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ABSTRACT 
Stratigraphic, geomorphic and ground ice data is presented for the Mayo area 
in the interior Yukon. The report is preliminary in nature and meant to 
provide a geological framework for studies of the thermal and hydrological 
regime in the same area . 

RESUME 
Des donnees stratigraphiques et des renseignements sur la glace 
sont rassembles pour la region de Mayo a l'interieur du Yukon. 
nature preliminaire a pour but d'etablir un contexte geologique 
des regimes thermiques et hydrologiques de la region. 
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l . INTRODUCTION 

1. 1 Objectives 

This report presents information relevant to an 

unde rstanding of permafrost and ground ice conditions in 

central interior and northern Yukon . By providing strati-

graphic , geomorphic and ice crystallographic data the report 

co~plcments thermal and hydrological studies already in 

progress in the Mayo area by M. W. Smith (Department of 

l Geography , Carleton University ) and F . Miche l (Depa rtment 

of Geology , Car l eton University ). The report is of a 

preliminary nature and a second report de scribing other 

localities in th e northern Yukon is anticipated based upon 

an additional year of support . 

The specific in the Mayo 

area is to provide a mass balance for water i n the top 

2 m of permafro~t at sites of dif fe ring thermal and hydro-

l ogical characteristics . Several proc e sses are thought 

capable of causing water movement in the s urface layers 

of permafrost . These can be summarised as : (a ) upward 

move~ent of moisture along the soil temperature gradient 

in winter , both within permafrost and the act ive layer 

(Parmuzina , 1978 ; Wright , 1 98J. ; Mackay , 1 983 ), and 

6 



(b ) dmvnward movemen t of water in summer as the active 

layer thaws , and as water penetrates thermal contraction 

and/or dessication cracks (Kane , 1980; Mackay , 1983) . 

It follmvs that the water which contributes to 

the ic e - rich zone at the base of t h e active layer and in 

the upper l to 2 m of permafrost ori0inates from either 

the atmosphere (e . g. , Cheng , 19 82 ; Mackay , 1983) or from 

water moving upwards from and through permafrost l ower 

i n the soil profile (Parmuzina , 1978) . 

7 

I n order to measure and quantify the moisture changes 

that do occur , instrumentation has been installed to maintain 

the thermol and hydrological conditions of a number of 

close l y related sites in an area of ice- rich silty sediments 

approximately 2 . 5 km south of the Mayo townsite . The area 

is geomorphologically distinctive , since it is characterised 

by (1) two large , active ground ice slumps (bimodal f l ows 

or retrogressive thaw- flow slides ) , wh ich occur on the 

and depressions , some of which are currently experiencing 

rapid expansion and/or drainage. An account of the thermo­

karst activity is already available (Burn , 1982) , and the 

field instrumentation which has been installed is described 

in other reports (e . g ., Smith and Burn , 1983) . 

Within this context , the present report restricts 

itself to stratigraphic and ice petrographic studies at 

the Mayo site , in the belief that such information may 
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assist in determining the origin ( s ) of the ground ice under 

investigu.tion . 

Th e u sefulness of the pe rmafrost stratigraphic 

approach , widely used i n the unglaciated areas of central 

and eastern S iberia (Katasonov , 1975 ; Kata sonov and I vanov , 

1973 ; Mackay et al ., 1979 , pp . 10 - 11 ; Sher and Kaplinu. , 

1 979 ) and Alaska (P§w§ , 197 5 ; 1 977 ; Se l lman and Drown , 

1 973 ), rests on the assumption that Quaternary sediment 

sequences are usually r e l ated to the diversity of glu.c i al 

u.nd post - glacial depositional environments . The pattern 

of permafrost u.ggradat i on in these sediments and , in parti-

cu lar , t he nature of the ground ice bodies , is useful in 
( 

deducing previous geomorphological conditions . In the 

western Canadian Arctic , stratigraphic studies of permafrost 

h ave been undertaken in parts of the Mackenzie Delta 

(Mackay , 1975; 1976 ; 1978) and Southern Banks Island (French 

et al ., 1982 ; Harry , 1 982 ; French and Harry , 1983), but 

little has yet b e en ... . ~ - . 
ac ci:;Tl"tl:; ..Li s1:ec;. .:;..:1 the ce~tral i~terior 

Yukon . 

Numerous ice fabric studies have been undertaken 

in th e last thirty years , but only a few have analysed 

ground ice (e . g ., Black , 19 53 ; 1978 ; Gell , 1978a; 19 78b ; 

Pollard, 198 3 ; Pollard an d French , 1983 ) . The aim of petro-

fabric ana l ys i s is to establ ish the dimensions , form and 

orientation of crystals in order to determine growth history . 

Techniques used to accomplish this aim include surface 



9 

rubbing of ice (described by Bader , 1951 ) , the part i al 

melting of ice to obtain Tyndall figures (e . g ., P6w6 , 1978) 

and utilising the optical properties of ice to determine 

c - axis orientations {Langway , 19 58; Shumskii, 1964 , pp. 116-

133). Th e latter is u sed in this report . 

1 . 2 Work Schedule 

Th e work schedule involved examinat i on of ground 

ice bodies in other areas of the northern Yukon in addition 

t o the Mayo loca lity , such as at Hunker Creek , Klondike 

District (e . g ., French et al ., 1983 ), and along the Dempste r 

Highviay (e . g ., Pollard and French , 198 3). 

Fieldwork in the northPcn Yukon was undertaken 

bet~een September 16 - 26 , 1983 by H. M. French and between 

J anuary 4 - 17 th , 1984 by H. M. French and W. H. Pol la rd . 

On both occas ions , C. Burn assisted for several days ~iliile 

con3~cting other observations. Th~ obj2ctivc of the first 

period of fieldwork wa s to obta in geomorphological familiarity 

with the Mayo l ocality prior to the onset of winter conditions , 

and to conduct reconnaissance observations upon the occurrence 

o f ground ic e exposures in Klondike District prior to sam-

pling the following J anua ry. A number of organic and 

l 11 1 f . 1 14 d l sediment samp es were co ectec or potentia ·c an ot1er 

analyses at a l ater date . In J anu ary ground ice samp l es 

we r~ collected from both the Mayo J_oca lity and from a 
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place r exposure of muck depos :i ts on Mayes Clo.im , Hun}:er 

Creek , Klondike Dis trict. Th e ice sarnpl ~s , col l ected using 

i ce axes and chain saw , were transported to Ottawa in refri-

gerated boxes . At the Mayo l ocality , detailed stratigraphic 

and cryotexturP observations wer e undertaken but time a nd 

poor we0the r prevented similar observL1.tion a.t the Hunker 

Creek e xpo s ure . 

During Februa ry 1984 , the universal stage and cold 

room facilit i es at the Divi s i on of Build i ng Research , 

Nationa l Resea rch Council of CanLlda , OttawR , were use d 

to conduct petrofabr ic analyses . Priority was given to 

the Mayo samples an d on l y cursory examination had been 

paid to the Hunker Creek i ce samp l es before u s9 o f the 

co ld r oom faciliti es by DB R p e r sonnel necess itated curtail -

rnent of the ana.lysis . 

I ncluded within the work schedule was a literature 

review and a i r photo interpretation of the i-layo site , with 

OJ: a. . .L _.!_ 
., ......... -..... ..... 
' .... ~ '· ..._.. .... ~ ' in.for271a t ic~ or~ 

Quaternary histo ry of the region . In the following , the 

l iterature r evi ew is presented as Sect i on 2 , and the regional 

studies at Mayo as Sect ion s 3 and 4 . Work undertaken at 

Hunker Creek , Klondik e Distr ict , is not presented in thi s 

r eport . 



2 . LITERATURE REVIEW : QUl'.'l'ERNl\RY HISTORY OF 

INTERIOR AND NORTHERN YUKON 

A gelleral outline of glacial , interglacial and 

interstadi~l condition s in the area is provided first , 

followed by discussion o f conditions i n various parts of 

the r egion during the various glacial and interglacial 

periods . 

2 . 1 Outline of Events and Conditions 

During the cold periods of the l ate Pleistocene , 

central and northern Yukon can be divided into three regions 

(Figure 1 ) ( Hughe ~: , 1972). First , there was an area covered 

by the Laurentide and Cordilleran ice sheets . Cordilleran 

Mountains (Bostock , 19GG) while L3urentide ice flowed down 

the Mackenzie Valley and impinged on the northern Yukon 

coastal plain (Rampton , 1982 ). Second , alpine g l aciers 

occupied high val l eys in th e Ogilvie , Werneck~ and McArthur 

Mountains west of the main Cordilleran i~e body ( ies ). Third , 

l owland areas north and west of the Cordilleran ice lobes 

remained i ce- free (Hughes et al ., 198la ; 1983) , thereby 

comprising one of the largest unglaciated areas in C0n~d0 

11 
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Late Pleistoce n e g l acia l limits in th e centra l and northern 
Yukon and adjacen t r eg ions (af t er Hu ghes , 19 72 ; Hughes e t 
al. -,- 1 981 ; 1 983 ; Vince nt , 1983) . 
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and the eastern portion of the Deringia refugia (Hopkins , 

1 9G7 ; Hugh es et al. , 1 98.lb ; Hu.rington , 1975). 

