--­
1 .,9 7 

1. 86 

1 .86 

1 49 

Liquid 
Limit 

16.5 

25.9 

23. 1 

30 . 6 

P e netra2il:i. ty 
Rg/ cm 

---­
1~ 2 

2. 0 

2.J 

3 . 0 

·-----------­- .- - ,----·---·· 
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K2 Small Ston e Nets 

Thi s t errain unit h a s developed on crinoic:al lime­

stone . Smal l hwinnocks ,-, i th a local relief of J O-hO c enti ­

.metres are prc3ent . Some organic cover ( mos s es and l ichens ) 

is :found on the sur face of the stone marginso The :fo1J.o,v­

i ng i s a p r ofile description Ol the net cen tre. 

Horizon Depth 

1 0-10 c:n. 	 white ( 1 0YR8/ 2) ,rhen dry 2..,td ·gray ­
ish brown (10YR5/2) ,-,hen moist , 
sandy lo am matr i x H'i th so1i1e fine 
gravel, no root s , c rumb struc ture 
merging to: 

2 10- JO c me 	 same colour as in 1, sandy loam 
to loamy sand matrix gruvelly, no 
structure. 

Tabl e J_l~ illustrates the a.nalyti·cal results of the 

above profile . The mo i sture and cl ay c ontents decrease 

s lightly ,·li t h a ep th uhile there is an increase in p.I. Bulk 

density d e c reases vri th depth ,vhile liquid J_i rai t increases . 

Depth to permafrost w2.s 60 c entimetres ,·rhen it ,Ias 

sar.ipl ed at t he begir,.ning of Augu8t. 0 11 August 26 after 

the :firs t freeze , ~he above t errai:::1 unit was again i n­

v est:Lgat ed. Frost h ad penetrated to 13 c ent ime tre s i n tho 

finer c entre o:f t he net and from S to 6 c entimetres i n the 

gravel . Ne,v ice l enses ap-'--:,roximate l y 1 •.5 e ms o thi c k wero 

loc ated i n the subsurface~ These had i ncreased the hei~ht 

of t he silty c entres by 6 to 8 centime trea. Late in the 

afternoon the re was 5 to 6 centimetres o f' surface melting with 

ice crys tals nt 7- 15 c entiLetros. 
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TABLE l l~ 

PHYSICAL PROPERTI:CS OF SHALL STONE NETS 

T e x t u r e 

Sam­
ple 

Noo 

Depth 
cm. 

c:t. 
io 

Mois . 
% 

0 .N. 
Grav~. 

e l 
· C. 

Sand 
M. F ~ 

Sand Sand 
C. M. F e 

Silt Silt Silt Clay 

l 0-10 11.J o.o 18 . 6 . •
111· . 

I 
-~ J . 7 ?.h 15.9 7 .8 

2 10-JO 9o7 O •.O 28 . 4 27 . 7 24.9 2 0 ~2 8 . 9 J.4 7 .8 7,1 

Sampl e pH Bulk L:l c-1uid 
No. Density Lin:i t 

-------------··-··--·------------ ·------­
1 8 . 25 2 .00 

2 8 . JO 



The 'parent mat eri a l r esult s fro m t he in situ 

we a therine o f bed roc k . Li ttl e mov e ment oc curs other t han 

fro s t h e a ve . It has b een class e d as a Lith ic Rhego s ol . 

KJ ..J?_tone Stripes Uith V_ery Li ttl e Orean_:!. c Hatter 

Th i s t errain unit consisted o f t h in s t one s t ripes 

of angular graveJ. wi th a d i scont i nuous grave l s u r.fc.:.c e over-· 

l y i ng wet c ohes ionl es s thi xo t ropic_ si l t l oar.-1. These · rE: 

d eveloped on slopes o f 2 to 4° . ( Bu nting , 1 961 ). There 1·:e:re 

occasional percoJ.ines with some o r ganic cove r » but v e ry 

l ittl e organi c mat ter 1vas found on the stone s tripes . 

Th e f ol l owing i s the mo dal profile d escription . 

Hor i zon Depth 

1 0 - 10 c m. 	 white (10YR8/2) when dry chang ing 
to p a l e bro~vn ( 1GYR6/J) wl1e n ruo i s t , 
san dy l o on mat rix c;:ra velly ,1 

compact , merging t o : 

2 1 0-20 c m. s ame c o l our as J. , s tructureless 
gravelly lo a1:1y sand . 

Table 15 illustr ates the physical properties of 

thi s t errai n u n it . Clay content , bulk density and liquid 

limit d e c rease ,\·ith depth w:iilc pH and moi sture c ontent i n ­

crease. Th i s material is classed as a Cryic ill1eGoso l s i nce 

the presence of' the stone stripes i mplies movement c1m·rns lope. 

The occuroncc of the stone stri~es is a result o f a gentle 

slope and an excess of moistu re- content . 

http:sur.fc.:.ce
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TABLE 15 

PHYSICAL PROPERTIES OF STONE STRIPES 

Sam- % Grav- c. M. F. ' c. M. F.Depth % Clayple el Sand Sand Sand Silt Silt Silt c m. Mois. O.M.No. 

1 0-10 5.1 o.o 52.4 27.7 19.2 IL~ .o 10.7 11.0 9-~ 7.6 

2 l0-20 5.J o.o 23.7 l~2. 5 20.1 lJ.6 6.7 7.7 5.2 l~. 2 

Sample Bulk Liquid Pene t~aoil 1+?pHNo. Density Limi t hr:/c rn 

1 1.98 19.1 0.5 

2 s.10 l.86 17.1 o.o 
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Kl~ J.2.1.:..Y.. Loos e Gravel 	Surface 

This terrain u nit forms an association Hith El. 

It i s composed mainly o f crinoidal limest one p articles with 

a sli{;ht ly hummocky surface with no sorting present ( Plate 

6). Its profile description follows . 

Horizon Depth 

1 0-10 cr:1 . li5ht gray (10YR7/2) ·H1.en dry and 
broHnish yello,;, ( 10YR6/6 ) Hhen 
moist , gravel l y sand 'h'i th no 
o rganic matter , granular structure , 
indistin c t boundary to: 

2 10-20 c m. same colour as 
sand , granular 
to: 

1, gravelly loamy 
structure merging 

3 20-30 c m. 	 s ame colour as 1, granular sand 
matrix wi·th some fine gravels' i n­
di st i nct boundary to : 

J0 -35 c m. same as 	horizon J merging to: 

s ame colour a3 horizon l, GTnvelly5 
sand, g-r c1."l.1_1lar struc -:ure , i n­
di stinct boundary to: 

P . F . 45 cm.+ l ight gray (10YR7/2 ) when dry be­
c oming broHnis:i.'l yell.01·1 (10YR6/6) 
when ,,·e t , granular sand ,vi th 
some cJry permafros t. 

Table 16 lists t he physic2.l properties of the above. 

horizons . Moisture content is low but gradually i ncreases 

,vi th increasing depth. Ho,.rever the othe r result s sho~,, no 

definite trend s wi th differences in d e~ the The profile i s 

dominated by g r avel a.n.d coarse sand o 

The K4 terrain unit ..:_s a Cryic Rhe g o s ol sine<:: it s 

parent mat erial is c r inoid c:.l liHestone derived through fr o s t 



k S -+err-QI n unit ............................ 

PLATE 6. View of the k4 terrain unit on the South Plateau. 
The k5 terrain unit is in the middle ba ckground. 
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TABLE 16 

P HYSICAL PROPERTIES OF T EE TEilRAI N U NI T Cm.IPOSED OF 
A DRY LOA.SE GRAVl~L SUTI.FACE ( E:L!-) 

T e x t u r e 

S am - cl o1 ­Depth ,CJ 1'.J Gr av- c. Il . F . c. f.! . F .pl e Clayc m. Noi s 0. 1'1 . el Sand Sand Sand Silt Silt Si l tNo. 
--~------ - - --- - - -·- - --- ----­...-- ­

1 0 - 10 2. 9 o.o l~5 • l~ 52 .2 20 .7 15.h J.9 l.7 2 .; J J. 8 

2 10-20 J. 6 o.o J2 . l 42 . 1 26 . 2 1 6 . G J. 8 J . 4 2 . 9 4 . 8 

J 20 - J O Li-. 0 o. o 25. 4 50.J 24 . 6 1 2 . 6 2.J 2 . 4 J. 2 l:. • 6 

4 J 0-35 5 .1 o. o 20.5 L1.2. 2 30.0 1 5 . J 2 • L~ 3. 7 2.7 J. 7 ­

5 Js-L~s 6. 8 o.o 32.9 62 .3 21 .Lf. 11. 2 1.7 o.s 0 08 2 . 1 

PF 45+ 6.3 o.o 28.0 L~7 • 5 27 .2 12.8 1. Li- :1. 0 J.1 s.o 

-

Sa mpl e Bulk Liquid

pH
No. Density L i ini t 

-----·------- - ·-·­
]. s.15 2 .1 L~ 14.2 

2 s.2 5 2. 23 1 6 .7 

3 8 .45 2 .17 1 9 . 5 


L~ 8 .JO 1. 86 J l~ . 9 


5 8. L~ 5 2 . 26 1 L~ . l 


PF s .10 ~. 2J 1 3~7 
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processes from the underlying bedrock. It displays good 

drainage and an absence of' organic matter. 

K5 . Coarse Stone Nets and Rock Debris 

This K5 terrain unit consists of' rock debris ap­

parently in situ ( Plate 7). T:i.1e stone nets have verticn.lly 

oriented large stones in their margins with regularly . 

layered l arge stones 	in their centres. These are inf'requent 

2 feet by 1 foot sandy loam matrices with fine gravels . 

Figure 10 is a model 	diagram for the terrain unit 

K5. The follo1ving is its profile description. 

Horizon Depth 

1 0-5 c m. 	 very pale brown (10YR7/J) ,<lien 
dry becoming brown ( 10YR5/3) ,vhen 
moist, gravelly sanoy loam, very 
compact and granular with very 
fine pores, wavy distinct boundary 
to: 

2 5-14 cm. 	 pale bro,m ( lOYR.6/J) when dry be.;. 
coming grayish brown (10YR5/2) 
when l\'et , gravelly sandy loam, 
straight boundary to: 

3 14-2 0 c m. 	 light gray "(10YR7/2) when dry be­
coming yellowish bro,vn ( lOYRS/L~) 
·when ,vet gravelly loam with sub­
angular blocky uni ts and s_ome pores, 
friable ·undulating boundary to: 

4 20-25 cm. 	 very pale brown (10YR7/J) when dry 
becoming dark yello,vish brown (10­
YR4/4) when wet , loam with many 
coarse gravels and stone s 
having c alcite efflorescences, 
merging to: 



---------

PLATE 7. A variant of terrain unit k5 showing polygonal 
cores and coarser wider margins. 
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5 25-JO cm. very pale brown (10YR7/J) when dry 
becoming yeJ_lo,dsh brown (10YR5/h) 
when wet, stony material, sub­
angular ,d th joint infillings of 
sandy clay - loam, sharp textural 
boundary to: 

6 JO cm.+ very pale bro1-m ( 10YR7/J) wl;en dry 
becoming yellowish brown (10YR5/6) 
when moist, co mpact gravels with a 
sandy loam matrix. 

Table 17 lists the physical properties of samples 

from the above horizons. No organic matter is present. 

Gravel content decreases with depth until at 26 centimetres 

depth it greatly increases. There appears to be a move­

ment do1\mward of the clay material to a dep th of' JO centi ­

·, metres. Below this level the clay content decreases. ­

Liquid limit and bulk density illustrate a tendency to in­

crease with incre asing depth . 

The KS terrain unit has developed f'rom the in situ 

weathering o:f bedrock. The patterned ground surface desig­

nates it as a structural soil and can be classified as a 

Cryic Rhegosol. 

K6 Sorted Gravels Tending to Stone Stripes 

This terrain unit consists of partly sorted gravel, 

sometimes l:i,.near, with vegetation strealrn . Its surface is 

slightly hummocky. Figure 11 shoHs the model profile as 

drawn from a monolith. The profile des cription follows: 
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TABLE l 7 

PHYSIC.AL PROPLRTIES OF COARS:2 STONE NETS Al\J"D 
ROC K D:SDRIS ( K 5 TERR:\.IN UNIT ) 

T e x t u r e 
Sam-· 
ple 
No. 

Depth 
c m. 

<!{_

'°Noi s 
abI 

O.N . 
Grav­

el 
c. 

Sand 
d . 

S and 
F . 

Sand 

----·------ ­
Co 

Si l t 
H. F Cl ay 

Silt Sil t 

- ­ ------~-­ --- ­
l 0 - 5 ? 

·- • 
., 
I o.o L~4 . 4 ., ,..., ·~ 

J I•..,, l J . 8 11. J 6a 2 11 4 9.9 1 0.1 

2 5-ll~ J.J o.o · 40 . 1 J2. L~ 21. J 9 . 5 7 ,.,
• I 6 Li... s.o 1 4.7 

J 14-20 2. 7 o.o 36 .9 lL~. 4 17.7 20. 4 lJ. L~ 11. 2 8 • r/ 16.2 

4 20-25 : ) 6 7 o . o 29 .1 16 . 9 2 0.2 1 L~ . 7 7 . 1 Li- . J 15., 8 21. 0 

5 25- 30 6. 7 o.o 56.J 32. 8 17.4 7.7 J . 7 4 . 4 8 .7 1 6 . 3 

6 / J O J. 6 o.o J 8 . 8 2 8 .2 2 ;i.. 9 11.7 ~; .. 1~ J. J . 1 9 . 6 10, 1 

Sample 
No. pH 

l 

2 

J 

8.LW 

8 . 05 

7 .95 

5 

6 

8.25 

Liquid 
L i 1,lit 

-,-------· 

1 5 ~ l~ 

12.6 

17.0 

21 . l.J. 

·--------

BulJ ~. 


Density 


2 . 23 

2 .17 

2 . 08 

1 . 1 9 

2.23 

2 . 10 
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• Horizon Depth 

1 discontinuous surface o f flat sto
( 5 cm. diametre ) light g r ay ( 2 . 5­
Y7/ 2 ) whe n dry becoming dul l 
yell01vi sh brown ( lOYR5/ l~) when 
moi s t g rave lly sa.11.dy lo am , no ro
occasional f a i nt smears of c alcit

nes 

ots, 
e 

nodules , dry surface cracking , 
diffuse boundary chang ing to: 

2 
J 

L~-lO 
10-20 

c w 
c m. 

. same colour a s 1, sa11dy l oar,1 ui th 
fine g rave l s ) crumb- l ike ,· pseuci o­
struc tures are f i ne g ravel bridge
by uet siJ.ty materi a l, cl ear bo 1 _,n
ary to : 

d 
d-­

h 
5 
6 

20-25 
2 5 - l~0 
L!­0-115 

C'.TI 

cm • 
c m

• 

. 

l i gh t gray ( 2 . 5Y7/2 ) 1·rl-1en c'.ry be ­
coming lic:,ht yellouish bTmm (10·­
YH.6/4), sandy cl ay l oan-stony , r
l atively non-compacted massive 
s truc ture , l arge pohyhcdral mass
when dry , g radually r;-1e rging t o : 

e ­

es 

7 45-60 c m. v ery wet stony rounded co arse g r a
in a gray reduc e d sandy clay lo arn 
matrix varying in colour fr o1,1 g r a
(10YR6/1) to light b:r.-own:Lsh g ray 
( 2 . 5Y6/ 2 ) mergi ng to : 

v e l 

y 

8 60-70 c m .. very we t t hixotr opic sandy cl ny 
loam , gravel l y , li.g-;1!; g ray ( 2 . 5Y7 
when ary and g r a y ( 10YR6/1 ) w}-·.en 
wet , so;ne smal l rounde d stones , 
sharp boundary to: 

/2 ) 

9 70 cm . + p ermafrost , li ght gray ( 2 . 5Y7/2 ) 
,ihen dry and g ray ( lOYJ;.6/1) ,.-h.en 
eravelly snndy cl ri..y lo nr!1 1 no s trur
turc , so~e i ce lense s . 

u
:: 

e t , 
­

Table 18 illustrates the physical p rop erties of 

t h i s t errain u n it . Jlois ture c ontent g r adu a lly i ncrec1.s es 

with depth where , i n the p&rma:frost s it more t han double s 

t l1at i11 anyr oth e r 11.ori ~ o n , as a result of t l1.c ic e l enses " 
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TABLE 18 

PHYSICAL PROPERTIES OF SORTED GRAVELS 
I TENDING TO STONE STRIPES 

Sam-
Depth d,o Gr c1.v- c. M. F . c. N. F . ple % 

Cl a y No. ( c m.) Mois. O. H. el Sand S and S and Si l t Silt Silt 

·--------­
1 O-h 0.5 o.o 57.9 JO . J 17.J 9.6 5 . 4 8.J 9 . J 19.8 

2 l+ -10 6.J o.o 61. 8 36.2 17 . 7 8 . 5 7 . 7 7.h 7. 6 1 1+ . 9 

.:;" 10-20 6.1 O J' 7L~. 1 52 . 1 17. 8 5.1 1 ') 2 . 8 7. 2 lJ . 8 

·-------­

·­
4 20-25 4.1 o.o 52.7 26.9 19.0 7 . 3 8. L~ 7.4 9.J 21.7 

5 25-ho 5 .2 o.o 42 . 8 18 . 8 20 . 9 13.1 9. J. 10.0 11.h 16 .7 
6 LW-45 7 . 4 o.o 50.J 29.9 15 . 4 9 . 9 7.4 7.7 7 . 3 22 .4 

7 4 ,5 - 60 5. 6 o.o 54 .2 32 .J J. L~ • 9 6. 7 2.3 11 . 4 7. 2 22 . 5 

8 60-70 6 . 5 o. o J 7 . 2 36 .7 16 . 2 9 . 2 J. 8 6 . 9 7 . 2 22. 5 
') ­9 ::> 70 15.9 o.o 12.7 36 . 2 21 . 6 6 . 2 .) .:; 5 . 6 8. J 13 .6 
~--------~­

Sample Bul k Liqui d Penetrability
pHNo. Dens ity Limi t 

1 1. 93 2 8 .1 8.J5 l. L~ 

2 .. 2 . 10 2h .4 8 . 60 2 . 2 

J 2;02 19.J 8 . 80 J . O 
lj. 2.17 1 7 . L~ 8 . 85 o. s 

5 1 . 89 22 . l~ 8. GO o.o 
6 1. 59 22.9 8.80 o. 8 

7 1 . 92 25 . 1+ 8.85 o.o 
8 2.16 19.1 8 . 85 o.o 

9 .1. Bl~ 23.2 . 8.65 > 5.0 

·--·-------·- ----------­

ijcMASTER UNIYE.RSITY LIB~A~'r . 



I 

l Cl . 

Grave l tends to decrease Hi th increasing depth with a c o :i· ·· 

r esponding increase in cl ay c ontent to t he p e rmafrost l ~rye r. 

