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Plate boundaries, rifts and transforms in Iceland

Pall Einarsson
Institute of Earth Sciences, University of Iceland, Stgaia 7, 101 Reykjavik, Icelarmhlli@hi.is

Abstract — The Iceland hotspot has a pronounced effect on the appeai@mit structure of the plate boundary
between the North America and Eurasia Plates that crossegstand. The thick crust produced by the excess
magmatism of the hotspot leads to a wider and more compticplEte boundary deformation zone than is
observed along normal oceanic plate boundaries. Furtheeptbe relative movement of the boundary with re-
spect to the roots of the hotspot leads to unstable bounslarid rift jumps, when crustal blocks or microplates
are transferred from one major plate to the other. The plaiarmary zone can be divided into segments that
are physiographically relatively homogeneous and posdiesct tectonic characteristics. The segments are
more or less oblique to the relative spreading directiorhef two major plates. The divergent component of the
movements is taken up by diking and normal faulting and isilysaoncentrated in the fissure swarms of the
volcanic systems. The transcurrent component of the masiiseoften accommodated by strike-slip faulting
on faults that are transverse to the plate boundary segnsentalled bookshelf faults, witnessing to the tran-
sient nature of the segments. In highly oblique segmenth,&sithe Reykjanes Peninsula Rift and the Grimsey
Oblique Rift, both types of active structures occur suppased on each other. In the South Iceland Seismic
Zone, that is almost parallel to the local spreading direatithe bookshelf faults dominate the structure, pro-
ducing earthquakes as large as magnitude 7. More maturesform zones, such as the Hisavik-Flatey faults,
have developed strike-slip faults that are sub-parallethte plate movements. The activity on this transform
zone, however, appears to be declining because of tran$ferosement over to the Grimsey zone. This is
supported by the lack of Holocene volcanism along the Erdfirall Rift that connects the transform to the
Kolbeinsey Ridge plate boundary off shore. A ridge-jumpeapp to be in progress in South Iceland, where
rifting is occurring in two sub-parallel rift zones, the weactive Eastern Volcanic Zone and the less active
Western Volcanic Zone. The block between them is seisynaadl volcanically inert and may be defined as
a microplate, the Hreppar Microplate. It is rotating in rempse to the southward propagation of the Eastern
Volcanic Zone and corresponding recess of the Western Mal@ane. Poles of relative rotation with respect to
the North America and Eurasia Plates are suggested near8b.20.PW, and 62.8N, 21.3W, respectively.

INTRODUCTION The mid-Atlantic plate boundary is relatively sim-
Iceland is a platform of dimensions 300x500 km sity Pl in most parts of the NE-Atlantic, consisting of rift-
D 8?9 and transform segments separating the two major

ated astride a divergent plate boundary and on to E . d North Ameri The boundary i
a hotspot presumed to be fed by a deep mantle plunﬁ’%ates’ urasia and North America. The boundary is

(Einarsson, 1991a, 2001). This land platform is onl)? early defined by the epicenters of earthquakes that
h how a narrow zone of deformation (Figure 1). As

a part of a much larger platform, also comprising t
shpelf area. 450 X 75% kn? wide and boundelzl by a?we(ﬁ crosses the Iceland platform, however, the deforma-
’ n zone becomes wider, as shown by the distribution

defined shelf edge. The eastern part of this mass sﬁi’ hauak dvolcanism in Fi > The bound
on the Eurasia Plate and the western part sits on yod earthquakes and volcanism in Figure 2. The bound-

North America Plate ary breaks up into a series of more or less oblique
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Figure 1. Earthquake epicenters in the Atlantic Ocean 196@6. Data are from thg epicentral list of the
NEIC, US Geological Survey. Upptok jardskjalfta & Atlantshafssvaedinu umhverfis Isla864—-2006. Byggt
a gognum fra National Earthquake Information Center, US IGgical Survey.

segments. In some places the boundary branches dhése complexities have been attributed to the pres-
and small microplates or tectonic blocks are formeence of the Iceland Plume even though the causal re-
that may move independently of the large plates. Thiationship is by no means clear. The center of the
Hreppar and Tjornes blocks are the clearest exampletume is generally assumed to be located under Cen-
(Figure 2). Both of them seem to move mostly withtral Iceland (e.g. Wolfet al, 1997). The tectonic fab-
the North America Plate at the present time. Most ofic and style of deformation along the different seg-
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Figure 2. Earthquake epicenters 1994-2007 and volcartieragf Iceland. Volcanic systems and active faults
are from Einarsson and Seemundsson (1987). Epicentersandte data bank of the Icelandic Meteorolog-
ical Office. Individual plate boundary segments are indidaRPR Reykjanes Peninsula Rift, WVZ Western
\olcanic Zone, SISZ South Iceland Seismic Zone, EVZ Eastetcanic Zone, CIVZ Central Iceland Volcanic
Zone, NVZ Northern Volcanic Zone, GOR Grimsey Oblique RifEZ Husavik-Flatey Zone, ER Eyjafjardar-
all Rift, DZ Dalvik Zone. SIVZ South Iceland Volcanic Zoner,Ka, H, L, V mark the central volcanoes of
Krafla, Katla, Hengill, Langjokull, and VestmannaeyjarUpptok jardskjalfta 1994—2007 og eldstddvakerfi a
islandi. Eldstédvakerfi og virk misgengi eru samkvaemt Bisam and Seemundsson (1987). Skjalftaupptok eru
fengin fra Vedurstofu islands.

ments is largely determined by the length of the platéh these segments normal faulting and fissuring are
velocity vector and its degree of obliqueness alonthe main types of fracturing and volcanism is perva-
the segment. Some segments are purely divergestve as seen in the Northern Volcanic Zone (NVZ) in
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North Iceland and the two sub-parallel rift zones intent on time scales ranging between years and mil-

South Iceland, the Western and the Eastern Volcanlon years. An example of the constant rate of move-

Zones (WVZ and EVZ). Other segments are consements is shown in Figure 3, the time series 1999-2008

vative, i.e. are of transform type, such as the Soutfor the continuous GPS-station at H6fn in SE-Iceland.