I ce contact deposits and both terminal and reces -

s i ona l moraines indicate the presence of more than on e 

Quaternary g l acia l advance i nto the region . Four advances 

of Cordilleran ice were suggested by Bostock (1966 ), named , 

froo oldest to youngest , Klaza , Nansen , Reid and McConnell 

glaciat i ons . I t is perh aps f ortuitous that the successive 

advances were progressivel y l ess extensive , thereby a llowing 

the terminal l imits to be preserved . Based upon s u rficia l 

geology mapping in part of the southern Ogilvie Mountains , 

Vernon and Hughes (1966 ) i dentified three Pleistocene advances 

of va l ley g l ac i ers . Becau se of t heir indeterminate age , 

they were termed ' o l dest ', ' in t ermediate ' and ' youngest ' 

It is a lso clear t hat several peaks within the margins 

of valley g l aciation by Cordilleran ice also supported 

cirque glaciers (e . g ., McArthur Group , Gustavus Range ; 

1983} .. 

The dispersal of the Pleistocene ice sheets into 

the lowlands of central Yukon was controlled to a great 

degree by topography. Most significant was the confinement 

of Laurentide ice to t he Mackenzie Delta and presen t Yukon 

coa sta l plain by the Richardson and Barn Mountains (Hughes , 

1 972 ; Ramp ton , 1982 ) In central Yukon i n the vicinity 

of Stewart Crossing , evidence presented by Cairnes (1916 ), 

Vernon and Hughes (1966 ) and Hughes (1983 ) indicates that 
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at least McConnell , a nd possibly Reid ice , was confined 

to v.::i.lley bottoms as _i t mov0d ',1est and norU1west . South-

east of Ma yo , Bos tock ( 196 G) indic.::i. tes that parts of the 

Talbot Plateau around Twin Iluttes were above the Reid ice 

limit . Likewise , it is probable that the movement of 

glaciers north of the Ogilvie and Wernecke Mountains was 

also r estricted to valleys . 

The major drainage networks appear to have suffered 

fe\·.' dislocations during mid/late Pleistocene times , although 

the Yukon River in the Klondike area may have flowed in 

the reverse direction in the late Tertiary/early Quaternary 

(Hughes and van Everdingen , 1978 ; Tempe lman - Kluit , 19 3 0) . 

One exception is the Porcupine River system which dr.::i.ins 

Eagle Pl a in . This system initially flowed eastwards via 

McDougall Pass into the Mackenzie River system. During 

at least two periods in the mid/late Quatc _:-i.etry , while 

McDougall Pas s was blocked by Laurentide ice , drainage 

Glacial me l~waters p0n ded in the Old 

Crow , Porcupine and Bluefish basins (Jopling et a l . , 1981; 

Lichti-Federovich , 1973 ; 1974 ). Overflow from these lakes 

cut a c.::i.nyon through Cretaceous age lim2s tones known as 

the Ramparts , a rou te now followed by the Porcupine River 

as it traverses the Old Crow Range . 

The last advance of the Laurentide , Cordllleran 

and valley glaciers occurred durin ~ ' classic2l ' late Wisconsin 

-Ume (Hughes et al. , 1983 ). Howevc::~r , it is uncle c:i. r when 
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the Reid , ' intermediate ' valley glaciation , and 8arly Wis-

consin Laurentide glaciat ion s occurred, and whether or 

not they were contemporaneous . Similar ly , the age of the 

lower ' glacial ' l ake sediments of the Old Crow Basin 

(J opling et al ., 1 98 1 ) is unknown . 

Th ere are several reasons why this uncertainty 

exists . The first is that many events in the Quaternary 

history of the central and northern Yukon occurred at a 

time beyond the limit of resolu tion for 14c dating . More -

over , much 14c dating has been of wood fragme nts , for \·1hich 

there is no guarantee of an autochronous origin . Second , 

since l arge areas have experic~ced extended periglacial 

( i . e ., cold , non - glacial ) conditions at different times 

within the last 200 , 000 years , cryoturbation and solifluction 

has disturbed original sedimentary sequenc~s . In the Klon -

dike valleys for example , thick ' muck ' deposits (Hugh es 

and van Eve rdingen , 1978 ; Naldrett , 1982 ; French et al ., 

1963) ~re testi~ony to the efflc~=Y of nass wasting process83 

in the unglaciated Yukon at various times during the 

Quaternary (Figure 2) and Pleistocene tors are widespread 

on the uplands . Third , the interpretation of palaeo-

environmental conditions in unglaciated areas from pollen 

assemblages has been hampered by the lack of data about 

current assemblages in northern regions (Lichti- Pederovich, 

1974) although the abundant macrofauna of the region is 

well documented (e . g. , Haring-Lon and Clulow , 1973; Harington, 

19 78) . 
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2 . 2 Late~ W_isconsin GL1cial Advances 

During the last g l acial advance , the extensive 

southern part of the ~aurentide ice sheet reached its 

southern limit about 20 , 000 to 25 , 000 years ago . I3y contrast , 

the more restricted northern and eastern part reached its 

maximum extent only about 10,000 years ago (Dyke , Dredge 

and Vincent , 1 983 ). 

Rampton (1982) concluded that the maximum extent 

of Pleistocene gL:ciation along the Yukon Coastal Plain , 

which he termed the 'Buckland Glaciation ', occurred in 

' early ' Wisconsin ti~es . At that time , ice advanced to 

within 15 km of Herschel Island and , upon retreat , l eft 

r ec'2ssional moraines along the northern :_; lopes of Buckland 

Mou~tains . A major stil l- stand occurred during the retre~t 

of Buckland ic e since an ice- thrust moraine extends from 

King Point to Kay Point . 

...:.....'!.-..: .--. 
L.:..:....:_:::: 

Ramp ton (1 982) proposed that 

J ~ ;"'; }-~ -; ~--; ~ ::.' h ,:; -.:. :::. t 
- - ·~ -- -~ -- -- -~ ~ .. 

Th e precise ase of the Buckland Glaciation has 

not been defined . Most materia l directly overlying Buckland 

till postdates 11 , 000 years B . P . On the other hand , plant 

fragments in a pond sequence on Buckland till near Stokes 

Point have yielded a date of 22 , 400 years B .P. (Rampton , 

1982) indicating that the Buckland Glaciation clearly pre -

dates the late Wiscon sin maximum, estimated by Fyles et 

a l. (1972) to have been approximately 18 , 000 - 13 , 000 yeurs 
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B. P . in the Mackenzie Delta . 

Hughes et al . (198la ) have established a maximum 

age for Laurentide ice in the Bonn e t Plume Basin at 36 , 900 

years B. P . This date was obtained Eor wood found in al l uvial 

sediments underlying t il l i n a section exposed along Hungry 

Creek . This glacial advance is referred to as the ' Ilungry 

Creek Glaciation ' (Hughes et al ., l98la; Hughes et al ., 

1 983 ) and may b e contemporary with the Buckland Glaciation . 

I f this assumpt i on were c orrect , the Buckland maximum would 

have been reached in t he period 36 , 900 - 22 , 400 years B . P . 

In addition , Hughes (1 969 ; 1972 ) ind i cates that the upper 

lake sediments of the Old Crow Basin were deposited in 

lakes fed by g l acial meltwaters which flowed i nto this 

basin from the Bonnet Plume Basi~ via the Eagle River dis -

charg2 channel . The maximum age for these sediments of 

32 , 000 years B . P ., suggested by Jopling et al . (1981 , Figure 

3 ), supports the proposed time frame for the Hungry Creek 

Glaciatio~ . 

1 4 
However , several --c ages of approximately 38 , 000 

years B . P . have been obtained from silt overlying till 

of the late Wisconsin ice l imit from the Rat River area , 

east of McDougall Pass (Ilughes , 1972 ). I f the late Wisconsin 

maximum is to be equated with the IIungry Creek Glaciation 

then the date of 36 , 900 years obtained from the Bonnet 

Plume Basin indicates considerable local variation , both 

spati~l ly and tempo rall y , in the m0ximum ice limits . 
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It is quite conceivahlc that the Buckl nnd and other Wisconsin 

maxima were not contemporaneous with the Hungry Creek Gla -

ciation , since topograph ic e ffec ts may have been important 

in controll ing ice flow a nd/or recession patterns . 

