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ABSTRACT. The g reates t e\'ent in th e 20 th-century glaciological hi sto ry of 
Icela nd. has been th e g lac ie r ~urs t of K a tl a on Sa turda y 12 O ctober 19 18, SE'\val 
cubiC kIlome tres of wate r a nd Ice were transpo rted by th e burst, and o\,er 0,5 km ' of 
magma surfaced from th e K a tl a ca ld era , Th e I'olcani c ma terial \I 'as tra nsported by air 
a nd wa ter , a nd part of it proba bly form ed pillo\\' lanl a t th e erupti on site , The 
\'olcan ic ma teri a l tra nspo rted by \I'ater \I'as d epos i tcd mos tly on th e 1\f )' rdalssa nd u r 
pla in a nd a t th e coast, but pa rt of it \I 'as probably carri ed out to g rea ter depths by 
g rm'ity currents as th e \I'a.te r ,ente red th e sea. Th e peak OO\\' rate during the j bkulhl a up 
was proba bl y O\'er 3 x 10'> m 3 s I of \I'a ter , \I 'ith a furth er 25 K t s I of ice a nd a simil a r 
amount of sediment, 

INTRODUCTION 

Th e a im o f th is pa per is to prov id e an es tima te of th e 
maximum discharge of wa ter during th e K a tl ajokulhlaup 
in 191 8, based O il measured fl ood-m a rks a nd indicat ions 
of the fl ood 1c\'C \. Th e total \'o lum e of fl ood ma te ri a l is 

calcul a ted from th e measured a nd es tima ted \'o lume of 

eruption ma te ri a l. Eye\l'itness acco unts of th e Oood a re 

a na lyzed, A d e ta iled d esc ription of th e eruption of th e 
vo lcan o K a tl a a nd th e assoc iated g lacier burs t 
(''jo kulhlaup ' ' in I ce la ndi c) of K a tl a in 19 18 is found in 
two boo kl e ts which were publi shed in 19 19 , On e was 

compiled by G,J6hannsson , a teach er in th e se ttlement at 

Vik (J6 hannsson, 19 19) ; th e o th e r was written by G , 

SI'e insso n, th e she riff at Vlk (SI'e insso n, 19 19) , There are 
so me diffe renccs between th ese two acco unts el 'en thou gh 
both use exce ll ent informants from bo th sid es of the 
:-I )Tda lssa ndur fl ood pla in , J 6 ha nnsson himself too k part 

in ex ped itions to in\'es ti ga te th e sig ns left by th e Oood , 

a nd he had as info rmant K , L. l\la rkll sso n a t Hjb rl e if

shbfOi, Th e la tter had th e bes t conditi ons to watch th e 
fl ood as he li ved on a n island in th e middle of th e flo od 
pa th , a nd a lso had the enthusiasm and ab ilit y to give a 
good eyewitness account. 

PROPERTIES OF THE FLOW 

Th e content of th e outburst has bee n much disc Llssed, Th e 
burst has ge neralh- bee n consid ered a water fl ood. but 

J 6nsson ( 1982 ) consid ers it to have been a debris Oow 

conta ining about 80% so lid ma teri a l. M aizels ( 199 1, 
1992, 1993 ) agrees wit h J 6nsson , and proposes that 50-
80% of its vo lum e was so lid mate ri a \. Bjo rn sso n (1993 ) 
has di sc Llssed thi s point a nd defined a water fl ood as 
liquid con taining less than 20% by I'o lum e o f' solid 

mate ri a l, supersa tura ted mud 00\1' as containing 20-47% 

and d ebris fl ow as conta ining ol'e r 47°;(, by to ta l I'o lum e 

of so lids, Bj brnsso n considers the burst from K a tla in 19 18 

( 0 hm 'e been a bord erlin e case beL\I'Cen a wate r fl ood a nd 
a supersa LUra ted mud fl ow, K a rlsso n ( 198+) c la ims that 
th e desc ripti on by :-larkLlsso n ('rom Hjorle i r~hofoi prol'es 
th a t th e burst \I'as a \I'a ter fl ood , The present a uthor 

agrees with K a rlsso n on this po int. 

