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Evaluating Archaeological Field Survey with Tephrochronology:
A Case Study from Southern Iceland

This photo essay reports on the field recording and interpretation of tephra
(volcanic ash) stratigraphy in Skaftartunga, Iceland. Trenches were dug to
establish whether topographic features observed on the surface were ar-
chaeological structures or the result of earth’s surface processes. Excavations
exposed about 35 square metres of vertical stratigraphy. Although all the fea-
tures proved to be natural formations, the stratigraphy did record phases of
erosion and stabilisation reflecting changing human impacts on the landscape.
This illustrates the potential of an outstanding tephra record to enhance our
understanding of the past.
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Figure 1. The research
areas in southern Iceland
by Pinggil (above) and
Haugatungur (below).
Surface features are high-
lighted in orange in the
aerial photographs and
consist of embankments
around larger basins, up-
standing ring features and
¥ circular mounds. The lo-
cations of excavations
are marked in red and
labelled A, B & C. Map-
J ping by Stefan Olafsson.
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Introduction

Field surveys are an essential part of archaeological investigations. In one form or an-
other, they have been undertaken in Iceland since the 19" century. It was not until the late 20™
century, however, that systematic archaeological surveys became standard practice driven by
legislation enacted in 1989 and updated in 2012. All cultural remains in Iceland more than
100 years old are classified as archaeology and protected by law. Recent surveys in different
parts of the country have revealed many surface features that form a crucial part of a copious
archaeological record.

In the years 2013—18, an archaeological field survey was conducted in Skaftartunga, (Fig.
1). Alongside the survey, some test trenches were excavated to gather dating evidence on
abandoned settlements (Hreidarsdottir et al. 2014, Hreidarsdoéttir 2014, 2015, 2016 and 2020,
Hreidarsdottir & Porsdottir 2024). During the survey some unusual features were identified at
two locations where place names, archival sources, and landscape analysis suggested assemblies
(regional socio-political gatherings dating to the 10"-14™ century) might have been held. The
first location is within the property of the farm of Flaga in Haugatungur (e. Plains/Tongues of
Mounds), at about 200 m above sea level (Fig. 1). In this area, about 70 small features, sugges-

mound (left) restored to their original form after the trenches were backfilled. Below (view to north-
east): the open trenches through the ring structure (foreground) and the mound (background)
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tive of booths common at assembly sites in Iceland, can be seen alongside a large basin enclosed
by a bank. At the second location, c. 8 km to the north, within the property of the farm of Grof
and close to binggil (e. Assembly Ravine), two large circular basins with enclosing banks and
several circular booth-like features were recorded about 220 m above sea level.

In 2023 three large trenches and a small square pit were cut into surface features on these
sites (Fig. 1). The trenches did not reveal any archaeology, but they did contain a wealth of
environmental data made visible by the tephra stratigraphy. The assessment of these tephra
records illustrates how field observations can be used to reconstruct environmental change and
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Figure 3. Haugatungur, Skaftartunga. A section through the ring structure, showing tephra layers formed
between 1206 AD and 1845 AD. Numbers indicate calendar dates from written sources, initials indicate
the volcanic origins of the tephra layers. In this and other figures in the essay, the following applies: ‘K’
from Katla, ‘H’ from Hekla, ‘G’ from Grimsvétn, “V’ from Veidivotn. Note the distinctive characteristics
of the layers, defined by colour and thickness, grain composition, and grain size (for location see inset
photo in Figure 4).
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Figure 4. Haugatungur, Skaftdrtunga, looking north-west (main picture). Ring structure section (A). At ~939 AD the
land surface below the centre of the surface ‘ring structure’ was stable, but the land outside the rim was eroded creating
a sloping erosion surface cutting into the surrounding pre-settlement sediments (erosion surface #1). The remaining
sediments were left in a mound centred under the present ring structure. Airfall deposits from the ~939 AD Eldgja
eruption stabilised where the land surface had not eroded above the ~877 AD tephra, but only after initial deposits
were disturbed, destroying the original stratigraphy. The mound was probably topped by a scrub heath or woodland
vegetation which stabilised the depth of tephra deposit now visible in the stratigraphy. A second erosion surface cuts
across surviving Eldgja ~939 AD deposits (erosion surface #2). Erosion surfaces #1 and #2 stabilise with a dome of
Eldgja ~939 AD mixed with aeolian soil forming in the centre of the present ring structure. From 940’s AD to mid-17"
century AD, a mound grew with the formation of overlying andosol plus tephra layers. In the mid-late 18" century
AD, the summit of the mound eroded to create a central deflation hollow (erosion surface #3). By the early 19™ century
AD, this re-stabilised and the whole area was covered with an aeolian soil before the deposition of the Hekla tephra
in 1845 AD. The white vertical scale is 50 cm in length.
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Figure 5. Haugatungur, Skaftartunga looking north-west. A continuation of the left-hand side of the section shown
in Figure 4. The white vertical scale is 50 cm in length. For interpretation, see caption to Figure 4.
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infer relations between social and environmental processes—data that would be very hard, if
not impossible, to identify without the presence of the tephra layers.

