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Abstract — The South Iceland Seismic Zone is a transform zone marking the southern boundary of the Hreppar
microplate. It is the source area of some of the most destructive earthquakes in Iceland’s history. The surface
formations of the zone are ground moraines, alluvial plains and Postglacial lava flows, and show widespread
evidence of Holocene faulting. The fractured area is 15 km wide and 70 km long. A project to map by GPS-
instruments all recognizable Holocene fault structures in this zone is described here. A large majority of
fractures strike NNE to NE and form left-stepping, en echelon arrays with a northerly trend. They are associated
with right-lateral faulting at depth. Right-stepping arrays also exist, apparently associated with faulting on
conjugate faults with ENE strike, but they are an order of magnitude less frequent and mostly of a secondary
nature. Other fault trends also occur, but are rare. Push-up structures are prominent in association with the
en echelon arrays, sometimes reaching heights of several meters. Fractures active during a few of the large,
historical earthquakes in this region have been identified and traced, e.g. the 1630, 1784, 1896, and 1912
events. The fractures are found within narrow, N-S trending zones crossing the seismic zone. Thus the large-
scale, left- lateral transform motion across the plate boundary is accommodated by right-lateral slip on a series
of transverse faults arranged side by side within the zone and by slight rotation of the blocks between them,
a process sometimes called "bookshelf tectonism". Fractures formed during the earthquakes of June 17 and
21 (M,=6.5) in 2000 and May 29 in 2008 (M,,=6.3) follow this pattern and confirm this general model of
faulting along the transform zone. The size of push-up structures gives a clear indication of relative sizes of the
earthquakes. The push-ups formed in 1630 and 1912 are an order of magnitude larger than the ones formed in
the 2000 and 2008 earthquakes.

INTRODUCTION center of the underlying mantle plume (e.g. Einars-
son, 1986, 1991, Palmason and Semundsson, 1974).
) X The thick crust and the unstable configuration of the
sia and North-Amenca plates'crosses I'celand from plate boundary makes the structure of the bound-
the SW at the tip of the Reykjanes Peninsula to the ary segments more complex in Iceland than else-
NE where it joins the Kolbeinsey Ridg‘? north of  \here along the Mid-Atlantic Ridge. Most of the seg-
Iceland.  The crust h§re is abnormally thick due t0  ,en(q are oblique to the plate spreading vector and in
th.e enhanced magmatism of the Iceland hO.tSPOt (€-8. some areas spreading is divided between two or more
Bjarnason et al., 1993a, Menke and Levin, 1995).  pranches of the boundary. Each branch of the plate
Furthermore, the movements of the two major plates  pqypdary has its own characteristics with respect to

relative to the hotspot lead to frequent ridge jumps as obliqueness, volcanism, type of faulting and pattern of
the plate boundary seeks to relocate itself above the

The mid-Atlantic plate boundary separating the Eura-
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fault systems (Einarsson, 2008). In this paper the tec-
tonic fault pattern in one of these branches, the South
Iceland Seismic Zone (Figure 1), will be described.
This branch is a transform zone and takes up the trans-
form motion between the oblique Reykjanes Penin-
sula rift and the Eastern Volcanic Zone. A long-term
project has been conducted in this zone since 1977 to
map all surface faulting structures. This paper is based
on results of that project.

TECTONIC FRAMEWORK OF THE
SOUTH ICELAND SEISMIC ZONE

The complexity of the Icelandic plate boundary is par-
ticularly apparent in South Iceland where a microplate
has been defined between two sub-parallel rift zones,
the Western and the Eastern Volcanic Zones (Einars-
son, 2008, Sinton et al., 2005, Einarsson et al., 2006).
This microplate, the Hreppar Microplate, is consid-
ered to have formed when the Eastern Volcanic Zone
began propagating away from the center of the hotspot
at about 3 Ma. This crustal block is gradually be-
ing transferred from the Eurasia Plate to the North
America Plate as the Eastern Volcanic Zone takes over
from the Western Volcanic Zone as the main rift in
South Iceland. The spreading rates across the Western
and Eastern Volcanic Zones are estimated from GPS-
measurements to be 1-5 mm/a and 14-19 mm/a, re-
spectively, varying along the zones (LaFemina et al.,
2005). The rate increases southwards along the west-
ern zone but decreases southwards along the eastern
zone. This leads to rotation of the microplate with the
pole of rotation slightly north of the end of the West-
ern Volcanic Zone in West-central Iceland (Einarsson,
2008). The total spreading rate between the two ma-
jor plates is consistent with the rate estimated from the
pole of rotation of the Nuvel-1A model of DeMets et
al. (1994) for the Eurasia and North America Plates,
about 19 mm/a (Geirsson et al., 2006, Arnadéttir et
al., 2009).