Iceland Seismic Zone (SISZ) and the Hisavik-Flateyhen the annual cycle caused by snow load on the

Zone (HFZ) in North Iceland. Strike-slip faulting is highlands (Grapenthiet al., 2007) and the co-seismic

dominant and volcanism insignificant. Oblique segeffect of the June 2000 earthquakes in South Iceland

ments contain volcanism and strike-slip tectonism in the reference station in Reykjavik have been re-

close proximity to each other. The Reykjanes Penirmoved, the graphs shows virtually straight lines. The

sula Rift (RPR) and the Grimsey Oblique Rift (GOR)slopes of the lines give an eastward component of

are examples of this type. There is some evidence thaR.1 mm/year and a southward rate of 3.9 mm/year.

the two modes of deformation alternate with time.  The vector therefore has a magnitude of 22.4 mm/year
This paper gives an overview of the structuraknd a direction of 100

characteristics of the the plate boundary segments of

Iceland. In most cases these characteristics are con-

sistent with the orientation of the segments with re- PLATE BOUNDARY DEFORMATION

spect to the plate separation vector. Exceptions are ZONE

seen in South |Ce|and. Most Of the diSCl'epanCieS CaBetween the major p|ates there iS a zone Of deforma_
however, be explained by assuming the Hreppar blogkgn where the crustal movements are different from
is a microplate that rotates with respect to the Nortihat of the plates. The width of this deformation zone
America Plate around a pole north of Langjokull.  js somewhat variable. In Northern Iceland it is about
100 km wide and coincides more or less with the
zone of Holocene volcanism and fissuring. The plate
THE RELATIVE MOVEMENTS OF THE boundary deformation zone accumulates strain during

MAJOR PLATES time intervals between significant failure events such

The pole of relative rotation between the two majog@s rifting episodes or larger earthquakes. Such gradual
plates is located in NE-Siberia at 62Nland 135.8E, ~ accumulation has been documented for the EVZ by
and the relative rotation speed is 022er million Jonssoret al.(1997), across the SISZ (Sigmundsson
years according to the Nuvel-1A model of plate mo€t al., 1995; Alexet al, 1999), and along the Reykja-
tions (DeMetset al, 1994). Holding the North Amer- nes Peninsula oblique rift by Sturkedt al. (1994),

ica Plate fixed this gives a plate velocity vector ofHreinsdottiret al.(2001), and Keidingt al. (2007).

18.2 mm/year in a direction of 105or Central Ice- In Southern Iceland the plate boundary has two
land, slightly faster and more easterly for South Icebranches and the block between them does not show
land, slightly slower and more southerly for Northevidence of active deformation or volcanism. Earth-
Iceland. This velocity is valid for the last few millions quake epicenters are almost completely lacking (Fig-
of years, the time scale of the magnetic and structurare 2). This block appears to fulfill the criteria of
data used to constrain the Nuvel-1A model. GPSa microplate and has been termed the Hreppar Mi-
data from the continuously recording stations (Fig<roplate. The southern boundary of the Hreppar Mi-
ure 3) give results that are consistent with the Nuveleroplate is marked by the South Iceland Seismic Zone
1A velocity (Geirssoret al, 2006), also results of where large, strike-slip earthquakes occur. The north-
measurements of the country-wide ISNET network irern boundary is marked by diffuse volcanism of the
1993 and 2004 (Arnadéttat al., this volume; Geirs- Central Iceland Volcanic Zone (CIVZ) and the rela-
sonet al, 2005) as well as the results from globallytive movement across it seems to be slow.

distributed GPS-stations (Selkt al, 2002). This It has been a matter of considerable debate how
demonstrates that the plate movements are consite plate movements in South Iceland are partitioned
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= Figure 3. \elocities of the continuous GPS-
stations H6fn (HO), Skrokkalda (SK), and isakot
(IS) with respect to Reykjavik (RE) shown as fat
arrows. Thin arrows show the calculated veloc-
ity of the Eurasia Plate with respect to the North-
America Plate according to the Nuvel 1 model.
Time-series of the displacements of the station of
Hofn with respect to Reykjavik is shown (data
from Halldor Geirsson, Icelandic Meteorological
Office). Index map shows the plate boundaries.
The velocities of the stations SK and IS are 3
mm/a in direction 50 and 5 mm/a in direction
200pTTTT TG 70, respectively. -Rekhradi & samfelldu GPS-
meelistodvunum & Hofn i Hornafirdi (HO), Skrokk-
dldu (SK) og Isakoti (IS) reiknadur midad vid
Reykjavik. Punnu orvarnar syna rekhradann a
Evrasiuflekanum midad vid Nordur-Amerikuflek-
ann reiknadan eftir Nuvel-1-likaninu fyrir flekarek
a jordinni. Einnig er synd feersla sem fall af tima
fyrir stddina a H6fn i Hornafirdi, reiknud midad
—  Vid stédina i Reykjavik (gégn fra Halldori Geirs-
syni, Vedurstofu islands). Kortid synir flekaskil-
in & islandi. Hradi stédvanna tveggja sem eru &
Hreppaflekanum er: Skrokkalda 3 mm/ari i stefnu
50° og isakot 5 mm/ari i stefnu 70

HO
22 mmlyear

Displacements of GPS-station HO with respect to RE
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between the two parallel rift zones, the Western Volgradually becoming less active. The lack of evidence
canic Zone and the Eastern Volcanic Zone. It is gerfor rotated structures within the Hreppar Microplate
erally assumed that the two zones are the expressibas been evoked to support the latter hypothesis. Re-
of a ridge jump, i.e. that the WVZ is a dying rift cent modeling studies of GPS data, however, appear
that is being replaced by the currently much moré¢o support rotational movements of the Hreppar Mi-
active EVZ (e.g. Einarsson, 1991a). The question isroplate (La Femin&t al, 2005), which is in favour
whether the ridge jump occurs by rift propagationpf the propagating rift hypothesis. The model results
i.e. the EVZ propagating towards the SW while thandicate that near the Hengill triple junction as much
WVZ recedes, or by activity alternating between theas 35% of the plate movements is taken up by the
rifts (Sigmundssoret al,, 1995) and the whole WVZ WVZ. This proportion dies out towards the NE and
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is less than 10% in the Langjokull region. This mustvector is parallel or sub-parallel to the boundary. The
indicate a counter-clockwise rotation of the Hreppadeformation is usually not concentrated on a single
Microplate, considering the lack of evidence for sigtransform fault but is instead distributed over a zone
nificant irreversible internal deformation of that plate.of finite width. Transform faulting occurs mainly in
two zones, the Tjornes Fracture Zone near the north
coast and the South Iceland Seismic Zone. The accu-
TECTONIC STRUCTURE OF THE mulated strain in these zones is released during strike-

PLATE BOUNDARY SEGMENTS slip earthquakes, as large as magnitude 7, that take

The plate boundary in Iceland can be divided into segRlace at intervals of decadgs to centuries (Eina_rsson,
ments, each with its tectonic and magmatic charactet991a). The transform motion is commonly achieved
istics and properties. Different authors have used dify strike-slip on faults that are transverse to the zone.
ferent schemes for the division and there is considef-he blocks between the faults are then slightly ro-
able confusion in the use of names in the literature. [F2t€d. A model of books in a bookshelf provides an
the following text we attempt to clarify this situation. @nalogy to this type of faulting. Bookshelf faulting

