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ABSTRACT 

Airborne 60 MHz radio echo-sounding data were 
collected over 250 km of flight track from an ice cap 
(Kvit0yj0kulen) on Kvit0ya in north-eastern Svalbard . These 
were combined with Landsa t imagery to provide ice-surface 
and bed topographic information and inferences about th e 
thermal and climatic conditions on the ice cap. Quantitati ve 
analysis of radio-echo strength measurements and th e 
existence of offshore plumes of sediment-laden melt water 
indicate significant basal melting and a warmer therma l 
regime than would be expected from the geographical 
location of the ice cap. Anal ys is of the dielectric absorption 
of radio waves by the ice and data from a recentl y 
recovered ice core from a neighbouring ice cap (Austfonna) 
suggest considerable anthropogenic contamination of the 
precipitation falling on K vit0ya, most probabl y originating 
from Eurasia. 

INTRODUCTION 

Kvit0ya is the most north -easterly island within th e 
Svalbard archipelago , and is the island furthest from th e 
relatively warm North Atlantic Drift , which flows along the 

Flight Lines 

west coas t of Spitsbergen (Fig. I) . The ice cap on K vit0ya, 
K vit0Y j0kulen, therefore represents an end member to the 
suite of ice masses on Svalbard in terms of its relatively 
cold climate, low equilibrium-line altitude, and very high 
percentage of ice-covered island area (Liest01, in press) . For 
this reaso n, Kvit0yj0 kulen was included in an a irborne 
radio echo-sounding survey of the ice masses on Svalbard , 
undertaken during sp ring 1983 (Drewry and Liest01 , 1985; 
Dowdeswell and others, 1986; Dowdeswe ll , unpublished). The 
aims of this paper are: (i) to present information on the ice 
thickness, surface and bed topograph y of the ice cap; (ii ) to 
examine echo-power measurements, which provide inform 
ation on the bulk thermal regi me and / or ice-impurity leve ls 
and the ice/ bed interface; (iii) to compare echo- power data 
with those from other areas in Svalbard to help eluc idate 
variations in ther mal or basa l conditions. 

Perhaps because of its relatively harsh climate a nd 
inaccess ibility, little was known about the glaciology or eve n 
the topograph y of K vit0ya until very rece ntl y. The island is 
infamous for the discovery in 1930 of the las t camp of 
S.A. Andree's 1897 balloon expedition to the North Po le; 
hence the name Andreeneset at it s western end (Fig. I) . It 
was not until the availability of Landsa t sa tellite imagery 
from the mid-1 970s that surveyo rs at the Norsk Po lar 
institutt were able to map the outline of K vit0ya with any 
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accurac y and, more recently, ve rtical aerial photographs 
were obtained and the few areas of bare land fixed by 
sa tellite geoceiver. These data show K vit0ya has an area of 
7 10 km 2

, of which 705 km 2 is glacierized, forming the ice 
cap of K v it0yj0kulen (Liest01, in press). The ice cap ends 
in ca lving tide-water ice cliffs around 92% of its 115 km 
long margin (Fig. I ). 

DATA ACQUISITION AND METHODS 

R adio ec ho-sounding (RES) data were obtained using a 
SPRI Mk TV sou nder ope ra ting at a centre frequency of 
60 MH z. The geometric mean of eight individual wave 
forms, each comprisi ng 256 samples taken at 100 ns 
interva ls, was recorded digitally. A detailed account of the 
digital recording sys tem ma y be found in Gorman and 
Cooper (1987). 

Da ta were also recorded in analogue "Z"- scope form 
us ing an osc illog rap h and heat-sensiti ve paper. The 
ice-s urface elevation changes were tracked automatically, but 
for the weaker , noisier, and more intermitte nt bed echoes 
this was not possible. Ins tead, a power-differentiated 
co ntinuo us display was produced from the digital data and 
digitized man ua ll y. The er rors in depth measuremen t 
incurred are negligib le in comparison to the digital sampling 
length (equi va lent to 8.4 m in ice, which defines the 
maximum reso lution of an individual pulse). 

