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ABSTRACT. Velocity and ice-thickness profiles were measured on the western g laciers of the S0r-Rondane 
during the Expeditions Antarc tiques Beiges of 1959 and 1960. Some of the stat ions wer e re-occupied for 
velocity measurements during the Expedition Anta rctique Belgo-Neerlandaise, Campagne d 'Ete 1964- 65. 

The profiles, with stations at 1 mile (1 ·6 km.) intervals, were genera lly east- wes t and at right-angles to the 
direction of flow of the plateau o utl e t g laciers. T he movement was measured by resecrion of each station from 
the main triangulation points over p eriods ranging from 256 to 1,501 days. Double ties with a Worden geodetic­
type gravity m eter were measured be tween the stations. An additional gravity station was occupied on rock 
a t each end of the profile. The ice thickness and the subglacial topography a re calculated from the gravity 
profiles. Combined with the surface ve locity, they a llow an es timate o f the discharge of the g lacie r . The results 
indicate a close rela tionship be tween the glac ier flow a nd the supply from the Antarcfic I ce Sheet, as demon­
strated by a study of the aeria l pho tographs. 

RESUME. MeslIres d'ecolllement de glace et d'ipaisseur dans le Sor-Rondane, Dronning Maud Land, Antarctiqlle. Des 
profils de vitesse e t d'epaisseur d e g lace ont ete mesures sur les glaciers oues t du S0r-Rondane p endant les 
Expeditions Antarctiques Beiges d e 1959 et 1960. Quelques unes des stations ont ete reoccupees pour des 
mesures de v itesse pendant la campagne d 'ete de l'Exp ed ition Antarctique Belgo-Neerlandaise 1964-65. 

Les profils, avec un intervall e d e 1,6 km entre les stations, e taient diriges en genera l es t- ouest et pe rpendicu­
lairement a la direc tion d 'ecoulem ent d es glaciers effiuents du plateau. Le mouvement de chaque station etait 
determine par rei i!vement des po ints principaux de la triangulation avec une p e riode entre 256 et 150 1 jours. 
Des rattachem ents doubles avec un g ravimetre geodes ique Worden ont ete effec tues entre les stations. Une 
station gravimetrique supplementaire fu t etablie a chaq ue extremite du profil sur la roche. l:epaisseur de la 
glace et la topograph ie sous-glac ia ire ont ete ca lculees a partir des profils gravimetriques. Combines avec la 
vitesse superficielle, ils permettent une estimation du d ebit des glaciers. L es resultats indiquent une relation 
e troite entre I'ecoulement glacia ire e t I'apport de l' Indla ndsis Antarctique deja demontre par I'etude des 
photographies aer iennes. 

ZUSAMM ENFASSUNG. Geschwindigkeits- /IIU! E isdickenmessllngen in Sor-Rondane, D ronning M aud Land, Anlarktika. 
Auf den west li chen Gletschern von S0 r-Rondane wurden wahrend de r Belg ischen Antarktis-Exped itionen 
von 1959 und 1960 Geschwindigkeits- und Eisdickenprofile gemessen. E inige Stationen wurden fur Gesch­
windigkeitsmessungen wahrend d e r Sommerkampagne d er Belgisch-N ied erla ndischen Antarktis-Expedition 
1964/65 wiederbesetzt. 

Die Profi le , deren Sta tionen in Abstanden von 1 M eile ( 1,6 km) lagen , waren im a llgemeinen ost- west 
gerichtet und scnkrccht zur Fliessri chtung der Ausflussg letscher des Po lplateaus. Die Bewegung w urde durch 
Ruckwartse inschneiden jeder Stat io n nach den Hauptdreieckspunkten libe r Perioden zwisch en 256 und 
1501 Tagen gemessen. Mit e inem Worden-Gravimeter geodatischer Bauart wurden Doppellinien zwischen 
den Stationen beobachtet. An j edem Profilende wurden im Felsgela nde z usa tz li che G rav imetersta tionen 
besetzt. Aus den Schwerkraftpro fil en wurde die E isd icke und d ie subglaz ia lc T opographie h ergeleilet. In 
Verbindung mit d er Oberflachengesch windigkeit lassen sie e ine Abscha tz ung des Gletscherausstosses zu. Die 
Ergebnisse deuten auf eine enge Beziehung zwischen dem Gletscherfluss und dem Nachschub allS dem 
antarktischen Inla ndeis, wie sich a n hand von Lllftbildern zeigen lass!. 

