% Vedurstofa islands
= 4 Report

g AT T T VP i R e [ L

LS e e e P

T s e T

| Kristjan Agustsson

|
i

B P e s 8T

T R e Lk

| Overview of seismic activity in Iceland
i January 1995 - November 1996
Preliminary report on SIL data

Fuil

e T NP e T iy T e R T

Vi-G97002-JA02
'i‘ Reykjavik
! January 1997




‘/,/J Vedurstofa Tslands Report
HieE Jardedlissvid K4

Overview of seismic activity in Iceland
January 1995 — November 1996
Preliminary report on SIL data

Kristjdn Agistsson

Introduction

This report describes the seismic activity and its variations in time for different areas in

[celand from January 1995 to November 1996. The magnitude—frequency distribution

and b-values have also been roughly estimated [or most of the areas. Strain changes,

as seen by the volumetric strainmeter network in southern Iceland, arc also shown.
The report is based on the preliminary database of the STL nctwork.

Procedure

The country is divided into arcas around activily concentrations and lineaments. The
arcas are shown in Figure 1. For each area the number of earthquakes and strain-
relcase 1s calculated. This is dene for 30 days running averages with a week step
and discrete week inlervals. Strainrelease is calculated according to an ad hoc dimen-
sionless relation, strainrelcase = 1004 where m is magnitude (Bodvarsson et al.
1996).

'The strain records shown are raw data and they are scaled to nanostrains.

The records of the seismicity, magnitude—{requency distribution and b-values are
ir appendix A. The stratnmeter records arve in appendix B.

Data

The scismic datasel is complete in the sense that the network has been in continuous
operation and all events that have been automatically detected are manually checked.
Time stamping was based on a OMEGA transmitter in Norway until spring 1996
when it was replaced by a GPS clock. The OMEGA transmiiter was not in function
for a couple of days in August 1995 due to maintainance at the station.

The number of analyzed earthquakes during the period is 37500 and the epicentral
distribution is shown in Figure 2. The detection level [or different areas differs greatly
because of uneven station distribution. This obviously affects the magnitude—number
Listograms.
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Figure 1: Areas of calculation.

Installation ol new STL stations also changes the detection level. The new stations
either have 5 seconds or hroadband seismometers, whose characteristics have not been
taken fully into account in the magnitude calculation, which is based on 1 second
sensors. This, as well as the installation of new stations, causes some inconsistency of
the records which to some extent is reflected in the distribution and number plots.

The magnitude calculation’s were originally based on comparison between magni-
tudes of earthquakes recorded by the previous seismic network and amplitudes of wave-
forms recorded with the 1 second Lennariz seismometers used in the initial phase of
the SIL project. Later, during the buildup of the STL network, new types of seismome-
ters were used, 5 seconds Lennartz and broadband Guralp's (CMG-3T, CMG-3ESP).
In the surnmer of 1995, 1 second seismometers were replaced by Guralp seismometers
at three stations in northern Iceland and stations installed in late summer and autumn
1996 have 5 seconds Lennartz or Guralp seisrnometers.

In the magnitude calculations minimum and maximum amplitudes within a time
window around the phases are estimated and a magnitude for each station is calu-
lated. Then an average of magnitudes within a magnitude window of £0.5 around the
median of magnitudes from individual stations is formed. In the case of the longey
period seismometers the presence of micreseisms may cause overestimation of magni-
tudes. This is to some exient accounted for in the calculations (Gunnar Gudmundsseon,
personal communication).

KA 9
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Figure 2: Hypocentral distribution of earthquakes in Tceland, 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-
land and in most other areas complete above magnitude 1.5. In Hengill, Olfus and
Sudurland the level is lower, close to magnitude (0.5.

The strainmeters are Sacks—Evertson’s volumetric borehole strainmeters (Sacks et
al. 1971).

Discussion
Number of carthquakes each month varies hetween 1000 and 3000 for the whole of
Iceland. The strainrelease increases slightly during the study period. In September
1996 there was an earthquke swarm in Bardarbunga in Vatnajokull where the largest.
earthquakes during the period occurred.

In the following sections comments are made on the seismicity of each area and
the strain changes on each of the strain stations.