Th e Oood liquid \\'as produced by melting of g lac ier 

ice by the injec ti on of molten la \'a , It ca n be assumed that 
th e fl ood liquid 1V0uld have consisted o f' both meltwa ter 
and coo led and solidifi ed lal'a wh ich ha d ex ploded to 
form ash , Lava can, o n coo ling , melt app rox ima tel y 3,5 

tim es its weight of wate r (Bj brnsso n , 1993 ), The Oood 

liquid a lso conta ined som e rock fragments , which \I'e re 

p icked up by e rosion under H bfOa brekkuj bkull or released 
(i'om th e ice o n th e way, as v,ell as xe no liths from th e 
magma , According to measurements b y th e T echno logi
ca l Institut e o f' Icela nd (Ein a rsso n, 1979 ) th ese rock 

fragm en ts fo rm a bout 10% bv \'o lum e of th e sandur 

d epos its but about 25% by weig ht. The d ensity of th e 

Oood I iq u id was th erefore I I 70 kg m 3, The wa ter- borne 
ph ase of th e eruption should , acco rdin g to Bjornsso n's 
definiti ons, be conside red a water fl ood , ra tin g we ll be low 
th e limit fo r a supersa tura ted fl o" ', 

In assess ing th e max imum so li d cont ent it is ass umed 

that a ll the m aterial arising from th e e rupti on was carried 

a \l'ay by the g lacier burst. This was no t in fact the case , It 
is likely th a t , initi a ll l' , pa rt o f th e erupted ma teri a l fo rm ed 
pi 11 0 \1 ' lal'a wh ich prol'id ed hea t to melt th e ice I"ithout 
addin g a n y \'olca ni c d e tritus to the melted produc t. In 

addi tion , a sig nifi cant compo nent o f th e erupti\ 'e o utburst 

beca me a irborn e as as h , fa llin g o n th e g lac ier a nd 
surrounding a rea , This as h pro babl y le ft a sig nificant 
part o f its th e rmal ene rgy to me lt th c ice in th e c ra te r. 
Th e I'o lum e of so lids in the \I'a te r in this eruptil'e ph ase 
was probab lv consid era bl y less than in th e ea rl y stages o f' 
th e erupti on, 
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TOlllassoll : T he KatLajokulhlallj} , 1918 

DESCRIPTION OF THE START OF THE 
ERUPTION AND THE FLOOD 

The coursc ofe" ents as d esc ribed by ] 6ha nnsson ( 19 19) 
a nd S" cinsson (19 19) a nd their sources is as fo ll ows. A 
la rge ca rthqu ake occurred a t 1300 h followed by 30 min 
of con ti n uous tremors. r n th e eas tern pa rt of lVI yrd a ls
sandur th e sound of rushing wa ter a nd cras hing could be 
hca I'd soon a fter th e ea rthq ua ke o r se ri es of tremors. Th e 
timing of this eyent is kn own, beca use a t M eoall and , 
a bout 30- 35 km east of the erupti on site, the roa r is said 
to ha " e begun soon after a weak earthquake was felt. 
This roa ring and cras hing signa ll ed the beginning of th e 
burst whi ch had broken out high up in the g lac ier. 
Fig ure I shows the course of the j okulhl a up a nd the 
loca li ons of th e glaciers, moun ta ins a nd rive r cou rses 
menti oned below. 

1 / 

2 / 
3 / 

Eastern 
Flood 

Fig. 1. A n overview of the Jlood path wil h the Location of 
A-ai/a and supposed }low jJ({ l/is 011 and under Hofoabl'ek
kujoklllL. 1, T he glacier edge at 1918; 2, steel} cliffs; 3, 
gorges al/d CGl1)'OIlS; 4, Slip/loser! }low channels under the 
gLacier; 5, }low 011 the gLacier and the sand /Jlain : 6, tlte 
it-alla volcano . 

Th e erupti on comm enced a t 1500 h. Obse rva tions 
from Vik a nd Hjorl eifshOfoi agree on this. J 6hannso n 
says : " At lh e same tim e as th e eruption cloud was 
no ti ced here, or a littl e later, th e g lac ier f1 00d could be 
seen racing a long the course of MCda kvisl all the way to 

th e sea" . At Hjorl eifs hofoi, shortl y a fter he saw th e 
erup tion cloud , 1\1r M arkusson hea rd water strea ming to 

