The rigging of the Viking Age warship
The Skuldelev find and the ship motifs

Ole Thirup Kastholm

Abstract: Analysis of the technical evidence provided by
images of ships from the Viking Age reveals that most of
these depict warships equipped with a very wide and low
square sail. This depiction stands, however, in clear con-
trast to present-day reconstructions of Viking Age war-
ships which are fitted with a higher type of square sail,
inspired to a very considerable degree by the Norwegian
square-rigged vessels of the 19th century. Consequently,
an item of ethnographic reference material has come to
occupy a central role at the cost of evidence from the ar-
chaeological record.

Among Denmark’s pioneering archaeological
achievements, the excavation and reconstruction of
the five 11th century ships from Peberrenden at Skul-
delev in Roskilde Fjord stands out as something very
special. The development of marine-archaeological
methods, together with the subsequent reconstruc-
tion and sea trials of the vessels documented in the
process, has found international resonance.

A ship is challenging to reconstruct, due partly
to its technological complexity, partly to conserva-
tion-related factors and the combination of different
methods and angles of approach. The hull is one
side of the matter, while rigging and sail are another.
Sails and rigging stand out in particular by, on the
whole, not being represented in the archaeological
record. These major components of a complete and
functional ship are only known by way of contem-
porary depictions of ships, negative impressions on
hulls and detached objects.

Sails and rigging have, as a consequence, been
reconstructed on the basis of ethnographic evidence,
compared with that provided by key maritime ar-
chaeological finds (e.g. Andersen & Andersen 1989).
The situation is such that the Norwegian square-
rigged vessels of the 19th century share many techno-
logical features with Viking ships, both with respect
to hull and sail and rigging (fig. 1). These vessels -
successors 750 years later to the Viking ships - have
come to play a leading role in the reconstruction of
Viking Age sails and rigging, something the present
author considers problematic.

Fig. 1. A Norwegian square-rigged vessel from the 19t
century (Drawing: Bernhard Feergyvik, after Andersen &
Andersen 1989).

The problem resides in the obvious fact that the
sails of present-day reconstructions are visually dif-
ferent from those depicted in Viking Age images (fig.
2). In both cases they are, of course, square sails, but
on Viking Age picture stones, rune stones, coins and
graffiti, the sail is characterised by being markedly
greater in width than in height, whereas on the re-
constructions the sails are most commonly quadratic
or higher than they are wide (fig. 3).

This discrepancy has consistently been pointed
out by the Swedish archaeologist Erik Nylén (1983;
1986; 1987; 1995), and recently in a series of short
articles in the festschrift celebrating the 70t birthday
of the Norwegian maritime archaeologist Arne Emil
Christensen (Arisholm, Paasche & Wahl (eds.) 2006).
An in-depth study of the technological potential of
ship images from Viking times was, however, nec-
essary before further development could take place
in this area of research. The present author has now
attempted to carry out just such a study (Kastholm
2007a; 2007b; 2009). In the following, a brief account
will be given of the results obtained and their sig-
nificance for our perception of sails and rigging on
the ships from Skuldelev.
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The ship images

The Gotlandic picture stones constitute the largest
iconographic maritime source from Scandinavia’s
Iron Age and Viking times. This applies in particu-
lar to the very richly detailed stones encompassed
within Sune Lindqvist’s chronological phases C and
D. He dates these to the 8t century, but more recent
research has revised this date to AD 750-1000, with
the main emphasis on the 9th century (Lindqvist 1941,
108ff; Varenius 1992; Imer 2004). The revised dating
renders the present study of even greater relevance
as the ship images become, as a consequence, more
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Fig. 2. The picture

stone Stora Hammars I
from Lérbro parish on
Northern Gotland. This
painted stone is now
located at the open-air
museum in Bunge, a few
kilometres from where it
was found.

contemporaneous with existing records of Viking
ship finds.

However, a motif group such as ship images
on the picture stones is influenced by a number of
unknown conventions which may render it almost
‘illegible” in itself, even though reproduced in large
numbers. Consequently, cross-references to other
ship motifs from different archaeological contexts
and geographic areas are required to provide the
evidence with real value and resilience. These mo-
tifs are to be found on, for example, coins and rune
stones and in the form of graffiti (fig. 4).