Crustal formation occurs by magmatism in zone&"aY be taken as evidence for youthfulness of these
of divergence. Most of the activity is linked with vol- Z0N€s- Icelandic transform zones appear to be young

canic systems, about 25 of which have been identnd unstable.
fied on land and 10 more in the shelf areas to the

north and south. A volcanic system is defined from its SYSTEMATICS OF THE PLATE
structural and petrologic characteristics (Seemunds-
son, 1978; Jakobsson, 1979a,b). It consists of a cen- BOUNDARY SEGMENTS

tral volcano and a fissure swarm that transsects it in BN Reykjanes Peninsula oblique rift
direction nearly normal to the local spreading direcThe Reykjanes Peninsula in SW Iceland is a struc-
tion. The magmatic activity has a maximum in thetural continuation of the Reykjanes Ridge. The whole
central volcano, most of it basaltic but it may con-idge north of 58N is oblique to the spreading direc-
tain acidic rocks as well (Walker, 1993). Sometimesion and resembles faster spreading ridges, both with
calderas develop in the central volcano and most algegard to topography and seismicity (Figure 1, Einars-
have geothermal systems. The central volcanoes sebn, 2001). This has been ascribed to the proximity to
dom reach high elevation. Loading of the crust by volthe Iceland hotspot. The obliqueness increases as the
canic production is compensated by subsidence of thiige approaches Iceland. As the ridge axis enters the
weak and warm crust. The volcano therefore growshelf area SW of Iceland it is expressed as a series of
downwards more than upwards. The fissure swarmnstructional mounds sitting on a flat, eroded surface
are 5-20 km wide and from a few tens to more thaiJohnson and Jakobsson, 1985) left by the Pleistocene
100 km long. They often have the structure of a gentlglacier. The tectonic structure here and on the Reykja-
graben bounded by normal faults of small throw. Thenes Peninsula is characterized by volcanic systems
volcanic systems are arranged side-by-side in some tifat are arranged en echelon along the plate bound-
the rift zones or are en echelon in the oblique zonesary. The fissure swarms of the volcanic systems are
The volcanic rift zones usually occupy a gentleoblique to the boundary (have a trend of about,35
synform. Strata on their flanks tilt gently towards theTable 1) and extend a few tens of kilometres into the
zone. This is caused by sagging of the crust in replates on either side.
sponse to loading of volcanic material onto the surface The plate boundary goes onshore at the SW tip of
within the zone. This loading in combination with thethe Reykjanes Peninsula and extends from there with
divergence of the plates across the zone produces tharend of 70 (azimuth) along the whole peninsula.
dip according to the model of Palmason (1980, 1986)The structure of this zone is relatively homogeneous
Transform zones form where the plate velocityuntil it joins with the Western Volcanic Zone and

40 JOKULL No. 58, 2008



Iceland rifts and transforms

the South Iceland Seismic Zone at the Hengill Triplehas been detected in the last decades, such as infla-
Junction near 6N and 21.4W. The most prominent tion sources, volcanic tremor, or earthquake swarms
structural elements are extensional, i.e. hyaloclastifgropagating along the fissure swarms.

ridges formed by fissure eruptions beneath the Pleis- Magmatic activity within this segment also ap-
tocene glacier, postglacial eruptive fissures, normalears to be highly episodic, but with a much longer
faults and open fissures. These structures trend mospgriod. An active period occurred shortly after the set-
between 30and 40, i.e. highly oblique to both the tlement of Iceland, beginningin 950 AD and endingin
plate boundary and the plate velocity vector (Figurd240 AD. During this period all the volcanic systems
4). The average trend of several of the most promief the peninsula had an eruptive episode with numer-
nent features is 35 The fissures and normal faults ous lava eruptions issuing from their fissure swarms.
are grouped into swarms, 4-5 of which can be identiNo eruptions have occurred on the peninsula since
fied and are shown in Figure 2. The swarms are ustiken. Similar magmatic periods appear to have oc-
ally named after the geothermal areas that occur icurred earlier, about every thousand years or so (Sig-
their central part: Reykjanes (sometimes divided intairgeirsson, 1992, 2004; Seemundsson and Jéhannes-
Reykjanes and Svartsengi), Krisuvik, Brennisteinsson, 2006).

fioll, and Hengill. Crustal deformation along the plate boundary on

Less conspicuous, but probably equally importantt,he Reykjanes Pen_insula appears to occur in two dif-
are strike-slip faults that cut across the plate bounderent modes (Hreinsdottet al, 2001): (1) dry or
ary at a high angle. They are expressed as N-S trengiSmic mode, and (2) wet or magmatic mode. De-
ing arrays of left-stepping, en-echelon fissures witfiormation in the dry mode occurs mostly by strike-
push-up hillocks between them. The left-stepping arslip faulting durlng.penods when magma is n_ot avail-
rangementimplies right-lateral movement along thesaP!e to the crust in any appreciable quantity. The
faults. Typical spacing between the faults is 1 km bufnode of deformation changes when magma enters the
in some areas it may be as small as 0.4 km. The strik€Iust. Dikes are opened up against the local minimum
slip faults are most prominent in the areas betweefPmpressive stress and they propagate into the plates
the fissure swarms but this may be misleading. Then both sides of the plate boundary and the fissure
pervasive nature of the fissure swarms may conce@varms are activated.
eventual strike-slip faults that intersect them. The NThe South Iceland Seismic Zone

S strike-slip faults may act to accommodate the_transrhe southern boundary of the Hreppar Microplate is
current component along the plate boundary in thgyarked by a zone of high seismic activity, the South
same way as is explained for the South Iceland Seigeeland Seismic Zone, which takes up the transform
mic Zone by the bookshelf model, see below (Hreinsmotion between the Reykjanes Ridge and the Eastern
dottir et al, 2001; Clifton and Kattenhorn, 2007).  \pIcanic Zone (Einarsson, 1991a). It is oriented E-W
Seismicity on the Reykjanes Peninsulais high andnd is 10-15 km wide N-S. Destruction areas of in-
appears to be episodic in nature with active episodefividual earthquakes and surface faulting show, how-
occurring every 30 years or so. Recent active periodsser, that each eventis associated with faulting on N-S
were in the beginning of the 20th century, 1929-1935triking planes, perpendicular to the main zone. The
1967-1973, and in 2000. The largest earthquakes over-all left-lateral transform motion along the zone is
the latest episodes are known to have been assottius accommodated by right-lateral faulting on many
ated with strike-slip faulting (e.g. Einarsson, 1991aparallel, transverse faults and counterclockwise rota-
Arnadéttir et al, 2004). At the present time, there-tion of the blocks between them, “bookshelf faulting*
fore, deformation along the plate boundary appear&inarssoret al,, 1981).
to be accommodated by strike-slip faulting, possibly  The largest earthquakes in the South Iceland Seis-
with some contribution of crustal stretching (Keidingmic Zone have a tendency to occur in sequences, be-
et al, 2006). No evidence of magmatic contributionginning with the largest event located in the eastern
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Table 1. Characteristics of plate boundary segmenEnkenni einstakra belta flekaskilanna.

