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Abstract — In several eruptions of the Krafla volcanic system during the magmatic rifting episode of 1975-
1984 it was observed that lava flowed from the surface into preexisting, open fissures of the Krafla fissure
swarm. In one instance, during 18 hours of the eruption in July 1980, almost all the erupted lava disappeared
into one fissure at a distance of 2 km from the eruptive one. The receiving fissure consequently widened and
propagated northwards along the rift. Apparently, dikes were formed that were fed from the surface and propa-
gated horizontally and downwards. In some instances the lava from these dikes reappeared at the surface and
was erupted for the second time. The down-flowing lava was not always fully degassed and continued releasing
gas as it was filling the receiving fissure. In such cases spattering was observed from the down-flowing lava. In
other instances lava accumulated in low spots above fissures that subsequently widened and drained the accu-
mulated lava from below, leaving a “bathtub ring” of solid crust around it. Since these observations at Krafla,
several similar cases have been identified in other parts of the rift zones of Iceland, including both the Northern
Volcanic Zone and the Reykjanes Peninsula Oblique Rift. Based on petrological data, it is inferred that two
prehistoric lavas erupted near the Krafla caldera may have flowed along fissures of the Krafla fissure swarm
and erupted for the second time in the Kelduhverfi district, 30 km down—rift. Furthermore, such processes have
occurred during the currently ongoing activity on the Reykjanes Peninsula. They may significantly affect the
predicted flow paths in lava flow simulations and the design of preventive measures such as lava flow barriers.
Although this process has only been documented in Iceland and Hawaii, it is likely to occur in other subaerial
magmatic rift zones worldwide.

Key words: Dikes fed from the surface, secondary rifting, secondary eruptions, rift zone eruptions

INTRODUCTION

Dikes are generally defined as fractures injected with
material of different origin than the host rock. The
dike fill may be of sedimentary or magmatic origin.
Sedimentary (or clastic) dikes may be fed from the
original surface layer (e.g., van der Meer et al., 2008),
but it has conventionally been assumed that mag-
matic dikes are fed from a magma source at depth, ei-
ther by upward or lateral propagation from the source
(e.g., Sigmundsson et al., 2015, 2018; Einarsson and
Brandsdottir, 1980; Rubin and Pollard, 1988). Down-
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ward propagation has not been considered an impor-
tant process in the formation of magmatic dikes. The
direct observation of the lava flow of the Krafla erup-
tion of July 1980 in Iceland disappearing into an open
fissure within the rift zone (Figure 1) came as a shock,
even though such an occurrence should have been
an obvious and anticipated event. The receiving fis-
sure was subsequently widened and large-scale rift-
ing propagated along the rift as more lava entered the
fissure. Similar events were observed during follow-
ing eruptions of the Krafla Fires 1975-1984 (Einars-
son, 1991a,b), in particular the eruptions of January-
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Figure 1: Left. A location map of Iceland, showing the plate boundaries and the main volcanic systems. The outlines of
central volcanic complexes are shown in red. The Krafla central volcano is marked with K, the Hengill Triple Junction
with HTJ, the Reykjanes Peninsula Oblique Rift with RPOR. NVZ is the Northern Volcanic Zone, SISZ is the South
Iceland Seismic Zone, the transform connecting the Eastern Volcanic Zone (EVZ) to the RPOR. Hr is the Hreppar
Microplate. TFZ is the Tjornes Fracture Zone, the transform connecting the NVZ to the Kolbeinsey Ridge offshore. The
red rectangle shows the area of the map in Figure 2. The tilt of the text line for the spreading rate indicates the spreading
direction. Right: Aerial photograph taken during the first few hours of the lava eruption in the Krafla fissure swarm on
July 10, 1980. The erupting fissure system is seen in the left, upper corner of the photograph. The lava flows along the
Krafla fissure swarm for about 2 km and then disappears into a fissure at one of the boundary faults of the graben structure.
Photo: Axel Bjornsson. (From Einarsson 1991b). — T.v. Kort af Islandi sem synir stadsetningu peirra stada sem vid ségu
koma. Synd eru flekaskil og eldstédvarkerfi. Utlinur megineldstodva eru raudar. Megineldstéd Kriflu er merkt med K,
Hengilspriskilin med HTJ, skdreksbeltio d Reykjanesskaga med RPOR. NVZ er Nordurgosbeltid, SISZ skjdlftabelti
Sudurlands, EVZ Austurgosbeltid, Hr Hreppaflekinn, T¥Z Tjornesbrotabeltio sem tengir Nordurgosbeltio vio flekaskilin
d Kolbeinseyjarhrygg. Raudi ramminn synir sveedio sem jardfreedikortio d 2. mynd neer yfir. Hallinn d textanum sem gefur
rekhradann synir rekstefnu meginflekanna. T.h. Mynd tekin iir flugvél skommu eftir ad hraungos hdfst vid Ethéla i Gjdstykki
10. juli 1980. Frd gossprungunum i efra vinstra horni myndarinnar rennur hraunid um pad bil tvo kilometra nordur eftir
sprungusveimnum og hverfur nidur { misgengissprungu i breidum fossi d mots vio Hriitafjoll. Myndina tok Axel Bjornsson.

