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ABSTRACT In the ringfort Sandby borg (A.D. 400– 550) on Öland, Sweden, remains of 26 unburied humans were excavated 
between 2010 and 2016. Several of the skeletons display traces of lethal interpersonal violence. This study pres-
ents taphonomic analyses of unburied bodies, a situation seldom encountered archaeologically. The depositional 
context allows us to investigate human taphonomy in interaction with natural agents both “indoors” and “out-
doors.” A set of various techniques, including documentation of preservation via zoning, weathering stages, frac-
ture analysis, and archaeothanatology, were applied to understand the perimortem and postmortem fate of the 
human remains. The results of the taphonomic analysis showed no indications of manipulation postmortem. 
Expected differences in preservation between in-  and outdoor skeletons were not observed. Perimortem fire al-
terations were interpreted as the result of burning hearths and smoldering roofs. The analysis indicates that the 
bodies have decomposed in voids. New observations for “unconfined void” taphonomy are presented. The ab-
duction of limbs could be the result of bloating and, hence, indicate a primary deposit of bodies. Atypical lack 
of splaying of bones might be caused by decomposition in unconfined voids, possibly allowing quicker drainage 
of putrefaction liquids than in confined voids such as coffins. These observations suggest that processes behind 
decomposition in voids are not completely understood archaeologically, and might challenge interpretations of 
mortuary treatment from human remains.
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In der Wallburg Sandby borg (400- 550 n. Chr.) auf Öland, Schweden, wurden die Überreste von 26 nicht bestat-
teten Menschen gefunden, die zu einem großen Teil Spuren von tödlicher Gewalteinwirkung aufwiesen. In 
dieser Studie werden die Ergebnisse taphonomischer Untersuchungen von nicht bestatteten menschlichen 
Überresten präsentiert, auf die man im archäologischen Kontext nur selten trifft. Diese Art der Niederlegung 
und Auffindung erlaubt es uns die Taphonomie von menschlichen Überresten unter natürlichen Einflüssen von 
sowohl ”drinnen—im Haus” als auch ”draußen—außer Haus” zu untersuchen. Mehrere unterschiedliche 
Methoden wurden angewendet um sowohl das perimortale als auch das postmortale Schicksal der menschli-
chen Überreste zu verstehen, darunter Dokumentation der bewahrten Knochenteile, Stadien der Verwitterung, 
Bruchanalysen und Archäothanatologie. Die Ergebnisse der taphonomischen Untersuchungen zeigten keine 
postmortalen Veränderungen. Die erwarteten Unterschiede im Zustand der drinnen und draußen bewahrten 
Skeletten ließen sich nicht bestätigen. Perimortale Veränderungen der verbrannten Knochen wurden als Resul-
tat von aktiven Feuerherden und brennenden Dächern gedeutet. Die Analyse spricht dafür, dass die Körper in 
Hohlräumen verwesten. Neue Beobachtungen von Taphonomie in ”unbegrenzten Hohlräumen” werden eben-
falls präsentiert. Die Abduktion von Körpergliedern kann auf Aufblähungen beruhen, und spricht damit für 
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Inside the ringfort Sandby borg on the island Öland 
in Sweden (Fig.  1), human remains were found in 
2010 (e.g., Alfsdotter and Kjellström 2018; Alfsdotter 
et al. 2018; Dutra Leivas and Victor 2012; Gunnars-
son et al. 2016; Victor 2015; Victor et al. 2013). Annual 
excavations and subsequent analyses have revealed 

that a large number of the individuals show traces of 
a violent attack which seemingly led to an abrupt end 
of the settlement. The artifacts indicate that the event 
took place during the Iron Age, probably A.D. 400– 550 
(the Migration period; Alfsdotter et al. 2018). Approxi-
mately 53 houses have been identified (Borg et al. 1976; 

eine primäre Niederlegung von Körpern. Der atypische Mangel an verteilten Knochenmaterial kann durch die 
Verwesung in unbegrenzten Hohlräumen verursacht worden sein, und damit einen schnelleren Abfluss von 
Verwesungsflüssigkeit erlauben, als es in begrenzten Hohlräumen wie z. B. Särgen der Fall ist. Diese Ergebnisse 
sprechen dafür, dass Verwesungsprozesse in Hohlräumen archäologisch noch nicht vollständig zu verstehen 
sind, und daher die Deutung wie menschliche Überreste behandelt wurden in Frage stellen können.

Figure 1. Map of Sweden showing the location of Sandby borg. (Base map © OpenStreetMap contribu-
tors, modified by Helena Victor.)
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context that is challenging to interpret. Here we apply 
a set of complementary techniques to facilitate the un-
derstanding of the postmortem fate of the victims, 
with in- depth discussion of some key cases. By sepa-
rating environmental factors from human actions, we 
interpret the taphonomic processes that followed 
the mass killing, and in so doing understand the 
deposition of the human remains. We focus on human 
decomposition in voids and propose that the architec-
ture of the void plays a part in the skeletal (dis)articu-
lation. A preliminary study suggested that the bodies 
were manipulated postmortem and that someone 
tore down the roof over at least some of the decaying 
cadavers (Wilhelmson 2017:140– 141), an interpreta-
tion we discuss in relation to the new taphonomic 
analyses conducted.

Material and Methods

Excavations have been undertaken annually at the 
Sandby borg site by the Kalmar County Museum since 
2011. For a detailed description see Supplement 2. Hu-
man remains were excavated in all three fully exca-
vated houses (4, 40, 52) and in three of the six small 
trenches investigated in other houses (1, 6, 53). The re-
mains were documented in situ and further analyzed 
in a laboratory, where an estimation of the minimum 
number of individuals (MNI) was performed.

MNI, sex, age at death, and trauma

Advanced disarticulation and commingling of the 
skeletal remains in outdoor and, to some extent, in-
door contexts made assessment of MNI challenging. 
MNI was calculated based on the most common bone 
element in the same context (i.e., each house is con-
sidered a separate depositional context, whereas the 
street, while more extensive spatially, is regarded as 
one archaeological context), in association with ele-
ment side and, when possible, age of the individual. 
Bones and articulated skeletons that derive from 
unique individuals were assigned an ID number. 
Loose bones that could not be matched to a unique 
skeleton were only assigned their find numbers (Alfs-
dotter in press; Gunnarsson et  al. 2016; Papmehl- 
Dufay and Alfsdotter 2016). Bones with find numbers 
that were found in association, but not in articulation, 
with bones belonging to a unique individual have 
(when the biological profile matches) been proposed 
as deriving from the same individual. However, these 
bones are kept separate (except for fragments that have 
been matched through refitting). Admittedly, since 
the spatial contexts (i.e., different houses and the sur-
rounding street) were regarded as distinct, there is a 

Viberg et al. 2014). Three houses were completely, and 
six partly, excavated, amounting to 9% of the ringfort 
interior (see Figs. 2, 3, and 4, and Supplement 1). Rem-
nants of everyday life were revealed; ordinary objects 
as well as high- status jewelry were documented (Gun-
narsson et  al. 2016; Papmehl- Dufay and Alfsdotter 
2016; Victor 2015). In addition, articulated and com-
mingled remains of animals and humans were exca-
vated inside and outside the houses. Skeletal remains 
from a minimum of 26 humans have been identified, 
some as complete, articulated skeletons and others 
represented by single bones or teeth (Alfsdotter in 
press). Several skeletons show traces of perimortem 
sharp, blunt, and penetrating trauma consistent with 
interpersonal violence, implying a lethal attack after 
which the dead were left unburied in the settlement 
(Alfsdotter and Kjellström 2018; Alfsdotter et al. 2018). 
Macrobotanical analysis further confirms the limited 
activity inside Sandby borg before the subsequent over-
lay of post- occupational sediment and debris (Heim-
dahl 2016). The soil samples from the ringfort main 
street contained burnt threads of turf or hay, consistent 
with soil samples from some houses. This indicates 
that turf roofs were partially smoldered. The intact 
strands of burnt turf on the street indicate that the 
street was not trampled after the fire that affected some 
house roofs (Heimdahl, personal communication). The 
fire was seemingly contemporary with the mass kill-
ing, as indicated by the stratigraphic data, the macro-
botanical analyses, and the partial thermal alterations 
of some of the dead humans. Based on the age distri-
bution of lambs that had been slaughtered and dis-
membered, the assault probably took place sometime 
between late spring and early autumn (Gunnarsson 
et al. 2016).