Of the four Cordilleran advances identified by 

Bostock (1 96G ) , the first two (Nansen and Klaza) are regarded 

as ancient , definitely pre- Wisconsin in age (Hughes et 

al ., 1983). The Reid Glaciation is a l so thought to be 

pre - Wisconsin in age (Hughes , 19 69 ; Foscoulos et al ., 1 977 ) 

since wood at the base of fill in a channe l cut in Reid 

out~2sh has given an age of 42 , 900 years B . P . In additj_on , 

wood from beneath McConnell till in n section on the north 

bank of Stewart River , 2 km downstream from Mayo , L:<s given 

un age of 46 , 580 years B .P. Foscou lo s et al. ( 19 7 7 ) suggest 

that these dates imply that the Reid- McConnell ' j_ntergl acial ' 

existed before 47 , 000 years B . P . However , both dates are 

from allochthonous sediments and the map of Bostock (196 G) 

riden by Reid ice . Therefore , the wood may have been trans -

ported into the lower valleys by mass wasting processes . 

0. L . Hughes (Hughes et a l., 1983) believes that 

the pattern of Cordj.lleran ice expansion of central Yukon 

followed that of south Yukon more closely than that of 

the Laurentide ice sheet . In south Yukon for example , 

Denton and Stuiver (1967) identified glaciation in the 

northeastern St . Elj_as Mountains from 49 , 000 to 37 , 700 years 
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B . P ., which they tcnn the Ice field Glaciation. Th.is ma.y be 

contcrnporun eou s to the Rt:.; id CL:iciation since they also 

identify il subsequen: _ Cordilleran advu.nce ( the I<luane GL:icia-

tion ) from 3 0,100 to 12 , 500 years B . P . which would correlate 

with the M~Connell Glaciation . 

Usu u. lly , the McConnell Glaciation is assigned to 

the ' classical ' Wi scons in maxima (22 , 000 to 18,000 years 

B.P .) ( e . g ., Bostock , 196 6 ; Hughes , 1969 ; Fosc oulos et 

al ., 197 7 ; Hughes et al ., 1983). Hughes et al . ( 1983) 

suggest a date of 24 , 000 years B.P . for the onset of glacia. -

tion in the Liard Plain of southca st Yukon while Vernon 

a~d Hughes (1 966) provide a mlnirnu: d~te for the ena or 

glaciation of 12,900 years B . P ., from marl deposit s at 

Hart Lake , north of Mayo . 

Th e chronology of the alpine gl ac iations is poorly 

defined . Vernon and Hughes (1966 ) indicate that the last 

glaciation is almost certainly correl a t ed with th e McConnell 

indication of the 

' inter~ediatc ' or ' ear ly' glaciations . 

CL'_:~ 

T-'­- L is possible 

that the ' intermediate ' glaciation corresponds to the Re id 

Glaciation . 

2 . 3 Conditions in Non - Glaciated Areas 

Large areu.s of central and northern Yukon were 

never glac i ated during the Pleistoce ne . Instead, these 
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area s experienced extended periods of p e rigl a cial , or cold , 

non - glaci a l conditions . Even in areas where ice wa s present 

on some occasions , there were l ong periods of non-glacial 

conditions . 

There i s evidence to s u ggest tha t conditions in 

northwest North Ame rica were consider~bly warmer during 

the Sangamon interglacial than today . F o r example , the 

pollen spectra of pre-W isconsin deposits at several sites 

i n the region includes pine (Ritchie , 1980 ). At the same 

time , Rampton (1 982 ) reports that pre-Buckland sedi~ents 

on the northern Yukon coastal p l ain include arboreal pollen 

indicating t~at the treeline was north of the Yukon coast 

during part of t h e Sangamon . 

Weathering profiles in soils of pre- Reid d e posits 

south of Dawson City (Foscoulos et al ., 1977 ; Rutter et 

al ., 1978 ) suggest two distinct climates for the pre-Re id 

p e r_iod . The first , warm a nd subhumid with gra ssland/shrub 

vcgeta tio:: , was fo llowed by a te~perate and humid climate 

irrrrr;c diu. tely ~ . preccc,ing the climatic d e t e rioration \vh i ch 

accompanied the onset of Reid Gl a ciation . Pedogenic evidence 

for these changes is the presence of a red Luvisol B horizon , 

up to 2 . 0 m thick. 

During t h e Wisconsin and earlier glacial advances , 

a cold and dry climate is inferred for the ice- free parts 

of the northern and central Yuk on . The presence of ice 

and sand wedge casts is central to this interpretation . 
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The most convinc i nJ cvid~ncc is provided by Rampton (1 982 ) 

who describes an ic e -wedge c ast in pre-Buckland material , 

while Jopling et al. (1981 , e . g ., Figur2s 7 und 11 ) note 

severa l in their stratigraphic studies at Old Crow , as 

does Hughes (persona l communications , 1982 and 1983) from 

the Klondike and McQueste n area s . However , the exact time , 

and the environmental conditions associated with the degra­

dation of the ice wedges t o cast forms , a rc not fu lly under­

stood . 

Pa lynological studies from the Old Crow Basin 

(Lichti- Fcderovich , 1973; 1 974 ) indicate three major stages 

between the ons~t of early Wisconsin gl a~ iation to the 

east and south , and the deposition of sed iments in Gl ac ial 

Lake Kutchin (Jop ling et al ., 19 81 ). A tundra vegetatio n 

as semb lage was followe d by one more similar to the prr=;sent , 

consi s ting of spruce , b i rch and herbaceous spec i es . Then , 

tu ndra conditions re - established themselves prior to the 

Alth ou·:;h J op ling et a l. (1 93 1) 2s sign a n Illinoian 

age (i. e ., pre-400,0 00 years B . P .) to the lowe r l ake sediments 

in the Old Crow Basin (the sediments of ' Glacial Lake Old 

Crow ') Hughes et a l. (1 981 ) s ugg e st that these sc.dim'.::!n ts 

are not g l acio- l acu strine i n origin . Th e possibility exis ts 

t hat these sediments a re more recent tha~ s u ggested b y 

J opl.Lng et al . (19 81 ); for example , L ichti-F ederovic h (197 4 ) 

reports an age of 41 , 300 yea rs B . P . for a llochthonous wood 
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in sediHiCn t,-; u long the Porcupine Ri vcr which urc close 

in elevution to the lower lnke deposits . 

The Hungry Creek type section (Hughes et al . , 1 981) 

provides a record of mid- Wi sconsin environmcntul conditions 

which cont a i1 ;s considerable p a l ynolog ica.l , entomological 

and faun a l in formation . Un it 2D , lying below the Hungry 

Creek till and above l aminated silt and clay , of possible 

g l acio- lacustrine origin , yie lded a pollen spectra which 

indicated that a climate similar to the present may have 

existed immediate l y prior to th e Hungry Creek Gl aciat ion . 

Vertebrate foss ils h ave bee n d iscovered frequen tly 

by p l acer mi~ers working ' muck ' deposits in central Yukon 

(e . g ., Harington and Clulow , 1 973 ), and at the Hungry 

Creek type section (IIughes e t al ., 1981) . For exampl e , 

the Hungry Creek deposits contain bones of the oldest Yukon 

specimen of the now extinct Yukon wild ass , and several 

specimens of ground squirrel and collared lemming . Simil ci r 

i n Gold Run Creek (Harington and Clul ow , 1973) and Hv~ker 

Creek (Hughes et al . , 1978 ; Naldrett , 1982 ; French et al . , 

1 983 ) . Eight of the thirteen species identified by Harington 

and Clulow (1973 ) are now ex t inct . Their presence suggests 

that a cool , steppe- like grassland existed in much of centra l 

and northern Yukon during the l ate Wisconsin . Unfortunately , 

because the se faunal remuins have been transported to their 

present posjtions by mass w~sting and fluv i al/colluv i a l 
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proc esses , there is l it tle stratiyraphic control . M<tmmoth 

bones have been dated at 32,250 ± 1,750 years B . P . while 

a bison bone h as been dated at 22 , 200 ± 1 , 400 years B . P. 

2 . 4 Late and Post- Wisconsin Environmental Changes 

The chronology of deglaciation in central and northern 

Yuk on is not well described , especia lly fo r the period 

between 25 , 000 - 20 , 000 years B . P . (th e mC:tximum advance 

of late \hsconsin ice) and 13 , 000 yeu.rs B . P . (th e time 

of formation of mC:t rl d eposits in Hart Lu.ke , near Mayo ) . 

