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On 5th, Gth, 7th and 8th of A~xgust 1970, 
observations and measurements of geothermal 
heat were made under the auspices of the Insti- 
tute of Science of the University of Iceland on 
the island of Surtsey. 

Measurements were made in those parts of the 
island that have beer1 created from tuff, arid the 
temperature was also measured in the upflow of 
gases in the lava and near t.he craters. 

Measurements in the tuff were effected by the 
plunging of a metal bar down to the depth that 
was to be measured, and a mercury thermometer 
was inserted in the hole to the bottorn. Therrno- 
meter readings were then taken after three min- 
utes had elapsed. 

This method enabled terrlperatures to be meas- 
ured down to a depth of 140 cm in those areas 
where the tuff had not substantially hardened. 
I n  other areas the tuff had hardened so rnuch 
that it was not possible to penetrate more than 
a few tens of centimetres down, and in a few 
places it was not even possible to reach a depth 
of 10 cm, for there the tuff was so compact that 
it could hardly be cut up witti a shovel. 

Measurernent.~ in the lava were made by in- 
serting a thermometer into an upflow vent, from 
which hot air or steam was rising, and then mak- 
ing readings a little later. In  these measurements 
mercury tliermorneters were used for ternpera- 
tures below 250°C, and "Rot.otherm"-type ther- 
mometers for higher temperatures. In  a few 
places both types of tlrermonleters were used, be- 
tween which there was quite good correspond- 
ence, although the "liototherm" thermometer 

seemed to show a rathcr lower temperature, or 
approx. 10-20°C. 

GEOTI-IERMAL, I-IEAT IN TIJFF 
Geothermal heat in tuff is found in an extens- 

ive area in the mountain north of S ~ ~ r t u r  I, which 
will be referred to here as "Strornpfjall". T h e  
heat is in the wllole interior of the crater bowl 
oC Surtur I and extends over the rim down the 
mountain slope below the "Strompur" crater and 
a little way down from the summit in a north- 
easterly and easterly direction, but in quite a 
large area in the lower part of the mountain and 
at its base no increase in heat could be measured 
at a depth of 60-100 cm. 

Above the measurement poillts 13 and 14 there 
is an almost perpendicular tuff wall, from which 
vapour could be seen ascending over an arca of 
about 100 sq rn close to the top of the mountain, 
b11t on the top itself above, a little to the north, 
no steam was visible. In  the easternmost part o i  
the crater bowl of Surtur I the heat is probably 
greatest, for 98°C was measured there at a depth 
of less than 10 cnl a few tens of metres u p  the 
slope. A little higher up in that area some 100°C 
hot steam issues from a small N-S running fiss- 
ure. A little to the north of that point is an area 
where the tutf has hardened so rnuch that sam- 
ples can only be taken with a hammer and chisel 
and it mostly resembles concrete. 

As already mentioned, the whole of the crater 
bo.c~l of Surtur I is more or less hot. This therrnal 
area extends uninterruptedly along the moun- 
tain ridge between Surtur I and Smtur 11, the 
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vapours issuing from the small craters on the 
slope being 98-100°C hot. In the hollow to the 
east of Surtur I1 there is considerable heat, ~vhich 
extends u p  to the gap east of the crater, but just 
to the rlortl~ of tliere 110 heat was found, nor was 
there any in the hollo~v above the Svartagil 
ravine. T o  the north, in the crater 11ollo.r~ ol 
Surtur 11, there is little heat in the tuff, in some 
places none at all, ancl nowhere does i t  extend 
more th;tn a few tens of irletres from the edge of 
the lava. For instance, a t  a distance of 20 m horn 
the eclge of the lava only 12°C were measured 
at a depth ol 100 cm, whereas ;tt the edge of the 
lava steam ~ l i t l l  a terrlperat~lre of 105°C came up. 
This was to the N-E of Surtur 11. In other places 
there MVIS son~etinies ;I little heat at a dist;tute o1 
up to 35 ni from the edge 01 tlie lava. 

Despite numerous observations it was not 
possible to detect heat in the rriount;til~s " B L I Y I ~ ~ "  
or "Uoncli" (Uauer's Peak), ancl altho~tgll the 
watchers on Surtsey thought they had seen xap- 
olirs rising at certain places, 110 11e;rt w;ts rorlnd 
there on closer investig;ttion. In those areas de- 
void ol  geothermal heat, the teiriperature is very 
even at differing depths, or 10-12°C. 

I n  the tllerrnal areas the increase in heat nit11 
increasing depth is on the wbolc fairly even, hrit 
its rate varies in tlie clillerent observation places. 
The  telliperature appears to cease to rise when 
the 1)oiling-point of water is re;lched, ruhjtli may 
be at a depth 01 lrorn less thr~n 10 crn up to a few 
metres, i l  the increase in lieat ir proportion;ltely 
;IT great in the colder areas, such as where 100°C 
is reached ;it a depth of less than one metre. No- 
where in the tulf was a ttenpelature I~igher tliali 
1OO0 C measureel ~r i t l i  any cer tairi ty, 1,nt where 
the lava and the tulf meet water vaponr rose n p  
at one point with a temperature ol 105°C. 

