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ABSTRACT. In the coas tal mou n tain cha in of southern Victoria Land a pproximately 4,000 km.' of glacier­
cut valleys a nd dividing ranges are a lmos t completely ice-free, while the surrounding areas are full y glacier­
ized . 

In the ice-free Wright Va lley a nd Victoria Valley systems evidence of four glaciations is recognized . T he 
earliest two glac ia tions were the m os t extensive; glaciers flowed eastwards from the ice plateau through the 
coastal ranges and cut broad valleys extending to McMurdo Sound and the R oss Sea . The moraines of these 
glaciations are thin and highly weathered. The third glaciation was less extensive, consisting of advances by 
smaller glac iers derived from the inland ice plateau, the Wilson Piedmont Glacier and ncve fi e lds in the 
dividing ranges. The surfaces of moraines of this glac ia tion are now partly covered by saline lakes, evaporite 
d eposits and ex tensive areas of d esert pavements strewn with ventifacts. The fourth and youngest glaciation 
comprised small advances by remnants of the plateau-fed valley glaciers . Thick boulder moraines of this 
glaciation overlie earlier deposits. 

During ea ch glac iation the greates t volume of ice was d eri ved from the inland ice plateau. The volume 
of ice entering the valleys was d ependen t on the difference in altitude between the plateau surface and 
subglacial rock thresholds a t the valley heads. Decrease in the surface level of the inland ice plateau caused 
the rock thresholds to increasingly hinder the eastward fl ow of plateau ice until prac ti cally no ice could 
flow down into the va lleys, thereb y terminating the glac iation. Such a condition exists at the present time. 

RESUME. Dans la chaine de m ontagnes co tieres du Sud d e la T erre de Victoria il existe environ 4000 km' 
de vallt'es d' erosion glaciaire e t des chaines de separation, presque entierement libres de glace, tandis que les 
regions environnantes sont complctem ent englacees. 

Dans les systemes des vallees d e Wrigh t et de V ic toria , libres de glace, on a pu prouver le passage pilr 
quatre glac iations. Les deux premieres glaciations eta ient les plus etendues; les glac iers s'ecoulaient du plateau 
glaciaire, vers l'es t, a travers les chaines co tieres et decoupaient de larges vallees s'etendant jusqu 'au Detroit 
de McMurdo et la Mer de R oss. Les m oraines de ces glacia tions sont minces e t tres erodees. La troisieme 
glaciation etait m oins etendue et consistait en l'avance d e petits glaciers venant du plateau glacia ire de l'in­
terieur, du glacier d e Wilson Piedmont e t des zones de neve situees dans les chaines de separation . Les regions 
morainiques d e ce tte glac iation sont main tenant partiellem ent recouvertes d e lacs sal ins, de depots d 'evapora­
tion et de grandes e tendues desertiques parsemees de cailloux erodes pa r le vent. La qua triem e et derniere 
glaciation comporta it de faibles ava nces des vestiges d e glaciers de vallee s'ecoulant du plateau. D'epaisses 
moraines de cailloux provenant d e ce tte glaciation couvrent les depots anteri eurs. 

Au cours d e chacune de ces glac ia tions la plus gra nde pa rt du volume de g lace etait fournie par le plateau 
glaciaire de l' interi eur. Le volume d e glace penetrant les vallees etait fonction d e la difference d 'altitude en tre 
le niveau du plateau et les seuils d e roches subglaciaires du fond des vallees. A m esure que le niveau du plateau 
glaciai re de l' interi eur baissa it , les seuils rocheux empechaient davantage l'ecoulement vel's l'est d e la glace 
du plateau j usqu 'a ce que celle-ci ne pouvait pra tiquem ent plus se deverser d a ns les vallces; a insi se terminait 
la glaciation . U ne situation analogue existe ac tuellement. 

ZUS AMMENFASSUNG. In der K us tengebirgskette d es sudl ichen Victoria-Landes sind glazia le Taltroge 
und Zwischengra te mit einer Gesamtflache von ca. 4000 km' beinahe vollsta ndig eisfrei, wahrend die benach­
barten Gebiete vollig vergletschcrt siml. 

In den System en des eisfreien Wright- und V ictoria-Tales konnten sichere Anzeichen fur vier V erglet­
scherungen fes tges tellt werden. Die beiden alteren Vergletscherungen waren die a usgedehntesten ; Gletscher 
flossen vom E is-Plateau ostwarts d urch d ie Kiistenkette und tieften breite T a leI' aus, die sich bis zum 
M cMurdo-Sund und zur R oss-See erstreckcn. Die Mora nen dieser Vorstosse sind spar!ich und stark ver­
wittcrt. Die dritte Vergletscherung wa r weniger allsgedehnt ; sic bes tand in Vorstossen kleinerer Gle tscher aus 
d em Inl ande is-Plateau, dem Wi lson-Piedmont-Gletscher und Firnfeld ern auf den Zwischengraten. Die 
Oberflache von Mora nen aus diesel' Vergletscherungsperiode ist heute teilweise von Salzseen , Verdun­
stungsruckstanden und ausgedehn ten , mit Windformen ubersa ten Wustendecken verdeekt. Dip vierte und 
jungs te Vergletscherung besta nd a us kleinen Vorstossen d el' U berreste del' a us dem Pla teau gespeisten Tal­
gletscher. Miichtige Blockmoriinen a us dieser Phase liegen libel' a lteren Ablagerungen. 