Bulk dens ity and liquid limit show no defin ite trend s with 

d epth t houg h the former is hi c h ( 1. 8 except at ho cm.). 

The pH of this terrain unit ten( s to incTease vith depth , 

however ther e is a de c rease of p H in the permafro s t. 

The par ent material orig inated fr o m in situ weather ­

ing of bedrock on the p l ateau surfac e ~ The materi a l s h o,vs 

a colour c hanc;e with- depth i nd i cat i n g s light g l eying . As 

a re sult it is cl ass i f i ed as a Gleyed Cryic Hhe g o soJ.• 

K7 Po l y ~ onal Patterned Gr ound With Co a r se Stone Centres 

No v ascul ar plants are found on this terrain unit . 

Sortin g was n o t observed. The profile descr:i.p t io1,. :fo r the 

centre of one of these features follows: 

Horizon Depth 

l 0-10 c m. 	 white (2.5Y8 / 2 ) when dry becoming 
pale bro,·m ( l OY:f 6/ J) 1.rhen 1-1 =-- t , 
gravel ly lo ao , structureless , 
merg ing to: · 

2 10-25 c rn . 	 s ame colour as above , structure­
l ess sandy lo nm ,-ri th a ngular .fine 
to medium eravels me:i:-gj_ng to: 

3 light gray (2 . 5Y?/ 2 ) when dry be­
co rning gray ( lOYR.6/1 ) ·1hen 1:10ist , 
lo am with fine gravel . 

Table 19 cl:Lsp l ays t~-ie physic a l properties of this 

polygon terrain u nit . Novcraent of clay to depth. occurs i n 

t his profile. The pH b2coE1es v ery a l ~<:aline at depth. Bulk 

http:descr:i.pt
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TABLE 19 

P HYSICAL PROPERTIES OF POLYGONl.1.L PATTERNED 
GROUND WITH COARSE STONE INi\J--:SRS 

T e x t u r e 

°bSam- Depth I % Grav- c . 1-1 . F . c . N. F . 
ple Clayc m. Nois . O. M. el Sand Sand Sand Silt Si l t Silt
No . 

1 0 -10 12.0 o.o 42. J 18 . 9 17.4 14.9 l J.J l J. 8 10.4 12 . J 

2 10-25 6 • 5 0 • 0 h 5 • 9 2 6 • 1 2 0 • 8 1 J • 7 9 • L1. 6 • 2 9 • 1 1 L~ • 7 

9 . 0 o . o J6 . J 18 . 8 17 . 2 1 2 .J 10.1 10. 9 9.8 20.9 

Samp l e Bul k Liquid 
pH

No. Density Linli t 

1 1 .65 28 . 8 8 '"' r-:• .) :.J 

2 2 . 2 0 ]_8 . J 8 . 90 

J 1 . 97 2L~. 6 9.00 
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d ens i t y i n cre ase s with d e p t h while g rav e l c ont ent d e c reas e s . 

So me g l eying i s p resent a s s h own by t h e sl i {';h t colour 
I 

c h an,:;e i n t h e above profi l e des c r i ption. Thi s i s ' cl a s sed 

a s a Gl eye d Lith ic Rh egosol s i nce t he p arent materi a l i s 

de r i ved fro m t he i n s itu weath er i n g o f b edrock . 

K8 Lenticula r Gr a v e l Hill s With Sil t . Cove r ed D€,1l re s s ions 

As the t crra i .n uni t t itle i mplie s thi s fea i u r e c on ­

sisted of ridges with s i l t-covered d epres sions b etween . 

Pre s u mably t'1.e s i lt o r i g ina t ed in t 1.e ups l ope ridge . The 

f ollowi ng i s i ts p r ofile desc rip tion . 

Ho r izon 	 Dep t h 

0 - 1 5 c m. 	 light .gr a y (2 . 5Y7/ 2 ) when d r y 
b e c o ming l i ght y el l o1·1ish brown 
( 2 .5Y6/J) when 1:1o i st 1 struc ture­
l e ss l o am , inc1 i s t i nc.t boundary 
t o: 

light g r a y ( 2 . 5Y7/2 ) \vhe n c r y 
and l i gh t b r o1vn.i sh g r a y (2. 5Y6/ 2 ) 
when mo ist , s anely lo am 1·,i th s o me 
f i n e grave l s mcrei ng t o: 

3 25- 40 c m. 	 s ame colour as horizon 2 , s t ruc­
t ure l ess san · y lo am , i n d ist i nct 
b ou n d ary to : 

2 

l.j. 40 c m. + same c o l our e nd t exture as 

hor i zon 2 . 


'1.'abl c 20 i l l ustra tes the l)hys :i.c a l properties o :f 

t he above profile . Gr2ve l c ontent decreases with dep th e s 

do es bul l' d ensity. Th e s ilty ~~teri a l suddenly decreases 

b eneat h ·the surfac e h ori zon . ( pro f iJ_e i s f r om one o f t he sil t 



-----

104. 

TABLE 20 

PHYSICAL PROPERTIES OF LENTICULAR GRAVEL 
. HILLS WITH SILT DEPRESSIONS 

T e x t u r e 
c:JSam- Depth "t° % Gra v- c. M. F . c. l'i . F . ple Clayc m Moi's., O . M. el Sand Sand Sand Silt Silt SiltNo . 

1 0-15 11.4 o.o 15.0 lJ . 7 18 . 6 17.J 14.5 lJ. J.. 9.9 14.9 

2 15-25 lJ.8 o.o lJ.8 JJ.9 16.8 11.2 8 .0 7.6 7.8 14.7 

3 25-40 11. 6 o .o 5.J L~4 . 6 15.J 9 . 3 5 .6 6 . 2 6.5 12.4 

4 L10+ 13.1 o . o 4 .2 26.J 19.8 13 . 8 8 .o 8 .2 7.9 15.0 

' 

Sample Bulk Liquid pH
No. Density Limit 

l 1.71 24.5 8.65 

2 1.53 21.4 8 .90 

3 1.74 32.4 8 . 95 

4 1.94 18.2 8.85 
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d epressions ). Fro m the chm1ge in colour illus trated in 

t he pro:file d escription above , gleying is present in the 

subsurface . 

c) Soil s o f Caswe ll Tower 

Three d i f.ferent terrain t ypes were fo und on t he sur ­

f ace of Caswel l Towe r . Surfa c e vegetati6n was r are on a ll 

t hree o f these terrain u n it s . Different i a tion b e t ween these 

three t errain units was by c o lour , t hou g h some mi nor d i f ­

f erences in t ex ture are no ted a Caswell Tower l was in the 

c entral portion of the p l ateau with a depth o f 20 c r;1 ~ to 

unfro zen bedrock , while the other · t wo were sha.1 1 0 1·1 pl a teau 

m:1r c-in sites . 

CasHell 	Tower l 

Very litt le organic mat te r co vered t he surfc c c of 

• J..thi s terra in uni l, . I ts colour t ended to be higher i n v a lue 

than the other ti'lo Cas1·, e ll To.·1er t errain uni ts . The fol­

lowing is i ts profile d escript io~o 

Horizon Depth 

l 0-J c m. grave l surfac e ( l. ) c m. d iamete r ) 
with fin e ~rav e l fr agmen ts (o.4 c m. 
diai.ieter ) a.J.1.6 oc c :::i.,,ion2.1 s::i.1 ty 
ps eudogrnnular material,hnrd c rusts 
of c a lcit e eI'f loresccnces on the 
l ower ·surf;:, c os of l nrge grc1vol ai"l.d 
stones , c olour of t he sandy loam 
rn atr:L'x. is ligh t g r 2y ( lOYR?/2) 1-1heE 
dry beco r.1ing l i gh t yell.01.·ish broi,n 
( l0YR6/ 1+ ) i·1:1cn moi::; tene d . 
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2 J - 1 0 c m. sandy l oam ,-ri th weak moci i um crumb 
to weak rounde d and s ubanc;ular 
blocky structures , some ~ine ro ots 
are present , e,-rc:1.yisi1 bro,·rn ( lOYE­
5/2) when dry and cr'ayish broun 
( 2 . 5Y5/ 2 ) when moist sharp unc ulat ­
i ng boundary to : 

J 1 0-25 c1:1 . ' f b (1ovi~ ~1~1' 1unJ. or1:1 g ray roun .L .... ..., ..:. oam 
matrix, root l ess subangular blocky 
material , fine gravel anc1 a few small 
stones are present me~ging to : 

4 25-35 c m. gravelly lo run with stones , dark 
grayish bro1·rn ( lOYRL~/2 ) in colour , 
granular f3 t r ue tur e , sharp boundary 
to : 

5 J S-L~ 5 cm. 	 very gravelly loam, dark grayish 
brown ( 10YR4/2) vrhen dry chcmi'~in& 
t o grayish bro,n.~ ( 2.5Y5/2) ,·1hen 
mo i s t, l arge cobbles present 

F i gure 1 2 shows ..the a b ove h or i z.on sequence. 

Table 21 presents t he phys ica l ·pro perties o f Casuell To,·.re r 

Some i ncrease of c l ay with d epth i s pre sent . The parent 

material has developed from in situ weatherinz of l inestone 

b edrock and is classed as a Lithic Rheg-osoJ. 

Caswell T6wer terrain u nits 2 and J illustrate 

minor c o lour c hung 0s from Cnswe ll To,·rcr 1. Howev er th(~re 

are no differencas in their profile doacriptions which 

followQ 

Cas1:..re ll Tower 2 

Horizon Depth 

1 0 -J.0 cm. 	 pale y ellow (5Y7/J) wl1en dry becom­
ing light br01ni. i sh gray ( 2. 5Y6/2) 



\ ~-' " .>... ' • 

FIGURE 12 . CASWELL TOWER 1. PROFILE . 

CM. 
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TABLE 21 

PHYSICAL PROPERTIES OF CASWJGLL TOWER TERRAIN UNIT 1 

T e x t u r e 
Sam- ­

Depth % % Grav- c. N. F . c. H. F . 
ple Clay

c m. Hois O. N. el Sand Sand Sand Silt Silt Silt
No. 

----·­-~·-------· - -·­
1 0-J 8 . J o.o L~ 5 • 7 1 2.5 16.5 2 (5 &.o 22 . 5 10.1 5.5 6 .9 

2 J -10 10.J o.o 50. l;. 10.0 16.1 27 .6 J 6. 6 1.1. 9 7.7 10.1 

J 10-25 J.2. J o.o L~2. 0 7.5 15.2 2L~. 8 1L~. l+ lJ.1 8 . 2 16. 8 

4 25...35 11.9 o.o 2J . 2 12.0 ll.i-. J 19.7 .1 7. Li- 13.6 10. 8 1 L1 . 2 

5 35-45 s.o o.o 72.J 12.8 ll~. 7 16.2 16.5 18 . 2 11.5 10.1 

Sample 
No. 

pH 
Bulk 

Density 
Liquid 
Limit 

-----­ ---­-·­
1 8.25 1.62 Jl.7 

2 8.20 1.66 J6.4 

J 8.25 1.29 L1.3. 3 

L~ 8 .20 1.66 21.J 

5 8 .10 1. JL:­ 35.6 

--­----­ ------· 
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,-,hen moist, gravelly sandy loam 
with a lenticular structure, in­
distinct boundary to: 

2 l0-25 cm. 	 same colour as horizon l, sandy 
loam matrix, granular structure 
with some medium-si z e d gravel. 

Caswell T,o,ve r J 

1 0-15 cm. 	 pale yellow (5Y?/J) when dry and 
light bro,·mish gray ( 2 . 5Y6/2) when 
moist, coarse subangular gravel 
with a sandy loam matrix having 
a crumb structure. 

Table 22a) and b) illustrates the physical properties 

of these t wo terrain units. Organic matter is present in 

both of these soils. Although as in Caswell Tower l, vegeta ­

~ 	 tion cover was rare. In Caswel l Tower 2, moisture content 

incr eased with depth as did liquid limit. Bulk density and 

clay and gravel contents decreased with depth whiJ.e the silt 

··· 	 content increased . As one would expect from the p os itions 

of these two profile s at the margin of the' p lat e au surface, 

their profile depths ·were much shallower than that of' Cas,·rell 

To,rnr 1. These, according to the National Soil Survey 

Classification (1968), are Lithic Rhegosols. 

Moisture Samnles From Some Terrain Units 

Water samples were collected at depth from some of the 

terrain units using a pipette for moisture coll e ction in the 

active layer or a polyethylene tube inserted in permafrost 

with a plastic bag attached to the protruding end to c atch 

the permafrost melt. These samp les were then analyzed for pl-~ 
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TABLE 22a 

PHYSlCAL P ROPERTI E S O:F' CASi.fELL 1'0UEH. TETrn.AIN UNIT 2 

-­ ·-·-­-· 
T e "•' ­ t u r e 

Sam-
ple 
No . 

Depth 
c m. 

1I ,
Nois. 

<{ 
0 1 . N. 

Grav­
el 

c. 
Sand 

N. 
Sand 

li' . 
Sand 

c. N. 
Silt Sil t 

F . 
Silt Clay 

1 0 - 10 ]_5. O O.J 26 . 9 9 . 6 14 . 8 27 . L~ 23. 9 1 l~ . 2 6 • .1 4 . o 
2 10-25 17.6 o.o 15.J 8 . 2 11. 8 27 .5 2 7 ~2 16 .1 5.6 J . 6 

·--- -----­

Sample No. p H Bulk Density Liquid Limi t 

1 8 . L~O 1.93 J 6 .8 
2· 8. Lio 1.1~J J 8 .6 

TABLE 22b 


PHYSICAL P ROPLRTIE S OF CAS WELL TOWER Ti.Sii.RAL~ UNIT 3 


T e x t u r e 

Sam- ·-------~--­De pth ~ d.,.-, Grav- C., 11. F . ~C, r.r . P .Iple 

c m. llois . 0 • i,I. el Sand Sand SancJ Silt Silt Silt Clay
No. 

0-15 6 . 8 0.1 45.8 J2o9 24.8 7 . 6 8.J 9.2 7.5 9 .7 

p H Bulk Density L:i.c~uid Limit 

1 8.15 1. 87 3 2 .8 
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TABLE 2 J 

CHEi'-IIC.AL PROPERTIES OF SOl'JE SOIL HOI STUTI.E SAi,IPLES 

Lowl and Sa;;1p l es p I Ca -:·+ Hg++ Cl :- NO ­
------- ~-­

( ppm ) 

- ----· 
Te r r ain Uni t 2 7 .25 60 10Ql9 20 o.o 
Si l t Plai n 35 -:-l+O cm . 7 • L~ 5 76 1 0 . 88 70 J5. 9 

II II ''?4o- l~5 c m. 6.95 2 l~ 8 10. 89 ::>- 1 0 . 5 
II II l~5-50 c m. 6. 8 5 200 1 0. 88 8 0 22.9 
II 11 Permafro s t 70 c m. 7.10 · 208 10.79 110 1 5 . 5 
II II II 75 c m. 7.10 1 60 7.30 73 6 . 8 
II Ii 90 c m. 6 . 55 J 60 1 0 . 8 5 1 90 7 . l+" 
II Aug . 22, 50 c m. 7 .00 76 7 . 76 . 25 o .o" 

South P l ateau 

Kl 15 c m. 7 • L~ 5 48 8 . 75 1 0 o . o 
K2 20 c m. 7 . 50 60 9 . hJ 11 o. o 
KJ 10 c m. ( stone stripes) 7 . 3 5 88 7.78 13 o . c 
KJ 1 0 c m. ( :f i nes ) 7 .1 5 68 7. 60 8 o.o 
KJ 20 c m. ( f i nes ) 7 . 25 64 8 . 79 6 o. o 
}Cl.f. 40 C fil" 7. ho 6l~ 5 . 23 8 O oO 

8 ,-.,/E:6 10 c rn . 7 .25 61~ • I o 5 o . o 
K6 L1. o c n1 . 7. JO 60 8. 5 2 J. G o. o 
E6 50 c 1:1 . 7. 30 8l~ 9. 84 1 5 o.o 

http:CHEi'-IIC.AL
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These results reflect some of the characteristics 

of the respective terrain unit s . No nitrate ion is present 

in the moisture of the South Plateau terrain units or in 

the lmvland terrain uni ts where surface vegetation is sparse. 

Values ar~ low for those moisture seeps o:f the plateau 

terrain units with pH values n early neutral. The K6 (50 

cm.) sample from permafrost shows slightl'y higher values 

than the others. However thGre are no marked differences 

between the samples from the active layer and those of 

permafrost as there is in the Silt Plain permafrost mois­

ture samples. The permafrost moisture samples from the silt 

plain s h ow very hi gh values of calcium and chlorid e ions 

compared to t he samples near the surface. The pH values 

also tend toward the acidic . It is suggest ed tha t this 

phenomenon is p ossibly a result of the deeper tha.ved layers 

which existed in the post glacial climati c optimum where 

depth to permafrost was greater than it is at present. 

Since it is p o ssible t hat the mean annual temperature was 

higher in the past, it would be a reasonable supposition 

that the chemical weathering capabilities unde r such a 

regime would be g re a t~r and leached material would have 

accumulatec1 at a depth in the soil no1v frozen. 

Conclusions 

The soils of Southwest Devon Island show little 

pedogene51s both in the co astal lowlands and the plateau 
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areas. Textural diffe rentiation (increased cl a y cont e nt 

and decre ase d gravel content ,;,ri th deptl1.) is the only pedo­

genie process p resent on t h e South Plateau. Ho,·rever, t h is 


is present in only some of the plateau soils. 


The soils of Cas,vell To,ver show profile development 

similar to the soi l m.'1.i ts of South PJ.a teau. Very little 

organic matter was present in these or in the plate au s oils. 

There is some increas e of clay with depth as well as some 

colour change s. However it is t h ought that the se differences 

in colour are a result of differences in moisture cont ent 

rather than being indicative of v a ri a tions in the intensity 

· , of weathering . 

The soils of' the coastal lowlands sho1v more evidence 

of pedogenic alteration and in some c ases h ave 2 to J inches 

of in situ organic c over. Ho,·rever most of thes e soi].s illust ­

rate only minor or no profile development. · In some of the se 

soils, colour chang es at the permafrost table indicate that 

gleying is present. Since no mottles are present in the 

gleyed layers this would indicate seasonal or periodic 

aeration or partial waterlogging. Increase of' clay with 

depth is also a feature of' some of the coastal lowland soil 

profiles. Only partial decomposition of organic matter 

was present in these soils, this fibrosity being a further 

indic ation of the incip ient nature of the pedo Eenic processes. 



Moistur e samples from some of the terr a in u n its 

posse ss hi c;hcr ion concentratio,'l s in the co nstal loHlanc1 

than on the South Plateau . Th e p e r mafro s t samples h ave 

higher salt contents than in the active l ayer po ss i bly 

resulting from influences a l ready di s cussed . 



C!-IAPTER V 


POLYGONAL PATTERNED GROUND ON 
SOUTHWEST DEVON ISLAND 

Polyg onal patterned ground is very co mmon in t he 

area ~"ld the patterns and profiJ.es in these terrain 

fe atures were investigated. 

