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Abstract — The Katla volcano of the Eastern Volcanic Zone (EVZ) is characterised by subglacial explosive
eruptions of Fe-Ti basalts. The Holocene eruption history and magma evolution at Katla volcano is assessed
based on the stratigraphy and major-element composition of tephra layers in a composite soil section east of
the volcano. A total of 208 tephra layers were found, 18 layers are of historical age and 190 are prehistoric,
deposited during the last ~8400 years. Of the 208 layers, 126 were analyzed for major-element composition.
Of those 126 tephra layers, 102 are typical Katla Fe-Ti basalts, another 7 are Fe-Ti basalt layers containing
rare grains of silicic composition, and 2 layers are basaltic icelandites with high Fe-Ti content. Ten silicic
Katla (SILK) tephra layers were also identified in the composite section. An age model for the section was
constructed using soil accumulation rate (SAR) between tephra layers previously dated by the Y*C method.
According to the tephrochronology on the east side of the volcano, the prehistoric eruption frequency is higher
than that of historical time by a factor of 2. In view of the knowledge that prehistoric Katla tephra layers were
also dispersed to the south, west and north of the volcano, the true prehistoric eruption frequency is likely to
be as high as 4 events/100 years. Moreover, if prevailing wind directions have not changed much during the
Holocene, over 300 explosive basalt eruptions are likely to have occurred at the Katla volcano in the last 8400
years. The highest eruption frequency of basalt is observed between 2.5 to 4.5 ka and between 7.0 to 8.5 ka.
Both these periods correspond to main peaks in eruption frequency of the silicic SILK layers. Finally, abrupt
shifts in magma compositions divide the ~8400 years record into eight intervals of 500-1700 year duration,
designated with either a constant composition, irregular or systematic variations of major-element composition
with time.

INTRODUCTION tral volcanoes in Iceland; the Grimsvotn, Bardarbunga

o ) and Katla volcanoes of the Eastern Volcanic Zone
The majority of Holocene and Quaternary tephra in (e.g. Thorarinsson, 1974, 1975; Larsen; 2000, Larsen

North Europe originate in Iceland despite the domi- .. .7 1998: Haflidason et al. 2000). Phreatomag-
nance of basaltic volcanism. Many of the most ac- ! ’ '

tive volcanoes are capped by or covered by glaciers
and, consequently, subglacial eruptions driven by ex-
plosive water-magma interactions are common in Ice-

matic eruptions at these volcanoes and on their asso-
ciated fissure swarms have produced some of the most
widespread basaltic tephra layers of the Holocene
era, which include historical eruptions of the Katla

land. Such eruptions are the characteristic style of ac- | 1,200 1755 AD and 1625 AD (e.g. Thorarinsson
tivity at the three most active basalt-dominated cen-
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1981), Veidivotn 1477 AD and Vatnaodldur ~870
AD (Larsen, 1984) and the prehistoric 10,300 year
old Saksunarvatn eruption (Mangerud et al., 1986;
Johannesdottir et al., 2005). Another major contrib-
utor to formation of Holocene tephra layers in Iceland
is the Hekla volcano in S-Iceland, which is also lo-
cated in the Eastern Volcanic Zone and is character-
ized by intermediate to silicic volcanism (e.g. Thorar-
insson, 1967, 1981; Larsen and Thorarinsson, 1977,
Dugmore et al., 1995a). All of the abovementioned
volcanoes are located in the Eastern Volcanic Zone
(EVZ), (Figure 1). In the following, “Katla volcano”
(or Katla) refers to the ice-covered central volcano,
and “Katla volcanic system” (or Katla system) refers
to both the central volcano and the associated fissure
swarm.

Icelandic soils contain a record of explosive vol-
canism in the form of tephra layers extending back 8—
9000 years (7-8000 '*C years BP, e.g. Larsen 2000;
Haflidason ez al., 2000). In lake sediments the record
can reach as far back as 10-12,000 years (9—-10,500
14C years BP, e.g. Bjorck et al., 1992; Johannesdottir
et al., 2005). It is a custom to divide the tephra record
into two groups; the historical part, covering the pe-
riod since the Viking settlement (8§70 AD to present),
and the prehistoric part, which refers to all Holocene
tephra layers pre-dating the Viking settlement. The
Holocene tephra record is a valuable source of in-
formation on the postglacial eruption history in Ice-
land and is a very reliable record for constructing the
longer-term eruption history at a given volcano. It also
provides the means for assessing the nature of erup-
tive activity and magma evolution over specific time
periods.

The aim of this study is to evaluate the history
and eruption frequency of the Katla volcanic system
during the Holocene. This was accomplished by de-
tailed logging and sampling of closely spaced soil pro-
files that contain a record of explosive volcanism at
Katla volcano over the last 8.4 ka. The Holocene
tephra stratigraphy of the region is presented and we
use pre-existing 1#C-dates of tephra layers (Table 1)
in conjunction with the calculated soil accumulation
rate (SAR) to establish a comprehensive chronology
for the tephra layers preserved in the soils to the east
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of the volcano. Major-element composition is the key
criterion used to identify the source volcano for in-
dividual tephra layers. It is shown that eruption fre-
quency and compositional variations are greater in the
prehistoric era compared to that in historical time.

KATLA VOLCANIC SYSTEM:
GEOLOGIC SETTING AND ERUPTION
HISTORY

The Katla volcanic system is situated in the south-
ern sector of the Eastern Volcanic Zone (EVZ) in
South-Iceland and takes it name from the notorious
subglacial Katla fissure. The 80-km-long system is
made up of an ice-capped central volcano and an as-
sociated SW-NE trending fissure swarm (Jakobsson
1979; Figure 1). The central volcano (1450 m), is
the second largest of its kind in Iceland and features
a 110 km? ice-filled summit caldera that is up to
700 m deep (Bjornsson et al., 2000). The Katla fis-
sure, which is the inferred source vent for all historical
eruptions at the volcano since the 12¢" century, is sit-
uated in the southern part of the caldera. The fissure
swarm is demarcated by SW-NE and E-W trending
volcanic fissures of Holocene and historical age and
represents the ice-free part of the system (Figure 1).
Furthermore, the available data indicates that the sys-
tem has been characterized by Fe-Ti basalt volcanism
throughout its history and felsic rocks of intermediate
and silicic compositions represent a minor component
in the erupted products (e.g. Jakobsson, 1979; Larsen,
1979; Johannesson and Semundsson, 1998; Lacasse
et al., 1995; Hildebrand et al., 1998; Larsen et al.,
2001; Thordarson et al., 2001).

Katla volcanic system is the second most active
system in Iceland during historical time, with 21
recorded eruptions since 870 AD. The established
chronology reveals 1-3 eruptions per century, with an
average repose time of 48 years (range, 13-95 years)
between events (Larsen, 2000). Twenty of the histor-
ical eruptions were explosive subglacial basalt erup-
tions that took place on fissures within or along the pe-
riphery of the caldera. These eruptions have produced
widespread tephra layers with volume ranging from
0.02 to 1.5 km? (Thorarinsson, 1975; Larsen, 2000).
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Figure 1. A map of the study area showing the location of the measured soil profiles. The prehistoric tephra
stratigraphy was documented in profiles at Atley (AT and HA) and Rjapnafell (RF), whereas the historical
tephra stratigraphy was obtained from profiles at Hrifunes (H), Ytri-Dalbr (Y) and Tjaldgilshals (T). — Kort
af rannsoknarsveedinu og ndgrenni. Jardvegssnio med forsogulegum gjoskulogum voru meeld og synum safnad
d tveim stooum 1 Atley (AT og HA) og 1 Rjupnafelli (RF). Syni af gjoskulogum frd sogulegum tima eru ur
Jjardvegssnioum d Tjaldgilshdlsi (T), Ytri Dalbee (Y) og Hrifunesi (H) (Guorin Larsen 1981).