February 1981 and September 1984. The importance
of subsurface lava flow fed from the surface has since
then been recognized in geological mapping of the
rift zones of Northern Iceland (Semundsson et al.,
2012) and SW-Iceland (Semundsson et al., 2010),
and study of the tectonics of the Hengill Triple Junc-
tion (Steigerwald et al., 2018). Other cases of similar
observations were summarized by Orr et al. (2024),
all of them from Kilauea volcano in Hawaii. It is,
however, likely that processes associated with surface
fed lava flows in fissures play an important role in
the structure of volcanically active rift zones in other
parts of the world. In Icelandic the word “gjavella”
has been coined for this phenomenon (Semundsson
etal.,2012).
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In this paper we attempt to give an overview of
known cases of lava flowing into fissures in Iceland.
Most of these cases have so far not been properly
documented in the scientific literature. The stimu-
lation for this documentation comes from the series
of volcano-tectonic events that has been ongoing at
the plate boundary in SW-Iceland since 2019. The
events include earthquake swarms, inflation events,
dike injections and, so far, twelve eruptions of basaltic
lava (e.g., Sigmundsson et al., 2022, 2024; Pedersen
et al., 2022; Hjartardéttir et al., 2023; Parks et al.,
2023, 2025; Halldorsson et al., 2022; Matthews et al.,
2024). Several intense lava flow events have taken
place within heavily fissured areas and accurate fore-
casts of lava flow paths are of primary importance in
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this relatively densely populated area of Iceland. Flow
of lava along surface fissures has to be taken into ac-
count when preventive measures and barriers are de-
signed.

THE KRAFLA RIFTING EPISODE

Several of the cases we document here of lava flowing
into fissures are from the Krafla fissure swarm, and the
series of eruptions there during the rifting episode of
1975-1984 (Bjornsson et al., 1977; Einarsson, 1991b;
Semundsson, 1991; Buck et al., 2006; Hjartardéttir
et al., 2012; Einarsson and Brandsdottir, 2021). The
Krafla volcanic system, consisting of the Krafla cen-
tral volcano and its associated fissure swarms, is lo-
cated at the divergent plate boundary between North-
America and and Eurasia Plates (Figures 1 and 2).
The fissure swarms of the divergent plate boundaries
generally have the structure of a broad graben, 5-
10 km wide. Open fissures are common within the
grabens, but also along the trace of the boundary
faults. This can be understood from fracture mechan-
ics, as the dip angle of normal faults increases towards
the surface, from 60—70° at depth to 90°at the surface.
This leads to a component of opening at the surface.
The Krafla section of the plate boundary became
active in 1974-1975 with increased seismic activity of
the Krafla central volcano, followed by a dike intru-
sion propagating laterally along the fissure swarm for
over 80 km. A small eruption on December 20, 1975,
in the center of the caldera abruptly stopped when
the dike propagated out of the caldera. The caldera
subsequently deflated by 2 m, a process that lasted
about three months. This initial phase of the activity
was followed by 9 years of inflation of the caldera,
punctuated by deflation events of various sizes, when
magmatic dikes were injected laterally into the fissure
swarms to the north and south of the caldera. Exten-
sive rifting was observed on the fissure swarm during
these events. A maximum of 8-9 m of extension were
estimated for the central part of the fissure swarm, di-
minishing towards the ends (Tryggvason, 1984). A
total of about 20 deflation events were identified, nine
of which were accompanied by eruptions. The first
four eruptions were small and short-lived, but an erup-
tion in July 1980 marked a new chapter in the course
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of events. Most of the mobilized magma reached the
surface about 5 km north of the caldera. Subsequent
eruptions were also quite intense with lava issuing
from 2-9 km long fissures extending from the cen-
ter of the caldera into the northern fissure swarm. The
lavas from these eruptions flowed across heavily fis-
sured terrain and inevitably flowed into the fissures
on many occasions (Einarsson, 1991b).

The eruption of July 10-18, 1980

The eruption was preceded by four months of rel-
atively rapid inflation of the caldera. The inflation
turned into slow deflation at 8 h on July 10 and an
hour later spasmodic tremor set in, a rapid succes-
sion of small earthquakes that propagated out of the
caldera into the northern fissure swarm (Einarsson,
1991b). The seismic activity increased with time and
around noon several low-frequency events indicated
opening of surface fractures. An eruption began at
12:53 on a four-km long, en-echelon system of erup-
tive fissures within the northern fissure swarm. The
lava flowed northwards along the graben in the center
of the fissure swarm in broad lava river (Figure 1) for
about 2 km, but then it disappeared into a wide fis-
sure in a 170 m wide lava fall. This went on for about
18 hours, i.e. almost all the erupted material during
that time was returned back to the crust. The eruption
slowly waned, the eruptive fissure segments became
inactive one after another until the eruption faded out
on July 18.

