
GEOLOGY 



The Sedirllentary Xenoliths from Surtsey : 
Marine Sediments Li tllified on the Sea-Floor 

A Preliminary 'Report 

BY 

TORBJORN ALEXANDERSSON 
1)cpartrnent of Historical Geology and Paleontology, 

IJnivcrsity of Uppsala, Swccien 

INTKODUCTION 
Arnorig the xenoliths in the Sul tscy ejacarnenta 
there are liulnerour sedimentary rocks. These 
rocks O( cur most abundantly in the tepllra tone 
ol Surtur 11; due to erosion of the tephra they 
gradually beconie exposed and eventually la11 
out and roll do~vn  the slopes. Nunerous block\, 
the l~iggest with a diameter ol approximately I 
m, arc foulid N of the lava pool in the Smtur 11 
crate1 (Plate I A) and nlost ol the present 
~naterial  was collected there in J~lrle lO(j8. 

material was obviously lithilied prior t o  
the Surtsey cruption (November 14, 1963) and 
lrlust derive f rorr~ sedirlielr tary i oc lis in the sea- 
floor ~vliere S~~r t sey  now stands. Ueforc the erup- 
tion the \\later depth rvas about 130 rri and the 
existent e of lithif ied sediments in that position 
deserves sorne attention. T h e  locality is situated 
in the extension 01 the Central Graben of Ice- 
laud, a structure \vhich prol)ably is less than 
(i00,000 years old (RIJTTEN 8i: WENSINK 1960) 
and charat terizecl by glacial ai~cl postglacial vol- 
canism. T h e  Lolie is part of the Mid-Atlantic Rift 
System, and accordillg to thc- concept oL sprencl- 
irrg of the ocean tloors, any seclimelit\ present 
should be very young. T l ~ e  inail1 part ot the Vest- 
maunaeyjar archipelago is only 5,000-(5,000 year\ 
old (JAI<OIlSSOhr 1 CI(i8). 

T h e  geologic setting inrplies that the xeno- 
lithic nlaterial Tvas lithitied in the marine en- 
vironment. Processe\ of that kind are ~lsually 
attributed to cornp~tction due to ovcrburclen, but 
according to the p ~ o p e r t i e ~  of the \edilnents 110 

c onlpaction occurred in this case. Rec elit observa- 
tions support the opinion that submarine lithi- 
lication does take place at or ne,lr the water/ 
sediment interlace both in carbonate sediinents 
(FISCHER cV: GARRISON 1967) and in pyroclas- 

tic sediments (MORGENSTEIN 1967) 1)u t thc 
processes are still rnuch disputecl. 

SEDINIENT C1,ASSIFICATION 
AND DATING 

All sediirients consist of volc;~iiic material doni- 
iliated by sideromelarle glass, but wit11 regard to 
depositiolial conditions they belong to two dil 
ferent groups, one xvhicli indicates high-energy 
transport i111d another which indicates low-energy 
transport. 

'l'he higli-energy type is bedded nncl lnrninatecl, 
of ten wit11 convolute or othei-~vlse clistnr becl 
laniination ;~ncX with repeated graded bedding 
(Plate I A-B). T h e  grain size ranges from silt to 
pebble, and the mnterial is ge~lerally of high 
sphericity, ~oundecl to sub-angular ancl close- 
pa( lted. T h e  grading occurs both ~vithin 5- 10 
crrl thicl, beds and .r\rithin thin laminae, solrie 
inn1 ill thickness. Shell fragment\, more dr less 
rounded ancl often ~\ritll polislied surfaces, zuc 
tonimon but 110 coinplete shells ;ire louncl. All 
c haractel istics indie n te high-energy transport nncl 
the unechanism rvas t ertainly a turbidity current 
flo~v, sonietimes n~ith transitions to mudf lo~ \~ .  

T h e  low-energy type is a massive sedi l~~ent  in 
~vhiclr 110 beddjtig has Ijeen observed. T h e  giaill 
component is a well-sorted irlediu~n to fine sand, 
nnd the material is loose-packed and of mediuiri 
01 high sphericity and rounclness. Fossils ale 
Irequa" ;and range lroiil toraliiinileis to n ~ o l -  
luscs, all unrvorn and well preserved (Plate 1 
(2-1)). rile shells are not in gro~vth position but 
have been gently tleated by the lorces ol trans- 
~ o i t  ;1nc1 cleposition; n~iclamagecl foraminifera1 
tests or thin mollusc shells such as the llentcrl~lirn 
ill Plate I C occur even ~vithont any inteinal 



Plate I .  A. Sedimer~~ary xenolitlr ~vitll sllell fragments a t~t l  gratlctl betltling near Ihc rim of tile lava pool in Su~.t[rr 11. 

Hammer hanclle 35 cm. J u ~ t e  1OGX. R .  l'olislied stirfaces of t11rlticlitc ~v i th  rcpeatctl gratletl I~edding and disturl~etl lamination. 
H:! is tile sttrfacc perpc~itliculnr to B1. C;. Massive setliincnt wit11 th i~i ,  unctamaged shells. C a  is the I l e l ~ t n l i r ~ ~ t ~  slicll after pre- 
~xifiltion. Tlterc is ~ i o  sedimctit in  the iritcrior of the sllell, llie insidc is lined .ivith radiating pllillipsitc aggrcg:ltes (1101 visil~lc 
in picture). Length of shell 28 mru. D. M;tssivc sediment rvitli foratninifer, C:cmc~~tir~g isotropic substance fills rnost of the pore 
vollurl~e except rrnbrokcn right chamber of fol-atninifer. Thin  scctiot~, plnuc polarized light. E. hIassivc sctlimellt ~vitlr highly 
birefritigcnt crystalline coating on grains ant1 ~ucakly I~irefringe~tt pore filling. T l i i~ t  section, crossed nicols. 1.'. Electroll stereos- 
c;ui microglxpli of ~nassive setlitiiet~t. 111 lower part of the picture ;t rounclcd sctliment grain ~ v i t h  ratliatirig crystalline coating. 
No i~ldic:ltio~ls of crysti~ls ill t l ~ c  siliceous sril~st;u~cc ~vhicll fills pore volrnl~e. Freshly broken s t~rk~ce .  














