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ABSTRACT

Gravity, magnetic and earthquake data from an
area in SW-Iceland containing a constructive rifting
zone are processed, compared and analyzed.

After a predominant bowl-like regional trend has
been removed, the residual gravity data are charac-
terized by a negative anomaly of 6-10 milligals that
follows the axis of the rifting zone. It is suggested
that this anomaly is caused by Pleistocene volcanics
buried in the crust and possibly a zone of partial
melt at subcrustal depths. Also revealed in the
analysis is a clustering of earthquakes in the South
Iceland seismic zone around a positive gravity ano-
maly.

The magnetic signature of the rifting zone is
enhanced by directional filtering of the aero-
magnetic data. This processing delineates two dis-
tinct areas of crustal accretion during the Brunhes
epoch, one coinciding with the presently most active
part of the plate boundary, the other some 20 kilom-
eters east of it. This is interpreted as a westward
shift of the axis of maximum activity in the rifting
zone during the last several hundred thousand
years.

Directional filtering of the gravity and magnetic
data also reveals linear anomalies trending
transversely to the rifting zone, but at a 30-40°
angle to the estimated direction of plate motion. It is

suggested that these cross-grain structures may be
the result of magmatism related to contraction
cracks developing within the cooling plates as they
move away from the plate boundary.

INTRODUCTION

Gravity and airborne magnetic data from the
southwest corner of Iceland have been processed
and analyzed by newly developed techniques and
computer software, partly as a test for these
methods. Using these processing techniques, it is
possible to isolate and emphasize lineaments in the
data. Due to the tectonic origin of the lineaments,
the available earthquake data were an ideal supple-
ment to the gravity and magnetic data, as shown by
the synergism in their joint interpretation.

The location of the test area is shown in Figure 1.
The size of the area was set somewhat arbitrarily at
126x126 km?, corresponding to a grid of 64x64
points. This covers most of the active volcanic zone
in SW-Iceland, henceforth called the western vol-
canic or rifting zone, with the exclusion of the
western part of the Reykjanes peninsula.

THE GRAVITY DATA

The acquisition of the gravity data under discus-
sion was started in the late sixties. Most of it was
collected in the early seventies but some dates from
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Fig. 1. The location of the research area in
southwestern Iceland and the localities mentioned in
the article. The size of the research area is
126x126 km?.

Mynd 1. Stadsetning rannséknarsvedisins d Sud-
vesturlandi og stadandfn sem koma fyrir { greininni.
Steerd sveedisins er 126x126 km?.

the early eighties. Figure 2 shows the location of the
gravity stations.

A Bouguer correction was applied to the data
assuming an average rock density of 2500 kg/m?. In
reality, the density varies greatly and any single
value for it can do no better than minimize some sta-
tistical parameter of the data. The value chosen
minimizes the roughness of the Bouguer anomaly
surface, as measured by its fractal dimension (Pérar-
insson and Magnusson, in press). The resulting map
is shown in Figure 3. Its main feature is a steep
inland gradient in the gravity; a part of the bowl-
like trend noted by Einarsson (1954) to characterize
the gravity map of Iceland.

To enhance geologically interesting anomalies
and bring out details in the map, the regional trend is
removed by finding a suitable field to subtract from
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Fig. 2. The gravity stations.

Mynd 2. Pyngdarmeelistéovarnar.

the Bouguer gravity data. For this purpose, a succes-
sion of two-dimensional polynomials were fitted to
the data and analysis of variance (ANOVA) applied
to the residual anomaly to test whether a significant
reduction had occurred (e.g. Davis, 1973). Table I
sums up the ANOVA results and shows quite con-
clusively that a second order polynomial should be
used for the regional trend. Figure 4 shows the
second order trend which obviously is a part of the
bowl-like gravity low noted before (Einarsson,
1954). Figure 5 shows the residual Bouguer ano-
maly map after the trend in Figure 4 has been sub-
tracted from the Bouguer anomaly map in Figure 3.
Figure 5 will henceforth be referred to as the gravity
map.

INTERPRETATION OF THE GRAVITY MAP

The largest anomaly on the gravity map in Figure
5 is the gravity low that stretches from the Reykja-
nes peninsula in the southwest to the Langjokull gla-
cier in the northeast. This low corresponds to the
active western volcanic zone.



Fig. 3. The Bouguer anomaly map calculated with a
Bouguer density of 2500 kg/m®. Contour lines are 5
milligals apart.

Mynd 3. Bouguer pyngdarkort, reiknad med Bougu-
er edlispyngdinni 2500 kg/m?. Milli jafngildislina
eru S milligal.

