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Abstract — Currently the Late-glacial and Holocene marine tephrochronology on the shelf around Iceland
comprises 130 tephra layers from 30 sediment cores ranging in age from 15,000 years cal. BP to AD 1947. A
vast majority of the cores and tephra layers are from the North Iceland shelf. Much fewer tephra layers have
been found on the South and West Iceland shelf. The early Holocene Saksunarvatn ash and Vedde Ash are the
only tephra layers identified on all investigated shelf areas. For the last 15,000 years correlated tephra layers
from the shelf sediments around Iceland to their terrestrial counterparts both in Iceland and overseas are 40 of
which 26 are terrestrially dated tephra markers. Thirty correlations are within the last 7050 years. The terres-
trially dated tephra markers found on the shelf have been used to constrain past environmental variability in the
region, as well as marine reservoir age. The marine tephra stratigraphy on the North Iceland shelf has revealed
variations in volcanic activity in Iceland further back in time than terrestrial records in Iceland. The numerous
tephra layers identified in the sediments on the shelf demonstrate the potential of marine tephrochronology for
dating purposes, land-sea correlation, marine reservoir estimations and reconstruction of past volcanic activity
of Icelandic volcanoes.

INTRODUCTION to precisely link and date geological, palacoecolog-
ical, palaeoclimatic or archaeological sequences or
events. Not many methods if any can match the pre-
cision it offers temporally and spatially (Lowe, 2011).
Tephrochronology has proven to be one of the prin-
cipal chronological tools for dating Quaternary se-
quences. This is demonstrated in globally impor-
tant projects such as INTIMATE (Integrating ice-core,
marine and terrestrial global records 60,000 to 8,000
years ago) (Turney et al., 2004; Davies et al., 2012)
SMART (Synchronizing marine and ice-core, marine
: records using tephrochronology) (Abbott et al., 2011;
of size and shape. Abbott and Davies, 2012), SUPRAnet, (Studying un-

Tephrochronology has been a growing field in  certainty in palacoenvironmental reconstructing — a
geology. The reason for the increased interest in  net) (Lowe, 2008), HOLSMEER, Millennium (Eiriks-
tephrochronology is the unique ability of the method

The application of tephrochronology is twofold; as a
tool in volcanology, deciphering volcanic history and
as a stratigraphic dating tool, using layers of tephra
as time parallel marker horizons. In recent times
tephrochronology (sensu lato) has been adopted as a
general term used broadly to describe all aspects of
tephra studies (Lowe, 2011). The term tephra was
brought to modern terminology by Sigurdur Pérarins-
son in 1944 and is a collective term for all airborne
pyroclasts produced in volcanic eruptions regardless
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son et al.,2011) and VAST (Larsen et al., 2011, 2012)
where tephrochronology plays an important role. In
addition to serving as a dating tool and fixing points
in geological archives, tephrochronology or tephra
stratigraphy is a key factor in the study of data on
the geochemistry and eruption frequency of volca-
noes and the interrelationships between eruption se-
quences both spatially and temporally (e.g. Thorar-
insson, 1967; Larsen et al., 1998; Shane, 2000, 2005;
Thordarson and Larsen, 2007; Oladéttir et al., 2008,
2011a).

Dr. Sigurdur Pérarinsson was a pioneer in tephra
studies and laid the foundation of tephrochronology
in the 1930’s. His focus was on Holocene tephra lay-
ers in terrestrial Iceland. Since the work of Pérarins-
son, substantial research on tephrochronology in Ice-
land as well as in other parts of the world, where
tephra layers exist, has been carried out (Lowe, 2011).
Considerable knowledge on Holocene tephra stratig-
raphy and tephrochronology has been gathered from
terrestrial archives in Iceland especially in the south-
ern, northern and central parts (e.g. Thorarinsson,
1958,1967, 1976; Larsen, 1984, 2000; Larsen et al.,
2001; Oladéttir er al., 2005, 2008, 201 1a,b).

With increased research emphasis on climate and
climate change the studies of tephrochronology have
stretched into the marine realm which has enabled re-
liable dating and secure land-sea correlations of vari-
ous climate archives. Knowledge on tephra stratigra-
phy and tephrochronology in the marine realm, espe-
cially in the North Atlantic region, has been continu-
ally increasing (e.g. Kvamme et al., 1989; Sejrup et
al., 1989; Sjgholm et al., 1991; Lacasse et al., 1998;
Eiriksson et al., 2000; Lacasse and Garbe-Schonberg,
2001; Knudsen and Eiriksson, 2002; Andrews et al.,
2002; Rasmussen et al., 2003; Wastegard et al., 2005;
Kristjansdéttir et al., 2007; Brendryen et al., 2010,
2011; Thornallay et al., 2011; Gudmundsdéttir et al.,
2011a,b, 2012; Davies et al., 2010, 2012).

In this paper we present an overview of the cur-
rent knowledge on Holocene marine tephrochronol-
ogy on the Iceland shelf, (Figure 1 and Table 1). Ma-
rine tephrochronology in the North-Atlantic extends
as far back as 5-6 Ma (Lacasse and Garbe-Schon-
berg, 2001) but the focus here will be on the last
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15,000 years. The shelf around Iceland presents a
unique opportunity to study tephrochronology based
on explosive eruptions of volcanoes in Iceland. Dur-
ing the Holocene several hundred tephra layers have
been recorded in terrestrial environments (e.g. Lar-
sen, 2000, 2010; Oladéttir ez al., 2005, 2008, 2011a;
Jéhannsdottir, 2007; Larsen and Eiriksson, 2008a,b;
Thordarson and Hoskuldsson, 2008) and over 100
tephra layers in marine archives on the shelf (e.g. An-
drews et al., 2002; Larsen et al., 2002; Eiriksson et al.,
2000, 2002, 2004, 2011; Kristjansdottir et al., 2007;
Gudmundsdéttir et al., 2012). The number of Ice-
landic Holocene tephra layers is, however, not com-
pletely known but existing terrestrial records give a
rate of 6.5 tephra layers per century. The estimated
number of postglacial explosive eruptions in Iceland
is close to 2000 (Thordarson and Hoskuldsson, 2008).

APPLICATION OF MARINE
TEPHROCHRONOLOGY

Application of marine tephrochronology is mainly
threefold; i) as a tool for dating and correlating differ-
ent environments, ii) for estimating marine reservoir
ages iii) and in volcanology i.e. to gather information
on explosive eruption frequency and history of vol-
canic systems.

Dating and correlation

Tephra studies have become increasingly important
in Quaternary research as tephrochronology is one
of a few techniques that have the potential to ad-
dress chronological uncertainties. In the North At-
lantic region, Greenland and western Europe, Ice-
landic tephra layers have played an important role
in dating and synchronizing different environments
and archives (e.g. Mangerud et al., 1986; Kvamme
et al., 1989; Dugmore et al., 1995a; Turney et al.,
1997; Wastegard et al., 1998; Davies et al., 2001,
2003; van den Bogaard and Schmincke, 2002; Cham-
bers et al., 2004; Pilcher er al., 2005; Wastegard,
2005; Blockley et al., 2007; Wastegard and Davies
2009; Haflidason et al., 2000; Eiriksson et al., 2000a,
2004; Andrews et al., 2002; Knudsen and Eiriks-
son 2002; Larsen et al., 2002; Kristjansdoéttir et al.,
2007; Davies et al., 2010, 2012; Gudmundsdottir et
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Figure 1. Map showing locations of cores on the Iceland shelf where Holocene tephra layers have been identi-
fied. Circles represent cores collected on the R/V Hakon Mosby in 1995, triangles, cores collected on the R/V
Bjarni Semundssson in 1997, stars, cores from 1999 collected on the R/V Marion Dufresne, squares, RAPiD
cores collected on the R/V Charles Darwin in 2004 and diamonds, cores from Bjarni S@mundsson in 2006
and Marion Dufresne in 1999. — Stadsetning kjarna d landgrunninu par sem gjoskulogum frda Holosen hefur
verio lyst. Hringir syna kjarna sem teknir voru d rannséknarskipinu Hdkon Mosby 1995, prihyrningar, kjarna
d Bjarna Scemundssyni drid 1997, stjiornur, kjarna frda Marion Dufresne, 1999, ferhyrningar, kjarna frd Charles
Darwin, 2004 og tiglar, kjarna frd Bjarna Scemundssyni, 2006 og Marion Dufresne, 1999.

al., 2011, 2012). Examples of Icelandic tephra lay-
ers that have been used as marker horizons are the
basaltic V1477 tephra from Veidivotn-Bardarbunga
volcanic system, the silicic tephra layers from Hekla
volcano (Hekla 1104, Hekla 3, Hekla 4, Hekla 5),
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the basaltic Saksunarvatn ash from Grimsvétn vol-
canic system and the bimodal Vedde Ash from Katla
volcanic system. All these tephra layers have been
found in sediments on the Iceland shelf enabling
dating of palaeoclimatic and -oceanographic events
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Table 1. Core numbers, locations and references of marine cores on the Iceland shelf where Holocene tephra
layers have been described. — Kjarnaniimer, stadsetning og heimild um sjdvarsetkjarna par sem gjoskulégum,

frd Hélésen tima, hefur verid lyst d landgrunni Islands.

North Iceland shelf
Core number Latitude Longitude Reference
HM107-01 66°30°29”N 18°51’54”W  Eiriksson et al., 2004
HM107-03 66°30°09”N 19°04°20”"W  Eiriksson et al., 2004
HM107-04 67°13°38"N 19°03’00”"W  Eiriksson et al., 2000
HM107-05 66°54°08"N 17°54°19”W  Eiriksson et al., 2000
MD99-2271 66°30.09°'N 19°30.34°W Eiriksson et al., 2000; Knudsen and Eiriksson, 2002;

Se¢ndergaard, 2005; Gudmundsdéttir et al., 2011
MD99-2272 66°59.57°'N 17°58.49°W  Eiriksson et al., 2000
MD99-2273 66°45.78’'N 18°45.02’W  Eiriksson et al., 2001; Eiriksson et al., 2003, 2011
MD99-2275 66°33.06'N 17°41.59°W Larsen et al., 2002; Knudsen et al., 2008;
Eiriksson et al., 2011; Gudmundsdéttir et al., 2011, 2012

MD99-2269 66°37.53’N 20°51.166W Andrews et al., 2002; Kristjansdottir et al., 2007
B05-2006-MC03B 66°45.79°N 18°44.98°W  Eiriksson et al., 2011; Knudsen et al., 2011
B05-2006-MC04 66°33.189'N  17°42.02’W  Eiriksson et al., 2011; Knudsen et al., 2011
B05-2006-GBCO03B  66°33.189’N  17°42.02°’W  Eiriksson et al., 2011
B997-316 66°45.00°'N 18°46.87°W  J6nsddttir, 2001
B997-320 66°20.10'N 18°39.04’W  J6nsddttir, 2001
B997-322 66°56.29'N 19°46.55°W Andrews et al., 2002; Andrews and Helgadéttir, 2003
B997-323 66°50.79°'N 20°13.64°W Andrews et al., 2002; Andrews and Helgadéttir, 2003
B997-325 66°34.03’N 20°59.99°W  Andrews et al., 2002
B997-329 65°58.00°'N 21°17.91’'W  Andrews et al., 2002
B997-332 66°08.19°N 21°25.08°'W  Andrews et al., 2002
B997-317 66°35.27°'N 18°51.85°W  Andrews et al., 2002
B997-319GGC 66°26.82’N 18°50.24°W  Andrews et al., 2002
B997-321 66°53.47°'N 18°58.47°W  Kristjansdottir, 1999
B997-319 66°26.82°’N 18°51.06°W  Kristjansdottir, 1999

