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SUMMARY

The current tectonics of North Iceland are characterized by rifting episodes along fissure
swarms and by M; 6-7 earthquakes in the transform zone between the northern rift zone and
the Kolbeinsey Ridge north of Iceland. The last rifting period (1975-1984) was associated
with an average opening of 5 m along the Krafla fissure swarm. Post-rifting deformation has
been revealed by GPS investigations in Northern Iceland. A GPS network was occupied in
1997, 1999 and 2002 to quantify present-day displacements and their variation with time, on
both sides of the on-land part of the Husavik—Flatey fault and around the Krafla fissure swarm.
The main deformational features observed are: (1) decrease in spreading velocities between
the two timespans 1997-1999 and 19992002, (2) the existence, south of the transform zone,
of a well-defined ~20-30-km-wide plate boundary where extension dominates, (3) directly
adjacent east and west rift shoulders where displacements are close to those observed on the
Eurasian and North American plates and (4) a displacement gradient on Tjornes that could
correspond either to elastic deformation related to a currently locked dextral strike-slip fault
or to an attenuated post-rifting effect northwest of Krafla.
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INTRODUCTION

The current tectonics in Iceland are associated with the plate bound-
ary that crosses the island from south to north. Along the rift seg-
ments, rifting events sometimes accompanied by volcanism and
lasting from several months to several years are associated with
opening reaching several metres (Tryggvason 1984). During these
events, opening along the fissure swarms is equivalent to several
hundred years of the average spreading of the North Atlantic at
the latitude of Iceland (20 mm yr~!) as proposed by NUVEL-1A
(DeMets et al. 1994). Earthquakes along the rift zone, are related to
volcanic activity or dyke injection and have magnitudes less than 4
(Gudmundsson 1999). On the other hand, current tectonics in trans-
form zones such as the Tjornes Fracture Zone in northern Iceland
are characterized by destructive events with the highest magnitudes
known in Iceland (M 6-7) (Halldorsson et al. 1996).

In this paper, for the periods 1997-1999 and 19992002, we spec-
ify how displacements on both sides of the Krafla fissure swarm
varied with time, and we analyse the effect of these displacements
on the transform movement. The aim of this study was to examine
how rifting and transform movement are interacting 15 yr after the
major rifting event of 1975-1984.

TECTONIC SETTINGS
The left-lateral shift between the North Iceland rift zone and the

Kolbeinsey ridge implies a dextral component along the Tjornes
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fracture zone (Rognvaldsson et al. 1998). This zone is a succes-
sion of three parallel active lineaments, namely from SW to NE, the
Dalvik seismic lineament, the Husavik-Flatey fault and the Grim-
sey seismic lineament (Fig. 1) (Einarsson 1976, 1991). As these
lineaments strike slightly oblique to the average spreading vector,
an opening component can be expected in addition to the dextral
strike-slip component. Present-day seismic activity is mainly located
along the Husavik—Flatey fault and around the Grimsey lineament
(Fig. 1). The inland part of the Husavik—Flatey fault is a clearly
identified tectonic zone, exposed south of Tjornes (Gudmundsson
1993; Gudmundsson et al. 1993; Palmason & Saemundsson 1974;
Saemundsson 1974) but not linked to present day microseismicity
or well-documented historical seismic events. The western part of
the Husavik—Flatey fault is offshore where it can be followed by
dense seismic swarms (Fig. 1) (Rognvaldsson et al. 1998) whereas
the Grimsey lineament looks more like a N120°E alignment of en
echelon N-S left-lateral strike-slip faults, in the upper 10 km of the
crust, than a single right-lateral strike-slip discontinuity (Fig. 1).
Geological analyses suggest that the main part of the transform
movement between the Kolbeinsey ridge and the Northern Iceland
Rift Zone has been absorbed in the past along the Husavik—Flatey
fault (Rognvaldsson et al. 1998; Saemundsson 1974).