The only historical eruption in the Katla system out-
side of the central volcano was the 934-940 AD Eld-
gja Fires, which is the largest known flood-lava erup-
tion on Earth during the historical period. The erup-
tion took place on a discontinuous 75 km-long SW-
NE trending volcanic fissure that produced 18.2 km?
of lava and 1.4 km?® (DRE) of tephra (Larsen, 2000;
Thordarson et al., 2001). In the context of this outline

of historical activity on the Katla system, it is worth
noting that 87 years have passed since the last vis-
ible eruption (i.e. 1918). Increased precursor activ-
ity within the volcano in recent years suggests that an
eruption may be imminent.

Although much less is known about the prehis-
toric eruption history of the Katla system, the style
and nature of the activity during the Holocene ap-
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Table 1. a) Key marker tephra layers in the study area. Also shown are published 4C-ages, calibrated years,
and source volcanic system for each tephra layer (Larsen et al., 2001; Dugmore et al., 1995b; Gronvold et al.,
1995). b) Estimated '“C age of key tephra layers and Holmsér Fires from their relative position compared to
dated tephra layers (Larsen et al., 2001), calibrated after Stuiver et al., (1998) assuming a standard deviation
of 100 years. An eruption age based on the SAR-method (see discussion in text) is also given for those tephra
layers that have not been dated by the radiocarbon method. — a) Timasett lykilgjoskulog d rannsoknasvedinu,
aldur peirra og uppruni (Guorin Larsen og fl., 2001; Andrew Dugmore og fl., 1995; Karl Gronvold og fl.,
1995). Taflan synir geislakolsaldur og leidréttan aldur samkvemt tridghringjatali (Stuiver og fl., 1998). I neest-
sidasta ddlki er aldur midadur vio drid 2005 (ekki 1950). b) Lykillog af deetludum aldri midad vio timasett
gjoskulog og deetlaour aldur Holmsdrelda (Gudrin Larsen og fl., 2001). Taflan synir geislakolsaldur (gert er
rdo fyrir £100 dra stadalfrdviki) og leioréttan aldur fjogurra lykillaga d sama hdtt og i 1a), aldur i drum feest
med ad beeta 2005 drum vio tolur T fjoroa ddlki. Reiknadur aldur, byggdur d jardvegspykknun (SAR) milli
timasettra lykillaga, er hins vegar 90—195 drum heerri, eins og synt er i fimmta ddlki.

Tephra layer Log number Publ. '“C age! Calibr./calend. year®> Cal. age bf 2005 AD  Volcanic system
Settlement AT-2 ~870 AD 1135 years Veidivotn
SILK-UN AT-49 2660450 BP 850+70 BC ~2855 years Katla (SILK)
SILK-MN AT-65 2975+12 BP 1230+30 BC ~3235 years Katla (SILK)
SILK-LN AT-70 3139440 BP 1440+75 BC ~3445 years Katla (SILK)
HS AT-80 3515+£55 BP 18554125 BC ~3860 years Hekla

H4 HA-1 3826+12 BP 2255455 BC ~4260 years Hekla

Katla RF-5 6400+80 BP 5360+130 BC ~7365 years Katla

Al3 RF-44 7505+42 BP 6380+55 BC ~8385 years Torfajokull?

! Age values are given relative to the calendar year 1950.

2Calibrated after Stuiver et al., (1998).

Tephra layer Log number Estim. '*C age' Estim. calibr. year> SAR age bf 2005 AD>)  Volcanic system
SILK-N2 HA-11 ~4200 BP ~2790 BC ~4960 years Katla (SILK)
SILK-N1 HA-27 ~4900 BP ~3730 BC ~5830 years Katla (SILK)
SILK-A1 HA-30 ~5000 BP ~3810 BC ~6010 years Katla (SILK)
A6 RF-1 ~7130 years Torfajokull
Holmséar Fire  RF-14? ~6800 BP ~5680 BC ~7560 years Katla

"Larsen et al., (2001).

2Estimated **C age calibrated by the method of Stuiver et al., (1998)
3Calculated age with the SAR method (see text for further details)

pears to be similar to that observed in historical times.
The number of Holocene subglacial explosive erup-
tions at the Katla volcano was previously estimated
to have exceeded 180 eruptions, of which > 170 are
basaltic, and 12 are felsic (Larsen, 2000). In contrast,
the ice-free part of the system, or the fissure swarm
outside the central volcano, has had a much lower
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eruption frequency, or only 8—12 effusive basalt erup-
tions during the Holocene. Nonetheless, the activity
on the fissure swarm includes the two largest events in
the Katla system; the Holmsa Fires ~7700 years ago
(>5 km?) in addition to the above mentioned Eldgja
Fires (Larsen, 2000).
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A principal difference between the activity in his-
torical and prehistoric times is that in the latter pe-
riod the Katla volcano produced dacitic (SILK) tephra
along with the typical basaltic activity. These SILK
layers were produced over a period of ~6000 years,
extending from ~7600 to ~1600 years ago and corre-
sponding to ~6600 to ~1680 **C years BP (Larsen et
al.,2001).

METHODS
Field methods and criteria

In order to obtain a representative composite tephra
section, selection of suitable soil profiles is critical.
Firstly, such profiles have to be located at an appropri-
ate distance from the source volcano. Close to a vol-
cano the tephra is often deposited on barren ground,
increasing the likelihood of erosion and reworking of
the primary fall. This decreases the preservation po-
tential of individual layers and may also result in sig-
nificant contamination between adjacent tephra lay-
ers. On the other hand, a soil section too far from the
source volcano will not include tephra fall from low-
intensity eruptions due to their limited dispersal. Sec-
ondly, the topography has to be favourable. Tephra
layers are best preserved in topographic lows which
commonly act as sediment traps ensuring rapid burial
of the tephra. Thirdly, the sections should contain
tephra layers that show minimal post-depositional re-
working and disturbance, i.e. contain the primary fa-
cies of the tephra fall.

The macroscopic characteristics that are used to
distinguish individual tephra layers are a function of
several factors. The colour of the tephra is a di-
rect function of chemical composition, changing from
black to white with increasing silica. Properties such
as grain size and size distribution, sorting and clast
shapes are symptomatic of the nature of the explosive
activity that produced the layer. The type and content
of crystals and lithics are also diagnostic features in
some tephra layers (Table 2a, 2b). Felsic tephra layers
are readily identified in Icelandic soils by their light
colour and are therefore ideal key marker horizons for
correlation between outcrops. The soils of the study
area include over 20 felsic tephra layers formed by ex-

plosive eruptions at the Katla, Hekla, Torfajokull, and
Orzafajokull volcanoes.

Table 2a: Criteria used during field measurements. a)
Grain size classification. — Einkenni notud vio grein-
ingu gjoskulaga d vettvangi. a) Kornasteerair.

