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RADIOCARBON DATING, STABLE ISOTOPE ANALYSIS, AND DIET-DERIVED 
OFFSETS IN 14C AGES FROM THE KLIN-YAR SITE, RUSSIAN NORTH CAUCASUS

Thomas Higham1,2 • Rebecca Warren1,3 • Andrej Belinskij4 • Heinrich Härke5 • Rachel Wood1

ABSTRACT. The influence of geothermally derived carbon on the radiocarbon dating of human bone from archaeological
sites is poorly understood and has rarely been rigorously examined. This study identifies a previously unknown reservoir
effect at the archaeological site of Klin-Yar in the Russian North Caucasus. AMS-dated human bones yielded results that were
older than expected when compared with dates of coins found in the same grave contexts. We investigated the reasons for this
offset by AMS dating modern plant, fish, and water samples to examine the source of the old carbon. We identified a potential
source in geothermally derived riverine and spring water, with an apparent age of several thousand years, and hypothesize that
carbon from here is being transferred through the food chain to humans. If humans consume resources from the local rivers,
such as fish, then they ought to be affected by this reservoir offset. An extensive analysis of carbon and nitrogen isotopes of
human and animal bone showed evidence for a mixed diet that may be masking the amount of freshwater-derived protein
being consumed. Due to the highly variable nature of the 14C offset (0 to ~350 yr), no suitable average correction factor is
applicable to correct for the human dates at the site. A 14C chronology based on dates obtained from terrestrial ungulate bones,
which we subsequently obtained, is instead a more reliable indicator of age.

INTRODUCTION

One of the primary assumptions of radiocarbon dating is that the concentration of 14C within an
organism is in equilibrium with that of the atmosphere. This is demonstrably not, of course, always
the case. 14C-depleted carbon can enter the food chain causing 14C reservoir effects, which will
cause dates to appear aberrantly old. The oceanic system provides the most commonly cited case.
Here, ocean deep water cannot exchange carbon with the atmosphere and so, when it upwells to the
surface and mixes, organisms feeding in the upper reaches of the ocean will appear, on average,
around 400 yr too old (Berger et al. 1966; Mangerud 1972; Stuiver and Braziunas 1993; Reimer and
Reimer 2001).

In freshwater systems, old carbon can be derived from numerous sources including dissolved lime-
stone, peat, and geothermal vents in lakes (Lanting and van der Plicht 1998). Therefore, freshwater
reservoir effects may be expected to differ between, and within, each river and lake. These effects
have great potential to influence 14C dates of organisms living within and around these environ-
ments, including humans procuring resources from them. If reservoir effects are found in humans,
however, they also enable us to detect the presence of freshwater resources, such as fish, within the
prehistoric economy. These items are notoriously difficult to identify because fish skeletal evidence
is exceptionally fragile and, where it does survive, is rarely recovered without careful excavation
and sieving.

Paleodietary reconstruction using stable isotope analysis is based on the principle that different
foods contain distinct isotopic signatures that are passed along the food chain to their consumers.
Carbon and nitrogen stable isotopic analysis may provide an indication of the relative consumption
of marine versus terrestrial (Tauber 1981) or terrestrial C3 versus C4 diets (Vogel et al. 1977). There
are a number of complications to this, one of which is the inclusion of freshwater fish within the diet.
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Because of the numerous allochthonous sources of carbon coming into many freshwater systems,
freshwater resources can have a wide range in stable isotopic values.

While much of this range overlaps with that expected in terrestrial organisms, high 15N values or
unusually enriched or depleted 13C values, are sometimes held to indicate the presence of freshwa-
ter resources within a diet. This is not always the case, however. For 15N values, freshwater systems
generally have fewer trophic levels than marine food webs (Gannes et al. 1998) and can have corre-
spondingly lower average 15N. France’s (1995) review of the isotopic values of 549 freshwater
fish, for example, yielded a mean freshwater 15N value of 9 ± 3‰. This may be compared to the
estimates of Richards and Hedges (1999) of 822‰ for marine carnivores and 410‰ for terrestrial
herbivores. While several stable isotope studies have identified the presence of freshwater fish
within a population (e.g. O’Connell et al. 2003), the significant overlap between freshwater isotopes
and terrestrial isotopes often precludes the routine application of stable isotopic markers.

14C offers an additional (radio)isotopic indicator to identify freshwater uptake in humans, when
there is a reservoir offset. Cook et al. (2001) and Bonsall et al. (2002), for instance, considered the
freshwater reservoir effect in 14C dating the Mesolithic-Neolithic transition sites of the Serbian Iron
Gates region. They measured the 15N values of organisms that exploited a 100% aquatic diet, and
then compared them with the values of wholly terrestrial organisms. Using these values as end mem-
bers, they plotted a linear relationship between 15N values and the level of protein derived from
aquatic protein. Higher 15N values of human bones yielded significant offsets of 300–500 yr. They
corrected the 14C dates by applying a reservoir estimate based on an interpolation of the 15N data
representing extreme freshwater and terrestrial values, and the expected offset in 14C years. This
provided a more consistent age estimate than simply viewing the results at face value, although it
has been criticized (Boric and Miracle 2004). Generally speaking, the freshwater reservoir effects
remain a little studied, but potentially serious influence on the 14C ages of humans from Holocene
sites (Lanting and van der Plicht 1998; Shishlina et al. 2007). 

THE SITE OF KLIN-YAR

Klin-Yar is a site in the Russian North Caucasus, near the city of Kislovodsk (Figure 1). It comprises
a substantial sandstone ridge, on and around which prehistoric to early medieval settlements and
cemeteries have been discovered (Figure 2). The largest cemetery (Klin-Yar III) spans 3 cultural
phases, from the Late Bronze Age/Early Iron Age Koban culture to the early medieval Alans.
Around 350 graves have been excavated thus far, but between 1000 and 3000 inhumations are esti-
mated to be located in the site environs. The Bronze Age/Iron Age Koban inhumations at the site
were composed of single burials in grave pits, often within a stone lining or stone covering. Males
were buried on their right side, women on their left. Later Iron Age Sarmatian inhumations were
usually interred in small underground chambers. In instances where double burials were excavated,
the male was buried in a separate chamber to the female, but the 2 chambers were often linked by an
entrance pit or corridor. Early medieval Alanic graves were more standardized in their layout and
comprised a narrow dromos or passage leading towards an underground burial chamber. Often,
within the passage, broken ceramics, charcoal, horse skin depositions, or complete horses with horse
gear are found. Heads were orientated to the west and the body was interred extended on the back
or slightly turned to one side. The discovery of an extremely rich Late Sarmatian-Alanic plot at
Klin-Yar by two of us (AB and HH) has yielded several spectacular grave assemblages, many of
them including whole horse depositions within what is interpreted as an elite area of the cemetery
(Härke and Belinsky 2000).
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Figure 1 Location of the site of the Klin-Yar, Russia. North is the top of the diagram.