When visited on July 14, there was still some flow
of lava into the fissure and there were indications that
the lava had flowed along the fissure (Figure 3). By
that time a substantial lava flow field had also accu-
mulated on the graben floor.

On a visit to the northern lava front on July 16, it
was verified that the receiving fissure had widened by
at least two meters where it continued beyond the lava
front (Figure 4 left). The fissure was steaming for sev-
eral hundred meters indicating interaction of the melt
with the ground water (Figure 4 right).

The eruption of January 30 — February 4, 1981

Following the inflation periods after an eruption in
October 1980 and a small dike injection in Decem-
ber 1980, deflation of the caldera set in on January
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Figure 2. Left: The Krafla volcanic system on the plate boundary in Northern Iceland. The geological formations are from
the map of Semundsson et al. (2012), the fractures and faults from Hjartardéttir ez al. (2012, 2016). The remnants of the
Krafla caldera fault are shown, as well as the 1975-1984 lavas, also the Skinnstakkahraun and Hraungardahraun secondary
eruption products (S and Hr), Prengslaborgir crater row (P), and Seljahjallagil (Shg). Right: A map of the Krafla Cen-
tral Volcano showing the caldera faults and the lavas of the Krofluhdls (Krh, blue) and Hverfjall (Hv) Fires (yellow), as
well as the rifting episode of 1975-1984 (orange). Also shown are Ethélar &), Hratafjoll (Hf), Hituhdlar (Hi), Hverfjall
(Hv) and the younger Laxar lava (YL). — T'v. Kort af eldstodvarkerfi Kroflu. JarOmyndanir eru samkvemt jardfredikorti
Kristjdns Semundssonar o. fl. (2012), sprungur og misgengi samkveemt kortlagningu Astu Rutar Hjartardéttur o. fl. (2012,
2016). Einnig eru synd dskjumisgengi Kroflueldstoovarinnar, hraun frd umbrotahrinunni 1975-1984, Skinnstakkahraun og
Hraungardahraun i Kelduhverfi (S og Hr), gigarod Prengslaborga (P) og Seljahjallagil (Shg). T.h. Kort af megineldstioo
Kroflu. Synd eru dskjumisgengin og hraun frd Krofluhdls- (Krh), Hverfjalls- (Hv) og Kroflueldum 1975-1984 (bld, gul,
appelsinugul). Einnig eru merktir Ethélar (E), Hritafjoll (Hf), Hituholar (Hi) og Laxdrhraun yngra (YL).

30, 1981 at 7 h. Spasmodic tremor began about half
an hour later. The seismicity pointed to a dike injec-
tion into the northern fissure swarm, but propagating
slowly (Einarsson, 1991b). The first low-frequency
earthquake was detected at 13:13. An eruption broke
out at 14:10 at Ethélar in the northern fissure swarm
(Figure 2), on a 2 km long fissure, seven hours after
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the beginning of the deflation was detected. The lava
flowed mainly to the north, into the lowest part of the
fissure swarm, where it accumulated. Widespread evi-
dence of lava flowing into fissures can be found in this
area, also for widening of these fissures consequently
(Figure 5). Examples can also be found in this area
for re-eruption of the lava, i.e. lava oozing out of a
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Figure 3. Lava was still trickling into the fissure (left) and flowing along it (right) at the margin of the lava flow on July 14,
1980. Photos:/Myndir PE. — T.v. Hraun rann enn nidur i sprunguna vid hraunrondina og eftir henni (t.h.) 14. juli, 1980.

Figure 4. Left: Large-scale widening of the receiving fissure and collapse of the fissure walls at the northern front of the lava,
observed on July 16. View towards the north. Right: Steaming fissure on July 16 at the northern front of the lava. Fresh lava
flow in the background and faint outline of the remaining erupting crater on the horizon to the left, seen through the eruption
haze. View towards the south. Photos: PE. — T.v. Miklar sprunguhreyfingar urdu vio nordurjadar hraunsins frd gosinu i juli
1980. Sprungan sem tok vid hrauninu i byrjun gossins vikkadi og vir gjdrveggjunum hrundi. Myndin er tekin 16. juli og er
horft til nordurs. T.h. Mikil gufa steig upp frd sprungunni d kilémeters-léngum kafla vid nordurjadar hraunsins, 16. juli. [
fjarska md greina svart, nytt hraun og gosstrokinn frd gignum sem lengst gaus. Myndin er tekin i sudurdtt. Myndir PE.
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Figure 5. Left: Flow of lava into a fissure near Hituhdlar (Figure 2) at the western edge of the new lava field erupted in
January-February 1981. Right: Fresh, degassed lava was extruded out of a fissure in several places at the west edge of
the new lava field in January-February 1981 near Hituhdlar. Recent movements are obvious along the fissure. Photos by
PE taken in 2010. — T.v. Hraun rann { sprungu vid Hituhdla (sjd 2. mynd) vio vesturjadar hraunbreidunnar sem varo til {
gosinu T jantiar-febriar 1981. T.h. Ferskt, afgasad hraun kom upp tir sprungum d nokkrum stéoum vestan vid hraunfldkann

iir gosinu { janvar-febriiar 1981. Sprungurnar bera merki um nylegar hreyfingar. Myndirnar ték PE 2010.

fissure that has received lava in a different location.
This lava appears to have been degassed and no erup-
tive craters or cones were formed. There were also in-
dications that fissures covered by the main flow field
were receiving lava, but this was difficult to verify for
obvious reasons.

