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ABSTRACT

Maps with average recurrence time of horizontal acceleration based on the SIL catalogue
from 1991 through 2000 have been made in the Hengill area and its surroundings. The
dataset, which covers approximately 10 years period, is complete down to local moment
magnitude 1. Comparision with similar maps based on catalogues covering 104 years and
and earthquakes with local magnitude above 4 is excellent.

INTRODUCTION

The largest geothermal power plant in Iceland, Nesjavellir, is located in the northern part
of the Hengill area. The plant is owned by Reykjavik Energy. Presently, Reykjavik
Energy is constructing a second large power plant in the southwestern part of the Hengill
area and there are plans for further exploitation of the area. The plants produce both hot
water for domestic heating in the capital city of Reykjavik as well as electricity. Due to
these investments and the security of the inhabitants of Reykjavik, assessment of hazard
in the area is of utmost importance.

One of the goals of this investigation is to find out how reliable estimates of earthquake
hazards based on the SIL catalogue are and how these estimates are compared to former
estimates which are based on earthquakes of magnitude larger than 4 in the last century,
some of which are not instrumental (Ambraseys and Sigbjornsson, 2000; Halldérsson and
Sveinsson 1994) The SIL system has effectively been in operation since 1991
(Bodvarsson et al., 1999). During this time over 200 thousand events have been located.
Several large earthquakes have occurred (Jakobsdottir et al., 2002; Porbjarnardoéttir et al.,
2003a, 2003b), earthquakes with recurrence time of 100 years or more, which can lead to
overestimation of the seismic hazard when based on this short time period.

The Hengill area is at a triple junction (Figure 1) where the Reykjanes ridge, which is the
landward continuation of the mid-Atlantic ridge, the south Iceland seismic zone and the
so-called western volcanic zone meet.
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Figure 1. The investigated area is the colored rectangle in the southwest corner of
Iceland.

During the period 1993 to 1998 seismic activity was intense in the area (Figure 2),
culminating in two local magnitude 5 earthquakes, one in the summer and one in the
autumn of 1998 (Vogtjorod et al., 2005a; Rognvaldsson et al., 1998a, 1998b) Since then
the area has gradually become relatively quiet.
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Figure 2. Earthquakes in the Hengill area (center of the figure) and surroundings during
the period from 1991 to 2000.

Recently, two groups have presented a probilistic hazard zoning (PSHA) for Iceland
(Halldérsson and Sveinsson 1994; Solnes et al., 2004). Both groups used the same dataset
but their approach was slightly different. The catlogue they used includes earthquakes
from 1896 to 2000 of magnitude above 4. Most of the large earthquakes occurring after
1912 are recorded on seismometers, but information on many large earthquakes from
1896 is based on intensity observations. Solnes et al. (2004) extended the catalogue by
use of a Monte Carlo technique while the group representing the Eurocode Council used
the catalogue directly. The results of the two groups are consistent with only minor
differences. Mainly in that the Eurocode group obtains slightly higher accelerations in the
Reykjavik area.

DATA AND DATA PROCESSING

In the analysis we calculate values on a grid with 0.04°NS and 0.1°EW mesh size. The
grid extends from 63.8° to 64.2°N latitude and 20.8° to 21.9°W longitude. At each
gridpoint we investigate the frequency-magnitude relation (b-value) for an area of 30 km
radius around the gridpoint. Furthermore, we investigate the frequency vs. horizontal
acceleration due to earthquakes within a radius of 150 km around each gridpoint. The
attenuation formula used is that derived by Halldorsson and Sveinsson (2003) and all
values and calulations are scaled to annual values.



The dataset used is the SIL catalogue from the middle of the year 1991 to the end of the
year 2000, consisting of over 170 thousand events. In the analysis we use the local
moment magnitude (MrLw) (Gudmundsson et al., 2005). My and the local magnitude
(My) correlate quite well. The moment magnitude in the Harvard CMT (My) catalogue
is greater for the largest earthquakes in 1998 and 2000.

Using a 30 km radius, the data seems to be complete down to Myw of approximately 0.5
(Appendix A) but in the b-value estimate, only Mrw above 1 are used. Mrw of the largest
earthquakes are underestimated. Furthermore My w of several earthquakes in the interval
between approximately 3.5 and 5.5 are not certain, partly due to the fact that several
earthquakes in this size interval are superimposed on the waveforms of larger preceding
events, and determination of their characteristics is in some cases a delicate manual
process. In this dataset a rough estimate of their magnitudes is based on amplitude
comparations and in some cases the My is used. Uncertainty in these magnitude
determinations or some systematic error may be the reason for the deviations of the
cumulative curve from a line (Appendix A).