West Iceland shelf
B997-315 66°43.96’'N 24°20.13’W  Andrews et al., 2002
B997-335 66°25.00°'N 21°52.82’W  Andrews et al., 2002
B997-336 66°41.21’N 24°09.70'W  Andrews et al., 2002; Geirsdottir et al., 2002
B997-337 66°40.16'N 24°07.63’W  Andrews et al., 2002
B997-339 66°01.16'N 22°48.03’W  Andrews et al., 2002; Geirsdottir et al., 2002
MD99-2256 64°18.19°’N 24°12.40W Geirsdottir et al., 2002
MD99-2264 66°40.74N 24°11.76W Geirsdottir et al., 2002
MD99-2265 66°16.63N 22°51.47W  Geirsdottir et al., 2002; J6hannsdéttir, 2003
MD99-2266 65°26.65N 26°18.94°W  Andrews et al., 2002

South Iceland shelf
RAPiD-10-1P 62°58.53’N 17°35.37’W  Thomnalley ef al., 2011
RAPiD-15-4P 62°17.58°’N 17°08.04"W Thornalley et al., 2011
RAPiD-12-1K 62°05.43’N 17°49.18 W Thornalley et al., 2011

recorded in sediment proxies, and correlation between
the marine and terrestrial regimes (Larsen et al., 2002;
Kristjansdéttir et al., 2007; Gudmundsdéttir et al.,
2011a,b, 2012). For example, using palaeoceano-
graphic proxies and tephrochronological age models,
Knudsen et al. (2009) were able to reconstruct the
relative strength of Arctic and Atlantic water masses
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on the North Iceland shelf throughout the last mil-
lennium. Foraminifera and diatom assemblages show
increased influence of Atlantic water masses during
the time interval ca. AD 800-1300 (the so-called Me-
dieval Warm Period or Medieval Climatic Anomaly),
whereas the interval ca. AD 1300-1910 (encompass-
ing the Little Ice Age) was characterized by decreased
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sea surface temperatures due to intensified influence
of Arctic waters of the East Icelandic Current. These
climate changes were then compared with records in
e.g. Greenland ice cores, documentary records from
Iceland, as well as terrestrial evidence of sea-ice,
glaciation extent and vegetation changes. The com-
parison shows that the palacoceanographic record on
the North Iceland shelf reflect regional rather than lo-
cal climate signals and they demonstrate that it is pos-
sible to study leads and lags in the atmosphere-ocean
interactions when the marine records can be reliably
dated with tephrochronology.

Ocean reservoir age variability

Marine tephra layers have been used to estimate
changes in the ocean reservoir age (e.g. Austin ef al.,
1995; 2011; Haflidason et al., 2000; Eiriksson et al.,
2000, 2004, 2011; Jennings et al., 2004; Sejrup et
al., 2010, 2011; Thornalley et al., 2011). The ma-
rine reservoir age is the difference between a terres-
trially dated sample and material dated from the ma-
rine environment. This difference is on average about
400 years (Stuiver and Braziunas, 1993). This ap-
parent age difference is caused by delay in exchange
rates between atmospheric COs and dilution effect
caused by mixing of surface waters with upwelled
deep waters (Mangerud, 1975). By correlating terres-
trially '#C dated tephra markers to their counterpart
in marine environments the reservoir age at that time
can be evaluated. On the Iceland shelf tephra layers
erupted from Icelandic volcanoes have been used to
collect information on changes in reservoir ages of the
water masses around Iceland during the Late glacial
and the Holocene (Eiriksson et al., 2000, 2004, 2011;
Jennings et al., 2002; Thornalley et al., 2011). The
discrepancy between reservoir corrected radiocarbon
dates of marine material and tephrochronological age
models is reflected in deviation of tens to hundreds
of years as observed on the North Iceland shelf (Jen-
nings et al., 2002; Eiriksson et al., 2000, 2004, 2011;
Kristjansdéttir, 2005). Determining the reservoir ages
of the ocean through the geological record is very im-
portant because reservoir age correction needs to be
applied to a conventional marine '*C age to correct
for growth in a non-atmospheric (i.e. marine) carbon
reservoir (Stuiver et al., 1986). As previously noted
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correction of 400 years is used but recent research
has shown that an additional correction is needed for
certain time intervals of the geological record. Thus
to enable a better comparisons of marine and terres-
trial palaeoclimatic proxies knowledge on temporal
and spatial variations in the ocean reservoir age is im-
portant. Moreover changes in reservoir ages may give
information on palaeoceanographic changes through
time as demonstrated from studies on the North Ice-
land shelf were higher reservoir ages are interpreted to
represent influence of cold Artic water (East Icelandic
current) but lower reservoir ages warmer Atlantic wa-
ters (Irminger current) (Eiriksson et al., 2004, 2011).

Eruption history

Tephra layer frequency has been used in Iceland to
infer explosive eruption frequency and history of vol-
canic systems (e.g. Thorarinsson 1967; Larsen et al.,
1998; Larsen and Eiriksson 2008a,b, Oladéttir et
al., 2008, 2011a). Correlation of Late-glacial and
Holocene high-resolution marine tephra stratigraphy
from the North Iceland shelf to high-resolution terres-
trial tephra stratigraphy in Iceland reveals the same
trend in tephra layer frequency in both regimes in-
dicating that the marine tephra stratigraphy can in
fact be used to gather information on past explosive
volcanic activity in Iceland (Gudmundsdéttir et al.,
2012).

IDENTIFICATION, ORIGIN AND INTEGRITY
OF MARINE TEPHRA LAYERS

Various methods are used to identify tephra layers
in marine environments. The methods that are most
commonly used are visual inspection, X-ray pho-
tographs, magnetic susceptibility (MS), grain size
analyses and counting of glass grains (e.g. Lacasse
et al., 1996, Eiriksson et al., 2000; Jennings et al.,
2002; Austin et al., 2004; Kristjansdottir et al., 2007;
Brendryen et al., 2010; Gudmundsdéttir ez al., 2011a,
2012; Davies et al., 2012). A majority of the marine
tephra layers are not visible to the naked eye and of-
ten referred to as cryptotephra (Lowe and Hunt, 2001;
Turney et al., 2004). The shelf sediments around Ice-
land have a dominant volcanogenic origin adding to
the complexity of locating and identifying tephra lay-
ers. Whole core methods such as MS and X-ray pho-
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tographs have proven not to be very effective in de-
tecting tephra layers in marine sediments (Kristjans-
dottir et al., 2007; Gudmundsdoéttir et al., 2011a)
whereas grain counting and grain size analyses have
been effective (Gudmundsdéttir er al., 2011a). Origin
of Icelandic tephra layers can be traced to individual
volcanic systems based on their chemical composi-
tion (e.g. Jakobsson, 1979; Larsen, 1981, 1982; Lar-
sen et al., 1999; Oladéttir et al., 2008, 2011b) (Fig-
ure 2). Moreover, microprobe analyses have proven
to be very useful to distinguish between a primary
tephra layer and reworked tephra in the marine sed-
iments. A primary tephra layer manifests itself by a

dominant glass composition whereas reworked tephra
consists of grains of variable chemical composition
(Gudmundsdéttir et al., 2011a, 2012).

The distinction between a primary tephra layer
and reworked tephra is the prerequisite to be able
to use tephra layers as tool for dating and synchro-
nization. Primary tephra layers are formed by trans-
port and fall-out during a volcanic event. Rework-
ing and secondary deposition of tephra in marine en-
vironments are caused by processes such as tephra
fall-out on sea ice and ice sheets that causes a time
lag between eruption and deposition from months to
years or centuries to millennia respectively (e.g. Bond
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Figure 2. Map showing the volcanic systems of Iceland (modified from Oladéttir er al., 2011; Jéhannesson
and Szmundsson, 1998). The relevant volcanic systems are shown in colors that refer to specific chemical
composition of each system. Offshore volcanic systems except Vestmannaeyjar are not shown. Red dots indi-
cate locations of cores MD99-2269 and MD99-2275 and the Svartdrkot and Kérahnjikar soil sections. — Kort
sem synir gosbelti og eldstédvakerfi d Islandi (breytt frd Oladéttur o.fl., 2011; Johannessyni og Semundssyni,
1998). Eldstoovakerfum d landgrunninu er sleppt nema Vestmannaeyjum. Eldstodvakerfi sem gjoska hefur
Sfundist frd i sjdvarseti eru synd i litum sem visa til einkennandi efnasamsetningar gosefna. Raudir punktar syna
stadsetningu kjarna MD99-2269 and MD99-2275 og jardvegssnida vid Svartdrkot og Kdrahnjiika.

58

JOKULL No. 62, 2012



et al., 1993; Ruddiman and Glover, 1972; Lacksche-
witz and Wallrabe-Adams, 1997; Austin et al., 2004;
Brendryen et al., 2010). Other processes known to in-
fluence tephra deposition in marine environments in-
cluded reworking by currents, bioturbation and mass
movements (Brendryen et al., 2010). Sea ice or ice-
berg transported tephra may contain ice rafted detritus
(IRD) as additional components of grains of differ-
ent provenance (Lackschewitz and Wallrabe-Adams,
1997) and poorly sorted tephra grain size distribu-
tion (Austin er al., 2004). Signs of bioturbation
are indistinct boundaries of the tephra layers, espe-
cially the lower boundary (Ruddiman and Glover,
1972). Reworking by currents and mass movements
are reflected in grain size distribution and most likely
grain morphology where remobilized grains display
rounded form. Results from morphological measure-
ments on tephra layers in marine sediments from the
North Iceland shelf show that fresh glass grains are
more rugged and/or elon- gated than the background
material. This demon- strates the usefulness of grain
morphology measure- ments in determining whether
a tephra horizon is a primary deposit or a layer of re-
worked tephra (Gudmundsdottir et al., 2011a).