Skaftartunga has a rich tephra stratigraphy formed since the retreat of the last island-wide ice
sheet about 8,000 years ago. It has frequently received fallout volcanic eruptions forming tephra
layers that are well separated in the stratigraphy because of high rates of aeolian (wind-borne)
sediment accumulation. The settlement of Iceland (Landnam) occurred in the late 9™ century.
During the 1,100 years since then at least 22 tephra layers have been spread over Skaftartunga
by eruptions of the volcanoes Katla, Hekla, Lakagigar, Grimsvétn, Oraefajokull, Eldgja, and
Veidivotn. Individual tephra layers have distinctive characteristics, including their stratigraphic
location, layer colour and thickness, grain composition, and grain size, that enable them to be
confidently identified in the field based on their visible characteristics alone (e.g., Streeter 2011).
Tephra layers have been dated precisely using written records and by correlation to traces of the
same tephra in ice core records from the Greenland icesheet. They have been used to reconstruct
a detailed environmental history of the last millennia for Skaftartunga (Streeter 2011).

In addition to providing a dating framework, high resolution measurements of tephra
layer morphology have been used to infer environmental processes and surface vegetation at
the time of the tephra deposition (e.g., Streeter and Dugmore 2013a, Streeter and Dugmore
2013b, Dugmore et al. 2020). Vegetation communities of different types (e.g., grassland,
moss heath, woodland) and differing status (e.g., well-grazed or not, growing or dormant)
have different capabilities for stabilising a surface deposit of tephra (Dugmore et al. 2018).
Where thick tephra layers have been stabilised, that is an indication that the surface vegetation
could stabilise the fallout and resist its mobilisation by earth surface processes. Cross cut and
absent layers indicate erosion surfaces. Re-worked tephra deposits indicate processes of both
erosion and deposition. Therefore, tephra layers can be used to infer both local and regional
environmental conditions as well as date them.
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Figure 6. A small pit (B) in Haugatungur, Skaftartunga (looking west) excavated in the centre of a basin
contains evidence of mass displacement of the soil contained in the 4 cm offset of tephra layers formed
between 1389 and 1660 AD. Earthquake impacts in the 19" century may explain the evidence, although
differential frost heave might achieve the same result. The knife handle is 11 ¢cm in length.
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The excavations in Haugatungur and by Pinggil

In June 2023 two trenches and a pit were dug in Haugatungur and a further trench at
binggil (Figs. 1-7). At Haugatungur, the trenches were 3—4 m apart (A in Figure 1) and the
pit was sited about 50 m further north (B in Figure 1). Here we focus our attention on the
southernmost trench (A) that provided sections through a ring-shaped surface feature and the
northern pit (B) in the centre of a large enclosure-like feature. The section at Pinggil (C in
Figure 1) was cut through a bank that enclosed a large basin. In all cases the trenches were cut
to see what formed the upstanding banks and to date them.