The source of this anomaly could lie both in the
crust and the mantle. Volcanic products erupted dur-
ing the Pleistocene are likely to contain a high pro-
portion of hyaloclastites with lower density than the
surrounding basalts erupted in ice-free environment.
The surface formations then subside as they are
buried by younger volcanics and are carried side-
ways out of the volcanic zone by plate movements.
The crust formed in this way during the Pleistocene
is of lower average density than the crust formed by
dense lava flows or intrusions, which gives rise to
negative gravity anomalies. Another possible source
is the layer of partially molten material thought to
underlie most of Iceland (Gebrande and others,
1980; Beblo and Bjornsson, 1978). This layer is at
shallower depth beneath the volcanic zone than
under the older Tertiary and Quarternary areas. A
thinner crust and a higher degree of melt at the

TABLEIL. ANOVA for polynomials fitted to the
gravity data.

TAFLAI. ANOVA reikningar fyrir bakgrunnssvio
pyngdarmeelinganna.

order of | goodness | degrees of Fvalue F test,
polynom. | of fit freedom o=0.95
1 82.2% 2,288 | 667.23 | 3.00
2 89.5% 5,285 65.23 | 2.21
3 89.5% 9,281 0.08 | 1.88

Goodness of fit is measured by the coefficient of determi-
nation and shows how much the variance in the data is
reduced by the polynomial. Degrees of freedom are shown
for the polynomial and the residual data. The F value
indicates the improvement in goodness of fit over the
increase in variables in the polynomial. We state, with
o0=95% confidence, that the added parameters
significantly improve the fit if the F value exceeds the F
test statistic listed in the last column.

crust-mantle interface beneath the volcanic zone
may produce a gravity low (Hersir and others, 1984;
Bjornsson, 1985). We note that a zone of no
reflections was identified by Zverev and others
(1980) on a seismic reflection profile that crosses the
volcanic zone in SW-Iceland. This zone, interpreted
to be a volume of high degree of partial melt, was
located at about 8 km depth directly beneath Skjald-
breidur.

At Langjokull in the north, the gravity low
appears to turn to the east, but no data are available
from the glacier. In the south, near Hengill, it turns
WSW but does not seem to continue out to the tip of
the peninsula as might be expected from the earth-
quake distribution (Klein and others, 1977;
Halldorsson and others, 1984).

There are three main local minima in the gravity
low. Counting from the south, the first one is in the
tuffaceous mountain complex on the peninsula
southwest of Hengill. This low may at least partly be
a spurious creation of the Bouguer correction. The
second occurs just east of the lake Pingvallavatn,
which is in a topographic low in the rifting zone.
The third is at Skjaldbreidur, discussed above.
Smaller minima appear at the western and eastern
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Fig. 4. The second order polynomial trend which is
subtracted from the Bouguer anomaly as regional
background. This trend is a part of the bowl-like
regional trend observed in the gravity map of Ice-
land. Contour lines are 2.5 milligals apart.

Mynd 4. Bakgrunnssvid pyngdarmelinganna. Frd
Bouguer gildunum er dregio bakgrunnssvio sem er
fundid med annarrar gradu fjollidu. Bakgrunnssvio-
i0 er hluti af peirri skdlarlaga pyngdarlegd sem ein-
kennir Bouguer pyngdarkortio af ollu Islandi. Milli
Jjafngildislina eru 2.5 milligal.

edges of the Langjokull glacier, but no data are
available from the glacier so their existence is not
well documented.

An alternative view of the particulars of the grav-
ity low has been offered by S@mundsson (pers.
comm.). Rather than focusing on the minima, he
points out that they are separated by central volcanic
complexes or areas of maximum volcanic produc-
tion, which might be expected to give rise to posi-
tive gravity anomalies. Semundsson (in press) has
also suggested the existence of two separate rows of
volcanic complexes transverse to the rifting zone,
which would encompass these local gravity highs.
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The second largest gravity anomaly in Figure 5 is
a gravity high in the Southern lowlands. This ano-
maly is separated from a somewhat lesser high in the
vicinity of Pjorsdrdalur by a NW trending gravity
valley. The two highs could either be interpreted as
a plateau of high values between the western and
eastern volcanic zones in South Iceland, or as two
local highs related to extinct central volcanoes. The
first interpretation requires an explanation of the
gravity low that runs NW from Hekla to the Hreppa-
fjoll mountains and possibly across the rifting zone.
The second interpretation requires an explanation of
the expansive gravity high in the Southern lowlands,
which seems far too large to be produced by a single
volcano.

East of this we see a small corner of a deep grav-
ity low, presumably associated with the eastern vol-
canic zone. The minimum of this low is located at
Hekla.

The northwest corner of the map is characterized
by relatively high gravity values, reflecting higher
density values in geologically older provinces.
Superimposed on this are a couple of roughly circu-
lar positive anomalies, at Ferstikla by Hvalfjordur
and at Hafnarfjall by Borgarfjordur. These are both
related to extinct central volcanoes (Franzson,
1978). South of the Ferstikla anomaly there is a
lesser gravity high at Stardalur (Fridleifsson and
Kristjdnsson, 1972), and southwest of it a part of an
anomaly with an offshore center. Both anomalies are
thought to reflect eroded volcanic centers.

