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ABSTRACT.

This thesis is an account of an investigation dinto
the structure, petrology and mineralogy of a small Tertiary
intrusive centre in the Vididalur-Vatnsdalur area near the north
coast of Iceland., The area concerned lies in the Tertiary area
west of the neovolcanic zone.

In upper Tertiary times the extrusion of flood basalts
in the area studied was locally interrupted by the building of
-a central volcano characterized by distinctive basalts, andesites
and pyroclastics, some of which interfingered with contemporane-
ously extruded flood basalts. The first episode of this
central volcanic activity, of which only the top is seen in the
area studied, was»subsequently buried by the transgressing
flood baéalts, and slow downsagging occurred in parts of the
area along the prevailing north to nor£h-northeast fracture
system. A second central volcanic episode produced basalt,
andesite and rhyolite extrusions and some pyroclastics in the
northeastern part of the area following the flood transgression.,
Injection of thin basic dykes proceeded parallel to the two
phases of central activity and continued during a final episode
in whiéh thin pale.grey basalts similar to the Lower Pleistocene
to Recent flows elsewhere in Iceland were extruded on to the
irregular central volcano land surface,

Two phases of intrusive activity proceeded parallel to

the extrusive actlvity, the older rniore deeyly eroded First Phase

products being emplaced in the time interval during which the
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older flood basalts buried the newly extruded earlier central
volcano lavas. A consecutive Second Phase of intrusive
activity proceeded simultaneously with the second céntral
volcanic episode and its less deeply eroded products show
many similarities to the contemporaneous extrusions. These
First and Second Phase intrusions are probably the upper
apophyses of larger bodies concealed at depth.

The intrusions which form the main part of the study
are concentrated about an intrusive/extrusive centre in
northern Vididalsfjall, and consist of coarse~ and fine-grained
basic to acid series, ranging in the First Phase from olivine-
eucrites (bytownite cumulates) through gabbros (labradorite
cumulates), hybrid diorite and intermediate-~acid hybrid types
to acid granophyres.

The First Phase was initiated by the intrusion of the
eucrites and a dense swarm of tholeiitic cone-sheets centred
oﬁ a focus about 5 km below northern Vvididalsfjall.
Commingling of thé simultaneously available diorite and
granophyre magma later in the First Phase resulted in the
‘formation of small volumes of acid-intermediate hybrid rocks.
The Second Phase intrusive activity is expressed as small
high-level intrusions and began with a new supply of olivine-
tholeilte magmas which was injected along éone-fractures to
form a late set of high=level cone-sheets centred on a focus

about 2 km below northern Vididalsfjall. - Cogenetic bytownite

cumulates were emplaced as small high-level intrusions, but



coarse-grained rocks and acid rocks of Second Phase age are
rare in the area studied.

A broad aureole of hydrothermally altered rocks surrounds
northern Vididalsfjall and smaller alteration zones surround
other smaller regions cut by vents and intrusions: these
altered and injected zones are taken to represent the eruptive
channels at the core of the Vididalur~Vatnsdalur volcano.

The intrusive rocks are all plagioclase-pyroxene-ore
assemblages with or without olivine, alkali feldspar and quartz,
and the First Phase types show a gradation from basic rocks
. bearing calcic plagioclase and magnesian augite to acid rocks
containing sodic plagioclase anorthoclase and ferrian augite.
The Second Phase rocks show broad petrographic similarity to
those of the First Phase but coarse-grained intermediate and
acid types are not found, and the basic rocks are riclier in
olivine than corresponding First Phase types.

All the rocks examined show textural and mineralogical
evidence of a high degree of fractionation and rapid final
cooling at high crustal levels; the plagioclase of phenocryst
rims and groundmasses 1is in a high-temperature structural
state, the calqium—riqh pyroxenes have immature exsolution
textures, the olivines are‘étrongly zoned and interstitial
glassy or sa;ic material is abunggnt. Many of the acid minor
intrusions contain tridymite paramo;phed by quartz.

Chemical analyses of 14 Vididalur-Vatnsdalur rocks

show that they are low in alumina, combined alkalis and
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magnesia, and are relatively rich in iron, aﬁd titania, as are
other Tertiary Icelandic tholeiites, with soda present in
greater quantity than potash. The analyses of these basié
intermediate and acid rocks fit on the iron-enriched trend
for tholeiites (chkolds and Allen, 1956) which suggests that
the First and Second Phase sequences may have originated by
.continuous fractiomation of basic tholeiitic naterial. How=
ever there is little direct evidenée of a tholeiite fractionat-
ion origin for the Firét Phase granitic acid rocks, and the
presence of a few small veins of remelted acid material at
somé localities casts doubt on a fractionation origin for these

granophyres and granites of the Vididalur-Vatnsdalur area.
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INTRODUCTION AND PREVIQOUS RESEARCH

The area studied in this work lies in the Hﬁnavatnss&sla
district of Iceland and is situated 4-6 km south of the
H&nafjgrdur north coast between>the Northwest Peninsula and the
central neovolcanic zone (see inset on Map 1, inside back cover).
The general geology of Iceland has been described by numerous
authors (for instance Ir. Einarsson, 1960; Walker, 1964%a.) and
will not be recapitulated here; the maln features of the geology
of Iceland are shown in the inset on Map 1.

In recent years it has become clear that the geological
structure of the part of Iceland west of the central neovolcanic
zone is more complex than was previously realized. There are
three main elements to this complexity. First, it is now known
that the flood basalt flows in western Iceland dip in amounts and
directions inconsistent with the original widely accepted model
of Tertiary basalts dipping more or less uniformly inwards towards
the neovolcanic zone (Tr. Einarsson, 1965; Sigurdsson, 1967a);
Einarsson (op. cit.) points out that only 30 per cent of the
Tertiary basalt lavas in western Iceland dip towards the neo-
volcanic zone. Some gentle folding is seen in this part of the
lava pile and this is particularly noticeable in Snaefellsnes and

near Bdrgarnes (Tr. Einarsson, 1960; Th, Einarsson, 1967;

: Saemundséon, 1967a; Sigurdsson 1967a.) This folding 1s believed



2e

to have been more or less continuous since the beginning of
Tertiary volcanic activity in Iceland (Th. Einarsson, op. cit,
p. 179).

The second element is the presence in the Tertiary lava pile
of central strato-volcanoeé which interfinger with'and are often
buried by contemporaneous flood extrusions. Distinctive basalt,
andesite and rhyolite lava flows, and considerable accumulations
of fragmental rocks are assoclated with these volcanoes, which
lie af the centre of broad aureoles of hydrothermally altered
-rocks bearing epidote, thofite, calcite and pyrite (Walker,
1966a). Volcanoes of this type were first mapped in detail at
Breiddalur in eastern Iceland by Walker (1963), and their cores
are intruded by dense swarms of basic dykes and minor intrusions
in similar fashion to the Hebridean Tertiary volcanoes of Mull
and Skye (Bailey et al., 1923; Harker, 1904; Anderson and Dunham,
1966). Other volcanoes of this type were mapped in eastern Ice-
land at Thingmﬁli (Carmichael, 1964) and Reydarfjgrdur (Gibson et
al., 1966) and it was estimated that at least 12 such volcanoes
existed in eastern Iceland and that there were probably many more
in other parts of Iceland (Walker, 1963). |

Sigurdsson (1966a) described a central volcano from the
Setberg area of Snaefellsnes in western Iceland; this volcano
began to form in Tertiary times and was lafer intruded by a dense

swarm of centrally inclined cone-sheets. In a later paper, the



Abnormal dips, central volcanism and large basic acid
intrusions are all seen in the Vididalur-Vatnsdalur area. This
area 1is dominated by two northnorthﬁest-trending mountain ridges,
Vididalsfjall and Vatnsdalsfjall, which rise to naximum heights
of 1000 m above sea level (see Figs. 1 and 2). These ridges are
separated by two glaclal valleys carved in Tertiary basalts and
floored with alluvium and glacial drift, Vididalur and Vatnsdalur.
Broad meandering rivers, the Vididalsa and Vatnsdalsét flow
northwards along these valleys. |

Lxposures are genefally good in the steep walls of
Vatnsdalsfjall and Vididalsfjall, and in the Gilja and Gljifura
stream beds, but peat and glacial drift obscure much of the
ground on the broad moors which surround Vididalsfjall. Alluvium

covers the bed rock in the low-lying river valleys of the
1 t .
Vididalsa and the Vatnsdalsa.

Previous Research (a) Geolosy

Little recent work has been qarried out in the Vididalur-
Vatnsdalur area previous to the present study, but the preSence
of rhyolitic bodies in the northern parts of Vididalsfjall and
Vatnsdalsfjall was recorded by Thoroddsen (1906) in the first
geological map of Iceland and its accompanying memoir. .

. |
Subsequent work was carried out by Jakob H. Lindal of Laekjamét

* : '
The Icelandic termination "-a" signifies "river"
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View of Vididalsfjall, looking eastwards from Steinsvad, and showing the main peaks;

A - Asmundarnupur (665m); R - Raudkollur (749m); U - Urdarfell (643m); S - Sandfell
(777m); K - Krossdalskdla (971m); H - Hrossakambur (993m); As - Asgeirsdrhlass (390m).
The central zone of the intrusive complex forms the northern tip of Vididalsfjall to

the left of the gully between Urdarfell and Sandfell. ©South of this point the lavas
show steep southerly dips on Krossdalskula. The lavas,at the top of the lava pile on
Hrossakambur have gentle southerly dips, and those on Asgeirsarhliass dip steeply to

the southwest.

-

Vatnsdalsfjall is seen as the far skyline. .
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View of Vatnsdalsfjall, looking northeast
main features are shown in Fig. 2b.

across Vatnsdalur

from Fell; the

oN



Fig. 2b. Line drawing based on Fig. 2a. The position of the Hjallaland-Hvammur trou;

(shaded) is outlined by the outcrops of the two flow groups BFB and TFB and
the Hvammur tuff (HVT); the trough is occupied by the Hjallin tholeiite
lens (HL), and Thin Flow Group (TFG) tholeiite lavas outcrop in the stream
near EyjBlfsstadir (E). The outcrop of coarse boulder beds on the eastern
lip of the trough is shown by stipple, and a dotted line indicates the
approximate base of the thin pale grey basalts capping J8rundarfell (J).
Other symbols: A - Axa8xl; B - Breid; H - Hvammur; K - Kornsa.

o
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‘Iable 1

SEISMIC REFRACTION DATA FOR THE UPPER PART OF THE CRUST IN ICELAND

(After Palmason, 1963, 1967)

P-velocity
Depth of layer (km/sec) Depth of
base below sea layer base |Approximate
Layer| level in Typical Vatnsdalur | below sea |Lithology
Northern Iceland | Icelandic | values level in
values Vatnsdalur
0 A few hundred 2.82 Quaternary volcaniec
‘ metres rocks
1 0.9 km 4,16 Tertiary flood
‘ : , : basalts
3.7 0.6 km
2 2,0-4.0 km 5.06 Tertiary flood
' basalts and large
basic and acid
intrusions
3 6.32 6.20 Probably similar to
' Layers 1 and 2
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~ Vididalur, who in the years between 1920 and 1944+ noted the
occurrence of Tertiary plant fossils in southern Vididalur at
Bakkabrﬁnir (Lindal, 1939) and discussed numerous features
of the local structural and stratigraphic geology in a ééries
of diaries and articles (Lindal, 1964, ed. Thorérinsson).

Van Bemmelen and Rutten (1955) mention a metamorphosed
Tertiary basalt from northerh Vatnsdalsfjall which bears
secondary quartz; they record the.presence in the upperﬁost
levels of the lava pile of Older Pleistocene basalt floWs wnich
they term the Laxérdalur Series and equate with the Graue
Stufe (or Pale Grey Basalts) of Pjetursson (1910) (van
Bemmelen and Rutten, op. cit. Fig. 37).

Tr. Einarsson (1962) described sections in the yoﬁnger
basalt lavas of the area between Bakkabr&nir and Borgarvirki
in Vididalur and also the part of Vatnsdalur south of the
area; he concluded that these lavas are of Lower Pleistocens
age as a result of palaeomagnetic and stratigraphic studies.

In addition he refers to a group of Young Plateau Basalté
containing moraihe—like conglomérates Whicﬁ appears to ’
repreSent the Laxérdalur‘Group of van Bemmeien énd Rutten (195%).

Thé Vididéiur-Vétﬁsdalur area is represented on the
geological map of Iceland (Kjartanssdn; 1960) as being built of
'Tertiary basalts, and the pqsition of the acid bodies'iﬁ' -
nbrfhern Vatnsdalsfjall and at Raudkollur is showh;'the
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presence of younger lavas in the south of the area and along
1. : s

the Bjorg-Borgarvirki ridge is also shown, but the indicated

extent of young basalt flows at Borgarvirki is rather greater

than their actual extent (see Map 1).

(b) Geonhysics

A considerable amount of geophysical work has been carried
out in the Vididalur-Vatnsdalur area and the réoults reveal
interesting anomalies in the crustal structure of the area.

The results of seismic work by Pélmason (1963, 1967) are given
in Table 1 to illustrate the nature of these anomalies in-
comparison with the properties of the upper part of the "typical"
Icelandi¢ - crust. These results show that thelupper Icelandic
crust can be divided into four layers of dlfferent P-velocity to
which an approximate lithology can be assigned; (Palmason, 1967,
pp. 75-77). -

The top of Layer 3 lies relatively close to the surface in
the Vididalur-Vatnsdalur area, being 1l.5-2.% km below sea levely
the range of correSponding levels in othef parts of Ioéland being
about 1.1-%.9 km (Pélméson, 1967, Fig 3). The exact 1nterore;
tation of LaYer 3 is still uncertain, but lt is believed to be
approximately similar in lithology to Layer 2, which outecrops

at the surface in the Hornafjordur area of southeastern Iceland;

large basic and acid intrusions as well as flood basalts outcrop
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in this area. At one point near Hvammur iﬁ Vatnsdalur Layer 3
was found to lie only 0.6 km below sea-level (Pélmason, 1963);
a large fine-grained tholeiite intrusion (the Hjalliqiens)
outcrops in this part of the area, and the densest part found
of the basic dyke swarm also passes close to this point.

The nature of Layer 3 has been variously interpreted, and
it may represent a zone of alteration of fhe country-rock
basalts or alternatively a stratigraphic unit (Pélmason, 1967,
ppe 75-77). TIr. Einarsson (1965) suggests that the selsmic
boundaries may be related to zeolite zones or zones of higher
temperature infillings in the lava pile, and Sigurdsson (1967b,
pp. 38-39) points out that Layer 3 may represent hydrothermally
altered material in the vieinity of a central volcano, as it
lies only 1.5 km below sea level near the Setberg central
volcono in Snaefellsnes. Palmason (1967, p. 70) gives arguments
in favour of a stratigraphic interpretation of the seismic
boundaries, and finds that the P—veloéities for Layer 3 "fall
into two groups with average values of 6.19 km/sec and 6.48
km/sec which show "an apparent geographical division into‘areas
where either the lower or the higher value prevails". In addition
Pélmason notes that '"the lower (velocity) value is close to |
that which is commonlyhfound in the upper part of the continental ;
crust, while the higher value 1s closer to the value for the
main oceanic layer'(op. cit., p. 76). The distribution of
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Pélmason's low-velocity Layer 3 localities (op. cit., Fig. %)
was éhecked against the locations of thé known central volcanoes
of Iceland (Sigurdsson, 1967b., Fig 2) to see if any correlation
exlsted between low-velocity Layer 3 localities and the local
concentrations of acid 6r hydfothermally altered material found
in the vieinity of such volcanoes; only 11l out of a total of

42 volcénoes were found to lie above low velocity Layer 3 |
material, and this is not a sufficiently firm correlation to
indicate a definite link between these phenomena., Bodvarsson
and Walker (1964, p.296) conclude that the "available seismic
data are nottindicative of any major fused iayers or larger
fused stocks under Iceland".

Other‘geophysical studies have revealed the presence of
positive magnétic anomalies in the Vididalur-Vatnsdalur area
(Tr. Einarsson, 1967, Fig. 11, p. 137) and these may pass
through a possible Pleistocenevolcanic centre in ngrg,
Vididalur;.other marked magnetic anomalies pass through the

established recent volcanic zones of Iceland.

Professor Trausti Einarsson and the late Dr. Thémas

Tryggvason, informed the writer of the presence of rhyolite and

gabbro bodies in the north part of the Vididalur-Vatnsdalur
area, and in 1965 Dr. Gudmundur L. Sigvaldason of the University
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1
Research Institute, Reykjavik, kindly invited the writer to
make a detailed study of the area. The present study is the
result of 7 months of field work divided between the summers

Of 1965'67-

FORM OF THE WORK

The geology'of the Vididalur-Vatnsdalur country rock is
described in Chapter 1. The first half of this chapter deals
with the field characters and stratigraphy of the laﬁa pile
and the second half with the main structural features of the
area, such as fractures, vertical movements and the basic
dyke-swarm. The work is primarily concerned with the intrusions
of the area, and their field characters, structures, and
relationships are described in Chepter 2,“their petrography in
Chapter 3, and their mineralogy in Chapter 4. The major
element chemistry of the main intrusive rock types is described
in Chapter 5 znd the petrogenesis of these.roék types is
discussed at this point. A final section summarizes the main

conclusions of the work.

3

|

{




CHAPTER 1

FIELD CHARACTERS, STRATIGRAPHY AND STRUCTURE
OF THE VIDIDALUR-VATNSDALUR COUNTRY ROCK |
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l-1 GENERAL FIELD AND TEXTURAL CHARACTERISTICS OF THE

VATNSDALUR LAVAS AND FRAGMENTAL ROCKS

The main field characteristics of Icelandic Tertiary lavas
have been described by Peacock (1924), Walker (1959, 1960, 1963),
Carmichael (1964), and Gibson et al., (1966), and the
Vididalur-Vatnsdalur lavas are similar to rocks described by
these authors. Seven main lava types were distinguished in
the area together with several types of fragmental horizons,
and selected examples of these were studied in thin section to.
ensure correct identification of the various types in the field.
These types, and their abundances in approximate percentage

thickness of the total lava pile (as represented on Chart 1)

are:-
Tholelite lavas 4.8
Olivine-tholeiite lavas 6.9
Feldsparphyric basalt lavas 7.8
Thin pale grey basalt lavas 23.3
Kubbaberg basalt lavas 2.k
Andesite lavas | 10.1
Rhyolite'lavas 2.0

Fragmental rocks and detrital beds 2.7
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1. THOLEIITES Thickness range 1.8-31.0 m. (Average thickness
| of 122 flowst 7.9 m) |

These flows are typically of fine-grained rock, showing
crude prismatic or blocky Jointing and often have a faint
planar parting parallel to the contacts. The weathered surface
of the flows is grey to medium-dark brown in colour and
spheroidal weathering is rare. Vesicles in these flows are
often angular in section and are most abundant in the
scoriaceous tops of the flows. Scattered vesicles were found
in the main compact parts of the flows, but are only abundant
in the thinnest flows. ©Small scattered plagiociase micro-
phenocrysts up to 5 mm long may be present in some flows.

In thin section the tholeiites are fine-grained intersertal
fabrics of small plagioclase laths, often arranged in parallel
flow trains, together with pale brown}clinopYroxene and opaque
ore granules. Occasional streaks of yellow-brown intefstitial
glass may be present in the flow planes, but this glass is |
usuaily confined to the smallest final gaps in the crystal mesh.

’ Small glomeroporphyritic clusters of plagioclase, augite
and ore of gabbroic grain size are present in some flows, but
olivine appears to be extremely rare either as phenocrysts or

groundmass. Many of the plagioclases'in these larger crystal

clusters contain inclusions of pyroxene and ore, and may be
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xenocrystal, by analogy with similar plagioclase crystals believed

to be xenocrystal in the Thingm&li lavas (Carmichael, 1964).
Within the zone of hydrothermal alteration these flows

develop a crude fissility parallel to the contacts, and the tops

are altered to a pale green colour and are often infilled with

platy carbonate crystals, as can be seen in the Thin Flow

Group in the Eijlfsstadir stream and fhe Gljﬁfuré outcrops.

'With more intense alteration, the compact lower parts of the

flows also acquire a pale green colour and small yellow prisms

of epidote are seen within vesicles, as in the Englfsstadir

stream.

2, OLIVINE THOLEIITES Thickness range 0.9-15.0 m. (Average
| thickness of 73 flows: %.7 m)

These flows are typically coarser-grained than the thol-

. elites and show crude blocky jointing. Flow structures were

not usually seen in these rocks, but a few flows on the west of
Krossdalskula showed a "swirly" banding parallel to the contactsy
this was not investigated in detail. The ﬁeathered surfaces of
flows are often black, with a pustﬁlar or pimply appearance due
to ophitic intergrowths of plagioclase and black pyroxenej; these
rocks are usually more susceptible to weathering than tholeiites

and often show crumbly surface texture and spheroidal weathering.
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Narrow veins or schlieren of pegmatitic material with dolerite
grain size were found in the steeply inclined flows at Hvammur,
and these are similar to the veins described from the Reydarf-
jordur area (Walker, 1959). The tops of flows are vesicular.
The‘rocks examlned in thin section were sub-ophitic to

ophitic fabrics of clinopyroxene and plagioclase with accessory
ore and scattered solitarywmégbhedrél . olivine grains which are
believed to be microphenocrysts. Phenocrysts of plagioclase are
sometimes present, and these may be clear or with inclusions of
pyroxene and ore as in the tholeiites. Olivine phenocrysts were

not abundant in the sections examined and no picritic basalt

flows were found in the area.

3. FELDSPARPHYRIC BASALTS Thickness range 2.4+-21.0 m.
' | | (Average thickness of 3% flows: 8.3m)

Three main types of feldsparphyric basalts were found in

the area. These are:-

(a) Iypes with larse stumpy feldspar phenocrysts commonly 1-2 cm
in leneth
Fidws of this type férm prominent scarps very resistant to
erosion with crude vertical prismatic Joints showing roﬁnded
vertical edges along scarp fronts. The weathered surface is

very coarse-grained, and pale grey in colour due to the densely
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packed white feldspar phenocrysts which make up to 40-U4Y per cent
of the rock. Phenocrysts persistvright up to the margins of the
flows and apparently show no preferential size sorting, so that
crystals of the smallest and largest sizes may be seen to rest
against the flow margins.

The matrix of the rock is fine-grained dark grey tholeiite
consisting of plagloclase laths,vpale brown-pink clinopyroxene
grains and opaque ore in intergranular texture. ZEquant, euhedral
crystals of plagioclase, zoned from cores of anorthite (An 2) S
to narrow margins of bytownite (An7q), are the dominant ptho—
cryst mineral and these crystals may contain a few pyroxene or
ore inclusions; these plagloclases may be up to 3 cm in greatest
length. Rare olivine phenocrysts were found.

Four flows of this type outecrop as the Grjété Big-Feldspar
Basalt Group (BFB) in the western side of Vatnsdalsfjall and
the group can be followed westwards across the lower ground to
Vididalsfjall and thence to Vididalstunga. This group is an
invaluable stratigraphic maricer horizon, and will be referred to
subsequently as the BFB Group.

(b) T ith stumoy feldspar phe ts up t m 13 >

Flows of this type are not so rich in euhedral plagioclase
phenocrysts as typé (a) but also form resistant horizons of pale
grey to medium-dark brown surface cblour. The surface texture

of these flows is less coarse than the type (a) flows and the

groundmass is a fine-grained intergranular tholeiite fabric of




18.

plagioclase, clinopyroxene and ore. Plagioclase 1s the most
 abundant phenocryst mineral, but occasionalé' subhedral crystals
of pale pink-brown clinopyroxene and olivine are present in most
flows and may form glomeroporphyritic clusters.

Flows of this type outcrop in the top of the Krossdalskula
cliff in Vididalsfjall as the Small-Feldspar Basalt Group (SFB),
and dykes of similar rock were found below this level.

(e¢) T Q e ' : ioclase phe sts_t
8x7 x 2 mm
Flows of this type are rare and are easily recognised by
the presence of numerous lath and tabular sections of plagloclase
on exposed surfaces. |

In thin section the groundmass is seen to be & fine-grained‘
intersertal tholeiite fabric of plagioclase laths, pale pink- %
brown clinopyroxene granules, ore, and interstitial brown glass.
Phenocrysts of labradorite (Angj.¢4) are abundant; these show |
shadowy oscillatory zoning and may occur singly or in clusters.
Some pseudomorphs of serpentinous material, carbonate and ore
‘after olivine phenocrysts were found; these crystals were often
seen to be euhedral with well-developed (021) faces and may be
up to 1 mm in greatest length.

Three thin flows of this type were seen to outcrop in

western Vatnsdalsfjall east of Hjallaland and Mésstadir; this

group is designated the Tabular-Feldspar Basalt Group (IFB) and

appears to be of limited extent, being found only in northern
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Vatqsdalsfjall. No dykes of this type were found, but similar

rock forms the Hnju&ur plub.

., THIN PALT GREY BASALTS Thickness range 1.8-15.0 m.
| o ’(Average thickness of 63 flows: %.8m;

These flows are typical of the uppermost part of the lava
pile, and are always very fresh, with blocky jointing and a
rough pale grey surface of grain size intermediate between that
of the blder tholeiites and olivine basalts. Flow structures
were-not found iﬁ these rocks, but vesicles of up to % cm in
greatest length are abundant throughout flows and may be of
very irfegular~sbape;,these vesicles were found to be empty
above the 900 m and 800 m levels respectively in Vatnsdaisfjall
and Vididalsfjall. The flow tops are rubbly and scoriaceous,
may have a frégmentai appearance, and are usually a brick red to
ochreous colour. '

In thin section these basalts are fresh intergranular

fébrics of plagioclase laths and granules of pale brown clino- ;t
pyroxene and opaque ore. . Occasional small *ggyhedral - pheno- é
crysts of olivine were found in thé;flows examined and these o
are sometimes elongated parallel to the "a" cryétallographic ax13¢;
The margins of these olivines may enclose small groundmass
plagioclases in sub-ophitic intergrowths. Some flows are felds-

parphyric and bear euhedral tabular bytownite phenocrySts.,
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Some parts of the groundmass in the flows examined show
coarse ophitic patches which may be due to local concentration
of volatiles favouring coarse crystallization. Small irregular
vesicles and cavities up to 2 mm in length were seen in the
centre of one highly feldsparphyric flow from Hrossakambur, in
Vididalsfjall; these cavities are filled with a pale brown glass

in which are set small euhedral laths of sodic plagioclase up to
about 0.25 mm in length. Small euhedral elongated crystals of

a pale honey-brown mineral are also found in these patches,
together with occasional stumpy euhedral ore grains up to about
0.1 mm in length; the ore greins are found at the edge of the
patches and are larger than the groundmass ore grains. The
erystals in these patches are randomly oriented, and the ends of
the feldspar laths at the edge of patches are seen to be enclosed
by the pyroxene of the surrounding groundmass. Small stumpy
prisms and small neddles of weakly pleochroic colourless hypers-
thene up to 0.25 mm in length are also seen 1n these glassy
patches; these are clear and are optically negative with a large

‘optic axial angle and show straight extinction and intersecting

(110) cleavages in basal sections. No other pyroxenes were found |
in these patches, but occasional hypersthenegrains were seen to
mantle the groundmass augite at the margins of the patches. Kuno g
(1950) has observed minute needles of hypersthene "in microscopic-
al cavities or coarsely crystalline acid patches" in the ground-
masses of some tholeiltic basalts and andesites from Hakone
volcano, Japan, and the Hrossakambur example appears to be

similar to these occurences.




21.

The general appearance of the glassy patches suggests that
they are acid residua and the hypersthene may thus be an iron-
rich type; it is interesting to note that the patches are
texturally almost identical to the acid centre of the Gélgagil
conposite intrusion (see p.437) which is of broadly similar
age to the.thin grey basalt flows.

The thin flows of pale grey basalt are easily recognised in

the field, and are similar to flows reported from eastern Iceland f

by Walker (1960) who considers that they are not a definite
straigfaphic group but are fresh non-zeolitized basalts of the
upper part of the lava sequences. Walker reports that "Pale-
coloured basalts of similar appearance to the 'Grey Stage' rocks
have now been found by the writer more than midway down in the
Tertiéry succession on arnumber of mountains in eastern Iceland.
It is quite clear that the pale colour there marks the condition
of ncrmal and fresh olivine basalt, a condition in which certain
secondary minerals are absent (because the lavas have never been
sufficiently deeply buried), and which is characteristic of the
upper parts of the chabazite-thomsonite zcne and the succeeding
zeolite~-free zone. Olivine basalts are in this condition until
such time as zeolitization sets in, when the colour rapidly
darkens in response to the development of certain secondary min-
erals in the rocks". (Walker, op. cit., p. 525-526.)

The pale grey.basalt flows in the northern part of

Vatnsdalsfjall show a simlilar darkening in colour as they are
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followed downwards from the top of the lava pile. Thus the
sunmit flows on Jgrundarfell are pale grey, and 25 m below the
summit one flow shows darker grey compact patches continuous
with the rougher pale grey rock; at 121 m below the summit, the
lava flows on the western summit ridge are zll dark blue-grey
compact types. The downthrown lateral equivalents of the pale
grey Jorundarfell summit flows at gxl are light coloured and the
vesicles bear zeolites.

A similar downward transition from palé rough rock to dark
compact rock is seen on Sjénarhéll and at southern Sandfell
(750 m) in Vatnsdalsfjall. In Vididalsfjall, the base of the
pale grey zone is seen 183 m below the summit of Hrossakambur
at 810 m on the northern ridge, and this level marks the highest
extent of the régional zeolite zones.

The thin basélts may represent a distinct stratigraphic
group in the Vididalur-Vatnsdalur aréa, as their vesicular
character and extreme thinness are very distinctive, and they
appear to be very similar to the thin highlyvvesicular flows
erupted from post-Tertiary volcanoes in Snaefellsnes and else-
where in Western Iceland. This distinction is made solely on -
the basis of the strikingiy uniform thinness and vesicularity of
these flows which is a very striking change in character when

- viewed in vertical traverses of the Vididalur-Vatnsdalur area.

These rocké are designated tgB on Map 1 and Chart 1 (inside back

cover).




23.

Einarsson (1962) has reported the occurrence of similar
" ' 1
flows in Steingrimsfjordur (Northwest Peninsula) and Eyjafjgrdur

(Northern Iceland).
5. KUBBABEZRG BASALTS Thickness range 7.5-30.0 m. (Average
thickness of 5 flows: 17.% m)

These flows are easily identified in the field, as they

have a narrow basal zone of vertical columnar Jjoints and

N V' )

irregular cube-jointing (Icelandic "kubbur" = cube) in the upper
part; this upper part may make up 90 per ceht of the flow

thickness. Exposed surfaces of flows are very dark grey-black in
colour and are of smooth extremely fine-grained texture, with i

'occasional small lath—phenocrysts of feldspar up to 2 mm in

lenvth-‘the rock breaks with heckly to conchoidal fracture. A

few large vesicles may occur near the base and top, and these may

be ‘infilled with quartz and chaledony, although the flows are
very fresh. The Vatnsdalsfjall kubbaberg basalts sometimes pass
upwarde into ochreous breccia bearing rounded lumps of fresh
basalt showing strongly chilled almost tachylitic selvages.

In thin section, these lavas are fine- -grained intersertal
fabrics of minute plagloclase laths, pale brown clinopyroxene 4
grains and opaque ore granules vith a variable amount of pale

brown isotropic interstitial glass often densely charged‘with

dark dust-like'particles. Glass appears to be more abundant.
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in these rocks than in the tholeiites and this may indicate an
intermediate or andesitic composition. Walker (1963) has drawn
attention to the greater abundance of interstitial glass in
basaltic andesites compared td tholeiitic basalts in the lavas
of the Breiddalur volcano.

No flow structures of parallelism of plagioclase laths were
'seen in the samples examined. A few phenocrysts of plagioclase
and pale brown clinOpyroxene are usually present, and these may |
occur as small glomeroporphyritic clusters. A few subhedral,
sometimes skeletal pseudomorphs after olivine can be seen in the
Vidldalur kubbabergs at Bjorg. |

In the westérn side of Jgrundarfell, Vatnsdalsfjall, these
flows aften rest on softvdeffital beds,)and similar flows resting
on lignite horizons are known in Eastern Iceland (Gibson et al.,
1966). These workers suggest that columnar Jointing develops
in basalts ponded in topographic depressions and as ligﬁite is
likely'to be concentrated in such dep:eésioné the two types often
occur together (Gibson et al., op; cit.). This interpretation
would partly explain the origin of the Vididalur-Vatnsdalur

kubbabergs. Basalts of similar Structure'resting on soft

W

pyrbclastic or detrital horizons have been described from numerous

‘localities in the north, west and mid-south of Iceland by
Einarsson (1962), and from the Hengill area of southwestern

Iceland by Szemundsson (1967b). Some of the examples quoted by
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Saemundsson (op. cit:) are andesites. The writer has observed
similar kubbaberg flows in Snaefellsnes, western Iceland, which

rest on soft pyroclastic or detrital horizons.

6. ANDESITES Thickness range 4%.5-46.5 m  (Average thickness
| of 20 flows: 20.6 m)

These flows are markedly thicker than the basalt flows, and
may show columnar Jointing throughoﬁt as does the spectacular
flow forming the summit scarp at Breid, Vatnsdalsfjall; platy |
jointing parallel to the contacts is commonly developed in the
basal parts of the flows. Andesites have a dark grey-black
colour on fresh surfaces and were distingulshed from basalts by
their very fiﬁe grain and the presence of flow structures, which
may weather out to producé a conspicuous and sometimes contorted
banding on exposed surfaces, as at the base'of the Breid andesiteg
flow. Other indications of flow are given by the parallelism of |
the small scattered feldspar microphenocrysts present in most
of the flows. Many flows have vesicular tops and the vesicles
may show elongation in the diréction of flow.

The flows often show a medium-brown colour on weathered
surfaées, and a dark brick-red patina 1s common on internal joint
surfaces.. The andesites break along the platy jointing or with

conchoidal fracture snd produce a ringing sound when hammered.
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The more silicic andesite flows have yellowish tops, as
do the rhyolitic andesites of the Faskrudsijrdur area, eastern
Iceland (Gibson et al.,, 1966); these flows are more obviously
glassy in appearance and richer in'ferromagnesian phenocrysts
than the more basic andesites. They are distinguished from
rhyolites by their lack of pitchstone margins and their higher
specific gravity. |

In thin section, the andesites are mostly fine-grained
intersertal fabriés of minute plagioclase laths and minute pale
brown clinopyroxene grains, often showing fluxion textures,

As in the Thingmili andesites (Carmichael, 1964) the ore
mineral is often interstitial to the feldspar and pyroxene,
and small specks of brassy sulphide may be present in the more
basiec type; pyrite-bearing andesites are seen among the Urdar-
fell flows in Vididalsfjall, but this pyrite may be hydrother-
mal in origin. |

Euhedral lath-phenocrysts of plagioclase up to 4 mm in
length and occasional euhedral brown clinopyroxene grains are
present in most of the andesites, together with scattered
euhedral ore microphenocrysts.

In the more écid andesites, the groundmass contains a
higher proportion of interstitial glass, often altered to
chloritic materiai, and the clinopyroxene phenocrysts are

often a pale green colour, which may indicate that they are
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an iron-rich type. Euhedral to subhedral '~ olivine phenocrysts

may also be present and these may pseudomorphed by greenish

- serpentinous alteration products.

In all the andesites, the plagioclase and ferromagnesian
phenocrysts are often intergrown as glomeroporphyritic clusters,
in which individual crystals may have embayments which enclose
glapsy groundmass material.

Apart from the outcrops mentioned, andesites outcrop in the
Gljufurd and Giljé rivers, in the Hvammur succession and in
the western side of Jorundarfell. é

One flow of rhyolitic andesite was found in the extreme

northern part of the Gljﬁfuré, and enother was found in Vgtnsdal-}
sfjall, east of Masstadir and on Jorundarfell, Only two such ;
andesite flows were found in the area.
7. RHYOLITES Thickness range 30-64 m

Rhyolitic lavas are not common in the area mapped and were
‘found only in northern‘Vatnsdalsfjall. Outcrops of th%hargins
of these bodies are poor and are complicated by westerly down-
faulting eand intense land slipping, but the outcrops seen between
Jorundarfell and‘Axlagxl are thought to be parts of the same
extrusidn. The rhyolite is highly fissile and breaks into plates
along the flow banding; this flow banding may be parellel to the
base of the flow but is often steeply inclined to this at 50

degrees or more from the vertical as seen north of Jorundarfell

and east of Aralaekur. In addition, the flow banding may be
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contorted, and the folds in the northern part of the extusion
were found to be overtufned towards the west, ihdicating flow
from east to west; flow banding appears to be more noticeable
towards the margins of the flow. | i
The extrusion is;éépronedfby broad screes of pink and white
platy rhyolite fragmenfé”éﬁd has lustrous dark green or black
pitchstone margins which are often brecciated like the acid flows
of éastern Iceland (Walker, 1962, p. 281). Both upper and lower
margins can be seen in the 60 m section exposed east of Aralaekur.|
The margins are about 4-5m in thickness, and pass into 2 compact |
and brittle steel-grey roék which forms the greater pért of the

flow,

The flow appears to have been extruded explosively as

evidenced by the breccicted and re-welded base of the northern

part of the body, and the rhyolite is sphérulitic and cavernous
towards the upper margfn; the spherulites and vesicles may reach

diameters of 4-5 cm and vesicles are often lined with quartz,
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chalcedony and bright green secondéry material. In addition,
the flow is seen to pass into a pitchstone-breccié with pink
acid matrix in the northern wall of Jgrundarfell at about the
850 m level, and no rhyolitic materiél was found further south
than 500 m from this point.

In thin section, the main part of the flow is a fine-grained
leucocratic fabric of alkali.feldSpar and quartz intergrown in
a patchwork texture dotted with minute ore grains and occasional
small §Pppg§;g%wﬁArods of zircon and apatite. Iuhedral lath-
phenocrysts of clear acid plagioclase are scattered throughout
the rock, together with less abundant euhedral pale green
clinopyroxene grains and euhedral opaque ore phenocrysts. A few
subhedral grains of olivine were seen and these are completely

pseudomorphed by serpentinic material; these olivines were

probably originally fayalitic, by analogy with the similar

Raudaskrida olivine-bearing dacite described from eastern Iceland -

by Hawkes (1924%). No phenocrysts of quartz or sanidine were

found in the rhyolite examined.

8., FRAGVMENTAL ROCKS

A number of fragmental horizons were found intercalated
with the lava flows in the flood and central volcano successions
and the positions of these horlzons are represented by dotted

lines in the sections of Chart 1.

Four main types of such fragmental rocks were distingulshed
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in the field and all of theée éxcept for one can be classified
as pyroclastic i.e. "material’ produced by volcanic explosion
and . . . extruded aé discreté particles from vents" (Fisher,
1961, p. 1412). These four types can be further subdivided into
an acid‘and a basic group.

The fragmental horigzons mapped fall into the tuff and
lapillistone groups of Fisher's (1961,table 3) classification,
having respective particle siies up to 2 mm and 6% mm.

ACID FRAGMENTAL ROCKS |
(a)‘ Tyff tQVLagjliigzgng types

Most of the pyroclastic horizons in the lava succession
were found to be of this type, which is found predominantly
in the lowest part of the lava pile; These types are friable,
with a fine grained granular matrix of particlersize‘commonly
less than 2 mm which is often of dusty appearance; this matrix
was found to be of a pale green colour in the more intense zones
of hydrqthermal‘alteration and of a dark purple colour in less
highly altered zones. A varlable proportion of small subangular
fine-grained basic and acid rock fragments was found in these
types and the tuffs grade intb’lapillistones by ihcrease in the
size and abundence of these fragments; no attempt has been made
to trace variations in the size and abundance of these fragments.

The rock fragments range up to about 30 mm in size and were

seen to be of fine-grained apﬁyric and feldsparphyric basalt types
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and‘some fine-grained rhyolitic types; occasional fragments of
dolerite and isolated crystals of sodic plagioclase and pink
augite were found in these pyroclastics. The rock fragments
are interpreted as pieces of wall-rock from the conduit from
which the pyroclastics were ejected.

A few small rounded inclﬁéions of altered fine-grained
and undeformed vesicular basic material were found in some of
these tuffs and these are taken to be fragments of basaltic
pumice similar to those described from welded tuffs in eastern
Iceland by Walker (1962, p. 283).

Many of the pyroclastic horizons were seen to have a crude
basal fissility similar to that described in lower Tertiary
tuffs from eastern Iceland by Tryggvason'and White (1999).

Pyroclastic horizons of this type were found to be abundant
in the Thin Flow Group in the/Englfsstadir; stream section
(Séction'9, Chart 1) and similar types were seen at the same
stratigraphic level in the Korns;,Glefur;, Helgavatnssel stream
and Vididals; sections. These horizons lack individual field
chafacters‘and wére not of great‘use in stratigraphic mapping,
but are taken to be the lateral equivalents of tho tuffs and
agglomerates in the G%léagil-Urdarfell vent zone on the basis

of their petrographic similarity to these types (see p.131 ).
(b) Qmpact tuffs

Two tuff. horizons of this type were found in the aresa studied

and all were seen to bear small often anbular shards of
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isotropic glass; no such shards were found in the type (a)
fragmwental rocks.

The tuff which outcrops at intervals in the ground between
Hyammur and the western side of Krossdalskila is the best
example of this type and Will be.referred to as the Hvammur
tuff in the sequel; this tuff forms a useful Stratigraphic
‘marker horizon (see Chart 1) as it is very distinctive in the
field. |

The tuff wés found to show a variable degree of compaction
along'its outcrop and parts of the horizon exposed in
Vididalsfjall were found to be of a tough brittle purplish red
or dark brown rock streaked with small fragments of black basic
and pink or white acid material;_tﬁis material has a similar
surface texture to a felsite and was seen to have a dull lustre
like that of pitchstone in the western Krossdalskula outcrop.
The section in the cliff about 1.2 km southwest frokarossdals-

kulé was found to be:

Pasalt lava overlying tuff

Dark orange-pink tuff, rather soft and l.2 m
with crude basal parting

Tough compact dark brown rock with dull 0.9 m
vitreous lustre; no vesicles were found
in this rock.

Dark orange-pink tuff, rather soft and 0.9 m
with crude basal parting

Basalt lava underlying tuff
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- The tuff in the outcrop of the same horizon at Hvammur is
fairly soft material similar throughout to the material in the
upper and lower units of the western Krossdalskula outcrop and
is 3.6 m thibk; pale acid fragments up to about 6 cm in length

and flattened in‘the plane of the basal parting were seen on

the weathered surface of this Hvammur outcrop, which was the only

outcrop. of the horizon to be found in Vatnsdalsfjall.

In thin section, the softer parts of the tuff were found
to be made up of a felted mass of small angular shards of pale
brown isotropic gléss; the presence of occasional Y~-sectioned
shards in this matrix is taken to indicate that the rock had
undergone little deformation due to compactilon.

Scattered small subangular rock fragments up to 6 cm in
length were found in this rock; these are mainly of finely
crystalline aphyric and feldsparphyric basalt types and fine-
grained holocrystalline rhyolitic and felsitic types, together
with occasional coarser-grained dolerite types. A few small
fragments of glassy‘dacitic rock similar in texture to that of
the minor intrusions in Vididalsfjall (see Fig. 82) were seen in
the tuff and one fragment of quartzo-feldspathic‘granitic rock
was also found in a speciment of the tuff from the western
Krossdalskﬁla outcrop. The range of rock types occuring as

inclusions in the tuff was found to be similar in all the
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localities examined.

As in the type (a) rocks, small euhedral single crystals
of sodic plagioclase and eugite were found to be present; the
augites in the Hvammur tuff are a pale green variety similar in
appearance to the ferroaugites of the acid intrusions, to be
described in Chapters 3 and 4. These feldspar and pyroxene
crystals were not seen to show corrosion indicative of
disequilibrium. kv : %

A few small rounded inélusions of highly vesicular dark
brown glassy material were found in the tuff at all the localitiesi
examined, and these are felt to be pieces of basaltic pumice
‘similar to those described from the Skessa tuff by Walker (1962,
‘p. 283).

The outline of the glass shards in the tough felsitic parts
of the Hvammur tuff is often hard to discern as these particles |
are deformed and appear to have been fused together. Trains of
these shards can be seen to curve round the basic and acid rock
fragments in thé rock, and this is taken to indicate that the
rock fragments remained solid during formation of this cbmpact' |
part of the tuff (see Fig.3 ). The small basaltic pumice bodies |
in the felsitic median zone of the western Krossdalskdla outerop

retainvtheir vesicular appearance and are not noticeably flattened{

this 1s felt t& suggest that they too were rigid at the time of

formation of the tuff, and they are believed to have originated



in slmliar i1fasnlon GO tne basaltic pumice described by ’”3'311‘\:“.‘1,
> W T A v ~ ol y S S A T T = 4 -3 1 ]l
(1962, p. 283) who has suggested "that the basaltic magma was

erupted at the same tTime and probably from the same source as the

acid material, that it became distended by gases to a froth, but
that it had congealed by the time 1t reached its present position,

i

unlike the acid material, which was then still plastic!.
? b

Fig. 3. The felsitic welded portion of the Hvammur tuff from
Bakdalur. Trains of flattened glass shards can be seen to curve
round the inclusions in the rock. A large inclusion of basaltic
pumice lies in the upper part of the field, and to the left of
this are some small clinopyroxene crystals (4). Small plagioclase
crystals (P) occur elsewhere in the field, and a small light-
coloured acid inclusion (F) lies at the right edge of the picture.

