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ABSTRACT 
Similar to other tuf'fi-rings Surtur I, Surtsey, is 

characterized by a major unconforrnity interpre- 
ted as the result of large-scale slumping owing 
to possible fiormatiori of a ring fault at depth. 

The last deposits of the phreatomagmatic ac- 
tivity of Surtsey indicate that they are either the 
result of very good or of relatively little magmai- 
sea-water contact. The first type of' deposit is 
characterized by base surge deposits that show 
phenomena like syn-sedimentary formation 3 f  
~nud-flow channels, gravity flowage ripples, and 
joints. The base surge deposits consist mainly ol' 
vesic~llated tuffs. Vesiculated accretionary lapilli 
are indicative of very rapid accretion in wet erup- 
tion clouds. The  second type of deposit contains 
cauliflower bombs and lapilli that received their 
particulate size prior to contact with water. Dm- 
ing subsequent contact with water the surface of' 
the particles was chilled and solidified to forrn 
sideromelane whereas the interior stayed fluid 
slightly longer and formed tachylite. Many cauli- 
flower bombs impacted while still having a fluid 
interior and consequently they deformed. 

INTRODUCTION 
Various aspects of the phreatomagmatically 

formed tephra of Surtsey have already been 
studied by Jakobsson (1972); Sher idan  (1972); 
T h o r a r i r ~ s s o n  (1965, 1968); Thora r in s son  et 
al. (1964) and Walker  &: Croasdale 1972). In 
this study, performed on Surtsey in June 1972, 
some additiorlalf eatures will be reported con- 
cerning mainly the youngest deposits of phreato- 
magmatic origin of Surtur I and Surtur 11. 

UNCONFORMITIES 
At the SE edge of the Surtnr I crater rim a 

major unconformity is exposed (fig. 1, 2). The  

older tephra layers underlying it dip wit11 ap- 
proximately 10" towards the crater and are cove- 
red by ash layers diat dip on average 30-40°, 
locally up to 72" towards the crater centre. An- 
gular fragments of partly bedded tuffs lie on the 
lowernlost part of the unconforrnity and indicate 
their being the result of a slide or slump. These 
fragments are overlain by approxin~ately 1 m of 
unbedded tuff that may have accumulated by 
grains sliding or rolling down the slip face. This 
bed dies out upslope rather rapidly and is, in 
turn, overlairi by bedded tuffs, some of tvliich 
are vesiculated (see below) whereas some other 
beds show faint low angle cross-bedding directed 
upslope. The beds successively step onto older 
tuff layers. Locally, here the unconforrnity reach- 
es dips of up to 72", these beds, in part, are plas- 
tered against the older tuffs. 

The  uriconformity can be traced along the rim 
edge up to a level where the younger tuffs com- 
pletely drape over the older ones so that no in- 
dication of the unconformity is seen anymore 
(fig. 3). 

A similar unconforrnity is exposed, locally, in 
the SE wall of Surtur 11. 

It  has been pointed out recently (Idor e 11 z 197 3) 
that many tuff-rings display ~xnconformities in- 
dicative of slumping as a result of subsidence 
along a ring-fault at depth. Examples in Iceland 
are Hverf jall, Litdent and Hrossaborg. 

The unconforrnities on Sttrtsey are interpreted 
likewise and would, in the case of Surtur I, in- 
dicate a ringfault of a diameter of approximately 
250-300 m near the surface. 

During its final stages of activity the adjacent 
tuff-ring Jblnir developed subcircular ring-faults 
of a diameter of 400 and 600 m respectively - 
in May 1967 but stopped eruption only at the 
end of August 1967 (Thorar insson  1968). This 
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2. Unconformity at SF. 
of Surtur I rirn. 

clearly indicates instability at depth that results 
in subsidence; ash-layers from the following erup- 
tions then cover the faults and drape over the 
older beds. 

PYROCLASTIC DEBRIS BELOW 
T H E  UNCONFORMITY O F  SURTUR I 
AND S U R T U R  I1 

T h e  older tephra of both Surtur I arid I I  are 
well exposed in the cliffs at the E and W side of 
Surtsey. They are rather monotonous, well bed- 
ded, rather homogenous in grain-size variation 
and thickness of beds. Many of the tuffs are 
vesiculated indicating a base surge origin. T h e  
few included blocks or bombs rarely indent the 
underlying beds; most of them, therefore, were 
emplaced by base surges. 

