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On the deterioration of archaeological iron artefacts in soil

Archaeologists have observed that metal arte-
facts excavated today are more corroded than
finds recovered 50- 100 years ago. Acidification
of lakes and ground can now be attributed to
anthropogenic pollutants. Accordingly, they
were also suspected to be a major cause of the
increasing deterioration of buried remains. An
interdisciplinary project was started at the
National Heritage Board to study these pro-
blems. Our first study concerned bronze arte-
facts and showed that the deterioration has ac-
celerated during the last century, and that pol-
lution is one of the most important deteriora-
ting factors. Iron artefacts are still more endan-
gered. The present paper describes investiga-
tions of archaeological iron artefacts, from re-
cent excavations as well as from museum col-
lections. The results are important for the ma-
nagement of the archaeological cultural heri-
tage.

Study of recently excavalted ivon artefacts

145 recently excavated iron artefacts and rela-
ted soil samples have been examined. The de-
oree of deterioration for each object was referred
to as Fdet. The same persons classified all ob-
jects on a scale from 1 (very fine object) to 5
(mainly rust) by X-ray radiographs and visual
inspection. These objects were usually in bad
condition, with a poor metal core (if any) sur-
rounded by a thick layer of rust. Each soil sample
taken around the find was classified, and the
grain size distribution determined. These vari-
ables are static; i.e. they have not changed sig-
nificantly since the artefact was buried. On the
other hand, the chemical variables are dyna-
mic: acidity, humidity, mass loss on ignition,
electric resistivity, and salt contents (cf. Mattsson
et al. 19g6). Data on the archaeological con-
text, geography and environment were inclu-
ded. Statistical evaluations were undertaken by
means of multivariate analysis (Eriksson et al.
1999). The harmful influence of chlorides in
the soil and large polluting deposits of nitrogen
and sulphur compounds (in relation to what
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the ground can tolerate) was obvious. Fine-
grained sand implied a strong deteriorating ef-
fect. Among the preserving factors we noted si-
tes in deciduous forests or calcareous surroun-
dings. Influence from the archaeological con-
text was, however, weakly indicated. This is one
of the reasons why an examination of museum
objects was also undertaken. We are aware of
the fact that information on internal structure,
carbon content and chloride content would
have been of interest, but we were not allowed
to carry out such analyses of the artefacts.

Resulls of the museum collection study

1350 objects from the Museum of National
Antiquities in Stockholm were studied. The
finds date from the Early Iron Age to around
AD 1600. In order to achieve an objective clas-
sification of the deterioration, we have basically
chosen nails and rivets for this study. Docu-
mentation for the museum objects was obtai-
ned from the archives. The information on
artefacts found before 19oo AD was rather
scarce, but as many data as possible were retrie-
ved concerning type of object, locality, year of
acquisition or excavation, archaeological con-
text, and environment. The objects were classi-
fied as described in the previous section. No soil
samples were available. In order to include some
information on the soil sensitivity towards aci-
dification, special soil sensitivity maps were pre-
pared (cf. Mattsson et al. 19g6). The multiva-
riate evaluation showed that the west coast with
its vulnerable soil is indeed disastrous to ar-
chaeological iron. For other parts of Sweden,
the effect of the soil sensitivity was rather weak.
Finally, as regards conservation treatments,
water leaching came out as a strong preserving
factor.

Conventional statistical methods were used
to evaluate the archaeological and environ-
mental variables. Table 1 shows the average de-
terioration (Fdef) for finds sorted into four pe-
riods after year of excavation. There is a trend
of a slightly accelerated deterioration for more




Period of Average degree of

excavation/acquisition deterioration (Fdet)
1826-1899 9.22
1900—-1949
1950-1969

1970—-2000

Table 1. The average degree of deterioration (Fdet)
versus excavation year,

recent finds, although less pronounced than
for the museum bronzes (cf. Ullén et al. Ms.).
For the earliest period there is a risk that the
archaeologists of the time mainly collected the
best artefacts, thus falsifying the average Fdel.
However, our selection of artefacts has been
made so that the best-preserved iron finds were
compared for each time period and region.
Part of the deterioration may also be attributed
to post-excavation factors like unsuitable con-
servation methods or museum conditions. It is
clear from the study, however, that the increa-
sing air pollution has had a major deteriorating
effect.

Iron artefacts found in cremation graves
were grtlt'l'.‘l]]_\ in a worse condition than those
from inhumation graves. Graves in cairns, i.e.

without any protecting soil layer, have been

particularly exposed to acid rain, with Fdet (ave-
rage) as high as 4.29, indicating severely cor-
roded objects mainly consisting of rust. Finally,
for the finds from the Black Earth of Birka, the-
re was a striking difference in preservation for
various excavation dates. Finds excavated during
the 1gth century showed an Fdet(average) of
2.2, while the corresponding average value for
the 2oth century finds was 4.60.

Discussion

The results agree with those obtained for bron-
ze artefacts, although the iron artefacts were
generally more corroded, in agreement with
corrosion science. Many technical corrosion
studies have been undertaken, including iron
in soil. The duration of these experiments has,
however, been very brief in comparison with
the time span for archaeological objects. Among
the few investigations undertaken on archaeo-
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logical iron, Scharff (19g4) has examined iron
objects in German museum collections. He ob-
served a significantly worse preservation status
for objects excavated after 1gbo. Like North &
Pearson (1978) and Matisson & Norlander
(1996), he emphasised that chlorides are dis-
astrous 1o iron artefacts. Gerwin et al. (19g8)
also found that sandy soil, salt, and acidic soil
have a strong corrosive effect on iron artefacts.
Ireatment of heavily corroded iron has been dis-
cussed by Hjelm-Hansen et al. (1gg8).

It is well known from corrosion science that
corrosion requires an oxidizing agent (usually
oxyvgen from the air), and an electrolyte (e.g. a
water solution). Accordingly, a moderately well
aerated and moist soil such as sand, rather than
clay or gravel, should be most detrimental to
metals, giving access to oxygen while the soil
pores are partially filled with water. Peat and
certain culture layers instead have a preserving
effect. The detrimental effect of salt in soil or
cremation lavers containing soot and ashes is
due to increasing electric conductivity. It should
finally be mentioned that a similar study of the
degradation of archaeological bone, another
important material, has been carried out as an
EU project in between the
Netherlands, Sweden (i.e. the Natonal Heritage

co-operation
Board), Great Britain and Italy (Kars etal. 2002).

Conclusions

The present study has shown that the deterio-
ration rate of archaeological iron objects has
accelerated in recent years, and that it is increas-
ed by acidic soil, salt and soot. The total age
since burial has not shown up as a significant
deteriorating variable. However, the soil has
only been affected by the deposition of various
pollutants during the last 50-100 years. Ac-
cordingly, the corrosion in recent years may
partly be attributed to anthropogenic pollution.
The study has also shown that soil conditions
allowing access of air (oxygen) and water at the
same time will increase the corrosivity. This
must be taken into consideration when plan-
ning large-scale environmental changes which
may affect the water table. Archaeological para-
meters found to affect the corrosion are cre-

mation layers and »Open» constructions like
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cairns. Many un-excavated archaeological iron

artefacts are endangered, especially on the

west coast of Sweden.
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