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BASAL SLIDING AND MOVEMENT NEAR THE MARGIN 

OF THE GLACIER 0STERDALSISEN, NORWAY 

By W. H. THEAKSTONE 

(School of Geography, Victoria University of Manchester, Manchester 13, England) 

ABSTRACT. Observations in a nd around na tura l caves beneath the glacier 0sterdalsisen in 196 1 and I Cj62 
indicated that, within the marginal zone, basal sliding played a major part in the movement measured at 
the upper surface. Sliding rates apparently were inAuenced by the availability of water at the glacier. The 
contribution of differential movement within the ice, which was unimportant within the outermost part 
(a bout 10 m.) of the glacier, increased with distance from the edge. Movement at the bottom was free from 
macroscopic irregularities, except where loca l conditions at the bed inAuenced the mode of Aow. Air 
temperatures within the innermost parts of subglacial caves were a lmost constant, below o°C. Studies 
indicated that la rge gaps are unlikely to exist between the g lacier and its bed when the ice is more than 
50 m. thick. 

RESUME. Observations directes du glissemellt basal et du movement pres du. bord du Clacier @sterdalsisen, JVorvege. 
Des observations dans et autour des caves nalUrelles sous le glacier 0sterdalsisen en 196 1 et en 1962, montrent 
que, dans la zone marginale, le glissement basal joue un role primordial dans le mouvement mesure a la 
surface superi eure. Les vitesses de gl issement sont apparamment inAuencees par I'existence d'eau dans le 
glacier. La contribution de mouvement differentiel dans la glace, qui e tait negligeable dans la partie extreme 
(environ 10 m) du glacier, augmentait avec la distance au bOI·d. Le mouvement au fond etait libre 
d'irregularites macroscopiques, excepte la ou des conditions locales du lit inAuen<;a ient le mode d 'ecoule­
ment. Les tempera tures de l'air dans les pa rties les plus internes des caves sous-g laciaires eta ient presque 
constantes, en-dessous de o°C. Les recherches ont montre que de larges esp aces libres ne peuvent ex isler 
entre le glacier et son lit lorsque la glace a plus d e 50 m d 'epaisseur. 

ZUSAMMENFASSUNG. Direkle Beobachtunu VO Il Cleitell am Unlergrllnd IlIzd Bewegllng /lahe am Rand des @sterdalsisen­
Cletschers, Norwegen. Beobachtungen von 196 1 und 1962 im Innern und in der Umgebung von naturlichen 
H iihlen unter dem 0sterdalsisen-Gletscher ergaben, dass in del' Randzone das Gleiten a m Untergrund 
einen griisseren Teil der an d er Oberfhiche gemessenen Bewegung ausmachte. Die Gleitgeschwindigkeiten 
waren sichtli ch durch die Verfugbarkeit von W asser im Gletscher beeinAusst. Der Anteil del' differentiellen 
Bewegung im Eis, der im aussersten Teil des Gletschers (ca. 10 m) unbedeutend war, nahm mit dem 
Abstand vom Rande zu. Die Bewegung an del' Sohle zeigte keine makroskopischen Unregelmassigkeiten 
a usser dort, wo ortliche Verhaltnisse am Bett die Art d es Fliessens beeinAussten. Die Lufttemperaturen in 
den innersten Teilen subglazia ler H iihlen wa ren beinahe konstant und unter o°C. Untersuchungen zeigten , 
dass griissere Hohlraume zwischen dem Gletscher und seinem Bett kaum vorkommen diirften , wenn das 
Eis mehr a ls 50 m dick ist. 

I NTRODUCTION 

Natura l caves beneath the outer part of the glaciet· 0sterdalsisen (Jat. 66° 3 1' N ., long. 
14° 07' E. ) facilitated investiga tion of the nature and rate of movement at the bottom in 
1961 and 1962, and of the contribution of basal sliding to surface flow. Sliding was recorded 
directly during a period of sixty-three days, and seasonal variations of flow within the 
marginal zone were measured. An attempt was made to ascertain the relation between the 
ice thickness and the area of contact between the glacier and its bed. 