DIRECTIONAL ANALYSIS OF
THE GRAVITY MAP

The directionality of the gravity map is analyzed
by calculating its two-dimensional power spectrum,
shown in Figure 6'. The data are first windowed in

1. The gravity map consists of 64x64 grid points based on 290
gravity stations, which means it is heavily overgridded. The
spectrum shown in Figure 6, however, is limited to the lower
half of the frequency range (32x32 values). The wavelength
at the edge of the spectral plot is approximately 8 kilometers.
Thus, the contour lines drawn in Figure 6 generally
correspond to wavelengths exceeding the distance between
stations.



Fig. 5. The gravity map
after a regional trend has
been subtracted from the
Bouguer anomaly. The
lighter shade marks areas of
gravity less than -6 milli-
gals, while the heavier
shade shows areas where
gravity values are above 6
milligals. Contour lines are
2 milligals apart.

Mynd 5. Pyngdarkortid eft-
ir ad bakgrunnssvid hefur
verid dregid frd Bouguer
byngdarkortinu. A ljésgrau
svedunum eru pyngdargildi
leegri en -6 milligal, en d
dékkgrdu svedunum eru
bau heerri en +6 milligal.

T T
the space domain with a circular Hanning window
to reduce leakage, or edge effects, and a periodo-
gram is then calculated from the Fourier transform
of the data. The periodogram, without any smooth-
ing in the frequency domain, constitutes our esti-
mate of the power spectrum.

For a map with random values the spectrum con-
sists of concentric circles but for a surface
influenced in some particular direction there appear
radial peaks in the spectrum indicating the preferred
direction of lineaments in the map (Pérarinsson and
others, 1988). This allows us to put a quantitative
estimate on the lineation in a mapped surface by
studying its two-dimensional power spectrum.

Three fairly strong peaks appear in the spectrum
depicted in Figure 6°. The direction of the largest
peak is 30-40° (clockwise from the horizontal),
reflecting the rifting zone from Hengill to Langjok-

ull. The second strongest peak points 70-80° and
reflects the Hengill-Reykjanes part of the rifting
zone. These two peaks merge at lower frequencies
(closer to the center of the spectrum) and together
they constitute the signal from the gravity low.

The third peak in the power spectrum points 130-
140° and represents lineation perpendicular to the
general trend of the rifting zone. This peak is notice-
ably weak at lower frequencies but quite prominent
at higher frequencies, indicating a fairly shallow ori-
gin. Its main sources are the alignment of the gravity
highs in the northeast (Hafnarfjall and Ferstikla) and
the Hekla-Hreppafjoll gravity low.

2. A fourth peak appears at high frequencies pointing straight
north and south, but this is probably a spurious signal due to
edge effects in the Fourier Transform.
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Fig. 6. The power spectrum of the gravity map. The
spectrum is symmetric about the origin. A protractor
is superimposed on the upper half of the spectrum to
help in its inspection. Frequencies are lowest (long-
est wavelengths) at the center and increase radially
outwards to the Nyquist frequency at the edges.
Spectral anomalies are perpendicular to the space
domain lineaments they represent; hence, linea-
ments running north-south in the space domain
result in horizontal anomalies while east-west linea-
ments create vertical anomalies in the spectrum.
At low frequencies the energy in the gravity spec-
trum is located in the upper-left and lower-right qua-
drants, corresponding to a broad gravity anomaly of
a general NE-SW direction, but at higher frequen-
cies this separates into two major peaks. A third
high frequency peak appears in the lower-left and
upper-right quadrants, corresponding to narrower
anomalies running NW-SE in the gravity map.

Mynd 6. Aflréf pyngdarkortsins er samhverft um
midjuna. Yfir efri helminginn er lagdur gradubogi
svo audveldara sé ad lesa vr aflréfinu. Tioni er legst
[ midjunni og vex sidan [ Nyquist tidni d brinunum.
Fravik jafngildislina [ aflréfinu frd sammidja hringj-
um standa hornrétt d per meginlinur i kortinu sem
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valda peim. Pannig veldur nordur-sudur stefna d
kortinu laréttu fraviki { aflrofinu og loorétt fravik {
aflrofi svarar til austur-vestur stefnu meginlina d
kortinu.

[ aftréfinu er ldgtidniorkan einkum i efri fjéroungi
til vinstri og nedri fjoroungi til heegri, sem svarar til
breios pyngdarfrdaviks med stefnu NA-SV, en vio
heerri tioni klofnar petta [ tvo toppa. Pridji hd-
tionitoppurinn 1 aflréfinu er [ nedri fjéroungi til
vinstri og efri fiordungi til heegri, en pad svarar til
mjoérra pyngdarfrdaviks med stefnu NV-SA.

