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Figure 1. Map of the study area showing the tectonic set-
ting of the SISZ area. Mapped N-S faults are shown with black
lines [Einarsson and Semundsson 1987]. The light shaded areas
are individual spreading segments with associated central volca-~
noes. The epicenter locations of the two large earthquakes in
June 2000 are shown with stars. Black squares are continuous
GPS stations. The locations of Reykjanes Peninsula (RP), West-
ern Volcanic Zone (WVZ), Eastern Volcanic Zone (EVZ), Hengill
volcano and Reykjavik (REYK) are marked. The insert shows
a map of Iceland, with bold lines outlining the spreading seg-
ments in the neovolcanic zones. The study area is indicated with
a box. The black arrows show the direction of the NUVEL-1A
plate motion with half spreading rate of 9.7 mm/yr.

every 15 s, occupying stations for about 24 hours for one or
more sessions. We analyze the GPS data using the Bernese
V4.2 software package [Hugentobler et al., 2001}, and precise
orbital information from CODE. Data from the IGS station
in Reykjavik (REYK) and 4 continuous GPS stations in SW
Iceland [Arnaddttir et al., 2000] were included in the analysis
of the 1999 and 2000 data.

3. Surface deformation and dislocation
modeling

We calculate the surface deformation in the SISZ by tak-
ing differences of station coordinates for the epochs dis-
cussed in the previous section. The 1995 and 2000 surveys
occupied the densest networks, but span not only the two
earthquakes but also almost 5 years of interseismic motion.
We have attempted to correct for the interseismic motion
by calculating the 1995-1999 station displacements and es-
timating station displacements for all the stations observed
in 2000. The coseismic motion is obtained by subtracting the
interseismic motion from the 1995-2000 signal. The inter-

ARNADOTTIR ET AL.: CRUSTAL DEFORMATION IN THE SISZ

seismic deformation observed in 1995-1999 is much smaller
than the coseismic signal in the epicentral areas of the two
large earthquakes. We observe large displacements at sta-
tions in the western end of the SISZ due to local deforma-
tion at Hengill volcano during 1995-1998 [Hreinsdottir et
al., 2001]. We have corrected for this motion by subtracting
vectors determined from a survey done in December 1998
from the 1995-2000 signal.

The non-linear inversion algorithm described by Arna-
déttir and Segall [1994] was used to estimate the best fit
fault parameters and amount of slip for the June 17 and 21
earthquakes, assuming two rectangular uniform slip dislo-
cations in an elastic half-space. The epicenters of the two
earthquakes are only about 17 km apart, and they occurred
within 3 1/2 days of each other. The geodetic network is not
dense enough to allow us to clearly separate the two events
in space and time. The model for the June 21 event is not as
well constrained by the data as for the first event, since no
station is close to the epicentral area. We have not included
data from the closest station (indicated by a green vector
in Figure 2) because we suspect that the motion there is
influenced by local deformation. This station is at the top
of a mountain and evidence of strong ground shaking and
ground cracking was observed nearby. There is a strong
trade-off between the amount of slip and the fault width,
especially for the June 21 event. We therefore fixed the dip
of both faults to vertical, and the depth of the June 21 fault
based on aftershock locations. The models are otherwise not
constrained by the main shock hypocenters nor locations of
surface faulting. Table 1 gives the best-fit fault parameters
and Figure 2 shows the observed and calculated horizontal
displacements. The surface projections of the dislocation
models are shown with green lines. The models fit about
96% of the signal, with a x.,” = 4.1 (a x,? = 1 indicates
perfect fit). The geodetic moment given in Table 1 is calcu-
lated from the relation Mo = pAu, with g = 3 x 10*° N/m?,
A the area and u the total slip. The geodetic moments for
our models agree well with the seismic moment for the June
17 and 21 earthquakes of 6.0 x 10*® Nm and 5.2 x 10*® Nm
respectively (NEIC).

4. Discussion and conclusions

Repeated GPS surveys reveal large coseismic displace-
ments in the epicentral areas of the earthquakes on June 17
and 21, 2000. Simple uniform slip dislocation models for the
two events provide a good fit to the surface displacements,
and indicate that the earthquakes ruptured vertical, parallel
N-5 oriented faults, with primarily right-lateral strike slip
motion. N-S faulting is consistent with observations in other
parts of the SISZ. Our fault models are slightly east of the
main shock locations for both events. Detailed analysis of

Table 1. Best fit fault parameters for June 17 and 21, 2000 earthquakes from GPS measurements. The parameters are the fault
length along strike, depth to center, width along dip, dip, strike east of north, location of the southern end of the fault, right-lateral
strike slip (ss), dip slip (ds) and geodetic moment (Mg). A star indicates that the parameter is fixed before the inversion.

Model Length Depth Width Dip Strike Lat. Lon. s ds Moy
(km) (km) (km) ®) ) (°N) W) (m)  (m) x10%* (Nm)

June 17 9.5 5.0 9.8 90.0* 3.0 63.927 20.356 2.0 0.2 5.6

June 21 12.3 4.0" 8.0 90.0" 0.5 63.929 20.692 1.5 0.0 4.5
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