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1. RATSED BEACHES

The survey of thé beaches, although it covered three major
areas, only yielded results for two of them namely Reydarfjordur,
and Seydisfjordur. As recorded elsewhere the results from
Breiddslsvik were of no use because the theodolite used in the

observations was demaged, and the errors introduced were not of

g type which could easlly be eliminated.

Cross-sections of each beach surveyed were drewn outb (see
attached prints), snd from these an attenpt was made to interpret
the results. The first apparent feature is the lack of con-
sis‘bency‘ in the heights of the beaches. The most obviocus polnt
to consider when a cursory examination is made, is the height of
the point at the "front" of the beach (where it drops away repidly).
But as the beach would have sloped vhen originally formed, and
the front of the beach has since been eroded, then the height of
this point is of little use in the interpretation.

Another point which could be considered is the "nick" point,
or the poir:%‘:gﬁe beaeh ebutted to the cliffs or other hinterland.

On many of the profiles this point is difficult to define, bub

where the original cliffs can be detected this point is easily
bund. Here though there is again the problem of erosion. No®
tnis time denuding the beach, but building it up at the foot of
b "oliffs" with detritus from the ¢liff. In same cases,
grticularly in i’ieydisfjordnr,' the height of this point can give

cd 1ndicztion of the 1evel of the o01d bheach.
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ouitwash fan, and not true beaches.

The heights of the beaches in the two fjords (three, if

| Nordfjedarfloi is included ss a separate fjord) are consistent

Within the limits of our internretation, and within the limits

imposed by the srosion factor. This factor is indeterminate

a8 there are no definite indications of the true seg

level when

the beachee wvere formed. I raised wWave-cut platforms had been

Burveysd howsver, than some idea of the erosion could have been

obtained, In Seydisfjordur the heights of the bottoﬁs of two

Craised ¢liffs were determined, and found to be 108!

(profile 9),
pand 131° (profile 2).

(Anything obviously right out of the
renge being dealt with, such ag the apparent cliff in

veydisfjordur, profile 1, at 187', have been ignored).

There are three voselble ways in which these beaches could

Bave been formeds: 1) by isostatic uplift of the island as the

hee receded.

2) by uplift of the island due to some other

fause (note - the British Isles are slowly tilting due to long~
8T orogenic processes),

3) by a change in the actual sea-level.
The first of these was the theory which held most favour

%h the members of the “xpedition, possibly bescause it afforded

e simplest, and the nost dramatic explanation.

The initial
ndition would have been that the

whole island was covered with

%, and that it retreated towards the centre. If this were ths
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cage, and the ice in the cenire of the island was ebout 3,000
thick (note = it is known that the ice was at least 3,000 thick
oniy fifteen miles inland from the head of Reydarfjordur), then
" the land surface in the centre of the lsland would have been
d.epresséd by about 1,000' (canpare with the case of Greenland as
outlined in "Venture to the Arctie" p.119). As the lce receded
the edges of the island would have risen as they vere unloaded,
and as the edge of the ice became further and further from the
ses. the land further from the sea would have risen too. Euf.,
ps this latter event occurred, the land nearest the sea would
. not »lse so much, and so the beaches which were formed after the
initisl recession would be raised and tilted. So the beaches
around the head of a fjord would be higher than those around the
mouth, cdmpared with present sea-level. It haé been estimated
that this would give a difference in level along the length of
Reyderfjordur of about 70'. There is no such difference in
- level. It may be noted here that along the west coast of Norway
the level of the ralsed beaches rises as the observer leaves the
ocean; +the gradient has been worked out in many places and the
following are representative of the resulis obtalned:
’ 1:1000 in Velfjord

1:1500 4in north Helgeland

1:1146 gbout Tromso.

Conditions during the Ice Ape rust have been similar in Eastern
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Iceland, but such a gradient would give a 70' difference beitween
the mouth and the head of Reydarfjorcdur snd, as stated dbove; no
gsuch systemaitic difference has been detected.