Plane-polarized 1light, x 15. (Specimen T3).
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The compact felsitic portions of the Hvammur tuff seen in
Vigidalsfjall (see Fig. 3) are so similar in field and textural
characters to the welded tuffs of eastern Iceland (Walker, 1952)
that they are interpreted as being welded acid tuffs of similar
origin. These Vididalsfjéll occurrences were not seen to hear
large vesicles of the type described by Walker (op. cit.) but a

- few small irregularly-shaped cavities less than 1 mm in size were
found in the welded median part of the Hvammur tuff and these were
seen to be filled with minute crystals of silica minerals like
those in the examples from eastern Iceland.

The softer unwelded marginal parts of the tuff which conslst
of undeformed glass shards are interpreted as glllar, using the
classification scheme proposed by Walker (op. cit., p. 238, Type
3).

A similar acid tuff with a welded basal portion was found at;
the base of the Thin Flow Group in the Glj&fur; river bed north

of the road bridge; the succesion here is:

Basalt lava overlying tuff

Pale green tuff, soft and with 2.7 m
crude basal parting

Tough compact grey-green rock 0.9 m
with brittle fracture

~ Basalt lava underlying tuff

This tuff is hydrothermally altered, and the lower welded part
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was seen in thin section to consist only of flattened and
. largely devitrified shards which curve round scattered euhedral
crystals of sodic plagioclase. NQ basic or acid fragments were
found in this tuff, and a few small cavities in the rocik ﬁere;
seen to be infilled by silica minerals. Nd large’vesicles of
the types described from tuffs in eastern Iceland by Walker
(1962) were found in this tuff. |
BASIC FRAGIENTAL RCCXS

Two horizons of this type were found, and each was seen to
bear small rock fragments set in a fine-grained matrix.

(¢) Type bearine basic and scid fragments

g
A 15 m horizon of this type was found in the Grjota and

Gilé stream sections in southern Vatnsdalsfjall where it is

intercalated with fresh tholeiite flows which are contemporaneous
with the Thin Flow Group near the base of the lava pile (see

Section 9, Chart 1). The sequence is:

Basalt © lava overlying pyroclastic horizon

Pyroclastic horizon with dark fine-grained . 15 m
and friable matrix which contains small

basic and acid rock fragments. The upper-

most 0.5 m of this horizon is reddened.

Basalt lava with reddened top underlying :
pyroclastic horizon | |

The horizon is massive in structure and shows little jointing or
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fracturing except for a few cracks which cut the entire thickness'

of the body at angles oblique to its base.

The matrix is of a dark brown earthy colour and is friable
and fine-grained throughout; small angular rock fragments are
scattered throughout the body and these account for up to about
5 per cent of its volume. These rock fragments range up to
8 cm across, are commbnly about 3 cm in size, and form small

protrusions on the weathered surfaces of the body. Fragments

of this size fall into the lapilli to block category of Fisher's :

(1961) classification and the horizeon is thus a lapillistone
which grades in places into an agglomerate.

‘The fragments were found to comprise a varied assemblage of
basic and acid extrusive znd intrusive types, and fragments of
ophitic gabbro and dolerite were found to be common, together
with small fragments of compact and vesicular basalt types.
Small fragments of blacﬁ feldsparphyric pitchstone are also
embedded in the matrix materisl, and one anguiar 8 cm block of
a whiteish coarse-grained érystalline rock was found. This rock
is made up of columnar sodic plagioclase crystals,’elongated
augite crystals, scattered ore grains and abundant interstitial
micropegmatite; the rocx appears exactly similar in thin section
‘to the more leucocratic parts of the I basic granophyre hybrid

rockvseen in Vididalsfjall and to be described at a later stage.
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Further outcrops of this horizon were found in the western
side of the hill M&linn in southern Vatnsdalur and in the 100 m.
shoulder between Saurbaer and As. The soft nature of the
pyroclastic materiai means that it is easily eroded and no
outcrops of it were found north of As or on the flat moorland
between Vatnsdalur and Vididalsfjall.

(a) ZIypes b 1 s ements

Horizons of this type were found near the top of the thin
pale grey basalt sequence forming the uppermost part of the
Vididalsfjall lava plle on Hrossakambur and Aégeirs;rhlass
(Sections 2 and 3, Chart 1) and also lower down in the succession
near Breid in Vatnsdalsfjell (Sections 7 and 8). These horizons
are all marked Hy on Chart 1.

In all the localities cited, these horizons pass gradually
downwards over a few metres into the tops of basalt lava flows;
these flows are thin pale grey basalts in Vididalsfjall and
kubbaberg flows in Vatnsdalsfjall, and small angﬁlar fragments
of these basalt tynes were found in the basal parts of the
respective fragmental horizons.

The main part of the frégmental horizons of this type is
made up of fine-grained ochre-coloured matrix material of tuff
particle size (Fisher, 1961); some‘preferential size sorting of

these particles was seen in the Hrossakambur outerop, the smallest

size fractioms being concentrated in occasional thin layers up to
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about 1 cm thick.

This fine-grained matrix material was seen in thin section
‘to consist‘qf small angular to subrounded fragments of honey-
brown isotropic glassj; these fragments are often of more or |
less equant form and were never found to have the splinter form
of the glass shards in the type (b) tuffs. A few of the glass
fragments in the rock were seen to be vesicular. ©Small euhedral
crystals of calcic plagioclase and augite occur in the rock as
isolated individuals or as crystals enclosed in the larger glassyé
fragments; meny of the crystals enclosed by glass were seen to
be truncated at the edges of the glass fragments.

A few small rounded fragments of dark vesicular glassy
basaltic material were found in parts of the rock and these are
so similar in appearance to the basaltic pumice in the type (a)

andv(b) rocks that they are taken to be of similar material.

}

These rocks are very similar in texture and field occurrence

to the hyaloclastites‘described by Cucuzza-Silvestri (1963) from
Catsnla and also to the types from other parts of Iceland
described by Peacock (1926), Walker (1963, p. 48; 1966b), Tr.
Einarsson (1946, 1962) Sigurdsson (196623 p. 112), Gihson et al.
(1966) and Szemundsson (19679 . The breccias described in the
literature are believed to have formed as a result of basic

lava encountering and being permeated by water and have been

classed as hyaloclastites by Cucuzza-Silvestri (op. cit.); the
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examples from the Vididalur-Vatnsdalur area show similarities to
the hyaloclastite: breccia and common hyaloclastite- fypes in

the proposed classification of Cucuzza=Silvestri (op. cit.).
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1-2 STRATIGRAPHY OF THE VIDIDALUR-VATVSDALUR AREA

A total thickness of 1200 m of lava flows is exposed 1in the
Vididélur-Vatnsdalur area, of which 600 m (515 per cent) can be
recognised as the products of central volcanic eruptions, by
analogy with the similar flows described in the central volcanoes
of Breiddalur (Walker, 1963), Thingmﬁli,(Carmichael, 1964), |
Reydarfjgrdur (Gibson et al., 1966) and Setberg (Sigurdsson,
1966a). o ;

The Vididalur-Vatnsdalur succession is composed of two
phases of central volcanic activity separated by a perilod of
eroSion and extrusion of flood basalts; the uppeerost volcanic
phase is covered by the products of a final period of flood
basalf extrusion. These two central voleanic phases will be
referréd to subsequently as the First and Second Central Phasés.

VCOntinuoﬁS seétioné over vertical intervals of more than
300 m are hard to find in the area, studied, due to faultiﬁg and
widespfead superficial deposits; the thin succession of flood
basalts which separates the two Central Phases, however provides
a persistent and readily recognisable datum level in fhe field
for determining’the stratigfaphié positions of the various central
| volcano lavas. The stratigraphy of the Vididalur-Vatnsdalur area
is shown in the form of 10 sections in Chart 1 (see inside back:

cover), and a generalized section is given in Fig. k.
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Fig. 4. Two generalized composite sections through the country rock lavas,
showing the subdivision of the pile into central volecanic and flood
phases; the Vatnsdalsfjall Second Central Phase sequence is much
thicker than the contemporaneous Vididalsfjall sequence.
Porphyritic basalt groups are indicated by stipple; unornamented
parts of the sections represent undifferentiated tholeiite lavas,
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The apparent thinness of the lava sequence in the area 1is
due to the presence of a large number of fa%ifs which cause |
repetition of parts of the sequence and~alquthe originally |
low regional dip of these lava flows; the greater part of the
sequence can be seen in the extensively faulted sections near

Hvammur in Vatnsdalsfjall over a total vertical interval of

little more than 1000 m.

THE FIRST CENTRAL PHASE

The products of this phase are found at the base of the
lava sequence, and their upper limit has been fixed as the base
of the BFD Group; this group is believed to represent the first
lavas to flow across the First Central Phase volcanic landscape.

The outcrops of First Central Phase lavas are scattered,
end were found to consist mainly of thin altered tholelite flows
(see Fig. 5). No acid extrusions were found among the producfs
of the First Central Phase.

The thickest succession of First Central Phase lavas is é
seen in the stresms draining the west side of southern Vatnsdals- |
fjall, especially the Bakkalaekur and the stream which runs down |
to Englfssfadir (see Section 9, Chart 1). A thickness of 180 m e
of thin tholelite flows was found in the Englfsstadir stream and ‘

it is possible that this thickness 1is exaggerated due to several

faults which cut the group; the flows lack individuality in the
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Rig. Heea Thin Flow Group tholeiite lava flows,of the First

uentr 1 Phase in the northern part of the Gljufura stream bed,
showing crumbly hydrothermally altered pale green tops uthh :
have,broken down into small scree fragments. VLeT nﬂrthvnrcs )
to uOD from a distance of 1 km north of the ul]ulura road bridge.
The average thickness of these flows is about 3 m.

field and exact determination of the total thickness is not
possible. The average thickness of the flows was found to be
about 5.5 m, the extreme range being 1.5-7.5 m, and it is
possible that some of these "flows" are small flow units which

resulted from the extrusion of tholeiitic material on to a

steeply dipping surface, in the same fashion as the thin flows
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deseribed frém the Breiddalur volcano by Walker (1963). The
flows havé pale green vesicular tops which are often infilled
by carbonate, zeolites and epidote, and at least 8 thin acid
tuffs were found to be intercalated with this part of the
succession. (see p.24 ond Chart 1.) ~

Thin flows similar to the Englfsstadir types were found
in smaller thicknesses in the northern part of the Giljé stream
bed, in the éntranée‘to the Korhsé gorge, the Gljﬁfuré and in
the small stream draining eastern Krossdalskula towards
Helgavatnssel. All these outcrops are of smaller thickness than
the Englfsstadir group, those in the Gljﬁfuré and Helgavatnssel
streams having a total thickness of 40 m represented by 6-10
flows, and-2—3 intercalcated acid tuffs. These acid tuffs lack
individual field characters, except for one pale green altered

3.6 m tuff at the base of the group which shows a compact

welded central portion in the northern Gljﬁfuré and Giljé section%
(p. 34 ); these two exposures are believed to represent parts of R
the same horizon.

No thin flows of this type were found at the corresponding
horizon beneath the BFB group in the Gila stream bed; this
section lies only 3.5 km south of the Englfsstadir section,
and this is taken-to indicate that the Thin Flow Group thins
out rapidly southwards. The lateral equivalents of the Thin

Flow Group in the Gila stream bed are fresh tholelite flows of
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average thickness 11.7 m,,one member of this group of 20 flows
having a thickness of 30 m; a 15 m fragmental horizon in this
tholeiite group is remarkable in that it bears small angular
fragments of basalt, pitchstone, gabbro and hybrid granophyric
rocks up to about 10 c¢m in size (see p. 36). This horizon
lies at the same tratigraphic level as the top of the Thin Flow
Group in the Englfsstadir section (see Section 9, Chart 1) and
althouzh not continuously exposed it can be found in southern
Vatnsdalur in the west side of Mﬁlinn and in the 100 m shoulder
between Grimstunga and Saurbaer. No rock fragments were found
in the Grimstunga outcrop, and in both these southerly localities
the tuff occurs within a group of fresh tholeiite flows similar
to those seen in the lower part of the Gilé section. The exact
junction of these tholeiites and the thin altered tholeiites was
not found but probably lies beneath the superficial deposits on
the moor west of As. |
These thin tholeiite flows are believed to have been eruptedé
on to the sloping flanks of the Vididalur-Vatnsdalur volcano, by S
analogy with the similar flows described from the Breiddalur
volcano (Walker, 1963, p. 3% and 40); the Thin Flow Group is |
believed to interdigitate with the contemporaneous thicker tholeis;
ite flows which outcrop in southern Vatnsdalur and are taken to
be flood basalts lapping against the edges of the volcano. No

estimate of the original dips in the area has been made as

there is no obvious regional dip and most of the older
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lava flows have been tilted during faulting; the Instability of

the area will be apparent from the very variable dips on Map 1.

Andesite Lavas

Flows of this type were found in a small number of scattered
outcrops over a wide area, the most complete outcrops being seen
in the northern part of the Gljﬁfuré. At the base of this ;
succession (at the mouth of the Gljﬁfuré) a thin 8.3 m andesite
flow lies beneath the Thin Flow Group; this flow is greenish
and altered, and shows some flow-banding near the base. This
roclk contalns numerous altered glassy patches in thin section,
and may be a type transitional to a rhyolitic andesite; no other
flows of this type were seen among the First Central Phase
products. A group of very fine-grained dark basaltic gndesites

with platy Jointing outcrops above the Thin Flow Group, and is

also seen in the northern part of the Giljé and in the east side
of Krossdalskula at the 400 m level; this group consists of four
flows totalling 37 m in the Gljﬁfuré outcrop, and the thickest
of these flows (22.5 m) lies directly below the Gljﬁfur; road
bridge. Faulted parts of this group can be seen at intervals
along the Gljﬁfur; southwards to Helgavatnsselj the three flows
west of this point in the east side of Krossdalskula total %9 m,
which indicates some thickening in the group from north to south

accompanied by decrease in the number of flows.
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Location of the probable northward continuation of this

andesite group is not always possible in the highly faulted and

injected ground north of Krossdalskila. Small exposures which
may be part of the group seen in the Gljﬁfuré were found in a
small stream south of Grof and oh the moor just north of the
Hélar eucrite intrusion. Fine-grained andesite highly injected

v First and Second Phase éone-sheets was found at the 420 m

t
level on the northwest side of Asmundarnﬁpur in the form of a
single 19 m flow; this flow may be the thin northvwestward
continuation of the Xrossdalskula group of flows and may have

been joined originally to the flecws seen beneath the Hélar

1
h

eucrite. ) : |
:

Tne only other outcrops of andesitic flows seen in northern

Vididalsfjall were found on the western and northern sides of %
' |
Urdarfell, where a 50 m thickness of extremely thin dark basaltic!

andesite units flecked with pyrite outcrops as a capping to the |
granophyre ilntrusion forming the lower part of the mountain.
The average thickness of these units is 8.6 m but one was found

to have a thickness of only 1 m; these andesites have vesicular

tops and are usually aphyric, but some were found to be plagio-

phyric. A small sub-angular block of BFD about 10 cm in diameterfj
was found in the median level of the uppermost 4.2 m andesite
‘unit end the top of the unit was seen to bear numerous small .

fine-grained basic and acld fragments; six metres above the top
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of the andesite is the base of the much;attenuated BFB group
whose base is taken to represent the upper 1limit of the First
Volcanic Phase.

The extreme thinness of these lavas on western Urdarfell is
felt to suggest thgt they werepbured out on to a steeply inclined
surface; the present dip of the units is to the southwest at
25-30 degrees, and it is pbssible that the original dip was high,

as the relatively viscous andesitic lava would tend to form
| thicker flows on more gently sloping surfaces. he small basic
Yand acid fragmenté in the uppermost unit are interpreted as .
ejectamenta from the nearby Gélgagil vent area which showered
down on the moving lava and were stirred into its upper part.

A small patch of platy-jointed andesite was found in the
Krossdalur stream bed at the 475 m level; the exact stratigraphic
position of this small outcrop is uncertain in the highly injecteq
and fractured ground; and it 1s buried by thick scree in the
stream valley walls, but it lies beneath the BFB gfoup, as do
the other andesite flows. '

Thé three Giljé andesite flows are exactly similar in
appearance to those in the northern Glj&furé section, and they
outcrop immediately above the Thin Flow Group tholeiites; these
andesite flows are obscured by superficial deposits in‘the lower
northern slopes of Vatnsdalsfjall, and lava of similar'type is

not found south of this point until the lower western siopes«
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near Hjallaland farm, where much-broken platy andesite similar

1
to that in the Gljufura type locality outcrops at the 220 m
level as a flow of uncertain thickness largely obscured by scree

and dipping east at about 15 degrees. This andesite flow lies

in the Hjallaland-Hvammur trough sequence, which will be describedy

later; if this trough however, 1s followed southwards to the
weét side of Vatnsdalur, a similar andesite horizon is seen to |
outcrop at 48 m in the shoulder above Flaga farm; the thickness
of this flow is not known, as 1t is broken znd faulted, but it
dips’northeast at 20 degrees, and it sceus possible that it
may be the continuation of the flow seen in the Hjallaland sect-
ion in view of the similar structural pésition of these two
bodies.

The most southerly exposure of andesite was found high in
the‘Engifsstadir_stream; this occurs as a single rather broken

10 m flow lying 163 m below the base of the EFB group (see

Section 9, Chart 1) at approximately the same stratigraphic level]

‘as the othér andesite outerops described.

The First Central Phase andesite lavas described occur in
the core and on the flanks of the Vididalur-Vatnsdalur volcano;
the northern Vididalsfjall flows are felt to be extrusions in
~the core éone of the volcano, as they outecrop in the most

intensely altered part of the area, and thelr thinness suggests

that they were erupted on to a steep ground surface, probably
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the upstanding pyroclastic cone surrounding the Gélgagiybent
area. All the other, thicker, andesite flows are teken to have
been erupted on to the flanks of the volcano.

The uppermoét flows in the First Volcanic Phase between the
topmost andesites and the BFB Group base are tholeiitic uSually

aphyric types similer to thdse in the Gila section, showing

smooth brown exposed surfaces, faint irregular basal parting and
crude prismatic jointing; these flows are thought to represent )
the contemporaneous flood lavas which gradusally encroached upon
and buried the gently dipping laves of the central volcano.

The F B eding the First C al Phas

The First Central Phase lava flqws are overlain by a
relatively thin successfan of flows ﬁith very distinctive field
characters; the arblitrary base of this part of the succession
is taken as the base of the Grjét; BFB Group éhd the top is the
distinctive Hvammur tuff (see Chart 1). A few tholeiite flows
(of total thickness up to about 50 m) which may belong to the

flood group were found below the BFB Group base, but these do V;’
not have distinctive field characters and so the BFB Group base |
has been taken as the base of the flood basalts as it represents |
the first distinctive and widespread transgression on to the Firsgi

Central Phase landscape. The total thickness of this flood
basalt cover is about 85 m in Vatnsdalsfjall and 165 m in
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Vididalsfjall, a minimum of about 22 m being found cn the
mountain Urdarfell in northern Vididalsfjall.

These lavas are felt to be flood basalts as they show

consistent characters over the whole of the Vididalur-Vatnsdalur
area; the occasional development of reddened weathered tops

and thin intercalated brick-red dust beds suggests that the

flows were extruded at longer intervals than the central volcano
lavas.
There is evidence that the lavas of the BFB Group powred out i

on to an irregular landscape, and this has had some effect on the

!
i
|
|

thickness of the group at some localities; the form of this

landscape will be consi%ig?d in the section on Structure. ?

Four north-trending(dykes ranging in thickness from 1-9 m ’
were found in southern Vatnsdalur (see Map 1) and it is in this
part of thé area that the group attains its greatest thickness
of 55 m in the Grjété; the lowest flow in the exposure north of
Kéradalstumga lies only 100 m above a 9 m BFB dyke and it seems
possible that this dyke fed the lavas to the surface.

In the Grjété, the BFB Grdup consists of fou? richly-
porphyritic flows bearing 40-45 per cent by volume of bytownite= '
anorthite crystals up to 2-3 ca in slze; these flows range in ‘
thickness from 7.5=-15.0 m and a 12 m aphyric tholeiite flow lies |
exactly halfway up the group. The three lowest feldsparphyric |
flows lie on thin brick-red dust beds. 4An 18 m olivine—tholeiite;
flow lies on the topmost BF3 flow but the Hvammur tuff was not i



found at this locality and may have been removed by si

PDasaltls.,

erosion following extrusion of the flood

The BIB Group shows slight thinning in the Hofsstallar and
Grenjaklettar crags as it is followed northwards, and swings

)

rds Hvammur in a monoclinal structure

westwards downhill towa
which carries it 60C m below its outerop in the Grenjaklettar

fgs 2,6, 11 and ' 12).

ow

cliffs (see Map 1 and F

Fig. 6. View of the southern end of the Hjallaland-Hvammur trough
looking eastwards from Undirfell. The steep dip of the flows

forming the trough is clearly seen.
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The group consists of four flows totalling 50 m at the
lowesf exposed point of the monocline, and the lowest flow at
this locality is 21 m thick as compared with the 7.5 m basal
flow in the Grjété seétion. A 35 m group of five thin olivine-
tholeiite flows overlies the Hvammur BFB flows, and these thin
flows have thin ccarse-grained"pegmétitic" plagioclase-pyroxene
veins similar to those described in rocksﬁof this type from the
Reydarfjordur area by Walker (1959). Immediately above these
flows is seen the pale ochre-pink Hvammur tuff, which is 3.6 m
thick at this locality and bears numerous off-white acid frag-
ments.

The BFB Group is poorly exposed on the eastern side of
Vatnsdalsfjall as it is covered by superficial deposits as far
north as the gentie slopes east of Hjallaskard and the top of
the group is seen here protruding through grassy cover. 4 small
faulted part of the group outcrops in Hjallastard itself and the
BFB top can be followed northwards from this point along the
lower eastern slopes of Jorundarfell until exposures failkjust

south of the small Saudadalur eucrite intrusion. No outcrops

of BFB were found north of this point except for a small faulted _‘

remnant in the slopes~east of ilrafnsklettar.
Small steeply dipping exposures of the BFB Group were found
on the western side of Vatnsdalsfjall near Mosaskard; these

dip westwards at 35 degrees to the horizontal and pass into more
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gently inclined units towards Hvammur. Outcrops of the olivine-
‘tholelite and Hvammur tuff units were not found in the east -
side of Vatnsdalsfjall, and these units may have been removed
by erosion in the interval between the end of the flood phase
and the beginning of the succeeding Second Central Phase.

‘No outcrops of the BF3 Group or Hvammur tuff were found in
the low-lying moor on the west side of Vatnsdalur; this gound
is cut by numerous north-trending faults and the dips of the
scant tholeiite exposures in this part of the area indicate that
the BFB may lie only a short distance below the surface (see
Section CD, Map 1).

The BFB Group next outcrqps in the southern part of the
Gljﬁfﬁré stream bed as broad slabs dipping to the southeast at
4-5 degrees near Bordsteinar; west of this point the group
appeafs as poorly exposed slabs and blocks in the faulted ground
of the moorland and the small streams which drain the east side
of southerﬁ Vididalsfjall. Flows of olivine-tholeiite similar
to those seen in the Vatnsdalsfjall sections overlie the IEF3
in the Glj&fur%, but exposures fail before the river bed inter-
sects the Hvammur tuff level and this unit is seen only in the
-small streams such és the Sellaekur and those south of Bakda}ur.

The BFB Group is seen northwards from Bakdalur in the eést

side of Krossdalskﬁla; and is not exposed immediately south of

this section due to thick landslip and drift cover; three flows

H

i
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of BFB totalling 43 m were found in the Krossdalskﬁla section,
two 19.5 m flows being separated by a 10;5 m flow. The basal
BFB flow lies 33 m above the highest andesite flow in this
section (see Chort 1), and the uppermost feldsparphyric flow
is succeeded by a mixed group of flows which includes some
olivine-tholeiite types similar to those seen in fhe Vatnsdals-
fjall end Gljhfura sections, together with thin intensély

weathered olivine-tholeiite types. A 2.1 n orange-red acid tuff

outcrops 165 m above the BFB base and this is taken to be the
continuation of the Hvemmur tuff seen in the Bakdalur and
Sellaekur sections in southeastern Vididalsfjall., The BFB Group
is cut off bj'g fault in the stream running from Krossdalsklla
to Helgavatnssel and the next outerop found is a small altered
mass of BFB largely buried by scree at the 700 m level in the
northeast ridge of Skessusaeti (sece Maps 1 and 2); the rocks
‘here are extensively propylitized due to their proximity to the
central intrusive zone. | o | '
A thin 10 ﬁ‘group'of three BFB flowé with vesicular tops-
was‘found<résting difectly on the thin andesite units ofk
northwestern Urdarfell, and these feldsparphuyric flows are
overlain by s small thickness of thin mostly aphyric thdleiite

units and are cut by thin First Phase intrusive sheets. The

extreme attenuation of these 2FB flows suggests that they flowed

on to or lapped against a steeply inclined surface, and they
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have been correlated with the thicker BFB flows of the flood
sequence in the absence of similar flows elsewhere in the lava
pile. It seems possible that these thin BFB units were flood
lavas which thinned out to a "feather-edge" as they lapped
against the upstanding agglomérate pile in the Gélgagil vent

area;kno BFB units were found on the east side of Urdarfell,
and the apparently small BFB thickness already described on
northern Skessusaeti may have fommed in similar fashion to the
thih Urdarféll units as the first flood lava flows moved across
the irregular First Central Phase land surface. Thinning of this |
type has been observed by the writer in Quaternary basalt flows |

near eruptive cones and valley walls in western and southwestern

Iceland.

The outerop of the BFB Group now swings southwards and can

be seen dipping southwest at 15 degrees at the 750 m level in

the stream draining the west side of Krossdalskﬁla; from here the |

group passes westwards into a small capping on the Sandfell ridge .
and it is then downfaulted in steps westwards into the Melrakka-
dalur valley floor where it outcrops with a southerly dip of 6

TR T AT L R

degrees in the Dalsd stream bed. The outcrops between the

‘Sandfell ridge and the Dalsa are somewhat discontinuous, but

some olivine-tholeiites similar to those on east Krossdalskdla

outerop above the level of the BFB Group and the Hvammur tuff is
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seen above these basalts as a 3 m horizon with a welded centre
(see p.30 ) at 635 m in the south wall of the broad corrie
drained by the stream running from western Krossdalskila down
to the Dalsé. Thus the three most distinctive units in the flood
succession maintain the same sequence and general field characters
in both the Vididalsfjall and Vatnsdalsfjall successions.
' The BF3 is overlain by relatively coarse-grained olivine-
tholeiite flows in tThe Dalsé stream bed in ! elra““adalur, but no
outcrops of the Hvemmur tuff were found in the drift-covered
ground at the head of the valley; the BFB was traced westwards
from the balsé into Hggg whence it continues round the lower
western slopes of Asgeirsérhlass into the Asgeirs; stream bed.
Here the Group has a thickness of about 32 m and appears to |
.contain three flows; olivine—tholeiites similar to those in the
Dalsa outerops succeed the feldsoarphyrlc flows but no outcrOWS
of the Hvammur tuff were found in this Asveirsa section.
’ A few scattered outcrops of BFB slabs with gentle easterly
inclination were found on the Vididalur moor nearThc':rukofc, and
one of these was seen to end abruptly against a north-trending”'
faulf;‘the base of the BFB Group was not exposed in these 16w~’
relief‘exposures. ; |

. The BFB Group ouﬁcrops in the south of Vididslur in the

Vididélsé banks opposite Hvarf farm and here consists of three

flows totalling 25.5 m; the two lowest flows are not e richly:

!
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porphyritic as those in the more easterly exposures of the
group and they are also thinner than these other flows, their
thicknesses(from lowest flow upwards) being 7.5, 4.5, and 13.5 m.
This contrasts strikingly with the thickness of the flows in
the Grjété type-section (see p. 50 ).

The Vididalsé BFB flows can be traced westwards across the
low ground of Vididalstunga to the rapids at Kerafossar where
they are cut by a fault; the faulted continuation of the Group
is obscured by superficlal deposits a short distance west from
the banks of the Fitja%. Jo outcrops of the olivine-tholeiites
were found in this low-lying part of the area; the BFB flows
are, however, very resistant to erosion and fdrm a readily-

recognised feature even when largely covered by superficlal

deposits and vegetation.

TEE SECQOND CENTRAL PITASH

- The greatest thicknesses of Second Central Phase products
are seen in thez northern half of Vatnsda;sfjall and the more

distinctive andesite and rhyvolite flows are zpparently confined

to this part of the area, the contemporaneous lateral equivalents .

of these units in Vididslsfjall having more of the character of
| extrusions on the flanks of the volcano.
The lower limit of the Second‘Cent;al Phase rocks has been
tzken as the base of the Hvammur tuff and the upper limit has

been taken as the base of the thin pale grey basalts (tgB), as

VL

i
i
i
i
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there is evidence that these latter flows buried the highest

exposed acid products of the volcano; the Hvammur tuff may have

been the first extrusion frem the Second Phase volcano. Isopachs ! |

drawn for the Hvammur tuff indicate that this horizon thickens
towards the Hvammur-Kornss ground in mid-Vatnsdalur and it is

thus taken to have been extruded from a vent in this. area (see
Fig. 7). |

The Vatnsdalsfijall Succession (a) Pre-erosion Ext

The thickest part of the succession exoosed in Vatnsdals-
fjall is seen in the sections between Hvammur and Hjallaland.
Continuous exposurésyof the earliest Second Volecanic Phase
products are seen in the lowest part of the trouzh at Hvammur
where 16 m of thin vesicular flows lacling distinctive field
characters overlie the Hvammur tuff, and on these flows résts a
sihgle 6 m flow of the Tabular-FeldSpar'Basalt (IFB) rich in-
large tabular phenocrysts of labradorite up to 1 cm in length.

A thin 3.6 m flow of similar TF3 was found in the DBreid cliff at

the eastern lip of ‘the trough and this also rests on thin

vesicular flows; the only TFB exposure found south of Hvammur was:@

a2 slab in the stream bed south of Sjonarholl on the Vatnsdalsfaalli

summit plateau.
Further exposures of TFB occur in the west side of

Vatnsdalsfjall near Hjallaland where the flows dipmsouthwards at

30 degrees in the north end of the Hjallaland-Hvammur trough; theé@
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The eastern part of the Vididalur-Vatnsdalur area, showing
the outcrop of the Second Central Phase extrusives in the
northern half of Vatnsdalsfjall. Isopachs drawn for the
Hvammur Tuff are also shown, and these indicate some thicken-
ing of the horizon towards the ground just south of the
Second Central Phase outcrop.
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outerop of the group rises from the 200 m level to the 360 m
level where it dips north at 12-15 degrees and reaches its
greatest thickness of four thin flows totalling 24 m. The TFB
Group can be followed northwards from this point for a short
distance before it is obscured by scree east of Mésstadir farm,
and no further exposures were seen on the west side of
Vatnsdalsfjall. .

A single thin 4.5 m flow of TFB was found in the northern
part of the Giljé stream bed east of Axlagxl, and the next
exposure of the group is on the east slopes of Vatnsdalsfjall at
the 500-600 m levels opposite Nauta Thufa and Jgrundarfell; the
TFB Group at this point consists of three flows totalling 138 m.

The two thickest measured sections of the TF3 Groué lie on
cast and-west Jorundarfell at respective distances of %.5 and
2.5 km east from the Hnjﬁkur basic plug; the gabbro core of this
plug bears tabular labradbrite phenocrysts identical to those
in the TFB Group snd is thought to have fed TFB material to the
surface, where it formed a flow group of very limited extent
which is now seen only in the northern hélf of Vatnsdalsfjall.

 The IFB Group in the Hvammur end of the Hjallaland-Hvamnur
trbugh is succeeded by a 30 m secuence of 10 thin tholeiite and
olivine-tholeiite flows ranging in thickness from 1.5-8.1 m;
some of thesse flows contain véry small feldspar phenocrysts, lut
none were found to have distinctive field characters. A thin

ln pink—white pumiceous tuff was found in this part of the
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sequence (PmT see Section 8, Chart 1); this tuff contains
occasional euhedral black pyroxene crystals up to 1 ecm in length,:
and can be traced into the upper eastern part of the trough
sequence in the Breid c¢liffs, but was not found in other outcropsf
of this part of the sequence. '
A fresh 18 m basaltic andesite flow with well-developed
platy basal parting lies on top of this thin flow group, and
this is succeeded by two thin olivine-tholelite flows totalling

about 11 m. Above these flows in the Breid cliff is a 15 m
thickness of detrital beds bearing basalt pebbles and boulders upf

to 2 m in in greatest length, (see Fig. 8) among which are

boulders of BFB and TFB types; the matrix of these detrital beds |
is gravel of varilable grain size in which much fine-grailn yellow-
brown dusty materisl is present. |

These boulder beds pass upwards into a large number of
crudely stratified units in which the average particle size is
usually less than 10 cm, the matrix being similar to that of
the boulder beds (see Fig. 9).

The crudely stratified units pass upwards into a 110 cnm
horizon of fine-grained sediment lacking pebbles or boulders;
this horizon consists of three units:

{Top) 3 7 cm Extremely fine-grained buff

mudstone showing some faint
undistrubed lamination
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2 80 cm Lowest 15 cm are wmedium-grained pale
grey sandstonej this passes upwards into
pale buff mudstone like that in unit 3

1 23 ¢ Lowest 15 cm are pale grey sandstone
which passes gradually upwards into buff
nudstone like that in unit 3

Fig. 8. The coarsest lower part of the detrital beds in the
Breid cliffs at the eastern margin of the Hjallaland-ivamnur
trough, showing the lack of stratification or size sorting in
these deposits end the limited degree of rounding in the
boulders. The hammer handle is 35 ¢m long.

The coarseness of the detrital beds increases rapidly ahd

stratification disappears westwards from the Breid c¢liff, a

thickness of about 144 nm beinz present in the cliff about 300 n
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Fig. 9.. View of the uppermost part of the Breid cliff section,
lookinz to the north. At the base of the section are detrital
beds showing some stratification with westward dip.
Ilyaloclastite (HY) and kubbaberg (K) units rest on the detrital
beds and are overlain by the columnar Breid zndesite flow with
brecciated base (B)., The exposed part of the andesite is about
25 m thick. : o ‘

south from the exposure in the top eastern’edge of the trough-
in the Breid cliff section. The basalt boulders in this deposit

reach greatest lengths of 1-2 m znd show angular form with very
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little rounding: (see Fig 8)5the boulders are of the same lava
types as those seén invthe breid section deposit and they
appear in the deposit-in reversce Qrder to that in whicﬁ they
were extruded as the boulder bed is followed upwards. Thus
boulders of IFB are common in the lowest levels of the detrital
beds and boulders of BF3 are more common in the uppermost levels;‘

this apparent depositional order is taken to be due to downward

erosion of the Second Central Phase land surfsce by a stream

| which cut through successively lower horizons in the lava pile.
The detrital deposits to the north of the Breid cliff
sectién lie in a small stieam valley which drains the west side
of Vatnsdalsfjall from Breid towards ljallin, and they outcrop
intermittently over a vertical interval of about 136 m, showing
the same lack of stratification and size sorting as the depodit
south of Breid. This northern detritus outcrop lies along the
east margin of the Hjallaland-Hvammur trough; and its northern-
most part can be seen to §ass gradually into crushed BFB flood
basalt flows along a north-south trending fracture zone. No
outerops -of the detrital depoéits were seen north of the crush
zone which marks the eastern 1lip of the Hjallaland-Hvammur trough,
and the deposit is believed to be wedge-shaped, thinning outr
‘eaétwards beneath the lava flows south of Mosaskard. These

tillite-like deposits may represent the base of the Quaternary

succession in the Vididalur-Vatnsdalur area or alternatively the



6.

onset of "cold-climate" Upper Tertiary conditions; Walker (196%a) |

places the base of the Quaternary succession in eastern Iceland

at the lowest interbasaltic bed of tillite or tillite-like
material.
(c) Post-erosion Extrusions |

The first lava flows to cover the erosion products show
field characters which indicate that they formed in specialized
local environmental conditions; these flows are dark fine-grained
and compact kubbaberg basalts (see p. 23 ). The 10 m flow
resting directly on the uppermost mudstone unit in the Breid
section is a 10 m kubbaberg type with abasal zone of regular
polygonal vertical columns 1 m in height which pass upwards into
a mass of small irregular cube-joints. The top of this flow
passes gradually into a breccia in which small scattered sub-
rounded fragments of the dark fine-grained lava are set in an
ochreous yellow—brown fine-grained matrlx; some of these fragments
were found to show thin selvages of lustrous black glassy mater-
ial. The lava fragments were found to range up.to about 20 cm
in greatest length and a few have globular pillow form but most
are lrregular in form. The general appearance of this fragmental
horizon is very similar fo that of breccia bodies associated
with bésic lavas described from Iceland and Catania (see p.38 )

and the body is believed to have formed by basic lava flowing

into a body of water resting on the detrital deposits. Many of
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the examples of such breccias in other parts of Iceland are
associated with kubbaberg or columnar basalt flows, and these
kubbaberg types are thought to originate by cooling and ponding
of basic lava:in wet environments, as has already been mentioned
(p.24).

The first kubbaberg flow at Breid is succeeded by a thicker
30 m kubbaberg of identical appearance which lacks the upper
breccia zone seen in the lowest flow, and this later flow was
presumably erupted inaless moist environment or into a shallower

" depth of water than the lowest flow. A thick 49 m andesite with

well-developed columnaf jointing rests on the uppermost kubbaberg |

flow, and the basal 1-3 m of the andesite consists of}a breccia
of small closely-fitting sub-angular vitréous blocks up to about
15 cm in size (see Fig. 9). o exteqsive development of matrix
material was seen in this breccia, apart from a small amount of
palé yellow dusty material in cracks in the breccla, and the
zone appears to have formed by the intersection of numerous
irregular cracks in the base of the flow; some flowvbandingfis
seen in the breccia blocks, and this runs continuously through
contiguous blocks, indicating that ﬁo great movement deformation
of’theAandesite base took place during brecciation. The‘general
appearanée of this breccla suggests that it formed by extremely

rapid cooling of the flow base, and it may have formed in

similar fashion to the scoriaceious rubbly bases of :the

|
i

i
l
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Pieistocene andesites of the Setberg area (Sigurdsson, 1966a,
p; 93); these flows are believed to have flowed over "a body
of water or water-loggéd ground" durihg whiéh the steam formed
fragmented the lava into scoria. Geikie,(1897), described
éndesite flows of Lower 0ld Red Sandstone age from Ayrshire
which showed basal breccia layers, and he suggested them to be
of ?highly viscous lava which was shattered as it moved along
undér water" (op. cit., pp. 334=335).

The unbrecciated lower part of the Breld andesite is
prominently flow-banded, the bands weathering out as prominent
baéalfpartings along which the rock splits with easej much of
this flow-banding in the lower part of the andesite is contorted
and folded, the folds in‘this 1ocglity being overturned» 4
predominantly towards the wvest, indicating floi from an easterly
source.

| This thick andesite flow at Breid is overlain by a sheet-
11ke'bodj of brick-red acid tuff about 7-8 m in thickness which
oftén Shows irregular red and dark grey banding; this body is
tough and indurated‘and looks 11ke4a dacite in the field, but its
ﬁatfographic 1nh9mogenaity suggests that it 1s a welded tuff.
| The body 1is also structurally inhomogenous in the field, some‘
paits being sheet-like in form and others; especially nodr the
baSé, being made up of blocks of the brick-red material welded

together in a matrix of the same material as the rest of the
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body; in parts of the body no matrix material is seen between
the individual blocks, which range up to about 30 cm in greatest
length. No rock of this type was found in any other part of the
Second Central Phase sequence, and the outcrop 1s believed to

be part of a small pyroclastic body developed locally near to a
small vent; no distinct base to the body was found in the field
and 1t may be connected to a concealed vent whose position (and
that of its surface products) was controlled by the prevailing
north-trending fracture system formed at the end of the flood
phase separating the two Volcanic Phases. The present outerop
of the tuff has been glaclated and is too shéll to indicate the
form of the original structure to which 1t.was connected.

YThe Breid tuff body marks the top of the Breid succession,
but the thick columnar andesite flow on which 1t rests can be
followed northwards into the weét side of Jgrundarrell where it -
rests on two kubbaberg flows which total 35 m and have similar
appearance and stratigraphic position to two flows in the Breid
section but no intervening development of hyaloclastite (see
Section 7, Chart 1). These flows rest on rotten thin flows and
no detrital deposits were found in this section.

The andesite 1s overlain by two dark 15 m kubbaberg flows .
separated by a 12 m hyaloclastite breccia layer similar in
colour and form to that seen lower in the Breid section. The -

lower of these two kubbaberg flows thickens considerably as 1t
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is traced southwards towards Breid, reaching a thickness of about
30 m on the west side of Mosaskard. The presence of these flow
types and the repeated development of a hyaloclastite horizon
suggests that this part of the area was susceptible to flooding
and it may have been a low-lylng topographic depression liable to
subsidence at this stage of the central volcanic activity. |
The kubbaberg flows are succeeded in the Jgrﬁndarfell ;
section by an 80 m thickness of aphyric‘tholeiite flows :anging é
in thickness from 6-31 m; some of the thicker flows in this part ;
of the sequence may be flood flows interdigitated with the centréls
volcano flows, as they show similar field characters to the flood
tholeiites devgloped at some distance from the volcano in the
Vididalsfjall sections. At the top of this tholeiite group rests
a 12 m basaltic andesite flow with platy basal parting and the
dark colour typical of these very fine-grained rocks, and this is
overlain by a 165 m thickness of tholelites and vesicular olivine-
tholeiites, the former ranging from about 6-16 m in thickness and
being common at the base of this seqﬁence and the latter types
being about 6 m in thickness and more abundant nearer its top.
At about the 800 m level in the Jorundarfell section, the
thin olivine-tholeiite flows are succeeded by a 58 m‘feldsparphyriq
rhyolitic andesite flow with a slightly vitreous appearance in 1t3§

basal part which lacks the glassy lustre seen in the rhyolites;
this unit shows some flow banding and prominent platy pa:ting
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which may be inciined at 50-70 degrees to the vertical near i
the base of the north Jorundarfell outcrop and it has a yellowish:
rubbly top similar to the rhyolitic andesites described from the g
FaskridsfjOrdur area (Gibson et al., 1966). This flow appears to 5
thin rapidly southwards towards Breid, and no outcrops of it were%
found south of Jorundarfell. |

An acid breccia bearing subrounded blocks of black lustrousi
rhyolitic feldsparphyric pitchstone up to 50 cm in size in a |
fine-grained pink matrix overlies the rhyolitic andesite flow;
this breccia 1s similar in appearance to the marginal facles of
the rhyolite flow at 0x1 and is believed to be the southernmost |
part of this flow exposed in Vatnsdalsfjall. The breccia reaches?
a thickness of 30 m on the east side of Vatnsdalsfjall and this :
gradually decreases almost to zero thickness on the west side of j
the mountain, forming a surface which dips westwards at about 5 ‘
degrees. An 81 m group of four basaltic andesite flows restson
this rhyolitic material on the west side of Jorundarfell and it
can be seen to thin westwards to zero thickness across‘the north
face of the JOrundarfell summit cliff in a horizontal distance orf
less than a kilometre, the individual flows showing the relation:;
of offlap which suggests that the'flows came from a source to the:
west of Vatnsdalsfjall. This andesite group represents the
highest-level unit of the Second Central Phase in Vatnsdalsfjall

and is succeeded conformably by a few thin tholeiite flows and

thin pale grey olivine-tholeiite flows making a total thickness
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_of 123 m at the summit of Jorundarfell.

The thickness of Second Central Phase rocks in north
Vatnsdalsfjall amounts to only 435 m, compared with the 616 m in
the Jorundarfell-Hvammur sections (see Chart 1) and there are j
fewer distinctive horizons than in the more southerly sections.
The levels of the Hvammur tuff and TFB groups in north Vatnsdals- :
‘£jall can only be inferred from the sparse available outcrops, and
the bulk of the lava pile in this part of the area is built of
thin flows, no detritsl deposits, tuffs, kubbeberg or basaltic
andesite flows being found. The predominance of thin basalt flows,‘
suggests that the northern Vatnsdalsfjall sequence developed on f
the 510ping flanks of the volcano; the angle and direction of thisf
slope are not known with certainty, due to the effect of tilting |
along the numerous faults. In addition, the sections examined ||
are believed to lie between at least two eruptiﬁe centres, one in

1 ] Lo
the Galgagil-Hnjﬁkur-Hvammur ground, and another in the north of

Svinadalsfjall, the products of which probably interdigitate.
The lavas succeeding the TFB Group in the Mésstadir' ' o

gsection (Section 6, Chart 1) are thin flows, often vesicular |

throughout, of aphyric tholeiite which pass upwards after about

56 m into a 130 m sequence of very fresh thin 1-2.5 m flows (or :

flow units) of olivine-tholeiite; these flows have the pustular i

dark greenish surface t?pical'of olivine-tholeiite iaVas and have j

occasional black spots due to the presence of scattered olivine
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phenocrysts. These rocks appear similar in thin section to the
Iype 1 Second Phase olivine~-tholeiite minor intrusions of the
Vididalur-Vatnsdalur area, to be described in Chapters 2 and 3.
Above these flows lles a 795 m group of thicker aphyric tholeiites
with a few lntercalated thin flows; this group may represent the
1hterdigitation of contemporaneous flood and volcano lavas, and
none of these flows show distinctive field characters. : |
A 30 m rhyolitic andesite flow bearing feldspar and ferro-
magnesian phenocrysts lies immediately on top of this tholeiite
grbup, and shows similar field characters to the Jorundarfell
flow, having a platy basal parting and darker grey colour than
the rhyolites; in addition, this flow has a yellow rubbly top
’like the Jorundarfell flow, and may be the northward continuation

of this flow. The rhyolitic andesite is followed by about 42 m

" of thin olivine-tholelite flows on which rests the lustrous black
feldsparphyric pltchstone base of a large rhyolite body; this

g

pitchstone base is locally brecciated in similar fashion to that |
seen further south and is about 4-5 m in thickness, being exposed |

in the screes at the top of Misstadir section and it 1s also seen .
: ¥
The basal pitchstone passes up into a pale steel-grey feldsparphy- :

15 the west side of Sandfell and in the cliffs above Aralaekur.

ric rhyolite which shows some flow banding and local development

of spherulitic and cavernous structures near 1ts upper margin,

(see p. 271 ). The upper margin is also of black pltchstone which
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can be seen in the cliffs east of Aralaekur and in the Slopes
east of Axlaoxl. Much of the rhyolite flow éxists as pale pink,
white or grey scree fragments but solid outecrops with platy basal
parting can be‘seen on the summit of Sandfell (903 m) and at the

base of the cliffs east of Aralaekur, where the rock shows good

flow banding; this banding is consistently overfolded towards the |
wegt, indicating that flow was from east to ﬁest in this part of ;
the extrusion. ' i
The rhyolité flow dips west at about 30 degrees in the
Sandfell outcrop and here reaches its maximum thidkness’of about

64 m; the north end of the outcrop above Aralackur reaches a

thickness of about 30 m and dips towards the west but appears to

lie near the horizontal as 1t is followed east across the north

end of Vatnsdalsfjall.