Wahrend j ed er Vergletscherung floss d ie Hauptmasse d es Eises vom Inlandeis-Plateau zu. Welche Eis­
m enge in di e T a leI' gelangen konnte, hing jeweils vom Hohenunterschied zwischen der Pla teau-Oberflache 
und del' subglazialen Felsschwelle a n d en Talschhissen ab. Beim Einsinken d er Oberflache d es Inlandeis­
Plateaus konnten die Felsschwellen dem AbRuss des Pla teau-Eises nach O sten immer grosseren Widersta nd 
entgegense tzen , bis schliesslich so gut wi ~ kein E i ~ rnehr in die T aleI' abfloss, womit die Vcrg le t~ch erung ab­
klang. Derartige Bedingungen herrschen a uch gegenwa rtig. 

* Now at Institute of Polar Studies, Ohio S tate U niversity, Columbus, Ohio, U.S.A. 
t I'\ow at Depa rtment of Geology, U niversity of New E nglancl , Armidale , N.S. W ., Australia. 
! I'\ow a t New Zealand Geological Survey, Department of Scientific and Industrial Research, Lower Hutt, 

\Vellington, New Zeala nd . 
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J OURNA L OF G LA C l Ol.OGY 

INTRODl.'CTlON 

Small ice-free a reas occur around the margin of continental Antarctica ; in the Larseman 
and Vestfold Hills (Christensen, 1939 ; Crohn , 1959) in Ingrid Christensen Land (lat. 69° S., 
long. 76-79° E. ; area 350 km. 2 ) ; a t the Amery locality (8rohn, 1959) (lat. 70° 30' S. , long. 68° 
30 ' E.; area 400 km. 2 ); in Alexander Island (R ymill, 1938) (lat. 72 ° S., long. 72 ° W. ; area 
400 km. 2) and in parts of Graham Land; in Neu Schwabenland (Ritscher, 1939) (Jat . 7 I ° 30' S., 
long. 5° E. ; area 100 km.:); at Bunger's Oasis (Avsyuk and others, 1956; Shumskiy, 1957 ; 
Lebedev, 1959, p. 78-91 ) (lat. 66° S. , long. 10 1° E.; area 600 km. 2 ); in southern Victoria 
Land west of McMurdo Sound , between the Koettlitz G lacier and the Royal Society Range 
(I at. 78° S., long. 164° E.; area 1,000 km. :) ; a nd between the Miller and Ferrar Glaciers, 
the area discussed in this paper (Figs. I and 2) . Similar ice-free areas occur within the 
limits of the Green land inland ice (Lister and Wyllie, 1958) . 

.. ........ ... ... ...... 

: : GAANlTE }::: ROSS SEA 
'~.".,"Cr( ;;;::~:: .. HARBOUR «<:-.. : ..... : .. 

. . . . . , . . . 

Fig. I. Generallocaliry map of McMurdo Soulld regioll 

Parts of the ice-free areas west of McMurdo Sound were visited by field parties of Scott's 
expeditions of 190 1- 04 and 1910-1 3, and Shackleton's expedition of 1907-09. These parties 
carried out surveying, geological and glaciological investigations along the Ferrar and Taylor 
Valleys, along the coast between New Harbour and Gra nite Harbour, along the Miller and 
Debenham Glaciers and east of the R oyal Society Range (David and Priestley, 19/4; Taylor, 
1922 ; Wrightand Priestley, 1922) . 

However, the ice-free terrain bounded on the north by the Miller, Cotton and Debenham 
Glaciers and in the south by the Taylor Glacier was unknown to these expeditions. Aerial 
photographs taken in 1955- 56 and 1956-57 by the U.S. Navy and the Commonwealth 
Trans-Antarctic Expedition (New Zealand party) showed that nearly all of this region is ice­
free. During the summer of 1957-58 the ew Zealand northern party of the Commonwealth 
Trans-Antarctic Expedition travelled around the borders of this area. Small expeditions from 
Victoria University of Wellington have investigated the area in the summers of 1957-58, 
1958-59, and 1959- 60 (Webb and M cKelvey, 1959 ; M cK elvey and W ebb, 1959 ; McKelvey 
and Webb, in press ; Bull , 1960; McKelvey and Webb, 196 1). 
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66 J Ol' R NA L O F (; I.A C llJL OC:Y 

G ENERAL GEOLOGY OF S O l lTI-IER N VICTORIA LAND 

13e t\\"Cen the IVlill er, Cotton and Debenham Glaciers and th e 1'aylor Glacier, the basement 
complex consists of fC lded and m etamorphosed Precambrian- Cambrian sed iments intruded 
by plutons of gnei ss ic and porphyritie gran ites, gra nodiorite, a nd younger <lcid a nd basic 
dyke swarms (McKel vey and W ebh, in press) . This basement was penepl a ined during the 
Lower Pa laeozoic and overlain unconformably by more than 1,500 m. of mid-Palaeozoic to 
mid-M esozoic Beacol/ Sal/dstonc Group sediments (W ebb, in press) . Upper Devon ia n (Wood­
ward , 192 1) and late Palaeozoic fossils (Sew'ard, 19 14 ; Edwards, 1928) have been described 
from the Beacoll Sal/dstol/e Group scd iments. Ferrar D olerite si lls and dykes (McKelvey, in press) 
up to 6no m . thick intrude the basemen t complex and the Beacon sediments. 

