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ABSTRACT 

The terrn paba I!'! a Fenn()~Célndlan wurd for a peut y hillock or mound having a 
permafrost core compo"eù of alternatlf1g layèf~ ot "egregated Ice Ien~es. and organic 
()J 111Ineral ~Cll\. Thl~ dl~!'!ertatl()n pre"enh re~lllt<. of a ~tudy on the morphology, 
ecology. cryntlt !'!tructllre, and thermal Iq!lrnc of fi paba" (,Ite~ 111 the Schefferville 
arca ,Inù Cllkr!'! il J1L:W c<ttLgorW!tIOI1 01 the!lc featurc~ hél!leJ on then cryotic 
structun.:. J':lglJll'ell pilb;t ~J1c~, weIl' I(l\:.tled Wlthlll él 3) km radlU~ of Schefferville 
ilnd ~IX 01 tlJc:,c' ~It('" \vele II1\'C"tl~éltl'd !Il tlelal\. Pa!'>a .... ranged from 5.0-59.0 m In 

~ ~ 

Icngth and IIp tu 1.1 III 1Il 11l'lght M()~t \\l:Il' located !Il valley~ formcù hy the strong 
mIge-valley topography 01 the I.ahrador trough. AnaIY!'!l!'! of plant macrofmsils 
~lIgge~t~ Il ~L1CCl'~'>I()Ilal change flUlll hydrophIllc '>pecle!'> 10-1:1 cm hclow the pa;sa 
~urfacl' to 1l'I<ltlVl'ly XCl(lpllllIc :-,pt'lIe~ on the p;lba ~urfacc. The transItIon zone 
hetwcclllhe"e Wg,'t;ttloll a:-,"()(I,ltlom Il1dJl'ate~ whl'Il thL: peat ~urtacc \Va!'! heaved 
ahovc the WiltCI t;lh!c llnd thu~, thl' 1I11tliltion of the pal~é:1. Surface \ct!etatIOI1 on the 
pill~;I" 1'> lI't'd tu IIIUIGltl' ,>wgt" or C;ltCgOry of uewlopment. Llchen~ and shrubs 
C()ll1hll1t'd \VIth !'.111,,11 anJ(lunt<> 01 h:lrl' pcat !'!ugge!'.t ;t ~tahlc palsa. Large area~ of 
harl' l "It <li 1 the :-,ur/.lct' 01 pa]<,a" rc"ultll1g trom eru'>lon IIlJlcatc~ degradation. 
1 k;tlthy ""!lge:, O!1 the p;lha ... urlace II1c1lcatc aggradll1g COI1lhtIOI1~ Gmlll1d Kt' \Vlthm 
p;lb;l:-' langl ri h()1lI "mall tl!:-'COl1tIl1UOU" ICI' kl1:-'c~ wlthm pcat tu Imgc le!1:-,e~ at the 
peat 111111CI,,1 oi! t'Ol1tact ,1Ild wl(hm the I1lIllLfal !'.()I!. The depth of ~n()w O!1 the palsa 
~lIlf<lCl' varlnl (Ill both a temporal allù !'.patlal ha,,)!'! Active layer depth!'. \Vere not 
gle;ltl)' afketnl hy the dcpth of wlIlter ~llOW. ~!Jmatlc parameter!'., ~uch a~ heating 
dq.!.!t.,l' day~ ail'. lHI6ht :-'lIl1~hllll' h()ur~, \VCle fmlllù to predlct ma\lmum active layer 
dl'litll~ 11!11,l dccumtl'Iy than Stdan\ cqllatlon. Thl~ dIssertatIon show!'. that palsas 
wlth hoth OIganll' and 111111e[al !'.0I1 core!'. are common permafrost fcalures in th~ 
S, hl'! fclvillc al l'a and wlthm a relatlvely !'.mall area paba!'> exist at llItferent ~tages of 
dl'vl'lopl11e Il t. 
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RÉSUMÉ 

Le terme pal se, d'origine tinno-~, .. nu", désigN' une blltt~ ou lill montll:uk tourhcux ct 
pergélisolé formé d'une alteff'ance d'h"'D \ 1) de glare d~ ségrégation ct d'honloll~ "Il' mat~rtl'I 
organique ou mInéral. En olus de pn~5:~ nter Il 1, ré~ll1tats d'une étud~ portant ..;ur la JJlorplwlogll'. 
l'écologie, la strur.turc in eme CyrogCI 1Ut· crygénique et le rl~gll11c thcrtlllqUl' dl' P,d\l'" 
localisées dans 6 des 18 sites que l'on h',I·J '< 1110lOS de J5 km (il' SchetTcrv;lIc. iL' prc'lcnt 
mémoire propose un critère de di tfércnt îalses fl,ndé sur la s!ructure cryOgl'llIqUC 1 c~ 
palses étudiées avaient une lont!l1c1 à 59 Pl et Jusqu'à 1.1 III de Il.1I11L'lI!. Elles 
se trouvaient pour la plupart dan~ '?'" ".1 S de la fosse du Labr.tdor l ',lIlaIV~l' dcs 
macrorestes végétaux montre 'le cs xérophlk .. en ,url ,Ire J dl'~ plall'l" 
hydrophiles 10 ou 15 cm sous .,' n. La ItlCah~îtion dl' la TOIll' dl' tr.m'llthlll 
est reliée à la périO\1e d'émergencl- , 1 1 lport à la nappe phrl-.lIlqllc, C'l'st J-dlll' à 
sa formation initiale. Le type de véget. Y)fl ('1 ce indIque lc '\tadc dt' <1L'vdoppl'lllcllt dl' la 
palse. Une surface de lichens et d'arbuste. ~1lI6e d~ tourbe nue IIIdlqUl' unc <;tahlltttÇ dl' 
développement. On associe une surface caractéiiséc par de grandes /Onl'~ de tourhe JUill' 

dégradatior. et, à l'inverse, l'aggradation se tradUIt par ulle rl'I.ltivc ahondance de rall'x L.I 
glace dans les palses se trouvait soit en petites lentIlles di~('ontlnucs dans 1.1 tourhl' Ill! cn rouelles 
plus épaisses dans le sol minéral ainSI qu'au contact entTc ce dcrn~er ct \.\ tOllrhe Bll'll que 
l'épaisseur du manteau nIval à la surface des palses montrait une varta(IOll ;\ la fOI~ spatiale ct 
temporelle, il a été Impossible d'y aswclCr une vanalIon de l'ép<IlS\Cllf dl' ll1olll\ol II a cil­
détermmé que l'utIlisation de paramètres clImatiques comme le nombre dl' dl'grl-~ loms de 
chauffe et le nombre d'heures d'ensoleillement donnait de meilleurs résultats qUl' l '{-qu,ltlon dl' 
Stefan quant à l'estImation de l'épaisseur maximale du mollt~o'. Le pré\cnt ll11SmOllC d~lll()ntIc 
que les palses ,1 coeur minéral ou tourbeux constituent de fréquentes manIfe~tatlon<; de pergéltsol 
dans la région de Schefferville et que des palses rapprochées peuvent pré~clltcr dc\ stades dc 
développement différents. 
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PREFACE 

This dissertation I~ hased on a l'llIllpIl:ltIOT1 nt thrct' l)[lglll<l1 l11allll~L'npt~, 1""0 

of which are already puhh~hed, The Fal'lllty ot Graduatt.' Studll'\ :lm! Re~l';lldl 

require that the loIJoWJl1g tllree raragraph~ appear III tu1l at Ihl' heglllnlllg ur a 

dissertation adopting thl~ applOaeh, 

"The candlùate ha~ the optIon, ~lIbJect to tht' appl{)va! ul tht, nl'pal tllll'lIt, nt 
inc1uding as part 01 the the~l~ the text, ()J dllpllcatcd puhltshl'd In,t (\l'C helll\\,), ul 
an original paper or paper~, III thls ca:-.t' the the"'l\ mll~t :-.tlll COIJtOllll 111.111 llllll'I 
requiretn~I1t~ e~platned in Guideltlll':-' f\H1Celll1I1g Tht·\I ... PIl·p.II,IIIUII ,\ddltl<ll\.11 
matenai (procedural and dC\lgn dd!a :1\ weil .1 ... dC"'CllptHlIl:-' (lI l'l\l1IP'l1l'ltl) !11I1\1 hl' 
provided in ~ulltclent ddaIl (e,g, III appellllll'l'\) tll ;dlm\';1 l'le.11 .tIlt! pll'\'I\l' 
judgemellt to be matie of tht' Imp()rtance ;lI1d (lIlglllalIlV III Ill<' iC"l',II[ Il Il'plllll'd 
The thesis should he more th:1I1.iU1JCfl' !J1lkCJ!5]JL OLlll.!IIlI ... CI lJ!h pllhll\lll'd [li tll Iw 
pubhshed. It must Il1clude a generéltilh~lliLçJL;.IJJ:!!l!IlIE:~I~lct.!Oll :llld.llll'I.lIUrl' Il'VIl'W 
and a final overall conCIUSI<Hl C()nq~cllIlg tcxt~ wh)('11 plllVldc ;lli~ll:tI hlldgl'~ 

hetwecn differenl manu~cflph are w,lIally d~~lr;lhk III thl' IIItt'tt·\\'. ni [ (111t'\I(l1l 

It I~ acceptahle for the thl'~I~ tu Il1cluLie ;1'-, c\Wpll'l \ .1 lit IWIlI Il l'OplC'" [II p,qll"'" 
already puhlI~hed, provlded the~l' ;1Il' dupllC;llcd ck:lfl.\ (lll ICglll;ll11ll1 Ihl· ... l\ 
stationary élnd houlld a:-. an IfIteglal part (lilhe thnl" Ph()((lt!.1 dph:-. 01 Othl'I 11I,llt'llal\ 
which do not duplicate weil mml he IIIcluded III thell (lf Iglfl,ll lOI III J.ll .... udl !n.~l!Jlll't.;.~J 
connectmg text ... are mandat()rv :lIld ~lIpplemelltal l'xplall.ltllfy 1ll:ltciJ:l1 I~ allll()~t 

always nece~~ary, 

The inclUSIOn of manmcflpt~ co-;Illthorcd hy thl' c<lndld;dl' aIld ()theJ~ f~ 

acceptahle hut the l..mdlùate I~ requlrcd ln fllakl' ail cxpliclI ... t:llt'lIH'flt (111 who 
contributed to ~lIch work amI to what extenl ;uld \lI]lCf vl"'(lr~ 11111 ... 1 altl'~t I() Ihe 
accuracy 01 ~uch clalm~, e,g helore thc oral COll1l1llllce. SlIll l' till' 1:I,>k 01 thl' 
Examiner\ I~ made more llJttfcult III tlll':-'l' ra:-.c:-., It 1 ... III tlle lïllll!fl!;ltC'-, Illll'Int ICl 
make the fe~pomihJ!ltle~ of the (lllthor~ pcrkllly l'lem, ( ;lllllldalc~ 1()II(lWlllg Ihl ... 
option mu~t mlmm the Departm'~nt hel()f(~ II ~lIhtl1ll:-. tlle Ille"'I', lOI 1('Vll'W" 
(Guideltnes ConcerIllng The,\I~ Prt:paratIO[], McGill Unlvn ... lty, r';llulty 01 (ir;ldu;lll' 
Studies and Re~earch.) 

v 
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Thl~ dl~~ertatl()n I~ divlded into tour chapters; chapter 1 mtroduces the ~ubJect, 

cJcfme~ the ~tudy ()hJectlve~ ancJ ~ummarize~ hack,<5rollncJ hterature relevant to the 

~tlldy. Chapter 2 l', ùlvldec.! mto Iwo dl'ttmct ~ecti()n~. each ~ecti()11 compn~mg a 

pllhh~hcd I11;Jnll~cnpt. The~e two paper~ are comhmed into one chapter hecause 

therc élre fi numher of overlappmg di~cussI()ns. Chapter 3 compnse~ a manllscript 

that, at the tlme of ~UhITIl~~lOn, wa~ in the revlcw process. Thl~ manuscript is 

prescnted as éI sepafé\te chapter hecause 'It i~ ha~ed pnmanly upon emplrical analyses. 

Chapter 4 di~cussc~ the Ihree manuscripts élnd attempb 10 draw together their 

C{)ncJlI~lon~ mto an integrated stalement. 

'l'hl' literaturc descrihed in ca eh of the manuscnpts summanzes hélckground 

information relevant only to the problems addresscd. AccorùlI1gly, an expanded 

literature revicw is presentecJ in chapter 1 to put these papers, and tlllS research, into 

a hroacJer contex!. 

The candidate I~ the primary author and the supervisor (Dr. Wayne H. 

Pol1ard) ~ecol1d allthor, of ail three papers. The research is ~olely that of the 

candidate: tht' lIe Id, lahoratory. and stati~tical analyse~ \Vere the work of the 

cal1tlidatl' a~ weli a~ the ongmal drath of the manuscnpt~. Dr. Pollard offered 

hl'lptlll advlce 011 \an()lI~ pha~e~ 01 the field pIOgram, rl'VlSI()n~ tu the texts, and 

hL'lped III thl' 11l1l11ul:ltI0i1 01 C()nclLl~I()n~ from the rmv data. Moreover, his help in 

al ra nging l'qllIJlIlll'nt and tllndlIlg and ~upport 111 the field made much of the research 

possible. lib IOle thus rl'mainet! that ot thesis adviser. 

Each manuscnpt presenb concluSlCms relatll1g tn the foeus of that paper that 

VI 
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stand alone and will not he repeated. Because the gencral sllbJt'l't of tht' papers is 

similar, several conclusions can be drawn from the threc wmks. These are diSClIsSl't1 

in a separate chapter. 
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CHAPTER 1: INTRODUCTION AND BACKGROllND TO 'l'liE STllJ)Y 

1.1 GENERAL STATEl\1ENT 

Perl11afro~t is ùellllt'd él~ grmmd (~oil or wd,) that Il'I11aIll~ :\1 IH helm\' 0"(' 

for at \ea~t 1.\\'0 year~ (Permatrmt SlIhcoml11lttCl' 19t-:S). 'l'lm I~ a lel'l'Ilt alc:\ nt 

research anù has only heen CO!1slùcled a ~l'p:llatl' tll'Id ut ~tudy ~llIl'l' Ihl' I:\ll' 11)·Hl'. 

The tenn "permatrost" wa~ propll..,eù hl' ivlutkr (1 1)43. P . .") :\~ .1 l'IlIl\'l'lIll'lll ~hUl t 

form for the phra~e "permallently 1I0Zl'Il grollnd". 

Permalrm.t b Cl thellmtl condItIon IIlll1lellcIIlg "ppl \)xll11atl'ly 20-221 
( ot thl' 

earth\ land surface, inc\uding 50Sf ul Canada ami the llSSR a III 1 up tll S()I; ot 

Alaska. In Canada, the perl11all()~t Icglon IS divlded IIlto ·1 /Ol1l'~ h,\~l'd on It~ 

location and ùi..,tnhutlon: (1) C()ntlnll()U~, (2) ùl~rolltIllU(l\I~, (-') alpll1l' ami (·t) 

submanne permafro~t (Brown 1 ()7X). 

In North Amenca, con~ldelahk re~earch ha~ IWl'1l C:Illll'd out llll val 11111'> 

continllou~ perl11afro~t phl'nOllll'lla ~lIl'h a.., plllgm ilnd ICl' wl'dgl'!'>: IH IWl'Vl'l, 1 ilL' 

landform~ ot the ùl~contllluoll~ pcrmallmt /OIlC hilVl' gClIl'lillly Il'l'l'IWd k~, 

attention. The peatland mca~ 01 Canada coYer IIp t() 2,()()O,()()() klll' and ()Vl'J1ap il 

great ùeal with the dl~contll1l1()ll~ perl1lallo~t ;:0 Ill'. i\ l'()I1~l'qlll'IH'l' (lI tlm 1" tilt' 

development 01 a ~erJe~ ni unIque peaty ~lII1aœ leatllrl'~ 1 :lllglllg Il (l1l1 ..,111:111 

hummncb to paba~ and peat plateau'). 

The term paba I~ deriveù trom the Filllll"h wonl lI"l'd III l!c:-'lllhl' l'l'ilt 

hummoeks 111 wetlands with a tro:zell core (Seppala I<JXXil). ('()l1ll1~I()1I Il:,.., :111!'>l'n III 

the Iiteratllre concerning the uellnltion 01 p:t1~(\, ami (Jtl1er typl''' (lI Irml IIHllIIHI\ 

A numher ot revlew~ have heen puhlt\hed 111 reeclll Yl';\1\ (l'.g. PI'''illl IllX'), St'pp:t1il 

19H8a; and Wa~hhllrn 1 WB), however a dl:-.turhll1g ;l'''IK'CI (lI thl"l' reVll'W" 1.., ;\ !:tek 

of consensus on the landtorl11 Jetllled hy the terl1l Pitl..,;1 '['lm dl..,CIl'P;IIH·y Il:-'lI;t1ly 

revolves arounù the proœ~..,-torJ11 relatlomhlp and tlle dllkrelH'l' l1l'tWCl'll Ililll!llolwl 

descriptive geonl('~ph()l()gy and modern procc:-,,, geolll()rpll()l()gy 'l'Ile qlw\lllllI, "wIWI 

defines a paba, Il:-. torm (Jr the pr()ce:-.~ that Icd to thl.., 1()11ll'!" 1" ill Ill(' IWil! 1 01 t!m 

controver~y. In thl~ ~tudy a paba i~ "a peaty perrm:lro~t ll1()und pm't.:"'''"lg ;tllcl ni\tlng 
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layer!'. of !'.egregated ice and peat or minerai !'.oil materia]" (PermafrŒt Suhcommittee, 

J <JXX, p,(JO). 

Paba\ are oftell regarded é1!'. the Ino!'.t con!'.picuou!'. and reliahle surface 

indlcator of penna/ro!'.t ln the (hscontinuou!'. zone; however, In recent years, features 

re!'.emhllllg p:d~:I!'. have abo been reporteù ln the continllou~ permafrost zone 

(Wa~hhllrn IWU). Paba!'. are not the only type of frO!-.t mounù fmmù in the 

LI I:-.cont III li 0 u:-' permaf f()~ t lone. Recently, conf lI!'.lon hetween pabél!'. anù t'rost hlisters 

11éIS c:lu\ed l'()lltrover~y in the permafrmt coml11l1lllty. FrO!-.t hli!'.ters are 

IIHllph()loglcally ~iJ11ilar hut gcnctically ùltterent fro:-.t mOllnù:-. that can he mlstaken 

lor paba:-. unlc:--:-- dctalleù proœs~ or !'.trllctural :-,tlldie:-, are unùertaken. 

Paba\ me wlùcly repOlted throughollt most of the di:-,contlnllous permafrost 

/.one of (';111:I<.Ia and extcnslvcly In we:-,tern QlIebec (Allard élnù Seguin J9R7a; 

I,agarcc 1<)X2). Ilowcver, In only two im,tance:-, have palsa!-. been reporteù in the 

Scheftclvdlc :Ire:! (J:llm I<JX6: Waterway el al. }<JX4) but to date there has been no 

Llet:llled !-.t udy of t heir occurrence. A reLent paper by Lagarec and Dewez (1990) 

!-.uggc..,ted that p:lha!-. ,Ile ah:-,ent ln tlm area. It follows therdore, that there is an 

Illlmedlate l]L'ed for a study collceilled wlth paba occurrence in the interior of 

Nouveau Ouchee. Tlw .. re!-.t'éllch project wa~ conceived lI1 respoI1se to this need. 

1.2 STlJI)Y OUJECTIVES 

Palsa!-. L'On!-.tItlltc an intere~ting hut little ~tudled permafrost phenomenon in 

the ccntral part 01 Northclfl Quehec. Thus the general obJective~ of this research 

\Vere tn inve:-.tlgate the OCCUrIcncc ot palsas ln the Schefferville area and to descrihe 

their dl!-.tlihutIOIl, !-.l'tting, :-,urface and IIlternal charactenstics. An additional ohjective 

\Vas tu eXa1l1111e !-.l'a!-.lll1ill \,lIlatlnl1 111 external varIahles such as ~now coyer and air 

tl'l11peratllle, 10 devclop il better lInderstandlng about aggradational and 

degr:u..latllHwl proL'e:-.:-,l'~ actlllg 011 paba:-, in thi~ reglon. 

Attentlllll !ocll:-,ed UpO[1 four plOhlems associated \Vith palsa occurrence near 

ScheffervIlle: 

(1) Do pal:-,as posses typlcal geographic location and site-specifie 
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characteristic~'? 

(2) What i!. the range in palsa size. shape. morphnlogy and vl'gl'tation cm'l'I '? 

(3) What I~ tht' rangl' 111 mternal !.tnlctull' of paba~ 111 Ihl~ Il'glon and whal 

can he inferred from blostratlgraphlc dJlfelel1ces') 

(4) What are the enVlfOlll11eIltal condition ... aCIlIlg lHl pal ... a~'! 

The!.e prob\em~ arc addres~ed III tht.~emallllSl.f1pbAl.l.lmllllgly.lht.spcl.llic 

aims of papci one are to de~cnhe the mmphlliogy .Illd ~l·ttlllg ul pab;l'" III Ihe 

Schefferville area and to de~cflbe the l1èar ~llllart' ch:1I artl'1ï~tlr~ 01 t hl· ... C paba .... A, 

peat is an e~selltial comtltllellt of paba :,tlllctllil' alld the pa\:-..I'" ... tudll'd ;1Il' 

compo~ed pnmarily nt peat :ll1d mgal1ll' ~lIt. an attl'mpt I~ madl' III Icl.ttl' thl' 

vegetation cover and ~trllctllll'" lI1c\lIdlllg blmtratlgl aphy, a~ a l11l'al1~ ul 1IllcllIIIg p;lba 

evollltion. A ~ec()ndary allll ut tl1l'> paper I~ to CXalllllll' thl' gllllllili 1Ct' .I1111 tl!l'llIlal 

regimes ot the~e palsél~ m. an 1I1tegral compnl1enl of ;Iny pl ()Cl'~~ lllll'nll'd pCllll:lllml 

study. 

The primary aim ot the second parer I~ tn dcvelop a cryow'nclll' l'b:-.~IIIl'atl()n 

of palsas lIsing surface and ~lIh~urtace data tn categOllll' ~lte-"pl'l'Illl' pCllllaflmt 

conditions. Smce thermal regime élnd ~lIrlaœ condItion 01 the:-'l' pal\;I\ :1Il' ~tlllllgly 

affected hy winter comhllons, a :-,ecollliary allll (lI th" papcl 1:-' tll dl,.,l·llhe hm\' Wllltl'l 

conditiom l'an élbo play a l'Ok in thell C1yngenl'tlc c\;1~:-,lIlcatl!lIl 

The thirù paper tocllse:-, Oll the dynalllic 11'1:ltl()lI~hIP" fwtWl'l'll thl' tl!l'lllIiil 

regime of palsa:-, and envirolllllent,d factor" that dm.:ctly allect :-'l'a.,llllill tl'IlIjH'liltllfl' 

pattern~. The aim:-, ot the tlmu papel me: J) to dl':-'u Ihe the .,P:III;II i1IHI tl'lI1pOI al 

variation III ~Il()W cover III a paba ten and 1 .... InlluCIIl'C:-' (lll active I;lyl'1 dl'Vl'llljlllll'Ill, 

2) ta document actIve layer ueveloj1ment i1lld rL'l:lte It tu pr(lxy l'IlVIr<lllll1l'lltal d;lla 

collected al the Scheflervllie ;mport. Lea.,t :-.qllélll'~ regle:-':-'I(lll l''!II:111(l1l., :lIt' 

developed tn preùlct maxllnum active layer depth\ alld me c(llllp;lred wJlh Il'''llIt:-, (lI 

analytical eqllatl()n~ amI 3) to de:-,cllhe tht.: IntelJ1al telllpcrlltull' ()I p:II.,;I., ;IIHIIel:lll: 

thi:-. to winter and :-'UIllI11CI COllllJtHH1:-'. '1'111:-' paper attl:ll1pl'> t() proville a hetter 

understanding ot the é.nflual vanatlOIl:-' III the thermal rt.:gllne (lI dl:-'C()lltlllll()U:-' 

permatrmt by lI~lIlg paba~ 111 the Schellerville area . 
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1.3 AJ)PROACII 

Tlw, 1<, pnmarily a field investigatIOn ~upported hy limited lahoratory and 

cmplrical allaJy~c.. ft f()lI()w~ therefore, that the re~eareh design and methodoJo!,l)' 

f()cu~ed on the collection of ~ettmg and proce~~ data that will h~lp provlde hetter 

llllder~talldll1g of the factor~ IIlfluencmg the dl~tflbutlon, formation and degradation 

01 pal<,a<,. 

