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ABSTRACT

The main geological feature of the researcnhn area is a Tertiary
flood basalt pile, about 2.7 km thick, within which are three
Tertiary central volcanoes, The "vasement" consists of faulted
and tilted basalts, . probably about 12-13 m.y. old. These basalts
were overlain by the Hredavatn sedimentary horizan, 7 m.y. ago,
followed by lavas of the Héllarmuli central volcano which was active
from 6.7 to 6.0 m.y. ago. The time sequenée of the volcanism was
of acid ignimbrites, then intermediate flows, and finally thin
thdleiite flows. The volcano did not evolve the structural or
geothermal characteristics usually associated with central
volcanoes.

The Reykjadalur central volcano became active about 5.8 m.y.
ago and is situated on a series of thick tholeiite flows which overlie
dnconformably the Hallarmuli central volcano. Voluminous acidic and
some intermediate rocks formed first and were succeeded by thin
tholeiite flows. A collapse caldera, 10 km in diameter, then formed
and was filled with volcanics., After the formation of the caldera,
a basic to acid cone sheet swarm, about 20 km in diameter and ccncentric
to the caldera, intruded the country rocks. About 4.3-4.4 m.y. ago,
soon before the volcano became extinct, a massive icecap covered the
volcano.and its environs; the Holtavorduheidi sedimentary horizon
covered the area east and southeast of the volcano at this time,

The Laugardalur central volcano consisis of a caldera and its
volcanic filling; it may be parasitic to the Reykjadalur central
volcano. Later, 3.4 m.y. ago, acid tephra was erupted from the

Litla Baula vent and the Baula acid intrusion was emplacedat this

time.
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Volcanic activity was renewed about 2 m.y. ago, represented
by the Snjofjéil series and @ few more recent volcanics.

The Tertiary basalts are tholeiitic. Thg rocks from the
central volcanoes show a trimodal volume distribution, with basalts
and rhyolites more abundant than rocks of intermediate compositions.
‘Three distincf breaks occur in the chemical properties : between
the olivine tholeii}es and the quartz tholeiites; between the quartz
tholeiités and the basaltic icelandites; and within the dacites.

The basalts were'derived from the Upper Mantle, olivine tholeilites
being produced by a greater degree of partial melting and/or at
| greater depths than the quartz tholeiites. On volume and timé
relations and on geochemical grounds, the acid and intermediate
volcanics are considered to bebderived by two-stage melting of thé
Icelandic lower crust. The acid magmas were generated first, followed
byvinfermediate magmas from partially melting £he residuum at a
higher temperature. Although this process is fuelled by basaltic
intrusions within the lower crust,'the late appearance of basalts
in the central volcanoes is attributed to the density-depth relations

between the crust and the rising magma.
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CHAPTER 1:

INTRODUCTION

Scope of Study

The area described in this thesis is located in western
Iceland, in the upper part of Bergarfjordur and across the mountain
range into the southern part of the Dalir area (Fig. 2.1). The
area involved is about 30x3C km but it has not been mapped
completely and gaps occur in the mapping, as can.be geen on the
Geological Map (folded at the back of the thesis).

The work wag originally suggested by Dr. Kristjan Saemundsson
of the National Energy Authority, Départment of Natural Heat,
Iceland, as part of a much bigger project which has been in progress
for several years, involving the mapping of the-entire western
flank pf the western volcanic zone (called the Reykjanes—Lanngkuli
zone in this study). A

The main aim of the study, for the National Energy Authority,
was to establish the stratigraphy (and age) and the structural-
tectonic features of the area. It was hoped that the study would
supply some new explanations of the puzzling Borgarnes-anticline and
the highly abnormal geology of the Snaefellsnes peninsula. It was
also hoped that the study would give clues to understanding the
origin and perhaps the distribution of the vigorous geothermal
acfivity in the south-eastern part of the area(especidly in Reykholtsdalur),
which is of great economic value.

Along with the stratigraphical work a large number of samples
were cbllected to establish the geochemical features of the Tertiary
rocks. It was important to compare the geochemistry’of the older rocks
of the research area with the geochemisfry of Tertiary rocks from

other areas already studied and with the geochemistry of the more
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recent volcanics in the research area and the surrounding areas.
It was hoped thdt detailed stratigraphical and structural studies
of the central volcanoes in the area, along with chemical analyses
of the intermediate and acid roccks, would reveal some new evidence

on the origin of these rocks.

Previous Work

Thelgeology of the area was relatively unknown until the
present investigation. During the last century and at the beginning
of this century a few Scandinavian and German geologists travelled
through the area, without taking notice of anything but the prominent
Mt. Baula and the lignite beds in the area west of Hredavatn,

Thoroddsen (1906) travelled around Borgafjordur apd examined
the lignite beds, and‘he mentioned many other geological phenomena
most of which are more related to the Quaternary geology of the area
than to the Tertiary basement. Thoroddsen (1901) also published the
first useful geological.map of Iceland.

Bardarsén (1923) studied in detail the postglacial deposits
(mainly marine deposits) in the Borgarfjdrdur area and described them
in his classical paper on sea-level changes in western Iceland.

The next contribution to the knowledge of the geology of the
area was made by'German and Dutch geologists in thé 1950's. Schwarzbach
(1956) described the area around the Gralrok lava field and Pflug (1959)
studied the lignites of Hredavatn and HoltavBrduheidi; Rutten and
van Bemmelen (1955) studied the geology of the Baula complex.

Tr..Einarsson (1957, 1962) was the_first scieﬁtist tb study
the Tertiary lava pile, for which was established the first palaeomagnetic
map (1957), but without relating his results to the geopolarity time
scale which was established later.

Piper (1971) repeated this palaeomagnetic study and obtained a

similar pattern, but he related the geomagnetic pattern to the




magnetic anomalies of the ocean floor.

Recently Saemundsson and Noll (1974) have mapped the area around
the Husafell central_volpgno, towards the active volcanic zone.

Since 1971, K. Saemundsson tégether with groups of Ice}andic
undergraduate students have conducted geolegical mapping in the

eastern and south-eastern parts of the Borgarfjordur area.

G




CHAPTER 2:

GEOLOGICAL SETTING OF THE RESEARCH ARFA

Iceland is the biggest landmass astride the Mid-Atlantic
Ridge, consi;ting entirely of volcanic rocks with a.small portion
of intercalated sediments, also of volcanic origin. The oldest
rocks, which are exposed in the extreme east and northwest of the
island, are from 12 to 16'm.y. old (Moorbath et al., 1968) and they
dip towards the active volcanic zones. The Recent volcanism is 1iﬁited
tq two volcanic zones (rifting zones; Eig. 2.1). The eastern
volcanic zone terminates towards the south at the Vestmannaeyjar
islands and to the north it is offset westward by the Tjornes Fracture
Zone - (Saemundsson, 1974). The western volcanic zone (the Reykjanes-—
Langjokull zone) is the continuation of the Reykjanes ridge and fades
outbnorth of Langjokull, but was formerly continous from Langjokull
glacief to thé Skagi peninsula, where it possibly joined the Kolbeinsey
ridge. The northern part became extinct about 3-4 m.y. ago accordihg
to Saemundsson (1974), but rccks of considerably younger age (about
0.7 m.y.) have been reported from the Skagi peninsula (Everts et al.,
1972). A small area of active volcanism stretches from WNW to ESE along
the Snaefellsnes peninsula, but it cannot be classified as a rifting
zone,

The volcanic zones consist of en echelon fault and fissure
swarms with a central volcano sitting in the centre of each swafm
(Saemundsson, 1974). The fault swarms are inclined at a small angle
to the trend of the volcanic zone. |

The volcanism is restricted to threé principal types of
volcanoes: -

1. fissures which produce the buik of the basalts in Iceland;

2. 1lava shields thch intercalate with the flows produced

by the fissures; and




Fig. 2.1

Simplified geological map of Iceland showing

the known central volcanoes and main tectonic
features. Vertical stripes : active or dormant
central volcanoes; horizontal stripes : extinct
central volcanoes. The active volcanic zones are
bordered by heavy lines and anticlines and synclines
are shown by conventional symbols. Areas covered
by Fig. 2.3 and the Geological Map are indicated.

Sources : Sigurdsson (1967), Hald et al., (1971),
K. Saemundsson, pers, comm,, Th Einarsson, pers. coOma,,
and the author's own observations,
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3. central volcanoes which produce all the intermediate

and acid rocks.

At present about 57 extinct central volcanoes of Tertiary and
Quaternary age are known, and 21 others which are either active or
prgéumably dormant along with four on the Reykjanes peninsula which
have no differentiates exposed at the surface but are represented
by high femperature areas. In all, 83 volcanoes occur (Fig. 2.1)

The synclinal structure of the active volcanic zones may be dué
to loading and subsequent sagging of the lava flows, which were
erupted inside it (Walker, 1960). |

The geology of western Iceland is more complicated than this
simple model described above. The main anomaly is the presence of the
Borgarnes anticline (Fig. 2.2), which breaks the inward dipping trend
of the Tertiary lava flows. This gnticiine stretches from the coast .
south df Borgarnes village, norfh—eastwards as far as Langavatn and
Vikravatn where it disappears beneath the Hredavatin sedimentar{ horizon,
The main part of the research area is on the eastern flank of the
Borgarnes anticline. The flows on the western flank dip north-westwards,
as far as the Setberg area (Sigurdsson, 1970a), where the dip changes
across the axis of the so called Snaefellsnes syncline.

In the northern part. of the research area the dips are towards
the northeast. This dip‘changes again in the extreme north, near thq
southern coast of Hvammsfjardur, where the rocks dip towards the south
and southeast. This change in the dip direction is caused by an
unconformity running along the soutﬁern coast of Hvammsfjordur, with
the rocks dipping south and underlying the rocks having north—easterly
dips. The dip and strike relations suggest a large block of basalt
pile of similar age, extending from Haukadalur in the east to
Alftafjordur in the west.

Tﬁere are numerous central volcanoes in western Iceland (Fig. 2.3).

“.Three of .them are.included in#this study; Hallarmuli, Reykjadalur and

(v
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Fig. 2.3 Central volcanoes in western Iceland. The horizontal

lines show the known distribution ofi intermediate and
acid rocks.

Sources : Sigurdsson (1970a), Saemundsson and Noll (1974),
Hald et al., (1971) and the author's observations.




and Laugardalur. The former two were mapped carefully and part of
the third was mapped roughly to éstablish its connection with the
restlof the area. Very little is known about the other central
voicanoes inAwestern Iceland, except for the two Setberg complexes
(Sigurdsson, 1970a) and the Husafell volcano (Saemundsson and Noll,
1974); mapping of the Hafnarfjall volcano is in progress (li. Franzson,
pers. domm.).

The central volcanoes have great stratigraphical significance,
because they pin-point the location of an active volcanic zone at a
given time.

The topography of the area is complex and can be divided roughly
into tﬁree main groups:-

(1) the high mountain range north of Nordurardalur and
Thverarhlid, which extends westwards along Snaefellsnes;

(2) the Holtavorduheidi-Borgafjadardalir peneplain in the
eastern part of the area, about 300-400 ﬁ.a.s.l.;

(3) the Myrar-Stafholtstungur peneplain in the south-wéstern
part of the area, about 20-100 m.a.s.l. Group 1 coincides with the
central volcanoes and its height must be attributed to a high effusion
rate at the time of their_formation. Group 2 roughly corresponds to the
areas overlying the Holtavorduheidi sedimentary horizon, which marks
a majorbchange in the setting of volcanism in tﬁe area, Grou§ 3
corresponds roughly to the rocks underlying the Holtavorduheidi
sedimentary horizon, which in turn seems to coincide with a 1ow effusion
ratef

G. Palmason (pers. comm.) has recently made an accurate gravity
map of Iceland and has kindly allowed the author access to the part
concerning this research area (Fig. 2.4). ‘The research area is on the
western slopes of the central Iceland gravity bowl (Tr. Einarsson, 1954),

and on the slopes are a few peaks which coincide with the central
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An unpublished gravity map (preliminary) of western Iceland

(kindly made available by Dr. Gudmundur Palmason}.

Two-milligal isopachs are

shown along with the location of
the 7. .. three central volcanoes in the

research area,.
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?olcanoes (except Hallarmuli), suggesting high density material within
the volcanoes, in contrast with tﬁe surrounding areas.