The combination of articulated, disarticulated, and 
commingled human bones make up a postmortem 

Figure 2. The remains of Sandby borg as visible today. (Photo by 
Sebastian Jakobsson.)
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risk that animals with access to the houses may have 
moved bodies or body parts between the different 
contexts.

Standard osteological techniques were applied for 
the sex and age- at- death estimations of the individu-
als (for details regarding methods, see Alfsdotter and 
Kjellström 2018 and Alfsdotter et al. 2018). All indi-
viduals have been assigned to the following age groups: 
fetal; infants, 0– 3 years; children, 3– 12 years; adoles-
cents, 12– 20 years; young adults, 20– 35 years; middle 
adults, 35– 50  years; old adults, 50+ (Buikstra and 
Ubelaker 1994:9). The precise age intervals in years 
must be treated with caution, since the methods used 
for age estimations rely on biological processes and 
may not correlate with chronological age (e.g., Rok-
sandic and Armstrong 2011). Table  1 illustrates the 
demography of the dead. All age groups are repre-
sented. The osteological sex estimations among the 
adults reveal that 8 were males, 2 probable males, and 
1 possible female.

Trauma was classified according to Ubelaker (2015) 
as antemortem, perimortem, or postmortem (see 

also comments on the fracture analysis below). Per-
imortem weapon lesions were further categorized ac-
cording to type (sharp, penetrating, or blunt force 
trauma). The trauma results are discussed in detail in 
Alfsdotter and Kjellström (2018).

The taphonomic analysis

Contexts vary within the ringfort; human remains are 
found in both open- air and indoor locations, all cov-
ered by post- occupational debris and/or soil. This set-
ting calls for a perspective commonly used in forensic 
taphonomy, where agents and processes that could 
have affected the bodies are identified (e.g., Haglund 
and Sorg 1997). Sunlight, for example, would not have 
bleached the bones of individuals found indoors, while 
outdoor bodies were not exposed to the falling of de-
bris from collapsing houses (apart from skeletons adja-
cent to houses that collapsed outward). Temperature 
exposure and gnawing by small rodents, on the other 
hand, were probably similar inside and outside the 
houses due to their crude construction (limestone 

Figure 3. Plan view of Sandby borg with houses numbered (after Viberg 2012). Excavated areas are marked with solid lines. 
Human remains belonging to unique individuals are indicated by dots and ID numbers in bold. (Figure by Helena Victor.)



Victims’ Postmortem Fate Following the Massacre at Sandby Borg266

walls, turf roofs, and earthen and/or stone- paved 
floors). Since animals were discovered inside some of 
the houses, it is clear that trampling and animal gnaw-
ing of the bones could occur in both contexts. Also, 
precipitation must have made the soil wet both indoors 
and outdoors, which allowed for moisture to penetrate 
the bones, causing exfoliation or deeper bone cracks 
due to freeze- thaw conditions (see Supplement 3).

The presence of root etching was investigated mac-
roscopically and documented as present or absent. De-
struction in the form of tooth marks from rodents, 
canids, or pigs was measured, photographed, and 
compared to known cases of scavenging (Berryman 
2002; Haglund 1997a, 1997b). Citing others, Haglund 
(1997a) lists punctures, pits, scoring, and furrows as 
typical carnivore tooth marks, most often found on 
bone margins, crests and protruding processes. Ther-
mal alterations were recorded following the combus-
tion rate scale provided by Stiner et  al. (1995). To 
recognize the variation in postmortem factors that af-
fected the bodies inside and outside the buildings, 
four different taphonomic techniques were applied 
(zonation, weathering, fracture analysis and archae-
othanatology). To demonstrate the state of preserva-
tion of each element, the zonation system by Knüsel 
and Outram (2004) was used (but due to poor preser-
vation only on humeri and femora). Accordingly, a 

Figure 4. The excavation of house 4, parts of the narrow alley leading up 
to a small gate (to the left of the house foundation), and part of the street 
in front of the house. The end wall of house 4 is also the ringfort wall. The 
gables of houses 5 (parallel with house 4) and 6 are visible in the left of the 
picture, aligned with the trench wall. (Photo by Sebastian Jakobsson.)

Table 1. Overview of MNI, spatial context, sex, age, and preservation of skeletons (data from Alfsdotter in press; Gunnarsson et al. 2016:54–80; and 
Papmehl- Dufay and Alfsdotter 2016:41–49).

ID

Majority of Skeleton 
Articulated (approx. % 
of skeleton preserved) Age (years) Sex Thermal Changes

Perimortem 
Trauma Context

1 Yes (100) Adolescent (17– 19) M – x House 40
2 Yes (100) Young adult (19– 25) M – x House 40
3 No (20) Middle adult ? Partial (carbonization teeth roots) x House 40
4 Yes (75) Young adult M? Partial (skull, i.e., cranium & mandibula) x House 40
5 Yes (60) Young (?) adult M Partial (carbonization few cranial fragments, few rib 

fragments, one lumbar spinous process calcined)
House 40

6 Yes (90) Adolescent (12– 15) ? – x House 40
7 Yes (100) Adolescent (12– 15) ? – House 40
8 No (5) Infant/child (ca. 2– 5) ? – House 40
9 Yes (85) Old adult M Partial (few fragments with carbonization from 

right os coxae, sacrum, ribs)
52

10 No (5) Infant/child ? – 52
11 No (5) Middle adult ? – 52
12 Yes (80) Child (6– 8) ? House 4
13 No (40) Adolescent (10– 13) ? – x House 4
14 No (20) Old (?) adult ? Partial (carbonization femur) x House 4
15 Partial articulation (75) Old adult M – House 4
16 No (20) Middle adult ? – Street
17 No (5) Child (5– 9) ? – Street/alley
18 No (30) Young adult (20– 25) F? – Alley
19 No (20) Old adult M – Alley
20 No (5) Child (3.5– 6.5) ? – Street/alley
21 No (25) Adolescent (ca. 12– 15) ? Partial (carbonization teeth, few cranial fragments, 

vertebrae fragments)
Street

22 No (5) Child (3.5– 6.5) ? – Street
23 No (20) Young adult (20– 25) M? Partial (carbonization anterior mandibula) x Street
24 No (20) Middle adult M – House 3
25 No (5) Infant (1.5– 3 months) ? – House 40
26 No (5) Infant (ca. 2– 4 months) ? – House 3
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complete femur or humerus is divided into eleven an-
atomical zones, and each bone fragment is then re-
corded by the zones present (i.e., available preserved 
bone). Furthermore, to record degrees of weathering, 
the six- stage system by Behrensmeyer (1978) was 
used. Behrensmeyer (1978:151) defines weathering as 
“the process by which the original microscopic or-
ganic and inorganic components of a bone are sepa-
rated from each other . . .  on the bone in situ, either on 
the surface or within the soil zone.” The six stages de-
scribe the process of destruction, from greasy bones 
(stage 0) to surface cracking, flaking, and loose splin-
ters (stages 1– 4), to “bone falling apart” (stage 5), for 
mammals over 5 kg in body weight (Behrensmeyer 
1978:151). Lyman and Fox (1997) have stated that these 
stages need not have any correlation to time since as-
semblage formation, but they may nevertheless be seen 
as stages of the decomposition process. Lyman and 
Fox (1997:227) also point out that different elements 
could degrade at different rates, suggesting that only 
one skeletal element from the same taxon should be 
used for comparisons. Here, we chose to compare the 
weathering stages of the preserved human femora and 
humeri from either (the most complete or only pre-
served) side for each individual. Furthermore, a frac-
ture analysis was carried out based on the same bone 
elements, which were assigned a fracture freshness in-
dex (FFI) (Outram 2002). The method involves the 
analysis of three criteria— fracture outline, fracture 
edge texture, and fracture angle— that are scored 0– 2 
(0 = fresh; 1 = some unfresh features; 2 = unfresh). In 
the current analysis the appearance of the most prom-
inent fracture of each element was scored.