/\ Illllllhel 01 ~talldard field teehnlque~ were u~ed 10 colleet ùata on the 

phy~lcill ilnd thermal charactemtlc~ ot paba:-.. Some ot the~e techniques are 

de<,cllhed III the m<lllu:-.cnph plc<,ented ln c11/lptl'f~ 2 and 3, however the hrief 

dl:-'(,l1:-'~I(J11 almut tcChlllqllC~ 1:-' pre~cllted here to empha~lze the mtegrated nature ot 

thl~ Prolcc\. 

11l1tJ;dly ~ttJdy :-'Ite:-. were idclltltlcd lroI11 aenal photllgraphs. U~illg a limiting 

radlll~ 01 15 km a total ot IR ~ite~ were identltJed. Suh~eqllellt lield rec()nnai~~ance 

Idel1Ullcd ~IX sltc:-. tlwt eoull! he readdy acce~:-.ed by either ail terrain vehic\e, 

!'.llOWlljohilc or truck depcndll1g (ln COlldltion:-. 01 mine road:-.. 

Pcat :-.ampk:-. WCI c dhtilll1ed lI~lI1g a eRRE!. permafrmt wnng kit or were eut 

lrom thc ~Idl'<' of the paba lI~lI1g il ~a\V. The ~triltlgraphlc ~eqllence ot organic, 

I11l11eral and 1 Ct' matcrlal provldcd tktalled inlullllatlon on ~equenee and chronolo!,Y)' 

01 palsa formatloll pl ()rc~<.,c:-.. The:-.e cme ~all1ple~ \Verc med 10 determine ice 

content ,\Ill! type ,11](.1 hJ()"tl <ltiIP aphlc :-.eqllellce. Core h()lc~ were imtrumented with 

lllultl-thclllll:-.t()) l'able:, callbrated tll O.I"C a:-. olltlll1ed III Jlldge (1973). Ground 

thermal Il'glll1l' data 1<., <lI utll1O\t importance whl'Il <,tllllyll1g permalro:-.I teatllres as 

tlll' detclllllllatHlIl nI pelllw!ro:-.t 1:-' ha:-.ed on the grolllld:-. thermal conciJtlon. A YSI 

Ill'l'dle plOhl' ami Fillke Illultl-Illekr \Vere lI'ied tn ohi,lln In~tal1taneOll~ ~urlace peat 

ami :-.nO\v tl'Illpl'raturl':-' \\'llIch plovlded II110rl11atl011 on é1lllbiellt ;\lr telllperatllres and 

IlIte:-. 01 1Il'l'/C ilml th"w 01 the pab(\~. A Mount Rme :-.no\V ~ampler wa~ lI~ed to 

1lll':\:-'lIll' :-'I\OW lkpth and tkll~lty whtch control tll ,\ grcat dcgree how wll1ter 

i.:OllllJtIOI1:-' allect the thl'Imal ICgllllC 01 thl' paba:-.. SuIlacl' vegetation cover was 

h:l:-.ed onlllUI 111l~ ~clL'ctl'd qlladl(lt~ '11 OIL1el to deterl11ll1e relatl\e age and condition 

01 paba~. Plant 1l1:ll·wl()..,~Ji data \Vert' obtamed lI~inl.! the l11ethml de~cnbed h\ Lowe 
~ . 
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and Walker (198-1-). The~e data prm'Ided mftHl11atloll lL'g:lIdll1g dUOlllllllgy 01 

vegetation colonIzatlGn ot the wctland ~urt:\l'L' prIm tn pals:1 il,rmatlllll Ilnlll)/l'Il 

peat depths in fel1~ ~urrmll1d\l1g the pa"a~ \Ven.' uhtalIled \VIth .t .' 111 ~tl't'\ p\()lw 

pushed through the peat ul1tll minerai ,,011 W'I~ leadll'd. t\ctln' 1:1\l'1 dl'\elllpllll'Ilt 

was monitored U~lIlg a ~teel probe pll~l1l'd mtu thl' "url:Il'I'. 'l'hl" dat,1 hl.'lpl'd tu 

identIfy permafrost bmlle~ alld l}lIantlly ratl'~ 01 thaw. TIL't' .Ige \\'a" lktl'llIlll1l'd hy 

removing a cross sec!Hm 01 the tree JlI~t ;Ib()\'l~ the wot l'\mVl1 wlurl! \\'a~ "alHkd ami 

examined umIer 10'1{ magnihcatlon. Thl~ detelll1ll11'd how hHlg the \wtl:lIld ~l1llarl' 

was ahove the water table and thus the IllltlltllUIll age 01 the paba. 

1.4. STUDY AREA 

The stlldy an~a IS ~itllated 111 the Lahrador TlOligh geolllgll' ~tlllrtllll' tltat I~ 

approximately 80 km wide and ClIt~ thlOlIgh the (';111:\(.11:111 ShlL'ld III ;1 11()lthwl'~t­

sOllthea~t direction from Just south ot SchdtnvIlk. tu l Jllgav:\ Bav. ;\ dl\télllCl' 01 

roughly 700 km, The youngel Illterhedcd metall1(l\ phmed \edlllll'dtal y ,lIld VI lk.lllll' 

rock~ ot ProterozOIc age were laId dmvl1 111 an :If!ll ul tltl' TYll'Il Sl':1 WItH It 111I\lldall'd 

this area in Pre-Canwlïan tlme. Sllh\eqlH.'1l1 loldll1g :IIHI 1:llIl1l1lg ()I tlll' "t'd((1H'llt~ h:\" 

given vanahle, olten ~teep <.hp~ tu tht~ beddlllg plalle~ wlllclt :-.tllke pl t'd()tlllll:llltly 

northwe~t-~()l1thL'a~t, and have \el! to the 100Illatlol1 (lI IIlllm'IOll" '<llll", :llId '1"~lIll' 

zones, The~e act é\~ aqlllter~ wlthin the lInlro;:en hedl<lrk 1.l':ICl!llIg ()I ~lllr;1 hy 

groundwater and depo~ition 01 lion compOlll1lh 111 \OlutlOIl loc;tlly t'IlIICItt'd tilt' 11011 

formations to high-grade Ole. The hedrock IS porOl1'> ami P()(lrly CL'IIH'l1tl'd III t hl'''t' 

leached zone~. A consequence 01 thl<; Jlr()cL''>~ me the 1:lrgc ((()II dl'p()~lt~ 1l1llH'd hy 

the Iron Ore Company 01 C:tnada t'rom l()~() tn I<lX,l. 

The Lahrador-Ungava area, wlth only I1llnm exceptHlm, eXpt'ncnred extt'Il\IVe 

glaciatlon~ durlllg the la~t JO(),O()() year~ and t'\PL'Cl<tlJy dllflng the mélXlllllllll ()I tJw 

Wiscon~\Ilan glaCIation, ,It ahout JX(}()() ye:lr~ B.P. (1Yl''>, J( 79). S(llllt' 11l'lleve tht' Il.l' 

sheet grew trom a depre~:-'I(Jf1 111 the hlghléllH.h, (lI ea\tl'r11 La!>rél(lor (I-lll1t, J(nJ), 

however mo~t re~earcher~ (Bry~ol1 el al J<)(}l). Ive,>, J97(J) he\leve tllélt tlm ~ector 01 

the Laurentlde lee Shed wa~ cOJ1Centflc, wlth a centre near Klvlvlc I,<lke, 40 km 
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north we~t of Schefferville. Moreover, It I~ thought that a remnant Ice sheet persisted 

weil into the l/()loccm:, and hmcd on radlo-carhon dates, dlsappeared appn)XJmate]y 

()()()O year., B P.. There remam~ much confusIon concerning the deglaciatlon of thls 

me a, i!~ IndH";J!ed by other date~ fOI ICC dl~appearance ranging from 16330 to 3830 

ycar~ B.P. Ove), )cJ79). 

The!'.t' glaclatlom are Important for three reasons; (1) they modifled the 

ex/:-.tlflg lallchcape, (2) they exerted a IlmItmg time frame for soil developrnent and 

paludillcat Ion, ;!nd for (J) permafrost aggradation mto the peatland~. One of the 

m()~t ObVI()U'> lambcape mmllflcatlom wa~ the rearrangement of drainage patterns. 

For/lll'f Ilvei valley" hecame chokcd with debm and ncw lakes tormed. Many large 

mell-wilter chanl1el:-. are cut mto exi~tillg ~ynclinal structure~. Tlm provided the 

~taI lmg (lOlIIt lor the rrc~ent disorgafllzed drainage pattern~ which are also 

chal al. tClll.cd hy the wlde~pread occurrence of peatland!.. The overburden of glacléll 

till ha) Imv peIlncahlluy and I~ u!-.ually le~~ than J m deep and olten ab~ent at 11lgher 

ekvati()I1~ . 

The clll1late of the Schefferville area IS controlled by the Canadian high 

prl'SSllll~ and (hl' Icelandlc low prt's~lIre zones wlllch produce a prevailing air tlow 

from the nOI thwc~t whlch I~ partlcularly strong in wlI1ter. Wind speeds of 15-25 m 

S-I :lIe C01111ll0!1 111 Ill()~t wmle! s. 

ScheifervIlle \l'.nter~ are more severe thém mnst other areas at the same 

latitude. 'l'hl' culde~t l110nth I~ January wlth a mean monthly temperature often 

bl'lmv -22"C (Figure 3.2.2) and extrerne mll1imum temperatures ot -45°C. Winters 

mOllth~ arc lI\lIally acco11lpanled hy relatlveJy high WlI1d speeds. Sumr1er~ are 

Chili ilcterl/cd hy cool. c1()lId~ amI Tailly condltlon~, however hot aiT II1clusion~ from 

the ~()lIthwest WI1lhllleÙ \vlth prolongeù penods of dry sunny conditions produce 

maximum !-.lIl1lmeI tl'll1pl'fatul e~ exceeùmg 30°C. 

Sml\\ lalll!'. u~lIally 'luite vanable anù ranges hetween 200-600 cm yr-1 (Figure 

3.2.1 h) Snmv co\'er IS contll1uous by early Octoher and remains until May. By the 

end ot Ma) tlle ~110W is lIsually !:!olle III wooùland areas. while in the more exposed 

areas SIlOW is l"lHnpletely dhsent by the begmning of May. Mean annuaI rainfall is 
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Maximum rainfall orcurs in July anù can exceeù 100 mm. 

Vegetation influences the amollnt of radiant enclgy absnrbcù or rctkctl'd, by 

the surface (during the snmv free penml), It abo plOtl'cts the lIrHkrlYlllg ~oil 1'1 nm tht' 

effects of wmd and reùllcc~ \vIl1Ù speed hecame of It~ lugher frIctllln rodtll'Il'llt a:-. 

compared to barc ~Oll. VegetatIon abo atkcts ~nmv acculllulation :lI1d the 1l101~ttllL' 

exchange between the underlYlIlg soli anù O\erlylllg hOllllL!ary laye!. 

The Schefferville men can he comldered to he an L'eotonl' l1l't\\'l'l'lI hOlcal 

forest and open tllndra. Theretore, wlthin tll1~ IUnL' a wlde 1.lngL' (lt vegetation alld 

permafro~t COn(htlOn~ occur. The vegt'tatiun compk\ tmlllLlIIl ally :lIl'.1 dl'J1l'IlLls Ull 

its topographic ~etting whlcl1 ~trongly intllll'nce~ C\pt)~llrl' and 11100~tllll' avaliahtllly. 

The landscape is dominated by open lIchen wumllanù gradlllg Illto Irclll'll hc.!! il .lt 

higher elevatlom and ~prucL'-mœ,~ torc ... t III the low wc! arca~. Scdgc lllL'adll\v~ illld 

patterned fens Qccur frequently 111 the pOOfI)' dralllcLl topographlc 1 \l\V'" , wlllle .t1P"Il' 

tundra cm.'ers the hlgher wc 1\-drallleù area:-,. 

There are two fOfe~t types lTl tlm :Irea; ~prllce-teathL'r mu ... ., torc ... ' :lllli ~pr lICl'­

lichen woodlanù. The ~pruce-kather mo:-,:-, torl'~t have cl()seù C.lI1()!)(l'~ illld i\ll' IOUlld 

in mO\~t relatively nutnent-nch ~Ites. The QOl11l11ant !rees are black :-'1 li li l'l' (I)/(l'II 

marialla) anù whIte ~pruce (P. glallca) often l11ixeù with babam III (/ll>i('\ hlll.\flll/l'o). 

These fore~t:-. have thlck mo~~ and ~hrub cover. The ~prllcc-IIChl'11 W()ml!il/J<!., haVl' 

an open callopy anù are u~llally tOllnù in ùrler nutnent-poor "'Itl'~. B()tl! hlack :111(1 

white ~prucc ~re common \VIth lalch (Larir laricilla) oltell hClIIg the <1<1111111(\111 

specle~. Shruh~ are Ilot a~ common a~ in tht~ "prllcc-katlter m():-.~ le lIc ... t wlllk the 

ground cover u~ually con~'d~ts of a thick cover 01 carIbou Irchcn (C!r{(lrm;{/ ~pp.). 

A transition zone hetween th~ ~prl1ce-Irchen w()odlaml :lfId thl' hlghel 

elevatlon tllndra zone uSllally coml:-.t~ ofwmd ... tuntcd tlce., and ~hrllh~ (krulIIllIholz) 

which can be very th1Ck. The tllnùra vegetation t()und on the hlghcl neige ... (If the 

area consist of low Iymg wincl ~trcssed vegetation ~uch as lichen and V:If!OU<' 

. . . 
vaCClIllum specles. 

Poorly drained areas with surfaces llnderlain by peat are fOllnd 111 mmt 
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topographie dcpn':~~lon~ of thl!'> area. Th eH ~ize range~ trom a tew m2 to several km2 
• 

Patterned lell~ (!'>tnng h()g'» ;lre the mmt commun varymg trom mmerotrophically 

nch kn~ ln are;t~ erHiched Irom rllno!f from ùolOllllte !'>lIh!'>trate to poor kns at other 

~Jte~. The ~tnng~ arc Ù()l11l1lateù wlth ~mé\lllarch, black ~prllce anù encaceoll~ shrubs, 

whlle the Ilmk~ ;lre dOll1lllilted hy !'>cdge!'. anù mo~!'>e~. Small ~edge meaùow~ without 

pé\ttern<, (Ire ah() C()1ll1l10!l and ongmate from Inlllleù lake basIn!'.. ft is these sedge 

mead()w~ wl1ere pilb;l~ are lI~lIally tound. 

The :-.()J!., of the I.:llx(tdor-Ungava are ~trongly mflucnced by their glacial 

()rJglll, wlth glacl:t1 tlll hl"lng the 1110~t commol1 ~ub!'.trate on which the~e sOlb ùevelop. 

The dept Il 01 ovel hurden on the ~Iope!'. varIe!'., depemlIng on ùraInage, a!'.pect, élnd 

angle 01 repo!'.e. The I1lIlH'r;t1 ,>olb vary trom coar~e grallled !'.and anù grave!. 

a~:-,()cl;ltl'd wlth IllOféllllic and gl<tclolluVJ:l1 deposlb. (() fme gréltned ~ilt and clay 

depo~ltl'd III lacu~tr Ille and nlllrIne enVInH1!l1ent:,. Follo\VlI1g ùepo~lti()n, soi! 

devc\opl11ellt 11él~ :-'UpClllllpo:-.ed pedolugieal vanatlon. 

Mo~t of the ~od~ 111 tlm :llea :lJe genelally élCld \VIth low nutrient content, the 

l'xcept Ion hell1g in ;ll e;l~ lIIlderlalll hy dolomite where the ~OIb are much richer in 

CalclUI11 al1t1I11;lgnl'~llIl11 (Waterwé\y el al. IlJKcl). Podzolizatlon occun, malllly in freely 

drallll'd ~()I'" wlllie gkYll1g I~ dl)llllll:tnt III welter area~ mllally hetween the 

topogl;lphlC 11IglJ~ whL're dralnagL' I~ Impeded. SIlice the trmt t:thk IS at. or near, the 

~llllacL' Illi Illlll'h of the year the !'.oll IS water logged for lllllCh of the !'>lll11mer thus 

gkylllg I~. dPIllIIl'1I1t. Whcn the lro:-.t tablL' decpens or dbappear~. the poùzolization 

P/()Cl'~~ I1L'COl11l'~ dOl11l1wnt 111 the ~(lll1e profIle. Nlchobon and Moore (1977) suggest 

that the Schelklvllle ~olb 1Il' III an area of weakening importance of podzoltzation 

and illl'll';I~lng ImportanCè of gleymg. 

1.4.1 S'11) D \' SITES 

A total nt 1 S pa"'a ~Ite~ were Identitled hased on aerial photograph analysis 

and () ot thL'~L' WL're !Ilve~tlgated 111 the t1eld. At sIte l, also called the Goodream 

site, two p,lb;l:-' OCClI! III a ten ~Itllated in a small valley Iymg hetween t\Vo tili covered 

bedrork I1dgl'~ at an t'll'\atlon 01 71~ III 'l.s.\.. 80th paba~ are hound on three sides 
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by standing water rangmg from <O . ." to >2.0 m del'p. On tlte IlHlIth ~Idt' a thm 

floating mat of peat occurs dominated by Cate\ spp .lnd ,\'l'hliglllll11 "pp .. The bIgest 

palsa is 28.0 m long, 15.0 m wlùe and 1.1 m high (ht'Ighh :IIC I1ll"\~lIIL'd IcI:ltl\'l' lu 

the water table). It IS oval-shaped \VIth It~ long a\l~ tIl'lldmg IllHtill':l<;t-MHlthwc"t ami 

appears to be degrading by hlock tatlure along ils \\t'\tClll llL'i 111ll'h'I, "111111:11 tn thuse 

described by Salml (1<)6R) ;\<; weil, patchl'~ 01 han' pcal .IlL' npmed Ull tht' \llIl.IlT 

and large cracks up ta 15 Cl· \vlde ,lnli 30 cm dL'cp IIa\'l'I~C thc t'ntllt' pab.\ 

At sIte 2, ('n the west ~iùt' of FCrrI111<11l lItige, (hcnl't', 1 l'ICI 1 l'lI III a~ thc 

Ferriman site) one palsa occur~ 111 a !en at 750 III a .".1. III d tllpogr;lpllIl' :-.cttIIlg 

similar to the Goodream sIte. Thl~ palsa IS ~urrollIllÏl'd hy a dl'l'p (::> 2 () Ill) '1111 1:11'. 

It is circular in plan ~hape wlth a ùtameter ot 12.0 III and <1 hl'Ighl (lI () 7 111. The 

presence of crach, up tu 10 cm wlde 40 cm deep. tr.\\'t'l~IIlg Il., t'I1II1l' :-'111 lat c alon!:! 

with thermokarst depresslon~, Ir1ÙIcate~ thal tlw, pab:1 1., :t1~() dcgI:\dlng 

Site 3, the Laroche paba SIte, contams t\VD o"al p:t1~:I', Illratt'lI \Il a kIl 111 il 

smaII valley at 661 m a.s.1. \VIth a heùruck ridge Oll thl' l"I:-.1 .Iml 1111 ((lWlcd l1l'dnll'k 

on the west. The till ~urface I~ marked hy Il OIHorl l'lI (,lI('k~ 'l'hl' kil ~lIrr(1I1IHI1I1g 

these palsas l~ dom1l1atcd hy Care.\ spp. vegetatIon wlth the wat'~1 t;,hk I( )Cdlt'd ."i ('III 

below the surface vegetation mat. A ~rnall pond (SO \li ((l dl:IIlIt'Il'I) Ilc:-, to tht' 

northwest of the palsHs. The largest pals:! I~ 5K.7 111 10llg (;\"mg a IH1IthWl':-.t­

southeast aXIs J and 21.6 m wlde, wlth a hClght of J.O 111. 

The fourth ~ite, leferred lo a:-. the New! ~Ite, c()llt:ttn~ IIl1le p:II,,;;., r:IIl).!:III).!: lrolll 

5.6 to 21.0 m 111 length, 2.4 to 12.0 m in wldth élnd () ."i-O H 111 III hl'lgl1t 'l'hl' ~\J1 \;1( l' 

of the fen surrounùing the palsas conslsb 01 a thlll {'(I/CI "pp :llId .~j}I/(/gl/((fll '>pp. 

floating peat mat. Thl~ ~tte I~ topograplucally dtlkn~1l1 tWill tlll: Pll'Vl<ltl" ~IIL'~ 

There is no definitc valley, but rather gently ~1()pJl]g open IICh('1I ;111<1 tl';lllIel !TH)..,., 

forests surrounùIl1g the peatland. There are no lmgl: opel1 w:ttc'[ hodll''>, ()lIly ~Illall 

pools (2m 2). The palsa ~tudlcd I~ 17.4 m long. H.O III wlde "TH] (J.H 111 I1lgh. 

Site~ 5 <ind 6 contam ~mall permatr()~t peat I1HlumJ!., 111:11 (Clmtllllll';t 1lllllll1liJITI 

expression acceptable to meet the defll1Jtlon 01 a r(t1~(1. At ..,lll' 5, (..,lle 2 \11 p"p(:r 1) 

three small palsas occurred in a minerotrophlc kn <.,ituatcù In a :-.cttrng <"ll1lllar I() "Ilc 
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]. Thi~ ten I~ dramcd by a ~mall creek flowing to the southwest. One palsa was 

examincd wlth a length of JO m. and a wldth of 4.5 m and a helght of 0.77 m above 

the water table. Water approxlIllately 1.5 m deep ~urrounded the palsa on thrt!e 

side~. Thl~ palsa wa~ appnmmately clfcular In ~hape and appeared ta be 

geoll1orphologlcally stable a~ there wa~ a continuous vegetation coyer and no hlock 

félllure wa~ occurnng. 

SIte fi (~lte 3 ln parer 1) contamed three "emhryomc" palsas that were 

completely ~urrounded by standing water > 1.5 m deep. This is a weakly 

minerotrophlC ten (Watcrway el al. 1(84) and I~ bound by a gentle slope covered by 

lichen forest Agam, only one (eature i~ dlscussed. It wa~ circuJar in shape wjth a 

lhameter 01 1.5 m and a hClght of 0.59 m above the water tahle. The term embryonic 

is lIsed IK~C(llI~C thi~ mound appear~ stahle and at a threshold stage in palsa 

dewlopment hecall~e no hlock fmlure was evident and a continuous vegetatIOn caver 

wa!. pre!.cnt. 

1.5 I)ALSA LITERATURE 

1.5.1 ~10Rl'flOLOGY ANI> STRUCTURE 

Paba:-. arc peaty permafrost mounds between 0.5-7.0 m high and less than 100 

m in dl;l/llctcr. They can he dome-shaped or have flat profiles and are often 

dlssl'cted hy open cra-.:k::-.. The mtemal structure usually consists of alternating layers 

01 ~l'grl'gatcd 1CC and peat or mineraI soil (Lundqvist 1969; Permafrost Suhcommittee, 

It)t~~: Scppala 1972, 19HHa; Thie 1974). However, there are those who feel peat is 

Ilot an e:'M.:nt tal wn~tltllL'nt for apaIsa (eg. Jahn 19R6; Plssart 1985). These features 

Iwve hecll lncorrt'ctly terllleù mineraI or minerogenic palsas; however, Lagarec's 

( 1 WQ) tl'Im minCI al cryogClllC mOlJnd b more accll[ate in the genetic context. Allard 

e( al. (19~7) ~l1gge~t that these mmeral cryogenie mounds may be palsas whose 

~l1rtacl' pt'at ha:-. heen re\11()"cd by wind deflatinn or they are formed by other 

plllCe~~c~ dl~~llllllar to those nt palsas. 

