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Abstract

The Hofsjokullvolcanic systenis locatedat the northern border of the Hreppar microptate
the Mid-Atlantic plate boundary in Icelandetween the more active Western and Eastern
volcanic zonesln this study, fracturesand faults within the fissure swasnof the volcanic
systemwere mapped and the thraamd orientatiorof faults measuredlhis was doneising
both aerial photographs and ArcticDEMgital elevation mods| as well as during fieldwork
The Hofsjokull volcanic systemcontains 3-4 fissure swarms extemd) northwards or
southwards from the glacially covered Hofsjoka#intral volcanoAlthough these fissure
swarms have been aatiduring the Holocene, no clear sink holes were faalndg the faults
suggesting thathey have beefilled by sediments. This indicateshat thefissure swarmhave
been less active than fissiawarmsin otherbranches of the plate boundanylcelandwhere
GPS geodetic measuremedtisw current spreadingJnbroken hyaloclastite covieg a fault

in the northern Hofsjokulfissure swarm suggests thaist part of the northern Hofsjokull

fissure swarm has not been active since the earliest part of Holocene, or during the latest stage

of glaciation in the aredstill, the faultscarpsin the northern Hofsjokull fissure swarare
rather sharp, indicatinfittle erosion byglaciers. Thignay suggesincreased activity in the
Hofsjokull fissure swarnduring the end of the last glaciation or at the beginning of the
Holocene, which is in line with other studies slmgvncreasednagmaticactivity in Iceland
during thatperiod Fractured Hlocene lava flows in the southern and western Hofsjokull
fissure swarms indicatthat they have been activduring the HoloceneThe Kerlingarfjoll
rhyolitic massif is located south of the Hofsjokull central volcano. The southern fissure swarms
are located both east and wesKeflingarfjoll, but no cleamdicationsare found of the fissure
swarm in the rhyolitic massif itselfhis may occur as die intrusions (whichikely form the
faults) are prevented from penetrating the rhyolite due to density differencesdor due to the
topographic high oKerlingarfjoll.

Keywords: rift zones, Iceland, fissure swarms, dikes, density barriers
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1. Introduction

The divergent segments of the plate boundary in Iceland are delineated by volcanic systems
consisting of fissure swarms and central volcarfegs Einarsson, 2008; Seemundsson,
1978) The fissure swarms radiate from the centralammbes and consist of normal faults,
open fissures, and eruptive fissures that are-pegrendicular to the local direction of
spreading.They aredefined as an area with a high density of faatd/or fissuresvhereas
their surroundings have few or fewltsor fissuresat all. These fissure swarms seem to be
formed and reactivated during dike intrusiowkich cause fault movements above the dike
(Pollard et al., 1983; Rubin and Pollard, 1988; Sigurdsson, 1&fetimes the dikes reach
the surface as fissure eruptiqhartardéttir et al., 2016b)he central volcanoes are

typically basaltic, but with a component of silicic products. Many of them have caldera
structures and an active geothermatesys The Hofsjokull volcanic system in Central
Iceland has all these typical characteristics of the plate boundary systems, and yet it is located
outside the currently most active segments of the ptadadary(Arnadottir et al., 2009;
Sigmundsson et al., 2020}t is located on the northern boundary of the Hreppar Microplate
that was created by the shift in spreading in the southern part of Iceland from the Western
Volcanic ZongWVZ) to the Eastern Volcanic ZofEVZ) (Fig. 1) This shift began about 3
Ma and is still in progress. The microplate was separated from the Epieasidy the
propagating EVZ but has not fully been attached to the North Amelata.The spreading
rateacross the WVZ is about3 mm/year near the Hengill triple junctiand decreased
northwards to almost zero at its northern @fid. 1) (LaFemina et al., 2005Conversely
spreading rate across the EVZ increases northwards, from about 1&anmiye soutives

to ~19 mm/year in the norlst(LaFemina et al., 2005The pole of relative rotation of the
microplate with respect to North America must therefore bethearorthern end of the WVZ
(Einarsson, 2008xo0 the relative plateelocity across the northern boundary of the
microplate must be small, and possibly compressive irSadiection. Thisow velocityis
consistent with low seismicity of the area. The Hofsjokull system, however, appears to
contradict this simplified picte, asit would imply small or no divergent stresses along the
Hofsjokull volcanic systemBoth the central volcano and the fissure swarms are rather
impressive structuresheformer has a prominertlderaand thdatter hae largeoffset

normal faults In addition, the fissure swarms extend into the plates on both sides of the
boundary and do not follow its trend. An added complication to the structural picture is

presented by thKerlingarfjoll central volcandhat is located within theosithern fissure
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swarms of Hofsjokull and is frequently taken to be a part of the Hofsjokull systédras
high proportion of rhyolitic productgnd appearto have two buried calder@djartarson et
al., 2019) The local stress field of the Kerlingarfj@éntral volcan@ould thushave

influencal the southern Hofsjokull fissure swarms.