As mentioned earlier, Semundsson (in press) sug-
gests two rows of volcanic complexes which would
stretch across the gravity map in Figure 5. Most of
the complexes are accompanied by positive gravity
anomalies. The first row starts at Kollafjordur in the
west®, crosses the rifting zone at Hengill and
extends across the gravity high in the southern low-
lands to Hekla (a gravity low). The second row
starts at Hafnarfjall and Ferstikla in the NW corner
of the map, crosses the rifting zone at the relatively
high gravity values between Pingvellir and Skjald-
breidur and reaches east to the positive anomaly at
Pjérsardalur.

The proposed rows of volcanic complexes follow
the direction of relative plate motion, N280-285°E,
as calculated from the plate rotation pole of Minster
and Jordan (1978), and might be interpreted as trails
created by foci of high volcanic productivity in the
rifting zone. It must be noted, however, that an indi-
cation of lineation with this direction is conspicu-
ously missing from the power spectrum in Figure 6.

THE MAGNETIC DATA

The aeromagnetic data were mostly acquired in
1968-1980 with several lines added in 1985-1986.
The magnetic field values in the latter have been
corrected for secular variation to make them compa-
tible with the earlier data. The flight altitude was

3. The Kollafjordur and Stardalur central volcanoes, which
belong to this group, are discussed in the following chapter
on interpretation of the magnetic anomalies.



Fig. 7. The flight lines in the aeromagnetic survey.

Mynd 7. Fluglinur segulmeelinganna.

900-1200 meters above sea level. Figure 7 shows the
aeromagnetic survey lines. Figure 8 shows the resi-
dual aeromagnetic field in SW-Iceland after the
removal of a linear trend, henceforth referred to as
the magnetic map.

Further enhancement of geologically interesting
magnetic anomalies depends on defining suitable
criteria for the anomaly separation. Inspection of the
map shows it to be dominated by NE-SW trending
lineaments and the geological significance of this
linearity is quite clear since it is known to be the
strike of the active rifting zone.

The directionality of the map is more rigorously
analyzed by calculating its two-dimensional power
spectrum, shown in Figure 9*. If no lineation

4. The spectrum shown in Figure 9 includes 32x32 values and
the wavelength at the edge of the spectral plot is
approximately 8 kilometers. The average distance between
flight lines is about 4 km and the sampling distance along the
lines is about an order of magnitude less. The contour lines
plotted thus correspond to wavelengths longer than the
distance between data points.

occurred in the map the spectrum should consist of
concentric circles, but the strong NE-SW lineation
produces an elongation of the spectrum perpendicu-
lar to that direction. The NE-SW trend can be
separated from the rest of the magnetic field by
directional filtering (Pérarinsson and others, 1988),
and this turns out to be an effective enhancement
technique. The filtering is accomplished by cutting
out a pie slice from the spectrum containing only the
dominant trend and transforming it back to a regular
space domain map, leaving out the rest of the mag-
netic field (Pérarinsson and others, 1988). The posi-
tive magnetic anomalies® thus separated out of the
magnetic map are shown in Figure 10, henceforth
referred to as the magnetic anomaly map.

In addition to the main trend discussed above, the
magnetic spectrum also contains a high-frequency
peak representing NW-SE striking lineaments. The
main source of this signal is a negative magnetic
anomaly which coincides with the Hafnarfjall-Fer-
stikla gravity high. These cross-grain anomalies,
oriented perpendicular to the rifting zone, are dis-
cussed in more detail below.

INTERPRETATION OF THE POSITIVE
MAGNETIC ANOMALIES

The magnetic anomaly map in Figure 10 is dom-
inated by two large anomalies. The first one starts at
the coast, encompasses the Hengill area and runs up
to the gravity low east of Pingvellir discussed ear-
lier. North of Pingvellir it appears to continue as a
much narrower anomaly up to Skjaldbreidur, but
this could be a filtering effect. The second anomaly
starts in Grimsnes, an area that was volcanically
active up until a few thousand years ago, runs to the
northeast and terminates near the gravity minimum
on the eastern edge of the Langjokull glacier dis-
cussed earlier. Taken together, the two anomalies

5. The directionally filtered map contains both positive and
negative anomalies parallel to the Hengill-Langjokull rifting
zone, but the strongest signal is.due to the positive anomalies
which reflect volcanism in the Brunhes epoch. This signal is
further emphasized in Figure 10 by applying a threshold filter
of +250 nanotesla to the directionally filtered map.
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form what might be referred to as the Brunhes mag-
netic lineation (Jénsson and others, in press).

