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Summary :

During the years 1971-1973 a research project was carried

out at the Science Institute of the University of Iceland with

the financial support of the IAEA.

The project included:

a) Development of a core drill, suitable for deep drilling

in temperate glacier ice.

b) Drilling of a 415 m long continuous ice core from the

Vatnajökull ice cap, the largest glacier in Iceland.

c) A study of the deuterium, oxygen-18 and tritium content

of the core,,

d) Study of the concentration of various elements:

e) Study of the texture of the ice.

f) Identification of the volcanic ash layers found in the core,

in order to gather information about the absolute age of

the ice.

A rotary drill suitable for deep coring in temperate ice

was developed for this project. The drill and its operation

is already described in detail by B. Ârnason, H. Björnsson and

P. Theodorsson. (J. Glaciol 1974, Vol. 13, No. 67, pp 133-139).

r J :
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In the summer of 1972, a 415 m deep hole was drilled into

the temperate accumulation area of Vatnajökull. Core recovery

was 99 %. The various studies of the core are all still in

progress.

30 layers of volcanic ash were found in the core. Most

of the layers have been inspected for grain size and refractory

index. These studies have supported a model for the age of the

ice, where the uppermost ash layer at 31 m depth is believed to

be from an eruption in 1961, the deepest one at 410 m depth from

an eruption in 1684. When chemical analysis have been performed,

they will give a critical evaluation of this model.

Deuterium measurements already performed on the uppermost

2 50 m of the -core support the assumption, that variations in the

deuterium content of the core may be used to reflect past

climatic changes in Iceland. The mean deuterium content of the

accumulation deposited in the period 1931-1960 is 5 o/oo higher

than that of the accumulation deposited in the neriod 1891-1920.

This is in accordance with the fact that the climate in 1891-192 0

was considerably colder (medn temperature approx. 1 °C lower)

than in 1931-1960.

The tritium measurements at present extend down to a depth

of 30 m, or to the year 1962. These measurements show that there

is some isotopic exchange between firm layers in the uppermost

32 m.

Measurements of the chloride and sodium content have already

been performed on the entire core. The chloride measurements

show that at the same time as the chloride variations are

gradually smoothed out, the average chloride content of the ice

gradually decreases from 1.0yU.g Cl~7g ice at the surface to

0.1/og Cl~/g ice at a 415 m depth. This is explained such that

Cl~ preferently becomes dissolved in free water between the ice

crystals and moves away together with this water. The sodium

content of the core shows similar trend as does the chloride

content.

Various studies of the structure of the ice core are in

progress. These studies include the size of the ice crystals

at various depths, the orientation of the crystal axes and the
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S0u and Hg measurements

size and pressure of air bubbles entrapped in the ice

Various other studies such as F

are also planned.

After these studies have been performed approximately two

third of the cross section of the core will be left, and will

be kept in a frozen form for future studies.

1. Introduction

In order to put the study reported here in a treneral

perspective, we will begin this report with a short note

about our country and the broad background of the interest

in Iceland for the project.

Iceland is a rather large island in the norther part

of the Atlantic ocean, where it touches the arctic circle«

Despite the northern latitude the country enjoys a rather

mild climate. Rich fishing banks around the country are

the main support of a modern community in the country.

Natural energy sources in the form of hydroelectric power

and geothermal energy, are however .important contributers

to the high national income of the people. These energy

sources are both connected to the glaciers that are the

object of the present study, although in an indirect way.

The population of Iceland is also strongly dependent

on the agriculture in the country. As Iceland lies near the

limit where a modern community can flourish this industry is

strongly dependent on the weather and small fluctuations in

the climate can have serious consequences.

The interest in Iceland in the Project reported here

is therefore mainly caused by the following three factors :

1) It may broaden our understanding of the role of

the glaciers in the hydrologie cycle.

2) It may contribute vital information for the isotopic

study of geothermal groundwater in Iceland, and

finally

3) It may give us valuable information about past climatic

fluctuations.

Besides these points, this study can yield

information of various, nature to local interest as well

as international interest.
>!



RAUNVisiNDASTOFNUN HÄSKOLANS
SI ÏHVCB INSTITUTE • i.'wvERsrrv or irnj. VNI>

y ;

2. Purpose üf the project.

In March 1971 a research contract was made between the

IAEA and the Science Institute of the University of Iceland.

The werk planned was the following:

1) To develop a core drilling equipment for temperate

glacier ice.