th e eas t of HOfoi (Hj od eifshOfo i). H e has tened up the 
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moun tain and d escribes wha t he saw: " A terribl e fl ood 
had th en broken a way between H a fursey and SelG a ll 
a nd pushed forwa rd with incredible speed over a ll the 
old course of Sa nd va tn . Its wid th was from Hjorleifsho rGi 
in th e wes t, a ll th e way eas t to Bla uta kvisl. N o dry pa tch 
co uld be seen standing a bove a ll thi s a rea. Th e water 
carri ed with it m any icebergs; some fairl y la rge a nd 
o th ers sm a ll er" . This d esc ription gives som e idea of th e 
speed of th e f1ood. M a rkClsso n hea rd the flood to the eas t 
of Hofo i, presuma bly when he was a t home. H e walked 
abo ut I km a nd climbed abo ut 80- 100 m up th e 
mounta in, whi ch must have ta ken him a t leas t 10 min. 
Th e burst had no t reached the sea when he saw it but 

a ppea red we ll on its way. If when he heard the burst it 
had reac hed as fa r south as H a fursey, then the speed of 
lh e burst a t thi s tim e was a bout 10 m s- I. 

] 6nsson ( 1980) refers to an acco unt of an article whi ch 
M a rkClsson wrote th a t reco rd ed in d etail what he saw on 
tha t fateful day. This a rticl e by M a rku sson is los t, but 
E . H. Eina rsson remembered it for J 6nsson. It said: "The 
speed of the burst was so g rea t th a t a fit ma n could no t 
have avo ided it even if he onl y need ed to go a short 
di sta nce" . This presuma bl y means tha t the speed of the 
burst was about th a t of a sprinting man, or about 10 m S i , 

th e same speed as sugges ted a bove. 
Th e leading ed ge of the burst rushed from th e glacier 

ma rgin to th e sea within 45 min. It was fastest where it 
fo llowed th e course of th e ri ve r Sa nd va tn which a t tha t 
tim e dra in ed th e western pa rt of H o fO a brekkujoku ll. 
The fl ood in Mulah 'isl reached th e sea a t the same tim e, 
a ltho ugh its fl ood pa th wa 2- 3 km shorter. The fl ood 
seemed stead y fo r up to 2 h . The fl ood discharge then 
sudd enl y in creased as d esc ribed by M a rkusso n as 
fo llows: " At 5 p .m . the fl ood increased very much. 
Between H a fursey a nd SelG a ll such a big hea p of ice 
a ppea red th a t it was like wh ole hill ocks covered in snow 
fl owed forward. This huge a mount of ice rushed forw a rd 

eas t by th e island [H a fu rsey ] a nd wes t past SelGall a nd 
th en over the whole sand pl a in". From Vik this was 
desc ribed in the following way by J 6hannsson: "There is 
no ha lt in thi s torren tia l j okulhl a up a t Mulakvisl until 
5:30 p.m. But as soon as it seems to be easing, an even 
grea ter j okulhla up seems to rush fo rwa rd to the wes t of 
Hjorl eifshoCOi " . It is no teworth y tha t the increase in th e 
n ood was see n 30 min la te r fr o m Vik th a n a t 
Hjo rl e i [~ horGi. The reason fo r thi s is tha t M arkusson 
saw the increase as it occurred by Hafursey, whereas th e 
inh a bita nts of Vik did not see it unti l it was level with 

Hjorl eifshofOi , 10 km downstream . The hea p of ice, 
acco rding to J 6ha nnsson a nd M arkusson , travell ed thi s 
di stance in 30 min , g iving us a fl ood- wave velocity of 6 m 
s I. T a king into account th a t tli e timings of bo th 
observa ti ons may have been round ed to the nea rest 
ha lf-hour, this means th a t a f1 0w velocity simi la r to tha t 
of th e initi a l edge of the flood , a bout 10 m S- I, can be 

inferred . 
The fl ood con tinued for a bout 2 h a fter the cha nge 

occurred , or until darkness whi ch was a t 1900 h . At dawn 
th e next d ay, which was a bout 12 h la ter , the f1 00d was 
said to be ove r and the sa ndur plain was dry. It is likely 

th a t the fl ood receded soon a fter da rkness . The main fl ood 
therefore las ted for a bou t 5- 6 h before it began to 
decrease signifi cantl y. 
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SOLID CONTENT AND AMOUNT OF VOLCANIC 
MATERIAL 