Fig. 3. Sif Ege (1990) - a full-scale replica from Frederikssund of the coastal carrier Skuldelev 3, largely identical with
Roar Ege of the Viking Ship Museum. Roskilde Fjord, August 2009.

A credible source?

The ship motif was created in the Viking Age and did
not, reasonably enough, have modern archaeologists
as its target group. A ship is reproduced as people
in the Viking Age chose to depict it and this does
not necessarily embrace a timeless and universal
documentary dimension. The image represents, con-
versely, a series of choices of an aesthetic, artistic and
content-related nature, made against the background
of cultural and graphical conventions, the nature of
which can only to a very limited extent be clarified
today. This problem is a general and unavoidable
basic condition in the study of archaeology.

The basic idea behind this present study is that
the ship motifs - despite their possible duplicity of
meaning - are our richest source of information with
respect to the sail technology of the period. Therefore,
it is implicitly assumed that these images of ships
possess a fundamental realism. Such an assumption
can of course be viewed sceptically, and in fact should
be. The problem is simply, that if the idea of the fun-
damental realism of the images is rejected, then the
foundation for obtaining even the most insignificant
technological evidence from Viking Age ship images

crumbles away. In other words: One can choose either
to make use of this source regardless of the problems
inherent in decoding it - or one can reject the source
with reference to the same problem. In the latter case,
the potential for a comprehensive realisation of the
nature of the rigging is severely restricted.

The iconographic analysis

The evidence studied comprises a total of 36 images
showing sail-bearing vessels: three on Haithabu
coins, three on Swedish rune stones, four graffiti
and 26 on Gotlandic picture stones. This material is
not exhaustive but it is representative. It is broadly
dated to the Viking Age: the coins are from the first
half of the 9th century, the rune stones and the graf-
fiti from the 9t century up into the 11th century, the
picture stones date to the period 750-1000. It should
be added here that ship motifs on textiles, both Scan-
dinavian and those on the Bayeux Tapestry, have not
been addressed in this analysis in order to limit the
scope of the study.

The ship images were analysed on the basis of
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Fig. 4. A selection of ship motifs from the Viking Age, some with a full sail and others with it furled. Top row: Haithabu
coins: (from left to right) coin no. 2 from burial mound no. 4, Spangereid in Norway; stray find from Flokerudstorp

in Sweden; coin from grave no. 526 in Birka. (the NAVIS 2 database; Malmer 1966, pl. 1). Middle row: Three Swedish
rune-stone ships with sails: Ledberg, Ostergstland (SR Og 181 51); Sparlésa, Vastergotland (SR Vg 119); Stratomta,
Ostergijtland (SR Og 224). (Varenius 1992, fig. 62; Jungner & Sviardstrom 1940-70, vol. II, pl. 93; Brate 1911-18, pl. LXXX).
Bottom row: Rock carvings in Gauldalen, south of Trondheim (Christensen 1995, fig. 1).

the following fundamental elements: general ship
description: including the form of the stern/stem,
sail direction, wave direction, equipment, rudder
position, wind vane; rigging and sail: including mast
position, running and standing rigging, crowfeet/
network along the lower edge of the sail, sail decora-
tion, height-width index of sail, relationship between
mast and yard; crew: including number of visible
crew members on board and their weapons/accou-
trement, if any.
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Technological evidence from
ship images

This analysis of the ship images from Viking Age
Scandinavia has shed light on a number of interest-
ing aspects of maritime technology. A brief account
of the most important of these is given in the fol-
lowing (for a more detailed discussion see Kastholm
2009, 119ff).



The most important aspect is the pinpointing of
ship types and sail morphology. A minimum of 22
(61%) of the images can be assumed to depict war-
ships. This is established primarily on the basis of
visible weaponry. It is not possible to identify other
types of ship in the material and there was, in all
probability, a general consensus that warships should,
first and foremost, be depicted on picture stones,
rune stones and coins.

