Abstract

Dimmuborgir is thought to be a former rootless shield volcano, which was fiedawét from
a nearby crater roM2170 + 38calendaryears before presenn this studythe orientation of
striationson the sidsof lava channelscollapse structures atalva pillarsweremeasuredo
find out howthe enigmatic~2 km by 2km volcanic structure at Dimmuborgir was drained
During one week of field work 149 striations wéoend andmeasuregwith respect to their
dip angle, dip direction and elevatiorhear locations wergecorded with a GPE5lobal
Positioning System) receiverhe orientations of the striations were visualized on Google
Earth satellite images and onages from a Digital Terrain Model (DTM) of Dimmuborgir.
Resultingvisualizations show that Dimmuborgir was drained raditiglin multiple stages.
It is concluded thabimmuborgir was drained towards the welg northeast anthe
southeast. The draigatowards the west was channel&tie drainage towards the northeast
and the southeast was radially inwards, tow#rdsollapsedarts ofDimmuborgir.
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1. | ntroducti on

Theorigin of the Dimmuborgir volcanic structure, northern Icelgmals beenhe focus of a
number of previous studies, because of its unusual morph@agynuborgir is thought to be
a former rootless shield volcano, which was fed with lava from a nearby craté8keiton

et al.,2019. This hypothesis buildpon previous models @fimmuborgirby Rittman (1938),
Barth (1942) and vanénmelen and Ruttgi955).

The remnants of the rootleskield volcano testify to larggecale drainage. Bamlett and Potter

(1986) described Dimmuborgir as a slightly domed structure, which was drained of lava

through a channel, before #hle lava had solidified. Barth (1942) described Dimmuborgir as

a former lavdake, which drained back inem undelying reservoir. Skelton et al2016)

described Dimmuborgir as overlapping rootless shields, whérkdrained along lava tubes

with calcuated effusion rates similar to measured effusion rates to the collapse of a rootless

shield, duringhe 20072008 Thanksgiving Eve BreakoffEB)e r upt i ons of K@l au
Volcano, Hawai: In these studies striations on lava pillars am@walls of lavachannels at

Dimmuborgir were mentioned as evidence of drainage or flow of lava.

This studywill contribute to an ongoing assessment of the orgid drainagef the
Dimmuborgir volcanic structurd he focus othis study is about drainage of Dimmuborgir.
For the first time striations on the remnants of theless shield volcano we usedo map
drainage of the structure. The broader perspective of this studgastmoreinsight about
the geology and behaviof rootless shield volcanoes in general.

1.1 Aim of the study

The aim of thisstudyis to use striations on the side of lava chanmnveddlsand pillars to study
the drainage of the Dimmuborgiolcanic structure

Hypothegs which will be teted are:

1 Whether Dimmuborgir was drained ame directioror radially.
1 Whether Dimmuborgir was drained all at the same time or in stages.

The goals of thistudyare:
1 To map striations on lava channels and pillars in the Dimmuborgir area.
1 To use the compass oriatibn of these striations to interpret the direction/s of
drainage.
1 To use the dip angle of these striations to identify areas of fast and slow drainage.
9 To use the elevation of these striations to decide if Dimmuborgir was drained in stages
and in differat directions.



1.2 Geologic setting
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Figure 1a. The plate boundary between the North American plate and the Eurasian plate runs across Iceland
where it is divided into segments. The Myvatn area and Dimmuborgir are situated at the North Volcanic Zone
(NVZ in the figurg. The figure was mdified from Thordarson and Larsen (2001)..Location map of northern
Iceland illustragsthe location of Dimmuborgir and the spreading of the Younge®allLava, which is the dark
greyarea The figure was modified fror8kelton et al(2016).

Iceland,the largest volcanic island on the Earsisituated on the Midhtlantic Ridge, which
runs through it. This is a divergent plate boundetye r € e xt ensi on of Earth
occurs and volcanic materialwgelling up, forming neverust.Dimmuborgir isa volcanic
structure situated between the Ludentarborgir crater row and the lake Myvatn, northern
Iceland (figure 1b). The Myvatn area is part of the North Volcanic Zone (NVZ) of Iceland
(figure 1a), which i zone vhere extension occur in northern lagda Numerous NNESSW
trending crater rows, faults and eruption fissures, are situated in the Myvatfoareag
narrowhorst and graben strigEhorarinsson, 1979Yhe lava forming Dimmuborgir is the
Younger Lax& Lava (YLL). The postglacial volcanicigity in the Myvatn area is confined
mainly to three cycles of which the YLE part of the most recent cycle. This, the Hverfjall
cycle,startedabout2500 years ago with the formationtbg tuff ring volcanddverfjall
(Thorarinsson, 1979). Radiocarbon dating of charred vegetation beneath the YLL paovides
age of the YLL of 2170 * 38alendaryears before present (Hauptfleisch and Einarsson,
2012). The YLLerupted from the NNESW trendinghrengsl&orgir andLadentarborgir
crater rowswhich have a combined length-e10km and are situated at an elevatiorBé#
374 meters above sea level (m.a)g$kelton et al., 2006During the eruption of the YLL,
the lava flow movedvestwardsacross the Dimmuborgir area further wastuamdthe lake
Myvatn. The lava continued NNW, following Laxar Valley and finally reached Skjalfandi
Bay on the north coast of Iceland, 63 km from Threngslabadrge.predominantlyubbly
pahoehodype YLL (Skelon et al., 2016¢over an area of about 2Rfh? and the volune is
estimated to be at 2.5 krfifhorarinsson, 1979). The geochemical character of the lava is
tholeiitic (Jakobsson, 1972).



1.3 The volcanic structure of Dimmuborgir

Dimmuborgir coves an area of approximately 2 x 2 kBkelton et al(2016 havedescribed
the structure oDimmuborgir as a shiellke plateau with two central depressions, one
circular and the ther semicircular (figure 2)'hese central depressions are rimmed with lava
pillars and walls. The summits of thevapillars and walls can be envisioned to connect and
form an upper pkgau or surface of Dimmuborgirhich isseen to slope outwards from the
centreof each central depressi¢8kelton et al., 2016
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Figure 2. Dimmuborgir viewedsouthwesfrom the nearby tuff ring volcano Hverfjallhe picturas modified
with two ti meds andevasttaken fiom the edgetod southern iinoohHverjfall. The black
line delineateshe edgeof Hverfjall, about 120 m above the Dimmuborgir areaigular and a seroircular

depression ardelineatedvith the white encirclement3he lakeMyvétnis visible in the background.
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Based on ®igital Terrain Model (DTM) Skelton et al(2016 have proposed that
Dimmuborgiris ashieldlike plateay which may consist divo overlapping shielike

structures, with approximate diameters of1.8 km.The central parts of Dimmuborgire
elevaed by 30 m with respect to the surroundingdalows (Skelton et al., 20}6The slope
angle of the overlapping shields is within the range for tholeiitic shield volcanoes on Iceland
(0.037 : Rossi, 1996). The DTM also revealed ttiet remnantsf the shieldike structures,
which rim the central deprasss, formmultiple semicircular and circular collapse

structures. Some of thesollapse structures follow NN&SW trending fractureswhich run
across Dimmuborgi¢Skelton et al.2016.