The peneplain surface, the bedding of the B eacol/ Sal/dstone and the Terrar Dolerite sill s all 
dip regiona ll y \\"Cst\\"ards below the ice plateau at a low angle (3- 5°). The g lacia l land forms 
of the area a rc strongly influenced by the litho logica l and structural rel a tionships of the 
various rock typcs . 

PHYSIOGRAPHY OF TilE l CE-I'REE AREA 

The high ice pla tea u of eastern Antarcti ca* is bounded at a pproximately long. 162 0 E. 
by a coas tal mountain chain extending from lat. 70° S. to 85° S. North of la t. 79° S. this cha in 
lies with in Victoria Land . 

The grea ter pa rt of Victoria Land is completely g lacierized; major glaciers fl ow east\vards 
from the inland ice plateau through the coasta l ranges to the R oss Sea. Extensive nel 'e fields 
in the coas ta l ranges feed a lpin e g lac iers which flow to join the m a in valley g laciers. 

H owever , in the a rea between the Miller, Cotton and D ebenham Glaciers ( Iat. 71 ° S. ) 
and the Taylor and Ferrar Glac iers (lat. 77 ° 45' S. ), similar east- west trunk g lac iers have 
retreated , leaving a pproxima tel y 4,000 km.' o f lowland va ll eys and the sepa ra ting ranges 
almost entirely free of ice (Fig. 2). 

I. The inland ice plateall 
Westwards from the Victoria Land mountain cha in the surface of the inland ice pl a teau 

rises from 2,000-2,500 m. to approximately 3,000 m. a t long. 150° E. farther west the pla teau 
ice decreases in a ltitude and it has been sugges ted by Lebedev ( 1959, p. 10) that this ice Oo,,'s 
westwards; the only plateau ice Oowing eastwards through the Victoria Land ranges is that 
\·vhich accumula tes between long. 150° E. and 160° E. T he platea u surface in this region has 
a gentl e re li ef except " 'here it is pierced by nuna taks or disrupted by shallo,,' subglacia l 
topography. 

2 . The moulltain ral/ges 
The J\sgarc1 , Ol ympus and St. J olll1s R anges a re units of the Victoria L a nd mountain 

chain ( Fig. 2) . They ex tend eastwards for 60 km. from the ed ge of the inl and ice pla teau , 
across the deglacierized region to the coasta l piedmont. 

In the western parts of these ra nges, cirque erosion in the hori zo ntal Beacoll sediments a nd 
dolerite sheets has carved accordant mesa-like p eaks with summits at 2,300 m. , separated by 
passes a t 1,500 m. (Fig. 3) . In the eastern parts orthe ranges the Beacoll sediments a nd most of 
the dolcrites have been removed by erosion. In these loca lities cirques have cut arcte-like 
peaks rang ing up to I ,Soo m . in the steepl y dipping metasediments and intrusives of the 
basement compl ex. t 

From I/iii fields in the eastern parts of the ra nges, wasting a lpine glaciers descend to the 

• Eastern Antarctica is that part o f the continent on th e A tl an ti c Ocean- Indian Ocean side of the line between 
the R oss lee She lf and the Filchncr Ice Shelf. See Editor' s not e in the ]ouma! oJGlaciol~I[J" V o \. 3, ]\'0. 26, ' 959, 
P·455 · 

t C nless ot hcrwisc sta ted. all heights in thi s article arc g iven in m .a.s.\. 
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Wi !son Piedmon t Glacier and towards the floo rs of the ice-free va ll eys . In the western parts 
of the ranges the cirques are either free of ice or contain on ly small amounts of stat ic ice . 

:). The ice-free l'olleys 

" 'right r7alll!)i. The floor of" the Wrigh t Valley is ice-free fo r 50 km. (Figs. 4, 5 a nd 6) . At 
the \\'estern end of the va lley ice AC)\\'ing eas tward from the inla nd ice platea u is c hannell ed 
betwee n nun a ta ks and sllbg lac ia l ex tensions of" the Asgarcl a nd Ol ympus R anges. T his ice 
fl ows over hig h rock shel ves fl anki ng i\1l. F lclll i ng and coa lesces to form the 10 km. long Upper 
Wrig h t G lacier at a n a lt i tude of" I , + O(J m. ( Fig. ~) ) . At the eastern end of the va lley the a lmost 
stagnant 'Lower Wright G lacier extends I I km. lI'estll'a rds into the va ll ey fro m the Wil son 
Pieclmon t Glacier. 