The flbw is succeeded by thin.pale grej baSalt flows in the ;
ground between Axlaoxl and Jgruﬁdarfell. A few thicker tholeiites€
are usually found at the base of this group and these and the '
lowest thin flows are sometimes seen to be banked up agailnst the
rhyolite as on the northeast side of Jgrundarfell, indicating
that the acid extrﬁsion formed an upstanding bun;shaped feature.

An 18 m wide swarm of}east-southeasterly trending thin black
feldsparphyric pitchstone dYkes rénging in thickness from O. 5=1,2
m lies at the north end of the rhyolite outcrop on the Sandfell

summit ridge. These dykes are near-vertical and may show flow
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-

bahding with flow fold-crests pointing upwards and feldspar
phenocrysts aligned with their long axes parallel to the walls of

the dyke.
The Vididalsfjall Succession

The total thickness of Second Central Phase extrusions in
Vididalsfjall 1s far less than that exposed in Vatnsdalsfjall,
amounting to only 160 m from the base of the Hvammur tuff to the
base of the thih pale grey basalfs in the Hroesakambur-Krossdal-
skila section (Section 3, Chart 1), and no acid extrusions were
found in this sequence. The bulk of the sequence above the |
Hvammur tuff in the Krossdalskula section is made up of thin flows.
of tholeiite and olivine-tholeiite types which range in thickness |
from 348 m, the olivine-bearing types being often crowded through—_f
out with vesicles, in contrest to the less vesicular oiivine-rree
types. A few thicker tholeiite rlows up‘to 2l m thick outcrop at
intervals throughouf the succession, but these do not show
distinetive field characters and have not been‘differeotiated in
the sections. Most of the upper part of the Vididalsfjall lava |
pile has been removed by subsequeht erosion, and it 1is iikely that é
a considerable thickness of flows lay between Vididalsfjall and ;
Vatnsdalsfjall at the end of the Second Volcanic Phase, as
indicated by westward extrapolation from the Jorundarfell-Hvammur
sections. ; |

Four of the tholeiite flows 1in the north face of Kroesdal-

skula are very rine-grained and dark in appearance and may be
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andesite types; none of these flows, however, show the well-
developed platy parting of the First Volcanie Phase basic
andesites. ‘

This mixed flow-group 1s fqllowed by a 20 m group of three
compact basalt flows rich in small bytownife phenocrysts up to
about 5 mm in size and bearing’occasional olivine and augite
phenocrysts; this group is designated the Small-Feldspar Basalt
Group (SFB). The general appearance of this rock type in thin
section is identical to that of the Second Phase Type 1 minor
intrusiohs and fhe thin olivine-tholeiite units already described
from beneath the rhyolite in the north Vatnadalsfjall sections.
This SFB Group 1s of apparently limited extent, and was not
found in the Asgeirs% or ésgeirsérhlass sections southwest of
Krossdalskﬁla or in the east side sections of Vididalsfjall (see
Chart 1, sections 1, 2 and 5).

The fresh basal part of a small prismatically-jointed flow
of this SF¥B type was found on the summit ridge of Asmundarnupur

in the north of Vididalsfjall- this outerop lies about 100 m south

of the small Asmundarngpur feldsparphyric basic plug (see Fig 45)
and is of similar rock type to this plug. Although no direct
connection was seen in the field between the two bédies, their
close association in space and thelr petrographic similarity

suggest that they are of related origin, and it is possible that

the plug was a feeder to the SFB lava flows. The ground between
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Asmundarn&pur and Krossdalskila is much broken and propylitized
but some largely pfOpylitized SFB sheets were found on the north
side of Skessusaetl, and these may represent the faulted northward
continuation of the group from Krossdalskdla.

The second Central Phase lava flows in the southern part of
Vididalsfjall are mainly aphyric tholeiite typeé with no special
distingulishing features in the field and they may represent flood
basalt flows encroaching on the upper levels of the volcano flanks,

The total thickness of the flows decreases from east to west across|
Vididalsfjall, and although the Hvammur tuff is not exposéd in all '

of these sections, an estimate of thls decrease can be made from

3y
I

the total thickness of lavas betwsen the top of the BFB Group and :

B

the base of the thin pale grey basalts at the top of the successionj
These thicknesses are listed below for sections 1, 2, and 3 of i

Chart 13
Krossdalskila section (3) 270 m
’ : east
t ' ' , .
Asgeirsarhlass section (2) - " 162 m to
T UV west |
Hvarfsgja section (1)  110m :
The Young Basalts

The SFB Group on the south side of Krossdalskila is overlain
by & thin sequence of very thin tholeiite flows which are followed

by a:22h'm group of 57 thin pale gfey olivine-tholeiite flows
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(average thickness 3.9 m); these flows are vesicular throughout |
and contain no infillings, and have ochreouslto brick-red coloured |
scoriaceous tops. These thin flows are exactly similar to the
thin pale grey vesicular basalt units seen in the upper levels of
the Vatnsdalur lava pile, above‘the rhyolite on Jorundarfell

(see p. 12).

The thin pale grey basalt flows rest with apparent conformity

on the lavas beneath them in the north side of Hrossakambur and

no erosion surface was seen at fheir base but they can be seen to

: !
have gentler dip than the underlying flows (see Fig. 1). The flows

show 1little variation in te#turé, but a few are plagiophyric and
a thin group of three thicker porphyritic flows totaliing 41 m
and bearing small bytowﬁite phenocrysts was found with its base
at about 90 m below the summit of Hrossakambur; this group was not
located elsewhere in Vididalstjall. |

A 2.4 fine-grained hyaloclastite horizon cutcrops 3 m below
the summit plateau of the same mountain; this horizon contains
abundant scattered angular scoriae of pale grey basalt up to about
10 mm in size which show some reddening. The matrix of the
hyaloclastite is of ochre-coloured ﬁatefial which is seen in thin
séctidn to consist‘of small isoﬁropic brown'gléss fragments (see
p. 38 ). The matrix material shows some stratification; with
occasional thin regular laminae of very fine -grained material

parallel to the base of the bed. No tuffs of this sort ‘were found

E
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in the Vatnsdalsfjail pale grey flow’sequance, but the probable
continuation of the Hrossakambur horizon was found in the upper
levels of Asgeirsarhlass and in the north wall of Hvarfsgja.
A breccia bearing vesicular fragments of the pale grey
asalt in an ochreous matrix similar to that of the Hrossakambur
palagonite outcrops at 290 m in the Hvarfsgja stream; this lies
on crushed tholeiite flows and is succeeded by thin pale grey
basalt flows which persist to the top of the'succession. The
breccia is not well exposed, but may be a pyroclastic horizon of
similar type to that seen farther up in the lava pile. |
Van Bemmelen and Rutten (1955, Fig. 37 and p. 160) recorded
the presence of "Older Pleistocencbasalts" as a high-levél cover
to the Tertiary ﬁasalts of Vididalsfjall And Vatnsdalsfjall and
called these rocks the Laxérdalur Series for the area west of
the central neovolcanic“zone of Iceland; these authors equate ‘these
young basalts with the Graye Stuyfe or “Grey Stage“ lavas of
Pjetursson (1910). ,
Other young basalts are present in Vididalur, notably in the
low ngrg ridge which runs along the west side of}the vailey on
the west side of the Vididalsé. Five flows of extremely fresh
compact kubbaberg basalt were found in a total thickness of about
40 m on the east side of this ridge, but no base to the group vas
seen, and by analogy with the”Vatnédalsfjall types, these flows

ﬁre thought to have consolidated in a topographic depression in
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similar fashion to the Vatnsdalsfjall kubbaberg flows.

A small faulted outcrop of very fresh columnar basalt
similar in eppearance to the basal colonnades of the ngrg flows
was found in the east bank of theVVididals; Just north of Sida
(see Map l); this outcrop dips northwest at 8-30 degrees and
rests on an erosion surface of First Central Phase basalts cut
by early set cone-sheets with eésterly dip. The erosion surface
dips west at 8 degrees, and disappears southwérds beneath a
detrital deposit which bears numerous well-rounded basalt
fragments ranging in size from less than 1 cm to about 60 cmj these
fragments are commonly 5-12 c¢m in size and are setlin-a dark grey
sandy ﬁatrix. Little bedding or preferential size sorting of the
fragments was séen, but scattered lenticles of silt and sand occur
throughout the deposit, which is taken to be part of a stream or
rivér courée. No acid fragments were seen in the deposit and the
basalt fragments are dominantly of pale grey material similar to
the flows in the south of Vididalur and in the uppermost part of
the lava pile; one 18 cm fragment of SFB-type basalt was found in
the deposit and the predominance of younger basalt types and the
absence of acid fragment_s is felt to suggest that the deposit is
jtself of very young age. The possibie southwards continuation
of the detrital material isuseen in the sharp bend of the Vidi-
dalsaiwest of Steinsvad where it fills a 178 m wide trough section

carved in a soft green tuff of the First Central Phase; no further
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outcrops were found south of this point.
It seems likely that this deposit marks an early drainage
channel in Vididalur during the Pleistocene, and it lies at the

approximate level of the base of the ngrg kubbaberg flows. These|

lavas are believed to have flowed along this stream bed to acquire |

their present elongate outcrop; subsequent erosion after faulting

of the flows produced inversion of relief in the manner illustrated

by Cotton (1952, p. 359 and Fig. 189) for other examples of basalt
flows occupying drainage chaﬁnels.

The BJSrg basalts show similar mineralogy and miecroscopic
textures to the thin grey basalts in the south of Vididalur and
in the higher levels of Vididalsfjall and they bear occasional
pheﬁocrysts of plagioclase and olivine,

A small outlier of fresh basalt 8 m in thickness rests on
river gravel on the top of Borgarvirki, and this lava shows simi-
lar field characters to those of the thicker basal flows in the
pale grey flow sequence near the top of the succession 1n the
Ax1a0x1l section of nothern Vatnsdalsfjall. This lava has been
descfibed by Tr. Einarsson (1962,-p. 38) who noted that the rock
has reverse magnet;zation and he suggests that the lava flow has
been "somewhat disﬁurbed by tectonic movement",

‘The lavas beneath this young Borgarvirki lava and the river
gravel are glacially striated aphyric tholeiites with crude

prismatic jointing and greenish hydrothermally altered tops; these

flows lie above the First Phase eucrite intrusion and are felt to
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be either flood or flank flows of First Central Phase age, being
similar in appearance and degree of alteration to the tholeiites
which 1ie between the Thin Flow Group and the basaltic andesite

! - :
flows near the Gljﬁfura road bridge. : g
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1-3 STRUCTURE OF THE COUNTRY ROCK LAVA PILE

The general structure of the Vididalur-Vatnsdalur area is
outlined by the present outcrop of the distinetive BFB Group,

which shows evidence of having undergone frequent vertigal

displacement in the ground enclosed by the Vididals; and the
north-trending fault lines which pass through the Grenjaklettar
cliffs of Vatnsdalsfjall towards és, This central area is cut
by numerous faults, and the ground outéide the 11mit§~mentioned
is less faulted and appears to have remained reiatively stable

throughout the time sequence represented by the exposed rocks

in the area as 1is indicated by the disposition of the BFB Group
séuthwérds from Grenjaklettar (see Map 1). :
| The original regional dip of the lava flows in the Vididaluné
Vatnsdalur area 1s hard to determine with accuracy, and no |
estimates of this original valué or dip corrections for later

crustal movements have been atteﬁpted. Local variations in dip
due to the Juxtaposition of central volcéno products and flood ”
extrusions are often seen as in the thin BFB Group outcrops on j
Urdarfell and in the thin pale grey summit flows banked up againstt
the high-level rhyolite extrusion on Jorundarfell, These local i
variations in dip are further complicated by tilting of faulted

blocks in the central part of the area, and there is evidence
that in some parts of the area several temporally separated
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movements occurred along the same fault plane, as in the swarm
of north-trending fractures which cuts the Hvammur-JSrundarfell
part of Vatnsdalsfjall,

The dip of the lava flows in the aréa studied decreases
with 1hcreasing helght in the lava pile, and thisris very |
noticeable in the ground between Krossdalskhla and Hrossakambur i
(see Map 1, Chart 1 and Fig. 1). The BFB Group at the head of
Krossdalur has a southeaéterly dip of 15 degrees and the SFB
Group on Krossdalskila dips southsoutheast at about 10 degrees;
the thin grey basalts on the summit of‘Hrossakambur dip south-
wards at about 3 degrees. |

The attitude of the older lava flows has also been affected i
by the~emplacement of intrusions, and this will be discussed

later. |

Fracturing of the Lava Plle

(a) Yatnsdalur and Vatpsdalsflall | | |
The avallable evidence indicates that fracturing and normal

i
faulting of lava flows began at an early stage in the accumulation‘

of the exposed sequence. ‘Most of these fractures are dyke-filled
fissures about which little vertical displacement has occurred,

as in the Gljufurg and Kornag river sections, and these will be

considered later in the section on Dykes. Discussion of the

g e e+ mm e

cone-sheet fractures will also be léft to a later stage.

The dominant trend of the observed fracture system in the
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Vididalur-Vatnsdalur area is between north and northnortheast
(see Map 1 and Fig. 13) and is well seen on air photographs of
the area; the sides of Vididalur trend parallel to this tectonic
direction but Vatnsdalur has been eroded along a northnorthwest
direction across the dominant fracture and tectonic trend. Barth
(1950, Fig. 4) and von Bulow (1962, Fig. la) suggested that a
northnorthwest tectonic trend predominates in the Vididalur-
Vatnsdalur area; their sﬁggestion is not substantiated by field
evidence. The northnortheast trend suggest by von Balow for the
extreme northeast corner of the area (loc. cit.) is however
supported by the present.field evidence.

The small'north-trending faults which cut the Thin Flow
Group in the lower part of the Englfsstadir stream section are
belteved to be among the first faults in the Vididalur-Vatnsdalur
la#a pile. These fractures do not appear to pass up into the
BFB flows exposed on the Hvammur slopes, but they displace the
Thin Flows downwards towards the west. Faults of similar trend
and downthrov direction cut the BFB Group and Second Central
Phase lavas in the Hvammur and Breld sections, and can also be
seen to cut the youngest pale grey basalt flows at the top of
the lava plle, as on Sjonarholl. Faults of north-nottheast trend
cut the youngést exposed extrusions in the north of Vatnsdalsfjall

as can be seen in the gradual westerly downstepping of the

Axladxl-Jorundarfell rhyolite flow and rhyolitic andesite flow
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beneath 1t. The base of the rhyolife flow 1s displaced a total
vertical disténce of about 250 m in 3 km over this ground and
is cut by at least five faults.

Most of the Vatnsdalsfjall north-trending faults were found |
to downthrow towards the west, and there 1s evidence that faulting
occurred at numerous stages of the extrusive sequence and may
even have been continuous. The fault planes are inclined between
0-30 degrees to the vertical; The north-trending faults on the
west side of Vatnsdalsfjall appéar‘to have been active over a
considerable interval of time, and one of these faults was found
to brecciate the BFB Group exposed above Hjallin; later movements
along this fault piane caused it to cut both the detrital beds
formed by redistribution of the original fault breccia and the
younger lava flows which ovérlie these deposits. This evidence

indicates that movement occurred at frequent intervals during

the extrusion of the Vatnsdalsfjall lava sequence.

Most of the faults in the area have relatively small down-

throws less than 20 m, but larger downthrows have been found, as
in the prominent north-northeast trending fault which cuts the

rhyolitic andesite flow east of Masstadir, downthrowing it to | "‘ﬁ

the west by about 58 m (see Fig 10). , E

A fault on the east side of Hjallaskard downthrows the BFB :

group about 200 m to the east into the Saudadalur valley floor; é

!

this appears to be a relatively young movement, as i1t cuts thin '




85.

Fig. 10. View of the north-northeast trending fault (dotted)

which cuts the lava sequence near Masstadir, looking southwards
across Vatnsdalur towards Fell. The rhyolitic andesite flow is
seen resting on tholeiite flows in the upper left foreground crags
and jn the small pinnacle in the centre of the picture. The summit
of Jorundarfell (1018 m) is seen in the upper left middle distance
and the top of the snow patch marks the approximate base of the
thin pale grey basalt flows. A second fault, parallel to the
first, passes just to the left (west) of the prominent tabular
feature on the near skyline.
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pale grey basalt flows. It is possible, however, that these
larger downthrows are characteristic of thé older faults in the
area; Saemundsson (1967b) has noted that the downthrust in the
faults of the Hengill area of southwest Iceland seems to decrease
pard passu with the age of the formations involved.

| Some of these faults were seen to be intruded by basic
dykes as in the fault near Misstadir (see Fig. 10), the Breid-
Grenjaklettar section, and the Korns; end north Giljé stream beds.
In the Mhsstadir fault, a fresh young dyke is seen to cut an
older sheared dyke, and this indicates some renewed movement
along the fault plane- both dykes are near-vertical.

The near vertical fractures in the Kornsa and Gilja sections;,
are filled by dykes, and vertical displacement on opposite sides ;
of the fractures appears to be of the order of only a few metres. :
The amount and direction of downthrow in many of these faults is §
aifficult to determine due to the lack of distinctive lava horiz-
ons in the low ground between.Vididalsfjall and Vatnsdalsfjall.,
(b) Yididalur and Vididalsfiall |

The faults in this part of the area show the same general

field features as those in the eastern half of the area and most
of the faults found have a north to north-northeast trend. Many
of these faults héve been intruded by basic dykes as can be seen

in the faults between Krossdalskhla and the Sellaekur stream

(see Map 1).
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One of the greatest downthrows found was in the étream
draining‘the west side of Krossdalskﬁla, where a north-northwest
trending fault downthrows the BFB Group to the west by about
200 m (see Section CD, Map 1); the probablé northward continuation‘
of this fault passes through the west slopes of Urdarfell where
it cuts the Melrakkadalur-Urdarfell granopﬁyre intrusion and
its lava capping.

The faulting pattern in the north of Vididalsrjall is more
Vcomplex than that in the ground farther south, and the trend of
the faults associated with the intrusive complex 1s very variable
és can be seen on Maps 1 and 2. One of the most prominent of
these faults 1s the east-northeast trending fracture which can be
traced from the south part of Urdarfell aast»to the ridge south
of Raudkollur. This fault appearé to downthrow to the north, as
the base of the EFB Group outcrops at about the 400 m level on the
west side of Urdarfgll north of the’fault and again gt"750 m on
the ridge south of Sandfell, a distance of 2 km down-dip from
Urdarfell. | | N

Rough estimates of the,total subsidence along this fault,
assuming constant dip, were made byvcalculating the altitude at
which the BFB Group would outcrop on Urdarfell if there had been
no subsidence; this was done by up-dip extrapolation of the
outcrops at Vididalstunga and on the Sandfell ridge. .The former

locality represents a relatively undisturbed part of the area,
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unaffected by uplift due to cone sheet injectlion; the second
locality represents an uplifted part of the area. The data are
shown in Table 2 and indicate approximate maximum and minimum
values for the subsidence of the lavas on Urdarfell of 830 m

and 340 m respectively.

Iable 2
BFB outcrop Distance Calculated Estimated
Locality, up~-dip to altitude of Subsldence
with alti- Urdarfell BFB outecrop (corrected for
tude and dip on Urdarfell | present altitude
of BFB on
Urdarfell)
Vididalstunga 7500 m | (660 + 80) (740-400)
80 m, 5° =740 m = 340 m
Sandfell ridge 2000 m (530 + 750) (1280-1400)
750 m, c.15 o = 1280 m = 880 m

Other fracture zones in northern Vididalsfjall have a
northeasterly trend; tﬁese are particularly noticeable in the
ground between Urdarfell and Asmundarnﬁpur.' The Urdarfell
faults appear to have caused only'small diSplééements in the
lava capping, but the easternmost of the faults in this group

appears to downthrow to the northeast by a considerable vertical




89.

distance on the north side of ésmundarnﬁpur; the exact amount of
thls downthrow 1s uncertain, but if the small andesite exposures
on elither side of the fault were originally joined, this down-
throw would be of the order of 120 m. This fault forms a narrow
(about 300 m) zone of parallel fractures in the precipitous
north side of Asmundarnﬁpur, and appears to cut the eucrite
intrusion exposed at Hélar.
0 F L P

A.neér-vertical crush zone with west;northwest trend was
‘found in the Tungué stream bed at the southern end of Vatnsdalur;
this zone appears to be about 100 m wide and was not seen to be
injected by dykes. The crushed lava flows in the stream bed
have a highly sheared appearance, the larger fragments showing
a crude platy form which is aligned parallel to the walls of the
fracture, and the vertical displacement 6f the walls appears to
be extremely small, as the Gilé tuff outecrop in the west side
of Mﬁlinn lies at the position indicated by strike lines drawn
on;the Gila stream bed outerop. No outcrop of this fracture
was found west of the Tunguh locality. This fracture appears
to be very recent and ﬁay be a transcurrent fault of the
similarly-trending types recently found in mid-Iceland by Dr.

K. Saemundsson (Mf. I. B. Fridleifsson, pers. comm., 1968).

Other Vertical Movements in the Lava Pile (a) Vatnsdalsfiall

The most remarkable structural feature of the lava pile
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is the elongated trough-shaped structure which outcrops in the
wesf side of Vatnsdalsfjall between Hjallaland and Hvammur (see }
Figs. 2a and b, 6, 11 and 12); this trough shows a maximum

length of 7 km along its northnorthwest axls of elongation, and §
a width of about 3 km transverse to this axis (see Map 1). The %
best section of the lavas forming the trough 1s:seen in the slopesE
east of Hvammur, where the south end of the trough has been
eroded away to expose 1ts component lava flows as highly tilted
units dipping west at up to 42 degrees. In this section the 1
oldest lavas forming the trough are those of the BFB Group, and |
a continuous succession is exposed up to the level of the thin
flow group which succeeds the TFB Group; thus the trough is
formed from the products of thé‘rlood phase and the early part
of the Second Central Phase.

The northward continuation of the tfough is outlined by |
the outcrops of.the BFB and TFB Groups (see Fig. 26); both these ?
Groups can be traced up into the Breid eliffs, and the broken
northward part of the BFB Group 1s seen dipping west at about‘ 1
35 degrees above Hjallin. The north end of the trough is o @
outlined by the steeply dipping TFB flows in the lower west slopes
of Jorundarfell, and these units can be seen to swing down the ﬁ
slope to a level beneath the Hjallin lens where they dip at
30 degrees to the south.

The dip of the lavas on the eastern edge of the trough is j;



Fig. 11. View of the steeply dipping flows in the eastern side of the Hjallaland-Hvammur
trough, looking northwards to the lake Flodid. The detrital deposits are seen near the ight
border of the picture, and are cut by a fault plane now occupied by a basic dyke. The
%%stinctive columnar Breid andesite flow outcrops at the summit cliff left of the fault.

O
(]
e Hjallin lens occupies the lower part of the trough and the hummocky ground formed by '
its roof is clearly seen; beyo:nd the lens lies the Hnjikur plug.
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Fig. 12. View of the northern part of the Hjallaland-Hvammur
trough near Hjallaland farm, showing the steep southerly dips of
the thin flows in this part of the area. The dip of these flows
decreases as they are followed northwards (to the left of the
picture), and they are overlain by gently dipping post-erosion
flows of the Second Phase in the upper part of the section.

up to about 10 degrees in a northeasterly direction; the
western edge of the trough is not so clearly defined, as the
BFB and TFB horizons are not exposed on the west side of
Vatnsdalur, and the lack of distinctive horizons in the 100 m
shoulder makes determination of their position difficult in this

faulted ground. The possible form of the west side of the
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trough as deduced from dips of the avallable exposures 1is
indicated in Section CD, Map‘l, and it seems likely that the
tfough is asymmetric with steeply dipping lava flows on all
but its western margin.

Little faulting was seen in the tilted flows except in the
eastefn edge‘of the trough in the Grenjaklettar cliffs, and
the trough flows appear to have been gently flexed by a grédual
slow movement. It is apparent that the axes of the monoclinal
eastern part of the trough exposed in the Hvammur slopes trend
parallel to the regional northerly fault system; the eloﬁgation
of the trough also trends parallel to these faults, and it
seems likély that the faults exerted some control on its
development. A further clue to the origin of the trough is
given‘by the presence of the small faults which cut the under-
lying thin Flow Group (see p.83 ) but not the flows in the
lower part of the Hvammur monocline. It is felt that slow
westward step faulting along these fractures in the Thin Flows
proceeded together with_slow sagging of the gradually accumu-
lating BFB and later flows to produce the Hjallaland-Hjallin
trough structure; the increasing overburden due to slow
accumulation of lavas above the Thin Flows may have 1nit;ated

the original fractures. In addition, from purely morpholegicel
considerations it seems uhlikely that the approximatolyfbval

plan shape of the trough could have formed as a result of uplift
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in the block east of Grenjaklettar; uplift would probably form a
dome structure east of the trough such as those developed in

the Reydarijrdur area near the Sandfell laccolith (Hawkes sand
Hawkes, 1933) and at Haugagxl and Thernunes (Walker, 1959,

p. 387; Gibson et al., 1966, p. 19). These three uplifts in
eastern Iceland are assoclated with subjacent intrusions and

the lava flows forming them are highly tilted; the lavas of

the Thernunes uplift have undergone a high degree of local
hydrothermal alteration and a dense swarm of dykes and minor
intrusive sheets is associated with the uplift. No hydrothermal
alteration was found in the Vatnsdalsfjall plateau top between
Grenjaklettar and Svartfell andsinor intrusions are only spor-
adically developed, so that it seems unlikely that subjacent
intrusions capable of producing a 600 m uplift exist beneath
this part of the area.

The densest part of the Vididalur-Vatnsdalur basic dyke
swarm passes close to the position of the trough (see p.102 )
and the country rock shows a greater degree of hydrothermal
alteration west of and beneath the trough than to the east of
it; in addition, the trough lies in a zone in which bedded
chalcedony infillings are found in a variety of rocks. (waw
Empme®) . The isopachs for the Hvammur tuff indicate that this

horizon thickens towards the Hvammur-Eornsa ground, and a few

small basic and aclid sheets were found in this part of the area
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(see Maps 1 and 3). The giound in which the trough lies thus
has much of the character of the core zone of a volcano. |
Walker (1963, P. 44-45) has interpreted the highly propylitized
and dyke-injected core zone of the Breiddalur volcano as a

zone of irregular subsidence, and he eetimated that a collapse
of about 450 m occurred in this zone. A similar subsidence of
about 600 mhas been calculated in the core rocks of the
Thingmﬁli volcano (Carmiehael, l96h,'§. 436) and Sigurdsson
(19665 pe 64) has Suggested that the core of the Setberg‘ceotral
voloano underwent considereble"subsidence due to the partial
emptying of the uhderljing magma chamber and collapéevof the
weakened superstructure. The core zones of the Lon and
Alftafjordur central volcanoes in eastern Iceland have also
undergone subsidence (Walker 196%&).

“The field relations and tectonic environment of the
HJallaland-Hvémmur’trough are felt to suggest that this
structure is formed by local subsidence in a zone of intense
hydrothermal activity close to an eruptive orifice; the maximum
amount of this subsidence is estimated as being about 600 m,

_ this figure boing obtained by comparison of the levels of the
BFB Group in the Grenjaklettar clifrs and at Hvammur. ‘ ;
~ Cotton (1952, p; 322) points out that "Withdrawal, outflow;§

or blowing off of‘magma which ﬁas underlain considerable areas

of surface seems to have been rather commonly the cause of
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collapse in which normal faults have been developed with the
production of downwarped basins and complex graben of irregular
outline", and collapse structures of this type are known
elsewhefe in Iceland, as in the later stages of developments
of the Askja caldera. The Hjallaland-Hvammur’trough shows
some similarity to the structures termed "concas" in Italy
(Cotton, op. cit., p. 313); these structures are slowly-formed
calderas in which the walls descend as é succassion of steps
separated by faults, and the approximate structure of the trough |
in question is shown in Section €D, Map 1. |
- No marked flow structures were seen in the basaltic fiows
of the trough,'and the vesicles at the base of the BFB Group
flows were found to be near-spherical; no large-scale thickening
wvhich might be interpreted as ponding of flows in a topographic
depression was seen in the lower part of the trough and so it
seems unlikely that the oldest trough lavas cascaded over a.
steeply-sloping ground surface’in the manner seen in the 1
Stadarsveit cliffs of Snaefellsnes. Many of the younger flows
- in the trough, however, are very thin and thils may indicate that |

the surface gradient increased as the trough succession

accumulated, although the lateral continuations of these flovws -

in the more gently inclined sections in the eastern rim of the
trough at Breid are also very thin, a o i

The pfesence of large scale flexures similar to those |
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found along the East Greenland coast (Wager and Deer, 1939) has

recently been proved in Iceland by Walker (1964a), Annels (1967) }

and Th. Einarsson (1967); Annels (op. ¢it.) has shown that

the dyke swarm which cuts and trends parallel to the large
flexure near'HornafJSrdurﬁin'eastern Iceland has been injected
into inclined fractures which developed along the axial plane
of the flexure in similar fashion to those which inject the

East Greenland flexure. The dykes which intrude the Hjallaland-
Hvammur trough are near-vertical and this is taken to suggest
that the trough formed by local subsidence rather than regional
flexuring. -

After the formation of the trough, faulting occurred along

the regional north-trending fractures, and caused intense
brecciation of parts of the trough flows; good exposures of
crushed BFB flows are seen between the %00 and 500 m levels
east of Hjallin, and these can be seen to pass southwards into
‘the coarse boulder beds already'mentioned (see p. 63 ). These
bdulder beds f£ill much of the southeastern part of the trough
and are taken to be reworked fault breccias; it 1s possible that
some of this breccia material was derived from broken lava
horizons now buried beneath the upper part of the 1avé section
south of Jdrundarfell. Thé’féworking of these breccias may

have been accomplished by streams, and the cheotic assortment

of blocks of widely differing sizes in the detrital deposits
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(see Fig. 8) 1s taken to suggest that this process was rapid
énd initiated by powerful torrents. It seems likely that the
trough area lay near to the surfacd iée in Upper Tertiary times,
and meltwater streams from this ice pouring into the trough in
spring would have redistributed the fault debris over a consid-
erable area in similar fashion to the present-day streams which
have formed the extensive sandur plains south of the Vatnajokull
ice~cap in southern Iceland. ‘

The original extent of the Vatnsdalsfjall detrital deposits
is not known, and it is not proposed to attempt a detailed
interpretation of their sedimentary structures. No outcrops
- of similar material were found on the west side of Vatnsdalur
or in Vididalsfjall and 1t seems possible that the deposits
were originally only of local extent. . The asymmetric east-west
cross~-section of the trough appears to suggest that 1t would
have been too shallow to contain detrital horizons extending
far to the west at the 500-700 m levels at which the present
detritus outcrops are seen in the west side of Vatnsdalsfjall.
(see Section CD, Map 1) |

The detrital deposits in the west side of Vatnsdalsfjall

are thus interpreted as being fault brecclas reworked by rapidly-

flowing streams which deposited this material as a boulder and
gravel fan; this deposition may have taken place in several

stages, possibly due to seasonal variation in the amount of

!
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water avallable, as some stratification is seen in parts of the
deposits (see Fig. 9). Tﬁe gradual decrease in graln size of L
the partiéles in the depésit parallels the gradual upward decrease?
in gradient of the depositional surface and could have been
produced by the building of a delta on the west-facing fault
scarps of Vatnsdalsfjall by a river flowing from an easterly
direction.
(b) Yididalsfiall
The most noticeable evidence of vertical movement in this
part 6f the area 1s the relatively steep dip of the BFB Group
flows in the northern part of Vididalsfjall; this dip feaches a

maximum of about 15 degrees to the southwest (see Map 1), and

indicates some doming of the ground by the intrusions now seen

at the surface. An approximate estimate of this uplift can be
made from the data of Table 2 by comparing the different ﬁ
theoretical elevations on Urdarfell of the BFB Group obtained 3
by up-dip extrpolation of the Vididalstﬁnga (relatively undis-

turbed) and Sandfell (uplifted) outcrops. The value obtained

is 1280-740 = 540 m. Measurements on the two cone-sheet swarms
in northern Vididalsfjall (to be described in Chapter 2) indicate ;
that the total possible uplift of this ground due to cone-sheet
injection is of the order of 1830 m; which seems high but when

corrected for the subsidence estimated in Table 2 gives a

possible uplift of 950-1490 m.,
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The steep southwesterly dips of the thin pale grey basalt
flows on the west side of Vididalsfjall at Asgeirsérhlass (up
to 20 degrees) and HvarngJé (up to 16 degrees) are also
believed to be due in part to extrusion on to a prgviously

existing dome and to later uplift (see Map 1 and Fig. 1).
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1-4 THE VIDIDALUR-VATNSDALUR BASIC DYKE-SWARM
| Althoﬁgh extensive exéosures of bgsic dykes in the
Vididalur-Vatnsdalur area are rare, the strikes of 275 dykes
were measured in the field and have been plotted at 5-degree
intervals as a rose-diagram (see Fig. 13). The dykes measured
can be split into two sub-swarms with north-northwest and
north-northeast trends respectively. Too few dykes were
found to establish the possible existence of dykes radially
disposed about the Vididalsfjall intrusive centre.

| Inspection of Map 1 reveals that the strikes of the lava
flows‘in the area are not parallel with those of the dykes; the
strikes of flood lava flows and their associated dykes are
parallel in eastern Iceland (Walker, 1959) and, by analogy, the
lack of parallelism seen in the Vididalur-Vatnsdalur area
suggests that some tilting of the flood basalts has teken place
since thelr extrusion. Some of the abnormal dip directions
seen may be due to,intercalation of volcano lavas with flood
lavas (Walker, 1963), as already discussed (p. 3 ).

The majority of the dykes are vertical but some north-
northeast types in the Gljufura were seen to dip westwards at
60-70 degrees; these dykes outcrop along fault lines.

None of the dykes found could be followed for more than

& few tens of metres along the strike as they are usually




Fige 13, The trend of the Vididalur-Vatnsdalur basic dyke swarm; the
strikes of 275 dykes have been plotted at 5-degree intervals
in a rose-diagram.
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Fig. 14. (a) Histogram of the widths of 224 basic dykes, showing
: the preponderance of dykes thinner than 2 m.
(b) The decrease in number of dykes with increase in
altitude.
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obscured by superficial deposits, and few show field characters
sﬁfficiently distinctive for theh to be followed 1n intermittent é
stream-outcrops across country. One fresh fine-grained basalt |
dyke was folloﬁed for a horizontal distance of 500 m southwards
from the point at which it,cuts and andesite flow in Breid,
Vatnsdalsfjall. ;
Few dykes were found to exceed 2 m in width (see Fig. 1l4%a);
90 per cent of the 224 dykeé measured fell within the width |
range 0-2 m, and the average width was just over 1 m. The two
thickest dykes found were 9 m in width; one of these is a fresh

tholeiite dyke in the Grjota at 240 m and the other is a

porphyritic basalt bearing large plagioclases which outerops at
the 300 m level north of Gudrunastadir in southern Vatnsdalsfjall
This dyke is of identical rock type to the Grjota BFB flow
group and lies about 200 m below the base of this group in the
crags above. |

~ As the dyke swarm is not well exposed, no detalled
quantitative analysis of the horizontal or vertical swarm
density was attempted in the area. The densest parts of the
swarm found are exposed in the Kornsa and the northern Gilja
stream beds,’and‘it is felt that several hundred dykes lie
concealed beneath the superficial deposits which cover the
ground between Vididalsfjall and Vatnsdalsfjall, by analogy
with the swarms described from eastern Iceland by Walker
(1959, 1960, 1963). Estimates of the intensity of the dyke
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swarm were mdde, however, for traverses across the strike of

the well-exposed parts of the swarm seen in the Kornsé and

Gilja rivers, using the same method as Walker (1959, 1960); the

per¢entage stretch or dilation of the country rock due to dyke

injection. was calculated using the relations-

Peréentage-stretch =

Length of traverse

The results obtained are shown in Table 3 below.

Table 3. Intensity of the Vididalur-Vatnsdalur

. , N
Locality Kornsa A Kornsé B Gilj&
frame e ——————————————e— v ————— —— — — |
Number of dykes in 35 25 16
traverse '
Length of traverse 3000m | 1750 m 1750 m
Number of dykes 11.7 (19) | 1%+.3 (23) | 9.1 (15)
per km (per mile)
Aggregate thicknéss 4.6 24,75 m 23,1
of dykes in traverse 3 a 75 3.1 m
Percentage stretch 1.1% 1.4% 1.3%
Altitudg of travqrse h0-220vm 100220 m | 50-110m

x100
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The Kornsé B traverse is the more highly injected middle
1ength of the Kofnsé A travefse. The results indicate only
slight stretching of the country rbck due to dyke injection.

Thus the percentage stretch due to a number of dykes in the

fange 15-23 dykes per mile is only in the range 1l.1-1.4 per cent. |

Walker (1959, 1960) quotes figures which indicate that for an
injection of 15423 dykes per mile the percentage stretch would
be about 3-5 per cent in the Reydarfjgrdur area and about 2.6-
8.3 per cent in the Berufjérdur area. These higher percentage
stretch values refleét the~greater thickness of the dykes in
eastern Iceland; the average thickness of these dykes is 3.0
to 3.3 m (Walker, 1959, 1960, 1963).

The thinness of the Vididalur-Vatusdalur dykes may be due
to a»relatively small amount of the country rock; this may be
due to compressional stresses in the crust acting across the
swarm trend in a northwest to southeast diréction, as suggested
by Sigurdsson (1967a). | o |

Walker (1963) has suggested that the apparently low dyke
swarm intensity in fhe core zone of the Breiddalur volcano,
gastern Iceland, is due to downsagging of this zone by about
480 m since the emplacement of the dykes in the core of the
volcané. If the Korns& traverse lies near the core zone of the
Vididalur-Vatnsdalur volcano, the 600 m sag 1ndicated by the
BFB group at Hvammur (see section CD, Map 1) may be responsible

for the small number of dykes‘seen in this part of the area.

|

I
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No detalled estimate of the intensity of the dyke swarm
was made for the higher levels in the aréé, but generallfield
observations indicéte that the number of dykes decreases
towards the top of the lava pile; the top of the pile coincides
with the highest topographic levels in the area except in the
ground west of the ésgeirsérhlass cliff in southwestern
Vididalsfjall where it descends to lower levels. The area was
divided into four altitude zones - 0-300 m, 300-600 m, 600-900 m,
and 900-1200 m, and the total number of dykes outcropping in
each zone was plotted as a histogram (see Fig, 14b); dykes from
the ground west of ésgeirs;rhlass are not included in this
summation. |

The method is not exact; and does not account for the
possible bias due to varying deg;ee of exposure in low ground;
this bias iay be balanééd by the fact that’the measurements used
Qere taken from ﬁ‘broad area. A diStinct‘general‘decrease in
the number of dykes towards the top of the lava piie is shown
however5 in Fig. l%b; this confirms the general 1mprcésion
gained in the field and agrees with the relation‘between swarm
intensity and altitude proved to exisf in eastern Iceland (Walker
1959, 1960). A similar decrease in the number of minor intru-
sions towards the top of the Karroo basalt pile of South Africa
was noticed byDu Toit (1954).

The trend of the dyke swarm in the area mapped shows a
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certaln degree of coincidence with the predominant north to
north-northeast fault system. Good examples.of dykes occupying
fault planes were seen in the Korns;, GilJ; and Gljﬁfur; stream i
beds; other examples were seen in the Sellaekur (southeastefn |
Vididalsfjall) and at Hnjﬁkur and Breid. A fresh vertical 1 m
tholeilte dyke was seen to lie along the north-northeast fault
which runs from Hjallaland north to Sandfell in Vatnsdalsfjall
(see Fig. 10); this fault downthrows nearly 60 m to the west
and represents the greatest vértical‘movement seen along a dyke
fissure in the area. The dyke is slightly crushed by vertical

movement along the fauit, and 1s cut by a later uncrushed 30 em

dyke with tachylitic margins.
The majority of the dykes in the area were found to be in-
truded into fissures along which little or no relative vertical

displacement has occurred, and those lying in fault planes

were often found to be crushed; this movement may have been due
to later readjustments along the faults, but little unambiguous @
evidence was found to indicate the relative ages of faults and |
dykes. The two groups of dykes inclined ﬁestwards at 60-70
degrees in the Gljufura already mentioned (p.101) 1htrude lava
flows which are cut by the northward continuation of the faults ..
seen in eastern Vididalsfjall. Most of the sixteen dykesvlying !
in these two faults are altered, older typeé, but two fresh

andesite dykes and a fresh dyke. similar to the Type 1 late set
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cone-sheets (see p.248) are seen in the northernmost locality,
which lies dh the fault line which passes along the eastern
border of the Hélar-Skessusaeti intrusion. The presence within
the'same fissure of altered and fresh dykes characteristic of
the early and late parts of the igneous sequence is taken to
indicate the continuous emplacement of dykes throughout this
sequence.

The faults which controlled the development of the Hjalla-
land-Hvammur trough were also seen to be intruded by basic dykes
as can be seen in the cliffs between Breid and Grenjaklettar
and in the Englfsstadir stream in eastern Vatnsdalur. The dykes

in these fissures are near-vertical, and several dykes of
different age may occupy the same fissure as in therGljﬁfur;'
examples; the younger, fresher‘dykes in the Englfsstadir stream
faults were not crushed by movement along the faults.
General Field Characteristics of Dykes

The majority of dykes show chilled margins, and many of the
youngest dykes were found to show lustrous black giassy margihs;
some of the older dykes have crushed margins, due to post=
intrusive movement along the walls of their containing fissures.
Dykes of rock types similar to all the basic flood basalt types
were found, comprising tholeiites, olivine-tholeiites, and
porphyritic basalts (including BFB and SFB); these dykes show &

difference in the degree of secondary alteration which generally
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appears to be greatest in dykes of similar rock type to flows
low in the lava pille.

Iwo fine-grained fresh andesite dykes were found in the
Gljﬁfuré énd these have already been mentioned. Four dykes of
ABFB were found in eastern Vatnsdalur between Bakkalaekur and
the hill Mﬁlinn, and the positions of these and the éndesite
dyke:z:hown on Map 1. No BFB dykes were found to outcrOp above
the level of the BFB flow group, and the thick dyke already
mentioned near Gudf@nastadir farm is taken to be a reeder to a
BFB flow in the crags north of the farm.

All the dykes seen to 1ntrudé the thin pale grey vesicular

basalt flows in the uppermost part of thelava pile are of

identical'rock type to thesé flows and are chilled to tachylitic
margins against them; these dykes are the only type found a§

the highest levels of the lava plile and are of identical rock
type to the Type 3 late set cone-sheets or minor intrusions

seen in Vididalsfjall and Vatnsdélsfjall.  Dykes df}thié type
also outcrop at about 350-400 m on western Asgeirs;rhlass in
Vididalsfjall, and were seen in the same mountain on Hrossa-
kambur,IQrossdalskﬁla and Skessusaeti; similar types outerop in
Vatnsdalsfjall on Sandfell (903 m), Jorundarfell, Hjaliaskérd |
and at Bodlaklettar. None of these pale grey dykes wefa seen to
pass into the pale grey fiows, but they are felt to be the
‘feeders of these;flows. These pale grey dykes appear to trend
between north?northwest and north-northeast; no detaildd F
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analysis was made of their orientation. - : |

AGE RELATIONSHIPS OF THE DYKES
(a) Compared with Lavas '7 o
The presence 6f‘dykes of so many different rock types,
individually similar to centfal volcano.and flood flow groups
in the lava pile, and showing different degrees of alteration
within the zone of greatest alteration of the country rocks is !
taken to indicate that dyke intrusion was a continuous process
parallel to that of central voleano and flood lava extrusion.

The occurrence of one'BFB\dyke vhich probably passes into a flow,

the fact that this and other distinctive dykes were never seen
to outcrop above flows of similar rock tjpe; and the general
upward decrease 1n intensity of the dyke swarm is taken to
indicate that many of the Vididalur-Vatnsdalur dykes were the
feeders of the lava flows. Direct evidence of dykes feeding
flbws has been found in eastern Iceland by Walker (1959; 1960,
1963) and the dykes studied in this thesis are thought to be

an analogous case.

