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Sr isotopes in horn cores provide information on Early 
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ABSTRACT: Stable strontium isotopes (87Sr/86Sr) were used to detect residence changes of
apparently non-local long horned cattle. A find of horn cores from an Early Modern site near
Enns (Austria) was investigated with regard to long-distance trade stock on the hoof during this
period. Appositionally growing horn core was analysed in order to detect the geographical ori-
gin and the age of residence change in a selection of specimens. The results show that for parts
of southern Germany and Austria, remains of long-horned cattle previously assumed to come
from traded individuals of allochthonous origin because of their distinct morphology, in a num-
ber of cases represent animals of local origin. 
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CATTLE

RESUMEN: Las relaciones de isótopos estables de estroncio (87Sr/86Sr) han sido utilizadas
para detectar cambios de residencia de ganado cuernilargo, de aparente origen no local, en
un yacimiento. A tal fin una serie de clavijas óseas del yacimiento de época moderna próxi-
mo a Enns (Austria) han sido estudiadas en relación con las hipótesis de desplazamientos a
larga distancia del ganado vacuno que presumiblemente ocurrieron durante este periodo.
Clavijas óseas de crecimiento aposicional han sido analizadas para determinar el origen geo-
gráfico y el momento de cambio de residencia en una serie de especímenes. Los resultados
del estudio demuestran que en determinadas partes del sur de Alemania y de Austria, restos
de vacuno cuernilargo que habían sido previamente asumidos como evidencia de individuos
de origen alóctono debido a su peculiar morfología, puede que representen en algunos casos
animales de origen local.

PALABRAS CLAVE: COMERCIO, RELACIONES 87Sr/86Sr, CLAVIJAS ÓSEAS, ENNS,
AUSTRIA, GANADO VACUNO CUERNILARGO



INTRODUCTION

A large amount of horn cores of domestic cattle
were recovered during the excavations at the “horn
core site” of Enns in the vicinity of the town of
Linz in Austria (Knecht 1966, cf. fig. 1). The sam-
ple totalled 322 horn cores, with no admixtures of
other skeletal elements. Based on its archaeologi-
cal contents, the site can be roughly dated to the
14th till 18th century AD. Most probably, the
site/area had been used for the retrieval of the
keratin in the horn sheath, which was achieved by
letting the horns rot in water in order to be able to
separate the horn sheath from the bony horn core.
In archaeological contexts, complete horn cores of
cattle are quite rare, because taphonomic processes

will result in a higher degree of fragmentation
compared to horn cores from sheep or goat, which
are more dense and robust (Driesch, 1976).

Some of the horn cores recovered at the site
belonged to a long-horned type of cattle, which
was uncommon in that area of NW-Austria at that
time. Longhorns can be distinguished from short-
horns by the relation of the outer curvature to the
base of the circumference. An index surpassing
180 is considered characteristic for long horn cat-
tle, one between 100 and 180 for a middle horned
specimen and an index below 100 is taken as a
short horn (Armitage, 1982).

Horn core growth starts about two weeks after
birth and ends, depending on the breed and sex, at
an age of approximately six years. The tip grows
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FIGURE 1

Geology and location of the site of Enns.



fast and up to 1cm per month between 18 and 21
months of age, and decreases to only 0,5 mm per
month at the age of six years (Duerst, 1926). The
base of the horn core grows in width by the for-
mation of new bone layers at the periosteal side
between the horn core and the horn sheath. The
endosteal part or inner layers of the horn core will
be re-absorbed progressively, leading to the cavity
(lateral drift). The endosteal part of the horn core
base will therefore represent the oldest part of a
horn core, its youngest part being located at the tip.
Following Armitage (1982), the surface texture of
the horn cores was used to age individuals. These
macroscopic stages are unfortunately highly varia-
ble with a precision of up to plus/minus three to
four years.