Figure 2 Excavation locations at Klin-Yar. The site is located around a large limestone plateau, surrounded by settlement
and cemetery sites. The location of the elite cemetery is shown on the plan.
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RADIOCARBON DATING AT THE KLIN-YAR SITE

An initial series of 14C dates was obtained from human bone excavated in 1994–96 to test the accu-
racy of dates derived from numismatic evidence and associated material culture. The 14C results
yielded surprising offsets from the dates expected (Table 1 and see Bronk Ramsey et al. 2002:77–8).
OxA-9388 dates Grave 363 at 1507 ± 38 BP, or AD 534–611 (0.95% prob.) but a coin dating to the
Byzantine Emperor Heraclius and his sons (AD 634–641) was found in the same context. The coin
was part of a gold necklace placed into the grave and had been specifically pierced for the purpose.
There is no doubt about its context and association to the burial remains. In grave 341, 2 coins of the
Byzantine Emperor Maurice dating to AD 582–602 were found deposited probably in a bag with 2
earrings and a gold medallion, directly next to the skull, but the 14C age (OxA-9386) obtained was
between 340 and 240 yr older. Artifacts in one of the other graves (360) included jewelry, a mirror,
an Iranian glass vessel, a sword with characteristic fittings, an iron stirrup, and 2 pottery vessels sup-
porting a date in the first half/midddle 7th century AD. Again, the associated 14C dates are much
older than expected. In total, the offsets between the ages inferred using relative and numismatic evi-
dence and the measured AMS determinations ranged from almost nothing to several hundred years
(Table 1). We measured the offsets as probability distributions by determining the difference between
the 14C and historic ages using OxCal v 4.1 (Bronk Ramsey 2009) and accounting for the uncertain-
ties on the latter ages (the probability offsets for each dated human bone are plotted in Figure 3a).

There are several reasons we might propose as to why such offsets may occur. These include: 1)
contamination of the bone with exogenous carbon; 2) a reservoir effect derived from the uptake of
protein from marine sources; or 3) old carbon from a mineral source entering a freshwater system,
being fixed by aquatic plants and entering the food chain, ultimately ending up in humans.

Table 1 Initial 14C ages obtained from the Klin-Yar site. Historic dates and date ranges are shown in
column 7. Stable isotope values are reported with respect to VPDB (carbon) and AIR (nitrogen).
Measurement errors are ±0.2‰ for carbon and ±0.3‰ for nitrogen. Results are calibrated against the
IntCal04 terrestrial data set (Reimer et al. 2004). Offsets are calculated using OxCal 4.1 (Bronk Ram-
sey 2009). (Differences between historic cal date and 14C age BP are at 68.2% probability ranges
unless specified.)

OxA
nr

Sample reference/
Burial number

13C
(‰)

15N
(‰)

14C age
BP

Calibrated age range
(1 ) (95.4% prob-
ability in brackets)

Estimated
historic date
AD

Offset 
from his-
toric age

9388 KY III 363B/2 – Human 
bone

17.3 10.3 1507 ± 38 AD 470–477 (0.04)
AD 534–611 (0.95)

634–641
[Coin]

103–25
(63.8%)

9380 KY III 363A – Bone of a 
child scattered at en-
trance to catacomb 363B

15.7 10.2 1960 ± 45 36–31 BC (0.04)
0–12 BC (0.064)
AD 1–82 (0.892)

Earlier than
634–641 [Coin]

n.a.

9386 KY III Burial 341/1 – 
Human tooth

16.8 9.9 1741 ± 39 AD 243–344 (1.00) 582–602 [Coin] 343–240

9387 KY III Burial 341/3 – 
Human tooth

17.6 10.6 1568 ± 37 AD 434–494 (0.675)
AD 505–538 (0.325)

582–602 [Coin] 150–50

9389 KY III Burial 378 –
Human tooth

13.1 9.3 1879 ± 38 AD 74–140 (0.727)
AD 150–170 (0.152)
AD 194–210 (0.122)

Late 4th–early
5th C

309–209

9390 KY III Burial 360/1 – 
Human tooth

16.7 11.3 1685 ± 37 AD 264–275 (0.098)
AD 333–410 (0.90)

Early-mid 7th C 297–180

9391 KY III Burial 360/2 – 
Human tooth

16.5 10.3 1556 ± 39 AD 434–494 (0.625)
AD 505–523 (0.160)
AD 526–546 (0.215)

Early-mid 7th C 162–50
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The first possibility, that of contamination, is thought unlikely to be the explanation. The bones were
reasonably well preserved and the analytical data obtained (e.g. C:N ratios, stable isotopes, %carbon,
%collagen, etc.) disclosed no significant problems, although it should be acknowledged that none of
these methods individually are precise indicators of contamination. The marine reservoir effect is also
unlikely to be the explanation. Klin-Yar is about 150 miles from the Black Sea and 300 miles from
the Caspian Sea. Maintaining what would need to be a fairly constant supply of marine fish across
such distances would have taken a considerable amount of both energy and time, and must therefore
be deemed unlikely. In addition, the nitrogen isotopic data, averaging ~10.0‰, are not indicative of
a substantial marine fish influence. The values would be expected to be somewhat higher than this
for a significant marine component, although quantification is difficult (Hedges 2004).

Old carbon entering the food chain is a more likely possibility. It is widely known that there is exten-
sive geothermal activity in the environs of Klin-Yar. Carbonaceous spring waters locally are bicar-
bonate anion predominant. Geothermal sources have been observed to introduce 14C-depleted CO2

into local environments (including bodies of water) in other regions, producing apparent ages for liv-
ing organisms within or adjacent to the source (Bruns et al. 1980; Rubin et al. 1987; Pasqier-Cardin
et al. 1999; Beavan-Athfield et al. 2001). For old geothermally derived carbon to affect the 14C dates
of human bones from the Klin-Yar site, the old carbon has to be fixed at the base of the food chain
in aquatic plants and passed on through it, ending up in humans. The most likely source of transfer
to humans might be through the consumption of freshwater resources from the local rivers, principally
the Podkumok, which runs near the site. However, there is no archaeological evidence for the exploi-
tation of fish at Klin-Yar. This mirrors a general absence of fish in sites dating to the later Bronze Age
and early Iron Age in this region. Klin-Yar was excavated in 1994–96 and for technical and equipment
reasons, flotation and small screening was not possible. Two fossil mollusks were excavated (in

Figure 3 a) Human bone 14C offsets from historic age, as deduced from material culture and
numismatic evidence (see Table 1 for data). b) AMS date offsets as deduced from comparison
with animal bone from the same contexts (see Table 2 for data). The offsets are plotted as prob-
ability distributions using OxCal 4.1 (Bronk Ramsey 2009).
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Alanic graves 345 and 374); therefore, if mollusk shells were present in graves they would have been
discovered. It may be that with flotation, small fish remains might have been recovered.

Klin-Yar may therefore present an interesting scenario within which to examine the relationship
between archaeological evidence, stable isotopic data, and freshwater 14C reservoir effects as indi-
cators for the consumption of resources from freshwater sources. The first aim of this study was to
examine whether the offset seen between the age of human bones and artifactual evidence could be
clarified by further dating work. As shown above, the 14C age of human bones can be compared to
well-dated artifacts, and also be compared with the ages derived from terrestrial ungulate bones
excavated in close association (in grave fill and near skeletal remains). In the absence of ancient fish
remains, and to test the hypothesis that the age of carbon within the freshwater is affected by geo-
thermal springs, modern river water and fish were collected and dated. Finally, stable isotope anal-
ysis was undertaken on further samples of human and faunal bone to examine whether this tech-
nique might be able to provide further evidence concerning fish consumption during the period and
to shed further light on paleodiet and economy during this period of Caucasus prehistory and early
history.