The fourth technique used to trace the perimor-
tem and postmortem fate of the individuals and 
their surrounding context was the use of archaeo-
thanatology (previously known as anthropologie de 
terrain). This method was developed in France from 
the 1970s onward and aims to reconstruct the 
“chaîne opératoire” of the handling of the dead (Du-
day 1978, 1987a, 1987b; Duday et  al. 1990; Duday 
and Masset 1987). Archaeothanatological analyses 
and methodological summaries began to appear in 
English in the late 1990s (Duday 2006, 2009; Nilsson 
1998; Nilsson Stutz 2003; Roksandic 2002). A simi-
lar chain of thought had also been described by 
Wilder and Whipple (1917), called “necrodynamics” 
(Wilder 1923). Through careful investigation and 
documentation of skeletal remains in situ, the origi-
nal position of the cadaver and any subsequent ma-
nipulation is deduced. This evaluation requires the 
separation of external and internal movement of the 
cadaver, and subsequently the skeleton (e.g., Duday 
2009:6– 7).

The cadaver and the skeletal remains are affected by 
both internal and external alterations. Gravity affects 

the decomposing body, and the position of the cadaver 
will induce different responses both in terms of the 
surrounding material and the voids created as the soft 
tissues decompose (Duday 2006, 2009). Articulation 
of labile joints indicates a short time span between 
death and final deposition of the cadaver, whereas per-
sistent joints can articulate for a longer time period. 
Labile joints include the temporomandibular joint, 
cervical vertebrae, costosternal joints, scapulothoracic 
junction, hand bones, and foot phalanges (cf. Duday 
2009:27; Nilsson Stutz 2003:152– 157, 212). Articulation 
of all joints is, however, dependent on the surround-
ing context and climate. Natural mummification can, 
for example, keep the joints articulated for a long time 
period, even if the cadaver is moved. If some of the la-
bile joints still articulate, this implies a primary de-
posit of the dead even if not all joints articulate. The 
absence of articulated joints does not prove secondary 
deposit, but it is often the result of disturbances caused, 
for example, by animals, water, collapsing structures 
above, or decomposing substrata. Secondary deposits 
are the result of manipulation of the dead during or 
following decomposition (see Duday 2009 for detailed 
descriptions).

If a body decomposes in a void, lateral displace-
ments of bones are expected, as sedimentary support 
is not provided. Some dislocations of skeletal elements 
can also be found in filled spaces, as the decomposi-
tion of soft tissues allows some movement inside the 
initial volume of the cadaver. Proposed diagnostic 
movements of a supine skeleton in a void decomposi-
tion are opening of pubic symphysis and sacroiliac 
joints, allowing ilium to fall posteriorly, and lateral 
rotation of femoral head from acetabulum and pa-
tellar dislocation (e.g., Duday et al. 1990, Duday 2009; 
Roksandic 2002). Prone, lateral, or sitting body posi-
tions will likely produce other movements. The key 
principle, however, is to look for any movements out-
side of the initial volume of the cadaver, as they are 
diagnostic of void decomposition regardless of body 
position (e.g., Duday 2006, 2009:13– 57; Duday et al. 
1990; Nilsson Stutz 2003:148– 158, 212, 252– 270; Rok-
sandic 2002). Microclimate- dependent phenomena, 
such as natural desiccation, change the resistance of 
the joints (Duday 2006, 2009:13– 57; Duday et al. 1990; 
Nilsson Stutz 2003:148– 158, 212, 252– 270; Roksandic 
2002).

Disarticulation of labile joints such as those in the 
hands is to be expected in voids. This disarticulation 
would imply that the void around the body existed 
during the early phase of decomposition (Duday 
2009:32– 38). Recent actualistic studies of disarticula-
tion and bone movement of human remains were con-
ducted at the Forensic Anthropology Center at Texas 
State University by Mickleburgh and Wescott (2018). 
The study object was the (willed donated) body of an 
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adult female who was seated in a pit that was not filled. 
The study has, among other things, shed light on the 
possibility of rearticulation and reconnection of joints 
that have expanded or disarticulated during the de-
composition of soft tissues. Disarticulation of pha-
langes from hands and feet was also noted as a result 
of maggot activity. Regarding buried bodies, Duday 
(2009:54– 55) acknowledged the radical alterations of 
sediment surrounding the cadaver and skeleton 
caused by maggots. The putrefaction mass created by 
the cadaver itself during decomposition is extensive 
and can cause skeletal displacements (Duday 2009:34). 
The cadaver substrata and the surrounding material 
interact with the fluids differently. Several internal fac-
tors affect the decomposition of the cadaver, such as 
body mass, manner of death, age, sex, and pathology 
(Garland and Janaway 1987).

Field anthropological observations in Sandby 
borg have been made by Alfsdotter and recorded 
throughout the excavation campaigns since 2014, and 
detailed archaeothanatological accounts have been 
made from the field documentation (descriptions, 
photos, and 3D photogrammetry in GIS). Wilhelm-
son (2017) conducted the osteological documentation 
inside house 40 between 2011 and 2013 and an osteo-
logical analysis of individuals 1 and 2. An indepen-
dent reanalysis of these individuals with regard to 
both osteological observations and context docu-
mentation has been carried out subsequently. Since 
most elements discovered outdoors are solitary finds, 
they were excluded from the archaeothanatological 
analysis. In addition, some fragmentary indoor re-
mains were insufficiently preserved to allow thorough 
archaeothanatological observations. In the tapho-
nomic analysis of each of nine more complete indoor 
individuals, the following was noted: articulation 
and disarticulation of joints; skeletal position; type 
of debris covering the skeleton; skeletal substrata 
(i.e., soil, stone, animal bones, hearths, etc.); thermal 
modification; possible traces of clothing details and 
associated finds. Articulated skeletal elements are 
considered as units (i.e., body parts). The analysis of 
the indoor skeletal joint articulation was classified as 
disarticulation, articulation, or joint disengagement. 
The latter was used when the bones constituting the 
joint were still in anatomical order but moderately 
separated (up to 50 mm). All data were documented 
in a database in the field, through photographs, pho-
togrammetry, and sketches, which were the basis for 
the interpretations.

Skeletal material from the street areas excavated so 
far are highly fragmented and disarticulated. Most of 
the human remains that can be identified are teeth. 
Small units of bone elements from the same individ-
ual were documented outdoors, such as teeth still in 

occlusion from the same upper and lower jaw (ID21), 
and several bone fragments that stem from the same 
cranium (ID18), as evidenced through fitting, were 
found in a small alley (ca. 1.4 m wide, Fig.  3). The 
bones, bone fragments, and teeth in the area derive 
from at least two different individuals, although not 
in articulation. Given the lack of articulation of 
human synovial joints in the outdoor context, ar-
chaeothanatological analysis was not applied to 
outdoor bones. Weathering and fracture analyses 
were conducted on both indoor and outdoor human 
remains.

Results

The general preservation of human remains is poor. 
The individuals with the best element representation 
were found inside house 40 (Fig. 5; Table 1).

Root etching and scavenging marks

Due to the shallow cultural layers and extensive bio-
turbation, all examined bone fragments showed vary-
ing degrees of root etching. Thus, root etching does 
not differ between contexts. The presence of possi-
ble animal bite marks was observed in six elements 
 (Table 2). Four distinct gnawing marks (in three dif-
ferent houses) were identified as caused by rodents. 
The remaining three possible scavenging marks are 
vague in character. One of the latter is likely from a 
canid, but no unambiguous marks from canines have 
been identified in the material. Thus, postmortem 
gnawing was either limited in extent or was uniden-
tified in many cases due to poor cortical preservation 
of bones and/or completely devoured bones.