The recurrent sail form on these warships com-
prises wide, low square examples, with the majority
being twice as wide as they are high. The average
height-width index is c. 1:2. A few images do not
show the sail in its full extent but in its furled form
instead- roped, clewed up or lashed (cf. fig. 4). How-
ever, these vessels also have very long yards and this
supports the idea of a wide sail even though it is not
possible to measure it.

Elements such as the wave direction shown on
picture stones and wind vanes on the top of the mast
seen on picture stones, rune stones and graffiti all
suggest a consensus with respect to depicting the
vessels as sailing with the wind. This is underlined
by the fact that the forward corner of the sail (the
tack) is not seen secured to the hull; this rather risky
form of sailing, with a loose tack, occurs exclusively
with the wind directly astern.

Even though the ship images have a naturalistic
appearance, the same is not true of the perspective.
No attempt whatsoever has been made to introduce
three-dimensional effects in order to show depth.
Conversely, a false perspective is created whereby
certain elements are oriented unnaturally relative to
a realistic situation. This applies, in particular, to the
sail: whereas the vessel is seen in its full extent from
the side, the sail is seen from behind - similarly in its
full extent. The vessel is depicted in general as each
separate element appears individually, not as the
entire ship is perceived by the eye. In this respect,
a large proportion of the ship images are more akin
to a technical drawing (cf. fig. 1) than a naturalistic
picture.

It is not possible to see any actual technological
development. Ship pictures from the Early Middle
Ages confirm that the wide, low form of the sail ex-
isted throughout the entire Viking Age - as shown,
for example, in the carvings at Himmelev church
near Roskilde and Eggeslevmagle church near Skeel-
sker (figs. 5-6). This type of sail should definitely be
seen in direct association with specialised warships
which possibly were developed in the middle of the
8th century.

In general, these are images showing a great
degree of detail of practical maritime significance.
The wide, low form of the sail is confirmed by other

Fig. 5. A ship image
showing a low and wide
square sail. Drawing

of an engraving from
the early 12t century

in Himmelev church,
Roskilde (Drawing;:
Werner Karrasch, The
Viking Ship Museum).

Fig. 6. A ship image showing extraordinarily long yards
- the sail seems furled beneath. Engraving from the 11th
century in Eggerslevmagle church, Skeelsker (The Viking
Ship Museum).

image categories such as the depictions seen on rune
stones, coins and graffiti. A significant unknown
factor is, however, the scale displacement. The pro-
portions between hull and sail cannot, therefore, be
determined reliably on the basis of the ship images
alone.

The images that have been investigated are, how-
ever, of diverse observance. The most important
common feature is the reality of the motif. Not even
today, a thousand years later, is there any doubt with
respect to the character of the basic motif: a sail-bear-
ing vessel. Neither is there any doubt with respect to
the overall type of rigging: a single square sail. The
precision of the ship motifs extends as far as this - at
least. It is first with regard to the determination of
the specific form of the sail and the rigging that the
disagreements begin. Consequently, this source must
be considered as credible in its essence - sail-bearing
vessels are definitely depicted and they do not differ
significantly from archaeological finds of ships. The
question is then to what extent these ship images are
also able to pass on information of a more specific
nature and, for example, shed light on important
questions concerning the dimensions of the sail, its
height and width, and also the matter of ship type. It
is precisely with respect to these latter points that the
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credibility of the source should be rated highly. The
reasons for this are that the common denominators
such as wide sails and ships of military orientation
appear on objects of widely differing provenance,
date and observance. These include the Gotlandic
picture stones (from c. AD 750 to sometime in the
10t century), Swedish rune stones (9t and 11t cen-
turies), to a certain extent are mirrored by Danish
rune stones of the 10th /11t century - though without
the carriage of sails - as well as coins and graffiti
from the three Scandinavian countries (9t and 11t
centuries). The degree of detail on, in particular, the
coins and the Gotlandic picture stones emphasises
the degree of interconnectedness of the ship images
with the real world of their time.