The South Iceland Seismic Zone is the source area
of most destructive earthquakes in Historic Time in
Iceland (Einarsson et al., 1981, Tryggvason et al.,
1958, Thoroddsen, 1899, 1905). This zone is a 70 km
long branch of the plate boundary, has an E-W ori-
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entation and separates the Hreppar Microplate from
the Eurasia Plate. The relative plate movement across
the zone is left-lateral transcurrent motion, at a rate
of about 15 mm/a. Volcanism in this zone is mini-
mal so one must assume only a small amount of di-
vergence across the zone. The only expression of
recent volcanic activity is the late Pleistocene activ-
ity at Hestfjall (Kjartansson, 1943) and the Grims-
nes volcanic system, a group of monogenetic lava and
cinder cones at the northern boundary of the zone
(Jakobsson, 1966, Sinton et al., 2005) from the early
Holocene.

The South Iceland Seismic Zone as defined by
destruction areas of historical earthquakes, Holocene
surface ruptures and instrumentally determined epi-
centers (Einarsson et al., 1981, Stefansson et al.,
1993) is 10-15 km wide. Destruction areas of in-
dividual earthquakes and surface faulting indicated
rather early on that each event is associated with fault-
ing on N-S striking planes, perpendicular to the main
zone (Einarsson et al., 1981, Einarsson and Eiriks-
son, 1982a,b). The over-all left-lateral transform mo-
tion along the zone, i.e. between the Hreppar Mi-
croplate to the north and the Eurasia Plate to the
south, thus appears to be accommodated by right-
lateral faulting on many parallel, transverse faults
and counter-clockwise rotation of the blocks between
them, "bookshelf faulting" (Einarsson et al., 1981,
Sigmundsson et al., 1995).

Earthquakes in South Iceland tend to occur in ma-
jor sequences in which most of the zone is affected.
These sequences last from a few days to a few years.
Each sequence typically begins with a magnitude 6.5—
7 event in the eastern part of the zone, followed by
similar or smaller events farther west. Sequences of
this type occurred in 1896, 1784, 1732-1734, 1630—
1633, 1389-1391, 1339 and 1294. Apart from the his-
toric gap between 1391 and 1630, the sequences thus
occur at intervals that range between 45 and 112 years
(Einarsson et al., 1981), and it has been argued that a
complete stress release of the whole zone is accom-
plished in about 140 years (Stefansson and Halldérs-
son, 1988). The long time since the last sequence led
to a long-term forecast published in 1985 (Einarsson,
1985), later refined by Stefansson et al. (1993), of a
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Figure 1. Index map of the plate boundaries in Iceland and volcanic systems is adapted from Einarsson and
Semundsson (1987). Rectangle shows the study area. Lower image: Surface fractures in the SISZ, exposed in
Holocene formations, shown with red lines. Double yellow lines show the source faults of the 1987 (Bjarnason
and Einarsson, 1991), 2000 (Hjaltadéttir, 2009) and 2008 (Decriem et al., 2010) earthquakes. Background
is from SPOT Image. — Yfirlitskort af eldstodvakerfum og flekaskilum d Islandi. Raudur ferhyrningur af-
markar rannséknasveedio. Nedri mynd: Yfirbordssprungur d skjdlftasvedi Sudurlands, sem sjd md ummerki
um i jaromyndunum frd Nitima, kortlagdar med GPS-tekni. Gular linur syna upptakamisgengi skjdlfta vio

Vatnafjoll 1987, skjdlfta i jiini 2000 og mai 2008.

major earthquake sequence within the next decades.
The original forecast gave a 80% probability for the
occurrence of a major earthquake sequence within the
next 25 years (i.e. within the 1985-2010 time win-
dow). This forecast was fulfilled in 2000 when two
magnitude 6.5 (M,,) events occurred, accompanied by
several triggered magnitude 5 events along the SISZ
and the adjacent plate boundary branch on the Reykja-
nes Peninsula (e.g. Einarsson, 2001, 2002, Stefans-
son et al., 2001, Arnadéttir et al., 2004). A dou-

ble event occurred again in 2008 that appears to have
consisted of subevents of magnitude 5.9 and 6.1, re-
spectively, on two parallel faults in the western part
of the zone (Decriem et al., 2010, Halldérsson et al.,
2009, Hreinsdéttir er al., 2009). The sequence may
not be over yet at the time of writing (Sept. 2010)
as only part of the potential seismic moment accumu-
lated since 1896 has been released (Decriem et al.,
2010).
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FORMER INVESTIGATIONS

Thoroddsen (1899, 1905) collected written documen-
tation of historic earthquakes in Iceland and described
the effects of the 1896 earthquakes, the latest se-
quence in the SISZ before the current episode of
2000-2008. His work contains a wealth of informa-
tion, including numerous descriptions of surface frac-
tures associated with the earlier earthquakes, in many
cases detailed enough to make them identifiable in the
field today. T. Einarsson (1967, 1968) observed and
mapped fractures in two parts of the zone and con-
cluded correctly that they were the result of strike-slip
faulting although he failed to see their significance
within the larger tectonic framework of Iceland.

Einarsson and Eiriksson (1982a,b) reported on the
first results of a systematic effort to map all the rec-
ognizable surface fractures of the seismic zone. The
main faults of the eastern part of the zone were iden-
tified and their structural features described. Further
work was reported by Einarsson et al. (1981).

Bjarnason et al. (1993) studied the fracture system
of the 1912 earthquake in more detail than had been
done earlier by Einarsson and Eiriksson. Further work
on this fracture system concentrating on the push-up
structures was done by Angelier ef al. (2004).