Thermal modifications

The remains from a minimum of seven individuals 
display partial thermal modification, but no complete 
skeleton is affected. The state of preservation of the 
skeletons that display thermal modifications vary 
(Table 1). Of the seven, elements from two individuals 
(ID21 and ID23) were found outdoors. Their remains 
were adjacent to house walls. The five skeletons with 
thermal alterations indoors were discovered in the 
middle section of house 40 (three individuals), in 
house 52 (one individual), and in house 4 (one indi-
vidual). The thermal alterations of the two latter in-
dividuals are presumably the result of their bodies 
being in contact with active hearths (ID9 accounted 
for below). Four neurocranial fragments belonging 
to ID5 (house 40) are carbonized. They are brown- 
black ectocranially and unaffected endocranially. The 
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from the latter with localized calcination (stage 4 after 
Stiner et  al. 1995). The thermal alterations are from 
regions that have limited soft tissue shielding. The skel-
eton is poorly preserved, and only fragments of the 
upper body remain.

ID3 (house 40) displays four partially carbonized 
teeth, incisors and canines (whereas the teeth that are 
located distally are unaffected). The crowns are frag-
mented and the enamel splintered. The cementoe-
namel junction (CEJ) is carbonized, and the apical 
part of the root appears unaltered. A few rib frag-
ments display partial carbonization. The neurocra-
nial fragments are not affected by fire. This pattern 
indicates a limited exposure to fire, where a few of the 
superficial bone and tooth elements have been af-
fected to a mild degree.

Figure 5. A plan view of human remains belonging to unique individuals recovered in house 40.  
(Figure by Helena Victor.)

Table 2. Distribution of bite or gnaw marks in the skeletal material. 
F (find number) is used when the bone element cannot be established 
to constitute part of a unique individual.

ID Gnawing Element Cause Context

F8475 Possibly Tibia ? Street
ID 2 X Humerus Rodent House 40
ID 13 X Humerus Rodent House 4
ID 13 X Tibia Rodent House 4
F9349 Possibly Long bone Rodent Street
F6874 Possibly Scapula Carnivore House 40
ID9 X Femur Rodent House 52

fragments display delamination, indicative of perimor-
tem thermal alteration (e.g., Bontrager and Nawrocki 
2015). In addition, small fragments from ribs and one 
lumbar vertebral spinous process are carbonized apart 
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of “pugilistic” body positions (the result of muscle 
fibers contracting as a result of exposure to high heat) 
(DeHaan 2015; Symes et al. 2015). In addition, the cra-
nium of ID4 displays sharp force lesions, giving an 
indication of the manner of death. If interpersonal 
trauma preceded the burning, then it is likely that the 
carbonized fracture lines might be secondary fractures 
from traumatic lesions (the identified sharp force lesion 
itself is unaffected by fire). It is also possible that the 
perimortem fractures were in some cases caused by 

ID4 (house 40) displays a carbonized mandibular 
condyle (left) and a few partially carbonized cranial 
fragments. Some of the latter are unaffected ectocra-
nially and uniformly carbonized endocranially (see 
Fig. 6). This condition is probably the result of “pool-
ing” of liquefied soft tissue due to the internal heat and 
pressure, thus suggestive of perimortem thermal alter-
ation (Schmidt et  al. 2015). Perimortem sharp force 
trauma is visible on fragments from the cranium 
(right occipital) that do not display the visible ther-
mal changes of ID4.

Additional thermally altered cranial fragments 
(F6141 and F6671), some with fitting, were found in the 
same area as ID5 and ID4 (possibly belonging to ei-
ther). Several fragments are consistent with the inter-
nal pooling and unaffected external surface as visible 
on some cranial fragments from ID4. The external 
table of other fragments show “localized” burning or 
are “half calcined” in accordance with stage 4 in the 
scale by Stiner et al. (1995), except for some fracture 
lines where the bone is only carbonized, supposedly 
the result of soft tissue liquids protecting the fractures 
through which they escaped from the most intense 
heat (Fig. 7) (Symes et al. 2015).

The thermal alterations of several of the skeletons 
are consistent with perimortem changes (i.e., human 
remains with soft tissue still present). The question is, 
then, whether the fire preceded the death of the indi-
viduals; if fire was the manner of death, or occurred 
following death? These queries are not necessarily 
warranted, given that none of the bodies (or even skulls) 
are affected as wholes, nor do we see any indications 

Figure 6. Several calvarium fragments are unaffected exteriorly but carbonized interiorly, which is an indication of 
the pooling of liquefied soft tissue inside the cranium (e.g., Schmidt et al. 2015). Fragments from F6671 are pictured, 
from left to right: internal table, external table, and lateral view of the diploë (the spongy cancellous bone between the 
tabulae).

Figure 7. The heterogeneous thermal patterning can be the result of 
soft tissue liquid protecting fracture lines from the most intense heat 
(Symes et al. 2015). A fragment from F6141 is pictured.
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(Tables 3 and 4). The humeri show a similar pattern; 
while the elements are better preserved indoors as 
demonstrated through the presence of zones, the 
weathering scores and FFI are roughly the same be-
tween the two contexts (Tables 3 and 4). In fact, the FFI 
demonstrates worse preservation indoors.

Skeletal disarticulation and articulation  
inside houses

The taphonomy varies widely within the completely 
excavated houses; in some cases, disarticulation pat-
terns even appear to differ in the same skeleton, as 
demonstrated in the summarized archaeothanatolog-
ical analysis presented in Tables 5 and 6. Half of the 
individuals found indoors were largely in anatomical 
arrangement. Eight of nine exhibited clear signs of pri-
mary deposits of the body, and the ninth indicated a 
probable primary deposit (Table 5). The skeletal posi-
tions varied, with the analysis showing that five of 
nine skeletons had decomposed in voids and the re-
maining four suggest probable void decomposition 
(Table 6). The individuals were found on the tread level 
of the houses, consistent with the interpretation of de-
composition in open space. In some cases, void de-
composition and primary deposits are evidenced 
through the interaction of the skeletons. For instance, 
ID6 shows minimal movement outside of the initial 
volume of the cadaver (aside from some smaller bones 

heat; however, as Schmidt et al. (2015) describe, the in-
tracranial pressure and liquid will escape through 
openings in the cranium; if such openings were in-
duced prior to fire, it is likely that the development of 
additional thermal fractures would have been reduced.

The sequence of events presented here does not sup-
port a scenario where individuals were burned alive. 
The taphonomic observations favor the interpretation 
that limited fire modifications affected the bodies 
shortly after death. Additional thermal alterations 
without diagnostic value are presented in Table 1. In 
general, the affected bones are few, mainly carbonized, 
and the lesions are from regions with limited soft tis-
sue shielding.

Preservation, degrees of weathering,  
and fracture analysis

Table 3 presents results from the taphonomic investi-
gation of femora and humeri. Femora from 11 individ-
uals and humeri from 14 individuals were examined. 
Although the sample size is small, some differences in 
preservation can be traced. Looking at the zones pres-
ent for each femoral element, the bones from the 
indoor environment demonstrate more complete ele-
ments than those encountered outdoors. However, the 
femoral weathering scores are not greatly different 
between the street and the houses, and the FFI shows 
the same degree for indoor and outdoor femora 

Table 3. Femora and humeri preservation according to the zone system (Knüsel and Outram 2004), weathering (Behrensmeyer 1978), and  
FFI (Outram 2002). L = left, R = right, PUF = proximal epiphysis unfused, DUF = distal epiphysis unfused.

