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I. INTRODIJC7 ' ION 
About  one third of the exposed part of Surtsey 

is made u p  of tephra, pyroclastics of alkali oli- 
vine-basaltic composition, lorlned in the phre- 
>>tic eruptions in Surtsey during Nov. 14, 19(i3 - 
April 4, 1964. Since the formation ol the tephra, 
samples have be el^ talien in varion4 localities 
every year (except 1965 ;111cl l9i58) in  orcler to 
find o u t  when a n d  how tile expectecl process o f  

consolidation ancl palagonitization ol the t ep l~ ra  
~vould start. 

A thorougl~ study ol t11e petrology of the 
tephra-formation in Sr~rtsey might givc impor- 
t a l ~ t  ans.ivers to  sorne ol the problenis of the 
chaotic s~tbglar ial "palagonite lormation" 01 T c  e- 
land and to the cluestion of lorrrlatiorl of pala- 
gonite 1r0m basaltic glass in general. 

Fig. I .  \ricw of the nortli co;ts~ of Suriscy, lookiug lo SE; i111g11st 5 ,  1970. 111 Liie forcguoul~tl layerecl iepl~ra  rvitll tlisco~.tl;lnce 
ill tllc I:~yel.s ill tlrc l~~i t l t l lc  of  the s cq~~e~ lcc .  'To the I c f~ ,  filtcly I~cdtlctl rctlc]>osit tcphra. 111 the l)ackgrouncI, nlud flows are 
cor~spicio~is i l l  the 1iort1ic1.11 ~v;lll of thc Sr~vtnr I1 crater. The field station car1 bc seen ;II the left edge of t l ~ c  p i c l ~ ~ r c .  
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T h e  tirst signs of consolidation in the tephi-a 
were seen in 1 S(i6, and in 1969 a rilarlted consoli- 
dation process had I)egun, clearly coiinec ted to 
local heating ol the tephra. It seems possible to 
define under what <onditioris these proresses 
work. 

11. GENERAL I'KOPERTIES 
O F  T H E  T E P H R A  

T h e  tephra lormed when the approx. 1150"- 
1 lCiO°C or hotter magma (Sigurgeirsson l!)(iii) 
was quenched on contact with the seawater. 
T h e  tephra felt still hot when it fell in the 
irnlrlediate surroundings ol the crater, but it 
was only ;I matter ol a relatively short time, 
possible only a letv hours, betore it had cooled 
down to air ternperature. T h e  quent hing re- 
sulted in phreatic. explosionr and horseshoe-crat- 
ers with ;I diameter ol ahout 400 1x1 and an height 
ot  150-170 I n  above sealevel were lormed. T h e  
tephra 1v;ls deposited in finely-bedded layers (Fig. 
1 ; ~ n d  2), each layer repre\entirlg one shower. T h e  
crater and the tephra of the First phreatic phase 
(Nov. 14, 1963 - April 4, 1964) is tor conveni- 
ence called Snstur I (S I) and that of the second 
phreatic phase (Febr. 1 - April 4, I!)Ci4) Surtur 
I1 (S 71). For lurther details ot the eruption 
history the reader is referred to the detailed de- 
scriptions ol ThGrarirlsso~i et al. (1964) and Th6r- 
arinssoil (19(i5, 1968). 

Microscopic investigations 011 the tephra short- 
ly  after deposition (summer 1964) showed that 
82-88% vol. rvas made up ot unaltered and ~111- 

palagonitized basaltic glass (sideromelane), the 

rest being fragments ol autogenic hyalobasalt 
nnd pllenotrysts of olivine, plagiotlase and Cr- 
spinel. T h e  sideromel'lne is light-blown with a 
refractive index of 11 = 1 .ii05 1-0.002. Dispersed 
in the tephra ale grains ot opaque glass (tachy- 
lyte); in con t~ ;~s t  to the sideromelane, the tathy- 
lyte is magnetic. It is ditlicult to measure the 
density 01 the glass because of the great number 
of vesicles, but values around 2.70 g/cm"ere 
repeatedly obtained. T h e  tachylyte grains have 
sirriilar clensi ty. 