The ethno-archaeological
approach

Reconstruction of Viking Age rigging is both an ex-
citing and a problematic piece of detective work. The
key publication in this respect is Bent and Erik An-
dersen’s study Rdsejlet - Dragens Vinge ("The Square
Sail - Wing of the Dragon”) (1989), in which the hy-
pothesis concerning the relationship between Viking
ships and the Norwegian square-rigged vessels of the
19t century is put into practice. This hypothesis was
first proposed by Conrad Engelhardt in 1866 on the
basis of the oak ship from Nydam bog, and arises
from a series of technological and design-related ob-
servations made on the relatively well-preserved hull
(Engelhardt 1866). It is, of course, tempting to con-
clude that the rigging should also closely resemble
that seen on the Norwegian square-rigged vessels,
when this is clearly the case with the hull.

The reconstructions of the Skuldelev ships all
take their point of departure in the same basic idea.
The small cargo ship, Skuldelev 3, is the key find in
this process (fig. 3). With a degree of preservation of
c. 85% of the hull, this vessel is the least damaged
of the Skuldelev ships. Many important details are
preserved, including the whole of the stem as well
as much of the upper planking, showing indispens-
able traces of the rigging (Crumlin-Pedersen & Olsen
2002, 195ff, 313f). This was a major reason for Skul-
delev 3 being chosen as the starting point for the
Viking Ship Museum’s first full-scale reconstruction,
Roar Ege, launched in 1984 (Andersen & Andersen
1989; Andersen et al. 1997).

Through Bent and Erik Andersen’s surveys of
a number of surviving 19 century hulls from the
Norwegian coast, a series of common features be-
came apparent between these vessels and Skuldelev
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3. The most significant of these are the locations of
the points for attachment of forward and rear corners
of the sail (tack and sheet points). This opened up
the possibility of calculating the approximate width
of the sail. Furthermore, the 19t century sails - in
contrast to those of Viking ships - are unequivocally
documented by way of, for example, surveys, pho-
tographs and physical remains. With a basis in this
knowledge, it became possible to reconstruct Skul-
delev 3’s square sail with considerable certainty. The
width of the sail was determined by the vessel’s ar-
chaeological testimony compared with information
from the ethnographic sources, whereas the height
was calculated on a functional basis: what size of sail
should a vessel of this extent and type be equipped
with if it is to sail optimally? The sea trials with Roar
Ege show that the reconstructed sail functions well.
Subsequently, this particular sail has set the pattern
for a long series of reconstructed Viking ships of vari-
ous ages, provenance and type (e.g. Vadstrup 1993,
passim).

In the book ‘The Square Sail - Wing of the
Dragon’, ship images are rejected as a source of evi-
dence. It is postulated that, in so far as these are to
be of use, it is first necessary to clarify a number of
aspects: 1) There is a certain displacement of scale in
the ships on the picture stones and the coins. As long
as the extent and nature of this displacement remains
unknown, this material cannot provide tangible, use-
ful information on the dimensions or forms of sail,
rigging and boat/ship. 2) The ship images represent
a graphical tradition. Before their evidence can be
used, it is necessary to carry out a comprehensive
iconographic analysis in parallel with actual archaeo-
logical finds of ships. This would require agreement
with respect to which types of ships are shown in
ship iconography. 3) Dating of the evidence from
picture stones must be much more precise (Ander-
sen & Andersen 1989, 334ff). With respect to the lat-
ter, it should, however, reasonably be added that
Lindqvist’s (incorrect) dating of the picture stones
in question was still in force in 1989.

Consequently, with respect to the Skuldelev
ships, a model was developed which built almost ex-
clusively on the comparison between finds of wrecks
and ethnographic sources. The inconsistent evidence
provided by the ship images was left unexploited.
The result is that the five reconstructed Skuldelev
ships have been equipped with a strikingly stereo-
typed rigging despite their mutual divergence.



The Skuldelev ships and the
ship images

The fact that, in the Viking Age, there were different
ships adapted to different tasks is obvious. But the
diversity of the ships first became tangibly clear in
the archaeological record with the excavation of the
Skuldelev ships in 1962. Here there were two ver-
sions of the very sea-worthy and relatively heavy
merchant or cargo ships, the sea-going wreck 1 and
the coastal wreck 3, side by side with two versions
of extremely lightly-built and slender warships, the
sea-going wreck 2 and the coastal wreck 5 (Olsen &
Crumlin-Pedersen 1969, 104ff). Even though these
vessel types fundamentally represent the same build-
ing tradition, they are far from identical (fig. 7). These
differences must naturally also find expression in
their rigging.