MATERIALS AND METHODS

Bones of terrestrial ungulates (horse and cow), as well as humans, from some of the graves were
selected from collections at Nasledie in Stavropol and the Institute of Archaeology, Russian Acad-
emy of Sciences (Rossiskaya Akademiya Nauk, RAN), Moscow. Some of the animal bone came
from graves that had been dated previously using human bone (Table 1), to examine whether ungu-
lates were also subject to a reservoir offset and, if possible, to quantify the extent of such an offset
in the dated human bone. In almost every case, the animal bones selected were part of deliberate
depositions of material within the grave context. Stable isotopes of carbon and nitrogen were ana-
lyzed separately and selected from a wider range of human and animal bones.

Bone for this study was either sampled using tungsten carbide drills or as a ~1 × 2-cm section of
bone, cut using a diamond saw. These samples were cleaned at ORAU by scraping with a scalpel to
remove soil coloration, sediment detritus, and weathered surfaces, before being shot-blasted using
aluminium oxide. Whole bone samples were powdered in a mortar and pestle. Samples were pre-
treated at the ORAU using previously published routine methods. Bone powder samples were
treated with a sequence of hydrochloric acid (0.5M) to decalcify the bone, then sodium hydroxide
(0.1M), and hydrochloric acid (0.5M) with thorough rinsing with ultrapure (Milli-Q™) water
between each reagent (Bronk Ramsey et al. 2004). They were then gelatinized in weakly acidic
water (pH 3) at 75C for 20 hr, with the supernatant recovered using an EziFilter™. Each sample
for 14C dating was ultrafiltered using the methods outlined in Bronk Ramsey et al. (2004) and
Higham et al. (2006). Samples for stable isotope analysis were not ultrafiltered, nor were they base
washed, following the protocol of Richards and Hedges (1999). 

All samples were weighed into precleaned tin capsules and then combusted. The gas was analyzed
using a Europa Scientific ANCA-MS system consisting of a 20–20 IR mass spectrometer interfaced
to a Roboprep CHN elemental analyzer operating in continuous-flow mode using an He carrier gas.
This enables the measurement of 15N and 13C, nitrogen and carbon content, and C:N atomic
ratios. 13C values for 14C measurements cited in this paper are reported with reference to VPDB
(Coplen 1994) and 15N results are reported with reference to AIR. For samples to be dated, graphite
was prepared by reduction of CO2 over an iron catalyst in an excess H2 atmosphere at 560C prior
to AMS 14C measurement (Bronk Ramsey and Hedges 1999; Bronk Ramsey et al. 2000). Wherever
gelatin yield permitted, stable isotope analyses were measured in triplicate.
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A small number of modern plants were collected near the Klin-Yar site and from the margins of a
spring ~100 m from it by TH. In addition, plants and water were collected from the Podkumok
River, near the town of Tereze. The aim was to measure the 14C concentration and determine
whether or not these materials differed significantly when compared with modern atmospheric val-
ues. A modern fish (Salmo trutta) was also obtained from the same river.

RADIOCARBON RESULTS

The 14C ages obtained from paired horse and cow bones in the same burial context are shown in
Table 2. The results are compared with the human bone determinations from the same grave con-
texts. We assume that the ages for the terrestrial ungulate bones are equivalent to the ages that would
be expected for the associated human bones in the absence of a reservoir effect. This assumption is
not always justifiable, of course, since grave contexts such as these were sometimes looted in the
past, resulting in the redeposition of some material. Similarly, archaeological contexts are often sub-
jected to the gamut of site formation processes that influence the original association between
objects. In the vast majority of cases, however, we were confident that this was of minimal impor-
tance. As previously mentioned, the 3 coins found were in deliberate grave depositions and the dated
animal bones were carefully excavated from within grave contexts. All of the horse bones, for
instance, were derived from entire horses deposited in access corridors (dromos), or from “horse
skins” (heads-and-hooves depositions) on or in corridors, or next to a corridor. All of these remains
were found in articulation. The context of these bones is therefore unimpeachable. The only excep-
tions from the rule of careful deposition within a ritual context are Alanic graves 357 and IV-9 (pre-
viously burial 4) where the burial chamber contents had been cleared out into the access corridor
(dromos) in antiquity, but even here it is reasonable to assume that any animal bones found origi-
nated from the chamber or the dromos itself. The results for the cow bone in grave 361A, however,

Table 2 Comparison between 14C ages of animal (horse/cow) and human bone from the same
archaeological context. These are calibrated using the IntCal04 curve (Reimer et al. 2004). Offsets
between the human and associated ungulate bones are shown in column 9. Offsets are calculated
using OxCal as described in the text and Table 1. No offset is calculated for Grave 361A due to the
obviously intrusive nature of the cow bone in the grave context. 

OxA
Nr Sample reference

13C
(‰)

 15N
(‰)

C:N
ratio

14C age
BP

Calibrated age range 
AD (68.2% prob.)

From To

14C 
offset
(yr)

9386 KY III 341/1 – Human –16.8 9.9 1741 ± 39 242 345 380–265
9387 KY III 341/3 – Human –17.6 10.6 1568 ± 37 434 538 187–87

14839 KY III 341 – Horse –20.2 5.7 3.2 1428 ± 28 608 648
14774 KY III 357 – Human –17.3 11.7 3.3 1582 ± 28 431 533 143–41
14773 KY III 357 – Horse –19.6 6.0 3.3 1497 ± 28 547 600
9390 KY III 360/1 – Human –16.7 11.3 1685 ± 37 264 410 397–251
9391 KY III 360/2 – Human –16.5 10.3 1556 ± 39 434 547 226–118

14885 KY III 360 – Cow –19.7 5.1 3.5 1356 ± 28 650 685
14886 KY III 360 – Horse –20.3 4.9 3.6 1345 ± 29 649 674
14775 KY III 361A – Human –16.9 11.2 3.1 1798 ± 30 139 254 n.a.
14776 KY III 361A – Cow –18.8 7.5 3.2 2981 ± 31 1268 1131
14777 KY III 361B – Human –15.2 11.4 3.2 1728 ± 38 254 379 11–142
14840 KY III 361B – Horse –20.2 3.8 3.2 1780 ± 30 214 326
9388 KY III 363B/2 – Human –17.3 10.3 1507 ± 38 471 611 110–10

14047 KY III 363B – Horse –20.1 4.3 1411 ± 28 616 654
9389 KY III 378 – Human –13.1 9.3 1879 ± 38 74 210 216–70

14048 KY III 378 – Horse tooth –20.4 4.1 1771 ± 28 230 326
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are a reminder of the potential dangers in assuming contemporaneity of non-horse material in cer-
tain burial locations. This bone would seem to have originated from the earlier Koban settlement on
this site, or be from a disturbed Koban burial, based on the 14C date.

The offset between the human and animal bone determinations ranges up to several centuries (Table
2 and Figure 3b), which parallels the range shown earlier in Table 1. Comparison of the 14C offset
data with the stable isotope results yields no strong correlation (Figures 4 and 5); wide differences
in offset are not linked with stable isotope values.

[

Figure 4 Relationship between 15N and the offset in 14C yr between human and animal bones
from the same grave context (data from Table 2).