Various marksfrom the time when Dimmuborgir was actikave been found on lava pillars
and walls within the central depressions atthe surroundingims. Skelton et al.Z016
describedmultiple laterally extensive lava leveleeneath the upper plateatiDimmuborgit
These are seen to slope out from the centre dfttbeture Barth (1942 describedhatmany

of the pillars have horizontal lava shelves and also vertical marks, which resemble
slickensides. Bamlet and Potter (1986) described the lava sheliteteasarksh The vertical
marks are also knawas striations. Skelton et §2016 described vertical striations and
striations whichhave dip angles different directions, recordintpe flow of lava Bamlett

and Potte(1986) described a lava chana@ngwhere they claimed the remaining fluid lava
drained out from DimmuborgiSkelton et al(2016 described the same structure as a 30 m
wide lava channelwhich is descending westwariom Dimmuborgir. Ths lava channeand

a similar one, which is descendisouthwarg can be seen on the DTM (Figure 3a and b).
Skelton et al.,Z016 associated thesdannet with westward and southward drainageof
Dimmuborgir.
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Figure 3a. DTM showsan overview of DimmuborgifTwo lavachannelsare marked with arrows.
Dimmuborgirviewed obliquely frontview bbon figure 3aColour coded scale denotes elevation in m.&8sth
figures were modifiedrom Skelton et al.,Z016.

1.4 Rootless shields

Shield volcanoes are directly linked to a deepted magma chamber or vent. Unlike large

shield volcanoes, rootless shields are smaller stileddnounds of lava, which are fed by and
built above shall ow and actioceéeolindetal, 20l4bes | u
USGS, 2008). These features are considered rootless because they are not directly linked to a
deep magma chamber. Active rootless shields were first discovered in 1999 and have since

then been observed several times (Poland €2@l4). The largest rootless shields can be

about 40 m high (USGS, 2008) and 4000 m in diameter (Patrick and Orr, 2012). They are

unstable features and may rupture or collapse, leaving hollow interiors which were filled with

lava before draining (Polaret al., 2014). The007-2008TEBer upt i ons of KQ Il a u ¢
Hawalil, have contributed lotto the knowledge of thgeology and behavior of rootless

shields USGS, 2008



1.5 Striationsn volcanic settings

Striationsoccurin volcanic settings. These types of striations are parallel to the direction of
movement of the object that caused them and can be uaedhagcator of movement
direction. Previous studies have been dohere striations have been coupled with the
direction of lava flowsPetry et al., (2007) describ#dw striations in sandstonhich

formed in unconsolidated dry santhe striations were formdtbm the shear stress at the
base of the lava flow. Jerrhaand Stollhoffen (2002) describéal/asedimeninteraction as
lavamoving over the sandesulting in strationswhich werepreserved as sytarallel linear
ridge and trough structures, on the top of the sand surface with less than detigf.of

Scherer (2002) describsttiations in andstone as lava flow featurg@sinted onto the dune
surfaceandprobably caused by a pahoehoe lava fldaranjo et al., (1992) describaetll-
developed horizontal striations on the inner wall of a lava channel, where andesitic laga leve
took place. Stvenson et a(2012)describedormer channels or collapsed tubes that have
subhorizontal striations on the walls, due to scouring by drainage of lava during the
prehistoric Negiharaun basaltic lava eruption on Iceland.

Gregg and Christle (2013) desaabvertical striations on lava pillars in Skaelingar, Iceland,
where a lava flow in a valley walained out in the 1700%he lava pillars here were

generated sub aerially by lavaater interaction. When the lava level in the vaBapsided
solidified lava crust on the surface of the lava flow is thought to have scratched the still
ductile pillar walls and left behind vertical striations. The striations are a few cm to tens of cm
long and typically < 10 cm wide. They have a surface texture which feelstlswhen

rubbing ones fingers from the top to the bottomvertical striationn a pillar and rough

from thebase to the top. This textural feature indicates movement of the lava flow from the
top of the pillar to the pillar base (Gregg and Chrig(¥],3).

Calvai and Pinkerton (1999) describedrtical grooves along the walls of a lava tube,
resultng from the scraping of cot@'aclasts against the once plastic tube wdllgese
grooves indicate withdrawal of the lava in a steadyrdeards motion. Abrupt changes in the
direction of thegrooves can record sudden changes in flow direction of thédGabaari and
Pinkerton, 1999).



2.Met hods

2.1Field work

Between 28/6 and 4/7, in 201&bfield studywasconductedat Dimmuborgir, which cover an
area of approximately 2 km byk2n. The field work objectives were tocatestriationsand
measureheir orientatioron the walls of lava channels and lava pillars in the Dimmuborgir
area. The orientation in the field arettlacalization of the striations wasnductedn the

basis of printed maps from Google Earth, a GPS (Global Positioning System) receiver
(Garmin GPS 12 Personal Navigator) and a compass. The reference system used in the GPS
receiverwas World GeodetiSystem 1984 (WGS 84for each locatiowhere striations were
found and measured, a waypoint was saved in ther&tes/er In the eveningduringthe

field study,thesewaypointswere addd to Google Earthyhich uses the same geodetic datum
as the GP$eceiver. Keeping track on the waypoints made it easier to plan the route for the
next day. Furthermora function in the GP&ceiverwas used, which showed thearing

and distancé¢o the closest recorded waypoimstotal of 140 waypoints wenecordedwith

the GPSeceiver(figure 4.
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Figure 4. Modified satellite image from Google Eaghowing aroverview of the Dimmuborgir areend140
waypointswhich mark thepositionswhere striationsverefound and measure@he position formaffor latitude

andlongitude isdegrees decimal minutes, based on the reference system WGS84.
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The waypoints were taken facing the striations, a few meters out frostrigiteons

preferably on a flat surface. This was done to make it easier for measuring the elevation of the
striations. Another reason was that the connection between theeG#t&erand satellites is

better a few meters away from big objects, such as lava piher than close to them. This

was experienced during the field work and the connection between satellites and the GPS
receiverwas better a few meters away from the lpiar andlavawalls. In that sense the

margin of error of the GPf&ceiverwas educed and the waypoints taken were more accurate.
The validity of the location of these waypoints relies on the assumption that lava here were
flowing in the same direction as the lava that madestih&tions.