Several recent maps by Hughes (1 983 ) su~rnar i se the Quaternary 

g eo logy and ice limit s for the Mayo/McQuesten r egions , 

a::J.d Vernon and Hughes (1 966 ) have mapped surf ici.:ll deposits 

in the Nash Creek area furth er north . 

Vernon and Hughes (1966) conc luded that the retreat 

of HcConnel l ice was r0pid and continuous , while the C:tlpine 

glaciers were ffiOr e erratic. 

lakes fo rmed in valleys in f r ont of the receding ice margins . 

Lacustrine silts and clays are found in the South HcQucsten , 

Keno - Ladue etnd Stewc:i. rt River v a lleys (Hugh es , 1983) . For 

example , Green (1971 ) describes the l C:tcustrine deposits 

of the S tewart Valley as being "up to several hundred feet 

th ick ". Since the s h ore lines of these l akes are relatively 

subdued, Vernon and Hughes (1966) suggest that the lakes 

were short - l ived . 
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According to Hughes et <11 . (19 81 ) L<lurentide ice 

in the Mackenzie Valley and Delt<l retreat~d from its maximum 

by 16,000 years B.P. After a brief advance associated 

with the Sitidg i Lake moraine (Hughes et al ., 1983 ), it 

left the area near Fort Good Hope by 11 , 530 years B . P . 

at the l atest (Mackay and Matthews , 1 97 3) . Gl acial Lake 

Kutchin drained by 12 , 300 years B . P. (Jopling et al ., 1981) 

The amelioration in climate that occurred about 

12 , 000 years B .P. l ed to widespread thermokarst in north-

western North America . Rampton (1973 ) concluded that the 

period 10,000 to 9,000 B . P . wa s one of ac tive thermokarst 

in the Mackenzie Delta and Fre nch and Harry (1983 ) conclude 

that many of t he thaw l akes on Southern Banks I sland formed 

between 8 , 000 and 9 , 000 years B .P. Indeed, Delorme et 

al . (1 977 ), u sing ostracod assemblages, suggest tha t during 

the period 14,410 to 6 , 820 B . P ., mean annua l air temperatures 

rose to between 0 . 8 and l.5°C. Although there is a con sensu s 

period , Mackay (1 978 ) points out that such a large increasP 

in air temperature wou l d h ave led to the thaw and disappear­

ance of massive icy beds exposed along the Pleistoc ene 

Mackenzie De l ta coast . 

Warming a l so coincided with the invasion of tree 

species such as poplar from more souther ly parts of Canada , 

and culminated in the hypsithermal period , the warme st 

since gl dciation , from 8 , 000 to 4 , 000 years B . P. Ritchie 
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an<l Hare (1 971 ) suggest , from an cxaminatjon of pollen 

sequencc:s in the Tuktoyaktuk Peninsula , that temperatures 

were 5°C warmer than at p r esent . However , during the hypsi­

thcrmal a lower sea leve l would have l ed to the location 

of the pollen sites being about 50 km inland. Hence , 3 

or 4° C of the suggested figure might be accounted for b y 

increased continentality . 

After the mid- Holocene hypsithermal , climatic condi­

tions deteriorated to those of t oday (a decl ine of 2°C , 

Hopk in s et al ., 1981). Rampton (1982 ) provides evidence 

that supports this hypothesis , as do Pissart and French 

(1 976) ,.;ho concll!de that many of the pL!gos on Ban}:s Isl an d 

are no longer forming . Finally , the Old Crow pollen record 

of Lichti- Federovich (1973) indicates a similar transition 

for the area north of the Ogilvie Mountains . 

Within this general framework of late Quaternary/ 

Holocene climatic change , any thaw lake topogra phy associated 

with ice - rich glacio- lac~strine sediroents, as found in 

th e Stewart Valley near Mayo , can be easily accommodated . 

In all probabilit:/ , thermokarst activity has been ongoing , 

at varying l eve ls, throughout much of the Holocene . 
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3 . TIIE MAYO AREA , CENTRAL YUKON 

A brief description of t he regional geomorphology 

and Quaternary geo l ogy of the Nayo area is presented first , 

prior t o a more deta iled desc r iption of the thermokarst 

terrain and permafrost condition s at the study site 1 . 5 km 

south of Mayo. 

3 . 1 Quaternary Geolo0y and Geomorphology 

The difficulty of access to extensive areas without 

helicopte r support, the hilly t errain and the l ack of roads 

seriously hinders detailed regional geomorphological mapping . 

Th e recent publication of four surficial geology maps com­

piled by 0 . L . Hughes of th e Geological Survey of Cana da 

of \·1ha t is currently known about the area . 

The Mayo area lies within the l imit of McConnell 

ice which moved westv1ards from its source area in the 

Selwyn Mountains. Toward the weste rn limits of the ice 

sheet , as it thinned , flow became inc r easingl y concentra t ed 

in valleys , leaving i nterflu ves and up lands free of i ce . 

Figure 3 s ummarises the generalised ice f l ow directions 

and McConnell limits for the area . 

27 
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According to Hughes (1982 ), the limits of McConnell 

glaciation can be inferred frolll the presence of moraine 

ritlges f l ankin g t h e middle and upper valleyside wa lls , 

a nd the direction of flow by the exjstcnce of druml inoid 

ridges and glacial flutings at l ower elevations . In places , 

the earlier Reid glacial limit is inferred from the presence 

of moraine ridges at h igher elevations, especially on Schee lite 

Dome to the northwest of Muyo . A numLer of me ltwate r channe l s 

are also mapped , both above and below the McConnell limit , 

and a r e clearly associated with different stages of ice 

r etreat . 

3 . 2 Stewart V0l l ey Near Mayo 

Th e surficial geology and geomorpho logy of the 

Mayo area is illustrated in Fig ure 4 . Summary n o te!;; by 

Hughes (19 82 ) state that : "During retreat of the Co r d :Ll le ran 

Ic e Shee t fol~owi~s th e McC a~n0 ll ~axi ~~m , parts of several 

mu.jor valleys ':Je r e occupied by glacial lakes in Hhic h thick. 

gl a cio l acustrine sed iments were deposited . . A glacial 

l ake in Stewart Valley at Ma.yo was impounded behind massive 

mor(].inic and glaciofluvial deposits that extend 15 kms 

downstre a m. Th e l a k e may h ave extended upstream to Fra se r 

Falls and thence up Watson Creek . If so , the a ll uv ial 

pluin (Ap ) and thermokurst u lluvial terraces (Atk ) on the 

valley floor fr om Big Is l and above Mayo to Fra ser Falls 
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may overlie glaciolacustrinc sediments . Remnants of glacio-

lacustrinc deposits extend up Stewarl River . A glacial 

l u.ke . may have been impounde d by drift thu.t filled 

the reach between Five Mile RCtpids and Fra.se r Falls ." 

The events postulated by Hughes (1982 ) for Stewart 

Valley were almost certainly duplicated in adjacent valleys . 

F or example , in Nogold Creek east of Ethel Lake , the pattern 

of glaciolacustrine deposits , thermoka rst forms and moraine 

ridges , clearly supports a simi l ar interpretation . 

3 . 3 Upland Conditio ns Near Mu.yo 

During both Reid and McConnell glaciations , the 

ice w~s r estricted to the valleys in the Mayo area , and 

adjacent upland terrain was exposed to cold , subaerial 

( i . e ., periglacial) conditions . Relatively little is known 

of these nunatek environments which may have been either 

During McConnell glaciation , land above J , 200 -

3 , 500 ' a . s .l. was probably ice - free ; during the earlier 

Reid glaciu.tion , land above 4 , 000' a . s . l . was probably 

ic e - free . Typical of upland areas are (a ) Mount Haldane 

(F igure 5) and (b ) the Gustavson Range north of Mayo Lake 

(Fi9urc 6) Both are briefly described to illustrate the 

na ture of periglacial conditions during the periods of 

ic e c.idvancc in t hi :.; part o:': the intE:rior Yukon in middl e 



Figure 5. Air photograph of area adjacent to Mount Haldane, north 
of Mayo, showing cryoplanation terraces (after Hughes, 
1982) (N.A.P.L. A-19980-47). 
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Figure 6. 

~·., 
' . 

Air photograph of part of the Gustavson Range, north of 
Mayo Lake showing cryoplanation terraces, cirques and 
probable extent of cirque glaciation (after Hughes, 1982) 
(N.A.P.L. A-20687-110). 

c 
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Major cirques 

End moraines 

Probable ice movement 
direction 
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und la te P lcistocene tiinr~ :~ . Mount Hulda n<~ is a smooth 

rounded Gedrock massi f rising to over G, 000 ' a . s . l. Tree-

line occurs at approxima tely 4 , 700 ' a . s . l . The surrunit 

is cover8d with a veneer of glacial and colluvial material 

from earlier pre- Reid glaciations . Large flat bedrock 

surfaces arc mapped by Hughes (1 982 ) as being cryoplanation 

terraces . No glacial errat ics are found on these surfaces , 

hence they appear to be good presumptive evidence that 

th e surfaces lie above the all- time limit for glaciation . 