Th. Sigurgeiréson (pers, comm,) has conducted an aeromagnetic
survey over the Borgarfjordur-Dalir area and has also kindly allowed
the author access to the part concerning this research area (Fig. 2.5).
Again, ahomalous features are detected over the central Qolcanoes,

either positive or negative (except for Hallarmuli).







CHAPTER 3:

THE PLATFAU BASALT PILE (VIKRAVATN-HVITARSIDA)

Introduction

The mapped section lies across the eastern flank of the

Borgarnes-anticline (Saemundsson, 1967; Th, Einarsson, 1968) and

the lava flows dip from 1° to 12° towards the southeast (Fig. 2.2).
The area was mapped by the author in the summer of 1971_and the

data presented as a B.S. dissertation of the University of Iceland
(Johannesson, 1972). The following summer the whole profile was
fe—checked and extended towards the north; the Vikravatn-Grjothals
area was revised completely, especially a graben west of Hredavatn,
The geology is shown on the Geological Map (folded at the back of
the thesis). The southeasternmost part of this map is partly based
on a sgrvey done by undergraduate studenté\from the University of
Iceland (Albertsson et al., 1971; Gudbergsson et al., 1971); The
following description is a brief summary of Johannesson (1972) with
some revisions and new interpretations.

vIn the region, all the lava flbws are basaltic except those

belonging to the Hallarmuli central volcano (described in Chapter 4).
The basaltic pile is divided into 12 series using Walker's (1259)
field classificgtion. The classification is based'on appearance,
grainsize, phenocryst content and amygdales, but not on chemical
composition of the lava flows. However, the typical field tholeiite
turns out to be quartz normative tholeiite and the typical field olivine
basalt turns out to be olivine normative tholeiite. Thus the field
term "tholeiite"vcorresponds roughly to the petrochemical term "quartz
tholeiite'" and the field term "olivine basalt”'to the petrochemical
_tefm "olivine tholeiite". Also common in the field are lavas which show

characteristics of both the tholeiite type and the olivine hasalt type.

prch




- It is probably n@aningiess to draw conclusions about the chemistry
of such lavas from the field characteristics alone.

In addition to Walker's (19592) cldssification, the writer has
adopfed the term "compound lava flow" (Walker, 1971) for very coarse-
grainéd, olivine-rich lava flows which show flow unit structure and
have no intercalated clastic beds. These flows are thought to have
their»origin in shield volcanoes which m§re appropriately should be
called lava shields (Walker, 1971).

.During tﬁe initial field work (1972) the magnétic-polarity of
every flow was determined in the field using a portable fluxzgate
magnetometer. In the summer of 1873 all the lava flows of the
entire section were drilled by N. D. Watkins and L. Kristjansson
and the magnetic properties and polarity measured in thg laboratory
at the Univergity of Rode Island. The twp- sets of results are neariy
idéntical éxcept for the bottom series. A correlation of the section
with the palaeomagnetic time scale is.shbwn in Fig. 3.11, I. McDougall
has made K-Ar datings on a number of samples from the section (Table
3.1). The ﬁalaeomagnetics and K-Ar dafa is to be published in the
near future (McDougall’gE_gl.,'1975).

The lava pile will be described from bottom to top. The profiles
and their locations are shown on Figs. 3.1 and 3.2. The magnetic
polarity, as determined in the laboretory, is alsc shown and the

K-Ar datings are listed in Table 13.1.

Normal faulting made correlations between the various-profiles
often very difficult but most of the correlations were double checked.
The regional description ends with a group of plagioclase-phyric flows
which date from the Mammoth event of the Gauss epéch and which are
of the same age as the oldest glacial horizon discovered in Iceland

so far (McDougall and Wénsink, 1966). The lava pile which follows




Fig. 3.1
1
A map showing the locations of the profiles of the representative
section (Fig. 3.2) through the Tertiary lava pile in the BorgarfjSrdur

area.
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stratigraphically on top of the described section has been mapped

by Saemundsson and Noll (1974).

Stratigraphy

(1) Hredavatn series (flows up to no. 11 in section NP in Fig. 3.2).

All rocks which lie stratigraphically below the Hallarmuli
central voicano aré grouped under this heading even though they
include many different rock types. The mapping of the area turned
out to be extremely difficult because of extensive normal faulting
and rather poor exposures. There still exist more uncertainties

vabout the geological structure of the Hredavatn series, than anywhere
else in'the area Giscussed in this thesis, The normal faults form
a mosaic patfern of predominantly NW-SE and NE-SW faults (Fig. 10.1).
West of Hredavatn, a pronounced grabeﬁ structure is present which
is boqnded on its south by a very large fault (the Dyngja-fault,
Fig. 10.5), the throw of which has not yet been established. A
correlation could not be madg across this fault in spite of several
attempts. The tectonics of this area will be dealt with in more
_détail in Chapter 11. Underlying the Hredavatn series is a thick
lava pile of at least 600 m which has not been mapped in detail (Fig.
3.2).and which will not therefore be described. The thickness of
the Hredavatn series is about 250 m. The very characteristic of the
series is the influence of water during the formation of most of
its units,

The Hredavatn series starts with a 20-30 m thick, compound lava
flow (Fig, 3.3). It consists of numerous flow units which have black-
weathering surface. The rock is coarségrained and extremely rich in
olivine. This unit is only found inside the -graben west.of Hredavatn.
The best exposures are on Litli Thrimill and Hestabrekkur;

Overlying the compound lava flow is a 10-15 m thick, very







persistent, plant-bearing sedimentary horizon, which has been referred
to in the literature as the Hredavatn beds. It has been described

by many geologists in the past (latest summary by Schwarzbach, 1956).
These sediments can be traced, at least, from Vikravatn-Fossadalur
eastward through the graben, across the Nordurardalur valley, and

as far south as Stafholtskastali. In Hestabrekkur, northwest of

the Hredavatn farm (Fig. 3.4), the lower part of the layer consists
of a 3 m thick, dark brown sil%tone with thin bands of lignites.

The upper partlconsists of scoria and of plagioclase-phyric hyalo-
clastite which is an aqueous facies of the overlying basalts. A
diatomite with some plant fossils occurs in the same sedimentary
hopizon in Brekkua and Veidilaekur. Lignite is quite common and is
thickest in Surtarbrandsgil (about 50 cm thick). At Stafholtskastali,
the beds consists of plant-bearing siltstone and sandstone, at least
10 m thick, overlain by ignimbrite from the Hallarmuli central
volcano. In many places the porphyritic flows, which lie on top of
the sediments, have flowed into water and formed pillows and hyalo-
clastites. The sediments are water-transported gravel, mud, and
laminated silt sediments deposited in a lake. The field relationships
indicate that sediments accumulated in a depression, probably a
fectonic graben, partly filled by the lake.

Overlying the sedimentary horizon is a unit of plagioclase-phyric
flows showing very regular columnar jointing. The thickness varies
from 100 m in Hallarmuli (Fig. 3.5) to 15Am in the area west of
Nordurardalur valley (Fig. 3.4). . Its thickness scuth of Hallarmuli is
uncertain because of poor outcrops in a boggy lowland, but it is.
considerable. In Hallarmuli are four flows but only one west of
Nordurardalur valley. In the area around Veidilaekur, two of the
porphyritic flows are below the Hredavatn: beds. The flows are very

plagioclase-phyric and the phenocrysts can reach 1-2 cm in size.
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Interbedded with the porphyritic flows are plagioclase-phyric
hyaloclastites which have been formed at the same time as the
flows, The hyaloclastites are most often 3-4 m thick but south
of Hallarmuli their thickness reaches at least 10-20 m,

The porphyritic flows do not overlie the sediments everywhere
but instead; a two-tiered tholeiite flow covers them - probably the
same flow which covers the porphyritic flows, This tholeiite flow
is 20-50 m thick and is.easily traced from Svartagil across the
Nordurardalur valley as far west as lake Vikravatn. The problem
of two-tiered columnar jointing has been discussed by Saemundsson
(1970). He believes that the lava flows ponded in valleys and
depressions where they developed columnar jointing. The peculiar
division_df flows into lower colonnades and upper chilled entablatures
is explained by water flooding the lavas while their interiors were
still molten.

Thé topmost unit of the Hredavatn series éonsists of olivine
basalt flows and is about 100 m thick in the Hallarmuli area (Fig.
‘3.5), but only 30 m west of Hraunsnefsoxl. South of Hallarmuli, the
thickness of this unit decreases rapidly (see Chapter 4). The number
of flows is greatest in the Hallarmuli area. South of Hallarmuli,
fhis units is represented by a compound lava flow+i .(Fig. 4.2). This
unit of olivine basalt flows, thus forms a topographic high in the
vHallarmuli area, where at that time the Hallarmuli central volcano
was starting its activity.l

(2) Hallarmuli central volcano (flows no. 12 to 13; described in
Chapter 4). '

(3 Kolvidarholt series (flows no. 14-25)

This series is up to 45 m thick, and consists of thin tholeiite
flows. It is found in Hzllarmuli, Kolvidarholt and at the base of

Hraunsnefsoxl., It is thickest on Kolvidarholt, northeast of Svartagil,
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but gets thinner in both airections from there. The'thick—layered
Grjothals series rests unconformably on top of the Kolvidarholt
series in the area northeast of Svartagil but conformably at
Hyaunsnefsoxl. The number of flows varies from 5 to 15 and they are
vesicular and with hardly any intercalated clastic beds;. The flows
have plack-weathering surface but are fine-grained and no zeolites
are present: they thus show tholeiitic affinities. This series is
perhaps the flank succession of the Hallafmuli central volcano.

(4) Grjothals thick-layered series (flows no. 27-57b).

This series is part of the Reykjadalur thick-layered series (see
Chapter 35) which-can be traced, at least, from Hallarmuli in the south
to Budardalur in the north and from Sanddalur in the east to Lang-
avatnsdalur in the west. The part described in this chaptér is on
Grjothals and Hraunshefs&xl (Fig; 3.6). It is about 180 metres thick
and numberé about 3Q flows. The thickness of the series decreases
towards the west and northwest. Wést of Sata the series is within 140 m
thick and becomes even thinner further west,

Most of the flows are typical , thick tholeiite flows but two units
of porphyritic flows are preseqt. The lower unit is found over a widé
area, from Grjothéls to Saturdalur north of Vikravatn. It is also
‘probably found north of the Reykjadalur central volcano (see Chapter
5). In Hraunsnefsoxl (Fig. 3.6) the unit is-20—36 metres thick and
consists of 4-5 flowg. They are plagioclase and/or pyroxene phyric
and gabbro xenoliths are abundant in places. The further north, the
more compouhd becomes the nature of the unit. In Bjarnadalur and'
Vesturardalur thelunit consists of olivine rich coﬁpound lava. The
upper part is ratﬁér poor in oliviné phenocrysts but the lower half
has up to 50% of olivine phenocrysts.

The upper porphyritic unit is 10-20 m thick (1-2 plagioclase

phyric flows) and forms the top of the series west of Holmavatn, and







north along Grjofhals. It is also present at the top of Hraunsnefsoxl.

Sediments are rather rare in this series, apart from the thin
red beds which are common. One sedimentary horizon accompanies the
lower porphyritic unit. It is formed of bedded sandstone and con-
glomerate with rounded pebbles and boulders. Another sediment is found
on Skalafell, southeast of Glitstadir, but its place in the strat-
igraphy is not certain because of faulting. It consists of bedded
sandstone, siltstone and clay.

(5) Grjothals thin-layered series (flows no. 57-99).

This series is part of the Reykjadalur thin-layered series
which extends at least from Karlsdalur in the south to Haukadalur in
the north and from HoltavOrduheidi in the east to Langavatqsdalur in
the west. The main part of the series will be described in Chapter 5.

The part described in this chapter is on Grjothals and Thverarhlid.

The series is about 470 m thick, but the thickness incfeases considerably
ltowards the north. The number of flows is.about 50, and most of them

are thip and vesicular, although this feature changes along the

strike. In the southern part, the lavas tend to be thicker and with

fewer vesic.les but further north one goes, the thinner and more vesicular
the flows,

The bottom half of the series is a mixture of rather thin tholeiitic
and plagioclase-phyric flows. The number of flows is uncertain because -
of fﬁulting, but is about 35, Followed northwards, this part inter-
fingers with thin, vesicular, olivine basalt flows, especially west of
Raudabergsvatn., Sediments are very rare in thi; part, except for a
few tﬁin red beds, which indicates a rather high effusion rate.