SUBGLACIAL CAVES AT 0STERDALSISEN 

0sterdalsisen is the southernmost outlet of the ice cap Svartisen in Norway (Theakstone, 
1965) . From an accumulation area of about 50 km. 2 on a plateau 1100- 1300 m. above 
sea-level, the glacier descends to a basin north of Burfjell ; its lower part is bordered to the 
west and north-west by Kamplien, and to the east by SvartisfjelI (Fig. 1) . From the basin , 
where the surface is relatively even and unbroken at about 300 m. above sea-leve l, the ice 
spreads out in the direction of0sterdalen, the valley to the south-west, and towards Svartisdal 
in the east. 

In its descent from the plateau, 0sterdalsisen crosses a series of steps on Svartisfj ell. 
Resemb li ng a gigantic staircase, these are roughly parallel, and trend obliquely across the 
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line of grea test slope of the valley side. The step pattern is most marked on the lower part 
of Svartisfj ell, where vertical or near-vertical " cliffs" , I' 5- 5 m . high, alternate with gently 
inclined "treads", 8- 15 m . broad. Where the glacier is relatively thin, a series of gaps is 
left against the rock cliffs. The floor a nd up-glacier wall of the tunnels, or ice caves, formed 
in this way are of rock , and the roof and down-glacier side are made by the bottom of the 
g lacier (Fig. 2) . The caves provide compa ratively easy access to the base of the g lacier, and 
permit study of conditions there. 

Fig. J. 0 sterdalsisen seell from the south-west, 24 August 1963. I II the foregroulld are the lower slopes of Bll7fjell. At the 
right ~/ the photograph are the rock steps q/ Svartiifjell, which give rise to the subglacial caves. The "main cave" studied 
in 19 6 1 and 1962 was at the lower part of that sectioll of the glacier border which appears in a near-vertical position OTl 

the photograph 

OBSER V A TIONS [N THE MAIN CAVE IN [96 I AND I962 

Preliminary studies were carri ed out within the subglacial caves a t 0sterdalsisen in [959 
a nd 1960, a nd detailed investiga tions were undertaken in the summers of [96r and ' 962. 
In mid-July 196 1, the main cave chosen for observations was about 75 m. long (Fig. 3) . 
The form of the 50 m. long outer section was controlled by the 1- 3 m . high cliff at the up­
glacier side. The broad middle section of the cave was rather low, and the floor d escended 
steeply from it to the small inner section, which was associated with a different rock cliff, 
1- 2 m. high. 

The horizontal component of the movement of the ice was measured at a number of 
sites within the cave. A self-recording instrument, which was installed at the inner end 
early in the first summer, operated for about nine weeks. Unfortunately, conditions prevented 
direct recording of basal movem ent in [962. An almost complete record of movem ent a t 
the inner end of the cave was obtained for the period 7 JulY- 7 September 196 1. The peg 
used remained tight in its hole; it was rigid, and proved impossible to rem ove from the ice 
at the end of the summer. Great care was taken to avoid accidental recording of jerks caused 
by factors other than the movem ent of the ice . The few accidental contacts with the instru­
ment which resulted from the restricted space at the inner end of the cave were noted 
carefully. 

In mid-August it became clear that the instrument peg, which had moved from the 
centre of the arching cave roof, would not contact the rock floor before recording had to be 
ended. As some record of movement at the actual contact was desired , another peg 
(Instrument Peg 2) was placed in a vertical section of the ice fairl y close to the floor , which 
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was covered by a thin layer of grit and mud. Although for som e time it seemed that this 
second peg, too, might remain separated from the rock by a thin layer of ice, it did eventua lly 
m eet the floor. In 1961, seven pegs additional to those used in conjunction with the recording 
instrument were employed (Fig. 3) . Three of these were placed a long the line of flow of 
the ice in the middle section of the cave indicated clearly by scoring of the glacier bottom. 
The shattered remains of Pegs 61 . I and 6 1.2, from the inner section , were found in the adjacent 
down-glacier cave on 28 July 1962. Pegs were not used in 1962, bu t seven holes were drilled 
in the glacier bottom (Fig. 3), a nd measurem ents of their movement were undertaken. 
Additional holes were drill ed along the lines of flow passing through four of these. 