The Gustavson Range rises to over 6 , 0 00 ' a . s . l . 

and apparently supported a number of small cirque glaciers 

a~d/or glacierettes, to judge fro~ the highly glaciated 

nature of the higher elevations . Cryoplanation terraces 

are also mapped by Hughes (1982) . Extensive cirque glacia-

tion also characterises the McArthur Range to the south 

( see Hughes , 1982 ). However , on the Talbot Plateau , imme-

diately south of Mayo , with an ele vat ion of approximate l y 

4 , ooe; : 2 .. s . l . ri .-:.. -; + !- .::. r~ 
f ··---- ..... ---~ 

r• ;- ·. r .-.. ~ -, 1 .., ... ~ "=> .;..... ; • .-.. Y"I 
........... .1 ·- ' ::--~·~ ... ~·...<. L-~'-'J.l te.crace::; 

are cvi.den t . 

On the busis of their relatively sharp morphology , 

the cirques in the Gustavson and McArthur Ranges were probably 

occupied by ice during the most recent (i.e ., McConnell ) 

glaciation , when the upper limit of valley glaciation was 

approximately 3 , 200 - 3 , 500 ' a . s . l . Using the l owe r lim t 

of cirque elevations as the approximate firn line , an ice-

free periglacial zone would h a ve existea between 3 , 500 ' 
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and 4 , 500 ' n . s .l . in elevation. Cryoplanalion terraces 

would have preferentially developed in the upper part of 

this zone , since it is generally assumed that intense frost 

action is responsible for their formation (Reger and P§w~, 

1976 ) . Support for this i s p rovided by Hughes (1982 ) who 

states that, the l owest local occurrence of cryoplanation 

terraces on Mount Haldane is 4 , 200 ' a . s . l. Thi s may b e 

a critical elevation in the Mayo area . For example , on 

the adjacent Talbot Plateau , having a maxbnum elevation 

of 4 , 000 ' a . s . l ., neither cirques nor cryoplanation terraces 

occur . Thi s may mean that the summit elevations of Talbot 

Plateau were ins~~fic ient for the intense frost action 

cond itions thought necessary for cryoplanation . 

3 . 4 Timing of Events 

The chronology of events in the Mayo area is only 

ash overlying Reid sediments on St2wart River (60° 30 . 2 ' N; 

1 37° l G' W) has provided an age of >42 , 000 years B . P . 

(GSC -52 4 , Lmvdon and Blake , 1968) _indicating that the ma.xi_mum 

of the Reid advance is at least that age , or o l der . Several 

1 4 C dates may r e l ate to the McConnell g l ac i ation . In the 

Mayo area , two dates (GSC - 180 : >35 , 000 years ; GSC -33 1 : 

>46 , 580 years ) from the b~se of McC 1 nnel l till and s ubsequent 

silt re spectively <:tr.e inconclusive . IIushes (1982 ) concludes 
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thut the tirne of the McConnell ice advc:i.nce HCJ.s probably 

comparable to th a t for other localities in the Yukon ; after 

30 , 100 yeurs D. P . in sou t hwestern Yukon and after 24 , 000 

years B . P . in southeastern Yukon . 

3 . 5 Thermokarst Topography and Ground Ice Conditions 

The glaciolacust rin c sediments south of Mayo are 

i ce - rich and characterised by t wo rapidly degrad i ng retro­

gressive th2w f l ow s l ides , common l y termed ground i ce slumps , 

and numerous thermokar st lakes and depressions (Figure 

7 ) . SequentiaJ. air photo coverage since 1 950 enab l ed Burn 

(1 982 ) t o determine the rate of headwa l l retreat of t h8 

s l umps , an d the rate of expansion of the thermokarst basins . 

Air photo interpretation indicates the presence of an open 

system pingo growing in one of the draining lake complexes 

( see Figure 7) . 

The large st ex~osu~e cf ic e - rich permafrost is 

i n the headscarps of the two retrogre~sive thaH flow slides . 

The larger (A in Figure 7 ) was subject to detail ed strati­

graphic study and ground ice analysis . 

3 . 5 . l Strat i graph y 

A photomosaic of the complete heach:all , as seen 

i n January 1984 , is illustrated in Figure 8 . The ent i re 

f ace is composed of blue- grey silt and silty clay . 
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Random determinntions of ice contents indicated that exces -

sivc ice values of between 10 - 70 i chdracterised the majority 

Gf the exposure . 

From a stratigraphic vie~~oint , two important aspects 

of the headwall exposure are (a ) the presence of organic 

beds and (b ) the highly variabl e ground ice texture (cryo­

t exture) observed a t various parts of the exposure . 

Th e buried organic l ayers are between 5 - 30 cm 

th ick. They contain an assembla ge of non-marine mollusc 

and pelecypod shells , fragments of willow and bircl1 , together 

with occasional larger spruce trunks up to lS cm in dj_amete !: . 

The organ ic beds cun be traced laterally for several metres , 

especially throughout the southern part of the headwall 

ex:;osure . Since they separate sediment s with distinct 

and different: gr .: .'..md ice cryotextures (sec below), they 

are interpreted as thaw unc onformities probably related 

to the former existence of thermoJ:a r st l akes . 'l'he latter 

hcivc b~~n su~sequently i1~flll 2d by re~~rk2d, r ethawcd and 

subsequently r efrozen silt and silty cJay . These sediments 

would have been made available by the initial expansion 

of the thermoka r st l ake , only to refreeze again following 

abandonment of the l a ke b as in. 

Relatively few studies have examined the perrnAfrost 

ci.nd stratigraphic conditions associoted with therrno knrst 

l ake basins . A number of genernlised reodels of thaw lukc 

evolution and drilinagc arc ci.vailable ( e . g ., Billings und 
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Peterson , 1 980 ; Britton , 19 G6 ; EvcretL , 1381 ; Tedrow , 1979 ) 

consisting of sequential stages of initiation , expansion 

and drainage often associa t ed with migration across the tundra . 

Recently , D. G . Harry (e . g ., Ha rry , 1982 ; IIarry 

and French, 1983 ; French and Har ry , 19 83 ) has concluded 

thut gradu a l infilling following catastrophic drainage 

i s the dominant mode of evolution for thaw lakes on Southern 

Banks Isla nd. Typ i cally the sub-basin strat i graphy is 

(a ) ' compressed ' and (b ) t he sediments possess lmver i ce 

contents than the und isturbed frozen sediment on e ither 

side of th e basin . 

Material collected from the organic l ayers has 

yielded 1 4c dates of 8 , 560 ± 13 0 years B. P . (BGS - 841 ) and 

8 , S20 ± 120 years B.P. (BGS - 843) (B urn , 1 982 , and persona l 

cor:"L.::unicu.tion , September 19 83 ). In all probability , a 

m~jor period of thRw lake formation occurred during the 

early part of the post-glaci~l climatic optimum , betwe e n 

approxima t e ly 8 , 000 - 5 , 000 y 2ars 3 . P . in th e Mayo a rea . 

Give n the overwhelming evidence in the western Canadian 

Arctic for a progressive deterioration of clima te following 

the post-glacial climu.tic optimum "lo that of today (e . g ., 

Rampton , 1974; Pis sart and French , 1976 ), any subsequent 

period s of thaw l a k e formation would h a ve been initiated 

b~ loca l factors rather th an r egiona l climatic changes . 

Since ice wedges on the Macke1tz ie Del ta coast indica tc 

renewed growth in the lnst 30 yea rs (M<l ckay , 1974 ), the 
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apparent recent activity of thermokurst at Mayo (Burns , 

1982) is puzzling . Possible site- specific trigger mechanisms 

include forest fire , man ' s activities and rapid bank erosion 

o f StewRrt River at this point . 

3 . 5 . 2 Cryotextures 

The stratigraphic interpretation i s complicated 

by the presence of a number of distinct ground ice cryotextures 

and structures observable in the headwall . During fieldwork 

in January 1984 , segregated ic e lenses protruded from 

the headwall by approximately 5 - 10 cm from the enclosing 

s2.:1imE:n t:s . Under the cold winte r conditions experienced 

at Mayo , th e fine - grained sil ts backweather at a faster 

rate than the sublimation of the ice , resulting in a seal -

lop~d appearance of the thaw face . The resulting cryotextures , 

commonly mentioned in the Soviet literature (e . g ., Kudryatsev , 

1978 , pp . 301 - 323 ) are rarely describ ed and little understood 

in ~orth A~~ricn . Du~i2q tbe cou rse of fieldwc~k in January 

198 :~ , the opportunity was taken to e::amine the fr ozen he a d -

wall in safety , and to qualitative ly describe the cryotex-

tures . At least three different cryotcxtures were recognized . 