Defining cryptotephras in marine environments,
i.e. their boundaries and the isochrone position, is de-
pendent on grain counting or shard concentration and
grain size analyses (e.g. Lacasse et al., 1996; Haflida-
son et al., 2000; Jennings et al., 2005; Austin et al.,
2004; Kristjansdéttir et al., 2007; Gudmundsdottir et
al., 2011a; Davies et al., 2012). In a volcanogenic en-
vironment, where the majority of the inorganic mate-
rial is volcanic glass as on the Iceland shelf, additional
methods such as grain morphology and geochemistry
are needed to define the boundaries and isochrone po-
sition (Gudmundsdéttir et al., 2011a). Determining
the exact stratigraphical position of the time signal the
tephra layers provide is a prerequisite for using them
as chronostratigraphic horizons or isochrones. In gen-
eral the peak concentration or first abundance peak is
considered to reflect the exact timing of the volcanic
eruption (Ruddiman and Glover, 1972; Jennings et al.,
2002; Davies et al., 2012). A multi-parameter study
of tephra layers from marine sediments on the Ice-
land shelf suggest that the exact timing is were the
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rate of change in these parameters, grain concentra-
tion, grain size, grain morphology and chemical com-
position, is greatest from background levels below the
tephra (Gudmundsdéttir et al., 2011a). In some cases
vertical shard concentration profiles are complicated
if there is no distinct peak or there are more than
one (e.g. Davies et al., 2007; Pyne-O’Donnell et al.,
2008). Therefore, detailed grain counting, grain size,
grain morphology and chemical analyses in addition
to careful consideration of sedimentation processes
are needed when working with marine tephra layers.

TEPHRA LAYERS ON THE ICELAND
SHELF

The number of tephra layers identified on the shelf
around Iceland so far, is about 130 spanning the Late
glacial and Holocene where the oldest tephra layer is
about 15,000 cal. BP and the youngest from AD 1947
(Kristjansdottir, 1999, 2007; Eiriksson er al., 2000,
2004, 2011; Jonsdottir, 2001; Andrews et al., 2002,
2003; Geirsdottir et al., 2002; Sgndergaard, 2005;
Knudsen et al., 2008, 2011; Thornalley et al., 2011;
Gudmundsdéttir et al., 2011a,b, 2012). However it
can be expected that sediments on the shelf of Iceland
extend back to the Miocene time period (Verhoeven et
al., 2012) and thus older tephra layers can be antici-
pated within the shelf sediments.

Tephra layers in the shelf sediments around Ice-
land have been identified in 30 marine cores (Figure 1,
Tables 1 and 2) obtained in five research cruises; the
BIOICE cruise in 1995 (HM107-) with R/V Hakon
Mosby (Eiriksson et al., 2000), in 1997 with R/V
Bjarni Semundsson (B997-) (Helgadéttir, 1997), in
1999 on MD114 IMAGES V cruise (MD9922-) with
the R/V Marion Dufresne (Labeyrie, 2003) and in
2004 on RAPiD cruise (RAPiD-) with RSS Charles
Darwin (McCave, 2005). The IMAGES cores MD99-
2271, -2272, -2273 and -2275 were supplemented
with multicores and box cores (B05-2006) during the
Millennium cruise with the R/V Bjarni S@munds-
son in 2006 (Eiriksson and Bartels-J6nsdéttir, 2006).
Tephra layers have been identified in multicores B0O5-
2006-MCO03, at the location of core MD99-2273,
and B05-2006-MC04 at core site MD99-2275. The
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Table 2. Holocene tephra layers in marine sediments on the Iceland shelf. Bold tephra layers are absolutely
dated tephra layers or tephra markers. Shaded tephra layers are tephra layers identified in more than one core
on the shelf. — Gjoskuldg i sjdvarseti d landgrunni Islands. Feitletrud gjoskulog eru aldursdkvordud, svokollud
gjoskuleidarlog. Skyggdoum gjoskulogum hefur verid lyst i fleiri en einum kjarna d landgrunninu.

Age
(cal.)
(BP)

Volcanic
system

Tephra
markers

1-6|

8-11

12

13

14

15

16

17|

18-19|

20|

21

22

23

24

25

26

27| 28| 29-30 31| 32

Hekla
Vei-Bér

or R.nes
Vei-Bér
Vei-Bar
Vei-Bar

or REY
Vei-Bér
Hekla
Vei-Bar
Vei-Bar
Vei-Bar
Vei-Bér
Hekla
Grimsvotn|
Vei-Bér
Grimsvotn|
Grimsvotn|
Hekla
Hekla
Vei-Bér
Vei-Bar
Vei-Bér
KOL
Vei-Bar
Hekla
Vei-Bar
Katla
Vei-Bar+
Torfaj.
Katla
Katla
Grimsvotn|
Katla
Hekla
Vei-Bar
Grimsvotn|
Grimsvotn|
Snzafellsj.
Katla+
Vei-Bar
Vei-Bér
Katla
Katla
Vei-Bér
Grimsvotn|
Vei-Bér
Vei-Bar
Hekla

H1947

V1797
H1766
V1766

V1717
H1693
G1640

G1500
G1480
H 1300

V1477

KOL1372
V1410
H1104

Settlem.
layer

K 9th cent.
Hrafnkatla

Sn-1

Hekla 3

X

X

X

ol

A K A RA

X

X

X

X

X

PR KRR K XX

P X R

>

PAR KR XX HHI XX KKK XHE MR EE P EHE XK XA

X

—_

. MD99-2256; 2. MD99-2266; 3. B997-315; 4. MD99-2265; 5. B997-337; 6. B997-336; 7. MD99-2264; 8. B997-330; 9. B997-329; 10. B997-332; 11.

B997-325; 12. B997-323; 13. MD99-2269; 14. B997-322; 15. HM107-04; 16. MD99-2271; 17. HM107-03; 18. MD99-2273; *19. B05-2006-MC03; 20.
B997-317; 21. HM107-01; 22. B997-319GGC; 23. B997-319; 24. BB97-316; 25. B997-320; 26. B997-321; 27. MD99-2272; 28. HM107-05; 29.
MD99-2275; 30. *B05-2006-MC04; 31. RAPiD-10-1P; 32. RAPiD-15-4P. Cores in bold are longer than 10 m and cores with asterisk are multi-cores,
spanning approximately the last 150 years. For core locations see Figure 1.
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Table 2. Holocene tephra layers in marine sediments on the Iceland shelf cont. — framhald.

Age| Volc. Tephra 1-6| 7 8-11) 12| 13| 14] 15 16 17| 18-19 20| 21| 22| 23| 24 25 26| 27 28§ 29-30, 31| 32
(cal.)l syst. markers

(BP)

3014] Vei-Bar

3085 Unkn.
3508 Grimsvotn|
3880 Vei-Bar
4200, Hekla Hekla 4 X X X X
4307| Vei-Bar
4586| Vei-Bar+
4586| Grimsvotn|
4649| Vei-Bar
4747 Vei-Bér+
4747 Grimsvotn|
4870| Grimsvotn| X
5220 Vei-Béar+
5220 Gri

5264 Grimsvotn|
5284] Vei-Bar+
5284 Gri

5352| Vei-Bar+
5352| Gri

5416 Grimsvotn|
5713| Vei-Bér
5762 Vei-Bar
5811| Vei-Bar
5824 Grimsvotn| X
5831 Grimsvotn|
5850 Vei-Bar
5948 Grimsvotn|
6026| Grimsvotn|
6060 Hekla+ Hekla-O/
6060 Grimsvotn| Grimsvotn|
6175 Grimsvotn|
6208 Grimsvotn|
6378 Grimsvotn|
6411| Katla
6543 Grimsvotn|
6567 Grimsvotn|
6629| Katla
6650/ Hekla Hekla-DH
6672 Grimsvotn|
6681 Katla+
6681 Grimsvotn|
6717 Katla
6747 Katla X
6766/ Hekla?
6783 Grimsvotn|
6792 Katla
6872 Grimsvotn|
6908| Vei-Bar+
6908 Gri

7028 Grimsvotn|
7046| Grimsvotn|
7050, Hekla Hekla 5
7054| Grimsvotn|
7080 Grimsvotn| X
7425| Vei-Bar
7614] Katla

el T R e R e e R e R R o e R R o R o B e o T ol e i e e i e

—

. MD99-2256; 2. MD99-2266; 3. B997-315; 4. MD99-2265; 5. B997-337; 6. B997-336; 7. MD99-2264; 8. B997-330; 9. B997-329; 10. B997-332; 11.
B997-325; 12. B997-323; 13. MD99-2269; 14. B997-322; 15. HM107-04; 16. MD99-2271; 17. HM107-03; 18. MD99-2273; *19. B05-2006-MC03; 20.
B997-317; 21. HM107-01; 22. B997-319GGC; 23. B997-319; 24. BB97-316; 25. B997-320; 26. B997-321; 27. MD99-2272; 28. HM107-05; 29.
MD99-2275; 30. *B05-2006-MC04; 31. RAPiD-10-1P; 32. RAPiD-15-4P. Cores in bold are longer than 10 m and cores with asterisk are multi-cores,
spanning approximately the last 150 years. For core locations see Figure 1.
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Table 2. Holocene tephra layers in marine sediments on the Iceland shelf cont. — framhald.

Volc.
syst.

Age 1-60 7 8-11| 12| 13| 14| 15

(cal.)
(BP)

Tephra
markers

16|

17| 18-19] 20 21| 22| 23 24] 25| 26 27 29-30 31| 32

8000
8243

Katla
Grimsvotn
Grimsvotn
Eyjafj.
Katla
Grimsvotn
Grimsvotn
Grimsvotn
Grimsvotn
Grimsvotn
TFZ or KOL
TFZ or KOL
Vei-Bar
Vei-Bér
TFZ or KOL
TFZ or KOL
Vei-Bér
Askja

TFZ or KOL|
TFZ or KOL|
Vei-Bar
Katla
Vei-Bér
Katla

Katla
Grimsvotn
Vei-Bér

TFZ or KOL
Katla

Katla
Vei-Bér
KOL
Unknown
Grimsvotn
Grimsvotn

Suduroy

fala

Saks.vatn

o

Askja-S

HKXE XX

Vedde Ash|

12999
13429
13600
14000
14389
14360
14550
14600
15000

Borrobol

KKK X XA X XX XA

PR R KA XXX

>

X

X
Xl X

—

. MD99-2256; 2. MD99-2266; 3. B997-315; 4. MD99-2265; 5. B997-337; 6. B997-336; 7. MD99-2264; 8. B997-330; 9. B997-329; 10. B997-332; 11.

B997-325; 12. B997-323; 13. MD99-2269; 14. B997-322; 15. HM107-04; 16. MD99-2271; 17. HM107-03; 18. MD99-2273; 19. *B05-2006-MC03; 20.
B997-317; 21. HM107-01; 22. B997-319GGC; 23. B997-319; 24. BB97-316; 25. B997-320; 26. B997-321; 27. MD99-2272; 28. HM107-05; 29.
MD99-2275; 30. *B05-2006-MC04; 31. RAPiD-10-1P; 32. RAPiD-15-4P. Cores in bold are longer than 10 m and cores with asterisk are multi-cores,

spanning approximately the last 150 years. For core locations see Figure 1.

RAPID cores are outside the shelf but are neverthe-
less included here to give a better overview. Table 2
shows the number of tephra layers identified on dif-
ferent parts of the Iceland shelf.