2) To drill through the ice cap of Vatnajökull, the

lareest glacier in Iceland, and bring the ice core

to a cold storage in Reykjavik.

3) To cut the ice core and prepare samples for various

studies.
lt) To measure the deuterium concentration throughout the

entire vertical section of the ice cap.

5) To measure the tritium concentration in the uppermost

100 m of the ice cap.

6) To study some physical properties of the ice core.

7) To study the volcanic ash layers in the core.

8) To compare the result of Pb-210 dating of the ice

with the absolute dating of the ice by ash layers.

9) To find the half life of Si-32 by using the absolute

age of the ice known from ash layers.

10) To measure the concentration of some elements in the

ice core.

Assuming that successful drilling could be done, the

measurement of the deuterium concentration in the ice was the

main purpose of the work as these measurements might yield

information about climatic changes in Iceland during the last

1 0 - 2 0 centuries as well as giving iitiDortant supporting

information to isotopic ground water studies that have been

pursued intensively in Iceland during the past 10 years. The

measurement of the tritium concentration and the study of the

ash layers were also considered important* Other studies were

not planned in detail but would be done as far as possible.

The drilling equipment was designed and constructed as

planned and it worked successfully, except for failure of the

cable for the drill, that stopped the drilling at a depth of

298 meters. A new cable was borrowed that was 420 m long at

with this it was possible to drill to a depth of 415 m, which
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was the final depth of the hole,

glacier was M5Ü-b00 meters.

Estimated thickness of the

3. Design and construction of drills.

Prior to this work extensive deep core drilling had been done

in polar glaciers but no deep drilling had been done in a temparate

glacier where a continuous core had been taken. Two drills were

designed and constructed: A thermal drill and a mechanical drill.

The thermal drill has been used extensively in polar as well as

temperate glaciers, and the one that was made follo'̂ ed conventional

principles. prior experience with this type of drill in Iceland

had indicated that volcanic ash layers in tne ice would pose a

serious obstacle for the thermal drill. The main emphasis was

therefore laid on the development of the mechanical rotary drill.

The construction and experience with the mechanical drill

is described in detail in an accompanying paper, published in

Journal of Glaciology (Arnason et al.,1974,Vol 13, No 67, pp 133-139

As described in this article the construction of the drill

was successful although some difficulties had to be overcome.

The cable of the drill caused, however, serious trouble because

of frequent breakage of the leads. This was caused by an

unsatisfactory design of the steel armour. The manufacturer has

accepted our complaints and will deliver a new 700 m cable to us.

The drilling equipment will hopefully prove a very useful

tool in future glaciological studies in Iceland.

H. Drilling expedition.

The most demanding task of this project was the elacier

expedition. This expedition was on much larger scale than has

hitherto been undertaken in Iceland to a glacier. This could

never have been undertaken if not for the enthusiasm and hard

work of the numbers of the Galciolagical Society of Iceland.

The original plan assumed that the expedition would last 4 - 5

weeks, but because of various difficulties, primarily because

of our trouble with the cable, the work on the glacier lasted 9

weeks. Because all the work of the members of the Glaciological

Society depended on volunteers, frequent renewals in the working
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group-were mady.

In all about 40 people took part in the expedition to the

glacier and the total number of working days there were about

700, and about 60« of this was supplied by merrb ers of the

Glaciolo^ical Society and the rest by the staff of the Science

Institute,

5. Transport of ice cores to cold storage.

As the drilling was done in the middle of the summer the

transport of the ice cores Dosed some problem. After the

initial study md brief descriDtion of the cores at the site,

The cores were packed into polystyrene foam blocks, that served

both for thermal isolation and mechanical protection. These

blocks orov^d to be very successful.

Initially it was intended to transport the ice cores from

the glacier to Reykjavik by an airplane. A successful test

landing was made shortly after the drilling started but after

that the surface conditions on the glacier deteriorated so

seriously that this possibility was given up.

The polystyrene blocks were loaded on a sledge and taken

with all possible haste to the edge of the glacier where a lorry

with a cold storage room was kept waiting. The lorry took the

cores to a cold storage plant in Reykjavik. No appreciable

melting of the cores took place during this transport«» The ice

cores have since been kept at the storage plant.

6. Cutting samples from the ice core.

Since the working facilities at the cold storage plant are

rather poor, simple facilities with a freezer were made at the

Science Institute for working with the core, both for taking

the samoles and for closer inspection of the core. Further a

special saw was constructed for cutting the samples from the core.