Sl'wral le.\eaf(:her~ have c1assified palsas according to their morpholo/:,'Y and 

SIle (l'.g. Jahn !9hh: Plssart 19R5). A commonly used classification (Pissart 1985) 
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groups palsas mto 5 different morphologie categories: 1) d0I11l'-~h:lpl~0, Clllul.1J tl) 

aval wlth heights ot 0.5-7 m and 15-150 III long. 2) str.mg.J~!.H11, L'lollgatl'd tllll11S 

running normal to slope \Vlth Iength~ 25-100 long and 1l0! l''\l'l'l'lhng 2 111 111 hl'Ight, 

3) esker or ndge form; e10ngated torms 1 li Il 111 ng p~lralll'l to ~IUpl' \\'Ith k'ngth~ 'i(l-)IlO 

m and between 2-6 m ln helght. 4) lli!l,>a platl',lu; l'\len~I\'l' k:ltllIL'~ Ù"'l'llIlg ,1Il'a~ 

from a few hunùreù m to ~evl'fal km \VIth hl'Ighh hl'tWL'l'11 1 0-1 :" 111 and 'i) 1}.al~~1 

complex; comphcatcd ~hape covl'f1ng il ~lgIllIIl'at1t all"a that :lppC:1l tll 11<.' .Ill 

amalgamation of many dlftelent paba~ al varyll1g ~!.\gl'~ or dnc!llPllll'l1( 111 the -;;II11l' 

peatland. Thesc descnptlve Illodlflers ~hollld Ilot hl' lI~ed as speClt u: tvpl'~ (lI p;lba-; 

but simply morphologlc vanations. 

1.5.2 ORIGIN 

The topic pt palsa process or formation IS another alea ni tlTlllll1()logH'al 

confusion. In Hart's (19H6) dl~cll~~ion of the theury anù phllmuphy 01 pUI .... ,11ll1 

applied geomorphology he states "the study of pIT~l'nt <.I;IY Pl()("c:""(,~ I~ :tlIlHl"l 

certainly the mnst important single thcl11c 111 I1lmlcfll geolll()J phol()gy tOI It lit"'. :lt tilt' 

core of pure geomorpholobry." (p.HH). Seppala (l<)gXa) l'l11ph:I~I"l'\ tltl' III1jHlIt.IIl('t' 

of process with reference to palsa stlldle~, he ~t;lte., " CO Il:-'Ilil' l "hie L'onlll"ll)[l h;l\ 

arisen because a number of stuùent~ ... hegan to ll~l' tlll~ very ~pecrlll' <k~l'Ilpl 1Vl' 

term (palsa) in a preconcelved genctic mntext. 'l'lm \VlI\ 01 CUlIl\t" ;1 d.lIlW'I(III" 

procedure, ~ince n necessary precoIllhtlOt1 lor the ù~e 01 genetle tt'rtllll11 llllgy 1\ 111;11 

the genesb of hot]} the classic paba and the cOlllpafélhk k,ltllll' hCIII!!, t''\:llllllll'd 1/1 

another region must he known." (p.249). I-Icnce, thl'Ie 1'> ,>uppmt Il <lll! h{)tl! I!t'IH"/ld 

discussion about the phJlo~ophy of gcomorphology and eXI~tlll).! Il'''l';l/lll tll:11 tlll' 

study of palsa~ ~11Ould first and toremost he conCl'rm:d wltlt prOl t'\:-. ~IIl<l lalldlmlll 

origm. 

Washburn (19H3) presents a comprchen"ive ~lIrnmary (JI pah;1 ch;lr;lrtell,>IIC\ 

derived in the Iiterature. In this revlew he sugge~h tW() p()"'~lhll' (li IgJll'> 01 pilh:!\, 1) 

aggradational forrm due to permafrmt aggradatlol1 at an active layer/pellll;drmt 

contact zone, anà 2) degradatlonal form~ wh/ch arc due 10 dl,>mtegratl(J[] ni an 

11 



• 

• 

• 

extcn~lve peélty dep()~Jt. Thi~ rnultlgenetic description of palsas is not consistent with 

Hart\' (]C)H6) and Scppaléi\ (l9HHa) foeu!' on proeess. That is, if a specific process 

pr()ducc~ ~p~ClftC form then two entlrely different processes or mechanisrns of 

formation ~llOUld defme two dlstmct torm~. Wherea!l Washburn (1983) describes two 

ùJfferent pf()cc~~e~ that can rc~ult in one form. 

Thl~ I~ not the only ùebate on paba ongm. The following summanzes various 

dc.:~cf1ptl()n~ of pals(\!' to ~hed further IIght on the terrninology problem. 

Aker'lléln anù Mahtrom (19X6) de~cnbe vanou~ type~ of mounù!. in northern 

Sweùcn that have been labelled palsas. Included are mounds that are cornposed of 

Jl1I1H.:ral ~(lJ! and ICC, and laekmg a ~urtaee peat layer, labelleù mineraI palsas. Other 

1Il01lJ1(h that appear tn he degraùmg pingos have also heen labelled palsas. Sorne of 

the k(ltllle~ that have been lahelled paba!l have mternal core!. of injection Ice and 

~c.:C<lJl(lary byl'I ~ 01 ~egregateù lce. The pre~ence ot mjectHm lce sugge~ts that these 

teat Ille" drl" ~lIll1lar tn the fro~t blJ~ter de!lcnbed by PolIard and French (1983) and 

Poll:lId (j()KH) and Van Evenhngcn (19H2). In another paper. Jahn (1986) suggests 

that paba~ ma)' rt~~llit from hoth aggraùatlon and degradatIOn of permafrost. In the 

lattl'I. Hwlt Illg DI glOUl1d Ire came~ thermokarst and where the lce has not melted a 

Il\olllld" 1 elll;I1I1~. The~e pmltlve rellet forms \Vere labelIed palsas. Seppaléi. (1988b) 

dt'~lÏ Ilwù two type~ ot trozell peat m()und~ in the northern Ungava reglOn of Quebec. 

'l'Ill' IIrq type \\a~ lormed when a creek eroded a peat deposit leaving i!llands of 

t'\p()~t'll peat. The ~econd type of mound wa~ the result of rneltmg ice wedges 

ka\'lIlg hlgh I~o\ated l'entred p()lyg()n~. One of the main goab of the SeppaJa paper 

\ViI~ tn ~IH1' that the~e mounù~ were not pa bas, S1l1ce thelr origm did not fIt the 

" 1 1 1" L' a~slra 1';1 ~a 

Brown ( 19XO) ùe~cnhed "in.:iplent palsas" m north central Alberta that consist 

01 t1()ml'~ 1 )-3() l'Ill hlgh. 3-8 m m ùlameter and have a core of permafrost. These 

Ieatllll'~ \\CJl' covCfed wlth de ad seùge~ ~imilar to the type found livmg In the 

~lllflllll11IIJH.!: kn. Slflce no II1formatloll was given on the mternal structure, It can not 
~ ~ 

11t' lIcteJ mllled If theM~ are mdeed paba~. However, if the pO~I()ve relief is the result 

ut ~l'gregatt'd Ice Ien~e~ then It I~ pos~ihle that these were newly forming or aggrading 
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palsas . 

1.5.3 INTERNAL STRUCTURE 

This introduces the importance of the investigation of the IIlternal structure 

in the identifIcation of palsas and other frost mound~. Outrait and Ncbon (19H4) 

suggest that in the absence of stratIgraphIe information, a spccitlc 1l1ound\ OIlgin Illay 

be difficu]t to determine. In situatllHls where the IIlternal ~tlllCturt' wa~ kllllWIl to 

include injection ice the authors lahelleù the mounds a~ palsa~ ~tllctly (ln the ha~l~ 

of duration and shape. Slmilarly, mound~ 111 the Brooks Range ot Â\a~k.a cuntall1l1lg 

free water and massive ice cores were reported as paba~ hy Brown el al. (1 ()H3) On 

the basis of origin, these m()und~ probahly should not he col1sldcred pab:l\ hut a Iype 

of seasonal frost mound termed frosl bli~ter (Pollard, 1 <)f{K). FrOI11 tht'~l' C'\.llllplL'~ 

we can see that without direct oh~ervatlon of formatIon or stratlgl aphy olle l'ail Ilot 

assign the mound origill and thu~ ~houlù not u~e the ~pt'Cltll' tcrm paba, hut 1 ather 

use the more gt.neric term. fro~t mound. 

In general, the mternal structure of apaisa mually II1cIlIdL'~ layn~ (lI l1l'al and 

minerai soil interbedded wlth segregated ice len~e~. ire cry~tab élnd pmc Ice. l'hl' 

formation of variow- form~ ot Ice give the palsa it~ vertIcal di~placel1ll'llt ahovl' the 

surrounding peatland (Allard, el al. 19H7; Lundqvi~t, } 9()<) , Seppala, 1 <)Xfl, 1(>72. Zollal 

and Tarnocai, 1971). For example, Allard and SeguIn (]<JX7a) plt'~t.:llt \hallow 

profiles of four palsa~ from the ca~tern coast of H ud~()n Bay wlll'rl' n() ICt' wa~ 

documented in the peat, however, large Ice len~e~ up to ] (JO mm thlck a Ill] rl'll('ul;ltl' 

ice veins 2-4 mm thlck were found ln allUVIal ~J!t and ~:tl1d Imnlt'dl;\teJy hl'I()w the 

peat layer. In another study, Ker~haw anù GIll (] 97<J) cor cd ~l'v('léll p;d\a\ III the 

Macmilhan Pass area of the NWT. In thi~ ca.,c, ICC kl1\C\ wert' very COIl1IlH)11 111 IIIl' 

surface peat layer, sorne hemg a~ large a~ 25 cm Ihld allt! 5') cm 1()lIg hut 110 ICt' W;l\ 

documented in the underlying minerai ~0I1 Z()lt;lI (]<J72) cored \cvcr:d paha\ III 

central Manitoba and Saskatchewan ln whlCh thm ICC kn~c~ « 1 cm thlck) weil' 

found in the peat wIth larger lem.e~ (~ 10 cm thlck) ln the 11lIl' gr;lll1l'd 1lIll1l'r:d \()J! 

beneath the peat. Lagerback and Rodhe (]<JX(» de~cnhc pah(l~ 111 l10rtllcrn ~wl'dell, 

where a variety of ice types were found ln the underlYll1g minerai \( JlI Ilowever, 111 
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only one ot the~e paba wa~ ice len~es found in the peat layer. 

The~e exampb. hlghlight ~()me of the variatiom in cryotic structure of palsas 

hut the maJortty and thlcke~t lce len~e~ are tound at the peat-mineral soil interface 

or entirely wlthm the minerai ~()J1. Ice len~e~ are generally thm or completely absent 

from the peat. The rea~on lor tlm may he the change in the ~Iope of the thermal 

gradu.!nt wlth depth durtng Ireezmg. In the uppermost peat layer~ the thermal 

gradient I~ qUlte ~teep. A~ th·~ thermal wave penetrates the paba it hecomes 

attenllated wlth depth. Thll~, the thermal gradient become~ le~~ ~teep. When the 

thermal grmlJent IS gentle. unfrozen water mlgrate~ tn the freezing front, accumlilates 

111 byel ~ IH)! mal to the direction of hcat tlow and freeze~ to torm an ice len~. ThllS, 

to a large extent the location, dlstrihutlon and ~ize nt ice Iense~ depends on the 

rl'latJ(lIl~hlp hl'tween the treezlI1g rate (,!If temperature) and properties of the surface 

pl'at and ~()II 111()I~tllre content. 

1.5.4 VE(;ETATION COYER 

Seppal:! (19XXa) provlde~ a general summary of the vegetation associations 

col1llllonly fmllld on paba~. From an ecological pomt of view, palsa~ are raised dry 

pcat Island~ 111 ail ()thel\vi~e Ilat l'en duminated hy hydrophihc vegetation and pools 

oillpen \Vatcl. Fen" are normally charactenzed hy ~easonal tro~t, one reason for this 

b the pre~encl' ot a vegetation cover that tend~ tn trap winter ~now and thus insulates 

the glOtllld Ilom l'xtll'Ille cold temperatllies. By contfél~t, paba~ have rabed surfaces 

wlllch due tu thl'II grcater expo~lIle. have little or no ~now cover and therefore 

l'XpClll'llCl' 11111ch cooler glound temperature condition~. Thi~ ~itllation IS an 

1 111 pOl tant tactor mamtélll1lng the pcrmatrost core of the pal~a. It abo mtluences the 

vegetation cover that nmmally develop~ on the paba surface. 

In gl'ncral, vegetation on J1aba~ IS dominated by xerophiIic mosse~, lichens and 

low shi uh~ (Allard <llld SegulIl. 1 Wi7a; Lundqvi~t, 1969; Railton and Sparling, 1973). 

Paba~ 111 northerll Manitoba and Sa~katl'hewan lIsually have ~Igllltïcant cover of Black 

SpIlIL'l' and Larch (Thil' 1974: Zultal 1972: Zoltai and Tarnocai 1971). It has been 

~t1ggestcd hy Ihl'~c atlthor~ thal under the~e conditions pellnafrost forms because of 
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thinner snow cover in the winter and shade conditions during the summer. 111 must 

other pals a regions, the lack of vegetation 15 glven as the renson for thllll1l'1 ~Ilm\' 

caver in winter. This suggests that winds in northern Manitoha aIllI Sa~katchl'wan 

play a less significant role. ZOltéll and Tarnocai (1971) lise vL'gL'tatllHl a~suC\atlons to 

classify two types of palsas: (1) Black spruce-feather mo~~ type and (2) Black sprllcL'­

Cladollia type. The latter has shorter and wlder lIpaccd trees and a Ihlck glOlIl1d 

cover of Clad01lia lichen. 

Zoltai (1972) uses a similar scheme 10 c1assify fOlll ~lagL's 01 palsa 

development: (1) young incipient palsas which have very httlt' rehl'l and IIll'llldl' densl' 

Black spruce trees in a othcrwise treeless ten, (2) young pabas wl1\(:h :IlL' < 20 cm 

high and have open stands of black spruce wlth Labrador tca and ll'atllL'! kal ~hI uhs 

with sporadic lichen ground cover, (~) mature palsas, ~Imilar tll young pa\,>a~ nCl'pt 

they are> 1 m high and (4) over mature palsas whlch arc SlIl1ll<\I III malllll' pabas 

but also have thermokarst depre~sions and colIapsing edgelo.. 

Railton and Sparling (1973) In a lo.tudy 01 the ecology 01 pals:!,> 111 I1m tht'IIl 

Ontario suggest that changes In ten v~getatlon /rom hydrophdlc snlgc,> (c.g. Cme\) 

ta a less hydrophilic moss (e.g. SpIWgllll111fwCll1ll) tn lichen I~ one 01 tht: 11l<lIIlC(Ju:-.elo. 

of palsa growth. However, one cou Id argile that thls change III vegetatloll 01} the 

palsa surface is a result of changing condltion:-. brought about by pnb" growlh (heave) 

rather than a cause of it. That is, aiter imtlal heavc has r;ll~ed the pcat ahoVl' the 

fen surface the moisture content ot the ~urface pea t I!-> Imvel ed. Thi:-. dt'n l'fi St' 111 

moisture content permits lichens and xerophlhc mo!->:">e~ tu ('OI()1l1I.l' the: pal'>;1 '>lIrtace. 

Lichen growth on the palsa ~urface re~lI\b III a Illgher allll'do w\lJ(:h rt'tlull':-' heat 

penetration and can induce continued growth 111 a r()~itlve fcedhack ,>y ... tl'Ill. The 

feedback system is enhanced by the lower thermal comllictivlty ni the liner .... ur/ace 

peat. 

1.5.5 AGE 

Several ages of palsas have been reported. Allard and Segulll ( 1 <m7a) ~lIggt~lo.llo. 

that palsa inception on the east coast of H ud~on Bay occurred :!round 1 ()(J()- J 201J 
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year~ B.P. Thl~ I~ ha~ed on a serie~ of pollen diagrams and C;4 dates of peat samples 

taken approxlmately 1 () C!TI helow the palsa surface. Based on air photo analysis, 

Urown (I<JXO) ~ugge.,t~ that the pal~a~ ln west central Alberta may he less than 25 

yC:lf' .. nid. 'l'hic (1974) u~ed dendrochronology of buried trees found in palsas ta 

~ugge~t an age 01 ()OO yea[~ B.P. for palsa IDceptlon ln northern Mamtoba. lahn 

()f);{(» cilfncd out Cl-t an(l\y~l~ on peat tound 70 cm below mound surface in the 

Schdkrvllk "rca. 1 le ohtamed a date of 3230 years B.P. whlch he helieved 

reple ... enh the age of the pal~(l. Kershaw and Gill (1979) dated volcanic ash found 

ID the paba~ ot Macmlillan Pa~~ 10 suggest an age of 1220 years B.P" 

'l'hl' lbtmg of palsa~ l~ ~omcwhat prohlematic as outlmed hy Vorren (1972), 

Allard élnd Seguill (1<)~7a) and Seppala (19H8a). The problem he~ in the sampling 

for datlllg It I~ pO~~lh\e to sample matenal from any positIOn wlthm an organic layer 

and to ohtalIl a r:lnge of déltes. However, to ohtam an accurate C l4 age of apaIsa 

the depth o! the organlc sample i~ crucial. Matenal from the hase of the palsa 

IIldlt'atl'~ the pl'IIOd of ImtIaI pent accumulation. If this data IS comhmed wlth date~ 

!rorn other depth: .. , then peat accumulatIOn rates can be determined, hut thls does not 

)1m\'idc (\ d(\te or p(\ba lllccption. The c1earest indication of the age of pals as should 

hc Ilhta1l1cd by datmg the tramitlon layen hetween the uppermost hydrophilic and 

IllWcr 1l1llSt xerophllic peat. Thl~ mdlcate~ when the surface ecologlcal conditions 

ClIdllgt:d tc11lowmg Jflltial heave ot the fen ~urface. Because this peat has heen raised 

ahuve t he !en ~urtacc il b dryer and plant ~pecles that can tolerate these conditions 

Will gradu:t1ly l'010l1l7e the paba ~urface. Prohlems may arise when wmd deflation, 

raIlH .. pla~h. therm()karst and hlock failure create an unconformity in the vegetation 

plOt Ill'. 

1.5.6 PALSA EVOLUTION 

Tht' wlde lange in dates ot palsa~ inception seems to introduce the concept 

n! sequcntlal evolution of palsas. ThiS has already been discussed above with 

rdclcnce tn pa bas in central Mamtoha and Saskatchewan (Zoltai 1972). Allard and 

SegulI1 (1 <)~7a) have documented aggrading or growing palsas in thé: same general 

16 



• 

• 

area of degrading palsa~. Whde Lllndqvi~t (19t,l)) tound hoth t h,l\\'ing li nd gW"'lIlg 

palsas in the sa me l'en ln northern Sweden. 

Seppiil:i (19X2) ~UggL·~t ... il Cllll1pkte cycle (lI de\L'lopl1lellt IIUIll IIlCt'pllllll tll 

collap~e. The formation (lI paba~ bl'glll~ when local ~no\\' l'ovel 1'" thlll :IIllI \Vlllll'I 

frost penetrate~ sn deeply that It lail~ tn thaw Wl11plcll'ly the IlllIll\\'l1l).! "'lllllllll'I ,\lld 

thus, meeting the del1l11tlOn nt perl1lalro:-.t. Dllrtng !'>Ul'l'Cl·llill).! WlllIl·I .... !'>llllW I~ !'>IIII 

thinner hecau~e of:-.now relh:-.tnbution over a ~ltghlly lal~l'd :Ill';1 SlIh"'l'qlll'llI \VlllICI 

freezing penetrate~ ùeepef and may rall~e hea\e dut' 10 Irl' kll~ l!t-vl'llIIH1H'lll 'l'Ill' 

peat surface hecome:-. dryer and ib thermal cOllduCllvlt: 1'" Il'dul'L'll l'hl'" Il'dllel· ... 

summer active layer ùevelopmellt. When the ;Iggi adlllg pl'I 111,11 1 ml Il·:tehn 1 hl' h ..... ;11 

mineraI SOli, larger ke len~e ... may develop amlllnder l'Xl'CpllllllalcoIHIIIHlIl'" p:l\<..a l'ail 

reach height~ of7-IO m. Dl'gradallon o! the pel 111 a Il ml COIl'I!'> IIHIlICl'd hy IllllllCI(lll~ 

proce~s, incluùing wmd ddlatlon 01 the paba ~lI"aeL' ;lllL! hloek ladlile ;!I(lilg II~ 

edge~. A~ these proce~~e~ contIllUt', the hOllZ<lIltal :1I1l! Vl'111l';t1 dII1lCIl:-'Il)Il~ !lI IlIl' 

palsa are reùuceù, Ultimately thele I~ vely liltlc rl'Ill:lllllilg \() Ilkllllly Illl' IlJlIIIl'1 

position nt the paba. From :-'lIch area ... new pab;" Illdy 1 l'L'Ille! gc al Il'! :t !ll'W pha~c 

of pea t development and Imv :-,now ye:l 1 ~ 1 n 1 hl~ progrl':-':-' Il III SC pp;II:1 ( 1 ()S2) 1 Il cl ud\.':-, 

7 stages, t'rom an open !en and emhlyo ~t;lge ... to young. nwturl', old roll;lp~lIIg, lully 

thawed and tmally new paba 101 111<111011. 

It ~eell1~ apparent that :-,ullle ~ort ot cycllc progre"'~I()n dues tilke plact'. Ilow 

c1o~e thl~ follows Sl'ppala\ mode! can only he asse:-,~ed alter IOllg terlll ploce~:-, 

studies are completed. 

1.5.7 THERMAL REGIMES 

The pre~ence or ab~el1ce of paba~, and IhLl~ pernwtro ... l, depl'lId~ 011 the 

temperature ot the grollnd, There i~ Iimitl'd allllLwl thenmd rl'gIllH~ dill;1 lor pa"";I~. 

Allard el al. (llJH7h) ùoclIlllented the thermal n:glllle 01 a pab;t Ill'ar KlIlIJlll;tlaplk 

on the l'ast coat ot Hlld~()n Bay. 1 !cre 11 wa ... lound tllat the I1IC:l1l ... ()II ICllIpl'Jitture 

was -4S'C. The lIpperm()~t peat tell1perature~ had a temper;ltun: ampillude 0132"(' 

(-22 to 10°C) while he10w ISO cm the "'()JI Wél~ alway~ colder tl1,l11 tht' 1 rcc/lllg p(JlIlt 
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ilnu dlu not drop helow _HoC. Lunuqvl~t and Mattsson (1965) document the annual 

thermal rl:glml: of él paba lf1 northwestern Norway. In thl!> ~tudy, the upper mast 

peat Iwu aTl é1nnual temperature amplitude of 26°C (-16 to HY'C) whlle at a depth of 

4m hl:l()w the ~urface only vaneù O.SoC arollnd -1 (lC Isotherm. In a recent paper, 

Seppélla ( 1 ()<JO) noted that permafrost can occur during specifie wmter!> where snow 

ùepth I!> 30 cm or les~ in Fehruary. Unùer thosc conditions up to 70 cm of frost can 

form whlch i~ l:llough tu allow an Iel: lem to remain throughout the summer. 

1.5.8 CLIMATIC CONTROLS 

A characten!>tlc of the dlscontmuous permafrost zone is the localized 

forlllatl<Hl of 1~land!> of permafrost where frost penetration is sufficiently deep to 

prevent COll1p1l'1l: grounu thaw dunng the ~uh!>equent slImmer. This I~ the re~ult of 

a COll1hlll<t!J(ln of enld winter temperatllre!>, thin !>now coyer (on palsa surface) and 

the thermal proJlertle~ of the ~0I1 By stlldymg the di\contÏIJUous permafrost zone we 

may devclop a bcttcr unùerstandmg of the vaflah1e~ m the physical environment that 

may 1)(" \enc.,IIIYe to c1l1nate change. SlIlce features ~uch as palsa~ can he in Cl deheate 

thelmal halance. Iheir formation, pre::.ence and degraùation may he lIsed as an 

IlHJIClitlOIl of pa~t and pre::.ent ehmatlc environments (Brown, 1980). In fact, palsas 

arc oltell reg:lIded é1::' one of the hest and most conspiclloUS indlcator~ of permafrost 

111 the dl~C(lllllllll(lUc., perlllafro~t zone (Akerman and Malstrom, 19R6). In thlS zone 

pal.\i1~ arc 1~léllld~ ut permalrmt m an otherwlse permafrost tree region. 