A bsol u te e levat ions were calculated using terrain 
clea rance from the radar so under and a pressure altitude 
calibra ted by overflying areas of open water. Interpolation 
between pulses enabled the re lative surface elevation to be 
found to wi thin 2 m (Dowdeswell, unpublished). Ice 
thick nesses were ca lculated us ing a mean valu e for the 
perm Itti vity of ice of 3.17 (equi va lent to an EM velocity of 
168 m /LS- l in ice). 

Naviga tion was ca rried o ut using a combination of a 
Tacti ca l A irborne Navigation Sys tem (TANS) and coastal 
cross in g points. Due to the re lati ve ly uniform nature of the 
coas tlin e, across-track errors were fairly large - up to 
I km. Analysis of 32 flight - line crossing points over the ice 
ca p produced a mean surface-e leva tion diffe rence of 
18.7 m. 

Ca libration of the radio-echo logarithmic rece ive r was 
ac hieved by fl ying over a calm sea surface , with an 
ass umed power-reflection coefficient of unit y, at a constan t 
terra in c leara nce of 600 m. A variab le attenuator wi th 10 dB 
steps placed in f ront of the receiver allowed the re lationship 
be twee n th e digitally recorded power leve l and attenuation 
to be determined. The procedure was carried out at th e 
start and the end of field work. 

Ice Surface Elevations (m) 
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Landsa t MSS images of K vit0ya were also acquired to 
provide: (i) a synoptic view of ice-surface elevations to 
complement the g rid of RES data; (ii) data on the elevation 
of the snow line and areas of ice-surface melting; and (iii ) 
information on the presence or otherwise of turbid , 
subglacially deri ved melt water around the ice-cap margins. 
MSS data in the form of computer-compatible tapes were 
obtained and analysed digitally on a GEMS image-process ing 
system . 

RADIO ECHO-SOUNDING TOPOGRAPHIC RESULTS 

Ice-surface and bed morphology 
The ice surface of Kvit0yj0kulen has been contoured 

at 50 m intervals. Landsa t imagery was used to interpolate 
ice-surface contours between flight lines. The surface 
displays a relatively simple topography comprising two ice 
domes (Fig. 2). The eastern dome rises to a maximum 
measured elevation of 373 m a.s.I. The western dome is 
smaller in ex tent and altitude ri s ing to a maximum recorded 
eleva tion of 324 m a.s.I. The true summits of these domes 
were not overflown and are likely to be 10-20 m higher 
than the maximum recorded values. 

The frequ e nc y distribution of ice-surface slopes has 
been calculated for two transects along flow lines with a 
total length of about 50 km (Figs I and 3). Due to edge 
effects, slope an g les are somewhat higher than typical values 
from the larger ice caps on Nordaustlandet to the west 
(Fig. I) (Dowdeswell and Mclntyre , 1986). On Kvit0 ya only 
60% of slopes are less than 1

0 

and 71 % are less than 1.5
0

• 

Bed topography beneath Kvit0yj0kulen is also re latively 
simple, with s lo pes typica lly on the order of 0. 7

0 
or less 

(Fig . 4). Near the ice- cap margins, bed elevations drop 
below sea- level with a minimum observed value of 
115 m b.s.I. Eleva tions gradually increase inland with a 
maximum observed value of 72 m a.s.I. In substantial inland 
areas of the ice cap, however, no bed echoes were received 
due to high leve ls of absorption and internal scatte ring. 
These areas are indica ted by dashed lines on the contour 
diagrams (Figs 4 and 5). Measured ice thicknesses ranged 
between approximately 100 and 300 m (Fig. 5). 

Dri vi ng s tresses were calc ulated along flight lines that 
follow ice- flow lines. Slopes were averaged over 4 km 
(a pproximatel y ten times the ice thickness). Where no bed 
eleva tions were present, usually in the central region, values 
were interpolated between data on either side of the gap. 
This introduces an error of up to 20% in the ice-thickness 
data but allows the general trends in driving stresses to be 
seen . Although the bedrock elevation has not been averaged, 
introduc ing a fal se hi gh- frequency component, the overall 
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Fig. 2. Ice-sur/ace COil/our map 0/ Kvi/oyjokulell. 
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pattern is clear. The driving stresses show values increasing 
to a maximum towards the ice-cap margins (Fig. 6a) with 
the lowest values being found in the regions of the two 
domes, as expected . 

