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ABSTRACT. Two recently published sets of radiocarbon dates, one from Mesopotamia and one from Anatolia, gave anom-
alous results. On the basis of historical analysis, both sets were expected to date to the 7th century BC. However, the 14C
results were more than a century older than this. We tested samples from an Egyptian mummy, also historically dated to the
7th century BC, to see if such discrepancies were more widespread at this time. We did not find evidence of such a problem,
but the results do provide insights into the reuse of old wood in ancient Egyptian coffins. We include publication of an earlier
set of dates from the same mummy and coffin set.

INTRODUCTION

Taylor et al. (2010) published some anomalous results for the destruction of the ancient Assyrian
capital, Nineveh. The destruction is known to have taken place in 612 BC, a key date in ancient his-
tory as it effectively ended the Neo-Assyrian Empire (see Oates 1991). A set of 9 radiocarbon dates
(done at the University of California, Irvine) on bones from 3 skeletons, which were buried in the
final collapse of one of the city’s gateways, gave a result in the region of 790 BC (weighted average
of 9 samples was 2590 ± 12 BP), which is about 180 yr too early. The interdisciplinary team consid-
ered several possible causes of error but were able to eliminate every one except the possibility that
the occupants of Nineveh had subsisted on a high fish diet, which could have increased the ages by
way of a riverine reservoir effect (see Cook et al. 2001).

A recently published set of dates from Gordion in Anatolia also caused surprise. A destruction level
from the Early Phrygian town had been dated to the early 7th century BC and was assumed to have
been caused by invading Cimmerians (Mellink 1991 gives 695 BC; later dates have also been sug-
gested). A set of 15 short-lived 14C dates from the destruction layer (done at the University of
Heidelberg) centered on the late 9th century BC, roughly 120 yr earlier than previously thought
(Manning and Kromer 2011). Unlike Nineveh, however, the historical date for the Gordion destruc-
tion is less secure and in fact may prove to be unrelated to the Cimmerians. Nevertheless, the results
presented a direct challenge to an archaeological/historical dating system that had been in place for
many decades. The object of our research was to determine whether the dates from Nineveh and
Gordion were the result of laboratory error, a deficiency of the calibration data over this period, or
the result of the misassociation of these samples with historical events of the 7th century BC.

OUR SAMPLES

Although we aimed to find a historically well-dated Egyptian specimen from the 7th century BC,
this proved more difficult than first thought. The exportation of archaeological material from Egypt
is currently prohibited, so our search was limited mainly to European museums. A further difficulty
involved locating a suitably dated short-lived specimen that was not too valuable to have a piece
removed, or so heavily conserved that it might not give a reliable result. Eventually, Silvio Frigg, the
manager with responsibility for conservation at the Stiftsbibliothek Museum, St. Gallen, Switzer-
land, kindly agreed to supply a piece of textile from the mummy of a woman named Shepenese
whose richly decorated inner coffin can be stylistically dated to the first half of the 7th century BC
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(Siegmann 2007; Küffer 2011). Historically dating artifacts like this is a very specialized field; how-
ever, this assignment is the best estimate of Dr John Taylor of the British Museum, one of the lead-
ing experts on such styles (Taylor 2003). The inner coffin is made of sycamore and the outer of tam-
arisk, both trees found locally in Egypt (Siegmann 2007). The mummy and its coffins were brought
to St. Gallen from Luxor (ancient Thebes) in southern Egypt in AD 1820. The head was unwrapped
at that time, and the assemblage later moved to the Stiftsbibliothek in AD 1836 (Siegmann 2007).
Stiftsbibliothek supplied 2 pieces of linen cloth cut from one of the outer cover sheets of the mummy
wrappings, which had been removed in AD 1820. We also tested some crumbly fragments of wood,
but their original location within the mummy and coffin assemblage was imprecise (it is possible
they were included for their aromatic quality, or in the mummification process to fill out the mouth
and cheeks). These were all sent for dating to the Oxford Radiocarbon Accelerator Unit (ORAU).

EXPERIMENTAL

Mummy wrappings and coffin wood are commonly infused with organic additives likely to remain
impervious to the standard 14C aqueous pretreatment procedure (see Dee et al. 2012). Thus, as a pre-
caution, each of the samples was first solvent washed as follows: acetone (45 min, 45 C), methanol
(45 min, 45 C), and chloroform (45 min, 20 C). The cellulosic fraction was then extracted using
ORAU’s routine pretreatment process (Brock et al. 2010). Briefly, the procedure involved 4 treat-
ments: acid (1M HCl, 80 C, 20 min), base (0.2M NaOH, 80 C, 20 min), acid (1M HCl, 80 C,
20 min), and oxidation (acidified NaClO2, 20–80 C, 20 min). The strength of the oxidant employed
in the final step on the coffin wood was 5% (w: vol) and the textile 2.5% (w: vol). The resultant
holocellulose fractions were freeze-dried overnight. Approximately 5-mg samples were then com-
busted in an elemental analyzer coupled to a mass spectrometer, which measured the 13C value.
The CO2 produced was collected cryogenically, graphitized, and dated at ORAU’s AMS facility (see
Bronk Ramsey et al. 2004). It is standard practice at ORAU to prepare known-age materials with
every batch of unknown samples to ensure no contamination goes undetected during chemical pre-
treatment, combustion, or measurement.