I NTRODUCTION 

The 1959 a nd 1960 Expeditions Antarctiques Beiges were organized by the Centre 
Nation;;tl de R echerches Pola ires d e Belgique. The expeditions' headquarters, " Base Roi 
Baudouin" (Iat. 70° 26' S. , long. 24° 19' E. ) , wcrc constructed by the 1958 Expedition 
Antarc tique Bdge. The programme of the expeditions included geological, gravity and geo­
detic surveys by the authors. The bulk of these investigations deal with the S0I'-Rondane, an 
impressive mounta in range approximately 200 km. south of " Base Roi Baudoin" (Fig. I ) . 

In addition to their main programme, the a uthors undertook movement and ice-thickness 
m easurements on some of the glaciers in the western part of this range. The main results of 
these m easurem ents are reviewed in this paper. The Campagne d'Ete, Expedition Antarctique 
Belgo-Neerlandaise, 1964- 65, was organized by the Comite Antarctique Belgo-Neerlandais. 

• Expeditions Anta rctiques Beiges, 1959 and 1960, a nd Campagne d'Ete Expedition Antarc tiqll e Belgo­
Neerlandaise, 1964- 65. 
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Fig. I. Eastern Dronning Maud Land. Belgicajjella were first photographed by the Expedition Antarctique Beige, 1958 (leader 
G. de Gerlache) and Dronning Fabiolafjella by the Expedition Antarctique Beige, 1960 (leader G, Derom) 

The So}'-Rondane 

The Sor-Rondane forms a 250 km. long, east- west, wedge-shaped mountain range which 
acts as a barrier and dams the glacier flow from the Antarctic Ice Sheet (Fig. 2) . It seems that 
the flow in the unobstructed areas to the east and west of the mountain range is far more 
important than the flow through it. However, about 15 major glaciers drain the ice from the 
polar plateau and subdivide the range into its main units. In general, these glaciers are 
orientated south to north but their direction may vary from north-north-west to north-east. 
Their widths range from 3 to 35 km. and their lengths increase eastwards, reaching a maximum 
of 80 km. (Byrdbreen) . 

In addition to the main drainage glaciers, the Sor-Rondane has its own well-developed 
glacierization system which is dependent entirely upon local conditions. Alpine, cirque and 
niche glaciers, and small ice caps occur within the range. 

North of the range the confluence of the Sor-Rondane glaciers forms a piedmont zone 
(inland ice slope) but, as individual geographic features, the glaciers have disappeared. Near 
"Base Roi Baudouin" the inland ice slope joins the ice shelf. 

The Sor-Rondane offers a wealth of evidence to establish the diminution of glacierization. 
Dry glacial valleys , extensive mammillated surfaces and vast moraine-covered areas are 
abundant throughout the range. There is considerable reduction in glacierization both on the 
polar plateau (and its drainage northwards) and locally. 

A general account of the range has been given by Van Autenboer (1962), and more 
detailed data on glacierization and deglaciation are given by Van Autenboer (1964[a] ) . 

A map on a scale of 1 : 250,000, drawn from air photographs taken by the U.S. Navy 
Antarctic expedition of 1946- 47 (Operation "Highjump") and published by the Norsk 
Polarinstitutt in 1957, proved to be most valuable during the field work. However, the 
altitudes have had to be changed materially as a result of the triangulation and barometric 
profiles by Blaiklock (unpublished). 
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OBSERVATIONS 

I ce-thickness and movement m easurements were carried out on the following glaciers: 
Gunnestadbreen (2 profiles), Gillockbreen, the glacier between T eltet and Utsteinen, and 
J enningsbreen. In addition, movem ent was observed on Gjelbreen and ice thickness was 
measured on H.E. Hansenbreen, on several smaller glaciers, and on the inland ice slope. The 
latter m easurements are not considered here (Fig. 2). 

The profiles are approximately east- west (at right-angles to the main flow direction of the 
glaciers) with stations at 1,600 m. intervals . 

l ee-flow measurements 

During 1959 and 1960 a triangulation scheme was observed in the S0r-Rondane. The 
geodetic and survey work consisted of about 40 triangulation stations covering an a rea about 
200 by 50 km. (Blaiklock, unpublished ) . The geographical coordinates of T eltet, the primary 
triangulation station, were determined by astral observations. After adjustment of the scheme, 
the geographical positions of the individual stations were calculated and they were then 
transposed into grid coordinates. 