(b) ngnanﬁd_iiih;lnsznaigna

Few dykes were found to cut the other intrusions in northern
Vididalsfjall and its environs, and'noné of these intrusions
were seen to cut dykes. This is thought to indicate that the

_intrusive centre lay some distance west of the densest part of

the dyke swarm, in a zone first subject to intense cone4fracturin§

i
-
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and later to central subsidence; in this intensely fractured
zone, the structural conditions were never suitable for large-
scale dyke fissdre formation, until the final consolidation
of the First Intrusive Phase products. Thus dykes older than
Second Phase fypes are rare in Vididalsfjall.

Some dykes of First Phase types were seen in the gully
which lies between Raudkollur and Asmundarnﬁpur, where a 24 m
wide group of northwest vertical dykes of greenish dolerite
identical to that of the Type 2 early set cone-sheets 1s seen
to cut broken Type 1 feldéparphyric sheets; these dykes run
vertically for about 60 m upwards and at the 300 m level swing
round en bloc to adopt a southerly dip of 35 degrees concordant
with that of the earlier sheets, thus becoming ordinary Type 2
cone-sheets. This occurrence 1s taken to indicate the oldest
instance found of a dyke fissure intersecting a cone fracture;
these are thus the oldest dykes of known place in the 1ntrusionr
sequence. |

Early basic cone-sheets of Types 1 and 2 were seen to be
cut by tholelite dykes in the Vididalsi near Titlingastadir,
buﬁ these dykes have no distinctive field characteristics to
assign them to a definite place in the intrusive/extrusive

sequence.
A single 1 m dyke of greenish altered microplagiophyric

dolerite was seen to cut and chill against the Urdarfell>gabbro
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tongue; this shows some similarities to the Iype 3 early set
cone-sheets and may be a late straggler from-this group but
its affinities are uncertain,

The two fresh andesite dykes cutting Type 1 and 2 early
cone-sheets in the Gljufuré (see Map 1) may be related to the
andesite flows which outcrop beneath the BFB in the east side
of Krossdalskila; this would indicate that the main part of
Type 1 and 2 sheet injection was over by the start of BFB flood
basalt extrusion. This is felt to be unlikely, as some small
Type 1 and 2 sheets were found above the level of the BFB in
the east side of Krossdalskdla at about 620 m, and the andesites
may have been related to later flows not now exposed in the area.

The two thin blue dolerite dykes cutting the Melrakkadalur-
Urdarfell granophyre in the Dalsé (see Map 2) may be low-lying
parts of the thin pale grey vesicular dykes seen at the highest
levels of the lava pilse.

A single brown dolerite dyke of similar rock type to the
Type 1 late set cone-sheets was found to cut the northern
pitchstone margin of the Breidabblsstadur acid intrusion, and
late set cone-sheets of this type and Type 2 on Skessusaeti
were found to be cut by thin dykes of the pale grey vesicular
basalt characteristic of the highest levels of the lava pile
and the Type 3 late set cone-sheets. These thin grey dykes

show tachylitic margins against the earlier intrusions, and
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are clearly the youngest intrusions exposed in the area. Simi-
lar dykes were seen to cut the Skessusaeti summit eucrite, And
also the rhyolite at axl and Sandfell (903 m) in Vatnsdalsfjall;
this 1s taken to be additional evidence that these acid bodles
are lava fiows’older than the pale grey basalts and not‘younger

intrusions.:

Recent data on dyke trends in northern and western Iceland

are summarized in Fig. 15, drawn from Sigurdsson (1967a) and
Tr. Einarsson (196?); Trend 1 in this figure is compiled from
2035 measurements of fracture and dyke lineations in western
Iceland in which the northerly lineations correspond to dyke
and fracture trends in the Northwestern Peninsula, and the
east-northeast and eaéterly”iineations to trends in Snaefellsnes
(Sigurdsson, op. cit.).

The Vididalur-Vafnsdalur rose-diagram was replotted for
10-degree intérvals and shows a dominant northerly trend which
approximately bisects the angle between the trends indicated in

the Northwestern Peninsula and in the region near Akureyri.

e m—



Fige. 15. The trend ol the Vididalur-Vatnsdalur dyke swarm compared to
the trends of dyke swarms in northern and western Iceland.
Rose 2 plotted for 10-degree intervals.,
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CHAPTER 2

 STRUCTURE AND FIELD RELATIONSHIPS OF THE
. VIDIDALUR-VATNSDALUR INTRUSIONS
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The most striking feature in the geology of northern
Vididélsfjall is the presence of two temporally separated and
petrographically distinct sets of basic cone-sheets which are
centred on a common focus beneath the Gélgagil-Urdarfell‘region
(see Maps 1 and 3). The approximately circular outcrop form of
fhis cone-sheet swarm'provides a useful reference framework for
" outlining the structure of the Vididalsfjall intrusive centre
with which this study is primarily concerned, as most of the
coarse-grained basic and acid intrusions studied 1lie within
the limits of the swarm.

Extensive bodies of acid pyroclastlic material outerop
above the focus of the cone-sheet swarm and these mark the
centre of a broad zone of hydrothermally altered country rock
lava flows bearing epldote, chlorite, carbonate, quartz and
pyrite; the outer (i.e. upper) limit of this epidote zone in
the lowest-lying parts of the area lies just within the ocuter
1imit of the cone-sheet swarm (see Map 4). A few occurrences
of garnet were found in the most highly altered rocks of the
Ghlgagil-Urdarfell region which lies above the focus of the
cone-sheets, | ,

Smaller developments of epldote-bearing country rocks are
seen near the intrusions and vent zqné near Hnjﬁkur in northern
Vatnsdalur and‘also in a small area 1nJected.by minor basic
and acid infrusions in the Kérnsanyjﬁlfsstadir ground of the

same valley. A fourth outcrop of epidote-bearing country rocks
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was found in the northern part of the Gilj; river bed and this
is believed to be related to an intrusive centre in the north
of Svinadalsfjall, which lies outside the area studied.

The coarse-grained intrusions grouped about the Vididals=- |
fjall centre outcrop as small bodies which rarely exceed 1.6 km
in greatest 5readth, and their frequent development of fine- f
gralned margins and tongue or plug form are taken to suggest

that they represent the uppermost parts of larger intrusions

concealed at depth. Comparison of the form of these outcrops
with that of the upper parts of the more completely exposed
intrusions of the Vesturhorn complex in eastern Iceland invites
the same conclusion, as does also the great breadth of the
epldote zone (Walker, 1960). Seismic refraction work by
Pélmason (1963, 1967) has indicated the presence at r;latively,.;
shallow depth beneath the Vididalur-Vatnsdalur area of a crustal
layer likely to bear major intrusions, and this has already

been mentioned (p. 9 ).

Ihe Intrusive Sequence

The order of empladément or:the 1n£rusiohs of the
Vididalsrjall cehtral zone within a radius of about 3 km from
Urdarfell has been determined from the combined evidence of
cross=-cutting relationships, xenoliths and the degree of

hydrothermal alteration in the various intrusions. Cross-cutt-iﬂ

ing relationshlips were found to.be rare in the more widely
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spaced intrusions outside the central zone and the position
in the sequence of these bodies was determined from their
relationships with the older set of basic cone-sheets or from
their petrographic similarity to intrusions within the central
zone.,

The intrusive sequence has been divided into two
consecutive periods of injection which will be referred to
hereafter as the First and Seéond Phases. Each of these two
.Phases was found to begin with the emplacment of eucritic
material and a set of basic cone-sheets, 1.e. an access of
basic magmaj the petrographic differences between these two
initial basic magmas will be discussed more fully in Chapter
3. . .

The First and Second Phases of the intrusive sequence also f
show éome synchronization with the First and Second Central
Phases of the extrusive sequence, (Chapter 1) and this will be
discussed at the end of the chapter when the structure and
field relationships of the intrusions have been considered.
The intrusions are described in this chapter in what is

believed to be their order of emplacement.
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THE FIRST PHASE INTRUSIONS
2-1 EUCRITES

Two main outcrops of eucrite can bé seen in the area
mapped:-

(l){Hélar, on the east side of ésmundarnﬁpur

(2) Borgarviskl

The Hélar and Skessusaeti outcrops show such similar
textural and structural features and are so closely related.in
space and time that they are taken as being parts of the same
intrusion. |

The field relations of all these eucrite intrusions are

now described under the headings of
Form, Internal Relationships, and Relations with other

Intrusions.
(1). Ihe Holar-Skegssusaetl Eycrite Tntrusion  FORM

(a) Holar outcrop
This intrusion is only partly exposed and outcrops in

low-lying ground as scattered, glaclally-rounded hummocks with

- massive blocky Jointing. The main part of the outcrop is made.
up of tough, pale grey-green eucrite of uniformly coarse grain |
and shows little variation in texture. No banding is seen in g
this intrusion and the only indications of its form are given . |
by the attitude of the lower margin exposed in the northern

part of the outerop, the attitude of occasional well-developed
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Joint planes parallel to the base of the intrusion and the
attitude of adjacent country-rock lavas. Viewed from the
northeast, near the banks of the Gljufure the intrusion has
a saucer=shaped form with dips between east and southeast.

The fine-grained basal part of the intrusion is exposed
at the north end of the outcrop, and can be Seen from the
Blonduos road near Grof farm as a prominent tabular structure
or slab (see Map 2). This part of the intrusion dips at 10
degrees to the eaSt, tnis being 1dentical to the dip of the
countrybrock basalts about 30 m north of theslab. In the
middle of the outcrop, the large planar joints which continue
inwards from the north margin dip at 10 degrees to the south-
east. | |

The finngrained upper margin of the 1ntrusion'outcrops
at a height of just above 300 m in the seree on the eastern
flank of Asmundarnupur, but the exact contact with country rock
is not exposed, and the attitude of this part of the intrusion
is uncertain.

The southern part of the outecrop is of uniformly coarse-
grained euorite with no features typical of a margineand it
disappeare'with no detectable boundary beneath the peaty
surface cover. | '

The eastern side of the outcrOp disappears beneath peaty
cover in low ground and is probably truncated by the northward

continuation of the fault cutting the country'rock lavas in



118 L 4

the east flank of Skessusaeti.

The total thickness of the intrusion exposed is estimated
as 17% m.
(b) E, Skessusaeti outcrop

This eucrite outcrops on the east slope of Skessusaeti
between the 300 m énd 590 m levels, at which points the fine-
grained lower and upper margins of the intrusion can be
located with reasonable accuracy over horizontal distances of
only about %0 m. The form of the intrusion is indicéted by
the attitude of the basalts above and below; above the north
and sbuth ends of the outcrops the basalts dip west-northwest
at 30 degrees and below the outcrop the dip is 15 degrees in
the same direction. The massive joints in the eucrite are not
regular enough to indicate the attitude of the intrusion, but
the attitude of the adjacent lavas and the elongated shape of
the dutcrop suggest that the eucrite forms a lenticular body
or tongue dlpping westwards towards the cone-sheet focus at

about 20-30 degrees.

The maximum thickness of the intrusion from ldwer to

upper margin is of the order of 330 m, assuming 30 degrees dip. é

INTERNAL RELATIONSHIPS '
In both outcrops the eucrite forming the bulk of the
outerop is very uniform in grain size and texture, but four

distinct rock types can be distinguished within the intrusion.
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Two of these are eucrite sensu strictu, in that they are rich

in bytowﬁite plaglioclase, while the remaining two types

contain labradorite and are more correctly termed gabbros.
These types in order of consolidation, are:-

1. Marginal fine-grained plagiophyric eﬁcrite.

2. Coarse-grained eucrite, subdivisible into equigranular
.and subophitic textural types. ; »

3. Fine-grained marginal dolerite, also seen as thin veins
cutting the eucrite.

#.‘ Coarse "pegmatitic" gabbro, occurring as patches,

stringers and veins in types 2 and 3.

The fine-grained eucrite is found only at the upper part
of the intrusion and has a matrix of medium-grained dolerite
size comparable to that of the early basic cone-sheets; this
matrix contains stumpy bytownite phenocrysts up to 8 mm in
length. The rock 1is faihtly greenish due to hydrothermal
alteration and looks very similar to the early basic cone-
sheets but can be distinguished from these sheets by its greaterr
thickness and massive blocky jointing. This rock forms a
9-12 m zone at the top of the outcrop and passes gradually
downward without discontinuityAinto the coarse-grained eucrite
which forms the bulk of the outecrop. The well-exposed surfaces
of this rock are a pale grey-green colour and stumpy crystals

of bytownite and pyroxene can be seen forming an intergranular
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fabric both at Hélar and Skessusaeti, In the upper half of

the thicker Skessusaeti outcrop the coarse-grained intergranular
eucrite grades into a more sub-ophitic eucrite type in which

the plagloclases have a more lath-like habit and this type
persists upwards to the fine-grained margin. In the Hélar
outerop, a few scatteréd examples of this texture are seen below
the upper margin, and at one locality the pyroxenes are prismatic
crystals up to 10 x 2 mm in size. These crystals are arranged
in crude parallelism with the jointé parallel to the base of

the intrusion.

Both the Hélar and Skessusaeti outerops are floored with
fihe-grained fresh blue-grey dolerite which lacks the greenish
tinge of the upper two rock types and is far poorer in
plagioclase phenocrysts, those present being lath-like labra-
dorite crystals. Examples of this rock type are seen as a 12 m
zone upwards from the 300 m level in eastern Skessusaeti and
as a 4.5 m zone in the Hélar slab outcrop.

The transition zoné between this rock and the eucrite was
examined carefully over a 26.4 m traverse in the Hélar slab,
but no chilled contact was found. Any corresponding discontin-
uity which may exist in the Skessusaeti outcrop is obscured by

surface depdsits.
~ The coarse -"pegmatitic" gabbro is very distinctive in the

field and has long tabular to prismatic labradorites up to
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15 x 3 mm in size, intergrown in a sub-ophitic texture with
weathered-out black pyroxene. This type is arbitrarily termed
pegmatitic as it is coarse-grgihed and 1s common as small
patches, schlieren and stringegé near the lower parts of both
eucrite outcrops, no occurrences being found above the lowest
25 per cent of either outcrop. Patches of this gabbro are
quite abundant in the eucrite at the eastern boundary of the
Hélar outcrop and may indicate proximity to the base of the
intrusion at this point. ©Small scattered patches up to 30 cm
in greatest width can be seen on basal Jjoint surfaces from.
about the 180 m level down to the eastern margin of the Hélar
outcrop in both eucrite and the basal dolerite. These patchés
have amoebold, irregular outlines. Small stringers or lenticies
of the gabbro can be seen in both vertical and basal joint
surfaces. ZThese patches are thus probably small "pools" of
gabbro, occﬁpying gaps in the eucrite or dolerite.crysﬁél mesh
which lie parallel to the basal plane of the intrusion; the
term "pool"™ is used in the same morphological sense as Nockolds

(19385. Néﬂchilled margins were seen at the edges of these

gabbro pools, which implies that they were introduced into small

rifts in the host rock before this had completely cooled or
consolidated. These gabbro pools are thus probably isolated
pockets of late-stage residuum rich in volatiles; the high

volatile content would decrease the viscosity of the magma and

4
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would thus promote the formation of large crystals. Similar

ophitic gabbros have been seen to vein the gabbroic intrusions
of the Hornafjordur area (Annels, 1967) and the Hélar-Skessus-
aeti rock is similar in appearance to the "wavy-pyroxene“ rock

of the Skaergaard Border Group (Wager and Brown, 1968, p. 1lll-

113). -
A gulde to the age relations of the fine-grained basal

dolerite, the pegmatitic gabbro and the eucrite is given by
a single % cm composite vein which cuts the eucrite at 366 m
in the Skessusaeti outerop.

In thin seétion this vein can be seen to consist of three
conponents (seevFig; 16). Lining the driginal £1ssure opened

in the eucrite 15 a 0.5—2.01cm zone of the fine-grained inter-

granulsr to sub-ophitic dolerite ldentical to that seen at the |
base of the main intruslons. Individual drystals of plagioclase,%
pyroxene, olivine and Oreyin the eucrite wall rock at the ‘
interface AA show almost no:ffacture or strain features, and

the dolerite shows no noticeable decrease in grain size toward
the interface. This evidence implies that the host eucrite wés
neither sufficiently rigid for the vein-parting to fracture
individual crystals nor sufficlently cooled to chill the

invading dolerite. Continuing inwards from the dolerite 1s a

much coarser zone of sub—ophitic gabbro identical to the

pegmatitic gabbro already described bearing labradorite prisms
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Fig. 16. Schematic section through a composite vein
cutting the First Phase eucrite intrusion
in Skessusaeti, See text for explanation.
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up to 6 x 15 mm in size. This gabbro shows only slight
decrease in graln size towérd the dolerite at interface BB,
and thls interface 1s clearly defined but not sharp as would
be a rapldly chilled margin. None of the crystals in the
dolerite show truncation or fracture at interface BB, and none
of the small plagloclase laths has been drawn into parallelism
with the gabbro/dolerite interface. This evidence implies
that at the time of introduction of the gabbro, the dolerite
was still too ﬁot to chill the gabbro, and the mesh, although
not rigid enough for the parting to fracture individual crystals
was nevertheless too rigid to allow crystals to be dragged into %
parallelism by the invading material. |

The central gabbro zone of the vein has been breached at
a still later stage and the resulting space is now filled by
a thin 4 mm wide zone of pale fine granular granophyre

consisting mainly of cloudy alkall feldspar. Little or no

fracture of the individual gabbro crystals has resulted from

this breach and the gabbro appears to have been gently eased
apart before it had completely consolidated. “Some of the

gabbro feldspars and pyroxenes have been plucked from the walls ?
of this final rift and these subhedral crystals can be seen i
rloéting in the granophyre. Some reaction has occurred at the i

margins of these plucked crystals and they have turbid and

i

{

, |

slightly crenulate margins. ' §
]
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RELATIONSHIPS WITH OTHER INTRUSIONS

The only intrusions seen to cut the Hélar-Skessusaeti
eucrite are cone-sheets of both sets, and a small granophyre
body of unknoﬁn form beneath the Hélar slab. This acid
material is a pale‘blue-grey colour and is fairly fresh. No
contact between the lower marginal dolerite and the granophyre
was found and the acid intrusion is difficult to place in the
ihtrusive sequence as it shows no obvious similarities to
other acid bodles in the area. A few thin leucocratic veins
up to 3 em thick and of exactly similar rock type to that of
the acid intrusion beneath the slab were seen to form a network
which cuts the eucrite and lower marginal dolerite of the slabdb
'outcrop; this rock type is also petrographicaily similar to
the acld centre of the Skessusaeti composite vein (ps125),
The veins are stralght, the trend of different individuals
being fariable and their attitudé ranging from horizontal to
vertical. These veins were not found to show strong chilling
against the lower marginal dolerite, and can be seen in thin
section to cut acfoss truncated phenocrysts in the dolerits..
The order'of'éonsolidation of thevdolerite'and granophyre thus
appears to be exactly the same as that seen between the
'corresponding units in the composite vein already described’

(p.122 and Fig. 16).

The oldest intrusions cutting the eucrite are a few
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greenish aphyric or feldsparphyric basic cone-sheets belonging

to theearly set and showing strongly chilled, now rotten,
tach&iitic margins. In the stream running east to Helgavatnssel
below the Skessusaeti eucrite early basic cone-sheets make up
about 40 per cent of the ground but the total number of similar
sheets cutting the eucrite is fewer than a dozen although the
eucrite lies between this pqint and the centre of the cone-sheet
ring. ‘Two interpretations are possible for this relationship.
The eucrite is either coeval with the last part of the early
basic sheet intrusive phase when few sheets would be available
to cut it, or it was too reéistant to be broken by the cone
fractures so that only a few fractures capable of admitting
cone-sheets were formed. This second interpretation seems more
likely in view of the fact that few of the late set of basic
cone-sheets cut the eucrite and a dense swarm of these sheets

~ has “piled-up" against the upper margin of the intrusion.

No cone-sheet blocks or xenoliths can be seen in any part
of the eucrite, but one of the two early set cone-sheets cutting
the upper margin of the Hélar outcrop bears some xenoliths
derived from intrusions assumed to be hidden beneath Vididals-
fjall; these xenoliths are bytownite-augite fabrics in Wwhich
the mesh gapsvare filled by fine-grained material continuous
with the'cone-sheet matrix and they appear to be fragments of

crystal "push" taken from an unconsolidated eucrite body. The
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absence of interstitial material other than cone-sheet matrix
testifies to this unconsolidated condition.

The balance of evidence indicates that the eucrite was
emplaced shortly before the start of the period of injection
of the early basic cone-sheets and completed its consolidation

shortly after the start of this intrusive period.

(2) The Borgarvirki Intrusion  FORM |
This eucrite outcrops in the lbw 100 m ridge running from
Faxalaekur to Borgarvirki and is only about 1.7 by 0.8 km in

surface area. Low glacially rounded and striated humps of

eucrite outcrop-on the west side of the ridge, and these are
rarely gréater than 10 m in length. The rock is jointed into
large blocké showing crude slabby habit near the probable
upper margin of the intrusion and these slabs dip at 22 degrees %
in a northwesterly direction. A straight fault-line trending
north-northwest downthrows the fine-grained upper margin of

the intrusion to the east near Litlﬁhorg farm. West of the

fault the eucrite outcrop can be followed northwards for about

1 km from its southern limit, and it eventually disappears
‘beneath flood tholeiite flows contempraneous with the First
Central Phase lavas. No distinct upper margin to the

intrusion is seen beneath these basalts, and to the east of the

fault the upper margin is concealed by drift and gravel.

The general structure exposed appears to be the upper part
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of a small hump-shaped mass trending approximately north-
northeast.
INTERNAL RELATIONSHIPS

The eucrite is very uniform in texture and of coarse
grain size except for a transition to a more doleritic grain
8ize near the position of the upper margin which can be seen
at Lith@brg. The rock is much darker in colour than the
HYlar sucrite and is texturally quite different, being
‘composed of large stumpy pyroxens crystals up to 4 mm kn
leﬁgth ophitically intergrown with small plagioclase laths.
These intergrowths weather out to give a pustular texture on

exposed surfaces and occasional phenocrysts of plagioclase and

i

rusty pseudomorphed olivine can be seen. No fluxional structure

or preferred orientation of crystals can be seen in this rock,
‘and no basic or acid veins or schlieren were observed.
RELATIONS WITH OTHER INTRUSIONS

On the west side of the Borgarvirki fault the eucrite‘is
cut by a single thin cone-sheet éf the early basic set which
shows fine-grained chilled margins. against the eucrite, and
east of the fault several similar sheets cut the basalts above
the eucrite, possibly having passed through the sucrite. No
other intrusions were seen to cut the eucrite which is there-

fore taken to antedate the main period of injection of the

early basic cone-sheets at}this locality.
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Other Small FEueritic Bodles in the area surrounding
. . ‘
(1) Northern Vididalsa

A small mass of eucrité:ﬁith similar texture to the
Borgarvirki rock outerops in the'Vididalsé banks west of
Refsteinsstadir. This has a dyke-like form, being an elong#ted
body 21 m in breadth and striking in a northwesterly direction. |
The visible outerop 1s only 50 m long, never more than 8 m in
‘thickness, and is cut into large blocks by regular vertical and
horizontal joints. No contacts can be seen to confirm that it
is a dyke, and the outcrop has uniformly coarse-grained size

and texture throughout. The eastern end of this eucrite is

cut by a 2 m dykezfrotted rhyolite wth east-west trend and
'there are no exposures east of this. In the river bank to
north and south of the mass are exposures of pale green acild
fragmental rocks bearing angular blocks of basait and rhyolite.
These pyroclastic rocks are similar to those seen in the
Gélgagil stream, which are discussed in the next section.

This small eucrite mass may be én apophysis or faulted

part of the Borgarvirki eucrite intrusion.
(2) Northern Gliifurd | | |

Part of a small composite dolerité intrusion of rqck typé
very similar toAthe_riner-grained parts of the Hélaf-Skessusaeti\

and Borgarvirki eucrites outcrops in the northern part of the
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Gljﬁfuré westwards from Umsvallir.

This intrusion is exposed in the river bed over a width
of a little more than 100 m, and the greater part of it 1is
made up of a medium-coarse-grained dolerite bearing small
rotten phenocrysts of olivine. The rock has a crumbly, dark
grey weathered surface, and is cut into blocky Jjoilnts very
simllar to those seen in the small dyke-like apophysis of the
Borgarvirki eucrite already described from the Vididals;. The
northern lower margin of the intrusion outcrops as a sheet of
uncertain thickness which dips at about 10-15 degrees towards
the centre of the intrusion and the inclination of the basal
joint plénes steepens southwards to about ¥5-50 degrees at the
centre of the*outcrop;'a cbrreSponding inward steepening of
joint plane: attitudes is seen in the southern part of the
outcrop, indicating that the intrusion has plug-like form.

The lower margin of the intrusion is of very fine-grained
dark basaltic material, and includes small rounded fine-grained
patches of different basaltic material; this margin rests against
greenish fragmental rocks and passes laterally into small
uniformly fine-grained sheets which intrude the fragmental rocks
and lavas for up to about.200 m from the centre of the intrusion.
These sheets are usually up to 4=5 m in thickness and are

concordant with the lavas.

The junction between the fine-grained margin and the
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coarse-grained 1nner dolerite 1s abrupt, but no chilling was
seen at the.margin of the inner doierite in the field; this

is taken to indicate that the inner dolerite was intruded
immediately after the marginal material SO that the difference
in temperature was not great enough_for chilling to occur at

the interface.

The intrusion is taken to be a small plug which has sent
out fine-grained appphyses on encountering a readily-parted
fragmental horlzon. It is cut by a greenish altered Type 2
early set cone-sheet}ﬁith wvesterly dip, and 1s also cut by a
thin north-northwest-trending basic dyke. Both components of
the plug #re somewhat hydrothermally altered, and the
simiiarity of the olivinefbaaring inner dolerite to the rock
of the larger ahd coarser-grained eucrite intrusions 1is taken

to indlicate that it is contemporaneous with these intrusions.
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2-2 EARLY TUFFS AND AGGLOMERATES

Larée rolumes of pyroclasfic rocks are exposed in the
centre of the Vididalsfjall cone-sheet ring; and smaller
developments of such’material are localised in the north of
the Vididalsa and Gljufura river beds and as thin horizons N
within the lava pile (see p. 27 ); the term "pyroclasticV 1s
used in the sense suggested by Fisher (1961) to describe |
material "extruded as discrete narticles from vents" although
some of the Galgagil-Urdarfell deposits may be "autoclastic"
1.e. produced within vents. |

| Two main types of pyroclastic rocks are present in the
Vididalur-Vatnsdslur ares and both have essentially the same
matrix material, a fine-grained type grading into a eoarser
type by simple increase in the size of the included fragments.
These fine and coarse types ccrreSpond to the tuff and
agglomerate types described by Gibson et al. (1966) from the
Faskrudsfjordur region of eastern Iceland, and they are
classified according to Fisher's scheme (op. cit.,Table 3).

The matrix of the types examined is of a pale green or
dark purple colour, and is composed of very small particles
vless thanlz mnm in diameter; this is a tuff in Fisher's classi-
fication (op. eit.). A few plagloclase and pyroxene crystals
may be scattered throughout this material, which grades into

a type bearing small equant ’angular to sub-rounded basalt and
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rhyolite fragments up tb 30 mm in size; this type is the
lapillistone of Fisher's classification. The plaglioclase
crystals in the matpix’material of the Urdarfell tuff were
found to be of calcic and sodic types; a few single euhedral
stumpy crystals of bytownite with distinct rims of labradorite
were seen 1n this rock as also were a few single elongated
crystals of andesine similar to those which occur in the acid
minor intrusions of the area.

The rock fragments in this type show marked uniformity
in size at individual localitiés: and this size-sorting is
taken to be the result of a winnowing effect on the fragments
as they flew through the air (Kuno.et al., 1964, p. 231).

The Vididalur-Vatnsdalur aggzlomerates beer angular to
sub-rounded basalt and rhyolite fragmentsscommonly 10-20 cm
in size which reach éxtremes of 1-2 m in the Gélgagil expos-
ures; thils type corresponds to the agglomerate type of
Fisher (op. cit.). Agglomerates are confined to vent areas
such as the centre of the cone-sheet ring, and the small
accumulations in the northern parts of the Vididalsa and
Gljufura river beds (see Map 1).

FORM OF VENTS |

The form of the vents is difficult to determine as their

margihs, like those of the Setberg vents (Sigurdsson, 1966a),

are notkclear-cut, and there are few reliable indications of
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the attitudes of the agglomerates and tuffs within the vent

areas.

The vents described from eastern Iceland (Walker, 1963)
are mostly funnel-shaped in section and circular in plan, and
it seems possible that the Vididalur-Vatnsdalur vents are of
similar form to these types. |

The three most relisble criteria for locating the margins
of thé Gélgagil vent are:-

(a) the country rock basalts are normally intensely
shattered throughout near vent margins. Entire masses of
basalt that are completely cut into small hackly lumps of
irregular shape due to numerous intersecting hairline cracks
are common in the area within the cone-sheet ring (see Fig, 17).1

(The ﬁasalt masses remain éoherént despite the shattering, |
and veining by calcite, epidote, quartz and zeolites may be
seen along many of the cracks. Propylitization and weathering
occur easil& along these cracks, So that in places the |
Shaﬁtered‘basalt is cut in all directions‘by zones of greenish ;
material, giving it an appearance very similar to that of a
well-sorted agglomerate. Fragmants of this shattered basalt
may be 1nélﬁded in the marginal parté of the vent.

Similar shattered or brecclated basalt has been described
from the margins of vents in Mull (Bailey et al. 1924); the

Vididalsfjall examples are believed to have formed in rigid
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Fig, 17. Highly shattered basalt from a point just south of
the summit of Urdarfell. The rock is cut into hackly lumps
by numerous hairline cracks, and is common near the margins
of the Galgagil-Urdarfell vent zone. The hammer handle is

35 cm in length.

structures subjected to faulting and repeated shocks of small
amplitude at the margins of a continually exploding eruptive
vent.

(b) Agglomerates are confined to the area within the shatter
zone and contain abundant wall-rock fragments. The large

size of many of these blocks (0.5-2.0 m) indicates that they

have probably not travelled far from the vent.
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(¢) ©Small radial and tangential fault breaks are common round
the edge of‘the shatter zone and presumably indicate foundering.
of the country rock at the vent margin. Examples of such
breaks are well seen in the ground to the immediate southwest
of the Raudkollur felsite intrusion. Similar types of arcuate-
faults have been described at the rims of Swablan tuff pipes
by Cloos (1941). : \
Dips in the agglomerate are difficult to determine due

to lack of unambiguous depositional stratification. A crude
stratification can be seen 1n_G%1gagil Just north of the
granoﬁhyre outcrop and this is inclined at an angle of about
'go»degrees toward the northeast. The medium-grained tuff in
the north end of the Krossdalur stream shows vertical banding
which probably indicates the intrusive nature of the deeper-
seated tuffs. |

A second small area of agglomerate bearing large basaltic
blocks and some rhyolite blocks in a pale green acid matrix
outerops in the Vididalsa banks southwest of Refsteinsstadir.
This is largely concealed by alluvium, but probably represents
a second vent similar tb that seen in Gélgagil. The small
agglomerate outcrOps intruded by the northern Gljurura dolerite

plug and the Breidabolsstadur intrusion are also taken to

represent small vents (see p.24%),
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INTERNAL RELATIONSHIPS
1. AGGLOMERATE

(a) Ihﬁ_éslﬂ_ﬁaizlx All the main pyroclastic types
described so far can be seen in the Gélgagil vent area. In
parts of the Gélgagil stream exposure, irregular plug-shaped
bodies of compact fine-grained felsite rock of pale-green
colour can be seen‘merging almost imperceptibly into the matrix
of the agglomerate, sometimes with a transitional zone of very
vfine-grained breccia. These bodies usually have a maximum
width of about 20 m and‘are up ‘to 20 m in exposed height.

Small phenocrysts of oligoclase and opaque minerals are

scattered throughout these bodies.. It is felt that these
felsitic masses may represent the types of acld material which é
exploded to form the pyroclastic matrix, and that these
particular compact outcrops are material which was unable to
explode due to lack of a sultable escape outlet. Alternatively
these bodies may represent later pulses of acld matérial too

depleted in volatiles to proguce an explosive eruption.

(b) Ihe Included Blocks The largest blocks in the

agglomerate are fine-grained basic and intermediate types. i
These blocks are cohmonly angular and range in size from
0.5 m to 2.0 m (see Fig. 187, | | g
The blocks are probably not country-rock lavas, as they
are not intensely altered and are only slightly greénish,

being usually a grey-black colour. No vesicles were seen in
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Fig. 18. View of the eastern end of the Gélgagil vent zone,
looking westwards. The stream bank in the right foregound of
the picture consists of pale green agglomerate bearing large
basaltic blocks. Much of the pyroclastic material has broken
down to a fine scree in the middle distance, and just beyond
this point the agglomerate is cut by a thin rhyolite dyke ?R).
these blocks and although some may bé subsided country-rock
lavas, others can be seen in places to pass into irregular plug
and tongue-shaped masses which are chilled against the agglom-
erates in the western end of Gélgagil. The large size and

angular form of these blocks suggest that they have not moved

far from their original position and that they are among the
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last blocks to be included 1n the agglomerate. Toward the
eastern end of the vent outcrop relatively fresh bloc%s of
this type with sub-rounded outlines are seen crowding the
green matrix exposed in the stream bed; these blocks possibly
represent partially consolidated basic material also in the
vent conduit which was exploded by the rapidly ascénding
acid material. Near this locallty a pilpe of fine-grained
basalt with circular cross-section 1.5 m in diameter cuts
the agglomerate, showing a distinct chilled margin; this
may.:bé; a later basiec foeder possibly connected with the
sufface. ,

Angular blocks of strongly propylitized pale green
country-rock basalt occur throughout the agglomerate, and the
vesicles in this type are lined with closely packéd lemon-yell-
ow epidote needles radiating from fhe walls. DBasalt of this
type can be seen in situ above the steeply inclined agglom-
erate north of the granophyre margin. Angular blocks of dense
fine-grained‘aphyric rock completely altered to green propylite
are present also and these may be highly altered andesites.

Numerous fine-grained fragments of acid material occur in
the agglomerate; and these form only small blocks up to 20 em
in size due to thelr greater brittleness and fissility
relative to the basic material. Compact feldsparphyric types

with dark and light grey flow bands are common, and these
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are frequently rich in sheaves of lemon-yellow epidote prisms
and in quartz pseudomorphs after tridymite. No surface
outcrops of these rocks were seen.

Some blocks of compact pale grey plégiophyric felsite
seen in the agglomerate can be matched with similar rocks
occurring as rare thin intrusive sheets up to 2 m thick or
as irregular tongues cutting the pyroclastics.

Some fine-grained dolerite fragments are also seen in the
éastern end of the G%lgagil agglomerate and can be related to
a thick 5%+ m columnar sheet of uniformly fine-grained basalticE
rbck of near horizontal attitude whose baserests against i
propylitized basalt and agglomerate. This sheet forms a
prominent cliff face cutting across the G;lgagil stream gorge
and 1ts base 1s seen to become fragmented over a horizontal
distance of about 30 m until it forms large blocks firmly
embedded in the agglomerate. This sheet is fresh but it is
difficult to decide whether it is a sill or a thick flow.

‘A few small blocks of greenish altered dolerite similar
to that of the early set cone-sheéts‘were found in the
Gélgagil agglomerate but no blocks of gabbro, granophyre, or
coarse-grained acid-intermediate hybrids were found. On the
western flank of Urdarfell a single large block of extremely
coarse-grained gabbro about 30 cm across was found embedded

in pale green tuff at the 160 m level. ‘The plagioclase in




this rock forms prismatic crystals typically 4.5 x 1.0 cm in

size and which may be as long as 9.0 cm. Interstitial to these

bfeldspars are black pyroxene crystals commonly 3.5 x 2 cm in
surface area. | |
A singl; large angular block of fresh eucrite similar to
that seen in the Hélaf-Skessusaeti outcrop, and 3 x 1 m in
size wés seen to be embedded in tuff in the north of Kross-
dalur just north of the vertically-banded tuff locality.
. These gabbro and eucrite blocks will be considered again

1ﬁ the section on age relations of the pyroclasties.

2. TUFFS

;Thé tuffs within the Gélgagil vent are pale green rocks
bearing small plagioclase crystals up to 5 mm long in a fine-
grained acid matrix and are poor in included fragments other
than occasional small while felsitic fragments up to 1 e¢m in
size. Tuffs with a well-sorted and well-mixed heterogeneous
assamblage of fragments up to about 2 em in sizs outcrop |
farther away from the central zone of the vent and are seen
in the west side of Raudkollur, in Krossdalur and on the
Sandfell ridge. Finer-grailned pale-green tuffs are Seen in
the Dalsa near Selfell and also just north of Melrakkadalur
farm; these types are believed to represent the flanks of
the pyroclastic pile erupted from the Galgagil-Urdarfell vent.
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No base to these tuffs i1s seen, and as the extent of subse- ;i
quent erosion 1s uncertain reliable estimates of their ;}
thickness are no possible. |
Pale-green and dark purple tuffs of similar fine grain,
containing variable proportions of well-sorted and well-mixed
fine-grained equant aclid and basic fragments, outerop at
intervals in the area surrounding north Vididalsfjall, as
shown on Map 1 (see pp. 28-29 ). These tuffs may well
pass into the vent agglomerates of Gélgagil-Urdarrell,
Refsteinsstadir, Breidabolsstadur and Gljufura, no other
likely sources being seen in the area studied. Exact corre-
lation of the Vididalur-Vatnsdalur tuffs with one or other of
the four vents 1s difficult dﬁe to lack of exposure in the

moor surrounding Vididalsfjall, lack of individuality of the
tuffs, and the possibility that the tuffs from two or more
sources may overlap.

Lateral continuity between tuffs and agglomerates has been j
demonstrated in the Faskridsfjordur area of eastern Iceland 5
by Glbson et al. (1966).

AGE RELATIONS OF THE PYROCLASTICS
(a) Compared with intrusions
The pyroclastics associated with the Galgagil-Urdarfell

vent zone were not seen to cut the early basic cone-sheets,

« the Urdarfell felsite and granophyre or the Urdarfell acid-
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intermediate hybrid rocks. No blocks of the acid or hybrid
types were seen in these early agglomerates or tuffs.

One large block of eucrite similar to that seen in the
Holar-Skessusaeti intrusion is included by the tuff in the
northern end of the Krossdalur stream bank; no other eucrite
rocks are seen in the pyroclastics, but the presence of this
block suggests that vent activity began after emplacement of
the eucrite intrusions. k

The tuff on southwest Urdarfell bears a single angular
block of extremely coarse pegmatif;c gabbro, as already
mentioned, and small gabbro feldspar and pyroxene crystals are
scattered through this tuff either singly or as clusters up to
1 cm in diameter. These tuffs outcrop near the Urdarfell
gabbro tongue which itself clearly intrudes both the tuff and
the acidfintérmediate hybrids on the southern slopes of the

mountain, showing thin gabbro veins cutting the former and a

diétinct fine-grained margin against the latter. As the gabbroAg

is of later emplacement than tuff and hybrids at this level,
it 1s inferred that the gabbro fragments were incorporated
into the tuff at depth when rapidly ascending acid vent
materiallcame into contact with partly consolidated gabbro.
(b) Compared with lawas

The thin green and purple surface tuffs seen in the

Vididalsa, Gljufura and in the west wall of Vatnsdalsfjall in

L]
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the Eijlfsstadir stream are all intercalated with the
distinctive Thin Flow Group of thin tholeiite floﬁs which
outcrops below the Grjét% BFB Group, near the base of the lava
succession (Fig. 5). These tuffs are the most likely flank
equivalent of the G%lgégil-Urdarfel; agglomerates., .No blocks
of the BIB grbup are seen in these agglomerates, and these
BFB flows outcrop at a level about 150 m above that of the
vent agglomerates in Gélgagil and the tuffs in the Helgavat-
nssel and Englfsstadir streams. Thus the BFB group is
believed to be one of the first prdducts of the period of
flood basalt extrusion which followed and buried the products
of vent activity in the central zone.

. No completely exposed dyke or pipe feeders passing into
lava flows of basaltic or basaltic-andesite types are seen
within the Gélgagil-Urdarfell vént zone, but there are two
pleces of evidence which suggest that material of these types
was erupted from the vent during the later stages of the
eruptive phase which produced the extensive agglomerates and
tuffs.

(a) fine-grained basic and intermediate rocktypes occur

as small irregular or pipe-shaped masses intruding the

agglomeratés in Gélgagil. These masses could be the infillings

of lava condults within the vent.
(b) the fine-grained green tuffs which bear small gabbro
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clots on west Urdarfell also bear small blebs of dark basic
pumice up to 5 mm in size.
A further indication is given by the presence on western

Urdarfell of a group of basaltic-andesite lavas at a distance

of only one kilometre sduthwest of the Gélgagil vent. This
group is about 50 m thick, and the base outcrops at the 360 m
level. Twelve extremely thin units can be counted (see p. 46 );%i
each unif is of extremely fine-grained dense dark grey to black '
basaltic andesite‘and shows & compact main part and a thin
vesicular top. These vesicles are often infilled with greenish
chioritic material and may also bear epidote and calcite, the
main part of the unit being largely unaltered althbugh small
specks of sulphide are common. These rocks are cut by innumer-
able vertical fracture planes trénding west-northwest and these
are probably due to strong vertical stresses imposed by faulting
and later intrusions beneath. Immediately above these andesites
are three thin BFB flows, totalling 12 m and this identifies
tﬁe andesites as being coeval with the andesites seen below the
BFB group in the east side of Vididalsfjall.
Wm

The balance of the evidence presented suggests that the
agglomerates and tuffs were originally continuous surface
. deposits, the former occurring as the central part of a cone.

of moderate slope angle and the latter being intercalated with
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Fig. 19. View of northern Urdarfell,,looking southwest from
Raudkollur. The agglomerate of the Galgagil vent zone outcrops
in the stream gorge near the foot of the picture, and part of
the much fractured thin lava section on Urdarfell (L) outecrons
as crags. <The Melrakkadalur-Urdarfell granophyre intrusion
(Gr) forms the slope between the lavas and the vent zone, and
a small plug-like basaltic intrusion outcrops on the summit of

Urdarfell.

the Thin Flow Group of tholeiites on the flanks of this cone.
During the later phases of the vent activity, basaltic andesite
lavas were erupted near the core zone of the volcano while

Thin Flow Group tholeiites continued to accumulate on the
flanks. At this time large eucritic bodies beneath the volcano
superstructure had probably reached the final stages of

erystallization.
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2-3 BASIC CONE SHEETS

The agglomerates, tuffs, eucrites and older lavas in

northern Vididalsfjall and the surroundihg area have been

intruded by a dense swarm of thin dolerite cone-sheets cantralllg
inclined towards a common focus beneath the Gélgagil-Urdarfell V
region. The outcrop of this swarm is approximately circular,
with a maximum outer diameter of about 11 km, and the inner
limit is approximately oval in plan, having diameters of
about 3 km from east to west and 1.5 km from north to south
(see Map 3).

Iwo sets of cone-sheets were found in this swarm (see
Maps 2 and 3). Thé older sheets, intruded at the beginning
of the First Phase, will be referred to as the "early set"
and the younger sheets of the Second Phase will‘be referred
to as the "late set'; the sheets of these two sets are readily
distinguished in thé field by means of the criteria set out ji
in Table 4. The general structure of both sets is discussed ‘
in this section, but the detailed field.characters of the
late set will not be described until a later section (see

p. 248); Fig. 20 summarizes the main structural relationships

‘of the two séts of cone-sheets. , :
The best exposures of cone-sheets are seen in northern
Vididalsfjall in the Jorfi-Selfell-Helgavatnssel-Holar area

where they outcrop as well-defined inclined slabs in:-stream

s e e

beds and along summlt ridges (see Figs. 21, 22); these sheets



Fig. 20, Schematic section through the Vididalur-Vatnsdalur cone-sheet
swarm, showing the foci of the early and late sets of sheets
below Vididalsfjall, Barren zone indicated by stipple,.

early cone-sheets late cone-sheets
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Fig, 2la. View of northern Vididalsfjall, looking northeast

to Asmundarnupur. The crags on the skyline are formed of 85

per cent of cone-sheets of both early and late sets separated
by thin screens of basalt lavas; these sheets dip southwards

in the direction indicated by the arrow.

Fig. 21b. View of the northern Asmundarnﬁpur ridge (locality

arrowved in Fig, 2la.) showing the thinness of the cone-sheets
and their steep southerly dip.

The hammer handle is 35 cm long.
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Fig. 22. Early set cone-sheets dipping to the northwest at
the 300 m level in the stream which runs eastwards from
Krossdalskula to He;gavatnssel. These sheets are about 2 m

in thickness.

are typically 1-2 m in thickness as shown in the histogram
of Fig. 23 which is compiled from measurements of the thick-
ness of 476 early set and 187 late set cone-sheets.