North Iceland shelf

On the North Iceland shelf there are evidence of sedi-
ments containing tephra layers as old as about 50,000
years (Haraldsson, 2004; Telesinski, 2010).

The majority of sediment cores are located on the
North Iceland shelf (Figure 1) which was targeted for
coring because of high sedimentation rates and con-
vergence of cold and warm air- and water masses
in the area, which make it very sensitive to climate
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change and thus an interesting area to study oceano-
graphic and atmospheric changes. As a consequence
the greatest number of tephra layers have been found
on the North Iceland shelf (e.g. Eiriksson ez al., 2000,
2004, 2011; Larsen et al., 2002; Kristjansdottir et
al., 2007; Knudsen et al., 2004, 2008; Gudmunds-
dottir et al., 2011a, 2011b, 2012) (Table 2) because
the density of available cores varies between regions
and tephra layers in other cores have not been ana-
lysed in the same detail as core MD99-2275 (Table
2, Figures 1 and 3). Core MD99-2275 has the most
reported tephra layers, over 100, so far (Sgndergaard,
2005; Gudmundsdéttir et al., 2012).
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South- and west Iceland shelf

Little research on other areas around the shelf of
Iceland has been undertaken in terms of identifying
tephra layers systematically. On the western part
of the shelf only two tephra layers, the well known
tephra markers Saksunarvatn ash and Vedde ash, have
been identified until now (Table 2) (Andrews et al.,
2002; Geirsdéttir et al., 2002; Jéhannsdottir, 2003).
This is not to say there are no tephra layers in ma-
rine sediments in the west but rather they have not
been looked for in detail. However it would be ex-
pected that relatively fewer tephra layers would be
identified on the western shelf compared to the north-
ern shelf, due to prevailing wind directions in Ice-
land. The east flowing jet stream dominates at 10—
15 km heights (Jénsson, 1990) and most explosive
eruptions in Iceland produce plumes reaching such
heights (Gudmundsson et al., 1992; Lacasse et al.,
2004; Oddsson et al., 2012) promoting east and north-
eastward distribution. This is evident from terres-
trial archives in western Iceland where tephra studies
have revealed a marked decrease/drop in number of
tephra layers compared to north, east and south Ice-
land (Jéhannsdoéttir, 2007; Thordarson and Hoskulds-
son, 2008). South of the Iceland shelf nine tephra
layers have been described in the sediments spanning
late glacial and early Holocene and one with an age of
about 23,400 years (Thornalley et al., 2011). Among
these are the tephra markers Saksunarvatn ash and
Vedde Ash (Table 2). No tephra stratigraphical in-
vestigation on marine cores has yet been carried out
for the Holocene time period. Hitherto no cores have
been collected on the East Iceland shelf and no infor-
mation is available on tephra layers there.

Sources of tephra layers on the Iceland shelf

The vast majority of the marine tephra layers iden-
tified are basaltic originating from the most active
volcanic systems in Iceland; Grimsvotn, Veidivotn-
Bardarbunga and Katla (Figure 2 and Table 2). The
Grimsvdtn volcanic system has been the most produc-
tive during the Holocene with about seven eruptions
per century followed by Veidivotn-Bardarbunga and
Katla (Oladéttir et al., 2005, 2008, 2011a). This is re-
flected in the marine tephra stratigraphy where tephra
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layers from Grimsvotn are the most common and then
Veidivotn-Bardarbunga and Katla volcanic systems
(Gudmundsdéttir et al., 2012 and unpublished data).
Other systems that have produced tephra deposited on
to the Iceland shelf are Hekla, Eyjafjallajokull, Or-
efajokull, Askja, Snafellsjokull and Kolbeinsey ridge
(KOL) or the Tjornes fracture zone (TFZ) (Figure 2).
Tephra layers from the KOL/TFZ are found in sedi-
ment cores; MD992269, -2271 and -2275; HM107-
01, -01, -03, -04 and -05 (Eiriksson ez al., 2000,
2004; Knudsen et al., 2004, 2008; Kristjansdottir et
al., 2007; Gudmundsdéttir et al., 2012).

TEPHRA MARKERS

One of the applications of tephra studies, as men-
tioned previously, is dating and correlations. For
that purpose tephra markers are used. Tephra mark-
ers should be relatively easily recognizable, either
by macro- and microscopic characteristics (such as
colour, grain type, crystal content) or chemical char-
acteristics, be traceable over large areas and well
dated (e.g. Larsen and Eiriksson, 2008a). Ideally a
tephra marker should have all these qualities. Tephra
markers are the foundation of a tephrochronological
framework. Examples of tephra layers that have been
used as markers in Icelandic tephra stratigraphy are
the silicic tephra layers, H1104, Hekla 3, Hekla 4 and
Hekla 5, large explosive eruptions from the Hekla
volcanic system. These tephra layers have specific
characteristics such as color, grain morphology and
chemical composition and have been found in vari-
ous environments, soil, lakes, marine and glacial ice
within and out side terrestrial Iceland (e.g. Thorarins-
son, 1967, 1971; Larsen and Thorarinsson, 1977,
Dugmore et al., 1995b; Dugmore and Newton, 1998;
Eiriksson et al., 2000, 2004; van den Bogard and
Schmincke, 2002; Zillén et al., 2002; Boygle, 2004;
Pilcher et al., 2005; Wastegard, 2005, J6hannsddttir,
2007; Kristjansdottir et al., 2007; Sejrup et al., 2011;
Larsen et al., 2011, 2012; Gudmundsdoéttir et al.,
2012). These tephra layers have been used for dating
the marine shelf sediments off north Iceland and for
correlation between areas on the shelf and terrestrial
Iceland as will be discussed later.
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The majority of the known tephra markers in Ice-
landic tephra stratigraphy are either silicic or interme-
diate in chemical composition. They generally have
more distinct characteristics, they often have wider
distribution due to the nature of the eruptions and are
not as abundant as basaltic tephra layers. The vast
number of basaltic tephra, the similar appearance and
chemical composition of layers from the same sys-
tem makes it challenging to use them as marker lay-
ers or isochrones. Moreover the basaltic tephra layers
tend to be more spatially confined making them less
suitable as marker layers. Nevertheless widespread
Icelandic basaltic tephra markers do exist such as
Saksunarvatn ash, Mjauvétn tephra, Settlement layer,
Hrafnkatla, V1477 and V1717 (Table 2). Due to their
limited number in marine sediments, basaltic tephra
layers from Katla have a potential as tephra markers
in marine sediments north off Iceland. Basaltic tephra
layers also have the potential to be tephra markers as a
part of a spectra or series of tephra layers (Gudmunds-
déttir et al., 2012). The age of the marine tephras on
the North Iceland shelf is based on correlation with
terrestrially dated tephras and dated volcanic events.

POTENTIAL TEPHRA MARKERS IN
THE MARINE ENVIRONMENT

One of the aims of tephra and tephrochronological
studies is to increase the number of tephra layers
that can be used as marker horizons. Identification
of a tephra layer with distinct characteristics, found
in several locations that can be absolutely dated has
the potential to become a tephra marker. Known lo-
cal and regional markers in terrestrial tephrochronol-
ogy in Iceland are about 40 (e.g. Larsen et al., 1999;
Larsen and Eiriksson, 2008a; Oladéttir et al., 2011a).
A portion of these markers has been traced into the
marine sediments on the Iceland shelf (e.g. Larsen et
al., 2002; Kristjansdéttir et al., 2007; Gudmundsdott-
ir et al., 2012) (Table 2). In general tephra layers
with volumes more than 0.1 km3 can be expected to
be deposited in marine sediments around Iceland and
overseas. Large tephra layers exceeding volumes of
10 km?, such as the Hekla 4 and 3, can be expected
to have regionally extensive deposition. Less volu-
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minous tephra layers can be expected to have lim-
ited distribution depending on the weather conditions
at the time of the eruption. They commonly tend to
be strongly limited laterally downwind (Larsen and
Eiriksson, 2008b). Holocene silicic, intermediate and
basaltic tephra layers in the 0.1-1 km? category that
are likely to occur sporadically outside Iceland and
have not been reported in marine sediments on the
shelf are shown in Table 3. All of these tephra lay-
ers have been used as tephra markers in Icelandic ter-
restrial tephrochronology and most of them are silicic
or intermediate. Holocene basaltic tephra layers that
have been mapped fall within the 0.01-1 km? cate-
gory but a few reach a volume of 10-20 km? (Larsen
and FEiriksson, 2008b and references therein). Recent
additions to the marine tephra marker assemblage are
Hekla 1947, V1797, Hrafnkatla, Hekla DH, Hekla O
and Askja S (Eiriksson et al., 2011; Gudmundsdéttir
etal., 2011, 2012).

CORRELATING MARINE AND
TERRESTRIAL TEPHRA
STRATIGRAPHY

High-resolution studies have enabled the establish-
ment of a detailed marine tephrochronological frame-
work, which has been correlated to high-resolution
terrestrial tephra stratigraphy in Iceland. Land-sea
correlation between marine core MD99-2275 and
three soil sections in north and east Iceland has re-
sulted in correlation of over 30 tephra layers within
the last 7,050 years (Gudmundsdéttir e al., 2012).
For the last 15,000 years 40 tephra layers from shelf
sediments around Iceland have been correlated to
their terrestrial counterparts both in Iceland and over-
seas. Thereof 26 are absolutely dated tephra lay-
ers, i.e. tephra markers. The tephra markers Hekla
1947, V1717, KOL 1372, H1104, Sn-1, Hekla 3,
Hekla 4, Suduroy tephra, Saksunarvatn ash, Vedde
Ash and tephra with Borrobol affinity have been
identified in more than one core on the North Ice-
land shelf in addition to four tephra layers from the
Kolbeinsey Ridge (KOL) or Tjornes Fracture Zone
(TFZ); KOL3-2269/3373, KOL2-2269/2912, KOL1-
2269/2780 and KOL-GS-2 (Eiriksson et al., 2000;
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Table 3. Holocene silicic, intermediate and basaltic tephra layers in the 0.1-1 km® volume range that have not
been reported in marine sediments on the Iceland shelf and are potential tephra markers. *The volumes for
tephra layers HM and HN are calculated within 0.5 cm isopach. — Siir; isiir og basisk gjéskulog, i 0,1-1 km3
steeroarflokki, sem ekki hefur verid lyst i sjdvarseti d landgrunninu fram ad pessu og eru moguleg gjoskuleioar-
log. *Rummdl gjoskulagana HM og HN er reiknad it frd 0,5 jafnpykktarlinum.