In this paper we try to clarify the structural position of the Hofsjokull volcanic system within
the plate tectonic frameworK tceland.We find the extent of thelofsjokull fissure swarms,
their width andength by mapping fractures and delineating the outlines of fradered

areas. Bymeasuringhe throws ofaults,we estimate the widening across the fissure swarms
also in the northern Hofsjokull fissure swarm which propagates into the North American
plate Various geological dafsuch as lava flows af known age and information on glacial
morainesjs used to acquire time constraints on the activity ofdab#s and fractures within
thefissure swarmsThe interaction between the Hofsjokull fissure swarms and the
Kerlingafjoll rhyolitic massif will also be discussed, especially the influencedige
differences on the ppagation of shallow dike intrusions and eruptidg doing this, the

aimis to shed a light on how this volcanic system at the periphery of the active plate

boundary works.
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105 Seemundsson (1987)he GPS vectorspaming the time between 1993 and 20@4e from
106  Arnadéttir et al. (2009andValsson et al. (2007)Informationabout the depth to the Moho
107 (indicating crustal thicknes$ from Brandsdéttir and Menke (2008 he black arrow at the
108 lower right corner shows the scale of the vectdhe red framendicates the location of Fig.
109 1b. Information on other fractuseare fromHjartardottir et al. (2016a); Hjartardottir et al.
110 (2016c); and Magnusdéttir and Brandsdottir (2010artographic data are from the IS50
111 database of the National Land Survey of Iceldrekeistareykir, K=Krafla, F=Fremrinamar,
112 A=Askja, B=Bardarbungh) The Central Iceland Volcanic Zonkghe blue frame indicates the
113 location of Fig. 1cc) A geological map of the Hofsjokull fissure swardata onbedrock
114 geology are from Iceland GeosurveyiSOR) (Hjartarson et al., 2019he fractures were
115 mapped by the authors of this paper.

116
117 2. RIifting events and episodes

118 Observationsn Icelandduring the last several decades have shown that most parts of the

119 divergent plate boundaries are seismically inactive most of the/limarsson, 1991;

120 Einarsson and Brandsdottir, 2021; Jakobsdottir, 2QG8)e scale rifting has been observed

121 twice in the last half century, during the Krafla rifting episode in 18984 and Bardarbunga

122 dike injection and caldera collapsE2014(e.g. Dumont et al., 2018; Hjartardéttir et al.,

123 2016b; Sigmundsson et al., 2015; Tryggvason, 1984)oth cases the rifting occurred along

124  the fissure swarms of these volcanoes an@xtensiorduring therifting was of the order of

125 5-8 m. During the time between such episdthesrelative plate movements is taken up by

126 aseismic deformation and etching of the plate marginBissure swarms within the main

127 plate boundary zones in Iceland appeatevelop andleform in response taking, while

128 hanung little or no deformatioruring other timesDuring such rifting episodes, grabens

129 above the propagating dikes subside. The subsidence is often ar6undatd ismostly

130 taken up by the boundafgults of the grabe(Hjartardéttir et al., 2016b; Saemundsson, 1992;
131  Sigurdsson, 1980B5imilar behavior has also been seen in rift zones in east Adrga

132  Wright et al., 2006) The lack of normagmatic fault movements has been suggested to be

133 because it takes a long time before deviatoric stresses due to crustal movements alone build
134 up to a leel of reactivation However, when magma is available, a dike intrusion can release
135 the accumulated crustal stresses long before they would have been released if no magma was
136 available(Sigmundsson, 2006Mt has, however, been unclear whether and how such
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processes occur in the less active parts of the plate boundary in Iceland, such as in the

Hofsjokull fissure swarm.

3. Geological settings

Thefissure swarraextend at least 40 km to the north and 30 km to the sdukie Hofsjokull

central volcangEinarsson and Seemundsson, 198+9. 18). The southern fissure swarm
extends intathe heavily faulted Hreppar microplafghodayar et al., 2020) Radio eche
soundings on the glacier show tha Hofsjokull central volano has a 67 km wideand~600

m deepcaldera, which is covered by the Hofsjokull glagigjornsson, 1986; 1988)Despite

the large caldera, no ash layers from the Holocene epoch have been associated with the
Hofsjokull central volcano. It is nevertheless possible that several basaltic tephras of unknown
origin, found in soil profiles around the Vatnajokull glaciare from the Hofsjokull central
volcano(Oladottir et al., 2011) Most of the source vents of these postglacial lava flows are
now beneath the Hofsjokull glacier and therefore not visible. The few source vents that can be
seen are located so close to the glacier that it is not possible tmidetevhether they are
individual vents or a part of an eruptive fissutehas beemoorly understood how often this
volcano is activatedndhow far dikeshavepropagatd in the fissure swarsx The uncertainty

of the behavior of the Hofsjokull fissure swarm is further reinforogdts unique location
between the Western Volcanic Zone and the Eastern and Northern Volcanic Zones. There are
therefore no other fissure swarms in similar settitoga/hich the activity of the Hofsjokull
fissure swarm has a resemblance. Despite the low activity of the Hofsjokull central volcano, it
is not completely inactive. In the summer of 2013, a jokulhlaup flood with sulfuric smell
originated from the HofsjoKuglacier. Although earthquakes were not detected during this
event, a nevice cauldron was found within the glacier after the flpod the caldera boundary

(Fig. 1). This suggests that there is a Higimperature geothermal area within the volcano.
Geothermal areas are also foundthe areanorth of the northeridofsjokull fissure swarm
(Torfason, 2003)

The age of the bedrock of the Hofsjokull fissure swarm increases with distance from the
Hofsjokull central volcang@Johannesson and Seemundsson, 1998#&¢w unglaciatedava
flows have been found around the glacier (Fig(Hjartarson et al., 2019; J6hannesson and
Saeemundsson, 1998bJhe youngest lava flows are 308800 years oldocated just north of
the Hofsjokull glacier (Figlc) (Hjartarson et al., 2019peveral 4507000 years old lava flows
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are located in the southern Hofsjokull fissure swarm, close to the Hofsjokull glacier and early
Holocene lava flows (>7000 years old) canfbund east and west of the Hofsjokull glacier. In
addition, the western Hofsjokull fissure swarm cuts-th@.000 years old Kjalhraun lava (Fig.