A host of smaller anomalies is also present in the
map, some due to geological phenomena and some
due to topography. The fact that they are elongated
NE-SW is for some of them an artifact of the direc-

tional filtering. To properly study those anomalies, a
magnetic map should be gridded on a smaller scale
and the appropriate anomaly separation techniques
applied to each case individually. The filtered map
should be studied with this in mind.

Several anomalies are present on the Reykjanes
peninsula west of the Hengill area. They reflect the
en echelon distribution of volcanically active fissure
swarms on the Reykjanes peninsula (Jakobsson and
others, 1978; Jonsson and others, in press).

South of Hvalfjoérdur, an anomaly occurs over the
eroded Stardalur volcanic center (Fridleifsson and
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Fig. 8. The magnetic map.
Contour lines are 500
nanotesla apart (1 nanotesla
= 1 gamma). Shaded areas
indicate negative values.

Mynd 8. Flugsegulkortio.
Milli jafngildislinanna eru
500  nandtesla.  Skyggd
svedi syna ldgan segul-
svidsstyrk.

Kristjansson, 1972; Kristjansson, 1987), accom-
panied by a localized high in the gravity map (Fig.
5). West of that, an anomaly is seen at the mouth of
Hvalfjérdur, presumably a signal from the so-called
Kollafjordur central volcano®. Further north there
are anomalies associated with the Hafnarfjall and
Ferstikla central volcanoes and magnetic lineations
caused by the tilted Pliocene lava pile.

In the northeast quarter of the map are several
notable anomalies. The first occurs over the shield
volcano Ok, the second is over the southwest corner
of Langjokull, the third is over the center of the

6. Both these magnetic anomalies, at the Stardalur and Kolla-
fjorour central volcanoes, actually seem elongated NW-SE on
an unfiltered map. It might also be noted that both anomalies
were observed to correspond to rather large localized highs
(=10 milligals) on the gravity map of Einarsson (1954).



30° |

64 | oo | 64 a2 16

T T
8 2
16 & 128 128

Wavelength (km)
Fig. 9. The power spectrum of the magnetic map.
For a general explanation of the spectrum see Figure
6. The NE-SW lineation apparent in the magnetic
map dominates the spectrum, but turns out to be
composed of two directional components, 45° at low
frequencies (near the center of the spectrum) and
30° at higher frequencies. This reflects the en
echelon pattern exhibited by the magnetic anomalies
in Figure 10. A high frequency peak is also seen in
the spectrum at 135°. This corresponds to the mag-
netic anomalies depicted in Figure 11.

Mynd 9. Aflrdf segulkortsins. Skyringar vardandi
aflréf eru gefnar med mynd 6. NA-SV stefna gos-
beltisins er rikjandi { aflréfinu, en reynist samsett ir
tveimur pdttum. Ldga tidnin (ner midju aflréfsins)
stefnir 45°, en heerri tidnin stefnir 30°. Petta endur-
speglar skdstiga legu segulfrdvikanna d mynd 10.
Auk pessa er i aflréfinu hdtidnitoppur sem stefnir
135° og svarar til segulfrdvikanna d mynd 11.

glacier, and the fourth over the glacier Eiriksjokull.
The second anomaly is geologically most interest-
ing. It coincides with an apparent gravity minimum
(inadequately defined over the glacier) and intensive
seismic activity in a volcanically productive area.

East of the rifting zone there is an anomaly over
Hreppafjoll as well as several anomalies on the
eastern edge of the map. Two of them are associated

. with the volcanoes Tindfjoll and Hekla while the

others appear to be topographically induced.

CROSS-GRAIN STRUCTURES
As mentioned earlier, the gravity and magnetic

- spectra both contain a high frequency energy peak

transverse to the main trend along the rifting zone.
Separating these features out of the respective maps
reveals a positive gravity lineament (Hafnarfjall-
Ferstikla) and a suite of negative magnetic linea-
ments (Figure 11). The most prominent magnetic
anomaly extends from the rift zone near the south-
ern part of Pingvallavatn northwest across Hval-
fjordur and Borgarfjordur where it coincides with
the positive gravity anomaly. A similar linear ano-
maly in seismic velocities was noted by Pdlmason
(1971) and interpreted as reduced depth down to
layer 3. The lineament cannot be regarded as seismi-
cally active. Figure 11 shows the seismic anomaly
superimposed on the positive gravity and negative
magnetic anomalies which have been passed
through a narrow NW-SE oriented directional filter.

Certain portions of these lineaments seem to have
their origin in recognized volcanic complexes such
as Stardalur, Kollafjordur and Ferstikla, but their
apparent organization into lineaments transverse to
the rifting zone requires an explanation. The NW-
SE direction differs from both the relative plate
motion (N280-285°E) and the plate motion with
respect to a fixed hot-spot reference frame (N277E°
and N282E°) as estimated from the plate motion
models of Minster and Jordan (1978). This suggests
that the lineaments cannot be just trails of volcanic
centers, emanating from active spots in the volcanic
zone or embedded in the mantle below.