Silicic and Basaltic Volcanic Age Volume Tephra Reference
intermediate tephra system cal. BP (km3) distrib.
tephra layers  layers (before 1950)  uncomp.
Askja 1875 Askja 75 2 E Thorarinsson, 1963
K-1755 Katla 195 ~1 E, SE Thorarinsson, 1975; Larsen, 2010
K-1721 Katla 229 0.33 W, NW Thorarinsson, 1955; Larsen, 2010
K-1625 Katla 325 0.5 E, SE Thorarinsson, 1981; Larsen, 2010
H-1597 Hekla 353 0.29 S, SE Thorarinsson, 1967; Larsen et al., 1999
H-1510 Hekla 440 0.32 S Thorarinsson, 1967
K~ 1500 Katla 450 0.5 W Thorarinsson, 1969; Larsen, 2000
H-1389 Hekla 561 0.15 SE Larsen et al., 1999
0-1362 Orzfajokull 588 10 S,SE  Thorarinsson, 1958
H-1341 Hekla 609 0.18 SE Larsen et al., 1999
K-1262 Katla 688 0.48 NE Larsen, 2010
H-1206 Hekla 744 0.4 SE Larsen et al., 1999
H-1158 Hekla 792 0.33 NE Thorarinsson, 1967; Larsen et al., 1999
Eldgjd 934 Katla 1016 ~4.5 S, SE Hammer et al., 1980; Larsen, 2000, 2010
Grékolla (G) Torfajokull 1950+45 NE Larsen and Eiriksson, unpubl.
Askja (A) Askja 1950+45 S, SE Larsen and Eiriksson, unpubl.
H-X Hekla ~ 2300 0.45 E,NE Larsen and Vilmundardéttir, 1992;
Oladéttir et al., 2011a
H-A Hekla 2540 0.55 w Rébertsdottir, 1992;
Rébertsdoéttir er al., 2002b;
Sigurgeirsson and Sveinbjornsdottir, 1999
H-Y Hekla ~ 2600 0.6 E Larsen and Vilmundardéttir, 1992;
Oladéttir et al., 2011a
H-B Hekla ~ 2740 w Rébertsdéttir, 1992
SILK-UN Katla 2850+£50 0.29 E,NE Larsen et al., 2001
H-C Hekla 2800470 NwW Thorarinsson, 1964; Rébertsdéttir, 1992
H-M Hekla 2970 0.46 SE Larsen et al, 2002b; Oladdttir ef al., unpubl.
H-N Hekla 3040 0.66 SE Larsen et al, 2002b; Oladéttir ef al., unpubl.
SILK-LN Katla 3390+70 0.22 NE Larsen et al., 2001
H-S Hekla 3800120 2 E, SE Larsen et al., 2001; 2012
Sn-2 Sneefellsjokull 4400+£160 N, NE Steinthérsson, 1967,
Johannesson et al., 1981
SILK-A8 Katla ~7350 SE Larsen et al., 2001
Sn-3 Snafellsjokull >8000 N, NE J6hannesson et al., 1981
Al3 Torfajokull ~8350 SE Larsen et al., 2001; Oladéttir et al., 2008

S¢ndergaard, 2005; Kristjansdottir et al., 2007). The
Saksunarvatn ash and Vedde Ash are the only tephra
layers that are found on all of the shelf areas that have
been investigated, i.e. north, west and south (Figure 1,
Table 2). Other tephra markers have only been identi-
fied, until now, in a single core (Table 2).

A transect from the western part of the North Ice-
land shelf to east Iceland is shown in Figure 3, where
marine cores MD99-2269 and MD99-2275 are cor-
related to the Svartarkot soil section in north Iceland
(Larsen et al., 2002 and unpublished data) and Kara-
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hnjdkar in east Iceland (Oladéttir ez al., 2011a) (Fig-
ure 2) (Gudmundsdéttir et al., 2012). Nine tephra
layers can be correlated between cores MD99-2269
and MD99-2275. Here four of these tephra layers,
KOL1372, KOL3-2269/3373, KOL2-2269/2912 and
KOL1-2269/2780 are correlated based on age and
chemical composition. These tephra layers could be
potential regional tephra markers on the shelf as they
originate from KOL or the TFZ. In addition to these
nine tephra layers correlated between cores MD99-
2269 and MD99-2275, 21 and 22 layers, identified in
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Figure 3. Tephra stratigraphy of marine cores MD99-2269 and MD99-2275 correlated to tephra stratigraphy of

the Svartarkot and Karahnjuikar soil sections. The colors of the tephra layers refer to a specific volcanic system
(Figure 2). Broken lines refer to less certain correlations and discontinuous lines represent correlations that can
only be made between core MD99-2275 and Karahnjikar soil sections. The thickness of the tephra layers in the
soil sections are shown proportionally. — Gjoskulagaskipan i sjdavarkjornum MD99-2269 og MD99-2275 tengd
vid gjoskulagaskipan i jardvegsnioum vid Svartdrkot og Kdrahnjiika. Litir gjoskulaga visa til eldstodvakerfa
skv. 2. mynd. Brotalinurnar endurspegla meiri ovissu i tengingu og slitnar linur eru tengingar sem einungis

hefur verid unnt ad gera milli kjarna MD99-2275 og jardvegssnidsins i Kdarahnjiikum.
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core MD99-2275, have been correlated to the Svartar-
kot and Kdrahnjikar soil sections, respectively (Fig-
ure 3) (Gudmundsdéttir et al., 2012). Further de-
tails on correlations of core MD99-2275 with these
soil sections are presented in Gudmundsdéttir et al.,
2012. Tephra layers from Katla volcanic system in
core MD99-2269 between the Hekla 1104 and Hekla
3 tephra markers could possibly be correlated to some
of the Katla tephra layers in core MD99-2275 and
Svartarkot and/or Kérahnjikar soil sections (Figure
3). A Katla tephra layer with an age of 2450 years
BP in core MD99-2269 could be correlated to two
Katla tephra layers with an age of 2337 years or 2473
years (Table 2). Such a correlation, however, would
be rather weak because the tephra stratigraphy of core
MD99-2269 has not been fully documented, with ev-
ery 10 cm investigated for tephra layers versus every
cm in core MD99-2275. Therefore other potentially
undiscovered Katla tephra layers in core MD99-2269
of similar age could be a better correlation. Good
stratigraphic and chronological control is of utmost
importance when correlating tephra layers, in particu-
lar basaltic tephra layers where appearance and chem-
ical composition is similar within a particular volcanic
system. The same applies for correlation of basaltic
Grimsvotn and Katla tephra layers in the interval be-
tween the Hekla 4 and Saksunarvatn ash marker layers
in core MD99-2269, a more detailed tephra stratigra-
phy is needed to make a robust correlation.

High-resolution and systematic studies of tephra
layers in marine sediments on the Iceland shelf opens
up the possibility of high-resolution layer-by-layer
correlations with centennial to decadal resolution
within certain time intervals (Gudmundsdottir et al.,
2012). This is especially valuable in areas where
frequent shifts in climate/atmosphere-oceanographic
system may have occurred and where synchronicity
of leads and lags between such events needs to be es-
tablished. Correlating marine tephra stratigraphy with
terrestrial (including ice core) tephra stratigraphy is
critical because dates can be obtained from the ter-
restrial setting. In many cases, this will also add to
the available information on its distribution outside
Iceland.
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CONCLUDING REMARKS

Tephra studies on the Iceland shelf show that the ma-
rine sediments are a good preserver of tephra layers
from Icelandic volcanoes facilitating robust correla-
tion and dating of various proxy archives for paleo-
environmental and climatic research. High-resolution
marine tephrochronology, allows detailed layer by
layer correlation were centennial to decadal resolu-
tion may be possible for certain time periods. Tephra
studies on the North Iceland shelf have revealed new
tephra layers, such as the Hrafnkatla, Hekla O and
Hekla DH, that can be used as markers or isochrones
on the Iceland shelf and possibly in the North Atlantic
region.

Marine tephrochronology also provides an inde-
pendent control on marine radiocarbon dates, and as-
sessment of marine reservoir age. The marine tephra
stratigraphy on the North Iceland shelf captures gen-
eral trends of explosive volcanic activity, providing
an important supplement to the high-resolution ter-
restrial record on volcanism in Iceland. In addition,
the marine record extends further back in time than
the terrestrial record. Regional identification of spe-
cific tephra layers in marine sediments, ice cores and
soil, will improve understanding of the frequency and
dispersal directions of Icelandic tephra. However, it
is important when working with marine tephra lay-
ers to carefully consider sedimentation processes that
can influence the integrity of a tephra layer such as
reworking by bioturbation, currents and mass move-
ments and the presence of sea ice during a tephra fall.

Development of tephrochronology in marine
archives on the Iceland shelf is still in its infancy.
Much of the work has been carried out on the North
Iceland shelf while the west, south and east Iceland
shelf areas await further investigation. The numer-
ous tephra layers identified on the North Iceland shelf
demonstrate the potential of the marine record around
Iceland for tephra studies.
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AGRIP

Fram til pessa hafa verid borin kennsl 4 130 gjoskulog
i setlogum 4 islenska landgrunninu fra nitima og sio-
jokultima. Elsta gjéskulagid er um 15.000 dra gam-
alt og pad yngsta frd arinu 1947. Gjoskulog hafa
fundist 1 30 sjavarsetkjornum. Flestir kjarnanna eru
4 nordanverdu landgrunninu og meirihluti gjéskulag-
ana hefur fundist par. A vestan- og sunnanverdu land-
grunninu hefur mun feerri gjéskulogum verid lyst. Af
pessum 130 gjéskulogum hefur verid haegt ad tengja
40 gjoskulog vid gjoskulog 4 landi, badi hérlendis
og erlendis og par af eru 26 timasett gjéskuleidarlog.
Flestar tenginganna spanna sidustu 7050 ar. Saks-
unarvatn og Vedde gjoéskuldgin eru einu 16gin sem
Iyst hefur verid 4 6llum peim svadum landgrunnsins
sem hafa verid rannsokud. Gjoskuleidarlog hafa gegnt
mikilveegu hlutverki { ad meta umhverfisbreytingar
i hafinu, p.a.m. breytingar { syndaraldri sjdvar vid
strendur landsins. Gjéskulagaskipanin 4 nordanverdu
landgrunni fslands gefur upplysingar um eldvirkni fs-
lenskra eldfjalla lengra aftur { timann en gjéskulaga-
skipan 4 landi og er pvi mikilvaeg vidboét vid pekkingu
4 gossogu Islands.

REFERENCES

Abbott, P. M., S. M. Davies, W. E. N. Austin, N. J. G. Pearce and
F. D. Hibbert 2011. Identification of cryptotephra horizons in
a North East Atlantic marine record spanning marine isotope
stage 4 and 5 (~60,000-82,000 b2k). Quaternary Int. 246,
177-189.

Abbott, P. M. and S. M. Davies 2012. Volcanism and the Green-
land ice-cores: The tephra record. Earth Science Reviews
115, 173-191.

Andrews, J. T., A. Geirsdéttir, J. Hardardéttir, S. Principato, K.
Gronvold, G. B. Kiristjansdottir, G. Helgadéttir, J. Drexler
and A. Sveinbjornsdéttir 2002. Distribution, sediment mag-
netism and geochemistry of the Saksunarvatn (10,180+60
cal. yr BP) tephra in marine, lake and terrestrial sediments,
northwest Iceland. J. Quaternary Sci. 17, 731-745.

