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Introduction
This report describes the seismic activity and its variations in time for different areas in
Icelanel from January ] 995 to November 1996. The magnituele-frequency elistribution
and b-values have also been raughly estimateel for most of tbe areas. Strain changes,
as seen by the volumetric strainmeter network in southern Icelanel, are also shown.

The report is based on tbe preliminary database of the SIL network.

Procedure
Tbe country is elivideel iuto areas araunel activity concentrations anellineaments. The
areas are shown in Figure 1.. For each area the number of earthquakes anel strain
release is calculateel. Tbis is elone for 30 days running averages with a week step
anel discrete week interva.ls. Strainrelease is ca1culated accm·ding to an ael boc dimen
sionless relation, strainrelease = lO(5+m

) where m is magnitude (Bodvarsson et al.
1996).

Tbe strain records shown are raw data and tbey are scaleel to nanostrains.
The records of the seismicity, magnituele-frequency distribution and b-values are

in appendix A. The strainmeter records are in appenelix B.

Data
The seisrnic clataset is complete in the sense that the network has been in continuons
operation anel all events that have been antomatically cletecteel are manually checkecl.
Time stamping was based on a OMEGA transmitter in Norway unt il spring 1996
when it \Vas replaced by a GPS clock. The OMEGA trausmitter was not in function
for a couple of elays in August 1995 due to maintainance at the station.

The number of analyzed eartbquakes during the perioel is 37500 anel the epicentral
distribution is shown in Figure 2. The detection level for different areas differs greatJy
because of uneven station elistribution. This obviously affects the magnitude-number
histograms.
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Figure l: Areas of ca1culation.

Installation of new SIL stations also changes the detection leve1. The new stations
either have 5 seconcls or broaclbancl seismometers, whose characterislics have not been
taken fully into account in the magnituclc ca1culation, which is based on 1second
sensors. This, as well as lhe installation of new stations, causes some inconsistency of
the records which to some extent is reilected in the distribution and nurnber plots.

The magnituclc ca1culation's were originally basecl on comparison between magni
tucles of earthquakes recorclecl by the previous seismic network and amplitucles ofwave
forms recorcled with the l second Lennartz seismometers used in the initial phase of
the SIL project. Later, cluring the buildup of the SIL network, new types of seismomc
ters wcre usecl, 5 seconds Lennartz and broadband Gura!p's (CMG-3T, CMG-3ESP).
In the summer of 1995, lsecond seismometers were replacecl by Guralp seismometers
at three stalions in northern Icelancl and stations installed in late summer and autumn
1996 have;) seconds Lennartz or Guralp scismometers.

In the magnillIde ca1clllations minimum and maximum amplitlldes within a tirne
window araund the phases are estimated ancl a magnitucle for each slation is calu
latecl. Then an average of magnitucles within a magnitude window of ±O.5 around the
median of magnitudes from indiviclual stations is fOl·med. In the case of the langer
period seismometers the presenee of microseisrns may cause overestirnation of magni
tudes. Tbis is to some extent accounled for in lhc ca1culations (Gunnar Guomundsson,
personal comrnunication).
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Figure 2: Hypocentral distribution of earthquakes in Iceland, January 1995 to Novem
ber 1996, and the areas of calculation.

Records of earthquakes of magnitude 2.5 and above are complete for Central Ice
laud and in most other areas complele above magnitude 1.5. In HengilI, Olfus and
Suourland the leve1 is lower, dose to magnitude 0.5.

The strainmeters are Sacks-Evertson's volumetric borehole strainmeters (Sacks et
al. 1971).

Discussion
Number of eartbquakes each month ,"aries between 1000 and 3000 for the whole of
leeland. The strainrelease increases slightly during the study period. In September
1996 tbere was an eartbquke swarm in Baroarbunga in VatnajOkull where the largest
earthquakes during tbe period occurred.

In the following secLions cOlllments are made on tbe seismicity of eacb area and
the strain changps on each of the strain stations.

SEISMICITY

Kleifarvatn: Some increase in number is observed from NTay 1996 to the end of
the period. Strainrelease is varying. (logN=3.9-l.1m)

3
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Glfus: Intense sll'arms in Mareh 1995 and April 1996 and lower baekground
aetiviiy in tbe middle of tbe period. (logN=4.5-LOm)

Hengiil: SeveraI swanns are observed but the overall aeti\'ity deereases during
tbe period. The swarm in Oeiober 1996 is dose to tbe eastern border of
the area and separat.ed from the area of more persist.eni activit.y fart.her
lI'est.. (logN =4.5- LOm)

Suourland: Swarms in May to August 1996 but ot.henvise the number is rather
eonstant while strainrelease varies more. (logN=3.G-L2rn)

Myrdalsjokull: Aetivity inereases eonstantly in Myrdalsjokull unti] Oetober 1996.
(logN =3.5- L2rn)

Eyjafjallajokull: SWMm in February to Mareh 1996 but otherwise one earthquake
every other month on the average. (logN=<1.5-2.0m)

Torfajokull: Tbe number of earthquakes varies a little througb the pm-iod but.
the earthquakes are generally larger in 1995. (logN=3.8-L5rn)