Fig. 2. The enlrallce 10 Ihe "maill cave" all Svarlisfjell , 16 ]uly 1962 

R ESULTS OF S UB GLACIA L OBSERVATIONS 

Between 18 July 1961 and 22 August 1962 , Peg 6 1. 2 moved 1150 (±50) cm ., at a m ean 
rate of 2·9 (±o· r) cm ./day. With one exception the mean rates of movement determined 
within the main cave for va rious periods during the summer of r 96 I were within the range 
4.7- 7 .0 cm. /day; Peg 6 1.6 m oved at a m ean rate of 9· 7 (±o· I) cm. /d ay between 19 and 
29 August. In the summer of 1962, basal velocity was within the ra nge 4 ·4- 5·4 cm ./day 
everyw here except at the hole very close to the margin of th e glacier, which m oved 5·5-
y6cm. /d ay between 17 and 28 July. (R esu lts correct to nearest o·Icm. /day. ) Direct 
observations at 0sterda lsisen thus show that summer rates of sliding are greater than the 
m ea n a nnual rate . T he sam e conclusion was reached by ElIiston for the Gornergletscher on 
the less direct evidence of changes of surface movement ([Ell istonJ, 1962) . 
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A number of the pegs used in 196 1 moved more rapidly in ear ly and mid-August than 
in July, and their rate of movem ent decreased again in late August and early September. 
At other pegs, however, similar variations did not occur (Fig. 4a) . Throughout the cave, 
the direction of movement was almost uniform, towards the m elting glacier margin. In Ig62, 
the movement of ice at the base of 0sterdalsisen was rather less rapid a nd m ore regular 
than in Ig61 (Fig.4b) . 

DATE 1,1 .7 1,1.1, 61.5 61.1 

12/'1 
I I 

DEVIATION (CM/DAY ) 

1,/'1 
-2.'0 1:0 6 1·0 2:0+ 

I 
I 
I 

31/S 
I 
I 

I I , , , I , , 
25/8 , I 

, , , I I I 

I I I I 
1'1/8 , I 
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1)/8 I I I \ 
I I I \ I I I , 
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\ \ , 
\ \ I 

1/8 \ \ , 
\ \ \ 
\ \ , 

21,/7 \ \ \ 
\ \ \ 
\ \ , 

20/7 \ \ \ 

\ \ \ 
\ \ 

\ \ \ 
14/7 \ \ \ 

\ \ 
\ , 

8/7 
30 35 40 45 50 SS 1,0 

METRES FROM ENTRANCE CAIRN 

Fig. 4a. Nlovement of pegs in the main cave at the glacier bottom, /96/. The vertical lines represent 6 · 0 CIIl. /day and deviations 
from this rale are jJlotled 
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Fig. 4b. Nfovement of holes ill the glacier bollom. 1962. The vertical lines represent 5' 0 cm./day and deviations from this 
rate are plotted 
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The separation of p egs spaced a long a line of flow in the middle section did not vary 
significantly during the summer : the measured distance between Pegs 61.4 and 61.5 was 
r 4. 00 ft. (427 . 7 cm. ) on 14July, 13 .96 ft. (426.5 cm. ) on 21 July, and 426 cm . on 29 August, 
distances being correct to ± o· 05 ft. (± 1 ·5 cm. ). T he distance between Pegs 6 1.3 and 6 r.4 
remained constant at about 407 cm. 

Measurements a long lines of h oles drilled across the cave roof in 1962 confirmed that, in 
general, little differen tial movement occurred a long a ny particular line of flow of the ice 
(Table I ). For the most part, the longitudina l strain-rates were less than 0 . 085 year-I . Along 
line 5, however, the down-glacier end of the ice arch tended to flatten off as it approached 
the sloping rock floor, so that the cave roof had a double curve, concavo-convex a long the 
line of flow. R esults of m easurem ents at this line showed a consistent trend, the overall 
distance between holes increasing a long the convex slope near the cave floor. 