The ice-free va ll ey fl oo r descends IIcstll'a rds IfJ r 3() km. , \"r 'om a height of approximate ly 
4()() m. a t th e sno ut of the LOllcr Wrig ht (;Ia c ier to a bou t 7() m. ( Bull , 1(60 ) o n the fl oor of 
La ke Va nd a . This ice-covered la ke is a t present 7 kill. lo ng a nd about 70 m. deep but beach cs 
cut in the mora ine a nd sc ree surrollnding the la ke indica te a grea ter ex tent in the past (Fig. 6). 
Wes t of L a ke Vanda the va ll ey Iloe)r ri ses a nd is d ivided by a flat-topped fe a ture, Dais, into 
t\\'o pa ra ll e l forks \\'hich conta in thi ck moraines. O ver a dista nce of 8 km . the moraine­
ma ntled fl oors of the forks undula te considera bl y and then ri se steepl y to about 1,000 m. and 
unite aga in in a fl a t do leriti c sca bla nd l Co tt () n , I ~ ) 52 , p. 3+8), the Labyrinth ( Fig. 3). T hi s 
feature, carved in a 100 m . thi ck d(J\erite sill , occupi es the w hole lI'idth of the vall ey floor at 
thi s point and extends wes twa rds benea th th e Uppe r Wright Glac ier. 

M elt water derived fi 'om cirque ice, the a lpin e glac iers a nd th e LOIITr Wright Glacier, 
forms the On yx Ri ver, \I'hich Illeanders :1() km . across the va ll ey fl oo r flood p la ins to Lake 
Va nda (Fig-s . ..j. a nd 5) . No \I'a ter f\ (lII"S ou t ( ; r La kc Va ncl a, si ncc a ll wa ter loss is due to eva ponl­
tion a nd sublim at ion. 

T he va ll ey walls display a seri es of bcnches Cllt by fiJl 'lller g lac iers in Wrig ht Va ll ey. The 
g rea ter pa rt or these old er bcnches has Ilee ll dcstro yed by later g lac ia l underc utting of th e 
va ll ey sid es. Remnants o f" th e o ldest benches notc h the va ll ey wa ll s at between 1,200- 1,500 m. 
and the e slope back gentl y to th e fl oors of horde rin g cirques. The Aa t top of Dais is a remna nt 
or the origina l fl oor of Wrig h t V a ll ey cut during this g laciation. 

A yo unge r ser ies of henches cut a t Boo Ill. occurs in the Nonh a nd South Forks a nd at the 
eastern cnd 01" D a is. These bcn chc,' a rc considered to IJe cc ntempmaneous in age with the 
present va ll ey fl oor fa rther eastwards. 

Victoria Valle.y system. The Upper Victor ia, Ba rwick a ndlVkKelvey Va lleys converge at the 
eastern cnd of Tnsel Ra nge to lo rm the 1.0 II"er Vi ctori a Va ll ey \lhi ch extends eas twards 
towards the Wil son Piedmon t Clacier. }\not her triiJuta ry va ll ey, the Ba lham Va ll ey, enters 
the southern side of Bar wick V a ll ey (Fig. 7) . 

The Roors of these vall cys a rc a ll hi gher than tha t of Wright Vall ey east of D a is, due in 
pa rt to the ir thi cker cl epos i ts o f ground mora i ne. The lowest pa rt of the va ll ey sys tem is occupied 
by the 5 km. long, ice-cove red La ke Vida , with a surface a ltitud e of approx imately 350 m. 
M elt water AOI'vs into thi s la ke from the Lower Victori a Glacier (a lobe of the vVil son Pied ­
mon t G lac ier ana logous to the Lower vVright G lac ier), from the Upper Vic toria G lacier 
(a re treat ing a lpine glacier a na logous to Clark G lacier (Fig . 2)), and from a few c irque glac iers 
in the eastern Olympus and St. J ohns R anges. 

At the western cnd of the 13a rwick Va ll ey, the W ebb G lacier now receives nearl y a ll of its 
ice from an extensive lIel'e fi e ld south of Skew Peak, a lthoug h some p lateau ice still flows 
through a p ass in the Will e tt R a nge clown to the g lacier. G lac iersofplateau ice fo rmerly fl owed 
throug h other hig her passes in the Will e tt R a nge but a fa ll in the ice plateau level has 
sta rved these g laciers ancl their courses a re now ice-free. 

The walls of the va ll eys disp lay remnan ts of g lac ia l benches at a pproxima tely 800 m. a nd 
between 1,200 a nd 1,500 Ill. The highel' se t slope back ge ntl y to the acco rdant floors of ice-free 
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Fig. 3. Aerial viewfrom above North Fork of Wright Valley looking towards the inland ice plateau and showing: ( r ) The 
inland ice rlateau ; (2) Western Asgard Range; (3) M t. Fleming; (4) Ice falls in the course of Upper Wright Glacier; 
(5) Snout rif Upper Wright Glacier; (6) Lab) lTinth ; (7) 1,j00 m. glacial bench ; (8) Olympus Range with accordant 
cirques opening onto the glacial benches 

Fig. 4. View east from the mouth of Wright Vall~y showing : ( r) Beaufort Island; (2) M cMurdo Sound; (3) Wilson 
Piedmont Glacier; (4) Lower Wright Glacier ; (5) Onyx Riller, meandering westward along valley to Lake Vanda ,. (6) King 
Pin Nunatak; (7) Mt. Erebus , Ross Island 
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Fig. 7. Panoramic view northfrom li1t. Boreas, Olympus Range showing the old and now partly dissected erosion suiface (1) on Inset Range, the glacial bench (2) on the northern wall of 
Olympus R ange, and accordant cirques (3) in St . Johns Range 
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Fig. 5. Panoramic view ji"Oll! Mt. r·alk)"ie. "Isgard Range, showing the broad glacier-cut Wright l 'all~V.flanked by the Asgard and Olympus Ranges . H igh-level ( I ,500 m.) glacial 
benches ( I ) are incised in both the northern and southern walls. Accordant cirques (2 ). some containing small al/Jine glaciers (3) open onto these glacial ben"hes. Dark moraines 
overlying bedrock and older moraines (4) were dej>osited during an advance (Jourth glaciat ion ) oJ the alpine glacier .. . T he jioor oJ Wright Vallry is covered by a thin vmeer oJ 
highly weathered moraines (5) if the second glaciation. In the extreme right (6) . terminal and latnal moraines oJ the third glaciation OCC1/py the eastem /Jart oJ Wright Valley 