Plate Boundary Segment Plates TrendA  TrendB  Velocity
(° Azim.) (° Azim.) (mm/a)
Reykjanes Peninsula Rift, RPR NA-EU 70 35 19
Western Volcanic Zone, WVZ NA-HR 30 30 1-5
South Iceland Seismic Zone, SISZ HR-EU 90 0 14
Eastern Volcanic Zone, EVZ HR-EU 43 43 14-18
Central Iceland Volcanic Zone, CIVZ NA-HR 90 varied 1
Northern Volcanic Zone, NVZ NA-EU 0 8 18
Grimsey Oblique Rift, GOR (TI)-EU 310 350 (13)
Husavik-Flatey Zone, HFZ NA-(TJ) 300 305 (5)
Eyjafjardardll Rift, ER NA-(TJ) 10 10 (5)

Plates: NA North America, EU Eurasia, HR Hreppar Micropldf&)) Tjérnes Microplate. Trend A: Overall

trend of the zone. Trend B: Trend of principal structures

Volcanic systems;
O central volcano
‘,(::{r’ eruptive fissures

A/% fissures and faults

64" 10N

Fracture zone;
111} ) strike slip faults

earthquake swarms
in 1971-1975

64° 00N

63" 50N

22°30W 22° 00'W 217 30'W
Figure 4. Faults and fissures on the Reykjanes Peninsuldfietbfom Hreinsdattiret al. (2001) and Clifton
and Kattenhorn (2007). Misgengi og sprungur a Reykjanesskaga, samkvaemt greinemddoittir et al.

(2001) og Clifton and Kattenhorn (2007), litid breytt.
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part of the zone and followed by smaller events farA large majority of all fractures strike NNE to NE and
ther west (Einarssoet al, 1981). Sequences of this form left-stepping, en echelon fracture arrays with a
type are documented in 1630-1633, 1732-1734, 178brtherly trend. They are associated with right-lateral
and 1896, and historical evidence seems to indicafaulting at depth. Right-stepping arrays also exist, ap-
that similar sequences also occurred in 1294, 133f@arently associated with faulting on conjugate faults
and 1389-1391. The inter-sequence time intervals avgith ENE strike, but they are mostly of secondary
thus in the range 45 to 112 years. The return periodature. Other fault trends also occur, but are rare.
of total strain release of the zone has been estimat&lish-up structures are prominent in association with
about 140 years (Stefansson and Halldérsson, 1988 en echelon arrays, sometimes reaching heights
Stefanssomet al, 1993). of several meters. The mapped fractures associated

The South Iceland Seismic Zone, showsVith afew of the large, historical earthquakes in this
widespread evidence of Holocene faulting. Glaciatetegion (e.g. the 1630, 1784, 1896, and 1912 earth-
surfaces, alluvial plains and Postglacial lava flow§luakes) are confined to narrow, N-S trending zones
are fractured along the 15 km wide, 70 km long, E-Werossing the SISZ at a high angle. The magnitude of
trending seismic zone (Einarsson and Eiriksson, 198thiese earthquakes is in the range 6.5—7.

Einarssoret al, 1981, 2002; Clifton and Einarsson, = The South Iceland Seismic Zone was hit by a se-
2005). An effort has been made to map all recognigies of earthquakes in June 2000, two of which caused
able Holocene fault structures in this zone (Figure 5onsiderable damage (Stefansstral, 2003). The

10 km L b

' i1
21°'W 20°W
Figure 5. Mapped Holocene faults in the South Iceland Seigtone. The heavy N-S lines show the source

faults of the June 17 and 21, 2000, earthquakeasorlagdar sprungur fra natima & Skjélftabelti Sudurlands
Storu N-S linurnar merkja misgengin sem virk voru i skjalfton 17. og 21. jani 2000.
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earthquakes follow a pattern of large historic earthtem with its fissure swarms, part of which is the
guakes in this zone and began on June 17 with a mapgingvellir Graben partly filled by the lake Thing-
nitude 6.5 event in the eastern part of the zone. Thigallavatn. It then extends NE to the Langjékull area.
immediately triggered a flurry of activity along at leastThe volcanic systems there are partly covered by the
a 90 km-long stretch of the plate boundary to the west.angjokull glacier which obscures the structures. The
This activity included three events with magnitudedVestern Volcanic Zone seems to have been the main
larger than 5 on the Reykjanes Peninsula oblique rifift in the southern part of Iceland in the last 7 mil-
(Clifton et al,, 2003; Pagliet al,, 2003; Arnadéttiret  lion years (e.g. Kristjansson and Jénsson, 1998). The
al., 2004). A second mainshock, also of magnitudactivity has been dwindling in the last few million
6.5, occurred about 20 km west of the first one olyears and only a minor part of the total spreading is
June 21. The mainshocks of the sequence occurred oocurring in this zone at the present. Open fissures
N-S striking faults, transverse to the zone itself. Theand eruptive fissures are common in the southern part
sense of faulting was right-lateral strike-slip. One ofof the zone, in the Hengill volcanic system, but be-
the events of the sequence has the characteristics of@me less prominent towards the north. Normal fault-
“slow earthquake”, i.e. the radiation of seismic wavesng is, on the other hand, quite prominent throughout
is comparatively weak for the amount of faulting ob-the zone and fault throws as large as 150 m have been
served by INSAR or GPS. reported (e.g. Gudmundssen al., 1992), which is
The two largest events of the sequence occurredther unusual for Icelandic divergent zones. The fis-
on pre-existing faults and were accompanied by susure swarms of the volcanic systems are almost paral-
face ruptures consisting primarily of en echelon tenlel to the trend of the zone itself (see Figure 2) indicat-
sion gashes and push-up structures (Clifton and Eiimrg spreading direction perpendicular to the zone. The
arsson, 2005). The main zones of rupture were aboatverage trend of the most prominent extensional struc-
15 km long, and coincided with the epicentral distures is 30 (Figure 6), excluding the trend of the Jarl-
tributions of aftershocks. Fault displacements weraettur hyaloclastite ridge, that is located at the east-
of the order of 0.1-1 m at the surface. Faultingern margin of the zone and has a significantly more
along conjugate, left-lateral strike-slip faults also oceasterly trend than the others {38Lava shields are
curred (Bergerat and Angelier, 2003), but was lessommon in this zone. Volcanic activity has been low
pronounced than that of the main rupture zones. Tha the last 1000 years (Sintat al., 2006).
co-seismic displacement field of the earthquakes was The rather spectacular extensional structures of
captured by InSAR and GPS-measurements (Pedgfe Wz, the bingvellir Graben in particular, have
senetal, 2001; Arnadottiet al,, 2001). Accordingto  frequently been taken as the type examples and proof
modeling of these data (Pedersatral, 2003) faulting  of plate divergence in Iceland. It now seems, however,
extends from the surface to a depth of 10 km in botlat the large topographic relief here is the telltale sign
events. Maximum displacements are 2.6 m and 2.9 1igf 3 magma-starved rift (Seemundsson, 1986, 1992).