Between Lundur and Fiskivatn is a unit of thick tholeiite flows.

It is 20-60 m thick and consists of 2-7 flows. The thickness of the

unit decreases rapidly towards the south, and is not found on the



30

western side of Nordurardalur. Underlying this unit are two
sediment layers, each 5-10 m thick and consist of bedded tuff and
sandstone.

The topmost lava unit consists of extremely plagioclase-phyric
flows (up to 50—60% pﬁenocrysts). The thickness of the unit varies
from 25 to 150 metres. It is thickest séuth of the Kviar farm, where
it'appears to be about 150 m, but it is very poorly exposed. Only
9-10 flows are exposed (total about 80 m) and it must be assumed that
the rest of the unit consists of sediments rather than lava flows,
Only ébout 10-15 metres of bedded sandstone are exposed on a river
bank northeast of the Kviar farm, When the unit is followed along
strike to the north and northeast, just across the river Litla Thvera,
the thickness decreaées to 830 m and 3~5.flows. On the mountain peak,
just northeast of Litla baula, is a 60-70 m thick porphyritic unit
which is most likgly the same unit. It séems likely that the thick-
ness distribution is caused by the topographical difference between
the crater(s) and the lowlands south and southeast of the Reykjadalur
central volcanic region. The flows were erupted somewhere north of

‘Mt. Baula, probably near:-the caldera rim and flowed south and south-
east&ards and down the slopes of the central volcanic region (where
fhe unit is thinnest). When they reached the lowlands they tended
to become thicker because of ponding. The sediment distribution
can be explained similarly because on the assumed slopes of the
central volcanic region, few sediments have been found, but in the
lowlands the sediments are both thick and abundant.

(6) Sleggjulaekur series (flows no. 100-156).

This series is about 520 m thick and has been traced from the
inner part of Thverarhlid tc Sidufjall (Fig. 3.7 ; Jchannesson, 1972)
and Kroppsmuli (Gudbergsson et. al,, 1971). It is also in the

lowlands west of Reykholtsdalur and Hvitarsida (incl. Veggjahals).
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The number of flows is about 60 and they are of all types. The
bottom part of the series consists mainly‘of olivine basalt flows
and few tholeiite and porphyri%ic fiows. In the middle of the
series is a unit of plagioclase-phyric flows, about 5-7, which can
be traced from Thverarhlid and Kleifar south along the Veggjahals.
The upper half of the series consists mainly of tholeiitic flows
intercalated with few olivine basalt and porphyritic flows,

Because of faulting this series is not as well established as
the others. The number of normal faults is enormous and they make
correlation in some cases extremely difficult. Some of thé
irregularities of the series must be explained by the lavas flowing
in a landscape marked by tectonic faulting and erosion, Most of
these faults ére NW-SE to E-W and were already active in Tertiary
times. The problems of the faults will be discuésed in Chapter 10.
In this tectonic environment, sediments were laid down., Sediments
are more common in this series than in any othef series in the
Borgarfjordur area., Thin red beds are common but thicker sediments
form up to 20% of the series and in some places even as much as 30%.
Because of the sediments the outcrops in this series are poorer than
expected. Most of these sediments have been described in detail
_ by Johannesson (1972). Most consist of sandstone and conglomerate
but in a few cases of finer material. The topmost of the sediments
js found in Kleifar and in the gorge of the Kjarra river and stretches
further north, through Svarthamar and into Thverarhlid.and Holtavdr-
duheidi, (Chapter 6). It varies both in thickness and type. In the
area from Kleifar to Svarthamar (Figs. 3.8-3.10) it consists of
sandstone and coarse conglomerate with rounded boulders which range
in size from a few cm to 1-2 m. North of Svarthamar the layer becomes

finer, of sandstone and siltstone. All the other sediments in the









(ML}
-

series are more restricted in their distribution and most of them
cannot bhe traced over long distances and often end up against

fault escarpment. The #hickness of the series as a whole decreases
towards the horth but accuréte measurements for the northern part

are not available., On the other hand, the thickness of the sediments

increases towards the north.

(n Sidufjall series (flows no, 157-179},
| A 20 m thick sedimentary layer overlies the Slegéjulae.kur.
It can be traced from Sidufjall (Fig. 3.7), through Kjarrardalur and
to the Thverarhlid area. In Sidufjall the main part consists of
bedded sandstone and siitstone with rhyolitic ash and lignites near
the top. In Thverarhlid both basic hyaloclastites and acid ignimbrites
are present. This sediment was first described by Einarsson (1957).
‘Pfiug (1959) conducted pollen analysis study of it.
The Sidufjall series is about 310-320 m thick and is found on
Siduf jall and Hurdarbaksfell, and further south in Kroppsmuli and
Flokadalur (Gudbergsson et. al., 1971). The series consists of
about 30 flows nearly all of which are typical tholeiite flows and
usually thick. In Kroppsmuli the series is about 340 m thick. Red
beds are common and two thick sediments were found. Near the top of
the series is a 5 m thick layer of tgff and clay ;ediments. The
other is in the lower part of the series. It is about 40-45 m thick
with one lava flow in the middle of it, and consists mainly of brown
siltstone and sandstone, and fine to coarse conglomerate with angular
and rouﬁded boulders. This layer has been traced f?om Siduf jall
through Kjarrardalur and Thverarhlid and into the Holtavorduheidi
area (Chapter 6).

(8) Thorgautsstadir series (flows no, 180-120).

This series is about 100 m thick in Hvitarsida. It is also

found on Skaneyjarbunga and Kroppsmuli {Gudbergsson et, al., 1971)



wherelit is about 140.m thick. In Hvitarsida the series is found

in Thorgautsstgdagil and consists of 13 fiows, most Qf which are
olivine basalt flows with few tholeiite and plagioclase-phyric flows,
Red beds are common, One layer of 1-2 m thick sandstone and fine
conglomeraté is present in Thorgautsstadagil but the same layer

is about 14 m thick on Skaneyjarbunga.

(9) Haafell series (flows no. 191-258),

This series is about 210 m thick in Hvitarsida and has beén
traced éver an area from Kjarrardalur £o Flokadalur, The thickness
south of Reykholtsdalur is uncertain because of poor outcrops and
faulting. It consists of thin, very vesicular tholeiite flows$ which
ére very characteristic and easy to recognise. They are usually
véry thin, 2-3 m on avérage compared with 5-15 m for ordinary tholeiite
flows., Usually 1/3-1/2 of the thickness is scoria. 2-3 olivine
basalt flows and plag/px-phyric flows are present in the middle
part of the series. The number of flows is about 70 but it is nearly
impossible to give an accurate number for the series because many lava
flows pinch out and new ones come in. Red beds are rare in the series
which points to a hiéh effusion rate. There are four sedimentary
horizons and the thicknesses range from 5 to 10 m. They consist of

’ élay-rich material to sandstone with small rounded pebbles. In the
highest bed (in Husagil inside Samstadir) are a few plant fossils.

The series may have its origin  in the area around the
Skardsheidi central volcano (Saemundsson, per. com,) and possible
having the same relationships with the volcano as the Reykjadalur
thin-layered series with the Reykjadalur central volcano (see Chapter -
5). The thinness of the flows may thus be attributed to topographical

circumstances, i.e. flowing down the flanks of the central volcanic

region.
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(10) Haukagil series (flows no. 259-271).

The thickﬁess of this series is uncertain in Hvitarsida
because of a gap in the middle part caused by poor exposures. If
the thickness is calculated from the strike and dip a figure of
140 m is obtained, where of 1/3 is not exposed. It has been mapped
in Raudsgil (Albertsson et. al., 1971) where the thickness is about
180 m and the author has mapped the same series on Steindorstadadxl
and found a similar thickness. This series consists of typical
tholeiite flows both in Hvidarsida, Raudsgil and Steindorstadaoxl.
The number of flows in Raudsgil and Steindorstadadxl is about 30
but in Hvitarsida only 14 flows are expcsed. Thin red beds inter-
calate most of the flows. 1In Husagil (inside Samstadir) are two
thick sediment layers. The lower one, which is at the bottom of the
series, is 15-20 m thick and consists predominantly of brown sandstone
and fine, bedded conglomerate., The upber one is about 10 m thick and
consists of grey to yellow tuff and clay sediments as well as coarse
rhyolitic ash (ignimbrite ?) with pieces of black basaltic pumice.
This ash is probably from one of the central volcanoes in the
Skardsheidi region. In Haukagil is a 2 m thick conglomerate with
angular to rounded boulders and a yellowish tuff and clay matrix.

(11) Midgil series (flows no. 272-283).

It is about 70 m thick and made of 10-11 flows. Six of the
flows are plagioclase phyric and the rest are tholeiitic or olivine
basaltic. This series is also found on Signyjarstadahals, and
Raudsgil and Steindorstadatxl (Albertsson EE;_EE-: 1971), where
if is nearly 80 m thick. Some of the flows are extremely plagioclase

lph?ric~(up to 50%) with a few pyroxene phenocrysts as well, Thin red

beds intercalate the flows but near the bottom of the series is one

fine conglomerate, 2-3 m thick.
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(12) Kinnargil series (flows 283-319).

A 10-15 m thick sedimentary horizon overlies the Midgil series.
The main part consists of brown siltstone and sandstone but the uppermost
part consists of fine conglomerate with rounded pebbles.

The Kinnargil series is about 300 m thick in Hvitarsida. It
is also found in Raudsgil and Steindorstadadx]l where it is somewhat
thicker (Albertsson et. al,, 1971; Saemundsson and-Noll, 1974).
This series consists mainly of tholeiite flows with a few olivine
basalt and plagioclase phyric flows, in all nearly 40 flows. Thin
red bed intercalate nearly all the flows, but in the upper half of
the series are 3-4 thicker sediments (each 1 to 4 m thick), mainly
of bedded conglomerate,

On top of the Kinnargil éeries follows a glacial horizon and
group of plagioclase phyric lava flows, which together provide a
useful marker horizon. A magneticlreversal from normal to reverse
also occurs at this stratigraphic boundary. The interpretation is that
the reveréed flows represent the Mammoth event of the Gauss epoch
and that the glacial horizon marks the onset of the Quaternary
glaciations which follow at regular intervals higher up in the

succession (Saemundsson and Noll, 1974).

Age Relations

The palaeomagnetic scale for the Borgarfj&rdur area (Fig. 3.11)
and the K-Ar datings (Table 13.1) give an absolute age for the various
stratigraphic series. McDougall et al. (1975) have dealt in detail
with the corfelafion between this scale and the ocean-floor scale.

The upper part of the section fits remarkably well with the revised
time saalé for the ocean floor (Cox, 1969; Talwani-et al., 1971)
élthough the bottom 1000 m of the section cannot be correlated as

easily, because of unconformities and a possible hiatus. The Gauss and
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after Mchougall et al., 1973,
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. Table 3.1

Sample Calculated age Mean age
number in (m.y.) in (m.y.)
NP286 3.49 20.07 |4 0h 5 07
3.44 * 0.06 TER =
3.64 * 0.06 N
NP270 2.68 * 0.05 3.66 2 0.06
'NP258 3.36 1 0.07 3.45 + 0.13
3.54 * 0.06 Y =
NP233 3.52 * 0.02 3.56 + 0.08
) 3.60 + 0.07 YR =
NP209 2.77 £ 0.11 2.82 * 0.11
2.88 + 0.11 Phe =
4,12 * 0,11
NP208 3.80 + 0.08 3.89 * 0.20
3.74 * 0.07
3.64 + 0.07
.64 + 0. +
NP199 356 * 0.06 3.60 X 0.07
NP184 4.05 2 0.06 4.08 * 0.06
4,12 + 0.05 YR =T
4,12 * 0.06 +
NP177 4.09 * 0.05 4,10 £ 0.06
N9172 4.19 2 0.06 4,20 * 0.06
4.22 X 0.05 ceE T
4.67 * 0.09 +
NP162 453 £ 0.06 4,60 £ 0.10
NP150 5.03 £ 0.08 4.94 X 0.13
4.85 + 0.06 R =
5.45 * 0.09
NP113 5.16 £ 0.09 5.26 £ 0.16
5.18 * 0.09
5.62 * 0.09
NP76 5.92 * 0.07 5.78 £ 0.15
5.79 + 0.07
6.18 X 0.09 +
NP13 6 22 + 0.07 6.20 _.o:o9
- 6.20 * 0.10 . +
NP12 6.30 + 0.07 6.25 X 0.10
6.75 + 0.11
. — . +
NP7 673 £ 0.08 6.74 * 0,11
7.11 *+ 0.12 N
NP2 7.00 * 0.09 7.05 * 0.12
4

K-Ar ages of come lava flows from the Borgarfjordur area. The

.sample numbers refer to flows in Fig.. 3.2.