All striations were measured with respectlip angleand dip directior{figure5), using a
compasglinometer Dip direction is the compass directiondegreeshatthe striations are
inclinedtowards.The rorth corresponds to 0°/36Ghe east to 90°the south to 180° anthe
west to 270°Dip angleis theinclinationangleof the striations relative to a horizontabpe.
Horizontal striations have a dip of 0° avettical striations have dip of 90. Dip direction of
the striations was used to interpret toenpasslirection of lava flowwhereas di@ngleof
the striations was used to interpret the velocity of lava flow. Pictures weredbien
striationsat all waypointexceptthe last tenbecaus¢he batteryof a smartphone ran authe
pictures of striationat 51 of the total 14@aypointswere taken during the first three days
with a camergNikon D7000) Due to weathethe rest of the pictures of the striations were
taken with a waterproof smartpho(®ony Xperia C6603juring the last four days of the
field work.
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Figure 5. The dip angle is thiaclinationof the striations with respect to the horizontal. The striations are
dipping towards the dip direction. Cana lens cap for scale.



A digital laser inclinometer and rangefinder (Bosch GLM 80 Professional) wasaised
measurehe heightof the striationsrelative to the placerhere the waypoints were takeiith
the GPSeceiver(figure §. The highest visible points of the striations were measuitegl.
instrument neasured theeight,the angle of elevation aride distance betweestriationsand
the place of measuremeiihe instrument was used fronpeedefined heighttbove the
ground of 1.13 m, which was added to all theasuredheights

Figure 6. The white stripes represent striations on the lava piltae.blue rectangleepresents the digital
inclinometer and rangefinder,hich was used to read theight(h) of the striations from a predefined height (p)
of 1.13 m from the ground.he angle of elevatio(U )and the @tance (d}o the striations fromhieplace of
measuremerdandwere d&so measuredl he photography was takeat Dimmuborgir.

2.2 Data processing

Thewaypoint coordinateandthe measurements of the striatiovere written down in a field
notebook. Thewaypoint coordinateweretransferred from the GR&ceiverto Google Earth
and also ito atext file. All data were compiled in Microsoft Excel spreadshdaasa
visualizationwas performed usintpe software FledermauSpogle Earth and Microsoft
PowerpointFledermausywhich isan interactre 3D data visualization system, was used to
retrieve the elevation (m.a.s.l) of the ground were the waypoints were taken. The waypoint
coordinates were incorporated in the DTM. The elevation (m.a.s.l) of the grdwemd the
waypoints were tadn was then extracted from the DTM imlicrosoft Excel spreadsheets.
To get the correatlevation(m.a.s.l)of the striationsther measured heights in the field were
added to the elevation data that was extracted from the DTM.

Striation da& werevisualizedby arrowssuperimmsedon Google Earth satellite imagand
imagesfrom the DTM of Dimmuborgir.Microsoft Powerpoint was used saperimpose the
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arrows on these imagebhe sitions of the arrows were synchronized withwagpoint
coordinateswhich were obtained from Google Earithe arrows were colour codédsedon

dip angle dip direction and elevation of the striatioRsur different maps were madehe

arrows on all maps were given four different lengths based on the dip angle of the striations,
to identify areas of fast and slawainage in the Dimmuborgir are. The arrows on all maps
were also placed so that they are pointing in the same compadsodias the dip directions

of the striations.

The firstmapis focused on dip directioaf the striationsto interpret the direction/s of
drainage. The arrowsere superimposed on a Google Earth image of the Dimmuborgir area.
The arrows wergiven faur different colours based on their compass direatibith was
obtained from the dip direction of the striations.

The second mais focused on dip angle of the striations, to identify areas of fast and slow
drainage. The arrows were superimposed ondhesGoogle Earth image used in the first
map. The arrows were given four different colours based on the dip angle of the striations

The third map is focused on elevation of the striations, to interpret possible stages of drainage.

The arrows were giveright different colours based on their elevation. The elevati@nval
for each colour was set to 28m andwas calculated basexh difference in elevation
between the highe$810.1m.a.s.l.) and theowest(287.5m.a.s.l.)situatedstriations which
was measured in the field. Oeeyht ofthis differencean elevationequals 2.85m.

The fourth map is focused alip angle and dip direction of the striations, relative to the
shield morphology of Dimmuborgiihe arrows from the first mapere superimposed @m
image from the DTMbf Dimmuborgir. This map was used to interpret the drainage of
Dimmuborgir.

11



33Resul t s

3.1 Field results
Figures of the striations at wayptsri-130 are found in Appendix.A

3.1.1 Waypoints of the striations

A total of 149striations situated at different locationsre observed and measured at
Dimmuborgir during the seven days of field work. Fremordinatesvere marked with 140
waypoints bythe GPSeceiver Two differentsets ofstriations, with respect tip angle dip

direction and elevation, welecatedat nine of these waypointslence someof the 149

striations share the same waypoftior to processing the data, a total of 152 waypoints were
marked After thefieldwork all striations were reviewedtriations at six waypoints were

found to be some other structural feature and another six striations were found to be doublets.
These twelve waypoints were removed and the total number of waypoints where striations are
situated resulted in 140i¢ure 4. Thel40waypoints of the observed striations cover almost

the entire area of Dimmuborgir, whichabout2 km by 2 km.The striations were found on

lava pillarsand other lava structures different elevations

3.1.2 Structures of the striations

The striations found at Dimmuborgir are sets of thin, parallel and alternating ridge and groove
structures, which vary in thickness from sevendlimetersto a few centimeterd’he depth

of the grooves and relief of the ridges also vary amdrom seveal millimetersto a few
centimetersleep and high. Some striations are a femtimmetersvide, while othesarea few
meterswide. Both curved ad linear striations were four{figure 7a-c). The curved character
of the striations indicates that they wésemed when the lava pillars and walls were ductile.
The dipangleof the curved striations was measured with respect to their digamgle
Curved striationsvhich abruptly change dip angle ab®th situated onounded cornesof

lava pillars and on vertic#éhva walls At waypoint 34 ertical striationsare situated at the
bottom of a lava wallwhichhave adescending lava tube from itage(figure 7c and d.
Waypoint 34is situaedabout 110n east to the southwattdendingchannel, which was
describedy Skelton et al.Z016
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Figure 7. Different types of striations. Curved striation®n a verticalvall. Pen for scaleb. Horizontal
striations. Hghlightedlens cap for scale. Vertical striations.kghlightedlens cap for scalel. The striations in
figure c werdoundatthe base of a lava wall. Whetuld be remnants oflava tube is descending from the base
of the lava wall.