respectively. The plate divergence is taken up by crustal stretching

The sense of faulting during this 2000 earthquakgng normal faulting rather than by dike intrusions and
sequence conforms to the model of “bookshelf faulttyy4 effusion.

ing"“ for the South Iceland Seismic Zone. It was fur-
thermore demonstrated that bookshelf faulting con-

tinues to the west, along the Reykjanes Penlnsuéat al. (1976) measured a distance profile across the

oblique rift (Amadottiret al, 2004). WVZ for the period 1967-1973 and concluded that
The Western Volcanic Zone insignificant lengthening had occurred, or about 3 mm
This rift zone branches from the Reykjanes Peninsulper year. Gudmundsson (1987) estimated the crustal
and the South Iceland Seismic Zone at the Hengilitretching by measuring the total widening of dilata-
Triple Junction. It contains the Hengill volcanic sys-tional cracks in the 9000 years old lava that covers

The crustal dilation across the WVZ has been esti-
ated by many authors and by many methods. Decker
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Figure 6. A ©SPOTimage of the Western Volcanic Zon&ROT-gervitunglamynd af Vestara gosbeltinu.

the bingvellir area. He estimated that about half odnd decrease towards the NE. A profile just south
the total spreading was taken up by the zone. GP$f Langjokull shows only 10% of the full spreading
measurements in the last two decades offer more reliate. This rapid fall-off in spreading rate with distance
able estimates. Sigmundssenal. (1995) estimate along the boundary indicates that the pole of relative
that (15:15)% of the spreading is taken up by therotation between North America and Hreppar is to the
WVZ. La Feminaet al. (2005) find the proportion to north and nearby, or within a distance of 100 km at
be 35% at the southern end, i.e. in the Hengill areamost.
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The Eastern Volcanic Zone The Central Iceland Volcanic Zone

This rift zone extends from the eastern end of th&he Hofsjokull volcanic system and possibly also the
South Iceland Seismic Zone and about 100 km to th€ungnafellsjokull system in Central Iceland do not
NE, to Central Iceland where it joins with the North-fit readily into the rift zones defined above. A sepa-
ern Volcanic Zone and the Central Iceland Volcanicate zone may be defined that is highly oblique to the
Zone in a triple junction (Figure 2). It is charac-spreading direction. Volcanic activity has been low
terised by long, linear structures (Thorarinsgbm@l, in the Holocene. This zone, together with the South
1973), eruptive fissures and normal faults. The fissureeland Seismic Zone and the Western and Eastern
swarms of the volcanic systems are largely parallel t¥olcanic Zones, demarcate the Hreppar Microplate.
the zone itself and define a strong NE trend. Two fissure swarms radiate from the Hofsjokull cen-

Although extensional structures are characterigral volcano, one to the SW and the other to the NNW
tic for the two volcanic rift zones in South Iceland (Figure 2). The latter is more pronounced and con-
(WVZ and EVZ) their structure is remarkably dif- sists mostly of normal faults. The fissure swarms of
ferent. The most prominent structures in the Easterthe Tungnafellsjokull volcano are not very pervasive.
Zone are constructional, i.e. volcanic fissures and theMovements of faults there, of the order of a few cm,
subglacial equivalents, long hyaloclastite ridges (Figwere detected by INSAR during the Gjalp eruption of
ure 7). In the Western Zone normal faults are most996 (Pagliet al., 2007).
prominent. Volcanic fissures and hyaloclastite ridges )
exist but they are generally shorter and subordinate. The Northern Volcanic Zone

The central volcanoes of the EVZ are grouped his rift zone extends from central Iceland to the north
in Central Iceland, to a large extent covered by theoast where it joins with the Tjornes Fracture Zone.
Vatnajokull glacier (Bjérnsson and Einarsson, 1990)Volcanic systems are well defined and their fissure
They are connected to fissure swarms that issue froewarms are arranged in a left-stepping, en echelon
the glacier to the SW (Figure 7). Eruptive activity ispattern along the zone, consistent with the slightly
very high, and large basaltic eruptions have occurreablique orientation of the plate boundary and the re-
here in historic times, often on long fissures such asulting right-lateral component of the spreading vec-
the Laki fissure active in 1783, the Veidivotn fissuretor. There is a gentle change in the trend of ex-
active in about 1480 AD, the Eldgja fissure active irtensional structures along the zone, becoming more
934 AD, and the Vatnadldur fissure active about 872ortherly towards the north. Rifting structures and
AD (Thordarson and Larsen, 2007). All these his-eruptive fissures are common but lava shields are re-
torical eruptions were of large volume, 2—15 km sponsible for a good part of the Holocene volcan-
Lava shields are virtually unknown in this zone. Theism (Sigvaldasoret al, 1992). The main volcanic
Grimsvotn volcanic system includes the Laki fissuresystems within the zone are named after their re-
and the Bardarbunga system comprises the Vatnadldspective central volcanoes, Kverkfjoll, Askja, Fremri-
and Veidivotn fissures, as well as the Heljargja grabemamar, Krafla and peistareykir (Seemundsson, 1974).
The Eldgja fissure is a part of the Katla volcanic sysSometimes a separate system, Heidarspordur, is de-
tem that is located in the South Iceland Volcanic Zon&ned south of Krafla (Seemundsson, 1991), and lately
south of the plate boundary. a separate system, Hrathalsar, is also defined north of

The Eastern Volcanic Zone appears to be youngskja (Seemundssaet al., 2005).
taking over as the main rift in South Iceland from the  Although the volcanic systems of the NVZ all
receding Western Volcanic Zone in the last 3 millionhave some of the characteristics of volcanic systems,
years. Both Jonssaet al. (1997) and LaFeminat al.  they are remarkably different from each other. The
(2005) have demonstrated that elastic strain accunipeistareykir system, e.g., has a very strong and well
lation is in progress across the EVZ. Seismic backdeveloped fissure swarm but no caldera, and sili-
ground activity is very low. cic rocks are insignificant. The Krafla system has a
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Figure 7. ©SPOTimage of the Eastern Volcanic Zone. The &trads dominated by volcanic fissures such
as the Laki fissure (L), the Veidivotn fissure (V), the Eldggstire (E), and the Vatnadldur fissure (Va). The
hyaloclastite ridges Fogrufjéll and Giljabranir and theljdigja Graben are also marked (F, G, and H). —
SPOT-gervitunglamynd af Eystra gosbeltinu. Beltid eimigmnaf I6ngum, tiltélulega beinum gossprungum,
mdébergshryggjum og sigdélum.