One possibility is that the lineaments correspond
to contraction cracks within the cooling plate as it
moves away from the plat¢ boundary. The com-
ponent of contraction perpendicular to the boundary
is simply added to the drift velocity while the com-
ponent parallel to the boundary leads to contraction
cracks that are perpendicular to trajectories of equal
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Fig. 10. The magnetic ano-
maly map, showing the
positive anomalies in the
magnetic map after direc-
tional filtering along the
axis of the Hengill-Lang-
jokull rifting zone. The
filter direction is 40° and its
width is 80° (out of 180°).
The contour lines start at
250 nanotesla and are 250
nanotesla apart.

Mynd 10. Segulkort  sem
synir  jakved  segulfrdvik
stefnusiud eftir ds glionun-
arbeltisins  Hengill-Lang-
Jokull. Stefna siunnar er 40°
og breiddin er 80° (af
180°). Jafngildislinur byrja
[ 250 nanétesla og milli
peirra eru 250 nandtesla.

1 T I I
temperature, i.e. perpendicular to the constructive
plate boundary. In an oblique rift zone the direction
of such cracks would not be the same as the direc-
tion of plate motion. These cracks are likely to be
preferred locations for off-rift magmatism (Pdlma-
son, 1981), leading to anomalous magnetization and
linear magnetic and gravitational anomalies.

THE EARTHQUAKE DATA AND
THE GRAVITY MAP

Figure 12 shows epicenters of earthquakes super-
imposed on the gravity map. The earthquakes are in
the magnitude range 1.5-5.8 and occurred during the
time interval 1974-1987. Parts or all of these data
have been published previously (Einarsson and oth-
ers, 1981; Einarsson and Samundsson, 1987,
Foulger, 1988a; Einarsson, 1989). The data are
obtained from a permanent network of short period
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seismographs, which has a station spacing of 10-45
km in this area (Einarsson and Bjornsson, 1987).
Most epicenters are located with standard errors
smaller than 2 km, as calculated with the location
program HYPOINVERSE (Klein, 1978).

The epicenters follow the plate boundaries quite
faithfully, i.e. the active volcanic zones and the
South Iceland seismic zone that stretches across the
southern lowlands near 64° N latitude. The seismi-
city is not evenly distributed along these zones,
however. It shows a persistent clustered pattern. The
two westernmost clusters are related to geothermal
areas, the Krisuvik and Hengill areas. The seismic
activity here is quite persistent from year to year,
and in the case of Hengill it has been shown to be
related to the process of heat extraction from the
crust (Foulger, 1988b). Both areas seem to be unre-
lated to any particular features in the gravity map.



Fig. 11. The cross-grain structures. The
hatched areas show filtered gravity
anomalies exceeding 4 milligals while the
shaded areas show filtered negative mag-
netic anomalies below -200 nanotesla.
Both data sets were passed through a nar-
row directional filter oriented 135° with a
bandwidth of 40°. Also shown by a heavy
broken line is the contour line drawn by
Pdlmason (1971) encompassing an area
with depth less than 2.5 kilometers down
to seismic layer 3.

Mynd 11. Meginlinur pvert d glidnunar-
beltid. Strikudu svedin syna stud pyngd-
arfravik yfir 4 milligal en grdu svedin
syna stud segulfravik undir -200 nano-
tesla. Baedi pyngdar- og segulkortid voru
siud med prongri stefnusiu sem sneri 135°
og var 40° breid. Brotna linan umlykur
svedi par sem dypi d hljodhradalag 3 er
minna er 2,5 kilometrar (Gudmundur

Two clusters coincide with gravity lows in the
western volcanic zone. Both are characterized by
swarm activity. The southernmost one, at the shield
volcano Skjaldbreidur, had substantial swarms in
1984 with the largest event reaching magnitude 4.5.
The northernmost cluster, near Langjokull, is to a
large degree due to a swarm in 1985, with the
strongest earthquakes exceeding magnitude 4.

In contrast to the volcanic zone, the E-W
transform zone in South Iceland does not show any
obvious correlation with lineaments in the gravity
map. The South Iceland seismic zone cuts across a
positive gravity anomaly, the highest one in the
map. A pronounced epicentral cluster occurs near
the apex of the anomaly. This cluster is a persistent
feature of the seismicity, and may represent an area
of stress concentration around an asperity in the
crust. The gravity anomaly indicates irregularity in
the crustal structure, possibly the source of the stress
concentration.

The easternmost earthquake cluster all belongs to
a single sequence of events in May 1987. The

Pdlmason 1971).

sequence was a typical foreshock-mainshock-
aftershock sequence, with a mainshock of magni-
tude 5.8. The event was associated with right-lateral
strike-slip on a vertical, N-S striking fault (Bjarna-
son and Einarsson, in press). The mode of faulting is
thus similar to that of previous large earthquakes in
the transform zone as interpreted from surface
features (Einarsson and Eiriksson, 1982).