Theoretical long profiles 
Theoretical ice-cap long profiles were calculated using 

the equation: 

hs = 3.35(L - x)O.5 (I) 

(Paterso n, 1981) where hs is surface elevation, L is the 
ice- mass half-width , and x is distance from the centre. The 
use of this equation assumes a flat , rigid bed with no basal 
sliding and no calving. Mass balance, temperature, and other 
factors influencing ice velocity are all ass umed to be 
co nstant. Despite these fairly restrictive assumptions, in the 
absence of adequate boundary conditions, Equation (I) 
provides a qualitative indication of the stability of an ice 
cap (Paterson, 1981 ). Figure 6b is a comparison of the 
theoretical and measured profile for the section of flight 
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line A-B in Figure I. It can be seen that for the western 
dome the theoretical profile is significantly lower than the 
observed profile . Combined with a relatively high driving 
stress in this area (Fig . 6a), this sugges ts that the bed may 
be frozen here. For the eas tern d o me there is good 
agreement between the two profiles. 

Most of the other flight lines do not follow flow lin es 
and therefore cannot be used for this analysis but those 
that do showed similar agreement to that indica ted in 
Figure 6b. 

The distribution of driving stresses and long prof il es 
has a similar pattern to those of a number of drainage 
basins on Austfonna, Nordaustlandet (Dowdeswell , 1986). On 
Austfonna, three distinct groups of drainage basin were 
identified on the basis of their long profile and driving 
s tresses. Bas ins with low driving stresses and surface profiles 
(re lati ve to theore tical profiles derived from Equation ( I» 
were associated with observed surge activity, whereas none 
of those with high driving stresses and surface profiles had 
bee n observed to undergo surg ing. It is inferred, therefore, 
by comparison with the behaviour of the neighbou rin g ice 
ca ps on Nordaustlandet , that the driving-stress distributio n 
and surface profil es on Kvit0yj0k ulen do not indicate that 
surges have occ urred in the recen t past. 

Landsat imagery and subglacial water 
Beyond the margins of Austfonna, the presence of 

turbid plumes of subglaciall y derived me lt water has bee n 
used to infe r the e xis tence of basal melting (Dowdeswe l\ 
and Drewry, 1989). Di gital enhance ment of sea-surface 
pixels from Landsat CCTs shows s imilar surface sed ime nt 
plumes emanat ing from point sources in the term in a l ice 
c liffs of K vit0 yj0k ulen . Water-turbidity meas urements off 
the coast of Nordaustlandet confirm tha t features sim ila r to 
those illustrated are a result of sedim ent- laden waters 
(Dowdeswel\ and Drewr y, 1989). Although cloud obsc ures 
parts of the coas t of K vit0ya, these plumes appear to occ ur 
at inte rva ls around mos t of the ice cap (F ig. 7) . These 
turbid melt waters come to the surface as they leave the 
co nfin es of the ice cap because they are ge nera ll y less 
dense than the ocean waters into which they fl ow. Their 
sediment content must come from the ice/ bed interface, 
because there are no rock outcrops to provide a so urce of 
supraglacial debris. The presence of point sources for th e 
sediment plumes also indicates that s ignificant subg lac ia l 
c hannels are formed and that, despite its location , the ice 
cap possesses significant areas of basal melting. 

Echo-strength measurements 
Measurement of the returned s igna l st rength from the 

ice/ substrate interface ca n provide informa tion on both th e 
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Fig. 7. Plumes of suspended sediment exit ing from the sub
g lacial drainage system of Kvitoyjokulen - digitally 
enhanced Lalldsat MSS bands 4, 5. alld 7 acquired all 2 / 
July 1979 . 