Fig. 6. View eastfrom Dais, down Wright Valley, showing a high-level glacial bench cUl along the contact between granite and a dolerite sill (1) ; ice-covered Lake Vanda u'ith high-level 
shorelines (2) cut in second glaciation moraine, and scree, exposed only on the northern side qlthe lake; thick moraines (3) of the third glaciation filling the western part if Wright 
Valley. Note the undulating bOlllder-strewn surface af these moraines and the large channel passing from the South Fork . In the middle distance, the valley floor moraine cover is 
thin or entirely absent. Thin serees of dolerite cover the basement rocks on the southern wall of the vallC)l. In the distance foll r alpine glaciers exlend almost to thefloar of Wright Valley 
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cirques bordering- the valleys. The Oat top o f Insel Ra nge is a remnant of the va ll ey 0 001' cut 
by a glac ier which occupied the a rea of the present Ba lha m a nd M c Kelvey V a ll eys when the 
1,200- 1,500 m. benches were c ut througho ut the va ll ey system . 

The va lley Ooors are thi ckl y ma ntl ed w ith morain es . These co ntain large ;1l'eas of sa nd 
dunes a nd we ll-deve loped d ese rt pavements strewn with ve ntir~lc tS. ,,-,felt watel' from th e 
remnant g lac ie rs has reworked much of thi s moraine in the Lowcr Victoria Valley into 
extensive fl ood pla in a reas. 

-+- The coastal piedmollt area 
For 60 km. north of Cape Bernacchi th e coas tal pied mont of th e Victoria L a nd mounta ill 

ra nge is cove red by the vVil son Piedmont Gl ac iCT. It blocks th e e lltranccs to the vVright and 
LOII'e r Vi c tori a Va lleys ( Fig. 4) ali( I ill th e Il o rth merges with the D eiJenh am (;Iacier. The 
piedmont g lac ie r var ies in w idth hetll"Cen .') a nci I (j km. a lld a ll cas t IITst travc rse Il as sholl" n it 
to he up to :{()o m. th ick cas t of Wrigh t Va lley ( Bull , I ~)(j() ) . 

Alpine g lac iers from the castei'll Olympus a 11(1 Asga rd Rall .gcs, alld th e D e llenham Gla cier 
nOli" ca rry insllfli c ient ice to th e Wilson Piedmo nt Clacie r to maintaill a positi ve reg im e. As it 
res ltltthe piedmont has re treated inlalld to ex pose coastal ice- fre e areas betwee n Taylol" Vall ey 
and Cneiss Point , at Dunlop Isl a nd a nd at Cape RoiJerts. ~1nst of the picdmont is stagna nt 
IlLlt a t a fcl\' places the glac ier st ill OOII'S seawards, for example, near Cneiss Poillt th c move­
mcnt is about 7 rrl./yr. (personal commun icat ion fi"(lJll R. L. Nic hols ) 

.\ r EC II AN ISM S OF DEGLAC IERIZ AT ION 

r.1ccha nism s that have heen proposed to explain local deglac ie ri za tion in Antarctica in­
c lude vo lca ni sm, se ttling of dust particles, underground coa l fires , and hea tin g by rad io­
activity in the basement ruc ks. None of these arc accepta bl e as a n ex pl a natio n for th e 
de ve lopme n t of thi s icc-free reg ion. 

The deg lacicrizat ion of the region di sc ussed in this paper lI"as ca uscd by a d ecrease in th c 
surface leve l o f the inland ice pla teau lI" ith c{)nseq llen t emergence or hi gh rock thresholds at the 
wcstern enei s of"the vall eys , cu tting o fT th e suppl y or plateau ice to the va ll ey glaciers . .'\ similar 
mecha nism has bcen proposed to exp lain the sta rva ti un of th e trunk glaciers ill Dronnin g 
Louise La nd , north-cast Greenland (Lister ami W ylli c, IqSfl ) . 

The fl oors ufthe Wright, ~1 c Ke l vey , Ba lh a m ami Barw ick Va lleys rise stcep ly to more than 
I,floo m. a lo ll g the ma rgin o r the inla nd ice. The rel ief o f the rock surface benea th the ice 
pla teau farthC'!' west is not known with a ny ce rta inty. HOII'ever, the lack of nuna ta ks and the 
gcn tle relicfo fth e ice plateau surfacc tends to indi ca tc that th e a ltitude of this rock surfa ce r~l lls to 
th e wcs t. This view is supported by data from recent fi eld traverses in southern Vi c toria Land. 