The fact that the rigging of the reconstructed ships
appears, conversely, to be almost uniform is due, as
already mentioned above, to the analogy with Skul-
delev 3. There is namely a lack of confirmatory traces
of sail and rigging in the maritime-archaeological re-

cord, not least with respect to warships. For example,
wreck 2 is the least well-preserved vessel from Skul-
delev; only 20% of the hull survives. The keelson, in
which the mast stands, is the only trace of the rigging
(Crumlin-Pedersen & Olsen 2002, 141£f, 326ff). Con-
sequently, it is only possible to establish the position
of the mast, while the important points for tack and
sheet attachment, which reveal the width of the sail,
remain unknown. The same applies to the c. 36 m
long warship, Roskilde 6, excavated in Roskilde Har-
bour in 1997 (Bill, Getche & Myrhgj 2000, 215ff). Even
though the other warship from Skuldelev, wreck 5,
is in a better condition (c. 50% preserved), the traces
of a sail here are not much better. The keelson is par-
tially preserved, while the sheet area can be rather
insecurely narrowed down to some rivet holes in
the stern of the ship, where it is possible that cleats
were attached (Crumlin-Pedersen & Olsen 2002, 245,
314ff; Andersen & Andersen 1989, 213ff). Neither is
it possible to obtain assistance from other finds of
ships - as is apparent from table 1.

There is, accordingly, a pressing need for supple-
mentary evidence when narrowing down the nature
of the rigging on the warships. And it seems obvious

Fig. 7. The diversity

of vessels of the Late
Viking Age was realised
within the Skuldelev
finds. Top: Torso
drawing of the coastal
warship Skuldelev

5. The warship is
characterised in general
by its extreme aspect
ratio varying between
1:7 and 1.9, its very
light and flexible
construction, the need
for a large crew and
the large number of
oars. Bottom: Torso
drawing of the ocean-
going vessel Skuldelev
1. This cargo ship

is characterised in
general by its moderate
aspect ratio varying
between 1:3 and 1:5, its
relatively large, heavy-
built construction, its
limited number of crew
members and few or
no oars (Drawing: Sune
Villum Nielsen, The
Viking Ship Museum).
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Name Vessel type Traces of rigging Date Reference: date

Kvalsund 2 warship/crew carrier 0 (only oars?) cal. 690+70, “C Myhre 1980, 30

Oseberg warship/crew carrier 2 c. 820, dendro. Bonde 1994, 141

Fjortoft 1 warship/crew carrier 0 (only oars?) cal. 860+90, “C Myhre 1980, 30

Gokstad warship/crew carrier 2 c. 895, dendro. Bonde 1994, 142

Tune warship/crew carrier 1 c. 910-20, dendro. Bonde 1994, 143

Ladby warship 0 900-925, context Serensen 2001, 108 ff.

Hedeby 1 warship 0 c. 985, dendro. Crumlin-Pedersen 1997, 92
Askekarr 1 cargo ship 1 c. 1000, dendro. Brathen 1998

Kléstad cargo ship 0 after c. 990, dendro. Hylleberg Eriksen 1993

Roskilde 6 warship 1 after c. 1025, dendro. Bill et al. 2000, 257

Skuldelev 1 cargo ship 2 1025-1062, dendro. Crumlin-Pedersen & Olsen 2002, 135
Skuldelev 5 warship 1 c. 1030, dendro. Crumlin-Pedersen & Olsen 2002, 275
Skuldelev 6 coastal boat 1 1030-1040, dendro. Crumlin-Pedersen & Olsen 2002, 300
Skuldelev 3 cargo ship 3 c. 1040, dendro. Crumlin-Pedersen & Olsen 2002, 239
Skuldelev 2 warship 1 c. 1042, dendro. Crumlin-Pedersen & Olsen 2002, 185

Table 1. Schematic overview of the most important ship finds from the Late Iron Age and Viking times. Regarding
“Traces of rigging’: 0 = Neither position of mast nor point of tack/sheet can be established. 1 = Position of mast
known. 2 = Position of mast is known and working areas forward and/or aft are established. 3 = Position of mast and

the precise points of both tack and sheet can be established.