At nine waypointsnore tharone set of striationaresituatedat different elevatios, with
different dip datdfigure 8 af). Five of themare situated orounded orners of lava pillars.

At waypoint 2Q striations with a notable difference in dip directaresituated close to each
other, on a roundecbrner of a lava pillatAt waypoint 106 two sets aftriations hae

different dipangleand elevationThe highest situated striations are more vertical and merge
into the lowest situated striations. Sufrizortal striations, separated from each other, with
almostthe opposite dip direction were found at waypointhich is in the lava channel

which was described by Bamlett and Potter (1986) and Skelton 2046 .(In the same lava
channel at waypoint 10 swertical striations are situated directly above sub horizontal
striations. At waypoint 63triationsform a crisscross pattern.

13



Figure 8. More than oneset of striations at the same lava structurgich are situatedt different elevations,
with different dip dataa. Striations at waypoint 20n the corner of a lava pillavith different dip directios.
The arrow highlights a lens cap for schleAt waypoint 106the uppermost striations amgerging in to the same

dip angle as the lower striatiorts.Subhorizontal striations, separated from each other with almost opposite dip
direction, were found at waypoint 11 Sub vertical striations on top of sub horizontal striations at waypoint
10. e. At waypoint 12striations with the same dip direction but different aigles ardorming a vshaped

patternf. Striations with opposite dip direction situatedtop of each other at waypoint .63
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The driationsat waypoint 110are
situated atlifferent elevations, N =
separated by a horizontal lashelf 5‘“
(figure 9. Another horizontal lava i‘ $
shelf is situated on topf the s
uppermost striations. Thaip angle
and dip direction of treestriations [
are approximately the same. The y
elevationof the uppermost
striations is 306.2n.a.s.1, which is . )
the fourteenth highest measured Figure 9. Striations cover the entire side of a lava pidiatwo
elevationof all measured elevations, separated by a lava shelf.

elevations of thd 49 striations.

3.2 Datacompilation
Measurementef dip angle, dip direction and elevation of the striations, together with their
WGS84coordinates, are compiled in taldld Appendix B.

The mean value of dip angle with respect tolth® measured striations is 5Bie mean

value of dip angle for the striations in every 5° dip direction interval is shown in figure 10 a
Broadly, if the Dimmuborgir structure is viewed as one uthi¢ dip directions of the

striations are well spread offigure 10b). There is a sligtly higher frequency of striations
with dip directiond020-025°, 066065°, 160165° and 2445’

285"

W zror 90 E W27 9w E

255"

Figure 10. Rosediagramof every5° compass direction interval relative to the dip data of the striations at
Dimmuborgir.The rorth corresponds to 0°/36ahe east to 90°the south to 180° anthewest to 270°a. Mean
dip angleof striationsin every5° dip direction intervalb. Number ofstriations measureid every5° dip
directioninterval.
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3.3 Data visualization

3.3.1 Dip data of striations relative tteeir coordinates

Measuredstriation dataverecompiled and visualized. Ttegrows on thenap in figure 11
depictdip angleand dip direction of the striations, with resptctheir coordinates. This map
is focusedn dip directiorrelative to striation coordinatewhich can be used to interpret the
direction/s of drainage.
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Figure 11 Arrows superimposed on a modified satellite image from Google Edeflictingdip angleand dip
direction of the striationslhearrows arecolourcoded with respect to dihirection blue = 690°, green = 90
180°, yellow = 18270° and red = 27360°.There are four different lengths of the arrows, which represent
different dipangleof the striations. From longest thatestthey represent-20°, 2640°, 4660° and 6690°.

Blue arrowswhich indicate lava flow direction betweéme north andhe eastconstitute

~27% of the totahumberof arrows.~65% of theseare situated in the northehalf of
Dimmuborgir.Remaining blue arrows are mainly short, representing steeply dipping
striations, predominantly situated at the southwestern part of Dimmuborgir. Green arrows
which indicate lava flow direction betweéme east andhe southconstitute ~29% of the total
nunmberof arrows.~65 % of thesare situated in theouttern halfof Dimmuborgir

Remaining green arrows are mainly short and well spread out. Yellow arrows which indicate
lava flow directionbetweerthe south andhe westconstitute ~24% of the totaumberof
arrows. ~72% of these asesituated in the westehalf of Dimmuborgir.Remaining yellow
arrows are well spread olRedarrows which indicate lava flow direction betwabewest
andthe northconstitute~20% of the totahumberof arrows.~67% of thesare situatedn the
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western halbf Dimmuborgir Remaining red arrows are mainly short and well spread out. A
few longred arrows differ from this patterhong arrows represent shallow dipping striations.
Arrows withthe same length, hich represent striations witsimilar dip angle, are clusted

in many places in figure 1Clusters of arroware moreclearona map focused on dip angle
of the striations (appendix C).

3.3.2 Dip data of striations relative to elevation ahkld morphology

The colour coded arrows from figure 11, which can be used to interpret drainage, were
projected on a DTM overview of Dimmuborgir (figure 12). Sections of Dimmuborgir differ
from each other with respect to elevation and morphology. The focus of the firapenl2

is the correlation between the dip direction and dip angle of the striations, relative to the
morphology of Dimmuborgir. The elevation of the striations/isualizedon a map where the
arrows are colour coded with respect to elevation (appendix D).
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Figure 12 The arowsfrom figure 11superimposed on aayscale DTM overview of Dimmuborgidepicting
dip and dip direction of striationé circular and a semicircular depressamedelineatedThe two dashed white
lines deliniaterelative lowlying areas located southwest and northeast of the central pIR{EBLIMage is
modified after Skelton et al. 2016. Scalebar denotes thange of elevatiobetween 280 and 320.a.s.I.
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Thenorthern rim of the circuladepressions arelativelylow-lying area. &iations foundon

the remnants of the ritmave mainly steep dip angles and are some of the lowest situated
striationsthat were fondat Dimmuborgir Multiple semicircularcollapse structures are
visible here(figure 12) Further evidencef collapse here as observed at waypoints 160
and 126. The striations at these waypoints are situated on partly collapsed lavalpdlars.
western rim of the circular depression is clustered with steep northeasterly dipping striations.
Multiple collapse structures are visible here in figure 12. Further evidence which indicate
collapsewereobserve at waypoints 89 and 91. The striatiohghese waypoints are situated
on partly collapsed lava pillar&ourstriations found inside the circular depression are
dipping towardghe northeastTheseare depicted bthe blue arrowsn figure 12.Three of

the striations in the circular depressiahyaypoints80,82 and 96 are situated on partly
collapsed lava pillars.

