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INTRODIJGTION 
Surlsey is geornorphically very active. T h e  

island marks the southernmost point of Iceland 
(Fig. l ) ,  and due to the relatively steep subrnar- 
ine slope, the ocean waves I'irst break on the is- 

Fig. 1. A map showirig the location of Surtscy. 

land itself (Norrman 1970). T h e  tepllra ol Surts- 
ey is still largely unconsolidated (Jakobsson 
1972, 1978), and this, along wit11 the lack 01 
vegetational cover, allows wind and running 
water freely to erode the iuland. T h e  purpose oi 
the present investigation is to observe erosion 
and sedimentation on the island, and to map 
the distribution of the various sediments. 

Volcanic activity i n  Szrrtsey 
Thorarinsson (1 9(55a, l9(55b, l!)Cili, 1967, 1968) 

followed the course of events of volcanic activity 
in Snrtsey. He also made valuable comments on 
the morphological development of the island. In  
a very brief summary, his observations were the 
following: 

On the 14th of November 19(i3 it was first 
noticed that a submarine eruption was in process 
about 20 km SW of! Heirnaey. During the f'ollow- 
ing days an island was built up, hool'like in shape, 
usually open towards SW. By the end of the year, 
the island had grown to the height of 145 m a.s.l., 
with a diameter of 1100 m. 13y that time only one 
crater, later to be called Surtur I (SI), was active. 

On the 2nd of February 1964 volcanic activity 
started in another vent, Surtur I1 (SII), west of 
SI, and by 7th of February only SII Tvas active. 
In  April 1964 the phreatic activity had built a 
tephra wall thick enough to seal the vent off from 
the sea, and the eruption changed from phreatic 
to an effusive phase. For the next 13% months 
lava flowed at intervals, considerably enlarging 
the island. On the 17th of May 1965 the activity 
of SII stopped. 

During the next 14 months, phreatic eruptions 
built successively u p  two islands: Syrtl ing~~r,  ENE 



of Surtsey, and J6lnir, SW ol S~lrtsey. Both is- 
lands reached a stage where they were more 
than 60 m in height and 650 m in length. T h e  
sea rapidly broke down the small islands after the 
volcanic activity stopped. 

On the 19th of August 19(i(j eftusive activity 
started in SI. Lava was seer1 flowing at interval5 
for the next 10 months, last on the 5th of June 
1967. D~lr ing this phase, few small parasitic- 
cones around SI were active, bnt lor a short 
time only, and without ally considerable lava 
production. 

Thorarinsson (19G8) estimated the total pro- 
duction of eruptives during the Surtsey eruption 
to  be 1 . 1 - 1 . 2 x l O k ~ ,  and he suggested that 70% 
of the total volume was tephra. 

Review of research concerning Ihe sedimenls 
of Stwtsey 

T h e  contribution of Thorarinsson has already 
been mentioned. Norrman (1968, 1970, 1972a, 
1972b, 1978, 1980) has monitored morphologi- 
cal changes in Surtsey, wit11 special reference to 
the cleveloplnellt of tile northern ness and beach 
developmellts on the island. He  points out, that 
costal erosion is rapicl and that the coastline 
changes markedly from year to year. According 
to Norrlnan (1978, 1980) the coastal erosion 
amounts to 60 hectares between the years 1967 
and 1975. Norrman et al. (1974) map the di- 
stribution of beach matcrial 011 the island, and 
publish grain size distribrttion curves for 15 
samples of sand from the lava area of Surtsey. 
Fridriksson et al. (1972) publish a substrate map 
of Surtsey, intended For comparison with a vege- 
tation map compiled in 1970. Jakobsson (1971, 
1972, 197 8) discusses the consolidation and pala- 
gonitizatioil of the Surtsey tephra, and publishes 
grain size distribution curves for some tephra 
samples (Jakobsson 197 1). Sheridan (1 972) deals 
with g-rain sizes of tephra and beach sand on the 
island. Lorenz (1974) discusses various aspects of' 
the tephra, and deals with the str~lctural proper- 
ties of the tephra cones. Einarssoll (1966) dis- 
cusses various physical properties of the Smtsey 
.tepihra. Walker &: Croasdale (1972) cornpare 
surtseyan tephra wit11 strombolian-ha~vaiian 
tephra. 

T h e  origin of Ihe Surtsey sediments 
T h e  primary source of unconsolidated sedi- 

ments in S~xrtsey is tephra, formed during the 
phreatic phase of activity in SI and SII. T h e  
tephra is found bedded in the tephra cones, in 
the form of palagonite tuff and in the form of 

re~vorkecl sediments. Another source of sedi- 
ments is the lava (Norrman et al. 1974). 