The last main event in the area was the rifting episode that oc-
curred in the Krafla volcanic fissure swarm from 1975 to 1984
(Bjornsson 1985). During this period, a large number of volcano-
tectonic events produced unusually large displacements with both
horizontal (up to several meters) and vertical (up to a few metres)
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Figure 1. Microseismicity of northern Iceland during the period studied in 1997-2002. Each dot corresponds to an event with a magnitude larger than 1. The
histogram shows the event distribution through depth during the same period of time but only for events along the Husavik—Flatey fault. DL: Dalvik lineament,
HFF: Husavik-Flatey fault, GL: Grimsey lineament, Kr: Krafla centre volcano and fissure swarm, As: Askja centre volcano and fissure swarm, Th: Theistareykir
fissure swarm, Tj: Tjornes, Ox: Oxafjordur, Kp: Kopasker; Hu: Husavik; Fl: Flatey. The seismic data were obtained from the data base of the Icelandic digital
seismic network, SIL (Jakobsdottir e al. 2002; Thorbjarnardottir & Gudmundsson 2003; Thorbjarnardottir et al. 2003).

components (Tryggvason 1980, 1984, 1986). It must be underlined
that the average horizontal displacement, 5 m, corresponds to 250 yr
of opening of the medio-Atlantic ridge for northern Iceland
(20 mmyr~"). This period was followed by the disappearance of
microseismicity along the eastern part of Husavik—Flatey fault,
the main structure of the transform zone (Rdgnvaldsson et al.
1998). This could indicate that the section from Flatey eastwards
of the Flatey—Husavik fault became locked during the Krafla rifting
episode, and subsequently all rifting took place in the Krafla fissure
swarm (from Myvatn into Oxafjordur). In recent years activity has
picked up in the segment between Flatey and Husavik, although no
activity is recorded from Husavik to the Theistareykir fissure swarm
(R. Stefansson, personal communication, 1999).

The rifting episodes disturbed the stress and deformation fields
as illustrated by the induced post-rifting displacements documented
by GPS studies (Foulger ef al. 1992; Hofton & Foulger 1996b),
for at least the 10 yr after the end of rifting. These GPS measure-
ments (Foulger et al. 1992; Hofton & Foulger 1996a) have locally
revealed extension 2 or 3 times greater than the average relative plate
velocity. Numerical simulations of present day (1987-1995) crustal
displacements following the rifting event demonstrate that deforma-
tion is controlled by viscoelastic relaxation of the lower crust and
upper mantle as far as 100 km from the spreading axis (Pollitz &
Sacks 1996). New simulations (Berger 2004) taking into account the
structure and the density of the lithosphere as documented by recent
geophysical investigations and the new displacements proposed by
(Volksen 2000) allow us to propose a new model with large viscos-

ity of 6.10' Pa s for the upper mantle and 6.10%° Pa s for the lower
crust.

DATA ACQUISITION

The Tjornes GPS Network (TGN) has been installed in Northern
Iceland to study the displacements and their variations though time,
on both sides of the Krafla fissure swarm and around the junction
of the North Iceland rift system and the North Iceland transform
fault zone during a period following the 1975-1984 rifting episodes
along the Krafla fissure swarm. In this paper we present and analyse
the results of three measurement campaigns made respectively made
during the 1997, 1999 and 2002 summers. For each epoch, points
were generally observed for two 24 hr sessions. Measurements in
1997, 1999 and 2002 were taken using Ashtech dual-frequency re-
ceivers with choke ring antennae in 1999 and 2002 and Ashtech
Geodetic II and 111 type antennae in 1997.

Data were analysed with Bernese V4.2 software (Beutler et al.
2001) in the ITRF2000 reference frame using precise orbits
(Altamimi et al. 2002), earth rotation parameters and data from IGS
stations. The antenna phase centre offsets and the influence of ele-
vation on phase centre variations were corrected using the standard
antenna phase centre table. The troposphere-induced propagation
delays were estimated from the observations, with troposphere pa-
rameters being estimated every two hours.