Erlendsson and Einarsson (1996) demonstrated
that the system of transverse and parallel strike-slip
faults extended westward along the plate boundary,
beyond the Hengill triple junction. Subsequent work,
e.g. by Clifton et al. (2003), Clifton and Kattenhorn
(2007), Arnadéttir ez al. (2004), and Einarsson (2008),
has shown that plate movements across the oblique rift
of Reykjanes Peninsula are partly taken up by book-
shelf faulting.

A group led by J. Angelier and F. Bergerat has
conducted several studies of fractures in the SISZ and
their tectonic significance (e.g. Angelier and Bergerat
(2002), Angelier et al. (2004, 2008), Bergerat and An-
gelier (2000, 2003), Bergerat et al. (1998, 2003).

The importance of recent surface fracturing for
planning and the assessment of seismic hazard has
been recognised and several studies have been made
at the request of the Selfoss municipality (Imsland and
Einarsson, 1995, Imsland et al., 1997, 1998a,b). Fur-
thermore, Pjorsd river, a major source of hydropower

120  JOKULL No. 60

in Iceland, flows across the South Iceland Seismic
Zone. Several power projects are planned on this
river in the near future, requiring detailed information
about the location of active faults and their hydrolog-
ical properties. Several studies have been conducted
to this end in the seismic zone (e.g. Einarsson et al.,
2002, Khodayar and Einarsson, 2002, Khodayar et al.,
2007a,b, 2008). Similarly, the importance of the ac-
tive fractures in conducting hot water to feed geother-
mal areas has been demonstrated (e.g. Khodayar et al.,
2004, 2010).

METHODS

In this paper I summarise the results of a system-
atic effort that began in 1977 to map surface ruptures
within the South Iceland Seismic Zone. Most of these
structures are exposed in Holocene formations and
have therefore been active in the last 10 000 years.
The area was used as a training ground for students
in courses at the University of Iceland, s.a. Tectonics,
to identify active faults and map structures at a large
scale in the field. Field trips were made to the area ev-
ery year since 1977 with groups of 5-20 students, cov-
ering new areas and fracture systems every time. In
the beginning the tools were aerial photographs, tape
measure and compass. After about 1995 differential
GPS-receivers were used. All structures were located
and mapped by walking along and around them. Ac-
curate GPS- maps at a resolution of less than 1 m were
made of all the structures, including the areas that had
been mapped previously by hand.

The usual procedure was to study available aerial
photographs of the area to identify potential fractures
and fault structures. Then the potential sites were vis-
ited and fractures and fracture systems were identi-
fied in the field and traced further. The field inves-
tigation usually revealed a much more extensive sys-
tem than was visible on the photographs. The oppo-
site also happened, that long, linear structures seen
on the photographs turned out to be old bridle paths,
ditches, wind erosion streaks etc. Interviews with the
local inhabitants were frequently useful. They often
had knowledge of fault structures when they were de-
scribed to them, e.g. sinkholes in the fields where trac-
tor wheels tended to get stuck repeatedly, pits where
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animals had perished, and holes that were useful for
trash disposal.

The surface in the SISZ is mainly of two different
types. A good part of the zone is covered by a single
lava flow, the Pjérsa lava with an estimated volume of
15 km? (Hjartarson, 1988), that issued from the East-
ern Volcanic Zone ~8000 years ago. Other parts of the
zone have basalts of the Plio-Pleistocene Hreppar for-
mation as bedrock, covered by thin ground moraines
left by the last glaciation. The Pjérsa lava generally
preserves the fracture structures rather well and they
are easily traced in spite of considerable vegetation
and soil that covers parts of the lava. An open fracture
tends to maintain a sinkhole in the soil cover above for
a long time after its formation. Tracing fractures in the
Hreppar formation and the moraine material is much
more difficult. The surface erodes faster and therefore
fracture manifestations tend to get erased. There is,
however, no noticeable difference in the appearance
of the structures if they are exposed. This was clearly
demonstrated in the surface effects of the earthquakes
of 2000 (Clifton and Einarsson, 2005).

STRUCTURES ASSOCIATED WITH THE
SURFACE FAULTS

The seismogenic faults of South Iceland are clearly
exposed at the surface in numerous places and can be
identified by characteristic structures. The best expo-
sures are in areas where the Pjorsa lava forms the sur-
face bedrock layer, also where it is covered by a thin
soil layer. The characteristic structures are also found
in areas where the lava is lacking and glacial deposits
form the surface layer but they are not as well pre-
served there.