Langjokull and Hofsjokull: Swarms in April 1995 and 1996 but background ac
tivity is mther eonstant (labeled Lang- og Hofsjokull on the plots).
(logN =4.2-1. 7rn)

Baroarbunga: Increased aetivity during the period. A swarm in February 1996
and an intense swarm starts Sept.ember 29, 1996 prior to an eruption be
tween Grimsvot.n and Baruarbunga. Tt is assumed that the eruption starts
just hefore midnight ou September 30, and the s\Varm cont.iuues during the
eruption \Vith gradually decreased int.ensit.y. (logN=7.5-1.7m)

Flatey: Large swarms in September to Oetober 1995, .June 1996, September
1996 and severaI smaller swarms. Otherwise the uumber is constant but
strainrelease inereases (labeled Flaieyjarbrotabelt.iu on t.he plot.s).

Husavik: Swarms in .January and .June 1996 and aetivity rather inereasiug.
(IogN=4 .5-1.310)

Grimsey: Intense swarms in Deeember 1995 and .July 1996. Othenvise the num
ber is eonslant but strainrelease inereases (labeled Grfmseyjarbrotabcltiu
on the plots). {logN=5.7-L3m}

VOLUMETRIC STRAIN

GEL shows eoutinuous eontraetion on the order of 1 microstrain per year which
is tbe average trend during the last ten years. Large pulses due to snow
melling and rain are observed.

JAD bas some lec1Jnical problems and it is diffieult to estimate the long term
drift. and changes tberein aud tbis has not been analyzed yet.

4
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, BUR is low-pass fiJtered (instrumental) and does not show variations of periods
longer than a month.

SKA has its ave rage trend of microstrain per year until March 1996 when the
contraction rate increases approximately hy a factor of fOUL

SAU has small trend in the beginning of the period but after March 1996 no
trend is observed.

HEL a very large contractive step (120000 nanostrain) is observeel from Septem
ber to December 1995. The source of this signal must be local since it is
uot observed elsewhere. Probably same dislocation occms in or dose to thc
borehole wherc the instrument reside" possibly with simultaneous changc
in water flow and temperaturc.

STO shows contraction but in tvfarch 1996 the rate decreases approximately by
a factor of 2.

Conc1usion
The increased activity in northern 1celand, which mainly manifests itself by larger
earthquakes and increased strainrelease is a result of the change of seismometers in
the summer of 1995. A new station, 30 km from Baroarbunga, installed on the first
day of the eruption there, lowers the detetetion level of Centrallceland significantly.
But the records prior to the installation are consistent. The areas that have better
instrumental coverage have b-values between 1.0 anel 1.3. Large b-values in Central
Icelanel anel Byja(jallajokul1 are possibly a rcsuH of overestimation of the magnitudc
of the smaller earthquakes.

To summarize, thc most significant changes in the seismicity of Tceland are elecreasc
of activity in the Hengill area and increase in Myclalsjokull, B,lroarbunga and Htisavfk.
SJight increase in number is also observecl in Grfrnsey and Kleifarvatn. No obvious
pattern is recognizeel in the seismicity and to resolve such patterns finer division into
areas and more time resolution might be neeclecl. R.egarding swarm activity, same
tendency towards swarms in northern 1celand while southern Iceland remains almost.
sIVannless anel vice versa, is observed. The swarrns in Baroarbunga follow a swarm
activity in northern Iceland.

After April 1996 strain changes show decreased strainrate south of the South Ice
land seismic zone (STSZ) anel increased to the north of it anel no changes in the zone
itself. This might. indicate increased pressure in the eastern vo1canic zone (BVZ) of
Tceland to the north of STSZ. That could cause elisplacemclli dose to the EVZ anel
strainaccumulat.ion farther west., in away pulling the eastern part of area to the south
of STSZ along.
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Appendix A
In the following there are two pages for each area. On the first the magnitllele anel
30 elays rUlilling averages of number anel strainrelease \\'ith 7 elays steps are plotted.
On the seconel 7 elays eliscrete averages of number and strainrelease as well as fre
quency elistribution anel cumulative number of eartqllakes are plotteel. The units of
the strainrelease plots are Gigastrain. The bin size of the frequency elistribution is 0.2.
The cllmlllati\'e number is plotteel on logarithmic scale and cruele estimate of logN as
a fllnction of magnitllele (m), where N is the cllmlllati\'e nllmber, is given for most of
the areas.

The order is:

Icelancl (Islanel)
Klei farvatn
Olfus
Hengill
SuulIrland
M.yrclalsjokull
EyjafjalIajokull
Torfajokull
Lang- anel Hofsjokull (Lang- og Hofsjokull)
Baroarbunga
Flatey (Flateyjarbrotabeltiu)
Hlisavfk
Grfmsey (Grfmseyjarbrotabeltio)

7
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~, Veourstofa Islands

Appendix B
Location of strainmeters and strainmeter records,
and contraction is up,

The order is:

Report

The records are scalec1 to nanostraill

Location of the strainmeters and the South leeland seismie zone (STSZ)
GEL, BUR, SKA
SAU, HEL, STO
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