Exposures are almost completely lacking in the 1.5-5.0 km
broad zone of low=lying peaf and alluvium-covered ground which
surrounds northern Vididalsfjall, but the western limit of
the swarm can be seen in the banks of the Vididalsa near

Steilnsvad and Titlingastadir. The approximate eastern and

northeastern outer limits can be seen in the Gljﬁfuré between
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sheets.
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Hép and Helgavatnssel. No outcrops of cone-sheets are seen

in the higher parts of Vididalsfjall south of a line drawn ik

eastwards from Asgeirsé farm to Bakdalur on the east side

(see Map 1); the edges of the swarm outcrop below the 500 m

 level and above this level is a thick cover of the much youngerfi

thin pale: grey basalts which lie at the top of the lava pile

and which are not cut by any cone-sheets, |
For the pufposes of this study, the outer limit of the

cone-sheet swarm is taken as being thﬁpoint beyond which the

sheets form less than 5 per cent of the ground; this correSponde?

to an average gap of at least 25 m between consecutive sheets. {;

The exact outer limit is difficult to locate, as it is not
abrupt, and outcrops west of the Vididalsé disappear beneath
clays, gravels and the ngrg younger lavas, while there are
no outcrops east of the Gljﬁfuré river due to thick peat. In
addition, a few scattered i1solated sheets occur at greatér
distances from the centré; such examples can be seen on the
west side of Vesturhépsvatn outside the area shown in Map 1.
The inner limit is easier to define due. to the existence
of a.distinct "barren" zone almost devoid of cone-sheets;
similar barren zones exist in the Hebridean Tertiary cone-sheet.
complexes of Mull, Ardamurchan and Skye (Bailey et al. 1924,
Richey et al., 1930, Harker, 1904) and also in the Setberg
area, Snaefellsnes (Sigurdsson, 1966a). In the Vididalsfjall

1
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complex, the barren zone is occupied by the Gélgagil-Urdarfell
vent and the acid intrusions of Melrakkédalur-Urdarfell and

Raudkollur. Some small intrusive sheets and irregular plug-

like intrusions of fine-grained basic material similar to that |

of the cone-sheets cut the lavas and pyroclastics in this zqvnei

and will be described later.

All of the cone-sheets show chilled margins, even when
- they reét against or cut other cone-sheets of similar type,‘
showing that they were intruded successively as in the case
of the Hebridean cone-sheets (Richey et al., 1930). Few of
the sheets‘can be followed laterally for more than a few tens
of metres, and a large sheet of the late set on Sandfell is
remarkable in being traceable for about one kilometre dong
the strike. Cross-cutting relationships are not commonly
observed but would probably be present in greater numbers
were sheets exposed over greater lateral distances; most cone-
'sheets in the area are seen only as 10-15 m lengths in stream

beds and on ridges.

FIELD CHARACTERISTICS OF THE EARLY SET OF CONE-SHEETS
(The early set cone-sheets can be distinguished from late

set cone-sheets by a number of general field characteristics

which are set out in Table 4. The most obvious feature is

the greenish hydrbthermally altered state of nearly all the

early set sheets; this contrasts strikingly with the extreme
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Table 4 ‘ |

EARLY SZET LATE SET f

. ‘ . ' |

The majority of sheets are These sheets are totally fresh

hydrothermally altered and in marked contrast to the |

of grey-green colour due to country rock lavas and the early

decomposition of ferromag- set sheets even in the zones of |

nesian minerals and inter- most intense hydrothermal S

stitial glass. alteration. |
Epidote, quartz, calcite, Epldote and other secondary

zeolites, chlorite and minerals are absent.

pyrite are common in veins
or as patches within the |
body of the rock. :

Bucrite inclusions may be Eucrite inclusions are not known

present. in these sheets, but one sheet
bearing gabbro inclusions has
been found. s B }

The margins of these sheets The margins of these sheets are
are of fine-grained green- of fresh black lustrous tachidite

grey stony material which or fresh fine-grained dolerite.,
probably represents devitri- j
fied and hydrothermally
altered tachylite.

! ;

Magmatic roll structures and Magmatic roll structures may be

streaks of fine-grained or found in the red-brown dolerite |
glassy material are absent. sheets, and streaks of fine- ’

grained or glassy material are |
also found in some sheets. b

These sheets are often These sheets are rare; ly crushed
crushed, sheared or flasered sheared or flasered.
by faulting.
Thesé sheets are not seen as These sheets form numerous i
prominent ribs at altitudes prominent ribs at all levels i
above the 600 m level. ~ from altitudes of 50 m up to

e " 900 m.
These sheets show massive or  These sheets often show regular
erude blocky Jjointing; the prismatic or, rarely, columnar
joint patterns are usually Jointing perpendicular to
subdued due to the often thelr margins.
crumbly altered texture of o s '
the rock.
Most of these sheets are of Most of these sheets are of 3
thickness up to 1 m; this thickness 1-2 m; range includes.

range includes 56% of the 49% of the total ipeets
total:ﬂo. measured (Fig. 23) measuredJiFig. 23

v e———— e T I e “ ———"
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freshness of the late set shéets, which are unaltered even in
the zones of most intense hydrothermal alteration.

Three main types of early set' cons-sheet can be disting-
uished in the field, and all are characterised by the absence
of olivine. All three types are common over all but the
highest levels of the cone-sheet zons.

Type 1: Medium-grained feldsparphyric dolerite with
intergertal matrix

Sheets of this type have a matrix similar in texture to
the Type 2 sheets and contain stumpy phenocrysts of bytownite.
up to 5 mm in length which may make up to 20-25 per cent by
volume of the rock. OStony margins and pipe-vesicles are also
common in these types, and the phenocrysts persist right up to
the margins in most of the sheets observed. These sheets are
commonly about 2 m in thickness and ususally show a crude
blocky jointing which may change to a more platy jointing
parallel to the contacts as these are approached. The sheets
form prominent ribs highly resistant to erosion, but few are
seen as prominent features above the 700 m level. Good
examples of this type are seen in the Dalsa 1 km north of
Melrakkadalur farm, and also in the stream running eastwards
to Helgavatnssel (Ffig. 22).

Type 2: Mediux
Sheets of this type are usually 1-2 m in thickness, and

sometimes show pale grey-green stony margins which represent
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devitrified tachylite. A zone of pipe-vesicles may be seen
near the margins of many sheets of this type; these vesicles
are up to 2 cm in length, and are often infilled by minerals
characteristic of the hydrothermal aureole. ©Similar vesicles
have been described from the Setberg area, Snaefellsnes, by
Sigurdsson (;966a). These aphyric sheets are poorly resistant
to erosion and usually split parallel ta the contacts into
crude blocks or irregular slabs. ©Sheets of this type rarely
form prominent ribs and none were seen above the 700 m level.

Fig. 2% shows a Type 2 sheet in the Vididalsa west of Steinsvad.

Fig. 24. A Type 2 early set cone-sheet in the Vididalsé bank
west of Steinsvad. The sheet dips eastwards towards the lower
right corner of the picture and shows a crude blocky jointing;
its lower contact can be seen about a third of the way up the
left border of the picture. The hammer handle is 35 em long.
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Iype 3: ﬁmmmwmmm {
dolerite A ;

Sheets of this type are of very fine dark basaltic materiali
and are usually very fhin, ranging in thickness from 3 to 40 cm.?
These sheets are often less hydrothermally altered than T&pe 1l ﬁ
or 2 sheets, and are also much finer in grain than these types. {
Narrow pipe-vesicles are more common near the margins of these w
sheets than in Types 1 and 2, and, as in the previous two |
types, these vesicles are infilled with quartz, zeolites and
carbonate. These sheets are often\seen to split or cut across
sheets of Types 1 and 2, and they show stony dark grey margins
of devitrified tadhylite. Fig. 25a shows a Type 3 sheet cutting
‘the western end of the Hélaf eucrite intrusion, and Fig. 25b
shows a similar sheet cutting a highly altered Type 1 sheet in
the Vididals% west of Stein;vad.

Sheets of Types 1 and 2 sometimes contain rounded inclusio§
of eucrite, andvusually show a far greater degree of hydrother-
mal alteration than those of Type 3. Thus, these Type 1 and 2
sheets often contain epidote, which is not so frequently found
in Type 3 shéets. In additidﬁ, although Type 3 sheets are
usually concordant with the Type 1 and 2 sheets, they are often |
.seen to cut across sheets of this type where they have been
cracked or broken by faulting; good examples of this are seen

in the Vididalsa near Steinsvad, where the Type 3 sheets
sometimes show a vertical attitude for a few metres as they
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Fig. 25a A thin- Type 3 sheet cutting the western upper margin
of the Holar porphyritic eucrite 1ntru81on at the 300 m level;
this sheet can be seen to have thin pale selvages of devitri-
fied tachylite. The hammer handle is 35 em long.

Fig. 25b, A thin Type 3 sheet cutting a Type 1 sheet in the
Vldldalsa bank west of Steinsvad; the thin sheet dips to the
east and a few small pipe ve51cles can be seen near its lower
margin just to the left of the hammer-head. The lower margins
of the sheet is chilled to a thin stony selvage against the
older Type 1 sheet. The hammer-head is 15 cm long.
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cross the other sheets, eventually reverting to an attitude
concordant with the Type 1 and 2 sheets. These Type 3 sheets .
may split into several thinner sheets.

This evidence indiéates that Type 3 sheets were emplaéed
near the end of the period of.eéfly set sheet injection, and
elso indicates that some faulting took place after the injection
of the Type 1 and 2 part of the swarm but before injection of
the Type 3 sheets at the level of observation. The -extreme
thinnes of the Type 3 sheets is probably due to a number of
interacting factors; some of these sheets can be seen to thin
to zero thickness in Krossdalur aﬁd on Asmundarnﬁﬁuf; and ere
cléarly near the end of their upward travel. Invéddition, the
main part of the total éoné-sheét edifice was probably an
extremely rigid and heavy structure by the time of‘injection
of Type 3 material; so that only small and sometimes irregular

partings were available to accommodate this material.

DETAILED STRUCTURE OF THE CONE-~SHEET SWARM -

The density of the cone-sheet swarm was estimated quantiti-
tatively in éevéral éeétions up to distances of 1130 min a
direction perpendicular to both strike and thickness of

individual sheets; this quantity is the ratio:
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- Total thickness of cone-sheets in section

- Total thickness of cone-sheets + country rock in section

Map'3‘ehows the locations of these ﬁeasured'sections and thelir
respective cone-sheet densities are given in Table 5; the two
sections measured on Asmundarnﬁpur are of 100 per cent exposure
and probably represent some of the most perfectly expesed
Tertiary cone-sheet profiles in Iceland or the Hebrides (see

Fig. 2la and b).

lable 5

Section | Length of - C
Irgverse (all values expressed as % of
~ total ground traversed)
Total Early-set | Late-set
sheets sheets sheets
1 190 m 85% 62% 23%
2 200m | 78% 574 21%
3 1130 m 62% 46% 16%
l"’ - 2""’0 m 60% n.d. n.d.
5 750 m 5% 5% 0

The maximum values of 60-85 per cent obtained in these sections
are close to the values of 50-80 per cent determined as the
cone-sheet density in the Setberg area by Sigurdsson (1966a).
In the Mull cone-sheet complex,(Bailey et al., 1924) cone-sheet
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densities of as much as 92 per cent have been recorded over
horizontal distances of 120 m in outcrops of the Late Basic
Cone-sheets (op. cit., p. 296); values of this magnitude have
not been found in Vididalsfjall even though two sets of basic

cone-sheets exist in the area.

STRUCTURAL RELATIONSHIPS OF THE 'TWO SETS OF CONE-SHEETS
The outcfop‘of the late'set-sheets coincides with that of

the early set in the innermost 7-8 per cent of the total cone-

sheet outcrop; this late set outcrop is approximately circular

in plan with an outer diameter of about 4.5 km and this relation

is shown in Map 3. Table 5 shows the relative densities of
each set 1n the sections measured, and it'can be seen that the
late sheets make up about a third of the total thickness of
cone-sheets in these sections. |

Dip measurements made on 549 early sheets and 241 late
sheets were plotted as a histogrém, and this revealed that the
statistical mean value for dip in each set was in the range
40-45 degrees (see Fig. 26); the arithmetic mean value of this
range, 424 degrees, has been taken arbitrarily as the average
dip of the cone-sheets 1n each set. 4s both sets have the
same average dip, the smaller outcrop width of the later set
shows that its focus will lie at a shallower depth than that
of the early set (see Fig. 20). Inspection of the dips of

individual cbne-sheets throughout both sets reveals no

asymmetry which could be interpreted as tilting of the two

L
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cone-sheet set axes, and it seems reasonable to infer from this
that they form a cone-in-cone structure in which the two foci
lie at different levels on a common vertical axis. This
structure is shown in Fig. 20 and a similar composite cone-in-
cone structure about ahcommon axls has been shown to exist in
the case of the three cone-sheet sets of Ardnamurchan
(Durrance,1967).

The approximate depth of the focus was calculated for each |
cone-sheet set as follows. The dip directions of diametrically
opposed sheets at the outer ﬁargin of the cone-sheet outcrop
were projected until they intersected and this point was taken
as lying vertically above tﬁe focus as the axls of the cone
structure is vertical. Location of this point enabled‘an
approximate estimate of the maximum radius of each cone-sheet
set to be made from the outcrops on the map, and the depth of
the focus, f, was calculated from the formula = f=r tan @

where r = outer radius of outcrop

® = mean value for dip
The calculated depths for the two focl are:
early set 5000 m below sea level
late set 2000 m below sea level
and this data is summarized in Fig. 20. In comparison, the
Hebridean sets are thought to focus at about 5000 m, and the

Setberg sets at about 2600 m. Annels (1967) calculated that
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the cone-sheets of the Valagil-Geltafell system in the Horna-
fjgrdur area focus at a depth of,1600-2100 m.

In the Ardnamurchan memoir (Richey et'al., 1930), it was
suggested that the injection of large numbers of cone-sheets

must have been accompanied by considerable central uplift.

The authors of the memoir assumed that space for each individual

cone-sheet injection was made by displacement of its roof and
also that the aggregate thickness qf cone-sheets was more or
less constant round the entire cone-sheet belt.

Evidence of some uplift of the country-rock lavas in
Vididalsfjall is given by the high easterly dips (up to 20
degrees in Asmundarnﬁpur and Krossdalur) of these flows. In
addition, the BFB Group shows dips of 10-20 degrees in the
higher parts of Vididalsfjall and appears to have been raised
by several hundred metres at least from the less-faulted and
more gently-inclined outerops seen in the low ground flanking
the mountain. As all the lavas affected in this way are among
the earlier members of the exposed succession and are thus
either older or contemporaneous with the period of cone-sheet
injection (as witness their relations with the products of the
Galgagil-Urdarfell vent), it seems likely that the uplift is

due to successive injection of cone-sheets into the substructure,

Accordingly, a tentative value for the uplift due to both early

and late sets of cone-sheets has been calculated, making the
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same assumptions as the Ardnamurchan authors.

The average cone-sheet density of the total swarm is
taken as 45 per cent; this value lies half-way befween the
maximum and minimum densities of 85 per cent and 5 per cent
found at the inner and outer margins respectively, and
corresponds to a thickness of 1350 m of sheets. The total
thickness of the cone-sheet belt is taken as 3000 m (see Fig.
20) a2nd the mean dip of the sheets is taken as 42} degrees.
Using the formula:

t where t 1s the total thickness
Uplift - due to cone-sheets :
cos © and © 1is the average dip of

the cone-sheets,

a value of 1830 m is obtained as the possible central uplift
in northern Vididalsfjall due to the intrusion of both sets

of cone-sheets.

In all the existing hypotheses of cone-sheet formation,

the sheets near the inner margin of the swarm are envisaged as

having steeper dips than those near the outer margin. In

addition, some of the theoretical fracture patterns indicate
that the dip of individual cone-sheets increases with depth.
One possible example of this was found in Vididalsfjall, on

H

the ridge south of Sandfell. This sheet 1s a red-brown dolerite

type of the late set and 1s 3-4 m thick; the margins of this
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sheet are cut by numerous Joints perpendicular to the contacts
to produce a 30-40 ém zone of thin splintery laths which is
very distinctive in the field. The sheet outecrops at a height
of about 730 m on the ridge and is next seen 275 m eastwards
of this in the southern end of Krossdalur, at about 300 m below
the first outcrop; over this drbp the dip increases from 53
degrees to 60 degrees and fhe direction of dip swings westwards
through an arc of 17 degrees, indicating some curvature of the
sheet outcrop. No fault bﬁnks were seen between these two
outcrops of the sheet.

Evidence of the increase in dip of cone-sheets towards the
centre of the late-set swarm was souight in the southeast
quadrant of this outcrop. This area is the best-exposed part

of the outecrop, and the comblete width of the late set outerop

is exposed over a horizontal distance of about 2000 m. Two

radial lines of seétion,EF and GH, were taken on Map 2, and

the dips of sheets were plotted parallel to the line of section
to trace general changes in dip across the .outerop; these
sections are shown in Fig. 27. The dip values on Map 2 repre-
sent the dips of up to 10 sheets rather than the dips of single
sheets, except in the case of the two outward dips shown on
Section GH, which represent single sheets. Section EF shows
definite steepening of dips towards the inner margin of the

late:set outcrop, and section GH shows this to a lesser degree.




Fig. 27.

Two profiles through the southeastern quadrant of the late set
cone-sheet outcrop,

showing the steepening of dips in these
sheets towards the inner margin of the swarm.

section lines E-F and G-H.

Based on Map 2,
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The dips of early set sheets in these two sections show little
variation. ‘

The relative abundahce of sheets of steep dip was deter=-
mined for a horizontal section through the entire southeast
quadrant of the late-set cone-sheet outcrop at a level of |
700 m above sea level., The altitude of the ground-surface over i
this Quadrant varies through a vertical interval of about 500 m §
and so the measured dips were projected upwards or downwards as |
necessary to intersect the 700 m plane; none of these dips had
to be produced over vertlical intervals greater than 300 m.
Although the possibility of curvature‘in a vertical sense has
been mentioned for one sheet, its general extent 1$ not known
and it has not been considered in this pgrticular procedure.
The 700 m plane was divided into three concentric zones of
equal area and the sheets cutting each zone were divided into
twao - groups - those with dips in the range 50-80 degrees and
those with dips less than 50 degrees. . The ratio:

Number of sheets with dip in range 50-80 degrees

Total number of sheets

was calculated for each of the three zones and expressed as
a percentage. A total of 80 dip measurements were used, and

the proportions obtained are shown in Table 6. These results

indicate that sheets of steep dip are more abundant towards

e e e e —— i . e i i b Pa— . o o ———
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the centre of the late set cone-sheet outerop in the horizontal

plane considered, and this indicates steepening of cone-sheet :

dips towards the centre of the zone. ‘ ]

Iable & S |

Inner margin Outer margin J

Zone 1 Zone 2 Zone 3 |

e — ——— mjnm— »;I

Number of late set ‘
sheets with dip in 8 37 10
range 50-80 degrees

Total number of late| - | :
set sheets 12 49 19 '

Percentage of sheets
with dip in range 66% 75% 53%
50-80 degrees g ‘

Maximum width of 750 m 400 m 300 m
zone

STRIKES OF THE CONE-SHEETS
In Anderson's origihal interpretation of the origin of

cone fractures (ﬁaileyvet al., 1924; Richey et al., 19303

Anderson, 1936) it was suggested that these fractures formed
righf'cones concentric about a common vertical axis, showing
circular sections perpendicular to this axis. In Mull however,

?

Bailey observed that not all of the Early Basic cone-sheet

strikes were parallel to the margins of the assemblage-outcrop
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and noted that a number of sheets approached these margins at
an oblique angle (Bailey, op. cit., p.235). This apparent
departure from thé-theoretically predicted concentric oﬁtcrop
pattern indicates that the actual configuration of cone-sheet
fractures is more complex than that originally suggested by

Anderson (op. cit.).
Cone=-sheets with strikes similarly oblique to the assemb-

lage-outcrop margins are also found in the Vididalsfjall
assemblages; a marked lack of parallelism between individual
late-set sheets and the outer margin of the assemblage ié seen

in the southern part of the outcrop in the ground between the

Dalsé river and the ridge immediately to the north of Kross-

dalskula. In addition, sheets in this late set often show .|

quite different strikes although they outcrop very near to one

another; examples of this can be seen in the Dalsé and in
Krossdalur (see Maps 2 and 3). Few of these sheets were seen
to intersect in the sections exposed.

This evidence from Mull and Vididalsfjall suggests that

a large number of the fractures intruded by cone-sheet materialfi

are not concentric circles in section perpendicular to the
cone-axis, and there is thus reason to suppose that Anderson's

original theoretical cone-fracture pattern does not account

for all the possible fracture planes which may be developed.

AGE RELATIONSHIPS OF THE EARLY SET OF CONE-SHEETS
Cone-sheets of this set cut the agglomerates in the
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1 ) :
western margin of the Galgagil vent outcrop and the densest

parts of the swarm are seen in the belt of ground between Sel- |
' ]

foll and the southern part of Asmundarnﬁpur. In this belt the q
’ i

sheets cut the tuffs with great angular discordance, and the ?

tuffs are seen only as thin green screens between successive

sheets. A few small blocks of green, altered dolerite similar f
to that of the Types 1 and 2 cone-sheets were found in the i

Gélgagil-Urdarféll vent-agglomerates, and small irregular sheets

and plug-like intrusions of dolerite severally similar to that
of Types 1, 2 and 3 of the early cone-sheets can be seen to g
cut the agglomerates on the summit of Urdarfell (see Fig. 19)' ;}
and in the eastern end of Gélgagil; these small intrusions are

slightly greenish like the early cone-sheets and show distinct1y¥

chilled margins where they rest against the agglomerate. The

" 1lithological similarities between these intrusions and the cone-

sheets suggest that they are the "barren zone" expression of
H
i

cone-sheet material. )

Early set cone-sheets are also seen to cut the tuffs which %'

outcrop in the Vididalsa west from Steinsvad road bridge and ¥

near Titlingastadir. The sheets also cut lavas as far up in
the succession as the BFB Group and can be seen in the outcrops f
|
| _ |
Krossdalskila. Lavas at lower levels than this in the success-

of this group between the Dalsd and the eastern side of

ion are intruded by early set cone-sheets in the northern part
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of Asmundarnﬁpur, in the Dalsé east of Hggg and in the northern i
reaches of the Gljufura stream-bed. |
A small number of early set sheets have already been ﬁ
proved to post-date the Hélar-Skessusaeti eucrite, and one of |
these was found to contaln scattered inclusions of eucrite;

examples of other early set cone-sheets bearing such inclusions |

|
i
{
t
!
i
!
j
i
!
1
i
i

were found and these are marked "Ei" on Map 2. Many of thesse

{

inclusions appear to have been incorporated by the host i

'

dolerite as loose crystal aggregates which indicates that at
some stage between their point of origin and their present
exposed level the early set cone-sheets passed through eucrite
and gabbro bodies beneath Vididalsfjall and already in an
advanced stage of crystallization. The different ranges of

zoning seen in the large plagioclaseé of these eucrite inclus-

i
!

ions indicate that different cone-sheets incorporated eucrite
and gabbro in d}fferent stages of crystallization, and these ﬁ
inclusions may be portilons of a crystal "mush" or primary

cumulate already settled in a magma body at depth. These

inclusions will be treated more fully in the section on petrpl- ﬁ
ogy; at this stage of the discussion thelr presence in perfain j
Type 1 and 2 early set cone-sheets 1s taken to indicate that |
these sheéts were emplaced during the time-interval between

 the later stages of crystallization and the complete consoli-

dation of the eucrites and gabbros. No inclusions were found

in sheets above about the 460 m level in the sections .
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examined. Blake (1968) has reported the occurrence of loose
crystal aggregates of gabbrolc materlal in the porphyritic parts
of small basic intrusive sheets in the Austurhqrn area of
eastern Iceland, and these appear to be similar to the Vididal-
sfjall occurrences. '

A small number of thin Type 3 early set cone-sheets cut
the western edge of the Raudkollur felsite outcrop; this intrus-
ion is believed,to be synchronous with the later phases of the
Gélgagil-Urdarfell vent activity, as will be shown in a later
section.

One small 25 cm greenish altered Type 3 early set shest
cuts the western margin of the Melrakkédalur-Urdarfellxéranophyre
intrusion in the Dalsé stream bed near Melrakkadalur farm; no
other cone-sheetsvof elther set were seen to cut this acid
intrusion in any part of its outcrop. Thils sheet shows sharp
but not glassy margins against the granophyre, which indicates
that the granophyre had not cooled completely by the time of
the intrusion by the sheet. Cooling and consolidation were
howevef far enough advanced for regular cracks to develop in
the granophyre, and the sheet shows no tendency to adopt a
wandering or wispy disposition. No chilling of the granophyre
or back-veining of the sheet by granophyre Vas seen in the
available exposure.

To sum up, the early set cone-sheets reached their present

outcrop level after the close of the Galgagil-Urdarfell acid
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vent activity. The presence in some of the sheets of eucritic |
inclusions 1ndicétes that early set cone-sheets of Types 1 and
2 began to move upwards from thelr source at the fbcus before
the consolidation of the eucrites and also before the vent
activity; the occurrence of scattered small blocks of cone-
sheet material in the Gélgagil agglomerates also testifies to
this. Cone-sheets were intruded contihuously from this time

until the later stages of the Gélgagil-Urdarfell vent activity.

At this time, minor faulting of the Type 1 and 2 cone-sheet
edifice took place; this faulting may have been due to |
movements beneathV1didaLSfjall caused by collapse of the i~
lower parts of the Galgagil-Urdarfell vent structure and |
emplacement of the Raudkollur and Dals%—Urdarfell felsites and
the Melrakkadalur-Urdarfell granophyre. Type 3 sheets were
intruded into these later fractures and this last sheet phase
ended before complete consolidation of the granophyre at the

level of observation.

H
%

A REVIEW OF SOME THEORIES OF CONE-SHEET FORMATION
Although 1t 1is not'prOposed to attempt a detailed criticalé

S

account of the dynamical theory underlying the various theories?,
advanced to explain cona-fracturing in solids it is relevant

to review the main theories of the origin of cone-sheets.

{
H

The first cone-sheets to be studied in detall were those

mapped in Skye by Harker (1904) who called them "centrally




(a)

Anderson (1924)

(b)

Robson & Barr
(1964)

(c)

Sigurdsson
(1966)

<A

Fig. 28 Diagrammatic representations of some theories of
cone-sheet origine. Solid lines indicate cone-
fractures, broken lines in (b) indicate tension
fracturese The magma bodies (i.e. indenters)
are shown in solid black. .



1967 Source figures indicated in parentheses).
a) and (b) represent the principal stress
trajectories developed within discs subjected to
respective axial and dismetric compressions (Fig. 1);
(c) diasgrammetric representation of the development
of shear fractures within an axial stress field
accompanied by an external compressive stress field
(arrows in circular section plane) acting
perpendicular to the axis of point loading (arrow
at cone apex). The broken lines indicate approximate
principal stress trajectories within the vertical
plane (Fige 4); (d) Section perpendicular to axis of
theoretical logarithmic spiral cone-fracture pattern
~ produced under stress field shown in (c).

Fige 29. gheorsticil cone-fracture patterns, after Durrance



(@) Disc subjected to (b) Disc subjected to .
axial compression diametric compression

MAXIMUM SHEAR STRESS
TRAJECTORIES

PRINCIPAL
STRESS
TRAJECTORIES

© (d)
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inclined sheets" end noted that they would probably converge
at a éommon focus in depth. Further examples of such sheets
were described from Mull and were referred to as "cone-sheets"
in the Mull memoir (Bailey et al., 1924); another cone-sheet
complex was described from Ardnamurchan (Richey et. al., 1930).
A hypothesls to account for the origin of these cone-sheet
complexes was proposed by Anderson (Bailef et al., op. cit.;
Richey et al. op. cit.; Anderson, 1936) who suggested that
the sheets were intruded along concentric conical fractures
opened in the upper levels of the crust by tension. This
tension was produced by excess magmatic pressure acting
vertically upwards against the foof of a magma chamber to
produce a strong localized "point push", near a free surface
in a crust believed to be an otherwise unstresdsed solid. The
conical tension fractures were suggested as being similar to
those observed by Hertz (1896) and French (1919) when elastic
solids or glass were subjected to locally concentrated directed
pressures or lmpacts. A sectlon through the cone fractures
suggested in Anderson's hypothesis is shown in Fig. 28(a).
Anderson's pypotﬁesis of cone-sheet formation remained
‘unmodified until the advent of techniques which enabled
physicists to study the deformation and fracture of solids in
greater detail. Two of the mosp 1mp6rtant techniques of this
type are high-speed micro-photography of experimentally

produced fractures, and photoelastic study of stress-induced
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optical anisotropy in otherwise optically isotropic substanceé.

Robson and Barr (1964) have re-examined the theoretical
stress fields produced in the vicinity of a magma body within
‘a crustal region subject to triaxial stresses; although these
workers agreed with Anderson's original suggestion that cone
fractures were intiated by a‘point push due to increased magma
pressure, they showed by stress analysis that these fractures
were caused by shear failure and not by tensile failure. These
shear fractures were suzgested as forming only when the magma
‘body lay at depths greater than 4700 m. In addition, this
re-examination suggested that two sets of conical shear fract-
ures could be formed under certain stress conditions - one set
showing the inward dip typical of the known cone-sheet complexes
and a second set showing outward dip. One of these examples |
is shown in Fig. é8b.

Sigurdsson (1966a) described the first known major develop~
ment of basic cone-shests in Iceland in his account of the
Setberg area, Snaefellsnes, and suggested that cone-fractures
| might show more simllarity to experimentally-studied fractures
in glass than was previously believed. He cites as evidence
the experimental work of Tolansky and Howes (1954%) and Field
(1964) who studied the formation of circular cracks (known as
Hertzian cones) in glass plates, by special microscope tech-

niques, using a steel ball or a high-spéed water jJet as an

indenter. Both types of indenter acted through a disc-shaped
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contact area and fractures were initiated normal to the contact
"surface at a point near but not exactly on the edge of the
contact area; fractures began in this way for both high and

low impact pressures and travelled‘round the contact surface

in a circle or circular spiral. Further application of pressure

produced a second similarvcrack close to the original'crack,
and thus this original fracture>3pread into‘the glass to
produce a trumpet-shaped conical fracture surface as shown in
Fig. 28¢c. The apical angle of this cone fracture (cone angle)
changes by 26 degrees for a change in Poisson s ration from
0.20 to O, 35 (Sigurdsson, op. cit., pers. comm. from Field)
indicatinv that the size of the cone anvle is dependent on the
rigidity of the stressed medium. Sigurdsson suggests that as

the Poisson ] ratio for basaltic rocks is in the range 0,25=-0. 27

and that of Field s glass is 0,24, the country rock in the
Setherg area may fracture in a similar way to that of this
glass. The cone angle in Field's experiments 1s about 140
degrees, compared with a value of 120 degrees (based on extra-
polation of cone-sheet attitudes) in the Setberg area
(Sigurdsson, op. cit.). 1

Durrance (1967) studied the stress patterns produced in
optically isotropic artificial resins by directed pressure, '
using photoelastic techniques. In brief, thesd techniques
,depend on the property of optically isotrOpic media to acquire

local optical anisotropy along 1ines of stress during deforma-

+
i
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tion; the orientation of these anisotropic bands is studied
with a polarizing microscope, and the patterns plotted are
subjected to conventional dynamic analysis. In this study,

it was again suggested that cone fractures were produced by

a release of upwardly-directed magmatic pressure and it was
further suggested that this release was accompanied by an
increase in external compression stresses acting upon the
system. These stresses are considered for the hypothetical

case of a'Spheroid body subjected to diametric compression,

and Durrance (op. cit.) points out that a three-dimensional |
pictﬁre of all the possible'shear-strain trajectories developed j
within thls spheroid can be‘reconstructed from the shear-strain
trajectories de?eloped in two "planes of similarity" within

this sphere. These two planes'of similarity are mutually
orthogonal. In the experimental work on which Durrance's
interpretation of cone-fractures is based, resin discs L
corresponding to these two planes were subJectéd in some cases
to centrifugal stress and in others to centripetal stress, to
produce the stress-configurations shown in Fig. 29a agd b.
Centrifugal stress was applied by 1nsért1ng a tapered shank

into a hole 1n the centre of the disc, and centripetal stress
was applied by confining the disc within a tightly-fitting
ring. If the total fracture pattern is controlled by the , (

pattern shown in Fig. 29b then cone-sheets intruded along
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these fractures will show the configuration shown in Fig. 29c.
These fractures:form spiral cones concentric about a common
exis uhich coincides with the direction of applied upward
pressure. Fig. 29d is a section through this conical structure,
taken in a plane perpendicular to the cone-axis. In section
the cones show as two sets of opposing and intersecting spirals;
these spirals ere logarithmic curves which 1utersect;one |
auother at a constant angle of'90 degrees.> This.theoretical
coue-sheet configuretionvhas been superimposed on e mep of

the Ardnamurchan cone-sheet complex. As the inward dips are

markedly different, ‘they are first produced until they 1nter-
sect, and a symmetrical axial section of a cone is constructed %
with this intersection as its apex. This constructed cone is
not vertical, and so the. theoretical cone-sheet configuration

is itself recoustructed so that it represents the intersection
of the tilted cone-fractures with a horizontal land surface.
This reconstructed theoretical spiral cone-sheet configuration
fits the observed cone-sheet outcrops perfectly, and shows that
. all three cone-sheet sets in Ardnamurchan are grouped about a
common axis; the two youngest cone-sheetesets on Ardnamurchan
uere‘thus formed when the original cone-fractures yere re-
activated by iater pressures and filled by later intrusions of

cone-sheet material.

This hypothesis adequately explains the strike orientations
which do not fit into the fracture pattern suggested by . -
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Anderson (1936); the examples of these "oblique" sheets from
Mull have'already been mentioned (see‘peJ£44%§),At the same
time, Durrance's hypothesis still allows for_the fact that
cone-sﬁeet dipé increase towards the centre of the assemblage-
outcrop. ' |
Durrance points out (op. cit.) that Tolansky and Howes
(195%) produced spiral cone fractures in gléss in their
experiments and that Hills (1963), suggested as a result of
this that cone-sheets might be intruded into similar spiral

structures above magma chambers exerting sufficient excess

pressure.

CONFIGURATION OF THE VIDIDALSFJALL CONE-SHEET SWARM
A logarithﬁic spiféi.nét'cohétructed for a cone angle of

95 degreés was superimposed on a map of the Vididalsfjall

cone-sheet swarm in order to assess the degree of correspondence

between the theoretical shear-strain trajectories of Durrance
(1967) and the actual cone-sheet swarm configuration mapped in
the field; th;s net ﬁas constructed as a section perpendicular
to the cone axis on the assumption that the Vididalsfjall cone
structure is vertical (see p.159 and Fig. 20). The net is
not shown on Map 3. | »

The best fit between the thecretical}and actual configu-

rations was obtained when the centre of the net was placed at

the western margin of the . J granophyre outcrop in the Dalsé;
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this point, which lies directly above the theoretical focus of
the cone-sheet swarm, is marked by a vertiéal cross on Map 3.

Most of the sheets in the Vididalsfjall swarm shown on
Map 3 were found to strike along the theoretical spiral shear-
strain trajectories except for the early set sheets in the
Glj@fur% outcrops; these apparently aberrant sheets are seen
on Map 3 as a thin north-south line of outcrops at the north-
eastern border of the swarm. The reason for the present
disposition of these sheets is not fully understood and it is
possible that the development of the fractures which theybnow
occupy was influenced by the presence of concealed parts of
the Holar-Skessusaeti eucrite intrusion which formed local
~structurél inhomogeneities analogous to the knots in a plece
of wood.

The spiral shear-strain trajectories account for the
apparently anomalous strikes of a number of late set sheets
with northwesterly dip near Hggg (between Hfossakambur énd
Steinsvad on Map 3); these sheets strike parallel to the
theoretical traJéctories in a fashion which would be difficult
to reconcile with the fracture configuration of Anderson (1936).

The overall degree of correspondence between the theoreti-
cal and actual configurations was found to be satisfactory and
the Vididalfsjall swarm is thus bellieved to have formed as the

result of injection of basic material into a shear fracture

system‘of the type shown to exist in Ardnamurchan by Durrance
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(op. eit.). 1In the case of the Vididalsfjall example however,
parts of the country rock may not have behaved as a completely
homogenous isotropic medium due to the presence in them of

structurally isolated coarse-grained basic intrusions.



2-4 EARLY FELSITES AND MINOR ACID INTRUSIONS OF THE CENTRAL
zggg A - R :

A number of small intrusions of felsitic material oufcropl
in Vididalsfjall within the central or berren zone at the
centre of the cone-sheet ring. All these intrusions'eppear to
have been emplaced at the end of the Gélgagil vent activity
or in the period immediately following this phase.

In this description, the intrusions are divided into two
groupé:-
1. The Raudkcllur felsite, and Gélgagil acid minor intrusions
2. The Dalsé-Urdarfell'felsite
These can be seen in the fieid to be separated in time and
space; the second of these groups is the younger and consists
of{only the one intrusion. |

The form’and general field characters of these types are
as follows. |
1. THE RAUDKOLLﬁR FELSITE AND GALGAGIL'ACID MINOR INTRUSIONS
(a) The Raudkollur felsite is the largest body in this group,
having an approximately circular outcrop of radius 350 m, and
will be described before the smaller intrusions; its presence
was recorded by Thoroddsen (1906) in his geological map of

Iceland.

The main part of thls body is made up of a white feldspar-
phyric microcrystalline felsite of very uniform texture and

grain size. This rock has undergone considerable hydrothermal

alteraticn and is crumbly under the hammer. Small sulphide
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grains developed within the rock have oxidized to give an
orange stain whioh may extend for 10 cm beneath weathered
surfaces. The entire outcrop consists of a dome-shaped heap
of broken ahd irregularly-shaped blocks which form a rounded
capping about lOO}m in thickness on the summit of the mountain;
individual blocks may be up to 0.5 m in greatest length. This
orange-coloured capping contrasts strikingly with the greenish
agglomerates and altered basalts beneath it when seen from a
distance (see Fig. 41).

No clear margins to the outcrop are seen, as the felsite
has weathered into a scree which obscures any intrusive margins;
these margins have been placed on Maps 1 and 2 at the upper |
limits of the agglomerate and country-rock lavas exposed on
Raudkollur. Occasiocnal fragments of dark blue-grey pitchstone
and a platy-jointed flow-banded pink or white rhyolitic rock
are found in the screes at thils level; rocks of this type

are not found in the higher parts of the outerop and appear to

indicate the proximity of the margin of the felsite, being
similar to the marginal facies seen in other smaller acid :
bodies in the area. Possibly connected with the main felsite

is a small and poorly exposed horizon of platy: fragmented

rhyolite similar to that already described and this outcrops
over a vertical distance of about 30 m at the 600 m level in
the shoulder immediately south of Raudkollur. Some pitchstone

fragments identical to those seen farther north are also seen
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in the scree at this level and this outcrop is taken to be a
small sheet which is either the edge of or a small offshoot
from the maln felsite. The exact margins of this sheet are
obscured by scree, but ragged outcrops of brecciated and frost-
shattered basic lava can be seen above and below the acid rock.
The sheet 1s seen to split into two thinner sheets at one point,;
and its near-horizontal attitude is discordant to the steep g
westerly dips of the lavas in the vicinity (see Map 2). ;
The rocks outcropping nearest to the felsite on Raudkollur
are gfeenish basic lavas and agglomerates; many of the lavas

are in the brecciated condition already described in the context

of the Gélgagil vent, and those seen within horizontal distances
of 290 m from the western limit of the felsite appear as | ;

| brecciated slabs with abnormally high westward dips between:’

50 and 60 degrees, as shown on Map 2. East of the felsite, the

lavas show easterly dips. These outward dips suggest doming |

of the surrounding rocks by the intrusion of the felsite and it
is possible that 1t is a small plug dome or tholoid connected |
with the Gdlgagil vent. Williams (1932) is quoted by Cotton

(1952) as stating that many thololds "show little internal

structure. Growing larger by expansion from within, they are L
intensely fissured and brecciated, and the flow planes, while |
rudely concentric with the surface, are obscure and much |
distorted . . ." (Williams, op. cit., 1#+-145), , 2

The lack of symmetrical or preferred planar‘Joint o ?

directions and the ease of disintegration of the Raudkollur
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felsite may be related to the originally irregular structures 5
to be expected in a highly viscous and partially consolidated %
acid plug-dome or tholoid.

The Raudkollur felsite may also be a small laccolithic

body which has locally domed its envelope after rising through

a narrow feeder channel. ﬁ
An 11 m thick inclined sheet of very similar rock type ]

outcrops at a distance of only 250 m southwestwards from ‘

Raudkollur; this sheet outcrops at 435 m and has a westerly

dip of 50 degrees as seen in the stream gully running from

the northern side of Skessusaeti to join the Gélgagil stream

(see Maps 1 and 2). The sheet will be referred to hereafter

as the "50-degree sheet"., The sheet appears to be cut off by

a fault.in the south wail of the gully but can be traced for

nearly 200 m in the north wall before it 1s covered by scree,

and 1ts probable upward end appears in the scree just southwest

of the small lateral part of the Raudkollur felsite. This part

of the outcrop is frost-shattered and consists mainly of scree

fragments., , ) ﬂ
In the stream, the sheet is seen to be chilled against the .

agglomerate to form a 20 cm zone of dark grey-blue lustrous

porphyritic pitchétone exactly simllar to the pitchstone seen

“on Raudkollur and in the small lateral part of the intrusion.

This pitchstone may show flow-banding and weathers to a white
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rock. The marginal pitchstone contains phenocrysts of feldspar
and ferfomagnesian silicates, and passes into thick platy
fragments of a rock which has a pale grey-green weathered sur-
face. This rock forms the main parf of the sheét and is
weathered and altered to a depth of up to 15 cm; the fresh
inner part is a pale blue-grey holocrystalline rock bearing
occasional small phenocrysts of feldspar and ferromagnesian
minerals. The grain size of this rock is coarser than that

of the Raudkollur felsite.

Rocks with pitchstone margins of this type were not seen
elsewhere in Vididalsfjall, and the close grouping of such
similar rock-types suggests that they are all related to a
common source and may be interconnected. In particular, the
field relations of the 50-degree inclined sheet and the thin
horizontal sheet on the shoulder south of Raudkollur suggest
that the inclined sheet is a feeder to the main felsite

intrusion.

(b). Some small intrusions of fine-grained acid material can

be seen to intrude the agglomerates of the Galgagil vent. These
are dykes, thin sheets and breccia bodies. i
Two thin acid dykes outcrop in Gélgagil, and these are §
marked oh Map 2 as "Ad". DBoth dykes are of hydrothermally
altered ihite’rhyolite‘and show flow-banding parallel to their

contacts; there is no indiéation of contortion or brecciation
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of the rhyolite in either of these dykes and some small feldspar
phenocrysts are present. These dykes cut agglomeréte of basait
and show finé-grained margins which were probably origiﬁally
pitchstone; The northernmost of the tWo has avth1¢kness of
2 m and strikes in an east-northeast direction, whilé the B
other dyke 1s 5 m thick and strikes in the‘north—hofthwest
direction typical of the brecclia dykes also seen in Gélgagil;
Neither of thésé two dykes 1is exbosed for more than 30 @jalong
the strike. | | }

/Acid sheets or sllls are extremely rare in Vididalsfjall
and the surrounding area, but threa small outcrops which may
be different pafts of the same thin 2 m sheet are’seen 1n‘the
eaStern‘half‘of the Gélgagil vent area. These bodies show
sharp but not strongly chiiled margins agéinst the agglomerates
and tuffs, énd no development,of pitchstone 1is seen at thesé
margins. The sheet is gently 1inclined towards the no;thweét’
at an angleiof about 10-15 degrees and is-concofdant wi%h the
crudé'stratification seeh\in the agglomerates and tuffs.: This
sheet ;s made 6f a féirly freshvpale grey felsitic rock |
ébntaining scattered faldSpar phénocrysts and is very uniform
in texture, no flow—banding béing seen in any part of the rock.

Small, often irregularly shaped intrusive ﬁasées 6f flow

banded white or pink hydrothermally-altered rhyolite can be

seen cutting the agglomeratés and tuffs in Gilgagil. ThQSe ,
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bodies are often rich in pyrite which weathers to give exposed‘
surfaces a rusty colour. Bodies of this type are nat seen
elsewhere in Vididalsfjall and appear to be confined to the !
vent zone below the 300 m level. Some of these intrusions are
thin inclined sheets or near-vertical dykes with north-
northeasterly strike; these are never greater than 2 m in width %
and frequently only 5-20 cm across. A breccia zone of angular.
rhyolite blocks set in a felsitic matrix 1s often seen at the
margins of these 1lntrusions; these blocks are of rhyolite
identical to that forming the bulk of the intrusion, and range
up to 9 mm in size. The thinner bodies of this type are often
composed entirely of tbis breccia. No basic fragments occur
in these brecclas which are often epidotized.

Sigurdsson (1966a) has described larger bodies of similar
type from Snaefellsnes and his interpretation of the origin of
such bodies seems equally valid for the G%lgagil rockss -
"During explosive activity, due to release of volatiles from
deeper magma bodles and from high-level rhyeslitic magma in the
process of extrusion, brecciation of the cooling rhyolite, and,
to a lesser extent of the wall rock took place. A change in
pressure on a body of acid magma, such as caused by rapid ascent
or a breach of the roof, will cause a very sudden loss of vol=-
atiles and transformation of the magma to a brittle, almost
glassy, semi-molten body, which may have been only slightly

brecciated ("autobrecciation"), and a felsitic matrix introduced
into joints during the explosive escape of volatiles laden with

dust and half-molten glass fragments" (op. cit., p. 63).
Interpreted in this way, the Galgagil acid breccia bodies

are the result of autobrecciation of rhyolitic material rising
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through fissures in the veént during the later stages of vent

activity.