En echelon fracture arrays constitute one of the
most characteristic features of surface ruptures of
strike-slip faults. The surface trace is marked by
a deformation zone of obliquely trending fractures.
Left-lateral faults are marked by right-stepping ex-
tensional fractures and right-lateral faults have left-
stepping fractures associated with them. In South Ice-
land most of the identified fault ruptures are associ-
ated with right-lateral faulting. Left-lateral faults oc-
cur but almost always in a subordinate role. The en

echelon structure shows up on many different length
scales. The largest scale is measured in kilometers.
Fault segments of one to a few km length are offset
with respect to each other. This scale can be clearly
seen in the faults in Figure 1. The offset between the
segments is of the order of a few hundred meters to
a kilometer. This offset determines the width of the
fractured zone associated with the underlying fault.
Each segment then displays en echelon structure. In-
dividual fractures of lengths up to tens of meters are
offset with respect to each other, forming en echelon
fracture arrays. The pattern is sometimes repeated
on a meter scale within these arrays. During the re-
cent earthquakes of 2000 and 2008 this pattern was
observed on a finer scale yet (Clifton and Einarsson,
2005), to centimeters and millimeters in soil surfaces
(Figure 2).

Push-up structures are frequently found within
en-echelon fracture arrays, usually bridging the gap
between the tips of adjacent extensional fractures.
They have the form of small hillocks, a few tens of
centimeters to a few meters in height. The horizontal
dimensions and shape are quite variable. Some push-
ups are almost round in shape, others are quite elon-
gated. The tops of the hillocks are usually heavily
fractured, sometimes to the extent of looking crushed.
When fracture systems can be discerned there appear
to be two separate kinds of fractures, longitudinal and
transverse. The longitudinal fractures are sub-parallel
to the adjacent extensional fractures and thus form
a part of the en echelon pattern of the over-all frac-
ture array. There may be several of these crossing the
push-up (Figure 3) resembling a sliced loaf of bread,
often rotated slightly with respect to the adjacent pat-
tern. In a left-stepping, N-S trending array the longitu-
dinal fractures would thus have slightly more easterly
strike than the adjacent extensional fractures.

The transverse fractures usually follow the crest of
the push-up and are extensional in nature. In lava sur-
faces that are not affected by other processes it can be
seen how the transverse fractures occupy the crest of
folded antiforms. The push-up is then seen as a minia-
ture fold with axis perpendicular to the maximum hor-
izontal principal stress. This structure was demon-
strated well in the surface ruptures associated with the
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Figure 2. Photograph of fine-scale, en echelon fracture pattern in the source area of the SISZ earthquake of June
17, 2000. — Skdstigar sprungur { moldarflagi d upptakamisgengi jardskjdlftans 17. jiini 2000.

South Iceland earthquake of June 17, 2000 (Clifton
and Einarsson, 2005). Small push-ups were seen in
the surface vegetation cover as small folds, twisted
clockwise by the right-lateral displacement across the
fault (Figure 4).

Small conjugate fractures are sometimes found in
association with push-up structures. They typically
occupy positions extending from the outer side of the
push-up hillock, i.e. the side facing away from the
main fracture system.

The size of a push-up hillock gives an indication
of the displacement across the fault. Bjarnason et
al. (1993), Angelier et al. (2004), and Bergerat et al.
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(2003) develop this idea quantitatively from the as-
sumption that the shortening across the hillock is a
direct result of and geometrically related to the strike-
slip displacement. This concept should not be taken
too literally. The size of push-ups is highly variable
along the fracture arrays. This would imply that the
displacement may vary by orders of magnitude over
short distances along the fault trace. Secondly, only a
part of the displacement at depth is taken up across a
well defined fault at the surface. A considerable part
is distributed within a deformation zone around the
surface trace of the fault. This was demonstrated in
the 2000 earthquakes (Clifton and Einarsson, 2005).
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Figure 3. Longitudinal fractures cutting a push-up. This push-up is located on a 1896 fault-break at the farm
bufa. — Sprunga og sprunguhdll vio Pifu i Landssveit frd skjdlftunum 1896. Hollinn er allur sundursprunginn.

5

19/6/2000 16:16

Figure 4. The fold-type structures of push-ups, here seen in the turf layer in the source area of the June 17,
2000, earthquake. — Sprungur og litill sprunguhdll i tiini vio Mykjunes i Holtum eftir skjdlftann 17. jiini 2000.
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In a more general way, however, it is obvious that
the size of push-ups depends on the magnitude of the
earthquake. The largest push-up formed in the 2000
earthquakes (magnitude 6.5 M,,,) was of the order of
tens of centimeters. The push-ups formed in the 1912
and 1630 earthquakes are of the order of 2—4 m high.
The 1912 event had a magnitude of 7.0 Mg).

Sinkholes form where soil covers an open fracture
in the underlying bedrock. They are funnel-shaped de-
pressions, of the order of meters to ten meters across
and tens of centimeters to a few meters deep. The
size of the sinkholes is mainly dependent on the thick-
ness of the soil cover, only mildly dependent on the
width of the underlying fracture. The hole or depres-
sion forms when the soil seeps into the fracture, either
by gravity or helped by water. The water is probably
mostly precipitation seeping through the soil and into
the fracture but fluctuating ground water level in the
fracture may also play a part. The holes may be cir-
cular in shape but frequently they are elliptical with
the major axis aligned with the underlying fracture.
A fracture may be expressed at the surface by a lin-
ear row of sinkholes. Sometimes the sinkholes merge
into a continuous depression above the fracture (Fig-
ure 5). In some of them the vegetation is unruptured,
in others there may be a breach in the vegetation at the
bottom, maintained by flowing or standing water.