Striations found southkest of the circular depression and northeast \edlley which is
highlighted in figure 12are mainly dipping towardshe southwestnd the valleyThese
striations are depicted by yellow arrowhevalleyis a ~3-50 m wideand isheading
towards the lava channel described by Bamlett and Potter (1986kealoinSet al(2016.
The lava channel is ~30 m wide and clustered with striations whiclowardsthe
northwest Nearly horizontal dipping striations were found alohg valleyand lava channel.

Many driationswerefound on lava structures southwestern Dimmuborgir, whichtise

area south afevalleyand lava channelindnorth of thesouthwestern rinof Dimmuborgir

This arais clustered with peculiar looking lava pillars dagastructures. Several tourist

routes are located here. Striations found in the northern half of this area have a tendency to
dip towards the lava chann@&lhesestriations are depicted by blue and red arrows in figure
12.Dip directions of striationg the southern half of this areae more scatteredhe dip

angles of these striations agenerallysteep Multiple collapse structureare located in this

area Some of these collapse structuaes circular Further evidence which indicate collapse

in this areavas observed at waypoints 22, 23 and 114. The striations at these waypoints are
situated on partly collapsed lava pillars.

Thecentralplateaus anareaof relativelyhigh elevationsituated in the central part of
Dimmuborgir.This is area is potentiallpcated athe borderland between th&o
overlapping shieldike structuresvhich were described ykelton et al.,Z016 Few
striationswere fourt in this areaThe highest situatestriatiors of all 149 specimensere
found here at waypoint 13These striations are sdted at an elevation of 31(hia.s.l.and
aredipping towards the circular depressidigure 12).

A ~200m widearea(dashed white line in figure 1Bgtween thesouttwestern rimof
Dimmuborgirandthe centralplateaus less intactomparedhe southwestern rim and the
centralplateau Three sub horizontal striations are dipping towdhésiorthwesthere
depictedby three red arrows in figure 12ust east of here two striations with relatively
shallow dip are dipping towardke southeast, depied by green arrows in figure 12nother
less intacarea(dashed white line in figure 12hich is =300 m widejs situatedbetween the
centralplateauvand the norteasterrrim of Dimmuborgir Compared to the centrplateauand
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the northeatern rimof Dimmuborgirthis sectionis less intact and multiple collapse structures
are visible here in figure 1Zurtherevidence of collapse here was founavaypoints 102

and 103, wherstriations are situated on partly collapsed lava pillEing striations in this

area arenainly dippingtowardsthe northeastThesestriations are depicted by blue arrows in
figure 12

Thesemcircular depressiom figure 12is situated at lovelevation relativeto the other
sections of DimmuborgiiRemnants of theastern rim of this depressioan be seen in figure
12. Three striations situated at the inner part of the eastern eimligping towardshe
southwest and central part of the semicircular depression. These are deypietdow

arrows in figure 12Multiple collapse structures are situated h&tee northeasterrpart of the
easterrrim of the semicircular depressianarelativelylow-lying area The striations found
here havgredominantly shallow dip angléowardghe northeastThese are depicted by blue
arrows in figure 12.

The westermim of the semicircular depression is clustered wttiationswhich are dipping
towardsthe southeastThese are depicted by green arrows in figureMidtiple collapse
structures are situated at the western rim of the semicircular depression.

Thesouthern rim of the semicircular depressmarelativelylow-lying areaand the
striations found here are steeply dipping in different dip directions. The southwards lava
channel described by Skelton et @016 islocatedhere. Two striations were found in the
channel and are dipping steepbyvards the wesindthe northwest depcted by red arrows in
figure 12 The striations at waypoint 32 are located on a padiigpsed lava pillar.
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4. Di scussi on

4.1 Interpretation othe drainage of Dimmuborgir

One of the goals with this thesis was to theestriations to make an interpretation whether
Dimmuborgir was drained radially or in one direction. The resulting arrow prapgean
opportunityto interpretthe drainage obimmuborgir. The arrows depipiatternsvhich
dependon dip angledip diredion and the elevationsf the striationsin figure 13the
Dimmuborgir area is subdivided intreezonego interpretthese patternsgn figures 14, 15
and 16single arrows and groups of arrows are encircled to interpret the drainegeh of
thethree zonesThe interpretation afhe drainageof Dimmuborgirrelieson the assumption
thatshallow diging striationsare associated with fast drainagéhereassteeply dipping
striationsare associated witslow drainageHence shallow dippingstriations are a better
indicator of the direction of drainaglean steely dipping striations, which are better
indicator ofcollapseand subsidencef the solidified crust of the lava surface.

Figure 13 Thearrowsfrom figure 11superimposed on a grayscale DTM overview of Dimmuborgir, depicting
dip and dip direction of striation$hree zones are encircled to interpret draindgpe DTM image is modified
after Skelton et al. 2016. The arrows are colour coded with respect todilipction: blue = 8@0°, green = 90
180°, yellow = 18e270° and red = 27860°. There are four different lengths of the arrows, which represent
different dip angle of the striations. From longest to shortest they repre26ft 2040°, 4660° and 6690°.
Scalebar denotes thenge of elevatiobetween 280 and 328@.a.s.1.
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4.1.1Drainage in zone 1

~51% ofthearrows in zone {figures 13 and 14pare blugewhich indicates that laviaerewas
drained towardshe northeastThe arrows in zone 1 aheghlighted with eight encirclements
in figure 14 Thebluearrows in encirclem# 1 depictstriationswhich haverelatively shallow
dip angles. The average dip angle of these striations iswigh indicates lava flow of
relatively high velocityThesestriations are situatedside or adjacent tthe earlier described
circulardepression (figur@2), at elevationbetween 299.1302.5m.a.s.|.The dip directions
of these striations atewardsthe northeast and theorthern rim of DimmuborgirThe arrows
in encirclement 2 depidtriations at the northemm which are situated at elevations between
287.5 301.5m.a.s.I.These striations are relatively stempdhavevariousdip directionsThe
striations at the western rim of the circular depressiotigidighted in encirclement 3.
These striations are relatively stesapl have mainly dip directions towarti® northeast. The
elevation of these striations is betwe38.5308 m.a.s.|.Thearrows inencirclemen® depict
striations which have relativeshallow dip angles and are mainly dipping towatids
northeastThese striations are situatadrtheast of the earlier described semicircular
depressioiffigure 12) at elevaibns between 290-301.1m.a.s.|.

collapse
structures

Figure 14 Closeup of Zone 1 from flgurél3 Slngle arrows and groups of arrows highlightedwith eight
encirclements to interpret drainadged x symbols marthe locations of potential breakouts.