To avoid genetic implications , they are described below 

as A, B and C. 

Cryotex ture A (Figure 9 ) :--This was a crude lattjc e 

consisted of irregular , broken l e nses of ic e branching 

out and thinning at the ends , commonly 30 - 80 cm l ong 
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Figure 9 . Cryotextures observed in h eadwa l l of re t r og r ess ive th nw 
flow slid as seen in J nn unry, 1984 . n ) Cryot cxt urc A 
and l3 with int e r f ing erin g of cryntcxturc . b) lee Somplc 
One in pln cc' prior to extraction , J anu.1t·y L984 . 
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Con tinued. Cr yo text11res observed in headwall of r2trogressivc 
thaw flow slide , as seen in January , 1984 . c) Cl osc-ur of 
cryotexl11re i\ . d) View nf cryotexture A with schlieres , over­
lain by cry0Lcx tur c C and serara t ed by the organic ric l1 th aw 
unconformity . 
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and 5 - 10 cm thick . Typically , the l a ttic e possessed 

a preferred orientation which varied along the face (see 

P igure 8 ) . Detai l ed study of a 160 cm profile through 

this c r yotexture showed that the cryotexture actually con-

sisted of a nlli~ber of different ice-silt layers . However , 

the silt layers appear to have been forced apart by ice 

growth nnd many lithified fragments appear suspended in 

the enclosing ice bodies . Often ice schlieres cut through 

the silty layers , further reinforcing the lattice network . 

Cryotcxture A doninates th~ exposed headwall in 

extent . I t occurred below the buried organic layer described 

a~a~~ and is the texture which occurs 3t the lowest strati-

graphic position in the headwa ll. I t i s therefore referred 

to informally as the ' primary ' cryotexture . Following 

E . M. Katasonov ( in Kudryatsev , 1978 , Figure 158 , pp . 315-

316) this cryotexture is interpreted as one associated 

with subacqueous syngenetic freezing of lake sediments , 

are oriente d with long axes essentially parallel to the 

freezing front and typically , lie horizontally , inclined 

at an angle , or vertically (see Fj_gurc 9) . According to 

Katasonov , the ice schlieres indicate that the si.lty clay 

was only l ightly compacted v1hen i t froze . The schlieres 

form along cracks that deve l op as the result of subacqueou s 

leaching . It is also argued (Kudryatsev , 1978 , p . 316 ) 

that freezing in this manner can only take place under 
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extreme geocryologic a l conditions , with ground temperatures 

below - 5 to -7°C . 

Cryotexture B (Figure 10 ) :--This texture is charac-

terised by an ice matrix enclosing rand omly arrang e d , angular 

and/or platy silt fragments >l . 5 - 2 . 0 mm in size . An 

interes t ing feature is that t h is texture commonly was observed 

i n narrow zones extending downwards from the buried organic 

l ayers into the primary cryotextur e (e . g ., see Figure 8 ; 

also Figure 9a). 

The origin of this cryotexture is not c l ear . One 

possible interpretation is that jt represents a former 

seepage zone or talik which existed at the time when the 

thaw l nke , represented by the o r ganic J.ayers , was present . 

Cryotexture C:--The frozen silts lying stratigra-

phj_cally above the b uried organic layer were not exaniined 

close ly , s i nce access was not possihlc . However , examination 

of the exposure (Figure 11 ) indicates a lack of massive 

icy le~ses and a lower ice content whlc~ is ~ore unifornl v 

dispersed throughout the sediment . Burns (1982 ) reports 

tha t typical excess ice values from this zone are approximately 

5 0 % in contrast to those of cryotexturc A which may be 

as high as 9 0%. 

Tl1e lower ice content , and the lack of a clearly 

r ecogn i zable a:1d distinct cryotexture in these sediments 

is perhap s consiste~t with their origin as being refrozen 

l ake sediments . 
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Vie\.;r of southern part of headwa ll exposed in January , 1984, 
illustrating cryotex tu res A, B and C, t ogether with b11ried 
org.::i.11 ic layer. 



A number of X.R . D . analyses, performed on several 

sediment samples taken from this zone indicate a decrease 

in the illitc : quartz and chlorite : quartz ratios with in­

creasing depth to approximately 2 . 0 m, after which the 

ratios remain constant . These data, albeit limited and 

4B 

requiring further analysis , provide additiona l justification 

for rega rd ing the sediments lying above the buried organic 

layer as being a distinct stratigraphic and cryotextive 

unit . However , our limited understanding cf cryotextures 

at this locality permits neither a more detailed interpre­

tation of this zone nor any further rat ion& lisation for 

our interpretation . 

3 . 5 . 3 Sampling Design 

During fieldwork in January 19 84 , four oriented 

blocks of ice were extrac ted from the headwall. ThE:: locations 

of these samples is indicated on Figure 8 . Their significance 

S ample _Qne '•72.S t<J.ken from Cl large segregu ted ice 

lens of cryotexturc A (see Figure 9b ). Sample Two was also 

take n from ice of cryotexture A at the s8.me absolute elevation 

in the face , but stratigraphically below a zone of cryotexture 

B and at approximately 7 5 metres along the face from Sample 

One . By contrast , Samples Three and F our were taken from 

ic e -rich silty sediments lying stratigraphically above 

the buried organic layer and are thought representn tive , 
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thcrcCorc , of cryotcxturc C . Bec~usc of the angular fragment 

matrix of cryotexture B , it wa s impossible to obtain ice 

samples of s u fficient size a nd purity for meaningful ice 

fabric analyses . 



4 . GROUND ICE PE'l'ROCRZ\PIIY 

4 . 1 I ntroduction 

Segregat ion ice formation is a unique process of 

crystallisation differentiation tha t takes place in a complex 

polyphase system in wh i ch moisture is drawn to a stationary 

freezing front unde r conditions of high pore water pressure 

and capillary attract ion (Mackay , 1971 ; 1 972 ; Shumskii , 

1964 ). The inclusion cha r acteristics of segregation ice 

as well as the size and s tructural characteri s tics of ice 

c=ystals are controlled by soi l type , moisture supply and 

temperature and heat flow direction at the time of ice 

formc:i.tion . Thus , petrography can provide use f ul informa tion 

co~cernJng ice genesis and post- freezing histo ry . 

silts and cl ays found in Stewart Va lley near Mayo , arc 

highly susceptibJe to segregated ice formation . I n general , 

the mor phology of segregation ice bodies , particularly 

lens thickness , is defined by the relationship between 

the r ate of heat loss and t h e r ate of water influx . For 

example , as the cooling rate increases , th e rate at which 

water is supplied to the freezing front increases in order 

to permit continuous growth a nd the formation of thick 

50 
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ice lenses . If the cooling rnte exceeds the r ate of water 

supply (either by increased cooling or decreased water 

supply ) new centres of crystallisa tion will appear as the 

freezing front advances . Likewise , if the rate of cooling 

increases , ice bodies will become smaller and more c l ose l y 

space d becu.use there will be less time for ·water rnigrution . 

Because of hese variu.bles , segregation ice is 

difficult to i nterpret , both st ructural l y and genetically . 

Except for gener <: •l descriptions by Corte (1962 ), Gel l (1976 ) 

and Penner (1971 ) there is an absence of information on 

se·grega tion ice petrography in the ground ice l i tera tu re . 

4 . 2 I ce Characterist ics 

Dur ing fieldwork i n January 1984 , the exposed ice 

l en.sss \·1ere covered by a thin l a.yer of hoar frost giving 

an opaque appearance whi~h obscured the intern<ll ice struc -

t.ure . In some of the large ic~ 12~~cc (e . g . , location 

of Sample One ) , sublireation has etched crystal outlines 

exposing a generally coarse texture characterised by large 

irregularly shaped crystals . In fresh sections , the icu 

appeared clear and durk . Vertica l bubble trains , composvd 

of verti8ally oriented , long , tubular bubbles and the 

occasional sediment inclusion , were visible near upper 

and lower s8diment contacts . The latter were abrupt and 

uneven in nature . There wa.~ an absence of visible ice 
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in the enc l osing sedimGnts indic a ting th~t moisture hils 

been dr .::i. wn from the surrounding material to support ice 

growth . 