caldera that has been partly filled and is cut by a stronggion (Hjartardéttir, 2008). The central region of the
and pervasive fissure swarm (Figure 8). Contributioffremrinamar central volcano is covered by two large
of silicic magma is considerable and the geothermaava shields. No calderas are visible. Lava shields are
system is powerful. The fissure swarm of the Askjagenerally very prominent in the NVZ. Many of them
system is very long but the high activity of the centralwere active in the first few millenia of the Holocene
volcano almost completely obliterates it in the calderéSigvaldasoret al., 1992).
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Figure 8. ©SPOTimage of the Krafla volcanic system and smdings in the northern part of the Northern
Volcanic Zone. The indistinct Krafla caldera is marked witlina, also the most prominent extensional struc-
tures Austaribrekka normal fault (A), Sandvatnsbrekkamairfault (S), bPrengslaborgir eruptive fissure (T),
and the Krafla 1984 eruptive fissure (K)SPOT-gervitunglamynd af eldstddvakerfi Kréflu og naesta enfihv
Krofluaskjan er synd, einnig nokkur aberandi siggengi ogsgosngur.
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The activity in the volcanic systems appears tanagma removed from the magma chamber reached
be episodic. An episode of magmatic and tectonithe surface in fissure eruptions lasting from 5 to 14
events may last several years or a decade, and be segays. Maximum cumulative extension of 8-9 m was
rated from the next episode by centuries or thousanaseasured across the fissure swarm slightly north of
of years. Only the Askja and Krafla systems havéhe Krafla volcano. A large segment of the plate
had episodes involving eruptions in Historic timesboundary was affected by the Krafla events, extending
(Bjornssonet al, 1977), Askja in 1874-1876 and at least 20 km south of Krafla and 70 km north of the
1921-1929, and Kraflain 1724-1746 and 1974-1989olcano, at least to the rift-transform intersection in
There are indications that the beistareykir system haikarfjordur (Figure 2). The rifting during the Krafla
a rifting episode without eruptive activity in 1618 volcano-tectonic sequence can be modeled as elastic
(Bjérnssoret al, 1977). reaction to the failure of the elastic part of the crust

The Krafla rifting episode of 1974-1989 pro_under stress that had accumulated in the plate bound-

vided a dramatic demonstration of crustal deformas? éigeltoanl d;g(r)\g)the previous decades and centuries

tion along a divergent plate boundary where strain ha{?u . .
. . . The sudden stress change in the elastic layer
been accumulating for more than two centuries. It in: . ; . .
. ) eads to increased differential stress in the underly-
volved a sequence of magmatic and tectonic events . : . . L
4 INg viscoelastic layer and viscous reaction, which in
along the plate boundary in N-Iceland. It was ac-

. urn induces movements in the elastic surface layer.
companied by the largest earthquake sequence so

r o )
recorded along the divergent plate boundaries of the ese mov_er_nents decay with time in an exponential
way. Post-rifting movements were measured after the

Atlantic (Einarsson, 1986). The events took plac‘f(raﬂa events (Jahat al, 1994 Foulgeet al, 1992;
mainly within the Krafla volcanic system between Iat-Heki ot al. 1993 Vt')lks:;en anci Seeber 19538) but,ap-

::\ud;sog‘ OﬁiﬁgfeN izggeB?;]lagtr:\]la(zlgu;?e:a. azge-n q8§ar to be over according to the 1993-2004 ISNET
g P » Mag bp y results (Arnadottiet al, this issue).

from depth and accumulated in the magma chamber
at about 3 km depth beneath the central volcano (e.ghe Tjornes Fracture Zone

Tryggvason, 1980; Ewasdt al, 1991). The inflation The Tjornes Fracture Zone is a broad zone of seismic-
periods were punctuated by sudden deflation evenity, transform faulting and crustal extension that con-
lasting from several hours to 3 months when the wallsects the southern end of the submarine Kolbeinsey
of the chamber were breached and magma was iRidge to the Northern Volcanic Rift Zone (Einarsson,
jected laterally into the adjacent fissure swarm wher&991a; Stefanssoat al, 2008). The plate motion
subsequently large-scale rifting took place. Riftingjs taken up by several sub-parallel NW-trending seis-
fissuring and graben subsidence took place in the fisaic zones, the Grimsey seismic zone, the Husavik-
sure swarm but the flanks were uplifted and contracteélatey fault zone and the Dalvik seismic zone (Ein-
laterally as the rift widened (e.g. Sigurdsson, 1980arsson, 1976, 1991a) and a few northerly trending rift
Torge and Kanngiesser, 1980; Kanngiesser, 1983). ér graben structures.

total of about 20 discrete rifting events were identi- The Grimsey Oblique Rift is suggested as a
fied, each one affecting only a portion of the fissurename for the northernmost seismic zone, which is en-
system (Bjornssoret al, 1979; Tryggvason, 1980; tirely off shore. It has an overall NW-SE trend (Ein-
Einarsson, 1991a,b). Subsidence within the Kraflarsson, 1976) butis composed of several volcanic sys-
caldera was concurrent with rifting and widening oftems with N-S trend. Evidence for Holocene volcan-
segments of the Krafla fissure swarm (Bjornssbn ism is abundant (McMasteat al. 1977; Brandsdottir
al,, 1977, 1979; Tryggvason, 1980, 1984, 1994)et al, 2005). At its SE end the zone connects to the
Early deflation episodes were primarily associate@rafla fissure swarm, but the NW-end joins the Kol-
with subsurface movements of magma and little obeinsey Ridge just south of Kolbeinsey Island. The
no lava extrusion. Later in the sequence most of thiarger earthquakes of the Grimsey Zone seem to be as-
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sociated with left-lateral strike-slip faulting on NNE- Grimsey Oblique Rift and the northernmost extension
striking faults (Régnvaldssogt al., 1994). The zone of the Northern Volcanic Rift Zone these zones de-
has the characteristics of an oblique rift. There is anarcate a crustal block. It remains to be tested if it
striking similarity between the Reykjanes Peninsulés possible or practical to define this block as a mi-
and the Grimsey Zone. The two zones are symmetroplate with its own kinematics.

rical with respect to the plate separation vector. Theg|ank zones

similarity is seen in the overall trend, the en echeIoQ/ . . . . .
8 blcanism also occurs in zones outside the immedi-
fissure swarms, transverse bookshelf faults, and th

ate plate boundary. These zones are sometimes called
occurrence O.f geothermal areas. Earthquake SWarllSicanic flank zones, off-rift volcanic zones or in-
are commonin bOth_ zohes. 3 ; traplate volcanic zones (e.g. Jakobsson, 1979b, See-
The second seismic zonéhe Husavik-Flatey m,ngsson, 1978, 1986). The South Iceland Volcanic
Zone, is about 40 km south of the Grimsey zone, ang e js 3 direct continuation of the Eastern Volcanic
is well defined by the seismicity near its western endy e peyond its junction with the South Iceland Seis-
where it joins with the Eyjafjardarall Rift. This trans- .- 7one (see Figure 2). It contains several very ac-
form zone can be traced on the ocean bottom 10 thge yocanic systems, including the Hekla and Katla
coastin the Husavik town, continuing on land into thg,q|canic systems. Rifting structures are, however, not
volcanic zone, where it merges into the beistareykis, o minent, consistent with this zone's intraplate set-
fissure swarm (Seemundsson, 1974; Gudmundssonying The zone has been interpreted as the propagating

al. 1993), (Figure 9). This is & highly active seis-yjy of the Eastern Volcanic Zone into the Eurasia Plate
mic zone. The last major earthquakes occurred i .g. Oskarssoat al, 1985; Meyeet al, 1985).

