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Mason (Imperial College, London), as well as
Gerke, are pursuing geodetic measurements of
rifting in different parts of Iceland.

Topography and faulting. The topographic
evidence for the transform faults is not very
compelling. Topography similar to that of ocean
fracture zones or large strike-slip faults is not
found in southern Iceland. The relative motion
on g transform fault between two ridges would
be twice the spreading rate and therefore would
average several centimeters per year. One
would expect that evidence of such movement
would be visible. A postglacial lava flow, Thjér-
sarhraun, flowed due west from somewhere east
of Hekla near 64°N and finally turned south to
the sea south of Thingvallavatn, and it might
conceal more evidence of fracturing. There is a
clear east-west topographic and stratigraphic
line (64°12.6’) northeast of Reykjavik that
could be related to a transform fault. Although
the two major rivers of south-central Iceland
swing sharply westward near 64°N, a sense
opposite to that predicted by the transform
fault hypothesis, their course seems primarily
influenced by recent lava flows. The post-
glacial fissure eruptions shown in Figure 9
diverge in the eastern active rift zone. Near
Hekla the fissures turn westward in line with
the proposed transform fault. Northeast of
Mjrdalsjokull they turn southward near 64°N.

The predominance of en echelon fractures in
southwestern Iceland, striking approximately N
30°E (Figure 9), suggests the possibility that
they may reflect faulting at some shallow depth
causing a rotation of the surface layers, as has
been demonstrated in clay models [Nadai, 1931;
Cloos, 1932]. Tryggvason [1967, 1968] has de-
seribed the motion observed on faults at shallow
depth. The sense of displacement is left-lateral
and is generally consistent with the transform
fault hypothesis and is clearly inconsistent with
a simple right-lateral transcurrent offset of the
ridge. The only fault that he has described that
ijs inconsistent with the transform fault is s
30-km-long, N-8 striking, right-lateral fracture
formed in 1912 near Hekla. Strike-slip faults
trending WSW-ENE have also been reported in
the Barfell area NW of Hekla [T'émasson,
1967]. The motion on these faults is dominantly
left-lateral, and the offset on single faults is
of the order of 500-800 meters.

T. Einarsson [1967] has described seven sets

WARD, PALMASON, AND DRAKE

of en echelon fractures, five of which lie in the
proposed transform fault zone from Hekla to
the western Reykjanes Peninsula. The other
two zones are close together in the central part
of the proposed crest of the ridge, 20 or 30
km south of the proposed transform fault north
of Iceland. He cites them as examples of a
larger NE-SW trending fault. In experimental
work, the angle of the en echelon tension frac-
tures to the principal strike-slip fault was
initially 45°—47°, but, as deformation continued,
it approached 60° [Hills, 1963, p. 171]. If
surface tension was sufficient, shear fractures
formed at an angle of 12°-17°. The width of
the fracture zone was found to be a function
of the depth of the fault. This observation is
hard to apply since any motion at depth may
not be along one fault but in a zone, The fact
that the en echelon fracture zone, of the order
of 20 km wide, in southwestern Iceland strikes
nearly east—west is, however, considered signif-
icant. During the 1966 Parkfield, California,
earthquakes en echelon fractures formed with
strikes 30°—45° east of the strike of the San
Andreas fault [Oakeshott, 1966]. Many of these
fractures opened 5-10 em during this short se-
quence of earthquakes, the largest of which was
magnitude 5.5.

Main structural features of Iceland. Figure
9 summarizes the main geological and structural
features of Iceland. This map was compiled for
this paper by K. Saemundsson from many
sources and the available data vary from region
to region. Not all known data can be given on
one map. The area south of Vatnajckull, the
NW peninsula, and the northeastern part of the
country are the least well known. Eastern Ice-
land was drawn according to Walker [1964]
and Wensink [1964], the flood basalt areas of
northern Iceland and the NW peninsula were
drawn mainly according to T. Einarsson [1960]
with some minor additions from other sources.
Dips in Snaefellsnes are drawn according to
Sigurdsson [1967]. A geological map of Iceland
edited by XKjartansson, with sheets covering
southwest, south-central, and central Iceland,
(printed in 1960, 1962, and 1965, respectively)
provided information on the distribution of
rocks and rifting in these sections of the coun-
try. Information on high-temperature areas and
on the occurrences of silicic rocks in the zones
of rifting was taken from various papers and
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reports by the personnel! of the National Energy
Authority, as was the information on dips on
both sides of the western limb of the active
voleanic zone in SW Iceland.

The dominant active zones of rifting and
volcanism are seen to cut through central Ice-
land with a bend near Askja. If the eastern
zone is interpreted as the crest of the ridge
offset by two transform faults as suggested
above, the western rift zone from Thingvellir
northward is left unexplained. The western
zone has generally more normal faults, less
fissure volcanism, and more open fissures than
the southern half of the eastern zone. Walker
[1965] has estimated 0.5-cm/yr spreading dur-
ing the last 5000-10,000 years in this zone. Also,
similar groups of rocks of similar age (2.5 to
3.3m.y.) (Grasty, discussion, p. 159 in Bjjrnsson
[1967]) occurring on both sides of this zone and
dipping toward it suggest spreading for several
million years. No major unconformities are seen
lower down in these lava sequences [Saemund-
sson, 1967].

Although the western zone may connect to
a transform fault at 64°, if it is actively spread-
ing and not simply opening at one end, the
other end must connect with a ridge or fault.
No seismic evidence for a fault at 65°N was
found, as discussed above. Little geologic evi-
dence is available, but the fact that the eastern
zone of voleanism and rifting is approximately
of the same width north and south of 65°N
seriously weakens such an hypothesis.