Under pl.::i.in light in the laboratory , the ice s a mples 

appear to be c l ear and transp a r ent . Although sediment 

an t., gas inclusions are pn~sent , they do not obscure the 

transparency of the ice {Figure 12) . Immediately adj a cent 

to the sediment contact is a thin suspended l ayer of fine 

sediment and gas bubbles . A similar band of gas and sedi-

ment inclusion occurs in Samples Three and Four . In large 

ice lenses , as represented by Sample One , gas inclusions 

are concentrated in zones irmnedia tely ad j acent to the sedi-

(' ment cont2ct . Th e bubb l es nearest ( i.e ., with in l cm) 

to the sediment contact are small {less than 1 mm i:1 diameter ) 

and spherical in sha pe . Further from the sediment contact 

{i.e ., approximately 1 - 4 cm) gas bubbles are l.::i.rger 

(8 - 15 mm l ong ) and range from ellipticu l to tubular in 

main b o dy of the ice lens , both sedime nt and elonga t e d 

gas inclusions are randomly distribuLed . However , thin 

sheets of small , flattened and oriented gas bubbles occ u r 

along fracture planes and str~in shadows . Such fructures 

were noted in the field prior to sampling and are not due 

therefore to sampling or thermal shock during handling . 

Fracture plane s , visible in Figure 13 , and strain shadows 

{sma ll discontiruous fracture planes subparallel to the 
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main fruclures ) visible in Figure 13 , were observed in 

a l l four samples . 

SS 

In ice Samples Two and 'l'hree , fracture plc:rnes occurred 

mainly in vertical and horizonta l directions . In one ci:tsc , 

a fractur e completely bisected a long (2S mm) tubular bubble 

with no apparent displacement along t h e fracture planes . 

There was no evidence of displac ement \·;here either fractures 

or straj_n shadows intersect each other , or where fractures 

meet sediment contacts . The general absence of displacement 

associated with fractures or struin shadows may indicate 

they were derived from thcrllla lly gener2tec1 stresses rather 

thun shear stress . 

Samples Two , Three und F our taken from ice bodies 

considerably smaller than Sample One , are thought represen-

tutive 0£ small ice lenses . As in Sample One , the lee 

in these samples is clear and trar. sp<lren t . How0ver , the 

gas and sedimen t inclusion content is highe r and more evenly 

Gas inclusions constitute 

approximat12ly S - 10 ':; of the total lens volmr.e , while sl:!dimcnt 

makes up roughly l - 2% . In addition to the l cm l~yer 

of higl1 sed iment and gas inclusion content immediately 

adjacent to the upper and lower sediment contacts , as observed 

in Sample One , small lenses are also characterised by thick 

(3 - 5 cm) discontinuous bands of large oval , and tubular 

bubblC?.s and bubbl e trains . As u result , b ·:::>th Scunp les Three 

and Four have a l.'1y er~d appc.::trance . In SampJes Two and Three 
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l ong tubular yas inclusions closely parallel vertical frac -

ture pluins . In gci t0.ra 1 , g i.1 s inc 1 us ior! s near the sediment 

boundaries are small while lorge , elliptical and tubular 

bubbles characterise the body of the ic e l ens . 

Deviation s from typical gas inclusions were observed 

in thick sections from Samples Two and Three . In one case , 

long tubular bubbles were curved or bent v;hile neighbouring 

inclusions remained straight . In another , th e 101.·;er end 

of long tubular bubbles terminated abruptly forming f 1.:1 t 

or squc..red ends , and others ended in a thin t ~' il bent normal 

to the bubble long- ~xis . Each of these variations may 

for~atio~ ; equally , they could be post- formational and 

represent thermo- migration . The most abnormal bubble shapes 

were ringed or spiral - shaped bubbles observed near the 

up?e r sediment contact in Sa mple 'l'hre e . It is thought 

t ha t these are a post- fre e zing phenomena formed by thermo-

I 11 surr11nar:~/ , th2 occt1r .rence of larg2 spl1ericc..1 unc1 

tubular gas inclusJons is characteristlc of slow to intermc -

diate ice growth . The small spherical bubbles observed 

near sediment contacts may suggest initially rapid ice 

grmvth . The vertical , tubular or ientation of the bubbles 

and bubble trains reflect vertical growth as does the layered 

nature of some of th e ic e . Finally , the presence of post­

freezing phenomena (e . g ., fractures , stress shadows , 
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therrno- rnigration of bubbles) indic~tc that the ice has 

underg one thcrmci. l stress after f orrn0. tion . 

4 . 3 Crysta l Characteristics 

A number of vertical c:i. nd/or horiz ontc::t l thin sections 

were prepa r e d from each o f t h e ic e samples . The o r ientation 

and size of the thin sections were controll e d by the size 

and shape of the ice samp l es and the d istr ibution of sediment 

within them . Examina tion of thin sections under c r oss­

polarizcd light prov ides the basis for texture ana l ysis , 

while L.cbric orientat ions can be performed using a universal 

s t age, also under cross- pol a rized light . Sample One provided 

t Lc mosL informat i on while Su.mples T\·Jo , Th ree and Four , 

due to their smal l si ze and high sediment content , provided 

considerably les s . 

Ice Sample One (cryotexture A) contained l arge 

l eng t h . Flgu re l~a shows two horizontal thin sections , 

under cross-volarized light , from the upper part of Sample 

One . The long-axis dime nsions of ice grains in all sect ion s 

ranged b etween l . . 5 and 7. l cm for whole crystals , and 

exceeded 10 . 0 cm for partial cry s t a l s . Con s iderab l e varia ­

tion wcJ. s observed throug h the section , for example ; Figure 

1'1b shows fou r hori zon t a l thin sections t aken from the 

mid~lG of t he sumplc . Th e· grain dimenslolls a r e considcrabJ y 



llorii'.onta l t hin sections vi.c ;: .::cl under c:ro~;,.;-pnl,1riscd 
l ight f1·on1 .i cc Su1;1ple One (c:ryut cx lurc 1\) . a) 'l\.Jt' 
scctjuns fr o•1 the up~J··r part c1f the s ;•."t pl<' . b) Fut!r 
sections [ro: !1 Lhr: miclJ]e ur. t11i:> Sc!J:<µlL' . 
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larger with average crystal slze vary ing between 9 and 

22 cm 2 for ten hor izontal thin sections . Th ere was no 

preferred orientation of crystal long - axis direction . 

The dimensions of crystals i n vertical thin sections 

were consistently greater than those observed in horizontal 

thin sections . Figure 15 shows two vertical thin sections 

oriented parallel to the thaw face fr om roughly the same 

location in Sa mple One as Figure 1 4b . The long-~is dimen-

sions of crystals ranged from l ess than 1 . 0 cm to 13 . 4 cm 

ir>. length . Th e avera ge crystal size , based on nine vertical 

thin sections , ranged from 20 to 32 cm2 • The smallest 

was 3 crn 2 and the largest was 45 . 7 cm2
• 

These large c rystal sizes , with a weak preferred 

vert ical orientatj_on of crystal long axes , are indicative 

o f a slo~ freezing rate and a roughl y vertical f r eezing 

or hea t flow direction . 

The texture of the ice in Su.mplcs Two , Three a:1c1 

' . 0 :.::; ;~2 :::~.:'~. :_: 

g r2in size was not as large. Ice cryst~ls varied from 

1 . 5 cm2 to 24 cm 2 for vertical thin sections fr om Sn.mples 

Two and Three and up to 30 cm 2 for Sample Four . Long-

axis dime nsions varie d from 1 . 2 cm for small crystals adj0-

cen t to lens/sediment contac ts , to 8 . 8 cm for l arge crystals 

in the middle of the l ens . In small ice len ses , it was 

not uncommon for large crystals to extend acrosr the en tire 

l ens th _i_c kness . Similar observation s we re mod~ by 
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T1·10 vert i ca l thi n section~ oricnl,:J p;tr:1llcL t o tllc tk·,;.: 
face, i ce S2.rnp l ' One (cryotc:-:tur e> /\) . l\ott· thl: Vl'.ry Ln-~;" 
crystal <l~mcnsions . 



61 

Penner ( 1971 ) and Gell (1976) in considerably thinner ice 

l~llse s . 

4 . 4 Sediment and Gus Inclus ions 

Th e influence of gas a nd sediment inclusions on 

ice texture was briefly investigated . In Sample One , for 

example , sediment and gas inclusions are both inter- and 

i ntragranular , depending on their location in the sample . 