The 1997, 1999 and 2002 data sets were analysed with IGS sta-
tion data (1997: HERS, KELY, KIRU, KOSG, ONSA, REYK, STJO,
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VILL; 1999: HERS, HOFN, KELY, KIRU, NYA1, KOSG, ONSA,
REYK, STJO, VILL; 2002: HOFN, KELY, KULU, NYA1, KOSG,
ONSA, REYK, STJO, VILL). Six stations are common to all epochs
(KELY, KOSG, ONSA, REYK, STJO, VILL). HERS and KIRU
are additional stations for 1997 and 1999, HOFN and NYAI are
common to 1999 and 2002. Except for HOFN and REYK all these
stations correspond to far-field points outside Iceland. In 2002
we also include in the processing data from the permanent net-
work running at that time (Geirsson et al. 2006). The resolution
of carrier-phase ambiguities used: (1) an ionosphere-free analy-
sis without ambiguity resolution in order to assess residuals, (2)
a ‘“Wiibbena-Melbourne’ ambiguity resolution (Melbourne 1985;
Wiibbena 1985) for the long baseline or, the local baseline, wide-
lane ambiguity resolution with the use of local ionosphere model
estimated from GPS observations and (3) a resolution of ambigu-
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ities using the ionosphere-free combination introducing the solved
Wiibbena-Melbourne or Wide-lane ambiguities and (4) a normal
equation computation to allow solution combinations.

For each year’s data, one normal equation and its weighting coef-
ficient were obtained by combining the daily normal equations and
the overall weekly solutions obtained from EUREF using a seven-
parameter Helmert transformation. During the sinex—normal equa-
tion transformation, all a priori constraints present in the EUREF
solution have been removed.

Velocities were then obtained by combining the weighted data
from all three campaigns and all the weekly EUREF normal equa-
tions for the 1997-2002 periods, and expressed in the ITRF2000 ref-
erence frame using a 14-parameter Helmert transformation based on
the best-determined EUREF points. Velocities were then expressed
in the fixed Eurasia (Figs 2-4) and fixed North America reference
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Figure 2. Velocity fields expressed in the Eurasia fixed reference frame. (a) for 1997/1999 timespan and (b) for 1999/2002. Ellipses correspond to a 2o level

(95 per cent confidence).
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Figure 3. Velocity fields expressed in the Eurasia fixed reference frame for
1997/1999, detail on Tjérnes.
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Figure 4. Velocity fields expressed in the Eurasia fixed reference frame for
1999/2002, detail on Tjornes.

frames (Fig. 5) as defined by the rotation pole ITRF2000-Eurasia
and by the Eurasia—North America rotation pole given by Calais
et al. (2003).

RESULTS

Eurasia fixed reference frame

For both timespans (Fig. 2), 1997-1999 and 1999-2002, points east
of the rift axis (7367, 9701, 7227, 7443, 7384 and 7382) and a
few kilometres east of the Krafla fissure swarm present negligible
displacements relative to the Eurasia fixed reference frame. Inside
the Krafla and Theistareykir fissure swarms, a westward displace-
ment gradient is observed (points 0004, 9516, 5770, 9517, 9507),

whereas all points located in the SW part of the network present a
westward displacement. A velocity gradient compatible with dextral
N120°E strike-slip movements is visible on the 1999-2002 pattern
(Fig. 2b). Displacements on both sides of the on-land part of the
Husavik-Flatey fault and around its junction with the Theistareykir
fissure swarm do not show significant relative displacements ex-
cluding aseismic creep in this key area where the N120°E Husavik
fault meets the N—S Theistareykir faults.

North America fixed reference frame

Velocities expressed in the North America fixed reference frame
(Fig. 5a), mainly for the 1999-2002 timespan (Fig. 5b), indicate
that the SW part of the network (points 7434, 7313, 9005, 9702,
8521, 7439, 9515, 7440 and 9512) belongs to a rigid block mov-
ing like the North American plate. A velocity gradient perpendicu-
lar to the Husavik Flatey fault (e.g. Tjornes’s points and 8701 and
9520) is particularly visible north of the Husavik-Flatey fault. An
E—W velocity gradient affects points East of Tjornes, in the northern
part of the Theistareykir fissure swarm (9515, 9517, 0352), whereas
points located in the southern part of this fissure swarm are not af-
fected by this gradient (7441, 9519, 9513), the gradient being located
along the southern part of the Krafla fissure swarm (e.g. 9901/7441,
7382/9513). This displacement gradient along the rift axis (Fig. 5b)
reveals evidence of a deformation area including the NE corner of
Tjornes, with a boundary striking N10°W, the fissure swarms being
oriented N10°E. The obliquity of the area undergoing deformation
to the rift axis has been also documented by INSAR investigations
for the 1992-2001 timespan (Henriot & Villemin 2004).