H eights in the S0r-Rondane were all related through the triangulation observations to 
Teltet " 1920". T eltet itself was tied to " Base Roi Baudouin" and sea-level by aneroid baro­
meter traverse. The mean of four main traverses observed during 1959- 61 was used . On each 
traverse three aneroids were read. The standard error of the mean is 5 m . The positions and 
heights of the markers of the glaciological- gravimetric traverses were fixed by theodolite 
resection from the main triangulation scheme. Observa tions at the glacier stakes were repeated 
as frequently as possible. 

At the resected glaciological stations, two sets of horizontal angles and one set of vertical 
angles were observed with a Wild T2 theodolite. Usually five to seven points that had been 
given coordinates previously were chosen. Where possible, they were triangulation stations 
themselves or well-fixed peaks. At stations in the middle of glaciers it was easier to choose well­
placed peaks around the horizon , but some of the gravity stations on rock were at the bottom 
of ridges, so that visibility was restricted to one-half of the horizon . 

The positions of the stations were calculated by a semi-graphical method. The coordinates 
of the triangulation sections used were the preliminary ones calculated during the winter at 
" Base Roi Baudouin" and not those finally computed at the Institut Geographique Militaire 
in Brussels. However , the final coordinates differ from the preliminary ones by only very 
small amounts and it was considered unnecessary to recalculate the resected positions, 
inasmuch as only differences between successive positions of the glacier stakes are considered. 

For the glaciological stakes, the actual movement is of more interest than the true position. 
At stake lion Gunnestadbreen four resections were observed over a period of 32 months 
(Fig. 3) . The direction a nd amplitude of the movement did not vary appreciably for the three 
interm ediate periods. The coordinates of any resection are considered to be accurate to less 
than o' 5 m. relative to one another. 

The results of ice-flow measurem ents for the 1959- 61 period are given in Table I, and 
those for the 1960- 65 period are given in T able n. A comparison between velocity figures 
for the same marker stakes during these two periods shows remarkably good agreement. 

Gravity measurements 

The gravimetric work of the 1959 and 1960 Expeditions Antarctiques Belges included 
relative measurem ents of gravity and an airborne survey, which was intended as a contribution 
to regional gravity mapping (Van Autenboer, 1964[b] ) . For glaciological purposes only 
differences in gravity were measured . The stations were the same as those used for the velocity 
measurements, with an additional station on rock at each end of the profile. The profiles were 
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MOVEMENT 01 STAKE 11 SEMI-GRAPHIC RESECTION 
•• f , .o<I 

'U Hi H-++-+"":""''''''';o\60?:I. +--+-++-1 
GUNNE 5 TAOBREEN 
STAKE 11 

26 /1 2 / 1960 

;11 I II H -++-+-++-1H-+-t--+--1 

110 ' ... , ,. ," al ' ~ •• 
H-t-+-f-+-t++-_~:~ ~,,~::~·. 

12/ 4 11 960 

12 141960 ' 
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H-t-H--1i-r- " "-'" '' .... . .... . OC I · 

24 / 111960 

8/4 / 1959 
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o : : :";:~ :' ..... 

Fig. 3. D iagrams illustrating the semi-graphical resection oJ stake I I on Gwznestadbreen at jOllr observation dates, and the 
calculation oJ its velocity and direction 

m easured twice in ea ch di rection and the mean of the measured differences was ta ken. 
Correction for d r ift was only occasionally possible . A Worden geodetic-type g ravimeter 
(No. 453) was used , and it had been checked on the Belg ian and interna tional (O slo- Bode) 
calibration bases. The calibra tion curve supplied b y the manufacturers was found to be 
satisfac l:ory and it was used for the computations. T ransport for the glaciological gravity 
measur~ments was m ainly by dog sledge and the gravimeter was suspended in a fram ework 
rigged on the back of the sledge. Using a thoroughly tra ined dog team pulling a well-loaded 
sled ge and with som e care to avoid steep blue-ice areas, this method of transport proved to be 
satisfactory. A p relimina ry reconna issance to select a sm ooth part of the glacier and to find 
easy access to rock on both sides of the glacier was often necessary. The elevation and la titude 
d e terminations fo r the stations have been described a bove. 
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TABLE I. ICE-FLOW MEASUREMENTS IN THE S0R-RoNDANE, 1959- 61 " 