A complete longitudinal section has been cut from the core.

This was then cut into 2 5 cm long samples, and melted. For this

about 1/3 of the cross section was taken.

The melted «ater samples are sufficient for deuterium and

tritium studies as well as for various chemical analysis, that do

not require the greatest care to prevent contamination of the
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samples. Samples for mercury analysis have thus to be cut

specially from the core and the sainoles are measured shortly

afterwards.

7. Volcanic ash layers.

The preserving conditions in the ice are unique. Trace

amounts of ash are easily detectable and the sequence is much

more regular than in soil layers. This makes the ash layers

in glaciers all the more interesting.

In total 30 tephra layers were found in the core. Most of

the tephra layers found in the core have been retrieved. Three

types of analysis «ere intended -1) optical,Z) grain size

distribution, an. 3)chemical. Of these the two former have

already been done for a number of layers. At the present state

the information obtained pertains to (a) the nature of the dust

(i.e. volcanic or aeolian), (b) distance to the volcano giving

rise to the tephra ("near" or "far"), and (c) the comDcsitional

type of the glass (basic, intermediate, or acid). Chemical

analysis' remain to be done, they will be started this summer

(197H). Unfortunately, the crucial samples from the point of

view of dating tend to be so small as to defy chemical analysis -

the large samples are either from Grimsvotn or Kverkfjöll, the

exact chemistry and volcanic history of which is still incompletely

known.

So far the grain size characteristics have been measured in

18 layers from Blröarbunga. The volcanoes most likely to have

contributed tephra to the area are (approx. distance in parentheses)

Grimsvotn (23 km), Kverkfjöll CM-0 km),.?&oröarhyrna 1823 (40 km?),

Askja (60 km), Öraevajökull (75 km), Hekla (155 km), and Katla

(155 km). The compositional characteristics are such that

Grimsvotn, Katla, and Askja are basic (refractive index of glass

n = 1.60), Hekla and orœvajokull intermediate (n = 1.50), whereas

the nature of Kverkfjöll and Eoröarhyrna (if, indeed, an eruption

occurred there in 1823) is uncertain as yet. Therefore, "basic-

near" are most likely Grimsvotn (and probably Kverkfjöll too),

"basic-far" Katla, and "intermediate-far" Hekla or öraevajökull.

Of the latter type is the layer at 2 35.9 m depth in the core.

There seem to be but 3 possibilities for its origin: Hekla 1845,

örasvajökull 1727, and Hekla 1636. Figure 1 show
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the sequence that results if this layer is equated to H 18H5.

The main evidence in support of this model are the two

intermediate layers (? H 1845 and Ö 1727), and the fact that

a reasonable fit obtains for the type, sequence, and nearness

of most of the others, even if some discrepancy is observed.

Future work will include a critical evaluation of this model,

explore other possibilities, and the reaping of more data on

the parameters already described. This summer it is also planned

to map the extent of Ö 1727 and get some data on the Kverkfjöll

layers, so far only scantily known.

8. Deuterium measurements.

The use of stable isotope profiles of glacier ice as a past

climatic record has yet only been studied in ice cores from the

big polar ice sheets. Temperate glaciers have attracted less

attention, mainly for the following reasons:

The ice at the bottom of temperate glaciers is very young

(up to 2000 years) compared to the bottom ice in the polar ice

sheets (possibly up to several million years). An ice profile

from temperate glacier therefore only spans short time period

compared to the polar ice sheets.

The polar ice sheets preserve the entire precipitation in

unbroken sequence. The obliteration of the stable isotope

variations is a very slow process so that even variations with

a period of a one year can be found in the ice thousands of years

back in time. On temperate glaciers, however, the situation is

much more complicated. More or less of the annual precipitation

is rain, which together with melted surface snow percolates

through the ice sheet. The percolating water is found to

obliterate the stable isotope variations rapidly and in some cases

to change the original isotope content of the accumulation strongly.

Under favorable conditions, however, temperate glaciers

might be useful to give short climatic records. According to

previously obtained results such conditions are believed to exist

at the highest part of the Vatnajökull ice cap. Deuterium and

tritium measurements on a 106 m long ice core, obtained in the

year of 1969, at an altitude of approximately 2000 m, have shown

that at this place the percolation of rain and meltwater during
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the summer period is so small that it does not change the isotope

content of the accumulation appreciably. A complete deuterium

record from this region of Vatnajökull was therefore considered

as attractive for a deuterium study since it might reflect

isotopic variations in the precipitation 1000 - 2000 years back

in time.