A substantial volume of lawaas probablstored withinthe circulardepression before the
drainage event starteBubsidence of the solidified upper lava surface is recorded by the
steeply dipping striation® encirclement 3at the western rim of the circular depressione T
transport of lava was directed/ay from the western rim towards the northeast. This could
explain why the outer section of the western rim is relatively intact. The outer section of the
western rim was potentially overflowed at least at one place in a westerly direction. This
overflow is indicated by theed arrow in encirclement 4, which depistsations dipping
towards a 20 m wide valleyfigure 14)of the western rim.
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Thegenerallylow elevation othe nortlern rim of Dimmuborgitindicates that a largeartof

it havecollapsedEvidenceof a largescale collapsef the northern rinis multiple
semicircularcollapse structuresollapsedavapillars and steeply dipping striationsotable

is that many of thesstriations are dipping inwardgo the shieldtowards théowermost
collapsed areag he sidewalls of the semicircular collapse structuresgaererallylocated
towards the north and northwest)ereas their open side are locat#d the shieldThis
indicatesnwards collapseThe yellow arrow in encirclement 5 depistsiations which
indicate lava flow towards the west. These striations are situated at a relativelgvatioa

of 295.1m.a.s.l. and potentially record a local turbulent lava flow, which could have been
triggered by inwards collapse of the shigldzore 1 Beforedrainagestarted in zone,xhe
northern rim was probably intact and reackexdilar elevationgsof the northwesterrmost
and northeastermostrim of Dimmuborgir.Potentially abasalbreakout througthe former
intactwall of thenorthernrim occurred andavawasdrained towardshe northeastThe
pattens of the striations in encirclemeht2 and 3ndicateradially inward collapse towards
thelowermostareas at the northern rirA potentid place of breakout is marked wighred x

in figure 14.However, here were nghallow dipping striationund at the northern rim
which could be indicators afortheasterlylrainagethrough the northern rim of Dimmuborgir

The shallow dipping striationslepicted by the arrows ancirclement 6indicate that lava

was drained with high velocitpwards the east, through a potential breakout zone in the
northeastern rim of Dimmuborgir. Shallow dipping striations, situated at low elevations, are
probably good indicators of breakowires, because drainage of rootless shields occurs
through basal breakoutBdtrick and Orr, 2012). The red arrow in encirclememgpresents
nearly horizontal dipping striations towards the west. However, these striations are curved.
One end of the striains is dipping towards the easthereaghe other end is dipping towards
the west. Based on the trend of the other striations in encirclement 6, the striations in
encirclement ‘probably recordava flow towards the east. A big section of the northeaster
rim of Dimmuborgir in encirclement 6 is situated at relatively low elevatiobre@kout

through the former intact wall of the rim potentially unseated portions of the rim&ere.
location for thigpotential breakout is marked wighred x in figure 14.

Theearlier describedrea between the central plateau and northeastern most rim of
Dimmuborgir is highlighted with a dashed line in figure THis areacould belocated inthe
borderland between theo overlapping shieldike structureswhich were described by
Skelton et al(2016. Multiple semicircularcollapse structures alecated hereTheside

walls of thesestructures argenerally located towards the northwesghereas their open sisle
are located towardse southeastThis could indicate thahe borderland between the two
shieldlike structures collapsed apdnded lava from the circular depression in zone 1 was
drained via this borderlartdwards thébreakout zone in encirclementT®he arrows in
encirclement 8 do nahdicate drainage towards the northeast. These striations arediatat
elevations between 297.8 and 30.2.s.1.South of these striationis zone 2 other striations
indicate southeasterly drainage, which will be described in the next chaptearidwes\dip
directions of the striations in encirclement 8 could indicate turbulent lava flow caused by
drainage in two directions simultaneously.
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4.1.2Drainage in zone 2

~56 % of the arrows in zone(figures 13 and 15pare green and indical@vadrainage
towardsthe southeastThe arrows in zone 2 are highlighted wiitbe encirclementsn figure
15. The western part of this zone is clustered with gageows which represestriations
situated at elevations betwe283.8and307.9m.a.s.|.Thesestriationsare highlighted in
encirclement landare dippingowardsthe centre othe earlier described semicircular
depressiorffigure 12) The average dipngle of these striations+61°. Threeyellow arrows
in encirclement 2epresent striations situated at the inner parts of the easternthim of
semicircular depressioat elevations beteen 296.7 and 298rf.a.s.|.Thesestriationsare
alsodipping towards theentreof thesemicirculardepressionThe average didirection of
these striations is45°. Thestriations at the southern rim of the semicircular depressin
highlighted in encirclement 3. Thebavepredominantly steep dip anglesvariousdip
directions. These amgtuatedatrelativelylow elevationdetween 291.and 297.3n.a.s.l.
The striations at waypoint 67 are situated in a ~50 m wide valley, which is heading towards

the southeast. The striations at waypoint 67 are depicted by the green arrow in encirclement 5
and have dip angle of 40°.
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Figure 15. Closeup of Zone 2from figure 13. Arrows arehighlightedwith five encirclements to interpret
drainage.

An interpretdion could be that drainage in zonevas directed towards the south and
southeastA substantial volume of lava was probabtgred within the semicircular
depression before the drainage event staftee green and yellow arrows encirclement 1
and 2indicate radial inwards collapsewards the centre tfie semicircular depressiowhat
potentially started asasal breakouhrough the southerrthannelcould haveranscended into
acombined southerlgbutteasterly drainagd.wo westerly dipping stations in the southern
channelre not indicatindava flowin the same direction as the southvetrdnd of the
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channel. HigHava pressure in the shietduld potentially have triggered a stable basal
breakoutthrough the chanhewhich eventually became overwhelming and led lerge

scale collapse of the southern rifihis couldbe the explanation of the relatively low
elevation of the southern rim and the twesterly dipping striations in the southern channel.
Simultaneouslya breakoutn the eastern rirnould haveoccurred which createm~200 wide
gapin the eastern rim of Ihmuborgir, marked bg dashedine in figure 15. No field work

was done in theoutheastern moptart ofzone 2 which could support this hypothesis.
However, hecrisscrossed sations at waypoint 63 (figure f§ indicate a turbulent flow of

lava in two directionsThese striationare depicted bthe blue and yellovarrows

encirclemend. The uppermost part of these striations indicates southwelsteasljlow. The

dip direction of these striatiorabruptlychanges in the lower part, which indicates titet

lava flowsuddenly changeiito a northeasterly direction. This could testify that this part of
Dimmuborgir was drained in two directions simultaneoushyfirst in one direction and then
the otherThe stiations at waypoint 63 are situated at elevations between 291 ama.232.
This relatively low elevation indicates that these striations were formed towards the end of the
drainage eventurther @idence in suppof radial inward collapse towards the centre of the
semicircular depression was found at waypoints 30, a1d 64 The striations at these
waypoints are curved and thelip angles decrease downwardgichcouldindicatelava

flow of high velocity.Similar striations were found at waypoint 67. These indicate drainage
towards southeast.