RESULTS

The measurements obtained by ORAU on the 2 pieces of mummy wrappings and the fragments of
wood are given in Table 1. The calibration of the linen results incorporated the 19 ± 5 yr offset for
short-lived plants proposed by Dee et al. (2010), but as this effect has yet to be demonstrated in
indigenous tree species this was not applied to the wood sample. However, the application of this
adjustment is merely a matter of procedural consistency. If it were excluded from the calibration of
the linen measurements, the absolute date ranges (95% probability) would shift by less than 10 cal-
endar yr.

Table 1 The 14C dates obtained by ORAU in 2012 on wrappings and wood from the Egyptian
mummy, Shepenese. Note that the 2 cloth calibrated dates incorporate the 19 ± 5 yr seasonal offset.
In simple terms, this means 3A and 5A are calibrated as if the 14C measurements are unsystemat-
ically too high by 19 ± 5 yr.

Sample nr Material

14C date
(yr BP) 1

Calibrated date
(year BC, 95%)

Lab nr
(OxA-)

13C
(‰, PDB)

3A Mummy wrappings 2539 ± 26 792–542 26265 –23.9
5A Mummy wrappings 2553 ± 26 795–546 26266 –23.9
W Wood sample 2731 ± 27 925–815 26360 –21.9
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PREVIOUS ANALYSIS

While the 2 cloth tests were in progress, it was discovered that linen wrappings and wood from the
inner and outer coffins had already been AMS dated in February 1995 by ETH Zurich. Abbreviated
results, without the full 95% probability date ranges, were included in one of the museum’s own
publications (Siegmann 1998; full results were contained in a letter sent by Dr Bonani to Dr Dora at
Stiftsbibliothek, dated 30 May 1995). Seven dates were made at this time, including 4 on coffin
wood and 3 on mummy wrappings. The wood samples A and B were obtained from slots (where
pegs once held the lid to the coffin trough) on the upper right-hand side of the inner coffin and sim-
ilarly from the coffin lid. Samples C and D came from the outer coffin trough on the upper left side,
and from the top slot of its lid, respectively. Sample E was from inner bandaging under the back of
the mummy. The mummy was originally covered in large outer shrouds from which sample F was
obtained, and these were fixed on with outer bandages from which sample G was obtained. The full
results of these earlier tests, including their 95% calibrated ranges (against IntCal09; Reimer et al.
2009), are given in Table 2 below. Once more the minor adjustment proposed by Dee et al. (2010)
was only applied to the textile results. The combined results of the analyses by ORAU and ETH Zur-
ich are plotted using OxCal (Bronk Ramsey 2009) in Figure 1.

Figure 1 All of the measurements made to date on the Egyptian mummy Shepenese,
grouped by component of the overall artifact.
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DISCUSSION

The 14C results given here of most interest to the question of regionalized offsets in the 7th century
BC are the textile dates, as the plant material from which they were fashioned was comparatively
short-lived. The wood measurements, on the other hand, provide interesting but historically expli-
cable information on the composition of dynastic Egyptian coffins.

The comparative broadness of many of the absolute dates obtained was largely the result of the mid-
1st millennium Hallstatt plateau (Becker and Kromer 1993). This impediment is inherent in the ref-
erence data over this time period and means improvements in measurement precision yield little
reward on the absolute timescale (see Figure 2). On the other hand, as observed by Taylor et al.
(2010), it also means an uplift of just 80 yr or so in the 14C measurement could result in a 7th century
BC sample avoiding the plateau altogether and dating some 200 yr too early. The implication is that
the observed offsets may be the result of much subtler issues than the absolute dates would suggest.

Nonetheless, all the textile dates we obtained on the mummy of Shepenese were fully compatible
with estimates made on historical grounds. As shown in Figure 2, the 2 ranges all overlap the cal-
ibration curve during the first half of the 7th century BC, and the measurements were all highly
internally consistent. Calibration of the results without the proposed seasonal effect made no dis-
cernable difference. Thus, it can be concluded that our data are consistent with the calibration curve
over this part of the record. Furthermore, this finding is in keeping with historical expectation, as
Shepenese was from a high social class (as shown by her richly decorated coffin and well-wrapped
mummy), so it would have been unusual if the linen used had not been new at the time of burial.