A deuterium record would not only be of importance for information

on the past climatic changes in the Northern Atlantic region, but

also because it may give a very usefuZ contribution to hydrological

studies carried out in Iceland where stable isotopes are used.

Some geothermal ground water systems in Iceland contain less

deuterium than any present-day precipitation in the country.

Combined deuterium and oxygen-18 measurements have confirmed the

assumption that this water was originally rain and the most natural

explanation of the low deuterium content is, that this water has

deposited at times when the climate was considerably colder than

present. The study of the 415 m long ice core may help to clarify

this question.

Before the drilling site was chosen gravimetric measurements

were carriea out in order to gather some information about the

approximate thickness of the ice cap. The gravimetric measurements

together with older seismic data, indicated the glacier to be

only about 200 m thick at the site of the 108 m deep hole

drilled in 1969. The thickness increased rapidly towards east

and approximately 10 km east of the 1969 hole the thickness was

estimated to be about 450 to 500 m. In order to get older ice

at the bottom this place was chosen for the deep drilling, in

spite of the altitude being only approximately 1800 m, and therefore

there would probably be somewhat more surface melting

during the summer season.

Deuterium measurements have already been carried out on

the uppermost 2 50 m of the ice core. In the uppermost 40 m, each

of the 2 5 cm pieces has been measured. From 40 to 100 m depth

every second and from 100 to 2 50 m depth every fourt of the 2 5 cm

pieces has been measured. According to tephra layer studies the

already measured 2 50 m are believed to reach approximately back

to the year of 1850. Our plan is to finish the deuterium record

through-Out"; the core during this summer. As the annual layers

progressively get thinner with increasing depth it might be
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necessary to carry out more detailed analysis on the lower part

of the core. This will .increase the number of the deuterium

analysis and they will be finished corresponding]y later.

Fig. 2 gives the obtained deuterium profile from 80 m to

120 m depth and is a good example of how the climatic changes

are reflected in the deuterium content. According to tephr-a layers

this part of the core corresponds to the time period of

approximately 1910 - 1930. There exists an unbroken record of

air temperature for '.ne weather station in Iceland since 1860.

This weather station, Stykkisholmur, is located in the western

part of the country. Temperature measurements from this station

show that before 192 6 the climate was considerably colder than

present. The deuterium record reflects this climatic change.

It shows clearly how the deuterium contsnt of the core deposited

between 1920 and 1930 gradually changes from "high" deuterium

content in the years after 19 30 to "low" deuterium content in

the years before 1920.

Tritium studies of the ice core show that percolation of

meltwater and thus the degree of mixing, at least within each

annual laysr, is more extensive at the deep drilling site than

where the 10 8 m hole was located. This mixing seems, however,

not to have disturbed the deuterium content of the ice core

seriously and the deuterium variations in the uppermost 1C0 m

of the i+15 m core are very similar- to those in the 103 m core,

a relatively low deuter.lum content in accordance with "colder

climate" in these years.

In fact the preliminary inspections on the core are promising

as regards the use of deuterium analysis to interpret past

climatic changes.

Temperature data from the weather station» Stykkisholmur,

show that in the periods 1931-1960 and 18I9-L-1920 the mean

annual temperature at this station was 4,2°C and 3,1°C respectively.

The mean deuterium concentration of the ice core in the same

periods, shown as dotted vertical lines on Fig. 2, is

^1931-1960 = " 95'6 %0 a n d £>189o_192o
 = " 10°'9 %ù. Thus the

temperature difference at Stykkisholmur between these two periods

<£> t = 1,1"C is reflected in the deuterium difference of the ice

core <1O • 5,3 %» . The accuracy in the measurements of a single

sample is 0,7 %s. One geothermal system in Northern Iceland,
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Hiîsavlk, discharges water which is 20?6$ lower in deuterium than

any present-day precipitation in Iceland. Taking as reliable

that 1°C lowering in the mean air temperature lowers the mean

deutrium content of the precipitation of 5%», this means that the

HÛsavîk geothermal water is originally precipitation, which has

deporiled somewhere in the country when the mean air temperature

was at least it°C lower than present. Such a low temperature has

hardly existed since the time oi last glaciation.

