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A BSTJ< M:T . Thi s pa per is a sY l1lhes is o f g lac iologica l in ves tigat ions condu c ted in Terre Adclie, mainl y 
during the I.G. Y. The surface and b ~'drock profiles have b een obta ined a long a 500 km. line ro ughl y per
pendi cula r to the coast: the mean a nnua l tempera ture has been stud ied a s a fun c tion of altiwde, a nd 
mcan accumulation has been related to di stance from th e coas t and surface slope. Strat ig raphie studies made 
at S tation Charcot aga in ra ise the pro blc-m of th e determination of nwan accumula t ion in certain parts of the 
Antarc ti c p latea u ; they provide a quadratic rL"i a tionshi p be tween density and depth. The snow-drift studies 
lead to the following conclusions : wind ve loc it y and dens it y of drifting snow are fun c tions of he ight a bove the 
surface. and the to ta l tra nsport depends nn wind vcloc ity. Las tl y, measurements have been made of glaci er 
fl ow nea r the coas t . The pa per ends with a schema ti c stud y of the mass bala nce in T erre Adcli e; accumulation 
seems to be slightl y la rgn than ab lat ion. a resuit tha t is to b e contrasted with th c o bse rved coas ta l retrea t 
ncar DUlTlnnt d 'U rville base. 

RI\S lIMI:: . Cct a rti c le constitue UIl C synthi'sc des mesures g lac iologiques rt'a lisl'Cs en T erre Ade lie, n o talTl
m ent au COUl'S d e l 'A .G. 1. Les profils d e la surface et du soc lc rocheux ont e tc o bt enus le long d ' un axe de 
500 km approximati vement pe rpendicula ire a la cote : le g rad ient des tcmptTa tures moycnnes an nuel les 
cs t t'ludi c en fonc tion de l'altitude e t I'on m on trc que I' a ccumula tion moyenn e es t li0e it la d istance it la 
cote n a la pente. L es e tudes stra ti g ra phiques cffcctuccs a la Sta ti on C ha rco t I'eposent le problCm e d e la 
dt' tcrmina tion d e I'accumula tion moycnne dans cert a ins scc tcurs du plateau an ta retiquc; cl les permettcnt 
d ' cxpli c it (T une re la tion du second d egrc entre la densite e t la profondcur. L 'Ct ll ck d e la chassc-ne ige pe rmet 
d e fo rmulcr les po ints slIi vants : la v itesse du vent et la densite d, ' chasse-ncige sont fo nc tions de la ha ut eur au 
d essus du so l ; la qua ntit ': transportee d<' pclld de la v itesse du veil I. On ra pcll e enfin les mesures de v itesses 
de deplaccment a la cote. 011 etablit ensuite un schema du bilan de masse en T erre Adcli c; I'accumulation 
sem ble un peu su pcrieu rc it la somm e des diffcrentes formes d 'abla ti on cnvisagc'('s. contrairement it cc que 
I'on observe ac tuell emcnt dans la rC'g ion de la base DUlllont d 'U rville . 

ZI·SA MM EN FASSl ·NC: . Die "orli cgende .'\rbrit ste llt cine Zusammenfassung d e r in Adelie-Land ausgefcihrt cn 
g la zio logischcn Mcssungen. insbrso nd erc w;i hrend des I. C..J ., dar. Die Profile d e r Oberflache lInd dcs 
Felsunlergrllndcs c rstreckcn sich hings e inn Achsc von 500 km Uingc lIngef;; hr senkrccht zlIr KLi ste. Dcr 
Gradient der mi tt lcrcn J ahres tcm pcra turen wurde in se in eI' Abhangigkei t von d e l' H bhc untc rsll cht ; ('s 
ze ig t sich, dass de r m itllcrc Auftrag von cler Distanz zu r K ciste uncl vo m Gef;i lle abh;ing l. Di e stra tig ra ph
isclwn UnttTsuchungen in cler Station Cha rco t tragen zu ckm l'robl"m cler Bes timmll ng des mi tt l(, IT n Auf
trages in gewissen Zon en des Anta rkti scl1<'s Inlamlc ises be i: sic erl aubcn. eine quadratische IIcz ichung 
7,wisclH'n l)i chtc unt! Ti cfe zu forlllllli r ren . Aus der Un tersuchung des Schll cefegc lI s kbnnen folgendc Seh lcisse 
gczogcn wcrdcn: \\ 'indgeschw ind igke it und Di chte des Schn cefcgcns sincl abh ;j ng ig VOII der J fohe cibe r cit:r 
Obcrflaclw ; d ie tra nsporti crt c Sch nccm cngc h ii ng t , 'on der \\'indgeschwindi gkci t a b . Schli css li ch wird auf 
di e Mcssungen von Fli cssgcschwindigkeit d es Eises an dCl' KLis te c ingcgangen. Mit , km \ 'ersuch, den 11,.1assen
ha usha lt von Ad,<lic- Land ZlI erfasscn. schliess di e Abhandlung: Der a uftrag sc he int cli~ SlImme del' vcr
schi edenen ill Be tracht gczogenen 1\ blatio nS\'orgiingc 1c icht zu Li bcrwicgrn ; di('ses I':rgcbn is steht im C cgensa tz 
7, U d ell cl crze itigell Bcobachtllllgen in de r Sta tion Dllmnnt cl· U rville. 