T h e  layers above the ullconforrnities, how- 
ever, display a much greater variety in grain-sizes 
and block and bomb content and are discussed 
below. 

VESICULATED TUFFS 
Vesiculated tuffs, i.e. tuffs or lapilli-tuffs with 

vesicles between the particles, occur in two varie- 
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ties on Surtsey. T h e  first one is rather coarse 
grained and largely confined to the older tufts 
exposed in the clitfs. Owing to the grain size of 
the lapilli-tuffs the vesicles are irregular in shape 
and 0.1-1 cm in diameter. T h e  second type is 
found in the ash layers above the unconforrnity 
of Surtur I. Differential erosion and preservation 
of these tuffs owing to recent rise of heat and 
consequent hardening and palagonitization ( J  a k - 
obsson 1972) provides an excellent change to 
study these beds ill detail. 

T h e  vesiculated tuffs are, in general, 1-6 cIrl 
thick and contain vesicles 0.1-2 mrn, rarely 1 cm 
in size. T h e  walls of the vesicles are rather 
smooth; small zeolite crystals frequently are at- 
tached to them but are also found in the inter- 
stitial pore space of the rocks (Jakobsson 1972). 
Palagonitization, identified by the brown colour, 

v v v v v  

V V V V V  I 

,/, Well exposed vesiculated tuffs 0 Spatter  cone 

o 0 0  o Vesicuialed accretionary lapii l i  v v Lava 

* m ~ ,  Gravity flow ripples - Unconformity 

I I - Mudf low channels === Crater r im 

/\M Slope creep 
Fig. 3. Schematic cross-section through ritn of tuff-ring similar 
to Surtur I E rim. Fig. 1. Index map of Surtur I. 
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effects the ceiling of rriany vesicles, especially the 
larger ones, earlier than the rnain part of the 
rock. If heat keeps rising long enough on Surtsey 
palagonitization of the ~vhole rock will ultimately 
give rise to amygcl:lloiclal tuffs. 

Vesiculated tuffs are an excellerit indicator of 
pllreatomagmatically forrned basesurges (1,orenr. 
1974) which are known to have taken place or1 
Surtsey ( M o o r e  1967, T h o r a r i n s s o n  et al. 
1964) . 

MUDFLOW C:HANNEI,S 
On the W rim of Surtar I there is a graded 

vesiculated tuSf layer, a few cm thick, that can be 
traced horn the inner crater ~vall  over the rim 
onto the outer wall. 011 the rim where the bed 
dips less than 20" there are no associatecl surface 
pheriornena. On both the i~lner  and ollter crater 
~vall,  however, this vesiculated becl displays mud- 
flow channels at dips greater than 20" (fig. 1). 
At an angel of approximately 20" there are only 
srnall and Saint clianr~els 1-3 cm wide. At a dip 
of approximately 25" they are more frequent, 
wider, and deeper. Typical inuclflow channels 
are 6-8 cnl wide, several cnl deep (up to 5 cm), 

and have rnargirial ridges, 1-3 crn high, that are 
lined with finegrained ash to give a srriooth sur- 
face. Some channels unite to form larger ones 
(fig. 4) and some sllow meandering. Inside the 
channels there are faint ridges their convex side 
pointing downslope. Accretionary lapilli and the 
overlying also vesiculated bed fill and cover the 
channels the latter without showing any depres- 
sions above the channels at its own surface. This 
clearly indicates that the channels formed im- 
mediately after deposition of' the vesiculated tut F, 
and that the ash layer gave o f f  excess water arid 
formed the mudflow channels prior to deposition 
of the next younger layer. It is assumed that this 
particular bed approximately contains 20-30 
volT, of water at the time it was deposited by a 
base surge ( L o r e n z  1974). 

At dips greater than 35" (at the inner slope) 
the whole bed broke u p  into fragments several 
cm to 20 crri in size and began to slide down the 
slope as a mass of these fragment (fig. 5). Some 
of the fragments even indicate that prior to slid- 
ing the bed formed small gravity flowage ripples 
of a type described below. T h e  slicle also atlected 
some of' the underlying, coarser-grained beds. 
Eve11 farther down the slope some remains of 
larger rnrrdf lo~ channels, up to 50 crri wide, can 
be recognized on this particular becl. 