Andrews J. T., and G. Helgadéttir 2003. Late Quaternary Ice cap
Extent and Deglaciation, Hinafl6aadll, Northwest Iceland:
Evidence from Marine cores. Arctic, Antarctic and Alpine
Research 35, 2, 218-232

Austin, W. E. N., E. Bard, J. B. Hunt, D. Kroon and J. D. Peacock
1994. The '*C age of the Icelandic Vedde Ash: Implications
for Younger Dryas Marine Reservoir Age Corrections. Ra-
diocarbon 37, 53-62.

Bard, E., M. Arnold, J. Mangerud, M. Paterne, L. Labeyrie, J.
Duprat, M. A. Méliéres, E. Sgndergaard and J. C. Duplessy

68

1994. The North Atlantic atmosphere-sea surface 14C gra-
dient during the Younger Dryas climate event. Earth Planet.
Sci. Lett. 126, 275-287.

Blockley, S. P. E., C. S. Lane, A. F. Lotter and A. M. Pollard
2007. Evidence for the presence of the Vedde Ash in Central
Europe. Quaternary Science Rev. 26, 3030-3036.

Bond, G., W. Broecker, S. Johnsen, J. McManus, L. Labeyrie,
J. Jouzel and G. Bonani 1993. Correlation between climate
records from North Atlantic sediments and Greenland ice.
Nature 365, 143-147.

Bondevik, S., J. Mangerud and S. Gulliksen 2001. The marine
1.C age of the Vedde Ash Bed along the west coast of Nor-
way. J. Quaternary Sci. 16, 1-7.

Boygle, J. 2004. Towards a Holocene tephrochronology for Swe-
den: geochemistry and correlation with the North Atlantic
tephra stratigraphy. J. Quaternary Sci. 19, 103—109.

Brendryen, J., H. Haflidason and H. P. Sejrup 2010. Norewe-
gian Sea tephrostratigraphy of marine isotope stage 4 and 5:
Prospects and problems for tephrochronology in the North
Atlantic region. Quaternary Science Rev. 29, 7-8, 739-745.

Brendryen, J., H. Haflidason and H. P. Sejrup 2011. Non-
synchronous deposition of North Atlantic and Norwegian Sea
sediments: an example of complex glacial-tephra transport. J.
Quaternary Sci. 26, 739-745.

Chambers, F. M., J. R. G. Daniell, J. B. Hunt, K. Molloy
and M. O’Connell 2004. tephrostratigraphy of An Loch
M6r, Inis Ofirr, western Ireland: implications for Holocene
tephrochronology in the north-eastern Atlantic region. The
Holocene 14, 703-720.

Davies, S. M., C. S. M. Turney and J. J. Lowe 2001. Identification
and significance of a visible, basalt-rich Vedde Ash layer in
a Late-glacial sequence on the Isle of Skye, Inner Hebrides,
Scotland. J. Quaternary Sci. 16, 99-104.

Davies, S. M., S. Wastegéard and B. Wohlfarth 2003. Extending the
limits of the Borrobol Tephra to Scandinavia and detection of
new early Holocene tephras. Quaternary Res. 59, 345-352.

Davies, S. M., M. Elmquist, J. Bergman, B. Wohlfarth and D.
Hammarlund 2007. Cryptotephra sedimentation processes
within two lacustrine sequences from west central Sweden.
The Holocene 17, 319-330.

Davies, S. M., S. Wastegard, P. M. Abbott, C. Barbante, M. Bigler,
S.J. Johnsen, T. L. Rasmussen, J. P. Steffensen and A. Svens-
son 2010. Tracing volcanic events in the NGRIP ice-core and
synchronizing North Atlantic marine records during the last
glacial period. Earth Planet. Sci. Lett. 294, 68-79.

Davies, S. M., P. M. Abbott, N. J. G. Pearce, S. Wastegérd, S. P.
E. Blockley 2012. Integrating the INTIMATE records using
tephrochronology: rising to the challenge. Quaternary Sci-
ence Rev. 36. 11-27.

Dugmore, A. J., G. Larsen and A. J. Newton 1995a. Seven tephra
isochrones in Scotland. The Holocene 5, 257-266.

Dugmore, A.J., J. S. Shore, G. T. Cook, A. J. Newton, K. J. Ed-
wards and G. Larsen 1995b. The radiocarbon dating of Ice-
landic tephra layers in Britain and Iceland. Radiocarbon 37,
379-388.

JOKULL No. 62, 2012



Dugmore, A. J. and A. J. Newton 1998. Holocene tephra layers in
the Faroe Islands. Frodskaparrit 46, 191-204.

Eiriksson, J., K. L. Knudsen, H. Haflidason, J. Heinemeier and
L. A. Simonarson 2000a. Chronology of late Holocene cli-
matic events in the northern north Atlantic based on AMS
14 dates and tephra markers from the volcano Hekla, Ice-
land. J. Quaternary Sci. 15, 573-580.

Eiriksson, J., K. L. Knudsen, H. Haflidason and P. Henriksen
2000b. Late-glacial and Holocene palacoceanography of the
North Icelandic shelf. J. Quaternary Sci. 15, 23-42.

Eiriksson, J., G. Larsen, K. L. Knudsen, J. Heinemeier and L. A.
Simonarson 2004. Marine reservoir age variability and water
mass distribution in the Iceland Sea. Quaternary Sci. Rev. 23,
2247-2268.

Eiriksson, J., H. B. Bartels-Jonsdottir, A. G. Cage, E. R. Gud-
mundsdéttir, D. Klitgaard-Kristenssen, F. Marret, T. Ro-
drigues, F. Abrantes, W. E. N. Austin, H. Jiang, K. L. Knud-
sen and H. P. Sejrup 2006. Variability of the North Atlantic
Current during the last 2000 years based on shelf bottom wa-
ter and sea surface temperatures along an open ocean/shallow
marine transect in Western Europe. The Holocene 16, 1017-
1029.

Eiriksson, J. and H. B. Bartels-J6nsdéttir 2006. Cruise Report for
RV Bjarni Semundsson Cruise B05-2006, University of Ice-
land, 3-19.

Eiriksson, J., K. L. Knudsen, G. Larsen, J. Olsen, J. Heinemeier,
H. B. Bartels-Jonsdoéttir, H. Jiang, L. Ran and L. A. Si-
monarson 2011. Coupling of palaeoceanographic shifts and
changes in marine reservoir ages off North Iceland through

the last millennium. Paleogeography, Paleoclimatology, Pa-
leoecology 302, 95-108.

Geirsdottir, A., J. T. Andrews, S. Olafsdéttir, G. Helgadéttir and
J. Hardardéttir 2002. A 36 ka record of iceberg rafting and
sedimentation from north-west Iceland. Polar Res. 21, 291—
298.

Gudmundsdottir, E. R., J. Eiriksson and G. Larsen 2011a. Iden-
tification and definition of primary and reworked tephra in
Late glacial and Holocene marine shelf sediments off North
Iceland. J. Quaternary Sci. 26, 589-602.

Gudmundsdoéttir, E. R., G. Larsen and J. Eiriksson 2011b. Two
new Icelandic tephra markers: The Hekla O tephra layer,
~6060 cal. yr BP and Hekla DH tephra layer, ~6650 cal.
yr BP — Land-sea correlation of Mid Holocene tephra layers.
The Holocene 21, 629-639.

Gudmundsdottir, E. R., G. Larsen and J. Eiriksson 2012.
Tephra stratigraphy on the North Icelandic shelf: extending

tephrochronology into marine sediments off North Iceland.
Boreas 41, 718-734.

Gudmundsson, A., G. Gronvold, N. Oskarsson, G. Larsen, P.
Einarsson, B. Brandsdéttir, O. Sigurdsson, K. Semundsson,
E. Tryggvason and T. Thordarson 1992. The 1991 eruption
of Hekla, Iceland. Bull. Volc. 54, 238-246.

Gronvold, K., N. Oska.rsson, S. J. Johnsen, H. B. Clausen, C. U.
Hammer, G. Bond and E. Bard 1995. Ash layers from Iceland

JOKULL No. 62, 2012

Holocene marine tephrochronology on the Iceland shelf

in the Greenland GRIP ice core correlated with oceanic and
land based sediments. Earth Planet. Sci. Lett. 135, 149-155.

Haflidason, H., J. Eiriksson and S. van Krefeld 2000. The
tephrochronology of Iceland and the North Atlantic region
during the Middle and Late Quaternary: a review. J. Quater-
nary Sci. 15, 3-22.

Hammer, C. U., H. B. Clausen and W. Dansgaard 1980. Greenland
ice sheet evidence of postglacial volcanism and its climatic
impact. Nature 288, 230-235.

Haraldsson, K. O. 2004. Joklabreytingar og setmyndun d land-
grunni Nordurlands d sidata jokulskeioi. M.Sc. Thesis, Uni-
versity of Iceland, 80 pp.

Jakobsson, S. P. 1979a. Petrology of recent basalts of the Eastern
Volcanic Zone, Iceland. Acta Naturalia Islandia 26, 1-103.

Jakobsson, S. P. 1979b. Outline of the petrology of Iceland. Jokull
29, 57-73.

Jennings, A. E., K. Gronvold, R. Hilberman, M. Smith and M.
Hald 2002. Hig resolution study of Icelandic tephras in the
Kangerlussuaq Through, SE East Greenland, during the last
deglaciation. J. Quaternary Sci. 17, 747-757.

Jéhannsdéttir, G. E. 2003. Gjoskulog i sjdvarseti og jardvegss-
nidum d Vestfjoroum. (Tephra in marine and terrestrial sedi-
ment in Vestfirdir, NW Iceland). B.Sc. thesis, University of
Iceland, 86 pp.

Jéhannsdétti, G. 2007. Mid Holocene to late glacial
tephrochronology in West Iceland as revealed in three
lacustrine environments. M.Sc. Thesis, University of
Iceland, 170 pp.

Johannesson, H., R. M. Flores and J. Jénsson 1981. A short ac-
count of the Holocene tephrochronology of the Snefells-
jokull central volcano, western Iceland. Jokull 31, 23-30.

Jéhannesson, H. and K. Semundsson 1998. Geological map of
Iceland. Tectonics. 1:500.000. Icelandic Institute of Natural
History, Reykjavik.

Jénsdottir, H. B. B. 2001. Late Holocene climatic changes on the
North Iceland shelf. M.Sc. Thesis, University of Aarhus, 124
pp-

Jonsson, T. 1990. Hvert liggja gjéskugeirar? Ndttiirufreedingurinn
60, 103-105.

Knudsen, K. L. and J. Eiriksson 2002. Application of
tephrochronology to the timing and correlation of palaeo-
ceanographic events recorded in Holocene and Late Glacial
shelf sediments off north Iceland. Marine Geology 191, 165—
188.

Knudsen, K. L., J. Eiriksson, E. Jansen, H. Jiang, F. Rytter and
E. R. Gudmundsdéttir 2004. Palaeoceanographic changes off
North Iceland through the last 1200 years: foraminifera, sta-
ble isotopes diatoms and ice rafted debris. Quaternary Sci-
ence Rev. 23, 2231-2246.