A distinc t clilference is emerging in the appear- 
ante ol those areas where the tulf is hot and in 
those where 1.11el-c is no underlying heat. In  colcl 
are;js the tnlt is still loose ancl weathers very 
rapidly. I t  can be seen that nirxcl streams have 
run down the slopes, leaving behind scree5 in the 
lrppei pa1 I ; ~ n d  iillil~g themsel\ies up  in the lower 
part Ileal the foot of tlie rno~rntain. Near the 
suinlnit large boulclets are strewn about in many 
places, either lava bornbs or soi-netinlcs f~agments 
ot sediment t11lo~vn u p  1vit11 the t~rff, from 
nround ~vhicli loose 1rl;tterial has since been 
~veathel ed ,]way and they have r einainecl on their 
own. I n  such places it is sonletilnes possible to 
lind ylagioclasr crystals reveral cnl ili cliaiileter. 
It the 11111 l ~ e i e  i, [lug into xvith a shovel, it is 
fol~ncl to l)e loose ; ~ n d  fresh. Where there has 

been any significant geothermal heat, the tufE has 
been u~ncli less weathered. 'The colitours of the 
moulltaill are smoother, and the mud streams 
have not m;~nagecl to malte ;1ny deep impressiol~. 
1,oose volcanic rrlaterial has been blown atvay 
less, so that tllc s~rrf'ace boulders are not so cori- 
spiclrou5. If diggings tvith a shovel ;Ire attempted 
there, the tulf is louncl to 1,e firm ancX in some 
places eve11 so hard that it c;tnnot be dug into. 

Oj ~articul;lr irlterrst are the rrieas~xrement, at 
points 1, 2 anel 3, taker1 on 6th Augrrst. The11 it 
was necessary to find a depth 01 abolrt 100 ~ 1 i 1  in 
order to reach a teniper;lture oL 100°C. On  the 
next day, 7th August, rne;tsurernent~ were r gain 
made at the same points, ~vhen  the lieat had riser1 
so rriuch that a cleptll 01 only 10 rrn was necessary 
to reach the same telnperztture, ;tnd the srirfate 
ot the tutt was very hot. This iritreasc in tem- 
perature ot cur reel at nie;~suring points 1, 2 ancl 
probably ;tlso 3, and it was m;~intainecI on all the 
days clnring ~vhicli ~neas~aernents were contin- 
ued. On 15th August lneasurelnerlts were again 
rnade there, ancl the ternperatrrre was the sa~ne 
as on the days 7th to 9th August. 

In  many places in the tuff \vhere there is 
irnderlying heat, fissures running in various clir- 
ections are visil3le. They appear, hoxvever, to lie 
mostly in a circle around Surtur I, though there 
are many excepticms to this and they are difficult 
to trace for Inore tl~ali short distances. Hot  steam 
rises from some of these fissures, though by 110 

rneans everywl~ere, and heat cloes not seen1 to be 
limited to such places. It is strange what bharp 
boundaries these thermal areas have, there being 
only a iew metres between places where there is 
consiclerable heat and places where no heat could 
be measured. Compared with observations made 
in the sumniers of 1968 arid 1969, the thermal 
areas have spread out in most clirections, e.g. no 
heat could be detected in the Svartagil ravine at 
measuring points 1, 2 and 3 in the surnmer 01 
1969. 

A sort of carpet of steam is lrequently visible 
above the thermal areas, thus showing rougl~ly 
where their bourldaries lie. 

T h e  temperature of the tuff appears to be the 
deciding factor as to ~vhether palagonitization 
otctrrs. Where tliere has ]>eel1 heat for a number 
of years, various internlediary stages can 1)e found 
in the palagonitization, and in places ~vhere this 
change is most ;~dvanced the tulf rnay be con- 
sidered to lia\ie bet ome Jirin rock. Where 110 

geotliermal heat is to he fouucl, not the slightest 
change in that direction can be detected. 



T H E  C:KA71'I'ER ROWL, O F  SIJRT'IIK I 
In the easteinrnost part ol the (rater howl 01 

Sur t r~r  I there is much heat. About 10 metres 
1)elo.c~ the top ol the lava a temperat~~re  of 92°C 
was measured approx. 5 crn belo~v the surface. 
I t  was not possible to penetrate deeper. In  the 
upper part of the slope a ternperatme of 100°(: 
was measured in stearri elnission froin a N-S 
lying fissure. There were a lelv other lissaies 
there having a similar direction. A little to the 
west on the slope there is a large area o f  hardened 
tuft. At the bottom of the crater I~o~vl  are 
many vents, from which steam rises. Meas~lre- 
lnents sllowed that the temperature of the steam 
is between 60 and 80°C:, usually 70-75°C. 
Farther out in the lava there is also sorne emission 
ol steam, mainly along the lissnres. There the 
heat is in wine plates considerably higher, ~riax- 
imuin 220°C, alid the ernissioli seems to contain 
less vapour, or ever1 very little. ~Veas~rrements of 
the steani emission horn sniall craters in the in- 
side of the crater bo~vl gave leadings ol 98- 
100" 6 generally. 