Grain size (mm) | Nomenclature
>64 Blocks and bombs
32-64 Coarse lapilli
16-32 Medium lapilli
2-16 Fine lapilli
1-2 Coarse ash
0,064-1 Medium ash
<0,064 Fine ash

The principal historical marker tephra layers
found in the study area east of Katla volcano (Figure
1) originate from Hekla (H), Veidivotn (V), Orafajok-
ull (O) and Eldgja (E). The historical part of the tephra
stratigraphy includes 7 key marker layers. From the
youngest to the oldest, these are: H-1845, a brown
andesite tephra consisting of very coarse ash; H-
1597, an andesite layer composed of bluish-black fine
ash; V-1477, a distinct basaltic tephra layer made
up of greyish-green to greyish-brown fine ash; H-
1389, a brown andesite layer comprised of coarse ash;
0-1362, a yellow-white (rhyolite) very-fine to fine
ash that is present as a sub-centimetre-thick discon-
tinuous layer; H-1206 is olive-grey fine ash of an-
desitic/dacitic composition; and finally the basaltic
tephra of E-934, a black to brown bedded layer of
lapilli and ash (Thordarson er al., 1998; Larsen,
2000). The Vatnaodldur tephra, the basaltic compo-
nent of the Settlement Layer, formed in a phreatomag-
matic fissure eruption in the Veidivotn volcanic sys-
tem around 870 AD (Larsen, 1984; Gronvold et al.,
1995; Zielinski et al., 1997), is a prominent marker
layer that marks the transition from historical to pre-
historic times. It is readily distinguished in soil
profiles of the area studied by its greenish-grey to
greenish-black colour and its relatively high propor-
tion of plagioclase crystal fragments.

In all, seven prehistoric tephra layers found in
the study area have been dated by the radiocarbon
method, six felsic and one basaltic (RF4), and five ad-
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ditional tephra layers have been assigned an approx-
imate radiocarbon age (Table la, 1b; Larsen et al.,
2001). A total of four silicic Hekla layers have been
identified in the prehistoric part of the studied sec-
tion: HM, HN, HS and H4. They are all characterised
by light-coloured lower parts and bluish-black upper
parts (Figure 2). The last two tephra layers have been
dated, having ages of ~3860 and ~4260 years, re-
spectively (1C-age of 3515455 and 3826412 years
BP, Table la; Larsen et al., 2001; Dugmore et al.,
1995b). The HM and HN tephra layers have not been
dated but their stratigraphic position indicates an age
of ~3000 years. The soil thickness between them and
the SAR derived in this study indicates that these two
layers were formed by eruptions separated by ~50
years.

Figure 2. An example of a marker tephra layer: H4
(3826£12 years BP; Dugmore et al., 1995b) from

the Hekla volcano, S-Iceland. — Demi um leioar-
lag, Heklugjoskulagio H4 (3826+12 geislakolsdra,
Andrew Dugmore og fl. 1995b) 1 jarovegssnidi i Atley.

Two of the felsic marker layers, labelled A6 and
A13 by Larsen et al., (2001), are distinguished by
white pumice grains in a matrix of olive-grey ash. The
latter has an age of ~8380 years (**C age of 7505+42
years BP, Larsen et al., 2001), whereas the former has
an estimated eruption age of ~7100 years (calculated
from SAR).

Other layers that are readily recognised include
the dacitic SILK layers from the Katla volcano. These
layers are characterised by their olive-green colour
and needle-like pumice grains that resemble chips
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of wood, making these layers unique among the
Holocene felsic tephra layers in Iceland. Ten SILK
layers have been identified in the study area and three
of those (SILK-UN, -MN, -LN) have been dated, hav-
ing ages of ~2855, ~3235 and ~3445 years, respec-
tively, (*4C age of 2660+50, 2975+12 and 3139440
BP, Table 1a; Larsen et al., 2001).

Basaltic tephra layers from the Katla volcano are
readily distinguished from other basaltic tephra layers
by their brownish-black to coal-black colour and com-
ponents. They consist of poorly- to highly-vesicular
ash- to lapilli-size glass grains (Table 2a) charac-
terised by curvi-planar fracture surfaces. Clasts with
fluidal surfaces (i.e. achneliths as defined by Walker
and Croasdale, 1972) are present in most tephra lay-
ers, but in minor amounts. The glass grains contain
1-5 modal% phenocrysts and groundmass crystals
of plagioclase, olivine, clinopyroxene and rare mag-
netite. Crystalline mafic and felsic wall-rock lithics,
as well as hyaloclastite, and crystal fragments of pla-
gioclase and olivine, are present in very trace amounts
(< 1%).

Construction of the composite soil section

The composite tephra profile measured and sampled
in this study contains the prehistoric part of the tephra
succession as preserved in soil profiles east of the
Katla volcano (Figures 1 and 3). The historical part
of the succession, with at least 18 tephra layers from
various sources, was previously sampled and analysed
by Larsen (1981, 2000). Twenty-one historical tephra
layers produced by the Katla volcanic system are
known from soil sections around the volcano (~870
AD to 1918 AD). Ten historical Katla layers and the
Eldgja tephra layer have been identified east of the
Katla volcano (Larsen, 1981, 2000). For this study,
nine historical Katla layers were analysed from three
separate soil sections: at Hrifunes, about 8 km south-
east of Atley; at Tjaldgilshals, about 20 km northwest
of Atley; and at Ytri-Dalbzr, about 30 km east-north-
east of Atley (Figure 1).

The prehistoric tephra section is a composite one,
stitched together from three separate sections mea-
sured at closely-spaced locations. The three locations
are Atley (AT and HA) and Rjapnafell (RF) (Fig-
ures 3a-3d). This composite section has an accumu-
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Table 2b: Criteria used during field measurements. b) Key parameters used for describing tephra layers in a
soil profile. — Einkenni notud vio greiningu gjdskulaga d vettvangi. b) Onnur iitlitseinkenni (pykkt gjdskulags,
snertifletir gjosku og jarovegs, litur gjosku, kornasteerd, byggingareinkenni gjoskulags, bergbrot, annad).

Parameters
Thickness

Description

Three to five thickness measurements were done on each layer to obtain an average value
and information on minimum and maximum thickness in any one section. Tephra thickness
values are a function of eruption intensity and/or distance from the main dispersal axis.

Contacts Pristine sub-aerial tephra fall deposits have sharp and non-erosional contacts. Deviations
may suggest post-depositional reworking.

Colour of tephra layers reflects their composition. Basaltic tephra layers are typically black,
brownish-black, or greyish black, whereas tephra layers of intermediate compositions are
brown to greyish brown. Felsic layers are typically light coloured, with colours changing
from olive-grey to light grey to yellowish-white to white in accordance with increasing SiO2

contents.

Colour

Grain size Estimates of mean grain size and sorting for each layer, classification of grain types and
measurements of five largest grains were used to obtain qualitative information on the erup-
tion type and intensity.

Internal bedding (stratification), bed-forms, size grading and fabric provided information
on modes of transport and deposition (i.e. the part representing the primary fall versus that
produced by local reworking of deposits). In case of primary tephra fall deposits internal
stratification may reflect changes in eruption style or continuity of the activity, whereas size
grading may reflect changes in eruption intensity.

Depositional structures

Rock components The relative abundance of pyroclasts and other accessory components, such as wall-rock
lithics and crystal fragments, was documented and can be useful indicator of eruption type
and style.

Observations that provide further information about the impact on the local environment

(i.e. presence of tree trunks/molds or material of archaeological significance).

Other

lated thickness of ~980 cm and provides a continu-
ous record spanning ~7300 years from ~1100-8400
years ago (Figures 4a, 4b). The uppermost part of the
prehistoric tephra succession is preserved in a contin-
uous profile at Atley, which for sake of convenience
was divided into 4 sections (Figures 3a-3b).

