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RADIOCARBON DATES OF OLD AND MIDDLE KINGDOM MONUMENTS IN EGYPT

Georges Bonani1 • Herbert Haas2 • Zahi Hawass3 • Mark Lehner4 • Shawki Nakhla5 • 
John Nolan6 • Robert Wenke7 • Willy Wölfli1

ABSTRACT. Between 1984 and 1995 over 450 organic samples were collected from monuments built during the Old and
Middle Kingdoms. The most suitable samples were selected for dating. The purpose was to establish a radiocarbon chronol-
ogy with samples from secure context and collected with the careful techniques required for 14C samples. This chronology is
compared to the historical chronology established by reconstructing written documentation.

INTRODUCTION

Sample Collection

Radiocarbon dating of dynastic monuments in Egypt goes back to the very beginning of this dating
method. W F Libby included three Old and Middle Kingdom samples in his initial set of known-age
samples as a test of the method (Arnold and Libby 1949). In the following twenty years, numerous
laboratories have followed Libby’s lead and analyzed similar samples. From the published results it
became apparent that close agreement with the historical chronology was often lacking. A closer
study of this disagreement was needed. The American Research Center in Egypt (ARCE) undertook
in 1984 the first of the two projects reported here with financial support from the Edgar Cayce Foun-
dation. The Foundation’s interest in the project rested on a hypothesis offered by Cayce that the Giza
pyramids dated to 10,500 BC.

The Giza pyramids are memorials to 4th Dynasty rulers whose reigns are placed by egyptologists
around 2500 BC. Our project, therefore, concentrated mostly on the Old Kingdom. The results con-
firmed the sequence of the monuments and their ages as they were established by historians, but the
match between 14C and historic dates was only approximate and left open the possibility of a differ-
ence between the two chronologies. These results were reported in Haas et al. 1987. More data was
needed, thus, a second project was begun in 1995. It was designed for confirming, adjusting, or
retracting the difference between the two chronologies. Support for this second project was provided
by David H Koch who established the Pyramids Radiocarbon Dating Project.

In the field we looked for organic materials that were clearly linked to the construction of the mon-
uments. Temples and pyramids built from mud bricks yielded grass, straw, and reed fragments,
which were mixed into the clay and soil before shaping the bricks. Finding suitable materials in
stone monuments was a greater challenge. In most of these monuments the stone building blocks
were leveled and secured in place with mortar that was manufactured locally. This required massive
fires to heat gypsum or limestone. The roasted minerals and the ashes from the fires were added to
the mortar mix, along with remaining charcoal fragments. The usually very small fragments (1–
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2 mm) constituted the datable material. While searching the monuments, we examined seams
between stone blocks for mortar filling and for black specks of charcoal inside the mortar. 

Detailed records were established during both sampling projects and photographs were taken from
most sampling locations. In 1984 a provenience data sheet was filled out for every sample. The sam-
ples were given a sequential three-digit number preceded by the code ARCE (American Research
Center in Egypt, which provided logistic support to the project). In 1995 detailed observations on the
sample and its location were entered in a field book. The samples were given three-digit numbers
without a prefix. In the date list each sample can be tied to the particular project by these two distinct
numbering systems, shown in column “field nr.”. The samples were packaged in the field and not
reopened until they arrived at the dating laboratories. Loose charcoal fragments were sealed in film
cans or plastic vials. Mortar pieces and mud brick fragments were wrapped in aluminum foil (or
plastic wrap) and put inside a plastic bag. Labels with full provenience data were attached to each
sample package.

Robert Wenke and Mark Lehner collected 76 samples in 1984. The field season began 12 December
1983 and ended 22 March 1984. Provenance details on these samples are given in Haas et al. (1987).
In 1995, Robert Wenke, John Nolan, Mark Lehner, and Herbert Haas participated in the sampling
effort that lasted from 26 December, 1994 until 27 February, 1995. A digest on this field season is
reported in Lehner et al. (1999).

Sample Pretreatment 

In spring 1984 all samples were shipped to the Southern Methodist University (SMU) 14C laboratory
in Dallas, Texas. During summer and fall, 64 samples were selected for dating. Pretreatment of these
samples was carried out at SMU. Charcoal and fibrous samples (grass, straw, and reed) were given
the usual acid-base-acid treatment. Earlier Egyptian dating projects on similar sample materials
demonstrated that the integrity of charcoal was strongly degraded by all but the weakest concentra-
tions of chemical reagents. To preserve as much sample material as possible, the treatment with base
was performed with weak solutions of sodium hydroxide (0.05 or 0.1%). Usually, three to five such
applications were made in succession until the typical brown humic acid reactions were no longer
observed. Dissolving mud brick samples in distilled water and wet sieving of the slurry allowed
extraction of the fibrous content. Mortar fragments were dissolved in dilute hydrochloric acid—a
gradual process lasting several days. At frequent intervals the residue—sand, silt, and rare charcoal
fragments—was removed and the charcoal floated off. Thirty-four samples were large enough for
conventional dating (larger than 0.8 g of pretreated organic material) and were dated at the SMU lab-
oratory. Thirty samples weighing 2–400 mg were sent to the ETH laboratory for AMS dating. 