T h e  grain size in live annlysecl samples varies, 
with xnore than 90%) li',etween 0.05-5 mm. T h e  
grain size curve5 have in most cases three rrlaxima 
;ind are quite distinct from the curves of \ample, 
ot tepllra deposited in the rea1v;iter e.g. just north 
ot Surtsey, which are rather wellsortecl and have 
only one ~l i ,~xi l~lum.  T h e  content ol olivine- 
phenociyrts varies greatly because of eolian dif- 
ferentiation. I n  the case 01 J6lnir (an island 
torimed irl 1'3ii(i, which 1)rok)e down the same 
year) the olivine con tent was tound to clet r ease 
by 50% between two sites in conte~nporaneously 
lormed tephra-layers at distances of 350 m and 
1 100 m lrorn the t rater. 

111. CONSO1,IDATION OF T H E  TKPIIRA 
T h e  lii-st signs of consolidation were seen in 

August lS(i(5 in a few places, f.ex. at the top of 
the eastern ino~rnd. It tvas then possible to take 
,I coherent sample, but it disintegrated when 
transportetl. Only the outermost 10-1 5 cm of 
the exposed tephra layers were consolidated. No 
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I In Sept. 1969 a consiclerablc aiea in the walls o - 

of the S I - tephra crater .c\las alre;~dy consolidat- 
- I 

I ed, ]x(>b,ibIy as a resul t of the l~eating I I ~  of rhr ,,, - 
tephra. In  April 1968 Prof. Sigurc1111 Thtirarills- 
son h i ~ d  diwoverecl that 21 p;lrt of the older teplll a , , , ,  , , , ,  

(rater (S I)  was ~v:utn. In Sept. If169 the p e r c n t  Elg. 4 Tcmpe~dtules in flve 40-100 cm tlecp holes ill t l ~c  
5111 tsey tephia (August 1070). Foul of the holes are f ~ o m  tlle 

the "land and the lield ~ I > ~ I I I I . I ~  held ( r~~c l r s )  .~ncl olle o ~ ~ t s i d c  the filxld, at  firld 
was surveyed; temperatures bet~seen 48 O - 8 4 O  C station (riosses) 



Tvere rrieasuled at ;~pproxirn;ltely 5 err1 depth ill 
P - the hotlest a1 cas. I he tcplir,~ in the t lierrnnl Jic,ld 

was r~sually sliglltly !vet ;~nd in soine places stearn 
escaped thlough the surfnt e. 111 August 1970 the 
tlieiir~nl field was mCrp1>cd in detail, see Fig. 3, 
ant1 it rio-cv seenred slightly Iarga than in 1967. 
At 20 cni depth the temperat ure rvas nsu;~lly 
bet~veen 40°-600C: within the thermal tield, b11t 
10°C: or lo~ver outside the Jield. It Ivas attempted 
to nle;tsure i 11c temper atnr c gradient by h:unriier - 
i ~ i g  an iron 1~a1- dorvn (Fig. 4). L1s~l;rlly it W,IS not 
possible to get i;lrther clown th,ln about 40-60 
( m  within the thei-rrlal Lield a\ the teplira gradu- 
ally bccamc lirlrdel. A4 is cviclcnt frorn Fig. 4, 
the ten] per ;I ture gradient is very sleep iu the 
~~ppc i lnos t  40 ciri ol tcphra, hut as rhe renipcr'l- 
ture reaches 100°C tlie curve seems to flattei~ 
out. Tliis toirld rriean thal 100°C is rnaxitnllxri 
teil~peratl~rc, at least ne;u the sol face. A snlall 
area in tlie northern part 01 the field was kept 
uiider obsc~vaiiorl lo1 21 fel\l \\reeks ill A11g.-Sept. 
1970. At 20 cm depth ihc temperat~nc was lorrr~tl 
to vary as rnutfi as 35°C: at the sanie locality 
~vhen measureinents were ~epeated \\,ithi11 a few 
clnys. Temperatures above 100°C w~ere nevei 
obtained. From the above it could be s~rggested 
that the tep11l;i is heated up by v,tpour at 100°C. 
I t  is very irnporta~lt to get this t lear ill orcler to 
:IS( el-tain at ~vha t  temperatures the consolidation 
and palagonitization takes place at depth. 