Slake Number Total True 
number Period cif observation of d"ys movement Movement azimuth 

111. cm _/day 
Glacier between T eltet and Utsteinen 

I 4 December 1959- 22 December 1960 384 1-30 0- 35 000
0 

2 4 December 1959-22 December 1960 384 1-70 0-45 000
0 

Gunnesladbreen 
I 20 J anuarY- 21 December 1960 335 1-32 0-39 0090 

2 20 J anuarY- 21 December 1960 335 8- 27 2-50 0 15
0 

3 20 J anuarY- 21 December 1960 335 10 - 18 3- 00 020
0 

4 25 J anuarY- 4 April 1960 70 2-36 3-40 0360 
4 April- 20 D ecember 1960 260 7- I I 2-70 0280 

25 J an uarY- 20 Decem ber 1960 330 9 -45 2 -90 0300 
Total period 660 18- 92 2-86 029

0 

5 7 FebruarY- 20 December 1960 3 17 8- 24 2-60 029
0 

6 7 FebruarY- 20 December 1960 317 8 -4 1 2- 65 0280 

7 7 FebruarY- 20 December 1960 3 17 5-41 1-70 025
0 

8 5 FebruarY- 20 December 1960 3 19 1-97 0-60 024
0 

9 13 April- 27 December 1960 258 9 -45 3-70 0400 
10 13 April- 27 December 1960 258 10-44 4- 00 0400 
I I 8 April 1959- 24 January 1960 29 1 23 -28 8-00 0090 