Since there exist no direct temperature measurements in

Iceland before I860 and our knowledge prior to that is only

qualitative the results obtained from the deeper part of the

core will be of a great interest.

9. Oxygen-18 measurements.

Craig and Dansgaard have shown, that the precipitation of

the Northern hemisphere has a linear relationship between deuterium

and oxygen-18. Consequently every glacier accumulation that has

not undergone other processes than evaporation and condensation

should lie close to a line, "the meteoric line", corresponding

to this relationship. Combined deuterium and oxygen-18 measurements

of the ice core are thus of interest, because deviation from the

meteoric line would indicate, wether the glaciers ice has undergone

ether fractionation processes than those followed by evaporation

and condensation. Such processes could for example be isotopic

fractionation between water and s.-olid ice in the glacier's

interior.

About 100 samples from various parts of the core have been
18

sent to the University of Copenhagen for 0 - analysis. The

following sections of the core have -been selected for these analysis:

0-6 m, 9-12 m, 25-28 m, 50-60 m, 88-115 m, 175-185 m 275-305 m.

According to personal information from S. Johnsen, who takes care

of these measurements they will be finished within a short time.

10. Tritium measurements.

When the drilling into Vatr.ajÖkull glacier was first being

discussed considerable interest was for this project because of

the possibility of getting a complete tritium record for the
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precipitation for the last 3-4 decades. A necessary condition

for this is that the melting of the glacier is negligible and

that the small amount of water percolating through the ice would

not disturb appreciably the isotopic composition of the ice.

In the summer 1969 a 108 m deep hole was drilled near the

highest point of Baröarbunga with a thermal drill. Be lew 40 m

the core recovery was only about 30%. This study shovied that

at this location tne tritium content of the ice was well preserved.

In tfie summer 1971 the Science Institute got an ice core

from a borehole in Greenland covering the period of 1900 to 1971

from the American-Danish-Swiss drilling expedition to Greenland

from the DYE-3 radar station on the ice cap at a latitude of

66°N, from this core a complete record of the tritium content

in precipitation is well advanced. This record will give a

reasonable record for oVher station at northern latitudes. This,

however, did not eliminate our interest in the tritium profile

from a deep drilling hole in Vatnajökull. Such measurements

could give valuable supplementary information to the deuterium

study.

When the site of drilling was selected a compromise had

to be made between altitude and probable thickness of the ice

cap. As a satisfactory record for the tritium in the precipitation

was at that time being worked out from the Greenland ice core,

the intended tritium measurements had little influence on the

final selection of the site.

The 3 0 uppermost meters of the ice core have been analysed

for its tritium concentration. The result of this measurement

is ärowi: in Fig. 3 together with the result of the tritium

measurement from two boreholes taken in the vicinity of the deep

hole, but at higher latitude. The difference in the increase in

the isotopic exchange in the deep hole as compared to the two

higher lying holes is surprising. For comparison the tritium

record for precipitation in Reykjavik is also given. It can be

seen that the isotopic exchange in the two first holes is small.

This tritium

data will be valuable when the deuterium and tritium profiles are

both complete and t'̂ a influence of the isotopic exchange is being

studied in detail.
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11. Structure of tneice.

The present ice core is the first continuous ice core

from a deep hole in a temperate glacier, to our knowledge. This

core is therefore of considerable interest from the glaciological

point of view. At the site a short description was made of the

core, mainly in case that some part of the core might get lost.

After the core had been brought to the cold storage plant

in Reykjavik, a few of the cores were taken at times to the cold

working facilities at the Science Institute for taking samples

and for further study. Helgi Björnsson, the glaciologist of the

working group, was in charge of this work. . A detailed description

was made of the core, but the most distinguishing feature are

alternating layers of clear bubblefree ice and layers with

bubbles. The density of bubbles, their size and partly their

shape is of interest.

The size of the ice crystals at various depths and the

orientation of the crystal axis was studied in 1 cm thick section

from the core. Further the air presaure was measured in the air

bubbles. All these studies together with isotopic and chemical

analysis of the ice can give important information about the

physical processes occuring in the ice. Full evaluation of the

data will first be made when a number of chemical analysis have

been made. Helgi Björnsson is at present working with Prof.

J.F. Nye at the University of Bristol, where he is persuing

studies closly related to the present work.