The bulk o f th e volcanic m a teri a l was mos t likel y 
transported by th e flood water. The rem a ind er became 

airborne or pil ed up at th e eruption site, forming 

palagonite tuff and pillow lava. Th e changes that 
occurred on M yrd a lssandur give th e bes t indication of 
th e volum e of material transported by th e fl ood . These 
cha nges can be d e termined from ma ps of the a rea made 
by th e Danish Ordnance Survey in 1904 and by an 

eq uiva lent institution of the U .S . Army, Army Map 

Sen' ice (AMS), in 1946. Th e AMS used th e D anish 
survey for g round control in the photogrammetry . Th e 
maps a re th erefore directl y compa ra ble. The contours of 
th ese ma ps a re similar outside of th e fl ood path of 
Sandvatn and Mulakvisl, but th e contours of the more 

recent map are offset southwards in th e flood ed area . The 

reason [or this difference is that the ash tra nsported by the 
flood was d eposited on M yrdalssandur a nd built up 
Kotluta ngi. Fig ure 2 shows th e contours of both these 
maps , over th e fl ood path . Th e volume of \'olcani c 
materi a l abO\'e sea level, as ca lculated from th e difference 

be tween the contours of th e two maps, is 950 x 106 m 3
, or 

a li ttl e less th a n 1 km3 

The amount of vo lcanic ma te ri a l below sea le\'el a t 
Kotlutang i is not direc tl y measurabl e. Sveinsson says that 
" Kotluta ngi now reaches out to fort y fathom s" (73 m; 
" now" refers in this context to 16 O ctober 1918), There is 

I 

HofOabrekku
jokull 

.,/" Danish mapping (1904) 

/ AMS mappmg (1946) 

/ ' Glacier front 1904 

/ Glacier front 1945 

1946 

I 0 

f zg . 2. Contollrs of Ihe western flood patlt , based on maps 
from 1904 and 1946, which were Zlsed 10 calculate lite 
volll me rif the flood deposits on lite sandllr jJlain. 

T omassoll: T he Katlaj6kulhLallp, 1918 

no reason to doubt thi s state ment. The only es timate of 
th e leng th of Kotlutangi a t th e cnd of the eruption is 
J 6han nsson 's ( 19 19) . He es tim a ted the length as 4 km , 
which would indica te that the tip of K otlutangi ex tend ed 
out to where the d epth was over 100 m before the 

eruption. This es timate is proba bly a n exaggeration , but 

both accounts U6hannsson, 1919; Sve insson, 1919) agree 
th a t K o tlutangi retrea ted very fast in th e beginning . 
From a sketch map (Landlme linga r i sla nds) based on 
inform a ti o n from Markllsson in 1921 or 1922, its size was 
14 km 2

, which indicates a vo lume of 0 .2- 0 .3 km 3
. The 

initi a l vo lume ma y ve ry well have been even greate r. 

The material d eposited by the fl ood on M yrdalssan
dur was mos tl y sand and fin e g rave l, according to 
Einarsson ( 1979) and M a ize ls ( 1993 ) . Finer materi a l is 
rarely found. The ma teri a l of K o tlutangi is likely to be 
simil a r, a lth ough it might be so mewhat finer. This cannot 

be representative of a ll th e sedim ent in th e fl ood. Some 

fin es must be missing. J 6nsson ( 1982 ) sugges ted that th e 
d ebri s fl ow formed gravity currents in the ocean, which 
fl owed a long distance a long th e sea bottom to the sou th , 
and may ha\'e reached as far so uth as the R ockall d eep . 
This is diffi cult to prove, but, if co rrec t, it would ha\ 'e 

been th e fin es that produced the gravity currents. 
The only way to estimate the amount of fin es ( < 0,02 

mm ) is to go by th eir quantity in MLtla hislas. This has 
been measured on a fairl y regular bas is ove r past 20 yea rs 
(Pa lsson a nd Vigfusson, 1991 ). Th e solids in MLtlakvisl 
a re partly, perhaps mostl y, vo lca ni c material from th e last 

eruption ofKatla. The fines are on average about 27% of 

th e suspend ed -sedim ent load in MCtlak vis l, wh ic h 
indicates th a t they are a t leas t about a quarter of th e 
a mount of pumice. 