24 J anuary- I I April 1960 78 6-44 8 -25 0060 

I I Apri l- 26 D ecember 1960 259 2 1 -09 8- 15 0050 

Total period 628 50 -81 8- 09 0060 

12 8 April 1959- 24January 1960 29 1 30 -53 10-50 0090 

24 J anuary- I 2 April 1960 79 8-34 10-55 0 10 0 

12 April- 26 December 1960 258 26-97 10-45 0080 

Total period 628 65- 84 10-48 0090 

13 8 April 1959- 24 January 1960 29 1 4-40 I -50 0'70 

24 J anuarY- 12 April 1960 79 1- 24 1-60 01 4
0 

12 April- 26 December 1960 258 3-9 1 I-50 0320 
Total period 628 9-55 I -52 022 0 

14 8 April I 959- 24 January 1960 29 1 7- 69 2- 65 0280 

24 J anuarY- 12 April 1960 79 2-06 2 -60 023
0 

12 Apri l- 26 D ecember 1960 258 6-3 1 2-45 025
0 

Total period 628 16 -06 2-56 025
0 

15 8 April 1959- 24 J anuary 1960 29 1 3 -26 1-10 010 0 

24 J an uary- 12 April 1960 79 0-7 1 0 -90 0080 

Total period 370 3-97 1- 0 7 0090 

Gillockbreen 
13 J a nuary- I 6 December 1960 338 0 -54 0-20 022 0 

2 13JanuarY- 16 December 1960 338 1-20 0 -40 0050 

3 6 March- 16 D ecember 1960 285 0-90 0 -30 0060 

J cnningsbreen 
3 March- I 7 December 1960 289 0 -30 0 - 10 2700 

2 3 March- I 7 D ecember 1960 289 0-30 0 - 10 0000 

3 24 February- I 7 December 1960 297 0-40 0- 10 000
0 

4 17 March- I 7 D ecember 1960 275 0 -42 0- 15 315
0 

5 I7 March- I December 1960 259 0-36 0- 10 3000 
6 20 April 1960- 1 J anuary 1961 256 0-40 0-20 0000 

7 20 April 1960- 1 J anuary 1961 256 0-35 0- 15 3500 

Gjelbreen 
1960 5- 28 I 28 FebruarY- I I December 287 1- 80 335

0 

2 28 F ebruarY- I I December 1960 28 7 5 -83 2- 00 329
0 

3 27 F ebruarY- I I December 1960 288 7- 24 2-50 349
0 

4 28 FebruarY- I I December 1960 28 7 7 -21 2 -50 0020 

5 27 F ebruarY- I 3 December 1960 290 6-00 2- 10 002
0 

6 26 February- I 3 December 1960 29 1 2-30 0-80 000
0 

7 2 March- 6 D ecember 1960 279 0- 6 7 0-20 333
0 

8 29 FebruarY- 9 December 1960 286 7-9 1 2-80 0030 

9 I March- 8 D ecember 1960 283 7 -30 2-60 0360 

Piedmont zone t 
6 21 April 1960-16 January 196 1 270 5 - 10 1-90 0280 

* For position and graph ical presentat ion of results see Figure 2_ 
t Stake 6 is situated 10 km _ north of nunatak " 1550" on the Norwegian map. 
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TADLE H . I CE-FLOW MEASUREMENTS IN THE S0R-RoNDANE, 1960- 65 * 
Stake 

number Period of observation 
Glacier between T eltet and Uts teinel! 

22 December 196o- 28 J a nua ry 1965 
2 22 D ecember 196o- 28 J a nuary 1965 

GU7lIlestadbreel! 

2 

3 
4 
5 
6 
7 
8 

Gillockbreel! 

2 1 D ecember 1960- 28 J a nuary 1965 
2 1 D ecember 1960- 28 J anuary 1965 
2 1 December 1960- 27 J anuary 1965 
20 D ecember 1960- 27 J anua ry 1965 
20 D ecember 1960- 26 J anuary 1965 
20 D ecember 1960- 26 J a nua ry 1965 
20 December 1960- 25 J anua ry 1965 
20 D ecember 196o- 25 J a nua ry 1965 

I 16 December 1960- 25 J anuary 1965 
2 16 D ecember 1960- 25 J a nuary 1965 
3 16 D ecember 1960- 25 J a nua ry 1965 

Jenningsbreen 
2 17 December 196o- 25 J anuary 1965 
4 17 December 1960- 24 J a nuary 1965 
6 I J a nuary 196 1-24 J an uary 1965 
7 I J a nuary 196 1- 25 J anuary 1965 

Gjelbreen 

Number Total 
of days movement 

1499 
1499 
1498 
1499 
1498 
1498 
1497 
1497 

1500 
1499 
1484 
1485 

5 · 57 
36 . 68 
49. 08 
41 .59 
38 .48 
38 . 20 
26·22 
9·45 

1. 7 1 

2.78 
1.36 
1.30 

Movement 
cm. /day 

0 · 24 
0·26 

0 · 37 
2·45 
3. 28 
2 · 77 
2 · 57 
2·55 
1·75 
0·63 

0·09 
0 · 24 
0·20 

O' I I 

o· 19 
0·09 
0·09 

75 

True 
azimuth 

0060 

0 15
0 

024
0 

029
0 

0280 

0260 

02 3
0 

02 3
0 

339
0 

3080 

343
0 

344
0 

5 13 D ecember 196o- 23Janua ry 1965 1502 32.42 2· 16 3580 
7 6 D ecember 1960- 23 J a nuary 1965 1509 2 · 22 o · 15 3240 

• The 1965 observations w ere made by the Campagne d 'Ete of" the Exped ition A ntarctiquc Belgo­
Neerlandaise, 1964- 65 . 

Martin ([ [949J ) was th e fi rst person to use gravity m easurem ents for the d etermination of 
ice thickness. In his m ethod, as it has been applied here, the observed gravity va lue at a 
glaciological station is reduced to the elevation and latitude of a reference station on rock. 
T he density of ice (0.92 g. /cm )) is used in the com bined (free-air and Bouguer) elevation 
correction , implying the ex istence benea th the glacio logical station of a n infi nite slab of ice, 
the thickness of wh ich is eq ua l to the di ffe rence in elevation between the two stations. This 
assumption would be correct when the value at the reference station and th e reduced va lue 
of the g laciological sta tion are equa l. A difference between th ese two values is considered as 
an anom a ly and requires fu rther interpretation . 