1¢) (Eason et al., 2015; Hjartarson et al., 20I®ese postglacial lava flows are all found close

to the Hofsjokull cemtal volcang with sources beneath or close to the edge of the glacier
Similarly, mafic hyaloclastite, less than 0,8 Ma old, is mostly found close to the central volcano
(Hjartarson et al., 2019 5ome of the hyaloclastite om the Weichselianperiod from
~10.000 to ~110.000 years oftlelmens, 2014)Theyoungesthyaloclastie is mostly located

at the northwestern margin of the Hofsjokull glacethough small patclseof the youngest
hyaloclastitecan be found southwest of Hofsjok(fig. 1c) (Hjartarson et al., 2019Basaltic

and intermediate interglacial and supraglacial lavas and sediments of less than 0,8 Ma age can
be found in up to ca 20 km distance north and south of the Hofsjokull gld@emnesson and
Seemundsson, 1998a&oth the southern and the northern Hofsjokull fissure swarms extend
into basaltic and intermediate extrusive ®ekd sediments of lower Pleistocene age-2(68

Ma) (Jéhannesson and Seemundsson, 4P98

The Kerlingarfjoll volcanicentelis sometimes considered to be a pathefHofsjokull
volcanic system (Fig. 1). Itis characterized by rhyolitic, intermediate and basaltic formations,
generally formed subglaciallfrlude et al., 2010; Gronvold, 1972; Stevenson et al., 2608)
altered by hightemperature geothermal activifforfason, 2003) The dating of rocks in
Kerlingarfjoll indicates that the age aficks there ranges approximately betwé8:900 and
350.000 years(Flude et al.,, 2010)Two calderas have been identified within the area
(Hjartarson et al., 2019)

4. Methods

The fractures and faults in the Hofsjokull fissure swawwere mapped in detail from aerial
photographs from Loftmyndir IncThese features appear to be tiyodilatational, since en
echelon arrangements, suggesting stsike faulting, are lackingEruptive fissures are also
almost norexistent most of them are buried under the Hofsjokull glacidre ArcticDEM

Digital Elevation ModelgPorter et al., 2018)ere used to improve the mapping of thelts

The ArcticDEM wasalsoused to studyhrows of faults and to make cressctions of
the grabens in the Hofsjokull fissure swarmm a similar manner as has been dan¢he
Western Volcanic Zone, Icelarftijartardottir et al., 2016a; 2019n the Western Hofsjokull

8
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fissure swarm, an ArcticDEM fron%f November 2013 and%of November 2014 was used
for this purpose.

The crosssections were made by using the 3D Analyst tool in ArcNEaeh profile is
measured perpendicular to the faaftd profiles are measured with 200 m interval along the
faults The profiles were long emgh so that the general topography could be measured and
taken into account (see as an example the gently sloping topography at the beginning and end
of the profile in Fig. 2)Thethrows of faults were measurdém the profilesand the results
registerd into a point shapefile where the profile was taken. The points were then colored

according to théhrow of the fault.

Field work was done within the Hofsjokull fissure swalimthe summeyof 2019and
202Q Thepurposeof the field work was ground truthinghe throws of faultsweremeasured
by using TrimbleProXH and TrimblePathfinderProXR Differential GPS equipments. These
profiles were then compared to the ones made by the ArcticDEM. The difference between these
two methodsis negligible (e.g. Fig.2), and thereforét was concluded that the ArcticDEM
could be used for this purpose.

850
* Trimble Pro XH
840 \ « ArcticDEM

{3 Fault throw ~30 m

0 50 100 150 200 250
Length (m)

Fig. 2. An example ofa comparison betweeaprofile measured in the field with Trimble
ProXH GPS instrument and profile measured from the ArcticDEM he figure also shows

how thethrow of faults is measured his profile is taken in the southern HESs can be seen

from the graph, the relative height differences between these two metinedgigible.
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are shown. The digital elevation model in the background is from TanBDXMrom the
German Space Agency. Outlines of glaciers, rivers and lakes are from the 1S50 database of the

National Land Survey of Iceland.

5. Results

The Hofsjokull volcanic system has thiteefour fissure swarms, twto threeextending to the
south and one extending to therth In addition, Holocene volcanic eruptions have taken place
at several places around tHefsjokull glacier The lava flows are visible although most of
thar eruptive venthiave been obliterated by the glacigach of the fissure swarms has its own

characteristics, they have different orientatiamslth, and exten{Fig. 3).