In layers of small crystals near sediment contacts large 

sed i ment inclusions , and to a l esse r degree gas inclusions , 

are i~tergrRnular anQ locat8d along vertically oriented 

grain boundaries . As a r esult, various l oc L irregularities 

in boundary shape are directly associated with gas or sedi-

rnen.t inclusions . In the middle of the ice lens , where 

grain size is coarser , both types of inclusions are exclu-

sively intra<Jr.::i.nul.::tr and hC:tve no influence on the crystal 

4 . 5 Fcactures and Strain Shadows 

Fracture plane occurrence is generally intracrystal -

line :Ln na turc except where bcrnds of sma.11 ice grains occur , 

where they are both inter- and intracrystal line . In con-

ti_·as t, strain sh;:i_dows were only intra.crystal line . In th8 

lower portion of the ice sample in Figure 16 for example , 
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VL:rtical t hi c!( section ( 5 cm) from Sc::1plc One , u11 ,_k i- cross­
poLir is2cl 1 i.ght . Not<>. t he frac t t.tr(:S crn cl s tr <l in slt:!(lOl·.'S 
in the lm·: C>r right of th e samol~ . 



:~-

63 

both fractures c:rnc1 strain sh....ic1o;·Js can be se e n . Minor 

recrystallisation h~ s occurred along some of the larger 

fracture planes anc] there is som~ evidenc e of minor displa ce-

ment (approxirnu.tely 1 rmn ). Although not apparent in the 

photographs , crystalline substructure occurs in the form 

of slightly different extinction angles f o r different parts 

of the same crystal . 

F ractures and strain shadows occur in greater concen­

tration in Samples Three and Four (cryotexture C) than 

in Sample On C' (cryotexture A) . They are primarily intra-

granular in occurrence . Al ong major fracture planes a 

s::n:ill amount of displacerr,ent has taken pla ce (up to 1 rnrn ), 

~hich may indicate boundary migration or shea r displacement . 

4 . 6 P8trofabrics 

Pctrofab i·ic analysis was p e rformed on a numb er 

o ~ ~ 2 ~ ~ica lly o r ~ .~~ed t tin s ec ~ ions c at f~om t he ice sampl e s 

in p lane s e ithe r parallel or norma l t o the thaw fac e of 

the Mt1~1 0 ground ice slump . Sample One was sufficiently 

large and free of sediment to allow vertical thin sections 

both normal and parallel to the thaw face to be u.nolysed , 

as well as several hor izontally oriented thin sections . 

S i .nce the other ice samples were smaller and con ta incd 

blocks and layers of sediment , the geometry of the ice 

lens coniliined with the sh~pe of the s a mple ultimately controll e d 
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the plane through which thin sections could be prepared . 

Con sequentl y , vertical normal and vert ic a l parallel sections 

\·1ere analysed for Sample Two , whil e only vertical normal 

sections for Samples Three and Four. 

C-axis orientation measurements arc depicted 

graphically by the Schmidt method (L ang'i'lay , 195 9 , pp . 8- 12 ; 

Schmidt , 1925 , p . 392) as a diagram of the density distri­

bution of traces of the optic axes on the surface of a 

sphere. 

Fabric diagrams for both vertical and h orizontal 

thin sections from Sample One are presented in Figure 17. 

Photo 17a shows a t enden=y for a preferred pattern of c -

axes conc entr0ted in four fairly strong maxima inclined 

30 - 40° to the vertical. A dispersed pattern of c - axis 

orientations surround each pair of maxima . Figure 17b, 

based on vertical thin sections oriented normal to the 

th0w face , shows a fabric orientation characterised by 

~~c isclatcd ~ri~ary raa~i~a i~cli~ ed ~o - 50° to the vertical . 

Secondary maxima occur in the ovposite quadrants inclined 

20 - 30° to the vertic :l . Both arc in planes alnlost normal 

to either the upper or lower contacts . Figure 17c shows 

c-axis orientations of si horizontal thin sections at 

variou s levels in the sample . Again , four strong orienta-

tion maxima inclined 30 - 50° to the vertical are apparent . 

Fabric diagrams for thin sections prepared from 

Samp l es Two , Three and Four are presented in Figure 18 . 
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In Figure 18a , the dispersed pu.ttern falls within the same 

ran ge observed in Sample C .. ~ . Cryst~l c-axcs arc inclined 

rou ghly 5 - 45° to the vertical , but there is a gene r a l 

lack of concentrated maxima . Figure 18b s hows a weak pattern 

of preferred c - axis orienta tions with maxima inclined 10 , 

15 and 30° to the vertic~l and a general diffuse pattern 

incJinc d 5 - 45° to the vertical . F igure 18c shbws a loose , 

dispersed pattern of c - axes inclined 5 - 35° to the vertical . 

The distribution of points is similar to the previous dia ­

grams . However , clusters of points or concentration maxima , 

indicating a preferred orientation of crystal c - axes , arc 

In summary , the fabric diu.grams indicate that c - uxis 

orientations r a nge from weak and d ispersed with a maximum 

o f 5 '1; to a concentra.t ion maxima of 15 !6 . The disp2rsed 

patterns contu.in c - u.xcs inclined 5 - 45° to the vertica l . 

Preferred patterns have strong muxima occurring in a ll 

q~a~ra~ts , inclin~~ lJ - 40v tc t~e vertical . Tli'2 ft:bric 

dlagra~s u. l so indicate an absence of c - axes in either polar 

or equator ial orientations . 



5 . DISCUSSION AND IN'rEl~PRETl\TION 

The morphology , distribution and setting of the 

ground ice exposed at th e Mayo study site clearly support 

an ice segregation origin . In all probabil ity , the ice 

formed as permafrost aggraded into saturated glaciolacustrine 

sediments of Stewart River valley . Although the ph:i-sical 

cha~acter of th e ice offers littl e informati.on concerning 

its a0e , i +-
-~ '-- docs provide an indicat ion of the conditions 

The large ic~ lens size , together with the coarse 

t ezture of the ice , indicates that ice segregation occur r ed 

slowly and at relatively high freezing temperatures . This 

icplies that moisture supply and h eat flow cond itions were 

suitabl2 for the formation of l arge ice bodies. However , 

t~ e s~~~s o~ so~e 8~ the ice budiss , particularly th~ large 

lenses that taper horizontally, and th e variable lens size , 

indicate that heat flow and/or moistur e supply were spatially 

and temporally variable . As a result , the shape and 

orientation of ice lenses varies considerably across the 

thaw face and provides the cryotexture swhich are superimposed 

on the silty sediments . 

Lens orientations vary across the face f r om horizontal 

to gently clipping. In general , the axes of the i ce lenses 

GS 
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are inclined 10 - 30° towilr~ the northcast . Ho•.vevcr , numerous 

len ses are arched OL bent , generating locally steep dip 

angles . The inclined natur e of the ice l enses , as well 

as the variation in lens s hape , may have resulted from 

a number of factors . These include the litho- stratigraphy 

of the sediments , and either inclined heat flow or nonlincar 

heat flow . An un even supply of moisture , or differential 

freezing associated with different surface conditions may 

also h ave been important. While horizonta l variation in 

i ce character probably refle~t spatial variations in heat 

flow and moisture supply , vertica l variation indicates 

tem~o~al Giffere~c2s . Where silt fr agments are included 

in the ice , or where ice lenses and vei:1s are closely spaced , 

blocks of sediment appear to have b een rotated . This is 

interpreted as the result of either differential growth 

rates or ad j acc'n t crystals or loc a l va rial: ion in moisture 

supply . 

l arsc bubble siz~ and vertical orientation of tubular bubbJ.es 

and bubble trains , arc indicative of vertical h ec:tt flow 

and slow freezing . The generally large crystal size and 

irregular incquigranular shape also support a slow freezing 

interpre t_u tion . Th e range in bubble size , and to a les ser 

degree grain size , suggest that a range of freezing tempera -

ture s may h ~ve occurred . The l ow p a rticl e inc lu sion conlcnt 

of the ic e is also indicative of slow freezi n g . 
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The presence of fr0ctures , strain shadows und thermo ­

mig.cat ·i_on phenornen0 ind:i.catc thut post-formati_onal modification 

of the ice has tnken place . However , there is no way of 

determining how much of the observed petrography is the 

re sult of post - freezing stresses . The nature of the post-

f r eezing and the lack of displaccmc11t and recrystallization 

associi1ted with fractures suggest thermal post - formational 

stress rather than shear stress . 

In conclusion , the textur e and fabric patterns 

of seg-r0gc:ttion ic e observed at tlw Hu.yo site are clearly 

differc;nt from other g r ound ice types observed elsewhere 

in the Yu ~ on (e . g ., Pol l ard , 1983 ; Pollard and French , 

1983) . For example , the large ineq ui-granular and weak l y 

oriented grain pattern of the ice lenses i s in marked contrast 

to the small grained and dimensionally oriented pcittern 

of icing ice observed in the North Fork Pass and buried 

ic .i_ng ice from the I\londike area . of the Yc:}~on Territory . 

frost blister ice , and that of pingo ice and wedge ice , 

as described in the literature (e . g ., Pollard and French , 

1983 ; Gell , 1978 a ; b ; and Black , 1978) . 
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