Since no in formation on other causes a ffecting the gravity values is availa ble, the obse rved 
anoma ly is expla ined by assuming tha t the thickness of th e ice, and consequently the heigh t 
of the rock basement, differs from the assumption by an am oun t h2 • 

It is th erefore equa l to the difference between the Bouguer corrections for density, dr (ice) 
and d2 (rock), applied to a n infinite sla b of height, h2, which equa ls the difference in elevatio n 
between the rock basem ent and the reference level, i. e . h2 = A nom aly/L (d2- dr). T his 
difference is negative when the subglacia l topography lies below the reference level a nd 
positive when it lies above i t . H owever, Martin a llowed no correction for th e regiona l varia tion 
of gravity which is conta ined in the observed gravity (Li t tlewood , 1952). On longer traverses 
this migh t introduce a la rge error and especia lly in Antarctica wh ere a large a nomaly gradien t 
can be expected, as there is a trend towards isosta tic equilibrium of the crust under the load 
of the Anta rctic I ce Sheet. 

Bull a nd H ardy (1956), in their work on Austerda lsbreen in Norway, interpola ted a curve 
of regiona l anomalies based upon the anom a lies at the rock stations a t each end of the profil e . 
The sh ape of the curve is based upon the anom aly curves m easu red in the lower ice-free parts 
of the g la cier valley. 

For the present interpreta tion there is no inform ation regarding the curve of regiona l 
anom alies and therefore the gradient has been assumed to be linear between the rock sta tions 
a t each end of the traverses. The d ifference between the two values at the rock stations, a fter 
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reduction to the same h eight and latitude, has been distributed over the profile. Further 
calculations were carried out using Martin' s m ethod and in Figures 4- 8 the calculated cross­
profiles are represented by a dotted line. 

In the calculations using M artin 's method the presence of an infinite slab of ice beneath 
the stations is implied in the Bouguer correction. This assumption can be applied to gravity 
stations on a large continental ice sheet if the subglacial bedrock relief is simple. However, it is 
bound to introduce a serious error when a valley glacier with a U-shaped cross-profile and 
well-confined boundaries is considered. Since this was true in the case of the S0r-Rondane 
glaciers, a check was necessary. This was kindly done by Ir. L. Jones, Geographe a l'Institut 
Geographique Militaire in Brussels, who suggested the method and carried out the computa­
tions . In this procedure the Bouguer anomalies were first computed * for a two-dimensional 
model of a glacial valley having the cross-profile estimated by Martin's method. Two of the 
dimensions of this model , representing the cross-section of the glacier, are situated within the 
vertical plane of the gravimetric profile . The third one, perpendicular to this plane, is assumed 
to be infinite and corresponds to the long axis of the glacier. Comparisons of the anomalies 
calculated by this method and the observed anomalies show a serious discrepancy (or remanent 
anomaly) (Figs. 4- 8). This discrepancy is greatest in the central part of the glacier where the 
gravity effect of the basement rising towards the boundaries of the glacier has to be accounted 
for. The thicknesses calculated by Martin's m ethod apparently do not correspond with the 
true ones. 

In order to achieve a better approximation to the subglacial profiles, further m odels were 
successively chosen, their effects calculated using Hubbert's method and compared with the 
curve of observed anomalies. When the calculated curve of anomalies coincides with the 
observed one, the model apparently represents the cross-section of the glacier, excluding the 
effects of possible geological accidents and of changes in d ensities (e.g. moraines contained 
within the ice) . For practical purposes the results are considered satisfactory when the two 
curves are within a few milligals of each other. The adopted ice thicknesses at the glaciological 
stations are given in Table III and are represented in Figures 2 and 4- 8. 

TABLE Ill . I CE THICKNESSES DETERMINED FROM GRA V ITY MEASUREMENTS 

Station number Ice thickness Station number Ice thickness 
m . m. 

Glacier between Vtsteinen J enningsbreen 
and Teltet I 214 

906 2 600 
2 1302 3 996 

4 1197 
GlIllllestadbreen 5 700 

I 332 
2 734 H. E. H ansenbreen 

:I 1235 1064 
4 1477 2 1328 
5 15 13 3 1646 
6 1462 4 1979 
7 1109 5 1656 
8 606 6 1600 

7 1593 
Gillockbreerz 8 1446 

I 625 9 1005 
2 1216 10 490 
3 611 11 216 
4 307 12 27 

* For the calculation of the anomalies given by the models, the m ethod of Hubbert (1948) was used. This 
method has been used by Thiel and others ( 1957) on a glacier in Alaska. The programming of this method has 
been carried out by Talwani and others (1959) for an IBM 650 computer and by Chevalier (1963) for the CAB 500 
computer used for this study. To calculate the effect of the model, the following data are required: the abscissa of 
each station, coordinates (abscissa and ordinate, or ice thickness) of the different summits of the model, related to 
a chosen station of origin, and the density contrast. For the preliminary calculations the " standard" densities of 
2·67 g. /cm.3 (for rock) and 0'92 g. /cm. 3 (for ice) were used. 
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DISCUSSION 