Tahle I.:ï.l glVl'~ ..,ome mean élllnllal temperatures (MAT) that have been clted 

in a~M)rrated \VIth paba\. Clearly, paba~ are located in the ùiscontmu()u~ permafrost 

wnl' whme hmilldalll'~ ha!> heen 1 eIated tu area::. wlth mean annual temperatures of 

() 10')"(' (Blowr; and P0wé. 1(173). Mean annllal temperature i~ not the only cIimatic 

rharal'Iell~tic 01 paj..,a reglon~ Lundqvi::.t (1962) de~cribed palsa dl~tflbution In areas 

\VIt h ,200-21 0 day~ hLlll\\' O°e. A~hman ( 1(77) delimlterJ pa lsa reglons a~ area!> having 

tl'l1lpel;ltllll'~ hel()w -~"C for 120 days. Ashman (1977) é1lso ùeserihed summer 

condttlt)]l~ whl'IC the mean LIlI telllperature~ in the summer months was + Il to 

+ 12"('. Preclpltatloll ha!'> also heen lIsed to descnhe palsa reglons. Ashman (1977) 
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again descrihed annual precipitation III Norway rlInglllg twm 325,.fO(l mm. tlll' 

majority of whieh occurs dunng I11ld ln !ate !'.lIl1llllel. Whlk III "'lIlll'l IIHlllth!'. 

precipitatIon IS 1e~~ thélll !(JO mm. Ratltoll and Spalllllg: (!<J73) dclIll1Itcd p;II~.1 

reglons as areas wIth \e~., than 120 cm 01 ~nowtal\. Ilalrl!'. (I QS2) delllll'd ";Il'tl\'l' 

palsa zones" u~ing treezlI1g and thawlllg II1dlce~. The IIl'L'/lIlg IIlLIn Illl p"ba :tlca,> 

ranged trom IOO()-750() ùegree-ùays a Il Il ually. \\'11 h -,(JO- 23()() 1 il, l\\'II1g dcglee-d, Iy~ 

annuaIly. 

MATOC REGION SOlJRCï-' 

-5, -0 eastern HlH.hon Bay AII"I Li & Seg:ulIl ! I)S7 il 

-7 Broob R,mge. AIa~ka BJllWIl, l'f III 1 IJX, 
-

0 we~t central Alberta Blown I<lKO 

-1 En()nteklo r.lnni~h Laplanù Sl'pp,tI:1 l(nCl 

-0.5 central Mal11loha 8: Sa~katchewall I()llal !ln2 

-1.2 northern M<lnllob<l Zul!;11 :1 ill 1 'l'<IIIl()Cal !(n! 

-4.5 Rlchman, norlhern Quebec Ikllll !97() 

-2,-3 Norway /\~hll1all 1()(l7 

-4,-4.5 Jame~ Bay. Qllehec DI()lllll' I(ns 

-2,-3 Atlll1, Bntl~h C()lumbia SL'ppa!d ! ()S() 

-1.9 lce1anù heldmélll ('/ ul. I<n! 

Table 1.5.1. Mean <Influai temperalllre of regl()fl~ where p,d"a.., ltélVC l)L'cll IdclllJtled. 

It I~ cIear that CI vafll:ty of ùdllnltcd tact(J(~ have ami élie helllg lI~ed I() 

characterizeù paba reglom. 1 {owever, to lhal end, Il I~ qUlte ;1J)p;lIent that I)J'J,HI 

generahzation~ can be made out ml/ch more emplrical élml themetlcal re~emch 

should he carneù out to hetter delllnii the cnlIcal factor~ that affect Ihe growth élnd 

decay of paba~ . 
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CHAPTER 2: RESlJLTS-PALSA MORPHOLOGY AND STRUCTURE 

2.1 IJACKGnOlJND TO l'APER ONE 

Thl~ chapter pre~ent~ the fIndmg~ from two papers concerned with palsas in 

the SchefJervJlle mea. The fm,t paper llI~cu~~e~ three palsa sites. one of which was 

includeu in fllture ~tuuy ((jootlrcarn paba). The re~earch focu~ed on Slze, setting, 

morph()logy, ~UI1l111er ground temperatures and ~oil rnOlsture content, near surface 

blotle :flId cryo!Je ~trllctllre of the' pahas and ~n()w dlstnhutlOn In the major vegetation 

ZOI1C~ 01 the area. TllI~ paper provlde~ an introduction to palsa:-. In this area by 

di~cu~Slllg rcaddy ()h~l'rvable char acten~tlc~ of these phenomena and, Identifies work 

ncedcd, ~ol1le of whlch I~ addre~~ed 111 the papers two and three. 

Thi~ paper repre~enb app[()X}mately 10% of the fIeld \York carried In this 

~tudy. The re~ult~ pre!lcnted arc con:mlercd valld; however, following more intensive 

fIeld work the c\;t~~lfIca!Jon of the paba at site three ~eem~ le:~~ ~ound. It wa~ first 

thoughl thlll thl' ~mall paba at ~Ite three wa~ "~mhry()nic". However by comparing 

thl~ ~Itl' to ()thl'r~ I!1 the area thi~ conelu~J()n ha~ to be reworked . 

l'hl' vegetation ~lll>cle~ on the 3urtace of the palsa repre~ent a relahvely dry 

envlmnment. The pre~cnce 01 a ~l11all shruh (Bewla) IIldicate~ that this surface has 

hcen a!1ove the \Vater table tor a ~uftlclent period of tlme to allow relatively 

xemplllllc ~pt'CIC~ to coloIllzc the peat ~urface. Analyses of the 1948 and 1977 air 

plHltm ~11l1\\'l'd Ihat the thrce paba~ that are currently vl~lble were part of a ~mgle 

bl/gcl pab.,. It appcar~ that at ~ome time tol1o\Vlllg 1948, degradatioll of the 

per m.dmq corl' \Va" It1Itlatcd. Thermokarst hollows and hJock tailure l'rodcd much 

01 thl' katulc. Tlm re~l1lted 111 the three small feature~ that \Vere l'vident III 1987. 

Thll~. the ,,111:111 l1l()umb at ~ite three are degrading rather th an ernhryoI1lc palsas . 
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2.2 CUMMINGS, C.E AND POLLARD. W.H 1989. AN INVESTIGATIONS OF 
PALSAS IN THE SCHEFFERVILLE AREA, QUEIlEC. l\tlISK OX. SPECIAL 
ISSUE 37. PROCEEDINGS OF THE SECOND ANNlJAL STlJl)ENT 
CONFERENCE ON NORTHERN STUDIES. 01TA\VA. NOVEl\IUER 1988. 1'1'.8-
18. 

2.2.1 INTRODUCTION 

Palsas are widely reported throughout most of the discontinuous pefma!wS! 

zone of Canada Ce.g. Brown 1968, 1975; Kershaw and (/1111979; Ralltol1 and Spalhllg 

1973; Thie 1971; Zoltai 1972; Zoltai and Tarnocal 1(>71). Therc I~. hmvl'\'l' 1 , ollly a 

limited body of literature referring to paba~ m the 1 .ahl adot -l J Ilfav:l all'lI (l' .g. Allal d 

and Seguin 1987; Allard el al. llJ87). ThIS pmbably rdkc\!-' a lad .. 01 !-.pl'l'IIIt' Il'~l'al rh 

rather than an ahsence 01 the~e landforms. Paba feature!, have hl'l'Il Idcntllll'd 1ll'.!1 

Cartwnght, on the east coa~t of Lahrador (Brown 1(75) and Ull tllL' cast roa~t ui 

Hudson Bay (Lagarec 1(82). Ml)rC recently, Seppal" ( 1 <)~~) dOl'lIllll'llll'd rock plllgllS 

in northern Quehec near Ashestos 1-1111. Wh de thc~t' repor!~ are hy no Illl':lns 

inclusive, they do suggest that a vancty 01 tm!'!t l11ound", ml'llldll1g pal~;I!'!, ;11 (' pll'sl'n! 

in Labrador-Ungava. 

The term palsa I~ él Fennoscandian word mcai1l11g l1lound (II htllock Il.,mg ou! 

of a bog wlth a frozen core (Seppülü 1972). There I!-. COl1fU!-.IOI1 111 the I:teratllrl' 

between palsas and other frost mound phenomena (e.g. tro~t hlt~tel!-.). IlIll1any ra!'!e" 

descriptIVe qllahfIers have heen comb11led wlth the tel 111 paba tn ddllll' ;1 wlde valll'ty 

of morphologlcally simllar lamlfor11l!-., for example, "e1ollgiltcd alld ~trtllg Imm", 

"Iongitudmal", and "col11cal" paba!'! (Akermall and Mabtrom 1 (JX(), ;\.,11111;111 1 ()7(>, 

Wrammer 1972). Furthermore, there have heen ail II\clca"ed Il Il IllhCI 01 report!'! 

descrihing paba~ charactenzed by frozen m11lcr;t!-!-.()11 cnrc" ratlll'l than lm/l'Il pl';I! 

exclusively (Akerman 1 <)~2, For~gren J 9()~) Lagcl hack and RodhL' 1 ()H(,) 

Palsas are a slow-growlllg fmm of percl1llléll !i()~t lIl<llllld th;lt OCCllI 

predominantly within the dl.,contllluou!'! permatrmt l'one. Ilowever, W;I.,hhUlIl (J (JX1) 

has described perennial trost mound~ that re"emble p;t1:-.a" III the COlltlllllOll!-. 

permafrost zone. Palsa fOl mation reqllire~ three factor!'!: (J) él thlck lI1!'!ulatlllg la}.;r 
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of reat, (2) cnld wmter tcmperature~ combined wlth a thin snow coyer, and (3) 

standing water 10 provlde mOI~ture for lce !'.egregatlon. The dynamics of palsa 

formation are ~tIlI uncertalIl; however, mmt researchers ~ugge~t that ice ~egregation 

IS the dominant proce~~ rC~r()n~lhle for thclr growth, (e.g. Akerman 1982; Brown 

1973; Seppala 1972, 19~2, Zoltm and Tarnocal 1971). Once e levated ahove the 

~urroundll1g terralIl, the ~urlace peat of a developmg palsa hecomes dner and 

Jn~LIlate~ a portIOn 01 the underlymg frozen matt'nal trom complete !'ummer thaw. 

Thl~ rr()gre~"lve n~t: 111 e\evatlon mcreme~ expmure ct the mound ~urtace to winter 

winds whlch reùuce the tlllckness of ~now coyer. Many researcher~ (e.g. Nicholson 

1976, Outcalt and Nebon 19X4; Serpala 1(72) have !'uggested that redllctlon in ~now 

coyer 1\ a IlJaJor factor mtluencmg the di~tnhutlon of permafrost 1I1 the discontmuous 

relmarro~t zone In many ea~e~ paba~ and peat plateau~ form island~ of sporadlc 

pelmatrmt m a ùominantly permalro~t-free environment. 

Paba~ al e olten regarùed a~ one of the 1110 • .,t OhVlOU~ anù reliahle ~urface 

indlcatur:-- 01 pt'llllallO:--t III the dl~c()ntmuou~ zone (Brown 1973, Rapp anù Annersten 

11)(,<). Tlm d;~l'lI~~I()n foellse~ on a number of palsa~ ln the Schefferville area and 

the ll~~ 01 paba dl~tllhlItl()n tn descrihe ~Ite-specifie permafrost condItions. 

2.2.2 STll))" AREA 

Schdkrvilk I~ located at 54° 50'N, 66° 40'W, approximately 525 km north of 

Sept-lIl':-- (hgurl' 2.2.1). It is sltuated in the Labrador Trough, which is characterized 

hy a ~trol1g [!lIge and valley tppography alIgned III a northwest-southeast direction. 

Prat la nd:-- are Illllnd 111 m:lny topographlc depres~lons of the Labrador-Ungava reglon. 

'l'hl' Schl'lkn Ille ,lIca \\a~ oyerndden hy a thlck iee sheet during the last 100,000 

yeal~. Thl:-- wa:-- p.lItlcularly trlle dUllng the maxImum ot the Wisconsmn glacIation 

about IKOOO yl'ar~ B.P (l\'e~ 1(79). Mmt re~earcher~ (Brysl1f1 el al 1969; Ives 1979) 

hdll'\'l' that the l'a\tl'rn Cl'ntre 01 Laurentlde ICC wa~ oyer Kl'vivlc Lake, 40 km 

1101 th",c:--t 01 ~cl1l'lkl\!llk. Rlldlucarho!1 datlllg ~uggest mitiation ot peatlands 

,lpplo'\ll11ately 60(10 ycar:-- B.P. (Gray~on 1957). 

The Il1l':In annual aIl temperature for Schefterville is -4.9°C \Vith a maximum 
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mean annual temperature of -2.7°C and a minimum mean annual temperature of -

7.9°C, (rerwnal communication, D. Barr, McGilI Subarctic Research Station). Brown 

(1973) Mate~ that ln area~ hounded hy the -] and _4°C mean annual isotherm, 

permatr()~t J~ re~,tfJcted to the dner portions of peatlands. However, in the 

Schefferville area the ridge~ are the area~ where permafrost IS most widespread 

(NichoboJ1, 197<). 

St udie~ mveslJgatmg snow conùition!\ for four meas charactensed by dIstinct 

vegetation a~!'.()cJat]()m found tLat ln the Schefferville area, including; (1) lichen 

forcst, (2) open peatland, (3) peatland-hchen fore~t tran!'ltlOn and (4) spruce bog, 

have shown that open peatland~ have the lowest average snow depth (24.6 cm, 

r"igure (2.2.2). Tlm IS weil helnw the cntical snow ùepth~ of 76 (.;m and 50 cm 

necded for permafrmt formatIon suggested by Nicholson (1976) and Harris (1982), 

re~pectlvely. 

2.2.3 STUDY SITES AND METHODOLOGY 

The thrl'e palsa ~ite~ were )ocated in the immediate vlcinity of Schefferville 

(Figure 2.2./). Sltc 1 wa~ 250 m northeast of Goodream Lake (NTS map 23J/14, 

rcfercl1ee 202 KK 1), sIte 2 wa~ 325 m south Dt HematIte Lake (NTS map 23J/14, 

felc/cnee 2hr, 0(3) and ~Ite 3 wa!\ 2 km west of Lake Mihtiere (NTS map 23J/14, 

fefell'IlCl' 24<) (41). 

Field W\Jl k WélS undert,ùen in June and Septemher, J 987. Ground 

tt'mpl'l atllrl'~ \Vere ohtained lISlllg thermistor cables (Yellow Springs Instruments 

440D thl'Illll:-.tm bcads callhrated 10 n.IOC). Cable construction is outlined in Judge 

(197.1) A~ weil. il Ycllow Spring~ Instruments I1t:~edle-probe and rnultimeter were 

1I~t'l1 to Ilbtalll ill~tantal1e()us temperature~ dUflng excavations. Active layer 

ml'a~Ull'Il1l'l1t~ were carried out u~ll1g a 1.5 m steel prohe. The lahoratory component 

f()l'll~l'd 011 anaIY..,I.., 01 I11OJ~ture contents and macrofossils of peat samples ohtamed 

hy shal1n\\' l"\l'a\'atlons. The macrofossil délta was obtained using the me th ad 

dt'sl'Ilhed by Lowe and Walker ( 1 98·n . 
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Figure 2.2.2. Snow course data for Schefferville, 1986-87: OIr) open lichen forest; 
OP) open peatland; TR) transitioll zone between pcatland and lichen Forest; SPA) 
spruce bog; PSD) snow drift site. Open peatland ha~ a thmner snow cover and pcriod 
of snow accumulation . 
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2.2.4 OBSERVATIONS 

The followmg dl~cu~~I()n ~ummarizes the setting and morpholobry, vegetation 

characteri~tlc~, internai ~tructure, ~hallow ground thermal regimes and moisture 

content'> (lf the pélba~. 

2.2.4.1 Set t mg élnd morpholobry 

Ali three paba ~lte~ are located within a 23 km radius of Schefferville Quebec. 

The paba~ (}ccur III peatlamb wlthm the tundra-fore~t ecotone. At site 1, two palsas 

occur wlthlll a minerotrophlc fen (Waterway el al. 1984) ~ituated in a small valley 

located hetween two major drainage divide~. This ten is draineù hy a small creek 

flowlI1g to the ~outhwe~t. Both raba~ are ~urrounded hy water rangmg From <0.5 

tn > 2 m ùeep. The large~t paba ha~ a length nt 2R 111, and a wiùth of 15 m and was 

O.7X 111 ahoVl' the water table (Figure 2.2.3). This oval-shaped paba (long axis 

trendlllg Ilorthea"t ~(}uthwe~t) I~ experiencmg block failure along its penmeter (FIgure 

2.2,4). A~ wc II. there are patche" of hare peat expmed on its surface. In theory 

the~e patche~ alter the radla1Jon halance through the reùuction of albedo (Petzold 

and RL'l1l'i' 1(75) and re~ult 111 mcrea~ed ah~orpti()n of solar radiation and therefore 

1l1crea~ed thawlIlg 01 the pennafro~t core. 

At ~Ite 2, three ~I11é\1I pabé\~ Ol'cur in a minerotrophic ten sltuateù m a setting 

~lIll1lar to ~Ite 1. Thl~!en I~ draIlled hy a ~mall creek tlowmg to the ~()lIthwest. The 

Pllba nall1l11ed ha!'. a length 01 1 () m. a wIdth of 4.5 m and a helght of 0.77 m above 

the water t:lhle (l-'IgulL' 2.2.5) Water apprnxllnately 1.5 m deep surrounds this palsa 

on tlnee ~IdL''''. Thi~ raba i~ rollghly circular in plan shape and appears to be 

geol11OI pholllgically ~tahle ..,Ince there IS a cont11lUOus vegetatIon coyer and no block 

t;lIlure wa~ occurnng. 

Site J L'lmt;II!1~ three "cmhryonic" palsa~ that are completely surrounded by 

standlllg watel > 1.5 111 Lieep. Thl~ I~ a weakly m1l1erotrophIc fen (Waterway el al. 

1l)~4) and I~ ~ulrolll1lled hy H gently sloping lIchen fore~t. One feature is discussed, 

it is l'lIcular 111 ~hape wlth a diameter of 1.5 m and a helght of 0.59 m ahove the 
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Figure 2.2.3. Large palsa, site 1. 
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Figure 2.2.4. Black failure along perimeter of large palsa, site 1. 
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water table (Figure 2.2.6). The term embryonic is used because thl.'se l110unds appear 

stable and at a threshold stage ln palsa development. a), no hlock tallllic \Vas l'vident 

and a continuous vegetation coyer is present. The presl'nce ut a permafrost l'orc 

could not be confirmed within the time frame of this study. Hmvevl'I. a pl'I111a;'rost 

core was documented in previous years (personal commUnIcation \VIth D. Desrochers. 

McGill University) 

2.2.4.2 Vegetation characteristics: 

Since peat is an essential constituent of palsa ),tructure and the palsas studlcd 

are composed primarily of peat and orgamc silt, an attempt was madc to relatt' tht' 

surface vegetation coyer and biostratigraphy, as a means of internng pal"a t'VUllltlOll. 

An inventory of vegetation growing on the pab:!), and ),tratlgr aphlC analy)'ls 01 

macrofossils identifIed in peat samples was undertaken. No datc~ have hCCll obtaillcd 

for the organic samples; however, by noting the abundanœ 01 c:lch ~pCCll'~ al dl'pth, 

a relative colonization sequence can be developed. The term ll1ac(()t()~~11 rcler ~ lu 

identifiable fossils preserved in sediment (Blrks amI Blrb, 19XO). MaC! ()t()),~lIs are 

used in this study rather than pollen because the latter b easily tran~porlcd over long 

distances by wind and water and thus, reflect the local envml/llllent. real 

macrofossils are usually found in situ, and therefore are rchable Imhcator), ut ~Itc­

specifie environmental conditions (Vorren and Vorren 1(76). 

Lichens and encaceous shrubs constitute RO% of the surface coyer of Ihe 

palsa at site 1 (Table 2,2.1). As weil, hryophyte~ Indicative ot dner comlltlon!> (e.g. 

Splzagllwnfuscum) are also present. This sugge~ts that this palsa ha~ rCIll:tllled ah()vc 

the water table for a period sufficient ta permit the colonization and devel()pmcnt of 

xerophllic species. Species indicative of hydrophiltc cllvironmenb ~l1ch ;,,, ('(//eJ. and 

Scirpus which are found immediately helow the ), urfa ce , "ugge~ting a muet! welter 

environ ment. Wet arctic and alpine species such as SplzatillLun girtiell\o//Ilii (Cr um 

and Anderson 1981) and hydrophllic specie), ~!lch Carex are encountcrcu at a uepth 

of 25 cm. The presence of a permafrost core undoubtedly plé1y~ a major roll' in 
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• Species Percent of Depth below 
Identifiable sample surface (cm) 

Cladrmia rallgiferùza 70 0 

Ledum groenlalldicwn 5 0 

BelUla miclwuxii 5 0 

Dicranum .\coparium 5 0 

D leiOlleuron 5 0 

ScirplL\' ~pp. 45 15 

Carex spp. 45 15 

PolylriclLlm spp. 5 15 

Sp/wgllllln fwcllm 5 15 

Splzagllum girgensohllÎi 40 25 

• S ceoillifoliwn 40 25 

Carex spp. 10 25 

Scùpus spp. 10 25 

Carex spp. 90 35 

Drepmzocladus examlU- 10 35 
/ams 

Carex spp. 95 45-55 

DrepmlOc/adus spp. 5 45-55 

FOlllinalis spp. 100 65 

Table 2.2.1. Surface and Subsurface macrofossils, site 1. 
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Figure 2.2.5. Palsa site 2 . 
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Figure 2.2.6. Three embryonic palsas, site 3. 
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SpeCles percent of Depth he1mv 
identifiahle sample surfacl' (cm) 

Cladollia spp. 100 0 

Carex spp. 45 10 

Scirpus spp. 40 10 

Retula spp. 10 10 

Kalmia spp. 5 \0 

Carex spp. 85 20 

Splzagmmz riparium 15 20 

Carex spp. 100 ~o 

.-
Carex spp. 70 40-60 

Drepallocladus exanllU- 20 40-60 
latus 

D fluitans 10 4()-60 

able 2.2.2. Surface and subsurface macrotossils site 2. 

determining which specie!l colonize this envlf(mment. A!I expectcd, hydrophlllc 

species, such as Drepallocladw exalllllllatll\ and FOl1linull.\, are 100llld III the del'pcr 

sections of the palsa at site 1. Thl!. vegetation groupmg Icflcct:-. a Wl'th~l CnVIl()llll1Cnt 

before any significant verticii dbplacement a~:-,()clated whcn pabél gmwt Il t{)()k place. 

The surface of the palsa at ~Ite 2 ha~ a thlck Ilchell cover :1 III 1 cflcaceou~ 

shrub~ are absent (Table 2.2.2). Thl~ sugge~ts that the pah:1 ~urlé\ce lm", fle('1l 

elevated above the water tahle for a sub~tantIaI penOlI ot tIIne, ;1", IlChen\ lJ~lI:t1ly d() 

not coloniz~ extreme hydrophllic envlf(mment:-.. Below the ~,lIlau~ ,1/ e /)oth 

minerotrophic and weak mlnerotrophlc (e.g. Drepmwcladll.\ ('tflllllli/alin and 

Sphagnum ripanum respectively) mdicator !lpecles (Table 2.2.2). "hl\ ~lIgge!.t~ fi 
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Specle~ Percent of Depth below 

Identibahle sam pIe S lirface (cm) 

Splwgnum gifKùlsollllii 80 0 

('arex ~pr. 20 0 

Ilelll/a ~pp. ] plant 0 

ClIreo\ ~pp. 70 10 

,\'cÎlplis ~pp. 20 10 

1 )U: pa 1/ oLl {J d 11 \ e t'fi} mu- 10 10 
!fI Iw 

.-
('tl/CI 'Ipp. 60 20 

,\/Jlwgll/ 1/11 f11'(//ÙIll 20 20 
f..---:-. 

S .\lII>.\t'( llI11dl/ll/ 15 20 

/)/{'f!(/I/()( lac/II \ ViiI kil- S 20 
Cl//li 

Sphaglllllfl !lInh'Î({(llnl 80 30 

{arn "'pp . 20 30 
• uhle 2.2.]. Surlact: and "lm~urlace macrotossils, site 3. 

penol! ot r:lJlIll heaw wlllch ral~ed the peat surfac(! from below the water table to 

li con~Hkl ahly dlll'f ellVII ollmcnt. 