The eruption of September, 1984

The last eruption of the Krafla episode began on
September 4, 1984, after a long period of intermittent
inflation of the magma chamber within the caldera,
following the previous eruption of November 1981.
Precursory signals were first detected at 20:25 h when
tiltmeters showed the beginning of slow deflation in
the caldera. The speed increased and 15 minutes later
the seismographs showed spasmodic tremor and small
earthquakes (Einarsson, 2018) with increasing mag-
nitude. A prominent low-frequency earthquake was
recorded at 23:40 h, and 9 minutes later the sky was
lit up by an eruption. Within an hour an 8.5 km long
fissure was erupting, extending from the center of the
caldera into the northern fissure swarm. The lava flow
rate was very high for several hours, with continuous
glowing lava field surrounding the whole erupting fis-
sure. The fissure became discontinuous on the second
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day as individual segments became inactive. On the
third day all eruptive activity within the caldera had
stopped. On September 7 eruptive activity was lim-
ited to two craters, steaming crater at the caldera rim
and a crater at the northern end of the fissure erupt-
ing lava. Then a remarkable and unusual change oc-
curred. Instead of tapering out as previous eruptions
had done, the eruption began increasing, as seen in
both the fountain height and the intensity of the erup-
tion tremor recorded on local seismographs. The lava
flowed mainly to the north, along the fissure swarm.
The eruption came to a rather sudden end on Septem-
ber 18.

The eruption offered several opportunities to ob-
serve lava flow into fissures. The most dramatic cases
were observed during the eruption at the eastern edge
of the lava flow, south of Hriitafjoll hyaloclastite ridge
(Figure 2). The lava during the first night of the erup-
tion was flowing along the scarp of one of the bound-
ary faults of the graben. The fissure along the trace
of the fault was filled with lava, then it widened and
subsequently received considerable volume of lava,
as witnessed by a lava channel leading into the fissure
(Figure 6). The down-flowing lava apparently was not
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totally degassed as it descended into the fissure, be-
cause the flow was associated with spattering. Spatter
and minor amounts of scoria were deposited on the
banks of the fissure. This process may also have been
affected by the presence of ground water. A patch
of degassed lava was extruded out of a splay fissure
about 400 m from the main one (Figure 7).

Kerlingarholl

Two patches of prehistoric lava are found in the
Kelduhverfi area on top of the large, ~10 ka old
Stéraviti lava flow (Hr and S in Figure 2). An ash-
layer from the Hverfjall eruption south of Krafla (Fig-
ure 2) is found immediately beneath one of them,
Skinnstakkahraun, ssh in the map of S@mundsson
et al. (2012), which indicates age between 2600 and
3000 a (Semundsson, 1991 p.71 and 74). The area
of the lava field is about 13 km?. The unusual look-

ing source of the lava is described by Elfasson (1979),
Opheim and Gudmundsson (1989), and Semundsson
(1991). The lava originates in a row of low hills, Kerl-
ingarh6ll, without spatter or cinder cones. A mod-
est depression, sometimes with a system of lava caves
is found at the summit of the hills (Figure 8). Very

Flow of lava into fissures in the rift zones of Iceland

limited evidence is found of degassing during the ex-
trusion of the lava. Based on the contemporaneous
eruptive activity at Hverfjall and Ethélar, Seemunds-
son (1991) suggested that the Skinnstakkahraun lava
was fed by flow of lava in the fissures of the Krafla
fissure swarm from an eruption site at Etholar, about
5 km north of the caldera rim, during the Hverfjall
fires. The elevation difference between the extrusion
sites at Kerlingarholl and the primary eruption site at
Ethélar is about 200 m and the horizontal distance is
10-15 km.

Another flow with similar features emerges
from beneath the Skinnstakkahraun field, Hraun-
gardahraun, hgh in the map of Semundsson et al.
(2012). It is suggested that this flow also origi-
nated in eruptive activity within the Krafla central
volcano 8000-11 000 years ago (Semundsson et al.,
2012). The distance between the primary and sec-
ondary eruption sites is of the order of 30 km.

To further test these ideas, we analysed whole
rock composition of these two lavas in Kelduhverfi
following the methodology described in Rooyakkers
et al. (2024). Samples were collected from both lava
units in Kelduhverfi.