4.1.3Drainage in zone 3

~64 % of the arrows in zone(8gures 13 and 16pareyellow and regdwhichindicates
drainage direction towards the weBhe arrows in zone 3 are highlighted with six white
encirclementsn figure 16 Theyellow arrows in encirclementdregenerallypointing
towardsthe earlier described vallewhich is heading towards the western lava charrredse
yellow arrowsrepresentboth shallow and stegpdipping striationsThe red arrows in
encirclement 2 arpointingtowards thenorthwest, which indicatdava flowtowards the
westernava channelhich wasdescribed byBamlett and Potter (1986) and Skelton et al.
(2016).Theblue arrows in encirclement 2 also indicda®a flow towardghewesternava
channel A cluster d shallow dipping striations isituatedn this lava channekhichindicates
lava flowwith high velocity out from Dimmuborgir in a northwesterly directadang the
lavachannel. Tis lava channatuns in a northwesterly directidrefore veering westwards.
The green and yelloarrowsin encirclement 3 and #epresent nearly horizontal dipping
striationssituated in the valley and lava chanriéie dipdirections of these striations
contradict the interpretation of drainage in a westerly direction. Howewtr skriations have
a dip angle of 6°The low dip angleould indicatehat transport of lava was the opposite
directionwith respect the dip dection.The validity of this argument relies on the assumption
that local geometries of lava channels and high enough effusion rates can force lava to flow
upwards.The red arrow in encirclement 5 depicts the highest situated striatessured of
all 149 striations in this studyl'hese striationare located at waypoint 12t an elevation of
310.1m.a.s.l.and are dipping towards the circular depressiarone 1 This could testify that
the northeasterly directed drainage of Dimmuborgir started bdfaneage in other
directions. Howevetthe third highest situated striatioasDimmuborgir are locateell00 m
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westof the striations at waypoint 131. These striations are sitataad elevation d309

m.a.s.l andare dipping towardthe southwestThe lava flow recorded by the striations at
waypoint 131 could have had a northwesterly direction due to local morphology and
eventually changed flow direction towartti® southwest. Hence, the laflaw recorded at
waypoint 131 couldlternativelybe conrected withdrainage in zone 3. Tharows in
encirclement 6 depidtriations with mainly steep dip angles and dip directions in various
compass direction®o clear pattern which indicates direction of drainage has been inferred
from these arrowsA semcirculardepression, which is ~150 m in diametsrsituated here
This indicates that a substantial volume of lava got drained from thisTdreatriations at
waypoint 26 are sub vertical asduatedadjacent to &ava tubewhich descends into the
ground Someof the striations in encirclement 6 are dipping towards the valley where
waypoint 26 is locatedA similar lava tunnel was found next to the sub vertical striations at
waypoint 21. Potentially lava could hasteinedvia lavatunnels which ardescending into
thefloor of Dimmuborgit This hypothesis ipotentiallysupported by a circular collapse
structure in between the depression thalstriations at waypoint 26. Circular collapse
structures could indicate that lava drained into the undertyiogndinto lava tunnels
However, this hypothesis needs more evidehides been proposed by Barth (1942) that
Dimmuborgir was the site of a former lava pond that drained into an underlying reservoir.
Even though this is not supported by this thesis, there could be local areas where lava was
drained into underlying lava tunnelsmerhaps intdracturesPresent daNNE-SSN

trending fracturesvhich are younger than Dimmubordiransect the area and cofiddlow
closely the lines of older fractures that predate Dimmub@8&ielton et a] 2019
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Figure 16. Closeup of Zone 3 from figure 13Bingle arrows androups of arrows are hifighted with six
encirclementso interpret drainageight arrows are higilghted with black encirclemerithese eight arrows
depict striations which indicate drainage across the potential bordefiand shieldlike structures. The
borderlands maked with the black dashed line.
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An interpretation could be that lava in this zone got drained in two stagésvesndistwo
compass directions. In the first stage lava was dramedrdsthe southeasécrossa ~200 m
wide areamarked with a dashed black line in figure T@is area could be located at the
borderland between theo overlapping shieldike structureswhich were described by
Skelton et al(2016).A potential easterly overflow or breakout from thestern shieldike
structure ito the eastern shielike structure could have occurred hdrethe second stage
lavawas drained along a basakakoutalong thewesternava channeffigure 16) The
interpretaton abouthe first stage emerged from studying the stires at waypoint 110
(figure 9 where sriations at two leved are separated by a lava shé&His indicates that the
solidified crust of the lava surfaseibsided about two meters andntpaused, before it
subsided again. The uppermost striations at waypoint 110, together with striaiexsrat
other waypoints, aramong the 12thighest situated stri@ns inzone 3 In figure 16the
arrows at these waypoints have black encirclemditiisse are all situated above 38&.s.l.
The striationsat waypoint 83, depicted by tleacircled red arrophave a shallow dip of 6°
and can potentially recdithe flow of lava in the oppitte direction of the dip direction. The
shallow easvardsdippingstriations at waypoint 85 suppahis interpretation. However,
some of the eight striations above 30%.s.l.are not dipping towards the borderland. This
can potentially be explained with their steep dip angles. Striations with steep dipargles
not as good indicators dfainage directionf lavacompared to striations with shallow dip
anglesThere are multipléava shelves situated on lava structures in this zone at different
levels which indicateshat drainage of Dimmuborgir in zong@k place imat least two
stagesLava could also have drained into tunnels beneath the gimwardunknown drainage
direction.