SUII;ICL' ~pL'Cle~ on the embryonic palsa at site 3 ~llggest a wet arctic and 

alplllL' Cll\ !wnment that can abo ~llrrort sl1rub growtl (Figure 2.2.3). as displayed 

hy the pl L'sellce 01 Sp/wgllll1Jl gùgellsol!lIii and Befuta spp. (Crum and Anderson 

1 llX 1). lklow tht: ~urÎllce are 1I1dlcator~ ot a WI.:t mmerotIOpl1\c environment. 

Macr(}fo~~lb of plant~ typical of !->aturatl'd ~urf(h:es (l'.g. Carex and Splzagllwn 

riplI/iulIl) were found 111 the L1eepel portIOns of thl5 palsa . 

34 



• 

• 

• 

2.2.4.3. Near-surface internai structure: 

The near-surface stratIgraphie charactenstics of the pals:ls de~cnhl'd III thls 

study are hased on a sene~ of shallow manually excavated ~ertiolls mtn cadI palsa 

(Figure 2.2.7). During excavatIOns water t'JlJed the pHS makmg lkepl'f lIl"t'slIgatlull 

impossible, hence only near surface rderences are made l'hl' pcat III thl' 'lIea I~ 

approxlmately 3 m deep (personal commUI11Catlon A. l1l'yt'~, McGllllJlllVt'I~lIy). Ail 

three palsas are composed m~lInly of tresh peat undl'rlalfl hy dccoll1po'icd pc:!1 .1Itt! 

organic-rich silt wa~ founù only at conslderahle deplh. FlagI1lCl1h ni Wl'l)lI (1 l'Ill III 

length) were preserved withm the frozen peal at ~1tL'S 1 and 2. AI ~11t'!'> 1 ;\Ill! J 

approximately 50 cm ot thawed fihrous peat were dl1CllIlH~lltt'll. At ~1It' 1, 1 hl' pcat 

is underlain hy 20 cm of Ice-nch humic peat contallllllg tllm hmllontal ICt' WIIl:-' and 

Ienses. These range from 1-2 mm ttllck ùlscontlfllloll!'> Will!'> tu IlT IcIlSC~ up 10 2-1 

cm thiek. Below 70 em the stratlgraphy l~ charactl'rll.cJ hy lm/l'Il 11lgalllr-lll'h 'lit 

with leticulate ice vems. At site 2, the ~tratlgraphlc ~equcllll' 1'> lh.!1 :ICll'll/l'd hy .JO 

cm of thawed peat underlain hy nearly 10 cm of I11l1:-':-'lve fIo/l'll (le:! 1 wlth pllll' IlT 

and visible ice crystals. Tlm layer I~ underlall1 by \0 l'Ill 01 org,IIlIC-Ill'lI ,Ill Ctllltllllllllg 

horizontal lce len~es and rl'lleulate lee VCIl1S. Site 3 IIa~ il zOlle 01 ICy pcal ;llId 

organic-rich silt 5-7 cm thlck heneath a layer ot thawed peat. Tht' l[Jwe~1 part 01 the 

section at site 3 I~ compo~ed of éI 5 cm thlck zone 01 trozcn pl'al ami ()rg;I/l/('-llch ~llt 

with pore lee and Ice coatmg~ on wood fragmcnt:-.. Ali tllrt:t' paba~ contilln fi 

gradational sequence trom fresh fthrou~ pcat m:ar the ,ur/acl' t() hiari-.. Ilrga/llc-Ilch 

silt at depth. Ground Ice occurreù a:-. Ice Ien:-.e:-. and rdleulate Ice Vl'1I1~ IIp 10 2-1 cm 

thick. The permafrost core contamcd pore ICC ami ICC coatlllg:-. Iltrough It~ entlle 

sequence. 

2.2.4.4. Near surface grotlnd thermal reglme amI 111()I~ture contenh 

The temperature and m(mture content profile, are h,,:-.ed 011 readll1g~ takefl 

between August 29 and Septernber 3, 19X7 (fIgure 2.2.X). The lllilXllllUln pal";t ~()J1 

temperature recorded at thl~ tlme was +H.fJ(JC at él dept/J of 2 cm III the p;d!lil ill ~lte 

3 (Septernher 3). The mmimum temperature recorùed wa" -I.<)"e at ()O cm on 
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Septcmher 2 ln the palsa at site 2. The upper 2 cm of peat at sites 1 and 3 were 

cooler than the underlying 32 cm. ThIs is probably due tn the effeet of ambient air 

temperature ln the upper-most peat layers; however, thlS effeet beeame attenuated 

heJow thl!':. pOlOt heeause of the in!':.ulating propertles of peat and the short-term 

nature of the tcmperature perturhation. Site 2 had a temperature difference of 7°C 

from the ~urrace to fiO cm depth. 

Ali three palsas ~tudjed are frozen helow the water table throughout the study 

period. The relatlonshlp hetwcen mOlsture content and thermal regime i~ not clear. 

M(lIsture content graphs for ~ites 1 und 2 di~play sllght changes from the surface to 

the trost tahle. However, helow the frost table the m()i~ture content for site 1 

dropped l'rom 89 tn 72% (at depths of 48 cm to 64 cm) and increased from 75 ta 

91% (at depths of 46 cm to 51 cm) for site 2. These are eonsidered ta he a function 

of moisturc content variation during freezing and subsequent unfrozen water 

movement followmg freezing . 

2.2.5 CONCLUSION 

Wahin a relatlvely small area near Schefferville three palsa sites were 

identlfled. The setting1> of all palsas are in peatlands within geologically controlled 

topographie deprcs~lon~. Thc~c vallcy~ ercate conditions ideally suited for palsa 

devclopment, includmg: (a) collection of cold air dming winter (Tout 1964), (b) 

lacustnne ~ediments depo~lted on valley t100rs that inhlbit drainage th us enhancing 

peat development and IIlcreast' t'rost ~usceptibility (Brown 1973), and (c) funnel winds 

parallcl tu vallèy \Valls (Tout 19(4), thus reducing local snow thickness. 

The t IHee pa ba~ a ppear to reflcct three difterent st,~ges of deve/opment: (1) 

matllfe-deglHùmg (sIte 1), (2) mature-stahle (sIte 2), and (3) immature-embryonic 

(site ~). The actu:\lml'chaI1lc!. of aggradation and degradation were not mvestigated; 

hmvever, thb does ~upport the concept of cyclic pulsa development put forth by 

Seppala (19B2). f7urther work 1:-' nceded to conflrm the suggestcd developmental 

st:\gc~ documentcd ln this :-.tudy. 

The vegetatIon dlsplays the successional changes of species that colonize the 
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drier peat following heave of a developing palsa ahnve the surroumhng water tahll' 

(Vorren and Vorren 1976). Railton and Sparhng (1973) sugge!'.t that formatldll nt 

palsas may de pend on changes in alhedo with specles-dnminallCl' change!'. tlOtll 

Splzagmmz spp. ta Clad011ia spp .. The hchen-dominant vegetatloll lHl the !'.urtace 01 

palsas at sites 1 and 2 would appear to ~upport thls thenry. Howevl'r. Il nHlld abo 

be argued that the change In vegt:tatJon IS a dm:ct ccnsequel1cl' 01 rhangll1g nH11~11Ifl' 

conditIOns on the surface of palsas rather than a cause 01 pab;1 dl'wlopnll'1l1 Tlll~ 

could occur as the pabas rose above the water ta hie allowlt1g Ihl' ~UI l;lL'l' pe:ll ln 

drain and moisture contents to decrea~e thu~ perr11lttll1g COlOIlI/;ltlll11 o! \l'wplllhr 

lichen specles. However, thlS sequence has not been documl'Iltcd ;lIld I~ hlghly 

speculative, 

The thermal regime of the pulsas demonstrate!'. that tht' amhlent ;l\I 

tempe rature qUlckly affects the temperature of the upper peat layer!'.. The"'l' Ilcar­

surface responses are lagged and hecome less ~Ignitlcant al greater depth!'.. The 

warmer ground temperatures are restncted tn the uppt.:rJ11()~t Ix'at layer!'. throllghmlt 

the summer. ThIS is the re~ult of the lower thermal conductlvlty 01 tht' drycl lIppL'l­

most peat layer during summer (Faroukl 19H 1). Thesl' ()h~ervat\()I1~ proville ~tlOl1g 

support for the premise that pcat l~ an e~~entllll component of paba~ partICularly lU 

areas of discontinuom. permafrost. 

2.2.6 RECOMMENDATIONS FOR FUTURE WORK 

The topographie setting 111 the Schefferville area l~ favourahlc lor pallia 

occurrence, More aerial photdgraphlc analy~e~ and heldwork are IllTd~d wltlllll tlw, 

environ ment to quanwatively ùucument settlllg reqlJlrement~ needell fOl pa ba 

formation and the sel Itlvlty of pabas to whtle envlronnwntal change,> 'l'hl'" ~h()lIld 

th en be followed by detailed Il1vestlgatlon of peatlamb III the ;IlC;l to Illrtlln 

document permafrost dlstrihution (m the form 01 pabali) III thc dl~UlfltllllJ()\I'> 

permafrost zone. Wlth increa~1I1g concern over c1\Tnate warmmg dllt' tCl \TH re;l'>C'> \Il 

greenhouse gasse~, paba~ may prove to he u~etul lf1dlcator~ of cllInat~ change TllLI'>, 

a greater understanding Dt their current di~tflhut(()f1 ~h()lJlù he ÙOcuIlH.:nteù . 
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There are very few reports on the age of palsas in the hterature (e.g. Ashman 

1%7; Salmi )972; Vorren and Vorren 1976). Radiocarhon dates of materials found 

withm pal~a~ do not mdlcate the age of the palsa itself, rather, they identify the age 

01 the peat at that particular level. The c1earest indication of palsa age can be 

ohtained hy datmg the tramition layer~ between the lowermost hydrophillic and upper 

mosl XCr'lphlllC peat. Thl~ transItion zone can he identified using macrofossil 

a!-,~t·r.ïi)Jage~ WlllCh dl~play site-speclfic hydrologie condItions through indicator 

~pecle~. J Icncc, a knowlcdge of macrofossil assemhlages is needed hefore accu rate 

ùating ot paha~ can he carneù out. Thh type of data will also yield relative values 

on amount and rate~ of vertIcal ùisplacement and peat accumulatIOn under different 

moi~t lire reglrne~. 

Gold and Lachenhruch (1973) state that the ~easonal range in thermal 

cOlllluctlvlty of peat t~ an Important parameter of permafrost development in the 

dlM':Ulltmuom permafro~t zone. However, very little work has heen carried out 

me{\~urmg actuéli thermal conùuctivities of peat at dtfferent depths in palsas . 

Therelore, ùctmleù profJ1e~ of thermal properties of the peat and mineraI sail in 

palsa~ ~hollld bc carried out. 

Snow den~lty and depths have heen recognized as playing an important role 

ln palséI formatIOn. However, no detailed snow thickness data have been published 

with regard to paba occurrence. These data would mcrease the knowledge of winter 

thermal fluxes hetween the atmosphere and palsa :;Llrface, and help document the 

intlucnce ot ~now thlckness on palsa growth and clecay . 
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2.3. BACKGROUND TO PAPER TWO 

The second paper "Cryogenetic categorization of peat ami minctal cOIcd 

palsas of the Schefferville area", is based on field work carried out in Ft'hruary and 

from April to Septernber, 1989. This paper presents the main body ut flt'ld rescarrh 

undertaken in this research project. The prirnary ohJcctive ot tlm resemch wa~ to 

categorize stages of palsa development llsing a cryogenetic ~chCI11l' hdscd on field 

observations and air photo analyses. 

The data presented in this parer focllses on ~urface vegetation cover, peat 

depths on and off the palsas, detailed core logs and the al1aly~l~ of the rdation 

betwecn snow depth and ground/snow mterface tempcrature. The main conclUSion 

of this paper is that both stable and degradmg paba~ can he Immd ill tlie saille 

general area. 

A1though similar conclusions are made in the flrst parer, fi llJtkrellt emphasls 

is used in paper two. Here the terms mature, immature and embryonJc are Icplaccd 

by aggrading, stable and degrading. It is felt that thcsc term~ hettcr dc~crJhc the 

permafrost conditions and therefore provide a more lI~dlll framcwork lor 

categorization. The terms mature, Immature and embryontc IIlcorrcctly suggcst a 

relative age or seguential developrnent bctwccn ~tagc~. Thl~, ln lacl, /llily Ilot 11(' the 

case, as climatic conditions may intervene at any point III a palsél~ devcl0plllL:nt élnd 

interrupt the natural cycle. 

The presence of palsas at different stage~ of development If) one areH i~ 

discussed in bath papers, however these idea~ are mueh better delll1ed III tlte ~cc(lnd. 

The embryonic palsas deseribcd in paper one are cJroppL:cJ trom the .o,tuuy and 

replaced by a similar stage of feature ob~ervcd at a new ~Ite (New! wc). 

At the Newf site, the largest palsa i~ categorIzl'd a~ ~tahJe hut al~() !Olllld III 

this fen are feature~ that sllgge~t that both aggradational and dcgrada t /oflallorrno, are 

present. In this case, the aggradatlOnal torm~ are smaIl up-warpll1g~ III the lell 

surface ranging from 1-10 m ln length and ur tn 30 cm anove the wa ter table (hgufc 

2.3.1 a). They appear ~imilar to features de~cribed hy Allard el al (J wn) and Brown 
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a 

b 

Figure 2.3.1.0 Aggradational palsa at the Newf site. The palsa surface is covered with 
dead or dying Carex and Scirpus. b Site of degraded palsa at the Newf site. July 1989. 
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(1980). Of significance is the vegetation on the surface of thesl' small mounds which 

consists of de ad sedges (Carex and Scirpus) similar to thost' (ound in the slIllllllnding 

wet fen areas. AIlard et al. (1987) suggests that very small palsa~ ,11 e a 1 t'suit uf thm 

snow cover; however, at the Newf site these t'eatun:.., \Vere covered \VIth at kast O,H-

1.2 m of snow in 1989, but information from prevlous ycar~ I~ nut availahk. 

AIso at the Newf site, 5 m from the aggradmg paba. I~ an arca 01 wet 

disrupted peat, healthy sedges, small tufts of SplUlgll111ll {U \Clllll , amI dcad Iklllia 

shrubs (Figure 2.3.1 b). This area is hordered hy a dl~C()T1tll111()lI~ mmt 01 stand1l1g 

water. The presence of healthy sedges suggest that thls :lIca rClllall1~ at (li Ilcar the 

water table for the entire summer period. The small tuits 01 5;. IliSCII111 , dbI lIptcd 

peat and dead shrubs suggest that this area was r::lIscd ahove the watcl tahle lOI a 

significant period in the recent pa st. It is postulatcd that thl~ I~ tlte rCllll1:tnts 01 a 

degraded palsa. Thus at the Newf site there appear~ to hl' aggradlllg, ~tabll', ami 

degrading palsas as weIl as the remnant~ of former palsa~. 

2.4 PAPER TWO: CUMMINGS, C.E. AND POLLARD, W.II., 1990. CRYOGENETIC 
CATEGORIZATION OF PEAT AND MINERAL CORED PALSAS IN 'l'liE 
SCHEFFERVILLE AREA, QUEBEC. PERMAFROST-CANADA. I)ROCEEUINGS 
OF THE FIFfH CANADIAN PERMAFROST CONFERENCE. NORUICANA 
COLLECTION NO. 54. LAVAL, CANADA 95-102. 

2.4.1 INTRODUCTION 

Palsas are a cornmon permafrost landform occlIrring throllghout Illost (JI the 

Canadian subarctic (e.g. Brown 19h8, 1975; Ker~haw and Gill ) ()7(); Réllito/l and 

Sparling 1973; Znltai and Tarnocai ]97]). Sevt:ral !-.tudj(.~~ ()n coa~tal Lahrador­

Ungava have been concerned wlth palsa~ (e.g. Allan.! and Segllin 1 <)X7;1, 1 <JX7h; 

Brown 1975; Dionne 1984; and Lagarec 19H2), hut very httlt.: W()I k ha.., hl'l'/1 pllhll\lll'd 

concerning palsas in the central Lahrador-U ngava reglon (Cumllll ng\ élnd Poila rd 

1989). This paper presents ob!-.ervation~ on ,~urflcJaI élnd internai c11:lractemtJ('''' (JI 

pals as occurring at four locations in the ScheffervIlle area of Ouchee alld I,;dHa(\()r. 
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2.4.2. BACKGROUND 

The tcrm palsa i~ a Fennoscandian word referring to a mound or hillock with 

a frozcn core found In a bog or fen (SeppaJa 1972). But in the current North 

Amcncan permafrost literature, palsas are defined as peaty permafrost mounds 

P()ssc~smg a core of alternatmg layer~ of segregated ice and peat or mineraI soil 

(Permafro~t Suhcommittee 1988). Thl!. is the definition adopted in this study. 

Impheit ln till'> defmltlon 1) the gcnetie dIstinction between palsas and other types of 

frost m()lIl1d~. Confu~ion in the literature hetween palsas and other frost mound 

phcnomena ha~ an~en from the de~cnptive approach to landform classificatIon. The 

current applicatIon of the term Inv()lve~ the lise of descriptive modifiers wlthin a 

genetle eontext (e.g. peat palsa) 10 better define mound character. Reviews of the 

palsa literature are provided by Washhurn (1983) and SeppaJa (1988). 

2.4.3. STlJDY AREA 

Schelkrville is located at 54050'N, 66040'W, approximately 525 km north of 

Sept-Iles (Figure 2.4.1). It IS sltuated In the Lahrador Trough, whlch is characterized 

hy a strong rJdgc and valley topography aligned m a northwest-southeast direction. 

Pcatlands oceupy many topographie depres~l()ns of the Lïbrador-Ungava region. In 

the Schefferville area, fcns oecupy appnJXImate1y 10-15% of the land surface 

(Alhngton 1(61) with many of these peatlands containing palsas. This area was 

overriddel1 by a thlek Ice sheet durmg the maximum of the Wiseonsman glaciation 

ahlHlt 18,()()() year~ B.P. (Ive:-- 1(79). Mo:--t re~earchers (Bryson et al. 1969; Ives 1979) 

h:hl'Vl' tllat thr ca ... tern centrr of Laurenttde Ice was at the current location of KivIvie 

Lake. -lO km northwl'~t 01 Schefferville. Radiocarhon dating suggests inItiation of 

peatlal1ù~ ocrlll red appn)XImately ÔOOO years B.P. (Grayson 1957). 

The mran allnual é111 tcmperature for ScheffervIlle is -4.9°C with a maximum 

mcan HIlllllal tl'Illperaturt' of -'l.TC and a mimmum mean annual temperature of -

7.9°('. It ha~ approxlIllately 90 tro~t-free day~ and mean annual precipitation of 785 

111111. ot \\lllIl"h 37S mJll 1 ... w<lter eyuivalent of snow (personal communication, D. Barr, 

McGill Suhall"tlc Rc:--carch StatIOn). In the Schefferville area, mining operations have 

44 



• 

• 

• 

.,'od 

./00' 

STUDY AREA 

.... PAlSA LOCATION 

PROVINCIAL BOUNDARY 

ROADS 

o 15 km 

--===--

~ ~ 

Figure 2.4.1. Location map of study sites. 
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cncountered permafrost tn depth~ of 60 m beneath exposed tundra ridges (Ives 1960) 

The wms of thls study are threefold: ]) ta document permafrost landforms in 

the peatland~ of the Schefferville area, 2) ta describe surface and subsurface 

characteristic~ of these palsas, and 3) 10 evaluate thI~ information with reference ta 

cryogenetic classifIcation. 

2.4.4. METIIODOLOGY 

Field r",connaissance and aerial photograph interpretation 1ed ta the 

identificatIon of IR palsa sites within a 35 km radius of Schefferville (FIgure 2.4.1). 

ThIs paper foeuses on tour site~ that are accessible usmg the existing network of mine 

road~. The rc~ult~ presented in thi~ paper are based on fIeld work In February, and 

from ApflJ to Scpternber. 1989. Peat cores, used for analysis of stratigraphie 

characten~tlcs, were ohtained u~mg a CRREL permafrost eormg kIt. Vegetation 

cover on cach palsa b hased on the analysis of four, 1 m2 selected quadrates. 

Unfrozen peat depths in the Fens surrounding the pals as were ohtained \Vith a 3 m 

steel prohe. Tree age wa~ dctermmed hy trec-ring analysis of a cross-section of the 

tree taken just anove the root crown. Thi~ \Vas sanded and examined under lOx 

magmficatlon. Snow dcpth~ were obtained using a Mount Rose snow sampler. A 

Yel10w Sprlllgs Instruments needle probe was used to measure snow pit 

tcmperatures. 

2.4.5. SITE DESCRIPTION AND SURFACE MORPHOLOGY 

At the Goodream site, two palsas occur at 718 m as] in a small valley located 

between two tIlI covered hedrock ndges. 80th palsas are bound on three sides by 

standing watcr ranglllg [rom ",0.5 tn >2 In deep. The fourth side consists of a thin 

tlonting mat ot peat \VIth Carc\ -md Splzaglllllll belllg co-dominant. The largest palsa 

is 2~ III long. 15 llJ widt' anù 1. 1 In lllgh (ail height~ are measured relative to the 

\Vatel tahle). lt l~ oval-~haped \VIth Its lung axis trending northeast-southwest. It 

appears 10 he degradmg hy hlock télIlure along its perimeter (Figure 2.4.2a), similar 

to those ùescribeù hy Salmi (1968). As weil, patches of bare peat are exposed on the 
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surface (Table 2.4.1) and large cracks up to 15 cm wide and 30 cm deep traverse the 

entire palsa. 

At the Ferriman site, one palsa occurs at 750 m asl in il topograpll1i: scHmg 

similar to the Goodream site. This palsa is surrnunded hy a decp (> 2 Ill) 'moat'. 

It is circular in plan shape with a diarneter of 12 m amI a helght ot 0.7 m. ThiS paba 

also appears ta be degrading as there are cracks, (up to 10 cm wHk and 40 cm dcL'p) 

traversing its entire surface (Figure 2.4.2b) along wlth therlllokar~t (kpIt'~siol1s. 

The Laroche site contains two oval palsas located III a ~mall valley (h61 III asl) 

with a bedrock ridge ta the east and till-covered bedrock 10 tht' west. 'l'hl' 1111 Sllrt:ICl~ 

is marked by non-sorted circ1es. The l'en surroundmg thcse pals:!!'. I~ dOllllllatcd hy 

Carel vegetation with the water table located 5 cm belmv the ~ullacl'. A small Jlond 

(50 m in diameter) lies to the northwest of the palsas. The large!'.1 palsa I~ 5X.7 m 

long (northwest-southeast axis) and 21.6 m wide, wlth a helght ni l.O 111. 

The Newf site contain~ nine pa)sas rangmg t'rom 5.6 to 21.0 111 III kllgth, 2.4 

to 12.0 m in width and 0.5-0.8 m in helght. The surface 01 the !cn SUl wUlllhng the 

palsas consists of a thin Carex and Splwgllltnl floatlllg peat mat. ThiS Sltt' IS 

topographically dil'l'erent from the prevlou~ sites. There I!-. no dellllite valley hut 

rather gently sloping open lichen and feather mos~ torests !-.urrolmdmg the peatland. 

There are no large open water bodie~, only small pools (2m 2
). The paba studled IS 

17.4 m long, 8.0 m wide and 0.8 m high. 

The surface vegetation characteristic~ for the four palsa sites are ~hown ln 

Table 2.4.1. At the Ferriman and Laroche Sites, 70% 01 the pal"" !-.llilace~ are Iree 

of vegetation. Bare peat, shrub!-. and lichen dommate the ~urf"œ ot (/()()dream palsa. 

The Newf site ha~ the lowest percentage area ot hare peat wlth ltchen t!ollllllatll1g the 

palsa surface. Trees were present at the Laroche ~ite only. A I"rch trel' 1.5 )l) 11Igh 

and 122 years old was found on the northwe~tern edge (Jf the paha. The very l()w 

percentages of sedge~ on ail palsa~ and the ah~cnce of dead hyc.hopllllic ~pecle~ 

indicate that thelr surfaces are relatlvely dry amI have not heen ,>uhmnged recl'ntly. 