Severa l polyg ons at di f'f'erent site3 , both 111et and 

dry ( :ri.gure lJ), were s ampled and t he l aboratory analyses 

of these samples h a ve b e en sub j ected to vari ous forms of 

stati stical test ing . A method was evolved of presetting 

dry granular po lyg on features with Cas t embed 1 thi[; :Ln 

order t o fac ilitate more precise samp l ing ( Buntin g a1d 

J ackson , 1 970 in p ress ). This treated polygon was l ocated 

o n a lo,·r (1 6 metre eleva tion ) marine .strandl:i ne on the 

seaward side of t he ma jo r be aci1 ri dge 200 metres north 

of tha main b ase c amp . This b each ridge is der;ignated a:,; 

terrain type 2 a • The Vertical Trench ru1.d Lateral Trench 

which wi ll be referred to repeated l y anc.l 1-;hich uerG dug 

to r eveal the structural se~uence of a po l ygonally arranged 

.area were located on the inland side of this major 

marine beach u p slope from the Meadow Tundra site discussed 

i :ri Chapter II (Terrain unit 8 ) .and 600 metres NN\·l o:f t i1.0 

b as e c 2.mp. Poly~on 1 was located on tho sa.m<'! western 

inland side of t he raised beach approximatly l.,LQO m.­

115. 
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FIGURE 13. Locations of the polygon sites, 

I . 
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site 
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north of the Neadow Tundra Sitee The soil samples col­

lected from these polygons were analyzed u sing the methods 

outlined in Chapter III. Some water samples Here collected 

:from these :feat ures at the stone borders and centres to 

determine whether the nature of the solution would in­

dicate any chemical weathering or me-chanical transport 

between the two parts of these :features - th~ fine core 

and the stone r im. 

Water Sampl es 

The :following table (Ta ble 24) illustrates the 

p r operties o f the water samples determined in the fi eld 

and allots thes e to the respective polyg ons. Water from 

the Castembed-tre ated polygon was not sampled as~result 

o:f contamination f'rom the polyester resin. 

These re s ults illustrate that the re is no signi­

ficant difference between samples ta.ken from the borders 

of' the polyg ons and those :from the polyg on centres. It 

is concluded that the source of' the- ,·rater which is snow­

mel tor permafrost melt is the same for the stone margins 

and the centres. 

Castembed Polyg on 

Castembed was used to keep the polyg on material 

in situ while it was sampled . (Plate 11). The samples 

were then analyzed for t exture, organic mat t er , moisture 



PLATE 11. View of the Castembed Polygon before i mpreg­
nation and excEvation. 
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TABLE 24 

POLYGONAL 1-TATER SANPLE RESULTS 

Ca ++ ++Ag Cl N03­Sample Number pH 
( ppm ) ( ppm ) - ( ppm ) ( ppm ) 

Vertic a l Trench 

Border 7. ;25 L~8 6 . 12 13 6.2 
Lateral Trench 

Centre Aug. J 6.55 56 7 .1L1 12 6.2 
Border July 29 7.10 52 7.30 11 6.2 

II Aug . 1 7 . JO 44 6 . 55 10 6 . 2 
!I Aug • ..)" 6.85 48 7.25 lJ 6.2 
II Aug . s 7 . 65 52 7. 99 15 6 . 2 

~II 
.L .l_Aug . , 7.50 48 7. 91 22 6 . 2 

II Aug. 15 6 . 90 56 8.47 19 6.2 
II Aue . 23 6 . 80 60 7. 87 16 6.2 

Polygon 1 

Border 7.45 72 9·.1s · 13 6.2 
Centre 7 .60 76 9. 24 13 6 . 2 

) 	 content , bulk density and liquid limit. The re s ult s are 

illustrated in Tible 25. Table 26 shows the particle 

s i ze· distribution expressed as a percentage of the total 

ma'ss 1·Ihile Table 27 displays the particle sj_ze distribution 

r ecalculated to 100% within each group . The particle 

size fj gures uere then convert.ed to uni ts ( grave l and 

sand and fines ) and the results are expressed i n Table 28. 

http:convert.ed
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Roundnes s and sphericity values are shown in Table 29. 

F~gure (14) s h ows the cross-section of' the 

castembed p olyg on with the permaf'ros t table at depth. The 

stone bord er tapers off approxima tely at the permafrost 

table. From the analyses there seems to be an organic­

rich clay core as illustrated in fi gure 14. A comparison · 

of the analytical results between the stone margin samples 

and those from the centre of the polygon are illustrated 

in figure .1.5. The percentage of cobbles in the stone 

border is h igher than in the centre near the surface. At 

approximately 25 cm. d epth , the cobbles in the stone 

'	 margin are replaced by coarse gravel while the percent 

cobbles i ncreases with depth in the polyg on centre. 

The percentage of coarse gravel is higher in the polyg on 

border than in the centre and there is a tendency for 

the amount of coarse gravel to decrease with depth in 

both the polygon border and centre. Medium an.d fine 

gravel incr e a se with depth in the border but this texture 

size remains almost constant with depth in the _polyg on 

centre. Total sand, silt, and clay increase sud denly in 

the stone border at J5 centimetres depth with a decrease 

in this siz e fraction in the polyg on centre at appro­

ximately t h e same depthe 

Org anic matt-er content decrease s with depth in 


both the p olyg on centre and border until at a depth of 
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FIGURE 15. COMPARISONS OF THE ANALYTICAL RESULTS FOR 


THOSE SAMPLES FROM THE POLYGON CENTRE AND 
'THOSE FROM THE STONE RIM. 
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appr o x i mately JO c entimetres the o :;.~ganic matter content 

shows a marked i ncrease i n the polyg on c entre wi th a 

slight increase of or[;anic matter in the stone border . 

The bulk density values s how a slight d e c rease while there 

is an i ncre2.se in organic matter content ·with depth in 

both t he border sampl es and those in the polyg on c entre o 

Generally the bulk density values are hi gher i n the polygon 

border t han in the c entre. Liquid limit is h i gher in 

the polyg on c entre t han in the bor·der poss ibly because of' 

the greater quantity of fines. Generally, the median 

pirticl e size d e c reases with depth in the stone border but 

i n the polygon ' s centre the median size increas e s uith depth. 

Nean. sphericity (Rittenhouse , 1943) and roundness 

( H. c. Krumbein, 1941 ) values for the cl ay pJug and tbe 

stone margin are sho.-,n in Tab l e 29. These values are lower 

j_n t he stone margin than in the clay plug i ndicating that 

the stones are more disc-shaped at the margin.,, This may 

be related to· t he sorting due to frost a ction. 

To further determine any significant relationship 

o f particle size bet,·reen the polyg on I s margin and c entre , 

t ests for ske1n1ess and curtosis were appli e d to particle 

size data. The equation for skewness was that of Folk 

and 1/ard ( 1957 ) which they named Inclusive Graphic 

Skewness. It i s as follows: 

http:ncre2.se
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TABLE 25 

PHYS I CAL 
' TAKEN 

CHARACERISTICS 
FRON AN A..."R.CTIC 

OF SAHPLES 
POLYGON 

1 

Samp l e 
number 

2-J 
Col or 

dry / mo i s t 
( :t-Iunsell) 

4 
% organi c 

mat te r 
a. b. 

5 

moisture 

6 
bulk 

d en s i t y 
g/c.c. 

1 L~. 6 1.6 1.85 
2 lOYR6/3 5/ 2 2 . L~ 2.0 1. 8 1.95 
3 10YR7/J 5/3 2.5 2.9 1.9 1. 6 3 
l~ 10YR7/4 5/3 2.7 2.3 3.J 1. 93 
5 10YR7/L~ 5/2 o. 8 9.5 1. 56 
6 10YH7/ 4 5/2 2. 1 2 .0 4.2 1. 9 7 
7 10YR7/ J 4/ J 0.7 5.9 1. 65 
8 1 0YR7/J 5/ 3 0.7 8.6 1. 53 
9 10YR6/ 4 4/2 3.7 9 . 6 l. L~6 

10 10YR7/4 4/J 4.J 9.7 1. 48 
1 1 l0YH8/3 6/4 o.4 9.9 1.95 

- -· ----------- ­
7 8 9 	 1 0 

Sampl e 	 l:i_quicl Me d i an Qu art ile di stributi on 
lir;:ti t · p art i c l e 2 5% 7 5%n umber (%) 	 ( mm ) ( mm ) ( rnm ) 

l 17.7 14.o 23 . 0 
2 2 8 .0 13.1 9.1 21. 2 
3 30. 2 14.5 8 . 9 26. 7 
4 2 2 . L~ 10.3 6.J 1.2 . 8 
5 3 5 . 4 5.1 0. 16 9 . 2 
6 23 . 5 8 . 6 4. 4 1 1 . 5 
7 J l.7 o.4 0.006 l J~l 
8 36. 7 0 .2 0 .003 l J.8 
9 33 .8 1.7 0. 01 1 6.9 

10 35.8 8 .7 o. os lJ .6 
11 3 2 . 8 7. 2 0 .014 1 3&5 

a ) Using hydro gen peroxide . b ) · Calculation a:fter det e r-
ruination of or ganic carbon. c Calculated on the matrix 
material retained on the no • 70 1 sieve . 
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TABLE 26 

PARTICLE SIZE DISTRI BUTION OF POLYGONAL NATERI ALS 
( a) EXPRESSED AS PERCENTAGE OF TOTAL MASS 

l 2 J 4 5 6 7 8 9 10 
Gravel size in mm . 

Sam- 'cob- co- me-	 sand siltDep th 	 fine Total clay
ple bles' arse dium 	 2- 0.05­{cm) 	 5-2 gravel ..c:_2u
No. 25 25-10 10-5 	 0.05 0.002 

Poly g on border s ampl e s 

1 0-10 19.3 59.6 14.9 4.1 98 1.0 l~O o.o 

2 15-20 18.0 52.5 22.0 4.5 97 l.1 1.2 o.8 

3 20-25 27.3 42.5 22.5 4.6 97 1.2 1.8 o.o 
\ 

4 25-JO . o.o 57.J 23.8 9.6 91 3.6 2 .7 J.1 

5+ 35-40 0~0 22.2 23.3 l'"'I-• 4 63 15.3 12.l 9.6 

6 40-45 o.o 37.7 J4.7 16.5 89 5.0 2 .5 3.0 

Polyg_on c entre - 'clay plug ' 

7 15-25 o.o 39.1 1 .6 0.9 42 22.5 1 6 . 5 19.4 

8* 20-25 13.2 1 8 .9 5 .2 2.7 40 16.6 20.J 22 . 9 

9 25-JO 15.5 J 0.9 1.8 o. 4 49 17.2 1 6 . 6 17 .1 

10 30-35 o.o 47.9 5.8 2.6 56 10.9 15.9 16.7 

11 40-45 25 .7 20.5 5.8 .2 .o 5L~ 13.9 16.5 15.4 

+ 	 Sample 5 was slightly offset into the clay plug in two of' 
three sub-samples 

* 	Sample 8 wa s taken from an ad j ac ent clay plug for purposes 
o:f comparison 
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TABLE 27 

PARTICLE SIZE DISTRIBUTION (MH) OF GRAVEL 
AND OF SAND AND FINES RECALCULATED TO 

100 PERCENT WITHIN EACH GROUP 

1 

Sam­
ple 
No. 

2 

Depth 
Cm. 

J 

Cob­
bles 

25 

4 
G r a 

coarse 
25-10 

5 
v e 1 
me­
dium 
10-5 

6 

fine 
5-2 

7 

sand 
2­

0.05 

8 

silt 
0.05­
0.002 

9 

clay 

<.0.002 

2 15-20 18.5 54.2 22 . 8 l~. 4 33.3 4o.o 26.7 

3 20-25 28.1 43.8 23.2 4.7 37.9 62.1 o.o 

4 25-30 o.o 63.2 26 .1 10. L~ 35.8 29.3 3 4 . 8 

5 35-40 o.o 35.9 J6.6 27.2 39.9 33 .5 26.6 
' 

6 40-45 o .o 42 .1 J8,8 18.2 45.0 25.0 JO.O 

7 15-25 o.o 94.1 3.9 1.9 J8.4 28.3 JJ.J 

8 20-25 32 .7 47.2 12.9 6.7 27 . 2 Jh .l J8.7 

9 25-JO Jl.7 63 . 2 J.8 0.9 33 .7 J2.8 JJ.5 

10 J0-35 o.o 84 .7 10.3 4 .4 24.2 37.0 38 . 8 

11 40-45 47.7 J7.8 10.7 3.7 J0.6 36 .5 32.9 
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TABLE 28 


PARTICLE SIZE EXPRESSED AS PHI UNITS AND 

THE FINES EXPRESSED AS PERCENT TOTAL 


MASS ON THE INTERNATIONAL SCALE 


1 2 J 4 5 6 7 8 9 10 
sand silt clay

Sample Phi Scale 2- 0.02­number -L~ -2 0 +2 +4 +8 L2u0.02 0.002 

2 35.1 59.6 J.J 2.0 o.o o.o 1.5 0.5 o.o 

J 46.2 47.1 J. l~ l.J 1.0 1.0 1.6 1.1 o.8 

4 12.7 71.2 7.1 1.5 J.4 4.1 4.9 1.4 J.1 

5 o.o 55.7 10.9 11.6 9.J 12.5 17.5 9.9 9.6 

' 6 o.o 76.7 13.7 5.1 1.J J.J 7.0 0.5 J.O 

7 12.6 28.6 J.7 19.2 15.1 20.8 28. l~ 10.6 19.4 

8 2J.8 15.4 J.9 16.1 lJ.2 27.6 2J.7 12.9 22.9 

9 28.l 20.J l.j. • 7 11.6 16.1 19.J 20.6 lJ.8 17.1 

· 10 14.7 40.J J.8 16.1 6.7 18. l~ 20.8 6.o 16.7 

11 36.1 16.J J.J 11.1 15.6 17.6 17.9 12.5 15.4 
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TABLE 29 

ROUNDNESS AND SPHERICITY OF COARSE PARTICLES 
FRON THE STONY Mid:.GIN AND CLAY I PLUG I 

( :t-IE..1-'i..N OF lOxlO SAMPLES ) 

l 2 3 5 6 7 8 9 
Roundness Sphericity 

· sample 
number 
a.11.d cle p th 

Co -
arse 

Me­
dium 

Fine Aver­
age 

Co­
arse 

Ne­
d i um Fine Aver­

age 

1 O-l0 - 0.35 o.41 0.36 0.37 o.48 0.53 o. SJ. 0 .51 

2 15-20 0.50 0.53 o.42 0. L~8 0.57 0.55 0.5J 0.55 

3 20-25 o._'37 0. L~2 0.37 0.39 0.57 0.62 0.57 0.59 

4 25-30 0. L~2 O. L~7 0. L~2 0. 4L~ 0.57 0.5 6 0.52 0.55 

5+ 35-40 0. 53 0.58 0. L~5 o.47 0 . 62 0.59 0.58 0.60 

6 40-L~ 5 o.45 o.41 o.48 o . 44 . 0.54 0.55 0.60 0.56 

Mean o.44 o.47 0. L~2 o.43 0.56 0.57 0.55 0.56 

Nean Dev. 0.057 0.058 0.033 0.032 0.027 0.032 

Standard 
dev .. 0.065 0.067 0.036 0.042 o.OJO 0 .033 

7 15-25 0. L~l o.L~5 o.47 0. 4L~ 0.69 o.68 0.61 o.66 

8·>: 20-25 0. 61 0.59 0.57 0.59 0.58 0.57 0.61 0.59 

9 25 - 30 0. LJ­8 0. 38 0. L~ 3 o.44 0.61 0.59 0.57 0.59 

lO 30-35 0. 50 0. L~ 5 0. L,r2 0. li­6 0.56 o.64 0.59 0.60 

ll 40-45 o.5 L~ 0.58 0.56 0.56 0.58 0.5 9 0.56 0.58 

Me an O • 5 l O • l~ 9 O • L~9 0 • 50 0.60 0. 61 0.59 0.60 

Hean Dev . 0.074 0.08 0.06 0.036 0.036 0. 018 

Standard 
dev. 0.066 0.082 0.064 0.046 0.041 0.021 

Rc1Y1ge ofRange of roun<lnes~~ Hean Meansphericity 
Stone rnar_gin: 0.35 to 0. 58 o.43 0,48 to o.62 0.56 

Clay plug: o.J8 to 0.61 0.50 0.56 to 0 .69 o.60 
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where PJ_ 6 etc. = the 16th percentile in phi uni ts . 

The equation f'or Graphic Kurtosis as dev eloped by Folk 

and Ward (1957) is as f'ollo,vs: 

The Skewness and Kurtosis results using the above equa tions 

are illustra ted in Table JO. 

TABLE JO 

SKEWNESS AND KURTOSIS VALUES FOR 
THE CASTEMBED POLYGON 

SamplE:; 2 3 4 5 6 

Skewness -.156 + .109 - · .333 - .801 - · . 375 


Kurtosis +.983 +1.023 +3.484 +J..053 +3.704 


Sample 7 8 9 10 11 

Skei.mess -.061 -.o4_o -.370 -.6h5 -. 839 

Kurtosis +.641 +.512 +.572 +.901 + .639 

Ske,-rness measures the assymetry in the distribution 

of' the particle size in the sample. Positive skewness 

results from an excess amount of' fines while negative 

skewness illustra t e s an exc e ss amount of coarse ma terial . 

(Folk, 1968). Sample 3 is t h e only one that is fine skewed. 
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Sampl es 7 and 8 are n ear symme t:::-ic al whi l e sampl e 2 i s 

coarse skewed. Samp l es h , 5 ,6 , 9 ,10 a...-rid 1 1 are c· tongl y 

coarse s k ewed . There is no sig n i fican t di s t i n c t ion in 

skewness bet,·1e en the p olyg on border samp les a n d t hos e 

s amples from t h e p o lygon c entre . 

Kurto s i s measures the p eakedness o r c o1 p a r e s the 

s o rting i n the c e ntra l part of t h e distribution 1vi th the 

s orting i n t he tai l s . A l eptokurt ic c1i strjbu tion r esults 

from t he c entral p ~rti on of t he d istrib u tion b e i ng b etter 

sorted t han the t a ils while a p l a tyku r tic c1istx·ib ution 

r e sults from t l.e converse ( F olk , 1 968 ). Samples 7,8, and 

J.l are very pl a tykurtic while s ampl es 2, J, 5 and 10 ar·e 

platyk urtic c S ampl e s 4 and 6 .are extremel y l ep t c k u rtic . 

The distin ction betwe en t he b order s a mples a n d t ho se fr om 

t he c ent re j_s sti ll v ague with regard to k u r tosis .I. 
A p l o t of skewness versu s kur to s i s was t hen 

e mp l oy ed to enhance any d i fferenc es be t ween t he t wo sets 

o f s ampl es {li'i g. 16 ) . The sal'ilples fr om the' poly gon 

c ent re {7 , B, 9 , 10 and 11 ) showed a near no rmal distribution 

an.d good sort i ng ancl ,.rere clust e red i n a snal l area 

whereas the samples rrom the polygon marg in illustrated 

no noti c eable pattern . 