~t ol

TO765%

(From.I. McDougall



Gilbert geomagneiic epochs are easily recognized and Epoch 5 as well,
but the latter is shorter than expected, probably because of a lower
effusion rate and a possible unconformity. The magnetic stratigraphy
is more complicated below Epoch 5, due to numeroﬁs short magnetic
events. The lower boundary of Epoch 6 (Opdyke, 1972) is probhably

at the bottom of profile NS and the thick normal event, exposed in the
Kolvidarholt series and the bottom part of the Grjotha;s thick-layered
series, 1is probably anomaly 4, on the revised time scale (Talwani

et ai., 1971).

The main stratigraphical features of the 2.7 km thick section are
shown in Fig. 3.12. The Hredavatn sedimentary horizon rests unconformably
on top of faulted and tilted basalts. These Basalts may be cénsiderably
older than the rocks overlying them. A basalt flow from the core of
the Borgarnes anticline has been dated by'Moorbath et al. (1968) and
an agé of 13.2+42.0 m.y. was obtained. The strike and dip relations
indicate that the rock underlying the Hredavatn sedimentary h&rizon
may be of similar age, or slightly younger. Thus there is a gap of
about 6 m.y. between the sediments and the underlying basalts. Two

more unconformities occur in the lava pile; one between:itheKolvidarholt-series and the
Grjothals tNick -layered series, and the other between the Grjothals thin-layered series and the

rotks-overlying the sedi-méﬁg‘;ry"'r‘iéflf;purg of the pile.
| The proportion of sediments in the whole section is about 15% of
the total thickness. Detrital beds (sedimentary and é&dclastic)
constitute about 6% of a 4.5 km.thicklsection in the Reydarfjdrdur area
in eastern Iceland (Walker, 1959), which is considerably less than
in the Borgarfjordur area.

. The effusion rate can be established by using the palasomagnetic
data and. the K-Ar-datings. >It is on average about 730 m/m.y., but
variations occur (see McDougall gjmél., 1975);: for example, the effusion

rate near the bottom of the section is much lower than elsewhere.
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CHAPTER 4:

THE HALLARMULI CENTRAL VOLCANO

-
<

The Hallarmuli central volcano lies on the eastern flank
of the Borgarnes anticline. The regional lava pile dips
from 2° to 100 towards the east and southeast. It is rather
difficult to pin-point the centre itself because no structural
or geophysicgl anomalies (Figs. 2.4 and 2.5), usually associated
with central volcanoes have been found or observed. The flows
which belong to the volcano have similar strike and dip to the
flows of the plateau basalt around. The fieldwork-suggests that
the main central activity took place in the area between Svartagil
and H811 (Fig. 3.5) and probably down-dip in the lava pile.-

The Grjothals ridge and the Hallarmuli are dissected by a
nuniber. of NE-S¥ to N-S running faults. The downthrow-i; usually-
on their western side (see Ch#pter iO), but there are exceptions.
One prominent fault, with an opposite th£§w, runs from Glitstadir
south aleng Hallarmuli and reaches the boggy lowlands about 0.5 km
east of HBll. It is also likely that this fault extends further
south along the eastern side of the low ridge Veggiahals from
HB11l to Stafholt. No rocks related to the Hallarmuli central
volcano have been found east of the fault, except‘£or one flow
of basaltic icelandite and one flow of rhyolite about 0.5 km

south of the Hamraendar farm (Fig. 4.1).

The earliest rock unit associated with the volcano is an
ignimbrite layer atlstafholtskastali and a very thin ignimbritic
layer on top of the porphyritic unit northeast of Veidilaekur.

The ignimbrite at Stafholtskastali overlies the Hredavatn beds.

It is up to 10 m thick yellow to red-brown in colour, and contains

a few small xenoliths of mainly basic material; it is overlain by






tholeiite flowsi The same ignimbrite is probably exposed in a
poor outcrop about 1 km northeast of Veidilaekur. On top of this
ignimbrite layer is £ﬁert6pmost unit of the Hredavatn series.

It is thickest in the Hallarmuli area and thins towards the SW.
At Stafholtskasatali it has disappeared altogether. A few thin
ignimbrite layers intercalate the upper part of this unit

(Fig. 4.2).

On top of the Hredavatn series lies the main acid succession
of the Hallarmuli volcano which thickness varies from 10 to 100 m.
It is thickest on Hallarmuli, up to lOO-m, but becomes gradually
thinner towards the north and south (Fig. 4.3). The volcanic
sequence consists of alternating ignimbrite layers and intermediate
lava flows with a few intercalated plant-bearing mudstone and
conglomerate beds.

On Hallarmuli the lower half of the sequence consists of
four ignimbrite layers intercalated with occasional intermediate
lava flows but the upper half consists of intermediate lava flows
only, which are best exposed south of Torfdalur (Fig. 4.4). Each
individual flow is of fairly limited extent, from a few tens of
metres up to 500 m. Some of the flows have follcwed river
courses, which were cut into the ignimbrite layérs‘(Fig. 4.5).

Each ignimbrite layer on Hallarmuli can be divided }oughly
into 5 units. The bottom part consists of fine ash which is
rather unconsolidated and contains few and small xenoliths
(usually about 0.5-1 m thick). Due to hydrothermal-alterafion
the ash has partly been converted to clay (montmorillonite). Then
there is, in most cases, a rather sharp change to a coarser
ignimbrite containing big pieces of pumice and xenoliths, but

still rather unconsolidated. The centre of each layer is firmly



50~
n 40—
2
©
£
530“'
(7]
12}
¢
£ 20
L
L
*—
10+
0
0 50m
7/ intermediate flow = Ignimbrite
// Syl
Tholeiite fiow Compound lava flows
) Olivine basalt flow ;.;: Acid scoria
Fig. 4.2 Section through the topmost part of the

Hredavatn series, about 250 m north of

Varmaland.

43



Fig. 4.3
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consolidated and often welded; the pieces of pumice are flattened
and xenoliths are abundant. Then there is again a gradual
continuum to an unconsolidated ignimbrite and at the top is a
fine grained ash. This subdivision is only valid for the
Hallarmuli area itself. West of Nordurardalur'and south of
Hallarmuli the fine ash at the bottom and top is missing and the
ignimbrites have not welded centre.

The fine ash at the bottom is probably an airfall deposit
formed at the beginning of an eruption. The main part of the
ignimbrite is then feormed during the main outburst as an ash flow
or a "muee ardente" deposit. The ash at the top either settled
from the dust left in the air after the ash flow had come to a
rest or it formed as an airfall tuff after the erupticn changed
-its character to more Plinian type activity. This subdivision
indicates a proximity to the eruptive vent(s). |

Most of the xénoliths are'angular and reach up to 3-5 cm in
size, but usually they are much-smaller. They are of all types from
basalt to rhyolite and pitchstone. No plutonic xenoliths have been
found except for a rather coarse-grained rhyolite, which is
vprobably from a shallow intrusive body. The xenoliths are less
abundant in the two lowest ignimbrite layers (1. ahd 2. layer) but
most abundant in the fourth layer.

The first and third layers are fhe main ignimbrite layers
and both of them have welded centres.

The first ignimbrite layer (Fig. 4.4) ié reddish in colour and
has maximum thickness of 15 m. At its base, just north of HB1l,
are vertical moulds after tree trunks. The layer is thickest
near Torfdalur and thins towards the ncrth and is not present

west of HraunsnefsBxl. It has been found in one outcrop south
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of Hallarmuli, approx. 1 km northwest of Hjardarholt, where‘it
is less than 10 m thick. In many places, especially in the
southern part of Hallarmuli, this layer is overlain by about
10 m thickness of cross-bedded sediment with pebbles and boulders
-of all types with a tuffaceous matrix. Occasiona;ly an intermediate
flow separates layers 1 and 2.

The second layef is yellow-green in celour, 2.5-5 m thick,
and finer in grain than the three others, and probably entirely
formed of airfall tuff. It is often diffiéult to distinguish
between 1ayefs 2 and 3.

The third layer is also yellow-green in colour but about
20-25 m thick (Fig. 4.4). It is thickest in Torfdalur and fhins
towards the south and has not been found south of H811. It is also
considerably thinner west of Nordurardalur (7-10 m) and appears to
have been re-sedimented. In Fossadalur the layer is accompanied by
plant—béaring lake deposits. In the Hallarmuli area thin sediment
(0.5-1 m) with silicified tree trunks and an occasional intermediate
lava flow separate layers 3 and 4,

"The fourth layer is red-brown in colour and 5-15 m thick.
It is thickest near Svartagil and thins to the north and to the
south. |

The bulk of the intermediate flows overlie the fourth ignimbrite
layer. They vary in number from 1 to 7 and can vary in thickness
from 2 to 25 m but occasional theleiite flow occurs alsc among
the intermediate flows (Fig. 4.4). This group of iﬁtermediate
flows is thickest in the area from Torfdalur to Varmaland and no
flows occur west of Hraunsnefstxl or south of Stafholtkastali.

Most of the flows are basaltic icelandites and icelandites,

but dacite flows were also identified. Only one rhyolite flow has
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béen found so far, in a particuiarly poor exposure ahout 0.5 km
south of the Haﬁraendar farm (Fig. 4.1). This rhyolite flow
occurs east of the fault.running along the eastern side of
Veggjahals, probably stratigraphically siightly higher than the
intermediate flows described above.

The youngest differentiated rocks in the Hallarmuli area is
a one metpe thick rhyolitic ash layer accompanied by silicified
tree trunks on Kolvidarholt. Conformably on top of the
differentiated rocks of the Hallarmuli central volcano. lies the
Kolvidarholt series (see Chapter 3) which may represent a flank
succession of the volcano.

After central activity ceased, the volcano was buried by flood
basalt flows and subsequently cut by dykes, some of which intruded
the ignimbrites and formed sills (Fig. 3.5). All the sills are
basa®tic except for one of icelandite.

The Hallarmuli central volcano is highly abnormal compared to
other mapped central volcances in Iceland (Walker, 1963; Sigurdsson,
1966, Fridleifsson, 1973, see also Chapter 5). One of the main
differences is the absence of intrusive sheets, cone sheets. or
laccoliths and the associated alteration aureoles which usually
accompany mature central volcanoes. The only intrusives are a few
~dykes, most if not all of which were intruded after the volcano
became extinct, and the evidence for a shallow rhyolitic intrusion(s).

The analcime zeolite zone is slightly higher in the Hallarmuli
aréa than the surrounding areas.

During the fieldwork no evidence of a caldera or circularity

in structure was found either, which is common among central

volcanoes.




As mentioned earlier, no gravity or magnetic anomalies or
other irregularities (Figs.2.4 and 2.5) have been detected over
the volcano and the surrounding areas.

The age of the lowest ignimbrite (1 km northeast of
Veidilaékur) is about 6.7 m.y. (Fig. 3.2) and the topmost -ignimbrites
are about 6.2 m.y. No K-Ar datings are available for the rocks
from the final stages of the volcano but combining the available
K-Ar dates and the palaeomagnetics, a minimum age of 6.0 m.y. is
obtained for the Kelvidarholt series. The life span of the
Hallarmuli central volcano, as we know it today, was thus of the
order of 600,000 to 750,000 years. This is in an agreement with
the estimated average life span of central volcanoes in western
Iceland of 0.5-1.0 m.y. (Saemundsson and Noll, 1974; Piper, 1971).

The thickness of the pile, from the first differentiates
until the end of activity related to the volcano (including the
' topmdst unit of the Hredavatn series and the whole of the
Kolvidarholt series), is abcut 200-250 m, which gives an effusion
rate of 35 m/100,000 years thus contrasﬁing with 73 m /100,00C years
for the lava pile in the BorgarfjBrdur area as a whole (McDougall
éﬂ;gl., 1975). The effusion rate in a central volcanic area is
usually much higher than for the basalt pile around it. These
figures thus suggest abnormal conditions in theé area during the
‘volcano's life-time. Perhaps the main aifference from other central
volcanoes is that the Hallarmuli central volcano appears to represent
a period of low extrusion rate compared to the succession above it.