11
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236 Fig. 4. The western Hofsjokulfissure swarm. a) The fissure swarm cuts the postglacial
237 Kjalhraun lava. by) Profiles across the fissure swarm. The location of the profiles is shown in
238 a). Theextent of the Kjalhraun lava is fronsinton et al. (2005)ArcticDEM courtesy of the

239 Polar Geospatidenter.
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242 5.1. The western Hofsjokull fissure swarm:

243 The western Hofsjokufissure swarm extends from the western part of the Hofsjokull glacier.
244  Its general direction is towarddNE, most commonly striking around ZD°N. However,

245 closest to the glacier, the fissure swarm gradually changes direction and is oriented more
246  towards theNE, often striking 4660°N (Figs. 35). Therefore, the fissure swarm appears to

247 radiate away from theolcano beneath thgdacier.

248 The length of the Western HofsjokéiBsure swarm is rather uncertain. It is at least ~30
249 km long, but fractures can be found to up to 40 km distafce fissure swarm extends into
250 the Hreppar microplate, where it merges witheolilactures and faultdn addition, there is

251 another fissuer swarm slightly to the east of this one, extending towards the south from the
252  western end oKerlingarfjoll (Fig. 3, the southwestern fissure swarnfhis fissure swarm is

253 possibly the same one as the western Hofsjokull fissure swarm, buldtalso bea separate

254  entity and will therefore be described separately.

255 The western Hofsjokufissure swarm isathernarrow, mostly about 6 km widét cuts

256 the Kjalhraurlava, which is postglacial and has been estimated td®€®60 yearsld (Eason

257 et al., 2015; Hjartarson et al., 201%he throws of fractures andaults wihin the Kjalhraun

258 lava are very littleon averagenly around 0.5 mthese are nsily tensional fractures (e.g. Fig.
259 4a and4c). The older surface formatiomgenerally have greater offset (e.g. Fg), although

260 thethrow of faults in the northern part of the Western Hofsjokull fissure swarm is generally
261 less than 10 m (Fig).

262 Transects across the Western Hofsjokull fissure swarm indicate that it onlgtsafsi
263 one graberfFigs. 4 and7). The graben is about 1.5 km wide in the southern part 4bigic
264 and4d), but about 3 km wide in the northernmost part (#&).

265
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aerial photographs are from Loftmyndir Cofffne extentof the Kjalhraun lava is fror8inton

et al. (2005)ArcticDEM courtesy of the Polar Geospatial Center.

15



20

0 T

0 Ommmeemts3
Profile S1
20 5
0 0—0—88g
20 Profile S2
o
Profile S3
100 8-&9_0_0_0
E 0o O-CO g
2 100 Profile 54
=
NL
%5 100
=z
g oo Bo——000 oy o
|_ .
100 Profile S5
20
06 W
20 Profile S6
50
0o
. Profile S7 ! 8 o oox_ o8 o
50 5
00 OO I
50 0 5000 10000 15000 20000 25000 30000 35000 40000
Profile S8

-100
277 Length (m)

278 Fig.7. Throw asafunction of adistance along a profile across thesoutherrHofsjékull fissure
279  swarns, showing offset of faults. Negative values indicate downthrow towards thelbast

280 location of the profiles is shown in Fig. 3.
281

282

16



283

284
285
286
287
288
289
290

291

740

Height (m)
~N o~
3 8
1

710

T T T T T
0 500 1.000 1.500 2.000
Length (m)

64°36'N

1.600 2.0IOO 3.600 4.600 5.0IOO
Length (m)

Fractures / faults

[~ Other features

- Postglacial lava
Glacier

64°34'N

64°32'N

19°30'W

Fig. 8. a) The southwestern Hofsjokull fissure swarm. Inset graphs show profiles across
different parts of the fissure swardrcticDEM courtesy of the Polar Geospatial Cenkéote
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Loftmyndir Corp.showing a fault in the southern part of the southwestern Hofsjékull fissure
swarm c) Aerial photograph showing a fault in the northern part of trsaifésswarm.The
locatiors of theaerialphotograpk areshown in a).
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5.2. The southwestern Hofsjokull fissure swarm

This part of the Hofsjokulfissure swarm could be the southern part of the western fissure

swarm, but it could also be a separate entity and will therefore be described separately.

The southwestern Hofsjokull fissure swarm is located to the west and south of the
Kerlingarfjoll masif. NearKerlingarfjoll, thethrows of the faultaresmall (often less than 3.5
m). Towards the south, tilerows increaseignificantly, and can sometimes be more than 30
m (Figs. 7 and8). This fissure swarm hasnecleargraben which i@bout 3 kmwide in the
northen part(e.g. Fig.8, purple profile) but gets narrower towards the south, where it is about
2 km wide The faults in this fissure swarm trend towardsNiig with the most common trends
between 30 and 50 (Fig. 5).
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profile shows a fault with throw of about 10 m, whereas the ligbiue profile, which crosses

a fault in the postglacial lllahraun lavehows very littlethrow (~1.5 m) Outline of the
postglacial lava is frondjartarson et al. (2019ArcticDEM courtesy of the Polar Geospatial

Center.
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5.3. The southern Hofsjokull fissure swarm:

The southern Hofsjokull fissurswarm is about 50 km long. Its southern endslightly
uncertain sincé& merges with theénighly fracturedHreppar microplateSince the Hofsjokull
fissure swarms are characterized by grabens we define the southern boundary of the fissure
swarm to be where the clear graben structures@mfissure swarm igp to9 km wide and
consists of several nearly parallel grabens, which can be up to ~2da(Fgs. 9 and10). In

some instances, grabens can be found within other graldesortheasterrendof this fissure

swarm starts near the Olafsfell mountéfig. 10), but the start of theoutlwesternendof it is

more uncertain. An eruptive fissure (et formed the lllahraun lava) is found north of
Kerlingarfjoll, and is a part of this fissure swarm, but no fractures could loedfon the
Kerlingarfjoll massif. Fewclearfractures are found north &ferlingarfjoll, although there are
someindications of eroded WNVESE lineaments which could be old fracturésowever,

some fractures are fourstuth ofKerlingarfjoll (Fig. 9, e.g.,dark red profil¢. No sink holes

were found in the southern Hofsjokull fissure swarmdicating that the fisga swarm has not

been active recently, and that all sink holes have been filled with sedifieistsliffersfrom
fissureswarms at volcanic systems which are located closer or at the main plate boundary in
Iceland. Open sink holes along faults in loose sedimentsasaasn examplée seen in the
nearby Tungnafellsjokull fissure swarm, as well as in the Krafla fissure s{@amsdottir

and Einarsson, 2013; Hjartardéttir et al., 2012)

Faults in the southerdofsjokull fissure swarm generally trend towards the NE, most
commonlyaround 4050°N (Fig. 5). This is a similar trend as is seen in the fissure swarm to
the west of it, the southwestern fissure swaatthough the southern fissure swarm has more

faultstrendingmore eastwards (680°N) than the southwestern fissure swékig. 5).

The throws of theboundaryfaults of the grabens in the southern Hofsjokull fissure
swarmvary significantly (Figs. 7, 9 and 10). They aregreatest in the main southern fissure
swarm where thehrows of faults often reach 180 m (Fig. 11 and12a). However, hethrow
of fracturesjust south ofKerlingarfjoll is much lesstypically lessthan 10 m, anaftenless
than 35 m (Fig.11). This occurs even though these fractures are in surface formations of
similar age as the fractures with the greater offsets to the east of thericjKldjartarson et
al., 2019) The fracturesn and around the postglacially formed lllahraun lava also often have
little throws (1-2 m, Figs. 10-12b).
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Fig.11. a) Throws of faults in the southern Hofsjokull fissure swakHwre,throws of faults are
generally larger at lower altitudes, whereas few faults are foutiteabpographically high
Kerlingarfjoll massif Throws of faults are smaller directly southkKérlingarfjoll, than of the
faults that cross the area easKeflingarfjoll. b) and c) Aerial photographs of selected areas,

locations shown in a). The aerial photographs are from Loftmyndir Corp. Outline of the
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postglacial lava is frondjartarson et al. (2019ArcticDEM courtesy of the Polar Geospatial

Center.

Fig. 12. Faults in the southern Hofsjokull fissure swarm. a) Fault in a hyaloclastite formation
with athrow of ~30m. b) Fault in the postglacial lllahraun lawaith athrow of ~2 m. Pall
Einarsson is sitting next to the Trimble Pathfinder ProXR GPS instrument.
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of faults cutting glacial moraines, indicating that the faults have been active in postglacial times
The location is shown in the green frame inlayet graphs show two examples of fjles
across grabens, the profiles are mariked).
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5.4. The northern Hofsjokull fissure swarm:

The northern Hofsjokull fissure swarm extends at least 40 km north of the Hofsjolaalho

(Fig. 3) However, freshly looking fractures can be found farther to the north, in the Trollaskagi
area by the northern coast of Iceland (Rg). These fracturemight bea separate entityot
related tahe northern Hofsjokull fissur@varm;the Trollaskagi fratureswill therefore not be

discussedurther in this paper.

The overall orientation of the northern Hofsjokull fissure swarm is towards the north
northwest.The orientation of individual fractures there I@wever more varied than in the
fissure swarrma extending to the south and west of the Hofsjokull glacies(Bignd 5. Three
fracture population orientations are prevalent. A nodithwesterly orientation, which
prevailsin the southern and middle part of the fissure swarm, a northwesterly orientation which
intermingles with the northorthwesterly oriented faults, andhartherly orientation which is

mostly found in the northernmost part of the fissure swarm 8Fig.

Throws of faults in the northern Hofsjokull fissure swarm varies significantly. Although
the faults in the main part of the fissure swarm generally thagess of less tha0 m, some
faults, especially in the western part, have larger offdéigs. 14 and 15). This applies
particularly tothe northwesterly orientgabpulation of faults located in the northwesternmost
part of this area. This fault populatimoverprinted byhe more northerly oriented faults which
extendtowards the Skagafjorour valley (Big3 and13). The northwesterly oriented faults
generally lave large offsetsthan the northerly oriented fault populati@ven though thegre
in surface formations of a similar aghannesson and Seemundsson, 1998afiles across
the northern Hofsjokull fisserswarm show that faults in the northern partt @fre mainly
downhrown towards the wegFig. 15). This trend continues somewhat in the profiles further

to the south, but there, profiles showing small grabens become morespteval

No clear sink holes were found in the northern Hofsjokull fissure swarm, which suggests
that the fissure swarm has fien active for aonsiderable time, despite thaignificantthrow
of faults (Figs. 4-17). In addition, a fault in its southern part, near Eyfirdingahdlar, is covered
with unbroken hyaloclastit@=igs. 13 and16). The hyaloclastite is from the last part of the last
glaciation(Hjartarson et al., 2019Yhis indicates that the fault has not been active since the
subglacial eruption which formed the hyaloclastite occlirre
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404  Fig. 14. a)Throw of faults in the northern Hofsjokull fissure swai@aps in the measurements