Discussion

The trench dug into one of the many ring structures at Haugatungur (Fig. 1, Trench A, Fig.
2) revealed many tephra layers (Fig. 3) that show it began as a mound formed between ~877 and
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Figure 7. Haugatungur, Skaftartunga. A small excavated pit from the centre of a basin (B- also seen in
Figure 6) contains evidence of landscape change in the aftermath of the 15" century AD outbreaks of
plague. There are major contrasts between post 1389 AD stratigraphy (especially post 1416 AD) and
sediments older than late 14™ century AD. Analysis and interpretation: Late prehistoric/landnam-13"
century sediments eroded from here as indicated by the absence of tephra layers from Veidivotn ~877
AD, Eldgja ~939 AD, Hekla 1206 AD, and Katla 1262 AD. By the 14™ century AD, changes in the
environment/vegetation enable patchy traces of the Hekla 1341 AD tephra to preserve. In the late 14™
century AD, the land surface was characterised by subdued hummocks. The Katla 1416 AD ash fall lev-
elled the surface filling in hollows in the surface vegetation. The fact that the tephra only stabilised in
the hollows suggests that the surface vegetation was very short in stature which in turn suggests that the
area might have been heavily grazed at the time. Our working hypothesis is that human impacts follow-
ing the settlement of Iceland destabilised the landscape despite generally favourable climate conditions.
A general easing of environmental pressures following the impacts of plague allowed a local landscape
stabilisation and uninterrupted acolian sediment accumulation.
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~939 AD when soil erosion had stripped away surrounding sediments (Figure 4). Eroding slopes
are shown by the truncation of older tephra layers, and evidence for shrubs on the summit of
the mound comes from the localised stabilisation of more than 30 cm of airfall tephra from the
~939 AD Eldgja eruption (Fig. 5). The timing indicates that this erosion was probably associated
with the initial impacts of Norse settlement and the introduction of grazing animals (Pérarinsson
1961, Dugmore and Buckland 1991, Dugmore et al. 2009, Streeter and Dugmore 2014).

In the large hollow c. 50 m to the north (Fig. 1, Trench B), the lack of tephra layers between
late pre-history and the late 14™ century AD (Figure 6) shows that there, the erosion that began
soon after Landnam was more persistent. The soil between the erosion surface cut into the
pre-historic strata and the tephra from 1389 AD shows that some accumulation was taking
place, but it is a shallow deposit and there was insufficient stability for recognisable layers
to form. While persistent instability dominated this large basin until the late 14™ century, the
flanks of the mound to the south stabilised (Figure 4) and grew through steady aggradation of
windblown soils and the episodic deposition of tephra layers. The timing of stabilisation at
the site of pit B is suggestive, and a persuasive explanation for this is the devastating impact
of a plague 1402—4 AD that killed a large proportion of the population and forced a change in
land management. Evidence from the surrounding region shows that rangeland erosion rates
eased at this time (Streeter et al. 2012).

A picture emerges of a widespread landscape transformation at the time of settlement with
areas of stability (Fig. 1, Trench C, Fig. 8) and patches of erosion of differing scales, some of
which (around a remnant mound; trench A) stabilise in the following centuries, but others (in
a large hollow; pit B) persist until the impacts of plague in the 15™ century.

In the 18™ century, the summit of the southern mound (Fig. 1, Trench A) erodes to form a
ring structure, meanwhile the basin to the north is stable. Climate change could have triggered
this renewed erosion. Cold and wet conditions drove the growth of Icelandic glaciers, which
reached local high stands in the 18™ century. Under these circumstances, the crests of mounds
could be exposed to particularly harsh winter conditions, while the low-lying surroundings
(such as the basin around pit B) could be protected by snow cover. Vegetation die-back could
then expose the summits to deflation and turn mounds into rings with a hollowed-out middle.
The 18™ century erosion ceased by the early 19™ century.

The evidence from the tephra stratigraphy shows that this upland area has undergone phas-
es of erosion, stabilisation, and deposition that have switched back and forth under the influ-
ence of different drivers of change, from initial colonisation and subsequent land management
to volcanic impact, demographic shock, and climate change. Large scale fracturing of blocks
of soils has also occurred (Figures 6 and 8) that may be the result of either earthquake activ-
ity or cryoturbation. Our excavations showed that even if the ring, mound, and basin features
do not have direct archaeological origin, they do contain rich records of human activities and
changing environments that can be integrated with other sources of evidence. Written sources
(farm diaries, tax records, etc.), archaeological excavations (providing evidence such as live-
stock compositions), and palaeoclimatic archives combined with the remarkable evidence
gleaned from tephra layers in the soil can provide crucial evidence for threshold-crossing
events or resilience. We may infer explanations for adaptation, sustainability, or miscalcula-
tion. Important lessons we can learn from the completed experiments of the past can help us
decide apt approaches for the future.



2025 Archaeology Now No. 4
E.O. Hreidarsdottir, K. Porsdottir, and A.J. Dugmore

Authors. Elin Osk Hreidarsdottir', Kristborg Porsdottir', and Andrew J. Dugmore®’

'Fornleifastofnun fslands (The Institute of Archaeology, Iceland), Bradraborgarstigur 9, Reykjavik
101, Iceland. *Institute of Geography and the Lived Environment, School of GeoSciences, University
of Edinburgh, Drummond Street, Edinburgh EH8 9XP, Scotland, UK. “Corresponding author: andrew.
dugmore@ed.ac.uk.