Peat thickness overlymg the mmeral ~Oll ~uh~trate, huth on and ~lIrr()undll1g 

the palsa, is summarized In Table 2.4.2. The surface peat at the Laroche ~Ite I~ 
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SURFACE PERCENT COVERAGE 

• VEGETATION GOODREAM FERRIMAN LAROCHE NEWF 

IŒYO PI lYrES 

Dlcrtlnum ~pp. 4 5 3 2 

Polylrlchum ~pp. 9 5 0 7 

SpJwgnum ~pp 5 0 0 1 

TOTAL lS 10 3 10 

slIIwns 

Bell/la g/and- 17 4 4 5 
u/o.\·a 

LeduIII gro('lIltl- 0 2 11 3 
nd/Cllnl 

Vaccmlllm wfls- 5 0 0 0 
uJaca 

V I/bgl/W\'llnl 3 5 2 0 

Emfll'Imm 11- 2 3 3 0 
Igrum 

RI/hus chamac- 5 0 0 0 • m()rus 

TOTAL 32 14 20 10 

SEDGES 

Cam ~pp. 0 0 0 0 

Sc/rfl/l·\ ~pp 0 2 2 0 

EllOphorlllII 0 2 2 2 
chal/l/\.IOIlI.\ 

TOTAL 0 4 4 4 

LICHEN 

C!adollUl ~pp. 20 4 4 75 

TREES 

Lam larclI/a 0 0 1 0 

HARE PI<:A1' 30 70 70 3 

TalJle 2.4.1. Surface vegetation cover of the four palsa sites . • 48 
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Figure 2.4.2. (a) Black failure on west face of Goaùream palsa. Blocks range from 
0.75-2 m long. (b) Cracks in surface peat at Ferriman Palsa. Thl~ secms tn initiate 
black failure, (c) Ferriman palsa surface during winter of 19H9. Much of the pal~a 
surface (micro-hummocks) is free of snaw. (d) Surface of Laroche palsa. Isolatcd 
blacks of peat resulting from winter wind erosion stand 1R cm ahove ~urroundH1g the 
unvegetated surface. 
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anomalously thin comparcd to the Goodream and Ferriman sites, while the thickness 

of the peat ~urrounùmg the paba at the Laroche site, is similar to the se two. At the 

GomJream anù Fcrriman ~ite., the peat IS thinnest at the edge of the fen and 

hecome!'l thlcker t()ward~ ItS centre. 

2.4.6. INTERNAL CIIAnACTERISTICS 

In the é1h"ellCC of long term process studies, the investigation ofpalsa structure 

provides one approach to the Interpretation of mound genesis. In this study, 

stratigraphie (}h~crvatl()m are based on tbe analysls of cores up ta 3.0 m long. Of 

particular II1tere~t to thl~ study i~ the morpholo6T)' anù distributIon of ground ice and 

the depth and nature of orgamc material anù mmeral SOlI. 

The II1ternal ~tructllfe of 4 palsas IS ~ummarized in Figure 2.4.3. A variety of 

ice type!'l are prc!'Icnt, but ~egregated lens iee, in various geometric arrangements, is 

most commO!1. The largc~t and greatest total thickness of lens ice is associated with 

the contact l1l'twecn the ~edge-peat Unit and underlymg mInerai soil. Approximately 

32% ot the total ICC tll1<:kl1l'~s were lounù at thls location, 23% of total ice lenses is 

round wlthm ~edge peat élnd 17% within the minerai sail. An average of 73% of 

palsa hCIght can be accounted for by accumulated ice lens thickness. 

PEAT GOODREAM FERRIMAN LAROCHE 
THICKNESS 
(M) 

On the palsa 2.60 2.44 0.66 

SurrollI1d mg the Jj4-~.OO 1.03-2.24 1.03-1.67 
palsa 

Table 2 .... ~. Pcat depths fOl three palsa sites. The peat depth on the surface of the 
Laroche IS thlllllcr than lfl the ~urrounùmg Fen. At the Gooùream and Ferriman sites 
the peat ùepth IS thlckest on the paba. 

The ~Ize 01 pore ire crystals varied considerably. Two size categories are 

proposeù, (1) smalllce cry~tab le~s than 1 mm in diameter, termed pore ice, and 
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Depth ; 1: 
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Figure 2.4.3. Detailed core logs from the four palsa sites . 
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(2) largcr cry~tals 1-20 mm ln diameter, termed inclusion ice. This distinction is 

cntlrely morphologlc anù do es not imply a genetic difference. Bath sizes of ice 

crystab OCCUf ln ail type~ of peat hut not in the mineraI sail. In one case, reticulate 

icc VCHl~ occur wlthm the minerai ~Oll at the Laroche site. The ongin of this 

cry()t~xture I~ not corn pletely u nder~t()od; however, it IS known to be associated with 

ICC ~t:;grl~gatl()n proœ..,~e~ (Mackay, 1974). 

let: coatlng\ ()ccur on wood fragments in frozen fibrous peat. In ail cases, the 

ICC c()alillg~ WCIC tlllcke~t on the upper wood surface. At the Goadream and 

FcrrimHI1 ~lte:-., hlccCJa tell mLi u~lOn~ of highly decomposed organic silt accur within 

large ~cgrcgated ICC laycrs. These II1du~IOns range t'rom 5-22 mm In length and were 

horizontally onented. 

2.4.7. WINTER CIlARACTERISTlCS 

SI10W c()lllliIIOn~ were investigated at the Goodream, Ferriman and Laroche 

sites durll1g Fehruary 19H9. Snow dcpths on the palsas were measured at 36 points, 

ami ranged trol11 010 45 cm deep and averaged 10 cm. In the fen surrounding the 

pulsa snow depth~ wcre mea~llred at 4R points and ranged from 44 to 175 cm, with 

an average depth of 69 cm. The ditferences in snow depth produce marked 

dillerences in ground-snow IIlterface temperatures. With an ambient air temperature 

of ·31"C (Fehru:llY IX, 19iN) the ground-snow interface temperature beneath Il and 

7X cm 01 snow \Va~ -zooe and -3.5°C respectively. 

A hlleal regre~~ion was developed ta predict ground/snow interface 

temperature~ tWill depth, den~lty, water equivaJents of snow and ambient air 

temperall1re~. A step-wlse rcgression showed that the only significant variable at 85 

li;, confidence 1I1tcIVal was snow depth. The equation produet:d IS: 

ln 1 TsII = 1.80·0.595(1nd) 

where: InlTsII is the naturallog* of the absolute value of the ground snow/interface 
tempe rature C'C). 

Ind is the natural log of snow depth (m). 
* natural logs were llsed ta Iinearize data . 
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An R 2 value of 0.89 is achieved. \Vith a lew mean square erml (O.07lJ). A tWIl 

tailed t-test showed that the independent vanahle is sigmticant .It tJ:-;c; t'nlllidel1t'c 

interva1. 

As mu ch as 20% ot the palsa surfaces at the Ferril11an ,mL! (~lHHhrall1 ~itl'~ 

were free of snow (Figure 2.4.2c), The exposeù surfarc~ .1Il' Sll~n-'ptlhk tll dl'fl:tt Ion 

by wind erosion, Srnall fragments of wllHJhlown peat. Iirht'f1 and k.\\l'~ \\Tll' 

identified bath on the snow surface and in snow ptts in the let' 01 tlll' p,lI,a~. 

2.4.8 DISCUSSION AND CONCLUSIONS 

2.4.8.1 Surface conditions 

The vegetation species present at the four sites arc very sml11ar, althollgh, thelr 

percent cover varies hetween sites, In earlier stlldies, the ah~ence 01 ~lIrtace 

vegetation was used to infer stage of development (l'.g. Blown I%X; Salim 19(1X). 

ln this study, the type and percent of ~urtace vegetation cover 1:-- 1I~1'l1 t<) dl'vd( lp a 

simple stage-process categorizatHH1 which l'an he applieù tu l'Ithl'I )lc:!! 01 IlIll1t"l,tI 

sail palsas. Using examples /rom Schefferville, wc are attcmptlilg to dl'Ill( lll\tlatt" t hal 

palsa condItion is simply a rcflcctlon of ~Ite ~reclflc pCI ma/rost rr()Cl'..,~e~. 'l'Ill' thll"l' 

condition~ proposed parallel the evolutionary ~tagcs of palsa dcveloplllcllt dclll1l"d hy 

SeppaHi (1986), where he di~tinguished bctween emhryol1lc, lIlalure illll! old 

[collapslllg] palsa~. We recommend however, that terrn~ havmg ;r/l evollltHlIlary 

context do not c1early communlcate the dynarnil: ~Ignjflcanœ of the pcrll1é1lr(J~t 

condition and may unintcntionally suggest age, without thc appr()pllalc data, The 

terms aggulding, stable and degradmg when u~cd as Cl modIllcr 01 the terlll paba 

imply the proper eryogenetic signiflcélnce, 

Ail the paba~ studied have varyll1g percentagc~ of ~lIrface area covered by 

bare peat. The presence of other cover type~, e~pecially ~hrllh~ Ilchell~ and III one 

instance a mature larch trce, ~uggests that thc~e paba~ have heen ahovc the wa tcr 

table for a sufficlcnt period of time tn allow a \lIcce~~i()n ot xcroplllllc \pccle~ to 

colonize the pa)sa ~urface, Hence, one conclu~l()n 01 thl~ ~tudy I~ thal the\c p;dsa~ are 
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pa,>t the élggradatJ<Hlal pha:-.e of development. Furthermore, the presence of a mature 

trel!, therm()k;!r,>t holl()w,>, arca,> of hare peat and hlock tallure ~ugge~t that the 

(j()()llre;lIl1. J cr rlll];ln anù r .aroehe pal,>a~ arc ail ln vari()u~ ~tage~ of degradation. 

'r he pal'>;1 at thl' Newl '>Ite ÙIÙ not ùl~play é1ny degradatlonal characteristics, had a low 

pl'fn~nt;lge !lI h;lre peat anù malntained a high percentage cover of lichens and 

,>hrllh,> 'l'hl'> '>lIgge,>t~ a eryogenetlcly ~télhle paba. 

2.4.8.2 Pl';11 II1Ickne:-.,> lInd wlIller characten~tics 

The var r:lhlc relatl(Jll'>hlp between peat t}lIckne~~ on the paba and in the 

'>1II rmllHJllIg tcn Wil'> Ilot anticlpateù. At the Goodream é:lll:l Fernmnn ~ite~, peat 

IhICkl1l'~~ 1'> thlcke,>t <l!1 the pal~a. Thl'> ~eell1,> appropnate hecallse the tens appear 

to he lOI 111 cd III lm 111er '>111:111 lake~, and lake inttll IS the domInant peat forming 

PI{)Cl''>~, III ;Hllhtllll1 the gl(J\vth 01 ILe Ieme~ may expand the apparent thlckness of 

pe:l!. r ,;Ikt' 1111111 ;I!'>o \ecm'> tu he the ùOl11lf1ant peal Immll1g proee~~ at the Laroche 

'>Ill" huI pc:.1 depth\ ;IIC thumer on the paba. Zoltal and Tmnocal (1975) have 

'>lIggc:-'led Ih;lt p;t!,>a lm 111 1'> ;I~:-'()Clateù \VIth lee Ien~ growth III the Imneral ~ojl. This 

appl':II:-' tr l ;Ipply at ail the pa"'a~, where the large~t ire Ien~e~ are contained within 

thl' 1ll11lL'r;1! :-'011. 

It 1\ hypothe:-'lIed that in the pa~t, the ~urrace pent wa~ mllch thicker on the 

Lal<lchl' pabll SUl'L'e~\I\'c year~ ot wlIlter and ~lIl11rnel wmd ero~l()n can remove a 

!'>lglllflc:lnl :Il1Hlllll1 (JI :-'1Il lace matenal. Durmg the wlllter~ of 19H7-HH and 1988-89, 

appI<l\II1Wll'ly IS cm 01 \urlllCl' pcat wa:-. l'rodcd h<1II1 the ~llltace nt Laroche pulsa 

~1I1 1:ll'L' Thl\ <lI'L'lllll.'d (ln the mu,>t expŒed portIon 01 the paha anù i~ dl~played ln 

FtglllL' 24 2d 1 hl' alhedll \)! lIll\cgctateù sur!aCl'~ l~ generally lower thém 

~L1rr(llllllltng al ~a., 01 IIchcn (Ratlton and Sparllllg 1973). In theory, more solar 

lal!wtlon I~ ah\tllhl.'d and the :-.urtace peat layer~ hecome wetter (Wnght 1981), thus 

1I1Cll':I'>lIlg thl' thL'J'l11al conulIctl\'lty nI the peat. Tlm cornhmatlon ot factors could 

plmlucL' llLq1L'1 :Il'II\L' léI)CI~ and p()~~lh\c ~urface therm()kar~t. From thi~ we 

conrllldc that \\ II1d l'Ill\llHl I~ rl.':-.pon~lb\c for ~lgni1icant amounts of surface peat loss 

kadll1g to dcgladalllln ut the pcrl11afro~t core. 
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There is a strong relationslllp hetv.'een ~now t hickness ;lI1d gmulld t hl' 1 ma 1 

regime (Nicholson, 1976). Clearly. where Sl10W is ahsent. or t hm. the gllll1l1d ~1II tan' 

is mu ch calder than in the surroundmg fen where the ~IHlW I~ l1lurh tllld.l'r. 'l'Il\'. 

permits maintenance and in sorne cases aggradation uf the pell11:! t ft''' t ('{ li t' W 1 t II 1il t hL' 

palsa. However, summer conditlon~ also have a ~tlOl1g 111thll'I1ce llil Ihe gllllllld 

thermal regime. From April to October the temperature -' 111 hc1u\\' the ~lIllarl' al 

the Ferriman site rose from -1.6 to -O.6"C. With c0Il11'lIlalloJ1<; III alHlll1alllll~ly hlgh 

or low snow faU, and warm or cold summer~ re~pccti\'l'Iy, tl'lllpCLltull''' cll lkpllt Illil)' 

be significantly altered. Where ~now is thm on the palsa surl;lrc, Iru\( pl'lll'lléltHlIl 

is more intense and rapid, contnhuting to maintenance ot l'Oldcl 11'I11pClallllcs 

throughout the summer. 

This may seem to contradlct the theory of winter wint! l'ro~IOI1 callslllg lIn'per 

active layers, as descrihed ahove. However, the tïndlllg~ ~llggl'~l thal ICllloval 01 

surface peat by detlatlon does not occur at ail Sites, ralher, It I~ ... l'Icrllve .1Ild 

sporadic. The controlltng factor appears tn he the amotlnt of 1111\'l'getatl'd ~lIr lan' or 

bare peat. Areas of bare peat are more like1y to he eroùeù lhall the vegl't:I1l:d al l'as. 

The result is a po~itive feedhack ~ystem where unvegetated ~t..'ctJ(lII:-' (lI the \lIflat'l' ;1I'l~ 

more susceptIble to ero~ion than the vegetated ones and wllld Cf(l~I()1l Cleatn largcl 

areas of bare peat, which are more readdy eroded. Thrs I~ the case wlth the 

degradational palsa~ at the Fernman and Laroche ~ite~, Hellce, the amotln! (lf hart' 

peat is significant to cryogenetic conditions of pal\m~. 

The thlrd conclUSIon also relates to the rnternal ~tructure. COrlllg rewaktl 

that both mineral- and peat-wred paba~ are [ound ln relatlvdy c1()~e a~~()Clatl()ll. 

In this study, neither rnrneral nor peat-cored palsa~ exhlhrt a greater temleflcy lm 

degradatiùn. However, we ~peculate that a~ ermron 01 the pe;1I ... urlél<' e over il 

mineral-cored palsa contrnUl..!s, It IS prohable that a thre~h()ld Will he re;lchctl at wlllch 

the peat coyer i~ no longer thlck enough 10 preserve the perrn;drmt core and (J 

degradational palsa Will result. 
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CIIAPTER 3: RESULTS-PALSA. THERMAL REGIMES 

3.1 BACKGROUND TO PAPER THREE 

Very IIttlc rc~earch l1a~ heen carried out on the thermal regime and maximum 

active layer depth of paha~ on an annllal ba~is. ThIs is the slIbJect of the third paper 

"Thermal regI/ne and active layer development of palsas in the Schefferville area, 

nortllern ()uebcc". 

Thcr mal condJtHl!lS are oj con~lderable importance when studying palsas since 

hy ddiIlltl<lTl tlley mu!-.t contam permafrost. Thl~ paper documents bath thermal 

reglme~ and dcvelopmcnt of actIve layers on two pabas in thls region. In addition, 

groUI1lJ thermal reglme~ are relatcd to ~now distribution on the palsas and cJimatic 

parall1eter~ recorJed at the neare~t meteorological station. 

Lea!-.t !-.qllare~ regre~~I()n moJeb were caJculated usmg time and cIimatic 

parall1eter~ tn predlct maxImum active layer depths. This IS compared ta values 

calculated Ilsmg a popular analytlcal equatlOn that incIudes both climatic and 

gcotechnlcal parameter~. 

Tlm paper doe~ not mclude any detailed description of location, setting, 

morphology, . urface or sub~urtace conditions of these palsas as they have been 

presentcd 111 det; Il in previOLI~ sections. 

3.2 CUMMINGS, C.E. AND POLLARD, W.H. 1991. THERMAL REGIME AND 
ACTIVE LAYEIl IlEVELOPMENTOFP4LSAS IN THE SCHEFFERVILLEAREA, 
NORTIIERN Qt rEBEC 

3.2.1 INTROIlUCTION 

A paba IS " a peaty permafrost mound possesslI1g a core of alternating Iayers 

oj ~t'gregated lee and peat or mlI1eral soil material. ... Impliclt in this definition are 

their l'Oll~trllLtIOl1al natLlle. thelr onglI1 in wetlands (fens or bogs), and that ice 

segregation 111 111 II1C rai ~O\I heneath peat IS the process responsible for growth." 

(Perll1afro~t Suhl'Oll1mittce 19HH. p. 60). Palsas occur mo~t widely in the 

dlsnHltiIllHHl!-. permafrost zone. Wlthin the dlscontinuous permafrost zone, snow 

tkpth and dIstrIbution ale Important vanables lI1t1uencing the dIstribution of 
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perennially frozen gmund (NIcholson. 1(76) and thl'rt'llHl'. thl' dl~tllhlltlllt1l1t paba~ . 

SeppüW (19R2). for example. demonstrated that pabas muId hl' IlIdllCl'd Iw ~y~tt'1l1atll' 

removal ot snow lrom a kn surface III FlIll1lsh Lapland. In :lI1l1tht'1 ... tuth, ('llIl1Il1Iilg~ 

and Pollard (1990) deterIllIl1l'd that snow-gwlIlld Illtt'll:Il'l' tl'mpl'I atllll· ... 011 p:I"'a ... III 

the Schefferville arl'a were rl'lated to ail tel1lpl'ratllll' :I~ a Illg-IIIll'.1I tlllll'tllllllli ~1I11W 

depth. In the latter study. it wa~ abo dl'I1lUll~tratl'd th.lt Il'Il\mallli ~Il()\\' Cl l\'l' 1 IIUIll 

the top of a paba by wind redlstrIhution. l'an !l'ad tn dl'gIad.ltllln 01 thl' pl'IIl1.ltlUst 

bya combinat Ion ot wlIld ahra~lOn and dctlatltl.. (lt ~lll tare pl':I!. SlIl1\\' dcpth!'> ul _? 

80 cm along the l'liges 01 a paba rollghly 1 111 hlgh l'1l1l.11Il'l·d btclill tll:lw whll'h 

contributed to block tatlure. Tbu!'>, It i!'> apparellt that !'>IHl\V and Ih ~l'a!'>llllal pattt'Ill 

play él dynamic rok intluencll1g pennatro!'>t plOrl'!'>"'o 111 thl' dl!'>l'l1l1l111111111\ IOIlt' :lI1d 

in the formatIon and degIallatlon ot paba!'>. Although tlu!'> oh'\l'Ivatllllll!'> lI11t IIl'W. the 

dynamic nature of thi~ relatlon~hlp remall1" pOl1r1y llndcl ... tllllll IWI':llI ... l' 01 IllIutct! 

field observatiom. 

Many palsa ~tu(~ie~ have pre~ented thellllai plOllIl'~ :llltlllh'l IV:ltlllJl'" (111 active 

layer depth (e.g. K"r~haw and Gill, 1(79) ()J thermal c!Wllgl'" llVl'1 ... I\lllt pl·JIIll! ... III 

time (e.g. Nebon el al., 19H5). Exccpt lm a kw ~tlldll'" (c g AII:lld c( lI/, 1()X7; 

Lindqvl~t and Matt'\~on, )%5; Seppitla. 19X.\ !<)<)()) thell' '" 111I1e Yl':II-I(lIll1d (l[ l(lllg­

term data on paba thermal condltl()n~. Field oh-.crvatIOJl', hOIll olgdl\ll' tCII:IIII!'. 111 

similar dlscontinuou~ perl11alro~t setting~ <lI empllicai 'oIlIdll':-' Illdy IH()vlde ail 

alternative approach to the under~tandll1g 01 paba thelllwl Il'glllll''' Sl':\',lll\:t! tlJ:lw 

depth in mll1eral and organic ~()I1~ hil~ been ~howl1 t() lollow a IllIe:1I 1l'1:ltI<1I1"hlp 

dependent on time (McR()hert~, )975). Simllarly, (iray ('(li/ (l'IXX) t1eVl'I()pcd log­

linear regre~'\lon~ to predlct maXllllum active layer Jepth\ III !lmt helll ()lIl'11l'l' lI~lllg 

climatic anJ terrain parameter". 

Thi~ paper ple~enb ~n()w Jepth and ground therlllai data l(ll J>"hw, III Ihl' 

Schefferville élfea ot Nouveau Oue hec and corn pa re~ ()h~ervcd a cl ive laye r 

temperature~ wlth predlcted value~ denved trom (a) Stelan\ cqllalloll ,lIld (h) 

equation~ denveJ hy lea ... t ~quare~ regre:-'~Ion 01 active layer developmcllt agalll\t 

regional c1imatic data . 
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3.2.2 STlJDY AREA 

Schefkrville IS locateù 525 km north of Sept-Iles at 54°50'N, 66°40'W. It lies 

within the l ,abraLlor Trough, an Archean folù belt characterizeù by a strong ridge and 

valley topography aligneLl m a n()rthwe~H)outheast Llirection. The eastern centre of 

I.aurentlùe lee I~ heheved to have heen Jocateù just north of Schefferville (Ives 1979; 

Bry~()n el al., I<)()9) anù radlocarbon ùating sugge~t inItIation of peatlanùs occurred 

approxinwtely ()()()O BP (Gray~on 1(57). Permafrmt occurs beneath exposed ridges 

(Nlcholsun, !<n<) and In lso!ated patche:-. In wetland~ at lower elevations. Palsas 

occur In kl1~ and b()g~ throughout the Schefferville regloT1 (Cumming:-. and Pallard 

1 <)~<), 1 <)<)()). They range trom 3-30 m in diameter and l'rom 70-> 200 cm in height. 

The mean annual air tcmperature for Schefferville IS -4.9°C wlth maximum and 

mimmum mcaf1 annllal temperatures of -2.7 and -7.9°C, respectlvely (McGill 

Subarctlc Re~earch Station record~ 1955-19H5, Figure 3.2.1 c). The warmest and 

colLlest months arc JlIly and January wlth means of 12.5 and -22.7°C, respectively 

(Figure 3.2.2). Extreme maximum tempe ratures can reach 30°C while extreme 

mimmums may fal1 a~ low a~ -45°C. Schefferville averages 1300.9 thawing degree 

day~ with July havlIlg the hlghe~t average monthly contribution of 3467. Freezing 

hegin~ tn September and the average total freezing ùegree days I~ 3297.9, with 

January contnhutmg the hlghest number of freezmg degree ùays, 768 on average. 

Anl1ual ~n()wlall I~ generally high, rangmg from 200-60ll cm year- I (Figure 3.2.1b). 

SHOW cuver eXI~t~ lrom the enù of Septemher until mid to late May with the heaviest 

snowfalls occurrmg 1T1 November and Dect'mber. PrecIpitation range~ l'rom <300-

>600 mm ycal 1 \VIth approximately 50% ot the total occurring as ramfall (Figure 

3.2.1(\). July expenel1ce~ the hlghest raintall and regularly exceeùs 100 mm. 