405 are due to gaps in the ArcticDEMs) An overview map of the northern Hofsjokdiksure

406 swarm. c) An example of an aerial photograph showing faults, see a) for lodathamother

407 example of an aerial photograph showing faults, see a) for location. The aerial photographs are

408 from Loftmyndir Corp.
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Fig. 16. a) A fault near Eyfirdingaholar. Thifault is covered by an unbroken hyaloclastite,
implying that the fault has not moved after the formation of the hyaloclasyi#he location
of the fault.c) A closer look at the boundary between the fault and the hyaloclastteDEM

courtesy of thé?olar Geospatial Center.

Fig. 17. Fieldwork in the northern Hofsjokull fissure swarm. a) Fault in the central part of the
northern HFSRed arrow points to the fauli) View towards another fault in the northern HFS,

for scale, see two persons left of the red an@\w.he Eyfirdingahdlar pillow lava mounds.

6. Discussion

The mapping andnalyzing of the fissure swarms of the Hofsjokull volcanic system indicate
that they @ mostly composed of grabens of various widthd depths, as indicated by the
difference in the throw of faul{¥igs. 3, 46-10, 13, 15). Thenorthwestern part of the northern
Hofsjokull fissure swarm haa different appearance. Themgstfaults have a dip direction
towards the wesbften with a largescale throw, antrend more northwestwattian the more
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northerly-oriented faits to the east of therflrigs. 3h 14a and 15). They appear therefore to

form a different fault population than the other faults in the northern Hofsjokull fissure swarm.

6.1.Local stress field ahe Hofsjokullcentral volcano vs. the regional stress field

Fissure swarmgend to radiataway from the Hofsjokull central volcano. This indicates that
the Hofsjokull central volcano has a significant local stress fidics patten is visibkin the
western Hofsjokull fissure swarmhere faults closest to the Hofsjokadintral volcano bend
more towards the northeast, while faults farther away have a morenoottieasterly
orientation(Fig. 3). In addition, Holocene lava flowsave been erupted not omgrth and

south of the Hofsjokull central volcano, butaéast ad west of it(Hjartarson et al., 2019)

This suggests that a local stress field of the Hofsjokull central volcano plays a significant role
in this areaasit can cause the fmation of a radial ggernof dike intrusionsvhen(s follows
acircular tracearound the magma source in central volcarjeas Anderson, 1951;

Nakamura, 1977)

Sometimes, fissure swarms in Iceland cut centbdanoes without much deviation of
fracture orientationsThis canindicaie that the local stress field of the central volcarasnot
significantwhen the fracturewithin the fissure swarm®rmed,or that the principal as of
the regional stressfield and the local stress field were align€dis applies as an example to
the Fremrinamar and Peistareykir central volcanoes in the Northern Volcanic Zone in Iceland
(Fig. 1a) (Hjartardéttir et al., 2016c; Magnusdottir and Brandsdattir, 2011; diilealal.,

2020) The Krafla central volcano has some local striesd, fout mostly, the fractures follow

the regional stress fielgHjartardéttir etal., 2012) Two central volcanoes in the Northern
Volcanic Zone show significant local stress field. These are the Askja central volcano
(Hjartardottir et al., 2009)and the Bardarbunga central volcano, wizedéke intrusion

which occurred in 201 4tarted by propagating away from the Bardarbunga central volcano in
asoutheasterlgirection, far from thaorth-northeasterlylirection expected if it would be
opening perpendicular to the plate spreading doaati the aregDeMets et al., 1994,
Sigmundsson et al., 2013s the dike propagated away from tentral volcano, it changed

its headinguntil its distal paralignedwith the regional stress fiel@gHjartardottir et al., 2016b;
Sigmundsson et al., 2013}his suggests that some central volcanoes in Iceland have a
significant local stress field, and that #teength of thdocal stress field varies between

central volcanoes. In the case of Hofsjokull, its local stress field may be dominant because it
is not on the main plate boundary, therefore divergktemovementsre small or non
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existentin this aregFig. 1) This local stress field may also be augmented by the close
proximity of the Hofsjokull central volcano the center of thdceland hotspot, which is near
the Bardarbunga central volcaf\Wolfe et al., 1997) It is also likel that strength of the local
stress fieldf the central volcanoan vary with time, depending evhether the magma
source is inflating or notThereforethe relative contribution of the local stress field #mel
regional stress fieldanvary (e.g. Geshi, 2005; Magee et al., 2Q012)e eruptions othe east
andwest flanls of Hofsjokull could thus represent perioofsa strong local stress field of the

Hofsjokull central volcano, implying a significant inflation of the volcamthetime.

6.2. The orientation of fractures and faults in the northern Hofsjokull fissure swarm

The northern Hofsjokull fissure swarm is not located on a clear plate boundary (Fig. 1). Its
NNW-orientation is also far from the NNE orientation which would be expected fidture
swarm would open perpendicular to the plate spreading between the Eurasian and the North

American plate.