GENE RAL C ONS ID E R AT IO 'S 

During th e J. C.Y. g laciolog ica l in vestigat ions were conducted in Terre Adcli e (Antarctica) 
a long a line through Dumont d 'U rvill e base (Ia t. 66° 40' S. , long. 140° 0 1' E. ) and Sta tion 
Cha rcot (Ia t. 69° 22'.')' S. , long. 139° 0 1 ' E.) whe nce it ex tended to " Terme Sud" (Ia t. 
71 ° 08 ' S., long. 139° I I ' E.), a di stance of a bout 500 km. a pprox ima tel y perpendicular to the 
coas t (Fig. I ) . This route includ es th e two ma in geogra phica l di vis ions of the Antarcti c 
Continent: (a ) The pl a tea u, rem a rkabl e for its high a ltitude, gentl e slo pes, very sli ght snow 
accumula tion, homogeneous reli ef and low temperatures. These cha rac teri sti cs occur con
tinuously beyond po int B 35 (a lti tude 2,256 m.a.s. l. , dista nce to coast 258 km. ) . (b) The coasta l 
mea, ex tending from the sea to po int B 10 (altitude 868 m.a. s.l. , di sta nce to coast 28 km. ), 
with stee p slopes a nd more substa ntial acc umulation. The preva iling higher temperature 
favours the ap peara nce of melting fea tures, the surface morphology is clearl y differentiated 

* This paper is a sho rt summary of a book n ow in the press . 
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by the action of stresses induced by the existence of rocky outcrops and above all by the 
presence of areas where the ice is flowing rapidly, producing crevasses. 

I CE VOLUME IN TERRE ADELIE 

Ice thickness was determined at each surface point using altimetric, seismic and gravi
metric profiles (Fig. 2). Altitudes were obtained for 124 stations by barometric surveying 
(Valtat and others, 1960). Seismology (reflection shots) was used for the determination of 
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Fig. I. Terre Adilie. I.C. r. Tra verse route 

bedrock depth at 27 of these points (Imbert, 1959) ' These data then allowed the rock surface 
profile to be plotted from the gravimetric results (RouiIlon, 1960) . For a mean bedrock depth 
of - 40 m. (the actual depth varied from - 644 m . to + 463 m. ) , the surface profile is expressed 
by the equation 

( 

_~ ) 2 + ( 550 
- D) 2 = I 

2·68 550 
where D is the distance to the coast in ki lometres, and h the height of the surface above the 
mean bedrock level in metres. 

CLIMATIC DATA : MEAN ANNUAL TEMPERATURES 

Mean annual temperatures of the air at ground level were measured at fourteen points by 
lowering thermometers to the bottom of coring holes, the depth of which exceeded 10 m. 

