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INTRODUCTION
The products of the abandoned Snæfellsnes
rift system active in Iceland from 15–7 Ma
consist mainly of flat-lying tholeiitic basalts,
with restricted areas of silicic volcanics. A
diversity of rock types results from the
interfingering products of shield volcanoes
and eruptive fissures, similar to Iceland’s
current volcanic activity. The paleo- rift axis
is estimated to pass through Vididalsfjall, a
mountainous NNW-trending ridge at the base
of the Skagi Peninsula. The northern peaks of
Vididalsfjall are marked by mafic and slicic
intrusives. At this location and in the adjacent
mountain range Vatnsdalsfjall, which has a
parallel trend and lies 10 km east of the rift
axis, several unusual structural and petrologic
features have been observed (Annells, 1968).
In south Vatnsdalsfjall a sequence of rocks of
varying composition forms a dramatic highangle monoclinal flexure called the Hvammur

monocline (Fig. 1). Within the trough of this
flexure lies a thick basaltic lens (the Hjallin
lens, after Annells, 1968), which was formerly
thought to be intrusive and is analyzed in a
paper by McClanahan (this volume). The
lavas in the monocline and in the lens are
some of the youngest rocks among those
studied in the Iceland 2003 Keck project.
In this study I analyze the petrology and
geochemistry of the folded lava sequence in
relation to that of the lens and characterize the
evolution of the monocline. The results of this
investigation may provide new insights into
the interaction of magmatic and tectonic
processes in this Tertiary rift system.

Methods
In the field, the locations of samples, unit
contacts, and structural observations were
mapped on a 1:1000 map using GPS (Fig. 2).
Of the 43 samples taken (one from each of the
distinguishable units in and above the

Figure 1. View of the Hvammur monocline looking north along strike. This cross-sectional view shows the
overlying units and the Hjallin lens on the right.

monocline), 20 were studied in thin section
and were analyzed at Franklin and Marshall
College for major and trace element chemistry
using XRF. Mineral chemistry was
determined by SEM/ EDS in two polished thin
sections using instruments at Williams and
Smith Colleges. An 40Ar/39Ar date for one
sample from within the monocline was
determined at Oregon State University.

FIELD DESCRIPTION
The Hvammur area refers to the segment of
the western slope of south Vatnsdalsfjall that
extends from the lower margin of the Hjallin
lens south to an unconformity (Fig. 2), where
the monocline’s steeply-dipping units are in
abrupt contact with flat-lying basalt flows of
consistent thickness and character. The area
affected by the monocline can be divided into
three stratigraphic units (Fig. 2):
M unit: Flows that are part of the monocline,
exposed in the dip-slope section (Fig. 1) and
south across the slope.
C unit: Flows forming the summit cliffs.
O unit: Units overlying the monocline,
exposed in the cliffs below the Hjallin lens.
Flows involved in the monocline (M) vary in
thickness from 2 m to 25 m. Individually, they
each maintain a constant thickness from the
fold axis to the base of the monocline. The

approximate total thickness of this sequence is
150 m.
The diversity of rock compositions is evident
in the field among these members. Within the
M unit, the lowest deposit exposed is a 40 m
sequence of porphyritic basalt with densely
packed, 1–2 cm, euhedral plagioclase crystals
displaying visible zoning. Overlying these
flows, basalts with slight differences in texture
and phenocryst mineralogy predominate in
flows averaging 9 m in thickness. A series of
twenty 2 m vesicular basalts underlie banded
silicic lavas towards the upper boundary of the
monocline.
The total thickness of the C unit approximates
80 m, comprising a 40 m-thick sequence of
plagioclase-phyric basalt identical to that at
the base of the M group, although it occurs
120 m higher in elevation. These two rocks are
correlated chemically and petrographically in
the study; Quaternary cover obscures any
direct relation between the two units.
At the summit of the western slope, a 60 mthick lahar truncates the M unit at the fold axis
of the monocline and defines the lower margin
of the O unit. Dacite and dacitic tuff overly
this lahar. Between the dip-slope of the
monocline and the Hjallin lens, a steep valley
exposes M-unit flows of constant thickness in
contact with O-unit flows that dramatically
swell downslope. These deposits consist of
two sequences of thin basalt flows, a section
of intercalated lahar and basalt, a section of
basaltic andesite, and a thick lahar deposit,
which underlies the lens. Changes in
thickness are best exposed in the lahar and
basaltic andesite, each swelling downslope
from 5 to 20 m over 0.5 km.
The fold axis of the monocline (Fig. 2) trends
almost north, and affected beds dip as high as
40°. The dip angle declines to 14°downslope
and declines slightly along strike to the south.

RESULTS
Petrography
Figure 2. General field map on aerial photograph,
dividing Hvammur area into M, C and O units
(heavy lines). Sub-unit contacts and trend of
monocline fold axis also shown. Qt = Quaternary
cover.

