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ABSTRACT

Well-preserved sedimentary rocks from marine
strata in the distal shelf occur as xenoliths in the
Surtsey tephra. Fossilbearing xenoliths, to some
extent affected by subaerial diagenesis, are pre-
viously known from Heimaey and Skammidalur.
Marine biogenic carbonates (mainly aragonite
and Mg-calcites) included in pyroclastic sedi-
ments are slowly affected by subaerial exposure;
the changes differ from those in carbonate sedi-
mentation areas. Aragonite shells are not dis-
solved, leaving molds; instead replacement with-
out a void stage occurs. Depletion of Mg from
Mg-calcites has not been observed. Upper Terti-
ary Cyprina shells are still aragonite.

The siliceous cement in the xenoliths is
formed in two stages: (i) the grains are uniformly
coated by a thin crystalline fringe, and (ii) the
remaining pore space is filled by a metastable
gel-type cement. Gradually the metastable phase
is stabilized by crystallization processes.

According to G1¢ dating, sedimentary xeno-
liths from Surtsey were lithified within the last
6,000—11,000 years, probably in a submarine
position. Equivalents of all intervals in a com-
plete turbidity sequence occur in the material;
also a massive-bedded deposit which is attributed
to slow creep and small slides in submarine
slopes. Present-day conditions around Surtsey
probably lead to the formation of corresponding
sediments.

The shelf in this extension of the Neovolcanic
zone is broad and shows no influence of glacia-
tion. It is concluded that an abundance of pyro-
clastic material from submarine volcanic erup-
tions in the area caused growth of the shelf by
distal addition of fluxoturbidite sequences. Mar-
ine strata in the shelf are known to be about 700

m in thickness at Heimaey, and they occur in-
land at least as far as to Skammidalur.

INTRODUCTION

The Surtsey eruption penetrated the marginal
part of the Icelandic shelf south of the Vestmann
Islands in an area where the water depth is
about 130 m. The locality is situated 33 km off
the coast and about 8 km from the outer edge of
the shelf, this defined as the 100 fathoms (185
m) depth contour.

Material from the rock sequence in the shelf
became included in the ejacamenta during the
explosive phases of the eruption, and that mat-
erial is now found as xenoliths in the tephra.
Any consolidation of the tephra on Surtsey has
not yet occurred, and the volcanic cones are
eroded by wind action, surface drainage, and
slides, released by the under-cutting activity of
waves. In July 1969 the slopes were lined by
gullies and the edge of the crater Surtur II had
been cut through in its western part. As the
tephra is eroded xenolithic blocks become ex-
posed, and usually they roll or slide down the
slopes to a level surface, either in the crater or
on the outside. Eventually most of them are
covered again by eroded and re-deposited tephra.

Most of the xenoliths are lithified sediments
and, according to the perfect preservation of car-
bonate organisms present in the rocks, they are
virtually unaffected by the heat from the erup-
tion. The material presents an opportunity to
study well-preserved layers from a marginal shelf
area, and the big size of the samples (up to 1 m
diameter) is an advantage, especially in connec-
tion with the study of sedimentary structures and
the distribution of organisms.
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Fig. 1. Iceland with Neovolcanic areas and Pleistocene shell-bearing deposits (in part after ASKELSSON 1960). The shell-

bearing deposits all lie within or near Neovolcanic arveas.

SEDIMENTARY XENOLITHS
AND SUBAERIAL DIAGENESIS

Xenoliths containing marine organisms are
previously described from Skammidalur (AS-
KELSSON 1960, EINAR EINARSSON 1968)
and from Heimaey (JAKOBSSON 1968). Both
localities are situated in the zone of postglacial
volcanism, the Neovolcanic zone, where also the
Surtsey eruption took place, and the sediments
obviously belong to the same sedimentary sequ-
ence. In this connection it is interesting to note
that finds of Pleistocene shell-bearing deposits in
Iceland generally lie within or close to Neovol-
canic areas (map Fig. 1).

Skammidalur lies to the north of the coastal
plain in the Myrdalur district, 6 km from the
coast and 75 km from Surtsey. Here a 200 m
high scarp of mdberg (literally “brown rock”;
brownish palagonitized tuff and breccia) rises
over the plain and the top of the moéberg-forma-
tion is covered by glaciated lavas. Scattered in
the moberg are boulders of sedimentary rocks
with a lower Pleistocene marine fauna, i.a. the
brachiopod Rhynconella (Hemithyris) psittecea,
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the pelecypods Nucula tenuis, Mytilus edulis,
Cyprina islandica, Venus gallina, Tellina obliqua
and the gastropods Acteon noae, Nassa cf. pris-
matica and Turritella tricarvinata (ASKELSSON
1960).