The two paba~ ÙI~Cll<;seù 111 tlm paper occur In fens that occupy topographical 

derlle~~iun~ III the are:!. Goodream paba IS 21.4 krIl from Schefferville airpart and 

lies at 7 I~ mas!. Fernman palsa IS 10.2 km from the Schefferville auport and lies 

at 750 111 as\. The Slze, morpholohry', surface vegetatIOn, peat thlckness and tnternal 

structure nt thcse palsa~ are described in detai! by Cummings and Pollard (1990). 
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3.2.3 METHODS 

Field studies were concerned with the measurement of vegetat Ion on pals:! 

surfaces, snow and temperature conditlOns anJ thelr variatlo\1 1Il Il.'Iallo\1 to palsa 

setting and morphology. Snow data were obtained \VIth a l\hHlIlt Rmt' Sllll\V 

sampler. Snow depth and density were recordeù al ,) 111 Il1kl\'ab ,dong trall'l'cts 

oriented parallel and perpenùlcular to the long aXI~ ot carh paba. Actl\'l' laYl'1 

depths were momtored on a grIÙ ot 2-l pOlllts 0\1 earh paba ll~lIlg a gl aduatl'd ,tel'! 

probe and taking II1to account ditferent vegetal 1011 a~~()CI;1 t (om. Tht'\l' dcpt il, wc (t' 

measured every three days belween JulIan day~ 120 a Ill! 2."S. (; 1 lllllld tl'mpcl a t 1I1t' 

profiles were obtamed usmg lTIultHhertl1Istor cabk~ l'ljulppl'd \VIth 'l'SI 1·10, \ 

thermistors cahhrated to o.l"e and wele recordeù ;It thlee d:IY 1I1tl'IV.lh dlllllll' the - .' 

summer thaw and at two week mtervals ùunng the wlIlter ]'vit'tt'llwloglc,d d,lia (c g. 

daily tempe rature, precipItatIon, bright MIlH,hJl1e hOlIl~) were ohtall1ed tWill the 

Department of Tra\1~portatl()n at Ihe Schelferville Alfport. 

3.2.4 FIELD STUDIES 

3.2.4.1 Snow cover 

Snow depth has been descrihed as one of the major faetm ~ al fedmg the 

growth and decay of sporadic discontlIluous permat[()~t. AveragL' ~1l()wl:lllll (lIll 1 (»))-

1986 and 1988-1989 are shown III FIgure 3.2,3. Sl10wlall l~ qulte 11Igh 1I1 thl~ H'gloll 

but varies eonslderahly t'rom year to year. Ourlllg ) 9XX-) ()X<J, toliil ~1I()wt.lil W(l~ 27K,() 

mm (water equivalents) wlth an average ot 3X3.4 mm (watn CtI'IIV.i1t'lIh) III )(JHK-

89, snowfall was close tn average durlllg the early WIPkl (Oct -f kt .), h(}weyer, 

January and Mareil ~nowtall wa~ far helow average whlle April l'XPt'lll'lJl'l'd tlte 

hlghest monthly snowtall ot the year. Such dlélmatle y,lfIall(}!l III \I\()wlall 

superimposed on the ~ea~()I1al vanatlon in ,1If temper;lturl' can eltlter L'lIhallCe or 

retard l'rost penetratIon anù permatrmt. 

Topography tri the Scheftervllle arCé! play~ a major mie III ~II()W redl\lnhut 1011. 

The ndges (Tundra, Alpme Heath) rare\y have any ~igflltrcant ~1l(}W coyer from wlJld 

redIstribution it to the more proteeted area~. By c()mpan~()n, the w(Joùeù valley ... 
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(Open LIchen WooùJand) often have snow drifts up ta 2 m thick. Cummings and 

rollarù (1 <JX<J) ~h()weù that vegetation density and mIcro and macro terrain factors 

strongly ml lucnce ~n()w di~tnhutl()n m the area. 

The ~n()w ùepth and active layer deveJopment for Goodream and Ferriman 

pabas are shown III Figure 3.2.4. Snow depth on Goodream paJsa varied 

c()n~ldefélhly ùunng the wlI1ter ln 19S5-X9. ln early winter, snow coyer was absent 

except lor a ~mall patch ln the centre ot the paba and along its edges. ThIS was the 

pc[)od of thlllne~t :-.now dcpth at tl1l:-' site. By the end of Fehruar)' !TIost of Goodream 

pnba hall a 2()-50 cm :-'110W coyer, reachmg a depth Dt 1 m m one area. By the end 

01 Apnl ..,lH)W cover wa~ sII1111ar to that ot early wmter with only one snow patch on 

the paba. ThIS wa~ the tlllle Ol deepest snow accumulatIOn in the surrounding fen, 

with depth~ ot 1.75 m. 

ln compam,ol1 to Go()dream palsa, Fernman palsa had its deepe~t snow coyer 

in early wlllter rather than Apnl. The edge~ of Fernman palsa mall1tained a deep 

snow coyer, howevcr, the ~1ll)W on centre ot the palsa rarely excecded 25 cm and this 

ollly occl/rret! III a depre~~i()11 ln the palsa ~urface. Snow depth m the sllrrollnding 

ten wa~ lIeepe:-.1 III laIe Fehruary, whcn It averaged 1.25 m. 

3.2.4.2 Ground therrmll reglme~ 

The :lllllual groulld thermal reglme of Ferriman and Gooùream palsas (Figure 

3.2.5) shows two dl~tl(ll't Il'attlres: (1) treeze-hack begms around Julian day 300. which 

dues nol I1eCl'~"'.l1 J1y mal k the end of active layer development. but does mark the 

begllllllllg of li !lllIl"itI<Hl penOlI !rq!TI thawll1g to freezmg degree day~, and (2) freeze­

had. lake" pl.IL'l' rapH.lly ()[Kl' tel11perature~ of -14 ami - HJ<1C occur 111 the surface 

peat (Feil 1111.111 .11](.\ (Jomlre:IJTI palsa~, re:-.pectlvely - on Juhan day 350). The surface 

ot hoth pabas contll111l':-' to cool untll Julian ùay 40, whlch corre~ponds with the 

l'oILieSI pl'nlld ct the WIl1tn (Flgun: 3.~.2). Followmg thl~. surtace peat temperatures 

hegll1 lu n:-.e ~Imvly. A cmnpall:-.on Dt Figures 3.2.2 and 3.2.5 mdicate that surface 

pl'at Icmperalllll':-' follmv the average l110nthly ém temperature. hut are ùepressed by 

62 



• 

• 

• 

100 

(JJ 
1- 80 z 
W 
-l 

~ 60 5 
0 w 
cr: 40 W 
\;( 
~ 
E 20 

k 
~ 

E 
, 

, , 
0 

, 

" 
: 
, 

1. 
, , 

~ 
, 

~ 1 , 
....L _L 

2 3 4 5 6 8 <) 11' Il 1" 

MÛI J rH 

1'1 '(1 /lH 
• /IV( 1 
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65 



• 

• 

• 

approxlrnately 4-6°C. The rate at which warrnmg ot the surface peat occurs is 

generally ~I()wcr th;tn the rate of winter cool mg. Thaw begins around Julian day 120. 

Thl~ dlfkr~ 1/0111 the data .,hown in Figure 3.2.7 becall~e the shallowe~t thermistor is 

al a depth 01 35 CI11 from the surface. When thls I~ taken mto élccount it does 

corre~p()nt! to the data pre~ented ln Figure 3.2.7. At 35 cm trom the surface peat 

temperalllre~ reachet! a hlgh 01 4"C. 

The pattern 01 temperature:- Ht depth IS qulle t!ltterent t'rom the surface. It 

I~ weil kllown tlwt temperature fluctuations dnTIinish wlth depth. Thus, an annuai 

tempc'! atui c amplitude (JI only TC at a depth 01 2 Jl1 I~ not !'.urprising. Immediately 

hdow the hé\~e 01 the active layer I!'. a zone théll rl'main!'. rel<1tlvl'ly i!'.othermai at a 

temperatllle c1Œc to ooe (Figure 3.2.5). This I~ thought to reneet the zero curtain 

altect a~~()C1ated wlth the latcnt heat ahwrhed hy the !loil during spring thaw. 

3.2.4.3 Âctlve layel 

The ~lIrlace vegetation on pa bas in this area is quite variahle (Cummings and 

POllilld, I<)<)()j dcpending ()n cryogel1lc categorization élnd settmg. ~urface vegetation 

Chilractl'll~tll':-' lm the Cioodreé111l and Ferriman palsa~ are shown in Tahle 3.2.1. 

Whell the ilctlve layer ~"mplll1g ~chcl11e was defmed, vaflou~ vegetation associations 

and percent C()VCl~ Wl'Ie rcpresentcd. Active layer development heneath shrubs was 

not Illcluded III thl!'. i1naly!'.l!'. a~ the} are dOl11l11ant along the edge~ of hoth paisas. 

TlwwlIlg ul tlle ~e;I~Ollal tl()~t ,!long the edgè~ of the paba~ is ùl~cu~~eù below. 

Thl'O! et Il';tlly, Vl'getatlon type ,l!1Ù percent ~urtace cover ~houlù affect active layer 

tCl11per;ltull' and depth (Brown and Péwé 1(73). FIgure 3.2.6 ~h()w~ how active layer 

lkvclopl11ellt hClleath hryophytes. ,)ate peat, ~et!ge~ and lJchen~ 10110w a similar 

P,lltl'Ill, i.e. when active laycr dcvelopme/1t IS rapld heneath one vegetation type it 

IS SlIllil,lIly lapld tOI othn \cgeldtion type~. Dunng the ~tllùy penoù no slgmficant 

llJlIl'lel1L'L'~ hetwèl'tl active layer ùepth and llJtterent vegetation a~sociéltlom were 

dctcl'ted. 

Active layci deve1opl11cl1t at the Goodream and Ferriman palsa sites IS 

dIagrammatlcally shoWI1 1/1 Figure 3.2.4. The average maXIITIUm active layer depth 
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at bath sites was 52 cm. By mld July permafrost or seasonal fmst l'Ould not he 

detected along the edges of the pabas. The general shape ot the active layer d()s~ly 

follaws the palsa profiles. PerturbatlOn~ a!o.sociated wlth 1111l'rotopographlc ~tructU[t's 

su ch as surface cracks, are not retlected by the permatrost table. The larger 

depressions, such as tho~e found !n the centIal area of Fernm:1n paba (Figurl' J.2A), 

do appear in the permafrost table. 

The rate of actIve layer development dilfers hetween Goodrl':l111 :lIId Fe[ [[111:111 

palsas. At both sites, the active layer began to deve\op approxlillately May J. The 

first two weeks of actIve layer deve10pment progre~~ed at a rate 01 O.(),l and 0.71 L'Ill 

darI for Goodream and Ferriman paba~, respecllve\y. ThiS Idll' [l'l11:lllIl'd [l'Iall\Tly 

constant at Goodream unul the end ot luly Uuhan day 211). At Ferllman paba the 

active layer developed at a rate of 1 cm day-I for must of June. hut drupped tn OA" 

cm darI until the end of luly. 

PALSA PERCENT COVER 

RR YOI'I IYlLS BARL l'l'AI II( III'N ...IIIH 111<; 

GOODREAM 18 10 o 20 Il 

1~---------+--------~------4----------1----------+-------'---
FERRIMAN 10 70 4 Il 

Table 3.2.1. Percent cover of surface vegetatIOn on the GOOllream and r'cl fII11:ln 
palsa sites. 

3.2.5 PREDICTION OF ACTIVE LAYER GROWfH 

Since the two palsa~ discussed 111 thIS paper are sltllated III ~1111I1ar topographlC 

positions, ditferences In thelr active layer development may he attflhuted to vanatl<)n~ 

in microclimate and thermal propertles of the SOII~ rather than terralll etkct~, 

Accordingly, the two approaches lIsed 10 prediet maxllnum actlvc layer dcvel()pment 

are: (1) cumulatIve climatic data and (2) Stefan\ equatl(Hl (Junllkl~, llJ77 p.20K). 

Cumulative data (e.g. thawing degree-day~, hright ~un-~hll1e hour ... , r;IIIllall, and 

time) are recorded from the beginning of the melt sea~()n :md ~lImmed dally untIl It~ 
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end. Several analytical and numericalmoùels have becn developed tn pll',Jict active 

layer development based on a vanety ofvanahles, ~uch a~ 111ne, thl'rlllalcl1llductl\'lty, 

surface conditions and snow depth (l'.g. GUClllnch 1982; Gray CI al .. Il)SS: :lnd 

McRoberts 1975). However, the accuracy nf the~l' re\atllH1~hlp~ 1':1 dUL'l·t tl1l1l'tHH1 

of the quahty of site ~peclfIc wformatlon sllch a~ thermal propel tiC' nt the ~llil, ~()\l 

moisture. etc. It would be u~eful for rqpllnalmapplIlg purpO~l"> 01 lm tllL' plt'dlctlon 

of past and future actIve layer f1uctUtltio!1!'> 111 IeSpOI1~L' 10 Chlllall' challt.!l', Il 'lIl1pk 

empirical models usmg readtly attall1llhle pro:\)' ddta rail Iw dl'vl'Iu!lt.'d 

Us lOg cumulatIve data, mean active layel dL'pth~ 1(1I thl' ~lIl1ll11l'l )ll'IIOd Wl'Il' 

plotted against environmental parameter~ Least ~qllare, regrL'~~llll1l'qll:lt\(lIl~ tOI ail 

data were developed to correspond \VIth maxImum actIve layer dl'pth. SIIlCt' illr 

tempe rature and its denvative~ have heen sh()wn tn 11L' w.l'IlIl III pl'llllalt ll~t 

prediction (Brown and Péwé 1973, Nelson 198h), thé\\VlI1g degll'c-d:ly\ (T'III) WL'll' 

used as the prima!)' vanahle to predict maXlmUIll active layel depth Br()wn ( 1 %.\) 

states that solar radIatIon will féll~e grollnd ~urlaœ tcmpcratllll' 11Ighl'J thall t hl' :lIT 

temperature. Hencc, bnght slln-~J\lne h()ur~ (Q'\) weI l' abo II1cluded ;t~ il val lahlr t() 

predict maxImum active layer dcpth. T:1C ~Oll mobturc content ~tr()l1gly ;I!kct~ the 

thermal conductlvity of the pent. Paba oflglll ll:l~ bel'n rdlted tll tlte :1111111:11 

variation in thermal conductivtty of pcat (Scppala 1 <JKK). Bec:tw.e wl'I IH';I! ha~ il 

higher thermal conductivlty (K) than dry (Faroukl l 'JK 1), It ~t'e,m I()gll',t! tltat 1 alll lall 

WIll mcrease the sOlb ahIllty to trammlt heat and II1crea~l' :Ictlvt' Idyer tkpth Tltll\, 

rainfall (p) wa~ abo te~ted tn preLlJct maXlmUIll actlVl' layer lkptlJ Iïn:dly, thl' 

Neumann ~olution ha~ he~11 lI~ed 10 e~tlmate dcpth 01 tlJ:lW pllllll' (M{)JgclI:-.tclll and 

Nixon 1971). One 01 the mam paramcter~ 1\1 thl .... equ:lt[(lll 1'> tlJlll' Ml R(}hl'ft~ 

(1975) ha~ ~h()wn that the ~quare ro()t o! tlIlle can hl' lI\t'd !\l prcclle! (\cptlJ (lj tlmw 

in a variety of ~0I1 type~. C(}n~eqllently, tlllll' (t, 111 Jullall li:ly<') wtll :t1\(} 11l' Il .... ed III 

the preLlictHlI1 ot maximum actIve layer dL'pth~. 

Least :-.quare~ rcgre\\lo!1 Ime, !()r tlle'-,e cUII1Ulatlve cnvlronlllcntai parallletel' 

are shown in FIgure 3.2 7. The corre,p()ndmg rcgrc~)J{ll1 cqllatl()!I'-" 1~2 val lit" :Illd 

estimation of maximum actIve layer dcpth <.re ~h()wn in Table .1.2.2 
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RELATIONSlllP EQUATION R2 PREDICTED VALUE 

x v\ T"" Inx= 16 42 - InTlur _9R 5465 

x V\ 0" x= 1.235 + Q"() OSlJ .98 54.27 

Ë 
x=-22 + (Inp26)0\ .96 5lJ.15 

x-~ 111 42 - 15067.7/1 .98 53.02 

Table 3.2.2. 1 .Lil!'>t ~q uare!'> rLgrc!,>!,>J(lIl cqlléltlOm and R:2 vaiue~ and their estlmate~ of 
actlvL layer ùLpth lor alcuInulated cnvlf(mmental parameter~ from the Schefferville 
émport. In Identlfle~ the naturalloganthm. x - actIVe layer depth in cm, T~ur - thawmg 
lkgreL day!'>, Q\\ - hngllt ~umhme hr!'>., p - ramfall in mm., t - tlme in Julian days. 
MaXlIlll1l11 rLcOIdco dctlve layer wa~ 52 cm. 

The cumulative data show a strong correlation with active layer development 

throughout mo:-,t of the summer, wlth a departure from linear;ty at the anset of melt. 

Thi~ may be due tn ~evend factor~, such a~ the timing of ~n()wmelt and the 

llllctuatloll 01 lm tempeIatllle~ ahove élnù below (Y'C. The hest fit was achleved by 

rl'gre~~lIIg active luyer ùepth agalll~t tllne re~lIltmg m é' R2 of 0.98 and Li I.%f{é error. 

Bnght ~lIl1-~h\l1t' hmm., thawlI1g degree-days and mm abo produced good estimates 

of maximum active Jayer:-. \VIth R2
' uf O.~X, O.9H, and 0.96. ThiS produced errors of 

4.J(l, S.IO, and J3.7S0( fè~pectlvely. 

Stefan\ t'quatlon (J1Ill1Ikl~ 1977, p.2(8) glven In Equation 1 helow, was also 

llsed to predlc! mm..I!11Ulll adlVl' layer depth. U~lI1g thl~ equation active layer depth 

is cOl11)llltl'd a~ a IUI1ctloll of both enVlflHll11ental parameters (thawing degree-days) 

<lnd thl'IIll:11 plllplTlle:-. 01 the :-'011 (mtmture content and thermal concluctlvity). 

M:I\11l11111l C1\1l1Ulatl\ l' tl1:1\\ IIlg degrl'e-day~ as weI[ a~ a range of mOl~turè content of 

the l'l'dt amI thell cnlll'~pllnding tht'llllai C()nductlvitll'~ (tmm faroukl I()RI, p.52) 

WL'll' 1I~L'l1111 thl'~l' l'aklllatH)(l~ Cil aVlIlldnc 111(lJ~turt.' content lT1 tlle upper lO cm ot 

the paba, 1l1l'a~Uled at wl'l'kly llltervab thlollghollt the ~ull1mer. ranged from a hlgh 

of l)O"(, to a Inw ot JOSé. wlth (ln (lveraged 700é. lhmg the~e value~ III Stefan's 

t'quatlllll plOdllced maximum actIve layer deJlth~ 01 62,K 55.1. and 53.3 cm which 
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Figure 3.2.7. Least squares linear prediction of active layer depth (1 <)88) using 

accumulated data . 
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re~ulted in percent crron, of 12.08, 10.25, and 10.6% respectively . 

whcre: 

x= 

x == active layer depth m. 
T

lllr 
= thawing degree day~ oC 

K = coefficient of thermal conductivity Cal [m h °Cr l 

QI = volumctflc hrat of fusion 
= Lw Yd 

L = ll1as~ latent heat ot fU~I()fl 
w = I1HlISturc content (% 01 total weight) 
Yd = dry unit weight of sOlI kg m-3 

3.2.6 DISCIJSSION 

(1) 

Since ~1l0W ha~ él low thermal conductivity, it acts as an insulating layer 

IIlhlhJtmg lrost penetration III wlI1ter (Anèersland and Anderson 1(78). Because of 

thl~, ~now cover attect~ ~llm!ller thaw depths by reducmg wmter frost penetration. 

In a numcncal \l10de! Goodflch (IWC) dem()n~trated thal active layers increased 

hetwccll D <llld JlY;r ln ;lIca~ \Vith ~lgl1lflcant ~n()w cover compared ta no snow 

c()n<.htl()n~. In thl~ mode!. (;()()drich a~~umed ~nuw coyer accumulated Iinearly to a 

nWXll1ll1\1l valut' ;111(\ rcnWll1cLÎ ('omtant at that Icvel unti1 spring melt. However, 

SI\OW tkpth 0[\ pah,,~ \'anc~ hoth ~patJ;t11y and temporally, makmg a linear model of 

Furthermore, the ~ea~()nal pattern of snow 

dl~tIlhlltlOIl 101 dIlkll'llt p:lh:l.'> I~ (Ibo tllghly vélflable. As ShOWll in Figure 3.2.4, the 

nW"'llllIl1l ~IHl\\' depth UI1 olle paba COI rè~pond~ tu tlle !'lame penoù or time as the 

\1I111I111l1ll1 ~11()W dcpth on alll)thn paha. It ~eerm likcly that this pattern retlects a 

l'Ol11pk\. Il'lat\lll1~hlp hl'tWl'l'Il pab:! morplk:.Jgy and ~ettmg and thcir etfect~ on snow 

Ul~I[lhlltlOIl, 'l'hl" a~!>t1ll1ptllHl ha~ Ilot heen lI1\'e~tlgatl'd In tlm study, 

Snow dcptll \'an:1 troll' on paba ~urface~ ÙO /lot SèeITI to aftect the ~ubsequent 

ycar!> actl\'t' Idyl'I dcvdopmcnt. The actIve layer profile appears 10 clo!-tely follow the 
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general palsa profile. Micro vanations in palsa morphulo!,.TY (i c. crach) do not show 

up in the <:.ctlve layer profile. Larger variatlon~ 111 paJ:..a I1lorphnlog). \llch a\ L'\e"ated 

areas at the Goodream palsa and dl'pressJl)n~ at Ft'Illman paba (Flgull' .-; ~ .~). are 

reflecteà Ir. tht> <,h:1pe of the active layer pmtJ\c This appL';llS to hl' It'bted to tmH.' 

and the thermal propertle~ of the peat ratlleI than \\'11111..'1 ~nm\ l'UIHhtlllll\ l'hl' 

edges of the palsas were characteflzed hy hoth thld. SI1O\\ CUVl'! and :Ictl\'t' layci 

depths much deeper than the palsa Cèntrt'~. Il11tlall)' Ollt' ma)' :-pt'l"lIl:ltt' thal 1111111:­

situation, snow aets a~ an 1I1~1I1atll1g cover and 11I111t~ thl' pl'lICI!:ltHlil (JI tht' \\'ll1tt'! 

cold, This would tend to Illmt the negatlV(' plHtlon of thl' :1I111ual tl'lllpCI:ltlllC wave, 

suggestmg a warmer mean annual surtacl' tt'l1lpt'wturt' and a dl'l'\)L'1 arllVl' 1:lyl'1. 

However, these effects are prohably compemated for hy latl'l:tI tl'lllpcwtllll' IlllXl'~ 

A more probable eX!llanation I~ that tieep active layel dt'VL"lllpllll'nt 15 a 11I\lrllllll 01 

the greater surface area oyer wh ich tempera t ure~ CIIl pelll' 1 raIt' a Il oWlI1g h(}t Il vc ri IraI 

and lateral penetration nI' the thaw front. Wllh grcatt.:1 heat Il ll\., tht' p;II,,:1 l'dge~ 

wou Id naturally Jisplay deeper and more r;1J)Jt1 active bye! lkwlopll)('llt 

In general, various cumulative enVlfOnn1ental parallll'tcr\ l'ail hl' lI~l'd to 

predict trenùs In actIve layer depth. Ci 1 ay c( al, (1 (JKK) 1 J~l'd CllIll li IiI 1 IVl' t hawlIlg 

degree days to preùICt thaw depth of V:lflOlI" "Ol!'> on the \',Il· ... t COi"t 01 l Jilgava Bay. 

Of partlcular interest are ~Olb WhICh an: charat tl'll/t'tI hy ... 111l1!al orgaJllt amI 

vegetation charactenstlc~ a~ the palsél~ III the Schcfkrvllk an:a. 'l'lieu 1ll;IXIlIllllTI 

rneasured active layer wa~ JO cm whik:t log IlIlcar Ill< lllc 1 estÎm:lted !lO l'Ill 1l">lIltlllg 

in an crrar of 33.3%. The modeb tk:vt.:l()ped tor Ille p,d ... a!-. in the (.)rlH'lk!vllk :lIt';1 

are genel ally better than that of Gray c/ al,. (19XK). 