Geo ph ysica l studi es (Wil son a nd Crary, I~)G I ) have heen made a long the Skclton Glacier 
Ilhich nOII"S through the Vi c to ri a La nd mounta in cha in 40 km. south of" the Wright Va ll ey . 
U nd el' th e Ske lto n G lac ier a hig h subglac ia l rock threshold a t lo ng. 158 ' to I Go o E. a ll o lvs little 
f10 lV of ice from thc platea u to the Ross I ce Shelf. O vcr th e thres hold the ice is a bo ut 2()O 111. 

thi ck ; to th e II"(st th e thickn ess increases to 3,O()O m. A decrease Of2()0 m. in the a ltitude of the 
ice pla tea u s llrfacc l \"Qu ld comple tely disrupt the suppl y of ice fro m the pl a tea u to the R oss 
Ice Shelfby I\"ay o f"th e Skelton Gl a cier. 

The sugges tion that th e he ig h t of th e su b-pl atea u land surface II"es t of th e Wrig ht Valley 
and the Vi c to ri a Vall ey system decreases to the west is also supported by th e results of a grav ity 
trave rse a lo ng th c Wright V a ll ey (Bull , 1()60) . The traverse ex tends fre m the coas t near r.larble 
Po in t to th e Labyrinth. A major north- south fa ult zone occurs at or nea r the coastline a nd 
th e variatioll of the acce lerat io n due to grav ity along the vVrig ht V a ll ey is consistent II"ith th e 
Vi ctori a Land mounta in chain being a horst, th e centre line of wh ich in thi s a rea is at abo ut 
long. 16 1 C E. i\ second north- sputh f"a ult is expected to occur west of the inl a nd ice marg ill , 
allci the subglae ia l surface sho uld resemble that fo und II"Cst of the Skelton Clacier. 
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A similar threshold effect occurs at the heads of the Taylor and Ferrar Glaciers. Extensive 
ice falls break the upper slopes of the glaciers, whilst the plateau ice flowing towards the valley 
heads shows considerable undulating relief. 

The volume of plateau ice flowing into the valleys is small and in the case of the Taylor 
Glacier is not sufficient to maintain a glacier extending to the coast. This glacier now terminates 
approximately 30 km. inland from the coast. Any further decrease in the level of the inland 
ice plateau would result in complete disruption of the supply of ice to the glacier. Ablation 
would then cause the Taylor Glacier to retreat to the threshold at the valley head. 

At the heads of the Mackay Glacier (lat. n ° S. ) and other trunk glaciers crossing the 
mountain chain the rock threshold is much lower or is absent and plateau ice still flows 
unhindered through the valleys. 

GLACIAL HISTORY 

Glacio-geomorphological evidence indicates that at least four glaciations* occurred in the 
Wright Valley and in the Victoria Valley system (Fig. 8). Thefirs! glaciation is represented by 
high-level glacial benches strewn with thin deposits of fine drift. The second glaciation is repre­
sented by a lower series of benches in the western reaches of the valleys and by subdued 
moraines on the middle reaches of the valley floors. Thick moraines of the last two glaciations 
overlie older deposits on the valley floors. Fluvio-glacial phenomena associated with the latter 
two glaciations have often resulted in the reworking of valley floor moraines into low flights of 
river terraces. This process continues to the present day. 

The formation of the inland ice 

For a similar physiographic setting in Greenland, Cailleux (1952) suggested that 
with a deterioration of climate, ice first accumulated on the high coastal ranges. The ice 
flowing inland from these ranges coalesced to form inland piedmont glaciers, which, with con­
tinued alimentation from the ranges, thickened to evolve into a continental ice sheet. 

It is probable that a similar process occurred in the Victoria Land mountain ranges to 
produce the inland ice. The time interval between this onset of glaciation and the oldest 
glaciation discussed below is unknovvn. 

First glaciation 

During the oldest glaciation recognizable in the valleys inland ice spilled eastwards 
through the coastal ranges of Victoria Land into McMurdo Sound to join the Ross Ice Shelf: 
Downcutting at this initial stage established the course of the present valleys (Fig. 8). 

Lowering of the plateau ice level and westward retreat of its margin due to decrease in 
snow accumulation caused mcuntain ranges and nunataks to emerge progressively farther 
inland. Plateau ice channelled eastwards between these ranges and nunataks, extending the 
downcutting of the valleys progressively farther inland towards their present limits. Continued 
lowering of the plateau ice level finally resulted in highlands piercing it near the valley heads. 
The rock thresholds gradually cut off the supply of plateau ice to the valleys, causing glaciers to 
lose their cutting power and eventually stagnate and retreat. 

The 1,500 m. benches and accordant cirque floors bordering the Wright Valley and the 
valleys of the Victoria system, and the flat erosion surfaces of Dais and the Insel Range 
(Figs. 5 and 7) are remnants of the valley profiles cut during this glaciation. Sparse areas of 
weathered drift, now having no morainal form, lie on these erosion levels. 

There is no evidence that the ice disappeared completely from the valleys at the end of this 
glaciation. 