78 

nature of the interface and the bulk properties of the ice 
overlying it. Two parameters of interest can be d e ri ved 
from the returned echo strength. The first is the mea n 
dielectric absorption, Jj (in dB m -I) . This is related to th e 
real part of the high -frequency conductivity of the ice , 0' , 

by the equation: 

B '" 
8.6860' 

2CE O(E,)t 
(2) 

where c is the velocity of light in vacuo, EO is the 
permittivity of free space , and E is the real part o f the 
relative permittivity of ice. The absorption is directly 
propo rtional to 0', and is usually influenced prima ril y by 
the ice temperature, through an Arrhenius-type equation. [t 
is also , however , strongly influenced by the prese nce of 
impurities (Gross and others, 1978; Moore and others, 1989) 
a nd to a lesser extent by crystal-fabric and density 
variations. 

The second pa rameter of interest is the power-
reflection coefficient (PRC) of the ice/ bed interface. This is 
determined from the radar equation which , in loga rithmic 
form, can be expressed as: 

G~o 
20 log + 

8rr(H + z/(E'h 

+ 1010gR - 2B(z)z - 1010gL (3) 

where Pr and Pt are the received and transmitted power, 
respect ive ly, G is the antenna gain, ~o is the free-space 
wavelength , H is the terrain clearance, z is th e ice 
thick ness , R is the power-reflection coefficient, B(=) is the 
dielectric absorption in dB m-I , and L is antenna mis match 
and cable losses. To obtain R , this equation requires a 
knowledge of the system parameters (Pt' G, a nd L). 
However, from the calibration graph for the receiver, it is 
possible to eliminate these constants by using the intercept 
(i.e. when the attenuation = 0) to fix the value of (he 
attenuation calculated from the radio echo-sounding data . 
The PRC (in dB, i.e. PRC = 1000gR) is then given as: 

PRC >"0 ) m(D + C) - 20 log 1------ + 2B(z)z 

8rr(H + Z/ Il) 
(4) 

where m is the gradient of the calibration graph, C is a 
constant determined by the intercept and the geometrical 
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spreading term fo r the calibration fli g ht , D is the dig ital 
valu e of l igna I strength , and n is the re fracti ve 
index = (E' ) . 

The PRC is de pendent on the di e lec tri c prope rties of 
the substrate a nd will vary acco rding to the rock t ype 
(Bam ber, unpublished ). It is also very sensitive to the 
presence of wa te r (Bamber, unpubl is hed ) which has a 
re lati ve permitti v ity o f between 10 and 20 times tha t of 
mos t roc ks (Pa rkho me nko, 1967) a nd can also have a muc h 
h ighe r conducti v ity than dry rock (Colli ns and Yo un g, 
1981 ). Conseq ue ntl y, even relati ve ly small quantiti es of 
wa te r at the bed can increase PRCs by 10 d B or mo re . A n 
ad diti ona l facto r tha t influences the va lue of PR C is the 
me tre-scale roughness of the bed. T his can red uce the 
re turn ed power by up to 15 dB (Neal , unpub lished). 

Echo- strength results 
Absorption values 

The onl y unkn owns In Equatio n (4) a re the PRC a nd 
B(::). If the geome t r ical spread in g term is removed, these 
represe nt the tota l a tte nuation of the radar wave (du e to 
abso rpti on and refl ec tio n losses): 

Atte nu ation = 28 :: PRC. (5) 

He nce, if the to ta l attenuation is plotted agains t ice 
thi c kness for a g ive n ice mass, the g radie nt of the p lo t is 
2B (w here the ove r ba r denotes the m ea n va lue in teg ra ted 
ove r the to ta l ice thick ness) and th e intercept is the PRC 
(Fig. 8). Th is ass um es that the da ta are stati stica ll y 
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Fig. 8 . Scaller plot of ice thickness versus allenuation for 
all the valid data over KvilOya. 

sta ti ona ry over the a rea being in ves tigated , that is, tha t bo th 
8 a nd the bed PRC are in va ria nt. This is c lea rl y a n 
app rox imation as the mean tempe ra ture would be expec ted 
to va r y with ice thi c kn ess and e leva tio n. The justi f ica tio n 
fo r thi s app rox ima tio n was assessed b y the spread in points 
abo ut the f itted reg ress ion line. Pea rso n's product- mo me nt 
co rre lati on coe ff ic ient was used to qua nti fy thi s. Da ta w ith 
a co rrelation of <0.8 were co ns id e red to possess a n 
unsa ti s fac tory linear f it. 