Criteria for FFI

ID Element Zones Weathering Outline Angle Surface FFI Context

F8256 Femur, ? 6 3 2 2 2 6 Street
ID16 (8833) Femur, L 6 2 2 2 2 6 Street
ID15 (8834) Femur, L 1,2,3,4,5,6,7,8,9,10,11 2 1 2 2 5 House 4
ID8762 Femur, R 1,2,3,4,5,6,7,8 2 1 1 2 4 House 4
ID4 Femur, L 6 5 2 2 2 6 House 40
ID7 Femur, L 1,2,3,5,6,7,8 PUF, DUF 1 2 2 2 6 House 40
ID2 Femur, L 1,2,3,4,5,6,7,8,9,10,11 1 2 2 2 6 House 40
ID5 Femur, L 2,3,6,7,9 2 2 2 2 6 House 40
ID6 Femur, L 1,2,3,4,5,6,7,8,9,10,11 PUF, DUF 2 2 2 2 6 House 40
ID1 Femur, R 1,2,3,4,5,6,7,8,9 1 1 2 2 5 House 40
4528 Femur, R 1,2,3,4,5,6,7,8,9,10,11 1 2 2 2 6 House 52
ID21 (F8402) Humerus, L 2,9,10 1 0 2 2 4 Street
ID19 (F8890) Humerus, L 7,8,9,10 1 1 2 1 4 Street
F9346 Humerus, R 4,7,8 2 2 2 2 6 Street
F8126 Humerus, R 7,8 2 2 1 2 2 Street
ID15 (F8834) Humerus, R 3,7,8,9,10,11 2 2 2 2 6 House 4
F6669 Humerus R 2,7,8,9,10,11 3 2 2 2 6 House 40
ID7 Humerus, L 2,7,8, 9, 10,11, PUF 1 1 2 2 5 House 40
ID3 Humerus, L 10 2 2 2 2 6 House 40
ID6 Humerus, L 1,2,3,4,5,6,7,8,9,10,11 PUF, DUF 1 2 2 2 6 House 40
ID4 Humerus, R 3,4,5,6,7,8,9,10 2 0 1 2 3 House 40
ID1 Humerus, R 3,4,5,6,7,8,9,10 1 2 2 2 6 House 40
ID2 Humerus, R 5,6,7,8,9,10,11 1 2 2 2 6 House 40
ID5 Humerus, R 7,8,9,10,11 3 2 2 2 6 House 40
F4528 Humerus, R 1,2,3,4,5,6,7,8,9,10,11 1 0 1 2 3 House 52
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prone and extended across a stone- enclosed hearth 
(Fig. 8). The lower limbs were crossed, with the feet 
presenting their plantar side. The mandible, thorax, 
and parts of the upper extremities rested on stones en-
closing the hearth, and the feet on another. The skele-
ton was highly fragmented, but several joints were 
still in articulation. Some bones were displaced, and 
several elements missing. The cranium, six cervical 
vertebrae, the left clavicle, left scapula, left humerus 
and all the left wrist and hand bones, along with the 
right trapezoid, were missing. The left radius and ulna 
were present, however. Some cranial fragments that 
might have belonged to the man were found farther 
into the house. The cranial fragments are from an 
adult, and ID9 is the only adult skeleton encountered 
inside house 52, apart from a lower jaw that was found 
in a (burrowing animal?) pit, discussed in more detail 
below.

The partial carbonization of ID9 (right ilium, right 
ischium, posterior parts of the sacrum, and three rib 
fragments) bears witness to the hearth being active as 
the body fell over it (presumably when the man was 
unconscious or dead). The body was not ravaged by 
fire; only small areas of superficial bones adjacent to 
the center of the hearth have been partly carbonized 
to stages 1– 2 (Stiner et al. 1995). Carbonized areas of 
bone have been in direct contact with flame or intense 
heat according to Herrmann (1977) and Symes et al. 
(2015:40). The meager modifications suggest that sur-
rounding unaffected bone was still protected by soft 
tissue when the fire eventually died (e.g., Schmidt et al. 
2015). The thermal alteration, in combination with 

missing), but the tarsal bones of the left foot were 
found on top of the pelvis of skeleton ID5. Hand bones 
from ID5 were found underneath the left fibula of ID6. 
This shows us the course of events, where ID5 was ly-
ing on the floor when ID6 ended up in the position in 
which decomposition subsequently took place. ID6 
shows articulation of labile joints, diagnostic of 
primary deposits. In contrast, ID5 shows extensive 
disarticulation outside of the initial volume of the 
cadaver, indicative of void decomposition (Duday 
2009:32– 38). The spatial relationship between the in-
dividuals indicates that both individuals decomposed 
in a void and that the deposits were primary.

The skeleton of an old adult male, ID9 (house 52), 
exhibits several features important for the under-
standing of his postmortem condition. ID9 was found 

Table 4. Mean, mode, and median weathering and FFI scores for 
individuals found inside and outside houses.

N Mean Mode Median

Weathering: Femur
Street 2 2.5 – 2.5
Houses 9 1.9 2 2

FFI: Femur
Street 2 6.0 6 6
Houses 9 5.6 6 6

Weathering: Humerus
Street 4 1.5 1 1.5
Houses 10 1.7 1 1.5

FFI: Humerus
Street 4 4.0 4 4
Houses 10 5.3 6 6

Table 5. Nature of deposit. Articulation of labile joints are diagnostic of a primary deposit of the cadaver (e.g., Nilsson Stutz 2003:212, discussed in 
Supplement 2). Articulated joints are marked with A, even if only unilateral articulation. Disarticulated joints are marked with DA. M is short for 
“missing.” U is short for “unobservable.” X in bloat column indicates occurrence.

ID

Cervical 
Vertebrae 

2– 7
Carpal 
Bones

Tarsal 
Phalanges

Costosternal 
Joints

Scapulathoracic 
Junction

Temporo-
mandibular 

Joint

Indications of 
Bloat (abduction 
of upper limbs) Comments

Nature of 
Deposit

1 A DA A U U U Possibly Primary
2 A A DA U A U X
4 U A M U A U Possibly right 

upper limb
Highly fragmented. Primary

5 U A U M U U – Highly fragmented. 
Hand bones 
underneath ID6.

Primary

6 A A 
(partial)

M DA A U – Fragmented skull 
(cranium and 
mandibula). Tarsal 
bones on top of ID5.

Primary

7 A U A M A A – Primary
9 M (but 

for C7)
DA A U A M Possibly left 

upper limb.
Thermal trauma 

indicates primary 
deposit of body in 
hearth.

Primary

12 A DA M M A A X Verticalized clavicles. Primary
15 DA + M DA DA DA DA A – Heavy disarticulation 

of upper body.
Primary?
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Table 6. Space of deposit. Note that expected lateralization of patellae, femora, and ossa coxae are presumed diagnostic of a supine extended body 
position. Prone or lateral body positions will produce other movements. Movements outside of the initial volume of the cadaver regardless of body 
position are expected if the body decomposed in a void (cf. Duday 2009:32– 38). X indicates that the change was noted bilaterally. 1 indicates a 
unilateral occurrence. Joint disengagement is marked JD (see methods). M indicates “missing.” U indicates “unobservable.”

ID Body Position
Iliac 

Lateralization

Opening 
of Pubic 

Symphysis
Femoral 

Lateralization
Patellar 

Dislocation

Other 
Movements 
outside of 
Initial 
Movement of 
Cadaver.

Indications 
of Bloat 
(abduction 
of upper 
limbs) Comments

Space of 
Deposit

1 Supine, lower 
limbs flexed.

ID – – – Upper limbs 
disarticulated 
but for 
proximal left 
humerus.
Right radius 
on left femur.

Possibly 
upper limbs

Void?

2 Prone extended. 
Left upper limb 
flexed and 
abducted.

– – JD (1) U – Left upper 
limb

Void

4 Prone. Extended 
limbs apart from 
flexed upper limb.

U – – M Crushed 
scattered 
cranium, 
dislocated 
distal left 
femur, skeletal 
elements 
distally of 
femora 
missing.

Possibly 
right upper 
limb

Highly 
fragmented. 
Crushed bones 
indicate high 
external 
pressure. Body 
position not 
typical for 
burial.

Void?

5 Supine with 
partial rotation. 
Flexed left upper 
limb and lower 
limbs. Missing 
right upper limb.

U U X M X – Highly 
fragmented. 
Hand bones 
under ID6.