The ~520 cm-thick soil profile contains 99 tephra
layers. The topmost layer measured and sampled was
the one immediately above the Settlement Layer and
the last one measured was the Hekla layer H4 (Table
la and Figures 4a, 4b). The subsequent time period is
well preserved in an outcrop about 1 km farther south
(HA) (Figure 3c), where a ~280 cm-thick soil profile
contains 49 tephra layers between the chronostrati-
graphic markers H4 and A6 (Table 1). The remaining
part of the prehistoric tephra stratigraphy is preserved

in a soil profile at Rjapnafell (RF), ~4 km to the south
of the Atley location. There, a ~180 cm-thick soil
profile contains 43 layers between the marker layer
A6 and A13 (Table 1). Many of these oldest layers
are partly indurated (Figure 3d). In total, we identi-
fied 190 tephra layers in the prehistoric soil profiles
and 18 layers in the historical part, or 208 tephra lay-
ers in total. Of those, 183 layers were sampled and
126 were analysed for major-element composition.

Chemical analyses

Major-element composition can often be used to de-
termine the source volcano for a given tephra layer
because several volcanic systems in Iceland are char-
acterised by magmas of distinct composition (Jakobs-
son, 1979).
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Figure 3. Photographs showing the soil sections measured during this study. a) The four subsections of the
larger Atley outcrop (AT). The total thickness of the soil profile (arrowed) is approximately 5 m. b) Close-up
at the tephra succession in subsection 2 in the Atley outcrop. Shovel is 1 m. c) Central part of the profile at
the other Atley outcrop (HA) showing a 22-26 cm thick tephra layer from Katla volcano, ~5900 years old.
Scale is 80 cm. d) Upper-most part of the Rjapnafell profile (RF) showing partly cemented tephra layers in the
oldest soils encountered in this study. The thin yellow layer near the top of the photograph is the key tephra
marker layer A6 from Torfajokull volcano (~7130 years). — Ljdsmyndir af jardvegssnioum meo forsogulegum
gjoskulogum. a) Snio AT [ Atley, meelt T fjorum hlutum. Pykkt jarovegs og gjosku (hvit or) er um 5 metrar.
b) Neermynd af hluta 2. Skdflan er um 1 m d lengd. c) Snio HA 1 Atley, miohluti. Nedarlega d myndinni er
22-26 cm pykkt gjoskulag frd Kotlu, ~5900 dra gamalt. Melikvardinn er 80 cm langur. d) Efsti hluti snids {
Rjuipnafelli sem synir hdlfhoronud gjoskulig i elsta jardveginum sem rannscknin nddi til. Punna gulleita lagid
sem orin bendir d er leidarlagid A6, ~7130 dra gamalt, eettad frd Torfajokli.

Microprobe analyses were obtained on a Cameca
SX 100 at the Laboratoire Magmas et Volcans,
Clermont-Ferrand. The instrument was calibrated on
natural and synthetic mineral standards and raw data
were corrected by an improved ZAF procedure. The
elements Na, Mg, Al, Ca and Si were measured us-
ing 15 kV accelerating voltage, 8 nA beam current,
10 pm beam diameter and counting time was 10 s on
the peak and background. The elements Ti, P and Fe
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were measured under the same conditions but over a
longer counting time: 30 s for Ti and 40 s for P and
Fe. The elements K, Mn, S and Cl were measured us-
ing a beam current of 50 nA during 50 s (S), 100 s (K
and Cl) and 150 s (Mn), with same accelerating volt-
age and beam diameter as for previous elements. Total
analysis time per sample was 6 min and 20 s. An ex-
ternal glass standard, ALV981R23 (Metrich and Cloc-
ciatti, 1989), was analysed several times during each
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Figure 4a. A composite tephra section showing the historical
part, adapted from Larsen et al., (2001) and the prehistoric
part measured in this study. For clarity, the same thickness
has been assigned to each tephra layer and the soil between
them. Eight tephra layers occurring sporadically are not
shown. The numbers on the left are ages (before 2005 AD)
of tephra layers calculated from the SAR (see discussion
in text); only the age of the first layer in a new millennium
is indicated. Note that the age scale is not linear. Basaltic
Katla tephra layers are shown in black (origin confirmed by
chemical analyses) and in grey (identification based on field
characteristics ). The SILK layers, marker tephra layers and
known tephras from other volcanic systems than Katla are

shown in red, green and yellow colours, re-
spectively. Note that the silicic layers A2
and A3 are most likely SILK-layers but their
origin has not yet been confirmed by chem-
ical analyses. The stars on the right side
of the column represent tephra layers con-
taining glass of two compositins, a typi-
cal Katla basalt composition and a dacite
(SILK) composition or rhyolite composi-
tion. Abbreviations are H: Hekla, V: Veidi-
votn, G: Grimsvotn. — a) Samsett jaro-
vegs- og gjoskulagasnio. Forsogulegi hlut-
inn var meeldur sumario 2003, sogulegi hlut-
inn er ad mestu samkvemt Guorinu Lars-
en ofl. (2001). Oll gjoskulog og jardvegs-
bykktir eru synd sem linur af somu pykkt
(8 orpunnum og slitrottum gjoskulogum er
po sleppt).  Tolur vinstra megin d snida-
silu eru aldur i drum (midad vio 2005),
reiknadur ut frd upphledsluhrada jardvegs
(SAR), og syna aldur fyrsta gjoskulags d
hverju drpusundi. Athugio ad timakvardinn
er ekki linulegur. Basisk Kotlugjoskulog, par
sem uppruni er stadfestur med efnagrein-
ingu, eru svort. Basisk gjoskulog med iitlits-
einkenni Kotlugjosku (ekki efnagreind) eru
grd. Sur Kotlugjoskulog (SILK) eru raud,
leioarlog eru green og gjoskulog frd 6orum
eldstoovakerfum eru gul. Gjoskulogin A2
0g A3 eru liklega sur Kotlulog en hafa ekki
verio efnagreind. Stjornur hegra megin d
snidasulu eru vio gjoskulog med tvenns kon-
ar glerkornum, meginhlutinn er dceemigert
Kotlubasalt, en innanum eru korn med dasit
(SILK) eda ryolitsamsetningu. Skammstaf-
anir d nofnum eldstodvakerfa eru H: Hekla;
V: Veioivotn; G: Grimsvotn.
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Figure 4b. Simplified soil logs showing the thickest tephra layers, characteristic grain sizes and the connections
between subsections and outcrops. Grain size is indicated by tick marks (<0.2, 1, 2, 10, 20, >20 mm) at the
top of the logs. — b) Einfaldad snid sem synir pykkustu gjoskulogin, einkennandi kornastero og tengingar milli
snida. Kornasterd (<0.2, 1, 2, 10, 20, >20 mm) er synd med hokum efst d hverri snidasilu.

microprobe session and all results are relative to that
standard. At least five different glass fragments were
analysed and the mean value used to characterise each
tephra layer for further discussion (Oladottir, 2004).

Dating of tephra layers using soil accumulation
rate

The age of the seven prehistoric marker layers in the
region has been determined by the '*C-method, and
age of the Settlement layer has been determined in
the Greenland ice cores (Table la). These tephra
layers cover the period from ~870 AD to ~6380
BC whereas the time between successive dated lay-
ers ranges from 210 to 3100 years (Table 3). The
mean soil accumulation rate (SAR) is obtained for
time periods between two successively dated tephra
layers. The procedure is straightforward, because the
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SAR for the period between two dated layers is sim-
ply the total soil thickness divided by age difference
of the tephra layers. The approximate age of individ-
ual tephra layers can then be calculated by assuming
constant SAR between the dated layers.