ANOMALIES IN THE VOLCANIC ZONE

Figure 13 shows a composite map of the earth-
quakes and the gravity low and magnetic high
observed in the volcanic zone. The gravity anomaly
presumably is generally deep-seated, with roots
extending at least 5-10 kilometers downward. One
must bear in mind, however, that a part of the ano-
maly may be a fictitious creation of the Bouguer
correction, due to unsuitable density values. Most of
the magnetic anomaly has a much shallower origin,
probably no more than 2 kilometers. The earth-
quakes plotted here all have their origin at depths
less than 10-15 kilometers.

JOKULL, No. 39, 1989 51



T 1 [ T

Fig. 12. Locations of earth-
quakes from 1974 to 1987
superimposed on the gravity
map. Gravity contours are 2
milligals apart.

Mynd 12. Stadsetning jaro-
skjdlfta fra darunum 1974 til
1987 merkt d pyngdarkort-
i0. Milli jafngildislinanna
eru 2 milligal.

It is evident from the map that the earthquakes
can be separated into two groups: those that occur in
the volcanic areas and those that occur in the South
Iceland seismic zone.

The two prominent magnetic anomalies presum-
ably show where magmatism has been most active
during the Brunhes magnetic epoch (the last 0.7 mil-
lion years). The southern anomaly is aligned with
the gravity low and seismically very active. The
anomaly and its continuation to the northeast
through the gravity low, as well as the earthquake
swarms at Skjaldbreidur and the glacier Langjokull,
trace the presently active rifting zone (Semundsson,
1979). The northern anomaly is located some 20
kilometers east of the center of the rift and is only
moderately seismically active. The last volcanic
episode in that area was probably the one that pro-
duced the Grimsnes lavas 5-6000 years ago (Jakobs-
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son, 1966).

The arrangement of the two magnetic anomalies
relative to the presently active rifting zone shows a
westward shift in the activity of the plate boundary
on a time scale of hundreds of thousands of years. A
gradual westward movement of activity has also
been demonstrated in the geological mapping of the
Hengill volcanic system by Kristjdn S@mundsson
(e.g. Bjornsson and others, 1974, Arnason and oth-
ers, 1986). This pattern of westward movement has
also been noted by Pdrarinsson and others (1988)
and Foulger (1988a).
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Fig. 13. The seismically
and volcanically active
areas are depicted by the
gravity low (shaded), the
directionally filtered mag-
netic high (hatched) and
recent earthquakes (1974-
1987).

Mynd 13. Skjdlftavirk  og
eldvirk sveedi endurspeglast
[ pyngdarlegd (grdskyggo),
stefnustudum  segulhedum
(strikadar) og jardskjdalftum
undanfarinna dra (1974-
1987).
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Agrip
PYNGDARMZLINGAR,
SEGULM/ELINGAR OG JARDSKJALFTAR
A SUDVESTURLANDI

Pyngdarmelingar og flugsegulmelingar frd sud-
vesturhorni Islands voru tilkadar med nyjum adferd-
um og bornar saman vid jardskjdlftamalingar. Mynd
1 synir rannséknarsvadid.

Stadsetning pyngdarmelistodva er synd 4 mynd 2
og Bouguer-leidrétt pyngdarsvid 4 mynd 3. Notud
var Bouguer edlispyngdin 2500 kg/m® sem gefur
sléttastan flot 4 leidréttu pyngdarsvidi. Meginein-
kenni Bouguer-svidsins er ad pvi hallar inn til lands-
ins. Til pess ad draga fram smerri dretti { kortinu er
bakgrunnssvid dregid frd Bouguer-gildunum med
fjollidu, sem valin er med tolfredilegum adferdum.
Mynd 4 synir hid reiknada bakgrunnssvid og mynd 5

synir pyngdarkortid eftir pessa reikninga.

Stersta fravikid 4 mynd 5 er pyngdarlegd sem
fylgir nokkurn veginn glidnunarbeltinu frd Reykja-
nesskaga til Langjokuls. Ekki er 1jést hvort hiin
stafar fremur af 1agri edlishyngd mébergsmyndana {
skorpunni eda hlutbradins lags 4 meira dypi. I
pyngdarlegdinni eru grynningar 4 Hengilssvadinu
og milli Pingvallavatns og Skjaldbreids, par sem
upphledsla af voldum eldvirkni hefur verid mest.

Naststersta fravikid er pyngdarhed 4 Sudur-
landsundirlendi. NorBaustan hennar er pyngdarh®d
vid Pjorsardal og eru per adskildar af dal i pyngdar-
svidinu sem gengur fra Heklu nordvestur yfir
Hreppafjoll og jafnvel yfir gosbeltid. Pyngdarhd-
irnar md ad hluta skyra sem édhrif frd rofnum megin-
eldst6dvum.