Temperature variation plotted against altitude gives a straight line of slope I' 10° C. for 
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100 m . a lt itude d ifference;* this is compa rable with the fi gures published b y M elior ( 1960) . 
A compa rison of our m easurements with those of Loewe ( 1956, p. 1 14) along a line near long. 
142 0 E ., with due a llowance for the contour li ne pattern in T erre Add ie, lead s to a correction 
of 1

0 C. fo r 1
0 of la titude. F igure 3, which incl udes the results of two Am erican parties to 

extend the line of our m easurements, was plo tted from tempera ture records reduced to lat. 
66 0 50' S. The slope of the resul ting plot is 1 • 04 0 C. per 100 m. 
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Fig. 2. Elevation and bedrock jJrojiles; ice thickness ill Terre Ad!lie 

SNO\\ ' ACCU MULATION 

A stud y of precipita tion types a t Sta tion C ha rcot con fi rms the predomina nce of crysta ls 
such as prism s, needl es and microcrys ta ls usua ll y produced a t low tempera tures a nd humidi
ties. R eplicas p rod uced by the method developed by Schaefer ( 194 1) a re excellent ; photo
microgra phs of origina ls m easur ing less tha n 10 - 2 mm . wc re obta ined with a m agnifica tion 
of 1 ,000. 

The surface forms of the snow a re basica ll y of aeolian orig in and sas trugi a re o riented a long 
1650 E ., thus m aki ng a n a ngle of about 300 to the west of the line of greates t slope ( 1950 E. ) . 
T his shift agrees with earlier observa tions (D olgushin , 1958, m ap ; Hollin and Cam eron, 196 1, 
p. 838; Stua rt and H eine, 196 1, p. 1000) a nd with the theoretical predictions of Ba ll [ 1960 J. 
Snow accumula tion m easurements (Cornet a nd others, 1960) a t 4 7 points over a nnual periods, 
using stakes regula rl y spaced a long the track, reveal a very irregular distri b utio n due to wind 
condi tions; there is a m arked m aximum (60 · 6 cm . water equiva lent) a t B 12 (a ltitude 1, 104 m ., 

* Air tempera ture recordi ngs a t Dumon t d'Urville (altitude 40 m .) and Charcot (a ltitude 2,400 m. ) give a 
gradient of 1 ' 1 2 ° C. per 100 m. fo r 1957 and 1 '10° C . per 100 m. for 1958. 
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distance to the coast 47 km. ), followed by a general decrease with distance from the coast. 
The last two remarks are comparable with , for example, the observations of Vyalov (1958, 
fig. 6, p. 271 ). There may be various reasons for this decrease, such as the decrease in the 
number of atmospheric depressions towards the interior of the Continent, and the sudden rise 
in altitude in the coastal area, which favours condensation phenomena: the air which pene
tra tes onto the plateau, having lost a certain amount of its vapour content , wi ll generate less 

"' a: 

-50 

- 40 

:::> - 30 
I-
« 
'" "' Q. 

~ 

"' I-

- 20 

500 

X 1951- 52 (LOEWE) 

.'. 1956 - 58 (IGV) 

o VICTORIA LAND TRAVERSE (1958'59) 

• US I G V AIRBORNE TRAVERSE (1958) 

1· 04 ·C . /IOO rn . 

1000 1500 

ALTITUDE (rn .) 
2000 

Fig. 3 . Variation of temperature as a function of altitude 

• 

2500 

abundant precipitation. It seems tha t an altitude slightl y above 1,000 m .a .s. l. is a clearly 
defined condensation level for the predomina nt air masses during depressions. 

Measured accumulations have been grouped for sectors defined by comparatively large 
differences of mean slope to avoid the individual spread of readings due to local influence of 
the wind . This computation leads to the following rough equation 

1000 
A = 10 +1) + lOP 

where A is expressed in cm. of wa ter equivalent, D is the distance to the coast in kilometres, and 
p is the slope expressed as a percentage. Figure 4 shows the good agreement between measure
ments and the graphical representation of this formul a except for the point in the border 
area, where the rapid drop in a ltitude is responsible. 