RESULTS AND DISCUSSION
The SAR age model

The results of the SAR calculations are presented in
Table 3. On the whole, the SAR varies from 0.027
cm/year to 0.081 cm/year in the composite section,
with a mean value of 0.054 cm/year. In the AT out-
crop, Atley, the first 2700 years of prehistoric time
show a rather steady SAR value, ranging from 0.034—
0.047 cm/year. Then the rate jumps to 0.081 cm/year
before dropping to its lowest observed value, 0.027



Holocene tephra stratigraphy and eruption frequency of Katla, S-Iceland

Table 3: Mean SAR (soil accumulation rate) values calculated between tephra layers dated by 4C-method.
Layers UN, MN and LN are SILK layers, HS and H4 are Hekla layers (Larsen et al., 2001), RF4 is a basaltic
Katla layer and the A13 layer is of probable Torfajokull origin. — Reiknadur upphledsluhradi jarovegs (SAR)
milli lykilgjoskulaga sem hafa verid timasett med geislakoli. Timabilin milli peirra eru mislong. Gert er rdo
fyrir ad upphledsluhradinn sé jafn d hverju timabili og onnur gjoskulog fd aldur samkvemt pvi. Lykillog merkt
UN, MN og LN eru sir Kotlulog, HS og H4 eru Heklulog, RF4 er basiskt Kotlulag og Al3 er e.t.v. wttad frd

Torfajokli.
Dated tephra layers Section Period length (years) Mean SAR (cm/year)
Eldgja-Settlment Layer Atley 64 0.091
Settlement Layer-UN Atley 1720 0.047
UN-MN Atley 380 0.039
MN-LN Atley 210 0.034
LN-HS Atley 415 0.041
HS-H4 Atley 400 0.081
H4-RF4 Atley-Hillock 3100 0.027
RF4-A13 Rjapnafell 1020 0.071

cm/year. In the HA outcrop, Atley, the calculated
SAR is unusually low, 0.027 cm/year. This most
likely reflects special conditions for soil accumula-
tion at the site rather than an absolute change in the
regional SAR, especially since the average SAR cal-
culated for the Rjapnafell site, representing the lowest
part of the composite section, is 0.071 cm/year (Table
3).

The age of an individual tephra layer as calcu-
lated from the SAR should be taken as an approxi-
mate value. First of all, the 14C age measurements
involve considerable uncertainties, up to 130 years (at
the 95% confidence level) when combined with the
uncertainties inherent in the calibration procedure of
Stuiver et al., (1998). Moreover, the age is obtained
from charcoal or other organic material (i.e. peat or
tree trunks) found in or immediately below the tephra
layers. Therefore, the age of the organic material can
be slightly higher than the age of the tephra deposit it-
self (e.g. Thordarson et al., 1998; Sveinbjarnardéttir,
2003).

Another source of error in these calculations is the
assumption that the SAR is constant within individ-
ual periods. However, it is well known that SARs are
a function of many variables, including climate, to-

pography, drainage and vegetation (e.g. Thorarinsson,
1961). This type of error is likely to be enhanced in
the longer time intervals such as the one between the
marker layers H4 and RF4 (Table 3). However, sec-
tion locations are not a factor in the age calculations
of the tephra layers because each section begins and
ends with a '*C dated tephra layer and the SAR for
all but one time interval (H4-RF4) is calculated be-
tween dated layers of the same outcrops. Taking all
these uncertainties into account, the accuracy of the
ages reported here is estimated as +250 years.

In order to check the accuracy of the SAR calcu-
lations, an estimated age of three Katla SILK layers
using a different approach than in this study (Larsen
et al., 2001 and Table 1b) was compared to the cal-
culated age derived from the SAR. The difference be-
tween the estimated and calculated ages ranges from
90 to 195 years, which is lower than the estimated 250
year uncertainty. Having constructed an age model for
the soil section, time-series of the tephra stratigraphy
can be established. The time-series is used to calcu-
late the Holocene frequency of explosive basalt erup-
tions within the Katla volcanic system and to address
the compositional variability of its basalts, during the
last 8400 years.
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Figure 5. Major-elements plotted against MgO. The compositional fields of basalt from Hekla (shaded dark
grey), Grimsvotn (light grey) and Veidivotn (medium grey) volcanic systems are shown for comparison. Data
is from Jakobsson (1979), Steinpdrsson (1977), Vilmundardottir (1977), Oskarsson et al., (1982), Gronvold
and Johannesson (1984), Steinporsson et al., (1985), Sigmarsson et al., (1992) and Thordarson et al., (1996,
2001, 2003). Katla data points from this study are shown as diamonds and the error bars are indicated when
the bar is larger than size of the data points. — Graf sem synir adalefni forsogulegra og sogulegra Kotlugjosku-
laga (bldir tiglar) sem fall af magnesiumoxioi. Til samanburdar er synd efnasamsetning basalts frd Heklukerfi
(dokkgrdtt sveedi), Grimsvatnakerfi (ljosgrdtt) og Veidivatnakerfi (milligrdtt), samkvemt efnagreiningum Sveins
Jakobssonar (1979), Sigurdar Steinporssonar (1977), Elsu Vilmundarddttur (1977), Nielsar Oskarssonar og
f. (1982), Karls Gronvolds og Hauks Johannessonar (1984), Sigurdar Steinporssonar og fl. (1985), Olgeirs
Sigmarssonar og fl. (1992) og Porvaldar Poroarsonar og fl. (1996, 2001, 2003).

Major-element composition

Several geochemical studies have been conducted on
Katla lava and tephra over the last four decades (Rob-
son and Spector, 1962; Sigvaldason and Oskarsson,
1976; Jakobsson, 1979; Einarsson et al., 1980; Larsen
et al., 2001; Lacasse et al., 1995; Thordarson et al.,
2001, 2003). These studies present both whole-rock
and glass analyses using different methods (i.e. wet
chemistry, XRF and electron microprobe) in a range
of laboratories, yielding major-element composition
of rather homogeneous and evolved basalts rich in Fe
and Ti. In Figures 5 and 6 are displayed the pub-
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lished compositional variability of basalts from the
Eastern Volcanic Zone together with the results of this
study. The comparison of our results with the pub-
lished Katla data confirms that 111 out of 126 ana-
lysed layers originated from the Katla volcanic sys-
tem.

In this study, SiO2 in mafic Katla magma ranges
from 46.3 to 51.3 wt% and TiO is notably high
in Katla magmas, ranging from 3.71 to 5.16 wt%.
Concentrations of FeO, MgO, K20 and P,O;5 fall
in the range 2.6-15.3, 3.87-5.19, 0.63-1.22 and
0.45-0.84 wt%, respectively. Also shown on Fig-
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Figure 6. Basalt compositional fields for five indicated volcanic systems of the EVZ. Data from Jakobsson
(1979), Steinpodrsson (1977), Vilmundardottir (1977), Oskarsson et al., (1982), Gronvold and Joéhannesson
(1984), Steinpodrsson et al., (1985), Sigmarsson et al., (1992) and Thordarson et al., (1996, 2001, 2003). The
data of this study is plotted as diamonds (Katla tephra) and as squares (other volcanic systems). — Graf sem
synir hlutfall jdrn- og titanoxida d mdti kisiloxioi fyrir fimm eldstoovakerfi d Eystra gosbeltinu samkvemt efna-
greiningum Sveins Jakobssonar (1979), Sigurdar Steinporssonar (1977), Elsu Vilmundardottur (1977), Nielsar
Oskarssonar og fl. (1982), Karls Gronvolds og Hauks Johannessonar (1984), Sigurdar Steinpdrssonar og f.
(1985), Olgeirs Sigmarssonar og fl. (1992), og Porvaldar Poroarsonar og fl. (1996, 2001, 2003). Bldir tiglar
syna ad efnagreiningum d forsogulegum og sogulegum Kotlugjoskulogum i pessu verkefni ber vel saman vio
dour birt gogn. Ferningar syna efnasamsetningu gjoskulaga frd 60rum eldstoovakerfum.

ure 5 are the compositional fields of basalts from
the Hekla/Vatnafjoll, Veidivotn and Grimsvotn vol-
canic systems. The Katla volcanic system products
are readily distinguished from that of the Grimsvotn
and Veidivotn systems on element to element plots,
but such plots do not discriminate between the Fe-Ti

basalts from the Katla and Hekla/Vatnafjoll systems.
However, the products of these two systems are better
distinguished by their FeO/TiO2 value (Figure 6).