Figure 5 Plot of 13C and offset in 14C yr between human and animal bones from the same grave
context (data from Table 2).
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Results for the modern samples of fish, water, and plants are shown in Table 3. The 14C values for
grass and aquatic plants within the immediate vicinity of the Klin-Yar site are close to those
expected, based on comparisons with current atmospheric pMC values measured at ORAU, for
modern plant matter. The most depleted result was for water taken from the Podkumok River, at
66.0 ± 0.3 pMC. Unfortunately, the amount of carbonate extracted from the water varied between
repeat analyses; therefore, this measurement may not be wholly accurate. Despite this, the substan-
tially depleted pMC measurement does suggest strongly that there is a significant offset between
water and atmosphere. Taken together, the values suggest that there is old carbon in these waters
diluting the 14C ages of organisms living within the reservoir. Although calculation of a precise off-
set is problematic due to the bomb carbon effect, we estimate a reservoir effect of ~800 yr for the
Tereze aquatic plant and ~600 yr for the river fish.

STABLE ISOTOPE RESULTS

The results of carbon and nitrogen stable isotope analyses are summarized in Table 4 and shown in
Figure 6. The human stable isotope data is plotted with respect to cultural attribution; Koban, Sar-
matian, or Alanic, although some amongst the Sarmatian group may be attributed to a transitional
Sarmatian/Alanic phase. It can be seen that the range in 13C among the humans is significant and
covers ~6‰. Koban humans appear to range between about 13 and16‰ and, therefore, appear
to be more enriched in 13C when compared with individuals from both Sarmatian and Alanic con-
texts. Sarmatian values also disclose a wide range. The values obtained are not normally distributed
and disclose some skewness (see Figure 7). To explore this further, we applied a series of non-para-
metric statistical tests of the data. First, we applied a Kruskal Wallis test, with a null hypothesis that
the multiple independent variables are from same population. This is a one-way analysis of variance
by rank and tests the relatedness of population medians amongst groups of data. The analysis
showed that the samples are indeed from different populations. To determine which of the 3 popu-
lations were statistically different, we applied a Mann Whitney U test, which allows an assessment
of whether 2 independent samples of observations come from the same distribution (where H0; 2
independent samples come from the same group). This showed that the Koban population is differ-
ent to the Sarmatian and Alanic groups, but that these latter 2 are indistinguishable from one another
(if p 0.05 we can reject H0) (the Sarmatian and Alanic populations are statistically indistinguish-
able [Z 1.24, p 0.22] while the Sarmatian and Koban [Z 4.38, p 0.00] and Alanic and
Koban [Z 4.23, p 0.00] populations are different).

Table 3 14C pMC values for modern collected (June 2005) plant, water, and fish samples. Tereze
samples come from the Podkumok River. The samples from Klin-Yar came from on top of the lime-
stone plateau at the site and ~100 m away from a spring (see text). An OxA-X value denotes a date
of less certainty. The HCO3 yield from the Tereze water was low and variable between extractions,
meaning that this age should be viewed with some caution in terms of its accuracy. The water value
mirrors DIC activities from similar spring waters undertaken by MarËenko et al. (1989) at the
Plitvice Lakes in Croatia, which ranged between 60 to 84 pMC, while atmospheric CO2 activity
changed from 130 pMC (1984) to 120 pMC (1988).

OxA/OxA-X nr Material 13C 15N pMC value

14860 Klin-Yar Poa sp. (Poaceae family) grass 26.3 1.9 105.5 ± 0.3
14859 Klin-Yar aquatic plant (Juncus sp.) Rush 29.0 6.1 106.0 ± 0.3
14882 Tereze River aquatic plant matter (not identified) 19.8 8.4 94.6 ± 0.3
14861 Tereze Trout (Salmo trutta) flesh 26.7 11.7 97.5 ± 0.3
-X-2139-18 Tereze Water HCO3 19.7 nd 66.0 ± 0.3
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Table 4 Stable isotope values for humans from Klin-Yar. Sex and age identifications are based on
Buzhilova et al. (in press).

Age/Sex 13C Std dev 15N Std dev

Alanic

237 nd. 18.3 0.23 9.9 0.1
382/3 Child, 2–3 yr 14.4 0.05 11 0.03
352/1 Elite ?adult 18.3 0 11.2 0.04
359 Elite Female, 25–29 yr 18.6 0.01 9.9 0.09
360/1 Elite Male, 35–45 yr 18.7 0.06 11.3 0.08
363B/1 Elite Female, 30–34 yr 17.8 0.05 11 0.12
364 Elite 18.4 0.03 10.9 0.05
368 Elite Male, 35–45 yr 17.9 0.08 10.4 0.14
371/1 Elite Female, 20–25 yr 18.6 0.01 10.2 0.04
373 Elite Female, 25–29 yr 18.1 0.06 9.9 0.02
374 Elite Juvenile, 15–19 yr 17.6 0.02 10.9 0.11
380 Elite Infant, 1.5 yr ± 6 months 17.2 0.04 15.9 0.07
381/1 Elite Male, 20–25 yr 17.6 0.05 10 0.05

Sarmatian
235 nd. 18.2 0.02 10.2 0.05
383 (transitional Sar/Alans) Child, 7–14 yr 17.3 0.11 11.9 0.06
385 Juvenile, 10–13 yr 18.3 0.06 10.2 0.1
387 (transitional Sar/Alans) Male, 40–49 yr 18.5 0.03 10 0.05
342B Female, 30–40 yr 17.4 1.12 9.8 0.48
351A Elite Male, 20–24 yr 15.6 0.03 9.1 0.03
351B Elite Female, 30–40 yr 16.6 0.1 10.2 0.02
361A Elite Female, 20–25 yr 17.5 0.32 10.5 0.27
361B Elite ?Female, 20–29 yr 15.7 0.04 10.0 0.11
370 Elite Female, 25–30 yr 18.1 0.08 9.6 0.02
372 Elite Male, 35–45 yr 18.3 0.06 9.9 0.1
378 Elite Child, 10–12 yr 14.4 0.12 9.6 0.07
379 Elite Female, 25–30 yr 18.4 0.14 10.1 0.14
386/2 Female, 25–29 yr 18.2 0.02 10.2 0.05

Koban

11 nd. 14.6 0.04 11.4 0.12
172 15.5 0.04 11.2 0.02
181 Female 15 0.06 11.3 0.22
187 15.8 0.01 10.9 0.18
189 Female 14.6 0.1 10.6 0.12
190 16 0.05 10.2 0.09
193 15.5 0.03 10.9 0.22
206 Male 14.4 0.1 11.1 0.04
207 15 0.03 9.63 0.17
208 15 0.1 10.6 0.05
211 15.8 0.18 10.9 0.07
214 14.8 0.06 10.5 0.12
220 Male 14.1 0.07 10.5 0.05
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236 15.4 0.12 11.1 0.14
241 Male 15.9 0.03 11.5 0.08
277 14.3 0.07 10.9 0.08
285 14 0.05 10.2 0.04
315 14.6 0.04 11 0.03
320 13.4 0.04 10.7 0.04
323 14.9 0.1 10.6 0.08
324 Male 14.6 0.15 10.4 0.19
349 Male, 30–40 yr 14.3 0.04 10.9 0.08
355 Male, 40–50 yr 16 0.03 12 0.02
377 Child, 9–10 yr 14.6 0.16 10.8 0.15

Figure 6 Stable isotope values for humans and animals. Human values are divided by cultural attribution. Animal values
are all associated with Alanic and Sarmatian groups, whereas results from animal bones associated with the Koban settle-
ment are all given in yellow. The highest human value is for an infant probably being breastfed. Breastfeeding infants are
well known to be enriched in 15N by 23‰ over their mothers’ values, since they are essentially a trophic level higher
(Fuller et al. 2003). Note that this plot includes only values measured in specific diet analyses, not the AMS-dated samples
given in Table 1. Data are given in Tables 4 and 5.