[ nordvesturhorni kortsins eru almennt hd pyngd-
argildi sem endurspegla herri edlispyngd { eldra
bergi. Vid pad batast pyngdarhadir vid Hafnarfjall
og Ferstiklu og adrar minni vid Stardal og Kolla-
fjord. Allar eru per taldar tengjast fornum megin-
eldstodvum.

Mynd 6 synir tvivitt afir6f pyngdarkortsins. Med
pvi ma stefnugreina kortid, p.e. leggja télulegt mat &
pad hvada strikstefnur méta 16gun pyngdarsvidsins.
(Athugid ad toppar { stefnurds aflréfsins eru horn-
réttir 4 pau fravik { kortinu sem peir svara til.) Prjar
adalstefnur koma { 1jés: 30-40°, 70-80° og 130-140°.
Tver per fyrri svara til pyngdarlegdarinnar sem
adur var lyst, en st pridja, sem snyr pvert 4 gosbelt-
i0, stafar frd Hafnarfjalls-Ferstiklu pyngdarhadun-
um og fra pyngdardalnum sem adskilur pyngdar-
hadirnar 4 Sudurlandi.

Fluglinur segulmalinganna eru syndar & mynd 7
og segulkortid (ad fradregnum sléttum fleti fyrir
bakgrunnssvid) er synt 4 mynd 8. Meginfravikin {
pessu korti snda 61l NA-SV, sem er stefna gosbeltis-
ins. Mynd 9 synir aflréf segulkortsins. Par sést ad
NA- SV stefnan er samsett ur tveimur pattum, lag-
tidni sem stefnir 45° og hatidni sem stefnir 30°, og
ennfremur kemur 1 ljés hatidnistefna pvert 4 gosbelt-
i0, NV-SA.

Til pess ad skoda betur pann patt segulsvidsins
sem svarar til gosbeltisins er segulkortid stefnusiad
med breidri siu NA-SV. bar sem adalfravikid er
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segulhad eftir gosbeltinu eru 4 mynd 10 adeins
syndar jafngildislinur segulsvids yfir dkvednu lag-
marksgildi, 250 nanétesla. Par kemur { 1j6s ad segul-
had gosbeltisins skiptist { tvennt. Sydri hedin ner
fra Pingvallavatni yfir Hengilinn og sudvestur { sjo,
en st nyrdri fra Grimsnesi nordaustur undir Lang-
jokul. Auk bpessara tveggja meginh®da eru svo
smerri fravik { kortinu, einkum tengd megineld-
stodvum.

Til pess ad draga fram pau linulegu fyrirbaeri {
pyngdar- og segulkortunum, sem fram koma f
stefnugreiningunni pvert 4 gosbeltid, eru kortin
stefnusiu® med prongri siu NV-SA. Par pyngdar-
hadir og segullegdir sem pad koma fram eru syndar
4 mynd 11 asamt upplysingum um dypi 4 hlj6d-
hradalag 3. Stungid er upp 4 ad pverstetnan { kortun-
um geti stafad af eldvirkni utan glidnunarbeltisins {
samdrattarsprungum sem myndist pvert 4 plotuskilin
pegar pléturnar rekur burt og per kdlna.

A mynd 12 er stadsetning jardskjilfta 4 drunum
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1974-1987 borin vid pyngdarkortid. Meirihluti
skjalftanna liggur { eda vid pyngdarlegdina sem
fylgir gosbeltinu frd Reykjanesi ad Langjokli. Auk
pess verda skjdlftar 4 Sudurlandsskjélftabeltinu,
einkum { kring um pyngdarh@dina a4 Sudurlandi.
Austast er svo byrping skjélfta sem tilheyra einni
hrinu fra 1987.

A mynd 13 eru synd helstu fravik sem tengjast
gosbeltinu, nefnilega pyngdarlegdin, segulh®dirnar
og jardskjalftarnir. Sydri segulhadin fellur saman
vid pyngdarlegdina 4 Hengilssvaedinu og bar er
mikil skjalftavirkni. Skjalftar og pyngdarlegd fylgja
sidan virka glidnunarbeltinu til norBausturs upp i
Langjokul. Nyrdri segulhadin er hins vegar rim-
lega 20 kilémetra austan vid glidnunarbeltid og par
er litil skjalftavirkni. Virkni { nyrdri hluta gosbeltis-
ins hefur pvi greinilega ferst vestur 4 boginn 4
Brunhes-segulskeidinu (sidustu 0,7 milljénir 4ra) og
er pad { samrami vid ba tilferslu 4 virkni sem hefur
ordid innan Hengils- kerfisins 4 sama tima.