Th e a mount of tephra in the erupti on was es tima ted 
at 0.7 km3 (Eggertsson , 1919; La rsen , 1993) . The clry 

d ensity of th e airborne m a teri a l was probably around 

1000kg m 3, as is that of th e pumi ce at M yrda lssandur. 
T a bl e I shows the amount o f suspended solids and 

Table J. Qyantily oJ e1'lljJtive and flood materials 

Location Sedimenl Ash II "ater/ash ill[ ellwa ler 
ratio 

km 3 km 3 km3 

M)'l"clalssa nd ur 1.00 0.90 3.5 3. 15 
K i:i tluta ng i 0 .40 0.35 3.5 1. 25 
Out at sea 0.35 0.30 3.5 1.05 
A. lfta \'er 0 .05 0.05 3.5 0.1 5 
Airborne 0,70 2.5 1.75 
Pillow lava 0.20 3.5 0.70 

Total 1.80 2,50 8 .05 

volcanic material in accordance with th e discussion 

above. Th e clry density of a ll th ese volcani c materia ls is 
calc ulated as 1000 kg m- 3

, th e same as was measured at 
M )lrd a lssandur. 

The total a mount of volca ni c ma te ri a l ge nerated In 
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T omasson : The KatLajiJkulhLaup, /918 

the jokulhl aup was a round 2.5 km 3 or a bo uL 2.5 x 109 t, 
which corres ponds to a bout 0.8- 0.9 km 3 of so lid lava. Th e 
tota l fl ood wa ter excecded 8 km 3

, well over half of which 
was discha rged in a bout 8 h. 

EVIDENCE OF THE FLOOD NORTH OF 
SELFJALL AND HAFURSEY 

It is possib le to es tima te the maxImum wa ter level and 
ca lcul a te th e maximum di scha rge of the fl ood from fl ood
ma rks a nd o ther e,·id ence in th e a rea north of Selfj a ll and 
H afursey (Fi gs 3 a nd 4) . All soil was was hed off the two 
lowes t a nd eas ternm os t L ag u Hvo la r hil ls. It is th erefore 
clear th at they wefe both subm erged . \Va ter did no t fl ow 
through th e ga p between R emund argilsho fu o a nd Lagu 
H vola r, since th e soil th ere was not affected . The Lagu 
H vola r h ills which were subm erged a rc a t 180 m a .s. l. , 
whereas the ga p li es a t 184 m a .s.!. Th e ,·va ter level north 
of the L igu H vol a r therefore reached just ove r 180 m. 

D2 
~ 3 
~ 4 
IT.;] 5 

8 6 

/ 7 dt======= / 8 

Fig. 3. LandJorms north oJ Se/fjall. 1, Alluvium wilh 
stream-bedJorms; 2, hummock)' moraine with kell le holes : 
3, Izzmvl1ock)1 sand de/Josits; 4, the flow c/z annefs I!! 
il11ilakVl'sf al/d Sandvatn; 5, sand dunes; 6, Nljrdalssan

dllr; 7, /)1'oll1inenl sleejJ benches; 8, Ihe glacier edge oJ 1918. 

In 19 18 the glac ier reached as far as Va tns r~lsa rh oruo 

(Fig. 3), or a bout I km furth er th a n a t prese nt. North of 
Va tnsrasarhofuo th e sheriffs delega tes saw wha t they 
ca lled th e ra"ine or fi ss ure, which they d escribed as 
follows: ' 'The fl ood had broken up th e glacier a nd moved 
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,,, 

Self jail 

M ulakvfsl o 1 ~m 
~ 

Fig . 4. T he J700d /)(ltiz and uHlter lae/s IWlt/z oJ Seljjaff . 
J, contours oJ the maximllll1 flood level: 2, the flood pall,: 

3, the glacier gorge, the seclioll oJ Ih e glacier Ihat.J7oaled liP 
during Ihe flood ; 4, Ihe glacier edge oJ 1918. 

it forwa rd. Th e length of th e gorge was 800- 1 000 f~l th oms 
[1 460- 1830 mJ a nd th e ",id th 200- 300 fa th oms l366- 550 
m]. Tt was as if a verti cal cliff had been cut in to the glac ier 

where i t h ad split a pa rt , no less th an 80 fa th oms f1 45 mJ 
high" . I t is likely th a t this g lac ier go rge fo rmed just before 
1700 h on th e first day of the erupti on. Th e glacier edge a t 
Rjupnagil had then fl oa ted up a nd broken . Th e res ult 
was the grea t ice fl oe seen fi'om Hjorl eifs ho[oi a nd Vik, 
desc ribed ea rlier . H uge ieebergs flo a ted downstrcam a nd 

became stra nd ed in th e ma in course of Sand va tn a nd up 

by the northern side of SelOa ll . The icebergs may ha" e 
bee n 40- 60 m high, acco rd ing to photographs ta ken by 
K. Guoj onsson (I> o ra rin sso n , 1959 ) . Th e icebe rgs 
d ammed NIu la kvisl, a nd the wa ter leve l north of SelO a ll 
reached its pea k during thi s event. 