Velocities changes between 1997-1999 and 1999-2002.

Major changes in the velocity field occur between the 1997-1999
and 1999-2002 timespans. In the Eurasia fixed reference frame
(Fig. 2), points located in the North America block are affected
by westward velocities reaching an average of 25 mm yr~! during
the first period of time whereas velocities decrease to an average
of 18 mm yr~! for the next three years. In the North America fixed
reference frame, during the 1999-2002 timespan (Fig. 5b), points
in the SW part of the network delineate a nearly undeformed area,
whereas moderate deformation characterized by residual westward
displacements occurred during the 1997—-1999 span.

DISCUSSION

Post-Rifting relaxation

The time-dependent velocity field (see above) suggests that the de-
formation could be still affected by the post-rifting deformation
following the 1975-1984 Krafla event (Heki er al. 1993). Since
1999, all deformation occurs in the rift zone as illustrated by the
lack of relative displacements between points on either side of
the rift zone east of the rift zone (Figs 2 and 5). For example, point
9901, a few hundred metres east of the Krafla fissure swarm, is not
significantly displaced relative points on the ‘European-fixed’ part
of the network. Opening seems to be restricted to a narrow band,
only a few km wide, corresponding to the Krafla fissure swarm
sensu stricto. Unfortunately, several different processes overlap in
this area: post-rifting deformation inside the plate boundary, subsi-
dence of the cooling magma chamber at Krafla, subsidence in the
area around the geothermal power plant and widespread uplift due
to magma accumulation 20 km down at the crust-mantle boundary,
as demonstrated by (de Zeeuw-van Dalfsen ef al. 2004). All those
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Figure 5. Velocity fields expressed in the North America fixed reference frame, (a) for 1997/1999 and (b) for 1999/2002. Ellipses correspond to a 20 level

(95 per cent confidence).

components necessarily produce a complex picture inside the rift
zone itself where discrete GPS measurements are less appropriate
than InSar deformation mapping.

To test the hypothesis that the velocity decrease between 1997—
1999 and 1999-2002 is related to post-rifting relaxation, we have
performed 3-D numerical simulations using ADELI3D software
(Berger 2004) (Fig. 6). We have considered 3D models with
crustal structures constrained by the geophysical investigations
of ICEMELT (Darbyshire et al. 1998, 2000), FIRE (Brandsdottir
et al. 1997; Darbyshire et al. 2000; Staples et al. 1997) and BP96
(Darbyshire ef al. 2000; Menke et al. 1998). The Krafla rift zone
has been modelled as a single dyke along which successive pressure

© 2006 The Authors, GJI, 167, 1439-1446
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increases were applied to simulate the different phases of rifting
(timespan of rifting episodes, opening quantification and location
of opening) as revealed by geodetic measurements (e.g. Tryggvason
1984). Velocities estimated for 1987-1992 and 1992-1995 (Vélksen
2000) enable us to constrain the rheology parameters of the crust
and the upper mantle. At the scale of our model, it has not been
possible to distinguish the Husavik—Flatey fault from the Grimsey
seismic lineament. As our modelling aims to study the deformation
of the rift zone, we only have considered the Husavik—Flatey fault.

Simulations obtained by Berger (2004) reveal an elastoplastic
upper crust and a viscoelastic lower crust overlying a viscoelastic
upper mantle (Fig. 6). The average viscosities of the lower crust
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Figure 6. View of the 3-D model used for simulating the velocity fields
presented in this paper (1997-1999-2002) and calibrated by (Berger 2004)
ona large number of geophysical and geodetic investigations. (a) Rheological
layering of the Icelandic lithosphere and boundary conditions. UC: upper
crust divided in two layers UC1 and UC2; LC: lower crust; M: mantle. The
rheological parameters are given in the text. (b) Displacements imposed in
the model during the rifting crises period along Krafla and Askja fissure
swarms.

and upper mantle have been estimated respectively to be 6.10' Pa s
and 6.10%° Pa s in average.