Beaches have also been noted by Dr. Valker in the Lagarfljot
valley due west of the heed of Reydarfjordur, and e further 15
mileé inland. These are near the head of the Lagerfljot, which
has a surface height of sbout 100', and the beaches are some LO'
gbove the lake.  This meems %o indicete that the beaches are of
mach the seme height whatever dlstance they are from the cenﬁie
of thg island. This discounts the first hypothesisf

This means that the "raising" was due to one of the other
two ceuses, or maybe to another which has not been consldered.
With regard to the third explanation there do appesr to be beaches
in other countries of about this ssme height, so there mey have
been = general weorld-wide change in sea level. If the sea lavel
had dfopped then it is necessary to account for tho disappearance
off the water. I one-quarter million cublec kilometers of ice
were to melt then it would couse a rise in ssa-~level of 21°
(ref. "Venture to the Arctie” p.122). This is the estimated
volume of ice in the Creenland ice-cap. There are an estimated
28 million cubice kilamneters of ice in the Antarctic icecap, and
g0 1T this were to melt too then by simple proportion the sea-
level would rise by just over 250'. However ag considerably

more land would be flooded if the sea-level were to rise by 250°
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instead of 21', then it would not be unreasonable to postulate
that if all the Antarctie, Greenlandic, and other ice were to
melt, the general sea-level would rise by about 130°. So if
when the beaches we are considering were originally formed there
was no ice on the surface of the earth, and then, due to some
major climatic change, the great icescaps of the world were
created, then the general sea level could have been lowered by
some 130', thus forming the beaches.

i
Note: Since this work was done s paper has appesred, by Jon
- Jonsson, in which rmuch data is presented on beaches in other
narts of Ieceland. Although the observations are scattered, a
beach at LO-45 m. (125-140') appears to be frequently developed
eround much of the coast. (Reykjavik 43 m.; Hvalfjordur and
Bogarfjordur 4O-45 m.; Saudarvkrolur L5 m.; Husavik (near
Seydisfjordur) 38 a3 Lon UO-45 m.; Hornafjordur 41.5 m. In
none of these céses has the variation in height with distance from

the sea been studied.
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II. 2 BEACHES AND PLATFORMS IN SEYDISFJORDUR (see £ig.6)

The main series of beaches lie on the southern side of
the fjord, stretching almost continuously from e point about
one mile west of Eyrar, near the ruined farm of Hrolfur,
east to the farm of Skalaues. All of these beachea sbutb
to the shore, and so their séaward faces are freshly srodad.

Above this series lles the EBast Thorarinnstedir series,
which are sbout + mile long. One profile was done on thise
geries, and at the change pbint the theodolite was swung
round with the telescope level. " (This should help detect
any platforms on the seme level)., A platform on the
Skalenes headlend was diseovered to be of ebout the seme
height. 7 |

Reverting to the mein series, on the Sorlastadir profile,
a set up Vas mede at the top of the "cliff", and on swinging
round, "eliffs" of similae height wers noticed on the north
ghore of the £ ord. This particular profile eould have
been carried shout three miles back up the river valley, bul
it was thought that the level ground was probsbly due to a
river 'a.‘",e?x'a.ce_o rathsr than a ralsed beach. On this, and
$he next profils to the west (HMelstadur) there sppeared ©o
be two nick points. Between the West Thoravinnstadir and

the School profiles there was what appeared to b2 a heap of
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noranic material. On the seaward side of this there
appeared to be s nick point (just behind the un-nsmed farm) ,
but no profile was taken across it at the time (done latepr -
Se¢ W. Thoransstdir II) as it was thoﬁght to be an anomaly.
However, on Plotting the profiles in that area this appesrs
%o be a nick point more in keeping with the general éeries
than the one we neasured. |

Behind Vestdalseyri there are two platfonms. The lower
of these appears to correlate with the top of the bottem
eliff on the Sorlastadir profile, the other is some 100-200°
higher,

Below Grytakollur, on the north side of the fiord,
thsre sppears to be another series of platforms. -Thsae
vere found, by approximate measurements; to be in the 800-
1,000' range. They at first sight appear to be due to
harder strata, bug on further examination they do not dlp
to the west as do the bedding planes. There also appears
50 be another platform of probasble similar helight on the
slopes of Hanefur, behing Byrar.




It is obvicus from the tidal graphs that, as well as
the mein tidel cyele, there is a secondary oseillation
superimposed upon the maln curves. This is most likely
to be a selche or & harmonie osc{ilation of ths msss of
water within the fjord basin.  Usually seiches are initiated
by the wind, but they may sometimes be caused by an earth
tremor. The ones ohserved here were almpst egertalnly wind
activeted, sinee they sppear oz both tidal cyecles for
Reydarfjordur and on the simultansous Seydisfjordur observa-
tions. They are not apparent on the Breiddalsvik observa-
tioms, as would be expected, since Brelddalsvik 1s situaied
on 8 bay and there is no fjord basin where an oscillation
could be set up.