TABLE l. SEPARATION OF HOLES A LONG LI NES ACROSS T HE GLACIER 

BOTTOM , 0STERDALSISEN 1962 IN CM. 

Date 3 0 July 3 [ J uly [3 August 2 1 August 

Line 2 

i- ii 52 52 51 51 
ii- iii 62 61 ·5 60·5 62 

Ill - I V n· 5 n· 5 78 A 
I V - Y 59 59 60 A 
V- VI 47· 5 47· 5 46 .5 A 

V I- V lL 56 .5 57· 5 A 

Line .. 5 
1- 11 100 100 100 

11- 11 1 11 8 11 9 ·5 120 
Ill- I V 11 2 114··5 118·5 
L ine 6 

1- 11 69·5 68·5 70 
11 - 111 58 57·5 57· 5 

Ill- IV 57· 5 58 56 
I V - V 36 .5 34·5 C 

Line] 
69·5 69 1- )1 70 .5 

1I - 1I1 71.5 72 .5 72 

A - Lost as a result of a blation. 
C - Lost as a resu lt of closure of the hole. 

Traces obtained with the recording instrument during the first fi ve weeks of observations 
in 196 I were fairl y smooth ; there were no abrupt changes of the rate of movement of the 
instrument p eg. Instrument Peg 2 was used from 20 August, though it did not make contact 
with the valley floor until 2 September. From that time, the peg moved up the sloping bed , 
a long the ice/rock con tact. J n con trast to earlier traces, those obtained for the period 29 
August to 7 September showed a series of j erks, up to ha lf a centimetre or more in size. 
Irregularities of movem ent of Instrument Peg 2 were more pronounced after 2 September 
than in the p eriod preceding that date (Fig. 5) . It was clear that movement recorded at, 
and a few centimetres from , the contact between the g lacier bottom and the cave floor was 
of a j erky nature, whi lst furth er from the contact it was smoother and more regular. 

SURFACE MOVEMENT 

The surface velocity of 0sterdalsisen in the VICIIllty of the main cave was determined 
with the aid of four stakes during the summer of 196 r and of eight in 1962. In both summers, 
the directions of movem en t of a ll the stakes were very similar, and the rate of m ovem ent 
increased with distance from the border (Figs. 6 and 7) . H owever , the rate was generally 
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higher in 196 1 than in 1962. Thus, Stake 62. 1 moved at a mean ra te of 5' 7 cm. /day, com­
pared with the 7 .6 cm. /day found for Stake 6 1. I at a lmost exactl y the same si te, 20- 25 m . 
f!"Om the edge of the glacier. Values at about 55 m. were 7.6 cm ./day a nd 8· 4 cm. /day. 
The rate of sliding at the bottom of the g lacier a lso was less rap id in 1962: about 50 m. 
from the edge it was onl y 4' 8 cm./day, compared with about 5.6 cm. /d ay in 196 1. 

r--4--1 2--~--+---r'-~~'~~~------6'--+-~+-~~~-+-+---r--+---+---~-1-
'" .-....\, .. :r}, 

',..,.. , -.. , 
" 

1-- 3 --- .---r--~~+---~-1---+-- .-r--+---+-~~~---+---~------.---+---r--+---+---~-'---~12---r--+-~ 
29, 61 

~2---.---~--+---~-+--- 1 ---L--3---r--+_-1---t--+_--+-~L-~--+---~-+---r--+--1~-+---r--+_-1--~ 

I 
r · ' _1~~---+---r--+---+---~-1---+---r--~--+---~_1---1------3---r--+---+---~-1---2---~.---r--+-~ 
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---5--1' ~ ,BEC ~,-+---+---t--+_--+_--+-~---+---t--+_--+---+_~---+---t---r--+-+-+_~~-i 

1·._t---r--+_-1---t--+_--+--~~~-=:l-;--~_+--+--+_-~------9---r--+_-1---t--+_--~~---f---1 8+-t---11----1 

f---1-12 --+---+---+----i---i-~---~ •. --+--+---~-+---t--+--+---+---~-+---+--+ ..... " H -

RE-SE 

[ . 