To simulate displacements measured in eastern Iceland, a pres-
sure increase inducing one metre opening along the Askja fissure
swarm need to be added to the opening of the Krafla fissure swarm
(Berger 2004; Pollitz & Sacks 1996). Different simulations have
been performed to test the influence of the Husavik-Flatey fault:
free sliding or high frictional strength on the upper part of the fault
(0-12 km) to simulate respectively a slippery or a sticky comport-
ment. These simulations did not reveal any significant influence of
the rheological behaviour (millimetric differences between both so-
lutions) of the Husavik-Flatey fault in the simulation corresponding
to the 1987-1992, and 1992—1995 displacements (Berger 2004).

We have applied the selected simulation of this study at our dis-
placements fields 1997-1999 and 1999-2002 (Fig. 7): this model
shows a relatively good agreement between observed and predicted
displacements for the 1997-1999 and 1999-2002 velocities fields
and allows us to take into account the velocity decreases between
1997-1999 and 1999-2002. As a conclusion, measured velocities
fields reveal mainly a post-rifting relaxation due to the 1975-1984
Krafla rifting episodes.

The transform movements

The Husavik Flatey fault

Three distinct cross sections enable us to analyse the behaviour of the
Husavik-Flatey fault system along its strike. The western one (points
9520, 8701, 9702, 9005 and 7313, Figs 2 and 5) unfortunately gives
information about its south compartment only. The second section
(points distributed along the line 9505 to 7439, Figs 3 and 4) is well
documented and perpendicular to the fault main trace known on

land. The third section (strip 9507 to 9519, Figs 3 and 4) is more
complex to analyse because it strikes obliquely to the Husavik fault
and partly overlaps the rift zone.

At Flatey (Section 1, Fig. 5) there is no evidence for a complete
lockage of the fault. Differences between velocities are smaller than
uncertainties; at most the differences between 9520 and 8701 result
from creep or elastic strain associated with huge microseismicity
(Fig. 1).

On the other hand, a clear signal exists along the second pro-
file where a difference of 8 mm yr~! in average exists between
points 9505 and 7439 (Figs 3 and 4). This difference is progres-
sively accommodated from N to S, suggesting the lockage of a dex-
tral strike-slip fault. The vectors are almost parallel and slightly
oblique to the fault for both timespans. Unfortunately the pro-
file is not long enough for estimating the thickness of the elastic
crust and the locking depth of the fault. However, the accommoda-
tion suggests a minimum value slightly larger than the 10-12 km
deduced from the microseismicity (profile on Fig. 1). It must also be
underlined, as previously mentioned by Jouanne ef al. (1999) that
the point 9505 right in the middle of the fault-parallel motion is
10 km north of Husavik instead of being on the fault itself.

The East-Tjornes profile reveals a similar comportment, even if
the N—S gradient in the fault-parallel velocities seems to be lower
(Figs 3 and 4). Nevertheless, east of this profile, there is evidence
neither of aseismic displacements nor strain accumulation as proved
by the lack of velocity difference between the points 7382, 7384,
9901, 7443 and 7227 east of the Krafla fissure swarm (Fig. 5).

An alternative explanation can be put forward to explain the gra-
dient observed in the fault-parallel component of the velocities.
Indeed we know that the rifting episode resulted in about 8 m of
extension at the latitude of Krafla. This extension decreases rapidly
to the North at a rate of about 1 m each 5 km (Tryggvason 1984).
As the initial tectonic events must have influenced the post-rifting
effect, the result is a mimicry effect that could be confused with the
lockage of a dextral strike-slip fault because post-rifting displace-
ments decrease northwards. This alternative explanation should not
change the seismic hazard for the area. According to both hypothe-
ses, the section of the fault between Husavik and the beistareykir is
at present accumulating strain, the fault segment being locked. As
the seismic activity has increased west of Husavik, it seems likely
that it is only a matter of time before the east section will rupture.