Seiches can be analysed by normal harmonic methods,
and by assuming thet the Tjord baslian 1s completely enelosed,
the folleowing formula for thelr tims of oseillation can be

arrived ab:
T = 20 -Qa
k, /g.h
Where, T 1ls ths time of osclllation ln seconds
§ 18 the length of the escillating basin (in the
direction of oscillation)
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k is an integer, 1, 2, 35 ete.

g is the gravitational constant

h 4is the depth of the Tjord basin.

The main diffieulty in applying this fornmula is the

difficulty of deciding a reasonable value of the integer k.

To avold this necessity no absolute times of cscillation

have bsen calculated, but 1% has been assumed that the form

of the oscillation in both Seydisfjordur and in Reydarfjordur

is the ssme and tims the value of ths integer k 1is the

BSalit.

1

Thus we got -z

Tg 1g- Bp?
Where the suffizxes » and 8 refer to Reydarfjordur

and Seydisfjordur respectively.

Assuming that L applies along the main length of the

basin we get from the map :

Place Reydari jordur {Seydlef jordur
oseillating length  (metres) 17,000 15,000
average fjord depth (metres) 100 50

Tso
and -= = 17:1 - 0.8

T '5'575”

S

From the tidal curves it may be meen thait the selche

oscillation tines for the two curves are, on the average,

approximately :
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Reydarfjordur, 1 hour; Seydisfjordur, 1% hours.

Hence, _T_I', =1_ =0.8
T 12

The fact that the values of Tr/Ts both for the observa-
tions end for the theoretical case are both 0.8 is largely
fortuitous, since a great many interpretations of both L
end h could be made from the maps. However, the fact
that the -abserved times and the calculated times are of the
same order is to sume degree a verifiecation of the theory,
end adds a little to the scanty knowledge relating to

oac;illationa in fjord basins.
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. L.THE ICECAP OBSERVATIONS

A general description of the party's movements on and around
the icecap has already been given.

The selentific work undertaken on Thrandarjokull may con-
veniently be dividad into the following seetlons:

() The Survey of the Ice-Edge.

(b) General Features noted on snd around the Icecap.

(a) The Survey of the Ice-Edpe

The basic object of this survey was to establish a mumber
of prominent cairns around the ice-sdge and to neasure the dis-
tance of the ice from the celrns along a measured magnetic bsaring.
Thig will eneble a future varty to maice similar measurements,
and go determine the rate of advance or retreat of hhe ice=adge.

In all, fourtsen large ceirns (see Fig. as a typleal
example) were built. The distance of the ice-odge fram each
calrn with the bearing along which the measurement was made,
together with the bearings and distances of adjacent calrns; ars
shown in Table I. |

From an examingtion of the table certain discrepencies are
Imediately cbviocus. Host important is that there appears to
be a discrepency in the magnetic bearing when measured from say
A to By, and then measured araln from B 0 A. The value of this
discrepeney is recorded in columm 4, and it can be seen to vary

from zero to 99, There is little possibility of there being
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mistakes in the measurement of the bearings es every bearing
is the mean of two readings made by different people with
‘ different compasses. Readings never varied
by more than 2°. (The compasses used were oil-immersed
prismatic compasses graduated to 1°). The most 1ikely expla-
nation of these discrepencies can be found s.n the- magnetic
nature of the roek. Certain pieces of basalt could, when &
conpass needle was brought close to them, cause the needle to
swing through almost 180°, In view of this, it doer not seem
unreasonable that locel magnetice variations should cause dis-
crepanéies of the order of 9°, ~ Care was taken to eliminate the
magnetic effect of the ecalrns as ruch as possible, by standing
well eway from them whilst teking a reading, and only using the
celrns for lining up the sight. ‘

An attempt has been made to distﬁibute these errors
throughout the traverse as much as possible, and the distribution
ig shown in the Polygonal Angle eolumns marked, 1, 2 and 3 in
Teble I.

Column 1 is a stfaight back=-sight/ fore-aight tabulation,
neglecting any magnetic diserepencies. It will be seen that
the total of the internal angles as ca]jdulated by this methed
is only 15° less than the sum for a li-sided polygon. The

expected error by the Gaussian laws is:
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maxn. known crror x /no. of readings
i.s. 9x /14
. 32°

As the errcr is only in fuet 15° 1% mey be concliuded that the

total error has been peduced by mutual concellation.

Columr 2 is a revisec! estimate, with the discrepencies
distributec

sights.

egually betwecn the appropriate backeights and fore-

The sum of the ungles 1s then 10° more then the eum
for a li~sided polyzon.