2. THE DALSA-URDARFELL FELSITE

This-félsitenintrﬁéion”ié'of very limited extent; and is found
in the area between the Dalsé south of Melrakkadalur farm, the upper
eastern slopes of Urdarféll and the prominent gully which has been
eroded along a north-northeast fault line south of the summit of
Urdarfell (see Fig. 3% and Map 2). All the outcrons of this rock
are found within a short distance of the margins of the Melrakkada-
lur-Urdarfell granophyre and the felsite is thus of great use in
determining the form of this granophyre intrusion.

The general texture of the felsite is very uniform, and it is a
fresh, tough, compact and brittle rock of dull grey colour bearing
small feldspar phenocrysts up to about 3 mm in length. The rock
has not been intensely altered bylhydrothermal processes'gnd coherent
outcrops are easy to find; the white blocks or platy fraéments to
which the fine-grained acld rocks from Raudkollur and Gélgagil
weather are not typical of this intrusion, although small grains of
epidote, carbonate and quartz can be seen in the rock.

The felsite shows a blocky or slab-like Jointing pattern paralleli
to the contacts in the outcrops seen in the Dalsa and on the western
side of Urdarfell at the 300 m level. Undisturbed'flow banding can

be seen parallel to the contacts at these localitites, and these

structures are useful in determining the attitude pf outcrops. In
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other parts of the intrusion, the felsite contains numerous basic
inclusions near its upper margin and elsewhere 1t may show a
"breccia' texture; these features will be considered later.
FORM OF THE INTRUSION

The outcrop of the felsite is roughly S-shaped in plan (see
Map 2) and the intrusionris essentiallwva sheet of westerly dip in
which the eastefn.margin folds downwards, as shown in Section AB,
Map 1. On the northern side of Urdarfell the sheet first outcrops
above the granophyre, with its upper margin resting against the
lavas capping the mountain- at this point, the felsite dips

concordantly with the lavas in the cliff-face at about 26-30 degrees

towards the southwest as shown on Map 2. As the sheet 1s traced
round the foot of the cliff face in a southerly direction, its dip
changes to a northwest ‘direction. Between this point,,marked with

a dip of 15 degfees on Map 2, and the eastefn end of'the outecrop

all the rocks above the granophyre are cut by a dense swarm of
parallel ffacture planes strikinngest-northwest with a northerly
dip of 70'degrees. These have been mentioned already in the context
of the basaltic andesite lavas which lie above the felsite on
Urdarfell. In the fine-grained felsite, these fracture planes may‘
be only 10 em apart. All the rocks cut by these planes on the
northern side of the mountain have slipped downwards to the north as

large'siabs, and the'flow-banded upper contact of the felsite at

this point can be seen to step gradually downwards by a few
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centimetres efery timé it is cut by a fracture.

Continuing southwards along the western éhoﬁlder of the
mountain, the felsite reaches its maximum thickness of about
50 m and can be seen to outcrop above the granophyre at ébbut
the 300 m level, where it is cut by a number of faults with
northwest or north-northwest trend which downthrow to theAwest.
The upper margin of the felsite at this point is seen at 420 m.
in the cliffs eastwards of the‘shoulder. The dip of the felsiteé
remains more or less constant at about 25 degrees to the-sbuth-‘%
west as it 1s followed from the 300 m level on the Urdarfell
shoulder down to the Dalsé stream bed (see Map 2). |

In the Dalsé outérop the felsite dips in the same directior;é

at 20-30 degrees, but disappears beneath drift and gravel 100 m |
west of the river. In all these outerops, the felsitevshows
some flow banding parallel to the upper margins; in addition,

a zone forming the uppermost l-4 m of the intrusion is rich in
dark inclusions of fine-grained basic material where the |
felsite rests against the lavas, and this modification will be
described later. |

Flow-banded felsite outcrops at about sso'm on the eastern
side of Urdarfell where the flow planes and joints indicate
that the upper margin of the felsite dips to the east at 45

degrees. The fragmented continuation of this outcrop can be

traced southwards as a distinct zone in the scree to the small
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notch at the south of Urdarfell. Continuing west from this
point the felsite outcrops in the north side of the fault
gully (see Map 2), which separates Urdarfell and Sandfell.
Here the felsite outcrops as a small mass about 12 m in width
which rests with vertical contact against the south edge of
the felsite. No outcrops of felsite afe seen west of this
point, and at least three faults cut the felsite, so that it
is seen only as scree chips in the north side of the gully.
These scree outerops pass gradually into the coherent outcrops
seen immediately north of the gabbro which outcrops near the
western end of the gully.
SMALL-SCALE STRUCTURES IN THE FELSITE

‘The fwo most‘striking‘small-scale structures seen in the
felsite are the local development of a breccla structure and
of a zone rich in basic inclusions, the salient features of
which are as follows.
(a) Breccia structure

This structure 1s seen in the Dalsé about 300 m south of
Melrakkadalur farm at the junction between the felsite and the
later granophyre intrusion, and can be seen in the lowest Y m
of the felsite for a distance of about 100 m upstream from this
point. The felsite is about 68 m thick at this locality, and

the lower margin can be seen for a short distance resting again-f

st the upper part of a fine-grained sheet of dark, basic materia]l

é

P

S
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The breccia texture shows strikingly in the weathered éurface

6f the felsite, and the rock appears to be made up almost of
very closely 1nterlocking angular felsite fragments ranging from
- a few millimetres up to 10 e¢m in greatest length. These frag-
ments are not all equant and may show elongated wedge shapes;

no rounded fragments were seen. There is little colour contrast
between the fragments and the intérveniné matrix areas, but the
matrix is a slightly darker grey colour than that of the
fragments. '

No preferential weathering of matrix or fragmentis is
apparent . on exposed surfaces of the rock and no empty cavities
or voids were observed between the fragments in any part of the
exposed breccia rock.

In thin section, the darker colouf of the matrix is seen
to.bévduevto a higher proportion o: small ore grains in the
matrix material. The fragments consist of the microcrystalline
feldsparphyric felsite typical of the outerop, but none shows
any sign of having been moved far from its original positions
in the intrusion, and in several cases two separate parts of
the same feldspar phenocryst can be seen in almost perfect
alignment on opposite sides of an-intervening area of matrix
material. The matrix material itself is uniformly fine-grained,

consisting of sméll equant interlocking grains of quartz,

alkali feldspar, opaque ore mineral and green-yellow epidote.
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These epidote grains may show euhedral stumpy columnar habit,

and the ore mineral shows no brassy lustre in reflected 1light,

implying that it is a primary ore mineral and not a secondary
sulphide. The average grain size of the minerals in the
matrix material is markedly coarser than that of the fragment

material.

The evidence indicates that the breccia structure developed

when fhe felsite was largely consolidated and under a confining
pressure sufficient to inhibit both larger scale movement of
the individual fragments and the formation of wide voids in
the felsite. The rock was probably still at a high temperature
as the compact»texture has been preserved, and this compact-

ness implies some "welding" of the matrix and fragments; alth-

ough individual boﬁndarieslbetwaen matrix and fragments are
well-defined, matrix crystals can be seen to enclose small
grains at the edge of fragments. If the felsite had been
completely cool at the time of introduction of the matrix
material, these fragment boundaries would have been much more
sharply defined, and this would probably have been reflected
by a greater degree of weathering in either matrix or fragments,
The brecciation of the Dalsa felsite was probably caused

by small local stresses due to small movements or tremors in

its vieinity. In the section dealing with the early basic

cone-sheets, it has been shown that a period of faulting
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-~ occurred before the injection of Type 3 cone-sheets, and the
intrusion of the felsite may well'have been within this period. |
The matrix material seen in the breccia shows similar mineral-
ology to the later crystallizations of the Maelrakkadalur-
Urdarfell granophyre intrusion which closely followed the fel-
site, and the breccia texture may be due to stretching of the
incompletely solidified felsite during emplacement of the
granophyre. ‘

A similar texture 1s seen in the felsiteon the west side
of Urdarfell at about the 350 m level. The fragments in this

outcrop show the same size range as those seen in the Dalsé

outcrop, but some of these fragments have rounded edges. The

felsite in this Urdarfell outcrop shows some regular uncontorted
flow banding, and the banding in any given breccia fragment
shows no parallelism with that in the fragments immediately
adjacent to it. This feature, combined with the evidence of

rounding in some fragments, indicates that rotation and movement
of fragments occurred after brecciation of the rock in this pat
of the intrusion; this outcrop probably represeﬁts one of the

first parts of the intrusion to solidify which has since been

fragmented and transported to its present position by the ‘
later part of the felsite. A shilar texture has been described
in the Loch B4 felsite ring-dyke of Mull where in the felsitic

parts of the intrusion "the rock frequently shows the results

of auto-brecciation and the incorporation of darker and more
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vitreous angular patches of banded rhyolite. These patches
probably represent ribbons of the more quickly cooled rock
broken up and carried forward in the course of the intrusion”
(Bailey et al., 1924, p. 347).
(b) The zone containines basic inclusions

The upper margin of the felsite is rich in basie inclusions
down fo a distance of 1-6 m from the contact, and good exposures
of this zone can be seen in the part of the felsite exposed on
northern Urdarfell and continuing southwards from here to the
part of the outcrop marked on Map 2 with 25 degrees dip. The
felsite in this upper marginal zone is a fine-grainéd pale
blue-grey rock in which are set consplcuns sub-rounded blocks
of dark grey or black basic material; these basic bodles range
up to 5 cm in greatest length, but are usually less than 1 cm
in size and have a wide size range (see Fig. 62). Nearly all
of. these basic patches are fresh, fine-grained types, and alth-x
ough a few blocks of medium-coarse dolerite are seen, blocks
of gabbro or eucrite are not present. No fragments of grano-
phyre or coarse-grained acid-intermediate hybrid types were
found in this rock, but occésional small fragments of felsite
of a type similar to that of the enclosing rock are present;
these may represent fragments of earlier-consolidgted material

as suggested in the description of breccla structures. In

addition, small fragments of tuff of the type seen exposed
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elsewhere on Urdarfell are found in the felsite, and these bear
their own assemblage of inclusions, already described in the
section dealing with the vents.

Some of the inclusions are types which can be related to
the country-rock lavas; these inclusions are of fine-grained-
fresh basaltic types and may be aphyric or feldsparphyric types
with black glassy matrices or finely intersertal plagioclase-
pyroxene=-ore matrices. “A small number of dolerite inclusions
of types similar to those seen as small barren-zone intrusions
on Urdarfell are present, and these show some textural simllar-
ity to the early cone-sheets of Types 2 and 3. From this it
seems reasonable to suppose that all these types mentioned so
far are fragments of earlier consolidated material picked up by
the felsite in its passage to its present position.

Two types of inclusion notmentioned so far are of particu-
lar interest. The first is a fine-grained fresh dolerite with
an intersertal plagloclase lath-pyroxene-ore fabric of éxactly
similar texture to the type seen forming the fresh lower margin
of the Hélar-Skessusaeti eucrite intrusion. Inclusions of this
type bear occasional lath-shaped phenocrysts of plagioclase and

small pyroxene phenocrysts of similar type to those seen in

the Hdlar-Skessusaeti rock. Unlike all the inclusions described |

so far from the felsite, these dolerite inclusions may show

wispy or curved outlines against the felsite matrix and
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individual plagioclase laths may lie in parallelism with the
margins of the inclusion, instead of being broken or truncated
at this margin. This feature indicates that these inclusions
were not fully cohsolidated at the time of incorporation into
the marginal zone of the felsite.

Thé second type of inclusion, which is a prominent member
of thé inclusion assémblage, shows even more striking wispy
or crenulated margins against the felsite. This type is a
very fine-grained andesitic type with.a'hyalopilitic matrix
bearing numerous feldspar mieroliths and minute ore granules;
occasional plagioclase laths up to 4 mm in length can be seen
in this rock and the felsite can often be seen tgq invade narrow
puckerings in the inclusion. The outer margin of inclusions
of this type is often dark and.richly charged with minute ore
granules, which may indicate that it chilled against the
felsite ﬁatrix. |

Little evidence of mixing or hybridization is seen at the
margins of these last two types'of inclusion, and in the
examples examined both matrix felsite and dark inclusion
material maintain their essential textural characters right up
to the interface.

The entire assemblage of-inclusions seen in this rock is

a limited one; the absence of gabbro may be explained by the

fact that gabbro was not emplaced at this level until some )

|
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time later than intrusion of the felsite as will be shown in
due course. The appafent absence of eucrite inclusions méy
indicate that'the felsite met only a very limited number of
intrusive bodles in its passage to its present level.

AGE RELATIONSHIPS OF THE DALS% - URDARFZLL FELSITE

The'felsite is:bélieﬁea to have beeh.emplaced after the
Gélgagil-Urdarfell vent activity, as 1t rests against the
pyroclastics of this phase just south of the summit of Urdar=-
fell; in a&dition, the upper margin of the felsite on the
northern and western sides of Urdarfell includes fragments of
tuffs similar to those seen elsewhere on the mountain.

Veins from the Melrakkadalur-Urdarfell granophyre can be
traced continuously from the main intrusion into the felsite
over a horizontal distance of 16 m where the granophyre rests
against felsite in the Dalsé at the locality marked on Map 2.
Two thin veins, ranging in thickness from % to 15 cﬁ, can be
seen to follow a joint plane in the felsite; this joint plane
has a northeasterly dip of 47 degrees towards the granophyre.
The margins of these veins are sharply defined in hand speci-
mens but in thin section they are seen to be crystalline and

of similar grain size to the coarse-grained main part of the

vein. No glassy or microcrystalline margins were seen to these

veins, and this indicates that the felsite was too hot for

chilling of granophyre to occur at this locality. The granophym

of'the vein is identical in texture to that seen at the margins
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of the parent intrusion.

The granophyre on the lower western slopes of Urdarfell
bincludes scattered fragments of the felsite; these fragments
have rounded outlines and are up to 3 cm in length. Their
presence in the granophyre is further indication of the earlier
emplacement of the felsite felative to the granophyre.

No early set cone-sheets were seen to cut the felsite, but
their presence is unlikely vithin the barren zone in which the
felsite lies. The presencé of one Type 3 sheet, however,
cutting the 1atér granophyre indicates that the felsite was
emplaced before the end of the phase of cone-sheet lnjection.

The 1hclusion-r1ch upper margin supplies further evidence
as to.the age of the felsite, and the presence of angular
ffagments of Type 2 early set cone-sheet material among the
inclusions indicates that at the earliest, the felsite was
emplaced shortly after injection of the early cone-sheets.

" Inclusions of an incompletely consolidated dolerite with
similar texture to that seen at the lower margin of the Holar-
Skessuséeti eucrite intrusion occur in the felsite, possibly
indicating that the felsite was emplaced at about the same time
as this facies of the basic intrusion. Although no inclusions
of the eucrite or pegmatitic gabbro types seen in this intrusion
were observed in the felsite, a few fragments of both types have

been found in the pyroclastics into which the felsiterhas been

|
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intruded. The Urdarfell gabbro which outcrops in the fault
gully betwgén Urdarfell and Sandfell can be seen to cut and
vein the pyroclastics and appears to have been the last coarse-
grained intrusion to be emplaced within the central zonej the
textural and mineralogical similarity of this type to the
coarse pegmatitic gabbro seen in the Hélar-Skessusaeti intrusion:
is, however, very marked. At thls stage of the discussion | |
therefore, it is sufficient to state that some diachronism
appears to exist in the intrusive sequence; this condition is g
perhaps inevitable in a small area containing such a widely 1
varied intrusive suilte emplaced at short intervals in fime.}
Only one intrusion apart from the granophyre shows direct
evidence of cutting the felsite. This 1s a fine-grained basic
body of ‘unknown thicknees which outcrops beneath the Dals; |
felsite at river level about 600 m south of Melrakkadalur farm. ?
This intrusion shows perfectly developed rhomb-shaped Jjoints
of strikingly regular form and is exposed béneath tpe felsite
ovef a horizontal distance of about 100 ms It is marked on
Map 2 as "B", and has a sharp upper margin which rests against 2
the truncatéd lower edge of the felsite and also includes small |

portions of the felsite.
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2-5 THE COARSE-GRAINED ACID, HYBRID AND BASIC INTRUSIONS OF
THE CENTRAL ZONE -

All three intrusions of this group outcrop within the
western half of the central or barren zone within the cone-
sheet ring and they occupy an approximately circular area of
radius 1600-1800 m, stretching eastwards from the Dalsé to
the eastern slopes of Urdarfell (see Map 2). These intrusions
are, in order of emplacement:-

(1) The Melrakkadalur-Urdarfell granophyre intrusion,

“which will subsequently be referred to as the "MU |
granophyre".

(2) The Urdarfell acid-intermediate hybrid body.

(3) The Urdarfell gabbro intrusion.

General Form of the Group
| The»MU granophyre has the largest outcrop area of the

three intrusions, and the other two intrusions are seen only
withih the southern and eastern parts of the group-outcrop as
small bddies with a narrow arcuate form at the periphery of
the granophyre (see Map 2). e

All the intrusions show steeply inclined or near-vertical
contacts against one another or the countryfrock at 'some part
of their outerop, and a ring-shaped fracture zone can be traced %

through an arc of 180 degrees at the periphery of the group-

outcrop. This fracture zone can be seen in the Dalsa as a
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northwest trending crush zone in the felsite; this crush zone
may pass eastwards into the east-northeast fault seen cutting
the lowest part of thé'hybrid intrusion in the distinctive
gully immediately to the south of Urdarfell, which will be
referred to as the "southern Urdarfell fault gully". The
country rock lavas'én the eastern side of Urdarfell are highly
crushed along a north-northeast trending zone which continues
northwards into Gélgagil, where the small acid dykes seen
cutting the pyroclastics may have been intruded into the
northward continuation of the fracture zone. The only other
evidence of faulting near the margin of the group is seen in
the Dalsé about 100 m north of Melrakkadalur farm; here the
margin of the granophyré outerop is cut by a zone of north-
south trending vertical fracture planes which may represent
part of a peripheral fault. Crush zones have been observed
at the margins of the granitic intrusions of the Western Red
Hills, Skye (Wager et al., 1965) where these intrusions are |
believed to be ring-dykes. ' 2
(1) 1IHE MELRAKKADALUR-URDARFELL GRANOPHYRE 5
This is the largest acid intrusion seen in the entire area§
studied, and no other granophyre intrusions were found in the '
area except for a small mass of uncertaln shape which outcrops
beneath the Hdélar eucrite. |

The granophyre outcrop is comma-shaped in plan with an

cast-west diameter of 1800 m and a north-south diameter of
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1400 m. The intrusion forms the lower half of the mountain
Urdarfell where the rock breaks down into a distinctive
pinkish scree which contrastsmarkedly with the dark grey lavas
of the upper part of the mountain and the pale green pyroclas-
tics to the north in Galgagil. Fig. 30 shows the part of the
intrusion exposed on the northern and western sides of Urdar-

fell; the total vertical extent of the outcrop is about 350 m.

g B e T R AT T Y Y O T
Lo " ;

Fig. 30. View of Urdarfell (643 m) from the northwest. The
granophyre is seen as scattered blocky outcrops and light-
coloured scree in the lower half of the mountain; dark-coloured
lavas outcrop above the granophyre and these dip southwestwards
towards the right of the picture. The junction between lava
scree and granophyre corresponds approximately to the junction
between lava ssmee and granophyre. An arrow marks the northward

dipping inner contact plane of the granophyre.
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FORM -

The exact form of the intrusion is difficult to determine
as the contacts are not well exposed, and much of the‘granOphyre;
has broken down into 1arge angular blocks which form‘thick |
scree aprons on Urdarfell, and structureless debris areas on
the moor between this mountain and the Dalsa.

The outcrop of the granophyre margins is described in the
following in order to outliné the general structure of the
1htrusion, beginning at the highest exposed part on northern
Urdarfell, and following this round to the western slopes of
the mountain; from here the margin is traced westwards to
the Dalsé and northwards 1nto,Gélgagil. All these localities
are Shown on Map 2. | ‘

The granophyre upper margin outcrops at about 450 m on
northern Urdarfell ahd abuts with sharp contact against the
overlying lavas for a distance of about 4 m, appearing to dip
concordantly with these lavas at 26 degrees towards the south.
No development of chilled or markedly xenolithic margins 1s
seen within the granophyre, and the normal field}characters of
the main outcfop are presérved right up to the contact surface.
Seree and superficial deposits obscure the contact westwards
from this locality, but the apprdximate pbsition has been
pléced at the start of the granophyre scree. At about 150 m

westwards of the first locality, the granophyre outerops below
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the inclusion-rich part of the Dalsé - Urdarfell felsite, but
no junction between the two is exposed. As the line of the
granophyre margin is followed further west, it can be seen

to rest agalnst basic lavas with a sharb well-exposed contact
plane inclined to the north at 58 degrees, and this contact

is arrowed on Fig. 30. Some vertical veins of granophyre up
to 15 cm across cut the felsite and lavas just south of this
locality. The outcrop is next cut by a fault with north-
northwest trend and uncertain throw, and the granophyre margin
thins southwards where it caﬁ be seen beneath felsite which
dips at 15 degrees to the northwest; at about 50 m west of
this locality joint-slabs in the granophyre dip downhill at

21 degrees towards the west. The contact between granophyre
and felsite at this point is continuously exposed over a
horizontal distance of abdﬁt 15 m but is not sharp, and in

the fleld the granophyre grades imperceptibly into felsite
over a vertical distance of ébout 3 m. 7This apparently
gradational contact 1s exposed intermittently over the next
200 m to the south and both granophyre and felsite are then
cut by a fault which downthrows to the southwest. South of
this fault the granophyre‘margin is obscured by scree; but
after a Aistance of 209 m granophyre 1$ exposed over a lateral
distancekof 16 m beneath the lowest hybrid outérop marked on
Mapvz. ‘Continuing southwards from this point, at a point
ﬁidway between the hybrid outcrops and the nérthefn edge of the
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gabbro outcrop, a small exposure of the granophyre at the
250 m level is seen to be cut by numerous near-vertical shear
planes trending west-northwest. No granophyre outcrops are
seen south of this point, and the locality 1s taken to be the
southern margin of the intrusion. |

No solid granophyre outcrops are seen on the moor between
Urdarfell and the Dalsa and the southern limit here has been
placed at the edge‘of the granophyre debris area. Good out-
crops of granophyre are seen in the Dalsé south of Melrakka-
dalur farm, and here the granophyre shows a nearly vertical
contﬁct against the felsite. No sharp junction 1s seen, but
the granophyre appears to have been intruded beneath the fel-
site. The veins of granophyre which cut the felsite near this
contact have already been described in the context of age
relationships of the felsite and these veins show no strong
chilling at the margins. |

The edge of the granophyre can now be followed as a low
ridge which runs close to the Dalsa river until about 200 m
north of Melrakkadalur farm; between the southern margin and
the farm, the Dalsa has cut a steep-sided gorge in the
granophyre and‘good sections up to 18 m in height can be seen
in the gorge walls (see Fig. 31b). The granophyre surface is

here stained a rusty colour by oxidized secondary sulphide,

but the fresh rock is typically a very pale grey colour.
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North of the farm, the sheared western‘margin is seen’in the
river bed and then swings eastwards as a low one-metre step
which soon breaks up into angular'debris on the moor; fine-
grained pale-gréeh tuff outcrops outside the granophyre margin.
The northernvmargin of the outcrop can be traced across the
moor and passes immediately south of large angular blocks of
early set cone-sheets which still dip towards the soutbeast,
but no outerop of a granophyre'contact was found. The grano-
phyre margin now passes southwards of,the pyroclastics exposed
in Gélgagil, but a small lO'm outcrop can be seen to rest
discordantly against these rocks, with a lower margin dipping
southwards at 48 degrees. This is the only inwardly dipping
outer margin seen in the entire outcrop and it is shown in
section JK, Mgp 2. |

The granophyre is seen only as scree blocks east of this
locality and the position of its eastern limit 1s uncertain;
no granophyre outcrops, scree or debris are seen east of
B4lgagil, and the intrusion probably rests against or is cut
off at'thé north-northwest fault plane funning north from
 Sendfell, as shown in Section LM, Map 2.

The steep or vertical outer contacts of the granophyre‘are
taken to indicate that it has a stock-like form and was
intruded into a space of approximately circular section. No

direct evidence of ring-dyke structure was seen at the surface,
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except in the arcuate outcrop of the northern part of the
outcrop where the inner and outer contacts dip towards one
another. The point at which the inner confact dips northwards
at 538 degrees could be interpreted as the inner contact of a
ring-dyke which passes up into an inclined roof at the locality
marked with 26 degrees of dip (see Map 2 and section JK); this
is felt to be unlikely, as the outer margin of the granophyre
north of this locality dips inwards at only 48 degrees and the
outer contact of a ring-dyke would have an outward dip‘or an
inclination much nearer to the vertical than this. The moderate
angle of inclination of this contact may be due to the granophyre

)

occupying a space opened largely along pre-existing cone

fractures.
EVIDENCE OF SUBSIDENCE WITHIN THE CENTRAL ZONE

The lavas forming the upper part of Urdarfell appear to
have undergone considerable subsidence, as the Grjota BFB Group
outcrops at about the 400 m level on the western side of the
mountain; the lavas of the same group outcrop at 750 m on the
ridge south of Sandfell, a distance of 2 km down-dip from
Urdarfell. This subsidence has been estimated as being between
340 and 880 m (see p. 88 ).

Part or all of this subsidence may have taken place along

the ring fractures shown to exist in the central zone and which

appear to have exerted some control on the form of the hybrid
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and gabbro intrusions. The balance of evidence suggests that
the lavas on top of Urdarfell are a capping to the granophyre,
as the roof of the intrusion can be seen to rest against the
base of the lavas, often with an intervening layer of the
earlier felsite on the northern and eastern sides of Urdarfell.
The single example of a steeply-dipping inner contact on
northern Urdarfell may be due to the édge of this country-rock
capping sinking a short distance into the roof of the granophyre
as Indicated in section JK. A similar feature was observed
in the roof of the Beinn a' Ghraig granophyre ring-dyke of
Mull (Bailey et al. 1924, b. 34+3) where, "many of the cappings
of the Beinn a' Ghraig (ring-dyke) interior frequehtly show
steep-sided orhvertical contacts with the granophyre, being
apparently more of the nature of half-submerged blocks than
true cappings". The authors contrast this type of ring-dyke
roof with the evenly developed roof of the Glen Cannel granophyre
which they term a "batholithic" type, and tentatively suggest |
that the two different types of roof may be "connected with a
clearly marked distinction between the ring-dyke and batholithiec
modes of intrusion®.

It is felt that the MU granophyre shows more structural
features in common with stocks than with those of ring-dykes;

the margins of the granophyre do not show the consistently steep

outward dips characteristic of the outer and inner margins of

ring-dykes.
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INTERNAL RELATIONSHIPS

Thé grénbphyre is a medium-coérse grained rock of very
uniform texture bearing small feldspar phenocrysts up to 4 mm |
in length. The rock is pale grey when fresh and shows buff *g
colour on weathered surfaces. Ferromagnesian minerals are f
almost entirely absent, but small patches of epidote, chloritic %
material and opéque minerals are present. The rock is miaroli-
tic throughout the entire outerop, and the small drusy cavities |
are often lined with small yellow epidote needles or well-shaped§
quartz prisms. No pegmatitic or coarse-grained modifications }
of the granophyre were found, and the rock shows many similari-
ties to the granitic rocks of the Western Red Hills, Skye i
(Wager et al., 1965).

The miarolitic texture and absence of pegmatites in the
Skye rocks is thought to be due to consolidation under the low
hydrostatic pressures typical of high levels in the crust. In
the case of these intrusions "a true gas phase apparently
formed, as a result of the low external hydrostatic pressures,
when the magma was still only about three-quarters crystallized,
and thus were formed the innumerable miarolitic cavities. The
conditions for the formation of pegmatites were normally not ;
attained". (Wager et al., op.cit. p. 275). The term
"epigranite" has been proposed for these high level granite

types of non-orogenic regions such as the British Tertiary
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Province, in order to distinguish them from the deep-seated
non-miarolitic types with associated pegmatites (Wéger et al.
op. clt.) and the MU granophyre is very similar to these
eplgranite types in both texture and geological environment.
Very little decrease in grain size is seen at the margins
of the MU granophyre, and feldspar phenocrysts persist to the
margins of the intrusion; felsitic chilled contacts were rarely
seen in any of the exposed margins of the intrusion. A
similar apparent absence of chilled contacts has been observed
in the acid intrusions of eastern Iceland by Beswick (1965)
in the walls of the Slaufrudal stock and by Blake (1966) in the -
case of the Austurhorn intrusionj thin ¢hilled margins were |
found at some localities in the roof of the Slaufrudal stock
(Beswick, op. cit.).
Thé MU granophyfe shows 1argely blocky jointing in the
Urdarfell outcrops, but some slab-jointing is seen on the
westérn shoulder of the mountain (see Fig. 3la); these slabs

1ie parallel to the upper margin of the granophyre. The Dalsa

outcrops show blocky or prismatic Jointing as shown in Fig. 31b,§
A breccia zone of limited extent is seen in the granophyre }

on the northwestern side of Urdarfell. Here, a one-metré zone

of the granophyre is brbken into small angular blocks up to

10 cm in greatest length; the blocks are’rigidly held together

although no matrix is seen between them and no blocks ofv: .. ":
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Fig. 3la. The granophyre outcrop at the 300 m level on the
western shoulder of Urdarfell; the rock has slab-jointing
parallel to the steeply inclined roof of the intrusion. The
hammer handle is 35 cm long.

Fig. 31lb. The granophyre outcrop in the Dalsa south of
Melrakkadalur farm. <The southern margin of the granophyre runs

across the lower border of the picture. The gorge wall at the
left of the picture is about 15 m high.
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material other than granophyre are present. This suggests
that the blocks have been "welded" together while they were
still hot. The faces of the blocks are often covered with
numerous small euhedral quartz prisms usually up to 10 mm long
and 3 mm wide, which show good terminal faces, and a few
larger prisms up to 20 mm long and 10 mm wide were found.

This breccia shows similarities to similar breccias des-
eribed from the Southern Porphyritic Epigranite of Marsco,
Skye (Wager et al., 1965). These Marsco brececias are thought
to have been produced by explosions due to high water vapour
pressure developed during the later stages of consolidation o
part of the granitic magma. The MU granophyre magma, like the
Marsco rock, was rich in water as evidenced by the miarolitic
cavities and a similar origin by late-stage explosions seems
possible for the Urdarfell breccia.

Two textural types of the granophyre showing features
markedly different from the main body of the intrusion were
found. The first of these two types was fbundAat about 250 m
on western Urdarfell on the line of a north-west-tmnding fault
plane which cuts thevgrahophyre‘and its p;sition is marked on
Map 2 as Vi 391. This rock 1s of slightly finer grain than th
normal granophyre, and, when sliced, proved to contain bright

green aegirine-augite, a dark blue amphibole, and olivine

pseudomorphed by fibrous brown material; none of the minerals
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were found in any of thé other sectioned examples of the
granophyre. The rock shows ho obvious external features which
might serve to distinguish it from the rest of the granophyre
in the field, and the extent of its outcrop is not known as
this is mantled by thick scree.
- The second type outcrops in the Dalsa near the southern
~margin of the granophyre and its position. 38 - marked on Map
2 as A9, Tnhis rock is of felsitic grain Size and contains
numerous small spherulites up to 2 mm in diameter which are
centred on small feldspar phenocrysts. This type appears to
be limited to a small rear vertical dyke-like zone about 1 m
in width and no sharp éontacts were found between this zone
and the normal‘medium-coarse grained granophyre; the zone 1is
interpreted as a wall contact of the MU granophyre intrusion.
No rocks of similar type were found where well-exposed margins
of the upper parts of the granophyre were seen to rest directly
against basalt lavas on northern Urdarfell.

A fuller description of these types will be given in the
"section on petrography.
RELATIONSHIPS WITH OTHER INTRUSIONS

The'ogter margin of the granophyre is seen to rest against
the'pyroclastics in Galgagil and no blocks of the intrusion are
seen in these agglomerates of this vent. This indicates that

the granophyre was emplaced at the presentﬁlevel after the

main phase of activity in the Gélgagil—ﬂrdarfell vent.



212,

The granophyre includes small fragments of the felsite on
: southﬁestern Urdapfell; these fragments someﬁimes have rounded
-outlines which suggest that thef have been partly assimilated
into the granophyre; no other rock types are seen as xenoliths
in the granophyfe. Veins of granophyre identical in rock-type
to that of the main body can,be seen to cut the felsite near
the south contact of the granophyre in the Dalsa and also on ’
northwestern Urdarfell. These veins do not show chilled margins;
and this indicates that the felsite was hot at the time of '
emplacement due to incomplete consolidation, or the proximity
of the hot granophyre.

There is more definite evidence that the felsite was
probably not fully consolidated at the time of emplacement of
the granophyre. First, the brecciated zone already described
in the Dals% felsite outcrop may have forméd by small-scale
stressing of the intrusion by small tremors or shocks produced
as the grapophyre wvas emplaced beneath the incompletely solidi- ;
fied felsite. The quaftzo-feldspathic matrix in this breccia
éhows some similarities to the groundmass material of the
granophyre. Second, the upper margin of the granophyre on
western Urdarfell appears to pass with an apparently impercept-
ible contact into the overlying felsite. This is taken to
jndicate that the felsite was incompletely cooled at the time

of the emplacement of the granophyre at this level, and was j
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thus more susceptible to reheéting and partial remelting by

the granophyre to form a "welded" contact; evidence of the
occurrence of remelting ié giveh‘by the partly aésimilated fel-
site xenoliths elsewhere in the granophyre. In thin section
the parts of the felsite intruded or included by the granophyre
on western Urdarfell show an equigranular texture of coarser
grain than the normal microcrystalline felsite seen at a
distance from the granophyre contacts; the‘edges of these areas
merge into the granophyre fabric and thelr presence is taken

to indicate that local melting and recrystallization of the
félsite occurred on emplacement of the granophyre. ‘Thin
stringers of quartz, alkall feldspar and epldote are sometimes
seen to cut these areasand these are taken to represent "back-
veining" by similarly remelted material.

Thé’close correspondence of the outcrops of the‘granophyre
margins and the felsite is taken to indicate thatthe felsite
was a preliminary lining to the space later filled by the
granophyre. The felsite and granophyre may have crystalliéed
from two separate injections from the same magma source; a
similar relation between intrusions of felsite and granophyre
on Rhum has been suggested by Dunham (1968). ‘ |

The single Type 3 early sét cone-sheet which Cuts'thé

Dalsa outcrop has already been mentioned in the section on

the earlY'cone-sheets, and indicates that the gfanophyre was
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almost completely solidified by the end of the phase of Type 3
cone-sheet injection.

Only one Junction between the hybrid rocks and the
granophyre was found exposed, and this is seen on the south-
western slopes of Urdarfell at the 225 m level where the
westernmost and smallest of the diorite masses outerops (see
Map 2). At this locality, normal medium-coarse-grained miarol-
itic granophyre outcrops beneath a small mass of coarse-grained
dark grey diorite which appears to form a small slab dipping
southwards at about 20 degrees. The boundaries of the grano-
phyre and diorite can be located éccurately in the field but}
the interface between the two rock types consists of a narrow f
20-30 cm zone of mixed appearance which 1s apparently not |
chilled when closely examined. In this zone, the didrite shows
irregular, crenulate of lobate margins which may be sharp or
diffuse (see Fig. 32); the lobate parts of these margins are
often seen to be detached from the main body of the rock to
fora isolated bodies up to about 5 cm in width surrounded by
granophyre richer ih dark minerals than the normal Urdarfell |
granophyre. Where the margins of these bodies or the main i
part of the diorite are diffuse, they show a gradual transition§
from dafk diorite throﬁgh granophyre rich in dark minerals to |

the normal granophyre poor 1in dark minerals.

Small elongated clinopyroxene grains and skeletal ore
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grains can be seen in these small transitional areas between
diorite and granophyre. The diorite above the contact surface

is compact, but has a mottled surface appearance due to scatt-

ered light-coloured patches of granophyre rich in dark minerals;

this mottling is seen over a thickness of about 7-8 m upwards
from the contact zone.

These general features indicate that the granophyre and
diorite were both mobile at the same time and also that some
mixing df the two types took place; they will be described in
more detall in the section on the Urdarfell hybrid intrusion.
At this stage it is sufficient to state that at the margin of
the diorite numerous small crenulate or lobate bodies project
into the granophyre; this,is taken to indicate that the diorite
was injected iﬁto ths granophyre before the acid rock had
fully consolidated. This relation 1s éxactly similar to that
described from the Austurhorn net-veined complex where dioritic
and hybrid pillow—lie bodies considered to be intrusive into
granophyre show crenulate margins and sharp or diffuse contacts
against the acid rock (Blake, 1966).

‘These hybrid rocks are seen to be intruded by a steeply
inclined tongue-shaped mass of coarse-grained gabbro in the
southern Urdarfell fault gully (see Map 2); this gabbro is
exactly similar in texture andmineralogy to the late stage
pegmatitic gabbro seen in the Holar-Skessusaeti eucrite. If,
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as seems possible these two occurrences of coarse-grained
gabbro are of the same phase of injection, the MU granophyre
can be supposed to have reached its present level at a time

between the end of the G%lgagil vent activity and the

emplacement of the pegmatitic gabbro types.

(2) TIHE_URDARFELL ACID - INTERMEDIATE HYBRID BODY

This h&brid'Bodyvhas ﬁefy diétihctive field characteristics
and comprises a ﬁariety of rock types ranging from diorite
through basic granophyres to acid granophyres; these thiee
types are denoted by the symbols, D, HI and Hg respectively
on Map 2. Some felsitic hybrids are also present, and these
are denoted by the symbol Hp.

The hybrids outcrop over only a small area, and the best
outcrops are seen up to the 340 m level on southwestern
Urdarfell in an area bounded to the north by a north-west- |
trending fault and to the south by the southern Urdarfell
fault gully. No outcrops were seen to south or nofth of‘these
limits, but small outerdps are seen at the 550 m level in the
fault gully, and at the same level on the eastern side of

Urdarfell.

FORM
 The form of the hybrid body 1s not known with certainty,

as the margins are mostly hidden by thick scree, but it
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appears to have been controlled by the northwest-trending
fault already mentioned, and the partially exposed arcuate
fault along which the southern Urdarfell gully lies. All the
outcrops found lie at or near to the periphery of the grano- -
phyre intrusion.

Few unambiguous indications of inclination were found,
and only three margins to the hybrid body were seen. The first
of these 1s the junction between diorite and the.granophyre
at the 225 m level on southwestern Urdarfell which has already
been described; above this junction, the diorite appearsto be
a sheet dipping at about 20-22 degrees towardsithe southwest.
The second ﬁargin seen 1s a medium-coarse grained type of the
diorite exposed at 320 m in the south wall of the northwest-
trending fault which is the northern boundary of the hybrid
outcrop; this margin abuts against felsite and appears to be
vertical. A third margin is seen at 550 m in the north wall
of the southern Urdarfell fault gully, where a nearly vertical

margin of the hybrid body abuts eagainst felsite and green tuff.

In the hybrids between the 200 m and 400 m levels in the fault
gully the joint slabs dip northwards at an angle of about 70
degrees; this 1is taken to be the attitude of this part of the
body, by analogy with the Joint slabs seen at the upper margin

of the granophyre on western Urdarfell.,

1
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INTERNAL RELATIONSHIPS

Two}grbuﬁé of texturally distinctive‘hybrid rock types

outerop on Urdarfell:-

1.

2.

A group of fine-grained hybrid rocks 6f felsitic textures,
outcrops of which are seen between the 250 and 340 m
levels on southwestern Urdarfell, and also at 550 m in the
northern wall of the southern Urdarfell fault gully.

This group is marked Hp on Map 2, and forms only a small
part of the‘hybrid body. The first of these two outcrops
lies between the northwest fault and a west-northwest-
trending faﬁlt which passes immediately north of the
Urdarfell gabbro outcrop. ' |

A group of coarse-grained hybrid rocks which range from
basic granophyres, bearing large prismatic feldspars and
acicular pyroxene crystals, to aeid granophyres richer in
dark minerals than the normal MU granophyre. This,group
is well exposed in the steep northern wall of the southern

Urdarfell fault gully between the 200 and 350 m levels.

A small outcrop is seen at 550 m in the same gully and the %

continuation of this outcrop is seen as a small broken
mass on the eastern side of Urdarfell at the 550 m level.
The basic and acid granophyres in this group are marked
HI and Hg respectively on Map 25 the group forms the. bulk
of the exposed hybrid rocks.
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The field characteristics of the hybrid series are
described in the order: (a) Diorite; (b) Fine-grained hybridsy
(c) Coarse-grained hybrids; (d) Acid veins.

(a) Diorite (see Fig. 33)

The diorite ouﬁcrops as small blocky-jointed bodies on
the lower slopes of southwestern Urdarfell (ses Fig. 34) . -

* and the uppermost of these bodies shows some platy jointing.

The rock shows a rusty brown weathered surface, but is
a coarse-grained dark grey rock when fresh; the contact is seen
in the uppermost exposure where the marginal diorite is of a
finer-grained doleritic ggainsize. Scattered small 1rregularly;
shaped patches of a finer-grained facies can be seen within
the coarsér-grained parts of the diorite. These patches are
irregular in shape and their size 1s difficult to estimate in
the limited exposures available, but the largest patches seen
are bodies up to 2-3 m in length. The interface between these
patches and the coarse diorite is well-defined although no
chilled or intrusive contacts were seen in thin sections of
these junctions, and no fracturing of the host rock was seen.
These bodies are taken to represent the residual parts of the
largely solidified diorite. ‘

No sharp or fine-gralned lower margins to the diorite

were found; a small 1-2 m zone of coarse diorite was found

immediately bencath the gabbro in the southern Urdarfell fault
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gully and this appears to grade doﬁn the gully wall into the
more acidic types. The lowef margin which rests against
granophyre at 225 m 6n southwestern Urdarfell has already been
described; the coarse diorite shows crenulate margins against
the granophyre, and these margins méy be sharp or diffuse; the
diffuse contacts grade over a distance of 1-2 cm into a grano-
phyre richer in dark minerals than the normal MU granophyre
and an intervening zone of pale feldspathlic rock bearing
acicular pyroxenes and elongated skeletal ore crystals is seen
(see Fig. 32). It seems likely that the diffuse margins
represent mixingvof hot unconsolidated diorite and granophyre
in similar fashion to the process described from the Austurhorn
intrusion by Blake (1966, p. 905).

The lower margin of the diorite exposed in the southern
Urdarfell fault gully lies only 200 m south of the northern
lower margin, yet the maximum width of the coarse-grained hybriq
sone 1s less than 5 cm 1n the northern outcrop and is at least
23 m in the gully outcrop; this striking.difference in volume
of coarse-grained hybrids will be discussed more fully in the
section on these rocks.

(b) Fine-grained hybrids (Hp)

Only two outcrops of these types were found; the larger of

these is the small area surrounding the diorite bodies on

- southwestern Urdarfell and a much smaller mass with vertical



Fig. 32, Polished surface of a specimen from the diorite-
granophyre contact on southwestern Urdarfell.Blobs and lobes

of dark diorite (D) can be seen in the lighter-coloured acid
material,and a small patch of leucocratic MU granophyre (Gr)

lies at the lower right edge of the face.Some mixing of these two
components to form basic granophyre hybrid (H;) with acicular
pyroxenes has taken place near the base of th% specimen,and a .
small patch similar in appearance to the granitic hybrid (Hg)

is seen at the centre of the face.Two small druses infilled

with carbonate (C) occur in the acid material, -~ “'
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Fig. 32, Polished surface of a specimen from the diorite-~
granophyre contact on southwestern Urdarfell.,Blobs and lobes

of dark diorite (D) can be seen in the lighter-coloured acid
material,and a small pateh of leucocratic MU granophyre (Gr)

lies at the lower right edge of the face.Some mixing of these two
components to form basic granophyre hybrid (H;) with acicular
pyeoxenes has taken place near the base of thi specimen,and &
small patch similar in appearance to the granitic hybrid (Hg)

is seen at the centre of the face.,Two small druses infilled

with carbonate (C) occur in the acid material,



Fig. 33. Schematic north-south section through southwestern Urdarfell along the line N-P
on Map 2, showing.the field relationshipa of the diorite (D), MU granophyre (Gr),
felsite (F), hybrid rocks (H,, E, H,, see text) and the Urdarfell gabbro tongue
(G). Pyroclastics to south of fault gully represented by triangle ornament.

Vertical and horizontal scales equal



PFige 34. View of Urdarfell from the southwest,showing

the southern Urdarfell fault gully in which the Urdarfell
gabbro tongue (G) is exposed.The coarse-grained hybrid
rocks form the dark crags which lie partly in shadow
beneath the gabbro,The diorite outcrops as small hummo eky
masses,one of which is marked D,and the MU granophyre
forms the lower part of the mountain on the left of the

picture (Gr).,
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attitude is seen at 550 m in the north wall of the southern
Urdarfell fault gully. ,

The fine-grained hybrids of the lower of the two outcrops
are rérely seen as coherent masses, but occur as part ofaslab-

like body apparently continuous with the felsite into which

the diorite has been intruded. This body is usually broken down

into a coarsely platy scree in which blocks weather to a light
brown colour and this ready fracture may be due to deformation
or doming by the intruding diorite. The fresh rock is a

medlum-dark blue-grey in colour and shows a compact sugary

holocrystalline texture like a felsite or an aplite. The grain-?*

size is variable, and there appears to be a gradation from fine-d;

grained types of felsitic appearance with small lath-shaped
feldspar phenocrysts up to 3 mm in length to medium-grained
types of darker colour and similar appearance to that of the
diorite. These medium-grained types are usually mottled with
very suall patches of feldspathic material up to about 5 mm
across; this is similar to the larger-scale mottling already
observed in the coarse-grained diorite. '
The fine-grained felsitic type forms numerous thin straight

veins of pale grey rock, usually of vertical attitude, which

can be seen to cut the coarse-grained diorite with sharp chilledf‘

margins; these velns contailn small feldspar phenocrysts and

are usually only 2-5 cm in width, but may be as wide as 15 cm.
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These veins wére not seen to cut the fine-grained hybrid types
énd their simllarity in texture to these types is taken to
indicate that they are of common origin. The relations of
these types are summarised schematically in Fig. 35.