The discrimination plots indicate that out of the
108 prehistoric tephra layers that were analysed, 101
originated from the Katla volcanic system. The data
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also shows that 99 layers have a Fe-Ti basalt compo-
sition typical for the Katla system and seven of those
layers contain sporadic grains of silicic glass. Two
layers are basaltic icelandites of probable Katla ori-
gin because of their high Fe-Ti content. Other dark-
coloured prehistoric tephra layers in the composite
profile belong to the Grimsvotn, Veidivotn and Hekla
volcanic systems (Figure 5). The prehistoric part of
the composite section also contains 16 felsic layers,
of which ten are SILK layers. Only two of these lay-
ers were analysed in this study (i.e. SILK-N4 and -A7)
because most of them have been analysed previously
by Larsen et al., (2001). The remaining six felsic lay-
ers are the known marker tephra layers from the Hekla
and, most likely, the Torfajokull volcanic systems.

The Katla tephra time-series reveals distinct pe-
riodic patterns in major-element composition of the
basaltic tephra layers, illustrated by SiOy concentra-
tions versus time (Figure 7). Three compositional
patterns are identified: (a) periods where incompati-
ble elements increase steadily with time, (b) periods
with no discernable change in the major element com-
positions (stable conditions), and (c) periods where
changes in magma composition appear to be random
with respect to time (Oladottir, 2004). Each of these
patterns are thought to reflect distinct conditions for
magma supply and evolution within the plumbing sys-
tem beneath the Katla volcano. The exact nature of
these compositional patterns and the implication they
may have for the plumbing system of the volcano is
beyond the scope of this paper and will be discussed
elsewhere (Oladottir et al., in preparation).

However, on the basis of these temporal variations
in composition, we divide the Holocene activity into
eight periods, here labelled I-VIII (Figure 7). Six of
the periods are relatively short, or between 510-980
years long. Two are fairly long, each spanning about
1700 years (Figure 7 and Table 4). A cyclic behaviour
is observed where a constant value (period VIII) is
followed by an irregular one (VII) which is then re-
placed by a gradual change (VI). This cycle repeats
itself through periods V-II and the last period (his-
torical time) demonstrates the beginning of the third
cycle.
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Eruption frequency of basalts

The proportion of Katla layers in the soil profile as
identified in the field is similar to that obtained using
chemical composition as the discriminator. On the ba-
sis of field identification, using criteria such as colour,
grain size and clast morphology, 172 out of 208 tephra
layers, or 83% of all measured layers, where assigned
to the Katla volcanic system. Of these 172, we mea-
sured the chemical composition of 111 layers (repre-
senting 88% of the 126 layers analysed). In all cases,
the assigned Katla origin was confirmed by the ob-
tained chemical composition. Therefore we are confi-
dent in our field identification and use the number of
Katla layers identified during field measurements in
our calculations of the Holocene eruption frequency.

The true eruption frequency at a given volcano
can only be obtained if all its eruptions are known.
This is most easily achieved for time periods where
reliable eyewitness or written records exist. For peri-
ods where such records are not available, such as the
Holocene, the accuracy of the calculated eruption fre-
quency depends on the quality of an acquired data set
or, in the case of this study, the completeness of the
tephra stratigraphy. In this context it is important to
recognize that tephra dispersal is primarily controlled
by the eruption intensity and wind direction and to
some degree the eruption duration, because the dis-
persal of tephra in sustained events is more strongly
affected by changes in eruption intensity and wind di-
rection. Consequently, a complete record of explosive
eruptions within a volcanic system such as Katla re-
quires detailed measurements of the tephra stratigra-
phy in soil profiles at proximal and medial locations
circumscribing all possible vent regions. This is, how-
ever, only possible in regions where the soil has been
conserved or at least where different soil sections are
not too far apart.

This study is confined to tephra layers deposited
east of the Katla volcano. Comparison of the number
of tephra layers found between marker tephra layers
in soil sections east and west of the volcano shows
a certain similarity. The similarity between eruption
frequency patterns to the east and west of the volcano
is sufficiently close to derive that of the volcano itself
from the eastern soil sections. During historical time,
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Figure 7. SiO2 content of Katla tephra plot-
ted against age in kiloyears (ka). The age
Tephra layer curve is constructed using 2005 AD as a ref-
. " frequenc erence year and is based on calculated SAR
SiO: wt% (per(11000 em)y values and '4C ages for dated tephra lay-
45 47 49 51 53 20 g 40 ers. The column on the left shows eight pe-
: riods (numbered I-VIII) identified on the ba-
sis of compositional patterns. Age of the
SILK layers is indicated by broken lines
and the solid lines indicate the timing of
the Eldgja and Holmsa Fires. Tephra layer
frequency vs. age is shown by the curve
on the right side. The frequency is calcu-
lated for every 1000 years and regardless
of the period boundaries. The VIII period
only includes 300 years and the broken curve
denotes normalised values to 1000 years.
The true eruption frequency is likely to be
close to double the values indicated by the
curve (see text for further discussion). —
Graf sem synir breytingar d styrk kisiloxios ¢
Kotlugjoskulogum meo tima. Aldurslikanio
byggir d upphledsluhrada jardvegs (SAR)
/ milli timasettra gjoskulaga (sjd toflu la).
5 (I SRS N ) “‘ Aldur er hér midadur vio drio 2005. Silan
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{ = 2 N1 ! ingar gjoskulaganna sem ymist hefur ver-
6 ’, Al | i0 stooug (VIII), sveiflast oreglulega (VII)
*o0 o | eda breyst kerfisbundio med tima (VI). Tima-
) \ skeioin neest d eftir (V-11I) syna samskonar
L - : A3 \ hegdun. A miverandi timaskeioi (sogulegum
7 >4 A7 tima) eru oreglulegar sveiflur [ efnasamsetn-
VII— — 4 o — — — A8 \ ingunni. Brotnar linur syna hvencer sur
$oo A A 4 Holmsa? Kotlulog myndudust og heildregnar linur
8 - % Al Ny syna hveneer steerstu eldarnir d Kotlukerfinu
vir N ; urou. Elsta timaskeidio (VIII) er adeins um
= * 300 dr og brotna kiirfan er framreiknuod mio-
ad vio 1000 dr. Fjoldi gjoskulaga/1000 dr er
9 syndur til hegri d myndinni. Raunveruleg
gostioni d Kotlukerfinu er ad likindum tvo-

falt heerri (sjd tdrdtt).