It would be ex pec ted th at, if the prima ry influ e nce o n 
abso rption in Sva lba rd is temperature, the n K vit0yj0k ule n 
sho uld , due to its loca tion at the no rth -easte rn ex tremit y of 
th e a rchipelago, have the lowes t value. It might a lso be 
ex pec ted that there wo uld be some va ria tion with a ltitud e. 
A numbe r of d iffe rent methods of g ro uping the da ta we re 
in ves tiga ted to es ta blish whethe r the re were any a rea l 
va n a tl o ns in a bso rptio n. Data fro m Austfonna, No rd 
austla nde t (the larges t ice cap in the archipelago), were 
fo und to va ry mo no tonica lly with eleva tion, and lowe r 
values (presumabl y indicating lower temperatures) were 
fo und a t higher e levations (Bamber, unpublished). A s imila r 

analys is was undertake n fo r K vit0ya but, pa rtl y due to the 
less ex te nsive coverage, no significa nt rela tionship was 
fo und. The absorption va lues were a lso separated into two 
gro ups di v ided by the approx imate eleva tion of the 
equilibrium line (Lies t0 1, in press) but aga in no 
improvem e nt in the corre lation coeffici e nts was obtained . 
Ana lys is o f the whole d a ta set gave a mean B of 7.48 ± 
0.2 dB/ I 00 m for 787 po ints with a corre la tion coeffi c ient of 
0.8 3 (Fig. 8). 

The re is a change in rock type fro m mainl y gra n itic 
mi gmati tes in the wes t of K vit0ya to quartz- diorite in th e 
eas t, a ltho ugh the loca ti o n of the geolog ical bo undary is no t 
known ( La uritzen a nd Ohta, 1984). Exa m inat ion of PRC 
da ta ind ica tes a d iscontinu i ty of approx ima te ly 8 d B betwee n 
va lues lying e ither side of a line runn ing f rom 
lat. 80

0
13 ' N., long.31

0
54 'E. to lat. 80

0
09'N ., long. 32° 

26 ' E. Sepa ratin g the R ES da ta along this line prod uces a 
cons ide ra ble im proveme nt in the va lue o f the cor rela tio n 
coef f icie n t for eac h g ro up . The wes te rn a nd eas tern parts 
gave, respecti ve ly, a mea n abso rptio n o f 8.05 ± 0.2 a nd 
7.49 ± 0 .2 dB / lOO m w ith co rrelation coe ffi c ients of 0 .90 
and 0.89. These abso rptio n va lues a re equi va lent to 
co nd uc ti v ities of 88 a nd 8 1 JLS m-l, res pecti ve ly, and a re 
co nside rab ly higher tha n va lues obta ined elsewhere in 
Sva lba rd (Ba mber, 1989, unpublished ). Th ese range f ro m 
approx im a te ly 4.5 d B/ lOO m in wes te rn Spitsbergen to a 
max imum of 5.4 d B/ l OO m o n Austfonna, the larges t ice cap 
in the a rc hipelago (Fig. 9). 

.... 32_~E 

~. Kviloya 
- -" 7. S~ 

~ 0.0• 

o 100 
24° E .' . ~, ----,-km--~' . 

Fig . 9. R epresentative selection of mean radio-wave 
absorption values (d BI 100 m) ill Svalbard. indicating the 
reg iona l pal/em. 

Power- reflect ion coefficiellls 
Th e g rea test errors in vo lved in ca lc ulatin g the PRCs 

a re in th e es timation o f 8. Experime ntal rando m errors a re 
abo ut ±2.4 dB , while e rro rs from 8 a re of th e order of 
±2d B/ 100 m and can introd uce an uncerta inty of be twee n 2 
and 7 dB d ependin g on ice thickness . Us in g th e va lues of B 
obta ined in the prev io us sec tion prod uced some 
un rea lis t ica ll y high va lues o f PR C (inc ludin g one or two 
pOS ll1 ve va lues). A poss ib le exp lanatio n for the appare nt 
unsuita bilit y of the ca lc ula ted va lues will be g iven in the 
nex t sec tio n . Us ing lowe r values (more t y p ica l of the res t 
of Sva lba rd) still produ ced relati ve ly hig h PRCs fo r 
Kvit0ya, ra nging betwee n -5 a nd - 25 dB . 