It is therefore not clear why the Hofsjokull fissure swarm is oriented towards the
NNW. One possibility is that the orientation of the disssswarm is caused by differences in
the crustal thickness in this area. Measurements of seismic velocities show that an area of
increased crustal thickness extends in the NNW direction from the center of the Iceland
hotspotnear the Bardarbunga centvalcanqg extending into the area where the northern
Hofsjokull fissure swarm is locatdéig. 1a)(Allen, 1999; Brandsdoéttir and Menke, 2008;
Menke, 1999)West of this area, the crustal thickness decresagagicantly. The NNW
oriented Hofsjokull fissure swarm is therefore nearly parallel with the area of increased

crustal thickness, and with the boundary between the thicker and the thinner crust.

During deglaciations, crustal blocks of different thiclse=sscan respond differently to
the unloading of the glaciers. Therefore, crustal uplift can occur at different rates, causing
enhancedlifferential stresseis a zoneoriented parallel with the boundaries of these crustal
blocks, i.e. in the NNW orientatmoin this case. In the absence of the crustal stresses by the
divergent plate boundary, these divergent stresses may become the governing factor in where
dike injections from the Hofsjokull central volcano propagate, therefore creating and

maintaining theNNW orientation of the northern Hofsjokull fissure swarm.
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Similarargumentdave also been used to explain the Kerlingar fault at the eastern
boundary of the Northern Volcanic Zone, which has also been active during the Holocene
(Hjartardéttir et al., 2010)According to this suggestion, such differences in crustal thickness
can cause dominant stress fields in areas where little or no deformation takes place due to
platedivergenceThis could also explain why fractures in the Northern Hofsjokull fissure
swarm became activated by the end of the last glaciation, in the beginning of the Holocene,
but has not been active recently, as observed by the lack of sink holesiiaahe

The differently oriented fault populations in the northern Hofsjékull fissure swarm; the
northerly fault system and the northwesterly fault system, suggest that the stress field has
changed significantly. It is unclear why this occurred, but thghtrbe explained by a
changing stress field as the glacier retreated farther inland during the last deglaciation. Such
an interaction between the orientation of dyke intrusions and crustal stresses due to uplift of
land during glacier retreat has beerdifo explain thenomalous orientation of arecent dike
intrusion in the Northern Volcanic Zone during smalscale glacier retreats at present time
(Hooper et al., 2011 and this could also play a large part during lesg@le glacier retreats as

occurred dung the end of the last glaciation.

6.3. Activity of the Hofsjokull fissure swagmat the end of the last glaciation addring

the Holocene

Both the western and southern HofsjoKigdsure swarms include fractures and faults in
Holocene lava flows. Therefore, it is clear that these fissure swarms have been active during
postglacial times, the western fissure swarm sometime after the emplacemenrtldr. G

years old Kjalhraun lay;, and the southern fissure swarm sometime after the emplacement of
the 45007000 years old lllahraun la&ason et al., 2015; Hjartarson et al., 2019)

The vertical movements of faults in these postglacial lava flows are, however, rather
small around 32 min both Verticalfault movements during individual diketrusions are
often around 43 m (or more)e.g. Hjartardéttir et al., 2016b; Saemundss@921
Sigurdsson, 1980; Wright et al., 200@)herefore, it ipossiblethat these fissure swarms
have had only one dike intrusion each since the emplacement of these postglacial lava flows
or thatsome of thalike intrusions caused little surface deformatibmore dike intrusions

have occurred during this time periodyttveould most likely have propagated shorter
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distances from the Hofsjokull central volcamizerefore not affecting the postglacial lava

flows.

The postglacial lava flows north of Hofsjokull have not been fractreely cover a very
small part of the fissure swarm, and therefore, the fissure swarm may have been activated
without causing fracturing in the postglacial lava flowther evidences alssuggesthat the
northern fissure swarm has not been very active duhe Holocene. Firstly, no sink holes
are foundalong faults othe fissure swarm, indicating that all sink holes have been filled with
sediments. Secondly, the unbroken hyaloclastite which covers thedatdt
Eyfirdingahodlar (Fig16), suggests thdhe fault has not been active after the emplacement of
the hyaloclastiteNo independent dating is availabte the hyaloclastite, but tteppearance
of it suggests that it isom the last part of the last glaciation s i n c tebeen ¢rodéda s n 6
(Hjartarson et al., 2019)The hyaloclaste formed under a glacier, but the fault not, which
indicates that thextent of the glacier was only slightly larger than tod#ythe fault was
activated during thenagmatic evenwhich formed the hyaloclastite, thémat should have
happened at the end of the Igktciation The glacierextend was then only slightly larger

than today, busoon retreated leaving little time to erode the fault.