Acknowledgements. This research was supported by The Antiquities Fund of Iceland (Fornminjas-
jodur). Our grateful thanks to Gunnar Sveinsson, Sigurgeir Gislason and Jon Geir Olafsson for access
to their land and their support of this research. Conner Morison assisted with the identification of pre-
Landnam tephra layers. We thank the municipality of Skaftarhreppur for their support and access to
accommodation at Tungusel.

Literature Cited

Dugmore, A., and P. Buckland. 1991. Tephrochronology and late Holocene soil erosion in south Iceland.
In Environmental change in Iceland: Past and Present, pp. 147-159. Dordrecht: Springer Verlag,
Netherlands.

Dugmore, A.J., R.T. Streeter, and N. Cutler. 2018. The role of vegetation cover and slope angle in tephra
layer preservation and implications for Quaternary tephrostratigraphy. Palaeogeography, Palaeocli-
matology, Palaeoecology. 489: 105-116.

Dugmore, A.J., P.I. Thompson, R.T. Streeter, N.A. Cutler, A.J. Newton, and M.P. Kirkbride. 2020.
The interpretative value of transformed tephra sequences. Journal of Quaternary Science. 35(1-2):
23-38.

Hreidarsdottir, E.O. (Ed.). 2014. Fornleifar i Skaftartungu I: Fornleifaskraning 4 Bilandi, Balandsseli
og Svartanupi. Fornleifastofnun fslands. Report nr. FS545-13022.

Hreidarsdottir, E.O. (Ed.) 2015. Skaftartunga: Archaeological investigations in Skaftartunga in 2015.
Fornleifastofnun fslands, Report nr. FS559-13023.

Hreidarsdottir, E.O. (Ed.). 2016. Fornleifar i Skaftirtungu II: Fornleifaskraning i HIid, Borgarfelli,
Snabyli, Ljotarstééum Grof og Hemru. Fornleifastofnun Islands, Report nr. FS636-13024.

Hreidarsdottir, E.O. (Ed.). 2020 Fornleifaskraning i Skaftirtungu III: Fornleifaskraning a Ytri- og
Eystri-Asum, Nesi og Svinadal. Fornleifastofnun fslands, Report nr. FS713-18321.

Hreidarsdottir, E.O., and K. bérsdottir. 2024. Fornleifar i Skaftartungu IV: Fornleifaskraning i Hvammi,
Hrifunesi og 4 Flogu og fornleifar 4 fleiri en einni jérd. Fornleifastofnun Islands, Report nr. FS971—
13026.

Hreidarsdottir, E.O., G. Hambrecht, R.T. Streeter, A.J. Dugmore, and H.Gestsdottir. 2014. Skaftartunga:
Archaeological Investigations in 2013. Fornleifastofnun fslands, Report nr. FS535-13021.

Streeter, R.T. 2011. Tephrochronology, Landscape and Population: Impacts of Plague on Medieval Ice-
land (Doctoral dissertation, University of Edinburgh, Scotland).

Streeter, R.T., and A.J. Dugmore. 2013a. Reconstructing late-Holocene environmental change in Iceland
using high-resolution tephrochronology. The Holocene. 23(2): 197-207.

Streeter, R.T., and A.J. Dugmore. 2013b. Anticipating land surface change. Proceedings of the National
Academy of Sciences. 110(15): 5779-5784.

Streeter, R.T., and A.J. Dugmore. 2014. Late-Holocene land surface change in a coupled social-eco-
logical system, southern Iceland: A cross-scale tephrochronology approach. Quaternary Science
Reviews. 86: 99-114.

Streeter, R., A.J. Dugmore, and O. Vesteinsson. 2012. Plague and landscape resilience in premodern
Iceland. Proceedings of the National Academy of Sciences. 109(10): 3664-3669.

Porarinsson, S. 1961. Uppblastur 4 fslandi i josi 6skulagarannsokna [Wind erosion in Iceland. A teph-
rochronological study. In Icelandic, English summary] Arsrit Skograktarfélags Islands [Icelandic
Forestry Society Yearbook]. pp. 17-54.



	1 ANOW 005 - Cover
	2 ANOW 005 - Masthead
	3 ANOW 005 - Regular