One very thin vein 6f medium-coarse-grained white granitic
rock up to about 5 mm in width was seen to cut the dilorite and
fine-grained hybrids; the margin of this veln is diffuse where
it rests against the fine-grailned hybrids, which indicates
that it was injected into hot rock, and it is taken to have
been formed by remelting of the MU granophyre or acid coarse-
grained hybrids by the gabbro intrusion which closely followed
the diorite.

The only fine-grained hybrids found in the higher level
outcrop in the southern Urdarfell fault gully were felsitic
types and no véins were seen at this locality.

No sharp contacts between diorite and the fine-grained
hybrids were fdund except for the hybrld veins which cut the
coarse-grained parts of‘the diorite. Some fracturing is seen
in the diorite forming the walls of these veins and it is felt
that the fine-grainéd hybrid material may have been injected
into small fractures opened in the almost completely consoli-
dated upper part of the diorite by movements beneath the

diorite; these movements may have been due to the emplacement

of the Urdarfell gabbro.




Fig. 35. Schematic representation of the relationships of the main
diorite (D), marginal diorite (D ), diorite schlieren (D)
and fine-grained hybrid rocks (H.). An acid vein (V) ciits
the diorite and hybrids, and an E

vein shows a chilled
margin (stippled) against the diorite.

| ‘ ’ HF
L0 AT




223,

The fine-grained marginal diorite appears to grade into

éhe fine-grained,hybrids; no sharp junctions were found in the
field, and it is}felt thaf thesé.hybrids were formed by mixing
6f the fineegrained dlorite and remélted felsite. A series
of‘types withvtextural features of both fine-grained diorite
and felsite‘was seen in thin sections of these hybrlds and
these wili bé described'in more detaill in the section on
petrography; The fine-grained hybrids are;found only near

felsite outcrops, and appear to grade into these masses; this

is also taken to indicate that they are diorite-felsite hybrids.%?

(¢) Coarse-grained hybrids

- The best exposed seétion of the coarse-grained hybrids is
seen between the 200 and 350 m levels in the north wall of the
southern Urdarfell faﬁlt gully where a total thickness of at |
least 30 m of hybrid rocks is exposéd; similar types outcrop
ovef a horizontal distance of about 43 m at 550 m in the same

wall. This latter mass i1s broken by faulting and the outcrop

is not continuous,’so:the‘description of the hybrids is concen-

trated on the lower of the two outcrops.
- Samples were taken from a measured section perpendicular

to the elongation of the hybrid outcrop at a point where the

uppermost hybrids are exposed immediately beneath the Urdarfell

gabbro at about the 270 m level, The distribution of the

[
b
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different rock types isshown in Fig. 36.
The boundaries shown in Fig. 36 delimit the main zones of
distinctive texture and mineralogy within the hybrid body;

these zones are entirely of coarse-grained material, and no

chilled or fine-grained zones were seen between these main
diviéions. The hybrids do not always show strictly uniform
texture within any of the mahn zones; this is particularly
noticeable in the basic granophyre Hj zone.

The uppermost part of the measured section consists of
a coarse-grained dioritic rock which is similar to that seen
in the smaller outcrops north of the gully, but appears to be
slightly more feldspathic and to have undergone a greater

degree of hydrothermal alteration. After about 2 m this
passes downwards into the basic granophyre type (Hy) which is a

more feldspathic rock often characterised by randomly-oriented

columnar crystals of white feldspar and greenish pyroxene

which may be up to 1 em in length. This texture is very
striking, and simllar textures have been found in the hybrid
rocks associated with the Vesturhorn gabbro and granophyre
intrusions in southeastern Iceland (J. Roobol, pers. comm.,
1967). ' .

A similar rock with shorter stumpy pyroxene crystals also

occurs in this zone and the two types appear to be of patchy

distribution; this may'be due to locally different distributions



The outcrop of the coarse-grained intrusions in the soufhern
Urdarfell fault gully. Diorite (D); basic granophyre hybrid
(H ); egranitic hybrid (H )3 Urdarfell gabbro tongue (G).

Drawn from photographs.

Fig. 36.
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of volatiles within this zone at the time of crystallization.
The zone is abbut 10.5 m across and this is much smaller than
the apparent width of 33 m observed in the fault gully at the
550 m level. '
The basic granophyre passes gradually into a pale acid
rock of medium-coarse grain and very uniform texture; this is
the granitic hybrid (Hg). The H; rock forms a zone at least
15 m broad before it is 6bséufed by scree at both localities.
Miarolitic cayities are extremely rare in this rock and ferro-
magnesian minerals are not so abundant as in the basic grano-
phyre, but are far more abundant than in the normal miarolitic
MU granophyre which 1s almost devold of such minerals. Occas-
ional prismatic feldspar crystals up to 1 cm 1n length and
similar to those seen in the basic granophyre can be seen

scattered throughout this rock. The granular texture and lack

of miarolitic cavities are more characteristic of granites than |

granophyres (Wagéf et al., 1965); the presence of feldspar.
‘phenocrysts and ferromagnesian minerals similar to those seen
in the dlorites and baslic granophyres suggest that this rogk
is a basified modification of the MU granophyre. In addition,
‘these basic and acid granophyre types are exactly similar in
external textural characteristics to the more obviously hybrid
rocks seen at the diffuse mixed‘contacts of diorite with

granophyre farther northwards on southwestern Urdarfell, and

it is inferred that they were formed by a similar but larger

PSR E AT e
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scale mixing process.

(4) Acid veins |
A few thin straight veins of medium coarse-grained white |

acid material were found to cut the hybrid rocks, the Urdarfell

gabbro and parts of the surroﬁnding country roék in all parts

of the hybrid outcrops except at the 550 m level in the south-

ern Urdarfell fault guliy. The veins found were usually verticai
or‘steeply dipping and ranged up to 5 em in width; one vertical ?
veln was seen to thin out upwards over about 6 m from a thick- !
ness of 5 cm to zero thicknesslin the lower part bf the
Urdarfell gabbro; no other veins were seen tp persist farther
than this distance; Altﬁdugh veins were found in each main

zone of the hybrid body, and in the gabbro, no single vein was

seen to cut more than twd consecutive zones in the gully face.
The velns show sharp margins in hand specimen, but few
show strongly chilled fine-grained margins when examined in
thiﬁ section;&being usually of medium doarée granitic or
granophyric texture throughout; the veins occupy straight
parallel-sided fractufés which cut across individual crystals
of the host-rock indicating that this was possibly almost
completely consolidated although still hot. One thin 5 mm é
vein cutting the. fine-grained hybrids seen northwards from the

fault gully shows diffuse margins against unfractured felsitic
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HF wall-rock and this is taken to indicate that it was injected
into completely consolidated hybrid material.

Theso velns show some differences in mineralogy and texture
which will be dealt wito in the section on petrography. In |
view of the small. number of acid veins found in the limited

outcrops available,. no detailed classification of the environ-

ments in which they ‘formed has been attempted.

(3) THE URDARFELL GABBRO INTRUSION
FORM - -
| This intrusion outcrops between the 220 and 330 levels in
the north wall of the southern Urdarfell fault gully and is
the largest intrusion of its type soen ih Vididalsfjall. The
outcrop is of elongated shape, with an east-west length of about
300 m and a width of about 40 m.. The total exposed thickness
is about 37 m (see Figs. 38 and 36) A

No exposures of the northern contact were found, but the
southern margin outcrops near the top of the north wall of
the southern Urdarfell fault gully and is seen to be 1nclined
steeply northwards gt an angle of about 70 degrees.

The 1ntrusion'is broken up by a combination of slab and
block joints; the slabs lie paréiiel to the base of the intru-
sion and viewed from the southvthe gabbro is seen to be a

small tongue-shaped body dipping northwards at about 70 degrees.

Similar gabbro tongues have been found in the Vesturhorn
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intrusive complex by Roobol (pers. comm.,l967) and the Urdarfell
body is exactly similar in form to these bodies.
INTERNAL RELATIONSHIPS

Thé intrusion 1s made up of a coarse-grained sub-ophitic
to ophitic gabbro which consists of approximately proportions
of lathQShaped to tabular labradorité plagioclases often of
size 10 x 4 mm and black pyroxene crystals up to 10 mm in
maximum length. Some fine-grained, green, hydrothermally-
altered, Interstitial material is also presént.

The gabbro shows some variation in grain size, and a
slighfly finer grained 2 cm zone continuous with the main mass
is seen where the lower margin of the intrusion rests against
the dioritic hybrid type in the fault gully wall; this almost
négligible decrease in size towards this particular contact is
taken to indicate that the gabbro was intruded into hot hybrid
rock. In places, the gabbro can be seen to intrude pale green
tuff on the northern side of the fault gully and occasional
small one-centimetre veins of coarse-grained gabbro identical
to that seen in the main part of the intrusion may be seen
cutting the tuff; this relation was seen only in seree blocks
and not in_situ. No preferred orientation or flow lineation

of the feldspars was seen parallel to the margins of these
veins.

Coarse-grained patches are commonly found in the gabbro;
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in these the feldspars and pyroxenes are commonly 4 cm in
length but both minerals may exceptionally reach lengths of

8 cm,..the feldspars in these cases being about 1-2 cm in width
and the pyroxenes about 6 cm in width., These coarse-grained
patches occur as small lenticles up to about 40 cm 1in width

and 15 cm in thickness, but are usually smaller, and appear to

be most common in the lower part of the intrusion; the lenticlesi

[

grade into the normal gabbro at their edges, and are simllar
to the "pools" of gabbro already described in the H@lar-
Skessusaetl eucrite intrusion (p.121). These Hélar-Skessu-
saetl "pools" are of about the same grain size as the normal
Urdarféll gabbro and are not so coarse-grained as the patches
in the Urdarfell intrusion. These patches, like those in the
eucrite intrusion, are taken-tﬁ be of residual nature due to
local concentrations of volatiles which allowed more favourable
conditions for the formation of large crystals. The same
presence of these volatiles may have been partly due to the
proximity of the acid-intermediate hybrids beneath the gabbro
tongue.

Similar small patches of coarse grained ophitic gabbro
were observed in the}outer part of the Border Group in the
Skaergaard Intrusion (Wagér and Deer, 1939, p. 26 and Plate
3, Fig. 2). These patches are described as "coarse wavy layers"

of plagloclase and pyroxene and they lie perpendicular to the

margins of the intrusion at about 20 m from the contact.
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Similar "pegmatitic" gabbros have been described from the
Hornafjordur area of southeastern Iceland (Annels, 1967).

Sméll areas composed almost entirely of large labradorite
crystals occur in parts of the intrusion; pyroxene 1s present
in only minor amounts and the rock is a pale-coloured anor-
thosite. Rock of this type was found on the eastern side of
Urdarfell at about 520 m beneath a small outcrop of a basic
granophyre hybrid type. No clear margins to this mass were
seen,‘but the anorthosite is pfobably parf of the gabbfo
intrusion.
RELATIONSHIPS WITH OTHER INTRUSIONS

The Urdarféil gébbro.ié seen to intrude the paie green
tuffs on southwestern Urdarfell; this relationship was seen
only in loose blocks near the inferred positions of tﬁe upper
contact. The gabbro erystals are brokeh 1h places near these
contacts, implylng that the gabbro was in an advanced‘étate
of consolidation at the time of emplacement. |

The gabbro intrudes the dioritic ubper bart of the hybrid
body seen in the southern Urdarfell fault gully and shows no
great decreasé in grain size indicative of strong chilling
against this body, indicating that it was injected into hot
hybrid material. ©Small inclusions of the acicular-pyroxené
basic granophyre hybrid type up to about % cm in size can be

seen in the gabbro and these may show rounded form, which is

taken to indicate some minor assimilation of hybrid by the
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gabbro. In thin section, these hybrid areas are often seen to
be moulded into the interstices between gabbro labradorite and
pyroxene crystals; this is taken to indicate that they were in
the form of incompletely consolidated crystal "mush" at the

time of incorporation into the gabbro. The feldspars and
quartzes in these hybrid patches are densely charged with

small dust-like inclusions, and the pyroxenes are almost v
completely pseudomorphed by chlorite, indicating some alteration
by the gabbro. No recrystallization of the hybrid or mixing ‘
with the gabbro was seen to occur.

In addition, small rounded inclusions of eucrite and what
are probably altered early set Type 1 cone-sheets, bearing
stumpy bytownite phenocrysts, are seen in the gabbro at the
eastern end of the outcrop. In thin section, these bytownites
show the characteristic broad rim of labradorite seen in the
eucrites and Type l‘sheets, and extensive shattéred areas in
the cr&stals are filled with zeolite, carbonate, and epidote.

The pyroxene grains in these eucrite inclusions often
show rims of spongy pyroxene of the same colour as the main
part of the crystal; this indicates that the pyroxene is not
in equilibrium with 1ts environment. The combined evidence
of mechanical fracture and chemical disequilibrium indicates
that these eucrite patches are true xenoliths broken from

already solidified material encountered by the Urdarfell gabbro
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in its ascent to its present position.

The gabbro was not seen to be cut by early or late set
basic cone-sheets, .but a single, small, greenish 1 m dyke of
microplagiophyric basalt was seen to cut the upper part of
the gabbro in the north wall of the'gully; this dyké shows
rotten green once-tachylitic margins which indicates that it
was intruded into cold rock and is of later date than‘the
gabbro.

The only other bodies observed to cut the gabbro are the
small acld veins already described; in thin section these show
sharp but not strongly chilled margins against the gabbro.

The Urdarfell gabbro is identical in texture to the sub-
ophitic to ophiti€gabbro which occurs as a late-stage crysta-
llate in small pools in the Hélar-Skessusaeti eucritse intrusion
and bears labradorite like this gabbroj these two masses are at

least 3 km apart, and the spatial proximity of such similar |

types is taken to suggest that they may be contemporaneous |

bodies of common origin. The Urdarfell rock has probably formed.

by ‘large-scale concentration of late-stage liquid in a eucrite

body which may lie concealed beneath Vididalsfjall. Gabbro
tongues or sheet-like bodies have been seen to continue down-
wards into deeply eroded larger basic intrusions in the
Vesturhorn area (J. Roobol, pers. comm. 1967), and by analogy,

the Vididalsfjall bodies are thought to be high level offshoots
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of larger bodies concealed at depth.

A small outcrop of frost-shattered sub=-ophitic to ophitic
gabbro of similar type to the Urdarfell rock is seen in the
low ground north of Selfell and west from the‘Dalsé; this

outcrop 1s very small and is indiéated only schematically on
Map 2 as no margins are seen. No further exposures of gabbro
were seen south of this point.
AGE RELATIONSHIPS CF THE GRANOPHYRE’ HYBRIDS AND THE GABBRO
In the following, the age felations of the coarse-grained
intrusions of the central zone are discussed, as deduced mainly §
from field observations. '?
At the level of observation, the diorite appears to have é

been injected into the MU granophyre along peripheral ring-

faults before this body was completely solidified; the mobile
state of the granophyre is evidenced by the crenulate and sharp

or diffuse margins developed against it by the diorite (see

Fig. 32).. A fine-grained marginal facies of the diorite was
formed locally in the upper part of the body and this material |
appears to have remelted parts of the felsite whose emplacement g
immediately preceded that of the granoﬁhyre; this remelted |
material has mixed with the fine-grainead diorite and has |
produced a fine-grainedvhybrid roc¢k (HF) which can in places

be seen to back-vein the coarse-grained”main'parf of the diorite,

One vein of this type on southwestern Urdarfell has been
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observed to show distinctly finer-grained margins against
fractured surfaces of the diorite; this implies fhat the
diorite was relatively cool gnd almost completely consolidated g
when the vein was injected into it (see Fig. 35),land indicates |
that some of these veilns may be of Hp material remobilized by
intrusions of later emplacement than the diorite, such as the
Urdarfell gabbro. | |

The hybrid basic and intermediate granophyres (HI and Hg)

exposed in the fault gully are believed to have been formed by ﬁ

the mechanical mixing of diorite and the MU granophyre at some

Al T

stage, due to the observed similarity of these hybrid types to |

the small quantities of hybrid granophyre formed at the diffuse

parts of the diorite/granophyre contact exposed on southwestern

Urdarfell.

The Urdarfell gabbro tongue was apparently intruded into
these hybrid rocks;before they had fully cooled; as 1t shows
almost no chilling at its junction with the hybrids in the
fault gully. DNo evidencé of mixing of gébbro and thé dioritié
hybrid which it intrudes was seen in the fault gully, but the
presence of small interstitial patches of acicular-pyroxené
Hy hybrid in the gabbro is taken to indicate that the gabbro
passed through unconsolidated hybrid material and incorporated

some of this maferial before reaching its present position.

The observed inclination of the hybrid zones in the fault
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gully wall and the limited distribution of the HI hybrid

type included in the gabbro suggest that these inclusions were
entrained at only a short distance, possibly abouf 100 m,below
the present exposed level. The pegmatitic character of the
gabbro may be an original feature, dus to concentration of
volatiles in a larger concealed body of gabbroic material lying
at depthy it is possible however that some of the volatile
which aided coarse crystallization of this rock emanated from
the unconsolidated hybrids, and the greenish altered state of i
the gabbro may be due to the combined effect of autometamorphisﬁ
and the volatiles present in the hybrids.

When consolidation of the gabbro was well advanced, the

intrusion was cut by thin acid veins whose margins rest against !
truncated crystals of the gabbro fabriéjzzgese veins, however, j
show no marked chilling against the gabbro wall-rock, and this :
is taken to indicate that they were injected into hot gabbro. |
Ir, és seems likely, the injJection of the Urdarfell gabbro f
was contemporaneous with the formation of the gabbro veins and )
pools seen in the Holar-Skessusaeti intrusion, the emplacement
of the granophyfe and hybrids took place in the time interval
between the end of vent activity in the Galgagil-Urdarfell
region and the injection of the final pegmatitic phase of the

Hdlar-Skessusaeti eucrite intrusion.

The generalized sequence of First Phase vent and intrusive E
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activity in Vididalsfjall and its environs is summarized in
Fig. 37 as three parallel processes and 1t can be seen that :
acid and basic material were available for simultaneous intrusioni

in the central zone on at'least two occasions.

A T L T T



Fime 37 Schematic representation of the

parallel events in

the First

Phase intrusive sequence in Vididalsfjall (central zone) and

its env1rons.
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2-6 TWO SMALL GABBRO INTRUSIONS AT TH& PERIPHERY OF THE
'CONE-SHEET SWARM |

Two small gabbro intruéions were found at locallitites near
the periphery of the zone occupied by the cone-sheet swarm, and
these two bodies show some similarities to the Urdarfell gabbro.:

The two intrusions aret:=-

(1) The Steinsvad gabbro (2) The Hnjﬁkur gabbro

(1) THE STEINSVAD GABBRO (see Fig. 38)

This is a small outcrop of uncertain form which is seen
in the low=-lying river bed of the Vididalsa about 5.5 km west
of Vididalsfjall; a road bridge has been bullt on this outerop,

and the presence of the gabbro was made known to the writer by

‘the late Dr. Tomas Tryggvason (pers. comm.y1965).

FORM AND GENERAL FIELD CHARACTERISTICS

The gébbro‘is ekposed'intermittently over a distance of
102 m in ihe northern bank of the Vididaléé, and shows a crude
slabby jointing in the small exposure immediately west of the
road bridge; these slabs are almost flat-lying and give no
obvions indication of inclination. ©Small outcrops of the
gabbro in the southern bank of the river about 40 m eaét of the
bridge are cut by north-northwest fracture planes which dip

westwards at about 40 degrees, and the easternmost exposure of

the gabbro shows near-horizontal joint slabs at a distance of
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Sketch map of the Steinsvad gabbro intrusion (G) beneath the
Vididalsa road bridge. The sloping numerals indicate early
set cone-sheet dips,
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dolerite (D) margin; the core is cut by
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about 50 m eastwards from the bridge.

The gabbrp is a dark greenish medium—coarse-grained
non-porphyritic ophitic to sub-ophitic type similar to that
of the finer-grained parts of the Urdarfell gabbro tongue,
and is very uniform in texture and grain size; some parallelism
of feldspars was seen in the eastern edge of the oﬁtcrop, and
this may indicate local development of flow structure near an
upper contact. The exposure 1s not good enough, however, to
locate the contacts with accuracy, as‘the gabbro disappears
beneath superficial deposits in the almost flat-lying river
bank. - | | | |

The available outcrops indicate that the gabbro is the
flat-lying upper part of a body with unknown‘extent in depth.
AGE RELATIONSHIPS o |

The gabbro'is hydrothermally altered énd was not séen to
be cut‘by any other intrusions. Westwards frbm the roadlbridge,
an early set Type 1 cone-sheet:is seen to have been parfly
hornfelsed by the gabbro, (see p.289) with some develbpmént
of a granular texture, and this is taken to indicate that the
gébbro was emplaced at a later stage than the‘early set cone-
sheets. -

No Type 3 early set cone-sheets and no acid veins were

seen to cut the gabbro.

%
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1
(2) TIHE HNJUKUR COMPOSITE GABBRO INTRUSION (see Figs. 39 & 40)

This intfusion shoﬁé moré lithoiogical variation than the
Steinsvad gabbro and is described under the headings: Form;
Internal Relationships, and Age Relationships.

FORM

This intrusion forms a prominent boss-shaped feature just

southwards of the lake Flodid at the northern end of Vatnsdalar,

about 3 km west of the eastern limit of the cone-sheet swarm;
it has a north-south length of about 750 m and an east-west
width of about 500 m. '

The margins of the intrusion are not well exposed, but

N

the intrusion shows some columnar Jjointing which is often
inclined inward at steep angles. Spry (1961) suggests that
joint columns in cooling basaltic material form at right angles
to hypothetical surfaces Jjoining all points at which the rate -
of cooling is the same. These surfaces are called isotherms
and usually coincide with planes of equal tenslle stress;
columnar Joints form by the intereection of numerous vertical
planar tension cracks which develop inwards from the quickly
cooled margins of the body. In the Hnjﬁkur intrusion, the
Joint‘columns on the western and northern.sides indicate inward
dips of up to 60-70 degrees; on the northern side, the exposed

lower margin of the intrusion can be seen to dip inwards at an

angle of 70 degrees. The outer parts of the intrusion pass

i
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Fig. 40. View yestwards across Vatnsdalur from near Hjallaland
farm to the Hnjukur intrusion; the intrusion is cut into a
number of humps by north-trending faults which run approximately
Xarallel to the lower border of the picture. Part of the

smundarnupur crags can be seen on the skyline at the left
border of the picture, and the Holar intrusion forms the
hummocky ground below the screes on this mountain.

laterally into gently inclined sheetlike apophyses as shown in
Fig. 39, and similar lateral extensions are seen up to 500 m

westwards from the intrusion.

The evidence indicates that the gabbro is a plug which
flares out laterally into sheet-like apophyses.
INTERNAL RELATIONSHIPS

The intrusion is composite, consisting of a medium-grained

olivine-bearing ophitic dolerite outer part and a coarse-grained
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gabbroic core.

The olivine-bearing ophitic dolerite forming the outer
part of the intrusion shows very uniform texture and is a
very fresh sparsely feldsparphyric rock of medium-grey colour.
This outer dolerite can be seen to pass laterally into gently
inclined sheet-like apophyses on the western and northern sides
of the intrusion (see Fig. 39). One of these apophyses shows
strikihgly well developed vertical columnar jointing on the
northeastern side of the outcrop over an exposed thickness of
about 12 m. This rock is very similar in its general texture
and extreme freshness to the oliviné-bearing tholelites of the
late set of cone-sheets seen in Vididalsfjall. |

The inner coarse-grained gabbroic core of the intrusion
can be seen to show a fine-grained marginal zone a few metres
in thickness where it rests against the outer dolerite. This
marginal zone is a fine-grained basaltic rock which bears
randomly oriented tabular labradorite phenocrysts up to about
6 x 3 x 1.5 mm in size, and no sharp margin: was found against
the outer dolerite. Thin sections of the finer-grainéd margin
revealed the presence of small rounded patches of ophitic
dolerite; these patches are of slightly coarser grain than
the surrounding material and grade into 1t with no obvious

discontinuities. These patches are felt to represent material

enriched in volatiles in which a slightly coarser grain size
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was produced during erystallization.

The coarse-grained gabbro of the core of the intrusion is
made up of large tabular labradorite crystals similar to those
seen in the core margin, but ranging up to about 10 x 8 x 2 mm
in size, and large pyroxene crystals up to 5 mm in length. The 7

rock weathers to a crumbly surface and the inner part is cut

into crude prismatic to blocky joints which contrast with the g
columnar joints.developed at the margins of the core and in é
parts of the outer dolerite. No abrupt junction was found
between the coarse gabbro and the porphyritic margin to the

core and no inclusions of porphyritic marginal material were

seen in the coarse gabbro. This 1s taken to indicate that the
core itself is not composite but 1s a mass of felsparphyric
basaltic material which crystallized slowly with gabbroic
grain size within a quickly cooled carapace of finer-grained
marginal material. The gabbro shows a greater degree of
greenish alteration than the outer olivine-bearing dolerite,
and contains some carbonate.

AGE RELATIONSHIPS
The plug and its apophyses have been cut by four north-

trending faults and some thin basic dykes have'been intruded
along these faults. A single much-altered thin acid dyke was
found to be intruded into one of these fault planes. The

plug is intruded into basalts, which can just be seen below the ;

i

i
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dolerite on the eastern side of the intrusion; exposures are
obscured by drift and alluvium, and no external contacts of

the plug were found.

The rock types making up both inner and outer part of the
plug show marked similarities to two groups of lava flows which f
outcrop in the western side of Vididalsfjall at about 3 km

eastwards from the Hnjﬁkur plug. i

The lower of these two groups is 24 m thick and comprises
four thin flows of IFB rich in large tabular phenocrysts of
labradorite exactly'similar to those seen intthe coarser-grainedE
inner part of the plug (see p.242). Although generally fresh,j§
the rock contains much secondary carbonate, which has penetrated;
cracks in the feldspar phenocrysts. The TFB group dips towards i
the plug, and the rock appears almost identical in thin section
to the finer grained feldsparphyric dolerite margin of the
gabbro core.

The upper of these two groups is about 130 m thick and
outcrops eastwards of Mésstadir at about 50 m above the inferredi
top of the TFB group. This upper group consists almost entirely
of thin dark-coloured extremely fresh ophitic olivine-tholeiite :
flow units often only 1-2.95 m in thickness; these basalts have '

a dolerite grain size and, when seen in thin section, are &

"‘\

identical in texture andmineralogy to the outer olivine-tholeiﬂc

seen in the Hnjukur plug.



oLk, ;

The close similarity of these two types seen in the plug
and aé lavas may indicate that the Hnjﬁkur intrusion is the

infilling of the eruptive channel through which these lavas

passed to the surface; alternatively, the plug may represent

a low-level offshoot of the lava feeder. No dykes of TFB

type were found in the field, and the flow group of this type
appears to thin out southwards on the top 6f Vatnsdalsfjall
just southwards of Sjonarholl; this is a distance of about

7 km southeastwards from the plug. The northern outcrop limit
of the group is seen in a small exposure in the Giljé, east
of Axlaoxl.

The lateral extent of the olivine-tholeiite group is harderf

to trace as the group i1s not so distinctive in the field as the ;
TFB group; a few thin flows of this type are seen above the T
single TFB flow in the uppei‘part of the Hjallaland-Hvammur ?
“trough succession at Breld = and may represent the southern part ;
of the group. The northern part of the group 1s buried beneath }
landslip material on the western side of Vatnsdalsfjall, but
the general extent of the group may be simllar to that of the
TFB group.

If the plug and lava types were originally connected, and :
the order in which the flows were extruded corresponded to the f

order of intrusion of the two parts of the plug, then the

inner coarse gabbro would have been intruded first, followed
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closely by the outer olivine-bearing dolerite.

One further feature is of interest. The outer olivine-
bearing dolerite of the Hnjﬁkur plug is identical in texture
and in general field characteristics to the Type 1 brown
dolerites of the late set of cone-sheets seen in Vidialsfjall
(see p.2443); these cone-sheets are among the first products
of the Second Phase in the Vididalsfjall intrusive sequence,
and the Hnj@kur plug thus appears to be of similar age (see

Fig. 37).
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THE SECOND PHASE INTRUSIONS
General Features

This 1s the last part of the intrusive sequence, and
those intrusions of this Phase which outcrop in Vididalsfjall
are all found within the small central area bounded by the
late set of basic cone-sheets (see Map 1). The intrusions
are all minor bodiés of fine-grained acid or basic material,
with the exception of the Skessusaeti summit eucrite intrusion,
the Hnjﬁkur gabbro plug and some eucrite cone-sheets. No
examples of hybrid rocks were found among the products of
this phase although two composite intrusions were found, and
the total'number of different rock types encountered is very
small; there 1s evidence that both acid and basic material were
intruded almost simultaneously in.parts of Vididalsfjall,

The fact that these intrusions ard confined to a small area
in Vididalsfjall is taken to indicate that they all originated
from a high=level sou;ce. This has already been shown in the
case of the late sel of basic cone-sheetis, (see Fig. 20) and
the close grouping of the Second Phase intrusions about the
central zone of the First Phase of intrusive éctivity indicates
that there was no lateral shift of the Vididalsfjall intrusive

centre.

Little direct evidence of the presence of Second Phase

major intrusions at depth was seen in Vididalsfjall. The minor

R R
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intrusions are distingulshed from those of the First Phase
by their remarkable freshness and lack of hydrothermal
alﬁeration;‘this may indicate that the upper part of the hydro- ;
thermal aureole produced by deeper-seated and concealed larger
intrusions of this phase has not yet been exposed by erosion.

Basic minor intrusions of rock-type identical to the
late set of cone-sheéts.seen in northern Vididalsfjall are
also common in northern Vatnsdalsfjall; these are thin ba§ic
sheets with easterly dip and may represent part of a second
cone-sheet swarm centred on the northern part of Svinadalsfj-
ali, which lies about 3 km to the eaét of the area mapped.
The,generai attitude and westward limit of these sheets 1is
indicated on Map 3.

4Some small acid intrusions outcrop east of Vididalsfjall
near Hnjﬁkur, and these are described together with the Vidi-
dalsfjall acid intrusions.

These Second Phase intrusions are very similar in their
general characteristics to Upper‘Tertiary minor intrusions
described from Snaefellsnes (Sigurdsson 1966a) in Western
Iceldnd, and from the HSrnafjordur area in southeastern
Iceland (Annels, 1967)‘. By analogy with these areas, and in
view of other evidence from the area mapped, the Vididalur-

Vatnsdalur rocks are taken to be of similar age.
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The intrusions of the Second Phase aret- 2-7 Basic

intrusions; 2-8 Acid intrusions.

2-7 BASIC INTRUSIONS

The Vididalsfjall intrusions are described first, fbilowed
by the Vatnsdalsfjall intrusions.
Vididalsfiall Intrusions
(a) LATE SET OF BASIC CONE-SHEETS

The structure and salient field characteristics of this
cone-sheet swarm have already been described in the section :
dealing with the early set of cone-shests (see Table 4); in E
the following, the field characteristics of these late set |
cone-sheets are described more fully. '
FIELD CHARACTERISTICS

The most striking feature of the late set cone-sheets 1s
thelir extreme freshness and almost total lack of hydrothermal i
alteration (see Table 4). Three main types can be distinguisheq;
in the field, nearly all bearing olivine.

Type 1: Medium grained olivine-tholeiite with intersertal to
gphitic texture

Sheets of this type make up the bulk of the late set
swarms these sheets are up to 2-3 m in thickness and may show .
up to 5 mm of fresh lustrous black tachylite at their margins.
A narrow zone of thin pipe vesicles may occur at the margins ;i

of these sheets, but vesicles are extremely rare in the
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compact central parts of the sheets. 'The exposed §urfaces
are usually a distinctive red-brown colour; similar sheets
have been described from the Hornafjordur area (Annels, 1967)
and have béen observed by the writer in the'Setberg area
described by Sigurdsson (1966a). Many sheets show a columnar
to prismétié Jointing perpendicular to fhe contacts, and may
develop a platy fracture at these contacts. Most sheets bear
stumpy bytownite phenocrysts up to 5 mm in length, the
abundance of such phenocrysts varying from sheet to sheet.

The dolerite of the main part of the sheets is a medium
dark-gfey compact rock, and the brown weathered skin 1is seen
to be less than lmm thick in many sheets. The dolerite is
usually very uniform in texture and flow structures are not
common although a few sheets of this type contain}magmatic
roll-structures or tapered pod-shaped bodies of the type shown
in Figs. 42 and 43. These examples are taken from the promin-
ent sheet on top of Sandfell, shown in Fig, 41,

These bodies are usually from 5-60 cm in greatest length,

and the largest examples of roll-structures and pods are
apparently confined to the lower half of the sheets in which
they occur; the fold axes of rolls usually lle parallel to
the strike of the sheet, and the pods 1i§ parallel to the

contacts of the sheet, with their long axes approximately

perpendicular to the strike. The folds seen ih the roll-




250,

structures are akin to the flow-structures seen in andesites
and rhyolite lavas elsewhere in the area, and. like these
are usually overfolded‘in the direction of flow, with the
fold crests pointing in an up-di§ direction.

The roll-structures and pods do not appear to be true
inclusions or xenoliths but are bodies continuous with the
main part of the sheets. Thelr shape is shown by thin con-
centric laminae of dark, almqst glassy material crowded with
minute ore grénules which alternate with thicker zones of the
normallighter-coloured dolerite}in "onion-skin" fashion; this
lighter-coloured dolerite is poorer in ore than the dark
material. These features are clearly seen on weathered'
surfaces of the sheet (see Fig, 43).‘

Small isolated blebs and elongated bodies of simllar dark
material up to 2 cm in length occur throughout the sheet, and
éan be seen in thin section to show sharp boundaries against
the host dolerite. These dark bends and small patches are of
basalt rich in small plagioclase laths up to 1.0 mm in length
with 2 pale-brown glassy matrix denseiy charged with minute
dre‘granules. The feldspars in this material are often seen
to be/aligned'parallel with the margins of the bodies, which
may show crenulate or lobate shape against the lighter-coloured

host dolerite. The_host dolerite is of similar texture to

the dark bodies, but is much poorer in opaque minerals and is




Fig. 41. A prominent 4 m Type 1 late set cone-sheet dipping
to the north on Sandfell,777 m, showing prismatic jointing.
The felsite intrusion on Raudkd lur can be seen in the middle
distance as a light-coloured cappigg which g¢ontrasts markedly
with the dark cone-sheet crags of Asmundarnupur to its left,
The northern part of Vatnsdalsfjall lies between the Raud-

kollur ridge and the far skyline.

thus lighter in colour; both dark and light material contain
scattered euhedral phenocrysts of plagioclase, pyroxene and
ore up to 1 mm in length. The dark material is sometimes
seen as veins up to 1 cm in thickness near the lower contacts

of sheets where the margins of the veins are sharp and crenulate

orlobate towards the host dolerite (see Fig, h4).
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Schematic block diagram of a Type 1 late set cone-sheet
on Sandfell (777 m) showing tachylitic margins (T),
glassy segregation veins .(Gl), roll-structures (R) and

some pods (P) vhich are elongated up-dip in the direction
of flow,




cm.

Y

flow B Strike of

vertical .
tructure from
i 1 of the nose of a pod s‘

Fig. 43. gﬁzaéype 1 late-set sheet of Fig. 42, showing -
fine glassy ore-rich flow lamellae (dark) whic
sometimes grade into the normal groundmass
material of the sheet,. Drawn from a specimen.



Fig. 4. The lower margin of a Type 1 late set cone-sheet

from the 570 m level in southern Krossdalur. The pale dolerite
of the sheet is invaded by a dark segregation vein which
contains small labradorite and pseudomorphed olivine crystals.

Plane-polarized light, x 15. (Specimen Vi 206).

The dark material seen as veins near the lower parts of
cone-sheets and as thin laminae defining flow structures in
other sheets is so similar in texture to the dolerite that it
is taken to be of common origin. KXuno (1965) has described
occurrences of glassy dark ore-rich segregations in basalt
lava flows from Hurope, Japan and the Americas and has shown
that they are léte-stage residua which locally vein their

host-rock. R.E, Smith (1967) has described similar material

occurring in segregation vesicles in basalt lavas from New
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South Wales, Australia, and ascribes a similar origin to that
proposed by Kuno (op. cit.).

The dark segregations have not been studied in detail
but 1t is felt that the Vididalsfjall examples formed by a
simllar mechanism to that proposed by Kuno (op. cit.) and
Smith (op. cit.). After emplacement of the sheet at the level
observed, and the segregation of the residual material in this
part of the sheets, renewed intrusive movements in depth caused
up-dip movements of the partially consolidated material so that
flow structures were produced. The sheet material was possibly
inhomogeneous due to some parts being in a more advanced state
‘of consolidation, or richer in segregated material than others,,‘
so that both laminar and turbulent flow strdctures were
produced; |

Similayr flow structures heve been described in picrite-
basalt sills of Quaternary age from EyJafjgll, southern Iceland
by Steinthorsson (1964). In these sills the laminae and veins
are composed of the groundmass material of the sill, and appear
to be due to a slight concentration of ore grains as compared'
with the host rock. Unlike the Vididalsfjall rocks, the veins
in these rocks do not contain phenocrysts.

~ Steinthdrsson (op. cit.) suggests that the "veins"

'(laminae seen in Vididalsfjall structures) were originally

more or less planar sheets caused by the laminar flow (of the
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magma). While still in the plastic state a new phase of
intrusion took place disturbing the earlier mass locally,
pushing it about and producing the folding.

Type 2: Coarse-grai ‘ eucrit

Sheets of thls type are rare, and only two were found in
Vididalsfjall; these outcrop in the Dalsé east of Selfell and
on eastern Skessusaeti and are lettered "Lg" on Map 2. Both
sheets outcrop near the southern margin of the late swarm of
sheets, and both have northerly dips of 40 degrees. The Dalsa
sheet 1s 2 m in thickness, and the Skessusaeti sheet is 12 m
in thickness; these sheets are usually Jointed into blocky or
crudely prismatic blocks perpendicular to the contacts, and
thé weathered surface is often a red-brown colour like that
of the Type 1 sheets.

No fine-gralned margins were seen in the Dalsé sheet but
the Skessusaeti sheet is composite, with 1.5 m marginal zones
of medium-grained Type 1 dolerite, and a 9 m central zone of
coarse-grained eucrite. The dolerite margins are sparsely
feldsparphyric and chill to a fine-grained basaltic rock at
the upper and lower contacts of the sheet; no tachylitic marginsg
~were seen but a few vesicles were found at these contacts.
Small rounded patches of eucrite material are scattered

throughout the lower dolerite margin; they are up to about 20 cm\
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in length aﬁd are not abundant. These patches are of the
same material as the central zone of the sheet and numerous
small infillings of themarginal dolerite can be seen in the
interstices in the eucrite patches. These patches aréd taken
to represent incompletely consolidated aggregates of eucritic
material floating in the dolerite. No eucrite patches were
found in the upper marginal 2zone of dolerite.

‘The interface between the central eucrite zone and the
marginal dolerite zones is well-defined in hand specimens,
but is irregular in detail, and is not sharp when seen in thin
section, although the grain size shows a marked increase from
the dolerite into the eucrite over a distance of less than
5 mm. Some of the plagioclase laths in the dolerite have bean
drawn parallel with the eucrite margin, but no truncation or
fracture of individual crystals in the dolerite was seen. This
feature, combined with the occurrence of small eucrite patches

in the dolerite below this interface 1s taken to indicate that

the eucrite was injected as a crystal cumulate into incompletely |

consolidated dolerite lining the walls of the cone-fracture to

form a composite sheet.. Some of the eucrite patches seen in
the lower part of the sheet may have been entrained by the
delepite at depth; 1t seems likely, however, that most of the

eucrite patches are detached portions of the later-intruded

eucrite central zone. The apparent concentration of such .

;
i
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eucrite bodies in the lower part of the sheet may be due to

sinking under the influence of gravity. Composite basic sheets
have been described from the Hornafjordur and Austurhorn areas
of southeastern Icelandh(Annels,l967; Blake,1968); some of theseé

sheets contain small patches of gabbro included as loose . -

crystal aggregates. These gahbro inclusions are found in
the porphyritic central zones of the Austurhorn sheets (Blake,
op. cit.).

A small outcrop of Type 2 eucrite exactly similar in
lithology throughout to that of the Lg sheets was found at
the summit of Skessusaetl and this mass has been broken into
regular rectangulaf blocks with near-horizontal attithde.' The
outerop of the mass is elongate measuring about 400 x 100 m,
but its exact form is uncertain‘as i1ts contacts are buried
beneath thick scree; a thickness of about 40 m of the eucrite
is exposed and the mass is interpreted as a small high-level

plug or sheet which may be connected in depth with the Lp sheet

500 m east of it (see Map 2).

Type 3 wwuumm |

These sheets are of medium-grained pale blue-grey basaltic
material and m@rbe plagiophyric- they are usually very thin,
rarely exceeding one metre in thickness and usually show

prismatic Jointing or massiverunjointed structure. The sheets

are markedly vesicular‘thfoughoﬁt;vthe vesicles belng arranged
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in zones parallel to the contacts. These highly vesicular
zones or bands may alternate with zones of compact or less
vesicular rock, and the vesicles may show some elongation
up-dip in the direction of flow. The general appearance of
these sheets is strikingly similar to that of the thin pale
grey basalt flows forming the uppermost part of the Vididalur-
Vatnsdalur lava pile and also to thin dykes seen in the higher
levels of fhe area. These dykes cut all the lavas in the
upper part of the succession except for the thin pale grey
basalts. ‘ |

The margins of the Type 3 cone-sheets are invariably of
fresh lustrous black tachylite which may form a selvage up
to 5 mm in thickness.

These sheets appear to be of limited distribution and were
found between the 450 and 930 m levels in the southern half of
the late swarm of cone sheets between Sandfell and the plug on
Asmundarnﬁpur (see Map 2). No such sheets were found in the
Dalsa river section or in the northern Asmundarnﬁpur cone~sheet |
sections; the former section lies below the 450 m level. This
suggests that these sheets are a partial set developed only at
higher levels in the southern and outer part of the swarm.

In the case of the Hebridean cone-sheet complexes, it

was suggested that cone-sheets were emplaced successively

beneath one another, so that the outer sheets in the swarm
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outcrop were the youngest (Richey et al., 1930). If the late
set of cone-sheets in Vididalsfjall was intruded continuously,
then, by analogy, the pale grey vesicular sheets represent the
final stage of cone-sheet injection. The thin pale grey basalt
dykes are identical in fleld characteristics to the Type 3
sheets, and are seen to cut Type 1 late set cone-sheets; if,

as seems likely, the sheets and dykes were intruded simultan-

eously, this 1s additional evidence that the pale grey cone=-
sheets were the last sheets injected into the Vididalsfjall

complex.
Vesicularity of the Type 3 sheets

Vesicles form when hydrostatic pressure on the magma 1is
released and volatiles are released from solution (Jaggar;
1936). In the case of the Type 3 sheets, this would have
occurred when the magma at the top of the intrusion reached
low-pressure levels near the surface where the hydrostatic
pressure of the magma was less than the water vapour pressure
of the volatiles; this process is simllar to that already
described in the case of the miarolitic MU granophyre. The
content of volatiles in these two magmas may even have been
simiiar; it has been shown that the proportion of volatile
constituents contained in basaltic and granitic magma is not

very different (Shepherd, 1932). Wentworth and Jones (1940)

found that in the Xoolau Range, Oahu, vesicular bands in dykes




259,

- are not found at depths of more than 123 m below the constructed

surface level at the time of intrusion; Annels (1967) draws
attention to this evidence from Honolulu and has suggested
a near-surface origin for vesicle bands in similar dykes in
the Hornafjordur area of southeastern Iceland. ‘

The vesicle bands in the Vididalsfjall pale grey sheets
are believed to have originated at similar levels; the fact
that vesicle bands are seen in sheets now at 450 m (i.e. 540 m
below the present land surface) may be due to the rapid raising
of the land surface by the rapid outpourings of thin grey basalt
lava flows. Alternatively, as pointed out by Wentworth and
jones (1940) in the case of the Koolau dykes, "probably not all
of the dykes represent intrusions which reached the surface of
the dome, hence the actual pressure of intrusion may not have
been that corresponding to a full column. This fact would
account for variations in the vesicularity and columnar jointing
of dykes in similar situations”.

The wide range of altitudes at which vesicle bands are
found in the Vididalsfj)all pale grey cone-sheets may thus be
due to the combined effect of incomplétely filled cone=-fractures
and the progressive raising of the land surface. It is possible
that the pale grey vesicular Type 3 sheets pass downwards into

compact Type 1 dolerite sheets in depth; a similar relation

has been observed-in the case of the Koolau dykes (Wentworth
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and Jones, op. cit.) but ho direct evidence of this was seen
in Vididalsfjall.