Figure 6. Left: Lava flowed into the open fissure at the boundary fault of the Krafla fissure swarm south of Hrutafjoll

(Figure 2) on September 4, 1984. Right: The lava left a mark on the fissure walls before the fissure widened and the level
sank. Photos taken by PE in 2010. — T.v. Hraun fleddi nidur i sprungur vio eystra jadarmisgengi Kroflusprungusveimsins
skammt sunnan Hritafjalla 4. september 1984. T.h. Hraunio sem fleeddi niour i sprunguna sunnan Hritafjalla skildi eftir

sig storknada skdn efst i sprungunni dour en sprungan gleikkadi og yfirbord hraunsins seig i henni. Myndir PE 2010.
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Figure 7. Some of the secondary lava flows at the edge of the main lava field were quite extensive, see person in the
background. This patch of lava was extruded east of the main lava field near Hritafjoll during the 1984 eruption.
Photo: PE 2010. — Sumar gjdavellurnar vio Hritafjoll frd gosinu 1984 eru nokkud umfangsmiklar. Mynd PE 2010.

Figure 8. Left: The Kerlingarhdll hills, the sources of the secondary lava flow, Skinnstakkahraun, in Kelduhverfi, (S in
Figure 2). Right: The summit areas of the Skinnstakkahraun lava sources have a series of caves and tunnels but no spatter
or other evidence of degassing. — T'v. Kerlingarhdll sunnan Kelduhverfis, upptakastadur Skinnstakkahrauns (S d 2. mynd),
sem liklega er gjdvella fra Kroflu. T.h. Upptakastadur gjdvellunnar Skinnstakkahrauns einkennist af hellakerfi. Ekki sést
par hraungjall eda adrar visbendingar um afgdsun.

The whole rock data (Table 1) reveal a clear com-
positional difference between the two lavas (Figure
9). The Kerlingarhdll / Skinnstakkahraun is simi-
lar to the relatively homogeneous and evolved lavas
(MgO< 7wt.%) that have characterised almost all late
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postglacial (i.e., <7 ka) Krafla eruptions (Nicholson,
1990; Rooyakkers et al., 2024). Notably, the Kerl-
ingarho6ll / Skinnstakkahraun is compositionally iden-
tical to other lavas that erupted during the Hverfjall
Fires, supporting a link between the two. In con-
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Figure 9. A plot of MgO and TiO2 contents of Skinn-
stakkahraun (NAL-841) and Hraungardahraun (NAL-
840) along with comparative data from both the Hverfjall
Fires and a series of early-post glacial flows from the
Ludent period that erupted near, but outside the Krafla
caldera (Krh in Figure 2b), (Nicholson, 1990), see
Figure 2. - Graf sem synir MgO og TiO2 styrk syna iir
Skinnstakkahrauni og Hraungardahrauni dsamt gognum
frd Hverfjallseldum og hraunum frd fyrri hluta Nitima
sem eiga upptok ndlegt, en utan Krofludskjunnar, gjarn-
an kennd vid Krofluhdls (sjd 2. mynd).

Table 1. Whole rock major element concentrations. Total sum before normalization is in the last column; other data is dis-
played as wt.% normalized to 100%. n=x refers to separate portions of powders that are processed.black — Styrkur adalefna
i bergsynum. Summa heildar er gefin i aftasta ddlk en onnur gogn gefin sem pyngdarprosenta af 100%. n=x er fjoldi tvitaka

sama synis sem efnagreind voru.

Sample Si02  Al,O3  FeO MnO MgO CaO Na,O KO TiO2 P20s Sum
wt. % wWt.% wt.% wt.% wt% wt% wt.% wt.% wt% wt% %

NAL 840 (n=2) 49.21 15.91 9.09 0.16 10.09 13.22 1.63  0.056 0.61 0.042  99.92

NAL 841 (n=2) 49.76 13.82 14.14 023 6.70 10.57 237 0313 1.89  0.189  100.05

trast, Hraungardahraun is among the most primitive
lavas ever associated with Krafla. It is compositionally
similar, but slightly more primitive (higher MgO and
lower TiO,), to the early-post glacial flows from the
Lident period that erupted outside the Krafla caldera,
sometimes called the Krofluhdls lavas (Krh in Figure
2b). In summary, the whole rock composition of these
two lavas in Kelduhverfi supports earlier ideas of their
origin.