Horizontal acceleration is calculated according to
log(a) = 0.484m - 1.5989*log(R) - 2.1640 + 0.3091*n

where a is horizontal acceleration as a fraction of the acceleration of gravity (g), m is
magnitude, in this case the Mpw (Halldorsson and Sveinsson, 2003). R is distance. 7 is
the number of standard deviatons and in our calculations it is equal to 0. The formula is
not valid within the source area of the earthquakes. Acceleration from earthquakes within
a 150 km radius of each gridpoint was calculated. On a cumulative curve of log(XN) vs.
log(a) (Appendix B), a rather clear relation exists for log(a) greater than -3 (0.1% of g).
From the relation we calculate the accelerations expected to be reached or exceeded for
different time periods. The the calculations are done for periods of 100, 475, 2500 and
10000 years (Appendix C).

No declustering attempt is made. The charateristics of earthquake clusters or swarms in
this statistical sense has not been investigated for the SIL catalogue. In the Hengill area,
the activity has been more or less continuous with temporary more intense activity in the
whole area but not restricted to typical fore- and/or aftershock sequences on definite
faults. In the year 2000 it is obvious that static stress changes associated with the June 17
earthquake triggered the June 21 earthquake (Arnadottir et al., 2003). Dynamic stress
changes (surface waves) associated with the same earthquake also triggered earthquakes
(Antonioli et al., 2005; Vogfjord et al., 2005b). During the 5 years since these events, a
continuous activity has been observed on all the faults that were active at that time.
Therefore in a strict sense almost all seismic activity in south Iceland, at least since 2000,
is a single cluster. The step from this extreme interpretation to other extreme, i.e. all
events are independent, which we have taken in this preliminary investigation, may be
disputable. But in the end the definition of dependence is subjective.



RESULTS

The b-values are rather constant in the Hengill area and in the western part of the south
Iceland seismic zone (Figure 3) with values around 0.87. They decrease systematically
towards west and southwest, reaching a value of about 0.8 at the border of our network,
as the seismicity decreases (Figure 3).
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Figure 3. Calculated yearly b-values in a circular area of 30 km radius around the
corresponding gridpoint.
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Figure 4. Number of earthquakes per year with My of 3 and more in a circular area of
30 km radius around the corresponding gridpoint.

In Figure 4, the annual number of earthquakes with magnitude above 3, within a radius of
30 km from each gridpoint is shown. In the central part of the area we have more than 50
earthquakes of this size within 30 km distance. The number decreases towards the
borders of the network, particularly towards west where the number of events is about or
less than 20.

Hazard maps are made for four different average recurrence times (Appendix C). The
standard map (Figure 5) shows the 475 years average recurrence time corresponding to
10% probability that the acceleration will reach or exceed the value within the next 50
years. Acceleration values in the areas with the highest values are not reliable (white
areas on Figure 5 and on figures in Appendix C), particularly when the recurrence time is
short. That is due to the fact that the attenuation formula is not valid in the vicinity of the
source.
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Figure 5. Seismic hazard map of the Hengill area, Iceland, showing acceleration
expected to be reached or exceeded in a period of 475 years. The Figure shows the 475
yvears average recurrence time corresponding to 10% probability that the acceleration
will reach or exceed the value within the next 50 years.

CONCLUSIONS

The preliminary result of using the SIL catalogue to calculate seismic hazard maps is
promising. The result for the investigated area is comparable to former studies. Care has
to be taken regarding bias due to the large events that have occurred during this period
and similarly seismic gaps, e.g. possibly at the western boundary of our grid. Further,
analysis on the effect of clustering needs to be done.

The SIL system has much higher sensitivity than other seismic networks in Iceland. That
fact and the possibility of estimating accelerations in different frequency bands makes it
possible to make more detailed seismic hazard maps for Iceland, in particular for the
Hengill area and the south Iceland seismic zone.
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APPENDICES

Appendix A

The figures show the yearly cumulative number-magnitude distribution in a circular area
with 30 km radius around the coordinates which are shown in the upper right corner of
each figure. The number of earthquakes in the area is shown below the coordinates. The
relation

log(N)=a-b*m

where N is the number and m is the local moment magnitude is shown in the lower left
corner.
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Appendix B

The figures show the yearly cumulative number-acceleration distribution in a circular
area with 150 km radius around the coordinates which are shown in the upper right
corner of each figure. The number of earthquakes used in the plot is shown below the
coordinates. The relation

log(N) = a - b*log(a)

where N is the number and « is the acceleration is shown in the lower left corner.
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Appendix C

Hazard maps of the Hengill area showing horizontal acceleration to be reached or
exceeded in a period of 100, 457, 2500 and 10000 years.
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