Age (ka)
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Table 4: Periods of compositional patterns (I-VIII in column 1). Column 2 lists the tephra layers limiting each
period; column 3 shows the length of each period, column 4 shows the calculated tephra layer frequency; and
the average time between formation of successive tephra layers is given in column 5. Approximately half of his-
torical Katla eruptions are recorded as tephra layers in the study area. Consequently, the true eruption frequency
is most likely double that of the tephra layer frequency and the true mean repose time is close to the half of the
value listed for the average time between successive tephra layers (see text for further discussion). — Timaskeio
sem afmarkast af snoggum breytingum d adalefnasamsetningu Kotlukviku (I-VIII i fyrsta ddlki). I orum ddlki
eru yngstu og elstu gjoskulog d hverju timaskeioi, i pridja ddlki er lengd hvers timaskeios, { fjorda ddlki er
fjoldi gjoskulaga sem féllu d rannscknasveedinu d hverjum 100 drum, og i fimmta ddlki er medaltimalengd milli
gjoskulaga reiknud. Um helmingur peirra gjoskulaga sem féllu d sogulegum tima finnst d rannsdknasveedinu.
Samkvemt pvi md cetla ad raunveruleg tioni Kotlugosa d forsogulegum tima geti verio tvofalt heerri en gildin {

fjorda ddlki og ad medalgoshléin geti verio helmingi styttri en synt er [ fimmta ddlki.

Time Bounding Length Tephra layer frequency Average interval
period  layers (years) (per 100 years) (years)
I 1918AD-Eldgja 980 1.00 98

I Eldgja-AT19 800 2.15 47
I AT21-AT77 1700 2.80 35
v AT79-HA4 630 3.15 32
v HA5-HA34 1750 1.35 73
VI HA35-HA43 510 1.55 64
VII HA46-RF20 700 2.60 39
VIII RF21-RF43 650 3.15 32

there are 20 known eruptions from the Katla volcano
and at least 10 of those tephra layers are present in
the area east of the volcano. About half of the erup-
tions are therefore preserved in soil profiles east of the
volcano, so the number of tephra layers there can be
doubled to estimate the total number of eruptions from
Katla. An implicit assumption here is that the weather
pattern (wind directions, strength etc.) has remained
similar during the last 8400 years.

The overall tephra layer frequency in the compos-
ite soil profile measured for this work (Figure 4a and
b), is 2.6 tephra layers per 100 years in prehistoric
times (190 eruptions in 7300 years). Considering only
tephra layers from the Katla system, the prehistoric
frequency is 2.2 layers per 100 years. A minimum
value of 1.4 layers per 100 years is obtained if we only
consider layers that have their Katla origin confirmed
by microprobe. The value 2.2 layers per 100 years
is a factor of 2 higher than the frequency obtained
for the historical period (~1 event per 100 years for
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historical tephra layers in the eastern sector; Larsen,
2000). Accepting our argument as presented above,
that the eastern sector only preserves one half of the
tephra layers produced by explosive Katla eruptions,
the long-term average eruption frequency in prehis-
toric times could be as high as 4 events per 100 years.
This frequency corresponds to a total of ~300 explo-
sive basaltic Katla eruptions over 7300 years (i.e. the
period 1100 to ~8400 years ago). This estimate can
be verified (or disproved) by a systematic study of the
Holocene tephra stratigraphy around Katla volcano,
focusing on measuring soil profiles in the region to
the west and south of Myrdalsjokull.

Temporal changes in the Holocene eruption fre-
quency

The Holocene eruption frequency is evaluated using
periodicities of 200, 400, 500, 700 and 1000 years
and the data are plotted on Figure 8. The results show
that the frequency distribution is characterized by two
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(or possibly three) peaks, regardless of the periodicity
used. This is exemplified here by the 500 year period-
icity, which reveals a significant increase in the basalt
eruption frequency during the periods 2.5—4.5 ka and
7.0-8.5 ka (Figures 8 and 9). A similar trend is ob-
served in a soil section west of the volcano (Larsen,
unpubl. results). The eruptions that produced the
dacitic SILK layers have a repose time of 100-1000

years (Larsen et al., 2001) and at first glance they
appear to be fairly evenly distributed through time.
However, a closer examination indicates two peaks in
the frequency distribution for the SILK layers, one at
ca. 7.1-7.4 ka and another at 3—4 ka (6200—-6600 *C
yr BP and 2700-3600 '4C yr BP; Larsen et al., 2001).
These peaks correspond to those of the frequency dis-
tribution for the basalt eruptions. Although the SILK
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Figure 9. Number of Katla tephra layers per five hundred years of the composite soil profile, covering ~8500
years (0—1 ka is historical time). The SILK layers (YN, N3, A9, A12) that were not present in the composite
soil profile are included. Solid line only includes basaltic Katla tephra layers that have been analysed for major
element composition. The mean value is 1.4 events per 100 years. Using the total number (= 172) of Katla
tephra layers based on field identification, the mean value is 2.2 layers per 100 years in prehistoric times and
the true mean frequency is likely to be close to 4 events per century. In historical time the tephra layer frequency
on the east side of the volcano is ~1 event per 100 years, whereas the true eruption frequency is ~2 event per
100 years (e.g. Larsen, 2000; see text for further details). — Fjoldi Kotlugjoskulaga d hverjum 500 drum i sam-
setta jarovegssnidinu (0—I ka er sogulegur timi). Oll pekkt sir Kotlulog eru hofd med 1 talningunni pott sum
peirra fyndust ekki { samsetta snidinu (YN, N3, A9, Al12 beetast vid) til ad kanna tengls sviru gjoskulaganna vio
toppa 1 gostioninni. Heildregna linan synir fjolda efnagreindra gjoskulaga. Meodaltalio er 1.4 gos/100 dr. Ef
gjoskulog greind sem Kotlulog d itlitseinkennum eru tekin med (samtals 172) er medaltalio 2.2. gos/100 dr d
forsogulegum tima. I ljdsi pess ad helmingur Kotlulaga frd ségulegum tima finnst austan vid Kotlueldstodina
(b.e. 10 af 20 Kotlulogum, sbr. Guorin Larsen 2000) er liklegt ad gostionin d forsogulegum tima hafi verid
ndlegt 4 Kotlugosum d old.

layers are produced during periods characterized by
both high and low basalt eruption frequency, there is
an obvious correlation between the increase in dacite
eruption frequency and basalt eruption frequency.

Periods I-VIII and eruption frequency

Significant variations are also observed between the
periods defined by the compositional patterns (Table
4). The lowest frequency of explosive basalt erup-
tions is found in period I (historical time), whereas
the highest frequency is in period IV. The latter cor-
responds to the younger frequency peak in volcanic
activity at the Katla system (Figures 7 and 9). The av-
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erage time interval between the formation of basaltic
tephra layers is shortest in periods IV and VIII, 32
years in both instances, but longest in periods I (98
years) and V (73 years). Note that the time inter-
vals quoted here are two times longer than the true
repose time between eruptions, assuming again that
the tephra sequence east of Katla volcano represent
only half of the total number of its eruptions. The av-
erage repose times as calculated from the composite
soil sections for each period (Table 4) can be com-
pared between different time periods since the risk of
missing out tephra layers is expected to be the same
throughout the time studied. Consequently, the aver-
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age repose time for explosive basalt eruptions at Katla
volcano in Holocene times is on the order of 25 years,
emphasising that in recent times the volcano has been
relatively quiet. The historical eruption frequency is a
factor of two lower than that observed for prehistoric
times.

Implications for future activity of Katla volcano

The calculated SAR ages for the prehistoric Katla lay-
ers in our composite soil profile indicate that the time
interval between the deposition of successive tephra
layers has been as short as 2 years and as long as 164
years. This suggests that the true repose time between
prehistoric explosive Katla eruptions is highly vari-
able and spans two orders of magnitude (< 1 year
to > 80 years). This is interesting in the context of
the time that has passed since the last visible erup-
tion from the Katla fissure (i.e. AD 1918), which cur-
rently stands at 87 years and is second in the record to
the 95 years between the Katla eruptions in AD 1262
and AD 1357. This observation suggests that activity
at Katla volcano is declining. This notion, however,
does not eliminate the possibility of imminent erup-
tion, but rather suggests that in view of longer time-
scales the volcano is either calming down or changing
behaviour.