The Hallarmuli central volcané is the oldest in the
BorgarfjBrdur area but according to the strafigraphy in
Nordurardalur the activity of the Reykjadalur central volcano

started less than 200,000 years later.




CHAPTER S:

THE REYKJADALUR CENTRAL VOLCANO

Introduction

The Reykjadalur central volcanp lies in the heart of the
mountain range between Borgarfjordur and Dalir. Except for Mr. Baula
(Rutten and van Bemmelen, 1955) the area has not been described
before. Mapping was carried out in the summers of 1972, 1973 and 1974,
Because of thevenormous size of the area involved, parts of
it could not be mapped in detail. The main difficulties encountered
were poor exposure, and intense faulting in the eastern and southeastern
parts of the area. The centre itself is represented by a caldera,
approximately 10 km in diameter, which is best exposed in the
Reykjadalur valley (after which the volcano is named). The flanks
of the volcano:extend, on average, about 10 km outwards from the
caldera rim, but sometimes they ex£end for up to 13 km. The actual
diémeter of the volcano thus ranges from 25 to 30 km,

The extrusive rocks of the area can be divided into four main
groups or series:-

1. The Reykjadalur thick-layered series

2. The Main Phase of differentiatedAextrusives

3. The Reykjadalur thin-layered series 4

4. The caldera filling and the final differentiated

extrusives.

The intrusives related to the volcano can also be subdivided
into three groups (dykes belonging to the plateau bésalt are described
in Chapter 9):- |

1. Intermediate and rhyolitic dykes, which are feeders

to the Main Phase of differentiated extrusives.
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2. Basaltic to rhyolitic cone sheets and sills, which
are feeders to the thin-layered series and to the
final differentiated extrusives.

3. Ihyolite cone sheets and other intrusive bodies from

the final stages of central volcanic activity in the

area.
Stratigraphy
(1) . Reykjadalur thick-layered series

The series froms the base of the volcano and also part of the
acone” itself. The flows dip about 20"50 towards the volcano from
the north, the south and the west (it is not exposed'on the gastern
side). The dip changes abruptly about 2-3 km outside the caldera rim,
where it was found to dip 50—25o outwards, forming a circular
structure on the volcano's western side (Fig. 5.1). The dips of the
slopes of the cone would be increaéed if corrections are made for the
regional dip. The thicknesses of the tholeiite flows measured on the
slopes indicate that they were extruded on a flat topography rather
than on a steep slope. The main cause of the observed dip may be uplift
resulting from later intrusive activity, perhaps of acid intrusions
at shallow depths. The regional dip curves arouna the volcano (Fig. 5.2)
and this may be caused by sagging of the floor of fhe volcano due to
the load of later volcanics similar to the Breiddalur central volcano
in eastern Iceland (Walker, 1963).

A sectiqn through the series in the Grjothals area (the Grjothals
thick-layered serigs) has been described in4Chapter>4. The series
rests unconformably on top of the Kolvidarholt series and the Hallarmuli
central volcano, in the southern part of the region. There it consists
mainly of thick tholeiite flows, with two units of prophyritic flows;

the lower unit alsc occurs north of the Reykjadalur volcano.

"
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The stratigraphically lowest rocks, which were examined north
of‘the volcano, are exposed in the gorge of the H?ukadalur river
north of Harrastadir. Poorly exposed tholeiite flows are overlain
by an oﬂyine—rich compound lava fleow which can bhe traced for at
least 10 km towards the north. This flow is succeeded by an
icelandite flow, which is the oldest Salic rock in the area
around the Reykjadalur volcano, It is not clear whether this particular
flow has its origin within the central volcano, but it is thought
likely. The icelandite flow is overlain by a 30-75 m thick unit of
thick tholeiite flows succeeded by a porphyritic unit, the same as on
the southern side of the volcano, This unit can reach up to 50 m in
thickness but is usually about 25 m. In Haukadélur and Hordudalur
the unit consists of a typical compound lava flow, but elsewhere
consis£s of olivine basalt flows and plagioclase-phyric flows. The
topmost parp of the series consists of about ;SO.m of thick tholeiite
flows which-are interleafed by a few intermediate flows in Sokkolfsdalur
and Sudurardalur. Thin red clastic beés intercalate with most of these
flows.

The stratigraphic thickness of this series, from the icelandite
flow.in the gorge of the Haukadalur river upwards, is about 250-300 m
énd the thickness on Hraunsnefsoxl, in Nordurardalur, is about 200 m.
It is thus likely that the compound lava flow and icelandite flow in
the gorge of Haukadalsa river correspond in time to the compound lava
flqw underlying the Hredavatn beds and té the differentiated rocks
of the Hallarmuli central volcano.

(2) The Main Phase of differentiated extrusives

This series which lies conformably on top of the preceding series,
includes most of the intermediate and acid extrusives of the
Reykjadalur central volcano. Its total thickness varies from 10 to 200 m.

Very few basalt flows intercalate with the acid rocks, although there
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is a 50-75 m thick unit of thin tholeiite flows in Vesturardalur,
The« series consists both of lava flows and pyradashc material (ash
and unwelded ignimbrites) but due to later intrusive activity, the
stratigraphy south and éoutﬁeast of "'the caldera rim is difficult to
assess; some of the ignimbrites and the ash have been réplaced by

basic cone sheets and sills (¥Fig, 5.3). The earliest rocks belonging

to this series are a few rhyolite flows and a huge acidic ignimbrite
layer(s) whose thickness could not be established due to the difficulties
described above., It certainly runs into tens of metres. This

layer may consist of more than one eruptive phase. It is greenish in
colour and often considerably altered, and small xenoliths are common
within it. The ignimbrite may have had its origin near the‘top of

the volcano (which later collépsed) flowing down the eastern and
southeastern slopes of the volcano, but its fﬁll extent is not known
because it disappears down-dip. The layer is thickest at the head

of Austurardalur and in Mjoidalur. The activity spread soon to cther
areas, from Vesturardalur to Haukadalur. Most of the lava flows

have their origin in vents and dykes outside the coné of the volcano.
Seven of these veﬁts have been identified (see Geol, Map): the best
exposed vents occur in Vilfilsdalur (Fig. 5.4). Each eruption started
Qith a explosive phase (Plipian phase) forming a 2-16 m thick bedded
tephra layer kFig. 5.5), which contains'ﬁumerous basaltic xenoliths

of up to 0.5 m in diameter. After the initial explosive phase a

highly viscous rhyolitic magma was extruded and, due to its high
wShoﬂt¥3 a small dome-shaped body was formed over the vent (Fig. 5.4).
Some of the intermediate and acid flows have their origin on the slopes
of the cone, and perhaps near the original summit, Their volume is,
however, small compared witg those erupted away from the cone, It

is difficult to estimate the volume relations between the intermediate

and rhyolitic rocks but roughly estimated, the rhyolitic rocks make up
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about two-thirds of the whole series.

(3) Reykjadalur thin-layered series

‘This is the most spectacular series in the whole research area
and consists of numerous thin vesicular flows, most of which show
tholeiitic characteristics. On the outskirts of thé area these
thin tholeiite flows interfinger with thin, vesicular olivine basalt
flows, The flows are usually not thicker than 2-4 m. Three
palgioclase-phyric units occur in the upper part of the series,
and a few intermediate and rhyolite flows interleaf with the series
north of the caldera. The total thickness of the series is not known;
its minimum tﬁickness is about 600 m but it may be as -thick as 1000 m.
The thickﬁess is greatest near the volcano, pointing to close
relationships between the central volcano and the series.

The series rests unconformably on top of the prece ding series
in the immediate vicinity of the volcano (Fig. 5.1) but it is
conformably on top of the underlying series f;rther away (6-7 km frcm
the caldera rim). Flows belonging to the series dip about 50 outwards,
close to the caldera rim, but level off about 2 km outside the time
and still further away they tend to follow the regional dip.

The structure of the series is irregular and complicated by
éontemporaneuous faulting, accompanied by a few small unconformities
which may be caused by shifting of activity from one part of the area
to another, and by erosion.

The porphyritic units, which vary from 15 to 75 m in thickness,
have a high plagioclase content. The phenocrysts can reach 2-3 cm in
size, but are usually less than 0.5 cm. The porphyritic flows are
usuall& two or three times thicker than the thinner tholeiite flows.
Most of the porphyritic flows seem to have their origin near the
centre of the central volcanic region, from whence they flowed

outwards and down the slopes of the volcano, especially towards the



south and southeast, The lowest porphyritic unit includes, in a
few places on the northern side of the volcano, pillow lavas and
hyalociastites which indicate the presence of water attthe time of
extrusion. |

Sediments are rare in this series. The thin red beds of clastic
material, which are so common in the Tertiary lava pile, are missing
altogether and the few sediments present are cross—bedded stream
deposits, rarely exceeding 5 m in thickness. They are more common
on the volcano's southern and eastern slopes, and, &s mentioned in
Chapter 3, the upper part of this series, in Thverarhlid, contains a great
amount of sediments.

The formation of the series was interrupted at least twice bx
erosional forces, probably glaciations, The earliest evidence for
a possible glaciation is indicated by a conglomerate in Saurstadagil
(eaétérn slope at 580 m a.s.l.) and in Slettidaluxr (350 m a.s.l.).
The conglomerate is about 10-15 m thick. It consists of boulders which
are up to 1-2 m in diameter, angular to rounded, with a tuffaceous
matrix. The basement on which it rests is not exposed and the layer
is confined to the immediate neighbourhood of the caldera. The origin
of the layer is not certain but two explanations may be considered : either
é mud flow (lahar), or a tillite. The author favours the latter explanation
because of the rélatively great extent of the conglomerate layer.
~About 100-200 m higher up in the series is a major break, accompanied
by an unconformity close to the caldera rim. This break is certainly
due to a major glaciation as borne out by the polished supface of the
underlying flow and the following tillite (Fig. 5.6). Near the
volcano the glacier carved out shallow valleys, which were later
filled by pillow lavas and hyalcclastites, often acccmpanied by silt-~
stone and sandstone. These rocks can be traced across the caldera rim

where they interfinger with the topmost unit of the caldera filling.




" «wolcanic rocks and eventually filling the caldera completely. ~Many
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The thickness of the horizon is usually about 10-30 m on the northern
slopes but it thickens towards the east, and merges with the
Holtavorduheidi sedimentary horizon (Chapter 6). This horizon of
tillite, pillow lavas and hyaloclastites is considered to be formed
under glacial conditions, either as a result of an extensive Tertiary
ice sheet or of a big mountain glacier covering the volcano and the
surrounding areas. The Holtavorduheidi horizon (Chapter 6) is
underlain.-by a tillite, suggesting a massive glaciation,-but the

lack of tillites in the Thverarhlid area and further south indicates
that the glaciated area was confined to the volcano and its nearest
surroundings. The sediments of the Holtavorduheidi horizon could
therefore be ascribed to an outwash-plain from the glaciers on the
highlands around the volcano.

The hyaloclastite/pillow lava horizon is overlain by a further
100rZOO m of thin tholeiite flows which, however, are missing in the
area south of Snjoijll, probably due to erosion before the Snjof3611
series was formed.

Walker (1963) described unusually thin tholeiite flows on the
flanks of the Breiddalur central volcano. He suggested that they are
thin because they flowed down the slopes of the volcano. This
explanation may be valid for the thin flows around the Reykjadalur
central volcano and the Kolvidarholt series. It is more difiicult to
accept for the thin tholeiite flows of the Haafell series, (Chapter 3)
because no unusual tilt is observed in that area. However, these flows
may be derived from another central volcano (Skardsheidi) about 30 km
further south (McDougall et al., 1975).

(4) The caldera filling

Some time during the formation of the thin-layered series a
collapse caldera, about 10 km in diameter, was formed. Velcanic activity

went on during and after the collapse, forming a great variety of

e




o 2]
it

of these rocks are loose in character and later cone sheets easily
penetrated them, causing a great deal of disturbance. The extrusives,
and the accompanying sediments inside the caldera, have been divided

into 8 main units. Fig. 5.7 shows two schematic sections scross the

caldera.