B UILDING Up OF THE FIRN COVER AT STATION CHARCOT: ANN UAL ACCUMULATION 

The determination of annua l layers from stratigraphic studies has been dealt with by a 
number of authors (Benson , 196 1; Schytt, 1958; Shumskiy, 1955; Sorge, 1935, to mention but a 

https://doi.org/10.3189/S0022143000018220 Published online by Cambridge University Press

https://doi.org/10.3189/S0022143000018220


A SYNT H ESIS OF GLACIOLOG I CAL MEASUREMENTS IN TERRE ADELIE 83 

few ). In Terre Adelie the generall y accepted methods were used to interpret our measurements 
of density, grain-size and hardness, for which continuous samples from various cores were 
avai lable; these determinations were supplemented by ram hardness profi les (rammsonde) . 
The summer layers are characterized by large-gra ined layers, low density and poor cohesion . 
The results are tabu lated be low, and are to be compared with the accum ula tion measured 
directly of 10'2 cm . water equivalent for 1957 and 18 cm. for 1958. 

3000 

..:. 
uJ 

g 2000 

:: 
>
..J 
« 

o 

l 
\ 
\ 
\ 
\ 
\ 
\. 
-~ 

\ 
\ 
\ 
\, 
X"

100 

'-.;i 

~ ALTIMETRIC PROFILE 

X MEAN ACCUMULATION (MEASURED) 

MEAN ACCUMULATION, A 10+IOgO+IOP 

I SELECTED INTERVALS 

x 

-1"- -
-- _ _ 1-

1-- __ 

---.}:.. 

x 

200 300 
DISTANCE TO THE COAST (km,) 

- ~:-- -:-
X 

x 

400 

Fig . 4. Allnual accumulalion (wa ler equivalent, 1957) versus dis lance 10 Ihe (Oast 

60 

40 

20 

0 
500 

TAilLE 1. ACCUM U LATION AT STA T ION C II ARCOT D E'I ERMI N ED FK O M C O RE STR A T I C RAf' II Y 

Core I 

Core 2 
Core 3 
Core 4 
Core 5 
Core 6 

Meall annual aCClImulation 
cm, wa te r equ iva lent 

22 ·6 
13 '4 
16 · 6 
I U·O 

22'4 
28· I 

;Vumber '!! 
years 

37 
10 

17 
10 

23 
24 

> 
() 
() 
c 
:!: 
c 
r 
> 
-< 
0 
z 
-n' 
~ 

• 
~ 
~ 

" c 

~ . 
0 

The spread of these figures raises the problem of the accurate determination of accumu
lation in areas w here, as on the p la teau of Terre Addie, temperature is a lways well below 
0 ° C. and accumulation is small and very irregu lar. Sastrugi, which are the main feature of the 
microrelief, may actuall y remain on the surface for a year or m ore, and besides this our obser
vations did not enable us to identify a marked development of strongly settled winter layers 
which had been exposed to a ir temperature variations and sola r radia tion during the summer. 
Hence, in cases such as th is, the counting of years will nece~sarily be inaccurate . 

A seasonal study of firn laye rs was conducted on profiles of 20 m. length using coloured 
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nylon threads as reference marks, over a one-year period, during which the mean accumu la
tion was 10' 2 cm. of water equivalent, seasonal deposi ts of comparable size show a marked 
difference as regards density: o ' 375 g. /cm) in summer as against o· 426 in winter, the grain
size remaining however practicall y the same. This di fference can be attributed to vvind con-
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Fig. 5. Relationship betweell density alld depth from various polar statiolls 

ditions; the maximum and mean velocities are higher in w inter ( 10' 5 m ./sec. ) than in summer 
(9 ' I m. /sec.) . This effect of wind velocity has been further assessed by a thorough investiga
tion of the evolution of su perficial deposi ts . 

Porosity plays an important part in water-vapour transfer but , a lthough we know that the 
density of winter deposits was 12 per cent above those of summer deposits, this is true only on 
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the average, a nd ind ividua l depos its may havc a typica l characteristi cs which could lead to an 
erroneous ana lys is of layers. 

For a ll these reasons, stra ti g rap ltic interpretation of layers is not an accurate m ethod of 
determining the mean accumu la t ion in T errc i\d(~ li e . It therefor e secms necessary to supple
ment the convent iona l methods of observat ion with some recently developed dating pro
cedures (Botter and others, 196 1) based on dcuteri um and 180 concentration. The simultan
eous use of various techniques such as strat igra ph y, da ting, a nd measurement o f electri ca l 
properties, is required to reach a h igh degrec of accuracy. 
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Thc variat io n of density d \\' i t h dc pth It is rq)l'csc n tcd from 0 to 20 m. by a formu la d erived 
from the mean of severa l co rings by the method of leas t sq ua res (prev iously used for this pur
pose by Bader) . 

d = o'o I 7h - o 'ooo4h ' l O'4 

where d is m easured in gra ms pcr cllbi c ecntime tre and h in m e tres. This curve, found for 
Sta tion Charcot , is compared with the results of ot her a uthors in Figm e 5. 