Void

6 Supine. Extended 
limbs.

1 – – M – – Left tarsal 
bones on top 
of ID5.

Void?

7 Lateral/supine. All 
limbs flexed, lower 
extremities more 
prominently so.

X – 1 1 The few 
recovered 
hand bones 
have fallen in 
favour of 
equilibrium.

– Right knee 
aligned 
towards stone. 
Patella in 
place.

Void

9 Prone extended 
with crossed 
lower limbs.

– U – – Several bones 
missing, some 
hand bones 
have fallen 
into void.

Possibly left 
upper limb.

Parts of body 
have sunken 
into the fill of 
hearth. High 
fragmenta-
tion. Patellar 
articulation.

Void

12 Supine, slightly 
rotated thorax. 
Verticalized 
clavicles. Large 
parts of lower 
limbs missing.

M M 1 M Several bones 
missing.

Possibly left 
upper limb.

Large parts of 
skeleton 
missing. 
Present 
elements 
show 
articulation.

Void?

15 Right lower limb 
tightly flexed, left 
lower limb 
partially 
disarticulated. 
All of upper body 
scattered.

– M JD (1) M Scattered 
upper body 
and left femur. 
Several bones 
missing.

– Void
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should be interpreted with caution. The humeri and 
femora that could be identified show that the remains 
found in the street experienced similar weathering ef-
fects to those found within the houses. This observa-
tion implies that, although the elements on the street 
were severely scattered and broken, similar processes 
affected both contexts. However, the comparative 
study is weakened by the uneven spatial distribution, 
since 19 of the 25 bones taken into account (humeri 
and femora) were discovered inside the houses and 
only nine outside.

As illustrated through the archaeothanatological 
(Table 5 and 6) and stratigraphic observations, the ma-
jority of the skeletons encountered indoors show evi-
dence that the bodies were left in their primary 
location (as previously proposed for ID1 and ID2 by 
Wilhelmson and Dell’Unto 2015), decomposing in 
voids. This pattern is confirmed in all houses exca-
vated, where the skeletons were found to be partially 
disarticulated. Disequilibrium has allowed parts of 
skeletons to fall into voids when soft tissues decom-
posed. Movement of the bones outside of the initial 
volume of the cadaver is frequent, as expected for void 
decomposition. If clothing was worn, the fabric might 
have helped keep the human remains shielded ini-
tially. Fabric helps drain moisture from the cadaver, 
which might favor both skeletal arrangement and des-
iccation (e.g., Boquin et al. 2013). However, the move-
ment of skeletal remains outside of the initial space of 
the cadaver suggests that desiccation of bodies was 
limited (or absent). The weathering pattern suggests 
that bones were not covered by sediment initially 
(Tables 2 and 3). These results contrast with some of the 
hypotheses previously put forward (based on ID1 and 
ID2) by Wilhelmson (2017:140); it cannot be supported 
that the house roofs were deliberately torn down by 
visitors while the bodies were still decomposing, based 
on symmetrical long bone fractures supposedly caused 
by roof beams. If the roof collapsed on the rotting ca-
davers, we would expect perimortem fractures, given 
that the organic components of the bones would still 
have been preserved. Instead, the present analysis sug-
gests that the long bone fractures occurred in dry 
bone (hence, there are no elements with clear peri-
mortem breaks that can be related to non- human 
agents).

The prevalence of dry bone fractures due to exter-
nal pressure is high, showing that house collapse took 
place after skeletonization (Table 3). Wilhelmson and 
Dell’Unto (2015) acknowledge that the human skele-
tal fractures analyzed in their virtual taphonomy 
study were produced postmortem. They integrated 3D 
GIS and taphonomic analyses and proposed that the 
skeletal fractures of ID1 and ID2 (the skeletons in-
cluded in their study) might be the result of house 

the position of the skeleton across the fireplace, and 
some still- articulated labile joints (Table 5), suggests 
a primary deposit of the body. The displacement of 
several skeletal elements outside of the initial vol-
ume of the cadaver indicates that the body decom-
posed in a void (Table 6). Skeletal elements resting on 
top of the stones surrounding the hearth are highly 
fragmented due to external pressure. The latter is 
also true for some elements inside the hearth, such 
as the right radius and ulna that display dry bone 
fractures, likely the result of a small (falling) stone 
(found in situ) that had pushed the central- distal 
diaphysis downward. Dry bone fractures and dis-
placements are seemingly partly the result of falling 
house debris, as the skeleton was found under the 
demolition layer of the house. This case illustrates 
how the postmortem process can be traced in the 
unusual non- burial, but in part protected, indoors 
context in terms of timing.

Discussion

The individuals recovered from the street are all rep-
resented by single disarticulated elements or bone 
units. Given the contextual circumstances, the poor 
preservation, high degrees of weathering, and many 
dry breaks were expected among these elements. The 
humeri and femora that could be included in the anal-
yses are likely just a portion of the original long bones 
in the street, as splinters of long bone diaphysis that 
cannot be identified are frequent. Thus, the compari-
son between indoor and outdoor skeletal remains 

Figure 8. ID9 was found lying across the central hearth of house 52. 
The carbonization of parts of the hip bear evidence of the fire being 
active when the male individual fell over it at the time of death. The 
skeleton was in a prone position with lower limbs crossed. The vast 
majority of the cranium was missing. Note the still- articulated 
metatarsals and first phalanges in the bottom right corner of the 
picture. (Photo courtesy of the Kalmar County Museum.)
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demolition, given the symmetric distribution of the 
fractures. However, this observation does not corre-
spond with the hypothesis put forward by Wilhelm-
son (2017:140), where she argued that the house 
demolition (and thus the fracture pattern that pre-
sumably resulted from it) took place before skeleton-
ization. Similarly, the fracture pattern of the ribs of 
ID1 is interpreted as a result of pressure applied to the 
thorax during early decomposition, while the sterno-
costal joints were still held together by soft tissue 
(Wilhelmson and Dell’Unto 2015). However, the rib 
fractures are dry bone fractures, which indicate a late 
stage of decomposition when the organic components 
were degraded to a great extent. The argument behind 
early decomposition fracturing is Wilhelmson’s obser-
vation that the ribs are still in articulated position 
sternally and that the breaks have occurred midshaft 
(Wilhelmson and Dell’Unto 2015). As the fracture 
freshness analysis presented here suggests, this crite-
rion is insufficient for demonstrating fracture during 
early decomposition.

The suggestion that the bodies were manipulated 
postmortem, as indicated by the involvement of a bone 
shaft from a third individual (Wilhelmson and 
Dell’Unto 2015), is not confirmed in the present study. 
Reanalysis of the material shows that the bone in ques-
tion is in fact not an ulnar diaphysis (as proposed by 
Wilhelmson and Dell’Unto 2015) but from a right ra-
dius. The bone fragment was found adjacent to the left 
femur of ID1. The same individual lacks radii bilater-
ally, which makes it likely that the shaft originates 
from ID1 (seen in Fig. 10c). The present archaeothan-
atological analysis does not support the previous hy-
pothesis regarding postmortem manipulation after the 
decomposition of soft tissues. The bodies were seem-
ingly left where they fell.

It can also be discussed whether the extensive com-
pression of the floor described in Wilhelmson and 
Dell’Unto (2015) is supported. This argument builds 
on the elevated thorax and parts of the upper extrem-
ities of ID1 (seen in Fig. 11d), and the right ankle of the 
same skeleton. The elevated position of the upper body 
is due to its lying on top of a stone walkway leading 
from the entrance of house 40, and the elevation of the 
right ankle is due to its location on top of the stone 
hem of a roof- supporting posthole. Elevation of these 
elements was interpreted as depression of the ambient 
floor, but we cannot say with any certainty that the 
walkway and support for the post were aligned with 
the original floor level.

Deviations from anticipated changes

Archaeothanatological indicators are based on com-
parative taphonomic analysis of interred human 

remains; thus, Sandby borg offers a novel opportu-
nity to expand the method’s application. The archaeo-
thanatological principles are based on repeated 
archaeological observation and should be used with 
caution. It has not been proved that joints that are 
persistent in life are persistent in death, and the pre-
sumed disarticulation sequence of joints has been 
questioned (e.g., Appleby 2016; Mickleburgh and 
Wescott 2018; Peressinotto 2007).