The sorting i n t he c entre of t he p o lyg on may 

r esult ~rom t he weathering and s egr egation o f the fines 



F IGURE 16, PLOT OF SK E WNESS A N D KURTOSIS VALUES F'OR 

THE TEXTURE DATA OF THE CASTEMBED POLYGON 
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from the larger particles by frost action. The fines are 

then washed to depth in th e polygon • . Frost hccNe then 
I 

sorts the material, thrusting the coarser material toward 

the surface and polyg on margins. 

Polyg on~l Surface Dist r ibution and 
Studies in t he "Lateral Trench 11 

The inve st i gations were aimed at a description of 

the pattern o f a polye onal area or sorted nett the nature 

of the components of this area and the nature and amount 

of movement of wc.d:;er in t he stony margins . Fi gure 17 

il.lustrates the surface pattern o f the polygonal. nets and 

the locations of the Vert ic a l and Lateral Trenches . It 

has been subdivided into 4 se c tions across-slop e in order 

to determine any difi'erences in the distribution of t he 

pat terned ground features. Table Jl illustrates the number 

o f polygons, their average width, average length and the 

length-width ratio for each secton. 

TABLE Jl 

PAR.MlETERS OF POLYGO~'-TAL SUl?.F_c_CE PATTERNS ( U1TITS OF 1) CM. ) 

Sect i on No. of· 
polyg ons 

Ave. 
Hid th 

J\Ve • 
length 

Ave. L0n.o-th ­• <:".> 

wid th ratios. 
··-------­

A 
B 
c 
D 

51 
35 
JO 
Jl 

J.55 
4.91 
5.lh " 
S.8 h 

l~. 29 
6cl6 
7.JJ 
7.72 

1.208 
1. 255 
1.426 
1.151 

~·- --­------­
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FIGURE 17. SURF.ACE PATTE RN OF THE POLYGONAL NETS AND 
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These results show that downslope there is a 

general decrease in the number of patterned g round features 

or nets with an increase in their si z e as reflected in 

the length-1vidth ratios while their de gree of elong ation 

tends to ~ncrease downslope. 

To determine t he rate of movement of water along 

t he stone margins eight ounces of Rhodamine Tf. T. tracer 

dye was mixed with one gallon of water and inserted at the 

margins of the patterned ground distribution at the points 

marked 1,2, and Jin Figure 17. The amount of time for 

the dye to appear in the Lateral Trench was then recorded 

for each point. The times and averag e velocities are 

illustrated in Table J2. The dye ·was also inserted into 

the centre of one polyg on (point marked 4 in Figure 17) 

using a 12 cm. long bulk density tube to inhibit lateral 

movement, fo r the purpose of gaining a .rough estimate 

of vertical percolation. 

As the presence of the Late:t-a1 Trench may have 

influenced the seepage velocity in the stone margins leading 

to it point J may be i gnored. Th e reading s of 1, and 2a 

and b may be accep ted as typical of the velocities of 

the water flowing around the polygons in the stone lines. 

The results from the polyg on centre indicated that 

the centre of a polygon had a permeability o:f o.64 in,/ min . 
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TABLE 32 

WATER VELOCITI E S l!ITH POLYGONAL PATTERN. . 

DistancePoint of' Time of Traverse Traversed Veloc ityInsertion Miu Sec. 
(feet) (ft/min.) 

1 18 35 25 1.35 

2a 12 L~ 5 14 1.10 

2b 18 JO 25 1.35 

J 2 ho 10 J.75 

The results show that the stone margins a ct as drainag e 

-, channel s for meltwater and precipitation with very high rates 

of lateral movement while the finer material in the polyg on 

centres is more water holding and has impeded interna l 

drainag e. 

The Vertical Trench ( Figure 17) was- dug at right 

angles to the ,vestern f a ce of the raised beach for a dis­

ta.11.ce of 50 feet across the lo,v a.11.g led patterned-net or 

polyg on-covered slope upslope from the Meadow Tundra 

Site ( Plates 8,9, arid 10). The trench was deepened to 

permafrost and periodically emptied of water. Table 31 

relates to t h e physical and chemical properties of materials 

taken :from the Vertic a l Trench. Figure l8a shows the 

sample locations and a sketch o:f t he texture of t h e vertical 

'I'rench while fi gure 18b illustrates the pattern of 

http:ta.11.ce
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PLATE 8. 	 An oblique aerial view, from the South Plateau , 
of the main working site. The Jvieadow Tundra is 
to the right while the Silt Plain, showing ice­
wedge poligon patterns is to the l eft. 



,­

PLATE 9. 	 View of the Lateral and Vertical Trenches at the 
main working site. The trenches drain left to the 
Meadow Tundra. The Silt Plain is to the right . 



M eadow 	 Tundra 

Silt Plain 

PLATE 10 . 	 Close - up of Plate 9 with the Meadow Tundra in the upper lef t and 
the Silt Plain in the centre right . 
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TABLE JJ 

PHYSICAL AND CHEHICAL PROPERTIES OF SAMPLES 
FROM 	 THE VERTICAL TRENCH 

T e x t u r e ( m. m. ) 

Mois- Or­ c. M, F . c .. M. F . 
ture ganic Grav-Sample 	 Sand Sand Sand Silt Silt Silt Clay
con- Mat­ el 2- .5 	.5- ,25- .os- .02- . 005­tent ter .002 <.002')2 .25 .05 .02 .005% -% 

VTl ]_l~. 9 o.J 71.7 16~4 26.5 8 . J 5 . 8 21 .1 15.4 14 . 8 

VT2 18.9 0,9 39.4. 15.1 11.7 7.1 lJ. L~ 28.4 17.1 7.2 

VTJ 25. 5 · 1.J 82.5 7,5 11. 8 17.8 17.2 17 . 6 16 .i~ 11.7 

VTL~ 21.6 o. 8 81.1 25 . 4 12.2 6 .1 11.6 21.4 15.9 7.4 

VT5 11.0 O.J 61 .1 22 .9 1L~. 2 11 •. 2 1L~. 0 25.J 8 . 8 J . 6 

YT6 6 .7 0- 0 87 . 5 lJ.J 1 5 . 4 12.4 14.2 20.4 lJ.9 10 . 4 

VT7 10. 6 O.J 57.5 JJ.8 18.J 11.8 8 . 8 11.0 11.2 5.1 

16.6 8 .1VT8 18.8 o.4 1 9 .1 12.9 14.J 9.7 9 .J 27 .1 

VT8B ll~ . 1 0-:-0 57.2 12.4 15.2 12 . 6 11.6 25.1 15.9 7 . 2 

VT9 20.1 0.5 J0.6 12 .1 14.1 15 .7 17.5 18 . J 14. 2 8 .1 

12.2 14.1 11.2 11.4 ·13.0 15 .7 12 . 4 VT9B , 1 2 .1 0-0 67 . J 

VTlO 65.9 1.1 61 . 2 lJ.8 17,J 12.5 10.J lJ. 4 18 . 4 1L~. J 

VTlOB 14.8 O.J 60 . 8 6.9 6.7 11.0 19.2 25 . 1 24 .5 7.6 

VTll 	 15.7 o-o 35.5 lJ.7 17.4 14.o 15.1 18 . 4 lJ . 6 7.8. 
VTllB-' 7.5 2 .7 78 .7 29 .0 21 . 9 14.4 10.8 11.1 '7. 7 5 . 1 

VT12 J.5 o-o 94.8 12.4 1 4 . 9 15.2 lJ.7 12 . 2 16.5 15.1 
' 

VT12B 8.4 o.J 71 0 L~ 9.8 11.9 11.1 14.J 23 . 1 19.7 10.1 

VTlJ 21.1 o.8 72.8 17.8 22 . 1 llt-. 4 11.0 19 . 8 10 .1 4.8 

VTlJB 15.9 O. L~ J6 . 4 9 . 6 lJ. 2 11.J 17. 8 24 . L~ 15 . 9 7 . 8 

VTlJC 8 .1 o.J 66 .4 8 . 4 9.5 9 . L~ 18.9 32.9 14.7 6 . 2 

VTlJD 8.J O.J 66.J 13.1 19 .0 10.6 lJ.7 18 . 2 15.J 10 .1 

VTlJE 5 . J o.4 57 . 4 2 6 .1 20 .1 11.J 10.6 10 . J 15.2 6 .4 

http:5-,25-.os-.02
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TABLE 33 (contd. ) 

T e x t u r e ( mm . ) 

Mois - Or­ c. M. F. c. M. F.
ture ganic Grav- . ClaySand Sand Sand Silt Silt Silt < 000Sampl e c on- Nat- P.l 

2 -.5 . 5- .25- • OS- .02- . 005- • ,__
tent ter >2 

. 25 .05 .02 . .005 .002% % 

-------· 

VT15 11.9 0.3 62.8 11.4 9 .9 13.9 1 2 .3 20.6 20.1 11. 8 

VT16 29.1 6.5 79 .4 28.,' 23 .4 14 .1 7. L~ 8.7 1 2 . 9 4.8 

VT16B 9.J 0.5 65 .J 16.4 16.8 14 .4 1 6 . 2 16.1 11.2 8.9 
VT16C . 9.4 o.6 73.2 20.1 1 8 .6 13. L~ 10.5 12. 2 13.5 11.7 

VT17 13.6 0.5 45.5 10.9 25.2 10.2 12.1 23.9 11. L~ 6.3 

VT18 11.7 o .6 59.7 7. 9 15.8 22.5 1 4 .7 1 5 .J 12. 7 11.1 
-VT19 64.7 24.2 79.7 27.4 20 . 2 12.7 6.8 12.8 1 2 .7 7.4 
VT20 3.7 0 -0 95. 2 17.4 15.5 13.2 11.1 14.7 16.7 11.4 

VT21 16.5 o.4 16.5 1 2 .1 lJ.2 12.5 13.1 18 .5 19.5 11. J_ 

VT21.B. 17.5 0-0 17.5 15.3 17.1 13.J 12 .2 19.2 1h. 8 8.1 

VT25:30 8.9 0-0 8.9 21.1 lJ.2 11.J 10.5 lJ.5 18 .l 12.3 

VT25 : lW 10. 8 2.0 10.8 17. 2 27.9 11.2 11~6 19.5 1 4 . 8 7. 8 

VT25:50 lJ.J O. L~ lJ.3 32 .8 22 .3 17.4 6.6 5.J 9. l~ 6.2 

VT25:55 6.6 0-0 6.6 19.4 14.7 12.4 5.9 9 .7 21.8 15. 4 

VTJ8:l lJ.6 0-0 lJ.6 12.9 14.3 10.2 lJ.O 22 .5 15. 9 11.2 

VTJ8:2 lJ.2 0.5 lJ.2 18 .J 18 .0 11.6 9 . 8 15 .1 17.h 9.8 

VTJ8:J 15.6 O. L~ 1506 12 . 7 . 15 .4 15.8 lJ. 8 10.7 1 6 . 9 1 l~ . 7 

VT99 62.8 o. 8 62.8 25.9 17.9 11.5 11. L~ 28 . 2 10 .4 4. '7 
VT29.6" 11.5 0-0 11.5 20.9 1 6 .7 lJ.5 7.1 5.1 20.5 1 6 .2 
Mean 
Centre 11.71 4.56 47.73 14.4 15.5 12.8 lJ.7 18.4 15. L~l~ 9.28 
Mean 
Border 20.Jl 1. 67 51.55 18.5 17.J 12.4 11.1 17.4 15.06 9. 35 
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TABLE 33 (contd.) 

Bulk Liquid E.C. C.E .. C 
Dens ity Limit mm..rio s meq./ Ca H2co3Sample pHgm./cc. % per c m. 100 PPm PPm

25°c. gm. 

VTl 1.72 23.2 8.10 6.8 6.2 22.5 47.5 

VT2 1.93 L~3. 5 8.15 6.6 9.6 . 17. 5 28.8 

VTJ 1.61 32.8 7.40 .86 7.0 212.~ 259.5 

VT4 1.58 39.9 7o65 1.8 10.6 77.5 115.5 

VT5 1.35 38.9 -8.20 4.8 6.8 42.5 60.8 

VT6 1.53 37.6 8.20 4.8 7.0 27.5 58.5 

VT7 1.81 4o.o 8.45 6.2 8.o 22.5 L~l~ .1 

VT8 1.97 37.4 8.35 6.4 8.8 27.5 39.0 
'VT8B; 1.88 29.1 8.15 6. Ii. 8.4 22.,5 36.6 

VT9 1.82 l~2. O 8.15 7.4 10.0 32.5 41.2 

VT9B 1.72 26.8 8.20 8.0 5 Li. . 27.5 52.5 

VTlO 1.42 49.4 6.85 1.42 8. L~ 122.5 160.9 

VTlOB 1.44 42.1 8.05 5.2 8.8 27.5 52.7 

VTll 1.31 35.5 8.JO 6.4 8 .8 · 27.5 45.8 

VTllB, 2.15 18.5 8.45 lJ.8 4.o 7.5 18.6 

VT12 1.60 l~ 3. 8 8.15 2.J 9.2 77.5 117.2 

VT12B­ 1.63 2J.8 8.30 8.2 7.0 12.5 Jl.1 

VTlJ 1.42 39.7 7.80 2~4 · 7.4 77.5 124.8 

VTlJB 2.04 36.5 8.20 5.6 11.6 77.5 112.1 

VTlJC 1.76 3L~ • 2 8.30 6.4 8.8 32.5 44.2 

VT13D 1.88 37.8 8.10 9.0 7.8 22.5 57.4 

VTlJE 2.01 22.2 8.JO 6.6 10.2 22.5 47.2 
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TABLE 33 (contd. ) 

Bulk Liquid E.C. C. E .CSample pHDensity Limit mmhos meq/ Ca H2co3
gm./cc. % per cm. 100 PPm PPm25°c. gm. 

VT15 1.38 37.4 8.40 8.6 7.0 37.5 62.6 

VT16 1_.26 36.7 6.75 11.8 11.6 187 .5 209.0 
VTl6B 1.89 2J.4 " 8.20 7.2 7.6 12.5 34.o 
VT1 6C 1.20 2L~ .1 8.40 5.8 7.6 L~2. 5 L~9 • 3 

VT17 1.58 39.3 8.10 7.8 8.8 12.5 16 .9 
VT18 1.61 20.3 8.20 7.4 8.6 22.5 . 3 L~ . 5 

vrr19 1.62 4L~. 7 7.00 7.6 5.4 252.5 370~8 
VT20 1.47 40.3 8.20 4.6 11.6 27.5 l~ J. 8 

' VT2.l 1.37 38.4 8.20 :) • 0 11.6 27.5 58 .0 

VT21B 1.66 33.3 8.35 9.0 11.8 12.5 33.4 
VT25 :JO 1.73 28 . 8 8.05 7.0 9.2 4.5 9.4 

VT25:40 1.87 19.1 8.JO 6.6 8.6 32 .5 70. L} 

VT25: 50 · 1.49 18.5 8.50 9.0 s~6 22.5 29.1 

VT25:55 1.45 22.9 8 .~-0 6.6 L~. 8 27.5 L}2 . 6 

VTJ8 :1 - l.Jl 40.4 7.95 4.J 10.6 h2.5 56 .6 

VTJ8 :2· 1.41 35.J 7.25 2.J 11.2 82.5 96.3 

VTJ8:3 1.62 27.1 8.15 8 _,4 6.4 27.5 80 .l 

VT99 1.42 51.9 7.85 L1. • 3 16.2 37.5 76.5 
VT29.6 11 1. 86 26.2 8.55 4.7 7.8 32 .5 63.5 
Mean 
Centre 1.70 29.68 8.16 7. J_O 8. L~9 30.94 52.29 
Mean 
Border 1.58 36.31 8.00 5.67 8.64 59. 58 87 . 84 
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penetrometer readings at depth along the trench. The low 

penetrometer readings correspond to the stone borders while 

the higher penetrometer values reflect the finer 

centres o:f the patterned ground :features and the . compacted 

:fine mate.rial at depth. The bulk density and high 

penetrability reading of this compact materiaJ_ recalls the 

so-called :fragipan or BXhorizonsin soils on till in 

temperate latitudes. The :form of the permafrost table noted 

on August 1st is moderately undulating. The influ.ence of' 

the protec tive cover o:f the snowbank can be s~en in the 

le :ft (east) side of the diagram ,,;here there is a relatively 

' marked decrease in depth to permafrost. The shallo,,rest 

depths to permafrost correlate with the stone borders. 

This is a result of' the lower thermal conductivity of' the 

c oarser areas (the resu lt of' incre a sed pore space ) when 

c ompared to the finer-textured polygon c entres which 

show a greater depth to the permafrost table . 

Table 33 sho,rn the physical .and chemical properties 

of the samples from the Vertical Trench . Although all 

the samples upslope of sample 21 are gravelly, there is 

still a difference in the percent fines between the margins 

and the c entres. Cl a y values are genGrally less than 15%­

Sampl es lJ to l J D show the i ncrease of clay to depth 

presumably :from :frost processes and cryoturbation . There 
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is also some indication that ·this feature is also present 

in samples J8:1 to J8:J. 

There is no colour chang e in the various profiles 

( 2,5Y5/J) a1 though some surface samples sh01'l a slie;htly 

darker value pos sibly as a result of higher organic matter 

content. The pH of the profiles increases with depth. 

These high pH values may result from the high quantity of 

calcite in these features . or the le ssened influence of 

Organi.c mat ter. Samp les 10 and 16 are the only samples 

which show a slight acidic reaction. This may result from 

the nature of' the organic material on their surfaces or 
·, 
from possibl e animal contamination., The calciur.1 and 

a lkalinity values indicate a decreas e in their concentration 

with depth. Evaporation may cause the s·e ions to precipitate 

in the surface and near surface areas. 

Bulk density seems to increase with depth while 

liquid limit tends to decrease. Bulk density fi gures re­

flect the increased quantities of fines and the increased 

values of penetrability with depth. 

To detect any further contrasts in the ve.rtic.al 

Trench, the samples were classed into two groups: those 

samples from the polyg onal centres and those samples from 

the marg ins. Surface samples were included in the class 

of margin samples because of their high gravel contents. 

The averages for each property for each of these two clas ses 

http:ve.rtic.al
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were then determined. The r esult s are shown in Table JJ. 

Gravel and sand values are higher in the stone bo rders than 

in the centres whereas the organic matter content i s 

l o,ver . Moisture content is lower in the centre than in 

the border as are liquid limit , cation exchang e c apacity, 

c alcium and alkalinity. Bulk density , pH and e l ectrical 

c onductivity are higher in the c entre than at the margins . 