DRIFTING SNOW 

In 1956, snow coll ec ted a t Dumont d ' urvi ll c base* bctll-een 0 and 2 1 ffi. a ltitud e, corre
sponded to a tra nsfer of a bout 400:000 kg. pCI' metre of coast per yea r for a mean wind velocity 
of 10 '4 m. /sec., ig noring any e ffi c icncy factor II-hi ch should be app li cd to allow for the use of 
improvised tra ps _ In 1957 twenty-two series of m easurements werc made a t five levels at 
Sta ti on Charcot, with simulta neo us wind ve lf)c ity rcco rd ings . A stud y of the rcsults, based on 

* Dumont d ' U rville base is loca ted on a rock y isle t b ordering the Con tinent. 
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theoretical considerations of Loewe ( I 956, p . 125) a nd Dingle and Radok ( I 96 1) leads to the 
following conclusions: (a ) wind velocity varies logarithmically with height above the ground, 
and (b) there is a linear relationship between the logarithms of density of drifting snow and 
a ltitude above the ground. A typical illustration of these relationships is given in Figure 6. 
Furthermore, the transported amount of snow, d e termined by integration of the curve 
representing the weight of collected snow as a function of height (Fig. 7), is roughl y propor
tional to the quantity of snow drifting across the o' 5 m . level. 
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Fig. 7. Weight of snow drift verslIs height above surface level. 14 November 1.957, 10.00- 12.30 hr. 

Use was made of 86 complete inves tiga tions carried out in 1958 on three levels at Station 
Charcot (Garcia, 1960) , and of the full set of micrometeorological observations concerned 
with drifting snow. For an average a nnua l wind velocity of 9' 2 m. /sec. , the annual transfer 
was about 290,000 kg. for each verti ca l section of I m. width perpendicular to the wind. Again 
this figure ignores a n y efficiency factoJ'. The qua ntity Q. of transported snow increases, as a 
first approximation, according to a n exponentia l law as a function of wind veloc ity at 10 m . 
Figure 8, plotted from averages deri ved for velocity intervals of I m. /sec., corresponds to the 
equation 

Ll log Q = Ll v/4 ·6. 

In this connection, the results ofDing le a nd Radok ( I 96 I) should be recalled ; they found that 

Lllog Q = .::lV/ IO· 5 for 15 < v < 29 m. /sec. 
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Results obta ined by various authors are tabulated below. 

TABLE 11. R ESULTS OBTAINED BY VARIOUS A UTHORS FO R Q UANTITY OF DRIFTING SNOW 

Authors Wind velocity at 1 0 m. Quantity oJ drifting snow 

Loewe ( 1956, p. 13 1) 
S tephenson and Lisler ( l g59, p. 431 ) 
Melior and Radok [l g60] 
Ding le and Radok ( lg6 1, see fig . 4) 

Lorius (present work ) * 

m .fsec. kg.fm./hr. 
35 10,080 

10'3 250 
28 55,080 
8·g 720 

16 · 2 3,600 
28 33,840 
36 200,880 
8·g 3.6 

10 ' 3 7' 2 

16 · 2 115 
* The drifling snow measurements ignore an effi ciency factor wh ich could we ll double th('m. 
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Fig. 8. Total weight ~ snow drift related to the winds/m" 

The fa c t tha t investigat ions were conduc ted a t various points and dates, a nd hence d id no t 
have comparable surface conditions, accounts to some extent for the spread of the fi gures . The 
variety of recording instruments used is no doubt also la rgely responsibl e for the discrepancies . 
It is interesting to note the agreement be tween the present observations and the computations 
made by Vickers ( 1959) from theoreti ca l considerations using wind profi les found by several 
au thors. These are shown in Table Ill. 