THE CRATER UOWI, OF SIJRTTTR 11 
There  is rnuth heat in the lava all arouiicl 

Surtur 11. Steam rises in many places ;it the edges 
of the lava, where it ;ldjoins tull. Stearri also rises 

P 7 at some distant e inside the lava areas. I he tem- 
perature in the stearri vents is in most places 70 
-90°C, a l t h o ~ ~ g h  a ineasl~ren~erit ol 105°C was 
fourid in one place. Furthermore, hotter c ~rrrenl, 
of clrier air rise u p  lroili the lava, I)nt they are 
less tonrpicuons. There the terripei ;I tnre is usrr- 
ally c ~ l ~ o v e  100°C;, ;tnd at one place northrvest of 
Surtur I1 a ternperature of ;tbout and nbove 
400°C, nlaxi~nurn 4(iOoC: (390-410-430-460), was 
rneasured at a te'iv points. This place is oil a 
[issure parallel to the eclge ol the lava, nbout 
20-30 ni inside the lava be~ iea t l~  "B611di" (Bnn-  
er's Peak). Quite a strong air c urrent arcends 
from the tissure, ant1 it is accompariied by slight 
hissing sounds. No vnpour is visible ill this ,~ i r ,  
and there is not ~ n u c h  precipitation aronncl tlie 
fissure, nlostly a stony crust, reddish-bi-o~vn in 
colour. 

I t  seems that the lava-shield 01 Snrtur 11 has 
subsided sorne~\rhat since the end of the eruption 
there, lor parallel fissures go through the lava a 
little distance inside the edge of the lava; the 
lava-shield has probably subsicled in the middle 
and tlie fissures fornled all around it, though they 
cannot everywhere be traced and it is difficult to 
estimate the totnl extent of the subsiclence. In  

some of these lis5ules there is heat, in others cot, 
and the fiss~tre in 1irhit11 the temperature is 'ligh- 
est may be considered a part ol this fis,ure syst- 
em, thougll irreg~~larities in formation cannot be 
detected there. 

South, also southeast and east, of Surtur I1 
there is heat in a quite extensive area, tempera- 
tures of about and nbove 200°C:, rnaximl~rn 
220°C, being measured in a few places. At ;I 

place that has bee11 liarned "The (;rill" there is 
a very big upflow of- heat, and the quantity of 
air is so great that it makes ;I ~rhistlirlg sound, 
but a teniperature ol only 150°C was rneasnred 
there. 

South~vest oL Surtnr 11 thcre is also heat in the 
lava in a large area, ancl this tl~errnal area extencls 
quite ;I long way down illto the lava. One mea- 
surement taken there sllc-)wed a tempelatule of 
more than 250°C, b ~ l t  there wils ills~~tjicierit time 
to make more detailed observations. 

Where there is much heat ill the lava, sand ;incl 
tephra that has been blown into the area har 
(hanged colour and hecoine red. This change 
seenis to occ ur at a [enlper;lture of about 100°(: 
and just below, when a layei ot recl saricl often 
forms under a clark s~rrlace layel, \\rlieleas lowel 
do~vrl, rvhere the heat is gre'l tel, the sancl is +,air1 
dark. Moisture also seem to L)c. iletessary tor the 
production of this c hange. 

I11 tlie Stronipt~r crater a temperdtrlrc of 98°C: 
was nieasured in the steam emission, and at a 
distaric e of 30 rri 11 om rhC cr;iter the terllpei atur e 
in the tuft was !)O°C: at n tlcptli of 30 cm, but it 
was not possible to penetrate any deeper at that 
plate. 

URIEF SIJMMARY 01.' CONC1,TTSIONS 
There is rrirrch anel ~videspread geothermal 

heat active oil Surtsey, both in the lava and in 
the tull. In  the tuff the telnpeiarrrre cloes not 
exceed 100°C at measurable clepths, but ill thc 
lava it is in snirle places inuch higher. T h e  ther- 
mal areas in the tufl appear to Ile spreading, but 
it is dilficulr to ray whethei tlie same applies to 
the heat in t l ~ e  lava, as nieas~rren~ents lrom imine- 
cliately pret ecliilg yeais ;Ire 1101 available. T h c  
areas around both the main cr;tters are still hot, 
and seem to have c;lianged little in the part trvo 
yearr. Where the temper;~tlue is greatest in tlie 
lava northwest of Surtur IT, it is so high that it 
can only be d ~ r e  to glowing rnaterial(s). ?'lie heat 
in the tufi seems to be the decisive factor ;IS to 
whether it is tra~isfor~ned into lirm rock or not. 



MEASURING POINT 1 
6th August 1970 
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MEASURING POINT 2 
6th August 1970 
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MEASURING POINT 4 
6th August 1970 

MEASURING POlNT 7 
7th August 1970 
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MEASURING POINT 14 
7th August 1970 
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MEASURING POINT 13 
8th August 1970 

MEASURING POINT 14 
8th August 1970 
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MEASURING POINT 15 
8th August 1970 
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MEASURING POINT 16 
7th August 1970 
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MEASURING POINT 17 
7th August 1970 
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