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ABSTRACT 
Well-preserved sedimentary rocks from marine 

strata in the distal shelf occur as xenoliths in the 
Surtsey tephra. Fossilbearing xelloliths, to sorrie 
extent affectecl by snbaerial diagenesis, are pre- 
viously known Urom Heimaey ancl Skammidalur. 
Marine biogeuic carbonates (mainly aragonite 
and Nlg-calcites) included in pyroclastic secli- 
ments are slowly affected 11y subaerial exposure; 
the changes differ from those in carbonate stdi- 
mentation areas. Aragonite shells are not dis- 
solved, leaving molds; instead replacement \vith- 
out a void stage occurs. Depletion of Mg 11orn 
Mg-calcites has not been observed. trpper Terti- 
ary Cypr z r z a  shells are still aragonite. 

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

According to C14 dating, sedimentary ueno- 
liths from Surtsey were lithilied within the last 
6,000-1 1,000 years, probably in a submarine 
position. Equivalents ol all intervals in a tom- 
plete turbidity sequence occur in the materinl; 
also a mas4ive-bedded deposit ~vhich is attributed 
to slow creep ancl small slides in subnialine 
slopes. Present-day conditions around Surtaey 
probably lead to the forination of corresponding 
seclirnents. 

T h e  shelf in this extension of the Neovolcanic 
zone is broad and shows 110 influelice of glacia- 
tion. I t  is concluded that an abundance ol: pyro- 
clastic material from submarine volcanic erup- 
tions in the area caused growth of the shelf by 
distal addition of fluxot~rrbiclite sequences. Mar- 
ine strata in the shelf are known to he about 700 

rn in thickness at Heirnaey, and they occur in- 
land at least as Far as to Skammidalur. 

INTRODUCTION 
T h e  Surtsey eruption penetrated the marginal 

part ot the Icelandic jhelf south ot the Vestnlann 
Islands in an area .ivhere the water depth is 
about 130 rn. T h e  lotality is situated 33 Jim ofl 
the coast and about 8 krn from the outer edge of 
the shelf, this detinecl as the 100 fathorns ( I  85 
m) depth contour. 

Nlaterial frorn the rock sequence in the \hell 
bec'lme in( luded in the ejacamenta clrrring the 
explosive phases of the eruption, and that mat- 
erial is now found as xenoliths in the tephra. 
Any tonsolidation 01 the tephra on Surtsey has 
not yet occurred, ancl the volcanic tones are 
eroded by wind action, surface drainage, ancl 
slides, released by the under-cutting activity of 
waves. I n  July 1969 the slopes were lined by 
gullies arid' the eclge of the crater Sl~rtur. I1 had 
been cut through in its western part. As the 
tephra is eroded xenolithic blocks becoine ex- 
posed, ancl usually they roll or slide clo.r\rn the 
slopes to a level surface, either in the crater o r  
on the outside. Eventually most of them are 
covered again by eroded ancl re-deposited tephla. 

Most of tlie 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 tioin the erup- 
tion. T h e  iriater~al presents an opportunity to 
study well-preserved layers from a marginal she1 t 
area, and the big size of the saniples (up to 1 ni 
diameter) is an advantage, especially in connec- 
tion wit11 the study of sedimentary structures and 
the distribution of organisms. 



Fig. 1. Iceland with Neovolcanic areas and I'leistocenc shell-hearing dcposits (in part after ASI<EI.SSON 1960). The sl~ell- 
bearing deposits ;ill lie witfiin or  near Ncovolcanic areas. 