__ 2---. ---t---!---!-f---:i------, 
+--t---r_-+--_t~+--+--t_--r__+--_t~+~'~61~·_t---i .--+_-- --+--~--+---t-_1~-~---~6--+--+_~ 

I ' . . 
~1 --- 3---t--+--t_--t---r_-+--_t--+--+--+_--~~~--_t--+--+_--+_--~_+--_+--+--+_--+_--+____i--_+--~ 

.1; 
- • 00 '800 0 00 • 0 0 0:00 I 0 000 100 0600 - 1 :00 

"" "'" ~, .. .~... ,. •• , •• ~ . ... to" t«! 
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Fig. 5 . Records of basal movement , Instrument Peg 2 , 0 sterdalsisell. 19 6 1 
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The outermost part of the glacier, which hard ly m ade contact with the rock below, 
moved as a r igid block. Differential motion between the upper and lower surfaces only 
becam e significant about 8 or 9 m. from the edge, as the ice thickness a nd the proportion 
of the glacier bottom in contact with the bed increased (Fig. 7) . In both [96[ and ' 962, 
basal velocity was responsible for about two-thirds of the m ovem ent observed at the surface 
of the g lacier even where ninety per cent of the bottom was in con tact with the bed, about 
50 m . from the margin . In both years, the smface velocity 75 m. from the edge of the g lacier 
was only a bout fifty per cent greater than that at the border. In r 962 m ovem ent a t the side 
was twenty-five per cent of that 300 m . away. Clearly, surface m ovem ent near the margin 
of this glacier is due primarily to basal sliding. 

62 '8 

9 29 40 bO se A L E 
9 I? 15 , 

b2'6 

/ 
/ 

/ GL ACI ER 80RD ER 

/ Iq 6 1 STAKE VECTOR 

/ Iq b2 STAKE V ECTO R 

--- ' G ENE RAL LIN E OF 
-- MAIN C AVE 

Fig. 6. Movement of cave area surface stakes, 1961 and 1962 

CHANGES OF CAVE PROFILES 

Towards the end of the summer of 1960, it was found that caves beneath 0sterda lsisen 
could be foll owed to greater distances, and that parts form erly impassable because of the 
low height of the roof were no longer the limit of possible progress . The heigh t of the rock 
cliff, and the relation between its orienta tion and the direction of ice movem ent, had a 
significant effect upon the size and length of a cave. Melting had no importance in the 
development or maintenance of profil es within the inner part. In 196 " profil es were 
m easured across the main cave on Svartisfjell at '0 ft. (3 m. ) intervals on at least two 
occasions. Changes were found to occur at all parts of the cave ; although considerable in 
the outer section , they were relatively slight in the inner section. A continuous record of air 
temperature at the inner end of the cave about 65 m. from the entrance a nd 22 m . below its 
level was obtained with a screened thermograph for the period '2 August- 4 September, 
a nd regular check readings were taken with an alcohol thermometer. The temperatme 
remained almost constant at - ,. o°C. Although slight rises did occur, the temperature 
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12 + STAKES AT GLACIER SUR fACE 
X PEGS AT GLACIER BOTTOM 

11 

10 

q 

& 

7 

& 

5 

4 

J 

2 

I 

0 
0 

VELoC ITY 
CM . /DAY 

10 20 30 40 50 &0 70 80 
DISTANCE fROM GLACIER BORDER 14-7-&1. (M) 

10 + STAKES AT GLACIER SURFACE 
q "HOLES AT GLACIER BOTTOM 

qO 100 

: t 

j

l ~0~----1~0-----2~0-----'30------'4'~0-----5'~0-----&~'0-----7'0-----.80------qO.----1-+00 
DISTANCE fR OM GLACIER BORDER 20-7-62 (Ml 