Table 4 Stable isotope values for humans from Klin-Yar. Sex and age identifications are based on
Buzhilova et al. (in press). (Continued)

Age/Sex 13C Std dev 15N Std dev

13C (‰)

1
5 N

 (
‰

)
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We have also considered the distribution of 15N values obtained for the Koban, Sarmatian, and
Alanic populations. Once again, a degree of skewness and non-normality was noted in the data set
(Figure 8). Non-parametric tests showed that Koban and Alanic groups are indistinguishable (Mann
Whitney U test, Z 1.39, p 0.17) and that the Alanic and Sarmatian groups, too, are the same sta-
tistically (Z 1.98, p0.05). The Sarmatian and Koban groups, however, do appear statistically
different (Z4.41, p 0.00), but the differences here are very small (1‰) and more data points
are required to add strength to the conclusions.

Figure 7 Distributions of the 13C values obtained for Alanic, Sarmatian, and Koban
populations. The results show the skewness of the Alanic and Sarmatian groups.

Figure 8 Distributions of the 15N values obtained for Alanic, Sarmatian, and
Koban populations showing once again a degree of skewness and non-normality.
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The results show, then, that there is a significant difference in the 13C values of the Koban group
on the one hand, and the Sarmatian-Alanic group, on the other, and that there is a wide range in car-
bon isotope results amongst all groups, but particularly the Sarmatian and Alanic individuals. Why
is this? One possibility is that the Koban, and some of the Sarmatian/Alanic individuals, may be
consuming protein originating via a C4 pathway. This could either be from 1) grain-based foods or
2) stock fed either from C4 grain or wild C4 grasses.

For the first possibility, the most likely candidate for a grain-based C4 crop would probably be millet
(Panicum miliaceum). Millet is attested in the region substantially prior to the occupation date of the
site, therefore it is not unreasonable to suggest its presence at Klin-Yar at a much later period. Lisit-
sina (1984; in Nesbitt and Summers 1988), for instance, reports the presence of “Panicum sp.” from
Chokh in the Caucasus, dating from the beginning of the 6th millennium BC (see also Iacumin et al.
2004), although this is much earlier time period than the sites under discussion here. Millet is a spe-
cies with a short growing season, high yields and has adaptability to a range of climates and soils
(Tafuri et al. 2009), so it may have been an attractive crop to grow in the Caucasus. More ethobotan-
ical work is clearly required.

For the second possibility, one has to consider the question of the distribution of C4 grasses and
plants within the Caucasus that could have been used as grazing food for stock. Climate and envi-
ronment are the key influences, because C4 plants are well adapted to minimize water losses due to
photorespiration and, therefore, survive better in intense sunlight and higher temperatures. Klin-Yar
is located in the forest-steppe region that follows the Kuban and Terek River systems. The boundary
between the forest-steppe and the forest zones represents the boundary between more arid and more
humid regions. To the northeast, the drier steppe region includes halophilous plant species, which
include a predominance of C4 plants, but the major regional presence of these types is on the coast-
line of the northern Caspian Sea. Rainfall across this region varies too—in the Klin-Yar area, around
400–600 mm per annum (Volodicheva 2002)—but the region is characterized by dramatic changes
in relief, temperature, and rainfall. Within 100 km of Klin-Yar, rainfall levels can be twice as high.
Hollund et al. (2009) found that variations in both carbon and nitrogen isotopes probably originate
from this environmental complexity in the North Caucasus (see also van Klinken et al. 2000).

Broadly speaking, through the Holocene, C3 plants dominated the North Caucasus region (Khokh-
lova et al. 2007), but it is possible that more aridity might have led to increased amounts of C4

grasses, which may be reflected in animal and, therefore, human stable isotope values. Khokhlova
et al. (2007) analyzed carbon isotopes from paleosols in Alanic burial kurgans to examine paleocli-
mates in the northern Caucasus during the 1st to 5th centuries AD; their results suggest some cli-
matic variability through the period. They found that from the end of the 2nd to the start of the 3rd
centuries AD, values indicated clear xeromorphic properties indicative of a relatively dry climate
with estimated rainfall around 50–100 mm less than today. They showed the return of these drier
conditions in the mid-5th century AD. It is also possible that stock management practices may have
involved wider geographic distances, taking in regions further from Klin-Yar where C4 grasses
might have been more common. One means of shedding light on this would be to examine the stable
isotope data from animal bones associated with the Koban-period settlement of Klin-Yar. Unfortu-
nately, we obtained few well-contexted animal bones with which to test this suggestion, but interest-
ingly those that were analyzed appear to be slightly more enriched in 13C than corresponding Sar-
matian-Alanic period animals, although only by 12‰ over non-Koban period animals. The data set
is too small to draw confident conclusions (Figure 6) and more work is required. The present evi-
dence suggests that it is more likely that the C4 signal is coming from millet, and that while millet
may have been consumed by humans, it was not consumed to the same extent by stock. Further work
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is required to examine more carefully the range of potential plants across this region, both from
archaeological and geological sites. New ethnobotanical data would also be useful. Unfortunately,
this lies outside the scope of the current work.

The wide range in the Sarmatian values particularly is intriguing. It may indicate that the population
interred at Klin-Yar is made up of people who have migrated from different regions where different
dietary preferences predominate and indeed this is the prevailing thought among specialists of the
period.6 An alternative explanation is that it represents the broad variety in local dietary regimes at
the site, with a mixed C4/C3 signal contributing to the wide range in stable isotopes. This could cor-
relate with status. In the Sarmatian group, there is wide variation amongst all individuals, regardless
of their inferred status in prehistory. For the Alanic burials, there is less variation amongst the group,
and almost no non-elite burial data to compare against (Table 5). This aspect of the stable isotopic
data is an interesting avenue of future research. We suggest that the variation between the different
groups could be a reflection of very different economic adaptations. Koban groups are known to
have been sedentary and agriculturally based, while Sarmatians were much more mobile and pasto-
ralist in their economic approach. Differences between the groups, therefore, could simply be caused
by access to very different food resources across widely different landscapes. Finally, of course, the
ranges could represent temporal changes in diet, something that can only be explored with further
careful dating.

Interpretation of the nitrogen isotopic data is difficult for a variety of reasons. It is widely known
that nitrogen isotopes are enriched with successively increasing trophic levels, and that the values
broadly reflect the average isotopic values of the dietary protein consumed by the individual animal
or human. A human eating only plant protein, therefore, would yield a 15N value the same as a local
herbivore. There is a ~3‰ enrichment in 15N values with successive trophic levels in the food
chain (Schoeninger and DeNiro 1984), but recent work suggests there is potentially more complex-
ity within this, and increasing levels of enrichment (up to about 5‰) have been suggested (Hedges
and Reynard 2007). There is a lack of understanding of the influence of high- and low-protein diets
on isotopic trophic enrichment. Another significant influence is climate and rainfall (van Klinken et
al. 2000). The Caucasus is a region of dramatic variability in climate and environment, factors that
strongly influence 15N values plant and animal values. Unfortunately, little work has been under-
taken in mapping this variation amongst plants in the region.