Even though the sinkholes are the consequence of
surface fault rupturing they do not necessarily acquire
their present form at the time of fault movement. A
sinkhole will grow in size as long as the underlying
fracture can accommodate material. A good example
was provided during our studies in the district Skeid
where fractures formed in one of the 1896 earthquakes
were seen on older aerial photographs. Farmers had
then filled in the sinkholes because of the inconve-
nience of having them in the fields. Animals would
fall into them and tractors would get stuck in them. So
at the time of our initial study, around 1980, we could
not find them. Twenty years later, when we began our
GPS-guided mapping of fractures in this part of the
zone, all the sinkholes had reappeared and could be
mapped.
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THE FAULTS, SPECIFIC EXAMPLES

The mapping project has revealed numerous fracture
arrays, here shown in Figure 1. The arrays have been
grouped into systems that can be taken to represent the
surface expressions of underlying strike-slip faults.
More than 30 such faults may be defined from the
fracture data at hand, arranged side by side within
a zone extending from the Hengill triple junction in
the west to the eastern end where the zone merges
with the Eastern volcanic zone near Hekla. Many
more faults may be defined at depth from the rela-
tive location of microearthquakes, e.g. by Hjaltadott-
ir et al. (2005a,b), Hjaltadéttir and Vogfjord (2005),
and Hjaltadoéttir (2009). Furthermore, Bjarnason and
Einarsson (1991) found that the 1987 Vatnafjoll earth-
quake (M,,= 5.9) originated on a N-S fault at the east-
ern end of the zone, and Soosalu and Einarsson (1997,
2005) identified two N-S seismic lineaments underly-
ing the Hekla volcano, one of which joins with the
Vatnafjoll fault. The separation between neighbour-
ing faults is in the range 1-5 km.

Several of the surface faults can be paired with
known historical earthquakes (e.g. Einarsson et al.,
1981). Recent revision of research into this was
published by Roth (2004) and Richwalski and Roth
(2008). Most of the fractures are of unknown age, ex-
cept that they are exposed in Holocene surface forma-
tions and were therefore active in the Holocene. Frac-
ture maps of two areas are presented here as exam-
ples of the level of detail in the mapping. The fracture
systems in these maps are not associated with known
historical earthquakes.

The Hestfjall fault

The Hestfjall fault is marked by a relatively continu-
ous, 4 km long chain of fissures, sinkholes and push-
ups exposed in an interglacial lava shield (Figure 6).
The system passes slightly west of the apex crater of
the shield but otherwise it appears to be unrelated to
the structure or the existence of the shield. Several ob-
servations of this system are important for the general
understanding of the structure of the fracture systems.

1) The system has all the structural characteris-
tics of SISZ fracture systems, including sinkholes, en
echelon arrangements, and push-ups. These charac-
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Figure 5. Large sinkholes along the 1912 earthquake source fault trace south of Galtalekur. — Stor nidurfoll
ofan d sprungum vio Galtaleek sem voru virkar i jardskjdlftanum mikla 1912 d Rangdrvollum og Landssveit.

teristics are therefore not the results or diagnostic of
Holocene lavas on top of sediment.

2) The middle part the fracture system crosses an
erosional boundary. To the south the fractures are cov-
ered by a thick soil layer, whereas this layer is eroded
off by wind to the north of the boundary. In the soil-
covered part the fractures are primarily visible as deep
sinkholes. Push-ups are buried by the sediments, ap-
parently after they were formed. In the un-covered
part of the fault segment the push-ups are prominent

and form a very regular pattern with the en echelon
fractures. The lesson is that push-ups may get obliter-
ated by later sedimentation, but extensional fractures
continue producing sinkholes long after their initial
formation.

3) The fracture system bifurcates towards its
southern end. Both spurs have a N-S trend. Bi-
furcation is a common feature of the faults. It was
described for the 1912 and the 1630 fault traces by
Einarsson et al. (1981). What is unusual about the
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Figure 6. Fault map of the Hestfjall area in the central part of the South Iceland Seismic Zone. The background
is aerial photographs by Loftmyndir ehf. — Sprungukort af Hestfjalli og ndgrenni i Grimsnesi.

Hestfjall case is that the western splay consists of sev-
eral short conjugate segments, each with a definite
right-stepping pattern (Figure 6).

4) The aftershock zone of the second mainshock
of the 2000 earthquake sequence, that of June 21, is
located directly under the Hestfjall fault (Hjaltadottir,
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2009). Yet no surface faulting was observed on the
Hestfjall system. The surface ruptures associated with
that event were located 2.5 km to the west (Clifton
and Einarsson, 2005). The fault plane active in this
event is planar only in its lower part. The shallower
parts of the seismically defined fault plane had dif-
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ferent dips. The northern part of the fault dips to the
east, the southern part dips to the west (Hjaltadéttir,
2009). The tear in the surface ruptures is bridged by
a conjugate surface fault at Bitra (Clifton and Einars-
son, 2005), which, by the way, does not show up in
the hypocentral distribution of aftershocks.