Fig. 7. Relation ~f basal and surface movement, I96 f and f962 

o nly reached o°C. during periods of wet weath er, when th e amoun t of water entering the 
Svar tisfj ell caves from the valley side increased considerably. Circula tion of wa rm a ir within 
the cave was restricted to the outer and middle sections wh ere, in con trast with the inner 
section, cave profil es were a ffected by melting of the ice . U nfortunately, ice a nd rock 
tem peratures could not be d etermined, since sui table instruments were not available at the 
time. 
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Three profiles were m easured within the inner section of the cave, a long lines normal 
to the face of the rock cliff (Fig. 3) . Contorted ice intervened between the rock floor and the 
active glacier bottom a t Profiles 2 and 3. The contorted ice resulted from spiralling of the 
bottom part of the glacier , which rotated as it impinged obliquely upon the sloping rock floor 
(Theakstone, 1966). The thickness of the ice a bove the sites on 14 July ranged from a bout 
38 m. above Profile 3 to 42 m. above Profile I. Between 14 July and 22 August the ice thick­
ness d ecreased by about 2 m. above all three profiles. 

Examination of the relation between the thickness of the overlying ice and the radius 
of curvature of ice cave profiles suggested that the radius was inversely proportional to a 
fairl y high power (8- 10) of the thickness (Table Il ) . The different flow conditions in the 

TABLE n . R AD IUS OF CURVATURE OF I CE CAVE P ROF ILES, 

AND I CE THICKNESS 

Thickness qf Radius of 
D ale Profile overlying ice curvalure 

m. m . 

' 4 July 196 1 42 4 ' 0 
22 August 196 1 40 4' I 

' 4 July 1961 2 36 '5 3 '9 
22 August 196 1 2 35 5'2 

14 July 1961 3 36 '5 4'2 
22 August 1961 3 35 5 '4 

14 Jul y 1961 4 29 43'5 
14July 196 1 5 20 34 ' 5 

outer pa rt of the g lacier, which tended to move m ore-or-less as a solid block, and the 
considerably highel' value there of the proportion of the glaciel- not in contact with the bed , 
caused a breakdown of the relation for ice thicknesses less than about 25 m . Around the 
main cave, the load of the g lacier on its bed , calculated from the basal contact-area ratio 
a nd the ice thickness on 23 July 1962 (Table ITI ), was a lmost constant at about 3.8 kg.jcm. " 
except below the outermos t 10 m. of the g lacier, where the load was about 5'4 kg.jcm. 2

• 

T A BLE Ill. BASA L CONTACT RATIO AND I CE THI C KNESS 

D islance from Area of bed AptJrox. Ihickness 
glacia border 

Area of ice in conlacl wilh bed 
of ice 

m. m. 
0- 10 5 12 

10 - 20 2, I 20 
20- 30 1, 6 26 
30- 40 " 4 30 
40- 50 1 · 2 36 
> 50 42 

DISCUSSION 

The surface movem ent of ice in the margina l zone of 0sterdalsisen was less rapid in 1962 
than in ' 96 ,. Surface movement was large ly controll ed by basal sliding, a nd it seems tha t 
a m aj or part of the d ecrease of surface velocity resu lted from a decrease of basal sliding 
velocity. 

Throughout the 60- 70 m. wide marginal zone, basa l sliding in the summers of 196 1 a nd 
1962 was equal to 50 per cent or more of the movement of ice a t the surface. The summer 
rates of sliding exceeded the mean annual velocity, and sliding was more rapid in the summer 
in which rainfall was more abundant and more frequent (Fig. 8) . Comparison of the daily 
precipitation and the slight variations of dail y rates of sliding in 1961 , ex tracted from the 
recording instrument charts, indica tes a tendency for faster sliding to have occurred during 
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40 

•• • • 
• 0 '0 

2. 2. 