The o rganic matt er and textural dif:ferences may perhaps 

be related to the cryotur bic action which is responsible 

for moving the coE,rser particles to the surfa.c e and the 

margins and al s o move the organic matter to de1Jth in the 

margins. 

Profile development cons is ts only of an 11 0 11 organic 

layer underlain by a ," C" layer . The 11 0 11 l ayer was co mmon 

to the area but did not comp l etely cover the site. 1be 

stone borders had more organic cover than dic.l the polygon 

centres since soil moisture is more readily avai l able at 

the margins than in the centres and the cryogenic processes 

are le ss active a s well . Cryoturbation is t he most 

import ant . factor in explaining the absence of profile deve­

lopment since its c hurning action would tend to obliterate 

any evidence of horizonation. Cry.it urb at ion ·was proposed 

by Ugolini (1 96l) as the reason for lack of proI'ile deve­

loprnent in ac tive polyg ons. Vertical Trench profiles show 

http:surfa.ce
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no evid ence of pe d o g enic action other than t h e hi gh e r clay 

content at depth , the hi gh e r pH at depth and the con­

centrations of s rilt s a t the surfaces. 

Trend Surface Ana l y sis of Two Polyg ons 

The two polyg on s chos e n for t h is . study o:f varia­

bility of' properties within polygon features were the 

Lateral Trench (Plate 12) and Polyg on 1 (Pl a t e 1J). 

Polygon r was loc a ted a p proximately 4 0 0m north of the 

Lateral Trench (Figure lJ) o n the inland side of the 

beach ridge. The features revealed in the Lateral Trench . 

·, excavation se e me d to be les s active than Polyg on 1. The 

surface of its s tony borders was overlain by a large 

amount of organic matter and the ,,:hole central part of' the 

structure was dry and firm under a person's weight. Polyg on 

l, on the other hand, exhibited thixotropic· tend enci e s 1·1hen 

weight was a d ded to its surface. Also its surface had 

no organic matter. 
. 

Figures 19 and 20 represent cross-sectional dia­

grams of' the Lat e ral Trench and Polygon 1 respectively. 

Tables J4 and J5 illustrate the physical and chemical pro­

perties of the Lateral Trench and of Polyg on 1 respectively. 

The Lateral Trench has a larger amount of g ravel 

extending to dep th at its marg in t h an in its centre. 

There is a hi g h e r clay content with de p th · at its centre. 



PLATE 12. View of the Lateral Trench Polygon. Tape measure 

shows the scale. 



PLATE 13. Oblique view of Polygon 1. (See Figure 13 fo r 
location. ) 
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TABLE 34 

PHYSICAL 	AND CHEMICAL PROPERTIES 
OF THE LATERAL TRENCH 

T e x t u r e ( m, m.) 

Mois- Or- M. F . c. M. F . 
ture ganic Grav-	 Sand Sand Sand Silt Silt Silt ClaySample con- Nat­ eltent 	 ter - .5 .5- • 25r~ .05- .02­

·ot.. ) 2 	 . 005- <.002% -;<> 	 .25 .05 .02 .005 .002 

LTl 160 ~5 29.9 63.3 22 .9 21 . 9 18.1 7. L~ 7.4 11.1 11.2 

LT2 138 .1 32.5 46.6 27.2 16.1 11.3 3.3 3 • L~ 1 8 . 6 20.1 

LT3 84.5 2. L~ 74.7 l12 . 3 19.9 12.h 2.3 1.0 1L~. 2 7.9 

LT4 20 . 9 o.o .39 .3 20 . 9 14.8 12.2 11.9 11.6 12 .7 ll~ ~ 9 

LT5 ·, 11.7 o.s 75 . 2 32.7 22 .5 18.6 5.9 4.2 8.7 7.4 

LT6 20.6 1.7 56.6 27 . 4- 22.6 ll~. 7 9 .1 7.1 9.5 8 . 6 

LT7 24-. 3 o.o 63.2 25.3 21 .1 13.9 4.1 5.4 15.2 15.0 

LT8 18.1 o . 3 59 . 6 33.2 25.9 1.3.1 5.4 5.0 9 .1 8 .J 

LT9 15.9 o . o 56 . 3 25 . 4 18.5 ll~ . 0 11. 9 1 2 .3 10.1 7 . 8 

LTlO 4.6 34 . 9 57.9 31.9 23. L~ 1 !+ . 6 4 . 9 . Li-. 5 10 . 9 9 . 8 

LTll 9.9 0. 2 75 . 4 9 . 9 s .o 9.7 1 2 . 2 15.4 25 .5 21 .3 

LT12 8.7 0.7 86 .5 22 . 8 1 8 .5 10.s 5.6 7.4 18.2 1 6 .7 

LT13 7.J 1.6 BL~ . 2 2L~ . 6 18 . 2 13.4 7.9 9 . 7 J_J . 9 12.J 

LT14 13.6 1.0 60 . 6 27 . 8 21 .0 l]'. l~ 5 .7 6 . 9 12.0 lJ . 2 

LT15 14.9 1.0 54 .3 27 . 2 ]_9. 3 13.7 10.7 11. 9 12.5 8 . 7 

LT16 9.1 o.o 61 .7 26 . 2 17. 9 lJ. L~ 5.8 8 . 6 15.9 12.2 

LT17 10.8 o.o 52.7 24 . l 21 .0 14.1 9 . 6 8 .3 9 . 2 13 . 7 

LT18 9.1 o.o 6J . J 23 . 9 22 . 4 1 8 .9 7.9 5 . 2 10.3 11 . L~ 

LT19 13. 5 o.4 44 . 4 19 . 1~ 16.3 11.5 10 . 3 11 . 9 13.9 1 6 . 2 

LT20 9.2 0 . 5 88 .8 18 .1 18 . 2 13. 8 7 . 5 7 . 5 17.3 17 . 6 

LT2l 10.7 o.o 82 . 6 17 . J 13 . 8 9 .1 11.7 21 . 9 16.1 10.1 

LT22 10.5 o.o 84.9 22 . 2 25 . 9 15.8 8 . 4 5. Li 12. 6 9;. 7 
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TABLE Jl~ (contd. ) 

T e x t u r e ( mm . ) 

Mois- Or- M. F. c. M. F. 
ture ganic Grav- Sand Sand Sand SiJ.t Silt Silt Clay

Sample con.: Mat-
tent ter el -.5 .5- . 25- .05- .02~ .005- < 002 

;, 2 .25 .05 .02 .005 .002 •'{o ~ 
LT2J 12.J o.o 73.8 26.9 15.9 12.4 9.5 9.4 11.7 14.2 

LT24 9.2 o.o 72.4 27.5 2.7 .4 15. l~ l~. 7 2.8 14.1 8.1 

LT25 12. l~ o.o 65.4 24.8 21.1 16.7 5.0 J.8 16.2 12. L~ 

LT26 10.1 o.o 60.6 26.1 21.8 14.8 7.5 J.6 8.1 18.1 

LT27 12.9 o.o 6~-. J 23.4 18.7 20.4 4.9 11.4 10. 8 15~3 

LT28 10.5 o.o 57.0 27.8 22.J 16.5 5.J J.5 17.0 7.6 

-LT29 13.0 o.o 58.4 26.9 19.5 13.9 6.5 7.1 15.2 _10.9 

LT30 11.6 o.o 85.5 22 .7 19.6 lJ.1 7.4 9.9 ]_2. 6 14.7 

LTJl 25.0 o.o 65.5 26.J 21.1 17.5 5.2 7.6 15.1 7.2 

LT32 10.7 o.o 73.0 3 4.8 2?..4 1 8 .7 5.8 J.2 1 0 .2 l1. 9 

LTJJ 9.3 o.o 6J_. 6 25.1 20.2 12.6 9.5 8.3 12.7 11.6 

LT31J. 11.0 o.o 66.2 20.9 21. l~ 17.0 8. 6. 8 .3 10.7 lJ.l 

LTJ5 11.9 o.o 65.8 28. l~ 29.5 15.9 7.6 5.9 5.9 6.8 

LTJ6 15.9 o.o 46.9 22.1 21.1 19.2 5.2 l~. 8 10.5 17.1 

LTJ7 15.4 o.o 49.2 27.5 18 .6 13.3 12.9 11.9 9.7 6.9 

LTJ8 lJ.O o.o 53.3 23.9 26.3 22.3 3.9 4.5 10.4 8.7 

LTJ9 13.2 o.o 78.8 25 .7 2L~. 2 19.5 6.9 6.6 7.J 9.8 

LT40 lJ. ~3 o.o 75.7 24.9 18.9 18.1 9.8 8.2 6.2 13.9 

LT41 1L~ .1 o.o . 59.3 22.6 23.7 18 .5 7.J 8.1 7. q. 12.4 

LT42 11.9 o.o 66.1 25 .9 26.2 15.5 8.7 5.5 6.6 11.G 

LThJ 8.7 o.o 73.7 24.7 22.5 22.1 6.8 2.5 11.6 9.8 

http:25-.05-.02
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TABLE J4 (contd.) 

Sample 
Bulk 

Density 
gm./cc. 

Liquid 
Limit 

% 
pH 

E. c. 
mmhos/ 

cm 
25°·c. 

CEC. 
rneq / 
100 g m 

Ca 

ppm 

H2co3 
ppm. 

LTl 1. 01 54.1 6.65 1.0 12.6 152 .5 181.9 
LT2 1.52 26.6 7.05 3.9 9.4 · 47 .5 82.8 

LT3 1.82 35.7 7.55 2.3 9.2 77.5 192.3 
LT4 1.71 25.2 8 .05 2.3 7.h 32.5 106.7 

LT5 1.91 36.9 7.95 2.9 7.6 57.5 137.9 
LT6 1.51 26.7 7.75 2.6 9.2 63.5 1!.1-6 •. 2 

LT7 l. L1.2 27.3 7.25 1.16 Lt-. 4 152.5 279.8 
LT8 1.52 31.4 8.05 3.J 10.0 L1-7 • 5 120.4 

tT9 1.65 32 . 1 7.90 5.4 5.8 32.5 72.3 
LTlO 1.49 52 . 5 6.95 11.6 13.6 182.5 309,5 
LTll 1.19 41.1 7.85 1.9 5.4 97.5 200.7 
Lr.Cl2 1.93 51.1 8.25 19.5 12.0 77 . 5 169.9 
LT13 1.54 2l1-. 9 8.JO 2.9 7.0 67.5 1L1-l1-. 9 

LT14 1.86 27 . 6 8 . JO 6 .o 10.2 27 .5 69.0 

LTl5 1.57 30.0 8 .15 5.8 9.8 37 . 5 61.1 

LT16 1.73 24.9 8 . 20 7.6 7.2 17.5 l1-5. 8 

LT17 1.88 27.2 8 . 25 6.o 7.6 1'­_. 5 8.3 
LTl8 1.61 Jl . J 8 . 65 10.4 8 . 2 7.5 18 .4 

LT19 1.68 32.1 8.35 8.2 4.6 22 .5 31.6 

LT20 1.91 49.8 8.JO 3.6 12.8 l1-7 . 5 74.9 
LT21 1.38 46. 7 . 8.20 6 . o 10.4 32 .5 48.8 

LT22 1.74 4J.6 8 . 40 8 .0 14. 8 32 .5 34.5 
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TABLE 3 4 (contd .) 

E. c.Bulk Liquid CEC .
Sample pH mmhos/ Ca H co3Density Linli t meq/ 2 .c m gm. /cc. % 100 gm ppm ppm.

25°c. 

LT23 le36 37.5 8.60 8.4 4. l~ 7.5 13.9 

LT24 1.92 29.6 8 .75 14.o 1.6 8.5 15. 1 

LT25 1.50 30. 8 8.55 ll.8 9.8 37.5 64 . 2 

LT26 1.79 28.6 8.45 12. s 6.6 27.5 19.9 

LT27 1.70 32 .6 8.55 12.4 1 l~. Ii. 12.5 26 .3 

LT2e. 1. 67 28.5 8 . 65 14. L~ 4.2 17.5 21.0 

LT29 1.58 Jl. I+ 8.70 7.0 7.6 17.5 18 .1 

LT30 1.78 L~ 9 . 6 8.60 8.9 7. 8 37.5 46 . 5 

L'f31 1. 81 J2. 8 8.oo 15.5 9. lJ. 37 .5 102.0 

LT32 1.39 25.2 8 . 60 13.0 5.6 17.5 45.0 

LT33 1.79 20.8 8 . 85 10.6 5. 8 22. 5 42.8 

LT34 1. 67 28.2 8.55 6.4 8.8 37 .5 67 .9 

LT35 1.76 26 . 9 8 . 45 18.0 7. 8' 27 .5 31.9 

LTJ6 1.52 30.0 8.45 11.8 9.6 27.5 Jl.8 

LT37 1.54 26 • r/ 8.55 6.6 5.8 32 .5 65.1 

LTJ8 1.38 27.6 8.60 17.0 7.8 27.5 65.1 

LT39 1.58 39.3 8.60 10.0 11. l~ 27.5 62.1 

LT40 1.52 Lw.9 8.60 11.6 12. 8 22.5 54.1 

LT41 1.55 29 .5 8 .45 14.2 9. L~ 17.5 49.1 

LT42 1.71 33.6 8.60 15.5 5.4 22.5 5lJ.• 1 

LTL~3 1. 95 31 .L~ 8 .70 9.2 9.6 32 .5 61.1 

.. 
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TABLE 35 

PHYiSICAL AND CHEMICAL PROPERTIES OF POLYGON l 

T e x t u r e ( m rn . ) 

Nois- c. M. F. c. M. F . 
ture Grav- Sand Sand Sand Silt Silt SiltSam- O. H. Claycon- el 2-.5 .5- . 25- .05- .02- .005­

ple tent % >2 .25 .05 .02 .005 . 002 <.002 
% 

l .6 .2 o.o 91.7 12.4 11.3 15.2 13 .9 14.9 17.9 17.lJ. 
2 16.1 o.o 4?.. 8 15. 4 15.7 lJ.8 15.4 16.0 12.6 11.1 

3 11.5 o.o 39.9 24 .L~ 18 . L~ 15.3 8 . 8 7. 8 J_O . 2 15.1 
4 12.3 o.o 39 • L~ 14.9 14.7 12.7 12.4 15.5 14.9 4.9 

5 10.7 o.o 50.9 17.7 16.7 18 .2 13.5 23.0 10.9 8.9 
-q 13.2 o.o 40.7 17.9 19.3 15. 2 12 .9 12. 2 9.9 12.6 

7 13.5 o.o 39.5 13.9 11.2 11.8 12 . 9 13.0 17. L~ 19.8 
8 14.o 1.1 87. 8 20.3 19. 8 17.4 . 9. 9 10.3 9 . 6 12.7 

9 1L1.• 9 1. 4 91.9 17.9 19.7 18.6 8.6 8.1 12.0 15.1 
10 23.6 o. o 8J . • 3 13. 9 13.7 12 .2 9 .6 1L~. 2 17 .5 18.7 
11 11. 8 o.o 74.8 11. 8 11.1 13. 2 12 .. 7 17.6 14.3 19.3 
12 9.8 o.o 53.4 18 .7 23.5 19 .1 6.4 5.1 11.1 16 .1 

13 11.0 o.o 37.1 22.7 21$1 15.9 7. 9 10.1 9 .1 13. 2 
14 11.4 o.3 lIO. 5 20.1 17.3 15.3 9.7 10. 4 11 . 6 15. 6 
15 16.3 o.4 13.1 14.3 13.3 1"L~ . 3 16 . 9 18.4 lJ.9 8 . 6 
16 3.5 o.o 88 .5 30.7 29.6 24.4 5.1 2.7 3.3 4.2 
17 s.o o.4 76.0 17. 9 17.7 16.J 9.0 10.2 11.3 17.6 
18 18.4 o.o 37.7 22.7 24.8 2L~ • L~ 7.8 8.0 6 . 9 13. 2 

19 2.8 o.o 39 .8 19.7 20.1 18 .1 8.9 8.3 9 .7 15.2 
20 12.8 o.3 18.1 19. 8 15.3 11. 8 10. 8 12.4 12 .7 17. 2 
21 11.0 0.3 29.8 19.7 19.9 18 .l 10.2 s.7 9.1 1L~. 3 

22 9.4 o.o 46 .4 27.9 24 .9 14.9 7.2 7. 9 7 • L~ 9 . 8 

2.3 10.8 o.o 17.5 22.6 27.2 19.3 9.1 6.6 5 .1 · 10.1 

http:5-.25-.05-.02
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TABLE 35 (contdo) 

E.C. C.E.CBulk Liquid 
Sample Density Lindt pH mmhos me~/ ' Ca H2C03 

per -cm. 100 P.Pm J?Pmgm./cc. % 25°c. gm . 

l l.64 30.5 8.55 .3 .8 5.6 17.5 102 .9 
2 l. 9Z4­ 20.8 8.55 5.4 5.2 12.5 66.9 

J 1.83 16.8 8.60 6.9 J.6 17.5 J7.3 
4 1.69 17.4 8,65 5.6 4.2 12.5 63.5 

5 1.87 19.2 8.70 5.8 4.6 11.t-. 8 54.l 
6 1.71+ 16.5 8.70 6.1 4.6 27.5 Lu_• 6 

7 1.13 19.3 8.45 5.1 5.2 J2.5 58.4 
8 1.52 34.J 8.oo 7.4 i5 • L~ 292.5 450.Z4­

9 l.4J 32.7 8.Z4-5 9.2 3.4 192.5 277. L~ 

10 l.81 24.6 8. L~ 5 4.8 4.4 L~2. 5 57.9 
11 1.78 27.9 8.65 8.5 6.6 17.5 20.5 
12 1.83 19.8 8.80 8.2 6.o 27.5 L~7 • J 
13 1.38 13.7 8.90 9.0 5. l1. 27.5 53.2 
14 1.89 18 .0 8.75 6. L~ L~ • 2 17.5 39.4 
15 1.83 19.5 8.70 7.0 3.8 22.5 45.0 
16 l. 3L~ 23.8 -s.60 11.9 5.0 8.5 16.4 

17 1.66 22.7 8.90 ·7 .o 3.8 22.5 43.6 
18 1.87 14.7 8.75 9.6 4.o 27.5 41.6 

19 l.86 15.1 8.70 7. l~ 4,o 22.5 46.6 
20 1.92 17.2 8.65 8 .L~ 3.2 27.5 46~7 
21 1.70 19. 6' 8.45 6.8 4.o 22.5 27.9 
22 1.96 15.9 8.50 6.8 h.4 22.5 29.8 
23 l.86 1L~. 4 8.80 7.0 3.0 37.5 56.8 
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However there is no clay increase with depth in the stone 

margins of the La teral T·rench perhaps the resu lt of the 

erosive capacity of flo,ving water . vrhich is canalized 

along its margins. Bulk density and liq.ui d limit increase 

with dept~1. due to the increased amount of fines or com­

paction at d epth. 