The Réttarnes, Leirubakki, and Tjorvafit faults

Unusually clear fault segments are exposed in a flat
lava flow near the farm Leirubakki in the eastern
part of the seismic zone (Figure 7). Three parallel
fault segments can be distinguished, here named by
the nearest place names, Réttarnes, Leirubakki, and
Tjorvafit. The first two were discovered and described
by Einarsson and Eiriksson (1982a), the third one was
identified later. The Leirubakki fault was the subject
of a study by Bergerat et al. (2003). The distance be-
tween the parallel faults is 1-2 km.

The Réttarnes fault is exposed in a rather rough aa-
lava and is traceable primarily by its push-up hillocks
for about one kilometer. Faint trace of it can be fol-
lowed for longer distances. The Leirubakki fault is
beautifully exposed for about 1.5 km in a smooth
pahoehoe-lava. This section perhaps provides the best
examples of strike-slip structures anywhere. The fault
can be traced further in both directions, a total of
about 4 km, but it becomes obscured in the rough lava
to the north and the alluvial deposits to the south. The
Tjorvafit fault is mainly traceable by its push-ups and
pressure ridges. It is clearly traced for 1.5 km. Conju-
gate structures are prominent in its southern part.

It is not known with certainty when these faults
were last active. At least two of the large historical
earthquakes originated in this general area, in 1294
and 1732. Skalholts-annal states (Thoroddsen, 1899)
for an earthquake in the year 1294: "the earth was
fractured in the district Rangdrvellir and Ranga river
was forced out of its bed and broke people’s houses".
The Ranga river crosses the seismic zone in this area
and only very few farms are close enough to the river
that such damage could be done. The most likely
farm is Svinhagi (Figure 7). The most probable fault
is therefore the Leirubakki fault although the other
two faults cannot be excluded. The 1732 earthquake
caused extensive damage in the Land district and the
damage zone as mapped by Bjornsson (1978) is cen-

tered on the farms Leirubakki and Svinhagi. One of
the three faults shown in Figure 7 must be regarded as
likely source of this earthquake.

A somewhat contrary view on historical activity
is expressed by Bergerat et al. (2003). They argue
that the surface structures of the Leirubakki fault are
formed in one single earthquake. The evidence they
quote is mainly a comparison with the 1912 earth-
quake fault and the events of 2000. In both quoted
examples the earthquakes took place on an old fault
with pre-existing fault structures (Clifton and Einars-
son, 2005). It is therefore by no means certain that the
structures visible along the Leirubakki fault are due
to one single event. In fact, it appears more likely that
more than one event are responsible. Their magnitude
estimate of 7.1 must therefore be regarded as the abso-
lute upper limit. They furthermore argue (Bergerat et
al., 2003) that such a large earthquake would probably
have been recorded in the historical accounts, which
it is not. Therefore it must be pre-historic. This ar-
gumentation does not hold if the structures are due to
more than one event.

DISCUSSION
Conjugate faulting

In the beginning of the mapping project it was gener-
ally accepted that the South Iceland Seismic Zone was
a transform zone and thus a zone of horizontal shear
(e.g. Stefansson, 1967, Ward, 1971). A major E-W
fault had not been identified in spite of a clear align-
ment of earthquake sources in that direction. A sys-
tem of conjugate faults was to be expected. It soon be-
came evident, however, that a large majority of recog-
nizable surface fracture systems had northerly trends
and that the conjugate trend of ENE was poorly repre-
sented (Einarsson and Eiriksson, 1982a,b). This was
consistent with the observation of Bjornsson (1978)
and Einarsson and Bjornsson (1979) that damage
zones of individual historical earthquakes were elon-
gated in a N-S direction. The data presented here con-
firm this finding. Fracture arrays indicating left-lateral
faulting on ENE-striking faults exist but they are an
order of magnitude less common in the SISZ than
fracture arrays showing right-lateral displacement on
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Figure 7. Map of surface ruptures in the Réttarnes-Leirubakki area in the eastern part of the South Iceland Seis-
mic Zone. Background is aerial photographs from Loftmyndir ehf. — Kort af yfirbordssprungum vid Réttarnes

og Leirubakka i Landssveit.

N-S striking faults. Most of the left-lateral cases are
found in a subordinate role, bridging gaps between
offset tips of right-lateral fault strands or in connec-
tion with push-up structures within the deformation
zones of N-S faults. This was demonstrated for the
surface ruptures of the 1912 earthquake at Selsund
(Einarsson and Eiriksson, 1982b (Figure 4), Bjarna-
son et al., 1993) and for the earthquakes of June 2000
(Clifton and Einarsson, 2005).
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By far the most prominent example of conjugate
faulting was found in the faulting zone of the earth-
quake of June 21, 2000, at the Bitra segment (Clifton
and Einarsson, 2005, Angelier et al., 2002). A 2 km
long zone of left lateral faulting was found along
Highway #1, disrupting the road in several places.
Several investigators have attached undue importance
to this fault segement in the tectonic synthesis of the
zone, seemingly not realizing how exceptional this
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segment is (e.g. Angelier and Bergerat, 2002, Bergerat
and Angelier, 2003). Other, much less conspicuous
examples of conjugate faulting are found in the south-
ern part of the Selfoss township (Imsland et al., 1998
a, b), at the Litlu-Reykir fault zone, where it crosses
Highway #1, and in the fracture system active in the
1912 earthquake near the farm Haukadalur.