The Grimsey lineament

The network is not well configured to detect creep or accumulation of
elastic deformation along the Grimsey lineament, this branch of the
transform zone being entirely offshore. The modelling results show
important misfits between observed and simulated vectors (points
7367,9701 and 7227 on Fig. 7). The observed vectors are insignif-
icant whereas the misfits suggest eastward motions that have not
been properly simulated because we did not consider the Grimsey
lineament in our modelling. Nevertheless some GPS points to the
southeastern end of the microseismicity trace of the Grimsey linea-
ment (e.g. 9701 and 7227). The displacements on these points do not
differ significantly (Figs 2 and 5) although the points are on oppo-
site sides of the on-land continuation of the lineament (Fig. 1). This
supports an off-shore continuation in Oxafjérdur Bay of the active
rift that could connect with the Grimsey lineament somewhere north
of Tjornes rather than near Kopasker (Fig. 1). In that case the trans-
form motion expected on the Grimsey lineament in the Kopasker
should not be significant as the area is too far to the east of the rift
transform junction.
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velocities. All vectors are expressed in the fixed European reference frame. The white strip indicates the location of the dyke used in the simulation and active

during the 1975-1984 events.

CONCLUSIONS

Present-day spreading velocities in northern Iceland are character-
ized by a decrease though time mainly induced by viscous deforma-
tion consecutive to the 1975-1984 Krafla rifting episode along the
rift axis. Our modelling indicates that we are probably near the end
of this viscoelastic effect and near the beginning of the steady state
regime characterizing the inter-crisis periods. The velocity fields
expressed both in Eurasia-fixed and North America-fixed reference
frames allow us to outline two areas affected by very moderate defor-
mation, relative to, respectively, the Eur and Nam reference frame,
separated by a narrow extensional area with localized opening. This
deformation area lies along the southern part of the Krafla fissure
swarm and then widens westwards to the east of Tjérnes and north of

© 2006 The Authors, GJI, 167, 1439-1446
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the keistareykir fissure swarm. Extensional deformation seems to be
more diffuse where the rift connects and overlaps the transform zone.

There is no geodetic evidence of creep along the eastern part of the
Grimsey lineament and along the inland part of the Husavik-Flatey
fault and its connection with the Theistareykir fissure swarm. The
western segment of the Husavik-Flatey fault revealed displacements
that could be due to either elastic strain accumulation or creep on
this fault segment. This regime explains the intense microseismic
activity presently occurring in this area.

ACKNOWLEDGMENTS

The field study was supported by the European Commission (con-
tract EVR1-CT1999-40002), the Institut Polaire Paul-Emile Victor
(IPEV, Arctic Program 316). The authors are grateful to Freysteinn

senb Aq 909220z/6< 1 L/€/29L/210Me/|B/woo dno-ojwepese//:sdpy wody pepeojumod



1446  F Jouanne et al.

Sigmundsson and Erik Sturkell for their helpful review and their
precise comments. Halldor Geirsson, the Nordic Volcanological In-
stitute and the Icelandic Meteorological Office provided material
help without which nothing would have been made. Jérome Amann,
Pierre Bettinelli, Frangois-Xavier Bottet, Jean-luc Got, Pierre
Rampal, Anne Replumaz, Laurent Serrrurier participated to the field
measurements. Henry Charlesworth has greatly improved the read-
ability of the text shortly before he died. We dedicate this work to
his memory. We are grateful to Riad Hassani for giving access to
ADELI3D software for numerical simulations. Some figures in this
paper were drawn with the public domain GMT software (Wessel &
Smith 1995).

REFERENCES

Altamimi, Z., Boucher, C. & Sillard, P, 2002. New trends for the realiza-
tion of the international terrestrial reference system, Advances in Space
Research, 30(2), 175-184.

Berger, A., 2004. Crises volcanotectoniques et divergence de
plaques en Islande: mesure par GPS et modélisation numérique,
Thése de Doctorat thesis, Univ. Savoie, Chambéry. Available at:
http://tel.ccsd.cnrs.fr/documents/archives0/00/00/93/62/

Beutler, G. et al., 2001. Bernese GPS software version 4.2, Astronomical
Institute, Univ. of Berne, Berne, Switzerland.