The following rock types were distinguished
in thin section: porphyritic basalt (>15%
phenocrysts), aphyric basalt, olivine-rich

basalt, banded basaltic andesite and dacite,
rhyolite, and felsic tuff.
Plagioclase (An50-60), clinopyroxene (augite)
and ilmenite comprise the major mineral
constituents of the basalts and are present in
the banded, microcrystalline dacites as
partially resorbed phenocrysts. Olivine in the
basalts, where present, is usually altered to
chlorophaeite or bowlingite. Three basalts
include significant amounts of fresh olivine,
but only one of these samples was also
calculated to be olivine-normative. The basalts
can be divided into texturally distinct groups
exhibiting different grain sizes and
textures—ophitic, intergranular, porphyritic.

Figure 3. Total alkalis vs. silica classification
scheme (after Le Bas, 1986). Hvammur lavas are
shown as dots, Hjallin lens basalt as crosses.

Geochemistry
Geochemical analysis of the Hvammur
volcanics includes data from the Hjallin lens
(McClanahan, this volume). The lavas range
in SiO2 composition from 45 to 53% and from
63 to 73% (Fig. 3). The basalts in the
Hvammur area define a general trend of
increasing total alkalis with silica (although
the progression doesn’t strictly coincide with
stratigraphic order). This trend leads to the
narrow compositional range of the lens basalt,
which is highest in SiO2 and total alkalis
among the basalts.
The trace element data can be used to show
the influence of the Iceland plume on the
chemistry of the Hvammur basalts.
Concentrations of Zr and Nb increase upsequence to the lens (Fig. 4), and Zr/Nb ratios
are consistently < 10. Ratios of 10 or less are
typical of P-MORB (E-MORB) composition,
as distinguished from higher ratios (>30) that
characterize N-MORB (Wilson, 1989). The
data also reveal a substantial compositional
gap occurring between the basalts of the M
and O sequences. This gap can also be
observed in several other Harker-type plots of
major and trace element concentrations.
A spider diagram (Fig. 5) normalized to NMORB (after Pearce, 1983) shows overall
enrichment in some of the more incompatible
elements up to 10 times N-MORB values.
Among the basalts, the lens rocks (highest in
the sequence and youngest) display the most
enrichment in all incompatible elements.

Figure 4. Diagram showing trend in Zr/Nb ratios
for basalts. The compositional gap between M and
O units is evident. Hvammur basalts are shown in
circles, Hjallin lens basalt in crosses.

Figure 5. Spider diagram of trace elements
(ppm) normalized to N-MORB values, after
Pearce (1983)

In the spider diagram the felsic rocks, as
expected, are additionally enriched in the most
incompatible elements and show typical
negative anomalies at P and Ti, related to prior
extraction of apatite and ilmenite, respectively.

INTERPRETATION
The geochemical trends suggest that the
basalts in the Hvammur area originate from a
plume-influenced MORB source, and are
likely genetically related. Despite the absence
of andesites, fractional crystallization remains
the most probable process to account for the
silicic lavas.
The diagrams show that a trend towards more
evolved basalt composition is non-sequential;
rather, the basalts plot vaguely in accordance
with stratigraphic order and more notably
according to similarities in textural and
compositional characteristics. This may
suggest selective extrusion occurred from
differentiated levels in a magma chamber or
from several related magma reservoirs.
The compositional gap occurring between the
lavas of the monocline and the overlying units
defines a notable transition. It could represent
a significant gap in time and/or a change in
source.
Field relationships show that the monocline
began to form preceding the eruption of the O
unit. An 40Ar/39Ar date for a basalt flow in the
dip-slope section of the monocline is 7.62 +/0.32 Ma, thus providing a maximum age for
the flexure. The age of the Hjallin lens, at 6.98
+/- 0.18 Ma (McClanahan, this volume),
provides a minimum age.
Although an age difference of 600,000 years
allows sufficient time for the formation of the
monocline prior to the emplacement of the
Hjallin lens, the dated samples are also
separated by at least 100 m of O-unit lavas and
lahar deposits that thicken into the trough
where the lens basalt accumulated. Slight
angular unconformities and minor faults that
exist within this sequence reflect structural
activity that was perhaps synchronous with its
eruption.
The formation of the monocline mostly likely
occurred at shallow depth in response to both
extension and locally high volcanic activity.
The correlation between M and C units
suggests that the flexure was accompanied by
a substantial normal fault displacing the M
group at least 100 m from the C group.
Annells proposed tentatively that the

monocline could have been related to caldron
collapse. But Karson (2001) suggests such
local areas of deformation in an extensional
regime likely relate to spreading rate and
increased crustal load from accumulated lavas,
causing local areas of subsidence. Because
the O unit was likely deposited rapidly (within
600,000 years), there is a good possibility that
the structure is related to subsidence of the
type Karson describes.
The compositional gap between the O and M
units and the O unit’s compositional affinity to
the Hjallin lens further suggests that the
flexure is related to the eruption of O-unit
lavas, perhaps reflecting a response to an
episode of rapid discharge from a major
magma reservoir. The deformation was most
likely not a single event but occurred
incrementally, enhancing with each episode a
topographic low into which the Hjallin lens
basalt flow accumulated.
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