The presence of freshwater fish in human diets has often been detected on the basis of unusually
high 15N values in bulk collagen, as mentioned earlier, because the fish favored by humans are
commonly carnivorous species. In the light of the uncertainty over enrichment magnitude and of the
15N range of local freshwater fish, however, this is a potentially problematic area of interpretation.
O’Connell et al. (2003) and Privat (2004) attributed enriched 15N values in Bronze Age and Iron
Age human bones from the Eurasian steppes to fish consumption. Lillie and Richards (2000) iden-
tified depleted 13C values and enriched 15N values with 14C reservoir effects, and implicated fish
consumption amongst Mesolithic/Neolithic communities on the Dnepr River. Privat’s (2004) data
showed that average human 15N ratios averaged ~12.0‰, while associated faunal herbivore values
were 7‰. This difference of ~5.0‰ was taken as evidence of fish consumption because it is greater
than the magnitude of the trophic level effect one usually expects. Again, the archaeological record
was silent in terms of evidence for fish consumption; therefore, this conclusion has been controver-
sially received (see also Shishlina et al. 2007).

6Sarmatians are thought to have migrated from the Volga region, while the Alans appeared from the central north Caucasus,
~200 km east of Klin-Yar.
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The Klin-Yar 15N human data is non-normally distributed, but for the Sarmatian and Alanic groups,
the bulk of the measurements cluster between 10–11‰. For the limited faunal samples available,
cows yielded values around 6‰ and sheep around 7‰ (although there is one that is significantly
higher7). A trophic level effect of ~4‰ is therefore apparent from these data, which is slightly less
than the values identified by colleagues (O’Connell et al. 2003; Privat 2004). This might be taken to
indicate a lack of obvious evidence for fish in the diet, but a significant complication is the absence
of data regarding fish 15N values from the region of the site. If freshwater fish 15N values are
enriched compared with the faunal values reported here, then it becomes less likely that fish is being
consumed. If, on the other hand, fish 15N values are little higher than terrestrial faunal values, then
they could be consumed by humans in low numbers with the effect being masked. As mentioned
already, fish remains are absent archaeologically at Klin-Yar and remain so until soil residue or food

Table 5 Stable isotope values for animals from Klin-Yar.

Koban to Alanic cemetery 13C Std dev 15N Std dev C:N

347 Horse (Alanic) 20.4 0.1 5.27 0.07 3.2
357 Horse (Alanic) 20.1 0.05 5.06 0.22 3.2
359 unidentified (Alanic) 20.4 0.08 7.41 0.12 3.2
360 Horse (Alanic) 20.3 0.03 4.89 0.06 3.2
360 Pig (Alanic) 18.7 0.02 7.02 0.1 3.2
363 Cow (Alanic) 17.5 0.05 9.76 0.08 3.2
363 Horse (Alanic) 20.8 0.03 3.12 0.08 3.2
366 Cow (Koban) 18.3 0.03 6.18 0.06 3.2
367 Horse (Alanic?) 21.1 0.04 2.36 0.02 3.2
370 Horse (Sarmatian) 21 0.05 4.16 0.07 3.2
371 Horse (Alanic) 21.1 0.11 2.69 0.18 3.2
372 Horse (Sarmatian) 20.9 0.07 5.2 0.09 3.2
372 Horse (Sarmatian) 20.6 0.07 3.74 0.14 3.2
378 Horse (Sarmatian) 20.9 0.02 4.1 0.15 3.2
384 Cow (Alanic) 20.4 0.13 6.21 0.17 3.2
384 Ovicaprid (Alanic) 20.1 0.08 6.97 0.1 3.2
387 Ovicaprid (Sarmatian/Alanic) 19.8 0.05 10.9 0.1 3.2
388 Horse (Sarmatian?) 21.1 0.19 4.26 0.03 3.2
Ex1 Ch1 Horse 20.5 0.01 5.95 0.28 3.3
Ex1S1 Ovicaprid 20.3 0.05 6.81 0.04 3.2
Ex1S1 Ovicaprid 19.9 0.01 7.66 0.02 3.2

Koban settlement
Koban Sq 1 Bldg 1 Cow 19.0 0.1 7.8 0.0 3.3
Koban Sq 1 Bldg 1 Ovicaprid 19.7 0.1 6.5 0.2 3.4
Koban Sq 1 Bldg 1 Cow 18.8 0.2 7.3 0.0 3.3
Koban Sq 1 Bldg 1 Pig 17.8 0.1 8.1 0.2 3.3
Koban Sq 1 Bldg 1 Ovicaprid 19.2 0.2 4.8 0.0 3.3

7A hint regarding the possibility of a more wide-ranging, horse-based pastoralist economy during Sarmatian-Alanic times in
which herds of stock were grazed over wider distances is provided by the range in ovicaprid 15N values, which cover over
4‰. Iacumin et al. (2004) published data from Abganerovo, an archaeological site ~800 km north of Klin-Yar: they sug-
gested that variation in archaeological sheep 13C and15N values could have been caused by the seasonal movement of
herds, possibly to the Caspian Sea environs where plants typically include halophytes found in saline environments that have
high 15N values. Alternative explanations for the increased 15N value of some animals may be related to penning and the
increased nitrification derived from animal feces and manure (Hedges et al. 2005; Commisso and Nelson 2006; Bogaard et
al. 2007). Again, unfortunately, we lack baseline isotopic data showing the variability in plant and animal values in the wider
region in this period.
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residue data is collected from other grave contexts at the site. This will necessitate new excavations,
however.

The horse isotope values (all from Sarmatian and Alanic contexts) disclose some differences from
the other faunal samples since they are depleted in both 15N and 13C. This may reflect the fact that
they consumed slightly different types of plants and grasses compared with the other animals whose
bones we have analyzed. Horses are often more depleted than ruminants in 15N (Stevens and
Hedges 2004). The values indicate that horses were clearly not a substantial part of the diet of these
people, as indeed one might expect, because their 15N values are less enriched than would be
required given the trophic level effect.

Taken together, the stable isotope data are indicative of a mixed diet incorporating a C4 component
during the Koban phase of occupation at Klin-Yar, shifting during the course of occupation by later
Sarmatian and Alanic groups to a diet more dominated by resources derived via a C3 pathway. Our
contention is that during these latter phases, freshwater fish were also incorporated into the dietary
regime, resulting in 14C offsets, as shown in the nearby river using modern substrates. It is not
known yet whether the same conclusion of fish exploitation can be extended to the Koban human
population, in the absence of evidence for a reservoir effect within those burials.