T AB I.E Ill. Q UANTITY OF DRI FTINf: SNO W CALCULATElJ BY V IC K E RS USI N(: VAR IOUS VVI ND PROFIL ES COMPAREIJ 

Wind velocity at 1 0 Ill. 

and author ~ jJrojile 
m. /see. 

14' 7 (V ickers) 
12' 4 (Liljeq uist) 
14' 3 (Bagnold ) 

\V I T I I Q UANTITY OnSERVED 

CalCIIlated quantity 
oJ drifting snow 

kg./m. hr. 
54 
18 
43 

A1easured quantity 
DJ dr ifting snow 

kg. /m. hr. 
55 
I g' I 

45" 7 
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In this Table the wind velocities have been extrapolated from those a t I m. using roughness 
factors given by Vickers. 

GLACIER FLOW 

As a result of measurements made on the G lacier de l'Astrolabe (Cornet, l y60) , its mean 
annual velocity can be ta ken as 500 m .fyr. ; its mea n thickness is est imated a t about 400 m. 
In 195 I , Perroud (1955) recorded an average daily displacement of o· 5) m. over a two month 
period using a reference mark located I km. from the margin of the G lacier de la ZeJee 
(approximate width I I km. ); the velocity of the most conspicuous point of the cliff near this 
glacier was 9 m. over a ten -mon th period , tha t is to say an annual velocity of I I m. /yr. for an 
ice thickness of about 200 m. 

MASS B ALANCE IN TERRE AD£LlE 

All the above results can be used as a bas is fo r a stud y of the m ass ba lance in Terre Ade lie· 
Wexler ( 196 I) has shown the difficulty of such a stud y for the whole of Antarctica; seven 
different balances show a la rge spread (from - 0'95 to + 1 '32 X 10 ,8 g. /yr. ). 

Determination f{i accumulation. T his ba lance has been taken for the sector whose edge is the 
coast of Terre Adelie, i. e. between long. 1360 E. a nd long. 142 0 E. If we ass ume as a first 
approximation tha t the ice flows a long the lines of g reatest slope, we can determine graphicall y 
the accumulation area which corresponds to flow through the Terre Adcli e coast (see Fig. 9) . 
This area has then been divided into regions so that the da ta from Figure 4 can be used to 
calculate the net total accumula tion. For 1957 this gave a net accumula tion of 15'6 km .3 
water equivalent for a to ta l surface area of 58,000 km .2

. 

Determillation oJ ablation. Abla tion can take place in the fo llowing wa ys : 
surface melting 
drifting snow 
evapora tion 
oceanic melting 
calving 
subglac ia l melting. 

We are not concerned here with surface m elting, blowing snow a nd evaporation , because 
they have a lready been subtracted from precipita tion before our d eterminat ion of net accumu
lation. Let us examine the other factors. 

O ceanic m elting. This has no t been studied experimenta ll y in our case, and, having on ly 
a few m easurem ents of sea temperature and salinity, this factor has been estima ted from the 
calculations of W e xl er ( 1960) . Using LlT = 10 C . for " the initia l deviat ion of the water tem
pera ture above its freez ing point as the wa ter first comes in contact with the ice bottom", 
and a n eddy conductivity of sea-water /1 = 10 g./cm . sec., a nd assuming the sea penetrates 
under the cliff for a distance or about 100 m. , we get a m elting of the order ofo·8 km .3 /yr. 
(water equivalent) . 

Calving. The results on g lacier fl ow lead us to the fo llowing concl usions : 

Formation 

Important glaciers 
Secondary glaciers 
I ce cliff 
R ock outcrops 

T ota l 

T A BLE IV. Loss O F I C E BY C A LV ING I N TERRE AOELlE 

Width Thickness Ice velocity 
km. km . km .jyr. 