SEDIMENTARY XENOL,ITHS 
AND SIJUAERIAI, DIAGENESIS 

Xeliolitlis containing marine organisms are 
previously described from Skammidal ni (AS- 
KEISSON 1960, EINAR EINARSSON 1968) 
and froni Heirnaey (JAKOIZSSON 1968). Both 
localities are situated in the lolie of postglat ial 
volcanism, the Neovolcanic zone, ~vhere also thc 
Surtsey eruption took place, ancl the sediments 
obviously belong to the sane sedimentary seqll- 
ence. In tliis colinection it is interesting to note 
that fincls 01 Pleistocene shell-bearing deposit, 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 R4jrrdaIur clistritt, ii ltm lronl the 
toast ancl 75 km f-rorn Snrtsey. Here a 200 m 
high scarp of mdberg (literally "brorvn rock"; 
13r oxvnish palagonitizecl tuff arid breccia) rises 
over the plain ancl the top of tlie in611erg-forma- 
tiorl is coverecl 1>y glaciated lavas. Scattered in 
the nibberg are boulders of sedimentary rocks 
with a lourer Pleistocene iilarinc fauna, i .n.  the 
1)rachiopod Rhynconelln (Hemithyris) p~iliccctr, 

the pelecypods N z ~ t  zlla tenuis, l\/lylilrr, (~dz~ l i s ,  
Cyprina islan clica, Venq~s gallina, Tellirrn obliqurr 
and the gastropods A( leon  none, Nassa (1. l))i.\- 
maliccl and T717 7 itrlla trica) inttlu (ASI<EI,SSON 
1960). 

TAICOBSSON ( 1  968) reports sedirrientary xe- 
noliths in the tonsoliclated tepllra of the vo lc~~no  
Saefell on Heimaey, only 20 ltln Lrorn S u r t ~ y .  
On basis of C14 analyses of peat he dates the Sae- 
fell eruption to a b o ~ ~ t  5,000 yeais BP alid tlle 
tauna in the sedimentary xe~lol~tl is  is clescribcd 
21s Recent. "It was possible to identify ten species 
of pelecypods, one gastropod and one fora~nini- 
fer. All these species are found in the sea aiouncl 
Icelancl today ancl at a depth similar to that 
found around the Vestmann Islands at the pre- 
sent tirne" (ibid. p. 115). 

ASKELSSON (1960) characterizes tlie xeno- 
lithic sedilnents at Sltainir?iclalur as "consisting 
of rounded pebbles and water-~vorn sand-gr-tins" 
but otlier~vise tlie secliliientary properties dre no1 
discussed. 

T h e  volcanic plle at S1tnriimid;llur is covered 
11y glacially eroded lava, and is probably not 



I'ig 2. Sctl i~nc~lt;~ry xcnolil l~ fl~o111 
Skarnnlidal~rr. Thin  scclioll, A 
plai11 transmillctl light, 13 cross- 
~>olarizcd. ?'he celnenl corlsisls of 
two CornpotletIIs: (I) il l1 cpit:~xii~l, 
isopachous fringe whicli is missing 
a t  gl.ai11 coolacts, arltl (2) a ~vc;~kly 
bircfriugcnl siliceous sul)sta~tcc, 
l a c k i ~ ~ g  a tlislillcl cryslallil~e fabric. 
I-laiid spccime~ls arc yellow-brown 
from sribacrial alleration. (Spec- 
inleu I)y col~rlcsy of Ei~iar. 1-1. 1':in- 
;u-ssori 11169.) 

younger than late Glacial; the Saefell volcano 
on Heimaey is a1,out 5,000 years old. Conse- 
quently, the sedirnentary xenoliths found in 
these deposits have been exposed to s~xbaeri;~l 
diagenetic processes for a considerable time; 
their rnirieralogy and coniposition may have 
changed significantly, particularly xvhere they 
were exposed to percolating ground~vater. Tt is 
known that mirieral assemblages which are stable 
or metastable under marine conditions may 
suffer rapid diagenetic changes upon exposure to 
fresh-water. 