A companson of wetland thermal rqpll1l'~ plncnted 111 M()ole (I(JX7, Flgllle 

2) with data prc!'.cnted In figure 1.2.5 ~I]()\V ... a IlUlllht'1 of llllele"tlllg IrClld .... 'l'hl' 

rnost notable dlfference 1\ the pre~encc of perll1éltj-(l~t III the pah:!" I() il dcplh 01 al 

least 3 m (deepest therml~t:)r). The lack of II1tef1!'.l' c(lld at (kplll 111 M()()Il'\' 

wetland~ i~ anothel obvlom dJlferenœ, The colde ... t tCll1pCr;ltlJre ft:( orckd hy M(Jort' 

wa~ -5° C at a depth of aprroxlllléltt:ly 10 \.'111 III DeCl'lllher <lIld ./étllllilfy (Jldl:111 d:ly~ 

325-31), while a paba In the pre ... ent ~tudy (FIgure 32,5) rnélllltaJJled ;1 It'II'1H'I;ltllll: 
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of -IH"C 10 a ùepth 01 90 cm from julian ùay~ 0-50. Moore's FIgure 1 shows a snow 

pack of al lca"t 50 cm, excceùmg ])f) cm hy the end of Fehruary Uulian ùay 58). The 

:-.now pack al tht.: p;tI"ll "!te\ (Figure 3.24) never exceeùeù 50 cm. Furthermore, for 

~ever(d extclHkd penod:-. :-'lgf1lflcélnt portion:-, ot the paba :-.urtélCL wa:-. snow free. It 

1:-' thc:-.c dlftell.'lH'l'<, 111 ~now depth that produced the dllterent ground temperatures. 

The<,e lb!:1 gt'J1nally agree wlth thal ot Nichobon (1976) \vho stated that ahove 

cf/tlcul ~1l()W deptll 01 > 75-80 cm would mhihit permafrmt formation in the 

Schelkrvlik alea 

ln the wmter, near :-.urtace temperatures are quite dynamic and react relatively 

lJlIIckly t() amhlent ,lIr tLlllperature fluctuations. Thl~ /~ not the ca~e rn \llmmer, 

WhCIl' tempcrature at a <.Iepth 01 35 cm tlld not exceed 3°C. lt is known that 

IIl1lro/(,/l pt':!! Il;1!> :1 lower thermal c()/lduetlvlty than lrozen rcat (JuITIlkl<' 1'J77), 

thl'Ichy C;llI~ll1g ~I()\vel reactlOI1 of pC;lt temperatures to air temperdture f1uetlléltlons. 

A\ weil, meltll1g of the trozell peat l)',e~ eneQ,l)' tlla! I~ no !(mger aVélllahle to rd/se its 

templ'I atllll' Dlllll1g the wlflter, frozen peat, ha!>. a 11Igher thermal condllctivity, 

1 e~lIltlng III llIurh l!1ore rapld ail temperature fluctllatl()n~. 

The temp(·ultun: .... helow :2 In were relativel)' con~tclnt, varylI1g only 6nC. In the 

lIppel l'l'dt layel~, the tt'mperature vance.! 20ne over the course of thls study. Thus, 

a~ the <lllllllal thl" mal w<lve penl·trate ... the reat ~lIrt(\ce to lower dertlls its amplItude 

decrea~e ..... Tlm CDI ;-c~pond~ \Vith the rmltlOn of ice leme~ In the palsas. (1<' de~cnbed 

hy Cllll1ll1lllg~ ami Poila rd ( l (NO). The tlllcke~t and major It) nt lel' kll~c~ were tound 

III tlIe dCCPl'1 portlon~ 01 the pal'lm. The lc~~ ~teep thermal gradient al ùepth allows 

Ill()l~tlln' III rlllg/ate ln the tlel'7l11g twnt, Ie~ulting in the development of ~egregated 

/Cl' Icll~l''' . 

. '.2.7 CONCIJISIONS 

ThIel' m:lIn COI1Clll~IOIIS ahout the nature of palsa thermal reg/mes /Il the 

Scheik/vIlle a/l'a ran he drawn trom this ~tudy. Flrst. snow depth on and étfOund the 

p.Jb,,~ dlspby~ ('(ln~llkI" hlt' \ alla I/Oll throughmrt the wmter. However. ()cca~ionally 

tlllch, S!1()\\' roVt'1 1.111 tup of the paba appear~ il) have Itttk affect on active layer 
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development and the thermal stabllity of permafrost in th~ paba CUIt', Tht' Sill' • 

shape and setting of palsas in the Scheffer"t1\t-' arL'a L'm.ure:-. that dl'~pttt' Ol'lïl~I()lIal 

burial by heavy snow or a snow drift that stlOl1g prl'\:lIhng w1I1lh tIlHll tht' IIlHth"'l'st 

will lIsually remove ~now from the palsa ~Ul faCt', \VIth the maJ0r(ty ni ~n()\vt.11I 

occurring In early WInter pal~a ~lIrt:lce~ :lIe often ~lIn\\' Il l'l' lH l'm't'Il'L1 bv.t IllIn "no", 

layer during Jalluary and Fehruary when L'\.trl'!I1e1y l'nid grol1nd ~1I1 LICl' tl'I\l)ll'I.\tllle~ 

propagate to dcpth~ ot more than 2 m, Deep i1ctl\'t' I,\yl'l~ a III 1 1lll'\.'haIlIL'al l'ln~I()1l 

of steep paba edees seem~ to he more a IUI1Ctllll1 ot :\ gl L'atl'I "\11 tan' .Ill'a ll\'CI 

which heat penetrates the pabil rather than dcl'p "no\\' l'm'cl. Thl\ ~tlldy lmly 

recorded olle year ot data and thus call Ilot Cumml'nt OJI tht' rl'~\llt~ ut l1\lrlllpk \'l'al ~ 

of hlgh or low snow cover on these palsa~ and thel! :-'lIh~eqlll'llt actIVl' laycl 

developments, A ~ec()nJ C()nClll~I()n I~ that dlfterellL'e~ 111 vegl'latHHI Llld IIllt pwducl' 

significant variation in either ground tl'mperatuIl' or maXllllum acllVl' IaVl'1 TllI~ 

however, probably refkcb the I11I1lor Véllratloll III the phy~ll';1I Ch;\r;Il'Il'II~tlc~ ot tilt' 

moss and lichen vegetatIon com mu Il It le~ dOIl1If1é1 t i ng paba ~ li! t :1 Cl''> 'l'Ill' ;!I)'>l'I\Cl' (II 

wooded palsa~ III the area precluded l'Oll'>l(kratlllll 01 the cl krh 01 II1l1ll' ~Igllltll'allt 

differences, Finally, 111 the ah~ence ot detatled ~Itl' ~peclilc 1Ill00llldtll1l1 011 glollllll 

temperature~ and groul1J theImal propertlc~ the ~t:ltl'>lIl';tI ;\II.t1y~l~ l,; valHlll~ 

cumulative environmental parélmetel~ \llch a~ thawlIlg degrl'l' day'>, I1llght ~1111:-.hll1l' 

hours, rain DI tllTIe, ma) provlde éI bettcr flr~t approxll1l:ltHlll (lI actIve layer 

development than widely u~t'd empllicai relatl()n~llIp:-, hke Stdan\ eqllatlOl1, 
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CIIAPTER 4: CONCLUSIONS 

4.1 SIJMMARY 

r ~Vt.:l1 tl!()ugh each paper c()ntain~ a separate set of concJu~i()n~, there are 

~even" :lddltJ(lIlal c()lIcILJ~Î()m that l'an he macle when the cntire ~tudy Îs comiclered. 

The~e range lrom chilngc~ In the.; phy~ical characterbtb of the pulsas over tllne and 

pal~a dynallllc,>, tu reforlllulating the defrnltlon of a pabas. In adùltlon to specifie 

COncillSI()Il~ devcloped III cach of the manmcripb, four hroad conclu~ions can he 

drawn 1 rom the ~tlldy. 

hr~t, III the Schefferville region palsas are relatively common permatrost 

phcnolllcllél Thl~ ()h~t.:lvat Ion contradicts suggestlom made hy Lagmec (1990) that 

p:tba~ ùo not ()CClir III thi~ (lI t'a. They occur III varrotl~ wetland types but tend to 

occur 11l()~t rcadrly 111 ~mall tell~ ~ituatcd at hlgh ekvatlolls, that I~. wlthrn or on the 

~Idc~ ot lI()fthwc~t-~Ollthca~t trcndlJ1g hedrol'k rrdge~. For c:\i1lllple, pabas 

docllllll'l1tnl i1t FCffllllill1 ndgc, GoodrcaiT. lake and the Laroche ~lte ail contorm to 
'-

thb ~ettlllg. Fl'Il~ lound al lowcr t.:levalion~ tenù to have thlck ~n()w cover which 

II1hihlt~ dccp lrost penetration. whclc as the fen~ at higher e1evatio!ls tend to hlow 

ck:1I 01 SIH1W. ThiS partly 'lue to the lower élnd Ic~s dcn~e fore~t Lovel slIrrounding 

t hl'sC 1 e Il~. 

Sccond, palséls in th~ Schetterville area are srnaller than thuse de~cnhed along 

the II1Id~()1l Bay coast and ln th~ Yukon Territory. The palsas III thi~ ~tudy range 

110111 5.6 to 5<J.O III II1length and ur to 101 cm in height abov~ the \Vater ta hIe. They 

;lIl' typlcally oval tu clongatcd III ~hape and pos~e~ a relatively slllooth Ilat-topped 

ploldc. 'l'hl' vcgctatlonl'o\ CI \'al i~d \VIth ~Ize age and lelatlvè ~tahrlity 01 permatrost. 

ln ;lggrading and stabk p;lI~as the vegetation COV~I IS dOr1llllated hy ~hrllb~ and 

IIdll·n .... Many nt thl' katllre~ ~tllllJed were IIltelpreted a~ un~té\hlc 01 degrading, in 

tllL'Sl' ca~l'~ baie pc:!t olten typlfied the surface condition. 

Thil d. III ;dl l'a~l'~ the Schdkrvrllc pabas liIsplayed Li relatlvely thick organic 

sL'qlll'ncL' L'olltalI1l11g pore iù' and lee Icn~e~ or let' coating~. At depth a ITIlxtllfe of 

Olg:lI1ic and I11l11l'I:II ~edlIl1L'nt contained thick ice Ienses and laYl'rs. Cll'arly, palsa 

gw"'th and pIC:-l'r\':ltlon I~ dlll'ctly relateù to permafrmt aggradation into the mineraI 
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rich horizon. Biostrattgraphic ana1ysi~ mdlcated a glaoua1mtllhng ut the \lOSl fen and 

transitIOn from hydrophihc to relatlw1y xClOphihc plant Wl11l1lunttlC'" 1t l' thought 

that thls tramit!on correspundeù \VIth the 1I11tlatlon nt pCI !11.1IIO~t. 

And tourth. the ellVlnmmcntal l'()I1lhtl(lll~ th.ll aIL' Ill(l~t IJllj101t.11l! III pal ... " 

formation étmi preservation near Schl'llt'I\ t1k arc typll'.Il1y Ihll'l.' lk~l'rthl'd III Ihl' 

literature (e,g, Seppah J<m2, 19S5.I), Spcclflcallya thtd, llIg,llIIl \.\yl'I "',ltulall'd \\'Ilh 

water and extremely col<.1 \VlIlter tempcraturl'~ l'he ... c l'Ondltllll):' .lit' IC;ldtlv Illl'l III 

the Schefferville area, Much ni the lurai land ~tlI!'ICL' l~ l'OVl'let! 11\ \\'l'II.lmb .IIHI thl' 

mean annual tempe rature I~ -4,7 "C, \Vith Wllltt:r tt'mpel atllll'~ llitell ,I~ rI l!lI ,1" - \.'\"(' 

The dominant colltrol, however, appeaf', tu hl' ~Il()\\'tall and lb dl~tllhlltlon 1l'lrtlVl' III 

elevation, ScheltervllJc rt'Celve~ betwl'cn 200-()()() cm 01 ~1I(lW ;lIl11l1,dl\'. l'vll1ch u! 

which occurs III early \Vinter. Thl~ ha .... thc dllcet 1,:~111t (JI lI1~lIldllllg Ihl' gWlIlltlll(\11I 

cold mH.l wmtel tel11peraturè~ ami II1hlblt~ ho!'>t Pl'l1l't1 allon, pdl IIl'ulaI Iv III dell~l' 

woods and lowland area!'> Howevcr, whel t' ~1J(lW 1" 1 l'll1()\'l'l1 hy WIIllb lhl'll' I!'> a 

greater probabIllty of deep tm!'>t penctratlon anù IWII1Iéllll)\t .lggl;It!:lllIlII 'l'hl!'> 

process tends to occur on the bedrock f1dge!'> éllld len~ al hlglwI t'kvatl()II~. 

4.2 DISCUSSION 

Severa! research proJects have heen conœrneù wlth the pnlllatrost 01 the 

Schefferville area (l',g, Nicholson )976, 1979), Only vague rekrellCl's have heen 

made to permafrost III the organic terralll of the regHHl (e.g, J;t1Hl, Jl)x6, Watcrway 

et al, 19R4), Tu that end. thi~ re~emch ha!'> ~h()wlI th;\1 peIIJl"fl()~I, O('llllllllg a~ 

palsas, are commun in org;1I11C terram III tlle Schcflcrville regloll. 1'l<'\'101l'> tu tlll~ 

study, permafro!'>t \ .. a~ thought onl) to hl' Important III n,pO"t d 11(1)1\'\ (li thl' ;llea 

The~e two ~ett\llg' C()nlallllI1g pcrmalrmt Icprc,>ent l'xtreIllC'l B()11l .Ill' .llt',':-' whl'Ie 

snow IS ah~ent or neglIglhlc. a~ weIl, the geotl'chlllca! j>mpclllc,> of pe;11 pC'/1I111 :t I1ct 

heat lo~~ (o11lpared tu thl.' rnlfleral ~()/b 01 the éIIC;\. The ... t' !;tL!( Jl', (r lIll r rhlllt' 10 Ihe 

formatIon and malIltenancc ot pel lllalrmt l,>lallll" c.dkd pal";I'> 

The de~cflrtl()n of paba morpho!()gy mcludt''> ht'Ight (,dH)Vt" 1IT11Il1'c1latl' 

surroundmg!-'), However, the~e feature,> can he ~urrolillded hy;\ v,lfll'Iy (li c{)J\llltJ<J/I'> 

77 



• 

• 

• 

rangmg from dry or wct hog and fem to open water. By their very nature, peat 

surface,> tcnd to tluctuélte vertlcally depending on mOlsture content (personal 

C()lllmUflIUI1IOIl wlth NIgel /<\.oulet, Department of Geography, York UniversIty). 

Ikcall~~ 0/ thl~, the Ilcight 01 a paba may change troJl1 clay to day, dependmg on the 

amount (lf félill/all or evapotran'>rmatlon that ha~ taken place. FOI example, if 

foll()Wlllg a 1lt';lvy ramlall the '>lIrfacc peat ~lIfrollndJng éI paba ro~t' .5 cm, (hen the 

pélba w()lJld hl" .5 l'Ill I()wn relatIve to It,> ~urr()undlI1g~. Table 4.2.1 ~how~ the changes 

Hl 1H'lght 01 thl' (j()(Jllreélll1 and l'l'rrIman Paba~ t!1fllughollt the thrcl' year~ of this 

~tlldy. F/o/ll till'> wc ~el' that thl' '>Ize 01 paba~ fl'lItlve to the watcr table can be quite 

dynallllc élnu GIll fcact lJlIIckly to \'é1fl()lI~ CnVmHllTll'ntal and intra-palsa conditIOns. 

It I~ not knllwn 1/ the~l' chal1gc~ are a rl'~lllt of é\ggradatlon or dl'grad~ltlon or erosion 

01 the paba "mlace. QlIltc prohahly It I~ the re~lllt ot a comhination of factors. 

1 1 A'r1gth m 

--- - -- - - -
(,()()lh l':\lll 1 Ielght III Dnte 

--

2~ ().7~ Sept. 87 

28 1.1 Feh. 88 

27 (J.98 Sept. St) 

27 n. t)2 March 'JO 

l"l'llllll.tll 12 n.7 Feb.8<J _. 
12 () 82 Sept. ~(J 

-
12 0.78 Malch (JO 

Tnble 4.2.1. ChaIlge'> in paba ~Ize trolll Septemher IWO to March 1990. 

Pa Isa~ III e not arteù upon ~()kly hy external condItIons such as cIimate or 

tL'll:tlll ch:tral'tl'f1stll'~, hut alsn hy fal'tm~ that Ie~ult from pulsa dynamics. The 

aggladatlol1 lInd degradatlon ot a paba will, 10 ctTect, alter these dynamics. For 

l'"\:lJllple. wlll'Il hloc" blllure (Figure 2.2.4) Ol'curs, the space hetween the fallen peat 

hl\ lck and the p,\]:.,a tt~L1t. will colleet deeper ~now (Figure 3.2.4). Thl~ m turn may 

1 L'ducl' tr\1~t pCI1:tratlOI1 durmg wmter and may mdure adultlonal hlock fallure ùur10g 
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subsequent summers. This process wil1lead to Ims ot ~urtace :1Il':1 ,lIll! CUlltllhull' 10 

further degradatlon of the permafrmt core. COll\'l'I~l'1y, an ilggl:ldatlollal paba, Ih,ll 

is being vertlcally displaced, \vill ge nerally han' thll1l1l'I ~ll()\\' l'O\l'I 11t.11I h 1\\ l'I p.lba~. 

The thinner snow cover wIll allo\ .... dl'epl'I ho"t !)L'lIctl dtlOll amI pO~\lbl\' ICC Il'Il'" 

growth amI l'urtller vertIcal dl"plac1'111I'nt. ;\~ \'CI tlc.lI dl~pl:tcl'llIClll t.lh. ..... pl.I\'" Ihe 

moisture content of the ~urfacl' IlL'dl (m the al'tln' la~l'l) 1" Imwll'd Thl\ \.'.111 :lg.11l\ 

affect aggradation or dcgradatloI1 ot the p.I"'a Whl'Il tlte IlHll\ltlIl' mIlll'nt III Ihl' 

surface peat n~ache~ a thre~h(Jld COllllltloll lichem-. ",III colol1l/l' t hl' ~lIt1al..'t' (lI the 

palsa. Thl~ mcrease~ the alhcdo. rl'''1l1tlI1~ III gI l'atL'r Ill't heilt 1\1"" \Vlllk gl\)wlh Ilt 

shrubs will increase snow aCL'IlInul.!IIOIl whlch l'aIl Inluce heat l(l~" 1IIU)WCVCI. tlll' 

STIOW is thm or ahsent, the wlllter wlIld~ may mdllct' surlace pcat lm~ and kad III 

further degradatlon of the permatrmt core, 

The palsa l~ a very compkx lamltorlll that l~ not only atlcrlnl hy llllllale amI 

terrain conditions bul abo It~ OWll dVllamlc~ or "1111111 Jl<lba" C()lIll1tlUI1S 'l'hl' :tlkct 

of these chains of events have rarely been ~tlldll~d hut lllldouhtahll' play :111 Il n pOl t<ll1t 

raIe on palsa dynamlc~ ln relatIon tu permatImt aggradatlol1 ,llltl dcgl;td.t!IIIIl, 

4.3 WHAT IS A PALSA? 

SeppaHi\ (1972) defll1ltl()11 01 a palsa wa~ the tIrs! plesentcd III a :-.ctcntl!Ic 

context, Seppalü de~cnhe~ a palsa as "a hummock n"IIIg out 01 :1 hog \VIth :t core (lI 

ice", This defmltlon lack:-. any mentIon of pl()ce~~ and (hll~ I~ 11I11l1t'!l 111 gl'()lI1orpllll 

context and ~hould only he u~ed a~ a morphologle:!1 dl'''Cllptltlll A" \Vl'II. the w,(' 01 

the terms bog and \Ce in thl" ddmltlon have .. I\() clLI"ed c(lJ]:-'llkl:lhlt- (1l/l11Io.,l()/l 'l'Ill' 

term hog refer~ to a ~peelfJc type of (l1g;llll< tCllal1l ;1 Ill' p;tba\ :1[(' I()ltlll'd III km., 

tundra mlre~ etc.. Thl" term should he broader 10 l'II\ ()ftll',\\"l'o., .dl ;l''Pl'( t" (lI 

peatland~ and orgamc terralll. The U:-'l' (JI the tellll 1('(' Il,,,, ;d··() (;111"('" 1l111( Il 

confusion, The term permafro~l ,,!lould hl' II'\ecll11~tl';ld of Ill~. "";1 ( (lit (Jf Il (' w(lldd 

indicate ,1 frost bh~ter rather Ihan paba, 

In recent year~ the term paba ha" heen u!'.ed (0 bhel lor d v;lllcly (JIll Il..,t 

mounds. For exarnple, Hmkel el al (1 <)~7) ~tate that thell 1I~(, 01 the tl'fm p;t!-,;t 1.., 
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irrespectlve of gent~~ls. Tlw~ J~ geomorphologically unsounù because many forms that 

are morphologlcally ~lmJlar can he very ùifferent genetically. In faet Hinkel el al. 

(1<JH7) "pica" for adoption of Wa~hhurn\ (1983) deimitHm. Washburn states that 

raba~ C(lf) rc,>ult fro!n 2 dJ/ferent pr()ce~se~ re~ulting ln ont; type of frost mound; (1) 

pl'rrna!rmt aggl ac!;ltllln and (2) dismtegration of surfical deposit~ resulting ln an 

IMlla tcd rnollnd. The 1;lller !Tlound forrrllng rllJce~ù can oceur outside the permafrost 

zone (lnd Il ~hould not he lI~ed ln this ~peclflc context. Washhurn'~ discus~i()n did 

attelllpl to élpply li proce~~ or genetic modiflers to the term palsa, however, at no 

pomt doe~ Wa~lIhllrn d('~('nhl' the mternal cryotie ~trlll'turc of palsa~. 

The CryotlC "'1 lIclure 01 pa bas IS directly related to their meehanism of 

!orm<ltIOlL ln a lt~Vlew 01 plllgo and palsa literature Pissart, (1985) ~tate~ thnt " AlI 

aut;\or.\ arc 111 agreement that palsa~ are mounds whlch form following the formation 

of ~l'g:rq~a t IOIl ICC ln the grounù.". The formation of :-.egregated Ice produces 

altl'rnatlllg Iawr.'> of ice ar.d peat or mineraI soiJ. This is the primary definition of 

pab;)~ iI:-' prl'~l'nted by the Permafrost Suhcnmmittee, Assocmte Committee on 

(it'()tCrlJJ1ll .. 1 Rl'~e;lrch, National Re~earch CouneJi ot Canada (1988, p.60) . 

'l'hl' pal,>a ~urfélcc lange~ trom lush vegetation tn bare peat. The vegetation 

can lIIc1udc Il](l~'>t'~ or lichens, shruh~ or mature trees. The ~urtace can a]so be 

dis:-.cctnl hy l,II gl' Il'''~urc~. Several attempts have heen made to determine the age 

or pa IS(l~ howewl, a f1Tl1te age ha~ yet tn be determmed. Sugge:-.tcd ages range from 

2,t50 yeal!'> (;\~hl1lan. 1(77) tn lIewly fOlming pabas as descrihed by Allard et al. 

( 1 Wn). 

ACCl)J dlllgly. the lollowlIlg dcfmit\ol1 of li palsa. II1curporatlllg both genetic and 

de~cnptivl' L'nlclla ùellwd fi om thls ~tuùy and the IIteralure. 1:-': 

A pa).,iI 1\ .\ perm.tllo\t IlHlllnd fmmd In wetlands and cumpo~ed of peat and 

or I11IIll'lal ~lld roIlt~lll1ll1g ~cgrl'gatl'd lel' il'n~è:-'. The positive rehef of the palsa is the 

Il''mlt (lI tilt' IUIIl1iltll 11l of lee 1e1l~e~ 111 the l'cat and mineraI SOli core ralher than 

11(11111,11 accullIulatlOtl tll pl'ilt There ~h()ulù be no Jelllllltll1g agç or ~ize range given 

Illl p(t1~a~ a~ Ihl'w ;1It' colltrnlled 11\ nalural aggradatllm and degradation pro cesses 

Ihat drt (ln Spt'ClflC palsa~ . 
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