In previous studies (e.g., Knecht, 1966), it was
assumed that the horn core finds excavated repre-
sent long horn cattle that originated from the Pan-
nonian Plain, where this breed was kept and rai-
sed until maturity to be sold later on in Austria
and southern Germany. Early Modern times wit-
nessed the establishment of extensive cattle trade
networks across Europe as a result of a constantly
growing urban population. Since local agriculture
failed to provision cities, long-distance trade of
animals on the hoof and of other agricultural pro-
ducts had to be intensified to compensate for this
(Henning, 1979). Several historical records and
toll registers mention so-called “Oxen Routes”,
used for cattle drives (e.g., Braudel, 1985). Every
year, for example, several thousands of “half-
domesticated” oxen were traded from the Panno-
nian Plain via Vienna, Linz and Passau up to
Regensburg (Pfeffer, 1949). It would, therefore,
be of interest to verify whether the cattle found
near Enns represent animals from such drives.
Moreover, an identification of the age at which
individual cattle began their journey would give
clues to the mode of long-distance trade and
inform us about the time elapsed between the ani-
mal’s arrival in the Linzer region and the moment
of its slaughter. 

The identification of non-local human remains
at archaeological sites has been performed by
comparing stable strontium isotope ratios in bone
and tooth enamel taken from the same skeleton.
Significant differences in the strontium isotope
signature of these two tissues, which mineralise at
different ontogenetic stages, are interpreted in
terms of at least one residence change between
childhood and adulthood (Grupe et al., 1997; Price
et al., 2000). Strontium isotopic values reflect the

local geological situation and thus serve as a mar-
ker of residence change in prehistoric and histori-
cal times. This approach has proved to be a valua-
ble tool for the detection of geographical origin of
humans, animals and also food items (Ericson,
1989; Price et al., 1994; Sealy et al., 1995; Sillen
et al., 1995; Ezzo et al., 1997; Horn et al., 1998;
Bentley et al., 2004; Schweissing, 2004). Unrave-
lling the moment of residence change during the
life of cattle should be possible by the investiga-
tion of appositionally grown tissue like horn core.
For sampling this rather big and fast growing ske-
letal element, it is not appropriate to apply micro-
sampling techniques. As such, bulk analysis suffi-
ces, since enough bone material is available for
each of the major consecutive time periods. Since
we do not know yet which part of the horn core
enables one to reconstruct the whereabouts of a
particular individual in detail, microsampling met-
hods are useless, even at the risk of being put up
with mixed isotopic ratios covering a larger, yet
defined period of time. 

MATERIAL AND METHODS

The areas of southern Germany, Austria and the
Czech Republic are geologically different in terms
of their strontium isotopic ratios. Between the Alps
and the Danube river, soils are mostly characteri-
sed by carbonates with 87Sr/86Sr ratios between
0,708 and 0,709. The area northeast of the Danube
is characterised by granitic substrates (87Sr/86Sr
>0,71) with small intrusions of gabbro and meta-
gabbro (87Sr/86Sr < 0,706) (Figure 1). The Panno-
nian Plain in Hungary consists mainly of carbona-
tes which have also, like the Bavarian soil, Sr
isotopic values between 0,708 and 0,709. For this
study, a preliminary cut-off value of 0,001 in
87Sr/86Sr between the horn core sample and the soil
of the excavation site was used to discriminate bet-
ween autochthonous and allochthonous indivi-
duals. These cut-off values discriminate very
sharply between carbonate granitic and gabbro
soils, but not within granitic soils, where the Sr-
isotopic values vary between 0,71 and 0,72. The
isotopic variation of granitic soils can exceed
0,001 within small regions and is therefore poten-
tially helpful for a geographic discrimination on a
much smaller scale. Unfortunately, no geological
maps documenting this kind of small scale varia-
bility in isotopic signature of granitic soils are
available for the area under study. The interpreta-
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tion of local and non-local isotopic signatures can
therefore only be done at the 0,001 level.