Hyaloclastite from the end of the last glaciation is found across the entire northwestern
boundary of the Hofsjokull gladieand is found at up to 8 km distance from the glg€iy.
1c) (Hjartarson et al., 2019This suggests that there was a significant volcanic activity in the
Hofsjokull volcanic system at the end of thst glaciation. In additiorfaults in the northern
Hofsjokull fissure swarm appeaotto have been eroded significantly by a glacidso,
faults cutglacial endmorainedformed by the retreating glaci@faldal and Vikingsson,
1990) showing that faulting has occurred after the glacier left the(argaFig.13c). This
pattern occurs on many different faults along the borders of different grathemsforejt is
likely that repeated dike intrusions occurred in the northern Hofsjokull fissure swarm at the
end of the last glaciatioor during the earliest part of lene, when glacier still covered the
area closest to the current location of the Hofsjokull gla¢ieese repeated dike intrusions
caused the tens of meters of throw along the many grabens which collectively define the
northern Hofsjokulfissure swarnfe.g. Figs. 3 and H). That would be in line with other
evidences of increased volcaaictivity in Iceland during that time perigd.qg.
Gudmundsson, 1986; Sigvaldason et al., 199@¢h an increase magmaticactivity,
including eruptions and dike intrusions, can occur because of afadipidpressurelue to
the deglaciatioiSigmundsson et al., 2010; Sigvaldason et al., 1992)
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6.4. The lack of fractures and faults in tKerlingarfjoll rhyolitic massif

Few fractures and faults were found in the rhyolkeerlingarfjoll massif, although fissure
swarms extend far south both east and wekteolingarfjoll. The lack of fractures and fissi

just north ofKerlingarfjoll can be due to the proximity of the Hofsjokull glacier and sediments
deposited by the glacier and its rivers. However, few fractures were also found in the
Kerlingarfjoll massif itself as well as at the southern border efkarlingarfjoll rhyolitic
massif, where the few faults which are found have sthadws (Fig.11). On theother hand

high density of fractures is foundst east, westand south of Kerlingarfjoll. Therefore, it

appears that there is a ffi s erlingarfijod nuylition s had

massif. Thissuggestshat dike intrusions are hindered n&arlingarfjoll. Either vertically fed
dikesdo notascenchigh enough tacausesurfacedeformation or dikes fed horizontally from

the Hofsjokull volcano do not penetrate througgrlingarfjoll

Two processes might contribute to this nAfi

1. Basaltic magma may have a hard tipenetraing the lowerdensity rhyolitic layers

close to the surface

Such hindering of basaltic dike intrusions can occur due to density diffelsstaesn
the lower density rhyolitic material closer to the surface and higher density basaltic dikes or
sills. Basaltic magma is trapped and pondbeievel of neutral buoyaryanstead of protruding
up to the surfaceSuch mechanism has been used to explain the lack of basaltic formations in
Yellowstone (USA), and in the Torfajokull caldera (lcelan@zurisin et al., 1994;
Seemundsson, 2011; Walker, 1974)

The basaltic hyaloclastite formations in and ni€arlingarfjoll nevertheless indicate
that basaltic magma does in some cases reach the surfade)Fogr suggstionsaretherefore
more indicative on how dAdifficulto it S
suggestion could explain why there ihigh-temperature geothermal argaKerlingarfjoll,
even though theurfaceformationsthere argather old No volcanic activity is known in the
Holocenethe rhyolites arebetween ~68 andbB ka of age, and the hyaloclastite formatiares
from the early part adheWeichselian(Flude et al., 2010; Hjartarson et al., 20 B3saltic dike
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intrusions ponded under the rhyolitic massibuld cause uplift of the rhyolitic lava domes

found in the areandlead toincreased geothermal activity.

2. The elevation of thKerlingarfj6ll rhyolitic massif

The distance from the top of dikes to the surface can increase near topographic highs, which
would cause fewer fractures and grabens at the higher topographic elex&tidman inverse
relationship between the number of fractures and elevation of tqyhogtaighshas been

observed irmonogenetibasalticlava shields in Icelan(Hjartardottir and Einarsson, 2015)
Similarly, dike intrusions in Iceland have been observed to propagate to lower areas, where
they become shallower and fissure eruptions eventually take ps occurred during the
Béardarbunga dike intrusion in 20{8igmundsson et al., 2015)heKerlingarfjoll massif

risesto about500-600m above its surrowdings, and thus, dike intrusions can be diverted to
either pond beneath thikerlingarfjoll massif opropagate laterally at deeper levels towards

the north or south, rather than propagating as shallow dikes under the massif. This can occur
regardless of whether the dikes propagate directly up from the mantle, or laterally from the

Hofsjokull central vatano.

6.5 Cumulativeextension across the Hofsjokull fissure swarms

By calculating cumulative heave across each profilégs. 7 and 15, the dilatation across the
fissure swarms can be assessed (Hy).Here, a fault dip of 65°is assumelth the nortlern
Hofsjokull fissure swarmthe cumulative heavgenerallydecreases with increasing distance
northwards from the Hofsjokull central volcarted. 18). The pattern isnore complicated in
the southern parf(g. 18). There, the heave peaks in the middle part whereas it tapers both
towards the north and south. The tapeimthe northern part can at least partly be due to the
profile crossing a glacier (Fig. 3 he ®uthern and the northern Hofsjokull fissure swarms
are in different tectonic regimes. While the northern Hofsjokull fissuegravpropagates

into the NorthkAmerican plate, the southern fissure swaextend into the Hreppar

microplate and are thereforelietween the Western and Eastern Volcanic Zones (Fig. 1).
This could cause complicated patterns déagion across the southern Hofsjokull fissure

swarms, as the dilatation across the fissure swarm could be associated not only with distance
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from the Hofspkull central volcano, but alsaith the interplay between the Western and

Eastern Volcanic Zones.

Fig. 18. The cumulative heave of faults with distance towards the north (a) and south (b) from
the Hofsjokull glacier. The cumulative heave is calculated from the throw of faults in the
profiles inFigs. 7 and 15, assuming that the faults have a dip of 65°.
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