The analyses of' Polygon 1 (Table J5 ) ·als o -show a . 

greater cont ent of gravel in the stone margins than in 

the centre. There is also an incre a se in clay content 

with incre as ing depth except in the stone borders for 

reasons mentioned above. There is a tendency for bulk 

·, 
density to increase towards the c entre and to depth in 

' 
Polyg on 1. There is a similar slight decrease in liquid 

limit with depth and horizontally towards the centre. The 

pH I s . o:f Poly6-on 1 show no signific ant change with depth. 

Calcium . and alkalinity values are highest at the stone 

border surfa ces and decrease with depth as well as touards 

the centre of the polygon a s a result of the same pro­

c es s as for the Lateral Trench. 

Trend . Surface Analysis Results 

It was thought that the applic a tion of a canonical 

trend surfa ce analysis (using the procedure outlined in 

Chapter II on an CDC 6400 computer) to the variates of 

the two polygons would allow the variates important in 
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the formation of the polygons to be determined ru-1d the 

sampling of polyg ons for future stud ies could the reby be 

reduced. Forty samples f'ro m t h e Lateral Trench were used 

in the analysis with samples 41 to 4J omitted since their 

locations were at too g re a t a dist ance from t h e other samp les 

and their posi t ion s were too c lo s e tog ether to give an 

accur ate tren d a t t h is depth . The v ari a t es used in the 

ana lysi s are listed as follows: 

A) grave l ( per c ent) 
IIB) sand ( ) 


c) sil t ( )
" 
IID) cla y ( ) 


E ) moistur e con tent 


F) o rganic matter content ·( % using hyd rogen p e rox ide) 


G) bulk density 


H) liq uid limit ( percent ) 


I) pH 


J) ele ctr i cal conductivi t y 


K) cation e x change c apacity 


L) c a lc i u m ion (p. p . m.) 


M) alkalinity ( p . p . m.) 


I n p ast research , c hemical p a r~meters were 

ov e r looked i n polygonal fo rmation a l t ll ough t b.c: writer fee l s 

t hat t he se may i nfluence o r reflect some o f the mc c b.anical 

p ara,;1e ters . 

In t he f i r s t r un u sing all the v~riates , the Lateral 

Trenc h d isplayed a c anonic a l root o f • 96L1.3 ( 101- probability 
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t hat the r esult i ng trend is du e to error) . I ts ass o ciated 

c anoni c al variates were ( letters correspond· to the variates 

in t he above l ist ): 

U = 	 .199A + . 197B + .007C + .0L~50 - . 2h8E - .059F 

+ .OJ2G - . 172H + . 206I + . 067J + . 047K + . 61 JL 

+ .6JlN. 

and V = . 4590:{ - .88J8Y - . OOJ7X2 - . 0056XY + .0905Y2 

+ .ooozxy2 - . 0019Y3 . 

The first canonical · root ( Figure 2J_) explains the v ariate s 

c alcium and aJ_k a lini ty. The second c anoni cal root wn.s 

. 9327 ( 15% probability t hat t he t rend is due to chance ) 

wi th ass oc iated equ at i ons : 

U = . 629A + . 61 6B + .1J2C + .150D - . 092E -.202'JJ' + .Oll~G 

- . 117H - .J29I - .029J + .02JK - . 098L + . 050N . 

and v - - . L~973x + . 86J2Y + . 0054x2 + . 0155xy - . 0807y2 

- .0001X2Y + . 0012YJ . 

This lat te r root ( fi gure 22 ) exp l ains v ar i a tions of' the 

variates g ravel cu1d sand o The other v a riates co n tri bute 

l ittle tci the trend . Similarly for Polyg on 1, the first 

c ano~ical root was . 9792 ( 5% prob ability tha t this trend 

was a r esult of c hance ) . It s associat e d e quat ions were: 

u 	= • L~49A -· .090B + .288C .08 0D + .lOOE + .152F 

- • 2L~J.G - .OJlH - . 15JI - . 0 8 JJ + .021K + • li-79L 

- .591M. 

arid 	v = - . 7J59X + . 6769Y + .0026x2 + .OOJ5XY - .0172y 2 



FIGURE 21. THE TREND OF THE FIRST CANONICAL ROOT (.9s43) USING All THE VARIATES 
FOR THE LATERAL TRENCH, 
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FIGURE 22. The trend of the 2nd canonical root (.9327) using all the variates of the LATERAL TRENCH. 
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The above canonic al root ( fie;ure 2J ) explains va1'iations 

of the variates gravel , c alcium and alkal:Lrii ty whereas 

the second canonical root (. 9259-15% probability that t he 

trend is due to chanc e ) explains variations of g ravel, 

sand, cl ay, calcium and alkalinity ( Figure 24). Its 

a ssoci a ted equations are as follows: 

u = 	 - .720A - . J12B - .121c - .JJ8D - .08JE - .00 8F 

- ,05JG - .080H - .1L~lI - .OJlJ + .OJJK + . 296L 

- • 36m.1. 
r) 

and v = . 29JOX + . 956lY - .0001x2 - . oo46x Y - • 005 8Y "°' 

The other variates do not contribute to t h e treJ1d. 

Two subsequent computer runs were made :for each 

polyg on: · one u sing the contributing v arintes and the other 

using the non-contribut ing var iates . The re ~c: ult for the 

Lateral Trench using the dominant var.iatcs prod uced a 

c anonical root of • 9417 ( 15% probability that tilis r-2sul tcd 

fro m chance ) . Its associa t ed c anonical variate s were: 

U = - .Ol2A + .115B - . 62 8 L + .769M 
0 	 0 

and v = - .2035x + .9732y · + .0016x,:;. + .OOJ8XY - .102oy"­

- • 0001X2Y + • 0007XY2 + • OOJl~yJ . 

The second c a nonical root ( . 8951-1 5% prob ability of clrnnce) 

had the follo wing can onic a l v a riat e s: 

U = . 257A + . 601B + .SSJL - .51 7N. 

and V = .J691x + .9284Y - . OOJOX2 - .OJ7J Xf - .0212Y2 

+ . OOOJ )-;::2y + . 0012XY2 - .OOOlYJ . 
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FIGURE 23. The trend of t~e 1st canonical root (.9792) using a! I the variates of Polygon 1. 
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FIGURE 24. The trend of the 2nd canonical root (.9259) us:ng ail the variates of Polygon 1. 
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The first canonical root (figure 25) explains variations 

o:f sand, calcium, and alkalinity whereas the second 

canonical root (figure 26) explains variations of the same 

variates. Thu s gravel is of minor importance ·in the 

dominant v ariates. Using the non-c ontributing variates 

for the Lateral Trench, the first c anonical root was .9395 

(15% probability that this trend ivas due to chance). 

Its associated variates were : 

U = - .05JC + .251D + .JJ2E - .221F + .002G + .429H 

- .7J9I - .156J - .144K. 

and v = - .2523x + .96L~9y + .oo4sx2 - .0011 xY -.0722y2 

+ .001 X2Y - · .OOOJXY2 .+ .0015YJ 

The second canonical root (.8708-20% probability due to 

chance ) h ad the following associated c anonical variates : 

U = - .051C + .160D + .llOE + .JOOF - .059G + .585H 

+ .718I - .o44J - .o84K 

and v = .6553x - .7509y - .0056x2 - .019oxy + .0804Y2 

+ • 0002X2Y, - • 0002XY2 - • OOJ.lY.J. 

The first canonical root (figure 27) explains the var i ations 

of pH and liquid limit while the second canonic a l root 

(figure 28) explains v ariations o f liquid limit and 

organic matter • 

The r esult of the run using the dominant variates 

for Polyg on l gave a ca..."'"lonical root of. 9lJ.62 (10% probabil .i ty 



FIG URE 25.The trend of the 1st cano nical root ( .9417) using the domina nt variat e s for the 

Latera l Trench 
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FIGURE 26- The trend of the 2nd canonical root (.8951) using the dominant variates for the 

Lateral Trench. 
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FIGU E 27, THE TREND OF THE FIRST CANONICAL ROOT(. 9395) USING THE 

0 11-CONTRIBUTING VARIATE S OF THE LATERAL TRENCH 
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FIGURE 28. The trend of the secontl canonical root (. 8708) using the non· con.tr i b u -

t i ng var i a t e s of t he Lat er a I Tr eh c h. 
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t hat the tr'"nd uas due to chance ) . Its c orresponding 


c anonical variates were : 


U = - .282A + . 5l9B - .JJOD - .628L + . J 8 5M 


2 2 ­
a nd V = .01 84X - . 9995y + . OOOlX + .oo45xy + . 0247y 


- . 0 0 1A'Y2 - .0001YJ 


I ts s e cond c anoni c al root was · . 81-1-5 7 ( 20% p r obability t hat 


the t r e nd was due t o chance ) with the asso c iated c anoni c a l 


v ari ates : 


U = - .lJ9A + . 008B + . 2 59D - . 456L + . 840M. 


and V = • JJ15X + • 9 l.i-JJY. - •00.11X2 - • Ol07A'Y - • 0108Y2 


2

+ .OOOlXY 

The first c anonical root ( fi gure 29 ) explained variations 

o f s and clay , c al c ium and alkalinity whi l e the sec ond 

c anoni c al root expl ained variations of c alcium and alkalinity 

- ( f i gure J O). The t rend o f the non-contributing vari a tes 

for Poly gon l produced a c anonical root of . 9659 ( 1 0% 

p robability that this ,.,ras a resul t o f chance ) . Its cor­

r esponding canonical variates were: 

U 	= - .l61 C + . 256E - . 1 62F - . OJ8G + . SOJH + . 706I 

- . 0 98J - . JJBK 

and v = - . 2715x - . 962J Y + .0012x 2 + .• 0077x.y + .0171Y2 

- .001 XY2 - .0001YJ 

The second canonical root for the non-contributing var iate s 



FIGURE 29, The trend of the first canonical roo t (.9462) using the dominant 

v a r i a t e s f o r P o.l y g o n 1 . 
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FIGURE 30. The trend of the second canonical root (.3457 ) using the dominant 

voria te s f or Polygon 1. 
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,-1as • 9598 (10 ~~ prob ability due to ch~.ce ) ,vi th the a ssoci a ted 

c anonic al vari a tes : 

U = - .o49c + .JJJE + .02 6F - .455G + . 818H + . 07JI 

- .062J - .OJ9K 

and V = - .J517X 	 - .9J51Y. + .0001X2 + .0026)..'Y + .Ol-J. J9Y2 

2 3 - • OOOlXY - • 0006Y • . 

The f irs t canonic a l r oot expl ained vari at i ons o f' liquid 

limi t, p H, and el e c trical con duct i vity (fi ~ure 31), where­

as the s e c ond c ano n ica l r o o t e x p l ained v ariat ions of' 

moisture . , bulk density and liquid limit (figure 32). 

The r esultin g t rend u s ing a l l the v ariates o f t he 

Lateral Tren ch i l lustrat ed a typ ical c r o s s-sec tion o f a 

polyg on as r e l a ted to t extur e ( g rave l s on t he bord e r and 

surfa c e-f i gu r e 2l ) e Th e t rend u s i n g t h e c ontributine 

v ari a_t e s f o r t he La teral Trench wa s much more complex 

showin g a low area i n t h e l ower l eft-hanc1 s e c tion ( f i gure 

25). A " saddle" s hape a ppeared in t h e right-hand sector 

wh ich c ompare d well ,vi th the second canonic a l ro o t u s ing 

all t h e v ari ates ( fi gure 2 2 )& Using the non - c on tribut i ng 

v a riates fo r t h e La t e ral T r ench , a low a r e a was illus trated 

in the same sec tion as t h a t f o r the d ominant v ari ates 

( fi gure 27 ). Howe v e r i ts overall p a ttern more clo sely 

approx i ma ted the run u s ing a ll the v ari ate s t h an did t he 

run u s :i.ng t he d ominant v ari a tes . Th e s addl e sha p e o f t he 

sec ond t rend u s ing a ll t he v ar i ates ( fi gure 22 ) wa s more 



FIGURE 31. The trend 'c)f the first ca nonica I root {.9659) using the nqn-cqntributing 

var iates a f .Po lygon 1. 
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FIGURE 32. THE TREND OF THE SECOND CANONICAL ROOT (.9598) USING THE NONCON­
TRIBUTING VARIATES OF POLYGON 1. 
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closely repeated by t h e se cond trend using the non-con­

tributing var i ates ( :fi gure 28 ) than by t he second trend 

using the contribut ing variates ( fi gure 26). This would 

seem to imply that g rave l, s and, pH, liquid limi t, organic 

matter, c a lcium, and alkalinity h ave some relevan ce in 

t he resulting trend of t he Lateral Tren ch. 

As in the c as e of t he Late r a l T rench , the re sulting 

trend o f al l t he v ari ates for Poly g on 1 approx i mated the 

cross-section o f a "typic a l" polyg on ( fi gure 2J ). The 

p attern was duplicated in the first c anonical root of the 

trend of the contribut ing variates ( fi gure 29 ) . but , there 

was no similarity i n the resultini trend o f t he first 

c anonical root using the non-qontributing variates ( :figure 

Jl). In ana lyzing the trend surfaces of the s e cond 

c anonical roots , t here i s some similarity i n t he l e:ft ­

h and s e c tors of t he trend s for all t he variates and the 

contributing vari ates ( fi gures 24 and JO). Th e trend of' 

t he second c ~monic a l root u s i n g the non-contributing 

v ariates illustrated a " saddl e ". There were s ome s i milar ities 

between this trend and the trends o f the second c a n onic al 

roots above , a g ain loc a ted in the left-ha nd s e ctor ( fi gure 

32). It would t h u s appear tha t the non- con t r i b u t ing 

variates , unlike tho s e of the La teral Trench , h ave no 

influence on the re s ulting trend s. It i s conclude d t hat 
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gravel , sand, cl ay , calcium and alkalinity arc the only 

contributing variates for Po lygon 1 . 

Conclusions of t he Trend Surface An<3;.lysis 

Unfortunately, the apparent difference in the 

Lctivity of the two polygons was not conclusively proved 

usine this type of analysiso However , the differences in 

~he impo rtance of' the varia tes organi c matter and pH may 

be explained by the greater inactivity of the Lateral 

T rencho If the Lateral Trench were ·acti~e , its instability 

would l ikely hinder the development 0 1' plant species, and 

also the vertical differentiation of pH. Org ani c matter 

was not dete c ted in Polygon 1 so that no statistical com­

parison could be ma de using this variate. The pH would 

therefore be the only variate on w:1ich to b a se an expla­

nation of the differing c haracters of the two polygons. 

Meaningful results could not be dra1.111. from this one 

v ariate alone. 

This study is by no means complete but it seems 

to h ave indic ated several dominant variates common to the 

two polyg ons analyzed . Since the parent mate r ial of these 

two featur e s is limestone deb~is in the f o rm of beac h 

gravels it would influence t h e hi e h values of calcium 

and alkalinity as compared to areas of igneous or meta­

morphic rocks. As a result, these two variates should be 
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remove d i f this method o r analyzing polyg ons is to be 

applied else1'lhere. It ·would appear t hat t exture ( eravel, 

sand, silt and clay ) is the dominant aspect of the re­

sul tin g trends and as s u ch should be given more weight 

in fu t u re anal yses . 
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CHAPTER VI 

CONCLUSIONS 

1) Soils 

The . soils of' Southwest Devon Island show little 

prof'ile development both in the coastal lowlands and the 

plateau areas o Profil e d evelopment or, more correctly, 

textural differentiation on the South Plateau is restricted 

to increased clay content and decreased g ravel con tent with 

d epth . However these features are present only i n some o f 

the soils of the South Plateau. T'hese soils derive their 

c haracteristics directly from the parent rock and display no 

r eal profile development .. Therefore the soils of the South 

Pl a teau are Lithosolic in origino 

The soils o:f Caswell Tower.. sho,,; profile deve lopment 

similar to t he so il unit s of South Plateau . Very little 

organic matter was present in these or the South Plateau 

soils. There i s some increase o f clay wi th depth as ,-iell 

as some colour cha.11.ges . However it i s thought that these 

differences in colour are a result of differences in moisture 

c ontent rather than b eing indicative of v ariations in the 

i ntensity of weathering .. 

The soils of the coastal lowlands shou more evidence 

of p edog enic alteration and in some cases have 2 to J inches 

180. 
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of complete in situ organic cover. However most of these 

soils illustrate . only minor or no profile development. In 

some of these soils, colour changes at the permafrost tab1e 

indicate that gleying is present in the lower thawed 

layers and i n the permanently frozen material. No mottles 

are present in the gleyed layers which would i ndic ate 

seasona l or periodical aeration or waterlogging . Increase 

o:f clays with depth is also a :feature of some of the soil 

profiles o:f t he coastal lowlands . Only partial decom­

position of organic matter was present in these soils, 

this :fibrosity being a :further indication of the incipient 

nature of the pedogenic processes. 

Drainage samples colle cted from some of these 

soils also reflect this incipient degree o:f s oil deve-· 

lopment. The higher v a l ues of the measured c ations (ca++, 

Mg++, Cl - , NOJ-) and t h e lo,rnr pH :found in the permafrost 

drainag e samples may result from a past pedologic in­

:fluence which could possibly be as9ribed to the post-

glacial climatic optimum . In this regard it could be 

assumed that depth to permafrost was g reater and tern­

peratures were possibly higher than at present. Thus 

the weathering c apabil ities under such a regim~ would 

be higher with greater mobilizat ion of div a lent c a tions 

which would have accumulated at a d epth n ow permanently 

:frozen . 
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2) _9hemical Alteration iJi.-.!.he Area 

The degree o :f c hemi c al a l teration :found i n t h .::.,se 

soils is e x t r e mely low. Resu l t s indicat e tha t only Ca ++ • is 

mobilized to any signific a nt d e gre e in the soil ( see Drain­

a g e Samp les from a Me ado1,r .Tundra Soil in Chapter II). 

The Ca ++ ion is t hen t ransported b y e ither s urface or sub ­

surface dra i nage wa t ers to s t reams. The s t ream ,vat ers 

show no i ncrease in t he Ca ++ i on c oncentration downstream 

indic ating t h at no fur the r Ca++ mobilization is occur~ ing 

within the stre ams themselves . 

Ther e i s some exter nal supply of i ons :from the sea 

in t he fo rm of air- born sea spray. It i s concluded in 

Chapter I I that t hi s pro cess is responsible f o r the dominant 

suppl y of chloride ions to the study area since prec ipi­

tation sampl es c ontain Cl c oncentrations ,1lli c h are slightly 

g r eat er t han t he drainage samples . . The bedrock anal yses 

( Chapter I ) show no c hlori de i on content exc ept that l ocated 

in t he chlorite c lay minerals . However i t has been shown 

in Chapter II that no observable weathering of these clay 

minerals is present. 

The source of the moisture in the drainag e seeps 

at the base of the South Plateau scarp is either melt-

water from perennial snoubanks o r a mixture of precipitation 

and permafrost me l tHater originating within t h e talus or 

or on the South Plateau. 

http:iJi.-.!.he
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3) Polygonal and Patterned Ground 

It has been shown in Chapter IV that patterne d 

ground features, traditionally geomorphic phenomena , . may_ 

be analyzed and described as if they were pedogenic fe a tures. 