1872 when the town of HUsavik suffered heavy dam- “1ha spaefellsnes Volcanic Zone is entirely in-

age (e.g. Bjornsson and Einarsson, 1981). Volcanisgpypjate and is not connected to the presently active
only plays a subordinate role if any. plate boundary. It contains three volcanic systems that
A third zone, the Dalvik zong is indicated by rest unconformably on Tertiary crust and have been
seismicity about 30 km south of the Husavik-Flateyctive in the Holocene, Snaefellsjokull, Lysuhéll and
Zone (Einarsson, 1976, 1991a). Earthquakes as largfsufjll. Their fissure swarms have a WNW-trend,
as Mg 7 have occurred in this zone, but it lacks cleag|most parallel to the spreading vector. At its eastern
topographic expression. In spite of rather clear alignend it continues as a moderately active seismic zone,
ment of epicenters, the Dalvik zone is not seen as|gst active in the Borgarfjordur earthquakes of 1974
through-going fault on the surface (Langbacka angEinarssoret al, 1977; Einarsson, 1989). The ori-
Gudmundsson 1995; Gudmundsson, 1995). A congjin of the Snzefellsnes zone remains enigmatic even
mon feature of all three seismic zones is the occuthough most authors seem to agree that it is related to

rence of earthquakes on transverse structures (R6gfe location of the center of the Iceland hotspot at this
valdssonet al, 1994), see also Figure 2, similar to|atitude.

that observed in the South Iceland Seismic Zone and The Oraefajokull Volcanic Zone is located well
the Reykjanes Peninsula. east of the presently active plate boundary. It com-
A well-developed rift, the Eyjafjardarall Rift, has prises three volcanic systems that must be considered
been identified in a southward continuation of theactive, Oreefajokull, Esjufjoll and Snaefell, although
Kolbeinsey Ridge. This zone is characterised by noenly the first one has had confirmed eruptions in the
mal faulting on faults perpendicular to the spreadindast few thousand years. The structure of this zone is
vector indicating crustal extension. Signs of volcanionly poorly known as most of it is hidden beneath the
activity are scarce (Brandsdétet al, 2005), how- Vatnajokull glacier. It has been speculated that this
ever, suggesting that this rift is starved of magmaone is the first sign of an impending ridge jump, ac-
at the present time. The rift is connected with theommodating the westward movement of the Eurasia
Husavik-Flatey Zone in the south. Together with thd®late with respect to the Iceland mantle plume.
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Figure 9. ©SPOTimage of the triple junction formed where lthissavik-Flatey Zone merges with the beista-

reykir fissure swarm. SPOT-gervitunglamynd af pripunktinum par sem Husavilkateyjar-sprungubeltid
meetir sprungusveim beistareykja.
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THE HREPPAR MICROPLATE AND ITS 2. The Western and Eastern Volcanic Zones are not
POLES OF RELATIVE ROTATION quite parallel and there is a significant difference be-

In two areas of Iceland the plate boundary branchet een the trend_of e_xtensmnal structures within them
able 1). Eruptive fissures, normal faults, and hyalo-

out and appears particularly complicated, i.e. in Sout T o

Iceland vvphpere rifr'zing occu?/s in t\?vo sub-parallel rift Clastite ridges hgve trends of 404 the eastern
zones, and at the north coast where two or thre one, but 26-33in the wgstgrn one.

branches of the Tjornes Fracture Zone appear to tak The South Iceland Se_|sm|c Zone does not show ev-
up the transform motion. The question arises whethéfenee of crustal extension. It appears to behave as a
these complications can be better understood by deﬁﬁgnsform zone andyet it trends 0b||quely to the over-
ing microplates. Two conditions must be fulfilled: 1) all spreading vector of the two major plates.

The plate must be well defined, i.e. a block of little or4' The spreading rate changes along the rift zones. It

no internal deformation surrounded by active boundqhecrEes;e?r;QWardT. NE Itn tt.he V\]{\f at:}d 'E‘ge:l\? es in
aries. 2) A consistent set of poles of relative rotation) - |1IS Implies rotation of the block between

: : the two rifts.
W|tf1rrhespect o ad_Jacent plates must be found. ..5. The activity of the Central Iceland Volcanic Zone is
e general idea that the two sub-parallel nftlow both volcanic and seismic
zones in South Iceland delimit a crustal block of little ™ ” )
deformation is not new. It appeared in the first papers & propose that these discrepancies can be re-
on the plate tectonic interpretation of the geology of°lved by assuming the Hreppar block behaves as a
Iceland (e.g. Ward, 1971; Palmason and Saemunddgid plate that moves mdependentlly qf the two major
son, 1974) and it was inherent in the design of th@_lates. We then attemp; to cc_mstram its poles of rotg—
first attempts to measure the rate of separation, e.ﬁ‘?n and its rates_of rotation with respect to the Eurasia
the two distance profiles of Decketal.(1971, 1976) and North America Plates.
across the two rifts. The use of the term “Hengill triple ~ The first criterium for a plate, i.e. that internal
junction” by e.g. Foulger (1988) furthermore assumegeformation is negligible, is supported by seismicity
three plates meeting at a triple junction. The terninaps, e.g. that of Einarsson and Seemundsson (1987)
“microplate* for this block, however, appeared in theand Einarsson (1991a) for the period 1981-1985 and
literature only recently (e.g. LaFemira al, 2005; Figure 2 for the period 1991-2006. These maps show
Einarssoret al, 2006; Sintonet al, 2006) as have an aseismic block surrounded by volcanically and
direct GPS-measurements of the rate of movemeng€ismically active boundaries. This block is wider
along its boundaries (LaFemieaal, 2005; Geirsson than typical deformation zones around the adjacent
et al, 2006). LaFeminat al. (2005), furthermore, boundaries. We can therefore assume that the block
confirmed that its internal deformation rate was conbas a core of very little irreversible deformation. This
sistent with a microplate model. is supported by recent GPS results (LaFenghal,

The segments comprising the plate boundary ig005).