Horn cores of four long-horned (L2, L3/4, L5,
L10/17) and two short-horned individuals (L4/13,
L9/5) were selected for Sr analysis. All individuals
appeared mature, with an approximate age of 3 to
10 years for L3/4, L5, L10/17 and L9/5, whereas
L2 and L4/13 were estimated between 2 and 7
years old. For each individual, the horn core was
sampled at the tip (from apical to basal) and at the
base (from periosteal to endosteal), the analytical
units thus representing different ontogenetic sta-
ges. Sampling at the tip, the youngest part of the
horn core, was done at a 2 mm interval, whereas a
1.5 mm interval was chosen to sample the horn
core basis from the periosteal to the endosteal sur-
face. The minimum bone weight required for
analysis was 50 mg. When available, a compact
bone sample from the skull was analysed also,
since the slowly remodelling skull bone should
reflect the lifetime average of isotopic ratios of
incorporated strontium. For specimen L 10/17,
only the basal part of the horn core could be sam-
pled because the tip of the horn core was missing.

Since the Hungarian Plain has been considered
the region of origin of the long-horned cattle exca-
vated at Enns (Knecht, 1966), it was considered
useful to include material from that particular
region in our analysis. L. Bartosiewicz (Institute of
Archaeological Sciences, Budapest) kindly provi-
ded a faunal sample from the site of Székesfehé-
var, from which a first molar of an individual aged
between 1 and 2 years was selected for analysis.
Besides, two soil samples, one from Enns and one
from Székesfehévar, were also analysed in order to
obtain the isotopic signatures from these two sites. 

Sample pre-treatment followed the protocol
established by Grupe et al. (1997). The samples
were cleaned under running tap water and then
defatted with diethylether for 5 hours in a Soxhlet
reflux device. Possible contaminations were remo-
ved by etching the samples ultrasonically for 5
minutes in concentrated formic acid. Leaching
experiments proved that this etching time should
suffice for a decontamination because of the iden-
tity of Sr isotope ratios in leachate and the remai-
ning bone specimen achieved after that time. The
organic matrix was removed by burning the sam-
ples to ashes for 12 hours at 500°C. The samples
were then homogenised in a ZrO2-coated mill
(particle size approx. 5µm) and about 50 to 100mg
of horn core powder was wet-ashed under pressu-
re in 1ml concentrated HNO3 for 6 hours at 160°C

together with 30 mg of a 84Sr-spike (NBS 988,
National Bureau of Standards, Washington DC).
Then 9 ml distilled water was added to complete
the stock solution (10ml). The acid was evaporated
at 120°C in a clean-air-bench and the sample solu-
bilised for 24 hours in 3 ml 6N HCl, which was
evaporated again and the sample solubilised in 3
ml 2,5N HCl. 2 ml of each sample was centrifuged
to remove any remaining silica. The solution was
then passed twice through a cation exchange
column (Dowex AG 50Wx8, 200-400 mesh, using
2,5N HCl as mobile phase), to separate interfering
Rb from Sr. All chemicals involved in this proto-
col were of suprapure quality.

Sr-isotope ratios were measured using a ther-
mal ionisation mass spectrometer (MAT 261 Fin-
nigan Corp. San Jose, CA) at the Institut für All-
gemeine und Angewandte Geologie (IAAG),
München. The samples were analysed on rhenium
filaments by the double-filament-technique. Stan-
dard reference material SRM 987 (National Bure-
au of Standards, Washington DC) served for qua-
lity control. In addition, standard reference
material SRM 1400 “bone ash” (National Bureau
of Standards, Washington DC) was used to control
the wet ashing and the column exchange procedu-
re. Average measurement error of the mass spec-
trometer was 0,00002.

RESULTS

20 samples of NBS 1400 bone ash standard
varied between 0,713091 and 0,713118. NBS 987
had a mean value of 0,710235 (sd: 0,000019), mat-
ching the value of 0,710230 which is internatio-
nally agreed upon (Steiger & Jäger, 1977). 