1. As the fioor of thé caldera'subgided, screes (talus-breccias)
were formed on the slopes of the caldera escarpment (Fig. 5.8). ‘These
breccias show a great variation in character, partly due to the great
variety of contained rocks and partly due to gravitational and fluvial
sorting. The breccias are usually coarsest nearest to the caldera rim
and they dip inwards, becoming finer and often laminated near the
centre of the caldera; lenticular bodies of coarse breccias occur
interbedded with the finer material. It is often difficult to
distinguish between genuine talus-breccias and highly altered and

bredciated lava flows.

2. One or more rhyolite flows from the early stages of the caldera

occur on the lower slopes of the Reykjadalur valley. The exposed
thickness of the rhyolite is about 150-200 m, but as it has been replaced
partly by later coﬁe sheets the original thickness is uncertain. The
rhyolite is one of the earliest volcanics inside the caldera, and it

ﬁay have been erupted during the subsidence of the caldera floor.

3. Basaltic pillow lavas, hyaloclastites and two-tiered jointed

flows (Fig. 5.9) intercalate with the breccias of unit (1), at the
head of Reykjadalur, but because of poor outcrops little is known
about the extent and thickness of this unit. Normal faulting in this
bart of the caldera made fieldwork difficult (Fig. 10.1). Some of the.
hyaloclastites show evidence of having been redeposited under aqueous

conditions.

4. A 25 m thick tuffaceous sediment with leaf impressions occur

in Kalfagil in Reykjadalur. It has not been found elsewhere.
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Fig. 5.7

Two schematic sections across the Reykjadalur caldera. The
units of the caldera filling are numbered as in the text (1 to
8); the Reykjadalur thick-layvered series (a), Main Phase of
differentiated extrusives (b), Reykjadalur thin-layered series
(¢), and intermediate and acid cone sheets and plugs (d).






5. A unit about 200 m thick of basaltic subaerial lava flows

(Fig. 5.10) overlies the previous units. The number of flows in the
unit is about 12-15 apd_each is about 10-25 m thick. They do not
normally have a rubbly top but, instead, a plane surface. This is

dﬁe to the flows ponding inside the caldera and solidifying as a .

lava pool. As a result, many of the flows are coarse-grained and some
have microgabbroic textures. Some of the flows have their origin
outside the caldera, and flowed down the slopes into the caldera.

The lower part of the unit has suffered severe alteration in the
central parts of the caldera.

6. A unit of basic-intermediate lava flows, less than 75 m thick,

overlies unit (4) in Kalfagil in Reykjadalur. The bottom part of
the unit consists of pillow lava but this gradually changes to
sausage-like bodies separated by brecciated parts of the same flow,
caused by rapid chilling by water.

7. Units (5) and (6) are covered by a sedimentary bed, which has

been found in many places inside the caldera and also outside the
caldera rim, near Lambahnukur, indicating that no subsidence occurred
after the bed was laid down. The thickness of this unit is about

10 to 25 m and although it consists mainly of silitstone, sandstone
and clay occur in places. Ignimbritic material is common in the
&estern part of the caldera but it does not form a continuous léyer.
Plant fossils are abundant east of Kalfagil. These include ieaf

impressions, a great number of pine needles, and some pine cones.

8. A unit of miscellaneous volcanic¢c rocks (Fig. 5.10) overlies
the sedimentary bed. The present ekposed thickness 1is aboﬁt 200-250 m
but the upper part may be missing. This unit has been traced across
the northern and eastern caldera rim, where it merges with the
Holtavorduheidi sedimentary horizon and with the tillite/hyaloclastites

of the thin-layered series. The lower part of the unit consists of
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irregularly columnar jointed lava flows, and the upper part consists of
hyaloclastites ahd pillow lavas. Some of the hyaloclastites have been
re-deposited. Thin'sedimentary beds and rhyeclitic ash intercalate

with the lava lows and the hyaloclastites. The flows are basaltic

to intermediate in composition and they usually display pillow-like
features (Fig. 5.11). The Gamalhnukar hyaloclastite is the thickest
layer of this unit, about 150 m thick. Small lenticular basaltic
intrugive bodies are common in the hyaloclastites and they may be
cogenetic with the hyaloclastites, formed as offshoots from the

magma vent. The structure and composition éf this unit raises the
interesting question as to whether it was formed under subaqﬁeous or
glacial conditions. The caldera had been filled at the time of formation
of the sediments underlying unit (8), leaving little or no space for

a deep lake, It is thus unlikely that unit (8) was formed under
subaquéous conditions. Deep water would be needed to form some of the
thicker layers of this unit. It is more likely that the unit was

formed subglacially. This is supported by the cccurrence of tillite
underlying the corresponding pillow lavas and hyaloclastites cutside

the caldera. Thg volcano was thus covered by an ice cap where subglacial

eruptions occurred.

Intrusive Activity Related to the Reykjadalur Central Volcano

Intense intrusive activity took place during the latter
half of the volcano's life-span. No large intrusive bodies are exposed at
the present erosion level, except for Mt. Baula. The intrusives are
mainly dykes and cone sheets which form a circular, inclined, furnel-like
structure around the volcano. The intrusives can be divided into 3 groups.

(1) Intermediate and acid dykes cut the thick-layered series

south of the caldera rim (especially in Austurardalur). These dykes

are feeders to- the Main Phase of differentiated rocks. They have a

NE-SW trend and have suffered severe hydrothermal alter ation. It is

<



difficult to reconstruct some of these dykes because they have heen
extensively penetrated by later cone sheets. The dykes rarely exceed

10 m in thickness.

(2) Basic to acid cone sheets form a circular, inclined swarm
around the volcano. The swarm is slightly elongated from NE to SW
(Fig. 5.12). These sheets may be feeders to the Reykjadalur thin-layered
series, and to the final differentiated extrusives. The sheets tend to
follow the trend of the caldera rim, but towards the southwest théir
strike tends to change to NE-SW, which is the same trend as for the
dyke'swarm in that area {sse Chapter 9). An individual sheet does
not cover more than a few degrees of an arc.

Most of the sheets are basic and their thickness ranges from 0.25
to 4 @. The majority a?e about 0.75-1 m thick, It is difficult to
assess the age relationships between the various sheets but the fine-grained
are ushally older than the coarse-grained sheets. This may be due to
an increase in geothermal gradient as the intrusive activity progressed.
Some of the youngest sheets consist of gabbro or granophyre.

A few basic plugs occur neaxr the outer margin of the cone sheet
swarm (Fig. 5.12). Kirkjuféll in Haukadalur, which is the biggest of these
plugs (about 100 m high) consists of coarse-grained and vesicular
5asa1t, indicating a shallow depth of intrusion.

Granitic and especially gabbroic xenoliths are commenly enclosed in
the sheets. Many of the sheets are plagioclase and/or clinopyroxene phyric.
Inside the caldera the main part éf each sheet is porphyritic and only a
thin outer margin is aphyric. Outside the caldera the central parts of
the sheets are porphyritic and often vesicular, comparéd with wider,
dense and.aphyric outer margins (Fig. 5.13). The contacts between
the vesicular and porphyritic centres and the dense and aphyric
margins are rather sharp. The difference between the relative thicknesses

of the aphyric margins inside and outside the caldera may be due to
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Fig. 5.12 The average strike and dip of cone sheets. The
Reykjadalur and Laugardalur calderas are
indicated and the broken line marks the outer
limits of cone sheet occurrence; star-like
symbols are basic plugs.




73

differences in temperature of the host rock; i.e. higher inside the
caldera than outside (due to higher intrusive activity). The
sheets intruded into the country rocks ocutside the caldera would
thus tend to form thickgr margins,

The dips and -strikes of the sheets are variable and tend to
comply with the dip and strike of the surrounding country rock.
These irregularities tend to increase away from the caldera rim,
The dip decreases cutwards from the centre of the caldera, from 450 to
100 (Fig. 5.12), Theintensity distribution of the sheets depends on
the type of host rock. The sheets are most commoﬁ in the ignimbrifes
of the Main Phase of differentiated extrusives, which theyﬁﬁtmde
to a great extent (Fig. 5.3). The cone sheets tend to form thicker
sills in the ignimbrites (less than 30 m thick). The high concentration

of sheets in the ignimbrites is reflected by a big magnetic anomaly

over the areas where the ignimbrites are thickest (Fig. 2.5). The

nuﬁber of sheets is also higher in the thin-layered series, where they
often reach 20% of the rocks compared with 5-10% for the thick-layered
series. This difference is caused by the sheets intruding alcng the
boundaries bethen the flows, rather than cutting the central parts of
the flows.

Inside the caldera the sheets are accommodated in the talus-breccias
and the rhyolitic flow(s) at the bottom of the Reykjadalur; here they
form a more complex structure than outside the caldera. The oldest
sheets are fine-grained and éphyric and they tend to follow the trend
of the caldera rim. The younger sheets which are much more coarse-grained
are confined to the southern part of the caidera, forming a NW-SE trending
swarm. The swarm can be divided into 3 or 4 parallel units. The
sheets are most-intense inside each unit (up to 80%, Fig. 5.14) but drop in number

. o]
between the units. The sheets dip on average about 45 towards the

centre of the caldera, but some of the latest sheets are nearly vertical.







The lowest unit consists mosily of aphyric sheets but the topmost
unit has the highest number of perphyritic sheets, often crystal
cumulative or gabbroic in character.

3 Rhyclite cone sheets and intrusions from the final stages

of the central activity in the area. A number of arched rhyolitic
“ sheets and plugsAoccur inside and outside the caldera. These are
younger than most of the extrusive$’from the volcano. The sheets
are usually about 10-13 m thick. They display columnar jointing
(Fig.'5.15) and have a dip of about 45o towards the centre cof the
caldera; each sheet can be traced for many kilometres - much longer
than any basic sheet. The sheets are most common northeast and east
of the caldera. By. far the)piggest sheet is found at the head of
Sanddalur; it is about 100 m thick and forms an arched feature on
the caldera rim. The sheet is bordered on beth sides by basic sheets:
which>are about 2 m thick. The inner dyke dips about 500, and the
outer about 300 inward. The contact between the basic and rhyolitic
dykes is poorly exposed but seems fairly sharp. Enclosed in the
rhyolite sheet are fragments of basic material. These have fine—grainedA.
margins (= chilled?). Similar features have been described from eastern
Iceland (Blake, 1966). Blake et al. (1965) argue that composite dykes
and net-veined complexes are th; result of basic dykes transecting a
body of acid magma. Thiz heats up the acid material and mobilizes it
until thé basic magma is no longer able to pass through in the form of
a dyke, but instead forms pillows, chilled against the acid magma. The
acid magma may then rise along the centre of the basic dyke, and may
possibly reach the surface. The fragments in the central part of the
sheet described above could therefore be parts of the basic‘pillows
brought up by the rhyolitic magma.

Small pitchstone plugs occur on the caldera rim and many of these

can be traced into cone sheeis, The most impressive of these plugs is







Lambahnukur (Fig. 5.16), on the northern caldera rim, which is one
of the youngest. It is cclumnar jointed and can be traced to a
. 1-2 m thick sheet which dips about 450 inwards. In the centre of
the caldera is a rhyolitic plug which is severely affected by
hydrothermal alteration.

The Baula complex (Figs. 5.17 and 5.18) was described by
Rutten and van Bemmelen (1955) who argued that it was considerably
younger than the surrounding lava pile and was probably of early
Quaternary age. Wt, Baula itself is a pyramid-shaped body rising
about 600 m above its visible base. It consists of white-grey, vesicular,
rather éoarse—grained rhyolite, which is usually columnar jointed. At
the base of Mt, Baula, rhyolite dykes cut the intrusion and form con-
centrically inclined sheets (Fig. 5.19). These usually dip about 450
towards Baula. The intrusion arched up the lava flows on top forming
a dome~like roof similar to fhat of the Sandfell laccolith in eastern
Iceland (Hawkes and'Hawkes, 1933). The only evidence for this dome-1like
roof is found on the north side of Baula, in Maelifellsgil and on
Maelifell. The flows dip steeply outwards near the contact but the
dip decreases gradually away from the contact. The flows underlying
the intrusion seem to form a very shallow bowl, but the base of the
‘intrusion is not exposed. Inclined rhyolite sheets spread over a wide
area around Baula, with most of them dipping towards it (Fig. 5.19).
The thickest sheets are the Litla Bagla plug and the Skildingafell |
sheet, both eaét of Baula itself. On the western side of Baula, parts
of the country rocks are brecciated due to the rhyolitic sheets infruding
the contact between the intrusion and the lava pile. Field evidence
suggests that Baula is a shallow intrusion.