Flow rates, directions of flow and ice thicknesses m easured in the S0r-Rondane are repre­
sented in Figure 2. The annual discharge of fou r of the S0r-Rondane glaciers can now be 
roughly estimated. In this calcula tion the m easured surface velocities were applied to corres­
ponding vertical slabs of the cross-profile, drawn as a function of the determined ice thicknesses. 
As the vertical distribution of the rate of movement is not constant and diminish es downwards 
(Mathews, 1959), these figures are maximum estimates . * 

Annual discharge 

Tons of ice X 106 

G lacier between Telte t and Utsteinen 2' 9 
Gunnestadbreen 83 .8 
Gillockbreen 3 ' I 

J enningsbreen J ' 7 

No velocity measurements were made on H.E. Hansenbreen. However, other observations 
(Van Autenboer, 1964[aJ ) indicate that a greater rate of movement can be expected in this 
glacier. The cross-section of H .E. Hansenbreen is approximately I . 85 times the cross-section 
of Gunnestadbreen. By estimating its velocity as being at least twice the m easured one for 
Gunnestadbreen, an estimate of 302 X 106 tons/yr. is reach ed . A comparison of the velocities 
of Gunnestadbreen and Gjelbreen indicates that the discharge of the latter should not exceed 
that of Gunnestadbreen. 

A study of available air photographst and field observations indicates the main sources of 
nourishment of these glaciers (Van Autenboer, 1964[a] ). 

It is likely that the discharge ofH.E. Hansenbreen exceeds the total discharge over a large 
part of the western part of the range. The S0r-Rondane generally acts as a barrier and dams 
the flow of ice from the polar plateau. The drainage in the areas to the east and the wes t of 
the range, which are free from obstruction, is far more important than the discharge through 
it. H .E. Hansenbreen is situated a t the western limit of the range and its discharge clearly 
indicates the importance of this defl ected flow. 

Gunnestadbreen is clearly the most important of the glaciers within the range for which 
an estimate is available. This glacier is actively fed from the polar plateau. From the 1959 
Norwegian air photographs, it appears that to the south there is a trough which funnels the 
plateau ice supply into the narrow confines of the lower reaches of the glacier. Local glaciers 
form an important contribution in addition to the plateau supply. These are small glaciers 
on the southern slopes of Widef0efj ellet which discharge southwards and south-eastwards. 
Their local flow is d eflected northwards when they join the main ice discharge from the polar 
plateau. 

Quite a different situation exists east of Gunnestadbreen and south of Gillockbreen, 
Ellisbreen and J enningsbreen . H ere the Antarctic Ice Sheet approaches a local rise, as can be 
assumed from the nunataks projecting through it. The ice sheet glides evenly over this bedrock 
highland area as a smooth , featureless and crevasse-free plain, the ice of which is proba bly 
thinner than that supplying Gunnestadbreen. As it reaches the northern edge of the highland 
it cascades down into the three small glaciers. 

* It has been shown (Van Autcnboer, 1964[a] ) that the present state of glacierization in the S0r-Rondane is 
a red uced one compared with former glacier coverage. The present glacier regime is believed to be in balance. 

t 1946- 47: trimetrogon photographs of U nited States avy, Operation " Highjump" (leader R. BYI'd) ; 
1958: oblique air photographs of the S0r-Rondane by Norsk Polarinstitutt, Operation " Pingvin", 1958- 59 
(leader B. Lunke) ; 1960: trimetrogon photographs over part of the S01'-Rondane by Expedition Antarctique 
Beige 1960 (leader G . Derom). 
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The glacier between Utsteinen and Teltet has at present no direc t supply from the polar 
plateau , a lthough evidence of its former extension indicates that this was previously so. It is 
therefore a loca l g lacier only because its ice supply has been cut off, a nd its estimated disch arge 
is believed to reflect local nourishment . 

There is clearl y a direct relationship between the discha rge of the S0r-Rondane dra inage 
g laciet-s a nd their supply from the platea u. 
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