As the slight slope (~4°) on which these have formed de­

creases, their size increases . and their leng th-width ratios. 

decrease. 

Ske,vne$S and kurtosis values of the grain size 


distribution from one polyg on have shown that the samples 


obtained and ana lyzed from the polygonal centre are well ­


sorted with a near- normal distributi6n whereas the samp les 


·, from the marg ins dispJ.ay a non-norma l distribution. This 

may result froni frost processes which tend to sort the 

material moving the coarse material ( gravels ) to the sur­

face .and marg ins and thus produce a well·-sorted polyg on 

centre. 

Use of trac e r dye showed that the flow of water 

in the polyg onal patterned ground ,vas g re a ter in the marg ins 

than in . the central sections o f these features as a result 

of the low permeability of the silt and clay centres. 

This may explain the presence o f' orga ni c mat t er found 

on the surface of t h e polyg onal marg ins. 

The canonical trend surface analysis has deter­


mined that texture is the dominant pedomorphic feature in 
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explaining the cross-sectional shape of polygonal features. 

For further investigations it is concluded that this 

variate ( gravel, sand, silt and clay) is the main one to 


be considered for analysis. 


~) The Terrai_n Ha.E, 

The pedomorphic units illus trated in the terrain 

map of the area (Figure S , Chapter III) ar~ defined by 

surface texture , degree of ,vetting and organi c cover,. . The 

soils of the coastal lowland or19 i:nat ed from a l arge variety 

of geo mor~hic processes ~nd as such are c haracterized by 

an extremely complex assemblage of surface condit ions where­

-., as the soils· located on the plateaux are relatively uni-­

form having b e en derived by f r ost processes f rom local 

bedrock. Organic cover is almost completely absent on the 

plateau surface resulting in the dominance of mineral soils 

associat~d with s orted forms of pat terned ground 1iliereas 

the coastal lowl and displays some organi c cover particularly 

in the Meadow Tundra . soil. Within the coastal lowlands , 

continuous permafrost and numerous depressions resulted in 

a predominance of poor drainage, even on grave l beach sur­

faces at lcw l evel~ . Thus it may be possible, if not 

desirable, to equate these soils with the gene r ally p oorly-

drained tundra soils further south and term them cryaquentic 

soils., 
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APPEN.)IX 

6400 END OF RECORD 

C CANONICAL TH.END SUJc~FACE PROGRAJ.1 
C DEPARTMENT OF GEOGRAPHY 
C REVISED FROM P. J. L J<::;E PROGRAN FOTI I BN 7040 
C SUBROUT I NES REQUIRED ErIERVC , MATINV 
c 

REAL IPOLY 
DI}IBNSION Q ( 90J), R11(27,27),Il22(15,15), R12(27,15), 

lPRO ( 27, 15 ) ' PROl ( 1 5 , 15 ) , SUHSQ ( 42) , SU:1-I 
2 ( 42) , A( 9,9) . 

DIME NSION SIG ( JOO ) , E ( L~2 ) , DOT ( lO) , P4 2) , D ('-~2) ,NTRA 
l ( 15), NTYPE ( 15), POLY ( 50 , 50) , J3 ( JOO) , C (JOO), FNT ( 20) , 
2DH ( JOO, 17) ' TITLE ( 20) , YAHIAT ( 45 ), I P OLY ( 50 , 50), 
J RESIDU ( JOOJ , TEHM (27) , I'.1Al- ING (Joo,2) 

CO}lliON VEC (l5,l5 ), PR02 (15, 15) . 

. EQUIVALENCE (POLY, I P OLY ) 


DATA T ERn/ L~H x' 4H y' 4H :X:2' 4 H XY' l+H '{2' Lrn XJ, hH 
1 X2Y , L1I-I XY2 , Lrn YJ, Ln-r XL~ , Lj.}I XJY, LJ.I-LX2Y2, L~H XYJ , Lrn 
2Yl~ , Lm X5,l.J.H X4Y , L~HXJY2 ,4I-D~2YJ,Lrn XYL~,4.H Y5sll-l-I 
J X6 , 4H X5Y, Lmx L~Y2, l+r-D(JYJ, q.}L".:2Y2 , lrn XY5, l1.H Y6/ 

DAT.A DOT/2H 0,2H 2,2H J, 2H 4,211 5,2H 6,2H 7,2H 8 , 2H 9/ 
DATA S A?-11-'LE , I3LANK/ 2H * , 2H / 
RE~'ID ( 5 , 2 ) TITLE 

2 	 F0 ~~:1: . 1 ·; ( 20,~h I 
Ri~AD ( 5, 1) N , M, NTRA, NORDER , Fl!,ET 

1 	 FO R?•1AT ( I J ,2I2 , Il ,F8 .0 ) 

S =N 

WRITE (6,J) TITLE 


J 	 FORr-IAT(lIU , 20_' , 20AL~/ //) 

I F ( NTRA . EQ .O) GOTO lJ 

READ (5, 201 ) ( NTRA ( I ), NTYPE ( I ),I=l , MTRA ) 


201 FOH.HAT ( 26 ( I2 f I1 )) 

lJ NU=M*J 


RE.AD ( 5 , 6) ( VARIAT (I) , I=l,HU) 

6 	 F01:~·L 'i.T ( 1 8:\.4) 


RSAD ( 5 , 2 ) FH'l 

WRITE( 6, 999 ) fi,iT 


999 	F'Ol"?.i'lAT (II-IO , 201')~) 

Xl·fA.:~==-100 000. 0 

XMI:N=lOOOOO . O 
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YH.,.\.X=-100000. 0 
YtlIN=lOOOOO. 0 
H90=J'.l+27 
IM90=(27+M+1) * ( 2 7+M)/2 
DO 20 I=l ,H9 0 
SUM(I) =O .O 

20 	SUMSQ ( I)=O .O 

DO 21 I=l,IM90,l 


I 
21 Q(I) =O.,O 

DO lJl IS1-\JIPLE=l , N 
RE AD ( 5 , F i'-IT ) X , Y , ( D ( J ) , J =1 , J.1 ) 
I 1'' ( Ii.iTRA , EQ , 0) GOT O 11 
DO 15 ITRA=l. , FTH.A 
J TRA=NT RJ; ( I TRA ) 
KTYPE =KT YPE ( I TRA ) 

IF( KTYPE . EQ .l.OR . KTYPE . EQ.2 .0R . KTYPE . EQ .J.OR . KTYPE . 


l EQ . l~. OR . KTYPE . EQ . 5. OR . KTYPE . EQ . 6) GOTO 202 

19 WRITE ( 6 ,12) 

12 FORI.JAT ( l HO, JOH 1IIWNG CODE F OR TRANSFOJ.U•i.ATION) 


STOP 
202 GOT0(9,10,JOl,J02,JOJ,J04),h.TYPE 

9 D ( J 1'!:.A )=ASI1-I (S QRT( D(JT RA ))) 
GOTO 15 

10 D (JTRA ) =.ALOGlO ( D (JTRA)) 
GOTO 1 5 

301 D ( J 'I" 'A) =ALOGlO (D ( J r:: .A) +1. 0) 
GOl'O 15 

302 D(J'l'RA, =ALOG( D(JTRA )) 
GOTO 15 

JOJ D(JTRA)=ALOG( D(JTRA ) +l .O) 
3ol~ D (J·T=~A)::S QRT ( D (JTRA )) 

15 CONTINUE 

11 DO lG J=l,M 

l6 DNl ISA.I-IPL , J) =D ( J)


D:rl I SAH.t='L , M+ 1 ) =X 

DN IS Ar-~P L , J'.1+2) =Y 

XnAX=Ju :.\.Xl lx':Xi'·lAX ) 

Yk '...::{:=AL ,\) i .. l Y , YMA.,{) 

XNl N =_..\J..£I Nl X, ~HI N) 

YNIN=i-\NINl( Y , Yi\IIN ) 

DO lJO I=l ,l, ll 

SUM( I) =SU:iI (I) +D ( I) 


lJO SUI :SQ ( I ) = SUJ,lSQ (I) +D ( I) -Y: l) (I) 
lJl CONI'I rHJE 

DO 126 I=l , N 

http:XnAX=Ju:.\.Xl
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su1,JSQ ( I)::: SQnT ( ( S·X·SDHSQ (l) - ( SUN (I) ) ·X· *2 )/(s-:;. ( s-1.o))) 
126 SU}I ( I ) =SUN ( I )/s 

llRITE( 6 r 96 ) 
96 	FORH.AT ( lIU,JOX ,5H :i>IEAN ,5X ,19H STANDARD DEVIATION/ ) . 

I Vl=O 
DO 93 I=l, M 
I V=IVl+l 
I V1=1V+2 

9J WRITE ( 6 , 9 .5 ) ( ( VARI AT ( J) , J =IV , IVl ) , SUH ( I ) , SUNSQ (I) ) 
95 FORHAT ( lI-IO,lOX,J.A4,5X,FlO.J,7X,Fl2.J ) 

WRITE ( 6,106 ) 
106 	FOJ-U-.iAT (// / ) 

DO 127 J·=l, N 
DO 127 I=l,H 

127 	Dl'-I(J ,I)=( DN(J ,I)-SU11I(I) ) / SUNSQ(I ) 
DO 129 I=l , N90 

129 	SUN( l ) =o.o 
DO 8 IS=l , N 
DO 128 J=l , N 

128 	D(J)=DM ( IS , J) 
X=DN ( IS, M+l ) 
Y=DJ'.1 ( IS, i'-1 +2) 
L=r-1 
A( I ,1) =1.0 
DO 17 I=l,6 
DO 1 3 J:::1,1 
A(J,I+l)=A(J , l) *X 
L=L+l 

18 	D(L)=A(J,I+l) 

A(I+l,I+l)=A(I , I)*Y 

L=l+ l 


17 	D( L )=A( I+l,I+l ) 

DO 8 I=l,1'190 


22 	SUN (I)=SUM(I)+D(I) 

DO 8 J=l, J.19 0 

L= ( J-1) 1fJ /2+1 

Q(L)=Q( L)+D(J) *D (I) 


8 	 CONTI:,rnE 

DO 25 I =l , l'i90 

DO 25 I=l,l'I90 

K=(J-1) -'..:·J/2+1 


25 	Q( K ) = ( S·X-Q ( K )- SUH (I)·:.- s u H(J) )/( s-x· ( s-1 .0)) 

JJ::0 

WRITE ( 6 ,102 ) 1 
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102 	FOH.r-1AT (lHO,lOX,19H COVARI.,.\.NCE NATRIX ,lOX,21H THE 
l SAMPLE SIZE IS I5//) 


DO lOJ J=l,N 

K=O 

DO lOL~ I= 1, J 

KlbJ* ( J -1 ) / 2+1 

K=K+l 


104 	1<: ( K) = Q( KK ) 
J 2::JJ+l 
JJ::J2+2 
WRITE ( 6, 105) ( ( VARIAT ( Jl), Jl::J2, JJ) , (E(IU ), 

l KJ.=1 , K)) 
105 FORHAT ( lH0 , 5X,JA4 ,l5F7 .J) 
lOJ CONTI:NuE 

ROOT = 0.000 

ITEH.N=O 

i'IRITE ( 6, llJ ) 


113 FORHAT (lHl ,lOX,5JH R.SCORD OF SUCCESSIVE EVALUATION 
lTREN SURFACED EGREE///) 

125 	DO 27 NPOWETI=l, NOTIDER 
IPOWER=NPO'.-TER 
ITEffM:::IPOWER+ITERM+l 
I F ( M.GT . ITERM ) GOTO 37 
NL:::ITERH 
NR::i'l 
DO 32 I=l , NR 
DO J2 J =l , NJ. 
K=(J+N-l) * (J+N) / 2+1 

J 2 	 R12(J,l)=Q(k) 
3J 	 DO J 5 I =1 , NR 


DO J 5 ,J= l , NR 

L::J* (J-1)/2+1 

R22 ( I ,.J =Q( L ) 


J S 	 R22 ( J , I )=R22 ( I ,~ ) 

CALL NATINV ( R22 , NR ,15 , I EER ) 

I F ( IERR . EQ .O) GOTO 29 


J9 W!UTE ( 6 , J4 ) 

J4 FOTI.HAT ( I H0 , 451-I GEOLOGICAL VAIUATE }.ATRIX CANNOT 


IBE I NVERTED ) 

STOP 


29 	DO Jl I::l,NL 

DO Jl J=I , NL 

K:: ( J+ I-l) * (J+N)/2+l+M 

Rll ( I , J)=Q( K) 


Jl 	Rll ( J , I)=Rll (I,J ) 



189. 


-
CALL J\IATINV ( Rll, NL , 27, IElli.'1 ) 
I F (IEH.R . EQ.O ) GOTO J 6 

4J WRITE (6,JO) 
JO FORMAT(l .HO, L~2H X-Y COORDI NATES MATERIX CANN OT BE 

lINVERTED ) 

STOP 


37 NL=N 

NR=lTEEN 


I 
42 DO l.i-l~ I =l, NR 


DO 44 J"=l, NR 

K= (J+N-l) * (J+N)/2+l+M 

R22 (I,J )=Q( K) 

44 	R22 ( J , I ) =R22 ( I,J ) 

CALL J\1ATINV ( R22 , NR ,15, IEnR ) 

IF(IERR . EQ .I) GOTO 4J 


56 	DO 45 Id ,NL 

DO 45 J =l , NR 

K= (J+M-l J * (J+M)/2+1 


45 	R12( I , J ) :::Q ( K) 

DO L~O I:J,NL 

DO LW J:::l , NL 

K=J * (J-1) / 2+1 

Rll (,J) =Q( K) 


40 	Rll ( J,I)=Rll ( I,J) 

CAI L M..-\.Tnrv ( n.11 , NL , 27, I ERR ) 

IF ( I ERR .EQ.1 ) GOTO 39 


J6 	DO 46 I=l , NL 

DO 46 J =l , NR 

PRO(I,J) =O.O 

DO 46 K=l , NL 


46 	PRO ( I,J )=PRO ( I ,J) +Rll ( I , K) *Rl2 ( K,J) 

DO 47 I=l , NR 

DO 47 J =l,NR 

PROl ( I , J ) =O.O 

DO l~7 K=l, NL 


47 	PROl ( I , J ) =PROl (I, J ) +R12 ( K, I)*PRO(K,J) 

DO L~8 I=l , NR 

DO 48 J ::l , NR 

PR02(I,J ) =0~0 

DO 48 K=l , NR 


48 	PR02(I,J)=PR02(I,J)+R22 ( I , K) *PR01(K, J) 

DO 49 I=l , NR 

DO 49 J=l,NR 

VEC( I ,J) =O.O 

]-_ ,~ (I • T"' 

-1 ,!, • J) --·,c (1 t J) : .J., ~ ' 0.L ; ~ V L 	 oo 
49 	CONTINUE 

http:FORMAT(l.HO
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CALL EDERVC ( NR ,l, 200 , 0.0l ,O. OOl , l000.0 , 15,1 ) 
TENP= - lOO.O 
DO 50 J =l, NR 
IF(TENP . GT .PR02(J,J)) GOTO 50 
TEMP=PR02(J,J) 
JJ:J 

50 	CONTINUE 

CANOl'J=S ClRT ( PR0 2 ( J J , J J) ) 

DIF=CA.NON-ROOT 

ROOT:CA1~0 N 

WRITE ( 6,52 ) IPOWER ,ROOT 


5 2 FORNAT ( l H , lOX, 2l.J-H THE DEGREE I S EQUAL TO I 2 , 

l5X, 2JH 'fHE CAN01HCAL ROOT IS FlO . L1. ) 


I F ( DI F . LT . 0 . 05. OR . R_OOT . GE .O. 95000 ) GOTO 51 
27 CONTI:NUE 
5l WRITE ( 6, 53) IP01fER , ROOT 
53 FOIDIAT ( U -IO , lOX, 57H THE DEGREE OF T HE MOST PREDICT 

l ABLE SURFACE IS EQUAL TO I2, 3X, 48H TL.E CORRESPOUN 
2DI NG CANONICAL R.OOT IS EQUAL TO F7 . L~/ /) 


NRl=N'R-1 

DO 171 b l, NRl 

J'P:::I +l 

DO 171 J =JP NR 

I } ( PR02 ( I,I) . GE .PR02 (J,J)) GOT O 171 

,--,-..- ' In 1,1,o r1 (I I ) l J.!...i~ J.. = -\. c., - ' ­

PR02( I , I ) =Pll02 (J, J ) 

PR02 ( J ,J) =TBl1.P 

DO l74 K=l , NR 

TBJ\IP:VEC( K,J) 

VEC( K,J)=VEC ( K , I ) 


174 	 VEC( K,I)=TENP 
171 	 CONTirfUE 

TOT ALX=XNA..,'<: - XMIN 
TOTALY=YHi- X-YM:r:N 
I NDBX: TOTALT/TOTALX-r.50 . 0 
D,: LTA=TOTALX:/ 50 . 0 
TX=50.0/TOTALX 
TY:FLOAT ( I NDEX )/TOTALY 
DO 172 JJ=l, NR 
I NDi::Xl =l 
PR02 ( JJ , JJ ) =SQRT ( PR02 ( J J , J J)) 
WRI TE ( 6 ,17J ) PR0 2 ( JJ , JJ) 

173 Fom,1AT(lI-Il ,lOX , J7H TREND SURFACE FOH TEE CANONICAL 
l ROOT , 2X , F8 • L~/ /) 

WRI T£ ( 6 ,11 4 ) 

http:TOTALT/TOTALX-r.50
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11L1- FORr-I.AT ( lHO, lOX, J4H THE EQUATION OF TIIE TH.EN D 
lSURF ACE///) 


DO. 54 I=l, NL 

E (I) =O .O 

DO 51+ J=l,NR 


54 	E (I) =E (I)+PRO ( I,J ) *VEC (J,JJ) 

RR=O.O 

DO 55 I=l,NL 

E ( I ) =E ( I) / PR02 (JJ,JJ ) 


I 
55 RR=RR+E(I)*E(I) 


DO 57 I=l,NL 

57 E ( I)=E(I) / SQRT(RR ) 


I 	 JJ= O 
IF' ( },I. GT. I TElU-I) GOTO 5 9 
DO 60 J=l,M 
J 2=JJ+l 
JJ=J2 +2 

60 WRITE ( 6, .">8 ) ( VARIAT ( Jl), Jl=J2, JJ), VI :C ( J, J J ) 
58 FOHI'-Li\T (lH , 5X, JAi+ , J X , F6. J ) 

GOT O 112 
59 	DO J.J2 J =l, l\1 


J2=JJ+l 

JJ =J"2+2 


132 	WRITE(6,58 ) ( V1\.RIAT (Jl) ,Jl=J2, JJ) , E (J) 
112 	 !;0 6l~ I=l, T.T:CEi·I, 10 


I llIUl'.;-"I'=I +9 

LDlIT=ITERM 

IF ( ITJ..;Ri·l . GT . IPRINT) LDIIT=IPRI1IT 

HlUTE ( 6, 115) 