4.2 Radial drainageelativeto shield morphology

The patternsof the arrowsvhich were described in figusd 4,15 and 16ndicate that
Dimmuborgirvolcanic structurevas drained radiallyThe inferred drainage directions are
towardsthe west,the northeast anthe southeastBamlett and Potter (1986) proposed that
Dimmuborgir was drained westwards alantava channel. Skelton et £016)proposed that
Dimmuborgir was drained sowtlards and westwards along lava channBfe interpretation

of radial drainage in this study builds upon, rather than directly contradicts these previous
models of drainagdl.he difference is that the patterns of the striatessindicate drainage
towardsthe northeast anthe southeastOne could argue that important evidemcenissing
aboutthese additional directienof drainage, such as drainage chanrétsvever, whastarts

as a stable basal breakout in rootless shields could eventually become overwhelming and lead
to a largescale collapse of the current flank and unseat big portions of it (Patrick and Orr,
2012) This is potentially what happenedradrtheasterandsoutheastern Dimmuborgir. The
channeledvesterly drainage wasobablyless violent than the drainage in other directions.
This could explain the landscape of zonen®ich hasnore solidified lava structures
compared to the other zones.

To understand how Bamuborgir was drained radially,is importantto interpret theshield
morphology of Dimmuborgiand relate it to the patterns of the striations. If Dimmuborgir is
viewed as one 2 km by 2 km rootless shield, the radial drainage oflttamieostructure

could be hard to explaifue to gravity it is more likely that one rootless shield is drained in
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one direction, rather than multiple, especially if it is along a basal bredkusts because

the internal pressure of lava in a Hegsshield is higher, the lower tH@eakoutccurs

(Patrick and Orr, 2012T.hemodel of Bamlett and Potter (1986), that the entire Dimmuborgir
structure was drained through the westwatthnnel, seems unlikely based on the patterns of

the striations andhield morphology The model of Skelton et aR@16)that Dimmuborgir

may be comprised of two overlapping shiéla structures, which were drained in different
directions, is more likely based on the striations andghield morphologyThevisualized

paterns of the striations ithe three zonesdicate thatDimmuborgir was drained ithree

directions. Assuming Dimmuborgir consists of two overlapping shiétd structures implies

thateasten structure was drained in two directiof@nepotentialexplanation for this could

be that Dimmubmgir is comprised of two soalled elongated composite shields. This kind of

rootless shield is formed during combined effusion, when the shield is filled at its inner base,
simultaneously as it is drained in a dklsreakout of its flank, tere a new shield forms
(Patrick and Orr, 2012f Root |l ess shield 46 in the TEB was
composite shield (Patrick and Orr, 2012. Adiffarems i s t hat dsrimatedbre ss s h
the flank ofK § | a vleamo, HAwai, whereas Dimmuborgir is situatédtter ground

Assuming that Dimmuborgir is comprised of two or more sHiglel structures, radial

drainage is not as unlikely as it would be in the TEB, based andihe horizontal land area

at Dimmuborg . In the TEB a series of rootkeshields were drained the same direction

(Patrick and Orr, 2012).

Skelon et al.(2016)described two shieldke structures at Dimmuborgir with diameters ef 1
1.5 km which had relatively large storage capacity of lasenpared to the rootless shield in

the TEB. The series of rootless shieldshe TEB wasbetween 40700 min diameterand

hada maximum height of 280, before they collapsed (Patrick and Orr, 2012). Because the
land-slope was steeper at TEB it seemsoeable to assume that rootless shields at
Dimmuborgir could st more lava before a collapse. It would be interesting to find a method
to calculatepotentialthresholdvaluesfor rootless shield collapses.
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4.3 Error sources

During the field workand after the field work the waypoints of six striations were removed,
based on the interpretation that these are not striations, which show the direction of the flow
of lava. The author could potentially have misinterpreted striations for some otlogurstiru
feature or missed striations which are left unmeasured.

The dip angles of curved striations were measured with respect tesheiatednean dip

angle. Thisestimations a potential source of error. Some of the striations were situated on
lavawalls which were not perfectly planar, which made it harder to measure dip direction.
The dip direction of these striationy&r e measured based on the au
which again is a potential source of error.

Gregg and Christle (2018scribedca method which indicateee movement direction dava

flow, based on the surface texture on striations. The study of Gregg and Christle (2013) was
about drainage of lava in an environment of wddea interaction. Thisnethodwas not used

in the fieldwork at Dimmuborgir and could potentially have been useful, espeoiall

shallow dipping striationthought to indicate thiava flow opposite to thdip direction. On

the contrary, this method could potentially be used for distinguishing striationsdfamme
waterlava interaction from striations formed iman-aquaticenvironment.

The GPSeceiveris a potential source of error. This was considered during the field Work.
reduce this source of error, the coordinates were taken at a short digtaradly,a few

meters away from lava structures, depending on the size of jgwt.olso the GP$eceiver

was held up sthigh as possible and for a long time in order to get connection with as many
satellites as possible. The assumption that the lavafiomwthe same way a short distance
from the measured striations is@a potential source of error. No correctiavereapplied

for thisassumption.

The heights of the striations relative to their waypoimgse neasured with one measurement
atthe highstvisible point of the striations. Somerticalstriations are long and cover an
elevation interval of over 1 meter. One measurement at the bottom and another on the top of
the striations could potentially have given more useful data.

The last ten strisdns measured during the field work were not pgatphed, since the
battery of thesmartphone ran out. From a positive point of view, these striations were
measured during the last day of the field work, when the authdhbatbst experiencen
identifying and measuring striations.
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5. Concl usi ons

Baseduponthefield studyand theDTM thefollowing is concluded

1 TheDimmuborgirvolcanic structurevas drained radiallyThe drainage directions
which areinferredin this study aréowards the westhe northeastaandthe southeast

1 TheDimmuborgir volcanic structure was drainedmultiple stages.

The dainagetowards the westas channeled

1 The dainagetowards the northeastasradially inwards towards the centre of the
collapsed areas at the northern and northeastern idmwhuborgir.

1 The dainagetowards the southeast was radially inwards towards the centre of the
collapsed areas abutheastern Dimmuborgir

=

For future rese&h | would like to recommend researching hiava shelves are connected
with the drainage of Dimmuborgir. Information about their location and elevation could give
moreinformationaboutthe drainage of Dimmuborgir.
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Appendix A Pictures of striations at waypointslBO
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Figur 1. Pictures of striations at waypoints 1 to 8. The pictures are sorted with respect to the waypoints in
ascending numerical ordérom left to right.The uppermost two pictures are from waypoints 1 and 2. Next row
have pictures from waypoints 3 and 4 and so forward. Scale bar or camera lens cap for scale.




Figure 2. Pictures of striations at waypoints 91t6. Canera
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Figure 4. Pictures oftriations at waypoints 25 to 3¢amera lensapfor scale.




Figure 5. Pictures oftriations at waypoints 33 to 4CGamera lens cdpr scale.
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