There occur in the sedirnentary xenolitlls ihrec 
niain cotnponents which as to origin represent 
different and specific environments; also condi- 
tions for subaerial alteration of these co~npon- 
ents are basically different. (1) Tlzc pyrocla~f ic  

qruill, component ,  dominated by volcanic glass. 
This high-ternperatnre procluct is not stable at 
earth-sllrf'ace temperatures and pressures; the 
grains in the xenolitl~s are usually roculded 1)y 
rriechanical wear and they have probably also 
~lilclergoiie chemical changes during transport. 
and cleposition. (2) T h e  cernen,l ~vhich is a dia- 
genetic adjustment to post-depositional condi- 
tions. Theoretically, minerals forined under such 
conditions sliould be more resistant to weather- 
ing than volcanic glass. (3) T h e  l~ioge7zic rr~ater- 
iul. This consists mainly of calcareous parts of 
marine organisms; nlostly mollusc shells and 
foraminifers aiicl some serpulicl worm tubes. 'The 
~riaterial represents processes controlled by meta- 
bolic activity, and diagenetic changes rr~ay start 
inlrnediately after the death of the organisxn. 
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3.  A~;~gon i t e  sl~ells in co;lrsc 
nent f r o ~ n  l lie Maclra-zo~lc 
iall), 'l'jorncs. I'olisllcd surface. 
ack s~~bs t ;~ncc  rcplaccs tllc aya- 
lc along gro~vtll 1;lmcllae ill 
shells. N o  i~ltwmcdiatc void 

is ;~ l~ ]mrc~ i t .  

I ' y~ot la~l ic  con~fio??cnl lrncl ~cmc.111 
Florrl the p a l a g o ~ ~ i t i ~ a t i o n  typical lor  the rnci- 

Dc.?-,g deposits it i s  cviclent that  the pyro~l~l r t i c  
material is very ,r~sceptil)le to  dii~genetic altera- 
tion (-I'YRKEI ,I, & PEA(:OC:I< 1926). T h e  
~errnea1,ility ol rntibel-g is lligh and  ar a ru le  
d~; i inage is eflcc tuatccl hy groundlvater l lo~v  
(I< JAKTANSSON In(i0). Iollic strengtll ancl p H  
01 pcrcol;itillg .iv,ltel piob;tbly increases with 
clepth by solutioll ;lncl liyclrolysis (11 glass; so are, 
for instante, rlle tulis on Oalln, Ha.rv;tii, p 1 ~ -  
gressivcly palagol-riti/ed at cleptll (HAY & 1111- 
M A  1968). 

T h e  pl ocesses that c ,l~isecl p;~lagoi-ri tiJatioi1 of 
the mtiheig '11 Sl tam~il idal~ir  a l ~ d  1ithilic;ltion 01 
the lephra conc o l  Saclell also ;lllectecl tlle uello- 
liths. 7'his 1s app i l~en t  eve11 from the c o l o ~ ~ r  of 
the 1n;ltcl i a l ;  tllc long-c-xposed xenoliths Iroin 
Skalnnlic1;llur arc yello\\~-l>ro.r\lll .r\rhile the fresh 
sediments foulzcloll St~rtsey are elark grey o r  black. 

In t11i11 sect iol l~ tlic ce111~11t i l l  tile Slcainini- 
t l a l ~ ~ i  111ateri;tl correspoi~cls to that  clcst ril~ccl 
Iroln S~lrtsey; ;I I) ireliinge~lt isopacl~ous 1.1 inge 
strirc)uncls the gr;~ins, .r\illile rr~ost ol the pore 
s p ; ~ w  is lillccl by ;L ~venltly birelringelit t eirlellt 
t\ritllor~t any c r y ~ t a l l i r i ~  I;~brit (Fig. 2). 

Biogcnic n7niel in1 
Marinr. biogenic carl)oll~ites are do ln i l~a tcd  by 

the  n~etastnble  ~ninera l s  ;lr;~gonite a n d  h'Ig-c;tl- 
c ites (VINOGRADOV 1955, 1,OTIVENSTAM 
1!)54), ;tlid sevelal ;intllors have clescril)ecl the 
t1i;lgenctic course ol events in areas o l  c;lrbo~late 
aecliir1cnt;ttion (e.g. GAVISH & FRIEDAIAN 
I Xi!)). T h e  liist step is geiierally a loss of ;\I9 
lroln klg-cal( ites .rvitllotit ally textural chaiiges; 
this is closely follo.r\recl by dissolutioll of aragon- 
itc ; ~ n d  illterparticle celrielitatioii by calcite 
~riosaic celnent. Iltlririg thew stages partial re- 




