Knudsen, K. L., M. K. B. Sgndergaard, J. Eiriksson and H. Jiang
2008. Holocene thermal maximum off North Iceland: evi-
dence from benthic and planktonic foraminifera in the 8600—
5200 cal. year BP time slice. Marine Micropaleontology 67,
120-142.

69



E. R. Guomundsdottir et al.

Knudsen, K. L., J. Eiriksson, H. Jiang and I. J6nsdéttir 2009.
Palaeoceanography and climate changes off North Iceland
during the last millennium: comparison of foraminifera, di-
atoms and ice-rafted debris with instrumental and documen-
tary data. J. Quaternary Sci. 24, 457-468.

Knudsen, K. L., J. Eiriksson and H. B. Bartels-Jonsdottir 2012.
Oceanographic changes through the last millennium off
North Iceland: Temperature and salinity reconstructins based
on foraminifera and stable isotopes. Marine Micropaleontol-
ogy 84-85, 54-73.

Kristjansdottir, G. 1999. Late Quaternary climatic and enciron-
menta changes on the North Icelandic shelf, evidenc from
sedimentological and geochemical analyses of marine sed-
iment cores. M.Sc. Thesis, University of Iceland, 175 pp.

Kristjansdottir, G. B. 2005. Holocene climatic and environ-
mental changes on the Iceland shelf: 5180, Mg/Ca and
tephrochronology of core MD99-2269. Ph.D. thesis, Univer-
sity of Colorado, 423 pp.

Kristjansdoéttir, G. B., J. S. Stoner, A. E. Jennings, J. T. Andrews
and K. Gronvold 2007. Geochemistry of Holocene cryp-
totephras from the North Iceland Shelf (MD99-2269): in-
tercalibration with radiocarbon and palaeomagnetic chronos-
tratigraphies. The Holocene 17, 155-176.

Kvamme, T., J. Mangerud and H. Furnes 1989. Geochemistry of
Pleistocene ash zones in cores from the North Atlantic. Norsk
Geologisk Tidsskrift 69, 251—272.

Labeyrie, L., E. Jansen and E. Cortijo 2003. Les rapports de cam-
pagnes a la mer MD114/IMAGES V. Institut Polaire Francais,
850 pp.

Lacasse, C., H. Sigurdsson, H. Jéhannesson, M. Paterne and S.
Carey 1995. Source of Ash Zone 1 in the North Atlantic. Bull.
Volc. 57, 18-32.

Lacasse, C., H. Sigurdsson, S. Carey, M. Paterne and F. Guichard
1996. North Atlantic deep-sea sedimentation of Late Quater-
nary tephra from the Iceland hotspot. Marine Geology 129,
207-235.

Lacasse, C., S. N. Carey and H. Sigurdsson 1998. Volcanogenic
sedimentation in the Iceland basin: influence of subaerial and
subglacial eruptions. J. Volc. Geotherm. Res. 83, 47-73.

Lacasse, C. and C. D. Garbe-Schonberg 2001. Explosive sili-
cic volcanism in Iceland and the Jan Mayen area during the
last 6 Ma: sources and timing of major eruptions. J. Volc.
Geotherm. Res. 107, 113-174.

Lacasse, C., S. Karlsdoéttir, G. Larsen, H. Soosalu, W. L. Rose and
G. G. J. Ernst 2004. Weather radar observations of the Hekla
2000 eruption cloud, Iceland. Bull. Volc. 66, 457-473.

Lackschewitz, K. S. and H. J. Wallrabe-Adams 1997. Composi-
tion and origin of sediments on the mid-oceanic Kolbeinsey
Ridge, North of Iceland. Marine Geology 101, 71-82.

Larsen, D. J., G. H. Miller, A. Geirsdéttir and Th. Thordarson
2011. A 3000-year varved record of glacier activity and cli-
mate change from the proglacial lake Hvitarvatn, Iceland.
Quaternary Sci. Rev. 30, 2715-2731.

70

Larsen, D. J., G. H. Miller, A. Geirsdéttir and S. Olafsdéttir 2012.
Non-linear Holocene climate evolution in the North Atlantic:
a high-resolution, multi-proxy record of glacier activity and
environmental change from Hvitarvatn, central Iceland. Qua-
ternary Sci. Rev. 39, 14-25.

Larsen, G. and S. Thorarinsson 1977. H-4 and other acid Hekla
tephra layers. Jokull 27, 28-46.

Larsen, G. 1981. Tephrochronology by microprobe glass anlaysis.
In: Self, S. and R. S. J. Sparks (eds.). Tephra Studies, 97102,
D. Reidel Publishing Company, Dordrecht.

Larsen, G. 1982. Gjéskutimatal Jokuldals og nagrennis. In: Pérar-
insdéttir, H., 0.H. Oskarsson, S. Steinthérsson and Th. Ein-
arsson (eds.). Eldur er i Norori 51-65. Sogufélag, Reykjavik.

Larsen, G. 1984. Recent volcanic history of the Veidivotn fissure
swarm, southern Iceland - an approach to volcanic risk as-
sessment. J. Volc. Geotherm. Res. 22, 33-58.

Larsen, G. and E. G. Vilmundardéttir 1992. Hekla tephra layers
from the period 2900-1800 BP: H-x, H-y, H-z. The 20th Nor-
dic Geological Winter meeting, abstr., 106 pp., Reykjavik.

Larsen, G. 2000. Holocene eruptions within the Katla volcanic
system, south Iceland: Characteristics and environmental im-
pact. Jokull 49, 1-28.

Larsen, G., A. J. Newton, A. J. Dugmore and E. G. Vilmundard-
ottir 2001. Geochemistry, dispersal, volumes and chronology
of Holocene silicic tephras from the Katla volcanic system,
Iceland. J. Quaternary Sci. 16, 119-132.

Larsen, G., J. Eiriksson, K. L. Knudsen and J. Heinemeier 2002.
Correlation of late Holocene terrestrial and marine tephra
markers in North Iceland. Implications for reservoir age
changes and linking land-sea chronologies in the northern
North Atlantic. Polar Res. 21, 283-290.

Larsen, G., E. G. Vilmundardottir and B. Rébertsdottir 2002b. SE-
trending tephra sectors erupted between 2600 and 2880 4C
yrs BP: Characteristics of potential marker horizons outside
Iceland. The 25th Nordic Geological Winter Meeting, abstr.,
Reykjavik, Iceland.

Larsen, G. and J. Eiriksson 2008a. Holocene tephra archives
and tephrochronology in Iceland-a brief overview. Jokull 58,
229-250.

Larsen, G. and J. Eiriksson 2008b. Late Quaternary terrestrial
tephrochronology of Iceland-frequency of explosive erup-
tions, type and volume of tephra deposits. J. Quaternary Sci.
23, 109-120.

Larsen, G. 2010. Katla: Tephrochronology and eruption history.
Devel. Quaternary Science 13, 23—49.

Larsen, G., G. Sverrisdottir, A. Hjartarson, P. Einarsson and H.
Jéhannesson 2012. Hekla. In: Sélnes J., F. Sigmundsson
and B. Bessason (eds.). Ndtiruvd d [slandi. Haskoladtgafan,
Reykjavik, 185-205.

Lowe, D. J. 2008. Uncertainty in tephrochronology. SUPRAnet
consortium workshop. "Studying uncertainty in palaeocli-
mate reconstruction”, Sheffield, U.K. Presentation available
at http:caitlinbuck.staff.shef.ac.uk/SUPR Anet.

JOKULL No. 62, 2012



Lowe, D.J. and A. S. Hunt 2001. A summary of terminology used
in tephra-related studies. Les Dossiers de I’Archeo-Logis 1,
17-22.

Lowe, D. J. 2011. Tephrochronology and its application: A re-
view. Quaternary Geochronology 6, 107-153.

Mangerud, J. and S. Gulliksen 1975. Apparent radiocarbon ages
of recent marine shells from Norway, Spitsbergen and Arctic
Canada. Quaternary Res. 5,263-273.

Mangerud, J., H. Furnes and J. Johanssen 1986. A 9000 year old
ash bed on the Faroe Islands. Quaternary Res. 21, 85-104.

McCave, 1. N. 2005. Cruise Report for R. R. S. Charles Darwin
Cruise CD 159. Department of Earth Sciences, University of
Cambridge, 49 pp.

McGarvie, D. W., R. Macdonald, H. Pinkerton and R. L. Smith
1990. Petrogenic evolution of the Torfajokull volcanic com-
plex, Iceland II. The role of magma mixing. J. Petrol. 31,
461-481.

Oddsson, B., M. T. Gudmundssson, G. Larsen and S. Karlsdéttir
2012. Monitoring of the plume from the basaltic phreatomag-
matic 2004 Grimsvotn eruption — application of weather
radar and comparison with plume models. Bull. Volc. 1395—
1407, doi:10.1007/s00445-012-0598-9.

Oladéttir, B. A., G. Larsen, Th. Thordarson and O. Sigmarsson
2005. The Katla volcano S-Iceland, Holocene tephra stratig-
raphy and eruption frequency. Jokull 55, 53-74.

Oladéttir, B. A., O. Sigmarsson, G. Larsen and Th. Thordarson
2008. Katla volcano, Iceland, magma composition, dynam-
ics and eruption frequency as recorded by tephra layers. Bull.
Volc. 70, 475-493.

Oladéttir, B. A., G. Larsen and O. Sigmarsson 2011a. Holocene
volcanic activity at Grimsvotn, Veidivotn-Bardarbunga and
Kverkfjoll subglacial centres beneath Vatnajokull, Iceland.
Bull. Volc. 73, 1187-1208.

Oladéttir, B. A., O. Sigmarsson and G. Larsen 201 1b. Provenance
of basaltic tephra from Vatnajokull subglacial volcanoes, Ice-
land, as determined by major- and trace-element analyses.
The Holocene 21, 1037-1048.

Olsen, J., E. R. Gudmundsdéttir, S. Bjorck, B. V. Odgaard and
J. Heinemeier 2010. Revised age estimate of the Mjduvgtn
tephra A on the Faroe Islands based on Bayesian modelling
of 14C dates from two lake sequences. J. Quaternary Sci. 25,
612-616.

Pilcher, J. R., R. S. Bradley, P. Francus and L. Anderson 2005.
A Holocene tephra record from the Lofoten Islands, Arctic
Norway. Boreas 34, 136-156.

Pyne-O’Donnell, S. D. E, S. P. E. Blockley, C. S. M. Turney and
J. J. Lowe 2008. Distal volcanic ash layers in the Lateglacial
Interstadial (GI-1). Quaternary Science Rev. 27, 288-305.

Rasmussen, T. L., S. Wastegérd, E. Kuijpers, T. C. E. van Weer-
ing, J. Heinemeier and E. Thomsen 2003. Stratigraphy and
distribution of tephra layers in marine sediment cores from
the Faeroe Islands, North Atlantic. Marine Geology 199, 3—
4,263-2717.