The present study proposes that the Sandby borg 
skeletons decomposed in voids (Table 6). However, the 
skeletons in the Sandby borg dwellings do not display 
all anticipated changes that are presumed for void de-
composition, namely, slumping and splaying of the 
ribcage, splaying of the pelvic girdle, and lateralization 
and rotation of the femoral heads (from the acetabu-
lum) (e.g., Duday 2009:32– 38; Nilsson Stutz 2003: 
252– 270; Roksandic 2002). Joint disengagements (see 
methods) are noted in the sacroiliac joint and the 
pubic symphysis in some cases in Sandby borg, but 
the typical pattern is not confirmed in the material 
(Table 6). The atypical disarticulation could in some 
instances be explained by diverging body positions 
in Sandby borg from those commonly encountered 
in graves. Few individuals are extended in a supine 
position. However, the supine skeletons that can be 
observed show less disengagement than the criteria 
suggested, which begs the question why the joints 
that commonly disarticulate in void burials have not 
disarticulated in several of the Sandby borg skele-
tons. ID6, the only fully extended skeleton in a su-
pine position, does not show separation of the pubic 
symphysis, femoral lateralization, or splaying of ribs 
(Fig.  10b). The patellae are missing, however, and 
slight joint disengagement in the sacroiliac joint was 
observed.

Our results indicate that there is a difference be-
tween the skeletons left in the Sandby borg dwellings 
and “normal” archaeological remains. We suggest that 
the deviation can possibly be explained by looking at 
the putrefaction process. Most commonly encoun-
tered void decompositions found archaeologically 
are the result of burials in coffins or other fixed con-
tainers, whereas in Sandby borg the bodies were left 
to decompose on house floors or in the open street 
(i.e., not a confined space). As the vast majority of 
archaeothanatological observations are made on in-
terments, the confined volume is the baseline for 
understanding of the void decomposition pattern. A 
coffin or other enclosed space would presumably not, 
if tightly constructed, allow draft or drainage to the 
same extent as a floor placement would. The splaying 
often observed in (confined) void decompositions 
might in some instances be the effect of initial disar-
ticulation during partial submersion caused by 
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lying extended in a prone position (Fig. 11d). The left 
upper extremity was abducted and the right upper 
extremity slightly so. This position corresponds well 
with a body undergoing bloat without sedimentary 
support (as observed at FACTS, Figs. 11a, b, and c). The 
limbs are allowed to move freely as the cadaver ex-
pands, unlike inside a filled grave. Bloat can thus cause 
changes of original limb positions (Roksandic 2002). 
The body position of ID2 further indicates a void 
decomposition after primary deposition of the body. 
This observation suggests that the duration of expo-
sure and drainage of putrefaction liquids in void de-
compositions may have distinctive skeletal- position 
signatures in coffins versus more open deposits, such 
as those encountered at Sandby borg. A variety of ac-
tualistic studies that evaluate archaeothanatological 
principles in different settings are needed in order to 
evaluate the framework and the current hypothesis 
(see Alfsdotter forthcoming; Mickleburgh 2018; Mick-
leburgh and Wescott 2018).

Apart from the lack of sedimentary support during 
decomposition in Sandby borg, the archaeological 
stratigraphy further strengthens the hypothesis of un-
buried bodies. Stones from house and ringfort wall 
demolition were in several cases encountered right on 
top of skeletons (thus implying lack of preexisting sed-
imentary support) (Fig.  12). The variation between 
fragmentation and articulation of skeletons within the 
same house is partially the result of different substrata. 
The bodies that decomposed on top of stone paving 
were severely fragmented and compressed between 

putrefaction liquids or groundwater. This effect was 
observed at the Forensic Anthropology Center at Texas 
State (FACTS) by one of the authors (CA). A willed do-
nated cadaver had been placed in a supine extended 
position and loosely wrapped in a tarp. During de-
composition, the cadaver was partially submerged in 
decomposition liquid, seemingly allowing bones to 
move and lateralize to a rather large extent (Fig. 9). The 
disarticulation displayed the pattern expected in voids 
according to the archaeothanatological literature 
(more experiments are needed where plastic is ex-
changed for organic material). Some of the observed 
skeletons from cadavers that decomposed outdoors at 
FACTS (in wire cages protecting them from predators) 
displayed a disarticulation similar to the Sandby borg 
skeletons, with modest disengagements in the pelvic 
girdle, femoral heads still in the acetabulum, and ribs 
in anatomical order (Fig. 10a, b, and c). Our prelimi-
nary suggestion is that the limited lateralization of the 
Sandby borg skeletons might be due to better drain-
age in an unconfined void. If valid, that would imply 
that the archaeothanatological criteria observed in ar-
chaeological confined void burials might be the result 
of partial submersion (and/or water level fluctuations) 
and not the result of gravity alone. To test this hy-
pothesis, the effects of both putrefaction liquids and 
microclimate factors, such as wind, need to be consid-
ered (Alfsdotter forthcoming).

Additional postmortem information can be drawn 
from the case of ID2, a young male whose remains 
were found close to the entrance of house 40. He was 

Figure 9. A body placed in a supine position decomposed inside a wrapped tarp. The 
putrefaction liquids partially submerged the body during decomposition. The disarticu-
lation pattern is similar to the archaeothanatological criteria for void decompositions: 
slumping and splaying of the ribcage, splaying of the pelvic girdle, lateralization and 
rotation of the femoral heads, and displacement of the patellae. (Photo courtesy of the 
Forensic Anthropology Center at Texas State.)
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Figure 10. A: The skeleton of a body that decomposed on the ground, showing modest disengagements in 
the pelvic girdle, femoral heads still in the acetabulum, and ribs in anatomical position (photo by Alfsdotter, 
published courtesy of the Forensic Anthropology Center at Texas State). B: ID6 from Sandby borg during 
excavation, showing very modest disengagement in the sacroiliac joint and the pubic symphysis. The femora 
are still in the acetabulum but the patellae are missing (photo courtesy of the Kalmar County Museum). 
C: ID1 shows no separation in the pubic symphysis, slight sacroiliac joint disengagement, and femora still in 
the acetabulum. Note that the patellae are still in anatomical position. Movements outside of the initial 
volume of the cadaver are seen in the upper limbs. The shaft of the right radius was encountered in front 
of the left femur (photo courtesy of the Kalmar County Museum).    

Figure 11. A– C: A willed donated cadaver decomposed in a prone position on the ground. Note the increased 
abduction of the upper limbs during and after bloat (photos courtesy of the Forensic Anthropology Center at 
Texas State). D: The position of the upper extremities of ID2 might be the result of the movement of limbs 
during bloat and can thus be indicative of primary deposition of the body as well as decomposition in an 
unconfined void. Note the correspondence with the skeleton from FACTS (Photo courtesy of Nicoló 
Dell’Unto, Institute of Archaeology and Ancient History, Lund University.)    
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femur from an infant was discovered, and in house 
52, the humerus of a young child. The latter case might 
be explained through animal activity. Apart from the 
juvenile humerus and the incomplete skeleton ID9, a 
mandible from an adult was found in what was inter-
preted as a pit dug by a burrowing animal. These ob-
servations could indicate animal access to the house 
and suggest that commingling between the houses 
and the street took place. If scavenging was the cause 
for moving single bones or devouring almost complete 
bodies, the prevalence of adjacent articulated skele-
tons is hard to explain in relation to the single infant 
femur encountered in house 40. No signs of mutila-
tion (except for the decapitation of a child) are evi-
dent in the Sandby borg material excavated so far 
(Alfsdotter and Kjellström 2018).

