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1. Introduction
Owing to current restrictions on the exportation of ar-
chaeological samples for scientific analysis from Egypt,
it is only possible to conduct OSL dating on material
exported from the country prior to 1983. Such material
was often excavated before the introduction of rigorous
recording methods: although the finding of pottery is
noted in early reports, these often lack detailed infor-
mation about the exact location of the ceramics. Thus,

it can be difficult to accurately determine the external
gamma dose rate relevant to specimens derived from
museum collections. The recent development of Do-
siVox (Martin et al. 2015) has provided an excellent
software tool for modelling various depositional sce-
narios, and for more reliably assessing the effect of the
external dose rate on ceramics held in museums.

2. Datasets
This poster presents the findings of preliminary DosiVox modelling of ceramics found in the tombs at Bêt Khallaf
(19 vessels), and the tomb of Djer at Abydos (4 vessels), in Egypt (Figures 1, 2 and 3).

Figure 1: Interior of the tomb of Djer, Abydos. Figure 2: A mastaba tomb at Bêt Khallaf.

Figure 3: A selection of ceramic vessels from Bêt Khallaf and the Tomb of Djer: (left to right) Bêt Khallaf–X4116, X5470,

X5473; Djer–X5476, X5477, X5478.

5. Assumptions of Burial Geometry
The sample location for all vessels was on their base.
The size and shape of the tomb chamber where the pot-
tery was uncovered is known but the manner in which
they were buried is not—there are several possibilities
(Figure 5). The vessel can be:

• Buried between 0%–100% of its depth

• Filled between 0%–100% of its depth

• Upright, upside down or on its side

• Located anywhere within the tomb chamber—in
the centre, alongside a wall or in a corner

Additionally, density of fill and clay and the moisture
content is assumed based upon the literature and lab-
oratory measurements.
One can approximately model these possibilities by ap-
plying a geometric scaling factor (e.g. Rhodes et al.
2009), however a great improvement can now be made
using DosiVox.

Figure 5: a-e): various, common depositional scenarios for

vessels found within chamber tombs (Helwan, Egypt).

3. Equivalent dose and internal dose rate determinations
Samples suitable for De and Ḋint determination were ob-
tained using the minimum extraction technique (MET),
a method developed specifically for the sampling of mu-
seum specimens, which causes minimal damage to the
vessel but results in sufficient quantities of material for
OSL dating—see Figure 4 (Hood and Schwenninger,
2015). De measurements were carried out on a Risø
TL/OSL DA-15 reader using a post-IR blue SAR pro-
tocol. The Ḋα and Ḋβ components of Ḋint were deter-
mined using ICP-MS analysis and the Dose Rate and
Age Calculator (DRAC) of Durcan et al. 2015.

Figure 4: Visualisation of MET sampling.

4. Determining Ḋγ

Ḋγ is composed of Ḋcos, Ḋext (γ) and Ḋint (γ). Ḋcos was
determined, using DRAC, from tomb location, burial
depth and altitude, as reconstructed from cartographic
information and excavation reports. In situ gamma-
ray spectroscopy measurements could not be made in
Egypt. However, it is still possible to determine Ḋext

(γ) and Ḋint (γ) if there is sufficient information about
the sources of gamma radiation in the burial environ-

ment. Several of the vessels from Bêt Khallaf and the
Tomb of Djer retained small amounts of sediment from
their burial environment suitable for ICP-MS analysis.
The exact 3-D setting of the vessel in relation to the fill
and the surrounding sediment was unknown but mod-
elling in DosiVox allowed us to investigate the effect of
different geometries on the gamma radiation field around
the vessel.

6. DosiVox modelling
DosiVox calculates the radiation absorbed at a par-
ticular point given a model of the surrounding envi-
ronment. For both Bêt Khallaf and the Tomb of Djer,
we constructed models of the tomb environment us-
ing all available information (Figure 6). Tombs at Bêt
Khallaf were modelled as having a floor of fill (with
chemical composition and radionuclide concentrations
equal to the average of external sediment samples) and
walls comprised of the same material at higher density
(Egyptian ’gebel’ or bedrock). The Tomb of Djer was

modelled as having a floor made of fill (again based on
external sediment samples), and walls of mudbrick.
Simulations (for Bêt Khallaf) were run for several of
the possible cases listed above. The changes result-
ing from different assumptions were small (Figure 7).
Final assumptions reflected the most likely scenarios
based on archaeological evidence: for Bet Khallaf, ves-
sels were unburied with negligible contents (assumed);
for Djer vessels were half buried in fill, standing up-
right and are half full with residue contents (known).

Figure 6: Wire frame representations of the DosiVox
model for X5472 at Bêt Khallaf. A-D represent different

views of the model: A) whole tomb; B) whole tomb cut

away to reveal the detector (the sub-voxelised voxel which

contains the vessel); C) close up view of the detector, D)

detector cut away to reveal the vessel. Colours: yellow =

gebel/bedrock, green = fill, blue = air, red = vessel walls,

cyan = vessel base where the dose is recorded.

Figure 7: The effect of changing assumptions of burial ge-

ometry for vessels from Bêt Khallaf. The bars show the

absolute change (in years) resulting from changing a given

assumption; the shaded area shows the uncertainty in the

base case resulting from finite DosiVox resolution.