There the pre-treated material was pyrolysed at about 800 °C in a pure N2 atmosphere. The pyroly-
sed carbon was ground, mixed with silver powder, and pressed onto a copper disc which served as
target holder for the measurement (Bonani et al. 1984). Some samples were dated at both laborato-
ries, the results of these comparison tests are given in Haas et al. (1987).

In 1995, 353 samples were collected. At the end of the collection effort these samples were divided
into three groups: 1) to be dated by conventional method at the Desert Research Institute (DRI) in
Las Vegas, Nevada (7 samples), 2) to be dated with AMS at the ETH laboratory in Zurich (163 sam-
ples), and 3) samples of lower priority, held in a reserve pool. The samples to be dated were sent
directly to the respective laboratories. Pretreatment was handled separately at these facilities. The
conventional samples received treatments similar to the details given above. 



Old and Middle Kingdom Monuments 1299

At the ETH the samples were given the traditional acid-base–acid treatment (0.5 M HCl at 60 °C for
1 hr, 0.1 M KOH at 60 °C for 1 hr and 0.5 M HCl at 60 °C for 1 hr). Between the steps, the material
was rinsed to pH 7 with ultrapure, distilled water and then dried in an oven at 60 °C. The samples
were then combusted to CO2 for two hours at 950 °C in evacuated and sealed quartz tubes together
with copper oxide and silver wire. Finally, the purified carbon dioxide was reduced in a hydrogen
atmosphere to filamentous graphite over a cobalt catalyst as described by Vogel et al. (1987, 1984).
The resulting graphite-cobalt mixtures were pressed onto copper discs which were used as targets in
the ion source.

Measurement Procedures for 14C

The carbon content of conventionally dated samples was converted to benzene. 14C beta decays were
detected with liquid scintillation counting. Procedures for obtaining high accuracy results are
described in Haas (1979); Devine and Haas (1987); Haas and Trigg (1991), Polach et al. (1987). Cal-
culation of 14C ages were performed by the standard method described in Stuiver and Polach (1977). 

In 1984, the 14C/12C and 13C/12C ratios of the samples dated with AMS were determined relative to
those of secondary standards of charcoal prepared in the same way as the unknown samples. The
secondary standards were normalized to the NBS oxalic acid I standard by means of high precision
beta decay counting (Bonani et al. 1984). The 14C/12C and 13C/12C ratios of the 1995 batch of sam-
ples were determined relative to the NBS oxalic acid I standard values, respectively (Bonani et al.
1987). The background was determined with chemistry blank samples, which were prepared from
anthracite (dead carbon) in the same way as the unknowns. All samples (unknowns, standards, and
blank) of one series were measured several times (typically 3 to 4). The total measuring time per
sample was confined to about 30 to 40 minutes which yielded a statistical precision of about 1–2%
in 1985 and of 0.5–0.6% per sample in 1995. The evaluation procedure described by Stuiver and
Polach (1977) was used to determine the conventional radiocarbon ages.

Reporting of Sample Ages

The report is presented in two appendices. In Appendix 1, samples from each individual monument
are listed in sequence of collection, i.e. by field number and are reported as a discrete group. The
dates in each group are tested for their probability of belonging to the same event, which is the con-
struction of the monument. Chi square is used for this test. Its numerical value and the associated
probability in percent are reported at the end of the sample listing for each monument, as well as the
weighted mean value, the 1 sigma error and the variance. Some monuments include sample dates
which are much older or younger than the established mean. Screening was used in an attempt to
remove dates from samples which are probably from another context. The difference between the
weighted mean of all dates and the individual dates, divided by the product of √2 and the error of the
date, was used to flag outliers. Consistently eliminated were all dates where the computed number
exceeded 5.0. Occasionally, several samples show as a group a distinctly different age. In such cases
the samples are reported with separate mean and statistics.

The results of calibration are reported in Appendix 2. The monuments are listed in the same
sequence as in the first section. The historic age range of the king who built the monument is listed,
the chronology of Clayton (1994), was consulted for this information. The 14C age and the error used
in the calibration are stated. The error is the larger value chosen between the 1 sigma error and the
variance. In this report all calibrations were performed with the calibration program developed at
ETH and described in Niklaus et al. (1992). The program uses the most recent tree ring data pub-
lished by Stuiver et al. (1998). For almost all monuments calibration yields several probable age
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ranges, up to five for most 4th Dynasty monuments. Listed are all ranges resulting from a one sigma
error as well as from a two sigma error. The statistical weight of each range is listed as a percent
value where the sum of all range weights equals 100 percent.

Figure 1 shows the calibrated monument ages. One sigma errors were used with the averaged mon-
ument dates and every calibration range is displayed. The lengths of the solid black bars corresponds
to the BC time span, and their width is proportional to the statistical weight of the ranges. For com-
parison, the historical chronology of the monuments is shown with the hatched rectangles. Applying
two sigma errors to the monument dates results in wider time spans but does not significantly alter
observed differences between the two chronologies. 
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APPENDIX 1 LISTING OF DATED SAMPLES BY DYNASTY AND MONUMENTS
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APPENDIX 2 LISTING OF CALIBRATED DATES BY DYNASTY AND MONUMENT
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