If_'bhs: error ia both the backsight und the Toresight had

been the seme, then by the Gaussilan laws the error should not

gxceed

This is greater than the netual error, nrobebly, again, becaues

of the cancellstion of ar ors.

Column 3 is the resu t of the final adjustment made ¢

el TO5
angles to bring them to a total of 2160° (the sum of the angies
of a fourtesn sided polygon). This adjustwent hes been
applied whorever possible, but if this was not possi
Was taken of the angles i

greateat.

ovenly
ble account
L which ths original discrepeney was

This final adjustment can be little het

guesswork, but it is thought that no polygonal angle ie in errop

tar tThan

by more than 2°,

No attempt hac been 1made to corrset the ice Prong direction




Flg. 23: Typiogl qairnﬂas built during the
Thrandarjokull ice cap survey

Fig. 24: Close up of edge of corrie glacier
in NPJﬂanlgordur
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bearings, since i1t is these exset bearings which any rarty will
nesd in the future, if they propose to resurvey the ics-edge.
Similerly the actual vbserved magnetic besrings from one eairn io
another have been included in Table I and on the sketches

(Fig. 22 ) to help any ‘uture lnvestigator wishing to locate one
calrn from the next. For this purpose the sketches (Fig. 22)
should be of greet hel). Most of them were mads on the spot
and show the prominent features near the cairns, and any boulders
which mey be confused vith the cairns.

Distances %o the ice-edge were measured with a linen %tape,
and the,accuraey is reobably not better than one foot. Aceouht
was only taken of steep slopes (greaster than 30°) in these
neasurements,

Disbances betwaen cairns were paced. The distances are
the mean of at leest lLwo persons' peeing. Ths pacing was
standardised by finding the distances vepresented by 100 paces
for each person. This was done back at Base eamp, a tract of
country belng chosen for 1te similerity in coenditions under fob@
to the terrain around the icecap. The error in the paeing is
thought %o be not greater than 1 in 30. Ag Par as was possible
pacing wae checked, and indeed two of the legs were not paced,
the dlstances being measured from aserisl phetographe thﬁrﬁhre@
calrns in question having been fixed on the photographs. Aspriel
Photographs are useful for this sort of work, but at times

Qirfionlty woe experiencad in Piwing the peeition on them ar the
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ice-edge had changed in places sinece the photos were flown.
Changes in the moraine, and the drainage also confused the
issue,

As expected, when the fingl Plot of the traverse was made,
it was found to have a misclosure. This amounted to a displace-
ment of 1" of station 1 from the bearing from station 14 on a
8cale of 1:2500. This represents an overall error of 1 in 33,
which, considering the magnetic nature of the rock, and the
slippery ice, and muddy moraine over which the pacing was
carriea out; is reasonable. The last column in Table I is the
shift which was appllied to eaeh cairn rosition to allow the
tréverse to close.

Fig. 21 shows the traverss made by this party, together with
& copy of the map made from aerial photogrephs flown by ths
USAF in 1947. It is immediately obvious that there are certain
differences in the bosition of the icé-edge. However, it is
not possible to Sgy whether these differences result from an
actual change in the position of the ilce=-edge, or inaccurscies
in the sunrvey. It is probable that they result from a com-
bination of the two. However, the ice-cap appears to be 8lightiy
emeller on the map complled by the Expedition then on the USAF
map. It would seem that there might have been 8 general
recession since 1947. This is also indicatsd by the siate of

the moraines (see later), and from conversations with & loeal




Pig. 26: "Craz's Tail" dirt accunulated in the
lee of a rock; Thranderjokull
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farmer who aaia'that the ice-cap had been rapldly decreasing in
8ize from 1900 until about l9ﬁ8, and then much more slowly until
the present day.

Despite the faet trat only a general recession in the ice
may be deduced from this traverse at this moment, the most slg-
niflcant aspect of the gurvey is that fourteen eairns have been
established around the rerimeter and the distance of esch one
from the ice edge has been measured along a known bearing. This
Will enable a future party to make similar measurenents and so
determine the rate of advance or retreat of the ice-edge.

(b) General features noted on and around the jcecap

At the time of year the party were at the icecap (mid-

August) the firn line appeared to be quite high, sl about 1150 m,
Fixings were not taken because of the bad weather when the party
were on the top of the icecap, and because of the extreme
difficulty of finding any reliabie known points for resecition.