A dis tinc t geograp hi cal trend was o bse rved fo r th e 
PR C d a ta (Fig. 10) fo r the Svalbard a rc hipelago. T he 
highes t va lues (-8 to - 15 dB) we re fo und in wes te rn 
Sp itsbe rge n and are be li eved to be associa ted with the 
prese nce o f s igni f icant qua ntities of water at the glac ier bed 
(Bamber , 1989, unpu blished ). Relati ve ly low va lues (-30 to 
- 40 dB) w e re calculated for parts of the hi g h- plateau ice 
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Fig. 10. R epresenlalive seleClion 
reflection coeffi cienls (dB ) in 
regional pal/ern. 

of mean bed-power 
Svalbard , indicali llg lhe 

caps in north-east Spitsbergen and were suggested to be due 
to a frozen bed most probably overlain by a debris-rich 
laye r of ice (Bamber, 1989). Austfonna was found to have 
intermediate values (between -17 and -30 dB) but, as for 
the ice masses in Spitsbergen, there was a proportionality 
between PRCs and mean abso rption values. Intuitively, thi s 
see ms reasonable as high B values suggest higher 
temperatures and hence a greater presence of basal water. 

DISCUSSION 

The pattern of absorption values is shown in 
Figure 10. Although there is a less obvious trend in 
comparison to the PRCs, it is interesting to note that the 
two theoretically coldest ice masses (on the grounds of 
loca tion and limited temperature data) in the archipelago, 
Austfonna and K vit0yj0k ulen, possess the highest absorption 
va lues. In addition, those from K vit0ya are approximate ly 
40% higher than the highest value from Austfonna . If it 
were only temperature regulating absorption, then the bulk 
ice temperature for Kvit0ya should be about 5 °C warmer 
than for the warmest ice on Austfonna. This is unlikely as 
K vit0ya is in the cold est part of the Svalbard archipelago; 
there is a maximum elevation difference between them of 
200 m and Landsat data suggest that both ice caps possess 
sig nificant basal melting (Fig. 7). It is clear that another 
fac tor is having a strong influence on the dielec tric 
properties of the ice. Factors, other than temperature, that 
can influence dielectric absorption include crystal fabric , 
density, the presence of wate r (linked to temperature), and 
impurity content (G len and Paren, 1975). Assuming se nsible 
physical limits for the variations in these parameters, the 
only factor that can produce such a marked increase in 
absorption is an increase in the impurity content. 

Shallow snow samples have been collected from a 
number of different sites in Svalbard and showed a two- to 
three-fold increase in H+ concentration between Spitsbergen 
and Austfonna (Semb and others, 1984). The highest value 
observed was obtained from near the summit of Austfonna 
and is equivalent to a pH of 4.53. It implies stro ngly 
acidified precIpitation that is most likely of an 
anthropogenic origin. It has been shown that the wintertim e 
ai r circulation in the Arctic originates from Eurasia and 
trave ls over Siberia, across the Arctic Ocean, approaching 
Svalbard from the east (Rahn, 1982). In summer, however , 
due to the retreat of the Arctic Front to higher latitudes, 
the air masses often come from the Atlantic and Iceland , 
and approach Svalbard from the west (Barrie, 1986). 
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Furthermore, s tudies of air pollution in the Arctic (Rahn 
and others, 1980) indicate much higher S02 levels in the 
winter (December-March). There may be, th e refore, an 
east/west gradient in impurity concentration in th e 
precIpitation over Sva lbard . The ice mass lyin g at the 
extreme of this gradient is K vit0yj0kulen. The ice cap is of 
sufficient altitude to cause substantial precipitation and 
moisture loss from approaching easterly air masses (Mason , 
1971). The winter air stream will then pass over Austfonna 
and finally Spitsbergen . In summer, it is suggested that the 
majority of moisture is removed in traversing Spitsbergen 
from the west and little fall s over K vit0ya. 