A la rge mass of wa tcr rushed down R em und a rgil (Fig. 
3) a t the beginning of th e fl ood. J 6ha nnsson an d hi s 
companions inspec ted th e R emund a rgil go rge on th e 
eigh th day of the eru ption. Th ey es ti ma led th a t th e wa ter 
had been up to 80 m deep in the go rge . Signs of th e 
fl ooding may we ll have reached this height a bove the 

gorge fl oo r, but wa ter rising up th e sides of the go rge 
proba b ly resulted from cha nges in th e direc ti on of fl ow. 
E"id ence of th is is presern:d. Just outs ide the mouth of 
the R emunda rg il gorge , th ere is a d elta showing fl ow 
direc ti on towa rds th e go rge . This indi ca tes tha t th e fl ood 
from R emund argil a nd the fl ood down th e glacier and 

Rjupnagil met by R emund a rgil and th a t th e fl ow pas t th e 
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L lgu H\'o la r soo n became mu eh g rea ter th a n th e OO\Y 

thro ugh R emunda rg il. 

Th ere is a g rea t sa nd dune a t th e north e rn cnd of 

H a fursey a nd a t Kl o fgil (Fig , 3 ) , At Kl ogfil , benches a rc 
cut into th c sa nd d un e, a nd it is like ly th a t th ey indi ca te 
th e \I'a ter le\T I d urin g th e ma in Oood, This place is 
shelt e red from th e main current , and wa ve an ion co u ld 

eas il y ha \'e cut a bench into th e loose eo li a n sand, The 

height of th e bench . just o\Tr 180 m. is th e refo re likely to 

ma rk th e ma ximum \I'at er lel'(' l o f the fl ood , \I'hi ch may 
have been stead y fClr some tim e, This le\TI is th e sa me a s 
was mcasured a t th e o th er sid e o r Sanch'atn abo \'e L<lg u 
H\'o la r. 

r\ onh of th e sa nd dun e is a hummock\' s urf~t ce crea ted 

by a n acc umula ti on of sand a nd ice th a t fo rms a bench 
\I'hi ch slopes u ps trea m rro m th e Kl org il bench, I ts surface 
e!c\'a ti o n is used to reconstru c t th e wa ter !cH·ls bet\l 'ee n 
Kl ofg il a nd th e g lac ier edge . Th e sam e kind o r d eposits 
occ ur a t th e no rth ern end or SelQ a l1. Th e upper limit of 

th ese sand d eposits indica tes th a t th e hig hes t \I '<Her le\ 'CI 

north of SelQ a ll \I 'as about I SO Ill , a bout th e sam e as o r a 
littl e hig her th a n a t \lLd a hisl by Lcreftsho fu c) , 

ICE TRANSPORT AND ICEBERGS 

All accounts agree that a la rge a mo unt o r ice was 
tra nsported during the Oood, \ lark LIsso n d escribed the ice 
in th e Oood as fo ll ows: " Furth er fo n n lrds o n th e sa ndur 
pl a in \I'he re th e \ n lt et' spread o\'Cr a la rger area, man y of 
th e ice bergs were stra nd ed a nd resisted th e current. The 

fl ood I\'as so rou gh a nd th ere \\'as so mu ch ice, that th e 

wa te r itse lr co uld no t be seen except \I'here th e large 

currents leapt fo rwa rd " . It seems th at th e di scha rge \I'as 
g rca tTs t in th ese "I a rge currents" , A d esc ripti o n from th e 
second d ay of th e eruption d esc ribes th e sig ns o f th ese 
la rge currents. but th ey werc d es troyed in la te r Ooods, 