34 
10 

265 
30 

0'5 

0'25 

0'0 11 

Calving 
km. Jjyr. 
6·8 
o' 75 
0 · 6 
o 

8· 15 
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Assuming an ice density of o' 9 g. /cm. 3, there is thus a net loss of 7' 3 km .3 of water equivalent. 
The m ean of the results for the calving from the whole of Antarctica given by W exler ( 1960) , 
ignoring the three extreme values, and scaled down to the length of the coast-line of Terre 
Addie gives the very simila r value of 8 km. ' . 
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Fig. 9 . .. lrea of ncrl/mulalion related to ablation through the (oast of Terre i lcldie 

Subglacia l melt ing. Two sources of heat must be taken into acco unt . (a ) Geo therma l hea t, 
for vvh ich \\'e can use a va lue of 38 cal. /cm. : sec . (Jeffreys, 1952, p. 282 ) . This provides 22 X 

10' 5 ca l. /yr. for the whole a rea . (b) Transformation of potentia l energy in the ice, for which 
we can assume, as a first approx imation, that the Antarctic I ce Sheet is in a steady state as 
regards its mass a nd sha pe ; th is m eans that each year energy is liberated eq uiva lent to the 
work each sno\\' accumulat ion does in descending to sea-level. Calculat ions for ou r eight 
regio ns (see Fig. 9) g ive a tota l va lue of 58 X I o ' i cal. lyr. 
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The maximum heat flux which could be conducted to the surface through the firn IS 

c.alcula ted from the equation 
\ T 2 - T, 

Q = 1\ - - h-

where Qis the heat flux in cal. /cm .2 sec. , '\ is the thermal conductivity (5 X 10 - 3 cal. /cm . sec. 
o C. ) , T2 is the mean temperature a t the surface and T, the melting temperature of ice under 
the overlying pressure, both in 0 C. , and h is the ice thickness in cm . This calcula tion gives a 
value of 17·5 X 1015 cal. /yr. ; onl y a bout one fifth of the to ta l energy due to geothermal heat 
and potential energy transforma tion (80 X 10' 5 cal. /yr. ) . 

ACCUMULATION 

Fig. 1 0 . Theoretical mean ra te of outward movement 

If wc accept Nye's view ( 195 I), all this energy is li bera ted in the ice at the ice-rock inter
face; so it seems tha t the bottom of the ice sheet should be a t the melting point. The ava ilable 
energy would then melt 64 X 10'5 /80 or 0·8 x 10 '5 g. of ice (0·8 km) water equivalent) . 
From Nye's hypothesis, R obin ( 1955, p. 525) calcula tes the work done in unit time a t the ice
rock interface 

TV = o · 88v 

if W is in kg. m. and v is in m. /sec. D etermina tion of the ra te of outward movem ent v IJ through 
a section D is found as the integra l of accumul a tion above tha t section divided by the area of 
section through which it fl ows, as shown diagra mmaticall y in Figure 10. 

Integra tion of the tota l energy from our eight sectors gives a va lue of 58 X 10'5 cal. /yr., 
a nd this together with 22 X 10 '5 cal. /yr. of geothermal hea t, m akes a tota l of 80 X 10 '5 
cal. /yr. which , ta king conduction into account, would melt 0 · 8 km ) wa ter equivalent. Thus 
these two different methods lead to the same result. 

All these d a ta for the mass ba lance in Terre Adelie a re summarized in T able V. 

TABLE V. MASS BA LA1\C E FOR AREA DISCI-IARC I 1\G TC E TI-IROCG H THE TERRE AOE Ll E COAST 

Area: 58, 0 0 0 km .' I ce vo lume : 100 ,000 km. l 

Ne t accu m ulation 
Ab la tion by calving 
Abla tion b y oceanic melting 
Abla tion by subglacia l mel ting 

Mass bala nce 

km. ; wa ter equ iva len t 
15. 6 

- 7 · 3 
- o · g 
- 0 · 8 
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Visual observations during the last three years nevertheless show a retreat of the ice wall 
in Terre Adelie with the appearance of rock. This retreat can perhaps be explained in one of 
the following ways; (a) due to movement at depth some ice included in the accumulation area 
is not calving through the coast of Terre Adelie; (b) current retreat results from past conditions, 
the time lag could be considerable as can be seen by comparing the mass balance, 6·6 km.3 
with the ice volume, 100,000 km. '; (c) some ablation processes may have been underestimated; 
the calculations are of course only very rough because they have to be based on only a few 
scattered surface measurements made over a very short time interval compared with the 
times involved in so complicated a phenomenon. 

A1S. received 4 September 1961 
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