‘Titla Baula differs from Baula in that the volcanism reached the

surface, producing rhyolitic tephra. Litle Baula is a volcanic vent

filled with rhyolitic breccias. These incorporate blocks from the




Fig. 5.17

Geological map of the Baula complex. Yellow,
rhyolitic dykes and intrusions; pink,
intermediate and rhyolite flows of the

Main Phase of differentiated extrusives of

the Reykjadalur central volcano; light-brown,
rhyolitic vent breccias; brown, Baeli pillow
lava from the last glaciation; blank, Tertiary
flood basalt; black alluvium deposits.













surrounding basalt flows, some reaching tens of metres in width.
The rhyolitic breccias consist mainly of small rhyolitic blocks in fine
ash-like matrix. A sedimentary bed about 25 m thick occurs on the |
north side of Litla Baula. This was deposited in a valley cut into the
Tertiary lava pile. The sediment consists of light-brown clay, with
varying amounts of acid pumice and ash. The bed is laminated, and it
dips slightly towards the mountain slope, The sediment mergés with
the breccia found on the southern slope and it may thus be of similar
age to the eruption which formed the breccia. Rhyolitic dykes were
intruded into the vent towards the end of the eruption. They cut both
the breccia and the sedimentary bed. The dyke contacts consist of
perlite, which suggests rapid cooling in a subaqueous or subglacial
environment. Two basic and a few normal faults cut the Veﬁt breccias
and the sedimentary bed.

V-Further west, on Hundadalsheidi, two near-circular rhyolitic
vents are found, lined with obsidian. They are less than 20 m in

diameter and may be related to the Baula complex.

Age Relations

| A simple stratigraphic sequence is constructed in Fig. 35.20.
’It-shovs the palaeomagnetics of the various series and the age sequence
of the main events in the life of the volcano. The palaeomagnetic
polarity was measured by'a fluxgate magnetometer but due to secondary
magnetism in the rocks, caused by hydrothermal alteration, the results
are probably not reliable. K. Albertsson (Ph.D. theéis, in prep.) has
K-Ar-dated six samples from the volcanic sequence of the volcano.

The datings are listed.in Table 5.1.

The main episodes in the activity of the volcano can be dated by

combining the palaeomagnetics and the.K~Ar dates. The Main Phase of

differentiated extrusives are dated from 5.2 to 5.8 m.y. old (i.e.

Epoch 5), and the event may have lasted for a few hundred thousand
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H-24 (no. 85 ) 4,81 * 0.13 m.y.
V-1) (no. 253) 5.79 X 0.14 m.y.
M-4 (no. 170) 5.16 X 0.15 m.y
H-57 (no. 117) 4.34 £ 0.12 m.y.
H-16 (no. 79 ) - 4.43 X 0.18 m.y
B-10 (no. 10 ) 3.39 £ 0.17 m.y.

Icelandite flow.in the gorge of the Haukadalsa river, north of
Harrastadir. :

Icelandite flow from Einiberjagil in Vesturardalur. At the

bottom of the Main Phase of differentiated extrusives.

Icelandite flow from Beigaldagil in Austurardalur. Near the
top of the Main Phase of differentiated extrusiyes.

Icelandite flow from the top unit of the caldera filling, on the
eastern side of Gamalhnukar.

Olivine tholeiite flow from Svarthamar on JOrvamuli, overlying
the tillite horizon in the thin-layered series.

Baula rhyolitic intrusion,

Table 5.1 K-Ar ages of some rocks from the Reykjadalur central volcano.

The numbers in brackets refer to chemical analyses in the
Appendix. From K. Albertsson, Ph.D. thesis in prep.
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years, according to these datings. The topmost volcanics of the
caldera filling are about 4.3 to 4.4 m.y. oid (i.e. Gilbert) and the
Baula intrusion is as young as 3.4 m.y. The K-Ar date of the jcelandite
flow, in the gorge of the Haukadalsa river, is definitely far too
young because the rocks overlying the flow are as old as 5.8 m.y. The
true age of the flow may be in the rsgion of 6.5 to 7.0 m.y.

It is not known at what time the caldera collapse took place,
It is likely that it occurred after the extrusion of the Main Phase
of the differentiated rocks and that subsidence had ceased by the
time of deposition of the pillow lava and hyaloclastite horizon
in tﬁe upper part of the thin-layered sexies., 1t is more than likely
that subsidence was a gradual process, spanning thousands of years.

The glaciation, which occurred at the end of the activity of
the Reykjadalur central volcano, is dated at about 4.3-4.4 m.y., which
is coﬁsiderably earlier than the onset of the Quaternary Ice Age which
starfed about 3.0-3.1 m.y. ago (McDougall and Wensink, 1966).

The Baul;'complex is, according to the K-Ar-datings above,
considerably younger than the other volcanics related to the Reykjadalur
volcano, and it may be that Baula is related to the Snaefellsnes
volcanic zone (fracture zone) which, according to Sigurdsson {1970)a,
became active about 2.0 to 2.5 m.y. ago. The age difference, bowever,
discourages postulating such a relationship.

I1f the Baula complex is excluded, the life-span of the Reykjadalur
central volcano would have been in the region of 1.5 m.y., which is a
much longer life-span than the 0.5 to 1.0 m.y. reported for other

central volcanoes in Iceland (Saemundsson and Noll, 1974; Piper, 1971).
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CHAPIER 6:

THE HOLTAVORDUHEIDI SEDIMENTARY HORIZON AND THE SNJOF JOLL VOLCANIC SERIES

In the area east of Reykjadalur, in Holtavdrduheidi and further
east and'south from there, is a thick sedimentary horizon which is
of the same age as the tillites and the hyaloclastites around the
Reykjadalur central volcano. Unconformably on top of the sedimentary
horizon is a séries of basalt flows and hyaloclastites of Matuyama age
(Snjofjoll volcanic series).

Holtavorduheidi sedimentary horizon

This horizon rests on a group of plagioclase-phyriec flows (R-
magnetized), 20-30 m thick, and thin red beds which intercalate with
the flows. The flbws and the red beds rest on a 2 m thick layér of
rhyolitic ash which can be traced westwards where it passes inéo a
10-20 m thick sedimeﬁtary'bed, consisting of sandstone and fine
conglémerate.

Towards,thé south the Holtavorduheidi sedimentary horizon becomes
thinner and splits into 3-4 distinct horizons separated by units of
basalt flowe (see Chapter 3). The sediments were traced as far east
as the gorge of the Hrutafjardara river where the sediments disappears
qown—dip; here the horizon rests on a thick series of thin olivine
basalt flows which are part of a larger lava shield. At the head
of Nordurardalur the horizon rests on an intermediate lava flow
(N~magnetized). Towards.the west the sedimentary horizon splits into
two parts (Fig. 6.1). The lower one can be traced up the slopes of
the Reykjadalur central volcano where it passes into the tillites and
hyaloclastites described in Chapter 5; the upper one underlies the
Snjofjoll series and rests on a 100 m thick (approx.) group of thin
tholeiite flows (N-magnetized) from the Reykjadalur central volcano

(Fig. 6.1), separating it from the lower part.







There are great vertical and lateral variations in the
sedimentary horizon and interbedded with the sediments are a few
lava flows and hyaloclastites. In most parts of the horizon,
three distinct divisions can he observed:
(a) The bottom of the sedimentary horizon is nearly always a tillite/

conglomerate layer (Figs.6.2 and 6.3), whose thickness varies from

2 to 10 m. The rock fragments are angular to rounded and up to 2 m
in diameter. The layer shows very poor lamination aﬁd sometimes no
lamination at all. The matrix consists of tuff, silt or fine
grained sand. The underlying flows,lwhere exposed, have had their
rubbly tep cleared off, but their surface has not been polished.
This layer has been traced westwards and is probably the same as the
- tillite just outside the caldera rim of the Reykjadalur central

volcano,

(b) Basic and intermediate hyaloclastites, pillow lavas and

irregularly columnar jointed flows (entablature type, N-magnetized)

overlie the tillite/conglomerate layer. The thickness varies
laterally from a few metres tq over 50 m, A single lava flow may
change from hyaloclastite/pillow lava type through entablature type,
suggésting an agueous environment buﬁ not a deep lake, to ordinary
subaerial flow. The intermediate flows have their origin nearby in
the Reykjadalur central volcano; of wﬁich they constitute one of the

lateral units.

(¢c) The bulk of the sedimentary horizon consists of sandstone, fine

grained conglomerate, and in some places clay and siltstone occur.

The sandstone, which forms the main part of this unit, is usually
crosshedded and ripple-marks are very common. The thickness of the
unit varies from 50 to 150 m or even more. The conglomerates contain

boulders of various sizes (Fig, 6.4), embedded in a silty or sandy









matrix. The boulders are rounded and suggest transport by water.
Interbedded with the sand;tone arc siltstone and numerous seams of
lignite (up to 1 m thick) accompanied with three trunks; leaf
impressions are common in the sandstone and siltstone., In the
gullies at the head of Nordurardalur, thin layers of rhyolitic ash
and diatomite are present and_an igninbrite layer was found in the
innermost part of Thverarhlid (5-10 m thick).

Tr..Einarsson (1962) described part of these sediments and the
interbedded flows and suggested a relatively young age for thenmn,

i.e. later Pliocene or early Pleistocene. Pflug (1959) has

analysed lignite material from this horizon and found a "cool" flora
with conifers, similar to that of Breidavik in Tjornes. Einarsson
(1962), however, points out that while the Breidavik flora refers

te low ground, the flora of Holtavorduheidi could refer to much
highef elevation, in which case its cool character is not necessarily
an indicafion of recent age.

The HoOltavorduheidi sedimentary horizon is in many aspects
similar-to the sands of the outwash-plains in southern Iceland today.
1t must be concluded that at the early stage of the formation of the
sediments, a glacier was present on top of the Reykjadalur central
Qolcano and covered at least the area east to the gorge of Hrutafjardara
and the innermost_part of Thverarhlid. Subglacial and/or subaquatic
eruptions took place in the area, especially at the early stages.

The volcanic activity was greatest in the Reykjadalur central volcano,
where mountains of hyaloclastites were formed ﬁnderneath the glacier.
These loose materials were easily eroded and transported by glaciers
and streaﬁs; the material was then deposited on the outwash-plain,
probably after thebglaciers had been reduced in size and were only
confined to the high ground around fhe volcano.

The rivers constantly dug channels into the outwash-plain, along




which lava flows found their way. This is common in the upper

part of the suqéession where compound lava flows (R-magnetized)
flowed along some of -these channels, These flows have their

origin in the area north of Snjofjoll, where they have a much greater
extent.

The sedimentary horizon was covered by younger rocks of
which we have ‘little or no traces left, due to severe erosion during
the early part of the Quaternary glaciatiog until the formation of
the Snjofjoll series.

There is a marked difference in the intensity of normal
faults between the underlying strata and the strata on top of the
sediments, suggesting a lower rate of faulting after the sediments
had been laid down. The Snjofjoll series rests unconformably on
top of the sediments in the area at the head of Nordurardalur; in
the ndrthern part of Thverarhlid, Tertiary lava flows lie unconform-
ably on top of the sediments, but further south the unconformity
graduall§ diéappears. The sedimentary horizon thus represents a
discontinuity in the volcanic production of the area. The length of
this break is difficult to assess but the age difference between the
underlying and the overlying volcanic series becomes greater towards
' £ﬁe north. The volcanic activity did however, not cease altoéether
in the area. Later, a few basaltic plugs intruded the sediments.

The proposed glaciation, represented by the tillite near the’
base of the sediments, took place about 4.3-4.4 m,y.'ago, which is consider-
ably older than the oldest previously described of 3.1 m.y. (McDougall
and Wensink, 1966; Saemundsson and Noll, 1974).

The Snjofjoll volcanic series

In the Snjofjdll area a late Quaternary volcanic series rests

unconformably on top of the Holtavorduheidi sedimentary horizon. The
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thickness of the series is about 350 m but the topmost part has
been removed thfough glacial erosion, The series consists of
olivine-rich subaerial lava flows, and hyaloclastites and pillow
lavas formed under glacial conditions (Fig. 6.5). The hyaloclastites
usually rest on tillites which in turn overlie a polished surface
of the lava flows below.