that just such evidence is to be found in abundance
in the ship images of the Viking Age. This view is
clearly underlined and given relevance by the results
of the iconographic analyses presented here. In these,
it has been established that a large proportion of the
images actually depict warships and that the latter,
throughout the whole of the Viking Age and up into
the Early Middle Ages, were propelled by a type of
square sail which was approximately twice as wide
as it was high. Consequently, the conclusion must
be that the sail, as it is seen reconstructed on the two
warships from Skuldelev (fig. 8), is not in agreement
with the Viking Age sources but is, to much too great
an extent, influenced by analogical inference to 19th
century Norwegian boats.

But what practical difference does it make if the
sail has one or other of these two forms? Use of a
low, wide “picture-stone sail” confers a series of ad-
vantages, as well as disadvantages, relative to the
‘Norwegian-type sail” (Kastholm 2009, 142ff). Here,
only a dominant advantage will be highlighted. The
obvious advantage of a low, wide sail is the conse-
quent low position of the sail’s centre of ‘effort’. This is
a constructed point on the sail where the pressure of
the wind is thought to be concentrated or focussed.
The higher the sail’s centre of ‘effort’, the greater
the heeling moment i.e. there is an increased risk of
capsizing when the centre of the sail is raised.

Viking ships - in particular warships - are gener-
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ally sensitive in this area, partly because, given the
quadratic shape of their sail, they have a high centre
of ‘effort’, partly because these are low-railed open
boats. Conversely, modern sailing boats, with their
triangular sails, have a significantly lower centre of
‘effort’. A low centre of pressure will be of positive
significance, in particular with regard to narrow,
light vessels such as the warships. These are in the
high-risk zone with respect to capsizing and, as a
consequence, they must reduce their sail area con-
siderably even in moderate wind strengths, with a
resulting loss of manoeuvrability. A low centre of
‘effort’ thereby contributes to greater safety at sea as
well as providing better exploitation of the full sail
area.

Conclusion

It is not the author’s intention to cast doubt on the
correctness of the fundamental interpretation of the
rigging traces on Skuldelev 3. However, it should be
emphasized that Skuldelev 3 is unique with respect
to its rigging traces and, therefore, it cannot on its
own form the basis for reconstruction of the sails on
other types of vessel, let alone vessels belonging to
a time horizon outside the 11th century. Skuldelev 3
is first able to provide such a basis if confirmatory



Fig. 8. The Viking Ship Museum’s full-scale replicas of the warships Skuldelev 2 and 5, respectively The Sea Stallion of
Glendalough (2004) and Helge Ask (1990), in Roskilde Fjord, August 2009. The Sea Stallion (furthest away) has a reefed
sail due to the force of the wind. This means that its sail is lower than at full sail.

rigging traces can, to some extent, be identified on
other vessels. As yet, however, this is not the case.
The known archaeological examples of Viking Age
warships, not least, are devoid of rigging traces that
can provide information concerning the width of the
sails. Skuldelev 3 is, as already mentioned, a cargo
or merchant ship. And even though the warships
and the cargo ships belong to the same Scandinavian
boat-building tradition, there are considerable dif-
ferences between them. Whereas the cargo ships are
wide relative to their length, relatively heavily built
and only require a limited crew with few or no oars,
the warships are exceptionally slender, extremely
lightly built and require a large crew with as many
oars as possible. There is, therefore, no reason to pre-
sume - neither is there archaeological evidence to

support this - that the form of the sails on warships
and cargo ships was as uniform as the experimental
archaeological results suggest.

The most important supplementary source rela-
tive to evidence provided by the archaeological re-
cord with respect to Viking Age warships comprises,
accordingly, images dating from the same time. The
fact that the coins, the picture stones, the rune stones
and the graffiti tell a different story from that pro-
duced by experimental archaeology must provide
food for thought. For the archaeologist, there is no
doubt concerning which evidence should weigh
heaviest in the case of such a disagreement. This,
naturally, is that provided by the prehistoric remains
rather than ethnographic parallels and the hypotheti-
cal theories and experiments derived from these.
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