Based on the model for canid scavenging by Ha-
glund (1997a:Table  1), and the likely scenario that 
dogs must have had access to at least some of the ex-
posed bodies, since carcasses were never buried, total 
disarticulation could be expected. However, only one 
human element with likely carnivore tooth marks has 
been identified, despite the finds of articulated dog 
skeletons inside two houses with human remains. One 
reason for the lack of carnivore tooth marks could be 
the poor preservation of the skeletal surfaces where 
identifiable signs of scavenging have been destroyed. 
Another possible explanation could be that all larger 
predators died together with the humans. Alterna-
tively, the carnivores might have devoured complete 
bones, thus leaving no traces in the skeletal material. 
Could garments or clothing have protected the bod-
ies from animal access? Details of possible attire re-
lated to victims are meager. In house 40, two small 
silver fittings were found adjacent to the skeletonized 
feet from two different individuals.

Presence of rodent gnawing (houses 4, 40, and 52) 
shows that rodents had access to the bodies. The scav-
enging may involve all types of human tissue from 
fresh or mummified cadavers to dry bone (Haglund 
1997b). Small bones can be dispersed by animals. The 
damage pattern on bones varies among rodent species. 
Rodents preferring mineral content choose parts of 
bones with thick cortical bone, often leaving “saw 
marks” along edges of bones. Rodents feasting on fat 
foremost attack fatter cancellous bone (Klippel and 
Synstelien 2007). The pattern in Sandby borg is con-
sistent with gnawing on thick cortical regions (for ex-
ample on the linea aspera of left femur in house 52) not 
involving the cancellous bone, implying that the min-
eral content was the target and suggesting that most 
of the soft tissue was gone at the time of scavenging, 
in accordance with the observation by Wilhelmson 
and Dell’Unto (2015).

house debris and stone substrata in comparison with 
skeletons that were found adjacent to stones. Another 
factor is whether the stone walls or the turf roof were 
first to cave in on the skeletons, since the turf is soft 
and could act as cushioning of subsequently falling 
stones. However, roof beams or roof supporting poles 
would act differently. We cannot know with certainty 
if these particular houses had lofts or not. Indoors, it 
appears as though both organic remains (turf/wood?) 
and stones from walls have affected different skeletons 
to varying degrees.

Animal activity, thermal alterations, and  
bone preservation

In most cases, single bones encountered indoors can 
be associated with adjacent skeletons. It is challenging, 
however, to comprehend how odd elements ended up 
in the houses. Two cases of single bones from children 
were found indoors where no other associated skeletal 
remains were discovered. In house 40 the shaft of a 

Figure 12. The skull (cranium and mandible) of ID15 was found 
covered by stone debris from collapse of the far wall of house 4. 
Scenarios like this one indicate that the skeletons were not covered by 
sediment prior to the house collapse. As the fractures are postmortem, 
the bodies were not fresh when the collapse took place. (Photo courtesy 
of the Kalmar County Museum.)    
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Regarding thermal alterations, the middle section 
of house 40 (containing remains from at least nine in-
dividuals) has been affected by fire, likely in connec-
tion with the lethal violent event as suggested by the 
perimortem skeletal modification. The cultural layer 
surrounding the skeletons in this section is partially 
burnt, and charred chunks of wood (perhaps rem-
nants of inventory or beams) were found. The layer is 
interpreted as (at least partially) the remains of the 
burnt roof (Gunnarsson et al. 2016). Animal activity 
and weathering in combination with further house 
demolition or collapse could have led to the partial 
disarticulation of skeletons in this house section if the 
roof was partly consumed by the fire. In both the sec-
tion closest to the house entrance and the section at 
the far end of the house, human remains and cultural 
layers display no fire modification, and the skeletons 
are articulated to a greater extent (Fig. 5). This obser-
vation implies a subdivision of the house with different 
taphonomic situations evident. The human remains of 
two individuals that were modestly affected by fire 
outdoors were found adjacent to houses and might be 
the result of smoldering roofs. Turf roofs usually self- 
extinguish before they are completely destroyed (Arén, 
personal communication, cited in Papmehl- Dufay and 
Alfsdotter 2016), which was probably the scenario in 
Sandby borg. No house excavated so far was burned to 
the ground. As for the two other houses (4 and 52) 
with very limited thermal alteration of bone, the cause 
seems to be active hearths in contact with parts of 
bodies. It is unlikely that fire was the manner of death 
of these individuals. Judging from the archaeological 
contexts, the fire affected the bodies following death.

The fragmented and commingled human remains 
found on the street tread level are most simply ex-
plained as the result of void decomposition outdoors. 
It is interesting to note that the FFI and the weather-
ing are similar for the human remains outdoors and 
indoors. Is this a result of longer exposure indoors? 
That is, has sand and vegetation covered the skeletons 
outdoors prior to the collapse of the houses over the 
skeletons? The archaeological strata show that the in-
door skeletons have been exposed to extensive demo-
lition from stone walls, which could explain the high 
presence of postmortem fractures. It should be noted, 
however, that rubble from some houses also affected 
the adjacent outside area when parts of walls collapsed 
outward. Outdoors, a spatial difference in preserva-
tion was noted. In the small alley leading up to a 
ringfort gate, bones were better preserved than on the 
larger street (i.e., concentrations of bone elements, 
some with refitting). One hypothesis regarding the 
differential preservation is that the bodies in the alley 
were less exposed to weathering (e.g., sun bleaching 

and hard winds), due to the partial protection from 
surrounding house walls. It is also possible that the al-
ley was covered.

Conclusion

The results of the taphonomic analysis of the skeletons 
from Sandby borg suggest that the bodies were not 
manipulated postmortem. The individuals seem to 
have been left behind where they died and the bodies 
decomposed in voids. We propose two new observa-
tions for unconfined void taphonomy. First, abduction 
of upper limbs could indicate bloating and may thus 
be indicative of a primary deposit of the body and de-
composition in an unconfined void. Interpretations of 
limb positions (as part of funerary choices) should 
thus be made with caution if a body decomposed in 
an open space. Second, decomposition in unconfined 
voids might allow quicker drainage than “confined 
voids,” possibly limiting extensive lateral displace-
ments of skeletons. Lateralization of femoral heads, 
splaying of the pelvic girdle and ribs, often observed 
in void burials, could possibly be the effect of partial 
submersion of the cadaver in the putrefaction mass 
or groundwater rather than the result of gravity 
alone. Actualistic taphonomic studies are needed 
in order to validate or challenge the presented hy-
pothesis (Alfsdotter forthcoming), since observa-
tion of archaeological skeletons does not account for 
equifinality.

Indoors, different substrata and falling debris have 
created diverse taphonomic situations for different 
skeletal remains in Sandby borg. Animal activity has 
to some extent affected the human remains. Although 
the zonation system clearly demonstrated that the el-
ements are larger in size indoors than on the street, no 
clear differences have been established in the degree 
of weathering and postmortem fractures. Hence, there 
is no clear evidence of difference in preservation that 
could possibly be expected between indoor and out-
door skeletons. However, the identification of long 
bones in the street is probably reduced, given the vast 
amount of long bone fragments that can no longer be 
identified morphologically. Bone units containing sev-
eral skeletal elements from the same individuals (see 
Material and Methods) might indicate primary de-
composition of the bodies in the area where those 
bones were recovered outdoors, unless large parts of 
the same cadavers were moved early in the decompo-
sition phase.

The thermal alterations evident on some of the 
skeletons seemingly stem from perimortem burn-
ing. The modest prevalence and degree of thermal 



Victims’ Postmortem Fate Following the Massacre at Sandby Borg280

modification, together with very localized occur-
rence of fires, makes it unlikely that fire caused the 
death of individuals. We interpret the fire alterations 
as the result of active hearths and smoldering roofs 
(lit in connection with the assault?) that eventually 
self- extinguished.

This detailed taphonomic analysis demonstrates 
that information regarding the postmortem fate of hu-
man remains can be derived on a general level and 
that individual cases can be studied in order to obtain 
an in- depth understanding of both spatiality and the 
course of events. We also show that, by combining os-
teological analysis (here thermal modification) with 
detailed taphonomic analysis, understanding of the 
archaeological context is improved.
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