12. Chemical studies:

In a similar way as the stable isotope variations of the

past precipitation are preserved in the core it is to be expected

that changes of various chemical components occur. Therefore

measurements of various chemical components offer the opportunity

to study past changes in the atmospheric chemistry. Such studies

are of importance, because they might reflect increasing pollution

in the atmosphere caused by man's impact and they also might give

an idea of to what extent the chemical composition of the

atmosphere can be influenced by naturally occuring eve.rts such as

volcanic eruptions.
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On the other hand if the chemical composition of the ice is

found tc alter within the glacier ice, study of the chemical

composition of the core might be of importance in explaining the

modifying processes that occurs in temperate glaciers.

Measurements of Ma and Cl~ were considered as important

since they are highly water-soluble and might give an idea of

to what extent the glacier ice contents free water and how this

water moves. Other components, such as F~, S0~~ and Hg are

important since they increase in the atmosphere with increasing

pollution and they also are revised into the atmosphere during

volcanic eruptions. Other com; wients such as Ca and Mi might

also find interest.
32 210In our initial plan Si and Pb measurements were
3 2considered as important. Si has been used for dating ground

water and polar ice, although its half life were poorly known

until now. Samples of glacier ice collected near to tephra layers
32

of a known age and measured for its Si content could be ussd

to estimate the half life. After Dansgaard and his coworkers

succeeded in absolute dating of the ice core from Dye 3, South

Greenland, back to the year of 12 30 AD by counting each summer's
32maxima the Si measurements on the Vatnajökull core are hardly210of interest any more. Pb measurements should be used for

dating the uppermost 10 0 years of the core. This method has

still not been abandoned, but since the tephra layers seem to
210give satisfactory dating of this part of the core, the Pb

method will only be of interest as a supplementary test.

Chloride analysis have already been performed on each of the

2 5 cm pieces throughout the core. The chloride measurements

show that at the same time as the chloride variations are gradually

smoothed out, the chloride content cf the ice gradually decreases

from 1.0y"g/g ice at the surface to O.l/^g/g ice at a 415 m depth.

This can only be explained in such a way, that the chloride has

dissolved in water layers between the ice crystals and escapes

out of the ice together with this water. How this happens is

still not clear and more studies are needed until the mechanism

of this process can be satisfactorily explained. Such a transport

of free water within the ice will obliterate the original

deuterium variations in the core. This obliteration seems, however,

not extensively enough to disturb the deuterium content of the
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core seriously and thus its use as past climatic record.

Sodium analysis have already been performed on each of the

25 cm pieces throughout the core. The sodium content of the

core shows a similar trend as does the chloride content.

Since the chloride measurements indicate that water soluble

components are washed out of the core with time, components such

as F~, S0~~ and Hg might not be as well preserved in the ice as

once hoped. Since these studies are of a special interest in

connection to studies of past volcanic activity they have,

however, not been abandoned and our plan is to carry them out this

summer. The F~ measurements are relatively simple to carry out

so we intend to measure each of the 2 5 cm pieces through the

entire core. The Hg measurements are more complicated, but in

case it seem useful we will carry out a detailed record throughout

the core. Both these measurements have started. 27 measurements

of the Hg content of the core are already finished. 22 samples

at a depth of 11 - 32 m give Hg content varying from 0 - 40 ng

Hg/kg ice and 5 samples at a depth of 225 - 231 m all give Hg

content less than 10 ng/kg ice except one at a 225 - 226 m which

gives an exceptionally high Hg content 79 ng/kg ice.

SO ~ measurements will start as soon as the F~ and Hg

measurements are finished. The number of S0~~ analysis has not

been decided yet.

13. Future possibilities.

The conclusion of the present research project -is rather

a beginning than an end. The end of an important step where a

new research technique has been developed and mastered. The

Science Institute has now at its disposal a tool with which it

can penetrate the glaciers of the country and fetch with it a

continuous ice core from the ice caps. Already it is planned to

drill in 1 - 2 years two holes through the 2 00 m thick ice

floating on a large lake in the middle of Vatnajökull. This

lake surges about twice each decade and this has until now

hindered permanent road building where the surging river breaks

through. This has therefore been a large obstacle for transport

to the SE part of the country. The river is now being bridged.

It is hoped that a drilling through the ice on the glacier lake
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and the planned geophysical study intended there will greatly

increase our understanding of the surging mechanism and this

will be of con iderable value for the future protection of

the large bridges and roads in the area.

Other important projects will without doubt follow.
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