Primary tephra is characterized by poor sor- 
ting and grain sizes ranging from silt to boul- 
ders, while eolian deposits are characterized by 
better sorting, and dominant grain sizes of silt 
and sand (Sheridan 1972, Norrman et al. 1974). 
Material tra~xportecl by the force of gravity and 
rurlning Tvater is characterized by poor sorting 
(Norrman et al. 1974). T h e  beach sand and the 
boulder ridge bordering the northern ness origi- 
nate From two sources: a) glassy sand formed by 
Fragmentation o f  the lava by rapid cooling when 
it entered the sea, and b) sand and boulders 
formed by the crushing effects ofi the breakers 
and grinding by the surf (Tllorarinssori 1965b). 
Tephra eroded lrom the island constitutes but 
a small fraction of the beach sand (Tllorarins- 
son 1967, Norrman 1968). A small fraction of 
the tephra I'ound on Surtsey originates from 
phreatic activity in the small islands of Syrtling- 
ur and Jhlnir (Thorarinsson 1967). 

METHODS AND T R E A T M E N T  O F  DATA 
T h e  field work was carried out as a part time 

study in July and August 1979, with a check up 
in June 1980. Observations were made all over 
the island, with particular. reference to structur- 
al and textural properties of' the sediments. Many 
samples were collected for future analyses. 
When samples of tephra were collected, pre- 
cautions were made to collect representative 
samples, ~ ~ s u a l l y  from single beds, around 10 crn 
thick. Samples of eolian sands were collected as 
llorizontal cores through dunes and ripples. One 
sample was collected from a deep pit: forlned by 

Fig. 2. LocaLioil of tcphra samples. Major localities on the 
island: Phlsbaer: Scientist hut; L6nsstaecli: Old lagoon site; 
Norclurnes: Northcrn iless; Sodull: Saddle. Base from Norr- 
Inan (1978). 
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Pig. 3. Map showing the clistributio~~ of various scclitncnts on Surtsey, as in the summer of 1979. Legetlcl: 1) Tephra i111d 
palagoilite tuff, 2) Beach seditnents, 3) Muclflows and solifluction, 4) BoulcIcr ridge, 5) Eolian satid in ripples and dunes, 6) 
Talus, 7) Assorted sediments, 8) Wii~clhlow~~ santfcovcr on lava, 9) Evidence of smash as marked by clriftwood, 10) Lava 
craters, 11) Parasitic cones, 12) Boundary not clear, 13) P;ilsbaer (Scientist I i u~ ) ,  14) Lighthouse, 15) Pit in the old lag0011 site, 
16) Drill site, 17) Location of samples of eoliatl sand. Base of map: Air pllotograph of Surtscy, no. 4410, taken in July 1979 by 
the Icela~ldic Geodetic Survey. 



Fig. 4. Top of the SII tcpl i~a  tone, viewing townitls ESE. SI cone in backgio~~ncl, will1 liglilllousc oil I~iglicst point. 

a cave-in in the lava south. of SII. The  structure 
of the northern ness was observed in a pit dug 
in an old lagoon site on the inner part of the 
ness (Fig. 2). The size of the samples collected 
ranged from 250 to 600 grms. 

Alfter randomly halving the samples down 
to a size of 90-200 grms, they were washed in 
about 200 1111 of distilled water. Jakobsson (1 97 1) 
warns that seasalt may cause cohesion among the 
silt particles, which coulcl cause the silt fraction 
to be u~lderestimated if the samples were not was- 
hed before sieving. In order to check this state- 
ment, washed and unwashed parts of the samples 
were sieved for comparison. Only xvashed samples 
are represented in the grain size distribution cur- 
ves in this paper. After washing, the samples were 
dryed for 24 hrs at 90°C, and then sieved wit11 
one phi interval. The grain size scale used is 
the phi scale, as proposed by Krumbein (1934). 
For calculating the mean, the eq~xation presented 
by Folk & Ward (1957) was used, but equations 
presented by Inman (1952) for calculating sor- 
ting and skewness. 

Figure 3 shows the distribution of the various 
sediments on Surtsey as  napped in the summer 
of 1979. The sediments of Surtsey have only 
been transported over short distances, so the 

classification ol sediments in a given locality 
usually is rrlatter of qualitative estimation. 
When preparing the map, units were chosen 
for each locality on the basis of xvhich group of 
sediments xvas the most abundant one. 

CLASSIFICATION AND RESULTS 

Mapping uni2 1: Tephra and f~alagonite b z ~ f j '  
Primary tephra is found in the tephra cones 

of SI and SII, in B6lfell and Fjallid eilza (Figs. 
2 and 3). Jakobsson (1978) points out, that con- 
solidation and palagonitization of the tephra is 
almost entirely confined to the eastern tephra 
cone (SI). On the top of SII, pebbles to cobbles 
are the most abundant grain sizes (Fig. 4), as the 
wind blows away finer particles. Tllorarinsson 
(personal communication, 1980) has monitored 
the lowering of the tephra cones due to wind 
erosion, taking readings from stakes, vertically 
inserted in the cone rims. According to his ob- 
servations, the maxim1111 denuclation measured 
during the period July 1967 to August 1970 oc- 
cured on the northern rim of SII, 92 cm. During 
the same period of time, the central part of the 
highest rim of SI was lowered by 52 cm. T h e  
maxi~num denudation during the period 1970 