115 F 0 _,1'.:AT (//) 

WRITE ( 6, 62) ( T~ ~-Ri-I ( J) , J =I , LII,IJ:T ) 


62 FOI?.i\IAT ( l llO , 10 ( 6X , A4) ) 

I F ( N . GT . ITERN ) GOTO 65 


61 WRITE (6,6J) ( E (IK),IK=I,LI NIT ) 

6_J FORMAT (lHO , lOFlO.L~//) 


GOTO 6L~ 

65 WRITE (6, 6 J) ( v .2c(J,JJ),J=I , LILIT) 

6L~ CO~\JTD1UE 


WRITE ( 6,97) 
97 FO:UL\..T ( l lIO , lWH :NOTE =--;:l~Y2=X -'A- ·><-4·:<·y '-:· ·X-2 , X J::(·X· 0-:·3, .AHD 

l SO ON ) 
BSUr·l=O. 0 
CSur-1= 0 • 0 

BSS:::0.0 

C SS=O . O 

BCR=O .O 

DO 72 NSi~.NPL=l, N 

L=-0 
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A ( 1 9 1) = 1 . 0 

DO 73 I =l , POWER 

DO 7L~ J ::: l, I 

A( J , I+J_) =A (J, I ) ·*DN ( NSAJIPL , M+l) 

L=L+l 


74 	P ( L )=A ( J , I+l ) · 

A ( I+l , I+l ) =A( I , I ) -'l.·DJ·1( NSAMPL , 1'1+ 2 ) 

L=L+l 


73 P I L ) =A ( I+l, I+l ) 
108 B NSAMP L ) = O. O 

C NS .ANPL ) =0. 0 

I F ( M. GT . I TBRH ) GOTO 75 

DO 76 J = l , I TETIM 


7 6 I3 ( NSAJIPL ) =B ( NSAHP L ) +E ( J ) -x-p ( J ) 

DO 77 I =l , N 


77 C ( NSANPL ) =C ( NS A.:,.iPL ) + VBC ( I , J J ) *DN ( NS11J.IPL , I ) 

GOTO 8 1 


75 DO 78 J =l,ITERM 

78 B ( NS ANP L ) = :C ( NS.M1P L ) +VE C ( J , JJ ) ·x-p ( J ) 


DO 79 I =l , N 

79 C (NSANPL ) =C ( NSANPL) +E ( I ) -x-m·I ( NS.ANPL , l ) 

81 BSUH=DSUM+B( NSAMPL ) 


BSS=BSS +B ( NS.AHPL ) *·x- 2 

CSIDI=C SUN+C ( NSAMPL ) 

CS S:::CSS +C ( NSANPL ) ~H2 


72 	BCR=BCR+B ( NS AHPL ) +:-c (NSA:t'-iPL ) 

~~NON=S*DSS - DSUH**2 

ALPHA= ( BSS ·X· CSUN- }JSUI-!-l<·BCR ) / DBNON 

BL'TI,..= ( S *DCR - BSUN -X· CSUN ) / DBNON 

DO 1 33 I =l, N 

B( I ) =ALPHA+BETA*B ( I ) 


133 	RESIDU( I ) =C ( I ) -B ( I ) 
82 =0 . 0 
DO 11 6 I =l , N 

116 	 S2 =S2+RES I DU(I) 
S 2 =-l. Q-l<·S2 / ;3 
DO 117 I=l, N 

117 	R~s1T·u (I ) R= ~- 1r u (-~[ ) +o~2_,1:,.._ J J .........., ;,:, -~ 
WRI T.0 ( 6 ,11 8 ) 82 

118 F Om -11\.T ( IHO , 10.X , 55H T HE COESTA~.JT OF' THE TR::;:_:ND SUE 
l FACE :SQUA'i' ION I S EQUAL TO, FlO . li- ) 

\!RI TE ( 6 , Sn 
8 0 FOI'I·.iAT ( l H1 ! 13H X-COORD I NATE , SX, l J H Y-COORDI NATE , 

15:X , 15H ODSBTIVJ~D VALUE , 5X, l 7H CALCULATED VALUE , 
2 5X , 9H RE S I DUAL/// ) 

1HU TE ( 6 , 8 2 ) ( ( m -I ( I , H+l ) , DN ( I , M+2 ) , B ( I ) , RES I DU ( I ), 
l HES I DU( I ), I=l , N) 

82 FOR~AT (lH , F l0 . 4 , 8X , Fl0 . 4 , 8X , Fl0 . 4 , l 2X , F l 0 . 4 , 8.- , F 
110 . 4 ) 
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DO 66 LE?.:GTH=l, LJD~:;:X 

Y=Yr-IAX-D.::;LTA-X- ( FLOAT ( L:SNGTH ) -1 . 0) 

DO 66 LWIDTH=l,50 

X=XMIN+DELTA-:<- ( l<'LOAT ( LWIDTH ) -1 . 0 ) 

L=O 

A( l,l ) =J. • O 

DO 67 I=l, IPm-IER 

DO 68 J =l , I 

A (J, I+l ) =A ( J , I ) *X 

L=L+l 


68 	 P ( L ) =A ( J , I+l ) 
I A ( I+l,I+I )=A ( I , I)*Y 


L=L+l
I
67 	P ( L )=A ( I+l,I+l) 

107 	POLY ( LEiTGTH , L \!IDTH ) =52 

IF ( N . GT . I TERM ) GOTO 69 

DO 70 J = l , I T:CRM 


70 POLY ( LENGTE , LWIDTH ) =POLY ( LENGTH , LWI DTH ) + ( J) ..:-p 
l(J) 

GOTO 66 
69 DO 71 J =l ,ITERN 
71 POLY ( LENGTH , LWIDTH )=POLY ( LENGTH , LWIDTH)+v.=c(J,JJ ) 

1 ..:-p ( J) 
66 	POLY ( LENGHT , L1lIDTH ) =ALPI-IA+ffi)TA-*P OLY(LBNGTH , LWIDTH ) 

P HA,"'(:-=- lOOOOn. 0 
P MIN=lOOOOO .O 
DO 8J I=l , N 
PM..AX=ANAXI ( flu\X , B (I) ) 

PNIN=AI'·II:rH ( >?NIN , B (I)) 


8J CONTINUE 

DIFF=PN.AX-PJ,IIN 


86 	GRAD=DIFF/10.0 

DO 88 LENGTlI=l , I NDEX 

DO 88 LWIDTH-l , 50 

DO 1 21 I=l,10 

I GRAD=I 

DISC=GRAD-* ( FLOAT ( I ) -1. 0) +PNIN 

I F ( DISC . GL . POLY ( LENGTII , LHIDTH )) GOTO 1 2J 


1 2 1 COKTINUE 

IGRAD=lO 


1 23 IPOLY ( LENGTH , LHIDTH ) =DOT ( IGHAD ) 

88 	COKTINUE 


DO 1J4 I=l,N 

DTH!PX= ( D11I ( I , r·.i:+l ) - XNIN ) *TX 

DTEHPY= ( YH;.\.JC-DN ( I , N+2 ) ) -:s-TY 

NAPING ( I , l :· =DTE. iPX 

}~PING ( I , 2 ) =DTEMPY . 

IF( HAPI?,:G ( I , 1) . l:Q . 0 ) 1· .API:i\G ( I , 1) = l 
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IF( NAPING (I,2). EQ . O) NAPING(I ,2) =1 
134 	CONTINUE 

DO 1J7 I=l , I NDEX 
DO 1J7 J =l , 50 
DO 138 K=l, N 
Il-<' ( NAPING ( K,1). EQ . J.AND . NAPING ( K,2). EQ .I) GOTO 1J9 

1J8 	CONTINUE 
GOTO 1J7 

1J9 IPOLY ( I ,J)=SAMPLE 
1J7 CONTINUE . 
150 SCALE=TOTALX*4 .0/lOO.O*FEET 

MSCALE=SCALE 
WRITE ( 6 ,90 ) NSCALE 

90 FOTI~I.AT ( lHl , J5X, SH ----, 18, SH FEET , 5X , 18H * SAMPLE 
l LOCALI TY///) 

15J lTRITE ( 6 , 91) 
91 FOR?-i.AT ( lH , lJX, 1 O SH -.:-* * ·lHHc -x- -x- .-+ *-x- * -:<- -x- -r.- -x--x--x- * -x--x· * -:F1H<- ->HHH<- * 

l ************************************************** 
2 ************************1** ) 

WHI TE ( 6,92 ) (( I POLY ( I ,J),J=l,50),I=l,INDDX ) 
9 2 F ORH.AT ( l H , lJX , 2H * , 101:X , 2 H "A-/1 4X , 211 , 2H -x-, 50A2 , l X , 

l 2H -x- ) 
1lRI TE ( 6 ,12 4 ) 

12 l~ 	 FORr-Li.T ( lH ,1JX,2H * ,101X ,2H * ) 
WRlTE ( 6 , 91) 
WRITE(6,122) 

122 	FOI1i1IAT ( :T " o,1ox ,7n LBGEND/) 
DO 109 l=l ,10 
DISC=GHAD* ( FLO.AT ( I) -1 .0) +PNIN 

109 URI TE ( 6,1JO ) ( DOT ( I ) , DISC ) 
110 :F'ORi\IAT ( l1:o , 11x , A2 , 2 H = , F8 .J) 

I F ( IN~EAl. BQ.2 ) GOTO 172 
Pl'L'\.X::-100000. 0 
PrH~=lOOOOO. 0 

DO 15J. I=l, N 

P1'·1AX=Af-1AX:l ( PHA...X: , H.ESIDU (I)) 

P MIN= AMINI ( Pr-'. I N , R2SIDU ( I )) 


1 51 	CO NTI11iUE 
GRAD= ( PriAJ - Pi.iJN ) /10 . 0 
DO 1 61 I=l, N 
DO 159 J::l, J_O 
J DOT=J 
DISC= CGRAD~,- ( FLOAT ( FLOAT ( J ) -1 . 0) +PilIN 
IF( DISC . GE . RESI:m ( I )) GOTO 1 60 

159 	CONTii\TUE 
J DOT=9 

1 60 SIG (I) = DOT ( J DOT ) 
1 61 CONTii'WE 
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DO 1 52 I=l,INDEX 
DO 152 J =l,50 
DO 157 K=l,N 
IF( NAHING ( K,1). EQ . J . NTD . NAPI NG ( K , 2 ). EQ.I) GOTO 156 
IPOLY ( I , J) =D:!::,ANK 

157 CONTINUE 
GOTO 1 5;:' 

156 IPOLY(I,J)=SIG(K) 
152 CONTINUE 

--I NDEXl=2 

WRITE ( 6,158 ) 


____1-58 FORHAT (l_H1,1ox ,1_7H _'I_'El.', RESIDUAL HAP//) 
GOTO 153 


1 72 CONTINuE 

100 STOP 


END 
$IBFTC EBEP..VC 

SUBROUTINE EBJ.rn.vc ( N ' IN' NENA,'{ ' EPS ' EPSI ' EF ' NN ' I ND ) 
CONJ\ION AV (15,15),A(15,15) 
DO 1 6 II=l ,IN 
EPS=EPS/ EF 
EPSl=EPSl/ EF 
NB=O 

18 	 DR=O.O 

DI=O.O 

DO 17 1=2 , N 

IJ=I-1 

DO 17 J=l ,IJ 

C=A ( I , ~) +A(J,I) 

D=A(I,-1.)-A(J, J) 

I F ( EPS . LE . ABS (C)) GOTO 23 


21 	CC=l.O 

SS=O.O 

GOTO 22 


2J 	CC=D/C 

SIG=SIGN( 1.o,cc ) 

COT=CC+SIG*SQRT ( 1. O+cc -x-cc ) 

SS=SIG/s ~nT (l.O=COT*COT ) 

CC=SS* COT 

DR=DR+l.O 


22 	E=A(I,J)-A(J,I ) 

IF'( BPS .GT . ABS ( E )) GOTO Jl 

CO::CC* CC-S S*SS 

SI=2 . o ~·ss-K-CC 

H=O.O 

G=O.O 

HJ=O .O 

DO L~O K=l , N 

IF(K. EQ .I) GOTO 40 

I F ( K .EQ.J) GOTO 40 
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1-I=II+.A (I, K) -X·A ( J , K) -A ( K , I)·* A ( K , ,J) 

S 1 =A ( I , IC ) -);· A ( I , K ) +A ( IC , J ) 0"-·-A ( K , J ) 

S2=A( J,K)*A(J,K)+A(K,I)*A(K,I ) 

G=G+Sl+S2 

HJ=HJ+Sl-S2 


L~O 	 CONTINUE 
D=D-X-CO+C ·*SI 
H=2 . O·X·I-I-X CO-HJ·xSI 
F = ( 2. O-X·E*D-11) / ( 4 . o-xc ( E*E+D*D ) +2 . O*G ) 
I F ( EPSI . GT . ABS ( F )) GOTO Jl 
CH=l.O/SQRT (l.0-F*F ) 
SH=F*CH 
DI=DI+l. O 
GOTO J6 

J l 	 CH=l.O 

SE=O . O 


36 	 Cl :CH-X·CC-SH*SS 
C2=CH*CC+SH*SS 
Sl=CJI-l<·SS+SH-X-CC 
S2=SH*CC-CH·X-SS 
IF ( ( i1.BS ( s 1)+ABS ( s2 ) ) . EQ .o.o ) GOTO 17 
DO 52 L=l,N 
Al=A ( L ,I) 
A2=A ( L ,J) 
A{L,I)=C 2*Al-S2 *A2 
A(L,J)=Cl*A2-Sl*Al 
IF(I1"D .Lr.o) GOfO 52 
Al=AV ( L ,I) 
A2=AV ( L,J) 
AV(L,I)=C~*A7-s2:A2 
'\V( L, J) =CI *A2-Sl 0·Al 

52 	CONTI:NUE 

DO 53 L=l,N 

Al=A ( I,L) 

A2=A ( J,L) 

A( I , L)=Cl*Al+Sl*A2 

A ( J , L ) =C2*A2+ S2*Al 

I F ( IND . GT . O) GOTO 5J 

Al=AV (I,L) 

A2=AV (J,L) 

AV(I,L)=CI *Al+S l *A2 

AV(J , L ) =C2"•-A2+S2*Al 


53 	 CONTI NUE 
l 7 	 C ONTI:NUE 


IF(( DR+DI) . LT . 0 . 5) GOTO 16 

NB=NJ3+1 

I F ( NB • NE . Nl3?-IAX ) GOTO 1 8 


16 	CONTI1'HJE 
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EPS=EPS ·,cEF·X-·X-IN 

EPS l=EPS l *EF**I N 

I F (IND . LE .O) GOTO 70 

DO 80 I=l,N 

SUM=O.O 

DO 81 J =l ,N 


81 	SUH=SUM+AV( J, I) *·X- 2 

SUJ\I=S QRT(SUN) 

DO 82 J =l,N 


82 AV (J, I ) =AV(J,I)/SUN 

· 80 C01 TI:t-.TUE 


RETURN 

70 	DO 90 I=l, N 


SUN=O.O 

DO 91 J =l, N 


91 	 SUM=SUM+AV( I{J ) ·l<-* 2 . 

SUM= SQRT ( SUNJ 

DO 92 J=l,N 


92 AV(I,J)=AV (I,J)/SFM 

90 CONTINUE 


RETURN 

END 

$IDFIC N .\TI:NV 
Sl iBl:ou-rINE i'IATINV ( A ' N ' N1'T ' IERR ) 

C ADAPTED FROM NULTIV ARIJ TE PROCEDURES ROR TIIE 
C · DEHAVI OURAL 
C SCIL?-":CL!.-) BY COOL:SY Ai··:u LOHNLS , P .1 98 . 
c 
c 

DIMENSI ON A ( NN , NN ), PI VOT ( 2 7) 

Dii'IENSION I PIVOT ( 27), I NDEX ( 27, 2 ) 

EqUIVALEITCE ( IROW ,JROW )JCOLU?,1), ( Ai'IJ.L"X , I , SWAP ) 

I ERR=O 

DETERH=l .O 

DO 20 J =l,N 


20 	I PIVOT (J)=O 

DO 550 I=l, N 


DO 105 J =l, N 

I F ( IPIVOT (J)-1) 60,105, 60 


60 DO 100 K=l, N 

IF ( IPIVOT ( K) - 1) 80,100 740 


80 IF' ( ABS ( Al'-11'...c"'\: )-;\DS ( .A (J, K)) 8 5,100,100 

85 I IW1l=J 


IC OLU:1-I=lC 
Al-I.J.\.JC=A ( J , IC) 


100 CONTI IWE 

105 CONTil'TUE 
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I PIVOT ( ICOLUH ) =IPIVOT ( I COLUM ) + 1 

I F ( IROW-ICOLIDI ) 1ho , 260 , 14 0 

DETERN=-DETERJ.'.1 

DO 200 L::.: 1, N 

SWAP=A( IROH, L ) 

A(IROW,L) =A (ICO LUM,L) 


200 	A(ICOLUM,L)=SUAP 
e6o 	I Nntx1r,1)=IRo w 


INDEX I 2)=ICOLUJ11 

PIVOT I~=A(ICOLUM,ICOLID-1) 


I 
DETERN=DETERN-X·PI VOT (I) 
I F ( PI VOT ( I ). GT .-0.0005.AND. PIVOT ( I ).LT . 0 .0005) GOTO 7 60 
A ( I COLIDI , ICOLUN) = 1 • 000 
DO 3 50 L= 1 N 

I 350 	A( ICOLUN,L ) =A ( ICOLUN , L)/PIVOT ( I ) 
DO 550 L1 = 1 9 N 
I F (L1 - ICOLU1'1 ) 4 00,550,400 

400 	T=A(L1,ICOLUH ) 

A(L1,ICOLUM)=O.O 

DO 4 50 L= 1, N 


450 	A( L 1 , L ) =A ( L 1 , L ) -A (IC OLUi1 , L ) *T 
550 	CONTINUE 


DO 710 I= 1, N 

L=N+ 1-I 

I F ( INDEX ( L ,1) -INDEX ( L , 2 )) 6 JO , 7 10 , 630 


630 	J HOW=INDEX( L ,1) 

J COLUH=INDEX (L , 2 ) 

DO 705 K= 1, N 


. SWAP=A ( K~JROW ) 

A( K,JR01I J =A ( K, JC OLUH ) 

A( K,JCOLUN ) =SifAP 


705 CONTINUE 

71 0 CONTDlUE 

7 40 RETURN 

760 I EH?.:::: 1 


RETURN 

END 


6 40 END RECORD 
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FIGURE 18.ru. SAMPLE LOCATIONS AND A SKETCH OF THE TEXTURE OF THE VERTICAL TRENCH. 
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FIGURE 188). PENETRABILITY (kg/cc.) IN 'IH.E VERTICAL TRENCH. 
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