Does this finding throw any light on the surprising results from Nineveh and Gordion? The sacking
of Nineveh took place in 612 BC. At 95% probability, all but 1 of the measurements made on skel-
etal remains by Taylor et al. (2010) failed to encompass this date. None of the textile dates from the
mummy of Shepenese showed such a large discrepancy. Therefore, the dating of the Nineveh indi-
viduals is most likely to have been affected by some unsystematic offset, such as high fish consump-
tion (see Cook et al. 2001), although there is little isotopic (15N and 13C) or archaeological evi-
dence for such a scenario. This conundrum was discussed in the original publication but was unable
to be fully resolved due to the lack of a relevant suite of stable isotope data for the region. Along
similar lines, if a regional anomaly in the calibration curve at the time of the destruction of Gordion
were real, then our textile dates should be incompatible with their historical attribution. Our results
imply there is no region-wide effect that could have caused the apparent discrepancy presented by
the samples obtained by Manning and Kromer (2011). Hence, we suggest the most parsimonious
explanation is that they do not relate to a destruction event of the early 7th century.

Table 2 The 14C dates obtained by ETH Zurich in 1995 on wrappings and coffin wood of the Egyp-
tian mummy Shepenese. Note that the 3 cloth dates incorporate the 19 ± 5 (14C yr) seasonal offset
(Dee et al. 2010).

Sample
nr Material

14C date
(yr BP) 1

Calibrated date
(year BC, 95%)

Lab nr
(ETH-)

13C
(‰, PDB)

A Inner coffin wood 2540 ± 55 810–418 13416 –20.2
B Inner coffin wood (lid) 2440 ± 55 761–403 13417 –20.5
C Outer coffin wood 2955 ± 60 1379–1006 13418 –22.3
D Outer coffin wood (lid) 2840 ± 60 1208–843 13419 –21.9
E Underside mummy wrappings 2495 ± 55 770–413 13420 –21.2
F Cloth shroud 2525 ± 55 794–416 13421 –21.1
G Outer mummy wrappings 2490 ± 55 767–413 13422 –24.3
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The results on the wooden items obtained by both ORAU and ETH Zurich were at first surprising,
with some of the dates being centuries older than the textiles. However, a clear explanation may be
put forward for this pattern. In ancient Egypt, wood was a valuable resource and was extensively
recycled (Siegmann 1998; Dee et al. 2012). Moreover, the aridity of Upper Egypt lent itself to the
reuse of material because the problem of decay was greatly reduced. Each coffin or lid was typically
assembled from 5 main parts, but each of these parts was often made up from smaller pieces. The
parts were joined together with glue, dowels, or mortise and tenons (Niwinski 1988; Ikram and Dod-
son 1998). Thus, it is certainly possible that wood of various ages could be assembled into 1 coffin.
For example, the older dates obtained for the outer coffin are explicable on the grounds of reuse or
refurbishment, or, if newly made, an object that incorporated some very old wood. The inner coffin,
on the other hand, seems to have been made of either new or more recently obtained wood. Its dates
(ETH-13416 and ETH-13417) are among the youngest obtained, and contemporary with the textile
results, despite the fact that some tree rings must have been shaved off during manufacture and the
slot sampled did not include the youngest tree rings in the artifact.

We also considered the possibility that the coffins and mummy might not form an original set due to
early 19th century antiquities dealers mixing mummies and coffins to increase their profits. How-
ever, this seems very unlikely for several reasons. Firstly, both the inner and outer coffins exhibit the
name Shepenese. Moreover, it would be highly unlikely that the linen of the substituted mummy
would then offer the same 14C date as the inner coffin, and not something entirely different. Lastly,
the very similar mummy and coffin set of Pestjenef, who was probably Shepenese’s father (Sieg-
mann 2007), was transported to Berlin the same year Shepenese arrived in St. Gallen. Records sug-
gest both these mummies came from a well-known source of authentic mummy and coffin sets at
Deir el-Bahri, near modern-day Luxor (Siegmann 2007).

Figure 2 The measurements made on Shepenese’s mummy wrappings
(95% probability ranges) plotted against the calibration curve data. The cal-
ibrations are positioned on the 14C axis in accordance with their measured
14C dates, but their absolute date ranges incorporate the 19 ± 5 yr seasonal
offset (Dee et al. 2010).
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CONCLUSIONS

The results presented here on a 7th century BC mummy from Egypt fail to corroborate the offsets
obtained for the same period of time in recent studies of sites of the ancient Near East. However, the
wood used in the construction of the mummy’s coffins exhibits the mix of ages commensurate with
restoration and recycling.
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