JAKOBSSON (1968) reports sedimentary xe-
noliths in the consolidated tephra of the volcano
Saefell on Heimaey, only 20 km from Surtsey.
On basis of G14 analyses of peat he dates the Sae-
tell eruption to about 5,000 years BP and the
fauna in the sedimentary xenoliths is described
as Recent. “It was possible to identify ten species
of pelecypods, one gastropod and one foramini-
fer. All these species are found in the sea around
Iceland today and at a depth similar to that
found around the Vestmann Islands at the pre-
sent time” (ibid. p. 115).

ASKELSSON (1960) characterizes the xeno-
lithic sediments at Skammidalur as “consisting
of rounded pebbles and water-worn sand-grains”
but otherwise the sedimentary properties are not
discussed.

The volcanic pile at Skammidalur is covered
by glacially eroded lava, and is probably not



Fig 2. Sedimentary xenolith from
Skammidalur.  Thin  section, A
plain transmitted light, B cross-
polarized. The cement consists of
two components: (1) an cpitaxial,
isopachous fringe which is missing
at grain contacts, and (2) a weakly
birefringent siliceous
lacking a distinct crystalline fabric.

substan ce,

Hand specimens are yellow-brown
from subaerial alteration. (Spec-
imen by courtesy of Einar H. Ein-
arsson 1969.)

younger than late Glacial; the Saefell volcano
on Heimaey is about 5,000 years old. Conse-
quently, the sedimentary xenoliths found in
these deposits have been exposed to subaerial
diagenetic processes for a considerable time;
their mineralogy and composition may have
changed significantly, particularly where they
were exposed to percolating groundwater. It is
known that mineral assemblages which are stable
or metastable under marine conditions may
suffer rapid diagenetic changes upon exposure to
fresh-water.

There occur in the sedimentary xenoliths three
main components which as to origin represent
different and specific environments; also condi-
tions for subaerial alteration of these compon-
ents are basically different. (1) The pyroclastic

grain component, dominated by volcanic glass.
This high-temperature product is not stable at
earth-surface temperatures and pressures; the
grains in the xenoliths are usually rounded by
mechanical wear and they have probably also
undergone chemical changes during transport
and deposition. (2) The cement which is a dia-
genetic adjustment to post-depositional condi-
tions. Theoretically, minerals formed under such
conditions should be more resistant to weather-
ing than volcanic glass. (3) The biogenic mater-
ial. This consists mainly of calcareous parts of
marine organisms; mostly mollusc shells and
foraminifers and some serpulid worm tubes. The
material represents processes controlled by meta-
bolic activity, and diagenetic changes may start
immediately after the death of the organism.
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Fig. 3. Aragonite shells in coarse
sediment from the Macira-zone
(Astian), Tjornes. Polished surface.
A black substance replaces the ara-
gonite along growth lamecllae in
the shells. No intermediate void
stage is apparent.,

Pyroclastic component and cement

From the palagonitization typical for the md-
berg deposits it is evident that the pyroclastic
material is very susceptible to diagenetic altera-
tion (TYRRELL & PEACOCK 1926). The
permeability of modberg is high and as a rule
drainage is effectuated by groundwater flow
(KJARTANSSON 1960). Ionic strength and pH
of percolating water probably increases with
depth by solution and hydrolysis of glass; so are,
for instance, the tuffs on Oahu, Hawaii, pro-
gressively palagonitized at depth (HAY & IIJI-
MA 1968).

The processes that caused palagonitization of
the mdberg at Skammidalur and lithification of
the tephra cone of Saefell also affected the xeno-
liths. This is apparent even from the colour of
the material; the long-exposed xenoliths from
Skammidalur arve yellow-brown while the fresh
sediments found on Surtsey are dark grey or black.
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In thin sections the cement in the Skammi-

dalur material corresponds to that described
from Surtsey; a birefringent isopachous fringe
surrounds the grains, while most of the pore
space is filled by a weakly birefringent cement
without any crystalline fabric (Fig. 2).

Biogenic material

Marine biogenic carbonates are dominated by
the metastable minerals aragonite and Mg-cal-
cites (VINOGRADOV 1953, LOWENSTAM
1954), and several authors have described the
diagenectic course of events in areas of carbonate
sedimentation (e.g. GAVISH & FRIEDMAN
1969). The first step is generally a loss of Mg
from Mg-calcites without any textural changes;
this is closely followed by dissolution of aragon-
ite and interparticle cementation by calcite
mosaic cement. During these stages partial re-









