CONCLUSIONS

14C dating of human bone at the Klin-Yar site in the Russian North Caucasus has shown significant
offsets from the ages expected based on historically dated artifacts associated with some individual
inhumations. The 14C dates from humans are often older than their expected age. A correction to
account for this offset is not applicable, because there is no correlation between the stable isotopes
and the size of the offset. The most likely source for the old carbon affecting the 14C ages is the fresh-
water ecosystem, as demonstrated by the apparent ages obtained for dated flora and fauna collected
live in 2005. No archaeological evidence for fish consumption has been found at the site. Excava-
tions focused predominantly on the cemetery areas, however, so limited subsistence evidence asso-
ciated with Sarmatian and Alanic settlement phases has been recovered. Somewhat controversially,
in other Eurasian sites, isotopic evidence of freshwater fish consumption (up to 50% in the dietary
protein) has been identified on the basis of isotopic evidence without any freshwater fish remains
being discovered archaeologically (e.g. O’Connell et al. 2003), but the trophic level shifts are
marked. In other contexts (e.g. NW Caspian), there is clearer evidence for probable fish consump-
tion, with extremely large offsets present of up to 600 yr (Shishlina et al. 2007). In the present study,
human bone collagen 13C and 15N values did not provide clear evidence for fish consumption. 

The implication for 14C dating human bone from these types of environments is quite clear; it must
be undertaken with a high degree of caution. Stable isotope analysis of single amino acids and the
application of 34S (Leach et al. 2001; Privat et al. 2007) analysis to augment the routine use of car-
bon and nitrogen isotopes may help to shed further light on dietary pathways in humans and to avoid
these types of errors. Similarly, for reliable chronology building, the most effective avenues are
likely to be the dating of animal, rather than human, bone, and the dating of single amino acids
selected to ensure that essential amino acids derived from organisms inhabiting non-atmospheric
equilibrated reservoirs are avoided (McCullagh et al. 2006). It is to this end that we are now working.

ACKNOWLEDGMENTS

We acknowledge the financial contributions made by the NERC-ARHC ORADS program and
Keble College Oxford. We are also grateful for the contributions made to this work by the staff of



14C, Stable Isotopes, and Diet-Derived Offsets from Klin-Yar Site 669

the Oxford Radiocarbon Accelerator Unit, University of Oxford, the staff of “Nasledie” Cultural
Heritage Unit, Stavropol (Russia), and Dr Alexandra Buzhilova (RAN, Moscow). Dr Natalya
Shishlina (Moscow) made some useful suggestions to the manuscript for which we are grateful. 

REFERENCES

Beavan-Athfield NR, McFadgen BG, Sparks RJ. 2001.
Environmental influences on dietary carbon and 14C
ages in modern rats and other species. Radiocarbon
43(1):7–14.

Berger R, Taylor RE, Libby WF. 1966. Radiocarbon con-
tent of marine shells from the Californian and Mexi-
can west coast. Science 153(3738):864–6.

Bogaard A, Heaton THE, Poulton P, Merbach I. 2007.
The impact of manuring on nitrogen isotope ratios in
cereals: archaeological implications for reconstruc-
tion of diet and crop management practices. Journal of
Archaeological Science 34(3):335–43.

Bonsall C, Cook GT, Hedges REM, Higham TFG, Pick-
ard C. 2002. Radiocarbon and stable isotope evidence
of dietary change from the Mesolithic to the Middle
Ages in the Iron Gates: new results from Lepenski Vir.
Radiocarbon 46(1):293–300.

Boric D, Miracle P. 2004. Mesolithic and Neolithic
(dis)continuities in the Danube gorges: new AMS
dates from Padina and Hajducka Vodenica (Serbia).
Oxford Journal of Archaeology 23(4):341–71.

Bronk Ramsey C. 2009. Bayesian analysis of radiocar-
bon dates. Radiocarbon 51(1):337–60.

Bronk Ramsey C, Hedges REM. 1999. Hybrid ion
sources: radiocarbon measurements from microgram
to milligram. Nuclear Instruments and Methods in
Physics Research B 123(1–4):539–45.

Bronk Ramsey C, Pettitt PB, Hedges REM, Hodgins
GWL, Owen DC. 2000. Radiocarbon dates from the
Oxford AMS system: Archaeometry Datelist 30. Ar-
chaeometry 42(2):459–79.

Bronk Ramsey C, Higham TFG, Owen DC, Pike AWG,
Hedges REM. 2002. Radiocarbon dates from the Ox-
ford AMS system: Archaeometry Datelist 31. Archae-
ometry 44(3S):1–149.

Bronk Ramsey C, Higham TFG Bowles A, Hedges
REM. 2004. Improvements to the pretreatment of
bone at Oxford. Radiocarbon 46(1):155–63.

Bruns M, Levin I, Munnich KO, Hubberten HW, Fillipa-
kis S. 1980. Regional sources of volcanic carbon diox-
ide and their influence on 14C content of present-day
plant material. Radiocarbon 22(2):532–6.

Buzhilova AP, Dobrovolskaya MV, Mednikova MB,
Bogatenkov DV, Lebedinskaya GV. In press. Anthro-
pological analysis of Klin Yar III. In: Belinskij AB,
Härke H. The Iron Age to Early Medieval Cemetery of
Klin Yar: Excavations 1994–96. Forschungen in Eur-
asien Series. Berlin: Deutsches Archäologisches Insti-
tut.

Commisso RG, Nelson DE. 2006. Modern plant 15N val-
ues reflect ancient human activity. Journal of Archae-
ological Science 33(8):1167–76.

Cook GT, Bonsall C, Hedges REM, McSweeney K, Bo-
roneant V, Pettitt PB. 2001. A freshwater diet-derived
14C reservoir effect at the Stone Age sites in the Iron
Gates gorge. Radiocarbon 43(2A):453–60.

Coplen TB. 1994. Reporting of stable hydrogen, carbon
and oxygen isotopic abundances. Pure and Applied
Chemistry 66(2):273–6.

France R. 1995. Stable nitrogen isotopes in fish: litera-
ture synthesis on the influence of ecotonal coupling.
Estuarine, Coastal and Shelf Science 41(6):737–42.

Fuller BT, Richards MP, Mays SA. 2003. Stable carbon
and nitrogen isotope variations in tooth dentine serial
sections from Wharram Percy. Journal of Archaeolog-
ical Science 30(12):1673–84.

Gannes LZ, Martinez del Rio C, Koch P. 1998. Natural
abundance variations in stable isotopes and their po-
tential uses in animal physiological ecology. Compar-
ative Biochemistry and Physiology A 119 (3):725–37.

Härke H, Belinsky A. 2000. Nouvelles fouilles de 1994–
1996 dans la nécropole de Klin-Yar. In: Kazanski M,
Soupault V, editors. Les sites archaeologiques en
Crimée et au Caucase durant L'Antiquité tardive et le
haut Moyen Age. Colloquia Pontica 5. Leiden: Brill.
p 193–210.

Hedges REM. 2004. Isotopes and red herrings: com-
ments on Milner et al. and Lidén et al. Antiquity
78(299):34–7.

Hedges REM, Reynard. LM. 2007. Nitrogen isotopes
and the trophic level of humans in archaeology. Jour-
nal of Archaeological Science 34(8):1240–51.

Hedges REM, Thompson JMA, Hull BD. 2005. Stable
isotope variation in wool as a means to establish Turk-
ish carpet provenance. Rapid Communications in
Mass Spectrometry 19(22):3187–91.

Higham TFG, Jacobi RM, Bronk Ramsey C. 2006. AMS
radiocarbon dating of ancient bone using ultrafiltra-
tion. Radiocarbon 48(2):179–95.