The horn core samples analysed cover various
stages of each individual’s life, while the skull
bone sample reflects the accumulated strontium
during the course of a lifetime. Appositional
growth at the tip of the horn core is faster than
appositional growth by lateral drift at the base.
For this reason samples from the base represent
older ontogenetic stages. Measurement data for
the cattle are presented relative to the indivi-
dual’s developmental stage (Table 1, Figures 2-
5), based on the average values for horn core
growth in long-horned breeds (Armitage, 1982).
The measurement data for the latest growth pha-
ses of the horn cores are located on the left side
of the x-axis, those for the growth of phases ear-
lier in life on the right side.
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TABLE 1

Sr-isotopic values (87Sr/86Sr) of the horn cores and soil samples.



From Figure 2 it becomes obvious that in horn
core L2, slow isotopic change during the younger
stages of life of the individual is followed by a fas-
ter change close to the death of the animal. The
chronologically youngest layer of precipitated
bone, which corresponds to an age shortly before
death, matches the isotopic signature of the loca-
lity where the animal had been slaughtered. All
isotopic ratios of this specimen exceed 0,71 and
point therefore to an origin and feeding of the ani-
mal on “granitic” soils, but with considerable
variation on a small scale.

Large variations in the isotopic values during
their lifetime can be also seen in samples L5 (Figu-
re 3) and L9/5 (Figure 4), again indicating that also
these two individuals probably originated elsew-
here. This is suggested by the fact that the conse-
cutive ontogenetic stages exhibit different isotopic
values which at no time correspond to the Sr sig-
nature obtained from the soil sample at the site.
Both horn cores (L5, L9/5) show big differences
between the tip of the horn core and the base.
Whereas L5 shows only one value which differs
from the others in terms of the cut-off value defi-
ned above, differences in the values between the
samples of L 9/5 exceed 0,005. Nevertheless, all
isotopic values are typical granitic signals, just like
those measured in L2. This means that these pre-
sumed non-local specimens were all raised and

kept in areas with granitic soils, isotopically very
close to the geochemistry of the excavation site.
The longhorn L10/17 shows no significant diffe-
rences in isotopic signature between the consecu-
tive ontogenetic stages, but clearly differs from the
soil signature measured at the excavation site
(Figure 5). It is therefore possible to specify the
geographic origin of this individual: Its Sr isotopic
values, which cluster around 0,706, are typical for
the metagabbro and gabbro soil types, located in
Bohemia (cf. Figure 1).

Horn core L3/4, another specimen pertaining to
a long-horned breed, shows no geologically signi-
ficant variations in the isotopic values of its basal
and apical parts. All values, however, differ clearly
from the one obtained from the soil of the site. The
same applies to L4/13, a specimen representing a
short-horned breed (Table 1).

The cattle molar from the site of Székesfehévar
produced a Sr-isotopic value of 0,710052 (Table
1), which surprisingly does not match well with
the one obtained from the local soil (0,7094482).

DISCUSSION AND CONCLUSIONS

According to the historical record, driven cattle
were nourished on the spot during their journey.
With the exception of individual L10/17, it beco-
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FIGURE 2

Change of isotopic values of horncore samples from L2 (longhorn) through time.
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FIGURE 3

Change of isotopic values of horncore samples from L5 (longhorn) through time.

FIGURE 4

Change of isotopic values of horncore samples from L9/5 (shorthorn) through time.



mes obvious that our analysis does not help much
to specify the geographic origin of these animals.
Of interest, however, is the fact that the youngest
part of the horn core of L2 exactly matches the
geochemistry of the slaughtering place, indicating
that the individual was allowed to feed for at least
some weeks at the place where its journey had
ended. This has been a very common practice
since the animals would put on weight and could
be sold at a higher price (Schweissing & Grupe,
2003).