AGE RELATIONSHIPS OF THE LATE SET OF CONE-SHEETS

\ The extreme freshness and lack of hydrothermél alteration
of these sheets 1s evidence that they were injected after the
First Phase intrusions in Vididalsfjall; all the First Phase
intrusives show some h&drothermal alteration, and the contrast
is p;rticularly striking when late set cone-sheets are seen to
outcrop between greenlsh early set cone-sheets, as can be seen
in the sections exposed in northern Asmundarnﬁpur, Krossdalur
and the Dalsé.

Somé of these sheets can be seen to cut intrusions of the
First Phase; a number of Type 1 sheets cut the eastern Skess-
usaeti eucrite and two Type 3 sheets were seen to cut the
Raudkollur felsite intrusion., A few Type 1 sheets with

irregular inclination were seen to cut the agglomerates on

western Raudkollur; a similar irregular habit has been observed |

in minor intrusions cutting breccias and tuffs in the Hornaf-
jordur region (Annels 1967, p. 97). Few of the laté set cone-
sheets were seen to cut or split the early set cone-sheets; 1n-
general, the late sheets have been injected in between the
early sheets so that they are concordant with these sheets,

Some of the late sheets can be seen to split into two smaller

sheets where they cut early sheets; examples of this are:
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1 ]
seen on northern Asmundarnupur.

Few of the Vididalsfjall sheets were seen to be faulted;
the prominent sheet on Sandfell bearing roll and pod flow
structures (see Fig. 41) is broken west of the Sandfell summit
by a fault, and the eastward continuation of.the southern
Urdarfell gully fault cuts a thick Type 1 sheet just south of
Raudkollur (see Map 2). Type 1 material is seen to form part
of a Second Phase basic-acid composite sheet in the southern
part of Gélgagil; this will be described in more detail in
the section on acid intrusions of the Second Phase.

The textural similarity of the Type 3 sheets, the uppermost
thin grey basalt flows and the youngest dykes seen in the
‘Vididalur-Vatnsdalur area is further evidence of the late perbd
of injection of these sheets, and the highly vesicular nature j
of both dykes and sheets indicates that these lntrusions reachedi

the highest levels of the volcanic edifice. It seems possible
that the Type 3 sheets and similar dykes were connected to the
thin pale grey basalt flows; although no examples were seen of
cone-sheets passing into lava flows, the magma which was

extruded to férm the flows wopld have mo#ed towards the surface ;
along the paths of least resistance afforded by dyke and cone- g

fractures. Such fractures would have been abundant in ?

Vididalsfjall by the time of injection of the Type 3 sheets,

and the ground beneath 1s believed to be an extensive network
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of minor faults and rifts, in addition to the cone fractures,
many of which have been filled by this latest supply of:basic
magmas this is apparent from the large number of small fractures
seen within the central zone in intrusives of the First Phase
and the lavas and pyroclastics of similar age. Jaggar (1920,

p. 200) states that "a volcanic system occuples a rift complex"
and continues: '"there are undoubtedly fissures, but there are
also layers, surfaces, slopes, cavities, and a machinery of
pericentric accumulation followed by intrusion. This mechanism j

is incessantly solving problems of least resistance”.

(b) QOther basic minor intrusions
The only intrusions of this type comparable in age to

the late set of cone-sheets are two small irregular plugs in
Galgagil and on Asmundarnﬁpur, and a small number of thin sheets‘
on the western side of Raudkollur. All these intrusions are of
the same fresh red-brown olivine-bearing dolerite as the Type
2 coﬁe-sheets, and are lettered "IR" on Map 2.

The Gélgagil body shows a very irregular form, and cuts
an earlier dolerite intrusion which forms a prominent waterfall
at the 300 m level in Gdlgagil. The body is exposed over a
width of just under 100 m in the steep-sided Galgagil gorge
and the steep inclingtion of the margins suggests that 1t is

a plug; this plug lies almost directly above the focus of the
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late set of cone-sheets. The brown dolerite shows very regular
columnar jointing, the joiht columns being straight and usually
less than % m in length, with a width of about 0.5 m. These
columns are arranged in irregular fans and sinuous palisade
structures which indicate that the margins of the cooling body
were very irregular in shape. No curved joint columns were
seen. The exact margins of the plug are diffiéult to trace
with accuracy, as the gorge wall is covered by a crumbly
weathered crust.

The upper part of the plug passes laterally southwards
into thin sheets up to 2 m in thickness which show good
columnar jointing and extend for about 250 m southwards from
the plug. These sheets are packed closely together and are
of near-horizontal but erratic and variable inclination. No
contacts with country rock were seen; the country fock at this
locality 1s very rotten agglomerate and brecclated basalt.

The irregular shape of the plug and the assoclated sheets are
pfobably due to the irregular fracturing of this country rock;
similar irregular attitudes in basic sheets cutting breccilas
and tuffs have been described from the Hornafjordur area by
Annels (1967), who points out that the irregularity may bé
accentuated by post-depositional movements within the brececias

resulting in shearing and displacement of the intrusions. A

few narrow crush zones of limited extent were seen in the
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sheets associated with the G%lgagil plug, and these may be

due to such movements in the country rock.

A small pipe-like body of dolerite of similar type to

. 1
the two plugs cuts agglomerate Just north of the Galgagil plug; .

this is circular in section with a diameter of 1.5 m and shows

some radial columnar jointing. The contact is sharply chilled

against the agglomerate, and the body appears to be an offshoot
of a larger dblerite body in depth.

The Asmundarn&pur plug is also of irregular form and cuts
Vhighly fractured basalt lavas on the summit ridge and the
precipitous sidés of the mountainj this body is of feldspar-
phyric red-brown dolerite similar to that of thé Type 1 sheets
and is jointed into very regular columns (see Fig. 45).

| The exact contacts of the plug are difficult to trace,

as 1in blaces the body'appeafs to send out thin sheets concord-
] 1
ant with the Type 1 late set cone-sheets on Asmundarnupur.,

Some Type 1 cone-sheets were seen to cut the plug which is
thought to be approximately contemporaneoué with these late
set sheets. A small offshoot of the plug is'seen cutting
basalt lava flows on the westérn side of Asmundarnﬁpur at
about 650 m. This is a small rosette-shaped body of columnar
feldsparphyric dolerite about 5 m in diameter and is taken to
-represent a pipe-like offshoot from the main plug.

A well-defined northwest trending fracture zone cuts the

5



Fig. 45. The northern part of the basic plug on the
zsmundarnﬁpur ridge, showing the sheaf-like disposition of
the very regular joint columns. In the lower right corner of
the picture these colpnnades adopt a southerly dip which
coincides with that of the Type 1 cone-sheets on the ridge.
The height of the crag face is about 8 m,

northern part of Asmundarnﬁpur, (see Map 2) and the plug lies
close to this zone; it seems likely that the present position
of the plug was influenced by the deeper extensions of this
fracture system, and it may represent a "swelling" developed
in a dyke or cone-sheet,

A small number of thin fresh dolerite sheets were found

cutting the agglomerate and tuffs on western Raudkollurj; these

show easterly dips of 10-30 degrees and are of uniform texture
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throughout. The sheets are similar to Type 1 late set cone- |
sheets, but amof much lower dip so that they are referred to
here as sills. The sheets range in thickness from 1 to 4% um,
and are chilled against basalt and pyroclastics.

The general field characters of the small plugs and
pipe-like bodies occﬁrring within the Vididalsfjall central
zone are structurally similar to those of the small irregular
' necks and pipes described from the Permo-Carboniferous volcanoeg{
of the Midland Valley of Scotland (Geikie 1897), and observed |
by the writer in East Fife. By analogy with these bodies,
the Vididalsfjall.intrusions are felt to be similar infillings
of minor passages within the main volcanic edifice; these may
originally have been connected with the surface, but most are

probably small intrusions which solidified within the volcano.

Vatnsdalur intrusions
(a) Inclined sheets
Thin sheets with easterly dips of 10-30 degrees are

common in the northern part of Vatnsdélsfjall (ses Fig. 46)
and were found along the whole length of the mountain between
Ax1ladxl and Mosaskard; a few were found as fér south as
Hofstallar (see Map 3). The presence of such sheets in
nprthern Vatnsdalsfjali was made known to the writer by Dr.

G. P. L. Walker (pers. comm.,1966).

These sheets are all of rock types identical to the
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Fig. 46. The northern part of the Sandfell summit cliff in
northern Vatnsdalsfjall. Numerous thin intrusive sheets up
to 1 m thick with easterly inclination cut the thin basalt
flows in the middle distance (dark ground). The lighter-
coloured rock forming the platy scree fragments in the fore-
ground and the bluff on the right border of the picture is
part of the northern Vatnsdalsfjall rhyolite extrusion.

Type 1 and 3 late cone-sheets of Vididalsfjall, and their
fresh unaltered state, arcuate outcrop and easterly dips are
taken to indicate that they are the outer part of a second
1ate-Tertiary cone-sheet swarm centred on the northern part
of Svinadalsfjall, which lies about 3 km east of northern
Vatnsdalsfjall (see Map 3).

The bulk of these sheets are of Type 3 and these can be

seen cutting the rhyolite lavas between Axladxl and Hrafnak-

lettar in the western side of Vatnsdalsfjallj the pale grey



268.

sheets have good tachylitic marging-and show marked colour
contrast with the white and pink rhyolites. The sheets are
often very thin, with thicknesses in the range 5-120 cm. Large
numbers of such sheets are seen to cut the basalt lavas of

Sandfell in northern Vatnsdalsfjall, where 113 sheets with an

s S s e e

average easterly dip of 20 degrees and average thickness of
45 cm were counted in a vertical prdfile of 212 m up to the
870 m levél; this corresponds to a swarm intensity of 24 per
cent which 1s similar to the maximum value estimated for the 3
Vididalsfjall late cone-sheets (see Table 5).

Similar sheets were found in the northern part of the

AR T i i N

Gilja in Saudadalur (see Map 3) and in the western side of

Jorundarfell.

A few inclined sheets with easterly dips of 20 to 30

degrees were found in the Kornsg stream gorge and in §vartagil;.§

some of these are similar to the late Iype 1 cone-sheets and
may be the outer-most part of the swarm seen in Vatnsdalsfjall. §
It seems more likely however, that they are part of a small
local swarm centréd on the southern end of the Hjallaland-
Hvammur trough. [
The age relationships of the Vatnsdalsfjall inclined

sheets are the same as those of the late set of cone-sheets
in Vididalsfjall.
(b) The Hiallin Lens

This body is scenically the most spectacular Second Phase
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intrusion, and fills the eastern side of the Hjallaland-Hvammur i
trough; the body is 3.5 x 0.6 km in éurface'area and reaches f
a maximum thickness of 250 m at its southern end in the cliffs g
northeast of Hvammur (see Map 1 and Figs. 2, 6 and 11). The E
lens is made of Very fine-grained and compact pale grey olivine-?
free tholelite from bottom to top and is cut into very regular
vertical joint colugns which run perpendicular to the basal
contact over the lowest 210 m of the body; this material
.produces a metallic sound when hammered and breaks with
conchoidal fracture. The uppermost part of the lens is broken
into irregular Joints similar to those seen in the upper parts
of kubbabefg flows. No vesicles were found in any part of the
lens. o

The lower cdntact of the lens lies on a pale green acid

pyfoclasticA(1apillistone)hor1zon containing small basic and :
acid fragments; this horizon lies near the top of a group of
thin flows exposed néar Hjallaland farm at the northern end of
the lens and outcrops at}intervals south of this pciht before
it'ié’bufied by scree just north of Hvammur,

The top of the lens bears glacial striae and forms hummocky?
groud (see Fig. ll)g No distinct exposures of an upﬁer-contact:
to the body were’séen in the eastern side of Vatnsdalsfjall, ‘
but the uppermost exposure of the iens tholeiite at 460 m in |

a small stream flowing east from Breid lies only’25"m below
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the lowest exposure of the detrital beds and this is taken as -
being near to the upper margin of the lens (see Map 1). The
approximate junction between the lens and the detrital beds
can be traced in the field by the different degrees of drainage
in the surface overlying the two rock typesj; the ground above
the permeable detrital beds 1s grassy and well drained while
the ground above the intrusion 1s marshy and poorly drained.

A 3.6 m wide dyke which is apparently continuous with the
lens cuts the brecciated BFB at the 400 m level 750 m north
of this locality. This apéphysis of the upper part of the lens
contains small chalcedony amygdales which are layered parallel

to the present horizontal. The lens is not broken by faults

although it lies above some of the main faults in the trough

area; this feature and the horizontal layering in the chalcedony
amygdales indicate that the lens has undergone no significant M
displacement since consolidation and is therefore probably of

very recent emplacement.

The lens 1s interpreted as a high-level laccolith which'
consolidated rapidly beneath a very thin roof of detrital beds
and a few lava flows of the Second Central Phase. The location
of the feeder to this body is uncertainj no rock which might
represent the westward continuation of the lens was found in

western Vatnsdalur, and there is nd surface evidence of a plug

in the ground near Hvammur; the lens may have been fed by a
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dyke in the dense part of the swarm which pésses through this
part of Vatnsdalur, as a few basic dykes of material similar
to that of the lens were found in the cliffs between Breid

and Grenjaklettar.
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2-8 ACID INTRUSIONS

Only two acid intrusions of the Second Phase were found in
Vididalsfjall; these occur within the central barren zone, and
a third intrusion which may be of similar age was found about
2 km west of Hnjﬁkur, in Vatnsdalur. All these intrusions are

of fine-grained types.

(a) Ihe Galgagil Tntrusion
' The largest acid intrusion of the second phase seen in
Vididalsfjall outerops in the southern part of Gélgagil, and
forms the central part of a composite basic-acid body which
appears to be a sheet dipping southwest at 45 degrees. The
sheet is 5S4 m in maximum thickness and 1s exposed intermittently
in Gélgagil and in a small tributary stream which runs into
this from Skessusaeti (see Map 2 and Fig. %47); the body is seen
as intermittent outcrops for about 150 m along its strike.
The B M I

These are of the fine-grained Type 1 dolerite seen in the
late set cone-sheets, and have a combined thickness of 20.5 m.
The lower margin of the lower dolerite'compnent rests with
fine-grained chilled contact on agglomerate and the upper contact
of the upper dolerite component is not exposed. Both these
units have blocky to prismatic jointing 1ike t?at of the Type

1 cone-sheets, but the upper unit appears to be cut by a number

of shear-planes parallel to its contacts; the lower margin of




Fig. 47. Schematic section through the Galgagil
composite intrusion, showing its basic
margins (black) and acid centre with a
lower zone rich in small basic bodies.
A few small pitchstone patches are
indicated by "eye" ornament.,
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this unit is fine-grained and brittle and probably represents
a chilled margin. An irregularly-shaped lenticular body of
dark blue-black lustrous glass was found near the top of this
upper dolerite component; this is 58 cm in greatest length,
and lies»parallel to the contacts.

The Central Acid Component

Thls 1s of compact fine-grained feldsparphyric dacitic
rock of dark blue-grey colour and dull vitreous lustre when
freshly broken. This component is 36.0 m in thickness and is
thus thicker than the combined thickness'of the two basic
components of the intrusion; in the composite dykes of eastern
Iceland, the acid cenére is normally thicker than both basic
margins combined (Walker, 1966a).

The acid component weathers to a buff or ochre colour and
splits into large irregular slabs aiong fractures vhich may be
parallel or perpendicular to the margins. The uppermost 2 m of
this acid centre are of a fresh dark-grey pitchstone with a
dull lustre and scattered feldspar and ferromagnesian pheno-
crysts. The rest of the acid centré is‘uniform in texture but
small irregular‘patches and vein-like stréaks of pitchstone
material similar to that seen in the uppermost 2 m are seen in
a narrow zone about 5 m below the upper margin. and also in the

median zone of the acld component (see Fig, 47). Some mottling

is seen on weathered surfaces of the zone 5 m below the upper



274,

margin and this zone is crowded with small dark grey rounded
spots up to 5 mm in diameter. These contrast strikingly with
the ochre-coloured matrix, and will be discussed in the section .
on petrography. In thin section, the dark patches are seen to
be areas of glassy matrix richer in feldspar laths than the
ochre-coloured material; the glassy matrix in both areas is
continuous, but is a darker brown colour in the spots.

No flow structures or banding were found in the acid

component. ‘ |

The Composite Zone p

The lowest 4 m of the acid zone were found to be rich |
in small bodies of fine-grained basic material (see. Figs. 47
and 48). |

These bodles are up to 10 em in greatest length and a rangei

1

£

of shapes was seenj no sharply angular bodies were seen, but !

some sub-angular bodies were seen and other bodies were seen
to have rounded or sausage-shaped form. Some of these elong- ?
ated bodies are curved even to the extent of acquiring a

"horse-shoe" shape. Most of the bodies examined in the field

M
¥

showed sharp but not glassy margins against the acld rock, and
some were seen to show slightly diffuse mérginal zones.
The number of basle bodies in the aclid rock decreases away |

from the lower dolerite component and none were found above the

lowest 4+ m of the acid component; the top of the lower dolerite
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48, Small basic bodies in the composite zone of the
Galaagil sheet showing the marked colour contrast and absence
of sharply angular bodies. The hammer-head is 15 cm long.

component 1s obscured by debris and the transition from solid
dolerite to the composite zone was not seen. No similar basic

bodies were seen in the upper part of the acid component beneat}ﬂ

the upper dolerite component. By analogy with similar intrusiofé
already described from the North Atlantic Tertiary Province, the
Galgagil basic bodies are felt to have originated from the f
lower dolerite component while this was still in a plastic ‘ g
unconsolidated state. Evidence of the plasticity of much of ;

this material is given by the absence of bodies with sharply

angular'outline, and the occurrence of occasional bodies which
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Fjg. ¥8. ©Small basic bodies in the composite zone of the
Galgagil sheet showing the marked colour contrast and absence

of sharply angular bodies. The hammer-head is 15 cm long.
component is obscured by debris and the transition from solid
dolerite to the composite zone was not seen. lNo similar basic
bodies were seen in the upper part of the acid component beneath
the upper dolerite component. By analogy with similar intrusiors
already described from the North Atlantic Tertiary Province, the
Gélgagil basic bodies are felt to have originated from the

lower dolerite component while this was still in a plastic
unconsolidated state. Zvidence of the plasticity of much of
this material is given by the absence of bodies with sharply

angular outline, and the occurrence of occasional bodies which
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have been deformed into "horse-shoe” shapes. In thin section,
some of the more rounded-basic bodies are seen to enclose
large crystals of andesine and clinopyroxene typlcal of the
phenocrysts seen inithe acid component, 1lmplying that these
patches of basic material moved through the acid magma to

- some extent., In addition, the small plagioclase laths of the
dolerite groundhass are sometimes seen to be aligned parallel
to the margins of the basic bodies; this is taken to be a flow
structure indicative of relative movement between the basic bo-
dies and acid material.

Wager and Bailey (1953, p. 68) described basic magma
chilling against acid magma in the intrusions of St. Kilda and
they recognise a gradational series of basic inclusions in acid
magmat "Some of the rows of (basic) blocks are believed to have
resulted from basic magma injected into the acid magma, like
pillow lava into water, but this arrangement apparently grades
into others which are interpreted as the result of the pulling
apart of the partly solidified basic magma durlng flow of the
enclosing more acid material. The tearing apart sometimes
occurred when the basic materlal was still essentially fluig,
giving a string of blocks, more or less rounded; at other times
it affected material that was essentially solid, when more
angular blocks have resulted". Wager and Bailey (op. cit.)
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The small basic bodies in the Gélgagil intrusion appear
to be similar in form to those of the St. Kilda bodies which
represent "torn—apért” unconsolidated material. The basic
bodies in the Gélgagii sheet show no noticeable decrease in
grain size towards their margins (See Fig. 8%) and this is
taken to indicate that no chilling of the hot plastic basic
material against the acid material took place, by analogy with
the examples from St. Kilda (Wager and Bailey, op. cit.).

In a composite dyke described from eastern Iceland by
Guppy and Hawkes (1925), the small basic bodies enclosed by
the acid component of the dyke are described as being angular
in shape, but the general field characterisitcs of the intrusion
are similar to those of the Gélgagil intrusion. In the case of
this dyke, it is suggested that "the acid magma forced its way
through the basic dykes with explosive force, completely
shattering these into tiny fragments, with very thorough mixing
of the whole, and then thz inclusion bearing magma was intruded
into its present position'; 1t 1s suggested that this shattering
occurred at some distance from the pfesent outerop of the dyke"
(Guppy and Hawkes, op. cit., p. 336).

Composite cone-sheets and minor intrusions have been found
at ten localities in the Setberg area, Snaefellsnes, by

Sigurdsson (1966a). In one 15 m cone-sheet "the acid centre

contains scattered basalt clots, more numerous towards the top"
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4(Sigurdsson, op. cit., p. 8%). Sigurdsson suggests that the
basic magma chilled against the acid magma, but he gives no
indication of the order of emplacement of the tﬁo magmas.
Order of Emplacement of the Basic and Acid Material

By analogy with the exémples quoted from the literature
which also show rounded basic inclusions in the acid zone, the
écid central component and the upper part of the lower dolerite
component of the Gélgagil intrusion are taken to have coexisted
as mobile material.

The field evidence indicates that the times of emplacement
and consolidation of the upper dolerite component and the
central acid component were separated in time as no evidence
was found in the field to show that the two were moblle or
plastic at tﬁe same time; their contiguous contacts are both
fine-grained énd no basic inclusions were found in the upper
part of the acid central component. The shearing seen in the
upper dolerite may have been caused in the fully consolidateq
cold rock when the remaining two components were intruded or
when the sheet-fracture was re—opeﬁed to admit these two
components. This interpretation would account for the chilled
lower margin of the upper dolerite as the original lower chllleq
contact of a basic inclined sheet intruded into agglomerate,

and would also account for the upper pitchstone margin of the

central acid component.

With this interpretation, the upper dolerite was intruded

i

b
E
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first as an inclined sheet into agglomerate, and the margins
chilled rapidly; the lower dolerite was emplaced next, and was
followed before it héd completely consolidated by a much thicker
wedge of dacitic material which chilled against the upper
dolerite and entrained the still-plastic inner part of the
lower dolerite to form a zone of basic inclusions. This zone
df inclusions is thought to be very near to its source, as the
"thorough mixing" observed by Guppy and Hawkes (op. cit.) is
not apparent in the single available section of the Gélgagil
intrusion. |

Walker (1966a) has pointed out some cogent reasons for
the emplacement of acid magma after basic magma in composite
minor intrusions. "It is thought that acid magma, on account
of its high viscosify, experiences great difficult in attaining
the surface. Acid msgma can rise more eaﬁbr through a broad
cylindrical conduit than along a narrow fissure, because heat
is more efficlently conserved and the drag due to viscosity is
more easily overcome. Aclid magma rising along a fissure
rapidly congeals . + « « On the other hand, acid magma rising
along the hot middle of a basic dyke has some handicaps reduced
from the start, for not only is 1t effectively insulated against!
the cold country rocks, but it may even be heated by the basic

magma in contact with it or as inclusions in 1t, and its

viscosity reduced". (Walker, op. cit.,p. 385)
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The Gélgagil intrusion is only poorly exposed and is by
no means an ideal locallity for elucidating the basic-acid
relationships of fine-grained rocks when compared with the
composite dykes of eastern Iceland which can sometimes be
followed from sea level up 720 m (Guppy and Hawkes, 1925).

The presence of the intrusion however, indicates that basic and

acid material were available almost simultaneously for injection

into the same fissure.
(b) The Krossdalur Intrusion

Another small acid body of rock-type very similar to that
of the central component of the Gélgagil 1ntrusioﬂ was found in
the western wall‘of the Krossdalur stream gully about 200 m
south of this intrusion and is marked "As" on Map 2; the margins
of this body are largely obscured by debris, but a vertical
northern margin was found. A thickness of 4 m i1s exposed south
fron this marging the rock 1s fine-grained and holocrystalline
and shows some decrease in grain size towards the margin, and
weathers to an ochreous colour like the Gélgagil rock. No
basic inclusions were seen in this intrusion.
(¢c) ZIhe B 31s 1

This}body is poorly exposed, and paft of 1t can be seen
to oﬁtcrOp east of Hnjlkur in a small stream which runs north-
wards to Breidabdlsstadur farm. The margin of the body is a

dark-green to black banded pitchstone which bears phenocrysts
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of feldspar and ferromagnesian minerals, and rests on green
First Phase agglomerate bearing angular basalt blocks. This
margin is about 7 m in thickness and can be followed upstream
for about 450 m where the near-horizontal attitude of the
banding changes to a southward dip of 35 degrees. Here the
pitcbstgne passes upwards into a 6icrocrystalline banded
rhyolite in which the flow banding is sometimes contorted and
may be overfolded towards the north, indicating that this part
of the intrusion was emplaced from the south; this flow banding
is usually inclined parallel to the contacts of the rhyolite
which dips southwards here at 10 degrees. The rhyolite shows
a marked platy fissility parallel to the flow banding at this
locality, and is slightly hydrothermally altered to a pinkish
colourj the fresh rock is pale grey in colour.

Some small glacially smoothed slabs of pitchstonq were
found about 750 m to the south east of the rhyolite; the
attitude of these is uncertain, but they are possibly the upper
or lowef margin of the rhyolite.

A north-northeast fault cuts the intrusion so that the
lowest part of the rhyolite is downthrown about 20 m to the
west south of Breidab&lsstadur farm. No exposures were found
west of the stream or south of the pltchstone slabs as the

bed-rock is covered by thick superficlal peaty deposits.

The intrusion is believed to be a flat-lying lenticular




body intruded at high level which may pass downwards into a
rhyolite plug; the occurrence of agglomerate indicates that

a vent exists in the area. A small explosion vent can be

seen to perforate the northern pitchstone margin in the stream;
this is about 100 m in width in the stream and lies on the
fault line which cuts the intrusion. The pitchstone is cracked
and infilled with quartz and chalcedony at the margins of this
vent; the vent itself is filled with rounded blocks of banded
pitchstone up to 1 m in diameter in a fine-grained acid matrix

(see Fig. 49).

Fig. %9. The Second Phase agglomerate of the Breidabélsstgdgged
vent, showing large rounded blocks of banded pitchstone embe

in a pink acid matrix; no basic fragments were found in this
agglomerate. The hammer handle is 35 cm long.



283,

No blocks of the inner rhyolite facies or of any other
rock type were found in this agglomerate which indicates that
- the vent only drilled through the base of the intrusion. The
vent wall is locally seen fo be lined by a 50 cm layer of pale
pink or turquoise-coloured rhyolitic rock which may be welded
matrix material.

A small dolerite intrusion about 500 m in width and of
uncertain form cuts the inner rhyolite of the intrusion; this
if of similarly fresh rock to the Asmundarnﬁpur and G;lgagil
plugs (pp. 262~-265 ) and also to the outer dolerite of the
Hnjlkur plug, and no contacts with the rhyolite were found
exposed. The intrusion breaks into blocky joints which dip
westwards at 45 degrees, and may be joined to the Hnj&kur
intrusion in depth. No evideﬁce of mixing or remelting of the
rhyolite was seen. |

One %5 cm ‘morth-northeast trending dyke of brown dolerite
identical to the late set Type 1 cone-sheets cuts the northern
margin of the pitchstone showing a good chilled margin; no
evidence of remelting of the pltchstone was seen near the dyke
tn the available outcrop.

Age Relationships of the Intrusion
The intrusion is seen to be cut by intrusions of Second

Phase Type 1 dolerite which were emplaced after the rhyolite

had cooled and a small vent which may also be of Second Phase
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age. I
g his intrusion is thus thought to have been emplaced 1
the ti ' i
me interval between the final stages of the First Ph
ase
and the end of Type 1 dolerite sheet dyke injection
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2-9 THERMAL METAMORPHISM IN THE VIDIDALUR-VATNSDALUR AREA !

(a). HYDROTHERMAL ALTERATION

The older intrusive and extrusive rocks of the Vididalur- %
Vatnsdalur area have undergone a considerable degree of g
hydrothermal alteration with the formation of epidote in the .
most highly altered rocks found in the vicinity of the larger
intrusions. The zonary distribution of these altered rocks
is progressive and similar to that seen in the hydrothermal
aureoles developed about the Tertiary intrusive complexes of
Mull (Bailey et al., 1924%) and Iceland (Walker, 1959, 1963,
196%a; Carmichael, 1964; Blake, 1966; Sigurdsson, 1966a;
Annels, 1967.), and is shown schematically in Map 4,

The most highly altered rocks in the area studied were
found in the central zone of the north Vididalsfjall intrusive

complex where the country rock lavas have been permeated by

late-stage volatiles and fluids from the underlying large m
intrusions to that they are now pale green rocks rich in chlori%i
and calcite. Epidote is abundant in these rocks as an alter- |
ation product replacing plagioclase and primary ferromagnesian
minerals, as small euhedral needles lining vesicles and as
small prisms associated with carbonate, quartz and pyrite in
veins which cut both intrusives and lava flows. The rocks of

the Galgagil vent zone are particularly rich in such occurrences!

of epidote. A few small isotropic pale golden-brown garnet
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crystals with polygonal sections were found together with
prisﬁs of epidote in chlorite-iined'vesicles in the highly
propylitized tholeiite flows near the Galgagil vent and the
mineral was also found in the Dals; feléite intrusion just
south of Melrakkadalur farm (see Map 4). GCarnet is character-
istic of the most highly altered-parts of the other Icelandic
intrusive complexes (Blake, 1966; Gibson et al., 1966; |
Sigurdsson, 1966a); the mineral is felt to be an andradite -
grossularite type by analogy with the types found in similar
environments by  M’Lintock (1915) and Sigurdsson (op. cit.).
Vesicles in the basalt country rock at the MU granophyre
contact on northern Urdarfell were found to contain a lining
of pale green chlorite fibres and a centre of bright red-brown
pleochroic biotite flakes, yellow blades of epldote, and a
pale brown pleochroic clinoamphibole similar to that seen in
the hybrid rocks (see p.39%). The edges of some of these
amphibole flakes were seen to have a blue-green tinge similar
to that of the Hg hybrid rocks, which is taken to suggest that
they may be alkali amphiboles. A few small pale golden-brown
garnet crystals and near-colourless blades of clinopyroxene were
found in some of these amygdales, and these minerals are also
found in the innermost zones of the aureoles which surround the

gabbro and granophyre intrusions of eastern Iceland (Walker,

1960; Blake, 1966). Clinopyroxene has been found in the more
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highly metamorphosed amygdales in basalt lavas within the
aureole of the'S Airde Beinn dolerite plug of northern Mull
by Cann (l965)§ this minergl is believed to have formed by
progressive alteration of the chlorophaeite originally in the
amygdales., |

Other areas of epidote-bearing rocks were found near the
Hnjﬁkur and Breidabélsstadur'intrusions and in the lower parts
of the Kornsé and Englfsstadir streams; epidote was also
found in the Giljé'stream bed in the vicinity of the small
gabbro and grahophyre intrusions at the north end of Saudad-
alur, and this occurrence may be part of a hydrothermal aureole
developed in the north of Svinadalsfjall; this ground has not
been mapped in the present study.

The north Vididalsfjall epidote zone is cupola-shaped,
like that surrounding the Breiddalur volecano (Walker, 1963),
and its top rises from a few metres above sea~level in the
Vididalsa to just below the 300 m level in the Dalsa stream
bed; from here the top of the zone can be traced into the
ground north of Skessusaeti at about the 700 m level and east-
wards into lower ground in the Gljﬁfuré stream bed. The top
of the epidote zone is believed to lie close to the surface
over much of the Vididalur-Vatnsdalur area and the present

outcrops are thus taken to represent small local protrusions

in the top of the zone which developed near to intrusions as
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shown in Map k.

The less-altered zone which lies outside the epidote
zone ﬁas mapped as being the ground lying between the epidote
zone and the largely unaltered rocks of the edzes and higher
levels of the area. Many of the flows in this intermediate
zone have green altered tops and bases due to the presence of
chlorite and the central part of such flows is usually fairly

fresh. Large platy calcite crystals were found to be abundant
in the vésicles of these flows, and good occurrences of this
mineral can be seen in the Thin Flow Group sections north of
the Gljﬁfur% road bridge. The acid tuffs in this zone were
found to have a pale green colour and one 2-3 m fine-grainéd(
tuff at the top of the Thin Flow Group in the nérth Gljﬁfuré
outcrop was found to bear euhedral pyrite cubes up to 3 em in
size; pyritevcubes from this tuff were found by Jakobd H. Lindél
in the stream gravels of the river in the early part of the
century, and were pointed out to the wfiter by Ing. Baldur
Lindal in 1966.

The vesicles in the lava flows of the outermost zone bear
colourless zeolites similar to the fypes developed in the
regional‘zeolite zones of eastern Iceland (Walker, 1960, and in
Gibson et al., 1966); the distribution of these zeolites in
the Vididalur-Vatnsdalur rocks has not been determined in the

present study but it is noticeable that the thin pale grey
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vesicular flows which form the upper part of the lava pile
are devoid of zeolite infillings.
(b) CONTACT ALTERATION

Few striking examples of contact alteration were foundrcar
the margins of intrusions in the inner zones of the Vididalsfjali
hydrothermal aureole and this i1s taken to be due to the high |
local temperature of the country rock due to the presence of
the numerous intrusions and the proximity of vent zones. In
zones more removed from the central zone, contact metamorphism é
appears to have been only slight despite the greater difference ‘
in temperature between intrusions and country rock; the basic
cone-sheets just north of Skessusaeti were not seento cause
more than a slight induration due to baking in the aclid tuffs.
At Steinsvad, the small gabbro intrusion appears to have bean
hot enough to convert parts of an adjacent early set cone-sheet
to a hornfels; the margins of augite grains in parts of this
sheet have been changed to aggregates of very small augite
granules and the plagioclase in the rock 1s markedly more
cloudy than that in the unaltered sheets. Alteration of this
type indicates high-grade contact metamorphism, and the textures
observed in this altered cone-sheet at Steinsvad are similar to
those described from hornfelsed basalt lavas in the innermost

zoneé of the metamorphic aureoles developed about the Tertiary

gabbros .of Skye (Almond, 1962),
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An interesting contact effect was found at the northern basal
contact of the Hjallin tholeiite lens near Hjallaland farm.
At this locality ﬁhe lens has been intruded along a thin
horizon of acid lapillistone which has a pale green matrix
and numerous small basic and acid fragments; this tuff is
rather brittle and indurated, presumably due to baking by
the lens and is about 45 cm thick at this locality. About
one kilometre south of this point, a one-metre horizon of
lustrous black glass outcrops beneath the‘basal contact of the
lens and this appears to pass almost continuously into the
fine-grained tholeiite of the lens. Chemicalvanalysis of
this glass showed it to have a silica content of 6%.5 per
cent weight, which contrasts strikingly with the 47.6 per
cent of silica found in the lens tholelite; this glass 1is
believed to have been formed as a result of fﬁsion of the
tuff by the lens intrusion, as it seems too thick and too
silicic to represent a tachylite selvage. Carmichael (1964,
p.456) has observed that acid tuffs have sométimes’been fused
by basic dykes at Thingmﬁli, and the Hjallin occurrence:is

taken to be another instance of thilis phenomenon.
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~o "RELATIONSHIFPS BETWEEN THE

2591.

INTRUSIVE AND CENTRAL VOLCANIC ACTIVITY

OF THL VIDIDALUR-VATNSDALUR AREA.

Some synchronization between the intrusive and extrusive

activity in the area studied is indicated by the presence of

four intrusive rock types,

each of which has almost identical

field and petrographic characters to one of four stratigraphic

units in the lava pile (see Table 6a).

These four rock types

occur in the same order in both the intrusive and extrusive

time_sequences H

this evidence is felt to indicate that these

intrusive/extrusive pairs are cogenetic,

(4)

(3)

(2)

(1)

Table 6a.

INTRUSIVES
Second Phase.

Type 3 late set cone-sheets
and thin pale grey basalt
dykes.,

Type 1 late set cone-sheets,

Asmundarnupur olivine=
Galgagil tholeiite
Breidabblsstadur plugs.

Hnjﬁkur plug gabbro core

First Phase,

Galgagil-Urdarfell vent
agglomerates and tuffs.

(%)

(3)

(2)

(1)

EXTE USIV“S

Thin pale grey bacsalt flows
in upper levels of
Vididalsfjall and Vatnsdals-
fjall.

Second Central Phase,

SFB Group on Krossdalskula.,
Thin olivine-tholeiite lavas
near Masstadir.

TFB Group in northern
Vatnsdalsfjall,

First Central Phase.

Tuffs and lapillistones
intercalated with Thin Flow
Group to north and east of
Vididalsfjall,

A schematic representation of the parallel processes of

intrusion and extrusion in the Vididalur-Vatnsdalur area as based

on the time relationships suggested by the above four intrusive/

extrusive pairs is given in Fig. 50,



Fig. 50.

A tentative schematic representation of

the synchronization of intrusive and
extrusive activity in the Vvididalur-
Vatnsdalur area, as based on general field
relationships. The extrusive sequence at
the left of the diagram gives the time scale,
the oldest exposed lavas being shown at the
base of the diagram.
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Thé H&lar-Skessusaeti eucrite intrusion and the early
basic cone-sheets cut the Thin Flow Group tholeiite flows
and the thin pyroclastic partings contemporaneous with the
Gélgagil-Urdarfell vent activity, and this indicates that these
intrusions reached their present level during the Qaning stages
of the First Central Phase and the early part of the succeeding
Flood Phase.

| The striking similarityvof fhe tabular labradorite
phenocrysté in the Hnjﬁkgr gabbro and the TFB Groug has already
been mentioned (p.243 ); the flows were extruded early in the
Second Central Phase, and the gabbro appears to have been
emplaced in late First Phase tb early Second Phase times.

The petrographic similarities within the third and
fourth pairs are readily seen as the intrusions and extrusions
of each pair are fine-grained types., The late set Type 1
cone-sheets and related intrusions are all of fine-grained
olivine-tholeiite bearing some bytownite phenocrysts; the
Asmundarnﬁpur plug outcrbps Just north of and below a SFB flow
and although no Type 1 cone-sheets were found to join the SFB
Group on Krossdalskﬁla, nohe was found above the level pf this
grbup. 'The.close spatial association of these intrusions and
flows and the similar field relationsrof the pale gre& basalt
intrusions and flows are felt to suggest that these bodies are
the simultaneous intrusive and extrusive expressions of the-

same magma,ascending through the wvolcanic edifice.,
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Location of Vents,.

Walker (1963, p.56) hassuggested that the material of
.flood basalt eruptions is derived from "a deep~seated source of
great horizontal extent" whereas that which is erupted frouw
central volcanoes is derived from "a high-level nmag.ua-chamber
projecting well up into the crust", The different structural
levels of these two sources imply that the two types of
eruption may proceed independently of one another; independenf
building of contemporaneous and intérfingering central volcano
and flood lava sequences has been observed at Breiddalur
(walker, 1963), Faskrudsfgbrdur (Gibson, et al., 1966) and in
other instances in the formation of "cedar-tree" vplcanoes in
Iceland. Thé availéble evidence suggests that the Vididalur-
Vatnsdalur lavas are a similar structure (see Chart 1).

| The exact position of the main TFirst Central’Phase
eruptive centre in the Vididalur-Vatnsdalur area 1is difficu;t
to fix as outcrops of distinctive céntral volcano lavas are not
abundant enough for accurate determinations of their lateral
variations’in aggregate thickness. It'ié however noticeable
that the thickness of the Second Central Phase lava sequence
diminishes westwards from Vatnsdalsfjall (see Chart 1) and this
is taken to indicate that these lavas were erupted from a source
in the northern Saudadalur-Svinadalsfjall region (see Map 1).

Several parts of the area show simiiarities to the

core zones of volcanoes described from other parts of Iceland.

Walker (1963) found that the core of the Breiddalur volcano is
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Characterized by large quantities of pyroclastic rocks,
pPropylitization and the presence of abnormally high dips
indigative of subsidence in the core rocks; in addition basic
and acid minor intrusions are abundant in the core zone of the
Breiddalur volcano, which is cut by an intense dyke-swarm and
numerous basic sheets, Acid dykes are confined to the core
zone of this vqlcano.

The presence of all these features in several scattered
patches of highly propylitized and injected ground in the
Vididalur-Vatnsdalur area is felt to suggest fﬁat tHese
localities mark eruptive orifices; the‘similar stratigraphic
levels of the scaftered outcrops of First Central Phase
agélomerates and tuffs (see p.143 ) suggest that at this time
eruption proceeded simultaneously from several different small
orifices, The diametrically opposed flow directions found in
the northern VatnsdalsfJall rhyolite and in the andesite group
which overlies it on Jbrundarféll are also taken to indicate
that these two units were extruded from different vents (see
pp. 27 and €9 ). It is therefore concluded that the area
studied represents part of the core zone of a large central
volcano in which extruéion of lava proceeded from a nuuber of
small orifices now occupied by agglomerate and small plug-like
basic and acid intrusions. Vents of this type can be seen in
the northern part of the Gljﬂfuré and in the Breidabélsstadur-

Hnjdkur region, A fifth vent of similar type may have been

active in the KornsA-Hvammur ground, as the isopachs of the
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Hvammur tuff thicken towards this part of the area (see Fig. 7)
and thin basic and acid inclined sheets and dykes cut the
hydrothermally altered basalt flows in this ground.

A small vent of later formation than the five mentioned
above was found to cut and metamorphose the rhyolite flow near
Axla¥xl in northern Vatnsdalsfjall; this has not been eroded
sufficiently to reveal any intrusive structures and consists of
a small mound of basaltic scoriae (see Map l).

Relationships between Coarse-grained Intrusives and Lava Flows.

No First Phase intrusions of similar petrographic
character to First Central Phase lavas were found in the area
studied and this is felt to indicate that the available magma
was emplaced almost entirely as intrusions and possib}y never
reached the surface; the field relations indicate that the
surface extrusions at the time of emplacement of these
intrusions were flood basalts (see Fig. 50). The failure of
magma to reach the surface in Iceland has been commented on by
Bodvarsson and Walker (1964) who estimated from heat flow data
that "only about one-fifth of the magma transported from deep
soﬁrces is erupted at the surface whereas four-fifths remain in
the crust as intrusions" (op. cit., p. 296).

Links of a féirly direct nature were found between
coarse-grained Second Phase intrusions and Second Central
Phase lava flows.,. The similarity between the Hnjﬁkur‘plug

gabbro and the TFB Group has already been mentioned (p.243 );

no dykes or other bodies of TFB type were found in the area,




and the spatial proximity of the plug and flow group mnay
indicate that the two units were originally connecﬁed.

The coarse TYpe 2 eucrite centre of the Skessusaeti LE
Sheet is a cumulate modification of the Type 1 olivine-tholeiite
Seen in bodies such as the Asmundarnﬁpur plug which has been
interpreted as being coeval with the SFB flow group (p.291.).
These three units are felt to represent a series of cogenetic
Yock types precipitated from the same type of liquid under

successively more rapid cooling conditions,
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THE VIDIDALUR-VATNSDALUR AREA

Northern Iceland
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Topography based on 1:50,000 U.S.Army Map Service map of Iceland, Sheets 5623-1;l15l11, and
air photographs. Geological mapping by R.N.Annells, 1965-67.
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EXTRUSIONS

Tabular Feldspar Basalt lavas

Thin Flow Group tholeiite lavas

Undifferentiated basalt lavas

Kubbaberg basalt lavas

Basaltic andesite lavas (whcrc distinguish¢d>
Rhyolitic andesite lavas

Rhyolite lavas

Compact acid tuffs (HvT-Hvammur,GT-Gljufura tu{f)
Agglomerate and tuff, mainly acid
Grjbta Big Feldspar Basalt lavas
Undifferentiated basalt
Thin Pale Grey Basalt

lavas
lavas

Detrital deposits in lava pile
INTRUSIONS
Eucrite
Gabbro
Granophyre
Acid-intermediate hybruds
Felsite
Dolerite plugs & basic minor intrusiods
Acid minor intrusions
Big Feldspar Basalt dykes i
. other dykes omitted
Andesite dykes
Acid dykes
SUPERFICIAL DEPOSITS

Alluvium

Landslip debris (dips in fallen blocks morkcd‘:"’)
NO exposures

Faults; bar on downthrow side where known
Dip in degrees
lines at 200m

summit ; altitude in metres

Form intervals from 100m above sea

level

Farmhouse

Area
covered

2 :qlaciers
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THE VIDIDALSFJALL INTRUSIVE CENTRE , Northern
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Geological mapping by R.N.Annells 1965-67.
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EXTRUSIONS
Grjota Big Feldspar Basalt lavas
Small Feldspar Basalt lavas

Thin Flow Group tholeiite lavas
Undifferentiated basalt lavas

Andesite lavas
Acid tuff and agglomerate
Hvammur tuff

INTRUSIONS

Eucrite
Gabbro
Lower marginal dolerite of Holar-Skessusaeti intrusion

arly s
Early set cone sheet strikes :

dip in degrees
(where distinguished) ¢ ’

Late set
Early set cone-sheet bearing eucrite/gabbro inclusions
Late set Type 2(¢ucrtt¢) cone-sheet

Approximate outer limit of late set of cone-sheets
First Phase basic plugs and sheets of barren zone
Sy = YT e R .
Diorite
Urdarfell
Granophyre
Felsite
Gc':lgagil basic-acid composite sheet (basic margins in block)
Basic dyke

Acid dyke

Acid sheets of barren zone
Acid veins

acid-intermediate hybrids

Trend of shear zones on Urdarfell
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CONE SHEETS and INCLINED BASIC SHEETS
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MAP (4)

SCHEMATIC MAP OF HYDROTHERMAL
ALTERATION ZONES IN THE
VIDIDALUR - VATNSDALUR AREA
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