20 20 

I. 
" 

10 10 

0 0 
10 15 

JULY 

Fig . 8. Precipitation and basal sliding 

wetter periods. H owever, water supplied to the bed of the g lacier as a result of ablation at 
the surface, a nd with in the outer part of the cave, may either increase or replace the effect 
of precipita tion at different times; total a blation at the g lacier surface was larger in the 
summer of 1962 than in that of 196 1. No direct simple relation can be identified between 
the amount of precipitation a nd the rates of sliding a t the sites studied , but it is clear that 
the avai labili ty of water at the g lacier exer ts som e influence on the sliding velocity, as shown 
by the mean daily I-ates of sliding in Figure 8, and by seasonal differences between summer 
a nd winter, indicated by the m ean a nnua l rate of sliding. 

On occasion, water was seen to tr ickl e down behind the smooth , ha rd ice which coated 
the faces of rock cliffs beneath the glacier , even where the a ir temperature remai ned at 
- 1 QC. for long periods ; this carried away onl y very fine material from the bed . No detail ed 
studies of the material or of its a bundance at different times were undertaken . Whilst they 
were being washed away, or when they were totall y immersed in water , the vel-y small 
particles could offer littl e resistance to th e sliding of th e glacier. If they held back the glacier' 
when conditions were rela tive ly dry, an in crease of sliding ve locity wou ld be expected to 
coincide with their remova l. W eertman (1964) considered that a water layer on ly o ' 35 mm . 
thi ck might have a significant effect upon the sliding velocity of a g lacier, and such an effect 
may explain th e observations at 0s terda lsisen . 

At the site where it was recorded , sliding generally was regular and free of macroscopic 
j erks, but irregular motion was characteristic at, a nd very close to, the floor. T hat j erks 
were recorded before the peg contacted the floor indi cates that they were a feature of the 
movem ent of the ice itself, and were not caused so lely by m ovement of the wooden peg over 
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either the rock floor or the intervening thin layer of grit a nd mud . Nevertheless, the presence 
of the fin e debris is likely to have had some influence upon the nature of movement recorded 
near the bed. The fact that the ice descended to a floor which sloped slightly upwards across 
the line of flow may have been responsible to some d egree for the nature of the movement. 
J erks were smoothed out within a few centim etres of the floor, and it seem s that the irre­
gu larity recorded a t the bed was a local factor, with a local cause, rela ted to the nature of 
the floor or rock wall at the site chosen for recording. It is possible that j erkiness resulted 
from "stick and slip" motion of the basal ice, "sticking" being caused either by jamming 
against materia l at the bed or by d eformation of the ice close to the inclined floor. " Slipping" 
would result either as the ice in contact with obstacles at the bed melted under the influence 
of increased pressure, or as the basal ice was pulled a long b y the steady forward movem ent 
of that above it. 

CONCL USIONS 

r. Basal sliding is responsible for at least one half of the flow observed at the surface 
within the marginal zone of 0sterdalsisen. Varia tions of sliding rates are reflected in var'ia­
tions of rates of surface movem ent. 

2. Variations of sliding velocity occur seasonally, as well as from one year to a nother. 
The velocity of sliding is related to the availability of water at the g lacier. 

3. Sliding withi n a marginal zone about 10 m. wide is influenced by the detachment of 
the g lacier from its bed , a nd the ice moves as a more-or-less rigid block. Further from the 
valley side, flow conditions are not the same, and differential movem ent within the ice is 
more important. 

4. J erky m ovem ent occurs at a nd very close to the floor, but movem ent a littl e further 
from the rock is macroscopica ll y smooth and regular. 

5. Little differential m ovement can be detected along lines of flow at the g lacier bottom , 
but variations of the fOl"m of the ice arch may result in depa rtures from the general pattern. 

6. Fluctuations of air temperature within the outer parts of subglacial caves influence 
the forms of profiles there, whereas they very rarely occur at the inner, lower parts of the 
caves. 

7. It is unlikely that there are large gaps below more tha n about 50 m. of ice at 
0sterdalsisen . 
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