Bjornsson, A., 1985. Dynamics of crustal rifting in NE Iceland, J. geophys.
Res., 90(B12), 10 151-10 162.

Brandsdottir, B., Menke, W., Einarsson, P., White, R.S. & Staples, R.K.,
1997. Faroe-Iceland ridge experiment 2. Crustal structure of the Krafla
central volcano, J. geophys. Res., 102(B4), 7867-7886.

Calais, E., DeMets, C. & Nocquet, J.-M., 2003. Evidence for a post-3.16-
Ma change in Nubia-Eurasia-North America plate motions?, Earth planet.
Sci. Lett., 216(1-2), 81-92.

Darbyshire, F.A., Bjarnason, I.T., White, R.S. & Flovenz, O.G., 1998. Crustal
structure above the Iceland mantle plume imaged by the ICEMELT re-
fraction profile, Geophys. J. Int., 135, 1131-1149.

Darbyshire, FA., White, R.S. & Priestley, K.F.,, 2000. Structure of the crust
and uppermost mantle of Iceland from a combined seismic and gravity
study, Earth planet. Sci. Lett., 181, 409-428.

de Zeeuw-van Dalfsen, E., Pedersen, R., Sigmundsson, F. & Pagli, C., 2004.
Satellite Radar Interferometry 1993-1999 suggests deep accumulation of
magma near the crust-mantle boundary at the Krafla volcanic system,
Iceland, Geophys. Res. Lett., 31(13), L13611, doi:10.1029GL020059

DeMets, C., Gordon, R.G., Argus, D.F. & Stein, S., 1994. Effect of recent
revisions to the geomagnetic reversal time scale on estimates of current
plate motions, Geophys. Res. Lett., 21(20), 2191-2194.

Einarsson, P, 1976. Relative location of earthquakes in the Tjornes Fracture
Zone, Soc. Sci. Islandica Greinar V, 45-60.

Einarsson, P., 1991. Earthquakes and present-day tectonism in Iceland,
Tectonophysics, 189, 261-279.

Foulger, G.R., Jahn, C.H., Seeber, G., Einarsson, P, Julian, B.R. & Heki,
K., 1992. Post-rifting stress relaxation at the divergent plate boundary in
Northeast Iceland, Nature, 358, 488-490.

Geirsson, H. ef al., 2006. Current plate movements across the Mid-Atlantic
Ridge determined from 5 years of continuous GPS measurements in Ice-
land, J. geophys. Res., in press.

Gudmundsson, A., 1993. On the structure and formation of fracture zones,
TerraNova, 5,215-224.

Gudmundsson, A., 1999. Fluid overpressure and stress drop in fault zones,
Geophys. Res. Lett., 26(1), 115-118.

Gudmundsson, A., Brynjolfsson, S. & Jonsson, M.T., 1993. Structural analy-
sis of a transform fault-rift zone junction in North Iceland, Tectonophysics,
220, 205-221.

Halldorsson, P.T., Skaftadottir, T. & Gudmundsson, G., 1996. A new cata-
logue of earthquakes in Iceland, 1926-1996, in ESC XXV general Assem-
bly, Reykjavik, Iceland.

Heki, K., Foulger, G.R., Julian, B.R. & Jahn, C.-H., 1993. Plate dynam-
ics near divergent plate boundaries: geophysical implications of postrift-
ing crustal deformation in NE Iceland, J. geophys. Res., 98(B8), 14 279—
14297.

Henriot, O. & Villemin, T., 2004. Deformation at the northern end of the
Icelandic rift mapped by InSAR (1992-2000), a decade after the Krafla
Rifting Episode, Geodinamica Acta, 18, 43-57.

Hofton, M.A. & Foulger, G.R., 1996a. Postrifting anelastic deformation
around the spreading plate boundary, north Iceland 1. Modelling of the
1987-1992 deformation field using a viscoelastic Earth structure, J. geo-
phys. Res., 101(B11), 25403-25421.