South Iceland have presented irregularities or incon- We use the following constraints to locate the
sistencies that have not been satisfactorily explaingables of rotation:
so far: 1. The spreading across the Western and Eastern Vol-
1. The Western and Eastern \Volcanic Zones trendanic Zones is perpendicular to their trends, i.e. the
obliquely to the over-all spreading vector. Yet thepoles must be located on lines extending from the
structure of the zones does not reflect this, such as lepds of the zones and with the same trend.
en-echelon arrangement of the fissure swarms. Ti# All three poles of relative rotation of plate pairs
volcanic systems, with their fissure swarms trend pamust lie on the same great circle. The direction of this
allel to the zones themselves. This indicates that thgreat circle across Iceland must therefore be close to
spreading across the zones is perpendicular to thein azimuth of 15, i.e. the direction to the Eurasia-
trend and oblique to the spreading of the major plate®North-America pole of rotation.
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3. The South Iceland Seismic Zone must be approx- 2. The plate boundary can be traced through Ice-
imately on a small circle around the pole of relativdand as a chain of active zones, volcanic rift zones,
rotation between Eurasia and Hreppar. seismically active transform zones and oblique rifts.
4. The direction of motion of the CGPS-stations orirhe boundary can be divided into segments, each with
the Hreppar block, those of Isakot and Spordalda, as set of characteristics typical for that segment and
shown in Figure 3 must be on a small circle aroundifferent from that of the neighbouring segments (Ta-
the North-America-Hreppar pole of rotation. ble 1). The main characteristics are orientation of the
zone with respect to the plate velocity vector, trend of
It is a rather simple geometrical exercise to loprincipal structural elements with respect to the zone,
cate the poles from these constraints. The exact ltype of volcanism, seismicity and type of faulting.
cation depends on how literally one takes the con- 3. The two major plates, the Eurasia and North
straints. They must be near the following points: 1America Plates, move apart in the Iceland area with a
The North-America-Hreppar pole is in the area nortlyelocity of about 19 mm/year and the relative vector
of the Langjokull glacier, near 65°R and 20.TW. 2.  has a direction of about 105
The Hreppar-Eurasia pole is SW of the Vestmannaey- 4. A small plate fragment (90 x 90 km), the Hrep-
jar Archipelago, near 6228l and 21.3W. par Microplate, can be defined between the two vol-
canic rift zones in South Iceland. A consistent set

DISCUSSION AND CONCLUSIONS of poles of relative rotation can be defined for this

Iceland has a plate boundary deformation zone that f8icroplate assuming perpendicular rifting within the
wider and more complicated than is observed alon§j’© bounding rift zones. The poles are at small dis-

normal oceanic plate boundaries. This is clearly seefpnce from the microplate, which is consistent with
for example, in the distribution of seismicity in Fig- the observation that spreading rates across the bound-

ure 1. It is generally assumed that this is, at leadfd rift zones changes considerably along strike. This
partly, due to the thick crust produced by the exces$ IS0 consistent with a propagating rift origin of the
magmatism of the hotspot. Part of the complexity ighicroplate, the EVZ being the propagating rift and the
also caused by the relative movement of the majof/VZ the receding rift.
plates with respect to the root of the hotspot, the man- 5. An additional microplate or crustal block may
tle plume underlying the lithosphere. The activity ofPossibly be defined within the Tjérnes Fracture Zone,
the plume produces a zone of weakness that eventut its poles of rotation remain to be determined. Dis-
ally develops into a plate boundary. This paper givelibuted seismicity within the block indicates consid-
an overview of the present configuration of the plat€rable internal deformation.
boundary, its structural characteristics and how it is 6. The two segments with a large angle of oblique-
segmented. The main conclusions can be summarisgéss, the Reykjanes Peninsula Rift (RPR) and the
as follows: Grimsey Oblique Rift (GOR), have several similari-
ties that may be common to all highly oblique plate
1. Recent volcanic and tectonic activity in Icelandboundaries. They have extensive volcanism and high
is consistent with the basic assumption of the platéeismic activity characterised by strike-slip faulting.
tectonics theory, i.e. that the surface of the Earth is dithe volcanic systems with their fissure swarms are ar-
vided into plates with insignificant internal deforma-ranged en-echelon along the zone and a good part of
tion, separated by plate boundary deformation zone#e seismicity occurs by bookshelf faulting, with the
It has been shown that the global model of plate movéaults transverse to the zone. The RPR and GOR are
ments applies well in Iceland. Measured plate movesymmetrical with respect to the plate velocity vector.
ments of the last few years conform with the globally 7. The two transform boundary segments, the
determined plate movements of the last few milliorSouth Iceland Seismic Zone and the Husavik-Flatey
years. Zone, contrast sharply in their structural characteris-

JOKULL No. 58, 2008 53



Pall Einarsson

tics. The structural grain in the HFZ is strong andskil verda til pegar midja heita reitsins hefur fjarleegst
parallel to the zone itself. Faults in the SISZ, on thgdmlu flekaskilin um of. Flis eda smafleki klofnar
other hand, are mostly transverse to the zone and orfy fra 66rum meginflekanum og limist vid hinn. Slik
slightly affect the structural grain. Most large earthflekaskilastokk hafa ordid nokkrum sinnum i jardségu
quakes in the SISZ are related to bookshelf faultingslands og virdast einmitt nina vera i gangi & Sudur-
This difference in tectonic style may be caused by thi&andi.

different stage of maturity of the two zones. The SISZ = o 1114 flekaskilunum nidur [ bita eda belt
s in the stage of birth as a consequence of the rIOlgseem hvert um sig hefur akvedin einkenni sem greina
jump from the WVZ to the EVZ. The HFZ is a mature

transform, and dying as the rifting in the Eyjafjar(’ﬁar-paa fr_a_ _of_)rum_ beltum.  Flest be'_t”_‘ eru _skasett
all Rift is becoming magma-starved med tilliti til heildarrekstefnunnar milli meginflek-
8. Considerable activity. both éeismic and Vol_anna. Glidonunarpattur rekvigrans leidir til myndun-
- ; Y ar ganga og siggengja sem oftast tengjast sprungu-
canic, occurs outside the plate boundary segments. = N L )
: o T . sveimum eldstédvakerfa. Sa pattur rekvigrans sem
This activity implies intraplate deformation and plate

e . ?r samsida flekaskilunum leidir til snidgengishreyf-
modification and may be responsible for some o . : e s :
|n(%a. Oft stefna snidgengin hornrétt 4 beltid og

the apparent minor discrepancies between measuret. o« s via hii eftir vi likt og baekur i boka-
movements and movements predicted by simple rigid. b . "
illu. Békahillusprungur virdast vera fylgifiskar van-

plate assumptions. proskadra hjareksbelta. Par sem rekid er mjog ska-
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