Hollund HI, Higham TFG, Belinskij A, Korenevskij S.
2009. The use of carbon (C12/C13) and nitrogen (N15/
N14) stable isotopes for investigation of palaeodiet in
the North Caucasus (South Russia) Bronze Age [ab-
stract]. UK Archaeological Sciences 2009 Biennial
Conference, 8–10 September 2009, Keyworth, Not-
tingham, UK.

Iacumin P, Nikolaev V, Genoni L, Ramigni M, Ryskov
Ya G, Longinelli A. 2004. Stable isotope analyses of
mammal skeletal remains of Holocene age from Euro-
pean Russia: a way to trace dietary and environmental
changes. Geobios 37(1):37–47.

Khokhlova OS, Khokhlov AA, Oleynik SA, Gabuev TA,
Malashev VY. 2007. Paleosols from the groups of
burial mounds provide paleoclimatic records of cen-



670 T Higham et al.

tennial to intercentennial time scale: a case study from
the Early Alan cemeteries in the Northern Caucasus
(Russia). Catena 71(3):477–86.

Lanting JN, van der Plicht J. 1998. Reservoir effects and
apparent 14C-ages. Journal of Irish Archaeology IX:
151–65.

Leach BF, Quinn C, Morrison J, Lyon G. 2001. The use
of multiple isotope signatures in reconstructing pre-
historic human diet from archaeological bone from the
Pacific and New Zealand. New Zealand Journal of Ar-
chaeology 23:31–98.

Lillie MC, Richards M. 2000. Stable isotope analysis and
dental evidence of diet at the Mesolithic-Neolithic
transition in Ukraine. Journal of Archaeological Sci-
ence 27(10):965–72.

Mangerud J. 1972. Radiocarbon dating of marine shells,
including a discussion of apparent age of recent shells
from Norway. Boreas 1:143–72.

MarËenko E, SrdoË D, GolubiÊ S, PezdiË J, Head MJ.
1989. Carbon uptake in aquatic plants deduced from
their natural 13C and 14C content. Radiocarbon 31(3):
785–94.

McCullagh JSO, Juchelka D, Hedges REM. 2006. Anal-
ysis of amino acid 13C abundance from human and
faunal bone collagen using liquid chromatography/
isotope ratio mass spectrometry. Rapid Communica-
tions in Mass Spectrometry 20(18):2761–8.

Nesbitt N, Summers GD. 1988. Some recent discoveries
of millet (Panicum miliaceum L. and Setaria italica
(L.) P. Beauv.) at excavations in Turkey and Iran. Ana-
tolian Studies 38:85–97.

O’Connell TC, Levine MA, Hedges REM. 2003. The im-
portance of fish in the diet of central Eurasian peoples
from the Mesolithic to the Early Iron Age. In: Levine
MA, Renfrew C, Boyle K, editors. Prehistoric Steppe
Adaptation and the Horse. Cambridge: McDonald In-
stitute Monograph. p 253–68.

Pasquier-Cardin A, Allard P, Ferreira T, Hatté C,
Coutinho R, Fontugne M, Jaudon M. 1999. Magma-
derived CO2 emissions recorded in 14C and 13C con-
tent of plants growing in Furnas caldera, Azores. Jour-
nal of Volcanology and Geothermal Research 92(1–
2):195–207.

Privat KL. 2004. Palaeoeconomy of the Eurasian Steppe:
biomolecular studies [unpublished DPhil thesis]. Uni-
versity of Oxford.

Privat KL, O’Connell TC, Hedges REM. 2007. The dis-
tinction between freshwater- and terrestrial-based di-
ets: methodological concerns archaeological applica-
tions of sulphur stable isotope analysis. Journal of
Archaeological Science 34(8):1197–204.

Reimer PJ, Reimer RW. 2001. A marine reservoir correc-
tion database and on-line interface. Radiocarbon
43(2A):461–3.

Reimer PJ, Baillie MGL, Bard E, Bayliss A, Beck JW,
Bertrand CJH, Blackwell PG, Buck CE, Burr GS, Cut-

ler KB, Damon PE, Edwards RL, Fairbanks RG,
Friedrich M, Guilderson TP, Hogg AG, Hughen KA,
Kromer B, McCormac G, Manning S, Bronk Ramsey
C, Reimer RW, Remmele S, Southon JR, Stuiver M,
Talamo S, Taylor FW, van der Plicht J, Weyhenmeyer
CE. 2004. IntCal04 terrestrial radiocarbon age calibra-
tion, 0–26 cal kyr BP. Radiocarbon 46(3):1029–58.

Richards MP, Hedges REM. 1999. Stable isotope evi-
dence for similarities in the types of marine foods used
by late Mesolithic humans at sites along the Atlantic
coast of Europe. Journal of Archaeological Science
26(6):717–22.

Rubin M, Lockwood JP, Friedman I. 1987. Effects of vol-
canic emanations on carbon-isotope content of mod-
ern plants near Kilauea Volcano. In: Decker RW,
Wright TL, Stauffer PH, editors. Volcanism in Hawaii.
USGS Professional paper 1350. Washington, DC: US
Government Printing Office. p 209–11.

Schoeninger MJ, DeNiro MJ. 1984. Nitrogen and carbon
isotopic composition of bone collagen from marine
and terrestrial animals. Geochimica et Cosmochimica
Acta 48(4):625–39.

Shishlina NI, van der Plicht J, Hedges REM, Zazovskaya
EP, Sevastnyanov VS, Chichagova OA. 2007. The
Catacomb cultures of the North-West Caspian Steppe:
14C chronology, reservoir effect, and palaeodiet. Ra-
diocarbon 49(2):713–26.

Stevens RE, Hedges REM. 2004. Carbon and nitrogen
stable isotope analysis of northwest European horse
bone and tooth collagen, 40,000 BP–present: palaeo-
climatic interpretations. Quaternary Science Reviews
23(7–8):977–91.

Stuiver M, Braziunas TF. 1993. Modeling atmospheric
14C influences and 14C ages of marine samples to
10,000 BC. Radiocarbon 35(1):137–89.

Tafuri MA, Craig OE, Canci A. 2009. Stable isotope ev-
idence for the consumption of millet and other plants
in Bronze Age Italy. American Journal of Physical
Anthropology 139(2):146–53.

Tauber H. 1981. Carbon isotope analysis of separate
chemical phases in modern and fossil bone. Nature
292(5821):333–5.

van Klinken GJ, van der Plicht J, Hedges REM. 2000. An
overview of causes for stable isotopic variations in
past European human populations: environmental,
ecophysical and cultural effects. In: Ambrose SN,
Katzenberg AM, editors. Biogeochemical Approaches
to Palaeodietary Analysis. New York: Kluwer Aca-
demic. p 36–63.

Vogel JC, van der Merwe NJ. 1977. Isotopic evidence for
early maize cultivation in New York State. American
Antiquity 42(2):238–42.

Volodicheva N. 2002. The Caucasus. In: Shahgedanova
M, editor. The Physical Geography of Northern Eur-
asia. Oxford: Oxford University Press. p 36–69.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue true
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f300130d330b830cd30b9658766f8306e8868793a304a3088307353705237306b90693057305f00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /FRA <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU (Use these settings to create PDF documents suitable for reliable viewing and printing of business documents. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [1200 1200]
  /PageSize [612.000 792.000]
>> setpagedevice