KIP1'I.E 1,AYER 
One ash layer, 6-8 crri above the illst describetl 

one, is also developed as a graded vesiculated 
tuff and is 1-4 cm thick. I t  contains particles lip 
to 5 mm at its base whereas at the top the ash is 
very fine-grained. I n  the upper 0.3 to 1 cm there 
are vesicles up  to 1-2 nlm in diameter. Some vc- 
sicles are inclined clownslope and indicate a small 
degree of shear niovernent owing to slight down- 
slope flow. 111 the lower part of the bed the ve- 
sicles may be irltercorinectecl and reach 0.5 cm 
in size. 

At the top o f  the rim there are no ;urface 
phenomena associated with this bed. Several tens 
of meters down the outer slope where the slope 
reaches an angle of 15-20" there are faint signs 
of ripples elo~lgated parallel to the slope. With 
increase in slope angle the ripples become more 
proriourlced (fig. 6) and asymmetric. Their  wave- 
lengths are 3-8 crri, tlie amplitudes LIII to 1 cm 
with the c1o.ivnslope sides being steeper and 
shorter than the upslope sicles. With increase iri 
slope angle the wavelength o f  the ripples cle- 
creases slightly. 

From tlie rim towards the crater this becl in- 
creases in grairi size slightly. And the vesicles be- 



come fewer and finally disappear nearly co~n-  
pletely probably as a result of the increasing ease 
of escape of the gas phase in the coarser ash. T h e  
ripples also are less tvell developed on the upper- 
most part of the inner crater wall and disappear 
completely downslope. 

T h e  overlaying bed covers the ripples without 
showirlg irregularities at its own surface incli- - - 

eating that the ripples formed prior to its de- 
position. Ripples of this type associated with 
vesic~llated tuffs were already interpreted as the 
result of very wet as11 being deposited on a slope 
by a base surge and coriseque~itly starting to flow 
clolvnslope because of its high water coriterit 
( L o r e n z  1970). Beds of this type are also con- 
sidered to have co~~tainecl, at the time of theit. 
depositiori, 20-30 vol0j',, of water (1,orenz 1974). 

JOINTS 
Approximately 1 rn above the uriconformity 

as well as in the W part of the Smtur I crater 
bowl pyroclastic beds, both vesiculated and non- 
vesiculated, show joints antithetic to slope and 
beddirig (fig 1, 7). These joints are similar tct 
those described by I; u r l  ing e r  (1 972) in slaty 
quartzphyllities and interpreted by him, likewise, 
as a result of slope movements. This jointing is 
restricted to specific bed sequences and covered 
by undisturbed ash layers. These beds, thererore, 
already must have acquired a certain degree o f  
consistency and hardness to react in such a rnan- 
ner prior to deposition of the younger beds. 
Hardening of the as11 immediately after its de- 
position and some drying, again probably clue to 
a specific water conterit ( C a r r  1 Y69), is suggested 
to explain this mechanical behavior. 

VESICULATED ACXRETIONARY l,APILI,I 
Approxi~nately 3 IT\ above the unconformity at 

the SE edge of the Surtur I crater rim there is 
a layer 3-5 cm thick, and dipping 30-40" towards 
the crater centre. This bed contains lriany accre- 
tionary lapilli. They vary in size from 0.5-3.5 cm 
and contain as a core a piece of basalt. Thd outcr 
layer, 1-6 rrinl thick, consists of vesic~xlated tuff 
the vesicles reaching 0.2-0.5 rnrn in dianieter, 
rarely 1 mrn (fig 8-9). T h e  accretionary lapilli ai-e 
found in flat accumulatious the largest accretio- 
nary lapilli lying dowl~slope and the smaller ones 
having accumnlated behind them upslope. Thi5 
seems to indicate their having rolled and slid 
downslope to some extent. 

Halfway up the inner slope, i.e, slightly farther 
away from the source ol eruption, the accretio- 
nary lapilli of this bed, which at this locality dips 

Fig. 5. Slide of m~itlflow-cliatlnel-layer ar tipper part of Surtuv 
I N\f\l inner slope. 

Fig. 6. Ripple layer at rippcrnnost part of NW outcr slope of 
Srwtur I. 

Fig. 7. Joiilts ill upper part of NW inner slope of Srzrtur I. 

with approximateiy 40" towards the crater, be- 
come smaller in size, reaching only 1.5 cm, and 
the amount of vesicles i11 the outer layer de- 
creases. Even higher up the slope the vesicles 
nearly disappear and the accretionary lapilli de- 
crease to 0.5-1 crn in size. 

At this last locality oilly, the vesiculated tull 
bed unuerlying the accretionary lapilli shows 