OTHER CASES OF LAVA FLOWS INTO
FISSURES IN ICELAND

Seljahjallagil

A rather dramatic example of lava flowing into a frac-
ture is found in the large Younger Lax4d Lava, a flow
of 220 km? in area and estimated volume of 2-3 km?.
This lava forms the surface in most of the Myvatn
area, south of Krafla volcano (Figure 2). It flowed
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down the Adaldalur valley to the shore in Skjalfandi
bay about 2000 years ago (Pérarinsson, 1966). This
lava issued from the Prengslaborgir eruptive fissure
system (P in Figure 2). The southernmost crater of
the Prengslaborgir crater row is located in Seljahjalla-
gil gorge (Shg in Figure 2). There the crater cone
sits on top of a much older lava flow from the Ketil-
dyngja lava shield, the Older Lax4 Lava, that flowed
down the gorge. The size of the cone suggests that
the crater was active for considerable time, possibly
several days, and yet the lava flow issued from it is
insignificant. A well formed, about 200 m long lava
channel connects the crater with a sink down the gully
(Figures 10 and 11). The sink is located on a fault that
cuts across the gully and is a part of the fissure system
of Prengslaborgir. Apparently, this sink received most
of the lava issued from this southernmost crater of the
brengslaborgir crater row. The sink has a diameter of
about 30 m and almost circular, vertical walls.
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Figure 10. Aerial infrared photograph of the
Seljahjallagil gorge (Shg in Figure 2), show-
ing the southernmost crater of the Prengsla-
borgir crater row (P in Figure 2), the source of
the Younger Laxd lava. The lava flow chan-
nel from the crater to the sink, SW of the
crater is clearly visible. — Innraud loftmynd af
Seljahjallagili (Shg d 2. mynd) og sydsta gig-
opi Prengslaborga (P d 2. mynd), gossprung-
unnar sem myndadi Laxdrhraunid yngra fyrir
um 2000 drum. Hrauntrdod er greinileg frd
gignum til sudvesturs en hiin hverfur vid svelg
um 200 m frd gignum. Par hefur hraunio runnio
nidur i sprungu.

Figure 11. The lava sink in Seljahjallagil. The
lava flowed a short distance from a crater just
outside the frame of the picture and into the pit
crater located on a N-S fault cutting the gully. —
Hraunsvelgurinn i Seljahjallagili. Hraunio frd
sydsta gig Prengslaborga rann um hrauntréd
og nidur i svelginn sem liggur d N-S sprungu
sem sker gilio.
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Ongoing series of volcano-tectonic events on the
Reykjanes Peninsula Oblique Rift

The volcano-tectonic episode on the Reykjanes Penin-
sula plate boundary that began in 2019 has, at the
time of writing, included twelve basaltic lava erup-
tions (Parks et al., 2025; Matthews et al., 2024). Nine
of these eruptions occurred within the Svartsengi vol-
canic system, that also contains a swarm of rift struc-
tures with open fissures. All these eruptions have been
fissure eruptions with a vigorous beginning phase last-
ing 1-2 days. Five of the eruptions then went into a
low-output phase with few active craters that lingered
on for 2—7 weeks. At least two cases have been found
where lava is suspected to have entered open fissures
with serious consequences:

1. An eruption began on January 14 at 07:57, 2024
on the Sundhnikur eruptive fissure, two km NE of
the town of Grindavik. The eruptive fissure attained
a length of one kilometer in a few tens of minutes and
then reached a stable configuration. Around noon lava
began oozing out of a fissure just a few tens of meters
outside the town, less than a km from the southern
tip of the eruptive fissure. The small and microcrys-
talline lava flow destroyed three houses in Grindavik
(Matthews et al., 2024). It is still debated whether this
small patch of lava originated from the lava flow far-
ther up-rift or directly from the underlying dike.

2. The eruption that began on May 29 at 12:46, 2024
on the Sundhnudkur fissure, about 5 km NE of Grinda-
vik, reached a maximum length of 3.5 km in about
two hours. As the eruptive activity began to wane at
the southern tip of the fissure, it was observed that
lava flowing along the fissure began to flow into the
southernmost section of the fissure. This went on for
a few minutes, but then a column of brown ash was
observed to emanate from this part. Apparently, the
down-flowing lava hit the groundwater, producing an
explosive phase. The explosive activity continued for
a few tens of minutes.

In both cases described above the receiving fissure is
a direct continuation of the eruptive fissure.

Hengill

Steigerwald et al., (2020) report an interesting case of
apparent secondary rifting associated with a drained
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pond of lava in the ~2000 years old Nesjahraun lava
in the Hengill fissure swarm near the Hengill Triple
Junction, SW-Iceland (Figure 1). The pond occupied a
topographic depression and is surrounded by a ,,bath-
tub ring®™ of solid lava. Flow structures in the lava
indicate that the draining took place below the sur-
face through a fault. No surface outflow is visible.
A smooth lava was issued from the same fault, down-
slope from the pond, apparently followed by signifi-
cant slip on it.

Stori Hamradalur

A potential case for underground drainage of a lava
pond through a fissure is described on the geologi-
cal map of SW-Iceland by Semundsson et al. (2010).
The site is within the Krisuvik fissure swarm on the
Reykjanes Peninsula Oblique Rift (Figure 1), within
the plate boundary section that has been activated
since 2019 (e.g., Geirsson et al., 2021). A part of a
graben structure, Stéri Hamradalur, bounded on the
east side by a normal fault and on the western side by a
mountain slope, was partially filled by lava during the
latest eruptive activity of the Krisuvik volcanic system
in the twelfth century, as demonstrated by a thin lava
veneer on the mountain slope marking the level of the
lava about 17 m above the present valley floor. The
draining of the lava pond must have taken place be-
low the visible surface, most likely by the opening of
the normal fault bounding the east side of the graben.
Whether the lava re-emerged somewhere down-rift re-
mains unknown.