Hofton, M.A. & Foulger, G.R., 1996b. Postrifting anelastic deformation
around the spreading plate boundary, north Iceland 2. Implications of the
model derived from the 1987-1992 deformation field, J. geophys. Res.,
101(B11), 25 423-25436.

Jakobsdottir, S.S., Gudmundsson, G.B. & Stefansson, R., 2002. Seismicity
in Iceland 1991-2000 monitored by the SIL seismic system, Jokull, 51,
87-94.

Jouanne, F., Villemin, T., Tj95 C.M. Team (Ferber, V. and Tj97 O.H. Team
(Ammann, J. and Got J.-L.), 1999. Seismic risk at the rift-transform junc-
tion in north Iceland, Geophys. Res. Lett., 26(24), 3689-3692.

Melbourne, W.G., 1985. The Case for Ranging in GPS Based Geodetic
Systems, in /st International Symposium on Precise Positioning with the
Global Positioning System, pp. 403-412, ed. Goad, C., US Department of
Commerce, Rockville, Maryland.

Menke, W., West, M., Brandsdottir, B. & Sparks, D., 1998. Compressional
and shear velocity structure of the lithosphere in northern Iceland, Bull.
seism. Soc. Am., 88(6), 1561-1571.

Palmason, G. & Saemundsson, K., 1974. Iceland in relation to the Mid-
Atlantic Ridge, Ann. Rev. Earth Planet. Sci., 2, 25-50.

Pollitz, F.F. & Sacks, I.S., 1996. Viscosity structure beneath northeast Iceland,
J. geophys. Res., 101(B8), 17 771-17793.

Rognvaldsson, S.T., Gudmundsson, A. & Slunga, R., 1998. Seismotectonic
analysis of the Tjornes Fracture Zone, an active transform fault in north
Iceland, J. geophys. Res., 103(B12), 30 117-30 129.

Saemundsson, K., 1974. Evolution of the Axial Rifting Zone in Northern
Iceland and the Tjornes Fracture Zone, Bull. geol. Soc. Am., 85,495-504.

Staples, R.K., White, R.S., Brandsdottir, B., Menke, W., Maguire, PK.H. &
McBride, J.H., 1997. Firoe-Iceland Ridge Experiment. 1- Crustal struc-
ture of northeastern Iceland, J. geophys. Res., 102(B4), 7849-7866.

Thorbjarnardottir, B.S. & Gudmundsson, G.B., 2003. Seismicity in Iceland
2002, Jokull, 53, 49—-54.

Thorbjarnardottir, B.S., Gudmundsson, G.B. & Jakobsdottir, S.S., 2003.
Seismicity in Iceland during 2001, Jokull, 52, 55-60.

Tryggvason, E., 1980. Subsidence events in the Krafla area, North Iceland,
19751979, J. Geophysics, 47, 141-153.

Tryggvason, E., 1984. Widening of the Krafla fissure swarm during the 1975—
1981 volcano-tectonic episode, Bulletin of Volcanology, 47(1), 47-69.
Tryggvason, E., 1986. Multiple magma reservoirs in a rift zone volcano:
ground deformation and magma transport during the september 1984

eruption of Krafla, Iceland, J. Volc. Geotherm. Res., 28, 1-44.

Volksen, C., 2000. Die Nutzung von GPS fiir die Deformations-analyse
in regionalen Netzen am Beispiel Islands, PhD thesis, der Universitit
Hannover, Hannover, Germany.

Wessel, P. & Smith, W.H.F.,, 1995. New Version of the Generic Mapping
Tools Released, EOS, Trans. Am. geophys. Un., 76, 329.

Wiibbena, G., 1985. Software Developments for Geodetic Positioning with
GPS using TI1 4100 Code and Carrier Measurements, in /st International
Symposium on Precise Positioning with the Global Positioning System,
pp. 403-412, ed. Goad, C., US Department of Commerce, Rockville,
Maryland.

© 2006 The Authors, GJI, 167, 1439-1446
Journal compilation © 2006 RAS

202 Iudy g2 uo 1senb Aq 9092.202/6€7L/S/L9L/8191e/1[6/wod dnoolwspede//:sdiy wolj pepeojumo(d