Length of faults

Since the largest seismogenic faults trend transversely
to the seismic zone, the width of the zone should give
an indication of the length of the faults. The zone
of mapped fault structures, as seen e.g. in Figure 1,
concides very well with the zone of background seis-
micity. This width is about 20 km, almost uniformly
along the zone. The lengths of the source faults of
recent large earthquakes in the zone are consistent
with this. Modeling of surface deformation fields of
the two M,, 6.5 earthquakes of June 2000 gives fault
lengths of 15 km (e.g. Pedersen et al., 2001, 2003)
and the two faults responsible for the double event
of May 2008 were 11 and 17 km long (Decriem et
al., 2010). The mapped surface ruptures of the 1912
earthquake (Mg7.0) are 11 km long (Einarsson and
Eiriksson, 1982) and Bjarnason et al. (1993) suggest
that the original rupture may have been as long as
30 km. It has been argued that the length of the de-
struction zones of historical earthquakes in South Ice-
land as shown by e.g. Einarsson and Bjornsson (1979)
and Bjornsson and Einarsson (1981) may be taken
as a proxy for fault length (e.g. Gudmundsson, 1995,
2000, Angelier et al., 2008) and therefore may be as
long as 50 km. This is not so. Assuming a simple
model where earthquake intensity is a function of only
the distance to the nearest segment of the source fault,
it is easy to show that the fault length should be equal
to L-W, where L is the length and W the width of the
destruction zone. This would give a fault length of
about 30 km for the largest earthquakes with known
destruction zones, i.e. those of 1784 and 1912.

Strike of the faults

All the larger faults, that are reasonably known, strike
almost due N-S. This is clearly seen in the 1912
mapped fault traces, the 1896 second event fault traces
(Einarsson et al., 1981), the aftershock distribution

of the 1987 Vatnafjoll event (Bjarnason and Einars-
son, 1991) and the earthquakes of 2000 (Hjaltadéttir,
2009). Modeling of the deformation fields of the 2000
and 2008 earthquakes shows the same results (Ped-
ersen et al., 2001, 2003, Decriem et al., 2010). Yet
there is frequent reference in the literature to a strike
of NNE for the major faults (e.g. Gudmundsson, 1995,
Gudmundsson and Brynjélfsson, 1993, Bergerat and
Angelier, 2000). The reason for this misconception
appears to be the en echelon arrangement of the fault
structures. The first order en echelon is on the scale of
a kilometer. One may therefore see a kilometer long
strike-slip segment with a NNE strike (see e.g. Figure
7) but fail to see that it is a part of a larger structure
with a strike of N-S. Detailed studies of the hypocen-
tral distribution of the earthquake sequence of 2000
and modeling of the deformation field confirms that
the en echelon fracture arrays at the surface are un-
derlain by a continuous, near-vertical fault plane with
a northerly strike. This relationship is to be expected
where a strike-slip fault, initiated at depth, propagates
towards the free surface.

The Grimsnes volcanic system

A population of NE-SW striking fractures in Grims-
nes, at the northern border of the SISZ is identified
as belonging to a fissure swarm associated with the
Grimsnes Volcanic System. The GVS is placed un-
conformably on top of older crust (Jakobsson, 1966)
and judging from the lack of long, continuous struc-
tures, its fissure swarm is immature. The fractures are
expressed as rows of sinkholes and depressions in the
Holocene surface. They are mostly extensional and
rarely exhibit a normal component. Their widths are
implied to be of the order of 1-2 m and lengths are
generally less than 1 km. En echelon arrangements
are hardly seen at all, and push-ups are not known
here. The fractures are fairly evenly distributed in
a 6x20 km swarm. Total dilatation in the Holocene
is estimated to be of the order of 10-20 m. Frac-
tures judged to belong to the GVS are not included
in Figure 1.
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CONCLUSIONS

An overview is given of a project to map in de-
tail structures associated with Holocene faults in the
South Iceland Seismic Zone. Mapping has been ac-
complished with GPS-instruments with a resolution
of 1 m.

Holocene faults in South Iceland follow an E-W
zone that coincides with the SISZ as defined by epi-
centers of earthquakes. The zone is about 15 km wide.

The majority of fractures strike NNE-ENE and
form left-stepping arrays with northerly trend. This
implies right-lateral strike-slip faulting on northerly
striking faults. Push-up structures confirm strike-slip
faulting and the sense of slip.

Conjugate sets of ENE-striking, left-lateral fault
segments also exist, but they are less common by an
order of magnitude. Most of them are in a subordinate
role, bridging gaps between right-lateral segments.

Large earthquakes in the South Iceland Seismic
Zone thus seem to occur mostly by right-lateral fault-
ing on faults that are transverse to the zone. The earth-
quakes of 2000 and 2008 occurred by right-lateral
faulting on N-S faults and confirmed the above find-
ings.

The source faults of most of the largest historical
earthquakes since 1630 have been tentatively identi-
fied.