Two other individuals (L5, L9/5) do also show
a proximity in their youngest isotopic values to the
soil sample collected at Enns. While they do not
exactly match the isotopic signature of the excava-
tion site, they nevertheless are much closer to it
than are the older parts of the horn cores, repre-
senting earlier ontogenetic stages. One possible
explanation is that the animals originated from
nearby places within the region, but that after the
animals had been slaughtered, the horns (together
with the skins?) were delivered at the site for furt-
her preparation. This hypothesis is supported by
the lack of bones from meat-bearing body parts at
the site and its vicinity.

Admittedly, the earlier assumption that the
remains of long horn cattle excavated at Enns
represent animals imported in large numbers from
the Pannonian plain can neither be supported nor

falsified by our analysis of only a small number of
horn cores. However, the assumption should be
adjusted in so far as the allochthonous cattle were
obviously not slaughtered immediately upon arri-
val, and that longhorns were also kept in areas
unknown as breeding centres for this type of cat-
tle. The results obtained for individual L10/17
definitely show that longhorns also existed in
Bohemia and that the animals had been traded
over distances of more than 100 km to places like
Enns. Specimen L3/4 as a local individual conso-
lidates the assumption that long horn cattle was
not only traded from distant places but that they
were part of an indigenous cattle population. Our
results also indicate that even shorthorns, the com-
monest type of cattle in the study area at that time,
were traded since the isotopic values of L9/5 indi-
cate an individual of non-local origin. Most surpri-
sing, however, is the fact that none of the allocht-
honous individuals exhibit isotopic values
evidencing an origin on the Pannonian plain
(87Sr/86Sr = 0,708-0,709) where, based on histori-
cal sources, large herds of long horn cattle were
raised and then driven to Austria and southern
Germany. We have to stress that the single tooth
from Hungarian cattle measured by us exhibited a
Strontium isotopic ratio slightly different from the
one obtained for local carbonate soils. Although no
detailed geological maps of this region exist,
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FIGURE 5

Change of isotopic values of horncore samples from L10/17 (longhorn) through time.



minor variations in the geochemical composition
of the different soils could account for this result.
This, however, does not interfere with the results
obtained on the horn cores from the site of Enns.

We conclude that the analysis of stable stron-
tium isotope ratios of appositionally grown mine-
ralised tissues like horn cores can serve as a proxy
for trade and migration of livestock. The approach
is likely to provide more insight into the long dis-
tance trade of stock on the hoof, and therefore into
the energy flux through historical ecosystems,
which constitutes an important parameter for eva-
luating periods of major ecocultural change, like
those associated to the process of urbanisation.

ACKNOWLEDGEMENTS

This study was financially supported by the
Deutsche Forschungsgemeinschaft (Gr 959/6-1,2).
L. Bartosiewicz kindly put material for analysis at
our disposal. Special thanks are to Dr. Frank Söll-
ner who made the mass spectrometer, and his advi-
ce, available to us.

REFERENCES

ARMITAGE, P. 1982: A system for ageing and sexing the
horn cores of cattle from British post-medieval sites
(17th to early 18th century) with special reference to
unimported British longhorn cattle. In: Wilson, G.;
Grigson, C. & Payne, S. (eds.): Ageing and sexing
animal bones from archaeological sites: 37-55.
B.A.R. (International Series) 109. Oxford.

BENTLEY, R. A.; PRICE, D. T.; STEPHAN, E. 2004: Deter-
mining the “local” 87Sr/86Sr range for archaeologi-
cal skeletons: a case study from Neolithic Europe.
Journal of Archaeological Science 31: 365-375.

BRAUDEL, F. 1985: Sozialgeschichte des 15-18. Jahrhun-
derts. Der Alltag. Kindler München, 197-207.

DRIESCH, A. VON DEN 1976: Das Vermessen von Tierk-
nochen aus vor- und früh-geschichtlichen Siedlun-
gen. Institut für Paläoanatomie, Domestikationsfors-
chung und Geschichte der Tiermedizin. Uni-Druck,
München.