It mey be seen from aerisl pPhotographe (taken 3ist August;
1945) that there is o transition zone (presumabiy the firn 1line)
at an altitude of about 1100 m. This 1s a 1ittle lower than
the firn line was presumed to be in 1958, but may be due to the
photographs being taken a little later in the year, and to any
reduction in the size of the icecap in the yeers between 1945

and 1958,



Fie. 27:  Purrows made in morai
advance of the ice edge

ne by the
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On the eastern side of the ice,distinet furrows could be
seen in the ground moraine (Fig27.). 7T+ Wes thought thot these
were eithep gouged out by the winter advance of the ice and
were then uncovered, or that they were recently unfrozen fogai-
lised furrows of another age. Of the two, the former is the

eéven when frozen)., A Possible explanation of theip cauge isg ag
follows:

. Owing to the stress distribution caused within the iee by
1ts own weight, the cap is constantly flowing, plastically, out-
wards. In surmier, this advance of the ice-edge is more than
compensated by melting and ablation gt the lower levels, but in
wWinter there ig a relative seasonsgl advance. During this
advance boulders and stones are Picked up by the ice front ang
these tend to mark and gouge everything in their path. The

summer by melting,

A further theory on their formation is that the furrows
are a result of g 8olifluction efrect and are similer to stone
stripes, In view of the large gize (note the ice axe in the
Photograph) of the furrows this seems unlikely,

noted, indicating that the whole of the area had, at one time,

been under ice covepr.
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Dirt cones glong the margins of thé ice in the sblation
zone were noticed. ne&hese seam common on the Icelandic ice=
caps, and their poesible origin is explained in "The Origin of
Dirt Cones on Glaciers" by . Swithinbank (Journal of Glaeiology,
vol. 1, no. 8, Oet. 1950).

Another feature which was noted tovards the edge of the
ice was a series of boulders with a dirt tail in their lee (see
Photographs fig.26. These were probably caused by the protection
offect which the bouldsrs give to any accunulated dirt in their
Avicihitya The dirt pronably arose from wind blown duat or
debris brought up along shear planes.

Roehe moutonneds were obssrved at certein plaees arocund
the cap, 814 were particularly prevelant on the lower leveils.

The moreines which surrounded the cap showed no distinct
orientation, or a tendsney 4o any one tvpe. They were,
without exception, very wet and stony. In most places a dig-
tinet smerios of moralnss at intervals recorded the rapld retarda-
tion of the ice retreas during & certain period. In almost all
Pleces the state and rosition of the newest morsines indicated
that the ice was still retreating slowly, but that its rate of
retreat was deereasing. Only in a very few places was there
any evidence of an advance, and then this proved to be very
localised. :

In arcas where ihere Was a sudden change in slope of %he

ice (not usually more than three or four degreee) a series of
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crevasses could be noted. These were usually not more than 18%
across; but some were over 50' deep.

All over the icecap there seemsd to be a distinet series of
almost parallel narrow craeks (about ¥ meross) which seemed to
run for many hundreds of yards. These were presumebly small
eracks indicating the general stress pattern within the ice, 1%
ie unfortunate that because of bad weather and insufficient time
these were not fuﬁthar investigated, but a map of their diséri-
bution, direection, and spacing, should yield some intersating
results,

In the ablatlon zons the ice was deeply cut by many melé
water channels, some of which were 10' seross. These ecould be
Very dangerous to an unroped Party and were sometimes difficult
to eroes, It was interesting o note that in many instances
these streams ended in moulins where the water ceascadsd into a
hole 50' deep or more. The moulin was Presumably initiated
by the presence of a smell crevasse or weekness in the ice, which
the flowing water had gradually eroded into a deep hols.

Towerds the edge of.the ice melt streams often cut thelr
way under the ice after disappearing down a "pothole", and so
formed an ice-cave., Ice=caves could be useful for SmMergency
shelter 1: it were found necessary.

In one place on the eastern gide of the cap severai melt
streams had joined together and the force of the water had eroded

& minor gorge, or escape channel, about 15' wide, and 15' deep,
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in the rock, Jjust under the ice-edgs. This was extremely diffi-

cult to cross.

Other more gensral things inciuded the finding of saveral
winged insscts on the surmit of the ice-cap. These had probably
been blown up there by the wind. In a few placos the tracks of
an arc#ie fox were found, but the unimal was never seen. The
local farmers informed us that sheup were in the habit of walking
on the ice, but we saw no sheep within about 2000' of the edge,
and with the sparse vegetation on the peripheral moraines this
would seem unlikely. The birds seen on the iece--cap are recorded

elsewhere in this rsport.