As is evidelil Iron1 Fig. 3 the tl~errnal tield sur- 
~ o u n d s  the lave craters and it is therelore plob- 
able that tlie heating u p  is connected with heat 
f lo~v tlirorrgli the feeder dykes oL the lava t rater 5. 

?'he l;~v;l crater S I1 (the westernmost one) was 
last in actioli in -May 1965, whereas the traters 
S I ceased lava-ell115inn in J u n e  1967. Heat Ilor\ 
through the craters torltiriued l~o~vever, in July 
1968 temperatures around 500°C were mealin ecl 
in discllarged gases in the S I1 lava crater, ancl as 
late a5 in Aug. 1970 terrlperatures as high as 400- 
500°C were obtained (Ae. J6hannesson, pers. 
i d . ) .  T h e  temperatures of gases from the S I 
craters were somewhat lower. 

As mentionecl above it seerns clear that the 
tephra, at least near the surface, is heated up by 
steam at 100°C. This steam can either be vapour- 
ized meteoric water whirl1 after precipitation 
seeps down to the 100°C level and then is vapour- 
ized, or it can be vapourized sealvater \vhich 
probably is present in the porous underground of 
Surtsey. In  the srnall area which rvas kept under 
observation during Aug.-Sept. 1970 the tempera- 
ture variecl considerably, ever] from one day to 
the next. T h e  volnme of stearn ~vhich escapecl in 

this drea seerned to irltrease ~v i th  increasing tem- 
perature. I t  xvn, not possible to see any connec- 
tior1 I,etureel~ the precipitation as rneasurecl in 
this t i~ne  irlterval ;IL the weather station neai the 
hut ancl tlle vaiiations in the enlanation of steam 
lrom the area. I t  coiild theretore I,e suggested 
that the steam is mainly seawater which becomes 
vapourizecl at sea level and then emanates 
througlr the tephrn to becorne mixed with mete- 
orrc water near surface. This worrld mean that 
the palagonitization nnd the consolidation pro- 
ceeds at 100°C: helow a b o ~ ~ t  $$ rn depth with a 
more or less tolistant flow ol water vapour at 

this ternperature, and probably near atmospheric 
pi-ess~~re. This could be ascertained with a shall- 
ow, say 50-100 rn, borehole. 

I n  Pig. 3 i l  shown the extent oJ the tonsolid- 
'ited area on thp surlace in Arlgust 1970. A Lon- 

siderable area is lemi-consoliclated ancl here it is 
possible to take good tohcrerit sampler with ;I 

hammer, and about 7900 m+are made u p  ol 
q ~ ~ i t e  bald lock wheie a good harnmer is needed 
when saniples are t;iken. Elsewhere within thc 
thermal iield the tephra seeniecl hard and con- 
soliclated at 40-80 cni depht. 

IV. PALAGONITIZATION 
Witlli~r the consolidated area ~vhich rvas ob- 

served in Sept. 1969 a Eew slri;ill rust-brown 
patchel were lound in  the tephra, especially 
where the vapour emarlatioll uras strong. T h c  
glass grains wele distinctly coloured, but usually 
only 017 the under side of the grains which 
turned towards the vapour stream. Under the 
microscope the outermost 0.05-0.10 mm ot the 
siderorrielane grains were foul~d to be altered to 
red-bro~ur~ "gelp;~Iagonite" (Peacocli 1926, Noe- 
N ygadrd 1940), i.e. isotropous and apparently 
hornogerlous palagonite. In  many cases the pala- 
goilite is corlcelztrically banded, possibly due to 
fluctuations in ternperature andl amount of 
steam. T h e  refractive index is n = 1.665-'- 
0.002, i.e. con~iderably higher than before 
alteration, in contrast to the palagonite in 
the tuffs ot the older Westrriarl Islands, ~vllose 
refractive inclex is lower, usnally about 1.56 
-1.58. Samples froin the sarne area talien in 
Nov. 1969 and in Aug. 1970 sllorved similar 
degree of alteration (Fig. 5). In these red-brorvn 
patches in the tephra, approx. I-3% vol. of the 
rock was palagonized. I t  does not appear that the 
palagonite is the actual cementing substance. It 
was possible to take colisolidatecl saniples before 
any palagonitization was visible in the micro- 