DISCUSSION

The flow of lava into open surface fractures appears
to be a common occurrence in Icelandic rift zones.
This is not surprising. Open fissures are one of the
characteristics of active rift zones, and so are erup-
tions of lava. Furthermore, the consequence of the
process should be equally foreseeable. An open frac-
ture, tens or hundreds of meters deep, with stress-free
walls is likely to widen and propagate, both downward
and horizontally, when it is filled with high-density
fluid such as magma. If the fracture is a part of a
densely spaced swarm of fissures the widening may
be taken up by contraction of nearby, parallel fissures.
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It may therefore not always lead to a true widening
across the rift zone (Orr et al., 2024). The experi-
ence from the 1980 July Krafla eruption shows that
the rate of down-flow can be high and persistent. Al-
most all the lava produced in the eruption during the
first 18 hours flowed into an open fissure. The result-
ing dike, fed from above, apparently attained a hori-
zontal length of at least 4 km and interacted with the
groundwater a good part of the distance. The receiv-
ing fissure widened by 1-2 m. Our petrological and
structural study of two prehistoric lavas in the north-
ern part of the Krafla fissure swarm suggests that sur-
face fed dikes may propagate much farther, of the or-
der of 15-30 km.

In principle, the physical processes active during
magma injection from the surface are not significantly
different from a dike injection at depth. The pressure
gradient driving the dike may be generated by the tec-
tonic stress like in the case of the Grindavik dike of
November 2023 (Sigmundsson et al., 2024) or the sur-
face elevation gradient as was demonstrated with the
Bérdarbunga dike of 2014 (Sigmundsson et al., 2015;
Heimisson et al., 2015). In addition to the direct effect
of the injection from above on the stress field driv-
ing the dike there may be secondary triggering effects
on fault slip, such as increasing pore pressure due to
magma or even heated groundwater.

In structural studies of lava successions in Iceland
and elsewhere it has been customary to interpret dikes
as feeder dikes if they can be linked to a horizontal de-
posit, lava or other eruptive products (e.g., Corti et al.,
2025; Sigurgeirsson, 1995). In some cases it may be
the opposite, i.e., that the dike is fed from the lava flow
above it in the succession. Two examples of this are
implied in the study of the Hengill area by S@munds-
son (1967, p. 35 and 41). In structural modeling of
crustal formation at a divergent plate boundary, like
the work of Pdlmason (1986), e.g., the partitioning of
dikes versus lavas in the crust as a function of depth is
a derived outcome. The assumption is that the dikes
are intruded from depth and therefore the frequency
of dikes must increase with depth. These models have
to be modified allowing for the possibility that a frac-
tion of the dikes may be fed laterally from a magma
chamber or even from above, from surface lavas.
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It is necessary to take fissures into account when
simulating lava flows for hazard studies. During lava
eruptions in populated areas it may be realistic to
divert lava flows and protect important infrastruc-
ture such as highways, power and communication
lines, pipelines, harbours and power stations. Erect-
ing diversion barriers may be useful, as demonstrated
during the 1973 Heimaey eruption (Jonsson, 1993;
Williams, 1997) when the harbour was saved by a
combination of barriers and water cooling of the lava
front. The Heimaey eruption occurred in the in-
traplate, flank zone of South Iceland (Seemundsson,
1979; Einarsson, 2008), where open fissures are rare.
The situation is very different in the currently active
oblique rift of the Reykjanes Peninsula where twelve
eruptions have occurred since 2021 in close vicinity of
population centers (Pedersen et al., 2022; Sigmunds-
son et al., 2022, 2024; Parks et al., 2023, 2025), partly
within a densely fractured fissure swarm. An exten-
sive barrier system has been built, mainly to protect
the town of Grindavik, the power station of Svarts-
engi, the geothermal spa of the Blue Lagoon, and re-
lated infrastructure such as power lines and pipelines
(e.g., Sigtryggsdottir et al., 2025). The success of the
operation may be severely compromised if the lava
flows into a fissure upstream of the barrier and out of
the same fissure downstream of the barrier. Further-
more, secondary rifting may occur ahead of the flow-
ing lava (Figure 4), and disrupt the protective barrier.

Re-introduction of flowing lavas into fissure and
possible re-eruption, has important consequences for
using the chemical composition of such erupted mate-
rial for reconstructing magma transport processes. For
example, re-erupted lavas are likely to suffer extensive
loss of volatiles which facilitates rapid growth of mi-
crocrystalline assemblages due to degassing-induced
crystallization (e.g., Applegarth et al., 2013). The
phase relationships of such materials, both ground-
mass glass and microphenocrystal content and com-
positions, strongly controlled by low-pressure (near-
atmospheric) processes, are unlikely to return any
meaningful constraints on crustal magma transport.
Care must be taken when applying melt-based barom-
eters to scoria samples characterized by high micro-
crystalline contents (e.g., Caracciolo et al., 2023).
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SUMMARY OF CONCLUSIONS

* Magmatic dikes may be fed from above.

* A magma-filled fissure may propagate both laterally
and downward, and may induce secondary rifting.