SEISMICITY

Kleifarvatn: Some increase in nuinber is observed from May 1996 to the end of
the period. Strainrelease is varving. {logN=3.9-1.1in}

A 3
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Olfus: Tntense swarms in March 1995 and April 1996 and lTower background
activity in the middle of the period. (logN=4.5-1.0m)

Hengill: Several swarms are ohserved but the overall activity decreases during
the period. The swarm in Oclober 1996 is close to the eastern border of
the area and separated from the area of more persistent activity farther
west. (logN=4.5-1.0m)

Sudurland: Swarms in May to August 1996 but otherwise the number is rather
constant while strainrelease varies more. (logN=3.6-1.2m)

Myrdalsjokull: Activily increases constantly in Myrdalsjokull until October 1996.
(logN=23.6-1.2m}

Eyjafjallajskull: Swarm in February to March 1996 but otherwise one earthquake
every other month on the average. (logN=4.6-2.0m)

Torfajskull: The number of earthquakes varies a little through the period but
the earthquakes are generally larger in 1995, (logN=3.8-1.5m)

Langjokull and Hofsjokull: Swarms in April 1995 and 1996 but background ac-
tivity is rather constant (labeled Lang- og Hofsjskull on the plots).
(logN=4.2-1.7m)

Bardarbunga: Tncreased activity during the period. A swarm in February 1996
and an intense swarm starts September 29, 1996 priov to an eruption be-
tween Grimsvétn and Bardarbunga. It is assumed that the eruption starts
just before midnight on September 30, and the swarm continues during the
eruption with gradually decreased intensity. (logN=7.5-1.7m)

Flatey: Large swarms in September to October 1995, June 1996, September
1996 and several smaller swarms. Otherwise the number is constant but
strainrelease increases (labeled Flateyjarbrotabeltid on the plots).

Husavik: Swarms in January and June 1996 and activity rather increasing.
{logN=4.6-1.3m)

Grimsey: Intense swarms in December 1995 and July 1996. Otherwise the num-
ber is constant bul strainrelease increases (labeled Grimseyjarbrotabeltid
on the plots). (logN=5.7-1.3m)

VOLUMETRIC STRAIN

GEL shows continuous contraction on the order of 1 microstrain per year which
is the average trend during the lasl ten years. Large pulses due fo snow
melting and rain are observed.

JAD has some technical problems and it is diflicult to estimate the long term
drift aud changes therein and this has not been analyzed yet.

K4 d
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BUR is low-pass filtered (instrumental) and does not show variations of periods
longer than a month.

SKA has its average trend of microstrain per vear until March 1996 when the
contraction rate increases approximately by a factor of four.

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

HEL a very large contractive step {120000 nanostrain) is observed from Septem-
ber to December 1995. The source of this signal must be local since it is
not observed elsewhere. Probably some dislocation occurs in or close to the
borehole where the instrument vesides, possibly with simultianeous change
in water flow and temperature,

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

Conclusion

The increased activity in northern Iceland, which mainly manifests itsell by larger
carthquakes and increased strainvelease is a result of the change of seismometers in
the summer of 1995. A new station, 30 km from Bdrdarbunga, installed on the first
day of the eruption there, lowers the detetction level of Central Iceland significantly.
But the records prior to the installation are consistent. The areas that have better
instrumental coverage have h-values between 1.0 and 1.3. Large b-values in Central
Iceland and Eyjafjallajokull arve possibly a result of overestimation of the magnitude
of the smaller earthquakes.

To summmarize, the most significant changes in the seismicity of Teeland are decreasc
ol activity in the Hengill arca and increase in Mydalsjokull, Bardarbunga and Hisavik.
Slight increase in number is also observed in Grimsey and Kleifarvatn. No obvicus
pattern is recognized in the seismicity and to resolve such patterns finer division into
areas and more time resolution might be needed. Regarding swarm activity, some
tendency towards swarms in northern lceland while southern Tceland remains almost
swarmless and vice versa, is observed. The swarms in Bardarbunga follow a swarm
activity in northern Iceland.

After April 1996 strain changes show decrcased strainrate south of the South Ice-
land seismic zone (SISZ) and increased to the north of it and no changes in the zone
itself. This might indicate increased pressure in the eastern volcanic zone (EVZ) of
Jeeland to the north of SISZ. That could cause displacement close to the EVZ and
strainaccurnulation farther west, in a way pulling the eastern part ol area to the south
of SISZ along.

KA
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Appendix A

In the following there are two pages for each area. On the first the magnitude and
30 days running averages of number and strainrelease with 7 days steps are plotted.
On the second 7 days discrete averages of number and strainrelease as well as fre-
quency distribution and cumulative number of eartquakes are plotted. The units of
the strainrelease plots are Gigastrain. The bin size of the frequency distribution is 0.2.
The cumulative number is plotted on logarithmic scale and crude estimate of logN as
a function of magnitude (m), where N is the cumulative number, is given for most of
the areas.

The order is:

Iceland (Tsland)

Kleifarvatn

Olfus

Hengill

Suduriand

Myrdalsjokull

Eyjafjallajokull

Torfajokull

Lang— and Hofsjokull {Lang- og Hofsjokull)
Bardarbunga

Flatey (Flateyjarbrotabeltio)
Husavik

Grimsey (Grimseyjarbrotabeltio)
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Appendix B
Location of strainmeters and strainmeter records. The records are scaled to nanostrain
and contraction 1s up.

The order is:

Location of the strainmeters and the South Iceland seismic zone (SISZ)

GEL, BUR, SKA
SAU, HEL, STO

KA 74
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