Kinematically, the model of "bookshelf faulting"
can explain how the over-all left-lateral movement
across this branch of the plate boundary is accommo-
dated by slip on numerous parallel transverse faults
and rotation of the blocks between them. This model
implies an unstable plate boundary configuration. The
rotation of the blocks will eventually lock the faults
and new faults are required to take up the motion.

The fissure swarm of the Grimsnes Volcanic Sys-
tem partly overlaps with the SISZ, but its fissure
swarm has characteristics different from those of the
SISZ faults. En echelon fracture arrays are not promi-
nent and push-up structures are absent.
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Vida 4 skjalftabelti Sudurlands ma finna merki um ny-
legar sprunguhreyfingar. Skjalftabeltid er um 15 km
breitt og 70 km langt (1. mynd) og er hluti af flekaskil-
um Atlantshafsins sem liggja gegnum Island. Beltid
markar sudurjadar smafleka, Hreppaflekans, sem ligg-
ur milli glidnunar- og gosbeltanna tveggja 4 Sudur-
landi. A pessu belti eiga upptok margir mestu tjéna-
skjalftar fslandssogunnar. Tvenns konar jardmyndan-
ir koma einkum fyrir 4 skjalftasvedinu. Annars veg-
ar er jokulmétad landslag, jokuldldur og jokulsorfin
hraun, métad fyrir lok sidasta jokulskeids, og hins
vegar hraun, Pjérsarhraun, sem huldi stéra hluta 14g-
lendisins fyrir um 8000 arum. Visbendingar um ny-
legar sprunguhreyfingar, p.e. frd sidustu 10000 arum,
vardveitast nokkud vel 1 bidum tegundum landslags,
einkum b6 { Pjérsdrhrauninu. Gdgnum um sprung-
ur og sprunguhreyfingar 4 svedinu hefur verid safn-
ad kerfisbundid i meira en prjd aratugi og hafa nem-
endur i jard- og jardedlisfredi vid Haskéla Islands
komid par mjog vid sdgu. Sprungur og sprungutengd
fyrirbrigdi hafa verid kortlogd med GPS-tekni. Hér
er gerd grein fyrir helstu nidurstodum peirra rann-
sokna. Langflestar sprungur stefna { NNA til ANA og
par mynda skastigar sprunguradir eda sprungufylki
(2. mynd) med nordlaegri stefnu. I hverju sprungu-
fylki hlidrast sprungurnar til vinstri midad vid adliggj-
andi sprungur { fylkinu. Pessi rodun bendir til pess ad
sprungufylkid sé tengt haegri handar snidgengishreyf-
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ingu 4 undirliggjandi misgengi. Sprungufylki med 6f-
ugri hreyfingarstefnu eru pekkt 4 svedinu en eru mun
sjaldgzfari. 1 peim hlidrast sprungurnar til hzagri,
sem bendir til undirliggjandi vinstri handar snidgeng-
is. Strikstefna pessara misgengja er oftast ANA. Pessi
snidgengi eru venslud peim fyrrnefndu og eru ordin til
i sama spennusvidi. Adrar sprungustefnur koma fyr-
ir & Sudurlandi en eru miklu sjaldgefari. Fyrirbrigdi
sem tengjast sprunguhreyfingunum er vida ad finna,
svo sem nidurfoll og sprunguhdlar. Sprunguhdlar
verda til milli sprunguenda par sem sprungur hlidrast
til innan sprungufylkis (3. og 4. mynd). Hed hélanna
getur verid allt ad faeinir metrar og er tengd steerd mis-
gengisferslunnar og par med sterd skjalftans sem hiin
olli. Sprunguhdlar sem myndudust { skjalftunum 1630
og 1912 eru heilu sterdarprepi heerri en peir sem urdu
til 1 skjdlftunum 17. og 21. juni 2000 og 29. mai 2008.
Nidurfoll myndast oft { yfirbordslogum par sem opn-
ar sprungur eru undir. Pau geta verid margir metrar 4
dypt og tugir metra { pvermal (5. mynd). Borin hafa
verid kennsl 4 og kortlogd ummerki og upptakamis-
gengi nokkurra sogulegra jardskjalfta, t.d. 1630, 1784,
1896 og 1912. Pessir skjalftar urdu allir vegna hagri
handar snidgengishreyfinga 4 misgengjum med N-S
strikstefnu, p.e. ef stadid er 4 bakka misgengisins vird-
ist andstedur bakki hreyfast til hagri. Heildarhreyfing
jardskorpunnar yfir flekaskilin skyrist med svokoll-
udu bokahillulikani. Flekaskilin snda { austur-vestur
en Hreppaflekinn nordan skilanna feerist { vestur mid-
ad vid Evrasfuflekann sem er sunnan peirra. Sprung-
urnar snda pvert 4 skilin og hreyfingin veldur vinstri
sniningi 4 spildunum milli peirra en haegri handar
snidgengishreyfingu um sprungurnar sjélfar. Sprung-
ur og mald aflogun { tengslum vid skjélftana 4 Sud-
urlandi 2000 og 2008 eru { g6du samremi vid petta
hreyfilikan.
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