The periodic intensification in prehistoric eruption
frequency over specific time intervals most likely re-
flects an increase in the flux of basaltic magma into
the upper regimes of the Katla plumbing system. The
net result is an increase in heat flux from depth that
may enhance the production of felsic magma at shal-
lower levels via partial melting of the surrounding
crust. This can explain the observed correlation in
the timing of the eruption frequency peaks for basalt
and dacite eruptions. Consequently, the lower erup-
tion frequency in historical time does not support the
occurrence of an imminent felsic eruption, unless the
behaviour of the volcano is changing.

This study has focused on the frequency of explo-
sive eruptions at the Katla system and changes therein
during the Holocene. Although eruption frequency
and its variations are likely to be directly correlated
with magma productivity, the exact relationship be-
tween these two variables is still poorly constrained.
Magma productivity at the Katla system, defined as

the volume of erupted material per unit time, has not
yet been assessed quantitatively but is relevant for
future research. However, the proposed hypothesis
for production of felsic magma can be assessed from
major- and trace-element composition of the individ-
ual tephra layers and their isotope ratios, thus permit-
ting further discussion of the magma plumbing system
beneath the Katla system and its behaviour during the
last millennia.

CONCLUSIONS

The Holocene eruption history of the Katla volcanic
system is recorded by tephra layers in soil profiles
in the surrounding regions. A composite soil sec-
tion east of Myrdalsjokull containing 208 tephra lay-
ers and spanning 8400 years was measured and sam-
pled for this study. Eighteen of the tephra layers were
formed during historical time (i.e. the last 11 cen-
turies), whereas 190 layers are prehistoric and repre-
sent 7300 years of volcanic history. About 88% of
these tephra layers, or 182 in total, are based on field
identification assigned to explosive eruptions within
the Katla volcanic system. This tally includes 172
basaltic and 10 felsic layers. A Katla origin of 111
basaltic layers was confirmed by major element anal-
yses.

All of the tephra layers have been dated using a
SAR (soil accumulation rate) age model, established
by measuring the average SAR between seven '*C-
dated marker layers. In turn, this data was used to
evaluate the long-term frequency of explosive erup-
tions within the Katla system over the last 8400 years.
The mean eruption frequency during prehistoric times
was on the order of 4 eruptions per century, compared
to ~2 eruptions per century in historical time. Erup-
tion frequency appears to have peaked at 67 erup-
tions per century in the periods 7.0-8.5 ka and 2.5-4.5
ka. The total number of explosive basalt eruptions at
the Katla volcanic system over the last 8400 years is
estimated to be a minimum of 300.

Chemical analyses show that the magma com-
position produced by the Katla volcano throughout
the Holocene is mostly evolved Fe-Ti basalts, show-
ing small-scale but systematic compositional variation
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with time. These compositional variations have en-
abled us to divide the 8400 year-long record into eight
periods, each lasting 500-1700 years. The data also
show that during prehistoric time the Katla volcano
produced greater volumes of differentiated magmas
(i.e. basaltic icelandite, dacite and rhyolite) than it has
during the last 11 centuries.

The frequency of basaltic eruptions and their
magma composition are unaffected by the occurrence
of felsic eruptions. However, the frequency of felsic
eruptions is highest at times when the basalt activity
is at its peak, suggesting a causal relationship.
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Eldvirknin { Kotlueldstodinni &4 Eystra gosbeltinu (1.
mynd) einkennist af basiskum peytigosum 4 sprung-
um sem opnast undir jokli. Gosefnin eru gjoska med
hau jarn- og titanmagni. Gjoskulagaskipan 1 samsettu
jardvegssnidi austan eldstodvarinnar og efnasamsetn-
ing Kotlugjoskunnar varpa 1josi & gossogu og proun
kviku 4 Natima. Alls fundust 208 gjoskulog fra 8400
ara timabili { pessu samsetta jardvegssnioi, 18 peirra
frd sogulegum tima og 190 fra forsogulegum tima
(2.-4. mynd; 1. og 3. tafla). Adalefni voru greind {
rimum helmingi peirra, eda 126 gjoskulogum af 208.
Af bessum 126 gjoskulogum eru 109 tir basaltgjosku
med hau jarn- og titanmagni demigerdu fyrir Kotlu-
eldstodina (5. og 6. mynd), en { 7 pessara gjoskulaga
eru ad auki stoku korn af stru gleri. Tvo gjoskulog
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teljast vera basaltiskt andesit en jarn og titan er alika
hatt og 1 basaltinu. I samsetta jardvegssnidinu fundust
einnig 10 sar Kotlulog (SILK-16g) fra forsogulegum
tima (mynd 4a).

Helmingur Kbotlugosa 4 sogulegum tima (sio-
ustu 11 6ldum), eda 10 af 20 Kotlugosum, skildu
eftir gjoskulag austan Kotlueldstodvarinnar. Fjoldi
basiskra Kotlulaga { samsetta jardvegssnidinu bend-
ir til ad gostioni 4 forsogulegum tima hafi verid herri
en 4 sogulegum tima. Ef rikjandi vindattir voru per
somu 4 forsogulegum tima gaeti gostidnin pa hafa ver-
10 tvofalt herri, p.e. 4 Kotlugos ad medaltali & hverj-
um hundrad arum { stad tveggja eins og verid hefur
4 sogulegum tima. Pa er jafnframt liklegt ad basisk
Kotlugos sidustu 8400 arin séu yfir 300 talsins. Heast
var gostionin 4 tveim timabilum fyrir u.p.b. 2500—
4500 arum og u.p.b. 7000—8400 arum (7. og 8. mynd),
og pad gildir badi um basisku og stru Kotlugosin.

Efnasamsetningu Kotlugjoskulaganna ber vel
saman vid efnagreiningar 4 gosefnum fra Kotlukerf-
inu sem adur hafa verid birtar (6. mynd). Snoggar
breytingar 4 adalefnasamsetingu basiskrar Kotlukviku
afmarka 8 mislong timaskeid { préun kvikunnar (7.
mynd og 4. tafla) par sem efnasamsetningin er ymist
stodug, sveiflast oreglulega eda breytist kerfisbundid
med tima. Breytileikinn er innan peirra marka sem
adur voru pekkt en tengsl timapattar og efnasamsetn-
ingar munu varpa frekara 1josi a4 proun Kotlukvikunn-
ar sidustu 8400 ar.

Aldurslikan fyrir forsogulega hluta jardvegssnids-
ins tekur mid af upphledsluhrada jardvegs milli
gjoskulaga sem timasett hafa verid med geislakols-
greiningu (1. og 3. tafla). Lengsti timi milli pess
ad Kotlugjoskulog féllu & pessu svedi er 164 ar og
skemmsti timi er 2 ar. Sé gert rad fyrir ad jard-
vegssnidid geymi helming gjoskulaganna ma ®tla ad
lengsta goshlé hafi verid um 80 ar og pad skemmsta
um 1 ar. Lengsta goshlé 4 sogulegum tima er 95 éar,
ad fratoldu > 200 4ra goshléi eftir Eldgjargos a 10.
old. Gostidnin sidustu aldirnar er st legsta { gos-
sogu Kotlu a sidustu 8400 arum (9. mynd) og vekur
upp spurningar um hvort virkni eldstodvarinnar sé ad
dvina. Pad atilokar p6 ekki gos 4 n@stu arum eda ara-
tugum.
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