DUERST, J. 1926: Das Horn der Cavicornia. Neue
Denkschr. Schweiz. Naturf. Ges. 63.

ERICSON, J. E. 1989: Some problems and potentials of
strontium isotope analysis for human and animal eco-
logy. In: Rundel, P.; Ehleringer, J. R. & Nagy, K. A.
(eds.): Stable Isotopes in Ecological Research: 252-
259. Springer Verlag, New York.

EZZO, J. A.; JOHNSON, C. & PRICE, T. D. 1997: Analyti-
cal perspectives on prehistoric migration: A case
study from east-central Arizona. Journal of Archaeo-
logical Science 24: 447-466.

GRUPE, G.; PRICE, T. D.; SCHRÖTER, P.; SÖLLNER, F.;
JOHNSON, C. M. & BEARD, B. L. 1997: Mobility of
Bell Beaker people revealed by strontium isotope
ratios of tooth and bone: a study of southern Bavarian
skeletal remains. Appl. Geochem. 12: 517-525.

HENNING, F. W. 1979: Landwirtschaft und ländliche
Gesellschaft in Deutschland. Band 1, 800 – 1750.
Schöningh, F. (ed.) UTB Paderborn: 145-257.

HORN, P.; HÖLZL, S.; TODT, W.; MATTHIES, D. 1998: Iso-
tope abundance ratios of Sr in wine provenance
determinations, in a tree-root activity study, and of
Pb in a pollution study on tree-rings. Isotopes in
Environmental Health Studies 34: 31-42.

KNECHT, G. 1966: Mittelalterlich-frühneuzeitliche
Tierknochenfunde aus Oberösterreich (Linz und
Enns). PhD Thesis, München.

PFEFFER, F. 1949: Die “Ochsenstrasse” bei Linz.
Oberösterreichische Heimatblätter 3: 162–169.

PRICE, T. D.; JOHNSON, C. M.; EZZO, J. A.; ERICSON, J. E.
& BURTON, J. H. 1994: Residential mobility in the
late prehistoric Southwest: A preliminary study using
strontium isotope ratios. Journal of Archaeological
Science 21: 315-330.

PRICE, T. D.; MANZANILLA, L. & MIDDLETON, W. D.
2000: Immigration and the ancient city of Teotihua-
can in Mexico: a study using strontium isotope ratios
in human bone and teeth. Journal of Archaeological
Science 27: 903-913.

SCHWEISSING, M. M. & GRUPE, G. 2003: Tracing migra-
tion events in man and cattle by stable strontium iso-
tope analysis of appositionally grown mineralized
tissue. International Journal of Osteoarchaeology
13: 96-103.

SCHWEISSING, M. M. 2004: Strontium-Isotopenanalyse
(87Sr/86Sr). Eine archäometrische Applikation zur
Klärung anthropologischer Fragestellungen in bezug
auf Migration und Handel. Münchner Geologische
Hefte Reihe A, Heft A31.

SEALY, J. C.; ARMSTRONG, R. & SCHIRIE, C. 1995:
Beyond lifetime averages: tracing life histories
through isotopic analysis of different calcified tissues
from archaeological human skeletons. Antiquity 69:
399-416.

SILLEN, A.; HALL, G. & ARMSTRONG, R. 1995: Stron-
tium/calcium ratios (Sr/Ca) and strontium isotopic
ratios (87Sr/86Sr) of Australopithecus robustus and
Homo sp. from Swartkrans. Journal of Human Evo-
lution 28: 277-285.

STEIGER, E. H. & JÄGER, E. 1977: Subcomission on
geochronology: convention on the use of decay cons-
tants in geo- and cosmochronology. Earth and Plane-
tary Science Letter 36: 359-362.

Sr ISOTOPES IN HORN CORES PROVIDE INFORMATION ON EARLY MODERNS CATTLE TRADE 251