Th e second d ay \\'as th e refore th e onl y time when it was 

possible to inspec t th e dry cha nnels of th e ma in flood, 
J 6hannsso n sta nding on H are ll \lTo te: '"\\' e sa \\' clearl\' 
O\T r th e sa nd pla i n nea res t to us, 1 t \I 'as like onc 
continuo us out let g lacie r a ll th e way from !\l)Td a lsj bkull 
to th e sea , L a rge d ee p cha nnels co uld be see n in pl aces 

\I'he re th e \I 'ater had cut into th e sand a nd swept a \l'a y a ll 

th e g rea te r ice bergs , But o n bo th sid es 01' th ese cha nn els 

\lT re hi g h sa nd benches cowred by g iga nti c ice bergs" , 
Altho ug h th e sa ndur pl a in \I'as mo re o r less covered in 

icc at th e end of th e first da y of the e rupti o n, a la rge 
qu a ntit y of ice \I 'as ca rri ed o ut to sea . There \I'as a thi ck 

ice j a m of enorm o us ice bergs north of Se l(j a ll a nd 

H a fursey , Anyone of th ese ice d epos its co uld ha\'e 
am o unted to ro ug hl y 0,1 - 0 ,2 km :l o f ice , Th e tota l 
es tim a te of ice moved amOUlllS to som e 0, 5 km 3

, whi ch 
is equi\'alent to a bo ut 10- 15% or th e tota l Oood \I'ater. 

The ice o ri g in a ted from three so urces , First. sm a ll ice 

pieces a nd blocks \I'ere mos t'" fo rmed as th e fl ood ca n 'ed 

into th e surface of th e glacier a nd exca \'a ted subglac ia l 

tunnels. Second ly, icebergs lI'ere form ed thro ug h th e 
uphea \'al 0 /' the g lac ie r edge, fro m \I'hi ch th ey broke o lT 
a nd \I'ere ca rri ed a ll'ay a long a bo ut I km o f th e front. 
\ 'ery la rge ice bergs \lT re a lso [o rmed \I'hen th e Oood 

fo und its \I'ay unde r th e g lac ier ed ge a nd cut th e g reat 

go rge th a t is menti oned a bO\'C , 

T OlllaHOIl: T he Il'a/lajiJklllhlaujJ . 1918 

After the fl ood broke th e g lac ie r ed ge a nd fo rm ed th e 
go rge in th e ice , wa ter fl owed on ly thro ug h tunn els at th e 

base of th e g lac ier. Th e sudd en ha lt in th e fl ood indi ca tes 

th a t it \I'as d a mmed up wh en th e g lacie r tunnel co ll a psed , 
It rem ained d a mmed until the e\'enin g of 13 Octo ber. 
Thcn th e fl ood sta rted aga in a nd continued fQr t\\'O 
weeks. The 0 0 \1' was \'e ry \ 'a ri a blc , however. whi ch may 

indica le th a t subglac ia l g lac ie r tunnels beca me locked 

e\'e ry nO\l' a nd th en. This reduced th e di scha rge until , 

und er increas ing pressure. wa re I' fo und its \I'a \' th ro ugh 
again, On th e wh ole, th e di scha rge gradually d ec lined 
during thi s period , with th c reducing power o f th e 
e ruption , The hydrograph in Fig ure 5 sho\\'s hO\l' th e 

di sc ha rge may ha lT flu ctua ted, Th e tim e pe ri od a nd 

a mplitud e of th e flu c tu a ti ons is infe rred . but th e to tal fl ow 
\'o lum e agrees with th e prn' io usly ca lcul a ted \'o lum e of 
th e Oood, 

... , 
~ 
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Fig , 5, Recolls/ruc/ed /£) Idrograph Jor the A'a/la 1918 
}loods, 

Sm a ll er bursts took pl ace during th e fo ll owin g \\'eeks. 

lh e last one 4 weeks after th e beginning of th e erupti on, 

The m a in pa rt of the fl ood s fl o\l'ed O\'e r th e sa nd be t\\'Cc n 

H a fursey a nd SelQa lL but th e co urse o f \lLd a k\ ' i ~ 1 

g radu a l'" opened up a nd thc las t fl ood /l o \l'ed th a t \I'a \', 

QUANTITATIVE ESTIMATES OF FLOW 
MAGNITUDE 

I n order to wo rk o ut th e [l ood discha rge , th e fl o \l' \'e loc it y 
a nd c ross-sec ti onal a rea ha lT to be known , The \'c!oe it y of 
th e Oood \I'a\T was a bo ut 10m s I dO\l'n on th e sa ndur 

pla in , In th e d ee p cha nnels, hi g her \ 'Clociti es o f course 

occurred, \I'ith much lower \'eloc iti es in th e sha ll o\\'s 
where m a n y or th e ice bergs beca me stra nd ed , l\fa izels 
(1993) has es timated th e fl ood ve loc it y on th e sandur 
pla in as 10- 15 m s I (th e hi g her fi gure be ing 1'01' th e d ee p 
cha nn els) \I'hi ch is in good agreement \I'ith th e a bO\'c . 