* Lava that has entered a fissure from a lava-flow may
find its way to the surface and erupt for the second
time. Secondary eruptions may occur at distances of
tens of kilometers from the primary eruption. Such
secondary eruption sites are sometimes characterized
by the absence of crater formations, cinder or spatter.
Presence of cinder and spatter is not necessarily proof
of primary eruption, however. Spatter and cinder may
be produced by lava flowing into fissures and interact-
ing with ground water.

* The change of dike density with depth in a lava suc-
cession must be interpreted with caution, taking into
account that some of the dikes may be fed from above
or laterally. A dike physically connected to a lava flow
in a lava succession may not be a feeder dike. It may
in fact be fed from the lava.

* Lava may flow long distances in fissures, irrespec-
tive of surface topography. Fissures must be taken into
account in lava flow simulations and design of preven-
tive barriers.

* The possibility of residence time at the surface must
be considered when the pre-eruptive history of an
erupted lava sample is regenerated and interpreted.
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[ nokkrum af gosunum { Kroflueldum 1975-1984 vard
folk vitni ad pvi ad hraun rann nidur { opnar gjir.
Fyrsti atburdurinn af pessu tagi sem tekid var eftir
vard { gosinu { Gjastykki { jdli 1980. Pa rann hraun-
straumur frd gosstodvunum vid Ethéla um tveggja
kilémetra leid nordur eftir Gjastykki og hvarf par 1
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breidum fossi nidur { eitt af jadarmisgengjum sig-
dalsins vestan Hrutafjalla (1. mynd). Petta st6d 1 18
klukkustundir. Stér hluti hraunsins sem upp kom {
gosinu rann parna nidur { jardskorpuna aftur. Sprung-
an sem tok vid hrauninu glidnadi mikid og nadi glidn-
unin talsvert nordur eftir Gjastykkinu. Parna vard til
berggangur sem fékk efni sitt ofan frd og breiddist tt
badi larétt og nidur 4 vid. Svipud atburdards sast { sid-
ari eldgosum 1 Gjdstykki, sérstaklega 1 jandar-febriar
1981 og september 1984. Pa sast einnig hvar hraun,
sem runnid hafdi nidur i gja kom upp ur henni aft-
ur og gaus pannig { annad sinn. Stungid hefur verid
upp 4 nyyrdinu ,,gjavella® fyrir slik hraun (Semunds-
son og fl. 2010). Stundum nddi hraunid ekki ad losna
vid allt gasid 40ur en pad rann nidur { gjad. Myndadist
pa haugur af gjalli umhverfis stadinn par sem hraun-
i0 streymdi nidur { gjana. Hugsanlega kom grunnvatn
hér einnig vid sogu. Einnig matti sja hvar uppistada
héalfstorknads hrauns temdist pegar gj4, hulin und-
ir hraunbreidunni, glidnadi og temdi fljétandi hluta
hraunsins nedan fra. Eftir pvi sem best er vitad eru
pessar athuganir fra Krofluumbrotunum peer fyrstu
sinnar tegundar { heiminum. Svipadar athuganir hafa
sidan verid gerdar 4 Hawaii, { sambandi vid gos {
Kilauea 2014. Reynslan frd Kroflu hefur verd not-
ud nokkrum sinnum vid tilkun 4 jardlogum { gosbelt-
um Islands. Tvé hraun i Kelduhverfi stinga 1 stdf vid
umhverfi sitt og bera bergfradileg einkenni Kroflu-
eldstodvarinnar. Faerd eru rok fyrir pvi ad hid yngra,
Skinnstakkahraun, sé¢ upprunnid { svokolludum Hver-
fjallseldum fyrir u.p.b. 2600 4rum, hafi runnid nid-
ur { gjar skammt nordan Kroflu og komid upp aft-
ur { Kerlingarhél eftir meira en 15 km ferdalag eftir
sprungusveim Kroflukerfisins. Eldra hraunid, Hraun-
gardahraun, ber einkenni Kroéfluhrauna fra Krofluhdlsi
sem talin eru 8-11 pusund dra gébmul. Fjarlegd milli
gosstodvanna og uppkomustadar Hraungardahrauns
er um 30 km. Borin hafa verid kennsl 4 ad minnsta
kosti prja stadi til vidbdtar par sem hraun hafa runn-
i0 1 sprungur. [ Seljahjallagili 1 Myvatnssveit rann
hraun frq sydsta gig Prengslaborga ofan { nerliggj-
andi sprungu  svelg. A Hellisheidi, austan vid Stéra-
meitil, mé sja hvar hraunuppistada hefur temst vid
rennsli nidur f sprungu. A Reykjanesskaga er ad finna
ummerki um svipada atburdards { Stéra-Hamradal.
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Naudsynlegt er ad hafa hraunrennsli { og eftir sprung-
um { huga pegar honnud eru varnarvirki til ad verja
innvidi gegn hraunrennsli. Visbendingar eru um ad
gosvirkni innan varnargarda vid Grindavik { gosunum
i jandar og mai 2024 sé pannig til komin.
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