The flows in the lower half of.the series are rather thick
and have a rubbly top, and red beds occur interbedded with them.
On top Qf the platform soutﬂ of Trdllakirkja, a 5-10 m tﬁick sediment
occurs, which consists of conglomerate and sandstone; it is poorly
exposed'and could possibly be of glécial origin, Higher up in the
pile the lavas are overlain by a tiilite, hyaloclastite, and pillow
lava (Fig. 6.6)., The tillite is reddish in colouf and rests on a
polished surface of the underlying flow (Figf 6.7), and is usually
leés fhan 1 m thick., On top of the tiliite lies a‘subglacial facies
of the basaltic volcanism, with a pillow lava at the bottom and a
hyaloclastité-breccia above. The thickness of the horizon varies
from 20 m in the southern part of the area to 100 m in the northern
part (Fig. 6.6). On top of the glacial horizon rests a 100-130 m - |
thick sequence of basalt flows which have buried the uneven topography
’ éf the hyaloclastites. At the top of Trdllakirkja is the second
tillite horizon above which are; agaiﬁ, hyaloclastite and pillow lava,.

Normal faults, striking N-S, cut through the whole succession
and are therefore younger than the pile. One basalt dyke (with N-S
direction) was found near the top 6f Trallakirkja, cutting through
the topmost hyaloclastite,

The palaeomagnetics of the lava flows and the hyaloclastites
are shown on Fig, 6.5; the lower part is R-magnetized and the upper

part is N-magnetized but the dyke at the top of the series is N-
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magnetized, K. Albertsson (Ph.DT thesis .in prep.) has made a K-Ar
dating of two samples from the lower hyaloclastite/pillow lava
horizon and from the overlying lava flow (Iig. 6.5). Preliminary
values give an age of 1,09 * 0.07 m.y. and 1.63 X 0.07 m.y., which
is upper Matuyama.

The datings indicate that the normally magnetized sequence either
correlates with the Jaramillowlor with the Gilsa event of the Mé@yama
epoch. A correlation with the Gilsa event is tentatively favoured
because this long normal event is in better ggreement with a
sequence exceeding 150 m in thickness.

The Snjofitll series must have been a part of a much bigger lava
pile, formed during the latter half of the Matuyama epoch. _Inter—
glacial lava flows arevfound scattered over wide areas in northern
and'nprthwestern Iceland (Kjartansson, 1965), resting unconformably
on top of the Tertiary lava pile. Some of these interglacial flows
have been dated (Everts et _al., 1972) and they are of middle or late
Matuyama age. This suggests that at the end of the Matuyama epoch,
the main part of the area from Snjofj6ll to Hofsjokull in central
Iceland, north to the valleys of Hunafloi and possibly all the way
to the coast, was coyered by young lava flows and hyaloclastites,
Qesting unconformably on top of the Teftiary pile..

The tectonic framework within which this series originated is
obscure because its position does not cénfbrm with the present pattern
of the active volcanic zones., One possible explanation is that the
volcanism in the Snjofjéll area developed on a transverse zone across ’
central Iceland, continuing into the Snaefellsnes peninsula. The
young volcanism there started about this time, after a lapse in the
volcanic activity and a considerable early Quaternary erosion

(Sigurdsson, 1970a).




CHAPTER 7:

THE LAUGARDALUR CENTRAL VOLCANO

The Laugardalur central volcano, ldcated about 5 km west of
~ the Reykjadalur central volcano (Fig. 2.3), was visited during a
three aays reconnaissance. The western part of the volcano is
still completely unknown and the eastern part was mapped roughly.
Based on this reconnaissance, an outline history of tﬂe volcano
could, however; be established.

The eastern part of the volcano exposes a caldera and its
filling, but no activity, prior to the caldera collapse, has been
identified as part of the volcano. The caldera, which is about 10
km in diameter, is fiiled with sediments, intermediate lava flows
and basic intrusions (Fig. 7.1). Stratigrabhically the volcano can
be divided into six groups:-

(1) The caldera floor consists of thin tholeiite and plagioclase-

phyric flows, which are not separable from the upper part of the
Reykjadalur thin—iayered flank succession. The regional dip outside
the caldera is 3—40 towards the north and northeast, but the dip
changes across the caldera rim to about 250 into the caldera. The
‘caldera rim is expressed as a tectonic flexure, on the eastern and
southern side of the volcano (Fig. &.2). Circular faults are preseﬁt
but fhe down~-warping has been very gentle with little or no vertical
displacement. The caldera rim on the northern side is, however,
different and the underlying series have'been cut by arcuate faults
and differentiated cone sheets. |

(2) The oldest rock exposed inside the caldera is a green ignimbrite,
at the mouth of Fotadalur. It contains numerous xenoliths, both

granophyric and basic. The lateral extent of this layer is not

known.
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Fig, 7.1 A schematic N-S section through the Laugardalur central

voleano. Note how the intermediate lava flows originate

from the top of the cone sheet,
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(3) The central and southern part of the caldera is occupied by

a prominent sedimentary bed, which overlies the caldera floor. In

a few places near the centre of the caldera, a coarse conglomerate

is found which belongs to this group. The boulders may reach

5-10 m in size and the matrix is tuffaceous. Mingled with the
boulders are pieces of rock with chilled margins, cleérly from
pillow-like bodies. The main part of the sedimentary bed consists

of a layered siltstone and 'sandstone, but a fine-grained conglomerate
is present in places. The present exposed thickness is about 100 m

but overlying the bed is a gabbro intrusion which might have

replaced part of the sediments (Fig. 7.3).

(4) Intermediate lava flows overlie the sediments. These are
particularly prominent opposite Fotadalur, where they are at léast
200 m thick, and are capped by a gabbro intrusion. Mixed with the
lava flowé are basic and intermediate hyaloclastites. The lava
flows themselves have ponded into a lake, and they form sausage-like
bodies (4-10 m thick) separated by brecéias'of the same lava flow,
(5) Some of the intermediate flows probably have their origin in
some of the huge cone sggggg (predominantly pitchstone sheets)
encircling the eastern and northern caldera rim. The cone sheets,
thch are intermediate to rhyolitic in composition are thick, often
100 m, and each sheet is formed by means of multiple injection of
magma during an-eruption. Near the top of Hestur, one of the cone
sheets displays a Horizontal banding, which could probably be caused
by the magma flowing horizontally from a vent down into the caldera
lake (Fig. 7.1). Granophyric xenoliths can be found enclosed in the
céne sheets and also in the intermediate flows.

(6) A basic magma was intruded into the father loose caldera filling

and formed a laccolith-type gabbro intrusion. The intrusion is at

LD

(e






least 200 m thick. The main host rock for the intrusion is the
sediment, but it has also intruded the intermediate flows. The

. o
laccolith dips 2-3 towards the northeast.

The age of this volcano relative to the Reykjadalur central
volcano is obscure, although it seems to be slightly younger. The
thin tholeiite flows, forming the floor of the caldera, are normally
magnetized and belong probably to Epoch 5. A negative magnetic
anomaly has been detected over the volcano (Fig. 2.5)-which most
likely is caused by a reversely magnetized intrusion, probably the
one exposed inside the caldera. These supposed reversely magnetized
rocks.would presumably belong to the lower part of the Gilbert epoch
(less than 5 m.y.).

No basic intrusions other than the gabbrdic laccolith are
’ present in or around the caldera, apart from a few dykes, most of
which are younger than the volcano. The lack of such is reflected
also in the completé absence of a high grade metamorphic aureole but,
instead, an undisturbed zeolitic zonal assemblage.

However, minor changes occur in the gravity field over the
volcano (Fig! 2.4).

The mechanism cf the caldera collapse is also quite different
from that of the Reykjadalur caldera. The northern part of the
caldera collapsed along a clearcut fault, Debris from thé fault walis
accumulated on the bottom of the depréssion. At the same time the
southern part of the caldera foundered along a curved flexure,
indicated by a change in dip of the lavas across the rim,

Water accumulated in the depression, forming a caldera lake where
subsequent subaqueous eruptions took place and into which lavas from

the surréundings ponded and were partly brecciated upon contact with

the water.
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Erosion also took place in the areas outside the caldera and
the material was subsequently transported by means of water into
the caldera, forming the sediment. The sediment fans filled
mainly the southern part of the caldera, probably because of a
higher topography south of the caldera at the time of its formation.
The caldera then gradually filled with sediment and lavas and in the
énd was buried altogether by lava flows, probably followed by the
intrusion of the gabbro. |

The magmatic processes that lad to the Laugardalur caldera
collapse are unknown, One might speculéte that this collapse caldera
was a parasite to the Reykjadalur central volcano, or perhaps the

central activity shifted slightly westward at the time of decreasing

activity in the Reykjadalur area.
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CHAPTER 8:

LATE QUATERNARY AND RECENT VOLCANISM

Volcanic activity was revived in the south-western part of the
research area in late Quaternary times. The activity is part of the
volcanic zone or Snaefellsnes fracture zone which started in the
outer parts of the Snaefellsnes peninsula in early Matuyama (Sigurdsson,
1970a) an& stretched from there inland to join the main rifting
zone near Langjokull (see Chapter 10, Fig. 10.6). The central part
of the'zone soon faded out and the main activity in late Quaternar;
times has taken blace in the outer parts of the Snaefellsnes peninsula,
decreasing south-eastwards and disappearing altogether east of
Nordurardalur. The extent of this volcanism is shown on the
geological map of mid-western Iceland (Kjart;nsson, 1968). Four
formations belonging to this group occur in thelresearch area (Fig. 8.1)

and a few more in Langavatnsdalur:--

1. Baeli in Nordurardalur has been described by Jonsson (1964). It

is a heap of pillow lava and pillow breccia, about 1 km long and 0.5 km
wide. In the centre of the heap, a dyke-like body occurs running
east-west. The eruption took place beneath a glacier during the

latter half of the last glaciation,

2. Grabok lava field is a Recent but prehistoric lava flow in

Nordurardalur. The eruption took place through three craters on a
fissure stretching NW-SE. The flow is about 6.795 km2 and it dammed

the Nordura river and a lake nearly 15 km long was formed behind it.

The river later cut its way through the lava and thé lake was drained,
leaving behind a flat plain of lake deposits. A C14 dating of organic
material underlying the flow gives an age of 3700+120 years (Schwarzbach,
1956) but according to the same reference the dating is not particularly

reliable and it argues that the eruption occurred between 1100 and 3700

years ago. -






3. Vikrafell is a 150 m high, WNW-ESE stretching ridge on top of the
mountain range wést of Lake Hfédavatn in Nordurardalur. The base

of the formation consists.of pillow lava and pillow breccia covered
by hyaloclastite. In a depression west of the easternmost peak,

a heap of pillows from the very end of the eruption occurs. The
eruption took place beneath a glacier, probably near the end of

the last glaciation.

4, Stadarhnukur rises about 200 m above its surroundings and ccnsists

of lower pillow lava and pillow breccia, and upper hyaloclastite,

covered with subaerial lava flow of the same eruption (i.e. Table mountain).
On the northern edge of the mountain a WNW-ESE stretching,dyke~line-
feature, abbut 2.5 km long, occurs., The eruption most likely occurred

at the end of the last glaciation. Nearly ail the volcanic products

are accumulated on the southern, leeside of the dyke, because the

glaciér covering the area at that time moved southwards, preventing

the volcanics from spreading northwards.

The Recent volcanism outside the domain of the Snaefellsnesjokull
central volcano took place along two parallel fault zones (Sigurdsson,
1970b) and the formations in the research area belong tc the more
northerly zone. The activity on the Snaefellsnes peninsula since
the end of the last glaciation has been small comp;redkwith the activity
in the main rifting zones in Iceland (Jakobsson, 1972). The last
eruption took place around the year S00 BP (Eldborg in Myrar; Askelsson,
1955). It seems that the activity is periodic and tﬁat the last main
oufburst of activity occurred about 2000-3000 yearsrago whén many
eruptions occurred in the Hnappadalur area (Th. Einarsson, 1970) and
once occurred in Nordurardalur, but C14 datings are not available from

other areas on the Snaefellsnes peninsula.



The so-called Snaefellsnes fracture zone has been explained
as the result of a different rate of spreading hetween north and
south Iceland (Sigurdsson, 1970b), caused by only one rifting zone

in northern Iceland compared with two in southern Iceland.
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