* In this article the term "glaciation" includes both the advance by down-cutting glaciers fullowed by their 
retreat with the deposition of moraines, and the advance by down-cutting glaciers followed bv stagnation. Thus, 
static ice masses may have remained in the va lleys b etween successive glaciations. 
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Fig. 8. Map showing the distribution oJ erosion surfaces, glacial benches and moraine deposits oJ the Jour glaciations proposedJor the Wright Valley and Victoria Valley system 
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Second glaciation 

An increase in pla teau accumulation a llowed plateau ice to cross the thresholds and 
rejuvenate the valley glaciers, which then recommenced downcutting. H owever, considerably 
less ice flowed into the vall eys tha n in thefirst glaciation, so that they narrowed as the down­
cutting proceeded (Fig. 8) . The valley glaciers were thinner and in some cases divided into 
sm a ller streams. The Wright Glacier divided into two streams o n either side of D a is but re­
united fa rther east a nd continued fl owing to M cMurdo Sound. Similarly, the thinning g lac ier 
occupying the Ba lham- MeKelvey V a lleys area was divided into two streams by the Insel 
R ange. This glacia tion is recorded b y erosion benches a t approx ima tely 800 m. in the western 
Wright Valley a nd in the vall eys of the Victoria system. D eposits formed during the fin a l 
retreat of the valley glaciers a re represented by a thin veneer of highl y weathered moraine in 
the centra l pa rts ofWright Valley a nd the lower Victoria Valley. The moraine now comprises 
undula ting coarse gravels scattered with boulders a nd extensive a reas of clune sa ncl. In the 
western and eas tern ends of the Wright and the lower Victoria Valleys these moraine's a re 
over la in by younger glacial depos its. 

Aga in , decrease in snow accumulation on the plateau resulted in a lowering of its surface 
level and the reappeara nce of rock thresholds at the va ll ey heads . The Wright G la cier, now 
inadequa tely supplied by on ly the alpine glac iers from the Asgard and Olympus Ranges, 
became stagnant and its cen tra l part melted to form the ancestra l L a ke Vanda. T he central 
part o f the glacier in the Victoria V a ll ey a lso melted to form the ancestral Lake Vida. 

Third glaciation 

This glaciation was much less ex tensive than the preceding two (Fig. 8) . An incl'ease in 
plateau accumula tion caused ice to spill once more over the va ll ey h ead thresholds. H owever, 
the vo lume of ice was suffi cient to m a intain a g lacier in tlte Wrig ht V a lley extending on ly as 
far as the western shores of L ake Vanda and in the Victoria Valley system onl y as fa r as the 
eas tern end of the Insel R ange. 

Extremely thick termina l, la tera l and ground m ora ines of this glac ia tion ex tend from Lake 
V a nda westwards into the North a nd South Forks (Fig. 6) . 

At the eastern end of Wright Vall ey, the Lower Wright Glacier, fed by the Wilson Pied­
mont G lacier and the Clark Glacier, flo wed westwards up Wright Valley to a po int between 
Mt. Theseus and Mt. Loke (Fig. 5) . H ere thick term ina l, la teral a nd ground m orai nes were 
deposited and these extend eastwa rds to the present sno ut of the Lower W rig ht G lacier 
(Fig. 4) . During this glaciation a lpine glaciers Rowed from the Asga rd and Ol ympus Ra nges 
into the ice-free centra l part o f the Wright V a ll ey. These glaciers deposited loops of moraine 
ove r the deposits of the second glaciation (Fig. 5). 

In the Victoria V a lley system thick deposits of thi s third glaciatioll extend from the coastal 
end of the Insel Range a long the Roors of the M cK elvey, Bat'w ick, Upper Victori a a nd Ba lham 
Valleys. These moraines are the thickest in the area. They ra nge from boulder fields to sand 
dune areas and d esert pavements strewn with polished ventifacts. The mora ines a re hummocky 
and contain fresh and saline la kes. In many cases th e lakes have evaporated to leave ex tensive 
sa lt deposits (Fig. 9 ) . 

The size of L ake Vanda at th is time can be d etermined from the extent of the beaches cut 
in the moraine and scree around the lake (Fig. 6) . The highest well-defined shoreline, 60 m. 
above present lake level, is cut in secolld glaciation moraine. This sh oreline is continuous a long 
the northern side of the lake, but it is not cut in the third glaciation terminal moraines a t the 
western end of the lake. A pronounced lower shoreline, 20 m. above present la ke level, is 
continuous in the terminal moraines of the third glaciation. Thus, a t some time following the second 
glaciation but before the deposition of the third glaciation moraines, Lake Va nda was ap prox i­
m a tel y 130 m . deep and possibly m ore than 20 km . in length . During the glacia l retrea t which 
fo llowed the maximum adva nce of the third glaciation , tlte' iakn ha llowed to approximate ly go m . 

https://doi.org/10.3189/S0022143000018219 Published online by Cambridge University Press

https://doi.org/10.3189/S0022143000018219


QUA T E R NARY G LA C I AT I ON S I N SOUT H E R N V I C TOR I A LA N D 75 

Fourth glaciation 
A slight increase in plateau leve l a nd hencc re-estab lish ment of the ice supply over the 

threshold caused the U pper Wright and W ebb Glaciers to rejuvena te and recommen ce 
downcu t ti ng. 

M ora ines of this glac ia tion occur in the western ends of the North a nd South Forks 
(F igs. 8 a nd 9) and between Lake Vashka a nd the present sno ut of the W ebb G lacier. G round 
moraines close to the sides a nd fronts of the Upper a nd L ower Victoria G laciers, Lower 
Wright G lacier and the a lpine g laciers may be con tempora neous with , o r you nger tha n, the 
fourlh glaciation . 