A second factor that may enhance the proposed 
impurity gradient is melt-water percolation. It has been 
suggested that the existence of water at grain boundaries in 
temperate glaciers can remove the bulk of the impurities 
from the ice (Glen and others, 1977). On theoretica l 
grounds, it has also been suggested that acids reside at 
grain boundaries (Wolff and Paren, 1984). Preliminary 
results from scanning electron microscopy of natural ice 
samples support this hypothesis (Wolff and Mulvaney, 
unpublished) . The greater a mounts of surface melt water 
present in Spitsbergen due to higher summer temperatures in 
the west of the archipelago would consequently produce 
more "impurity flushing" than on Austfonna or K vit0ya 
(which would presumably be least affected by this process). 

It is important to consider the time-scale over which 
high levels of impuntles (specifically acids) have been 
affecting the Arctic. Results from an ice core taken from 
Dye 3, Greenland , suggest that significant inc reases have 
taken place over approximately the last 100 years (Neftel 
and others, 1985) , The accumulation rate on the summit of 
Austfonna is on the order of 0.4-0.5 m/ year (Dowdeswell 
and Drewry, 1989). The order of magnitude of the 
time-sca le and acc umulation rate are strongly supported by 
data obtained from a Soviet ice core taken from the summit 
of Austfonna which displays a minimum pH at the surface 
of 5.2-5.3, steadily increasing to a fairly constant value of 
about 5.6 at a depth of 80-100 m (paper in preparation by 
V.S. Zagarodnov and S.M. Arkhipov) . 

The equilibrium line on K v it0 ya lies at an e levation of 
about 200 m a.s.1. (Liest01, in press). Analysis of digita l 
Landsat imagery confirms this value. The majority of ice 
below this level will be older than 100 years and 
consequently relati vely "clean". Hence, the impure ice laye r 
will form a "cap" lying over an almost flat layer of 
relatively pure ice. This lower laye r, being reasonabl y 
uniform in thickness, would not be detected by plotting ice 
thickness against absorption and might explain why usi ng 
the calculated values of B gave unrealistically high PRCs . If 
a different model is used with a low- loss bottom la yer of 
approximately 200 m thickness, then more reali stic PRCs are 
obtained. 

Let us assume that the increase in absorption on 
K vit0ya relative to the values on Nordaustlandet is due 
solely to an increase in H +. Using an empirically deri ved 
relationship between conductivity and H+ (Moo re and others, 
1989), it is then possible to estimate SH+ The relationship 
is , however , temperature-dependent and the uncertainty in 
the temperature profile and the dependence means that the 
calculated value is only an "order-of -magnitude" estimate. 
The difference in absorption between the two ice masses is 
about 3 dB/ lOO m . This implies a difference in conducti vity 
of 33 iJ.S m-I which, in turn , indicates a 5H+ of 
I3 ± 6 j.Lmol. This suggests more than a doubling in the 
acidity, which seems unlikely. If, however, the mean ice 
temperature for K vit0ya is higher than that for 
Nordaustlandet, then this would have the dual effect of 
increasing the influence of impurities and the intrinsic 
conductivity of the ice . It is unlikely that the ice from 
K vit0ya would contain a much greater concentration of sea 
salts compared with Nordaustlandet as the surface elevations 
are not too diss imilar and the sea-ice cover is greatest in 
extent both temporally and spatially in the extreme 
north-east. 

CONCLUSIONS 

The morphology of K vit0ya suggests a relatively stable 
ice cap with simple ice-surface and bed topograph y. The 
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existence of debris- rich plumes of melt water offshore 
implies that there are areas of basal melting beneath the ice 
cap. Furthermore, s ignificant areas of the bed are below 
sea- level, and any advance of the ice-cap margins would be 
over potentially deformable glaciomarine sediments. 

Echo-strength measurements have indicated an 
anomolously high radio-wave absorption relative to other ice 
masses sounded in Svalbard. It is believed that this is due 
to a higher level of anthropogenic impurities in the snow 
on K vi t0ya than elsewhere in the archipelago and to a 
lower amount of melt-water percolation. This is associated 
w ith winter air circulation supplying polluted air from 
Eurasia. Thi s h ypo thes is could be eas ily tested with a n ice 
co re or, less sa ti sfac toril y, fro m shallow snow measure
ments. 
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