From fl ood -ma rks. c ross-sec ti ona l a reas in three different 

loca ti ons, be l\l'ee n L igu H\'o la r a nd H a rursey, bet\l'ee n 

H a fursey a nd SelGall and in th e cha nnel by Lcre rtshbf'uQ , 
can be obta ined. 

C onsistenc\' bet\lTen es tim a ted discha rges ca n be 
assessed by \fa nning's equ a ti on . I\'hi ch g i\ 'Cs th e relati on 

be t\l'een nO\l' \ 'C locity V , a\'C rage d epth R . slope i a nd 

fl ol\' resistance n : 
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Table 2. Estimated dimensions oJ cross-sections and calculated maximum discharges 

Site Average Max. CTOSS-

dejJth dejJth section 
') 

m m m-

Lagu H vola r 25 30 27.500 
SelG a ll 20 30 30.000 
U :reftshbfuo 25 30 3.500 
R emund a rgil 

upper 20 35 1.600 
R emunda rg il 

lower 20 25 3.000 

Slope was taken from th e contours on the ma p in Figure 

4. The other variab les a re known except n , which can be 
calcula ted according to this eq uation . 

The cross-sec tion between Lag u H vola r a nd H a fursey 
is 1100 m wide and the average depth was about 25 m 
based on ma ps a nd measured fl ood levels. Estimating flow 
velocity as 10 m Si, the maximum discharge through thi s 
cross-section wou ld have been 275 x 103m3s- l , the same 
as H a nnesso n (1934) obtained in the first effort to 
es tima te th e magnitud e of the jokulhlaup. Using this 
d ischa rge, the Manning coeffici ent, n, is calcu la ted as 0.1, 
abo ut three times the value of n es timated [or ordinary 
ma n-mad e channels. This indica tes enormous drag from 

icebergs on th e ground. 
The cross-sec tion between SelGall a nd H a fursey gives 

th e same di scha rge if we use an ave rage depth of20 m and 
the fl ow velocity 9 m s I . Similar calculations were made 
[or Lereftshbfuo and R emunda rgil , and the res ul ts a re 
shown in T able 2. The ta ble also shows the va riabl es used 
for the ca lcu lations. Th e ca lcula tions are by no means 
precise, but help to bui ld a n overall picture of th e events. 
The fi gu res for Lagu H volar a nd SelG a ll refer to the 
m ax imum fl ood afte r 1700 h , but th e figures for 
Lere[tshbfuo and R emundargil re [er to the beginning of 
th e fl ood , a nd should not therefore be add ed. 

CONCLUSIONS 

Th e jokulh la up (g lac ier fl ood ) from K a tla , wh ich 
com menced on 12 O ctober 19 18, was a giganti c event 
with a calcul ated maximum flow rate of more than 
300 x 103 m3 s 1 o[wate r, sediment and ice . The fl ood was 
caused by a subglacia l eruption in the ca1dera of the 
K at la centra l volcano . About 60% of the water rushed 
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SlojJe M anning Flow Discharge 
coeJJicient velocity 

S n m s - I x 103 m3s 1 

0.013 0.10 10 275 .0 
0.010 0.09 9 270.0 
0.040 0.08 2 1 73.5 

0.050 0.08 28 44.8 

0.050 0.08 16 48.0 

forward in abo ut 8 h during the initia l stages o[ the 
eruption. Because of icebergs and ice j ams, the M anning 
coeffi cient was very high in the in iti a l fl ood , n being a bout 
0.1. After a blockage of su bglacial d ra i nage cha n nels, the 
fl ow sta rted again on 13 O ctober a nd continued for 2 

weeks. The total vo lume of fl ood water that drained is 
estim ated as 8 km3 
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