Fig. 9. " iew looking wrsl along Ihe Soulh Fork oj Wrighl I 'alley. The lerminal 1II0ra ine oj Ihe jOllrth glacialioll borders fill 

eva/Jorile- and bOlllder-col']red lake floor. occurring as a de/JreS5ioll ill third glacial ion moraines 

The m ora ines a re coarse a nd angular, and lack ven tifa c ts a nd sa nd dune areas. F rost 
heaving is extremely pronounced . A few frozen tarns and sa line pools, ofte n rimmed by sa lt 
encrustations, occur in these m ora in es . Following this J ourtft glaciation Lake V anda has been 
lowered by evaporation and subl ima tion to its present dep th of 70 m. 

C LIM ATIC FACTORS 

M easurements of the year ly heat ba la nce have been m a d c a t Scott Base (Thompson and 
M acdona ld , 1959) (Ia t. 78° 20 ' S., long . 164 ° 30 ' E. ), a t Mi rnyy (Rusin, 1958) (Jat. 66° 
33' S., long . 93° E. ), a nd a t M audheim (Li lj equist, 1956- 57) (la t. 71° S. , long, 9° W.) . 
From these results it is ca lcu la ted tha t with the cloud cover a nd temperatures which exist in 
the ice-free a rea, the hea t los t by a snow-covered surface is about 4,000 ca l. cm . - 2 yr. - I , 

whi le a t a rock surface (a lbed o 20 per cent) the heat ga in is a bout 19 ,000 ca l. cm , - 2 yr. - I. 

At sea-level a n ice surface w ill lose about 20 g. cm. - 2 by summer melting as long as the m elt 
water can escape. 

From the discussion of the glacia l h istor y it is recognized tha t recession a nd lowering of 
the in la nd pla teau b rought about bo th the disruption of m aj or glaciers and the exposure of 
increasingly la rge a reas of rock. In such conditions sola r r ad ia tion can slowly abla te a n y 
remaining stagnant ice m ass a nd ensure tha t the region d oes not become reglacierized , as 
long as the winter snow accumula tion is not sufficient to substantiall y increase the m ean 
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albedo. Photographs taken at the end of five recent winters show that very little snow settles 
in the area, even on high land. 

The Wilson Piedmont Glacier contrasts with the area farther west. Only a small number of 
nunataks protrude through the ice so that the area's albedo is high, the annual heat balance 
negative and the summer melting small. 

CORRELATION OF GLACIAL PHENOMENA 

Harrington and McKellar (1958) have suggested that the Quaternary history of the 
Antarctic continent is similar to that of the Northern Hemisphere in having "several major 
glaciations separated by long interglacials". 

Pewe (1960) has recorded evidence for at least four major Quaternary glaciations in the 
McMurdo Sound region, each successively less extensive than the former. The localities des­
cribed by Pewe are all within 80 km. of Wright Valley, so that the Quaternary history should 
be broadly comparable with that of the area described above. In Table I the basic glacio­
geomorphological criteria for distinguishing the glaciations in each area are cited and a tentative 
correlation with Pewe proposed. It must be emphasized, however, that minor fluctuations 
within each glaciation certainly occurred and that the late Quaternary history is considerably 
more complex than shown. 

AGE OF GLACIAL PHENOMENA 

It is not yet possible to date accurately the stages of glacial recession in this ice-free area, 
as little information of past Antarctic climatic variations and few useful absolute dates are 
available. 

Hough ( 1950) has described a sea-bottom core from near Scott Island (lat. 68° 26 ' S. ) in 
the Ross Sea. From this he recognized marked climatic variations over the last 300,000 yr. 
and, with less certainty, climatic variations which could be traced back to 1,000,000 yr. ago, 
to fully span the Pleistocene. 

Speden (1960), describing fluvio-glacial features from Cape Chocolate (lat. 71° 58 ' S., 
long. 164° 35' E. ), suggests they are younger than 16,000 yr. , having formed during a post­
glacial "warm" period, stated by Hough as lasting from 15,000 to 6,000 yr. ago. 

Pewe (1960) has dated algal deposits from ablation moraines (Koettlit ;:; Glaciation) at the 
snout of the Hobbs Glacier as 5,900 ± 140 yr. old and from Garwood Valley as 2,48o ± 120 yr. 

Glacio-geomorphological features, analogous to those described by Pewe ( 1960) and Speden 
(1960) (i.e. lake sediments, former lake shorelines, river terraces and ablation moraines), 
formed during and following the fourth glaciation of the Wright Valley and Victoria Valley 
system, and are perhaps contemporaneous with Hough's "warm" period ( 15,000 to 6,000 yr. 
ago) and Pewe's Koettlit ;:: Glaciation (6,000 + yr. ago). 

Investigations of other ice-free areas in eastern Antarctica indicate similar ages for late 
Quaternary deglacierization. Shumskiy (1957) has estimated that parts of the low-lying 
Bunger's Oasis area have been ice-free for more than 10,000 yr. and Tressler (1960) estimates 
that Clark Island (lat. 66° 30' S., long. I 10° E.) has been ice-free for 12,000 yr. 
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