JOKULL No. 62, 2012

Holocene marine tephrochronology on the Iceland shelf

Rasmussen, S. O., K. K. Andersen, A. M. Svensson, J. P. Stef-
fensen, B. M. Vinther, H. B. Clausen, M. -L. Siggaard-
Andersen, S. J. Andersen, S. J. Johnsen, L. B. Larsen, D.
Dahl-Jensen, M. Bigler, R. Rothlisberger, H. Fisher, K. Goto-
Azuma, M. E. Hansson and U. Ruth 2006. A new Greenland
ice core chronology for the last glacial termination. J. Geo-
phys. Res. 111, 3246-3257.

Roébertsdéttir, B. G. 1992. Prju forsoguleg gjéskulog fra Heklu,
HA, HB og HC. (Three prehistoric tephra layers from Hekla
volcano, HA, HB and HC). The Geoscience Society of Ice-
land Spring Meeting, abstracts, 6-7.

Robertsdottir, B. G., G. Larsen and J. Eiriksson 2002a. A new
detailed stratigraphical and geochemical record of 30 tephra
layers from the Hekla volcanic system, Iceland, 2980-850
cal. yr BP. The 25th Nordic Geological Winter Meeting, ab-
stracts, 178, Reykjavik.

Robertsdottir, B. G., J. Eiriksson and G. Larsen 2002b. A west-
ward trending two-coloured tephra layer at 2540 cal. yr BP
from the Hekla volcanic system, Iceland: Potential marker
horizon outside Iceland? The 25th Nordic Geological Winter
Meeting, abstracts, 177, Reykjavik.

Ruddiman, W. F. and L. K. Glover 1972. Vertical mixing of ice-
rafted volcanic ash in North Atlantic sediments. Geol. Soc.
Am. Bull. 83, 2817-2836.

Sejrup, H. P, J. Sjoholm, H. Furnes, 1. Beyer, L. Eide, E. Jansen
and J. Mangerud 1989. Quaternary tephrochronology in the
Iceland Plateau, north of Iceland. J. Quatern. Sci. 4, 109-114.

Sejrup, H. P., S. J. Lehman, H. Haflidason, D. Noone, R.
Muscheler, I. M. Berstad and J. T. Andrews 2010. Re-
sponse of Norwegian sea temperature to solar forcing since
1000 AD. J. Geophys. Res. 115, C12034, doi:10.1029/-
2010JC006264

Sejrup, H. P., H. Haflidason and J. T. Andrews 2011. Holocene
North Atlantic SSTs and regional climate variability. Qua-
ternary Science Rev. 30,3181-3195.

Shane, P. A. R. and I. E. M. Smith 2000. Geochemical finger-
printing of basaltic tephra deposits in the Auckland Volcanic
Field. New Zealand J. Geology and Geophysics 43, 569-577.

Shane, P. A. R, I. A. Nairn and V. C. Smith 2005. Magma min-
gling in the 50 ka Rotoiti eruption from Okataina Volcanic
Centre: implications for geochemical diversity and chronol-
ogy for large volume rhyolites. J. Volc. Geotherm. Res. 139,
299-313.

Sicre, M.-A., J. Jacob, U. Ezat, S. Rousse, C. Kissel, P. Yiou,
J. Eiriksson, K. L. Knudsen, E. Jansen and J.-L. Turon 2008.
Decadal variability of sea surface temperatures off North Ice-
land over the last 2000 years. Earth Planet. Sci. Lett. 268,
137-142.

Sigurdsson, H. and R. S. J. Sparks 1981. Petrology of rhyolitic
and mixed magma ejecta from the 1875 eruption of Askja,
Iceland. J. Petrol. 22, 42-84.

Sigurgeirsson, M. A. and A. E. Sveinbjornsdéttir 1999. Forsogu-
leg gjoskulog 4 sudvesturlandi. (Prehistoric tephra layers
in southwest Iceland). The Geoscience Society of Iceland
Spring Meeting, abstracts, 51-52.

71



E. R. Guomundsdottir et al.

Sjsholm, J., H. P. Sejrup and H. Furnes 1991. Quaternary volcanic
ash zones on the Iceland Plateau, southern Norwegian Sea. J.
Quaternary Res. 6, 159-173.

Steinthérsson, S. 1967. Tver nyjar C** aldursakvardanir 4 Gsku-
16gum tr Sneefellsjokli. Nattiirufredingurinn 37, 236-238.

Steinthorsson, S. 1978. Tephra layers in a drill core from the
Vatnajokull Ice Cap. Jokull 27, 2-27.

Stuiver, M. and G. W. Pearson 1986. High-precision calibatrtion
of the radiocarbon time scal, AD 1950-500 Bc. In: Stuiver,
M. and R. S. Kra (eds.).Proceedings of the 12th International
14C conference. Radiocarbon 25 (2B), 805-838.

Stuiver, M. and T. F. Braziunas 1993. Modeling atmospheric C-14
influences and C-14 ages of marine samples to 10,000 BC.
Radiocarbon 35 1, 67-72.

Samundsson, K. 1978. Fissure swarms and central volcanoes of
the neovolcanic zones of Iceland. Geological J. Spec. Iss. 10,
415-432.

Se¢ndergaard, M. K. B. 2005. Late-glacial and Holocene palaeo-
climatic fluctuations on the North Icelandic shelf - foramini-
feral analysis, sedimentology and tephrochronology of core
MD992275. Ph.D. Thesis, Aarhus Geoscience 26, 140 pp.

Swindles, G. T., I. T. Lawson, I. P. Savov, C. B. Connor and G.
Plunkett 2011. A 7000 yr perspective on volcanic ash clouds
affecting northern Europe. Geology 39, 887-890.

Telesinski, M. M. 2010. Palaeoceanographic and climatic
changes through MIS 3 to early MIS 2 (Weichselian) off
North Iceland based on foraminifera, stable isotopes and
sediments. M.Sc. Thesis. University of Aarhus, 59 pp.

Thorarinsson, S. 1944. Tefrokronologiska studier pa Island. Ge-
ografiska Annaler, 26, 1-217.

Thorarinsson, S. 1954. The tephra-fall from Hekla on March 29th
1947. In: Einarsson, T., G. Kjartansson and S. Thorarinsson
(eds.). The eruption of Hekla 1947-1948, 11-3, 68 pp. Soci-
etas Scientiarum Islandica, Reykjavik.

Pérarinsson, S. 1955. Oskufall svo sporrzkt var og Kétlugosid
1721. Nattirufreedingurinn 25, 87-98.

Thorarinsson, S. 1958. The Orafajokull eruption of 1362. Acta
Naturalia Islandica 11, 1-100.

Thorarinsson, S. 1963. Askja on Fire. Almenna bokafélagid, 55
pp-

Pérarinsson, S. 1964. Aldur oskulaga. Ndttirufreedingurinn 34,
113-126.

Thorarinsson, S. 1967. The Eruptions of Hekla in historical times.
In: Einarsson, T., G. Kjartansson and S. Thorarinsson (eds.).
The eruption of Hekla 1947-1948 I, 177 pp., Societas Scien-
tiarum Islandica, Reykjavik.

Thorarinsson, S. 1969. Ett och annat om tefrokronologi. Dansk
Geologisk Forening Arsskrift for 1969, 9-28.

Pérarinsson, S. 1971. Aldur ljésu gjéskulaganna dr Heklu sam-
kvemt leidréttu geislakolstimatali. Ndttiirufredingurinn 41,
99-105.

Pérarinsson S. 1975. Katla og anndll Kotlugosa (Katla and its his-
torical eruptions). Arbok Ferdafélags Islands, 125-149.

72

Thorarinsson, S. 1981. Greetings from Iceland. Geografiska An-
naler 63A, 109-118.

Thordarson, T. and G. Larsen 2007. Volcanism in Iceland in his-
torical time: Volcano types, eruptions styles and eruptive his-
tory. J. Geodynamics 43, 118-152.

Thordarson, T. and A. Hoskuldsson 2008. Postglacial volcanism
in Iceland. Jokull 58, 198-228.

Thornalley, D. J. R., I. N. McCave and H. Elderfield 2011. Tephra
in deglacial ocean sediments south of cieland: Stratigraphy,
geochemistry and oceanic reservoir ages. J. Quaternary Sci.
26, 2, 190-198.

Turney, C. S. M., D. D. Harkness and J. J. Lowe 1997. The use of
microtephra horizons to correlate Late-glacial lake sediment
successions in Scotland. J. Quaternary Sci. 12, 525-531.

Turney, C. S. M., J. J. Lowe, S. M. Davies, V. A. Hall, D. J.
Lowe, S. Wastegard, W. Z. Hoek and B. V. Alloway 2004.
Tephrochronology of Last Termination sequences in Europe:
a protocol for improved analytical precision and robust cor-
relation procedures (a joint SCOTAV-INTIMATE proposal).
J. Quaternary Sci. 21, 335-345.

van den Bogaard, C. and H. U. Schmincke 2002. Linking the
North Atlantic to central Europe: a high-resolution Holocene
tephrochronological record from northern Germany. J. Qua-
ternary Sci. 17, 3-20.

Verhoeven, K., S. Louwye and J. Eiriksson 2012. Plio-Pleistocene
landscape and vegetation reconstruction of the coastal area
of the Tjornes Peninsula, Northern Iceland. Boreas 101-122,
doi:10.1111/j.1502-3885.2012.00279.x

Wastegard, S., S. Bjorck, G. Possnert and B. Wohlfarth 1998. Ev-
idence of the occurrence of Vedde Ash in Sweden: radiocar-
bon age estimates J. Quaternary Sci. 13, 271-274.

Wastegard, S., S. Bjorck, M. Grauert and G. E. Hannon 2001. The
Mjéauvotn tephra and other Holocene tephra horizons from
the Faroe Islands: a link between the Icelandic source region,
the Nordic seas, and the European continent. The Holocene
11, 101-109.

Wastegard, S. 2002. Early to middle Holocene silicic tephra hori-
zons from the Katla volcanic system, Iceland: new results
from the Faroe Islands. J. Quaternary Sci. 17, 723-730.

Wastegard, S. 2005. Late Quaternary tephrochronology of Swe-
den: review. Quaternary International 130, 49-62.

Wastegard, S. and S. Davies 2009. An overview of distal
tephrochronology in northern Europe during the last 1000
years. J. Quaternary Sci. 24, 500-512.

Zielinski, G. A., P. A. Mayewski, L. D. Meeker, K. Gronvold,
M. S. Germani, S. Whitlow, M. S. Twickler and K. Taylor
1998. Volcanic aerosol records and tephrochronology of the
Summit, Greenland, ice cores. J. Geophys. Res. 102, C12,
26625-26640.

Zillén, L. M., S. Wastegard and L. F. Snowball 2002. Calendar year
ages of three mid-Holocene tephra layers identified in varved
lake sediments in west central Sweden. Quaternary Science
Rev. 21, 1583-1591.

JOKULL No. 62, 2012