8. Age calculations for Bêt Khallaf and the Tomb of Djer
After age calculation, raw OSL
ages were modelled using Ox-
Cal, i.e. employing Bayesian
modelling (Bronk Ramsey,
2009). At Bêt Khallaf, three
distinct phases were seen (Fig-
ures 8, 10): Phase 1 is the
primary assemblage, with a
peak modal distribution ∼2600
B.C., consistent with an early
3rd Dynasty timeframe based
upon architectural and ceramic
evidence. A secondary depo-
sitional event occurred ∼2050
B.C. (the First Intermediate
Period), again supported by ce-
ramic typology. Finally, a single
piece from a tertiary event dates
to the medieval Islamic period
(∼1000 A.D.). The Djer ages
were modelled alongside the ra-

diocarbon (14C) ages obtained
from the residues, as a mix of
inorganic and organic material
was present (Figures 9, 11;
Dee et al. in press). The clay
from a single vessel produced
an OSL date fairly consistent
with the 14C dates. The three
residues produced an age much
younger—consistent with ar-
chaeological observations that
the tomb was burned later in
history—producing the first
scientifically obtained date for
a tomb burning event, ∼1450
B.C. Interestingly, the vessel
whose fabric date was consis-
tent with the 14C date, was only
half burnt (the OSL sample was
extracted from the vessel half
unaffected by the fire).

Figure 8: OxCal multiplot model
of the Bêt Khallaf assemblage showing
three distinct archaeological phases.
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Figure 9: OxCal multiplot model of
the Djer assemblage showing two dis-
tinct archaeological phases.

Figure 10: KDE of the Bêt Khallaf
results for Phase 1.

Figure 11: KDE of Djer results: ini-
tial vessel use (black); burning of the
tomb (red).

7. Results and discussion of DosiVox modelling
Table 1 presents a comparison between the (4π) infi-
nite matrix dose rate assumptions for Ḋext, an a priori
“best guess” using a combination of geometric factors,
and the DosiVox results. The “best guess” is, for Bêt
Khallaf, an assumption of 2π geometry. For the Djer
vessels, it is an assumption of 3π fill/1π residue for the
pottery fabric, 2π for the residue, and 1π fill plus 1π
residue for the external sediment.
The Bêt Khallaf DosiVox Ḋγ results (Table 1, rows
1–10) are slightly higher than 4π geometry obtained
from DRAC, i.e. over twice as much as the “best
guess” 2π assumption – explained by the water con-
tent of the air being very low and homogeneity of
the chamber environment. The Djer vessels (Table 1,
rows 11–15) are far more complex, and initial geome-
try assumptions—made prior to DosiVox—cannot be
supported: it is clear that there is an enormous benefit
in using DosiVox for complex burial environments to
improve upon Ḋγ determination.

Sample
ID

DRAC Ḋγ

(4π geometry)
(Gy ka−1)

DRAC Ḋγ

(“best guess”)
(Gy ka−1)

DosiVox Ḋγ

(Gy.ka-1)

X4114 0.523 ± 0.033 0.262 ± 0.017 0.507 ± 0.099
X4115 0.523 ± 0.033 0.262 ± 0.017 0.600 ± 0.132
X4116 0.523 ± 0.033 0.262 ± 0.017 0.582 ± 0.091
X4117 0.523 ± 0.033 0.262 ± 0.017 0.575 ± 0.087
X4118 0.523 ± 0.033 0.262 ± 0.017 0.551 ± 0.088
X5458 0.600 ± 0.039 0.300 ± 0.020 0.546 ± 0.107
X5459 0.459 ± 0.029 0.230 ± 0.015 0.556 ± 0.085
X5470 0.523 ± 0.033 0.262 ± 0.017 0.538 ± 0.102
X5472 0.523 ± 0.033 0.262 ± 0.017 0.552 ± 0.096
X5473 0.523 ± 0.033 0.262 ± 0.017 0.537 ± 0.087
X5477 0.174 ± 0.012 0.212 ± 0.010 0.150 ± 0.022
X6114 0.458 ± 0.029 0.229 ± 0.015 0.504 ± 0.065
X6115 0.324 ± 0.021 0.162 ± 0.011 0.469 ± 0.061
X6116 0.439 ± 0.028 0.220 ± 0.014 0.496 ± 0.064
X6120 0.234 ± 0.009 0.158 ± 0.008 0.489 ± 0.077

Table 1: A comparison of the DosiVox gamma dose
rate, 2π geometry determined by DRAC and the “best
guess” geometry assumption.
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9. Conclusions
This poster has presented
the first “real world” ap-
plication of DosiVox to
OSL dating. As a tool for
the luminescence dating
of museum material this
case study illustrates that
in the future DosiVox
can make a valuable con-
tribution to the analysis
of museum assemblages
and provide a higher de-
gree of confidence in the
dating results. Further-
more, this poster demon-
strates that a combi-
nation of OSL dating,
the MET sampling tech-
nique, DosiVox mod-

elling, and Bayesian mod-
elling is a powerful tool
for reconstructing ce-
ramic chronologies for
museum material—this
poster has presented
some of the first OSL
dates obtained for Egyp-
tian ceramic material and
thus adds significantly to
the ceramic discourse for
the earliest Egyptian Dy-
nasties. It also provides
the first evidence-based
date for a burning event
within the Tomb of Djer,
a date previously based
upon conjecture only.
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