Saemundsson [1967] has pointed out a NNW
trending structural zone north of Langjokull
(Figure 9) on the basis of prominent faulting
and voleanism at either end of this zone. It
might be suggested that a structural weakness
extends northward along this zone to join more
or less directly with the ridge north of Ice-
land. Saemundsson [1967] has also noted that
NNW-SSE trending hyaloclastite ridges and
postglacial eruptive fissures related to the zone
north of Langjokull extend southeastward into
the young volcanic zone, which suggests a slight
rejuvenation of activity in the northern zone.

The possibility of a shift in the central zone
of rifting at one or more times in the past,
possibly after pauses in spreading, must be
carefully considered. Synclinal structures indi-
cated by the dip west of the active volcanic
zones (Figure 9) have been interpreted by
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Saemundsson [1967] as former zones of rifting
and volcanism, which became extinct. Avery et
al. [1968] and Le Pichon [1968] have sug-
gested changes in the axis of spreading both
north and east of Iceland. Ewing and Ewing
[1967] have shown that a worldwide pause in
sea-floor spreading may have occurred approx-
imately 10 m.y. ago. Such a pause might ex-
plain a 5° to 15° dip discordance between the
so-called Tertiary plateau basalts and the Up-
per Pliocene sediments on Tjérnes at the west-
ern edge of the neovolcanic zone in northern
Iceland [Th. Einarsson, 1967].

The Snaefellsnes voleanic zone may be re-
lated to the apparent end of the western sec-
tion of the neovolcanic zone. This WNW trend-
ing zone is a prominent feature of faulting and
voleanism of youngest Quaternary to recent
age [Saemundsson, 1967]. It is discordantly
imposed on eroded Tertiary flood basalts, whose
anticlinal axis runs parallel to the Thingvellir
rift zone and the Snaefellsnes syncline. Until
more data are available it might be tentatively
suggested that the Snaefellsnes voleanic zone
resulted from recent active spreading south of
Langj6kull and no spreading to the north. An
analysis of dykes, fractures, and folds in west-
ern Iceland by Sigurdsson [1967] shows a fan-
ning of NE-SW folds and structural trends near
the Snaefellsnes Peninsula consistent with this
hypothesis. This interpretation suggests that a
detailed analysis of the Snaefellsnes zone might
show whether the crest of the ridge is pushing
itself apart or being pulled apart.

The currently active volecanic zone extend-
ing from Myrdalsjokull to the Vestmannaeyjar
and Surtsey falls to the south of the eastern
end of the proposed transform fault and thus
outside of the proposed zone of spreading. In
1964, a 1565-meter-deep borehole was drilled
in the Vestmannaeyjar [Pdlmason et al., 1965].
About 180 meters of late Quaternary voleanic
breccia was found to overlie 640 meters of ma-
rine sediments. The rest of the well was in
hydrothermally altered basalts that are regarded
as Tertiary. Thus the ages of the basement rocks
of this region are consistent with the transform
fault proposed. The recent volecanism may be
attributed to a recent transform fault that pro-
duced a wedge-shaped zone to the southwest.
This zone does not appear to extend southwest
of Surtsey.
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All other historical volecanism with the ex-
ception of some activity on the eastern end of
the Snaefellsnes Peninsula [7Thorarinsson, 1967]
lies on the proposed transform fault or crest
of the ridge.

There is no good geologic evidence of a
transform fault north of Iceland.

SuMmMaRY AND CONCLUSIONS

By following the reasoning applied elsewhere
[Sykes, 1967], two transform faults have been
proposed in northern and southern Iceland, thus
suggesting a connection of the mid-Atlantie
ridge through Iceland. A brief discussion of the
geological and geophysical data bearing on this
interpretation shows many complexities that are
not readily reconciled. The possibility of de-
tailed examination of all facets of a mid-ocean
ridge in Iceland provides an unprecedented op-
portunity to shed light or doubt on the hypo-
thesis of sea-floor spreading. Therefore, we have
pursued the interpretation of the available data
far enough to focus attention on future research
that would be most relevant to the spreading
hypothesis.

1. The structural and geologic relationship
of the Thingvellir rift zone to the Snaefellsnes
volcanic zone and the NNW trending zone
north of Langj6kull should be carefully exam-
ined.

2. Geologic and structural details of the
proposed transform fault areas should be exam-
ined carefully to show whether there are faults
at the surface or at depth and indeed to show
if the geophysical interpretations used to iden-
tify these zones are valid.

3. A careful study of the intersection of the
Reykjanes ridge with the proposed transform
fault should better define the relation of the
magnetic lineations to fractures, thermal areas,
and earthquakes and might show why the ridge
should be offset instead of going straight through
Iceland.

4. Geodetic work should be aimed at estab-
lishing the relative spreading rates of the
Thingvellir and eastern volcanic zones. Also, the
deformation along the transform faults and their
intersections with the ridge should be measured.
Some of this work is in progress.

5. The detailed study of the magnetics over
Iceland will need to be completed to verify
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or correct our interpretation of the location of
the ridge and to allow the detailed geological
and geophysical studies of Iceland to be applied
to ridges in general.

6. Tinally, focal mechanisms and a more de-
tailed understanding of the spatial and temporal
relations of earthquakes along the proposed
transform faults should and will be sought by
the authors. Focal mechanisms at different
depths should show whether faulting at some
depth is causing the fractures at the surface.
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